
Middle East Journal of Applied Sciences 
EISSN: 2706 -7947    ISSN: 2077- 4613 
DOI: 10.36632/mejas/2019.9.4.2 

Volume : 09 | Issue :04 |Oct.-Dec.| 2019 
Pages: 850-865 

 

Corresponding Author: Abou Seeda M.A., Plant Nutrition Dept., National Research Centre, 33 El Buhouth St., 
(Former El Tahrir St.) 12622 Dokki, Giza, Egypt.                    

                                           E-mail: mabouseeda@gmail.com 

850 

Heavy metals, Sources, Chemistry, risks and best applicable approach for remediation 
of contaminated soils: A review 

 
1Abou Seeda M.A., 2A.A. El-Sayed, 1Yassen A.A., 1Sahar M. Zaghloul and A. Khater1 

 
1Plant Nutrition Dept.,2 Fertilization Technology Dept., National Research Centre, 33 El Buhouth St., 
(Former El Tahrir St.) 12622 Dokki, Giza, Egypt. 

Received: 05 August 2019 / Accepted 30 Sept. 2019 / Publication date: 10 Oct. 2019 
 
ABSTRACT 
        Heavy metals represent a portion of important environmental pollutants that can causes significant 
damage to the environment and human health as their solubility and mobility. Main sources of soil 
contamination are reviewed. Selection the most appropriate soil and sediments remediation technology 
depends upon soil characteristics, type of pollutant and concentration to be removed and the end use of 
contaminated medium. This paper will review both approaches and technologies of removing 
contaminants from eco-system. Remediation of heavy metal contaminated soils is necessary to at least 
minimize the affiliated risks, and make land resource always available for agricultural production, 
enhancing food security and scale down land interval problems arising from changes in the land use 
pattern.  The main technologies were found to be used for heavy metals removal from contaminated 
soils are: solidification/stabilization (S/S), electro kinetics and in-situ extraction. Soil characteristics, 
especially texture, organic matter and pH are of great importance in selecting the most appropriate 
remediation method. Phytoremediation can be also used. The principles, advantages and disadvantages 
of soil remediation techniques, which are frequently listed among the best-demonstrated available 
technologies for cleaning up heavy metal contaminated sites, are presented. 
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Introduction 

The mobility and toxicity of heavy metals are controlled by the interactions between metal ions 
and soil surfaces. Due to a large human population growth, soils have been subject to increasing sources 
of metal contamination. Atmospheric deposition, waste disposal, fertilizer and pesticide applications, 
industrial waste, and nuclear waste are some of the sources of heavy metals. Obviously, these sources 
can cause metal accumulation in soils. The excessive amounts of heavy metals introduced into the soils 
can affect soil matrices particularly involving metal-soil interactions, which further affect metal 
transport. At the interfaces of soils and soil solutions, various competitive reactions occur) Dermett, 
2008). In most arid and semi-arid regions of the world, particularly in Egypt, water crisis is considered 
as one of the main problems on the path of sustainable agricultures. Due to water restrictions and 
increased water consumption using low quality water resources wastewater is considered as a solution 
to resolve agricultural water requirements, which is pointed out as the largest consumption of water 
recently. 

Agricultural soil become contaminated by the accumulation of heavy metals such as metalloids 
through emissions from rapidly expanding industrial areas, using huge of chemical fertilizer in 
agricultural, waste animal manures, sewage water effluent, pesticides, and wastewater irrigation (Khan 
et al., 2008 and Zhang et al., 2010). Most metals do not undergo microbial or chemical degradation 
(Kirpichtchikova et al., 2012), and their total concentration in soils persists for a long time after their 
introduction (Adriano et al., 2003). Heavy metal soil csontamination can present risks and dangers to 
animals and the ecosystem through immediate intake or contact with contaminated soil, food chain, 
soil-contaminated water drinking, and food quality decrease (McLaughlin et al., 2001; Ling et al., 
2007);  Abou seeda et al., 1997 and  Abou Seeda et al., 2019)  reported that major frequent contaminants 
in soil are heavy metals that may be responsible for detrimental health effects. 

Remediation of heavy metals in contaminated soils considered as one of the most complicated 
tasks. Soil characterization include the specification, kinds and bioavailability of heavy metals help in 
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selecting the proper technology to remediate heavy metal contaminated soils, either by soil washing, or 
phytoremediation techniques (GWRTAC, 1997and Pendias and Pendias, 2001). Among different 
technologies, in situ immobilization of metals has received a great deal of attention and turned out to 
be a promising solution for soil remediation. This technique is expected to efficiently alleviate the risk 
of groundwater contamination, plant uptake, and exposure to other living organisms. The efficacy of 
several amendments (e.g., phosphate rock) has been examined to emphasize the need for the 
simultaneous measurement of leaching and the hytoavailability of heavy metals. In addition, some 
amendments that are used in this technique are inexpensive and readily available in large quantities 
because they have been derived from bio-products or industrial by-products. Among different 
amendments, iron-rich compounds show high efficiency to remediate multi-metal contaminated soils. 
Thereupon, immobilization technique also considered as a preferable option as it is inexpensive and 
easily applicable to large quantities of contaminants derived from various sources. These techniques are 
very expensive and are not yet to become commercially available technologies possibly due to the 
inadequate awareness of their inherent advantages and principles of operation and effects of 
contaminated soils on human and animal health. (Zhao and Kaluarachchi, 2002).  

In developing countries with great population density and scarce funds available for 
environmental restoration, low cost and ecologically sustainable remedial options are required to restore 
contaminated lands to reduce the associated risks, make the land resource available for agricultural 
production, enhance food security, and scale down land tenure problems. This paper examine a potential 
sources of contamination, basic chemistry and the related environmental and health hazards associated  
with first concern  heavy metals and hence choosing of appropriate remedial options for soil cleanup 
from contamination. 
 
