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ABSTRACT 

Phytoremediation is one of the most environment friendly approaches to treat metal contaminated soils 

which are prone to environmental problems and may pose threat to various living systems including 

humans and animals. Plants are being widely used to treat contaminated soils around the world. This 

review provides a detailed information on how phytoremediation is done and the type of plants used for 

this purpose. Since heavy metals are not biodegradable, they are taken up by plants and then these metals 

are extracted from the plant's biomass.  
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INTRODUCTION 

Phytoremediation is the use of plants to remediate polluted soil. Pollutants are adsorbed and accumulated 

in plant tissues thereby reducing their bioavailability in soil (Asati et al., 2016). Phytoremediation helps 

us to treat pollution in an environment friendly way. Phytoremediation is a great way to expand Phyto 

companies and to reduce animal danger. Land owners can make use of this technology to remediate their 

polluted land in an environmentally safe way (Bajpai and Pandey, 2019). Microorganisms can be 

inoculated into plants for better uptake of pollutants like metals. Serpentine bacteria have proven to 

increase metal uptake and translocation in Brassica juncea and Ricinus communis (Ma et al., 2015). 

Metals like magnesium, copper, iron, manganese are generally adsorbed by plants at particular levels. 

Increase and decreased uptake may lead to plant toxicity. Magnesium is used by plants to split water 

molecules. Deficiency of magnesium will lead to chlorosis and leads to oxidative stress in plants (Alia et 

al., 2015). So, to use a plant for phytoremediation, the plant must have high tolerance towards the 

pollutant which is targeted. Plants which belong to the category called hyperaccumulators can be used for 

this purpose (Souri et al., 2017). The advantages of using phytoremediation (Yan et al., 2020) over other 

methods include: 

i. Economic feasibility 

ii. Environment friendly approach 

iii. Large scale applicability 

iv. Easy disposal 

v. Prevention of soil erosion which may lead to leaching of metals to other places 

vi. Less waste generation 

vii. Can be done in-situ 

viii. Minimum environmental damage 

ix. Aesthetically pleasing 

x. Reduced movement of contaminants  

xi. Sunlight and water are the major sources which are abundantly available 

xii. Cost effective technology 

xiii. Less environmental impact 

xiv. Increases the quality of the soil 
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xv. Plants will also increase air quality  

xvi. Easy use on large sites 

xvii. Multiple crops can be grown in one season 

 The main objective of this review is to highlight how plants are used to remediate heavy metal 

contaminated soil.  

 

PHYTOREMEDIATION OF HEAVY METALS 
Phytoremediation is a plant-based approach to remove pollutants or lower their level in soil by plant 

adsorption. For example, arsenic contamination can be removed using ferns (Cai et al., 2019). Plants can 

be used to clean metals, oil toxins and even explosives from contaminated soil. Plants of radish, lettuce 

and spinach can also be used to treat metal contaminated soil (Hamadouche, 2012) (Gunduz et al., 2012). 

Agricultural soil which is contaminated with heavy metals would lead to danger of both animals and 

humans. Traditional physical and chemical process might be too expensive involving heavy labor and 

hence phytoremediation would help to solve the problem. There are different types of phytoremediation 

methods to treat heavy metal contaminated soils (Muthusaravanan et al., 2020) and they are classified as 

the following: 

Phytoextraction- This is the most common method in which adsorption and translocation of contaminants 

from root to shoot of the plant occurs after which the plant is incinerated to harvest metal from the ash. 

Chelating agents are useful to transport heavy metals from root to shoots of plants (Asgari et al., 2019). 

Phytostabilisation- This method involves the use of plants to immobilize contaminants by adsorption and 

accumulation in their tissues. This helps to prevent the migration of contaminants either by erosion or 

deflation. Phytostabilisation occurs as a result of precipitation, sorption or complexation (Shackira and 

Puthur, 2019). 

