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Summary 

Phytoremediation is one of the actual green options for remediating soils 

contaminated with the toxic Pb metal using plants, which has a high ability 

for accumulation, extraction, and stabilization; this study deals with the 

investigation carried out on contaminated soil to evaluate the Pb uptake 

capacity of selected mustard and corn plants species for its remediation 

ability. For this reason, a pot experiment was done in a lath house at the Akre 

using a horticulture nursery. Plants species grown in polluted soil polluted 

with four levels of lead (0,200,400 and 800 mg.kg-1 soil) for the period of 70 

days, and plants irrigated with ground and wastewater during this period. The 

results obtained showed that the studied species accumulated more Pb in the 

roots which its values were (31.97 mg.kg-1) for mustard were (28.88 mg.kg-1) 

compared with corresponding aerials parts and were (22.69 mg.kg-1) for 

mustard and (19.47 mg.kg-1) for corn this cleared that Mustard accumulated 

more Pb than corn in different plant parts, also with increasing the levels of 

applied Pb in the soil had a significant increase on Pb content in plant part 

where its values were (45.98 mg.kg-1) for the rots at 800 mg.kg-1 while for 

shoots were (29.34 mg.kg-1) for shoots for both plant species. In addition, the 

results showed that the Pb content for plants irrigated with wastewater had a 

higher value than with groundwater for two species parts were was for 

wastewater (32.31 mg.kg-1) and (28.54 mg.kg-1) for groundwater in the roots 

while were (22.63 mg.kg-1) for wastewater and (19.53 mg.kg-1) for 

groundwater in the shoots, about increasing Pb concentration on plant dry 

weight, the results showed that with increasing concentration, the plant dry 

weight of different parts decreased. However, the plant species screened for 

phytoremediation potential which were evaluated in terms of BAF and TF, 

the results highlighted that the plant species had bioaccumulation factor 

BAF<1 the results showed that BAF for mustard (0.762) more than corn 
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(0.693) and translocation factor TF<1 the results showed that TF for mustard 

(0.724) more than corn (0.693); accordingly, they are efficient in uptake and 

translocation Pb from soil to roots and shoots and indicated its suitability for 

phytoremediation by phytostabilization.   
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 Introduction  

Environmental Pollution is the presence of undesirable substances in 

the environment which its chemical composition or quantities prevents the 

functions of natural processes and produces undesirable environmental and 

health effects (World Book, 2009). Pollution of the environment by toxic 

metals such as Pb, Cd, Ni and Zn has become a worldwide crisis, affecting 

agriculture products and contributing to bioaccumulation and bio 

magnifications in the food chain. Recently, research groups have found out 

that certain toxic metals can remain in the environment for a long time and 

may eventually bioaccumulation to higher concentrations that could affect 

human health (Dipu et al., 2011).  

          Phytoremediation is a cost-effective green technology and 

environmentally friendly based on the use of plants to evacuate process, 

acclimatize or adsorb perilous materials in soil (Liu et al., 2018). On the 

other hand, Phytoremediation is a green solution to the problem of heavy 

metal contamination ‘‘Phytoremediation refers to the use of plants and 

associated soil microbes to reduce the concentrations or toxic effects of 

pollutants in the environments’’ (Greipsson, 2011). The phytoremediation 

can be used for reduce or eliminate heavy metals, radionuclides as well as for 

organic pollutants and other chemical materials in the polluted sites. Green 

plants have a great ability to uptake pollutants from the contaminated 

environment and accomplish their detoxification by number mechanisms 

such as Phytovolatilization, phytodegradation, and phytoaccumulation also 

(called phytoextraction) in this mechanism; plant roots absorb the pollutants 

along with other nutrient elements and water (Greipsson, 2011).  

          Heavy metals are considered major pollutants of the environments (Al 

Anouti, 2014). Heavy metal pollution in the environment is a result of release 

by natural processes and a long history of anthropogenic use of heavy metals. 
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Mainly mining and smelting, automotive emissions, Pb-based paints and 

industrial activity are sources of Pb contaminated soil (Haack et al., 

2003;Wong and Li, 2004). 

           Lead (Pb), a potentially toxic heavy metal with biological function, 

has attracted more considerable attention for its widespread distribution and 

potential risk to the environment (Pehlivan et al., 2009). Mustard typically a 

native herb of the Indian continent is commonly found growing in soil having 

high metal concentration and is effective in extracting heavy metals such as 

lead from the soil in toxic dumping grounds as well as acts as an indicator 

species as it has a higher tolerance for these metals which gets stored in its 

cells (Anjum et al., 2012). Furthermore, some Corn varieties were tolerant to 

lead toxicity and can be selected as suitable species growing on the lead 

contaminated soils for phytoextraction purposes (Abdul, 2010). 

          In developing countries wastewater represents a reliable source of 

irrigation and nutritional elements, worldwide wastewater forms 10% of 

irrigation water (Jiménez, 2006). In Kurdistan Region, the main source of 

irrigation water for public gardens and parks is from ground water; this puts 

ground water under pressure especially under low precipitation conditions 

(which we are suffering from it nowadays). Therefore, dependence on 

wastewater as a source for irrigation is inevitable (Singh et al., 2012). 

Kurdistan Region produces a large amount of wastewater, which comes from 

various sources such as homes, industries and hospitals. Because it is not 

subjected to any treatment, it contains different pollutants. According to 

results of different studies, it contains high level of Pb, Cu, and Cd 

(Sulaivany and Al-Mezori, 2007). 

In Akre city, Kurdistan Region-Iraq, the population has increased 

rapidly since 1990s; therefore, automobile is considered the main source of 

lead contamination, and to our knowledge few studies have been conducted 

in this respect; so, the aim of this study was to investigate the accumulation 
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of heavy metals including Pb in soil utilizing plant species; therefore, the 

objectives of the study were: 

• To investigate the phytoremediation effectiveness for mustard and corn 

grown in lead contaminated soil irrigated with ground and wastewater in 

Akre city. 

• To test the mustard and corn plants ability to bio accumulate Pb from 

contaminated soil irrigated with ground and wastewater in the site. 

• To study the distribution of lead in different plant parts (roots, stems and 

leaves). 

• To determine the bioaccumulation and translocation factors of lead by two 

type of plant species. 

• To compare between ground and wastewater in the absorption and 

bioaccumulation of lead in plant parts. 
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Chapter Two 

Literature Review 

2.1. Environmental pollution 

          Environmental pollution can, therefore, be defined as any undesirable 

change in the physical, chemical or biological characteristics of the 

ecosystem components (air, water and soil), thus cause harmful effects on 

various forms of life or property for normal and healthy living, a conducive 

environment is required by all the living beings, including humans, livestock, 

plants, microorganisms and the wildlife. The favorable unpolluted 

environment has a specific composition. When this composition is changed 

by addition of harmful substances, the environment is being “polluted 

environment” and the caused substances are called pollutants (Kaushik and 

Kaushik, 2006). 

2.2. Phytoremediation  

          Phytoremediation is an emerging technology that uses various plants to 

degrade, extract, contain or immobilize contaminants from soil and water 

(EPA, 2000). Mechanisms of phytoremediation can be very diverse 

depending upon the characteristics of contaminants, media and plant species. 

For instance, to clean up sites contaminated with heavy metals, the 

mechanism called phytoextraction should be obtained using 

hyperaccumulator plants, while to immobilize contaminants physically or 

transform them to less available forms phytostabilization mechanism is 

needed. Some plants stimulate development of microbes that can degrade 

contaminants (organic origin mostly) in their rhizosphere, while other plants 

uptake and metabolize contaminant. The former mechanism is called 
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rhizodegradation, while the latter is called phytodegradation (Pilipovic et al., 

2006). 

          Phytoremediation is a method of improving degraded ecosystems by 

absorbing metals and transporting them to above-ground tissues, or by 

changing and altering their availability in the soil, and then removing the 

harvested biomass from the site phytoextraction (Robinson et al., 2006). It is 

a cleanup technology for removing HM from the contaminated soils (Wang et 

al., 2007). More than 400 plant species have been discovered to be capable of 

phytoremediation of water and soil (Lone et al., 2008). 

The factor effecting phytoremediation efficiency are heavy metal 

concentration in soil, soil properties affecting metal absorbed by plants, hyper 

accumulating ability of plant for heavy metals in their tissues and 

environmental factors (Monica et al., 2009;Pulford and Watson, 2003). The 

Plants most suitable for phytoremediation are able to hyperaccumulator 

contaminants, possess tolerance to these chemicals, have a high biomass, and 

have a short growing cycle (Cho et al., 2009). 

2.3. The basic of phytoremediation process 

          Phytoremediation is a bioremediation process that uses various types of 

plants that are used to either stabilize or remove the metals from the soil and 

ground water (Ecobiol, 2006). Contaminant uptake by plants through the root 

system, where the major mechanism’s contaminant toxicity prevention is 

found. There is an surface area provided by the root system for the purposes 

absorbing and accumulating the nutrients and water needed for growth and 

other contaminants (Korashy and El-Kadi, 2008). 

         The roots effect changes in the interface of root and soil during the 

release of rhizosphere organic and inorganic compounds. The exudates affect 

the activities and number of microorganisms, the soil particle stability and 

aggregation, as well as the contaminant availability (Haritha et al., 2008). 
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Roots that exudate on his own have the potential of decreasing or increasing 

indirectly, or directly, the contaminant availability in the plant root zone. This 

occurs through changes in the characteristics of the soil, changes in the 

chemical composition, organic substance release, and increased activity of 

microbial that are plant-assisted (Pope et al., 2005). Phytoremediation is 

regarded as a complementary or alternative technology that could be used 

with or instead of technologies of mechanical convention, which often 

demand high capital inputs as well as being energy and labor intensive 

(Oumer et al., 2020). 

2.4. Phytoremediation Types 

There are many categories of phytoremediation technologies according 

to (EPA, 2000): 

2.4.1. Phytoextraction- (phytoaccumulation) refers to the uptake of 

contaminants by plant roots and translocation within the plants. Contaminants 

are generally removed by harvesting the plants. This concentration 

technology leaves a much smaller mass to be disposed of than doe’s 

excavation of the soil or other media. This technology is most often applied 

to metal-contaminated soil (EPA, 2000). On the other hand, The use of 

pollutant-accumulating plants to remove pollutants like metals or organics 

from soil by concentrating them in harvestable plant parts (Erakhrumen and 

Agbontalor, 2007). Plants used for phytoextraction processes can also be 

used for  secondary purposes  as in biofuel, wood industries, and burning or 

disposal in landfills (Chaney et al., 2000). 

phytoextraction- depends on the following factors: (i) the bioavailability of 

HM in the rooting zone, which influences the cost of using chelating agents 

(Solhi et al., 2005); (ii) plant biomass, which influences the amount of metals 

removed (Komárek et al., 2007); (iii) heavy metals content in aerial parts, 
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which influences the amount of metals removed (higher translocation factor) 

(Peng et al., 2009). The ability of plants to phytoextracton HM from 

contaminated soil is restricted by their ability to develop on these soils; in 

other words, these plants must be able to grow, create enough biomass, and 

take up the desired metals (Fässler et al., 2010). 

Shoot metal accumulation depends on three key factors: metal 

solubility, metal absorption by roots, and metal translocation from root to 

shoots (Vassilev et al., 2002). 

2.4.2. Phytostabilization- It refers to the process of immobilizing a 

contaminant in soil through root absorption and accumulation, adsorption 

onto roots, or precipitation within the root zone of plants, as well as the use of 

plants and plant roots to prevent contaminant migration via wind and water 

erosion, leaching, and soil dispersion (EPA, 2000). 

2.4.3. Rhizofiltration- Due to biotic and abiotic processes, pollutants adsorb 

or precipitate on plant roots, or contaminants are absorbed in solution near 

the root zone. Uptake, translocation, and concentration may occur, with 

pollutants immobilized or accumulating within or on the roots, before the 

plants are physically removed. This method works with groundwater, surface 

water, and waste water, but not with dirt, sediments, or sludge, because 

contaminants must be in solution in order to be supplied to the plant system 

(EPA, 2000). 

2.4.4. Rhizodegradation- The breakdown of an organic contaminant in soil 

by microbial activity that is enhanced by the presence of the root zone, which 

secretes some organic compounds such as sugars, amino and organic acids, 

fatty acids, sterols, growth factors, nucleotides, enzymes, and other 

compounds is known as plant-assisted bioremediation (EPA, 2000).  
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2.4.5. Phytovolatilization- In this process, Plants absorb pollutants and 

release them into the atmosphere through transpiration or by releasing a 

modified form of the contaminant. Although Phytovolatilization has 

primarily been used in groundwater, it can also be used in soil, sediments, 

and sludge (EPA, 2000). 

