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INTRODUCTION

Industries have recently exhibited alarm-
ing trends, notably in the diversity and complex-
ity of industrial operations (Ozyigit et al., 2022). 
This has led to severe pollution, resulting in the 
degradation of the biosphere and the disruption 
of natural environmental systems. Environmen-
tal scientists have debated the precise definition 
of environmental pollution. Generally, pollution 
refers to the quantitative or qualitative changes in 
environmental elements that disrupt the ecosystem 
(Kumari et al., 2022). It is caused by undesirable 
changes in the natural environment, adversely af-
fecting the atmosphere and its components. Pol-
lutants are substances, in liquid, solid, or gaseous 
form, that become contaminants when their con-
centrations exceed natural levels (Khasanova et al., 

2023). Industrial effluent, wastewater produced 
by industrial activities, often contains materials 
deemed useless during manufacturing processes. 
In Bangladesh, approximately 6,000 large and 
medium industries, along with 24,000 small in-
dustries, generate pollutants (IEDS, 2003). The 
Department of Environment recently identified 
900 large polluting industries lacking functional 
treatment facilities. Despite regulations requir-
ing effluent treatment plants (ETPs) in every in-
dustry, these plants are often not operated due to 
high costs. The discharge of untreated effluent 
poses significant risks to sustainable resource use 
(Eruola et al., 2011). Such effluent degrades sur-
face water and soil, negatively impacting crops, 
pests, animals, and human health (Hossain et al., 
2010). Industrial processes produce not only fin-
ished products but also numerous by-products that 
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are frequently released into the environment, pol-
luting air, water, and land. Fresh water and unpol-
luted soil are essential for plant growth, whereas 
polluted resources are detrimental to plants. La-
hori et al. (2023) conducted a study to investigate 
the effects of clay fertilizer and a compound on 
stabilizing lead and cadmium in contaminated 
soil. The findings showed that both the clay fertil-
izer alone and the compound positively impacted 
plant growth, immobilized cadmium and lead in 
the soil, and reduced the absorption of these met-
als by sorghum.

Pollution is a major global issue, exacerbated 
by human activities. Heavy metals from indus-
trial activities accumulate in living organisms’ 
tissues, causing health disorders as they are not 
biodegradable. Air pollution, a significant con-
cern, contributes to soil pollution through indus-
trial expansion driven by modern technology. 
Industries such as oil refineries and energy pro-
duction stations are major pollution sources. The 
escalation of environmental pollution disrupts 
ecological balance, leading to the extinction of 
animals and the destruction of plants. Addressing 
this issue requires understanding the relationship 
between health and environmental pollutants. Po-
tential solutions include adopting environmental-
ly friendly electric cars and replacing fossil fuels 
with renewable energy sources like wind and so-
lar energy (Yadav et al., 2024). Research institu-
tions and international organizations have estab-
lished permissible limits for heavy elements and 
various compounds in soil, water, food, and air 
due to extensive experiments and research. The 
increasing environmental pollution and accumu-
lation of heavy pollutants in the soil underscore 
the importance of this topic. This study aims to 
examine the impact of industrial facilities, such 
as power generation stations, oil refineries, and 
brick factories, on soil pollution with heavy el-
ements using modern pollution standards (con-
tamination factor CF, environmental risk index 
R1). It also seeks to evaluate the relationship be-
tween the concentration of heavy metals in soil 
and their concentration in plants. the metal con-
centrations in soil generally reflect the influence 

of various local industrial activities which include 
metal and mining, chemical and petrochemical, 
textile, leather, cement, and ceramic industries. 
Observations of generally enhanced metal lev-
els in soils around various industrial facilities 
are explainable by unregulated, untreated solid 
and fluid wastes released by the industries to the 
nearby land. Among the 9 reference trace metals 
examined, it is seen that Cu, Cd, Pb, and Zn were 
monitored the most frequently. Evaluation of soil 
metal data indicates that their maximum values 
occur in relation to particular industry types, that 
is, Pb, Zn, Ni, Cu, Fe, and As in smelter and metal 
industries, Mn and Cd in the textile industry, and 
Cr in leather industry studies. more efforts should 
be made to characterize the soil pollution in rela-
tion to various industrial activities. This may also 
help us set proper soil regulation guidelines for 
sustaining a healthy and balanced environment 
and protecting human health (Kabir et al., 2012). 

MATERIALS AND METHODS

Study area

Three sites within Diwaniyah Governorate 
were identified as pollution sources:
1. The electric power generation station located 

in the Al-Furat neighborhood in the center of 
Diwaniyah Governorate.

