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Abstract: Uneven weather patterns, rising sea levels and increase in global temperature are 

due to an increase in emissions harmful to the environment. This calls for technologies and 

strategies to be used as mitigation measures. To this, phytoremediation, with its different 

mechanisms, is one way in which we can reduce global emissions. It is a technology that uses 

different mechanisms for specific plants for the removal of specific pollutants. It is an efficient 

and environmental friendly process. Despite the limitations of its long development time, site 

specificity, and climate conditions dependent, this technology can be used to remove 

contaminants from soil, water and air. In addition, its efficiency can be further improved by 

certain aids or amendments such as natural, synthetic, microbial and genetically modified 

plants. This review aims to define the mechanisms and plants involved in phytoremediation 

while also describing the role of natural and synthetic amendments that can further improve 

the efficiency of phytoremediation.  
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Introduction  

Global warming due to increased emissions mainly carbon emissions are changing the climate 

around the world which is resulting in uneven weather patterns, rising sea levels, increase in 

temperature among others. While most of the developed countries are shifting towards 

renewable sources for their energy demand, others, mostly developing countries are finding it 

difficult to shift from non-renewable energy sources to renewable energy sources due to several 

reasons. Moreover, research is continuously carried out to find ways to reduce emissions such 

as afforestation, carbon capture storage technology, generating electricity from renewable 

sources such as wind, solar, geothermal besides hydropower. To this, an introduction of a new 

technology, Phytoremediation, which uses specific plants to remove pollutants from soil, water 
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and air is one which is economically viable and also environmental friendly. It uses different 

mechanisms such as: degradation which can be rhizo- or phyto-degradation; accumulation: 

phytoextraction, rhizofiltration; immobilization: includes phytostabilization and hydraulic 

control; and dissipation: that is, phytovoaltilization; which can degrade, accumulate, remove 

or immobilize the pollutants.(Pivetz, 2001) Furthermore, there are different plants that use 

different mechanisms to improve soil and water quality, different approaches can be employed, 

depending on the specific contaminants present. Their form and the medium in which the 

pollutants are residing. Ideal plants that are suitable for phytoremediation should have high 

biomass production, tolerance towards metals and other pollutants, capacity to absorb must be 

high, and are non-attractive towards herbivores (Adesodun et al., 2010, Sakaki et al., 2011, 

Shabani, 2012). However, in most of the cases plants used for phytoremediation may not 

perform well and would require aid to enhance phytoremediation process. Such amendments 

can be natural, synthetic, microbial and genetically modified plants.  

 

Table 1: Emission of carbon dioxide of energy sources  
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energy 

generation 
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Emissions of CO2 

(gCO2eq/kWh) 

Non-Renewable 

energy 

generation 

sources 

Emissions of CO2 

(gCO2eq/kWh) 

Ref. 

Hydro 201 102 Natural gas 6001 4302 (Cucchiella et al., 2017)1 

Wind 301 102 Oil 8201 7902 (Bakhtyar et al., 2017)2 

Solar 2001 402 Coal 11901 10502  

Geothermal 501 402     

Nuclear 801 702     
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Table 2: Heavy Metal pollution sources (Arora and Khosla, 2022) 
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 Figure 1: Release of heavy metals and their dominant exposure and possible uptake routes to humans 

Phytoremediation Mechanisms and plants selection 

Different plants can be used for different phytoremediation mechanisms for removing 

contaminants from water, soil and air. Moreover, plants interact with their surroundings plays 

an important role in eliminating pollutants (Dary et al., 2010). The improvement, thus, is 
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dependent on the contaminant type. Additionally, the plant type used for removal of the 

contaminant, and also the type of soil. According to (Wu et al., 2011), the potential of plants 

to use phytoremediation is evaluated using the Bio concentration Factor (BCF), the pollutant 

concentration ratio in various parts of a plant compared to the concentration in the medium, 

and Translocation factor (TF) is the ratio of a pollutant accumulation in a plant's shoot 

compared to the plant's root potential of accumulation.  

 

Figure 2: Techniques used by phytoremediation in phyllosphere and rhizosphere 

Phytoextraction 

It involves both, phyllosphere and rhizosphere as shown in Fig 1, of plants and extracts soil 

and transports contaminants to the parts of plants above the ground. Plants with high biomass 

production and those that can be easily harvested are selected. For instance, Rattle bush, Indian 

mustard, corn (Barlow et al., 2000),(Salido et al., 2003),(Huang et al., 2019) can be used to 

remove contaminants such as Lead (Pb) where chelating agent such as EDTA (ethylene 

diamine tetra-acetate) is applied to that plants soil which mobilizes lead and facilitates its 

extraction. Other plants that have high absorption capacity and lower intrinsic velocity such as 

lettuce, perennial rye grass (Hernández et al., 2019) can be used for contaminants such as nickel 

(Ni), Cobalt (Co), and Iron (Fe).  
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Phytostabilization/Phytoimmobilization  

Immobilization of contaminants is carried out in rhizosphere part of the plant reduces 

contaminants the migration. In this case, the lignin found in the cell walls of roots of plants 

acts like an absorbent, drying contaminants. It then transforms them into insoluble compounds, 

which get stored in the rhizosphere. The process reduces the harmful effects of the 

contaminants. 

