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ABSTRACT 
 

Plants are used in the recent, eco-friendly procedure of phytoremediation to eliminate, stabilize or breakdown contaminants in contaminate 

soils. Compared to other methods of soil remediation which are often expensive and disruptive, this green technology provides a 

sustainable and budget friendly option. Plants can target a variety of pollutants like heavy metals and toxic chemicals using several kinds 

of techniques such as phytoextraction, phytostabilization, rhizofiltration and phytovolatilization. This article examines the fundamentals 

of phytoremediation, identifies plant species that have capacity to remediate, talks about the types of phytoremediation, drawback, 

challenges and future recommendations. Phytoremediation is a promising technique for re-establishing soil health and fostering ecological 

balance in light of growing concerns about soil pollution. This biological method based on number of specialized mechanisms, including 

phytostabilization, which inactivate the pollutants and stop the pollutants from migrating, and phytoextraction, in which plants absorb 

and concentrate contaminants in the parts that can be harvested. All these mechanisms plays their vital role according to the type of 

contaminant and environmental conditions. 
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Introduction 

Among the various forms of bioremediation, phytoremediation addresses 

the vast potential of plants to break down or immobilize pollutants in soil 
and groundwater. As part of their metabolism, biological agents use these 

contaminants and make them less dangerous or innocuous byproducts. It 

illustrate how some plants, known as hyperaccumulators, naturally remove 
a range of pollutants from soil, water, and air, including insecticides, heavy 

metals, and polyaromatic hydrocarbons [1]. Widespread cultivation on 
agricultural grounds is a result of the growing demand for agricultural 

products. To protect the quality and quantities of the agricultural products, 

fertilizers, insecticides, and herbicides must be applied. Nevertheless, over 
usage of these agricultural compounds leads to environmental issues such 

soil buildup and plant absorption. Such as, when phosphate fertilizer applied 

to agricultural soil it causes increase in Cd, Zn and As. Additionally, the 
biosphere has become more contaminated by heavy metals since the start of 

the industrial revolution. Significantly and turned into a significant 

environmental issue [2]. 
Heavy metal pollution of the environment is becoming a major issue. 

Environmental contamination either directly or indirectly impacted the state 

of atmosphere, biosphere and lithosphere. The environment contains heavy 
metals as a result of nuclear, thermal, and industrial pollution. Mercury 

(Hg), lead (Pb), arsenic (As), and other heavy metals are examples. 

Although it is already feasible to rid the environment of these pollutants, the 
majority of the techniques are expensive and challenging to use effectively. 

Currently, a recently created plant-mediated technology called 

phytoremediation is being used to address these issues. Currently, a number 
of environmentally friendly and economically viable phytoremediation 

techniques are being involved to extract heavy metal contaminants from 

polluted water and soil [3]. 
The objective of this article is to determine the degree of heavy metal 

contamination and assess phytoremediation's viability as a long-term 

remedy for heavy metal pollution. For soil remediation, a variety of 
physical, chemical, and biological techniques have been used [4]. 

Remediation of Heavy Metals 

Metals and metalloids discovered in nature that have an atomic mass greater 
than 20 and a density greater than 5000 kg/m3 are referred to as heavy 

metals. 51 elements in the periodic table are classified as heavy metals or 

metalloids under the criteria. Natural environments typically contain heavy 
metals and metalloids, but as industrialization has increased, concentrations 

have risen over acceptable levels. [5]. Over time, the levels of heavy metals 

in the environment have been rising. Because there is little vegetation on 
these highly polluted lands, there is significant soil erosion and off-site 

pollution [6]. The type of heavy metal or metalloid determines how severe 

the effect. Heavy metals in soil can be trapped, removed, or detoxified using 
a variety of remediation technologies, comprising chemicals 

oxidation/reduction, soil cleaning, electrokinetic remediation, and 

solidification/stabilization (S/S). However, the consequences of these 

conventional techniques on the environment, society, and economy make 

them less viable overall [7]. 

Phytoextraction 

The process of extracting pollutants from contaminated soil by a group of 

plants and accumulating them as components (compounds or groups) above 

the earth's surface is known as phytoextraction. A promising method for soil 
remediation that can easily absorb heavy metals and rid the soil of 

impurities is phytoaccumulation. Some of the major elements that 
contribute to disturbing the natural equilibrium are manufacturing and the 

transportation of large vehicles [8] In order to transfer chemicals to above-

ground shoots, plant roots must extract them from contaminated soil and 
water. When the contaminant that the plant absorbs is not broken down 

quickly or entirely, it can accumulate inside the plant. This phenomenon is 

known as phytoaccumulation. Phytoextraction in situ remediation method 
that removes metalloids from polluted soils through using (hyper) 

accumulator plant species [9]. Plants have a built-in system for storing and 

absorbing nutrients according to their needs and the soil's bioavailability. 
The tendency of hyperaccumulators to absorb even unnecessary elements is 

100 times greater than that of non- hyper accumulators. Their greater 

biomass allows them to collect heavy metals through their roots using ion 
channels and metal transport proteins. They then store these metals within 

the organs above earth, where they are either detoxified or kept in vacuoles 

and cell walls [10]. 
When heavy metals are extracted from the soil and placed in the harvestable 

portions of roots and/or above-ground vegetation, a process known as 

phytoextraction is used to remove the metals. Phytoextraction plants should 
be able to withstand the metal as much as possible, have capacity to grow 

rapidly, produce as much biomass, and accumulate as much 

metal(hyperaccumulators). But among those who are hyper accumulative. 
Since not all plant species are able to produce large amounts of biomass, 

high biomass hyperaccumulators are chosen for widespread use in order to 

guarantee the effectiveness of the phytoextraction procedure. Numerous 
studies on phytoextraction have proved that metals can be cleansed in 

specific areas of the plant, including the trichomes, cuticle, and epidermis. 

