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SUMMARY 

 

This study investigated the transport and accumulation of several heavy metals within the lower and 

upper parts of the wild plants Typha domingensis, Prosopis farcta, and Alhagi maurorum, belonging to 

the Al-Kasak and Al-Qayyarah sites in Iraq, which were collected in autumn. In the Al-Kasak refinery, 

results indicated the cadmium (Cd) and nickel (Ni) showed significantly higher bioaccumulation in the 

root system (392.01 and 658.11 mg/kg, respectively) from dry weight compared with the dry weight 

of shoots (287.12 and 619.45 mg/kg, respectively). However, the lead (Pb) and manganese (Mn) 

exhibited higher bioaccumulation in the shoot system (280.23 and 80.95 mg/kg dry weight, 

respectively). At the Al-Qayyarah refinery, Ni, Pb, and Mn appeared more accumulated in root parts 

(668.65, 270.61, and 156.24 mg/kg dry weight, respectively) than in the shoots for each plant 

(Prosopis farcta, Alhagi maurorum, and Typha domingensis). Meanwhile, Cd bioaccumulation was 

higher in the shoots (377.31 mg/kg dry weight). Additionally, the roots of Alhagi maurorum and Typha 

domingensis revealed higher accumulations of Ni and Mn (778.25 and 235.93 mg/kg dry weight, 

respectively) compared with the shoot system. At the Al-Kasak site, plants showed a higher 

bioaccumulation of Pb (13.38 mg/kg dry weight), following the order Pb<Ni<Mn<Cd 

(13.38>11.14>3.93>1.44 dry weight, respectively). Then again, plants at the Al-Qayyarah site had 

the highest bioaccumulation of Ni (17.94 mg/kg), with the order of bioaccumulation as Ni>Mn>Pb>Cd 

(17.94>11.75>3.84>1.07 mg/kg dry weight, respectively). The maximum bioaccumulation of Mn was 

notable in the plants of Typha domingensis, Prosopis farcta, and Alhagi maurorum (28.86, 146.68, 

and 419.86 mg/kg dry weight, respectively). 
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Key findings: At the Al-Kasak site in Iraq, the bioaccumulation of Ni, Cd, and Pb was higher in roots 

than in shoots, while the bioaccumulation of Pb and Mn was higher in shoots of wild plants. However, 

at the Al-Qayyarah site, the bioaccumulation of Ni, Pb, and Mn was greater in roots, while the 

bioaccumulation of Ni was superior in shoots of wild plants. 

 

 

INTRODUCTION 

 

Mineral resources naturally occur in the soil, 

and exploitation of these resources is highly 

beneficial for nations in the advancements in 

science, technology, economy, and 

development. However, the increasing demand 

for mineral resources through geological, 

industrial, and agricultural activities has led to 

severe environmental problems. Soil 

bioaccumulation is one of the most prominent 

issues, particularly with heavy metals released 

into the environment.  

The soil metals’ bioaccumulation is 

dependent on their chemical and physical 

properties, such as pH, electrical conductivity 

(EC), cation exchange capacity (CEC), organic 

matter, and total mineral content, particularly 

clay fraction. These heavy metals pose 

significant risks to both plants and human life, 

causing carcinogenic effects, mutations, and 

other toxic outcomes, as they do not degrade 

naturally into non-toxic types. Thus, 

remediation is an essential technology for 

reducing their harmful effects (Chen et al., 

2022). 

For treating the soils contaminated 

with various heavy metals and oils, various 

chemical and physical techniques are 

applicable. These techniques can be time-

efficient, with multiple drawbacks, such as high 

costs, energy requirements, and potential 

environmental harm. For instance, chemical 

methods like oxidation, filtration, and chemical 

precipitation involve adding organic solvents 

and chemicals to the contaminated soils to 

stabilize pollutants and reduce their toxicity. 

However, these methods may result in harmful 

residues and do not completely remove 

contaminants from the soil (Kour et al., 2022; 

Wang et al., 2022). 