Risks of Heavy Metals on Soil, Plants, Human Health and Aquatic Life 

Heavy metals, especially Cu, Ni, Cd, Zn, Cr and Pb considered as one of the main sources of soil 
pollution (Hinojosa et al., 2004 and Karaca et al., 2010).  Heavy metals affect microorganism’s behavior 
in soil. They change in their population size, diversity and in their activities in the soil (Ashraf and Aly, 
2007). For example, increasing Pb in soil decrease soil productivity and may inhibit some vital plant 
processes i.e photosynthesis, mitosis and water absorption with toxic symptoms (Battachryya et al., 
2008). Heavy metals uptake by plants from heavy metals contaminated soils at high concentration 
resulted in a great health risks considering food chains implication (Jodao, et al., 2006). The 
consumption of heavy metals contaminated foods can seriously depleted some essential nutrients in 
body, which responsible for decreasing immunological defense system, intrauterine growth retardation, 
and disabilities associated with malnutrition and high prevalence of upper gastrointestinal cancer rates 
(Khan, et al., 2008). 

Moreover, heavy metals are not subject to bacterial degradation and hence remain permanently 
in the marine environment (Woo et al., 2009). Contamination of a river with heavy metals may cause 
devastating effects on the ecological balance of the aquatic environment, and the diversity of aquatic 
organisms becomes limited based on contamination level (Ayandiran, et al., 2009). Heavy metals 
contaminants in aquatic systems stimulate the production of reactive oxygen species (ROS) that can 
damage fishes and other aquatic organisms (Woo et al., 2009). 

The consumption of fish containing elevated levels of heavy metals is a concern and cause health 
problems (Morin et al., 2007).   
      
Sources of heavy metals in contaminated soils 

Heavy metals In soil take place naturally from pedogenetic weathering processes of parent 
materials at concentrations considered traceable and rarely poisonous (Pendias and Pendias, 2001),. 
Because of human interference, most heavy metals in rural and urban soils can accumulate to pose 
hazards to human health, crops, livestock and ecosystems (D’Amore et al., 2005). Excess heavy metals 
in the soil originate from many sources, which include atmospheric deposition, animal’s wastes, and 
sewage irrigation, improper stacking of the industrial solid waste, mining activities, the use of long-
lived pesticides, herbicides, fungicides, nematocides etc.  In addition, fertilizers and some other 
agriculture practices. Heavy metals in the atmosphere are mainly from gas and dust produced by energy, 
transport, metallurgy and production of construction materials. Excepting mercury, heavy metals go 
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into the atmosphere in the form of aerosol and deposit to the soil through natural sedimentation and 
precipitation. 

 
Sources of Soil Contamination:- 
 
1-Fertilizers, Pesticides and Mulch 

Fertilizers, pesticides and mulch are important agricultural inputs for agricultural production. 
They considered as the main agriculture sources of pollution (Zhang and Zhang, 2007). Nevertheless, 
the long-term excessive application has resulted in the heavy metal contamination of soils. The vast 
majority of pesticides are organic compounds, a few are organic -inorganic compound and / or mineral, 
and some pesticides contain Hg, As, Cu, Zn and other heavy metals (Arao et al., 2010).  

Heavy metals are the most reported pollutants in fertilizers. Heavy metal content is relatively low 
in nitrogen and potash fertilizers, while phosphoric fertilizers usually contain considerable toxic heavy 
metals. Heavy metals in the compound fertilizers are mainly from master materials and manufacturing 
processes. The content of heavy metals in fertilizers is generally as follows: phosphate fertilizer> 
compound fertilizer>potash fertilizer> nitrogen fertilizer (Boyd, 2010). Cd is an important heavy metal 
contaminant in the soil, and brought to soils through application of phosphoric fertilizers. Many studies 
showed that, application of a large quantity of phosphate fertilizers and compound fertilizers, the 
available content of Cd in soils increases constantly, and its uptake plants increases accordingly. 
Recently, mulch has been promoted and used in large areas, which results in white pollution of soils, 
because of some mulch materials contain the heat stabilizers, which contain Cd and Pb, are always 
added in the production process of mulch. This gradually increase heavy metal in soils (Satarug et al., 
2003 and Martin and Ruby, 2004). Using of Pesticides in agriculture and horticulture contained 
substantial concentrations of metals such as Bordeaux mixture (copper sulphate) and copper 
oxychloride (Jones and Jarvis, 1981). Lead arsenate used in fruit orchards for many years to control 
some parasitic insects. Arsenic containing compounds are also used extensively to control cattle ticks 
and to control pests in banana in Egypt; timbers have been preserved with formulations of Cu, Cr, and 
As (CCA). In many of soil sites concentrations of these elements greatly exceed background 
concentrations, (McLaughlin et al., 2001). 
 
 2. Bio solids and Manures 

Land application of bio solids has proven a cost-effective method of waste disposal by 
beneficially     recycling organic matter and improving soil, however, it may pose potential threat to the 
environment and human health. Regulations are expected to minimize potential risks of bio solids land 
application, especially its long-term impacts. 

Application of numerous materials (e.g., livestock manures, composts, and municipal sewage 
sludge) to land lead to accumulate heavy metals in the soil (Basta et al., 2005). Certain animal wastes 
such as poultry, cattle, and pig manures produced in agriculture are commonly applied to crops and 
pastures as either solids or slurries (Sumner, 2002). Although most manures are valuable fertilizers, Cu 
and Zn added to diets in the pig and poultry industry, as growth promoters and as contained in poultry 
health products, may have the potential to cause metal contamination of the soil (Chaney and Oliver, 
1996 and Sumner, 2002). The manures produced from animals contain high concentrations of As, Cu, 
and Zn and, prolonged of manures application to restricted areas of land, can cause considerable buildup 
of these metals in the soil. 