Rhizofiltration-In this method, plant roots take up the metal and they are grown until they become strong 

and then transported into contaminated soil. Plants are then removed after the roots become saturated with 

contaminated metals. It also helps to avoid heavy metals from spreading deeper. Plants used for 

rhizofiltration should have the below mentioned characteristics (Yan et al., 2020). 

i. Strong and dense roots 

ii. High biomass yielding capacity 

iii. Higher tolerance for heavy metals 

Phytovolatilization- In this type, the mechanism is that the plant roots take up heavy metals like mercury 

along with water and convert them into volatile organic compounds before releasing into the atmosphere 

in a less toxic form. This method is not efficient as the contaminant is released into the atmosphere. 

Genetically modified plants are mostly used for phytovolatilization (Nigussie and Awgchew, 2022). 

 

SELECTION OF PLANTS FOR PHYTOREMEDIATION 

In order to select a plant for phytoremediation, one must understand the type of contaminant which has to 

be treated. Characteristics of the soil and contaminants should be studied thoroughly before choosing a 

plant for phytoremediation. In case of metals, the element character should be studied carefully because 

of its unique soil and chemical properties of the plant. Factors like bioaccumulation factor, metal 

accumulation index, comprehensive bioconcentration index and translocation potential can be tested for a 

plant to determine its hyperaccumulation capacity (Parihar et al., 2020). After all the characteristics are 

studied, the plant would be selected based on the following factors (Akram et al., 2015).  

i. Contaminant type 

ii. Regulatory concerns 

iii. Bioavailablity of the pollutant 

iv. Site growing conditions 

v. Site specific condition  
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FACTORS AFFECTING HEAVY METAL UPTAKE BY PLANTS 
There are several factors which can influence the uptake of heavy metals by plants. Understanding these 

factors efficiently and making use of them will help the researchers to understand and determine a proper 

design to cultivate plants for phytomining or phytoremediation. (Jung, 2008). Some of the factors are: 

I.Plant Species 

   The uptake of a chemical compound depends on the species to which a plant belongs. Many plants 

belonging to Brassicaceae and Amaranthaceae have proven to be hyperaccumulators. (Nouri et al., 2009). 

The success of phytoextraction technique depends on proper choice of a plant which could take up the 

desired metal. 

II.Medium Properties 

   Several properties of the medium in which the plant is grown can influence the metal uptake by the 

plant. Some of the properties are pH, organic matter content, soil texture, addition of chelators, fertilizers, 

metal concentration (Jung, 2008).  

III.Root Structure 

   Root parts of the plant will influence the rate of metal uptake. Metals could be adsorbed, stored, 

transported or metabolized in the root portions of the plant. Increased root diameter and reduced size will 

help in proper remediation of dried soils (Merkl et al., 2005). 

IV.Bioavailablity 

A plant’s ability to uptake a metal depends on the bioavailability of that metal in water phase. Metal 

should react with water and other contents for easy uptake by the plants (Tangahu et al., 2011).  

V.Chelating Agents 

Chelating agents can be added to increase the bioavailability of the heavy metals. Addition of chelating 

agents might carry the risk of increased leaching. Exposure of chelating agents to the plant for a period of 

two weeks improved metal translocation and phytoextraction potential. These chelating agents can form 

complexes with metal ions and thereby increasing their availability in soil (Dipu et al., 2012). Some 

examples of chelating agents are given below: 

1. EDTA 

Ethylenediaminetetraacetic acid (EDTA) is the most widely used and most efficient synthetic chelating 

agent. It has proven to increase the concentration of various heavy metals in plant biomass (Hasan et al., 

2019). Slow degradation and long persistence may lead to leaching and EDTA might not be useful in 

treating on-site because EDTA is non-biodegradable. EDTA also has a risk of contaminating ground 

water (Shahid et al., 2014). 

2. Citric Acid 

Citric acid is a natural chelating agent which is non-toxic. Using citric acid is environment friendly 

because it can be easily degraded in the environment. Citric acid is easily available and cost effective. 

Citric acid can help the plant to release exudates thereby increasing the root growth of the plant (Saffari 

and Saffari, 2020). 