Bioremediation utilizes bacteria to 

break down hydrocarbons and convert toxins 

into less harmful byproducts, such as water 

vapor and carbon dioxide, with the said 

method preferred in waste management and in 

the treatment of contaminated soils. Similarly, 

phytoremediation uses different plants to 

remove and stabilize the pollutants through 

mechanisms like phytoextraction and 

phytodegradation (Liu et al., 2020; Ahmad et 

al., 2020). In the last decade, a huge amount 

of heavy metals from various sources, such as 

industrial and agricultural applications to soil, 

have shown considerable damaging effects on 

environmental health. Thus, the presented 

study aimed to quantify the percentage of 

some heavy metals in soil and plants, as well 

as identify the hyperaccumulated wild plants. 

Tolerance and accumulation of heavy 

metals can be beneficial to plant stability. The 

biotransfer factor (TF) and bioaccumulation 

factor (BAF) can be effective to estimate the 

plant’s capacity for phytoremediation. 

Measuring the ability of a plant to transport 

metals from the roots to the leaves uses TF, 

which is defined as the ratio of the metal 

concentration in the leaves to that in the roots 

(Yoon et al., 2006). Estimating the ability of a 

plant to accumulate metals from the soil can 

also apply the BAF, with the definition as the 

ratio of the metal concentration in the roots to 

that in the soil. Phytoextraction generally 

requires the transport of heavy metals to parts 

of the plant that can be easily harvested, i.e., 

the leaves. By comparing BAF and TF, we can 

compare the ability of different plants to 

absorb metals from the soil and transport them 

to the leaves. Plants that are 

hyperaccumulators actively absorb and 

transport metals into their aboveground 

biomass. Slow accumulators tend to have 

restricted transport of metals from the soil to 

the roots and from the roots to the leaves, and 

thus, accumulate much less of them in their 

biomass. Enrichment occurs when a 
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contaminant absorbed by a plant does not 

rapidly degrade, leading to its accumulation in 

the plant (Fitz and Wenzel, 2002). 

 

 

MATERIALS AND METHODS 

 

Description of study sites 

 

The Al-Kasak refinery is an affiliate of the 

Northern Refineries Company, established in 

the eighties of the last century, with a location 

at the northwest of the city of Mosul, about 40 

kilometers from the center of Mosul. In the Al-

Kasak area, a small village located in the Al-

Jazeera region near Tal Afar, the refinery 

produces the following petroleum derivatives: 

light and heavy naphtha, kerosene, diesel, and 

black oil. It contains oil tanks that may be a 

cause of soil pollution as a result of accidental 

spills causing the accumulation of oil ponds and 

thus, soil pollution with heavy elements. It also 

has oil-refining furnaces that may be a source 

of environmental pollution as a result of the 

combustion of hydrocarbons. This could lead to 

the emission of gases, such as carbon dioxide 

(CO2), lead (Pb), and cadmium (Cd). in 

addition to industrial water waste polluted with 

heavy elements that lead to soil pollution. 

Natural plants, such as Prosopis farcta, Alhagi 

maurorum, and Typha domingensis, are 

prevalent in the area.  

 Al-Qayyarah Refinery, also affiliated 

with the Northern Refineries Company, sits in 

the Al-Qayyarah district, which is about 60 

kilometers from the center of Mosul City in 

Nineveh Governorate. The Al-Qayyarah oil 

refinery enjoys great economic importance 

because it supplies many Iraqi governorates 

with their needs of asphalt and gas oil. The 

importance of this refinery increased with the 

rehabilitation of the railways and their 

reconnection to the ports of Basra in Southern 

Iraq. It is one of the specialized refineries to 

produce asphalt used in street paving works, 

as well as the 125 used in mastic and flancote 

factories. The secondary product of the 

refinery is heavy gas oil as fuel for stations. 

The refinery carries out the process of refining 

crude oil extracted from the oil wells attached 

to the processing plant, which contains a large 

percentage of sulfur, constituting one of the 

major problems for this refinery. 