Sewage sludge are primarily organic solid, produced by wastewater treatment plants that can be 
beneficially recycled (USEPA, 1994). Some heavy metals such as Pb, Ni, Cd, Cr, Cu, and Zn, are 
frequently found in biosolids are determined by the nature and intensity of the industrial operation, as 
well as the type of method used in the therapy of bio solids. (Mattigod and Page, 1983). Under certain 
conditions, heavy metals have penetrate to the soil and can be leached down through the soil profile and 
contaminated groundwater (Keller et al., 2002and (McLaren et al., 2005). 
 
 3. Wastewater 

The environmental safety of soil has become sever all over the world, with the boost of 
industrialization and urbanization. All different kinds of industrial wastewater become one of the main 
sources of soil pollution with heavy metals (Nicholson et al., 2003). Wastewater divided into several 
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categories, sanitary sewage, chemical wastewater, industrial mining wastewater and urban mining 
mixed sewage, etc. Heavy metals are brought to the soil by irrigation with sewage and are fixed in the 
soil in different ways. Heavy metals continually accumulate in the soil year by year. Using sewage 
water to irrigate crops is a feasible way to solve the problem of the rare of irrigation water, especially 
in the arid and semi-arid areas. However, heavy metal contamination caused by sewage irrigation must 
be paid enough attention. Quality of irrigative sewage must be strictly controlled within the national 
quality standard for irrigation water (Ding, 2000).  

More than fifty years ago, partially treated wastewaters from Egypt cities were discharged into 
the Natural waterways, these receiving water bodies became heavily polluted. Since 1950s, legislation 
has been strengthened to control water pollution. Municipal sewage treatment systems or publicly 
owned treatment works (POTWs) were built; dumping   of residual solids disposal was still permitted 
through waterways.  Moreover restrictions on the absolve of wastewater to waterways and encouraged 
other disposal methods such as land applications. Recent restrictions on waterway disposal of 
wastewater dumping to the river and cost increase of incineration and landfill make land application an 
attractive option of disposal. Farmers are not generally worried about the benefit or hazards caused to 
the environment by using municipal and industrial wastewater, but they are primarily interested in 
maximizing their yields and profits. Although metal concentrations in wastewater effluents are usually 
relatively tiny, long-term soil irrigation can eventually lead to heavy metal accumulation in the soil. In 
Egypt, studies suggest that agriculture based on wastewater irrigation accounts more 50% of the acreage 
cultivated by vegetable crops, to supply urban areas with their needs from vegetables. 
 
4. Metal mining and milling processes and industrial wastes 

Mining activities have considerably increased due to notable population growth and worldwide 
demand of mineral resources. The waste generated by mineral extraction may be solid, tailing, or slurry 
with the most combine (Reichle et al., 2016). Mining waste can also defined as a part of the materials 
that result from the exploration, mining and processing of substances governed by legislation on mines 
and quarries. The term “Mining wastes” regroups in reality different products resulting from the 
extractive industry. Waste rocks consist of non‐ mineralized and low‐grade mineralized rock removed 
from, around, or within the ore body during extraction activities. The cut‐off grade that differentiates 
low‐grade waste rock from useable ore is an economic distinction and may vary over time. Processing 
waste or tailings are the waste solids or slurries that remain after the treatment of minerals by separation 
processes, e.g. crushing, grinding, size‐sorting, flotation and other physico‐chemical techniques, to 
remove the valuable minerals from the less valuable rock. More specifically, slags are residues from 
the smelting pyrometallurgical process. They have to be differentiated from the overburden which 
corresponds to the surface material (topsoil, rock) removed during surface mining operations to expose 
the ore beneath.  

Soil heavy metal environmental risk to humans is related to bioavailability during mining, tailings 
(heavier and larger particles deposited at the bottom of the flotation cell during mining) are discharged 
directly into natural depressions, including elevated concentrations in wetlands (DeVolder et al., 2003).  
Extensive mining and smelting of Pb zinc, and Zn ore has resulted to soil contamination posing a danger 
to human and environmental health. Many reclamation techniques used for these sites are long and 
expensive, and soil productivity cannot be restored (Basta and Gradwohl, 2005). While some are 
disposed of in soil, few have advantages for agriculture or forestry. In addition, many are possibly 
dangerous due to their heavy metal (Cr, Pb, and Zn) or poisonous organic compounds and are rarely, 
applied to soil. Another major source of soil contamination is Pb's aerial emission from the combustion 
of tetraethyl lead-containing gasoline; this contributes considerably to Pb's content in urban soils and 
those adjacent to primary highways. Zn and Cd can be added to the road surrounding soils, the sources 
of which are tyres, and lubricant oils (USEPA, 2000).  
Remediation of heavy metal-contaminated soils. 

Physical and chemical form of the heavy metal contaminant in soil strongly affect selecting  the 
appropriate remediation technology. At site, Physical characteristics and the type and level of 
contamination must be obtained to enable accurate assessment of site contamination and selecting the 
most appropriate remedial alternatives. This is done by comparing of observed heavy metal 
concentrations with soil quality standards for a particular regulatory domain, or by performance of a 



Middle East J. Appl. Sci., 9(4): 850-865, 2019 
EISSN: 2706 -7947    ISSN: 2077- 4613                                               DOI: 10.36632/mejas/2019.9.4.2 

854 

site-specific risk assessment. Remediation goals for heavy metals may be set as total metal 
concentration or as leachable metal in soil, or as some combination of them. 