2.5. Hyper accumulator plants 

          Hyperaccumulator is a plant capable of growing in soil or water with 

very high concentrations of metals, absorbing these metals through their 

roots, and concentrating extremely high levels of metals in their tissues. In 

hyperaccumulators, roots extract the metal from the soil at a higher rate, 

transfer it more quickly to their shoots, and store large amounts in leaves and 

roots (Rascio and Navari-Izzo, 2011). Furthermore, Hyperaccumulator are 

plants, which can accumulate metals about 10 times or more compared with 

non-accumulator plants when both are grown in the same environment 

(Brooks, 1998).  

          According to (Bini et al., 1995), High accumulators have a 

bioaccumulation factor of 1 to 10, moderate accumulators have a 

bioaccumulation factor of 0.1 to 1.0, low accumulators have a 

bioaccumulation factor of 0.01 to 0.1, and non-accumulator plants have a 

bioaccumulation value of less than 0.01. 

In plants, hyperaccumulators concentrate more metals in their shoots 

than in their roots, whereas non-hyperaccumulators accumulate more metals 

in their roots than in their shoots (Kirkham, 2006). The following 

characteristics distinguish hyperaccumulator plants from non-

hyperaccumulator plants: high efficiency for heavy metals uptake, rapid 

translocation from roots to shoots, and ability to detoxify and sequester 

absorbed heavy metals (Rascio and Navari-Izzo, 2011). Corn and mustard, 



    9 

 

 

 

 Chapter Two: Literature Review 

 

LITERATURE 

REVIEW 

 

which are typically grown in this region, were chosen for phytoremediation 

of Pb in contaminated locations in this study. 

2.6. Heavy metals 

          Environmental pollution by heavy metals has become a serious 

problem in the world (Khan et al., 2010). In addition, Heavy metal pollution 

is regarded as a serious problem for crop production and human health (Bhat 

et al., 2019).They are conventionally defined as elements with metallic 

properties and an atomic number >20. The most common heavy metal 

contaminants are Cd, Cr, Cu, Hg, Pb, Ni and Zn. They are natural 

components of lithosphere, which are generally immutable, not degradable, 

and persistent in soil (Hall, 2002). Some are important for plants, such as 

copper and nickel, whereas others, such as lead (Pb) and cadmium (Cd), have 

no biological value and are present in plants in very minute quantities, 

potentially harming plants (Rascio and Navari-Izzo, 2011). 

          Heavy metals cause major problems to the environment and human 

health (Vakili and Aboutorab, 2013). Through the food chain, the 

accumulation of HM in the environment led to the accumulation of HM in 

plant and animal tissues (Kaiser et al., 2005). Heavy metal-contaminated 

soils have dramatically increased in recent decades as a result of waste and 

wastewater discharged from anthropogenic sources (Vakili and Aboutorab, 

2013).Excessive concentrations of these heavy metals in biological systems 

are detrimental; destabilize ecosystems because of their bioaccumulation in 

organisms, cause toxic effects on biota and even death in most living 

organisms (Chiarelli and Roccheri, 2012). 

          Moreover, it has been found that lead levels in soil and vegetation have 

been increased considerably due to traffic pollution (Ötvös et al., 2003). 
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2.7. Sources of heavy metal 

          Manufacturing, mining, and other uses of synthetic products like 

paints, industrial wastes, pesticides, batteries, and domestic sludge fertilizer 

are amongst the major sources of heavy metals that contaminate agricultural 

and urban soils (Singh et al., 2011). The heavy metals, according to (Gao and 

Zhu, 2003), could also occur through natural sources, although this hardly 

reaches the toxic levels. Possible contaminated soils could occur within the 

landfill sites, especially those with industrial wastes, orchards that have 

initially used insecticides with active arsenic components, the fields with past 

application of municipal sludge or wastewater, as well as the areas within the 

mining tailings and waste piles (Chukwuma et al., 2010). Mercury gets into 

the environment when soil leaching occurs because of acid rain, mining, 

industrial, or household waste disposal, and coal burning. On the other hand, 

lead sources include mining wastes, paints, lead pipe water, the automobile 

exhausts, and incinerators (Mwegoha, 2008).  

2.8. Effects of heavy metal on both plant and human 

          Excessive accumulation of the heavy metals results in damages to the 

organisms, as observed by (Cavet et al., 2003). For instance, plutonium, lead, 

and mercury are amongst the heavy metals with no beneficial or vital effects 

on organisms, and they result in serious illnesses when they accumulate in 

animal bodies (Brocklehurst et al., 2003).  

          However, some elements that are toxic normally may be beneficial 

under specific conditions or to certain organisms, and these include tungsten, 

cadmium, and vanadium. Heavy metals result in disruption of the metabolic 

functions (Rakhshaee et al., 2009). For instance, their accumulation 

compromises the functioning of vital glands and organs, including the brain, 

heart, liver and bone. 
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          Similarly, they result in the displacement of vital minerals from their 

respective places of origin, thus hinder biological functioning (Cho-Ruk et 

al., 2006). Essentially, the heavy metals compromise the plant physiological 

activities such as gaseous exchange, photosynthesis, as well as the absorption 

of nutrients, thus reducing the growth of the plants, their yields, and the 

accumulation of dry matter, according to (Argüello, 2003). The presence of 

heavy metals equally interferes with antioxidant levels in plants and lowers 

the nutritive values of production. Studies have also indicated that intake of 

heavy metals during the consumption of plants results in long-term 

detrimental impacts on human health (Lasat, 1999). 

2.9. Lead (Pb) 

          Lead (Pb), with atomic number 82, atomic weight 207.19, and a 

specific gravity of 11.34, is a bluish or silvery-grey metal (World Health 

Organization, 2000). It exists in many forms (PbS, PbSO4, and PbCO3) in the 

natural sources throughout the world and is now one of the most widely and 

evenly distributed trace metals. Soil and plants can be contaminated by lead 

from car exhaust, dust, and gases from various industrial sources. 

          Lead was found to be acute toxic to human beings when present in high 

amounts. Since lead is not biodegradable, once soil has become 

contaminated, it remains a long-term source of exposure. Metal pollution has 

a harmful effect on biological systems and does not undergo biodegradation 

(Pehlivan et al., 2009). 

          Soil can be contaminated with Pb from several other sources such as 

industrial sites, from leaded fuels, old lead plumbing pipes, or even old 

orchard sites in production where lead arsenate is used. It accumulates in the 

upper 8 inches of the soil and is immobile. Contamination is long-term. 

Without remedial action (Traunfeld and Clement, 2001). 
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          In the environment, lead is known to be toxic to plants, animals, and 

microorganisms. Effects are generally limited to especially contaminated 

areas (Holm et al., 2002). Pb contamination in the environment exists as an 

insoluble form, and the toxic metals pose serious human health problem; 

namely, brain damage and retardation (Cho-Ruk et al., 2006). 

2.10. Lead sources in soil 

          It is a naturally occurring, bluish-gray metal usually found as a mineral 

combined with other elements, such as Sulphur (i.e., PbS, PbSO4), or oxygen 

(PbCO3), and ranges from (10 to 30 mg kg−1) in the earth’s crust (Abadin et 

al., 2007). Typical mean Pb concentration for surface soils worldwide 

averages (32 mg kg−1) and ranges from (10 to 67 mg kg−1) (Kabata-Pendias 

and Pendias, 2001;Al-Barware, 2004) stated (30- 80mg.kg-1) Pb in soils 

irrigated with wastewater in few farms in Mosul (Omer, 2005) found that the 

lead concentration in the soil of some farms of Duhok city irrigated with 

sewage water ranged between (24.5- 42.8mg.kg-1) Pb. Soils beside Duhok 

highway and Ibrahim Khalil roadway contained (37.49 and 53.98mg.kg-1) Pb 

respectively (Ibrahim, 2012;Jindy et al., 2020) found that the concentration of 

Pb2+ in the center soil of Zakho was (4.339 mg/L). 

          A large amount of Pb was found adjacent to the roadway between 

Zakho and Sumail (Iraq) in both soils and wheat grains; the amount became 

less within a distance of 20- 100m (Omer, 2009;Kord and Kord, 2011) show 

high concentrations of Pb in leaves of Pine (Pinus eldarica Medw) adjacent to 

the roadways in Tehran and it was reduced far away from the road.  

          From a study on some heavy metals concentration in soils and plants 

adjacent to the highway in Duhok city, (Ibrahim, 2012) found that the Pb 

concentration in leaves dry weight ranged between (67.04- 86. 68mg.kg-1). 
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          Generally, it has been considered safe to use garden production grown 

in soils with total lead levels less than 300 ppm. The risk of lead poisoning 

through the food chain increases as the soil lead level rises above this 

concentration. Even at soil levels above 300 ppm, most of the risk is from 

lead contaminated soil or dust deposits on the plants rather than from uptake 

of lead by the plant roots (Rosen, 2002). 

2.11. Lead toxicity to human, plant and soil 

          The US Environmental Protection Agency (USEPA) assesses Pb as 

dangerous for human beings and among pollutants the most risky heavy 

metals. In fact, lead is one of the most robust and harmful heavy metals in the 

environment. In fact, Pb is a toxin,(Gidlow, 2004). Inorganic lead exposure 

occurs from water, eating food and breathing air containing heavy metals. 

Inhalation of fine particles of lead and it is the most important route of lead 

absorption in the workplace and general atmosphere. Chronic exposure to 

low dose Pb causes renal and reproductive effects, subtle neuropsychiatry, 

and predominantly predisposed children. The main symptom of acute 

intoxication is gastrointestinal irritation, including abdominal cramps and 

vomiting (Gidlow, 2004). In addition, lead is a neurotoxic metal and affects 

memory, visual/motor ability, language comprehension, attention (Hill, 

2020;Gidlow, 2004). For children who experience symptoms with 

significantly lower blood levels than adults, there is greater concern. In 

addition, when exposure ceases, many of the adult symptoms are reversed, 

but when chronically exposed to target children, they tend to cause persistent 

development and neurological problems (Hill, 2020).  Lead intake for human 

comes from different sources but about 50% of human lead intake comes 

from food, about half of this amount is a plant origin. It is a highly toxic 

element to human and most other forms of life; therefore, WHO suggests a 

tolerable weekly intake of lead (0.025 mg. kg-1 body weight) of lead (World 



    14 

 

 

 

 Chapter Two: Literature Review 

 

LITERATURE 

REVIEW 

 

Health Organization, 2000). Lead is the most widespread toxic item that 

poisons many people yearly, actual lethal dose of lead injected into mammals 

is (70 mg. kg-1 body weight) and toxic dose in human diet is 1mg. (Spiro and 

Stigliani, 2003).    

2.12. Lead absorption by plant 

          Lead is mainly absorbed by the root system by uptake and low 

concentration through the leaf (Liao et al., 2006). Plant roots have the ability 

to absorb significant amounts of lead, their translocation from root to shoot is 

limited, mainly studied to accumulate in the roots. Indeed, Pb binding on 

roots and cell wall surfaces limits the transition of plant roots to airborne 

parts (Manousaki and Kalogerakis, 2009). In fact, after being absorbed by the 

roots, lead strongly binds to carbohydrate carboxyl groups on the cell walls 

and prevents lead transport by apoplasts. The concentration of lead in various 

organs of plants tends to decrease in the following order: root> stem> leves> 

inflorescence> seeds. However, this arrangement may vary from plant to 

plant (Sharma and Dubey, 2005).  

          With the exception of the special conditions that exist for plants 

cultivated near metal recycling industries, the main pathway by which plants 

accumulate metals is through root uptake from soils (Uzu et al., 2010). Part 

of the lead present in the soil solution is adsorbed onto the roots, and then 

becomes bound to carboxyl groups of mucilage ironic acid, or directly to the 

polysaccharides of the rhizoderm cell surface (Seregin and Ivanov, 2001). 