2. A brick factory situated in the Aziz Allah dis-
trict of Al-Hamza district.

3. The Al-Diwaniyah oil refinery in the Al-Haffar 
district of Al-Shinafiya district (Table 1, Fig.1).

EXPERIMENTAL 

Field work

Soil samples were taken at 4 dimensions, 500 
m apart, at a depth of 0–30 cm. The compari-
son sample was taken at a distance of approxi-
mately 4 km from the same source, at a single 
depth, with three repetitions for each distance 
during the month of August. To determine plant 

Table 1. The coordinates of the three sites in UTM
Location x y

electric Power generation station 31.97387 45.589208
brick Factories/Al-Hamzah 31.81063 45.12253
oil Refinery/Al-Shenafiya 31.88529 44.76273
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contamination, plant samples were taken within 
the scope of the study soil samples for the veg-
etative part only (stem and leaves), with three 
replicates for each sample. The locations of all 
samples were determined using the Global Posi-
tion System (GPS).

Plants used in the study

Eucalyptus comaldulensis

The Eucalyptus plant belongs to the Myrta-
ceace family. Its scientific name is Eucalyptus 
camaldulensis. Locally, it is called Calamus and 
Qalam Tuz, while in Arabic it is called Camphor.

Tamarix plant

The tamarisk plant belongs to the Tamarica-
ceae family, a type of perennial shrub. It is con-
sidered an evergreen tree of medium height, rang-
ing in height from 1–18 m. It is spread in desert 
areas and central regions of the continent of Asia.

Laboratory work

Analysis of soil and plant samples

The soil samples for the study were collected 
from designated sites, air-dried, and then ground 
using a wooden hammer. These samples were 
sieved through a 2 mm mesh and stored in plastic 

bags for subsequent chemical and physical analy-
ses, following the procedures of Day et al. (1965) 
and Page et al. (1982). Plant samples were also 
collected, thoroughly washed with water, air-dried, 
ground with an electric grinder, and sieved through 
a 2 mm mesh. Both the plant shoots and soil sam-
ples were digested using concentrated acids and 
analyzed with an atomic absorption spectrometer 
to measure heavy metals (lead, cadmium) based on 
the method outlined by Jones et al. (2001). Addi-
tionally, the available heavy metals in the soil were 
extracted using the chelating agent diethylene tri-
amine pentaacetic acid (DTPA) (Tab. 2).

Calculate soil pollution indexes

Some pollution indexes were calculated to 
determine the pollution status of each element 
within the study soil models according to the 
methods mentioned in Adamn et al. (2014). Table 
3 shows the ranges of pollution indexes.

Contamination factor

 CF = 𝐶𝐶𝑚𝑚 𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠
𝐶𝐶𝑚𝑚 𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 

     (1) 

 
𝐸𝐸𝑟𝑟 

𝑖𝑖 =  𝑇𝑇𝑟𝑟  
𝑖𝑖  CF (2)  

 
RI =  ∑ 𝐸𝐸𝑟𝑟 

𝑖𝑖   (3) 

 

 (1)

where: Cm sample – concentration of the studied ele-
ment in the soil, Cm background – concentra-
tion of the same element in the compari-
son soil 1.5 – an estimated factor for this 
Equation to reduce the effect of possible 
changes in Cm background values.

Figure 1. A satellite image of the study sites in Diwaniyah Governorate 
and the sites for taking soil and plant samples
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Ecological risk index 
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where: 
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: Environmental risk index for the ele-
ment RI: Total environmental risk index 
CF: pollution factor 

CF = 𝐶𝐶𝑚𝑚 𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠
𝐶𝐶𝑚𝑚 𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 

     (1) 
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𝑖𝑖  CF (2)  

 
RI =  ∑ 𝐸𝐸𝑟𝑟 

𝑖𝑖   (3) 

 

: Toxic response 
factor for a single polluting element, 
which varies depending on the element 
(Cao et al., 2018).

RESULT AND DISCUSSION

Total concentration of heavy 
metals in the study soil

Figure 2 shows differences in the values of 
the total concentration of heavy elements (lead, 
cadmium) in the soil of different industrial fa-
cilities within the distances of 500, 1000, 1500 
and 2000 meters, in addition to the comparison 
sample, which is about 4 km away from the in-
dustrial facilities, as the lead concentration 
ranged between 150.30–22.15, 240.40–30.20, 
and 250.33–21.91 for each of the electric power 
generation station, oil refinery, and brick factory, 
respectively. The highest concentration of lead 
was recorded in the soil of brick factories at a dis-
tance of 500 m, amounting to 250.33 mg·Pb·kg-1 
soil, as a result of the presence of more than one 
brick factory in the same area and the increase in 