Several technologies exist for the remediation of metal contaminated soil. Gupta et al., (2000) 
have classified remediation technologies of contaminated soils into three categories of hazard-
alleviating measures: (i) gentle in situ remediation, (ii) in situ harsh soil restrictive measures, and (iii) 
in situ or ex situ harsh soil destructive measures. The goal of the last two harsh alleviating measures is 
to avoid hazards to either human being, plant, or animal, while the main goal of gentle in situ 
remediation is to restore of soil fertility, which allows a productive use of the soil in a sustainable 
manner. USEPA, (2011) classified remediation technologies for contaminated soils into (i) source 
control and (ii) containment remedies. Source control involves in situ and ex situ treatment technologies 
for sources of contamination. In situ or in place means that treating soil without excavation or removal.  
 
1. Immobilization Techniques.  

This technique could be applied Ex situ or in situ immobilization. It is one of the practical 
approaches to remediate of heavy metals contaminated soils. The ex situ technique is applied in areas 
where highly contaminated soil must be removed from its place due to its storage is connected with a 
high ecological risk (e.g., in the case of radio nuclides). The method’s advantages are: (i) fast and easy 
applicability and (ii) relatively low costs of investment and operation. The method’s disadvantages 
include (i) high invasivity to the environment, (ii) generation of a significant amount of solid wastes 
(twice as large as volume after processing), (iii) the byproduct must be stored on a special landfill site, 
(iv) in the case of changing of the physicochemical condition in the side product or its surroundings, 
there is serious danger of the release of additional contaminants to the environment, and (v) permanent 
control of the stored wastes is required. (Wuna and Okieimen, 2010). In the in situ technique, the fixing 
agents amendments are applied on the unexcavated soil. The technique’s advantages are : (i) its low 
invasivity, (ii) simplicity and rapidity, (iii) relatively inexpensive, and (iv) small amount of wastes are 
produced, (v) high public acceptability, (vi) covers a broad spectrum of inorganic pollutants. The 
disadvantages of in situ immobilization are: (i) it is only a temporary solution (contaminants are still in 
the environment), (ii) the activation of pollutants may occur when soil physicochemical properties 
change, (iii) the reclamation process is applied only to the surface layer of soil (30–50 cm), and (iv) 
permanent monitoring is necessary (USEPA, 1997). 

The mostly applied amendments include for in immobilization of heavy metals in contaminated 
soils are:  clay, cement, zeolites, minerals, phosphates, organic composts, and microbes (GWRTAC, 
1997; Finˇzgara and Leˇstan, 2006). Recent studies have indicated the potential of some low-cost 
industrial residues such as red mud (Boisson et al., 1999); Lombi et al., 2002 and Tampouris et al., 
2001) in immobilization of heavy metals in contaminated soils. Due to the complexity of soil matrix 
and the limitations of current analytical techniques, the exact immobilization mechanisms have not been 
clarified. It could be include precipitation, chemical adsorption and ion exchange, surface precipitation, 
formation of stable complexes with organic ligands, and redox reaction (Wang et al., 2009). 
Immobilization technology often uses organic and inorganic amendment to accelerate the attenuation 
of metal mobility and toxicity in soils. The primary role of immobilizing amendments is to alter the 
original soil metals to more geochemically stable phases via sorption, precipitation, and complexation 
processes (Hashmioto et al., 2009).  
 
 1.1 Solidification/stabilization (S/S) 

One of the promising method of remediation of contaminated soil is solidification or stabilization 
as a technique that aim at waste fixation or immobilizing contaminants by converting them in less 
soluble form and encapsulating them with the certain durable matrix (Hseu et al., 2014). This reduces 
the mobility of hazardous substances in the environment through both physical and chemical means 
(Sherwood and Qualls, 2001).    

The continuing solidification stage also helps to encapsulate the waste materials in a solid form 
(Amore et al., 2005). The chemical composition of the contaminated matrix, the amount of water 
present, and the ambient temperature will affect the application of S/S technology. These factors can 
interfere with the S/S process by inhibiting the bonding of the waste to the binding material, retarding 
the setting of the mixtures, decreasing the stability of the matrix, or reducing the strength of the 
solidified area (USEPA, 1990). Stabilization is the general term for a process that transforms 
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contaminants into a less mobile or toxic form, while solidification is a more specific process that treats 
material to increase its solidity and structural integrity. This process may be performed either ex situ or 
in situ. S/S technology has low cost because the reagents are widely available and inexpensive, while 
applicable to a variety of contaminants. This method can be applied to different types of soils as well 
with high throughput rates. The required equipment for its application is widely available and simple. 
However, in this method, contaminants are still in the soil, not destroyed or removed. Hence, volatile 
organic compounds and some particulates may come out during the treatment process. The other 
problem is long-term efficiency of the S/S that is still uncertain (Grobbel and Wang, 2012).  

 
1.2. Vitrification 

Vitrification is the transformation of a substance into a glass. Vitrification, or molten glass, is a 
method of S/S that uses a powerful source of energy to ‘‘melt’’ soil or other earthen materials at 
extremely high temperatures, immobilizing most inorganic pollutants (ESTCP, 2000). A highly 
attractive aspect of verification is that it can bind a wide variety of toxic species into a glass matrix at 
the atomic level and usually with a significant reduction of waste volume. The technology is a cost-
effective method for difficult sites with mixed contaminants or stringent cleanup standards. However, 
the size of the generated melt is limited. Because the technology is commonly used in situ, it may not 
be appropriate for sites where contaminated soil exists directly to buildings, other structures, or the 
property line (Li and Zhang, 2013). Dellisanti et al. (2009) demonstrated that the infield scale Joule 
heating verification process is a suitable technology to remediate tons of soils contaminated by heavy 
metals. Based on Joule effect, the process led to the progressive heating and melting of the waste at 
high temperature. Because of the cooling, the solidification and vitrification of the melted mass 
proceeded. The produced glassy monolith immobilized heavy metals. Leaching tests confirmed that the 
hazardous metals (Pb, Zn, and Zr) were immobilized within vitrified monolith, suggesting a high 
durability and leaching resistance of the glass to the chemical weathering. 