 

Collection of samples 

 

Plant samples and preparation of plant 

powder  

 

Plant samples of the Prosopis farcta, Alhagi 

maurorum, and Typha domingensis, collected 

from the polluted sites of Al-Kasak Refinery 

and Al-Qayyarah Refinery, Iraq, had distances 

of 50, 150, and 300 meters from the source of 

contamination, with the samples collected once 

in autumn. The vegetative parts of these 

plants, as separated from their roots, had both 

parts’ types weighed at the site by an electric 

balance. The samples’ placement in paper bags 

included the identification information to be 

used for further study after being transferred 

to the laboratory (Ikiriko and Chukwumati, 

2023). 

 The shoot and root parts, digested 

separately, underwent estimation of the 

bioaccumulation of heavy metals using the 

atomic absorption spectrophotometer. The 

study took 0.5 g of dry matter and placed 

them in a digestion tube, then added nitric, 

sulfuric, and perchloric acids with a ratio of 

2:1:1. Afterward, the samples’ digestion 

continued by increasing the temperature 

gradually for a period of 2–4 h. The samples’ 

filtration in 50 ml volume followed, completing 

the solution with distilled water (APHA, 1998). 

The collection of soil samples at each site and 

under each plant also occurred for heavy 

metals determination. 

 

Determination of heavy metals 

 

The standard curve for each of the metals, 

prepared earlier, estimated the 

bioaccumulation of heavy metals (Cd, Pb, Ni, 

and Mn). The bioaccumulation of heavy metals 

used the expression in mg/kg dry weight 

(APHA, 1998). 

 

Determination of the bioaccumulation 

factor (BAF) and the translocation factor 

(TF) 
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After determining heavy metals in plant 

samples, the estimation of bioaccumulation 

factors (BAF) and the transfer factor (TF) 

ensued (Ghosh and Singh, 2005; Bitterli et al., 

2010). 

 

Bioaccumulation factor (BAF) 

 

Calculating the ratio of the element's 

bioaccumulation in the roots to its 

bioaccumulation in the soil will estimate the 

plant's efficiency in accumulating heavy 

elements in the roots and determine the plant's 

ability to process them. The bioaccumulation 

efficiency calculation used the following 

equation (Yoon et al., 2006). 

 

 
 

The bioaccumulation of heavy metals in plant 

roots refers to the amount of heavy metals 

absorbed by the roots, while the 

bioaccumulation in the soil represents the 

amount of heavy metals found in the soil. 

 

Translocation factor (TF) 

 

The ability of plants to transport heavy metals 

from roots to shoots attained computation by 

the transport factor (TF). A TF value > 1 

indicates the plant is efficiently transporting 

metals from the root to the shoot. The 

transport factor’s calculation used the formula 

below (Mattina et al., 2003). 

 

 
 

Statistical analysis  

 

All the recorded data’s analysis utilized the 

SPSS Statistical Package. The averages of the 

heavy metals in the different wild plants and in 

the soil samples of the study sites incurred 

comparison using the Duncan Multiple Range 

Test (DMRT) by the one-way analysis of 

variance at the probability level of p ≤ 0.05 

(Prescott et al., 2005). 

 

 

RESULTS AND DISCUSSION 

 

Heavy metals bioaccumulation 

 

The highest bioaccumulation of cadmium (Cd) 