Lead adsorption onto roots has been documented to occur in several plant 

species: Brassica juncea and Zea mays (Wuana and Okieimen, 2010a; 

Meyers et al., 2008). Once adsorbed onto the rhizoderm roots surface, it may 

enter the roots passively and follow translocaton water streams. However, 

absorption is not uniform along plant roots, as a lead concentration gradient 
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from root apex can be observed. Indeed, the highest lead concentrations can 

be found in root apices, where root cells are young and have thin cell walls 

(with the exception of root cap cells) that root uptake (Seregin et al., 2004). 

Moreover, the apical area is the area where rhizoderm pH is the lowest, 

which increases solubility of lead in the soil. At the molecular level, the 

mechanism by which lead enters roots is still unknown. Lead may enter the 

roots through several pathways, and a particular pathway is through ionic 

channels. Although, its uptake is a non-selective phenomenon, it nonetheless 

depends on the functioning of an H+ /ATPase pump to maintain a strong 

negative membrane potential in rhizoderm cells (Wang et al., 2007). Reduced 

uptake and translocation of lead to aerial plant parts of vegetables is 

considered beneficial in preventing lead from entering the food chain. 

However, reduced uptake and translocation of lead to aerial plant parts, when 

plants are used to remediate polluted soils, is a major problem. Indeed, soil 

remediation requires plants (hyperaccumulator) that can take high lead levels 

up and translocate it to aerial plant parts with no or minimal toxicity. The 

amount of lead that moves from soil to plants can be measured by what is 

called “the transfactor”; this factor is defined as the ratio that exists between 

the concentrations of lead in the plant vs. the concentration of lead in the 

roots. This transferfactor will be different for different plant species and will 

change as soil physical and chemical properties are altered (Arshad et al., 

2008;Bi et al., 2010;Liu et al., 2010). Generally, plants having a transfer 

factor greater than 1 are categorized as hyperaccumulators, whereas those 

with transferfactor less than 1 are termed as non-accumulators of lead 

(Arshad et al., 2008). 

2.13. Translocation of lead from roots to shoots 

          When plants absorb essential elements for reproduction and growth in 

order to complete their live cycle, at the same time they absorb non-essential 
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elements such as Pb also when its availability increases either as a result of 

pollution or due to abnormal conditions in soil such as changing pH value, 

most of the absorbed amounts remain in roots and some are transported to the 

aerial parts of plants through xylem (Stephan, 2002). 

          The process of translocating metals through cortex of  root towards the 

shoots was indicated by two methods; the first is the simplest transportation 

which means the absorbed metals are translocated from cell to cell (active 

transport) which is responsible for essential elements such as Zn, Cu and 

highly selective, but not for non-essential elements, and the second,  is an 

Apo plastic method which means translocating absorbed metals to shoots 

through cell wall to intercellular space between cells by diffusion (passive 

transport) (Stephan, 2002). 

2.14. Bioaccumulation and Translocation factor. 

          Both bioaccumulation (BAF) and translocation (TF) factors are used to 

evaluate the plant phytoremediation ability for heavy metal contaminated 

soil. 

2.14.1 Bioaccumulation factor (BAF) 

          It is define as the ratio of metal concentration in the aerial parts of the 

plants to its concentration in the soil (Gupta and Sinha, 2009) as follows: 

BAF = (C shoot   )/(C soil) 

Where C shoot and C soil means metal concentration in plant shoot and its 

concentration in the soil, respectively. 

          According to (EPA., 2010) BAF is “The ratio of the contaminant in an 

organism to the concentration in the ambient environment at a steady state, 

where the organism can take in the contaminant through ingestion with its 

food as well as through direct content.” 
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          It is very important to assess BAF in the scientific evaluation of risks 

that metals may pose to people and the environment and is a present focus of 

regularly exertion (Arnot and Gobas, 2006). According to (Ma et al., 2001) 

BAF was classified further as excluder, our plants are accumulator and hyper 

accumulator to those plants, which accumulated metals ˂1, non-accumulated 

˃1 and hyperaccumulator ˃ 10 respectively. 

2.14.2. Translocation factor (TF) 

         It is define as the ratio of metal concentration in plant shoots compared 

to its concentration in the root and used to determine the ability of plant to 

translocate metals from the roots to the shoots (Yoon et al., 2006;Gupta and 

Sinha, 2007). 

 TF can be determined by this equation: 

TF = (C shoot   )/(C root) 

Where C shoot and C root are the concentration of metal in shoot and root 

respectively. 

          The value of TF or sometimes-called mobilization ratio demonstrates 

the effective metal translocation by the plants when it was ˃ 1, and this 

translocation is a pivotal physiological process in a viable usage of plant to 

clean up contaminated lands (Majid et al., 2012). 

          By comparing BAF and TF, we can look at the capacity of various 

plants in taking up heavy metals from soils and translocating them to the 

shoot. Plants have TF and BAF values ˂ 1 are not suitable for 

Phytoextraction and vice versa (Fitz and Wenzel, 2002). Also, and plants 

with BAF>1 and TF>1 are suitable for phytoextraction (Galfati et al., 2011) 

(Arifin et al., 2011).  
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2.15. Phytoremediation potential of Mustard and Corn for lead 

contamination: 

          Phytoextraction is regarded as the use of plants in absorbing, 

transporting and concentrating metal elements from the soil to the harvestable 

parts of the shoot. In this case, therefore, the suitability of the plant, to 

facilitate this, is enabled by its ability to tolerate high metal levels (Erdei et 

al., 2005). On the other hand, the plant should also have a high accumulation 

capacity for the metal trades in its tissue that lies above the ground. The plant 

should equally have a high rate of growth and potential to produce relatively 

high biomass. Therefore, soil types, plant species and conditions control the 

uptake efficiency of the plant (Arthur et al., 2005). 

2.15.1. Zea mays (maize or corn) (Z. mays L.) plant 

Zea-mays L. as one of the most important cereal crops in the world is a 

quick, vigorous and tall (2 – 3 m) growing cereal crop having broad (5 – 10 

cm), long (50 – 100 cm) leaves. Corn produces both adventitious and brace 

roots. The brace roots form above ground after plant emergence (Wuana and 

Okieimen, 2010). Corn belongings to the family of grasses (Poaceae) and is 

considered as one of the best researched and characterized plants (Shah et al., 

2009). It is an important food, feed crop, which ranks third after wheat, and 

rice in the world (Rasheed et al., 2003). 

Several authors for phytoremediation purposes have recommended 

corn plant because it is identified as good accumulators of lead, in addition to 

its different favorable characteristics; such as high tolerance to heavy metals 

(Schmidt, 2003), high biomass (Meers et al., 2005), fast growth, short plant 

cycle and easy crop management (Pereira et al., 2007). 

          Also, (Abdul, 2010) found that some corn varieties were tolerant to 

lead toxicity and can be selected as suitable species growing on the lead 
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contaminated soils for phytoextraction purposes. Another favorable 

characteristic of corn is the production of the energy. From a field experiment 

by (Meers et al., 2010), they observed that cultivation of energy corn could 

result in 33,000–46,000 kW h of renewable energy (as electrical and thermal) 

per hectare per year, which reduces CO2 that is produced from fossil energy 

in order to generate the same amount of energy. 

          The growth of Corn  with their ability to remove pollutants could be 

determined by the interactions of the mixed pollutants (Van Ginneken et al., 

2007). Corn have demonstrated to be continuously capable of metal 

phytoextraction from metals with contamination through translocation of 

such elements to the shoot. The large tissue spaces were available due to the 

long of the plant shoots makes them better placed for phytoremediation. 

2.15.2. Indian mustard (Brassica juncea) 

          Indian mustard (Brassica juncea) is an important oilseed crop in India, 

it contributes maximum in domestic edible oils and being cultivated in 6.28 

Mha with 7.46 Mt production and 1188 kg ha-1 of its productivity (Statistics, 

2015). Currently, there are around 400 plant species of Mustard (a 

phytoremediation crop) from different families like Asteraceace, 

Brassicaceae, Caryophyllaceae, Poaceae, Violaceae and Fabaceae that 

possess the ability to tolerate very high levels of heavy metals in the soil. 

Brassicaceae is known family with nearly 80 Brassica spp. as metal 

hyperaccumulators including Thalspi caerulescens, Alyssum murale, Thlaspi 

rotundifolium, Dicoma niccoliferafor Ni, Zn, Cr, As and Pb uptake (Rathore 

et al., 2013). Indian mustard has the capacity to extract, sequester, or detoxify 

the heavy metals from contaminated soils. However, their sequestration 

capacity depends on metal mobility, plant factors and crop management 

factors. Crop management factors like above ground biomass of plant, 

addition of organic materials, intercropping and inclusion of legumes in the 
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cropping system enhances phytoextraction through mustard by promoting 

growth and soil metal dissolution. The process of phytoremediation by Indian 

mustard is through two mechanisms viz. phytoextraction and 

phytostabilization. The extraction capacity can be enhanced with agronomic 

interventions like selection of cropping systems, use of chelates, fertilizers, 

and irrigation (Diwan et al., 2008). 

2.16. Ground water pollution  

Ground water contamination occurs when toxins found on the ground enter 

water bodies beneath the earth's surface. Pathogens in contaminated ground 

water may include helminth eggs, protozoa, viruses, bacteria, and other 

contaminants that can cause diseases such as diarrhea and cholera when 

consumed (Wolf et al., 2015). Likewise, nitrates pollute groundwater, 

causing illness in youngsters. High doses of fluoride can also cause dental 

and bone disorders (Lennon et al., 2004). In addition, another factor is the 

overuse of nitrate fertilizers, because plants only absorb a limited amount of 

nitrates, and the majority of it accumulates in soil, where it then leaches into 

ground water, contaminating it (Khan and Mohammad, 2014). Groundwater 

contamination from municipal solid waste landfills, hazardous waste sites, 

spills, and abandoned manufacturing operations is a major source of pollution 

(EPA, 2008) (Giusti, 2009). Treatment system for phytoremediation. To 

avoid ground-water migration past the vegetation, the rate of ground-water 

flow into the phytoremediation region should be matched by the rate of water 

uptake by the plants. Because billions of people throughout the world rely on 

contaminated groundwater for drinking, remediation is a top priority (Hashim 

et al., 2011). 
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2.17. Waste Water pollution  

          Water is the most important natural resource for humans and living 

beings (Goel, 2006). Domestic, animal, and industrial supply, leisure and 

relaxation, landscape harmony, marine life preservation, aquatic species 

breeding, energy generation, navigation, waste dilution and transfer, and 

irrigation are just a few of the applications of water (Von Sperling, 2007). 

Accordingly, many parts of the world are experiencing severe water 

shortages, which is a major worry, particularly in the Mediterranean 

countries. Because of the rapid growth of the population and industrial 

development, there is a greater need to recycle and use low-quality water, 

mainly wastewater, for irrigation (Sharma and Ashwath, 2006) Using 

wastewater for forest irrigation has been proven to be a viable practice for 

reusing wastewater in all of these and other research. 

          Wastewater is water that has had its physical, chemical, or biological 

qualities altered by the introduction of specific compounds, rendering it unfit 

for certain uses (Bani, 2011). This water has a high chemical oxygen demand 

(COD), limited biodegradability, a bright color, and a high concentration of 

volatile organic molecules (Rattan et al., 2005). 

          Due to the large population, municipal wastewater comes from a 

variety of sources, including home, industrial, commercial, and institutional 

sources (United Nations World Water Assessment Programme, 2017). In 

contrast to natural landscapes, where water is filtered owing to pollutant 

entrapment in soil pores, this transports numerous sorts of pollutants such as 

oil, dirt, lawn fertilizers, and pesticides to streams and rivers, causing water 

contamination. Herbicides are also used to control weeds on hard surfaces in 

metropolitan settings (Chaudhry and Malik, 2017). Wastewater can be treated 

in ponds, built tanks, natural wetlands, or manmade wetlands employing 

rhizofiltration or phytodegradation. In some circumstances, contaminated 
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water can be used for irrigation, where the contaminants are degraded by 

rhizodegradation and phytodegradation (Pivetz, 2001). 
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Chapter Three 

                                  Materials and Methods 

The analysis and assessment in this study was conducted during (June 

until the end of August 2020) in the lath house (figure 1) nursery of 

Horticulture, in Kurdistan region elevation (636m) (Latitude: 36°43"N) and 

Longitude: 43°51"E). The site is situated within the interior zone of 

Mediterranean Sea climate. The total annual precipitation was (600-650) mm, 

the minimum and maximum temperatures were 27- 44Cº respectively, and 

the relative humidity was nearly 25%. Two crops species seedlings (Corn and 

Indian mustard) were irrigated as required during the study with two types of 

water (waste and ground water of Akre city), to evaluate phytoremediation of 

lead. 

