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Abstract: Quick industrial development, current farming practices, and other anthropogenic 

events enhance an important number of poisonous heavy metals in the atmosphere, which 

persuades severe poisonous effect on all the forms of living beings, which change the 

properties. This type of heavy metal pollution has ecological dangers as well as affects human 

health. Heavy metal contamination is mutagenic, endocrine, carcinogenic, and teratogenic, 

which causes nervous health problems mostly in kids. Further, an appropriate method for the 

remediation of adulteration of water along with soil is phytoremediation. In addition, it has 

been progressively utilized. Phytoremediation helps to improve the contaminated soil and 

water by the extraction of contaminating heavy metals, which is called phytoextraction and 

their phytostabilisation. Phytoremediation is based on many processes, and it is very eco-

friendly, cost-effective, and economical. In this review, we aim to explain the detailed study of 

phytoremediation and current approaches. 
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1. Introduction 

Today the world is facing many issues, and one such issue is heavy metal pollution. 

The movement of heavy metals during removal from ores and succeeding development for 

various uses resulted in the discharge of such elements to the surrounding. The issue of 

effluence due to heavy metal deposition is getting dangerous due to accumulative industrial 

development as well as the messing up of regular biogeochemical cycles. In contrast to the 

carbon-based constituents, these metals are major non-biodegradable; thus, they gather into the 

environment. The build-up of these heavy metals in aquatic life and earth is a reason to threaten 

the environment and all living beings' human life and health. These components get collected 

and add up in the body soft tissue of organisms consuming it unknowingly (bioaccumulation). 
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The amount of these harmful elements rises as they go from minor trophic rank to upper trophic 

rank (this phenomenon is known as bio-magnification). On the earth's surface, these heavy 

metals result in toxicological disturbances to organisms residing in the soil layer that can reduce 

their living population and their functioning [1]. The fact that flora is used as environmental 

remediation is ancient cannot be sketched to any specific foundation; though, a row of 

interesting scientific encounters pooled to an interdisciplinary study approach that has 

permitted the expansion of this knowledge into encouraging ecological machinery, which is 

known as phytoremediation. It is, defined as the application of green flora put into separate out 

the contaminant, which causes the pollution to the ecosystem or condense them, harmless. As 

potential remediation, a resolution to thousands of polluted locations in the US as well as 

abroad. Aquatic life and the soil layer that is adulterated by metals remain a chief environmental 

and human health issue that needs to be impacted effectively, along with getting a reasonably 

priced technological solution. The nonradioactive Zn, Hg, Pb, Cu, As, and Cd plus radioactive 

Cs, Sr, and U (that are denoted here as toxic metals) are the supreme biologically significant 

metallic contaminants. Microbial bioremediation has been slightly an effective ingredient 

involved in the deprivation of certain organic toxins. Nevertheless, it is futile to account for the 

challenge of toxic metal contamination, predominantly on the earth's surface. Even though 

organic molecules could be tarnished, contaminated metals can alone be remediated by 

isolating them from the soil layer. The recent technology for the crackdown of harmful metal-

contaminated topsoil is the diggings and the burial of the soil at a lethal waste region at the cost 

of $1 000 000 per acre, which is an average. In the states alone, $300 billion is the minimum 

calculated charge for cleaning or eliminating the pollutants from the regions, which contain 

deadly and radioactive metals. The difficulty level is worse in acute abroad, specifically during 

the contamination at a larger scale covering a wider area with radionuclides, such as areas 

adjacent to the Chernobyl nuclear reactor. This technology of phytoremediation of metals is 

worthwhile and effective to its cost of investing. Thus, this method is also known as 'green' 

technology built on the application of metal-accumulating flora to isolate and extract out toxic 

metals, comprising radionuclides, from the soil as well as water. Phytoremediation has grown 

into a matter of passionate public along with being a scientific interest as well as it becomes a 

topic of several modern reviews [2-5]. While plants can deal with major damage by extreme 

interaction with heavy metals, they also depend on a wide range of transition (heavy) metals as 

crucial micronutrients for regular evolution as well as advancement. Surrounded by metals, 

even some encompass elements, which are vital for maximum redox reactions besides they are 

essential for regular cellular activities. Fe is a crucial factor of haem proteins like catalase, 

cytochromes, and Fe-S proteins (e.g., ferredoxin). A fundamental element of specific electron 

transmission proteins is Cu in photosynthesis (e.g., plastocyanin) and respiration (e.g., 

cytochrome c oxidase) processes, whereas Mn has lower redox activity yet plays a major role 

in photosynthesis (e.g., O 2 evolution). In various proteins and enzymes, Zn is non-redox active 

but has a vibrant structural plus catalytic role. Ni is a component of urease and the minute 

amount of Ni, which are crucial for certain floral species [6]. On a decrease in the concentration 

of these metals, a variety of deficiency symptoms appear as well the growth is reduced. In 

addition, if present in a larger amount, the transition metals disrupt cell function, alter normal 

metabolic processes to produce cell damage, and may even lead to death. Many molecules are 

targeted at cells whose structure/function is restricted, modified, or enhanced by mutation 

molecules [7] lists three measures that yield plant toxins with transition (heavy) metals. These 

are replacing important substances in biomolecules. To inhibit the vital biological functions of 
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molecules. Transformation of enzymes/proteins, plasma membranes, and/or transport 

structure/membranes. Enzymes and proteins contain many mercapto ligapto that can bind to 

physically chelate metals, thus causing these proteins to lose their active properties. Heavy 

metals moreover produce oxidative stress that is arbitrated by the production of free radicals 