and nickel (Ni) resulted in the roots of Alhagi 

maurorum at the Al-Kasak site, with values of 

367.73 and 875.42 mg/kg dry weight, 

respectively. In contrast, the lowest 

bioaccumulation of these elements was evident 

in the roots of Typha domingensis, with values 

of 287.20 mg/kg dry weight for Cd and 472.87 

mg/kg dry weight for Ni (Table 1). The 

bioaccumulation of Cd and Ni was significantly 

higher in the roots than in the green mass 

(shoots) of both Alhagi maurorum and Typha 

domingensis, with values of 291.97 and 216.90 

mg/kg dry weight, respectively. In the green 

mass of Prosopis farcta and Typha 

domingensis, the bioaccumulation of Ni 

reached 747.93 and 545.97 mg/kg dry weight, 

respectively. This can be due to the ability of 

Alhagi maurorum and Typha domingensis to 

bioaccumulate Cd and Ni in their roots through 

absorption from the soil. The premier 

bioaccumulation of manganese (Mn) was 

notable in the vegetative system (shoots) of 

Typha domingensis (207.22 mg/kg dry 

weight), compared with its roots (162.81 

mg/kg dry weight). Conversely, the lowest Mn 

bioaccumulation appeared in the vegetative 

system of Alhagi maurorum (17.7 mg/kg dry 

weight), compared with its roots (7.20 mg/kg 

dry weight). This suggests that Typha 

domingensis can better biotransport Cd and Ni 

between its roots and shoots. 

The soils near tailings emerged highly 

polluted with Cd and Ni and moderately 

polluted with Mn and Pb (Shi et al., 2023). The 

maximum accumulation values of Ni and Cd in 

plants exceeded permissible limits. In 

Ammophila breviligulata, the Mn and Cd 

contents in the roots were lower than those in 

the shoot system, which could be due to the 

strong capacity for the bioconcentration (BAF) 

of heavy elements (Mn, Ni, and Pb). This 

highlights the ability of plants to immobilize 

heavy elements in the soil. The order of heavy 

element bioaccumulation in plants, from 

Matel concentration Plant  
 
ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ ـ

     Matel concentration Soil ـــــــ ـ
 

…………… 1 BAF = 

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ ـ
Matel concentration in the shoot 

 Matel concentration in the Root 
 

TF= …………… 2 
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Table 1. The interaction between the two sites (AL-Kasak and AL-Qayyarah) with the plant effects on 

heavy metal concentrations. 

Sites 
Cd Pb Mn Ni 

Leaves Root Leaves Root Leaves Root Leaves Root 

S1P1 352.50b 332.10b 209.56a 198.43a 28.48b 17.638c 747.937a 626.04b 

S1P2 291.97c 367.73a 420.60a 217.47a 7.17c 7.20c 564.44b 875.42a 

S1P3 216.90b 287.20c 210.53a 207.60a 207.22a 162.81b 545.97b 472.87c 

S2P1 355.73b 368.90a 202.50a 210.97a 1.60c 2.84c 536.09b 681.08b 

S2P2 351.00b 332.10b 209.56a 189.43a 6.30c 156.81b 576.96b 681.08b 

S2P3 425.20a 355.87a 383.37a 402.43a 32.99a 309.06a 755.67a 643.78b 

*Similar letters mean no significant differences, S1P1, S1P2, and S1P3 represent Prosopis farcta, Alhagi maurorum, and 

Typha domingensis plants for Al-Kasak site,  S2P1, S2P2, and S2P3 represent Typha domingensis, Prosopis farcta, and 

Alhagi maurorum plants for Al-Qayyarah site. 

 

highest to lowest, was Mn > Ni > Pb > Cd, 

which exceeds the normal range of heavy 

elements in plants. At the Al-Qayyarah site, 

the vegetative mass of Typha domingensis and 

Alhagi maurorum showed a biotransfer of 

nickel (755.67–536.09 mg/kg dry weight) 

compared with the roots (681.08–643.78 

mg/kg dry weight) (Table 1). However, the 

lowest and highest biotransfer values of 

cadmium were between 425.20 and 351.00 

mg/kg dry weight for the vegetative mass of 

Prosopis farcta and Alhagi maurorum compared 

with the roots of both plants (355.87 and 

332.10 mg/kg dry weight, respectively). The 

roots of Typha domingensis and Alhagi 

maurorum bioaccumulated manganese 

between 309.06 and 2.84 mg/kg dry weight. 

Heavy metals can accumulate between soil and 

plants compared with the green plant parts of 

both Typha domingensis and Alhagi maurorum 

P3, with bioaccumulation of 32.99–1.60 mg/kg 

dry weight. Abbas et al. (2019) mentioned the 

gradual increase of cadmium levels in the soil 

of the Prosopis farcta, irrigated with water rich 

in heavy metals, as the highest BAF 

accumulation was for cadmium, lead, nickel, 

and cobalt, respectively, with the movement of 

element ions from roots to shoots calculated as 

the transfer factor (TF) T5 for Cd and T2 for 

Pb>Ni, respectively.  