3.1. Soil samples collecting 

In Jun 2020, surface (0- 30 cm) depth soil samples were collected from 

the horticulture nursery. Soil samples were air-dried, passed through a 4 mm 

sieve for pot experiment and through a 2 mm sieve for analyzing some of the 

physical and chemical characteristics and lead content of the soil then, mixed 

uniformly and were filled-in plastic pots of 23 cm height and 24 cm diameter, 

with of 10 kg soil which mixed with 4 lead [Pb (NO3)2] levels, as follow 

1. Soil without Pb as control mg.kg-1 Pb (A1).  

2. Soil contaminated with 200 mg.kg-1 Pb (A2). 

3. Soil contaminated with 400 mg.kg-1 Pb (A3).       

4. Soil contaminated with 800 mg.kg-1 Pb (A4).                    

Each 10 kg of soil was spread over a plastic sheet on the ground and 

250 ml of Pb (NO3)2 solution containing one of the above concentrations was 
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sprinkled on the soil, in this process good homogeneity in contamination 

process and contamination period was achieved. 

3.2. Selection of seeds 

          Indian mustard (Brassica juncea) and Corn (Zea mays L.) Locally 

native seeds were used as test plants, and planted in pots contained 10 kg of 

soil mixture. Ten seeds of each plant were sown in each pot in Jun 2020, and 

five plants were left in each pot after germination were selected randomly, 

the water addition was adjusted to 75% of the field capacity during the 

experiment period. 

After 70 days from sowing, the shoot (stem and leaves) gently was cut 

just above the soil surface and roots were collected, washed carefully with tab 

water and twice with distilled water to eliminate dust and dirt, and then dried 

at 65C°. After recording the samples dry weight, they were milled with mixer 

of steel blade and concentration of Pb was measured by wet digestion method 

with sulfuric acid and perchloric acid using atomic absorption 

spectrophotometer (AASP), type GBC 932AA. 

Soil samples were also air dried, ground and pass a 4 mm sieve for 

analysis. 10 g of air-dried soil was taken and treated with 20 ml of extracting 

reagent (AB – DTPA) for extraction of Pb. The contents were shaken for 15 

min., filtrate through whatman No. 42, and analyzed by atomic absorption 

spectrophotometer (AASP), type GBC 932AA... 

Translocation and bioaccumulation factors, indicating accumulation 

and translocation of Pb in tested plants were obtained: - 

1. Bioaccumulation factor by dividing Pb conc. In roots by its total conc. In 

the soil. 

BAF = (C shoot   )/(C soil) 
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2. Translocation factor by dividing Pb conc. In shoots by its conc. In roots. 

TF = (C shoot   )/(C root) 

 

Figure 3.1. Seed planting, seedling growth and plant drying 

3.3. Treatments and experimental designs  

A factorial Randomized Completely Block Design (RCBD) was used, 

to study potential ability of two crops species Indian mustard (Brassica 

juncea) and Corn (Zea mays L.), two water types (wastewater and ground 

water) and using four replicates with five plants for each experimental unit 

Therefore, number of experimental units = 2 (plant) X 2 (irrigation water) X 

4 (Pb concentration) X 4 (replicates) = 64 experimental units. 
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Figure 3.2. Treatment and experimental design after thinning. 

3.4. Soil and water analysis 

The determination of physical and chemical properties and the extracted Pb 

in the soil were assessed (at the beginning and at the end of the study) in 

Duhok university-college of agriculture Soil department. With some 

properties of waste and groundwater following the protocol of (Lindsay and 

Martens, 1990).The results are shown in table (1)(2). 
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Table 3.1: The selected physical and chemical characteristics of the 

studied soil. 

Characteristics Values 

Soil particle size distribution Sand 36.7%, Silt 45% and Clay 18.3% 

Soil Texture Loamy soil 

Soil (pH) 7.71 

Electricity Conductivity (EC) 0.389 dS m-1 

 Field capacity (F.C) 20.5 

Cation Exchange Capacity 

(CEC) 
12.18 Cmolec.kg-1 

Organic Matter (OM) 1.01 mg.kg-1 

Total Nitrogen 95 mg.kg-1 

Total Carbonate 8.34 mg.kg-1 

Available Phosphorus 5.12 mg.kg-1 

Sodium (Na+) 1.56 meq.L-1 

Potassium (K+)  0.16 meq.L-1 

Calcium (Ca2+)  1.51 meq.L-1 

Magnesium (Mg2+) 1.21 meq.L-1 

Chloride (Cl-) 0.8 meq.L-1 

Sulphate (SO4 
2-) 0.96 meq.L-1 

HCO3
- 2.68 meq.L-1 

CaCO3 5.63% 

Lead (Pb) in soil 3.4 mg.kg-1 
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Table 3.2: The selected physical and chemical properties of the 

groundwater and wastewater. 

Parameter Groundwater Wastewater 

PH 7.82 8.33 

EC 0.55 dS m-1 3.05 dS m-1 

TDS 352 mg/L 2240 mg/L 

Ca2+ 2.41 meq.L-1  8.62 meq.L-1 

Mg2+ 1.8 meq.L-1 7.46 meq.L-1 

Na+  0.87 meq.L-1 5.58 meq.L-1 

k+ 0.02 meq.L-1 0.84 meq.L-1 

Cl- 0.81 meq.L-1 2.1 meq.L-1 

HCO3
- 3.64 meq.L-1 7.52 meq.L-1 

CO3 __ 0.2 meq.L-1 

SO4 0.63 meq.L-1 12.86 meq.L-1 

Turbidity 0.7  NTU 225 NTU 

Color unit 0.9 hazan 87 hazan 

Pb 0.0064 mg.kg-1 0.197 mg.kg-1 

 

3.4.1. Particle size distribution (Soil texture) 

The texture was measured by the hydrometer method according to 

(Ryan et al., 2001). 

3.4.2. Soil electrical conductivity (EC dS.m-1) 

EC of soil extract solution was determined using EC meter (HI 9635) 

according to (Rowell, 1996). 

3.4.3. Soil (pH) 

The pH of the soil extract solution were measured by pH-meter 

according to the procedure described by (Ryan et al., 2001). 
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3.4.4. Field capacity (F.C) 

The F.C. was determined by the equation mentioned by (Karim, 1999) as follows: 

F.C. = 13.28 + (0.397 × % clay) 

3.4.5. Cation exchange capacity (CEC)  

The cations exchange capacity was measured using ammonium acetate 

according to (Hesse, 1972). 

3.4.6. Soil organic matter (OM) 

The soil organic matter was determined by wet digestion method of 

Walkley and Black as described (Page et al., 1982). 

3.4.7. Total nitrogen  

          The measurement of available nitrogen was performed by Kjeldahl 

method following the procedure described by (Ryan et al., 2001).  

3.4.8. Available phosphate  

Soil phosphorous was determined by (Olsen method), spectrometric 

ally at 880 nm as described by (Rowell, 1996). 

3.4.9. Calcium and Magnesium (Ca2+, Mg2+)  

These were determined by titrimetric method using (0.01N) EDTA 

according to (Jackson, 1973).  

3.4.10. Calcium Carbonate (CaCO3)  

       Calcimeter was used to determine the percentage of CaCO3, described by 

(Hesse, 1972). 

3.4.11. Sodium and Potassium (Na+, K+)  

The soluble K+ and Na+ in soil  were measured by using flame 

photometer model (JENWAY PFP 7), as mentioned by (Rowell, 1996). 
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3.4.12. Chloride (Cl-)   

      This was determined by titration with AgNO3 (0.005 N) as described by 

(Hesse, 1972). 

3.4.13. Sulphate (SO4) 

          Sulphate was determined spectrometrically at (420)nm using barium 

chloride (BaCl2) according to (Tabatabai, 1974). 

3.4.14. Lead (Pb)   

         The available Pb were extracted according to the method outlined by 

(Soltanpour and Schwab, 1977) using 1M ammonium bicarbonate NH4HCO3 

and (0.005)M diethylenetriaminepentaacetic acid (DTPA) with pH 7.6 and 

measured by atomic absorption (GBC 932 AA). 

3.5. Statistical analysis  

The data has been experement-designed acording RCBD in the form of 

factorial experiments with randomized complete block design (RCBD). The 

effect of the studied treatments and their interactions on the parameters was 

analyzed by analysis of variance (ANOVA). Differences between means 

were performed according to Duncan's multiple range tests at P-value <0.05. 

The statistical analysis was conducted by SAS 9.1 program. 
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                                  Chapter Four 

                                        Results  

4.1 Pb content in the tested plant parts 

4.1.1. The effect of plant species, Pb concentration and, water type on Pb 

content in the roots of the both plants. 

The results from roots Pb content of tested plants (Table 4.1) showed 

clear variation in their ability for Pb uptake from the soil, while the content of 

lead in the root of the mustard plant was more than that of corn, reaching 

(31.97 mg.kg-1) compared to (28.88 mg.kg-1), and the difference was 

significant. 

It was also found that the wastewater had a higher content of lead in 

the roots (32.31 mg.kg-1) compared to (28.54 mg.kg-1) for groundwater, and 

the difference was significant.  

 Increasing the lead concentration from 0 to 800 mg.kg-1 showed a 

significant effect on the content of lead in the roots, which increased 

significantly with increasing concentration, which were (12.30 to 45.98 mg.kg-

1) for the four concentrations. 

The two-way interaction between plant and water type started with a 

significant effect on the content of lead in the roots. The highest content was 

(33.63 mg.kg-1) for mustard plants irrigated with wastewater, while the lowest 

content (26.77 mg.kg-1) for corn plants irrigated with groundwater. 

The interaction between the type of water and the concentration of lead 

used in the experiment showed a significant effect on this characteristic. The 

highest content was (47.76 mg.kg-1) for plants irrigated with wastewater and 

treated with concentration 800 mg.kg-1, while the lowest content was 

(11.55mg.kg-1) for plants irrigated with groundwater, with control. 
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The interaction between plant species and the concentration of lead 

used showed a significant effect on the content of lead in the roots. The highest 

content was (48.00 mg.kg-1) for mustard plant treated with concentration 800 

mg.kg-1 while the lowest content was (11.89 mg.kg-1) for corn plant treated 

with control. 

The triple interaction between the studied factors (plant species, water 

type, and lead concentration) showed a significant effect on the content of lead 

in the roots. While the highest content of mustard plant irrigated with 

wastewater and treated with a concentration of 800 mg.kg-1 reached (50.45 

mg.kg-1), while the lowest content was (10.89 mg.kg-1) recorded for Corn 

irrigated with groundwater with no lead addition. 

Table 4.1: The effect of plant species, Pb concentration and, water type 

on Pb content (mg.kg-1 dry weight) in the roots of the both plants. 

Plants Water 

Pb Conc. (mg.kg-1 soil)  

Plant * 

Water 

effect 

 

Plants 

effect 0 200 400 800 

C
o

rn
 

Ground 10.89n 22.85k 30.48h 42.84c 26.77d 
28.88b 

Waste 12.89ml 29.16i 36.87e 45.08b 31.00b 

M
u
st

ar

d
 Ground 12.21m 27.68j 35.78f 45.54b 30.30c 

31.97a 
Waste 13.21l 31.38g 39.47d 50.45a 33.63a 

P
la

n
t 

*
 

P
b
 Corn 11.89h 26.01f 33.68d 43.96b 

Water effect 
Mustard 12.71g 29.53e 37.63c 48.00a 

W
at

er
 

 *
 

 P
b
 Ground 11.55h 25.27f 33.13d 44.19b 28.54b 

Waste 13.05g 30.27e 38.17c 47.76a 32.31a 

Pb effect 12.30d 27.77c 35.65b 45.98a 
 

Within the main factor and their interactions, values followed by similar alphabetical 

letters are not significant (at 0.05 level) according to DMRT (1955). 
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4.1.2. The effect of plant species, Pb concentration and, water type on Pb 

content in the stem of the both plants. 

The results from stems Pb content of tested plants (Table 4.2) 

demonstrated differences in their ability for Pb uptake from the soil, while the 

content of lead in the stems of the mustard plant was more than that of corn, 

reaching (24.19 mg.kg-1) compared to (20.97 mg.kg-1), and the difference was 

significant. 

In addition, it was found that the wastewater had a higher content of 

lead in the stems (24.41 mg.kg-1) comparing with (20.75 mg.kg-1) for 

groundwater, and the difference was significant. 