[8]. Some heavy metals directly affect chemical plus physical methods by constraining 

photosynthesis and respiration, resulting in minimized growth [9]. Thus, extreme accumulation 

of such heavy metals in plants can cause toxicity by altering important protein composition or 

restoring vital elements indicated by chlorosis, impaired growth, root rot, and impaired image 

systems, among other effects [10,11]. Heavy metals are considered one of the fatal inorganic 

pollutants from large parts of anthropogenic activities [12]. Manufacturing units are the main 

foundations of environmental deprivation as it releases numerous verities of contaminants, for 

example, heavy metals [e.g., Zinc (Zn),  chromium (Cr), cadmium (Cd), arsenic (As), etc.] also 

the toxic organics [13-15]. These heavy metals cannot decay naturally (due to their nature) and 

are durable in soil and water. The quality of agricultural crops and groundwater will also 

deteriorate as a result of their transfer from contaminated soil, as reported by other researchers 

[16-19]. Globally, the aquatic environment is in dire straits due to a combination of various 

toxic substances, including hydrocarbons, pesticides, antibiotics, cosmetics, and toxic heavy 

metals [20,21,22]. High concentration of heavy metals, fluoride, nitrate, etc. It has been found 

above permissible groundwater levels in many parts of the world, including India [23,24]. 

According to reports from the World Health Organization (WHO) as well as the United Nations 

Children's Fund (UNICEF), except in developing countries, around 2.2 million people dying 

yearly because of prolonging consumption of poor-quality water for drinking along with such 

degraded sanitation [25]. The absorption of heavy metals by plants badly disturbs the evolution 

as well as the rise in the amount of iron in the soil distresses the crop yields plus symbiosis. It 

dislocates the membranes that act as genotoxic elements and disperse cell organelles [26, 27]. 

The preparation of heavy metals is challenging in the soil as heavy metals cannot be 

biologically destructive also can not be destroyed naturally but can only be converted from one 

form of oxidation to another along with removal from one organic compound to reduced or 

less toxic. Physical, biological, and chemical processes are applied for lessening and 

eliminating harmful contaminants from polluted areas, and among these, these biological 

processes are apt to date. Organic deprivation is simple, worthy of its cost as well as harmless 

compared to other physicochemical approaches plus the machinery [26,28]. Hg, Ni, Cr, Pb, 

Cd, and As, known to be heavy metals, devour high stability as well as can lessen 

biodegradability [29,30]. As a result of their frequent dumping in water and land, human health 

has become increasingly vulnerable to many serious diseases [31,32]. Options for diagnosing 

and correcting any problems are at the heart of the research. Therefore, in the present paper, 

many of the most widely used and advanced options for determining heavy metals in water and 

soil environment have been reviewed in detail. Other remedial measures are also included in 

reducing the toxicity of heavy metals in water and soil. The term ''phytoremediation'' is a 

combination of Greek "phyto" (meaning plant) and Latin "remedium" (meaning to correct or 

remove evil). Green plants have a great ability to pick up pollutants and carry out their functions 

in various ways. Phytoremediation technology is the latest technology to come up with the 

most extensive research studies in the last two decades (1990 onwards). The concept of 

phytoremediation (such as phytoextraction) [33]. The knowledge is fun and has a good 

reception in the community. It is appropriate to apply to very large sites where alternative 

remedies are less expensive or more efficient [34]. Phytoremediation has lower installation and 
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repair costs compared to other repair options [35]. In terms of cost, phytoremediation can cost 

less than 5% of other cleaning methods [36]. The formation of grass in contaminated soil also 

helps prevent erosion and leakage of iron [37]. From an economic point of view, the goal of 

environmental degradation can be tripled: phytostabilization; phytoextraction of metals at a 

market value such as Ni, Tl, and Au;  long-term land management where phytoextract 

extraction gradually improves soil quality for subsequent cultivation of crops with high market 

value [38]. Using phytoremediation has a number of advantages. 

1.1. Economically possible. 

Phytoremediation is an autotrophic system driven via solar energy, consequently, easy 

to handle. Also, the cost of setting up plus the cost of maintenance is less too. 

1.2. Environment as well eco-friendly. 

This may result in decreased disclosure of the contaminants to the environment as well 

as the ecosystem. 