The plant's exposure to cadmium led to 

a decrease in plant growth and an increase in 

the bioaccumulation of cadmium in the leaves 

and roots, and then a linear decrease in the 

plant shoots and roots. Past studies revealed 

the bioaccumulation rate of nickel was 1.54 

(Githuku et al., 2018; Taher and Said, 2021). 

Other findings showed the Typha latifolia can 

remove heavy metals efficiently and in the 

order of Pb < Cd. Alhagi maurorum has a 

higher tolerance to cadmium in the root than in 

the stem and contaminated soil, as affected by 

cadmium toxicity, while the biotransport factor 

(TF) for cadmium had a value of TF > 1, while 

the bioaccumulation factor (BAF) had a value 

of BAF < 1. Cadmium accumulation in the 

roots of Alhagi maurorum was higher than its 

accumulation in the stem (Alotaibi et al., 

2023).  

The superiority of cadmium and nickel 

elements was prominent at the site of the 

cuscus by their accumulation in the root 

system with average bioaccumulations of 

392.01 and 658.11 mg/kg dry weight, found 

significantly higher than their accumulation in 

the vegetative system (Figure 1). Most of the 

heavy elements entering the plant had first 

retention in the root cells, which significantly 

reduced the displacement of the organ to the 

ground and protected leaf tissues from damage 

resulting from heavy metal toxicity (Chitimus 

et al., 2023). The maximum values of lead and 

manganese elements occurred in the root 

system with a bioaccumulation ratio of 280.23 

and 80.95 mg/kg dry weight, due to the 

difference in the tissues of the roots and 

vegetative parts. Ikiriko and Chukwumati 

(2023) believe that, with increasing levels of 

crude oil pollution, the content of cadmium, 

nickel, and lead significantly decreased in the 

roots and shoots. 

At the Al-Qayyarah site, the detection 

of bioaccumulation of nickel, lead, and 

manganese with higher values resulted in the 
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Figure 1. Comparison of the heavy metals’ bioaccumulation in terms of their accumulation in the 

shoot and root systems of plants at the sites of Al-Kasak (S1) and Al-Qayyarah (S2) site. 

 

 

 
 

Figure 2. Heavy metals’ bioaccumulation in the vegetative and root systems of Al-Kasak and Al-

Qayyarah sites. 

*S1P1, S1P2, and S1P3 represent Prosopis farcta, Alhagi maurorum, and Typha domingensis plants for Al-Kasak 

site, and S2P1, S2P2, and S2P3 represent Typha domingensis, Prosopis farcta, and Alhagi maurorum plants for Al-

Qayyarah site. 

 

roots (668.65, 270.61, and 156.24 mg/kg dry 

weight, respectively) compared with the 

vegetative group, while the cadmium element 

appeared more accumulated in the vegetative 

parts than in the roots (377.31 mg/kg dry 

weight) due to the efficiency of plants in 

biotransport from the roots to the vegetative 

group. The differences in bioaccumulation 

between plant tissues were substantial, and 

this depends upon the amount of 

bioaccumulation in the tissues and on the type 

of organ where the heavy elements 

accumulate. The rate of transfer within the 

plant depends on the type of heavy metals and 

the plant. Azizi et al. (2020) reported the 

distribution of heavy elements was Ni > Cd in 

contaminated soils, and Typha latifolia has a 

higher bioaccumulation capacity (BAF) and 

efficiency in removing heavy elements from the 

ecosystem. The amount of bioaccumulation in 

tissues depends on the type of element and 

the organ in which the heavy elements 

accumulate. Amare and Workagegn (2022) 

concluded that Typha latifolia can remove 

heavy elements from polluted sites, and the 

results showed a higher bioaccumulation of 

heavy elements in Typha latifolia than in the 

samples of the compound plants, especially 

samples at different sites. The bioaccumulation 

of heavy metals in the root system was higher 

than in the vegetative system for the Typha 

latifolia.  