fumes rising from the factories without treatment, 
which shows an increase in the concentration of 
harmful heavy elements in particular. Lead ele-
ment: The above facilities recorded a decrease in 
lead concentration at a distance of 2000 m, reach-
ing (45.3, 66.9, 80.0) mg·Pb·kg-1 soil for each of 
the electric power generation station, oil refinery, 
and brick factories, respectively Three different 
types of facilities were chosen in order to find out 
which of them has the greatest impact on soil and 
plant contamination with lead and cadmium due 
to the difference in the type of fuel used in these 
three facilities, as the type of fuel used in the elec-
tric power generation station is black oil, while 
in the brick factories two types of fuel are used: 
Kerosene and black oil, while oil refineries de-
pend on kerosene and crude oil, so these facilities 
were chosen to compare the severity of their gas-
eous emissions pollution to both soil and plants 
due to the difference in the type of fuel used as 
well as their production capacity for the purpose 
of taking the necessary measures to reduce the 
impact of those emissions, examining various 
industrial activities allows for a detailed and nu-
anced understanding of the sources and impacts 
of trace metal pollution in soils, which is crucial 
for effective environmental management and re-
mediation efforts Kabir et al., 2012; Long et al., 
2021. The results showed that all concentrations 
were higher than the global average concentra-
tion of lead in the soil, which was 27 mg·kg-1, and 
within the critical limit of 20–300 mg·kg-1, and 

Table 2. The physical and chemical characteristics of the study soils

Location
Distance EC 1:1

pH 1:1
CEC CaCo3 O.M

Texture
m dsm-1 Cmol-1 gm·kgm-1

Electric power 
generation 

station

500 33.5 7.2 14.05 188.5 8.5 Sandy loam

1000 55.2 7.5 12.01 198.13 6.53 Sandy loam

1500 87.17 7.14 13.07 205.13 6.4 Sandy loam

2000 126.17 7.03 15.09 236.9 8.8 Sandy loam

ةنراقملا 19.28 7.95 12.39 274.5 4.77 Sandy loam

Oil refinery / 
Al-Shenafiya

500 3.92 7.23 14.87 232.05 7.77 Sandy loam

1000 9.58 7.25 15.88 249.5 5.7 Sandy loam

1500 10.21 7.58 16.17 255.75 6.9 Sandy loam

2000 50.73 7.63 17.3 253.8 7.3 Sandy clay loam

Control 52.54 7.77 18.48 243.15 5.73 Clay

Brick factories

500 57 7.46 15.16 214.7 6.67 Loamy sand

1000 116.27 7.58 14.2 220.1 5 Loamy sand

1500 150.63 7.6 14.02 223 4.2 Loamy sand

2000 130.87 7.73 16.84 264.85 5.57 Sandy loam

Control 76.13 7.87 17.07 267.9 4.7 Clay



320

Ecological Engineering & Environmental Technology 2024, 25(8), 316–330

Table 3. Ranges of pollution standa
(CF) Contamination factor

Low contaminationCF ˂ 1

Moderate contamination1 ≤ CF ˂ 3

Considerable contamination3 ≤ CF ≤ 6

Very high contaminationCF ˃ 6

Ecological risk index

Ecological risk index (RI) total
Grade of ecological risk of single 

metal value Grade of potential ecological risk 
of environmentRI value

Low riskRI <150Low risk˂ 40
Moderate risk50 ≤ RI < 3001Moderate risk40 ≤ ˂ 80

Considerable risk300 ≤ RI < 600Considerable risk ˂ 160

Very high riskRI ≥ 600
High risk ˂ 320

Very high risk≥ 320

Figure 2. Total lead concentration in soil mg·kg-1

they exceeded the upper limit for the limestone 
content of 17–65 mg·kg-1, with the exception of 
a sample. For comparison, the power station at 
a distance of 2000 m was within the permissible 
limits according to Kabata-Pendias (2011).

We conclude from the above that the rate of lead 
in the surface layer of the soil is affected by what 
is deposited and accumulated in the atmospheric air 
emitted from industrial sources and gradually de-
creases with distance from the source of pollution.

Figure 3 shows the total concentration of cad-
mium in the soil of various industrial facilities, 
as it ranged between (0.50–2.20), (0.90–2.51), 
and (0.55–1.66) mg·Cd·kg-1 soil for each of the 
electric power generation station, oil refinery, and 
brick factories. In succession. The highest value 
was recorded at a distance of 500 meters from the 

oil refinery, amounting to 2.51 mg·Cd·kg-1 soil. In 
general, the results showed a noticeable decrease 
in the concentration of cadmium with increasing 
distance from industrial facilities, as the highest 
value was recorded at the first and second dis-
tances of 500 and 100 meters and for all indus-
trial facilities. As can be seen from the figure, the 
oil refinery is ahead of the rest of the sites in soil 
cadmium content for all distances, as a result of 
the large pollution caused by the gases and smoke 
of the refinery, in addition to its use of three types 
of fuel, namely white oil, kerosene, and gasoline, 
which causes the release of heavy polluting ele-
ments (Achadu et al., 2015) Increased contamina-
tion of the soil near the Doura refinery with cad-
mium due to gases emitted from the refinery. All 
of these values were higher than the comparison 
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sample, and this may be due to the fallout of 
smoke resulting from various industrial facilities 
into the nearby soil, which leads to the binding 
of cadmium to the organic matter in the surface 
layer of the soil.