3. EDDS 

Ethylenediamine-N, N'-disuccinic acid is also a biodegradable chelating agent. EDDS is not as efficient 

as EDTA in increasing metal uptake by plants. But EDDS can be used instead of EDTA because it’s 

easily degraded and is comparatively expensive when compared to other chelating agents (Chen et al., 

2020). 

 

HYPERACCUMULATORS 

The first hyperaccumulating plant was reported by Jaffre et al., 1976. Sebertia accuminata was found to 

accumulate about 20-25 percent nickel in its latex. The most common hyperaccumulator plant families 

(Muszynska and Fajerska, 2015) are: 

i. Brassicaceae 

ii. Caryophylaceae 
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iii. Fabaceae 

iv. Euphorbiaceae 

v. Violaceae 

vi. Asteraceae 

vii. Laminaceae 

viii. Poaceae 

ix. Cyperaceae 

Some examples of plant hyperaccumulators are given in table 1 

 

Table 1- Examples of hyperaccumulating plants. 

PLANT METAL REFERENCE 

Alyssum murale Ni Lucisine et al., 2014 

Arabidopsis halleri Zn Schvartzman et al., 2018 

Pteris vittata As Wan et al., 2015 

Astragalus racemosus Se Lindblom et al., 2013 

Alyssum bertolonii Ni Mengoni et al., 2012 

Biscutella laevigata Tl Karman et al., 2015 

Solanum nigrum Cd  Khalid et al., 2019 

Isatis pinnatiloba Ni Altinozlu et al., 2012 

Sedum alfredii Pb Lu et al., 2013 

Corrigiola telephiifolia As Garcia-Salgado et al., 2012 

Polypogon fugax Cu Ghaderian and Ravandi, 2012  

Brassica nigra Pb Koptsik, 2014 

Silene vulgaris Hg Perez-Sanz et al., 2012 

 

IMPORTANCE OF HYPERACCUMULATING PLANTS 

Metal toxicity can be a major cause of several diseases for animals and humans. For example, short term 

lead poisoning can lead to effects like constipation, abdomen pain, tiredness, headache, weakness, 

tingling of hands and feet, short term memory loss. Lead poisoning can also cause anemia and dementia. 

Over exposure of metals can cause reproductive, respiratory and neurological problems. It might also 

cause cancer (Singh and Kalamdhad, 2011). Since heavy metals are not biodegradable, once it enters the 

soil it will remain contaminated unless treated. Phytoremediation is an important process to treat this 

contaminated soil. Phytoremediation using hyperaccumulator plants is an environment friendly way to 

treat contaminated soil and water. Metals are extracted from these plants later and used (Leitenmaier and 

Kupper, 2013). 

 Agromining or phytomining uses hyperaccumulator plants to take up metals in harvestable biomass of 

plants. Harvesting, drying and incineration of this biomass will yield high grade bio-ore. General mining 

procedure can cause acid mine drainage, soil erosion chemical pollution, contamination of ground water, 

loss of bio diversity. Agromining or phytomining helps to overcome these difficulties. Mining process 

can be less harmful by using phytomining process (Kidd et al., 2018). 

 

MECHANISM OF HYPERACCUMULATION 

A plant is regarded as a hyperaccumulator (Muszynska and Fajerska, 2015) based on three main 

characteristics. They are: 

i. Capacity to extract the heavy metal from soil into the plant by their roots. 

ii. Ability to tolerate and extract high level of elements is a key character of hyperaccumulating 

plant. It is mainly achieved due to vacuolar compartmentalization and chelation.    

iii. Enhanced ability to translocate the metals from their root to shoot. 
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iv. The concentration of metals in roots will be higher when compared to shoots in normal plants. In 

hyperaccumulators, the shoot metal concentration can be more than root metal concentration.   

v. Larger capacity of storage of heavy metals in their shoots and root. 

vi. Hyperaccumulator plants can store high concentrations of metals in their tissues which can be 

extracted from their biomass (Ancona et al., 2020).  