The average bioaccumulation of 

cadmium and lead has not shown a significant 

difference for the root and vegetative parts of 

all plants at both study sites (Figure 2). The 

remarkable superiority of manganese was 

evident in the roots of Typha domingensis at 

the Al-Kasak site and the roots of Alhagi 

maurorum at the Al-Qayyarah site compared 
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Table 2. Comparison of bioaccumulation factor (BAF) and translocation factor (TF) of heavy metals in 

the soil and plants at the Al-Kasak and Al-Qayyarah sites. 

Sites 
Heavy metals (mg/kg) BAF TF 

Cd Pb Mn Ni Cd Pb Mn Ni Cd Pb Mn Ni 

S1 470.68 166.36 36.49 114.69 1.44 13.38 3.93 11.14 0.73 1.35 1.29 0.94 

S2 491.74 139.61 14.46 72.01 1.48 3.84 11.75 17.94 1.07 0.98 0.09 0.93 

* S1 represents the location of Al-Kasak, and S2 represents the location of Al-Qayyarah. 
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Figure 3. Heavy metals concentration as per the bioaccumulation factor (BAF) and translocation 

factor (TF) for the soil and plants at the Al-Kasak and Al-Qayyarah sites. 

 

with the vegetative group, with an average 

bioaccumulation of 235.93 mg/kg dry weight. 

The roots of Alhagi maurorum and Prosopis 

farcta at the Al-Kasak and Qayyarah sites 

showed a noteworthy increase in nickel versus 

the vegetative parts, with a bioaccumulation of 

778.25 mg/kg dry weight. The distribution of 

nickel in the roots and vegetative systems 

indicates that nickel accumulates mainly in the 

roots, unlike other heavy metals. Plants 

exposure to cadmium led to a decrease in their 

growth due to an increase in the 

bioaccumulation of cadmium in the buds and 

roots. Then, the weight of the leaves and roots 

decreased linearly with the increase in the 

cadmium content in the roots and leaves. The 

Prosopis farcta was more capable of 

transporting cadmium from the roots to the 

buds, and the natural accumulation of 

cadmium was under a gradual increase in 

these elements in the soil (Gishini et al., 

2020). Shi et al.’s (2023) findings revealed 

that Ammophila breviligulata can greatly 

accumulate heavy metals due to the 

bioaccumulation factor (BAF). Ikiriko and 

Chukwumati (2023) concluded that the content 

of cadmium and lead in the shoots was higher 

than in the roots in plants grown on different 

contaminated soils, while the content of nickel 

in the roots was higher than in the shoots. 

The maximum bioaccumulation value 

at the site of Al-Kasak was for lead (13.38 

mg/kg dry weight), and for nickel at the site of 

Al-Qayyarah, it was 17.94 mg/kg dry weight 

because of the presence of oil reservoirs and 

oil product combustion furnaces (Table 2, 

Figure 3). This reflects the efficiency of the 

roots of the plants Prosopis farcta, Alhagi 

maurorum, and Typha domingensis and their 

ability to bioaccumulate heavy elements from 

the soil into the roots. The bioaccumulation of 

heavy metals at the two study sites reached 

BC > 1, and the bioaccumulation factor for 

heavy metals at the site of Al-Kasak was Cd < 

Mn < Ni < Pb, while in Al-Qayyarah, it was Cd 

< Pb < Mn < Ni. The results further showed 
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that the highest biotransfer value for lead and 

manganese appeared at the site of Al-Kasak 

(1.35 and 1.29 mg/kg dry weight) for Prosopis 

farcta, Alhagi maurorum, and Typha 

domingensis. Abbas et al. (2019) observed the 

gradual increase of cadmium levels in the soil 

of Prosopis farcta, irrigated with water rich in 

heavy metals. The Prosopis farcta plant can 

absorb cadmium from contaminated soils, and 

the cadmium can biotransport from the roots 

to the shoots. Hence, the Prosopis farcta has a 

natural accumulation of cadmium and can be 

effective in phytoremediation. Waris et al. 