With, increasing the lead concentration from 0 to 800 mg.kg-1 showed 

a significant effect on the content of lead present in the stems, which increased 

significantly with increasing concentration, which was (9.88 to 31.48 mg.kg-1) 

for the four concentrations. 

The two-way interaction between plant and water types started with a 

significant effect on the content of lead in the stems. The highest content was 

(25.96 mg.kg-1) for mustard plants irrigated with wastewater, while the lowest 

content (19.08 mg.kg-1) for corn plants irrigated with groundwater. 

The interaction between the type of water and the concentration of lead 

used in the experiment showed a significant effect on these properties, where 

the highest content was (33.36 mg.kg-1) for plants irrigated with wastewater 

and treated with concentration 800 mg.kg-1, while the lowest content was 

(8.96 mg.kg-1) for plants irrigated with groundwater, with control. 

On the other hand, the interaction between plant species and the 

concentration of lead used showed a significant effect on the content of lead in 

the stems. The highest content was (33.42 mg.kg-1) for mustard plant treated 
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with concentration 800 mg.kg-1 while the lowest content was (9.22 mg.kg-1) 

for corn plant treated with control. 

At triple interaction between the studied factors (plant species, water 

type, and lead concentration) showed a significant effect on the content of lead 

in the stems. Where the highest content of mustard plants irrigated with 

wastewater and treated with a concentration of 800 mg.kg-1 reached (35.77 

mg.kg-1), while the lowest content was (8.24 mg.kg-1) recorded for Corn 

irrigated with groundwater with no lead addition. 

Table 4.2: The effect of plant species, Pb concentration and water type 

on Pb content (mg.kg-1 dry weight) in the stem of the both plants. 

Plants Water 

Pb Conc. (mg.kg-1 soil)  

Plant * 

Water 

effect 

 

Plants 

effect 0 200 400 800 

C
o

rn
 

Ground 8.24l 18.16i 21.79h 28.14d 19.08d 
20.97b 

Waste 10.20k 23.23g 27.07fe 30.95b 22.87b 

M
u
st

ar

d
 Ground 9.68k 21.57h 27.37e 31.07b 22.43c 

24.19a 
Waste 11.41j 26.51f 30.15c 35.77a 25.96a 

P
la

n
t 

 

*
 

 P
b
 Corn 9.22g 20.70e 24.43d 29.55b 

Water effect 
Mustard 10.54f 24.04d 28.76c 33.42a 

W
at

er
 

*
 

 P
b
 Ground 8.96g 19.87e 24.58d 29.61b 20.75b 

Waste 10.81f 24.87d 28.61c 33.36a 24.41a 

Pb effect 9.88d 22.37c 26.60b 31.48a 
 

Within the main factor and their interactions, values followed by similar alphabetical 

letters are not significant (at 0.05 level) according to DMRT (1955). 

4.1.3. The effect of plant species, Pb concentration and, water 

type on leaves Pb content of the both plants. 

The results from leaves Pb content of tested plants (Table 4.3) cleared 

differences in the ability for Pb uptake from the soil, while the content of lead 

in the leaves of the mustard plant was more than that of corn, which was 
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(21.19 mg.kg-1) compared to (17.97 mg.kg-1), with a difference, was 

significant. 

Furthermore, it was found that the wastewater had a higher content of 

lead in the leaves (20.85 mg.kg-1) compared to (18.30 mg.kg-1) for 

groundwater, and the difference was significant. 

Increasing the lead concentration from 0 to 800 mg.kg-1 showed a 

significant effect on the content of lead present in the leaves, which increased 

significantly with increasing concentration, which was (8.54 to 27.19 mg.kg-1) 

for the four concentrations. 

The two-way interaction between plant and water type started with a 

significant effect on the content of lead in the leaves. The highest content was 

(22.39 mg.kg-1) for mustard plants irrigated with wastewater, while the lowest 

content (16.62 mg.kg-1) for corn plants is irrigated with groundwater. 

The interaction between the type of water and the concentration of lead 

used in the experiment showed a significant effect on these characteristics. The 

highest content was (29.02mg.kg-1) for plants irrigated with wastewater and 

treated with concentration 800 mg.kg-1, while the lowest content was (8.08 

mg.kg-1) for plants irrigated with groundwater, with control. 

Likewise, the interaction between plant species and the concentration 

of lead showed a significant effect on the content of lead in the leaves. The 

highest content was (29.20 mg.kg-1) for mustard plant treated with 

concentration 800 mg.kg-1 while the lowest content was (8.38 mg.kg-1) for 

corn plant treated with control. 

The triple interaction between the studied factors (plant species, water 

type, and lead concentration) showed a significant effect on the content of lead 

in the leaves. The highest content of mustard plant irrigated with wastewater 

and treated with a concentration of 800 mg.kg-1 reached (31.09 mg.kg-1), while 



36 

 

 

 

Chapter Four: Results 

 

LITERAT

URE 

REVIEW 

 

the lowest content was (7.94 mg.kg-1) recorded for Corn irrigated with 

groundwater with no lead addition. 

Table 4.3: The effect of plant species, Pb concentration and, water type 

on leaves Pb content (mg.kg-1 dry weight) of the both plants. 

Plants Water 

Pb Conc. (mg.kg-1 soil)  

Plant * 

Water effect 

 

Plants 

effect 0 200 400 800 

C
o

rn
 

Ground 7.94d 16.54l 18.61k 23.40f 16.62d 
17.97b 

Waste 8.83n 19.27j 22.21g 26.96d 19.32c 

M
u
st

ar

d
 Ground 8.22o 20.24i 24.15e 27.32c 19.98b 

21.19a 
Waste 9.18m 21.22h 28.07b 31.09a 22.39a 

P
la

n
t 

 

*
  

P
b
 Corn 8.38h 17.91f 20.41e 25.18c 

Water effect 
Mustard 8.70g 20.73d 26.11b 29.20a 

W
at

er
 

*
 

 P
b
 Ground 8.08g 18.39e 21.38c 25.36b 18.30b 

Waste 9.00f 20.25d 25.14b 29.02a 20.85a 

Pb effect 8.54d 19.32c 23.26b 27.19a 
 

Within the main factor and their interactions, values followed by similar alphabetical 

letters are not significant (at 0.05 level) according to DMRT (1955). 

4.2. Dry matter weight of plants contaminated with Pb 

4.2.1. The effect of plant species, Pb concentration and, water type on 

root dry weight (gm) of the both plants. 

Table (4.4) displays the behavior of plant species with root dry weight, 

which revealed significant differences between them, while the dry weight in 

the root of the corn plant was more than that of mustard, while (5.36 gm) 

compared to (0.72 gm), and the difference was significant. 

It was also found that the roots dry weight of plants, irrigated with 

groundwater, have higher values (31.16 gm) compared to the (2.91 gm) which 

irrigated with wastewater, and the difference was significant. 
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Increasing the lead concentration from 0 to 800 mg.kg-1 showed a 

significant effect on the roots dry weight of two plants while increasing 

concentration the results showed decreasing in dry weight, which was (3.49 to 

2.63 gm) for the four concentrations. 

The two-way interaction between plant and water type started with a 

significant effect on the root's dry weight. The highest value was (5.59gm) for 

corn plants irrigated with groundwater, while the lowest value was (0.70 gm) 

for mustard plants irrigated with wastewater. 

The interaction between the type of water and the concentration of lead 

in the experiment showed a significant on the roots dry weight of the plants, 

the results from the table (5) showed that the highest value was (3.45 gm) for 

plants irrigated with groundwater and treated with control, while the lowest 

value was (2.55 gm) for plants irrigated with wastewater, with concentration 

800mg.kg-1. 

The interaction between plant species and the concentration of lead 

used showed a significant effect on the roots dry weight of plants. The highest 

value was (6.14 gm) for corn plant treated with no Pb addition while the 

lowest value was (0.65 gm) for mustard plant treated with concentration 800 

mg.kg-1. 

The triple interaction between the studied factors (plant species, water 

type, and lead concentration) showed a significant effect on the roots dry 

weight of the studied plants. The highest value was suggested for corn plants 

irrigated with groundwater and treated with no addition of Pb, reached (6.12 

gm) while the lowest value was (0.62 gm) recorded for mustard irrigated with 

wastewater with 800 mg.kg-1. 
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Table 4.4: The effect of plant species, Pb concentration and, water type 

on root dry weight (gm) of the both plants. 

Plants Water 
Pb Conc. (mg.kg-1 soil)  

Plant * 

Water effect 

Mean 

plants 

effect 0 200 400 800 

C
o

rn
 

Ground 6.12a 6.06a 5.43b 4.75c 5.59a 
5.36a 

Waste 6.16a 5.16b 4.72c 4.47c 5.13b 

M
u
st

ar

d
 Ground 0.78d 0.77d 0.72d 0.67d 0.74c 

0.72b 
Waste 0.88d 0.68d 0.63d 0.62d 0.70c 

P
la

n
t 

 

*
  

P
b
 Corn 6.14a 5.61b 5.08c 4.61d 

Water effect 
Mustard 0.83e 0.72e 0.67e 0.65e 

W
at

er
 

*
  

P
b
 Ground 3.45a 3.41a 3.08b 2.71cd 3.16a 

Waste 3.52a 2.92cb 2.67cd 2.55d 2.91b 

Pb effect 3.49a 3.17b 2.87c 2.63d 
 

Within the main factor and their interactions, values followed by similar alphabetical 

letters are not significant (at 0.05 level) according to DMRT (1955). 

4.2.2. The effect of plant species, Pb concentration and, water type on 

stem dry weight (gm) of the both plants. 

The stem dry weight of the tested plants (Table 4.5) showed that the 

plant species differ from each other in their stem dry weight, while the dry 

weight in the stem of the corn plant was more than that of mustard, which was 

(7.61 gm) compared to (0.96 gm) and the difference was significant. 

Also, it was found that the stems dry weight of plants, which irrigated 

with ground water, the higher value was (4.64 gm) compared to the (3.92 gm) 

which irrigated with wastewater, and the difference was significant.  

With increasing the lead concentration from 0 to 800 mg.kg-1 showed a 

significant effect on the stem's dry weight of two plants while increasing 

concentration the result showed decreasing in dry weight, which was (5.19 to 

3.55 gm) for the four concentrations. 
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The two-way interaction between plant and water type started with a 

significant effect on the stem's dry weight. While the highest value was 

(8.26gm) for corn plants irrigated with groundwater, and the lowest value was 

(0.89 gm) for mustard plants irrigated with wastewater. 

Regarding the interaction between the type of water and the 

concentration of lead used in the experiment showed a significant effect on the 

roots dry weight of the plants, the result from table (6) showed that the highest 

value was (5.44 gm) for plants irrigated with groundwater and treated with 

control, while the lowest value was (3.07 gm) for plants irrigated with 

wastewater, and concentration 800mg.kg-1. 

Likewise, the interaction between plant species and the concentration 

of lead showed a significant effect on the roots dry weight of plants. The 

highest value was (9.18 gm) for corn plant treated with control while the 

lowest value was (0.81 gm) for mustard plant treated with concentration 800 

mg.kg-1. 

The triple interaction between the studied factors (plant species, water 

type, and lead concentration) showed a significant effect on the roots dry 

weight of the studied plants. The highest value was suggested for corn plants 

irrigated with groundwater and treated with no addition of Pb, which was 

(9.76gm) while the lowest value was (0.65 gm) recorded for mustard irrigated 

with wastewater with 800 mg.kg-1. 
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Table 4.5: The effect of plant species, Pb concentration and, water type 

on stem dry weight (gm) of the both plants. 

Plants Water 

Pb Conc. (mg.kg-1 soil)  

Plant * 

Water 

effect 

 

plants 

effect 0 200 400 800 

C
o

rn
 

Ground 9.76a 8.47b 7.68c 7.12d 8.26a 
7.61a 

Waste 8.60b 7.44dc 6.31e 5.48f 6.96b 

M
u
st

a

rd
 Ground 1.11g 1.03hg 1.02hg 0.96hg 1.03c 

0.96b 
Waste 1.29g 0.93hg 0.67h 0.65h 0.89c 

P
la

n
t 

 

*
  

P
b
 Corn 9.18a 7.95b 6.99c 6.30d 

Water effect 
Mustard 1.20e 0.98fe 0.84f 0.81f 

W
at

er
 

*
  

P
b
 Ground 5.44a 4.75b 4.35c 4.04d 4.64a 

Waste 4.94b 4.19dc 3.49e 3.07f 3.92b 

Pb effect 5.19a 4.47b 3.92c 3.55d 
 

Within the main factor and their interactions, values followed by similar alphabetical 

letters are not significant (at 0.05 level) according to DMRT (1955). 