 

BIOTECHNOLOGY TECHNIQUES TO IMPROVE PHYTOREMEDIATION 

The ability of hyperaccumulation in plants can be increased using biotechnology techniques. Genetic 

engineering technologies can help to design a plant which will have higher hyperaccumulation capacities. 

For example, Agrobacterium-mediated transformation helps to introduce genes which encode for 

phytochelatin synthase or metallothioneins which will give transgenic plants with enhanced metal uptake, 

translocation and binding efficiency. Somatic embryogenesis-based regeneration systems can be used to 

propagate the transgenic plants for commercial applications (Muthusaravanan et al., 2020). 

 

CONCLUSION 

Plants used for phytoremediation of metals generally has the capacity of phytoextraction, 

phytostabilization and rhizofiltration. Plants like grasses to trees can be used for phytoremediation 

purpose. Phytoremediation of metal contaminated soils are done widely because heavy metals are closely 

related to plant growth. Valuable metals can be extracted and used by this phytoremediation process. 

Phytoremediation is the least destructive method for remediation of heavy metal contaminated soils.  

 

ACKNOWLEDGEMENT 

We would like to thank Department of Biotechnology and Loyola College Management, Loyola College, 

Chennai for their help rendered.  

 

REFERENCES 
Akram S, Najam R, Rizwani GH and Abbas SA (2015). Determination of heavy metal contents by 

atomic absorption spectroscopy (AAS) in some medicinal plants from Pakistani and Malaysian origin. 

Pakistan journal of pharmaceutical sciences 28(5). 

Alia N, Sardar K, Said M, Salma K, Sadia A, Sadaf S and Miklas S (2015). Toxicity and 

bioaccumulation of heavy metals in spinach (Spinacia oleracea) grown in a controlled environment. 

International Journal of Environmental Research and Public Health 12(7) 7400-7416. 

Altinozlu H, Karagoz A, Polat T and Unver I (2012). Nickel hyperaccumulation by natural plants in 

Turkish serpentine soils. Turkish Journal of Botany 36(3) 269-280. 

Ancona V, Caracciolo AB, Campanale C, Rascio I, Grenni P, Di Lenola M and Uricchio VF (2020). 

Heavy metal phytoremediation of a poplar clone in a contaminated soil in southern Italy. Journal of 

Chemical Technology & Biotechnology 95(4) 940-949. 

Asati A, Pichhode M and Nikhil K (2016). Effect of heavy metals on plants: an overview. International 

Journal of Application or Innovation in Engineering & Management 5(3) 56-66. 

Asgari Lajayer B, Khadem Moghadam N, Maghsoodi MR, Ghorbanpour M and Kariman K 

(2019). Phytoextraction of heavy metals from contaminated soil, water and atmosphere using ornamental 

plants: mechanisms and efficiency improvement strategies. Environmental Science and Pollution 

Research 26(9) 8468-8484. 

Bajpai O and   Pandey VC (2019). Phytoremediation: from theory toward practice.  Phytomanagement 

of polluted sites 1 49. 

Cai C, Lanman NA, Withers KA, DeLeon AM, Wu Q, Gribskov M and Banks JA (2019). Three 

genes define a bacterial-like arsenic tolerance mechanism in the arsenic hyperaccumulating fern Pteris 

vittata. Current Biology 29(10) 1625-1633. 



CIBTech Journal of Biotechnology ISSN: 2319–3859 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/cjb.htm 

2022, Vol. 11, pp.8-14/Premkumar and Vaishnavi 

Review Article  

 Centre for Info Bio Technology (CIBTech)  13 

 

Chen L, Yang JY and Wang D (2020). Phytoremediation of uranium and cadmium contaminated soils 

by sunflower (Helianthus annuus L.) enhanced with biodegradable chelating agents. Journal of Cleaner 

Production 263 121491. 

Dipu S, Kumar AA and Thanga SG (2012). Effect of chelating agents in phytoremediation of heavy 

metals. Remediation Journal 22(2) 133-146. 

Garcia-Salgado S, García-Casillas D, Quijano-Nieto MA and Bonilla-Simon M (2012). Arsenic and 

heavy metal uptake and accumulation in native plant species from soils polluted by mining activities. 