For instance, Sunflower (Jadia and Fulekar, 2008) usually for low levels of contaminants such 

as Copper, zinc, lead, mercury, arsenic, cadmium, and nickel, can be used. Another plant, black 

nightshade (Li et al., 2019) with ten percent Biochar addition can be used for contaminants 

such as copper, zinc and cadmium.  

Rhizofiltration 

The plant roots have a potential to dry and filter out pollutants from water using the rhizosphere. 

This mechanism is commonly used from groundwater, wastewater, and for remediation of 

surface water. Here, plant that are selected has compulsion to have absorption of high surface 

area, high tolerance and root biomass towards contaminants. For instance, Carolina mosquito 

fern/ water velvet (Favas et al., 2012) can be used against arsenic contaminants. Sunflower and 

mustard can filter water contaminated with lead through precipitating in roots (i.e. lead and 

phosphate). (Dushenkov et al., 1995) 

Phytovolatilization  

In this mechanism, the diffused pollutants in the plant (phyllosphere part) are transformed into 

volatile compounds. The benefit of the mechanism is that the level of toxicity of pollutants 

could potentially be reduced before their release into the air.  Willow plant (Gordon et al., 

1998) which has huge biomass and the ability to use different phytoremediation mechanisms 

can be used for pollutants such as trichloroethylene (TCE) and tetrachloroethylene (PCE). 

These contaminants can also be removed using hybrid poplar tree(Gordon et al., 1998).  

 

Phytodegradation 

It is also called as phytotransformation as contaminants are transformed by plants and are 

incorporated into plant tissues in phyllosphere part of the plants. It degrades complex organic 

pollutants to simple and less harmful compounds. For instance, unicellular green algae 

(Headley et al., 2008)can be used against contaminant such as Pentachlorophenol (PCP). The 
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reduction dehalogenation of Dichlorodiphenyltrichloroethane (DDT) can be carried out by the 

use of aquatic plants (Garrison et al., 2000). 

Rhizodegradation  

It is also called as phytostimulation and in this mechanism degradation process of contaminants 

occur in rhizosphere part of the plant and the process is stimulated by rhizosphere 

microorganisms. For instance, using Bermuda grass (Matsodoum Nguemté et al., 2018) 

petroleum hydrocarbons in total had a degradation of 81 %. Mangrove (Lu et al., 2011) used 

against contaminants such as Phenathrene (Ph) and Pyrene (Py) showed dissipation of 47.7 % 

and 37.6 % respectively in rhizosphere. 

Role of Amendments 

While phytoremediation technology can remove contaminants, however, for improving this 

technology performance, certain aids or amendments such as natural, synthetic, microbes, and 

genetically modified plants can be carried out. The amendments in soil enhances the 

effectiveness of phytoremediation by improving the resistance capability of plants, their level 

of tolerance towards contaminants, and also enhancing translocation and accumulation of the 

contaminants. Here, natural and synthetic amendments are discussed.  

Natural Amendments 

These are naturally produced materials that are used to improve the overall efficiency of 

phytoremediation. Some of the natural amendments are discussed below 

Sugar beet residue (SBR) which is produced as a result of sugar extraction can enhance plant 

growth and phytoextraction process when treated with Aspergillus Niger, soil amendments 

contain a blend of phosphate and polysaccharides, which are specially designed to enhance the 

effectiveness of phytoremediation. (Azcón et al., 2009), (Medina et al., 2006). when SBR is 

incorporated into various plants (Azcón et al., 2009) (Medina et al., 2006) and sea fennel 

(Fernández et al., 2012) resulted in the enhancement of phytoextraction for different heavy 

metals such as Nickel, Zinc, Iron, Boron, Chromium, and Cadmium. 

Another natural amendment is composed of sludge from sewage, an industrial by product, 

which can be used for soil amendment, providing a useful resource for soil quality fertility and 

enhancement. Using the phytoextraction mechanism by sunflower and applying sewage sludge 

(Liphadzi and Kirkham, 2006) on Cadmium and Nickel increased their metal bioavailability. 
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In addition, applying paper waste (Doichinova and Velizarova, 2013) on seedlings of red oak 

and Austrian pine tree reduced the uptake of lead and cadmium. 