 
1.2.1. Electro kinetic remediation 

The electro kinetic method is a new remediation technology based on vitrification (Luo et al. 
2004), which is mainly the application of voltage at the two sides of soil to form an electric field gradient 
(FRTR, 1999). It is suitable for low permeable soil, while being advantageous to easily install, operate, 
and undestroyed the original natural environment at low cost (Alshawabkeh and Bricka , 2013). Hence, 
it can achieve the environmental remediation and protect the original ecotype (Luo et al. 2004). 
However, direct electro kinetic remediation is incapable of controlling the pH value of soil system well, 
and the treatment efficiency is low. Electro kinetic remediation was also shown to be a time consuming 
process. Buried metal objects may be a big challenge to this type of remediation because the current 
flow will be diverted. Another limitation of electro kinetic remediation would arise, if non-targeted 
contaminants were present at high abundance (Ramalingam, 2013). Juris et al. (2015) investigated the 
efficiency of electro kinetic remediation for copper contaminated clayey soil (350 mg kg-1) under 
laboratory conditions. Graphite electrodes were used through connection with non-copper wire to the 
power supply. The concentration of copper in water, when collected in the pockets (nearby the anode 
and cathode) after electro kinetic remediation of 40 days, was 0.05 and 0.085 mg L-1, representing a 
negligible amount (around 0.02–0.03%) of the initial metal amount. This means that electro-osmosis 
was effective in draining the soil from water but unsuccessful in removing the heavy metals out from 
the soil. In addition, Ottosen et al. (2012) indicated that the electrodialytic approach could be used for 
remediation of stationary, water-saturated soils (in situ), or suspended soil (ex situ). In this regard, a 
direct comparison based on laboratory experiments was made for the two systems (suspended and 
stationary soils). In both experiments, Cu was removed most successfully at a removal rate of 77% for 
experiment suspended and 70% for stationary soils. 
 
2- Soil washing  

Soil washing is using fresh water to remove contaminants from soil. The process works by either 
dissolving or suspending contaminants in the wash solution which separated by one of the separating 
techniques. The soil washing systems mainly used on soil contaminated with semi-volatile organic 
compounds, fuels and heavy metals.   
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Soil washing is essentially a volume reduction / waste minimization treatment process. It is done 
on the excavated (physically removed) soil (ex situ) or on-site (in situ).  During soil washing, those soil 
particles which host the majority of the contamination are separated from the bulk soil fractions 
(physical separation), contaminants are removed from the soil by aqueous chemicals and recovered 
from solution on a solid substrate (chemical extraction), and a combination of both (Dermont et al., 
2008). In all cases, the separated contaminants then go to hazardous waste landfill or occasionally are 
further treated by chemical, thermal, or biological processes. By removing the majority of the 
contaminants from the soil, the bulk fraction that remains can be recycled on the site being remediated 
as relatively inert backfill, used on another site as fill, and disposed of relatively cheaply as 
nonhazardous material. 

Generally, remediation technologies for heavy metal-contaminated soils is carrying out under 
five categories of general approaches of remediation i.e., isolation, immobilization, toxicity reduction, 
physical separation, and extraction (GWRTAC, 1997). For less damaging washes, organic acids and 
chelating agents are often suggested as alternatives to straight mineral acid use (Yu and Klarup, 1994).  
Natural, low-molecular-weight organic acids (LMWOAs) including oxalic, citric, formic, acetic, malic, 
succinic, malonic, maleic, lactic, aconitic, and fumaric acids are natural products of root exudates, 
microbial secretions, and plant and animal residue decomposition in soils (Naidu and Harter, 1998) . 
Thus, metal dissolution by organic acids is likely to be more representative of a mobile metal fraction 
that is available to biota (Labanowski et al., (2008). 

The chelating organic acids are able to dislodge the exchangeable, carbonate, and reducible 
fractions of heavy metals by washing procedures  (Peters, 1999) Many chelating compounds including 
citric acid (Naidu and Harter, 1998), tartaric acid   (Ke et al., 2006), and EDTA (Peters, 1999  and Sun, 
et al., 2001) for mobilizing heavy metals have been evaluated. Several workers Reddy and 
Chinthamreddy (2000) have reported the use of soil washing to remediate contaminated fine-grained 
soils that contained more than 30% fines fraction. Khodadous et al., (2004); Khodadous et al., (2005) 
studied the removal of various metals (Pb, Ni, and Zn) from field and clay (kaolin) soil samples using 
a broad spectrum of extractants (chelating agents and organic acids). Chen and A. Hong, (1995) reported 
on the chelating extraction of Pb and Cu from an authentic contaminated soil using derivatives of 
iminodiacetic acid and L-cyestein.  Wuana  et al., (2008) investigated the removal of Pb and Cu from 
kaolin and bulk clay soils using two mineral acids (HCl and H2SO4) and chelating agents (EDTA and 
oxalic acid). The use of chelating organic acids—citric acid, tartaric acid and EDTA in the simultaneous 
removal of Ni, Cu, Zn, Cd, and Pb from an experimentally contaminated sandy loam was carried out 
by his coworkers  (Wuana, et al., 2010).  Removal of copper and nickel by the addition of the 
biodegradable chelating agent, chitosan and ethylenediamine tetra acetic acid (EDTA), alongside the 
reaction of a reference compound sodium citrate for comparison, was investigated, by (Wei Jiang, et 
al., 2011).   The experiments showed that the extraction ability for copper and nickel from the 
contaminated soil decreased as follows: chitosan > EDTA > sodium citrate  
 