1.3. Applicability. 

It may be useful to a wide-area field plus can effortlessly be disposed of. It stops and 

avoids soil erosion and metal leaching by stabilizing heavy metals, decreasing the threat of 

contaminant pollution. It also develops soil richness through discharging numerous organic 

matters, which increases soil fertility. All through the past years, much research has been 

directed to recognize the molecular mechanisms underlying heavy metal tolerance and bring 

advancement in tools and techniques to expand phytoremediation competence. In the present 

review, the mechanisms of how heavy metals are consumed as well as translocated in flora are 

explained. Also, the purification policies (avoidance and tolerance) inculcated in plants in reply 

to heavy metals have been discussed. The main agenda is to overlook the current improvements 

of advancing phytoremediation techniques, involving the schemes of enhancing the heavy 

metal biological readiness, concentration, and tolerance [39,40,41]. 

 
Figure 1. Various mechanisms in phytoremediation. 

2. Heavy Metals Contamination and Toxicity 

2.1. Aquatic ecosystem 

The concentration of harmful (heavy) metals at different ecological compartments 

remains a giant risk to various biotic communities, the surrounding, and the biological 
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concentration of such harmful elements at succeeding trophic strata via biomagnification. This 

has increased the gravity of the problem [42]. Compared with the organic contaminants, the 

mainstream metals/metalloids have not undergone any chemical or microbial disintegration or 

ruin, leading to a ceaseless upsurge in the quantity of such lethal metals, resulting in prolonged 

soil toxicity [43]. The constant enhancement of such lethal elements in aquatic as well as soil 

ecosystems is the major global distress [44,45]. Thus the pursuit of innovative technological 

improvement has contributed to the brutality of this adulteration that threatens the existing 

biotic communities' survival [46,47]. The consequence degraded water quality plus water 

borne-human health risks even at lower doses of heavy metals [48,49,50]. Heavy metals, for 

example, cadmium, lead, chromium, mercury, aluminum, copper as contaminants in water, are 

devised by anthropogenic triggers, plus natural occurrences such as forest fires, volcanoes, and 

seepage from rocks. In a period, the heavy metals enter the food-chain ecological concept via 

water resources. These chronic effects could be revealed in some years. Also, it may employ 

numerous intimidations, for example, different types and degrees of cancer, pain in joints, 

mental disorders, and gastric disorders. The living population residing beside and around 

industrial areas is exposed to heavy metals. Moreover, malnutrition children and pregnant 

women are at high risk of getting affected by this harmful heavy metal and its toxic reactive 

function. The freshwater sources are widely concentrated by pathogens deposited by crude or 

lack of treated wastewater plus the heavy metals by-products released from mining sites as well 

as industrial waste [51]. The serve reports show that greater than 80% of the global wastewater 

is deposited in the surrounding environment deprived of proper management. This is the chief 

reason for nearly 58% of diarrheal disease (a major cause of child mortality) [52]. Therefore, 

the coming future will lessen this world's risk of bad water quality through proper remediation 

measures. Also, the practices are also essential for treating the water to enhance its quality. In 

that context, fungal phytoremediation functions as a pocket-friendly, environment-friendly and 

dependable technique. In a river contaminated using base-metal mining, cadmium was the 

prominent relocating element and possibly bioavailable metal and was principally hunted by 

non-detrital carbonate minerals; organic matter also the iron-manganese oxide minerals [53]. 

Even though mercury is the most regularly dealt with element, as they exist in the environment, 

human interference and continuous activity have resulted in a significant rise of mercury 

discharge into the atmosphere, aquatic environment, and the troposphere [54]. [55] 

Recommended that the most vital anthropogenic bases of mercury contamination in the aquatic 

resource are urban discharges, atmospheric deposition, mining, agricultural material runoff, 

discharges, and industrial fossil fuel use, pharmaceutical production, and burning of coal [55]. 

The aquatic ecosystem is a cost-effective and resourceful cleanup method for phytoremediation 

of a wide area of contaminated zones. Aquatic plants are known as natural absorbers because 

they absorb pollutants as well as heavy metals [56]. Elimination of various heavy metals and 

various other impurities by using aquatic plants is the greatest skilled plus profitable process 

[57,58]. Fabricated wetlands and aquatic plants were expansively useful worldwide for the 

management of untreated water [59,60]. The assortment of underwater species for heavy metal 

build-up is the key process for enhancing phytoremediation [61,62]. Elimination of harmful 

contaminants is the utmost significant step to reduce the risk to all living beings, especially the 

human population, as they would be the ultimate consumer and the surrounding location. The 

various techniques used for such isolation method, for example, reverse osmosis [63], ion 

exchange [64], chemical precipitation [65], adsorption and solvent extraction [66], include 

massive operational as well as the maintenance costs also they are usually not an eco-friendly 
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[65–68]. These conservative procedures for the remediation of heavy metals are normally 

expensive as well as time taking one too. These treatment methods need a good amount of cost 

investment and produce an issue of sludge discard [69]. For the remediation of wastewater 

polluted with heavy metals contaminants, environmentally friendly as well as inexpensive 

management technology is ensured [70,71]. The latest research demonstrates eco-friendly 

measures for phytoremediation for the elimination of harmful contaminants for a longer period. 

Still, this review article condenses the potential application of underwater flora in 

phytoremediation to manage untreated/poor quality water[72]. 