When comparing the values of the current 
study with the concentration of cadmium in soil 
globally, we note that all concentrations were high-
er than the global average, which is 0.41 mg·kg-1, 
with the exception of the comparison sample for 
the electric power plant and brick factories, which 
amounted to 0.25 and 0.40 mg·Cd·kg-1 soil, re-
spectively. And below the critical upper limit for 
cadmium, which is 1–5 mg·kg-1 according to Ka-
bata-Pendias (2011).

As for the comparison soils, which were 
about 4 km away from the source of pollution, all 
values were below the critical minimum because 
the comparison was within agricultural areas 
far from traffic, and against the direction of the 
wind, in addition to the large number of irriga-
tion operations there. We also find that all of the 
above values were higher than the limestone con-
tent of 0.4–0.8 mg·kg-1, with the exception of the 
comparison sample for the electric power plant, 
which amounted to 0.25 mg·kg-1. This is due to 
the effect of different soil characteristics, such as 
pH, where the cadmium concentration increases 
with the degree of reaction. The comparison soil 
was within a lower range of limestone content 
because the comparison soil for the oil refinery 
and the brick factory had a clay texture, while 
the electric power generation station was agri-
cultural soil and irrigation operations in it were 

continuous, which prevented the contaminated 
elements from remaining in it. We also notice a 
decrease in the concentration of cadmium with 
increasing distance from the source of pollution, 
and this is consistent with Saloumi and Alabadi 
(2023) who indicated an increase in the concen-
tration of cadmium near the source of pollution, 
which is released to the external environment in 
the form of gases or dust.

Available concentration of heavy 
metals in study soils

Figure 4 shows the available-made lead ele-
ment content of the study soil within the range 
of distances 500, 1000, 1500, and 2000 for the 
studied sites, which ranged between (0.22–0.82), 
(0.60–2.11), and (0.67–1.89) mg·Pb·kg-1 soil per 
From the electric power generation station, the 
oil refinery, and the brick factories in succession, 
as the highest concentration was recorded at a 
distance of 500 meters for each of the three in-
dustrial facilities, amounting to 12.1 mg·Pb·kg-1 
soil at the oil refinery, followed by the brick fac-
tories with a concentration of 1.89 mg·Pb·kg-1 
soil, and the generation station. Electrical energy 
amounted to 0.8 mg·Pb·kg-1 soil, while the lowest 
concentration of available lead was recorded at a 
distance of 2000 m for all the facilities studied, 
as it reached 0.2, 0.6 and 0.67 mg·Pb·kg-1 soil for 
each of the electric power generation station, oil 
refinery, and brick factories, respectively.

This may be attributed to an increase in the 
total lead concentration at a distance close to the 

Figure 3. Total cadmium concentration in soil mg·kg-1



322

Ecological Engineering & Environmental Technology 2024, 25(8), 316–330

source of pollution, which increases its perme-
ability in the soil. This is consistent with Alawsy 
and Nafawa (2022) who showed the available 
lead concentration in the soil is directly propor-
tional to the total lead concentration. The results 
showed that available-made lead values were 
somewhat similar for all sampling sites, as there 
was an increase in values at distances close to 
the facilities and then began to decrease as the 
distance increased. This is in line with Celenk 
and Fatma (2015). Current studies also confirm 
that the location of sampling is an important fac-
tor in determining the extent of soil contamina-
tion with heavy metals. The level of lead in the 
surface layer of the soil is also affected by the 
rate at which it accumulates and is deposited 
in the atmospheric air emitted from industrial 
sources. The soil near the industrial facilities 
under study was exposed to lead contamina-
tion, but all values were below the critical lim-
its mentioned in Nunes et al. (2014), amount-
ing to (2.33±3.16) mg·kg-1. The results of Fig-
ure 5 indicated the concentration of available-
made cadmium in soil samples of the industrial 
facilities studied for the distances. 500, 1000, 
1500, 2000 AD. The results showed that the 
highest value of available-made cadmium was 
within the 500 m distance of the oil refinery 
soil, amounting to 1.67 mg·Cd·kg-1 soil, fol-
lowed by the brick factory, which recorded 
0.92 mg·Cd·kg-1 soil, while the electric pow-
er generation station ranked last with 0.75. 
mg·Cd·kg-1 soil because the absorptive capac-
ity is limited compared to other facilities.