2.1. Chemical extraction for soil washing 

Chemical remediation involves the use of chemicals or solvents to extract or stabilize pollutants 
in contaminated media and transfer heavy metals into a liquid or suspended phase then removed them 
from the leachate. There are several chemical remediation methods including chemical leaching (soil 
washing) and immobilization techniques (solidification/stabilization, vitrification, and the electro 
kinetic method) (Tampouris et al., 2001 and (Ou-Yang et al., 2010). Some techniques either remove 
risk by chemically degrading hazardous substances or achieve chemical leaching consists of washing 
the contaminated soil with fresh water, reagents, and others fluids (or gas) to leach pollutants from the 
soil (Tampouris et al., 2001 and Ou-Yang et al., 2010). Soil washing is cost effective because it can 
reduces only the quantity of contaminants and require further treatment by another technology. Makino 
et al., (2007) also introduced a new soil washing practice combined with on-site wastewater treatment. 
In order to investigate Cd extraction from soils, different types of the chemicals were tested. The 
proportion of total soil Cd extracted by the washing chemicals (i.e., the Cd extraction efficiency) 
increased in the following order: Mn salts = Zn salts = ferric Fe salts in all soils, with efficiencies of 4–
41, 8–44 and 24–66%, respectively. The total Cd content of soil decreased substantially, to 55% of the 
unwashed value, as compared to a value of 83% after CaCl2 treatment in a field washing experiment. 
These results indicate that FeCl3 has a high Cd extraction efficiency in paddy soils. 
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 Soil washing had markedly positive effects on the growth and yield of rice crops. It considerably 
decreased the Cd concentrations in the rice straw and unpolished rice, from 0.91 to 0.31 mg kg-1 in the 
unwashed soil to 0.18 and 0.053 mg kg-1 in the washed soil, respectively (Makino et al., 2007). These 
results proved the efficiency and effectiveness of this approach for the remediation of Cd-contaminated 
paddy fields. In addition, (Tokunaga and Hakuta, 2002) investigated the effects of different 
concentrations of hydrogen fluoride, phosphoric acid, sulfuric acid, hydrogen chloride, nitric acid on 
As extraction from artificially polluted soil (As 2830 mg kg-1). They found that phosphoric acid proved 
to be most promising as an extracting, attaining 99.9% arsenic extraction at 9.4% acid concentration in 
6 h. Immobilization techniques, chemical fixation is adding reagents or materials into the contaminated 
soil to form insoluble or hardly movable, low toxic matters; it can thus decrease the migration of heavy 
metals to water, plant, and other environmental media (Zhou et al., 2004). 

This method is relatively inexpensive, while covering a broad spectrum of inorganic pollutants. 
However, as in situ immobilization is only a temporary solution (contaminants are still in the 
environment), the activation of pollutants may occur when soil physicochemical properties change. 
Hence, the reclamation process should be applied only to the surface layer of the soil (30–50 cm), and 
permanent monitoring is necessary (Martin and Ruby, 2004; USEPA, 1997). The efficiency of chemical 
remediation method depends upon soil texture, organic matter percentage in soil and type of 
contaminate etc. 

Key factors that may influence the applicability and selection of any of the available remediation 
technologies are: (i) cost, (ii) long-term effectiveness/ permanence, (iii) commercial availability, (iv) 
general acceptance, (v) applicability to high metal concentrations, (vi) applicability to mixed wastes 
(heavy metals and organics), (vii) toxicity reduction, (viii) mobility reduction, and (ix) volume 
reduction.  

Remediation goals for heavy metals may be set as total metal concentration or as leachable metal 
in soil or as some combination of this (Martin and Ruby, 2004 and Gupta et al., 2000). 
 
3. Phytoremediation 

Contamination of the environment by heavy metals increased sharply at the beginning of the 20th 
century, because of the industrial revolution and excessive population growth, posing major 
environmental and human health problems worldwide (Abdelhafez and Li, 2014). 

Several contamination sources such as emissions from waste incinerators, car exhaust, residues 
from mining and military activities, the smelting industry and the use of agricultural amendments 
(sludge or urban composts, pesticides, and mineral fertilizers (Abou-Shanab 2011; Abdelhafez et al., 
2012). Unlike organic contaminants, heavy metals are not biodegradable, and pose a critical concern to 
living organisms and the environment; in addition to their action as carcinogenic and mutagenic 
compounds (Diels et al., 2002). The presence of heavy metals in soils at high concentrations negatively 
affected the growth of plants and agricultural productivity (Roy et al., 2005).  

Plants differ in their tolerance to heavy metals; however, most growing plants are not hyper 
accumulators for heavy metals due to its impact on plant cellular activities (Peixoto et al., 2001); (Hall, 
2002). Cadmium (Cd), Cr, Cu, Hg, Pb and Zn represent the most common heavy metal contaminants 
(Yan-de et al., 2007). These metals cannot be easily degraded to harmless products, such as carbon 
dioxide, and the cleanup usually requires their removal (Lasat, 2002).  