2.2. Soil ecosystem 

The rate of faster improvement of the industrial sector has raised the heavy metal 

contamination problem, like a hike in manufacturing purposes for other metals. Heavy metals 

like cadmium, lead, arsenic, chromium, copper, and zinc are largely applied through industries, 

agriculture; these metals are extremely deadly at a fewer amount. Such metals naturally occur 

in the environment, but adulteration occurs when the amount of such metals is greater in the 

land region because of continuous mining as well as smelting events [73]. The soil (endophytic 

and rhizobium) microorganisms present a vital part in the improvement of phytostabilization. 

The favorable bacteria helps phytoremediation technology by enhancing the accumulating rate 

and arresting heavy metal movement [74]. 

 
Figure 2. Cause of heavy metal pollution along with its cycle in the environment. 

Earlier, when there was no improved technology usage to bring out soil remediation, 

the heavy metal–polluted patches of soil were controlled by onsite administration or mining or 

disposing of a landfill area. On the other hand, this procedure has not fully ceased this heavy 

metal issue. Instead, they have alone removed heavy metal–polluted soil after the contaminated 

site to landfill. With the advancement in remediation methods and technologies, various 

physical and chemical methods are considered to encompass such issues. Still, these methods 

are expensive; also, their application is difficult and complicated [75, 76]. There are chances 

and possibilities that this method causes disturbance to the native surrounding. Furthermore, 

the chemical methods can generate secondary contamination issues that a greater capacity of 

sludge will be produced as well as upsurge the expense of sludge treatment [77]. However, 

numerous heavy metals captivated by the flora get transferred to a volatile form also 

consequently discharged to the surrounding through the procedure known as 

phytovolatilization. Some volatile heavy metals such as Hg and Se are isolated from this 
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process from contaminated soils patches [78]. Under the ground, the heavy metals are 

consumed and absorbed by the plants via the cortical tissues present in roots because of their 

correspondence to some necessary micronutrients (such as zinc) as well as implemented to 

reach the xylem transport system for symplastic and/or apoplastic pathway [79]. Heavy metals 

become the major reason for limited plant growth or reduction in their height because of 

declining photosynthesis rates as well as chlorophyll amount [80]. In plants, metals can be a 

reason for water tension due to diminishing stomatal conductance, rate of transpiration, plus 

comparative leaf amount of water because of reduction in magnitude as well as the number of 

xylem vessels, cell enlargement, and chloroplasts [81]. 

 
Figure 3. Mechanisms involved in phytoremediation of heavy metals/ metalloids in soils. 

3. Phytoremediation: Applications and challenges 

Assessment of numerous field-scale usage displays that phytoremediation is on an 

average 50% less costly compared to digging the sites, thus making it cheaper than 

bioremediation [82, 83], in agreement with additional data [84]. Few outdated remediation 

procedures usually have disadvantages, for example, producing atmospheric releases, a greater 

quantity of extra wastes, which involve dumping along with not appropriate for the healthy 

management of soil that is to be recycled and used for agronomic usage or other corresponding 

purposes of plant/biomass manufacture [85]. Many have claimed that the marketable 

accomplishment of phytoremediation relies on the production of suitable biomass in polluted 

soil regions rather than as an uncontaminated remediation procedure that cannot associate 

favorably with the expense of alternative technologies [86,87]. Valuable biomass comprises 

feedstock for pyrolysis, bioenergy, timber biofortified products (enriched in Fe, Zn, or Se) for 

dietary supplements, or ecologically significant species. The major risk related to the 

application of biomass to get energy is the matter of effluence transmission along with heavy 

metal residue amount in the biomass. Pollutants present in the crop yield may be the origin of 

complications at higher stages of biofuel generation and the result on whether crop absorption 
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should be encouraged. There should be hazard management of agricultural products. Also, the 

copies can be prepared that inhibit the uptake of harmful impurities by means of excluders as 

a substitute for hyperaccumulators [88]. Still, there is very little study and awareness about the 

release, which may be produced for the application of plants as well as the use of wood products 

for bioenergy. There is a necessity of wider research and study on the acceptance of several 

crops, burning rests, and emissions, content in biofuel below various situations along with 

diverse technological procedures to be confident that the output of phytoremediation should be 

used for bioenergy with negligible ecological effects. The attained information thereafter be 

connected to regulations plus the standard values, bearing in mind the arrangement of by-

products as well as the remaining products, for example, ash, digestate, and probable 

exploitation of environmentally safe management [88].  

3.1. Eco-friendly/green technique for metal removal. 

Phytoremediation is regarded as environmentally acceptable, non-invasive, plus worthy 

of its expense in technology to purify the contaminated soils by harmful metal accumulation. 

Plants implement various procedures to develop soil contaminated by metal despite its contrary 

effects on its progression. They eliminate the heavy metals in all the metabolically functional 

junctions or zones through controlled absorption of metals transfer from root to shoot [89]. 

Phytoremediation strategies for the decontamination of soils have long been considered more 

environmentally friendly, less costly, and necessitating lower maintenance than engineering-

based technologies. They can also be applied to large areas. Phytoremediation of Hg-

contaminated sites has been aimed at either extracting, stabilizing, or volatilizing the metal. 