Water, Air, & Soil Pollution 223(2) 559-572. 

Ghaderian SM and Ravandi AAG (2012). Accumulation of copper and other heavy metals by plants 

growing on Sarcheshmeh copper mining area, Iran. Journal of Geochemical Exploration 123 25-32. 

Gunduz S, Uygur FN and Kahramanoglu I (2012). Heavy metal phytoremediation potentials of 

Lepidum sativum L., Lactuca sativa L., Spinacia oleracea L. and Raphanus sativus L. Herald Journal of 

Agriculture and Food Science Research 1(1) 1-5. 

Hamadouche NA (2012). Phytoremediation potential of Raphanus sativus L. for lead contaminated soil. 

Acta Biologica Szegediensis 56(1) 43-49. 

Hasan M, Uddin M, Ara Sharmeen IF, Alharby H, Alzahrani Y, Hakeem KR and Zhang L (2019). 
Assisting phytoremediation of heavy metals using chemical amendments Plants 8(9) 295. 

Jung MC (2008). Heavy metal concentrations in soils and factors affecting metal uptake by plants in the 

vicinity of a Korean Cu-W mine. Sensors 8(4) 2413-2423. 

Karman SB, Diah SZM and Gebeshuber IC (2015). Raw materials synthesis from heavy metal 

industry effluents with bioremediation and phytomining: a biomimetic resource management approach. 

Advances in Materials Science and Engineering 2015. 

Khalid H, Zia ur Rehman M, Naeem A, Khalid MU, Rizwan M, Ali S and Sohail MI (2019). 

Solanum nigrum L.: a novel hyperaccumulator for the phyto-management of cadmium contaminated soils. 

Cadmium Toxicity and Tolerance in Plants 451-477. 

Kidd PS, Bani A, Benizri E, Gonnelli C, Hazotte C, Kisser J and Echevarria G (2018). Developing 

sustainable agromining systems in agricultural ultramafic soils for nickel recovery. Frontiers in 

Environmental Science 6 44. 

Koptsik GN (2014). Modern approaches to remediation of heavy metal polluted soils: A review. 

Eurasian Soil Science 47(7) 707-722. 

Leitenmaier B and Kupper H (2013). Compartmentation and complexation of metals in 

hyperaccumulator plants. Frontiers in plant science 4 374. 

Lindblom SD, Valdez Barillas JR, Fakra SC, Marcus MA, Wangeline AL and Pilon Smits EA 

(2013). Influence of microbial associations on selenium localization and speciation in roots of Astragalus 

and Stanleya hyperaccumulators. Environmental and Experimental Botany 88 33-42. 

Lu LL, Tian SK, Yang XE, Peng HY and Li TQ (2013). Improved cadmium uptake and accumulation 

in the hyperaccumulator Sedum alfredii: the impact of citric acid and tartaric acid. Journal of Zhejiang 

University Science B 14(2) 106-114. 

Lucisine P, Echevarria G, Sterckeman T, Vallance J, Rey P and Benizri E (2014). Effect of 

hyperaccumulating plant cover composition and rhizosphere-associated bacteria on the efficiency of 

nickel extraction from soil. Applied Soil Ecology 81 30-36. 

Ma Y, Rajkumar M, Rocha I, Oliveira RS and Freitas H (2015). Serpentine bacteria influence metal 

translocation and bioconcentration of Brassica juncea and Ricinus communis grown in multi-metal 

polluted soils. Frontiers in Plant Science 5 757. 

Mengoni A, Cecchi L and Gonnelli C (2012). Nickel hyperaccumulating plants and Alyssum bertolonii: 

model systems for studying biogeochemical interactions in serpentine soils. Bio-Geo Interactions in 

Metal-Contaminated Soils 279-296.  

Merkl N, Schultze-Kraft R and Infante C (2005). Phytoremediation in the tropics–influence of heavy 

crude oil on root morphological characteristics of graminoids. Environmental Pollution 138(1) 86-91. 