4.2.3. The effect of plant species, Pb concentration and, water type on 

leaves dry weight (gm) of the both plants. 

The data present in (Table 4.6) demonstrated that plant species differ in 

their ability to produce dry weight in leaves, while the dry weight in the leaves 

of the corn plant was more than that of mustard, which was (13.84 gm) 

compared to (1.93 gm), and the difference was significant. 

In addition, it was found that the leaves' dry weight of plants, irrigated 

with groundwater, have higher values (8.56 gm) compared to the (7.21 gm) 

irrigated with wastewater, and the difference was significant.  

Increasing the lead concentration from 0 to 800 mg.kg-1 showed a 

significant effect on the leaves' dry weight of two plants while increasing 

concentration, the result showed decreasing in dry weight, which was (9.15 to 

6.94 gm) for the four concentrations. 
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The two-way interaction between plant and water type started with a 

significant effect on the leaves' dry weight. The highest value was (14.91gm) 

for corn plants irrigated with groundwater, while the lowest value was (1.64 

gm) for mustard plants irrigated with wastewater. 

The interaction between the type of water and the concentration of lead 

used in the experiment showed a significant effect on the leaves dry weight of 

the plants, the results from table (7) showed that the highest value was (10.16 

gm) for plants irrigated with groundwater and treated the control, while the 

lowest value was (6.36 gm) for plants irrigated with wastewater, and treated 

with 800mg.kg-1. 

The interaction between plant species and the concentration of lead 

showed a significant effect on the leaves' dry weight of plants. The highest 

value was (15.57 gm) for corn plant treated with concentration 800 mg.kg-1 Pb 

while the lowest value was (1.43 gm) for mustard plant treated with control. 

The triple interaction between the studied factors (plant species, water 

type, and lead concentration) showed a significant effect on the leaves' dry 

weight of the studied plants. Where the highest value was suggested for corn 

plant irrigated with groundwater and treated with no addition of Pb, which 

were, (17.20gm) while the lowest value was (1.14 gm) recorded for mustard 

irrigated with wastewater and 800mg.kg-1Pb. 
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    Table 4.6: The effect of plant species, Pb concentration and, water 

type on leaves dry weight (gm) of the both plants. 

Plants Water 

Pb Conc. (mg.Kg-1 soil)  

Plant * 

Water 

effect 

 

Plants 

effect 0 200 400 800 

C
o

rn
 

Ground 17.20a 14.83b 14.26cb 13.33d 14.91a 
13.84a 

Waste 13.94cd 13.42d 12.18e 11.58e 12.78b 

M
u
st

ar

d
 Ground 3.12f 2.17g 1.86hg 1.73hg 2.22c 

1.93b 
Waste 2.33g 1.67hg 1.40h 1.14h 1.64d 

P
la

n
t 

 *
 

 P
b
 Corn 15.57a 14.13b 13.22c 12.46d 

Water effect 
Mustard 2.72e 1.92f 1.63f 1.43f 

W
at

er
 

 *
  

P
b
 Ground 10.16a 8.50b 8.06b 7.53c 8.56a 

Waste 8.13b 7.55c 6.79d 6.36d 7.21b 

Pb effect 9.15a 8.02b 7.43c 6.94d 
 

Within the main factor and their interactions, values followed by similar alphabetical 

letters are not significant (at 0.05 level) according to DMRT (1955). 

4.3. Pb concentration in the shoot 

The effect of plant species, Pb concentration and, water type on Pb 

content in the shoots. 

The results from shoots Pb content of tested plants (Table 4.7) showed 

clear variation in their ability for Pb uptake from soil, while the content of lead 

in the shoots of the mustard plant was more than that of corn, reaching (22.69 

mg.kg-1) compared to (19.47 mg.kg-1), and the difference was significant. 

In addition, it was found that the wastewater had a higher effect on 

content of lead in the shoots (22.63 mg.kg-1) compared to (19.53 mg.kg-1) for 

groundwater, and the difference was significant.  

Increasing the lead concentration from 0 to 800 mg.kg-1 showed a 

significant effect on the content of lead present in the shoots, which increased 
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significantly with increasing Pb levels concentration, which was (9.21 to 29.34 

mg.kg1) for the four concentrations. 

The two-way interaction between plant species and water type declared 

a significant effect on the content of lead in the shoots. The highest content 

was (24.17 mg.kg-1) for mustard plants irrigated with wastewater, while the 

lowest content (17.85 mg.kg-1) for corn plants irrigated with groundwater. 

The interaction between the type of water and the concentration of lead 

used in the experiment showed a significant effect on the content of the shoot. 

The highest content was (31.19 mg.kg-1) for plants irrigated with wastewater 

and treated with 800 mg.kg-1, while the lowest content was (8.52 mg.kg-1) for 

plants irrigated by groundwater, with control. 

In the same ways, the interaction between plant species and the 

concentration of lead showed a significant effect on lead content in the shoots. 

Where the highest content was (31.31 mg.kg-1) for mustard plant treated with 

concentration 800 mg.kg-1 while the lowest content was (8.80 mg.kg-1) for 

corn plant treated with control. 

At the triple interaction between the studied factors (plant species, 

water type, and lead concentration), the results showed a significant effect on 

the content of lead in the shoots. Where the highest values recorded for 

mustard plant irrigated with wastewater and treated with 800 mg.kg-1 which 

reached (33.42 mg.kg-1), while the lowest content was (8.09 mg.kg-1) recorded 

for Corn irrigated with groundwater with no lead addition. 
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Table 4.7: The effect of plant species, Pb concentration and, water type 

on Pb content (mg.kg-1 dry weight) in shoots. 

Plants Water 

Pb Conc. (mg.kg-1 soil)  

Plant * 

Water 

effect 

 

Plants 

effect 0 200 400 800 

C
o

rn
 

Ground 8.09l 17.35h 20.20g 25.77c 17.85c 
19.47b 

Waste 9.52g 21.25f 24.46d 28.96b 21.09b 

M
u
st

ar

d
 Ground 8.95k 20.91f 25.76c 29.20b 21.20b 

22.69a 
Waste 10.29i 23.87e 29.11b 33.43a 24.17a 

P
la

n
t 

 *
 

 P
b
 Corn 8.80f 19.3d 22.42c 27.36b 

Water effect 
Mustard 9.62e 22.39c 27.44b 31.31a 

W
at

er
 

*
 

 P
b
 Ground 8.52h 19.13f 22.98d 27.48b 19.53b 

Waste 9.90g 22.56e 26.88c 31.19a 22.63a 

Pb effect 9.21d 20.85c 24.93b 29.34a 
 

Within the main factor and their interactions, values followed by similar alphabetical 

letters are not significant (at 0.05 level) according to DMRT (1955). 

4.4. The bioaccumulation factor of lead 

The effect of plant species, Pb concentration and, water type on 

Bioaccumulation factor. 

Bioaccumulation factor (BAF) values of lead for the tested plants in 

(Table 4.8) demonstrated that the bioaccumulation value of lead in the mustard 

plant was more than that of corn, which was (0.762) compared to (0.693) and 

the difference was significant. 

It was also found that the wastewater had a higher value of lead 

bioaccumulation (0.782) compared to (0.673) for groundwater, and the 

difference was significant.  

Increasing the lead concentration from 0 to 800 mg.kg-1 showed a 

significant effect for bioaccumulation of two plants while increasing 
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significantly concentration the result showed decreasing bioaccumulation, 

reaching (2.709 to 0.037) for the four concentrations. 

The two-way interaction between plant and water type started with a 

significant effect on the bioaccumulation of lead. The highest value was 

(0.815) for mustard plants irrigated with wastewater, while the lowest value 

was (0.637) for corn plants irrigated with groundwater. 

The interaction between the type of water and the concentration of lead 

used in the experiment showed a significant effect on this characteristic. The 

highest value was (2.913) mg.kg-1 for plants irrigated with wastewater and 

treated with control; while the lowest value was (0.034) mg.kg-1 for plants 

irrigated with groundwater and treated with concentration 800 mg.kg-1. 

However, the interaction between plant species and the concentration 

of lead showed a significant effect on lead bioaccumulation. The highest value 

was (2.829) for Mustard plant treated with control while the lowest value was 

(0.034) mg.kg-1 for corn plant treated with concentration 800 mg.kg-1. 

At the triple interaction between the studied factors (plant species, 

water type, and lead concentration), the values showed a significant effect on 

the bioaccumulation of lead. The highest value of Mustard plants irrigated 

with wastewater with no lead addition reached (3.027) while the lowest value 

was (0.032) recorded for corn irrigated with groundwater and treated with a 

concentration of 800 mg.kg-1. 
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Table 4.8: The effect of plant species, Pb concentration and, water type 

on Bioaccumulation factor 

Plants Water 

Pb Conc. (mg.kg-1 soil)  

Plant * 

Water 

effect 

 

Plants 

effect 0 200 400 800 

C
o

rn
 

Ground 2.380d 0.085eg 0.050gf 0.032g 0.637d 
0.693b 

Waste 2.799b 0.104ef 0.061gf 0.036g 0.750c 

M
u
st

ar

d
 Ground 2.632e 0.103ef 0.064gf 0.036g 0.709b 

0.762a 
Waste 3.027a 0.117fe 0.072eg 0.042g 0.815a 

P
la

n
t 

 *
  

P
b
 Corn 2.589b 0.095cd 0.056e 0.034e 

Water effect 
Mustard 2.829a 0.110dc 0.068de 0.039e 

W
at

er
 

*
  

P
b
 Ground 2.506b 0.094cd 0.057e 0.034de 0.673b 

Waste 2.913a 0.111dc 0.067de 0.039e 0.782a 

Pb effect 2.709a 0.102b 0.062c 0.037c 
 

Within the main factor and their interactions, values followed by similar alphabetical 

letters are not significant (at 0.05 level) according to DMRT (1955). 

4.6. The translocation factor of lead 

The effect of plant species, Pb concentration and, water type on 

Translocation factor 

Table (4.9), Translocation factor (TF) values of lead for the tested 

plants, shows that the TF value of lead in the mustard plant was more than that 

of corn, which was (0.724) compared to (0.693) and the difference was 

significant. 

It was also found that the wastewater had a higher value of 

translocation factor of lead which was (0.715) compared to (0.702) for 

groundwater, and the difference was significant. 

Increasing lead concentration from 0 to 800 mg.kg-1 showed a 

significant effect on the value of translocations of two plants while increasing 
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significantly concentration the result showed decreasing the translocations 

value, that reaching (0.749 to 0.637) of lead for the four concentrations. 

The two-way interaction between plant and water type started with a 

significant effect on the value of translocation factor, the highest value was 

(0.735) for mustard plants irrigated with wastewater, while the lowest value 

(0.692) for corn plants irrigated with groundwater. 

The interaction between the type of water and the concentration of lead 

in the experiment showed a significant effect on the translocation factor. The 

highest value was (0.759) for plants irrigated with wastewater treated with 

control, while the lowest value was (0.621) for plants irrigated with 

groundwater and treated with concentration 800 mg.kg-1. 

The interaction between plant species and the concentration of lead 

showed a significant effect on the value of translocation. The highest value 

was (0.758) for Mustard plants treated with concentration 200 mg.kg-1, while 

the lowest value was (0.622) recorded for corn plants treated with 

concentration 800 mg.kg-1. 