However, several problems need to be overcome for the phytoremediation of Hg-contaminated 

soils to become a reliable solution. An important impediment is the high mobility of Hg 

between the environmental compartments due to its ease of speciation. 

Ionic Hg from the soil is frequently reduced to Hg0, especially by microorganisms, and 

then emitted into the air [90]. To afford acceptable to the environment, the necessity of 

ecologically safe and healthy economy as well as organic agriculture to lift human capability 

towards an integral, active plus a healthy surrounding. The threat of pollutions is extremely 

elevated level, hence the application of microbes [91] and plants [92,93,94] to purify the 

polluted areas provides an admirable solution. Both the use of appropriate photosynthetic 

bacteria as well as plants can remove the contaminants, for example, dyes, pesticides, heavy 

metals, crude oil, etc. [91,93]. This method of phytoremediation has become the most valuable 

method, sustainable techniques for removal along with effective of its expense, sequestration, 

and/or detoxification of contaminants, for example, metals and metalloids (Cu, Hg, Cd, As, Pb, 

Zn, Se, and Co) from the ground and aquatic surroundings. Additionally, this plant-based 

technique encompasses both transgenic plants as well as conventional plant species. The first 

one is that transgenic plants have grown very popular among scientists due to their exclusive 

ability to remediate contaminated environs where the failure of conventional plants is evident. 

The advantages of green technologies, particularly phytoremediation, imitate plants' genetic 

capability to exclude contaminants from ground soil. The exceptional assets of 

hyperaccumulator plants show through a collection of innate or foreign/introduced genes [95]. 

Phytoremediation has gained consideration by the current explode of saving the vulnerable and 

exhausting environment, as an environmentally acceptable approach, which uses the regular 

capacities of plants-remediate contaminated environment. Phytoremediation denotes the 

application of green plants in reducing the harmful effects of probable pollutants present in the 
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surroundings. Plants are inimitable creatures, which encompasses exceptional metabolic as 

well as immersion abilities and conveyance systems that can absorb nutrients plus pollutants 

specifically from the resources surrounding them. This technique is used for remediation of 

heavy metals from the ground and found to be financially affordable, also effective in 

comparison to the engineering methods such as soil incineration, soil washing, flushing, 

solidification, etc. [96,97,98]. 

 
Figure 4. Phytoremediation as a green technology. 

3.2. Mechanism of phytoremediation for heavy metals.  

We necessitate increasing our understanding of the procedure included in mobilization 

as well as the transfer of such heavy metals to contaminated soils [99]. Heavy metal stress has 

an important impact on plants. That's why the plants have to avoid it through some mechanisms 

such as metal ion adsorbed at the root surface, root cells transversely membrane metals ions 

help to move into the root cells, in the vacuole, metal ions are immobilized in small proportions, 

movement of the metal intracellularly through the vascular tissue of root. The accumulation of 

metallic ions through the root-to-shoot transfer and also from leave tissue.  

Mobilization and arrest of heavy metals is an important role of rhizobacteria which 

provide tolerance to it. Soil contamination is a significant plus a stern environmental problem 

and causes a negative effect on agriculture and human health [100,101]. The process, which 

involves the removal of lethal metals by vegetal roots or seedlings, cannot be alike for various 

metals. Let us take the case of Pb; two main concepts included are exchangeable sorption and 

precipitation. Examination of B. juncea roots bare to Pb displayed the development of 

precipitates in the cell wall, which included considerable amounts of Pb carbonates [102]. On 

the pathway of metal intake as well as transference, the phytoremediation method is 

categorized as phytovolatilization (conversion of certain heavy metals into gaseous forms and 
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vaporize into the atmosphere through leaves), phytoextraction (uptake of metals from the 

environment into the plant biomass), phytofiltration (adsorb and/or absorb the metal pollutants 

from the aqueous environment through plant parts) and phytostabilization (reducing the 

mobilization of the metal by plant activities) [103]. 

3.3. Heavy metals consumption, translocation, and tolerance.  

The roots of plants take heavy metals; these metals are present in soil solution. Plants 

take heavy metals from soil solution into their roots. Following the arrival of heavy metal ions 

in the root, they are either stored or translocated to the shoots mostly by the help of xylem 

vessels, thus occupying the vacuoles. Vacuoles have low metabolic activities and are known to 

be cellular organelles. Heavy metal sequestration present in the vacuole is either the means to 

exclude the extra metal ions present in the cytosol, along with some of them decreasing their 

relations with cellular metabolic processes. Compartmentalization of complexed metals in 

vacuoles is part of the tolerance mechanism in metal hyperaccumulators [104-110]. The 

vacuoles are regulated and controlled by molecules variety throughout the translocation of 

heavy metal in the ground solution. Some molecules are formed during heavy metal cross 

membranes transfer, and others are included for forming metal complexes. Heavy metal ions 

uptake depends upon channel proteins, also called special transporters present in the root 

plasma membrane [111,112]. 

 
Figure 5. Mechanism of heavy metals uptake through phytoremediation.  