Several remediation technologies are available for treating heavy metals contaminated soils. 
Generally, the remediation technologies can be classified into three major groups namely, physical, 
chemical and biological remediation technologies. However, most of the remediation technologies are 
expensive, need intensive works, may generate secondary contaminants to the surrounding environment 
Marques et al., (2008); Haque et al.,  (2008), or may lead to adverse effect to biological activities, soil 
structure and infertility problems (Pulford and Watson, 2003). Therefore, there is a need for a less 
expensive and environmental friendly clean-up technique. Phytoremediation is a promising and 
economically effective technique that uses plant species to decontaminate aquatic or terrestrial sites 
contaminated with heavy metals (Salt et al., 1998; Abou-Shanab et al., 2007, 2008 and 2011 Chirakkara, 
and Reddy, (2015). This technology is cost effective, simple and environmentally friendly with minimal 
environmental disruption. The phytoremediation technology involves phytoextraction, 
phytostabilization and phytovolatilization routes for metal ions removal from soils and water. 
Phytoextraction is effective tool for removing heavy metals from the contaminated soil into plant tissues 



Middle East J. Appl. Sci., 9(4): 850-865, 2019 
EISSN: 2706 -7947    ISSN: 2077- 4613                                               DOI: 10.36632/mejas/2019.9.4.2 

858 

(Berti and Cunningham, 2000); subsequently these can be easily and safely processed or recycled 
through ashing, composting or drying (Lasat, 2002).  

Plants differ in their ability to accumulate heavy metals; for this concern, the selection of plant 
species for phytoextraction of heavy metals depends mainly on their tolerance of the contaminant and 
the biomass accumulation of the selected plant. Higher biomass accumulation of plant allows more 
metal ions removal from the treated soil. Sunflower (Helianthus annuus) is a native American annual 
plant belonging to the family of Asteraceae with a large flowering head (inflorescence), and it grows in 
a wide range of soil types. The stem of the flower can grow to 3 m tall, with the flower head reaching 
up to 30 cm in diameter with “large” seeds.  

Previous studies showed that sunflower show high tolerance to heavy metals (Schmidt, 2003; 
Tang et al., 2003; Pilon-Smits, 2005 ; Chirakkara and Reddy, 2015).  

Phytoremediation, also called also green remediation, botanoremediation, agro remediation, or 
vegetative remediation, can be defined as an in situ remediation strategy that uses vegetation and 
associated microbiota, soil amendments, and agronomic techniques to remove, contain, or render 
environmental contaminants harmless (Cunningham and Ow, et al., 1996 and Chaney, et al., 1997). 
Phytoremediation is energy efficient, aesthetically pleasing method of remediating sites with low to- 
moderate levels of contamination, and it can be used in conjunction with other more traditional remedial 
methods as a finishing step to the remedial process. Hyperaccumulator plant species are used on 
metalliferous sites due to their tolerance of relatively high levels of pollution. Approximately 400 plant 
species from at least 45 plant families have been so far, reported to hyperaccumulate metals (Lasat 
,2000 and  Ghosh and Singh,  2005),  some of the families are Brassicaceae, Fabaceae, Euphorbiaceae, 
Asterraceae, Lamiaceae, and Scrophulariaceae (Salt, et al.,  1998; Dushenkov, 2003). Crops like alpine 
pennycress (Thlaspi caerulescens), Ipomea alpine, Haumaniastrum robertii, Astragalus racemosus, 
Sebertia. Willow (Salix viminalis L.), Indian mustard (Brassica juncea L.), corn (Zea mays L.), and 
sunflower (Helianthus annuus L.) have reportedly shown high uptake and tolerance to heavy metals 
(Schmidt, 2003). 

Phytoremediation can be classified into different applications, such as (1) rhizofiltration; (2) 
phytoextraction; (3) phytovolatilization; (4) phytodegradation; and (5) phytostabilization. Aided 
phytostabilization is a biological method included in the Gentle Remediation Options (GRO), which, 
among others, are safer and least interfere with the natural environment (Gołda and Korzeniowska, 
2016.). This technique is based on the chemical stabilization of heavy metals using various non-organic 
and/or organic soil additives in connection with using the proper plant species (Radziemska et al., 
2017). , which will be adapted to specific conditions prevailing in the soil, such as low pH and high 
concentrations of heavy metals. Moreover, such plant species should not accumulate heavy metals in 
their aboveground parts, thus preventing their further passage to subsequent elements of the food chain, 
and should be characterized by a fast increase in biomass, ensuring good coverage of the area in a short 
period of time (Gil Loaza et al., 2016). An example of such plants are grasses from the fescue family 
of grasses, which are commonly used to create a vegetation cover in post-mining areas and slag heaps. 
Various species of grass, such as red fescue (Festuca rubra L.) are the most useful in the process of the 
aided phytostabilization of heavy metals in soils (Gil Loaza et al., 2016). Some literature reports 
(Radziemska et al., 2017); Golda and Kozeniowska 2016) show that F. rubra is a suitable species for 
the revegetation of metal-contaminated soils contaminated by industrial activities such as mining, 
energy, and fuel production. Furthermore, F. rubra has the ability to accumulate Cu, Pb, Mn, and Zn 
from contaminated soils (Wong et al., 1994; Padmavathiamma and Li 2009; Yin et al., 2014). 