The fact that the soil of the oil refinery has 
the highest content of available-made cadmi-
um indicates the large pollution resulting from 
the gases and smoke of the refinery. Petroleum 
distillates also cause many environmental pol-
lutants, as well as water steam and electric 
power plants. Oil tanks are also considered one 
of the largest sources of gaseous emissions. 
The lowest concentration of available-made 
cadmium was recorded at a distance of 2000 
m in the soil of the studied sites at (0.09, 0.16, 
and 0.25) mg·Cd·kg-1 soil for each of the brick 
factories, the electric power generation station, 
and the oil refinery, respectively, as all values 
decreased at Compare it with the location near 
the source of pollution. All results were higher 
than the critical limits of 0.23±0.24 mg·kg-1 
proposed by Nunes et al. (2014), with the ex-
ception of the soil of brick factories at a dis-
tance of 2000 meters, which is 0.09 mg·kg-1. 
Thus, the soil of the industrial facilities under 
study is considered contaminated with cadmi-
um. It is clear from the results of our current 
study that the increase in the concentration 
of finished lead and cadmium elements in all 
study soil sites coincided in its general trend 
with an increase in the total concentration 
of those sites. This is clear from the positive 
moral correlation between the prepared and to-
tal elements, which reached r = 0.90** and r 
= 0.89** For lead and cadmium, respectively 
(Table 4). The results of the statistical analysis 
also showed that there is a negative significant 
correlation with the available concentration of 

Figure 4. Concentration of lead in soil, mg·kg-1
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lead and cadmium with both pH and CaCO3, 
amounting to (r = -0.36 and r= -0.25) and (r= 
-0.50, r= 30.40) respectively (Table 5). Because 
they have an important effect on the release of 
heavy elements and increasing their readiness in 
the soil, as a decrease in the degree of soil inter-
action indicates an increase in hydrogen ions in 
the soil solution, which encourages an increase 
in the readiness of heavy elements through its 
interaction with the active groups present on the 
surface of the exchange complex, which contrib-
utes to Removing heavy elements from the soil 

surface and replacing them. Calcium carbonate 
contributes to reducing the availability of heavy 
elements by increasing its surface area, which 
allows the element to be absorbed, in addition to 
its role in raising the degree of soil interaction, 
which reduces its availability in the soil. This is 
consistent with what Liu et al., 2018; Moham-
med et al., 2019; Akol et al., 2021; Mohammed 
et al., 2022 indicated that there is a negative cor-
relation between the available concentration of 
cadmium, zinc and nickel elements with the de-
gree of soil interaction.

Figure 5. Concentration of available cadmium in soil mg·kg-1

Table 4. Correlation between available concentration of heavy metals and the total concentration of the soil 
of the study sites

 Heavy metals Pb_Av Cd_Av Pb_T

Cd_Av 0.87**

Pb_T 0.90** 0.90**

Cd_T 0.79** 0.89** 0.78**

Note: ** Significant at (P≤0.01) 

Table 5. Correlation between chemical characteristics and available concentration of heavy metals of the study 
soils

Characteristic pH EC CEC OM Pb_AV Cd_AV

EC 0.04

CEC 0.38 -0.02

OM -0.70** -0.28 0.00

Pb_AV -0.36 -0.40 -0.01 0.17

Cd_AV -0.50 -0.44 -0.23 0.33 0.87**

CaCO3 0.68** -0.11 0.52* -0.38 -0.25 -0.43

Note: *, ** Significant at (P≤0.05), (P≤0.01) respectively.



324

Ecological Engineering & Environmental Technology 2024, 25(8), 316–330

Concentration of heavy metals 
in plants of the study sites

The concentration of lead and cadmium with-
in the vegetative parts of some plants growing in 
the soil of industrial facilities sites in the city of 
Diwaniyah under study was studied. Eucalyptus 
and eucalyptus plants were chosen as the most 
common plants in these sites.

Figure 6 shows, in general, a high concen-
tration of lead in plants growing near sources of 
pollution. The results showed a variation in the 
concentration of lead, as the highest concentra-
tion was recorded in Eucalyptus plants growing 
in the soil of an oil refinery and for all dimen-
sions compared to the same plant growing in the 
soil of a power station. Electrical energy, and 
this is due to the high concentration of lead in 
those sites compared to its concentration in the 
soil of the electric power generation station. This 
is clear from the positive significant correlation 
between the concentration of the element in the 
soil and its concentration in the plants growing 
there, which amounts to r = 0.81** (Table 6). Fig-
ure 5 shows that the highest value of lead was 
recorded at 21.80 mg·kg-1 dry matter, which was 
within the vegetative parts of the tamarisk plant at 
a distance of 500 meters from the soil of the brick 
factories and then the oil refinery, as it recorded 
20.50 mg·kg-1 dry matter, despite the high avail-
able concentration of lead in The soil of the oil 
refinery compared to the soil of the brick factories 
and finally the electric power generation station 
had a rate of 19.60 mg·kg-1 dry matter. This is 