Heavy metal tolerance is the major precondition for the positive operation of 

phytoremediation. Plants are equipped with multiple means of HM detoxification and 

tolerance. They are equally unique as well as added to variable degrees of detoxification of 

separate HMs. By these, plants attempt to retain the cellular amounts of HMs under the 

deadliness threshold stages [113,114]. On the other side, tolerance refers to the ability to cope 

with the concentrated metal ions by means of diverse procedures. The procedures rely on the 

https://doi.org/10.33263/BRIAC124.54865509
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC124.54865509  

 https://biointerfaceresearch.com/ 5496 

metal included as well as its quantity in soil, developmental stage, plant species, and organs 

[115]. Apoplastic and symplastic are the two major pathways by which plants consume metal 

ions via roots. The apoplastic flow in the metal ions is conceivable only as non-cationic metal 

chelates, as cell walls have relatively great exchange capacity for cations [116]. 

3.4. Choosing the conditions of plant species for phytoremediation. 

Choosing an appropriate plant species relies on numerous features like the capacity to 

deal with the respective pollutants, attain remedial properties, and flexibility to other site-

specific features [117,118]. The utmost favored floral traits comprise of the degree of suitability 

to native climates changes, penetration of respective plant root into the soil, capability of the 

floral type to flourish in the corresponding soil type, the recognition skill of plant to exclude 

the impurities to a reduced lethal form, faster progression rate, effortlessness in implanting plus 

the reduced maintenance cost and the consumption of a greater amount of water through 

evapotranspiration [119]. The plant species chosen for habituating at the brownfield locations 

have few maintenance necessities that comprise the occurrence that the plant should be mowed; 

the need for fertilizer, monitoring programs, harvesting, pruning, and replanting [120]. 

In choosing a suitable plant species for these early trials, the primary factor was plants 

of precise concern to the United States Air Force. These involved the four tree species above, 

tarragon and pickleweed. Two additional tree species, sycamore (Platanus occidentalis) and 

hackberry (Celtis laevigata), also were of interest to the Air Force for inclusion in these initial 

experiments. Unluckily, commercially grown seedlings of these varieties were not available at 

the time of the experiment, and it is reported that these varieties do not easily deviate from the 

specimens. Seedlings of sycamore, sweetgum, and perhaps even hackberry can be obtained 

from the Texas Forest Service for about $ 20/100, but may require an application a year in 

advance for seed collection [121]. The high phytoremediation of iron pollutants from the soil 

requires a variety of plants with high biomass, which grow faster as well as concentrate the 

metals. The extraction of iron from the tissues of deciduous plants should be much higher than 

the soil to ensure that the quantity of plant pollutants formed by phytoremediation is less than 

the initial quantity of polluted soil [122]. 

3.5. Metal hyperaccumulators and wetland plants for metal removal  

Approximately few species have the excessive capacity to gather metals in their 

biomass. Thus they are denoted as "hyperaccumulators". On the other hand, [123] it is found 

that a large amount of shoot biomass can overcome lower shoot concentration. Also, the plant 

species appropriate for phytoremediation cannot be restricted to hyperaccumulators. Plants are 

capable of accumulating heavy metals in aboveground plant parts at concentrations as high as 

those found in the polluted soil [124]. They come under the broader category of accumulators, 

which are viewed as special hyperaccumulators. Hyperaccumulators are considered high 

tolerant against the heavy metal that accumulates in the shoot parts of plants [125]. 

Scientifically the standard for hyperaccumulators is not well defined. It is used for the 

phytoremediation of toxic heavy metals and also for the phytomining processes like Pd and 

Au. The metal accumulation inside the nooks of tissue is grown to produce biomass, which is 

the amount extracted from hyperaccumulator. Some plants have the natural ability to extract 

heavy metals from contaminated soils and act as hyperaccumulation [125-128]. 
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Figure 6. Features to have a plant before getting a hyperaccumulator. 

The plant hyperaccumulator can be differentiated from the non-hyperaccumulator by 

its ability to absorb and gather high concentrations (50-100 times more than non-accumulators) 

HM ions in its surface tissues without serious impairment to the development of plant plus the 

significant physiological procedures [129,130]. Hyperaccumulator plants have a different 

ability to transfer (having translocation factor> 1) high concentrations of toxic iron ions from 

the roots to shoot the tissue and give them harmless by separating them from the cytoplasm 

[130]. 

3.6. Challenges and phytoremediation limits.  

Even though phytoremediation is a favorable method of soil preparation to deal with 

heavy metal pollutants, it also suffers to some extent [131]. Longer required cleaning time. The 

phytoremediation efficacy of many metal hyperaccumulators is frequently restricted due to 

their reduced growth rate and little biomass. A key task relating to the use of biomass for 

bioenergy in terms of pollution removal and heavy metal content in biomass has been 

completed. It applies to areas with little to reasonable levels of metal pollutants as plant 

development is not supported in highly polluted soils. There is a threat to contamination of the 

food chain if it is not handled properly and without adequate care [131]. Phytoremediation of 

diverse kinds of pollutants involves various traits of common plants to function properly. 

