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Abstract 

Heavy metal pollution is a serious problem in today’s industrialized world. To overcome this problem numerous 

biological methods have been previously developed and phytoremediation is one of the major techniques in this 

regard. This review broadly discusses the suitability of aromatic plant in phytoremediation of various heavy 

metal contaminated site. Throughout the study we have considered and identified Poaceae, Lamiaceae, 

Asteraceae, and Geraniaceae as some of the most proficient and potential family of plants for phytoremediation. 

Research conduct on such aromatic plants with high biomass reveals that aromatic plant can remove 

contaminants with least risk of food chain and increase the yield of essential oil with increasing heavy metal 

stress condition. Vetiver zizanioides, Lemon grass, Ocimum basilium, Lavender, Salvia scalarea, Palargonium, 

Rosmarinus officialslis, Mentha arvensis, Cymbopogon martini were found to be among the most efficient 

remover of heavy metal pollutants from the soil. Thus aromatic plant with high biomass is suggested to be 

among the essential candidates for effective and successful remediation technology in future. 
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Introduction 

Phytoremediation basically refers to a technique in which green plants and their associated soil microbes are 

used in order to treat or to control the risk of environmental contamination (Greipsson, 2011). It is in-situ 

method. The word “phytoremediation” was derived from Greek word ‘phyton’ meaning plants and Latin word 

‘remedium’ which means to correct or remove an evil. Globally phytoremediation has gained increasing 

attention since few years to clean up of organic and inorganic contaminated site of the soil because of low cost 

method as compared to other traditional method such as ion-exchange and ultra-filtration. There are many 

remediation techniques for contaminated soil but only a few are fit to control soil contamination with heavy 

metal. It includes various methods like phytoextraction, rhizofiltration, phytovolatization, phytodegradation. Aim 

of these techniques are differs such as remediation, denitrification, leaching, filtration of contamination, and 

stabilization (Kamusoko and Jingura, 2017). From the beginning of phytoremediation till now different 

researchers has developed potential use of phytoremediation to reduce the risk of contaminated soil on different 

view. Some have studied the naturally occurring metal hyper-accumulators plants that have the potential to 

accumulate 10-500 times higher level of elements than crops and the others have studied the normal crops. The 

idea of phytoremediation was given by Chaney, 1983. Phytoremediationincudes the use of pant for 

phytoremediation of environments polluted with hazardous waste. There are certain plants which have the 

capacity to grow, survive and can also reproduce in heavy metal contaminated area. These plants have 

absorption capabilities and possess transport system that selectively uptake the pollutant and contaminants in 

their root zone without affecting the soil properties. And also root system of this plant support a zone of large 

microbial number which degrades the contaminants of soil. This type of plant is essential for phytoremediation 

technique to extract or remove the inactive metals from the soil. Ebbs et al., (1997) tested about 30 species to 

identify the ability of plant to accumulate heavy metals. Books (1998) and Baker et al., (2000) identified more 

than 400 species as hyperaccumulators. 

Human life is totally difficult. To survive we need food for energy, medicine to maintain health and different 

personal care product to live luxurious life. Thus, medicinal and aromatic plant plays significant role in the 

healthcare of people around the world. Although modern science has developed different techniques where plant 

and plant material are tested to determine their different properties and use plant and plant extract for different 

purpose. However, different plant has unique properties. Some have the ability to produce and exude aromatic 

substances which are used in making perfumes, in cooking, in food pharmaceutical and liquor industries are the 

aromatic plants. Aromatic plants have been used in Middle-East about 5000 BC for their preservative and 

medicinal properties and also aromatic flavor of food. After the ban of antibiotic feed additives within European 

Union countries (2006), the use of herbs and spices (Aromatic plant) in animal nutrition increases. About 1500 

species of aromatic plant are serves as a source of raw material for perfumery, out of these only 50 species are 



International Journal of Botany Studies  www.botanyjournals.com 

640 

known to use as commercial source of essential oil and aroma chemicals. Aromatic plants possesses odorous, 

volatile, hydrophobic and highly concentrated compound. These are derived from various parts of the plants such 

as flowers, buds seeds leaves, twigs, bark, wood fruits and roots. These plants are used in different activity such 

asantioxidant activity, antimicrobial activity, anticoccidial activity and also in phytoremediation to control the 

risk of contamination cause by different toxic metals or substances. In case of phytoremediation the use of 

aromatic plant is more suitable than the other crops. Aromatic plants are non-edible and are generally grown for 

their secondary metabolites to produce essential oil or food processing, thus they are not directly link to the food 

chain. But in case of edible crops, they are directly consumed by plants and animals and heavy metal enter into 

the food chain. Therefore, phytoremediation by aromatic plant do not pass the heavy metal on food chain. And 

also because of their intrinsic nature wild animals do not consume them.  