due to a number of reasons, including the differ-
ence in the type of plants growing in those sites 
and their ability to absorb lead from the polluted 
soil, in addition to the increase in industrial activ-
ity and the continued movement of transport ve-
hicles. In transporting and packing bricks, which 
in turn affects the spread and raising of dust on 
plants growing near them, in addition to the in-
tensity of operation of the factory and the dense 
rising smoke it produces, which works to increase 
dust pollution through the scattering of atoms of 
heavy elements as a result of burning the fuel used 
(black oil). The percentage of heavy elements in 
the atmosphere, especially when they are mixed 
with dust particles and then deposited on plants 
through wind or rain water, or when their weight 
is heavy and the air cannot carry them. The re-
sults also recorded the lowest value for lead in 
the tissues of Eucalyptus plants growing in an 
electric power plant, 5.45 mg·kg-1 dry matter, at 
a distance of 2000 m as a result of the distance of 
the sample from the source of pollution, as this 
distance was surrounded by a dense agricultural 
area far from all sources of pollution. When com-
paring these values for all distances and for all 
plants with the specifications of the World Health 
and Food and Agriculture Organizations (WHO/
FAO, 2007; Jafaar et al., 2020; Ali et al., 2021; 
Jafaar et al., 2022) we find that they have ex-
ceeded the critical limit of 5 mg·kg-1 (Figure 5). 
However, in general, despite the accumulation of 
lead on the vegetative parts of the plant, it did not 
show any effect on the metabolic processes, and 
this is consistent with AL-Mashhadi and Alabadi 

Figure 6. Lead concentration in plants in the studied plants, mg·kg-1
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(2023) Jafaar et al., 2023, who demonstrated that 
lead is transferred from contaminated soil to the 
plants growing in it, reaching a higher limit than 
The limit allowed globally.

As for the concentration of cadmium, the re-
sults of Figure 7 indicate that there is a variation 
in the concentration of the element cadmium in 
the vegetative part of the plant growing in the soil 
of the study sites, as the content of the vegetative 
parts of the Eucalyptus plant in the electric power 
generation station ranged from 1.68–4.45 mg·kg-1 
dry matter, and at the oil refinery for the same The 
plant type ranged between 2.00–5.10 mg·kg-1 dry 
matter, while the cadmium content of the vegeta-
tive parts of the tamarisk plant in the brick factory 
was recorded between 0.88–5.00 mg·kg-1 dry mat-
ter. The results show that the highest value of cad-
mium was recorded at a distance of 500 meters in 
the oil refinery plant, at 5.10 mg·kg-1 dry matter. 
In second place was the cadmium content of the 
optimum plant, as it was recorded at 5.00 mg·kg-1 
dry matter, with a small difference between them 
as a result of the soil being affected by the activity 
of both the refinery and the laboratories. The oil 
refinery releases many liquid wastes into the soil 
that contain various heavy elements as a result of 
the processes that crude oil refining undergoes. 
The soil is also exposed to pollution as a result of 
the breakage of some oil pipelines responsible for 
transporting petroleum materials. The results also 
recorded the lowest value for the element cad-
mium in the tissue content of the tamarisk plant 
at the site of the brick factories, 2.11 mg·kg-1 dry 
matter at the distance of 2000 meters. This is due 
to the decrease in the available concentration of 
the element cadmium, especially at that distance, 
as we find that there is a correspondence between 
the available concentration in the soil and the 
concentration The element in the plant, which 
was reflected in the positive correlation between 
them, amounting to  r = 0.85** (Table 6).

When comparing these concentrations with 
the specifications of the World Health, Food and 
Agriculture Organizations (WHO/FAO, 2007), 
we find that they have exceeded the critical limit 

for the concentration of cadmium in the plant, 
which is 0.02 mg·kg-1 dry matter, even in the 
comparison sample and for all sites as a result of 
the effect of the comparison samples on the wind 
speed that has It plays a major role in carrying 
pollutants to greater distances or affecting the ex-
haust emissions of cars traveling on the road, the 
friction of vehicle tires with the surface, and their 
consumption of engine oils.

Standards for soil contamination 
with lead and cadmium

One of the main objectives of this study is to 
detect the content of heavy elements in the soil 
surrounding the industrial sites under study with-
in the low, critical, or toxic ranges. To achieve 
this, global indicators were adopted on which to 
classify the soil content of lead and cadmium.

Contamination factor 

To evaluate soil pollution, the pollution factor 
CF is applied, which is an indicator of the pollu-
tion of the single studied element, as most other 
pollution indicators depend on it. The sum of the 
pollution factors for all the heavy elements under 
study represents the degree of pollution CFd, so it 
is an indicator for measuring the overall degree of 
pollution of the sites (Asrari, 2014).