Cautious selection of plant as well as its varieties is important, initially, to guarantee that the 

plant is adapted to the climate and soil at the appropriate area, secondarily, to activate the 

phytoremediation of impurities near the surface. Plants that are long-term competitors and 

survivors under adverse changing conditions often have a chance. Depending on the weather 

and soil conditions, the plant may need to withstand or tolerate heat, cold, stress, pests, disease, 

chemicals, and drought to enhance its endurance rate. The category, quantity, and function of 

exudates plus enzymes created by plant roots will be different among various species even 

under lesser or more varieties of the same species. A test of 148 phytotoxicity and performance 

of cultivars/varieties may be required on a specific local basis as a first step in plant selection 

[132,133]. 

The concentration of other plants may be impaired and unproductive because of pest 

infestations as well as disease in tropical and subtropical climates. It is difficult to integrate a 

tightly bound fraction of metal ions from the soil, e.g., the limited presence of soil impurities. 
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One should elude the introduction of offensive plant species such as hyperaccumulators that 

can affect the diversity of native flowers. Agronomic practices and soil amendments can have 

a negative impact on pollution flow. Continuous phytoremediation is highly dependent on 

weather conditions and climate. Phytoremediation is an effective method for areas with little 

to reasonable levels of metal contamination because of the unsustainable development of the 

plant is largely polluted soil. Collected metals are transmissible in a food chain in the event of 

biomass abuse [134]. A key task relating to the use of biomass for bioenergy in terms of 

pollution removal and heavy metal content in biomass has been completed. Plant contamination 

can cause problems in the later stages of biofuel production, and the decision on whether plant 

extraction should be encouraged or not should be made from time to time. There should be risk 

management of plants or plant selection, and clones can be used to prevent contamination by 

using non-substitute hyperaccumulators [135]. There is an absence of information about the 

extraction that can be produced from the use of plants and timber bioenergy materials. More 

research is needed on biodiversity, fire retardation, and extraction of biofuels under various 

conditions and technological processes to ensure that the final products of phytoremediation 

can be used for biological production with minimal environmental impacts. The information 

obtained thereafter must be consistent with regulatory and regulatory values, as well as the 

classification of processed and residual products such as ash and digestion and the possible use 

or management of natural noise. Another significant task is the recent law, along with land 

reform, is based on a complete focus on soil pollution and not on land use or risk management, 

which could be a hindrance to us. 

4. Genetically Engineered Plants as Metal Hyperaccumulators 

Genetically modified plants [137,138] can be enhanced through the phytoremediation 

process. Biomass generation and mineral mining can be enhanced by converting genes into 

hyper-accumulator plants [138]. Though, the safety and monitoring issues restrict the 

application of such plants for commercial purposes [140]. Numerous genes are included in 

metal isolation, logistics plus material transfer, and the transfer of any of these genes to plants 

that can be registered as a possible plant engineering strategy for features to improve 

phytoremediation features. Reliant on the plans, transgenic plants can be advanced to achieve 

higher metal concentrations in harvested parts. Genetic transfer or exposure to genes will result 

in improved iron intake, transfer, replacement, or intracellular directing. Genetic engineering 

for the synthesis of metal chelators will improve the plant's ability to acquire iron [141, 142, 

143]. The engineering approach has successfully helped to amend the natural functions of 

plants by modifying primary and secondary metabolism and adding new phenotypic and 

genotypic traits to plants to understand and improve their phytoremediation properties [144]. 

Numerous reports have supported the proliferation of valuable natural products with higher 

manifestations of biosynthetic genes with a strong promoter and signal sequence appropriate 

to control the formation of cell-cell space [145]. The use of tissue culture to select genes with 

enhanced biodegradative (natural) or improved genetic engineering, and to regenerate new 

plant species based on these selected cells of heavy metal in plant populations, provided a 

chance to examine the initial levels in plant diversity under the pressure of selection and 

selection of plant phytoremediation as shown in Fig. 7 [146, 147]. 
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Figure 7. Genetic engineering in phytoremediation.  

The existence of heavy metal hyperaccumulator plants has been known for a long, but 

the idea of cultivating plants to extract soil pollutants (natural phytoextraction) is relatively 

recent [148]. This technique has numerous limitations that prevent it from decontaminating 

soils in a short time. However, investigations up until today have had promising results [149] 

while achieving financial gain. Phytoextraction can be used to a restricted amount of substances 

liable on the presence of hyperaccumulator plants with appropriate properties. 

5. Nano-phytoremediation: Nanomaterials for phytoremediation 

Nano-phytoremediation includes together nanotechnology as well as phytoremediation 

to purify the surrounding. Nanomaterials have a large application currently in the departments 

of painting, cosmetics, textiles, medicines, etc. Nanotechnology enhances phytoremediation 

competence, plus the nanoparticles are applied for remediation of soils and water polluted with 

heavy metal, organic, and inorganic pollutants. Current research and studies have explained the 

reports of organic toxins, for example, molinate, nano-sized zero-valent irons can ruin 

chlorpyrifos and atrazine. Nanoparticles in enzyme-based bioremediation can be applied in a 

blend with phytoremediation [150]. Numerous nanomaterials have been established for natural 

resource application. Nanomaterials are advantageous for the remediation procedure as it has 

a large surface area. Therefore these materials are highly active than their wholesale form; also, 

they have the ability to penetrate the polluted areas [151,152] easily. 