The triple interaction between the studied factors (plant species, water 

type, and lead concentration) showed a significant effect on the value of the 

lead translocation factor. The highest value of Mustard plant irrigated with 

wastewater and treated with no lead addition, reached (0.779) while the lowest 

value was (0.602) recorded for corn irrigated with groundwater treated with a 

concentration of 800 mg.kg-1. 
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Table 4.9: The effect of plant species, Pb concentration and, water type 

on Translocation factor 

Plants Water 

Pb Conc. (mg.kg-1 soil)  

Plant * 

Water 

effect 

 

Plants 

effect 0 200 400 800 

C
o

rn
 

Ground 0.743b-d 0.759ac 0.663e 0.602f 0.692c 
0.693b 

Waste 0.739bd 0.729cd 0.668e 0.643e 0.695c 

M
u
st

ar

d
 Ground 0.733bd 0.755ac 0.720d 0.641e 0.712b 

0.724a 
Waste 0.779a 0.761ab 0.738bd 0.663e 0.735a 

P
la

n
t 

 

*
  

P
b
 Corn 0.741ab 0.744ab 0.665c 0.622d 

Water effect 
Mustard 0.756a 0.758a 0.729b 0.652c 

W
at

er
 

*
  

P
b
 Ground 0.738b 0.757ab 0.691c 0.621e 0.702b 

Waste 0.759a 0.745ab 0.703c 0.653d 0.715a 

Pb effect 0.749a 0.751a 0.697b 0.637c 
 

Within the main factor and their interactions, values followed by similar alphabetical 

letters are not significant (at 0.05 level) according to DMRT (1955). 
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CHAPTER FIVE 

DISCUSSION 

 

5.1. Pb content in plant parts 

          It is evident from the table (4.1, 4.2 and 4.3) that the mustard plant was 

significantly superior to the corn plants in all the studied traits, lead content 

in the root, stem and leaves.  

          The average initial content of lead in roots stems and leaves from the 

control plants of species for mustard were recorded as (31.97, 24.19 and 

21.19 mg.kg-1), respectively, and for Corn were (28.88, 20.97 and 17.97 

mg.kg-1), respectively. It is clear that lead has accumulated in the roots in 

higher quantities and stems showed a tendency of least accumulation. This is 

because heavy metals are absorbed by roots from the soil solution and later 

on translocated to stems and leaves where they are deposited in vacuoles 

these results are in agreement with those of (Alaboudi et al., 2018;Hasan, 

2016). 

          The data collected showed that there was a significant effect of plant 

species on the content of Pb in the roots. The results revealed that the Pb 

content was higher in the Mustard roots than in the corn roots because the 

two plants species differ in physiological factors such as root network; and 

this finding agreed with the finding of (Amin et al., 2018;Baikhamurova et 

al., 2020) who stated that different plants exhibited different root structures. 

They also observe that the mustard has a very pronounced taproot that 

develops quickly and penetrates vertically downward; on the contrary, corn 

has a different roots structure. The main root system of the corn plant 

originates from the lower joints of the plant to form brace roots. Also 

(Bassegio et al., 2020) indicate that there is a higher Pb content in mustard 
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roots than in corn roots. It was correctly observed that the increases in levels 

of applied Pb in the soil had significantly increased the Pb content in the root 

of the plant because the high content of Pb in the soil, will increase uptake Pb 

by roots, stem and leaves of the plants so the results were (12.30 to 45.98) 

(9.88 to 31.48) (8.54 to 27.19) mg.kg-1 for roots, stem and leave respectively 

with increasing concentration 0 to 800 mg.kg-1. This finding agreed with the 

one (Vamerali et al., 2010), who stated that it was found that the wastewater 

had a higher content of lead in the roots, stem and leaves (32.31, 24.41, and 

20.85 mg.kg-1) compared to (28.54, 20.75, and 18.30 mg.kg-1)for 

groundwater with two plants, and the difference was significant. 

          From these results we observed Pb content in mustard and corn in 

roots, stem and leaves differ with the interaction among plant species, water 

type and lead concentration which have in the tables (4.1, 4.2 and 4.3), This 

may be due to genetic factors, that some plants need quantities of trace 

elements in their mineral composition which the absorption of elements starts 

from the roots, stem and leaves, the percentage of elements are greater in the 

roots, this finding exactly agreed with the results of (Chiwetalu et al., 

2020;Jasim, 2016). 

5.2. Plants dry matter weight 

Results from tables (4.4, 4.5 and 4.6) showed dry weight (DW) 

production of the studied plants with different treatments that grown in the 

contaminated agricultural soil for 70 days, there were no visible symptoms of 

heavy metal effect. Root dry weight of mustard decreased compared with 

Corn, indicating their lower resistance to the metal. The values of dry weights 

in the mustard root, stems and leaves samples ranged from (0.72, 0.96, and 

1.93). While the values for Corn roots, stem and leave ranged from (5.36, 

7.61, 13.84), respectively. Moreover, the dry weight of the root of Corn and 

mustard treated with different Pb concentrations from 0 to 800 mg.kg-1 
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showed a significant effect on the roots dry weight of two plants while 

increasing concentration the results showed a decrease in dry weight, which 

were (3.49 to 2.63 gm) for the four concentrations. The same magnitude of 

reduction in the dry weight of plant stems and leaves was also recorded for 

dry weight as it decreased from (5.19 to 3.55 gm) (9.15 to 6.94 gm) with 

respect 0 to 800mg.kg-1 Pb treatment. These results could be due to the 

interference of heavy metals with the metabolic processes associated with 

normal development such as (Saeed, 2012;Qassim, 2013). which have 

negative effects on respiration, photosynthesis, and dry weight, association 

with different cellular and subcellular membranes, reductions in the activity 

of enzyme-bound ATPase and phosphate (Rasul, 2013;Jasim, 2016;Hasan, 

2016). These results showed that the values of corn dry weight were more 

than the mustard plants for root stem and leaves which due to the planting 

date of mustard because the date for planting must be in March but it planted 

in Jun; therefore, the plant was weakened. 

5.3. Bioaccumulation and translocation factors 

          The phytoremediation potential of mustard and corn plants was 

assessed using both bioaccumulation factor (BAF) and translocation factor 

(TF) (Malik et al., 2010; Roychowdhury et al., 2017). 

          The results of lead (BAF) for both plants were represented in table 

(4.8), demonstrated that Pb (BAF) in the mustard plant was significantly 

more than that Corn plant these results agreed with those of (Rezvani and 

Zaefarian, 2011). Increasing the lead concentration from 0 to 800 mg.kg-1 

showed a significant effect on bioaccumulation of lead for two plants while 

increasing concentration the result showed decreasing bioaccumulation 

factor, from (2.709 to 0.037) for the four concentrations, and there was a 

gradual decrease in the lead BAF values at Pb levels has been applied, but 

overall, all treatments showed a high BAF value indicating that these plants 
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accumulate Pb in their roots and then translocated it from roots to the aerial 

(Suman et al., 2018). The obtained values of Pb BAF <1 demonstrated that 

mustard and corn are considered as Pb accumulators in roots (Aladesanmi et 

al., 2019). 

          In addition, the values of lead (TF) for mustard and corn were showed 

in the table (4.9). Generally, the PbTF values were less than that of 

bioaccumulation that means translocated of some quantity of Pb which 

absorbed by roots to shoots, and increasing the lead concentration from 0 to 

800 mg.kg-1 showed a significant effect on the value of translocations of two 

plants while increasing concentration the result showed a decrease in the 

translocations value from (0.749 to 0.637) for the four levels. In spite of the 

differences in Pb TF values between the two plant species, the Pb TF values 

for the two species were <1; Therefore, both plant species can be considered 

as (Pb accumulator) in roots (Kumar et al., 2018). 

          Lead tolerant plants with high BAF and TF have a chance to be utilized 

for phytoextraction of contaminated soils, and this suitability could be 

determined through its high Pb content in the roots and translocation to 

shoots (de Jesus and Yllano, 2005;Grzegórska et al., 2020).  

          Overall, the accumulation of Pb in plant roots was higher than in its 

shoots, which showed that the roots of mustard and corn are more effective in 

the uptake of Pb. The retention of Pb in both plant roots and translocation to 

the shoots can be attributed to the Pb tolerance of both plants many 

researchers reported that the two plants mustard and corn have the ability to 

absorb contaminants from soil (Bassegio et al., 2020;Chai et al., 

2011;Ibrahim et al., 2015; Awokunmi et al., 2015). 
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 Chapter Six 

 Conclusions and Recommendations 

6.1. Conclusions 

The results specified that both plant species; namely, mustard and corn 

have a certain degree of Pb accumulation. The highest content of Pb was 

found in the root of the studied plants; therefore, the roots are considered the 

best bio-monitors and more active than other parts to extract Pb, so, both 

plant species may be considered as an efficient species for phytoremediation, 

and mustard was more efficient in the extraction of Pb compared with corn. 

  In addition, the results concluded that the application of different 

concentrations of lead caused increased Pb content of different plants in both 

mustard and corn this where plants irrigated with wastewater compared to 

groundwater. 

The data represented BAF, TF values <1; therefore, mustard and corn 

are suitable for phytostabilization of contaminated land with Pb. The 

retention of Pb in both plant roots and translocation to above ground parts 

may be attributed to the Pb tolerance of both species.  

Finally, utilizing mustard and corn for Pb phytoremediation by 

phytostabilization has huge ecological and economical values, offers cost-

effective and eco-friendly alternative techniques to convention remediation 

methods. 
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 6.2 Recommendations 

In view of the findings in our study, which touched utilization of field 

crops for clean-up lead-contaminated soils, the following recommendation 

are suggested: 

1. The long-term of Pb high application with different soil physical and 

chemical properties experiments could be experimented. 

2. An application of more studies on bioaccumulation and translocation 

factors of different heavy metals in Kurdistan Region soil with different 

plants, which showed their its phytoremediation ability. In addition, it may be 

beneficial to incorporate chelating agents in the growing medium. This may 

make phytoremediation more feasible, chelating agents such as EDTA 

increase metal translocation in plant tissue improving overall phytoextraction. 

3. The major requirement for applied of phytoremediation technology is the 

need to establish appropriate governmental regulations to monitor and 

evaluate the performance of phytoremediation systems 

4. Otherwise, research including experimental, laboratory, and modeling 

work are requiring in order to develop a better understanding of lead and its 

effect on plants, animals, and humans, through genetic engineering 

technologies. With cooperation with environmental protection agencies.  

5. In the case of actual soil pollution by Pb in Kurdistan, this study will serve 

as a guide for their phytoremediation. 
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Pb content in the root 

    Corn Mustard 

 Water Pb Conc.    R1    R2    R3    R1    R2    R3 

Ground 

0 10.62 11.01 11.05 12.35 12.15 12.13 

200 22.56 22.91 23.09 27.44 27.99 27.62 

400 31.11 30.15 30.19 36.09 36.13 35.12 

800 42.32 43.06 43.13 46.09 45.33 45.21 

Waste 

0 12.44 12.56 13.68 13.01 13.21 13.42 

200 28.92 29.11 29.45 31.38 31.52 31.24 

400 36.55 36.73 37.33 39.95 39.66 38.81 

800 44.09 45.11 46.03 49.91 50.36 51.08 

 

 

Pb content in the stem 

    Corn Mustard 

 Water Pb Conc.    R1    R2    R3    R1    R2    R3 

Ground 

0 8.43 8.09 8.21 9.62 10.21 9.21 

200 18.45 18.11 17.91 21.92 20.98 21.82 

400 22.56 21.45 21.36 27.47 27.39 27.26 

800 28.78 28.36 27.29 31.12 30.99 31.11 

Waste 

0 10.21 10.09 10.31 11.12 11.09 12.01 

200 22.91 23.42 23.37 26.12 26.65 26.77 

400 27.12 27.08 27.01 29.98 30.13 30.34 

800 30.91 31.08 30.87 35.56 35.92 35.82 
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Pb content in the leaves 

    Corn Mustard 

 Water Pb Conc.    R1    R2    R3    R1    R2    R3 

Ground 

0 8.01 7.97 7.84 8.32 8.19 8.14 

200 16.99 16.47 16.17 20.19 20.21 20.33 

400 18.82 18.77 18.25 24.01 24.12 24.31 

800 22.99 23.36 23.84 27.14 27.37 27.44 

Waste 

0 8.88 8.81 8.79 9.14 9.18 9.21 

200 19.44 19.09 19.29 21.12 21.13 21.42 

400 22.05 22.19 22.38 28.13 28.07 28.02 

800 26.77 27.01 27.09 31.06 31.09 31.11 

 

 

 

Root dry weight 

    Corn Mustard 

 Water Pb Conc.    R1    R2    R3    R1    R2    R3 

Ground 

0 5.588 6.361 6.412 0.751 0.788 0.809 

200 5.702 6.358 6.108 0.725 0.766 0.806 

400 5.374 5.908 5.014 0.715 0.722 0.724 

800 5.021 4.718 4.521 0.688 0.611 0.721 

Waste 

0 6.083 6.223 6.174 0.915 0.934 0.786 

200 4.768 5.288 5.426 0.607 0.708 0.723 

400 4.288 4.937 4.933 0.603 0.642 0.631 

800 4.222 4.863 4.331 0.601 0.639 0.622 
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Stem dry weight 