Moreover, Biochar is another soil amendment, which is made through the process of pyrolysis 

of crop and animal residue. Rich in carbon content and having high surface area as well as high 

cation exchange properties, Biochar is reported for reducing metal bioavailability as well as its 

phytotoxicity. For example, applying wood Biochar (Namgay et al., 2010) reduces content of 

arsenic, cadmium, concentration of copper in corn shoots and the concentration of lead in the 

soil lead content in the soil. In addition, the concentration of copper and lead were reduced in 

plant shoots by 46 % and 71 % when Biochar of bamboo and rice straw (Lu et al., 2014) were 

applied to Sedum Plubizincicola which increased its biomass content.  

Synthetic Amendments 

Another amendment used for improving efficiency of phytoremediation is synthetic or 

chemical amendment which facilitates the uptake of heavy metals and their translocation in 

plants. Among the several chemical amendments, Ethylene Diamine Tetra Acetic acid 

(EDTA), Ethyl Glycol Tetra Acetic acid (EGTA) and Sodium Dodecyl Sulfate (SDS) are 

chelating agents most used. And among them, EDTA has been considered as most effective 

chemical in phytoextraction process.  

The use of EDTA can be mostly seen in agriculture due to the role played by it in mobilization 

of heavy metals. For instance, corn grown under hydroponic conditions, the use of EDTA 

(Zhao et al., 2010)enhanced uptake of lead by six to seven times compared to that without 

EDTA.  Moreover, the application of EDTA increased an accumulation of lead in the root 

system of Sedum Alfredii (Sun et al., 2009) seedlings of broad bean (Shahid et al., 2014). 

Another widely used chelating agent, EGTA, is also found for its increased metal uptake and 

its accumulation. In a study, after applying EGTA on above ground parts of chickpea plants 

(Sakouhi et al., 2016) resulted in an increased accumulation of lead. Also, after the application 

of EGTA on Hollyhock (Liu et al., 2008)Marvel-of-Peru plant(Wang and Liu, 2014), there 

were higher concentration of cadmium found.  

SDS is mostly used for remediation of contamination in the soil. Heavy metals solubility such 

as copper, zinc, lead and cadmium can be increased by applying this surfactant. For instance, 

applying SDS on hollyhock plant (Liu et al., 2009) there was experienced an increase of 

cadmium accumulation in its roots and shoots. Also, cadmium accumulation was also promoted 

in shoots of pot marigold plant (Liu et al., 2010) after the surfactant was applied.  



 
 
 
 
Journal of Xi’an Shiyou University, Natural Science Edition                                                              ISSN: 1673-064X   

 

 
http://xisdxjxsu.asia                                   VOLUME 20 ISSUE 01 JANUARY 2024                                         888-901 

 
 

Analysis of Natural and Synthetic amendments 

For natural amendment such as by applying SBR, it had an increased phytoextraction 

efficiency. This was due to an increase in the microbial biomass in the rhizosphere part of the 

plant. In addition, microbes helped in reducing metals hence increasing the bioavailability of 

metals (Medina et al., 2006, Azcón et al., 2009). Moreover, Biochar, another natural 

amendment, can be beneficial in soil if accompanied by an increase of absorption sites, capacity 

to hold water, and cycling the nutrients. However, Biochar use can be harmful in that, it is 

made through the process of pyrolysis which can be harmful for the environment causing air 

pollution. (Mara dos Santos Barbosa et al., 2006) 

Meanwhile, chemical amendments do increase the efficiency of phytoremediation process. 

However, chelating agents are toxic to microbes present in soil (Mühlbachová, 2011) activities 

of enzymes, and plant species (Neugschwandtner et al., 2012). As chelating agents have poor 

biodegradability, they can remain in the soil for an indefinite amount of time that may lead to 

leaching of metals while also environment is adversely affected. (Lee et al., 2014, Smolińska 

et al., 2012). To this, if chemical amendments are to be used, they must be applied in an 

optimum level in order to limit their adverse effect on the environment. 

Conclusion 

Phytoremediation is a sustainable technology as it is cost-effective as well as environmental 

friendly for the remediation of pollutants in soil, water, and also air. The selection of plants for 

specific contaminants and the mechanisms through which contaminants can be removed by 

using specific plants are some of the defining characteristics of phytoremediation. While there 

are still some limitations for full-scale use of phytoremediation for prolong time, climate and 

plant growth dependent, and to overcome the design properly while also selecting proper 

species of plants. Another concern is low efficiency of phytoremediation. However, with aids 

or amendments such as natural and synthetic discussed above, can improve the mechanisms 

involved as well as help in plant growth. To conclude, for the changing climate due to global 

warming, it is time to use such technologies that can help in reduction of pollutants in soil, 

water and air, while also aiming for sustainable growth, because what is at stake is nothing less 

than the future of planet earth.   
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