The results of Table 7 showed the pollu-
tion factor values for lead in the soil of indus-
trial facilities, which ranged between 2.04–6.78, 
2.21–7.96, and 3.65–11.42 for each of the electric 
power generation station, the oil refinery, and the 
brick factories, respectively. We note that the soil 
of the brick factories and for all distances falls 
within the pollution range. Very high and highly 
polluted, with the exception of the comparison 
sample, which falls within the medium level of 
pollution, as the highest value was recorded at 
the distance of 500 m, which amounted to 11.42, 
followed by it at the distance of 1,000 and 1,500 
meters, which amounted to 8.22 and 6.58 respec-
tively, and it is within the range of 6 CF ˃, which 

Table 6. Correlation between the concentration of the element in the plant and the available concentration in the 
soil of the study sites

Heavy metals Pb_P Cd_P Pb_Av

Cd_P 0.89**

Pb_Av 0.81** 0.77**

Cd_Av 0.85** 0.85** 0.87**
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indicates very high pollution, as for the distance 
of 2000. m, it reached 3.65, which indicates high 
pollution, as it falls within the range CF ≤ 6 ≥ 3.

This is due to the particles that brick factories 
excrete into the air, which fall on sites close to 
the factories. The minutes contain what resulted 
from the incomplete combustion of the fuel used 
in operating the factories, such as heavy elements 
that are not biodegradable unlike organic matter, 
so their presence continues for a long period of 
time, which tends to To accumulate in the envi-
ronment. As for the electric power generation sta-
tion, it was ranked last in terms of pollution fac-
tor values compared to the rest of the industrial 
facilities, but it was also classified as very highly 
polluted soil at a distance of 500 meters, amount-
ing to 6.78, as it fell within the range CF ˃ 6.

As for the distances of 1000 and 1500 meters, 
the values are 4.09 and 3.19, which fall within 
the range 3 ≤ CF ≤ 6, which indicates high pol-
lution, compared to the distance of 2000 meters, 
which is 2.04, as it was classified as moderately 
polluted soil because it falls within the range 1 
≤ CF ≤ 3. The reason for the low values may be 

attributed to the pollution factor in the soil of 
the electric power generation station compared 
to the rest of the industrial facilities due to its 
geographical location, as it was in the center of 
the city and the residential area was surrounded 
by trees, in addition to the fact that the soil of the 
area is constantly subject to change as a result of 
the construction of buildings.

The results of Table 8 indicate the pollution 
factor values for the element cadmium in the 
soil of the study sites, which ranged between 
2.00–8.80 for the electric power generation sta-
tion, while the values ranged between 1.64–4.56 
in the oil refinery, and the pollution factor value 
for the brick factories ranged between 1.37–4.15, 
as we note The contamination factor values for 
cadmium for all study sites range from Moder-
ate contamination to Very high contamination, 
and the highest value was recorded in the electric 
power generation station at the distance of 500 
and 1000 meters, which reached 8.80 and 7.60, 
respectively, and the lowest value was at the dis-
tance of 2000 meters at the coefficient bricks, 
which amounted to 1.37.

Figure 7. Cadmium concentration in plants in the studied plants mg·kg-1

Table 7. Pollution factor values for lead

CF – Pb

Location
Distance m

500 1000 1500 2000 control
Electric power 

generation station 6.78 4.09 3.19 2.04 1

Oil refinery 7.96 6.31 5.33 2.21 1

Brick factory 11.42 8.22 6.58 3.65 1
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It can be said from the results of Tables 7 and 
8 that, in general, the values of the pollution fac-
tor decrease as we move away from industrial 
facilities, which indicates the extent of the influ-
ence of industrial waste, vapors and gases emitted 
from those facilities on soil pollution. The con-
tamination factor values for lead and cadmium 
range from moderate contamination to very high 
contamination (1 ≤ CF ≤ 3 – CF ˃ 6) (Table 3).

The randomness of the distribution of the CF 
value of the sites indicates the emissions of gases 
and vapors as a result of the operation of the fa-
cilities, and their waste is thrown directly to the 
surface of the soil without treatment. These re-
sults are consistent with Rahman et al. (2012) and 
Awadh et al. (2013), who emphasized the pollu-
tion of the environment with heavy metals to in-
crease Emissions from laboratories and factories.

Ecological risk index

This indicator is used to evaluate the degree 
of contamination of soil and sediments with 
heavy elements, based on the arrangement of the 
elements according to their toxicity, ability to be 
released, and environmental response to them 
(Hakanson, 1980). The results of Table 9 indicate 
the values of the environmental risk index Er for 
lead and cadmium in the soil of the study. The 
highest value for the environmental risk index 

for lead in the brick factory soil was at the dis-
tance of 500 and 1000 meters, reaching 57.10 
and 41.10, respectively, and they were within 
the moderately polluted range ≤ 40. 