(2022) reported that Alhagi maurorum has the 

ultimate capacity to accumulate cadmium in 

roots and aerial parts (1.02 and 0.65 µg g−1), 

and Alhagi maurorum has the highest capacity 

for bioaccumulation (BAF) and biotransfer (TF). 

It is also efficient in absorbing cadmium and 

lead from contaminated soils. The absorption 

of heavy metals by the Typha domingensis 

plant increases with the rise in the 

bioaccumulation of heavy metals. Past studies 

enunciated that the biotransport factor (TF) of 

leaves was higher than in root parts (Pb > Ni > 

Cd) (Soudani et al., 2022). 

The manganese element recorded the 

supreme bioaccumulation for Typha 

domingensis at the Al-Kasak site and for 

Prosopis farcta at the Al-Qayyarah site (419.89 

mg/kg) (Table 3, Figure 4). This revealed that 

the Typha domingensis and Prosopis farcta can 

efficiently accumulate metal pollutants inside 

the roots. The results further revealed that the 

highest biotransfer emerged from lead for 

Alhagi maurorum and Prosopis farcta (1.52 

mg/kg) compared with the rest of the heavy 

metals. It indicates the ability of Alhagi 

maurorum and Prosopis farcta to transfer 

mineral elements between the root and the 

vegetative systems. Typha latifolia can 

biotransport nickel and manganese from roots 

to leaves (TF > 1) (Ramos et al., 2019). The 

Typha domingensis can be beneficial in the

Table 3. Comparison of the bioaccumulation factor (BAF) and translocation factor (TF) of heavy 

metals for plants at the Al-Kasak and Al-Qayyarah sites. 

Distances Cd Pb Mn Ni BAF TF 

P1 704.62 410.73 25.28 1295.58 1.46 1.94 28.86 11.34 1.01 1.01 1.47 0.98 

P2 671.40 523.03 88.74 1348.96 1.42 3.08 146.68 13.04 0.92 1.52 0.08 0.73 

P3 642.59 601.97 356.04 1209.16 1.34 3.70 419.86 8.13 1.00 0.97 0.51 1.17 

*P1, P2, and P3 represent the Prosopis farcta, Alhagi maurorum, and Typha domingensis plants at Al- Kasak site, 

respectively  and P1, P2, and P3 represent Typha domingensis, Prosopis farcta, and Alhagi maurorum plants at Al-

Qayyarah site, respectively . 
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Figure 4. Comparison of the bioaccumulation factor (BAF) and the translocation factor (TF) of plants 

at Al-Kasak and Al-Qayyarah sites. 
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phytoremediation of heavy metals in polluted 

environments, as the plant's absorption of 

heavy metals through different plant tissues 

increases with the boost in the concentration of 

heavy metals. The roots of Typha domingensis 

had the highest values of the bioaccumulation 

factor (BAF) Pb > Ni > Cd compared with the 

leaves, while the biotransport factor (TF) of the 

leaves was higher than the root parts (Pb > Ni 

> Cd) (Compaore et al., 2020; Soudani et al., 

2022). Previous findings indicated that Typha 

domingensis showed bioaccumulation factors of 

Mn > Ni > Pb, while C. zizanioides showed 

bioaccumulation factors of Mn > Pb. 

Meanwhile, the translocation factor of C. 

zizanioides was higher than that of Typha 

domingensis due to a higher biomass 

production. 

 

 

CONCLUSIONS 

 

Nickel, lead, and manganese showed higher 

bioaccumulation in the roots than in the 

shoots, except for cadmium, which had a 

higher concentration in the shoots than in the 

roots. The plants Typha domingensis, Prosopis 

farcta, and Alhagi maurorum in the Al-Kasak 

site exhibited higher bioaccumulation of lead 

than the rest of the elements, while the 

highest bioaccumulation was evident in the 

plants in the Al-Qayyarah site for nickel. The 

transfer factor for lead in the Al-Kasak site was 

better than the other elements, while cadmium 

emerged with the highest transfer factor 

compared to the rest of the elements in the Al-

Qayyarah site. 
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