CIBTech Journal of Biotechnology ISSN: 2319–3859 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/cjb.htm 

2022, Vol. 11, pp.8-14/Premkumar and Vaishnavi 

Review Article  

 Centre for Info Bio Technology (CIBTech)  14 

 

Muszynska E and Hanus Fajerska E (2015). Why are heavy metal hyperaccumulating plants so 

amazing? BioTechnologia. Journal of Biotechnology Computational Biology and Bionanotechnology 

96(4). 

Muthusaravanan S, Sivarajasekar N, Vivek JS, Vasudha Priyadharshini S, Paramasivan T, Dhakal 

N and Naushad M (2020). Research updates on heavy metal phytoremediation: enhancements, efficient 

post-harvesting strategies and economic opportunities. Green Materials for Wastewater Treatment 38 

191-222. 

Nigussie A and Awgchew H (2022). Phytoremediation of Heavy Metal-Contaminated Soils: An 

Overview of Principles and Expectations for Fundamental Techniques. American Journal of 

Environmental Science and Engineering 6(2) 80-90. 

Nouri J, Khorasani N, Lorestani B, Karami M, Hassani AH and Yousefi N (2009). Accumulation of 

heavy metals in soil and uptake by plant species with phytoremediation potential. Environmental Earth 

Sciences 59(2) 315-323. 

Parihar JK, Parihar PK, Pakade YB and Katnoria JK (2020). Bioaccumulation potential of 

indigenous plants for heavy metal phytoremediation in rural areas of Shaheed Bhagat Singh Nagar, 

Punjab, India. Environmental Science and Pollution Research 28(2) 2426-2442. 

Perez-Sanz A, Millan R, Sierra MJ, Alarcon R, Garcia P, Gil-Diaz M and Lobo MC (2012). 

Mercury uptake by Silene vulgaris grown on contaminated spiked soils. Journal of Environmental 

Management 95 S233-S237. 

Saffari VR and Saffari M (2020). Effects of EDTA, citric acid, and tartaric acid application on growth, 

phytoremediation potential, and antioxidant response of Calendula officinalis L. in a cadmium-spiked 

calcareous soil. International journal of phytoremediation 22(11) 1204-1214. 

Schvartzman MS, Corso M, Fataftah N, Scheepers M, Nouet C, Bosman B and Hanikenne M 

(2018). Adaptation to high zinc depends on distinct mechanisms in metallicolous populations of 

Arabidopsis halleri. New Phytologist 218(1) 269-282. 

Shackira AM and Puthur JT (2019). Phytostabilization of heavy metals: Understanding of principles 

and practices. Plant-metal interactions 263-282. 

Shahid M, Austruy A, Echevarria G, Arshad M, Sanaullah M, Aslam M and Dumat C (2014). 
EDTA-enhanced phytoremediation of heavy metals: a review. Soil and Sediment Contamination: An 

International Journal 23(4) 389-416. 

Singh J and Kalamdhad AS (2011). Effects of heavy metals on soil, plants, human health and aquatic 

life. International journal of Research in Chemistry and Environment 1(2) 15-21. 

Souri Z, Karimi N and Sandalio LM (2017). Arsenic hyperaccumulation strategies: an overview. 

Frontiers in cell and developmental biology 5 67. 

Tangahu BV, Sheikh Abdullah SR, Basri H, Idris M, Anuar N and Mukhlisin M (2011). A review 

on heavy metals (As, Pb, and Hg) uptake by plants through phytoremediation. International Journal of 

Chemical Engineering 2011. 

Wan XM, Lei M, Chen TB, Yang JX, Liu HT and Chen Y (2015). Role of transpiration in arsenic 

accumulation of hyperaccumulator Pteris vittata L. Environmental Science and Pollution Research 22(21) 

16631-16639. 

Yan A, Wang Y, Tan SN, Mohd Yusof ML, Ghosh S, and Chen Z (2020). Phytoremediation: a 

promising approach for revegetation of heavy metal-polluted land. Frontiers in Plant Science 11 359. 