Gene expression regulates the placement of metals in plants by encoding 
proteins which can exclude cytoplasmic metals (such as proteins that carry 

metals to the tonoplast). But not every component that would clarify the 

processes of plant bioaccumulation and phytoextraction in plants that have 
been clarified [11]. 

Phytostabilization 

Phytostabilization is the process of lowering soil contamination by reducing 
the mobility of heavy metals through plants, usually in the area of vadose, 

by repairing them in the roots and/or store them in the rhizosphere by a 

variety of mechanisms. The metals' immobilization can be accomplished 
through accumulation in the root tissues, precipitation in forms that are less 

soluble (metal complexes, carbonates, and sulfides), complexation (by the 

organic acids that roots produce), and adsorption on the root surface. Redox 
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enzymes can change some metals into less harmful forms, such the less 
harmful hexavalent chromium to trivalent chromium [12]. Metal-

contaminated soils can be effectively phytostabilized to decrease their 

availability and solubility in the soil as well as their toxicity to plants. Metal 
toxicity in contaminated soils was successfully decreased by 

phytostabilization employing specific species [13]. Toxic metal 

contaminants poses a serious threat to the ecosystem, and the use of green 
plants for phytostabilization of heavy metals is becoming more popular 

because it is an economical, environmentally responsible, and aesthetically 

beautiful method. Native plants that can self-proliferate and have a dense 
root system (to retain large amounts of metal ions inside the root) are 

thought to be promising candidates for phytostabilization. By adding 

different organic and inorganic amendments to the soil, which changes the 
soil’s characteristics to increase the metal’s availability to plants. It is 

possible to improve the phytostabilization of toxic metal ions in the 

rhizosphere. The fundamental process by which metal ions complex with 
the cell walls or with the exudates/mucilage of the roots, as well as with 

metal-binding molecules such as metallothioneins and phytochelatins, and 

eventually take them to the root vacuole, is the basis for phytostabilization 
[14]. 

Phytovolatilization 

Some metals that are absorbed by plants and moved to the shoot undergo a 

process called phytovolatilization, into less volatile and harmful forms that 

can be come out from stomatal leaves and released into the atmosphere [11]. 

Ultimately, that transform into volatile forms that enter the atmosphere 
through stomata [13]. The process of metal absorption (a specific class of 

heavy metals and metalloids: As, Hg, and Se) into organic compounds 

essentially constitutes the mechanism of this process. Pounds of volatile 
substances (amino acids, cysteine, and methionine) that can be attained 

following a biomethylation reaction and produce biomolecules that enter 

the atmosphere. Remedial phytovolatilization only pass contaminants into 
the atmosphere from the soil. Volatile pollutants do not quickly damage soil 

because they are continuously diluted and disseminate in the atmosphere 

[15]. This mechanism have a drawback that it can produce hazardous 
products for the atmosphere, though some studies have suggested that it is 

not required to evaluate the possible danger as a result of these substances 

atmospheric dissemination and dilution [12]. 
Rhizofiltration 

A type of phytoremediation known as rhizofiltration filters surface water, 

groundwater, and water waste through plant roots to remove harmful 
organic materials, heavy metals, and excess nutrients [16]. Rhizofiltration 

is a process used by certain aquatic and terrestrial plants that absorb large 

quantities of water from the soil. This action promotes the removal of heavy 
metals such as chromium, nickel, lead, cadmium, and zinc either by causing 

them to settle on the root surface or by allowing the roots to absorb these 

dissolved contaminants from the surrounding root zone (rhizosphere) [18]. 
Challenges and Future Recommendations 

In spite of being and effective method for getting rid of contaminants from 

the atmosphere, phytoremediation has certain drawbacks and restrictions 
which, due to the fact that most of the study has been conducted in 

controlled setting. An excessive amount of toxins in the soil may retard the 
growth of the plant and its eligibility to clean up the area [17]. Moreover, 

selecting the inappropriate plant species could affect in decreased 

phytoremediation efficiency because some plant species may be better 
acceptable for certain types of contamination than others. Among the 

drawbacks are the toxicity of the composting end products from remediation 

plants, the toxic biomass following remediation, and the toxic ash that 
fallouts from burning it. The goal of the multidisciplinary field of 

phytoremediation, which circumscribe many scientific disciplines to 

advance and enhance the technology of phytoremediation. Upgrade the 
potency of phytoremediation and tackling the intricate environmental issues 

related to soil contamination require interdisciplinery research [18]. 

Conclusion 

A sustainable, economical , and environmentally beneficial way to address 

soil contamination is through phytoremediation, which uses plant inherent 

capacity to absorb, breakdown or stable the dangerous pollutants. Some 
plants can detoxify the soil improving its fertility and structure by removing 

organic pollutants and heavy metals. Phytoremediation is a promising green 

technology for environmental cleanup that promotes healthier ecosystems 
and safe land for development and agriculture, even though it is not suitable 

for all contamination scenarios. Therefore, the process of phytoremediation 

requires suitable and careful selection of plants, specific site planning and 
longer timeframes. Phytoremediation is becoming more widely 

acknowledge as an important instrument in international initiatives to repair 

damage landscapes and protect the environmental health for coming 
generations as a result of ongoing developments in plant biotechnology and 

environmental sciences. 
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