CF = 𝐶𝐶𝑚𝑚 𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠
𝐶𝐶𝑚𝑚 𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 

     (1) 

 
𝐸𝐸𝑟𝑟 

𝑖𝑖 =  𝑇𝑇𝑟𝑟  
𝑖𝑖  CF (2)  

 
RI =  ∑ 𝐸𝐸𝑟𝑟 

𝑖𝑖   (3) 

 

 ˂ 80, 
followed by the oil refinery and the electric power 
plant at a distance of 500 meters, as it recorded 
39.80 and 33.90 respectively, falling within the 
low-pollution range of 

CF = 𝐶𝐶𝑚𝑚 𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠
𝐶𝐶𝑚𝑚 𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 

     (1) 

 
𝐸𝐸𝑟𝑟 

𝑖𝑖 =  𝑇𝑇𝑟𝑟  
𝑖𝑖  CF (2)  

 
RI =  ∑ 𝐸𝐸𝑟𝑟 

𝑖𝑖   (3) 

 

 ˂ 40 (Table 3). The 
lowest value was also recorded at The electric 
power generation station had a rate of 10.20 
at a distance of 2000 m. In general, the results 
indicate that the environmental risk index for the 
element lead was low, as it recorded values   less 
than the impact threshold of 40, except for the 
distance 500-1000 m for the brick factory, which 
is considered the minimum level of average risk 
for the element. This is due to... Mainly due to 
the lower values of the toxicity response factor T 
for lead, which is 5, which reduced the values of 
the environmental risk index. The superiority of 
the brick factor by increasing the environmental 
risk index for lead compared to the rest of the 
studied facilities is due to the large pollution 
caused by the laboratories as a result of throwing 
their gaseous wastes into the air and liquid 
wastes into the air. Soil without treatment.

The values of the environmental risk index Er 
for the element cadmium in the soil of the study 
ranged between 41.10–264.00, which falls within 
the range of moderate to highly polluted pollution. 

Table 8. Pollution factor values for cadmium

CF – Cd

Location
Distance m

500 1000 1500 2000 control 

Electric power 
generation station

8.8 7.6 5.8 2 1

Oil refinery 4.56 3.62 2.09 1.64 1

Brick factory 4.15 3.62 2.57 1.37 1

Table 9. Environmental risk index for lead and cadmium in the study soils

Heavy 
metails 

Location

Electric power generation station Oil refinery Brick factory

Distance m

CF = 𝐶𝐶𝑚𝑚 𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠
𝐶𝐶𝑚𝑚 𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 

     (1) 

 
𝐸𝐸𝑟𝑟 

𝑖𝑖 =  𝑇𝑇𝑟𝑟  
𝑖𝑖  CF (2)  

 
RI =  ∑ 𝐸𝐸𝑟𝑟 

𝑖𝑖   (3) 

 

500 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000

Pb 33.9 20.45 15.95 10.2 39.8 31.55 26.65 11.05 57.1 41.1 32.9 18.25

Cd 264 228 174 60 136 108.6 62.7 49.2 124.5 108.6 77.1 41.1

RI 297.9 248.45 189.95 70.2 176.6 140.15 89.35 65.25 181.6 149.7 110 59.35
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The highest value was recorded in the soil of the 
electric power plant at the distances of 500–1000 
m, at 264.00 and 228.00 respectively, and it was 
within It ranked fourth for levels of environmen-
tal risk, which indicates high pollution, followed 
by the oil refinery and brick factories at a distance 
of 500 meters, amounting to 136.00 and 124.50, 
which are within the third level, which indicates 
that the soil was of great environmental risk, 
while Er recorded the lowest value for the ele-
ment cadmium at the brick factory, at 41.10. At a 
distance of 2000 m, it is within the second level, 
which indicates moderate pollution. Table 9 also 
indicates the total environmental risk index (RI) 
for the elements lead and cadmium under study. 
We notice from the table a difference in the values 
of the total environmental risk index according to 
the study sites, as their levels ranged from a low 
indicator to a moderate degree of environmental 
risk, as the highest value of RI was recorded at 
the station Electrical power generation for the 
distances of 500, 1000, and 1500 meters amount-
ing to 297.90, 248.45, and 189.95 respectively, 
and they are within the second level with a me-
dium degree of total environmental risk, 50 ≤ RI 
< 3001, while the RI recorded the lowest value in 
the brick factory at 59.35 at the distance of 2000 
meters, which was classified as level. The first is 
characterized by a low degree of environmental 
risk as it does not exceed a value of 150 according 
to Alawsy et al., 2024; Alawsy., 2020; Hassan et 
al., 2020; Hassan et al., 2023; Hakanson, 1980).

CONCLUSIONS

The results showed, in general, a higher 
concentration of lead and cadmium in the 
soil and plants close to the studied sources of 
pollution compared to samples relatively far 
from these sources, and that the pollution fac-
tor values for lead and cadmium for all study 
sites ranged from moderate pollution to very 
high pollution (1 ≤ CF ≤ 3) to CF ˃ 6, and that 
the concentration of lead and cadmium in the 
study plants exceeded the permissible limits. 
According to the values of the environmental 
risk index, the soils fall within the range of low 
to moderate toxicity for lead and moderate to 
high toxicity for cadmium, and the levels of the 
overall environmental risk index ranged from 
low to moderate environmental risk.
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