5.1. Selection of plants and nanoparticles for nano-phytoremediation. 

Nanoparticles suitable for phytoremediation should have the following characteristics: 

Nanoparticles must be harmless to the plant. Seedling growth, root expansion, crop height, and 

biomass are all examples of growth. Plants produce a significant amount of phytoenzymes. 

Having the potential to create plant growth hormones, The ability to bind pollutants and 

improve the availability of plants Process of phytoremediation has been improved. The 

potential use of a combination of nano- and phytoremediation (phyto-nano-treatment) can be 

used effectively to repair contaminated soils. Nano-phytoremediation (nanoparticle- and plant-

based technologies) uses naturally occurring or genetically modified plants assisted by 

nanomaterials/nanoparticles to clean up contaminated areas. The use of selected nanoparticles 

has led to significantly improved plant growth, and nano-augmentation has increased the 
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phytoremediation potential leading to greater removal of contaminants from the soil 

environment. Many nanoparticles have been identified as the catalyst for plant growth because 

they promote plant growth hormones and better absorb pollutants by plant species. Various 

plant species have been found to increase growth from neglected treatment processes. Several 

studies have also confirmed the positive effects of iron and metal oxide nanoparticles on high 

plant growth. In addition to the benefits of nanocarbon, the biggest challenge to its use in soil 

preparation is its potential toxicity to plant and bacterial soils [153]. Nano-phytoremediation 

strategy generally employs the natural plant species aided with nanoparticles for remediation 

of polluted environments. The incorporation of NMs in the process of phytoremediation 

technique encompasses a significant footstep in the advancement of ground soil remediation. 

Numerous studies have confirmed that different NMs extensively remediate the environment's 

organic, inorganic, and heavy metal contaminants. The implication of certain NMs has led to 

enhanced development of plants and enlarged the phytoremediation process of contaminants 

from the environment. Many nanoparticles promoted plant development because of their 

capability in increasing plant growth hormones and healthier intake of pollutants via the species 

[154]. There are numerous reports present in the literature that showed the utility of plants for 

the elimination of diverse contaminants at polluted locations [155-160]. 

5.2. Heavy metal nano-phytoremediation: application and implications 

Nanoremediation uses of nanomaterials in environmental remediation is a lucrative and 

emerging concept which ecologically acceptable. Nanoparticles (NPs) are highly effective for 

environmental remediation. Application of NPs in remediating polluted environment is an in 

effective technique when related to the application of old-style alterations because of minor 

size, large precise exterior, and the reactivity of NPs. The application of nanoparticles in the 

panorama of environmental remediation of contaminated soil and water has gained huge 

consideration in the recent era. The use of a reasonable and environmentally safe amendment 

for contamination cleanup has gotten a lot of attention and care, at least at first, because of its 

likely positive activity and reduced hazardous behavior. Nanoparticles have the potential to 

boost up remediation process in terms of nanofertilizers, as well as other nonmaterial-based 

formulations. The response of the NPs in the environment can be extremely intricate and 

diverse, depending on a variety of constraints. In recent years, different varieties of NPs such 

as silver nanoparticles, nano-fibers, carbon nanotubes, nanoscale zero-valent iron, etc., have 

been used to remediation of different kinds of pollutants comprised of chlorinated compounds, 

organic compounds, heavy metals, and hydrocarbons. NPs based remediation strategy can 

worthy of its implementation and investment cost as well as the in situ sanitary measures aimed 

at remediation of contaminants from the environment [154]. Though plants may discharge out 

harmful materials, there is a chance of minute materials entering our food chain via such a plant 

uptake procedure. The gigantic task facing is nano-phytoremediation process is how to dispose 

of the accumulated heavy metals in plants, as they are considered toxic wastes [161]. A recent 

study of the usage of nanotechnology in controlling the ecological toxic waste chiefly focuses 

on the formation of fresh resources and application of such tools and techniques; to the 

environment is the crossing point procedure, etc. Their use in the restoration of polluted soil is 

the major initiative [162, 163]. 

6. Conclusion and Future Prospects 
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The deadly effect of heavy metals has increased global consideration, improving 

appropriate resolution for eliminating such harmful contaminants from the environment. The 

heavy metal can go into the life system of living being frequently due to the consumption of 

polluted water and eating stuff, which may cause severe diseases to the humans. Nowadays, 

the supreme of the work is incomplete up to research laboratory, and glasshouse only rare 

studies have been done to assess the phytoremediation efficacy in the genuine arena. To 

comprehend the mechanism which improves the efficacy of phytoremediation to distinguish 

molecular developments and accomplishments. Commercially practicable technology for 

remediation of heavy metal and phytomining of heavy metals by phytoextraction. Research is 

still growing to detect hyperaccumulation coding genetic factors for specific heavy metals 

buried inside the beds and mixed with water and occupied into the soil in our environment. 
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