 
The advantages of phytoremediation: 
(i)   It is more economically viable using the same tools and supplies as agriculture,  
(ii)  It is less disruptive to the environment and does not involve waiting for new plant communities to 

recolonize the site 
(iii) Disposal sites are not needed. 
(iv)  It is more likely to be accepted by the public, as it is more aesthetically pleasing then traditional 

methods. 
(v) It avoids excavation and transport of polluted media thus reducing the risk of spreading the 

contamination. 
(vi)  It has the potential to treat sites polluted with more than one type of pollutant. 
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The disadvantages are as follow 
(i)    It is dependent on the growing conditions required by the plant (i.e., climate, geology, altitude,   

and temperature). 
(ii)    Large-scale operations require access to agricultural equipment and knowledge.  
(iii)   Success is dependent on the tolerance of the plant to the pollutant.  
(iv)   Contaminants collected in senescing tissues may be released back into the environment in autumn. 
(v)   Contaminants may be collected in woody tissues used as fuel.  
(vi)  Time taken to remediate sites far exceeds that of other technologies. 
 (vii) Contaminant solubility may be increased leading to greater environmental damage and the 
possibility of leaching. 

Potentially useful phytoremediation technologies for remediation of heavy metal-contaminated 
soils include phytoextraction (phytoaccumulation), phytostabilization, and phytofiltration (Garbisu and 
Alkorta, 2001; Jones and  Jarvis, 1981). 

 
3.1.  Phytoextraction (Phytoaccumulation): 

Phytoextraction is the name given to the process where plant roots uptake metal contaminants 
from the soil and translocate them to their above soil tissues. A plant used for phytoremediation needs 
to be heavy-metal tolerant, grow rapidly with a high biomass yield per hectare, have high metal-
accumulating ability in the foliar parts, have a profuse root system, and a high bioaccumulation factor 
(Scragg,  2006 ; Jadia and Fulekar, 2008). 

In aquatic plants, (Pilon-Smits, 2005 ; Chirakkara and Reddy, 2015) examined three plant species 
for their ability to remove heavy metals from contaminated water: parrot feather (Myriophylhum 
aquaticum), creeping primrose (Ludwigina palustris), and water mint (Mentha aquatic). They found 
that all three plants species are able to remove Fe, Zn, Cu, and Hg from the contaminated water, with 
average removal efficiency 99.8%, 76.7%, 41.62%, and 33.9% of Hg, Fe, Cu, and Zn, respectively. 
They also found that growth of creeping primrose was significantly affected by heavy metal toxicity. 
The selectivity of heavy metals for the three plant species was the same (Hg>Fe>Cu>Zn).  

Phytoextraction efficiency depending upon heavy metal concentration in the contaminated soil 
and the target values sought for in the remediated soil. phytoextraction may involve repeated cropping 
of the plant until the metal concentration drops to acceptable levels . The ability of the plant to account 
for the decrease in soil metal concentrations as a function of metal uptake and biomass production plays 
an important role in achieving regulatory acceptance. Theoretically, metal removal can be accounted 
for by determining metal concentration in the plant, multiplied by the reduction in soil metal 
concentrations (Ghosh and Singh, 2005). In general, phytoextraction appears a very promising 
technology for the removal of metal pollutants from the environment and is at present approaching 
commercialization. A serious challenge for the commercialization of phytoextraction has been the 
disposal of contaminated plant biomass especially in the case of repeated cropping where large tonnages 
of biomass may be produced. 

 
3.2. Phytostabilization: 

       Phytostabilization, also referred to as in-place inactivation, is primarily concerned with the 
use of certain plants to immobilize soil sediment and sludge (USEPA, 2000). Contaminant are absorbed 
and accumulated by roots, adsorbed onto the roots systems, or can be precipitated in the rhizosphere 
zone. This reduces or even prevents the mobility of the contaminants preventing migration into the 
groundwater or air candy also reduces the bioavailability of the contaminant thus preventing spread 
through the food chain. Plants for use in phytostabilization should be able to  

(i)    Decrease the amount of water percolating through the soil matrix, which may result in the 
formation of a hazardous leachate, 
(ii)    Act as barrier to prevent direct contact with the contaminated soil, and  
(iii)    Prevent soil erosion and the distribution of the toxic metal to other areas (Chirakkara and 
Reddy, 2015). 

 
   3.3. Phytofiltration: 

Phytofiltration, the use of plants and their associated rhizospheric microorganisms to remove 
contaminants such as heavy metals from water streams; rather than the remediation of polluted soils is 
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a promising field offering a competitive and sustainable solution .Roots or seedlings of some plants 
absorb or adsorb pollutants, mainly heavy metals, from water and aqueous waste (GWRTAC, 1997; 
Garbisu and Alkorta, 2001). Rhizosphere is the soil area immediately surrounding the plant root surface, 
typically up to a few millimeters from the root surface. The contaminants are either absorbed by the 
plant roots or adsorbed onto the root surface.  Plants used for rhizofiltration are not planted directly in 
situ but are acclimated to the pollutant first. Plants are hydroponically grown in clean water rather than 
soil, until a large root system has developed. Once a large root system is in place, the water supply is 
substituted for a polluted water supply to acclimatize the plant. After the plants become acclimatized, 
they are planted in the polluted area where the roots uptake the polluted water and the contaminants 
along with it. As the roots become saturated, they are harvested and disposed of safely. Repeated 
treatments of the site can reduce pollution to suitable level (Scragg, 2006). 
 
Conclusion: 

Background knowledge of the sources, chemistry, and potential risks of toxic heavy metals in 
contaminated soils is necessary for the selection of appropriate remedial options. Remediation of soil 
contaminated by heavy metals is necessary in order to reduce the associated risks, make the land 
resource available for agricultural production, enhance food security, and scale down land tenure 
problems. Immobilization, soil washing, and phytoremediation are frequently listed among the best 
available technologies for cleaning up heavy metal contaminated soils but have been mostly 
demonstrated in developed countries. These technologies are recommended for field applicability and 
commercialization in the developing countries also where agriculture, urbanization, and 
industrialization are leaving a legacy of environmental degradation. 
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