    Corn Mustard 

 Water Pb Conc.    R1    R2    R3    R1    R2    R3 

Ground 

0 9.757 9.866 9.665 1.054 1.021 1.247 

200 8.463 8.433 8.504 1.042 1.015 1.031 

400 7.693 7.535 7.802 1.012 1.015 1.024 

800 6.838 7.106 7.419 0.957 0.908 1.011 

Waste 

0 8.504 8.401 8.893 0.932 1.007 1.926 

200 7.356 7.546 7.413 0.831 0.928 1.041 

400 6.011 6.412 6.498 0.609 0.614 0.776 

800 5.946 4.988 5.496 0.605 0.602 0.755 

 

 

 

Leaves dry weight 
    Corn Mustard 

 Water Pb Conc.    R1    R2    R3    R1    R2    R3 

Ground 

0 16.856 17.362 17.389 2.387 3.551 3.408 

200 14.338 14.902 15.252 2.333 2.025 2.155 

400 14.054 14.646 14.091 2.015 1.953 1.599 

800 13.262 13.635 13.105 1.871 1.715 1.591 

Waste 

0 14.362 13.815 13.635 1.291 2.726 2.973 

200 13.557 13.495 13.209 1.251 1.894 1.877 

400 12.022 11.784 12.739 1.051 1.573 1.588 

800 11.256 11.147 12.335 1.004 1.293 1.112 
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Pb content in the shoots 

    Corn Mustard 

 Water Pb Conc.    R1    R2    R3    R1    R2    R3 

Ground 
  
  
  

0 8.22 8.03 8.025 8.97 9.2 8.675 

200 17.72 17.29 17.04 21.055 20.595 21.075 

400 20.69 20.11 19.805 25.74 25.755 25.785 

800 25.885 25.86 25.565 29.13 29.18 29.275 

Waste 
  
  
  

0 9.545 9.45 9.55 10.13 10.135 10.61 

200 21.175 21.255 21.33 23.62 23.89 24.095 

400 24.585 24.635 24.695 29.055 29.1 29.18 

800 28.84 29.045 28.98 33.31 33.505 33.465 

 

 

 

Bioaccumulation factor = Pb concentration in shoot / Total Pb 

concentration in soil 

    Corn Mustard 

 Water Pb Conc.    R1    R2    R3    R1    R2    R3 

Ground 
 
 

 

0 2.4176 2.3618 2.3603 2.6382 2.7059 2.5515 

200 0.0871 0.0850 0.0838 0.1035 0.1013 0.1036 

400 0.0513 0.0499 0.0491 0.0636 0.0638 0.0639 

800 0.0322 0.0322 0.0318 0.0363 0.0363 0.0364 

Waste 
  
  
  

0 0.8074 2.7794 2.8088 2.9794 2.9809 3.1206 

200 0.1041 0.1045 1.1049 0.1161 0.1175 0.1185 

400 0.0609 0.0611 0.0612 0.0720 0.0721 0.0723 

800 0.0359 0.0362 0.0361 0.0415 0.0417 0.0417 

 

 



 

76 

 

 

 

 
  Appendixes 

 
Translocation factor = Pb concentration in shoot / Pb 

concentration in root 

  Corn  Mustard  

 Water Pb Conc. R1 R2    R3    R1    R2    R3 

Ground 0 0.774 0.729 0.726 0.726 0.757 0.715 

200 0.785 0.755 0.738 0.767 0.736 0.763 

400 0.665 0.667 0.656 0.713 0.713 0.734 

800 0.612 0.601 0.593 0.632 0.644 0.648 

Waste 0 0.767 0.752 0.698 0.779 0.767 0.791 

200 0.732 0.730 0.724 0.753 0.758 0.771 

400 0.673 0.671 0.662 0.727 0.734 0.752 

800 0.654 0.644 0.630 0.667 0.665 0.655 
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Abstract in Arabic 

 لخالصةا 

 باستخدام السام الرصاص بمعدن الملوثة التربة لمعالجة الواعدة خياراتال إحدى هي النباتية المعالجة

 على إجراؤه تم الذي البحث هذا يتناول والتثبيت؛ واالستخالص التراكم على عالية قدرة ذات نباتات

 ،عليهو .الذرةو الخردل ينبات من محليا مختارة ألنواع الرصاص امتصاص قدرة لتقييم الملوثة التربة

 في تنمو التي النباتات أنواععولجت  .في عقرة ألبستنهفي ظلة خشبية لتربة مشتل  تجربة إجراء تم

وتم  يوًما، 70 لمدة( تربة 1- كجم/  مجم 800.400.200.0) الرصاص من مستويات بأربعة تربةلا

عليها أن  الحصولتم  التي النتائجبينت  الفترةه ذلصرف خالل هومياه ابمياه االبار  النباتاتري 

 كانت حيث ألهوائية األجزاءأكثر من  روذلجفي ا الرصاصظهرت تجمع ا .النوعينلكال  النباتات

 المقابلة الهوائيات بأجزاء مقارنة( 1- كجم/  مجم 28.88) كانت للخردل( 1- كجم/  مجم 31.97) قيمها

وأوضحت أن  ،للذرة( 1- كجم/  مجم 19.47) و للخردل بالنسبة( 1-كجم/  مجم 22.69) وكانت

عند زيادة  الدراسةوتبين من  ،لمختلفةا النباتاتجزاء في ا الرصاصفي تجمع  الذرةمن  أكفأ الخردل

حيث كانت مستوى  لمختلفةا النباتيةمحتواه لألجزاء  أدت الى زيادة معنوية في الرصاصمستويات 

 29.34( في الجزور بينما في األجزاء الهوائية )1- كجم/  مجم 45.98) 1- كجم/  مجم 800الرصاص 

المروية بمياه  النباتاتفي  الرصاصن محتوى ا النتائج ظهرتا ،لكذ ليا باإلضافة (.1- كجم/  مجم

على من ات قيم اذ (1- كجم/  مجم 28.54)( 1- كجم/  مجم 32.31) ومياه االبار في الجذور الصرف

للنوعين.  (1- كجم/  مجم 19.53) (1- كجم/  مجم 22.63)بمياه الصرف ومياه اإلبار  لمرويةا النباتات

لمختلفة ا لجاف لألجزاء النباتيةالرصاص فان الوزن انه مع زيادة مستويات ا النتائجكما بينت 

 TF) واالنتقاللتجمع ولتقيم كفاءة المعالجة النباتية بواسطة معاملي ا ،لكذ. وعالوة على انخفضت

and BAF) ; اقل واالنتقاللتجمع المعالجة لديها كل من معاملي ا النباتية األنواعن ا ،النتائج شارتا 

أكثر من الذرة  (0.724و 0.762)التي تم تقيمها من حيث الخردل  (TF<1 and BAF<1)واحد من 

 ورذالجالى  التربةمن  الرصاصفعالة في امتصاص  النوعين انف لذلك، طبقاو ؛(0.693و 0.693)

لنباتية عن طريق للمعالجة ا مالئمين النوعينلهوائية وعليه فان ا األجزاءوثم الى 

(Phytostabilization). 
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   Abstract in Kurdish 

 

  پوختە 

 ئيکه ژ وان ههلبژارتنێت بو چارەسهرکرنا ئاخێت پيس بمادی قورقوشمیچارەسهری ب رووەکی 

هڨێت شيانێت وان گهلهک بو کومکرنی و دەرئينانی و راوەستاندنی، رووەکی ئ ژەهراوی بکارئينانا

ه ئهنجامدان ل سهر ئاخا پيس بوی ژ بو بخوڨه دگريت يا کو هاتي لڨی لێکولينێدا وی ديفچونی

کی خهردەل و ههلسهنگاندنا شيانا مژينا قورقوشمی بو هندەک جورێت ههلبژارتی ژ رووە

اخا نهمامگهها بيستانکاری ل داری و ئ گهنمهشامی. ژ بهرهندی ئهڨ ڨهکولينه هاته کرن ناف خانيی

، ٤٠٠، ٢٠٠، ٠تێن قورقوشمی )ئاخێ دا ب چوار ئاس ئاکری. ئهو جورێت رووەکێن شين بوين ڨی

 اقژ وکی تێته کرن ب ئاڨا ژێر عهرد يا پووەروژا، ئاڨدان بوو ر 70بو ماوئ  ئاخ( 1-ملغم/كغم ٨٠٠

حهتا ئهنجام دەست مه کهفتين ل سهر ڨان ههردوک  سهرعهرد دڨی ماوەيدا. ژشين بوونی ئاڨا پيس يا

 ٣١.٩٧ل رها ) رووەکی،رها پتربو ژ بهشێن هوائی  نا قورقوشمی لوجورا. دەرکهفتن و کومبو

بو بهشێن ( ژ رووەکی گهنمهشامی ئو 1-ملغم/كغم ٢٨.٨٨ژ رووەکی خهردەل وە ) (1-ملغم/كغم

 .( ژ رووەکی گهنمهشامی1-ملغم/كغم ١٩.٤٧ژ رووەکی خهردەل وه ) (1-ملغم/كغم ٢٢.٦٩هوائی )

دا، ههروەسا ی گهنمهشامی ژ بهشێن جياوزههروەسا دياربو کو رووەکی خهردەل پتربوو ژ رووەک

هاته ديارکرن لڨێ لێکولينێدا زێدەبونا ئاستێ قورقوشمی داللهت دەت زێدەبونهکا )معنوی( ههبوونا 

 ٤٥.٩٨) 1-ملغم/كغم ٨٠٠وەختی ئاستی قورقوشمی  جياواز وشمی ژ بهشێن رووەکی شێوەکیقورق

ئهنجاما  ی. زێدەباری ڨێ جهند(1-كغمملغم/ ٢٩.٣٤( ل رها بهس ل بهشێن هوائی )1-ملغم/كغم

( 1-ملغم/كغم ٣٢.٣١) ديارکر کو پێکهاتا قورقوشمی ژ رووەکی ئاڨدای ب ئاڨا پيس يا سهر عهردی

 ١٩.٥٣( )1-ملغم/كغم ٦٣.٢٢) بهايێ وان بلندتربوو ژ ئاڨا ژێر عهردی (1-ملغم/كغم ٢٨.٥٤)

قورقوشمی لسهر گرانيا هشک يا وو جوران. دەربارەی زێدەبونا ئاستێ ( بوو ههرد1-ملغم/كغم

اتينه تاقيکرن و شيانێت رووەکی ل بهشێن جياوازدا. دگهل هندێ ئهو جورێن رووەکی ئهوێت ه

و جورێن رووەکی (، ئهنجاما ديارکر کBAF and TF) چارەسهريی و کومکرنی و گواستنهوی

کو خهردەل  کر تقيم (؛BAF<1 and TF<1ئيکی ) کێمتره ژ و گواستنهڨی جارەسهريا کومکرنی

سهر ڨێ جهندێ ڨێرەدا دوو  ; (٠.٦٩٣و  ٠.٦٩٣پتربوو ژ گهنمهشامی ) (٠.٧٢٤و  ٠.٧٦٢)

ژ جورێن چاالک بوو مژين و ڨهگوهاستنا قورقوشمی ژ ئاخێ بوو رها پاش بوو به بهشێن هوائی 

رووەکی ب رێکا  کرنابو جارەسهر جوور گهلهک گونجاو بوون کههردوو بهرهندی

(phytostabilization) . 



 

 

 

عراقی -حکومەتا هەرێما کوردستانا   

 وەزارەتا خاندنا بلند و ڤەکولينێت زانستی

 زانکويا پوليتەکنيکی دهوک

 کوليژا تەکنيکی ئاکری

 

چارەسەری ب رووەکی بو وئ ئاخا پيسبووی ب قورقوشمی ب هەردوو رووەکێن 

ا سەر ئاڤ و (پاقژ)ئاڤا  ژێر عەردڤا ئەو ئاخا هاتيە ئاڤدان ب ئاخەردەل و گەنمە شامی 

باژێری ئاکری – ل هەرێما کوردستانی (پيس عەرد)ئاڤ  

زانکويا پوليتهکنيکی دهوک وەک پارچهک ژ  – يه بو جڨاتا کوليژا تهکنيکی ئاکریناما پێشکێشکر

 د زانستێن پيسبوونا ژينگههيدا تفيێن بدەستفه ێينانا پال ماستهریپێ
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