 

Heavy Metal as soil contaminants 

Trouble of heavy metal contamination of soil on planet is widespread which gain considerable attention from 

public and become important alarm and fear in today’s industrialization world. Although heavy metals are 

naturally present in the soil but in recent years due to the development of global economy both concentration and 

types of heavy metals increases in soil by human activity which will cause unconditional environmental 

problem.(Han et al., 2020; Sayyed and Sayadi; Jam-Philippe et al., 2012; Raju et al., 2023; Prajapat and Meravi, 

2014; Sayadi and Rezaei, 2014; Zojaji, 2014). 

About 10 million sites have been potentially contaminated throughout the world. Out of which more than 50% 

sites are contaminated with heavy metal (EEA, 2007; EPMC, 2015; USEPA, 2014). Highest concentration of 

certain heavy metal in contaminated soil from industrial sources was reported by Kabata-Pendias and Mukherjee 

(2007) for those selected countries. It has been reported that highest amount of 1500, 13000 and 80000 

concentration of Cd, Pb, and Zn respectively in United State but in case of china 2500 and 100 concentration of 

As and Hg has been found. In Canada, 3700 and 2600 concentration of Cu and Ni has been found respectively. 

In 38 European countries more than 2.5 million sites have been reported as being polluted while 34200 sites are 

being contaminated by heavy metals. In India, high concentration of heavy metals in soil is due to Urban and 

industrial effluents, use of pesticides and fertilizer, degeneration of sewage pipes (Mapander et al., 2005; Nam et 

al., 2002; Sharma et al., 2017; Singh et al., 2004). In large area of Surat, Gujurat and Pali, Rajasthan, soils are 

particularly contaminated with Pb, Cu and Ni (Krishna and Govil, 2014; Krishna and Govil, 2007) 

High concentration of heavy metal cause different problem on environment. It result in degradation of soil health 

(Abdu et al., 2017; Kools et al., 2005), contamination of surface and groundwater (Hashin et al., 2011; 

Mohankumar et al., 2016; Wuana and Okieiman, 2011) and food chain pollution (Hopke, 1966; Nolten et al., 

2005; Tchounwou et al., 2012) and also cause disorder in human health (Jovanevic et al., 2015; Oliver and 

Gregory, 2015). 

Heavy metal in soil may affect the soil chemistry, soil biochemistry and soil microbiology. The chemical 

detector of the soil is the pH of the soil. This pH may be decline by heavy metal mainly in Cu contaminated soil 

(Aoyama et al., 1933). Particularly in low buffering condition (Speira et al., 1999), strong hydrolyzing capacity 

of heavy metal (Cr, Cu, Cd andPd) can decrease soil pH (Fan et al., 2014; Jiang et al., 2012; Yu et al., 2006). 

This will decrease the certain absorption of other cation due to increase in soak of certain exchange site by heavy 

metal cation and displace the proton into the soil solution. According to Ciarkowska.2015; Lehman et al., 2015; 

Ju et al., 2009 best chemical indicator of the soil is the enzymatic activity of the soil. The activity of the enzymes 

depends upon the types and amount of metals, reactivity of the enzyme and soil properties (Karaea et al., 2010). 

By blocking the activity of the enzyme, heavy metal modified the soil organic matter and certain nutrient 

cycling. Martinez- Toledo et al., (2016) and Sun et al., (2007) evaluated that enzyme activity are inhibited by 

heavy metal in three different ways by blocking the catalytically active group, by changing the nature of proton 

conformation and by the composition between heavy metal and enzyme substrate complex. 

On the other hand due to enrichment heavy metal in the soil, reduction in the structure, diversity and function of 

microbial community occurs.(Imfled and Vuilleumier, 2012). All the microbial community in the soil have 

specific tolerance to heavy metal in different degree in order of fungi> bacteria> actinomycetes (Hiroki, 1922). 

In heavy metal polluted soil, heavy metal selects microbial community for biosynthesis which is able to produce 

more carbon, lowering the microbial process. Thus fungi suppress the bacteria at an increasing gradient of metal 

contamination (Dai et al., 2004, Shentu et al., 2008) the tolerance of arbuscular microbial fungi have been 

reported to increase with exposure. Thus it can play a significant role in maintaining contaminated ecosystem 

(Perez-de-Mora et al., 2005). Heavy metals are generally essential element for metabolic process of living 

organism but high concentration are harmful to both plant and animals. 

 

Need and Importance of Phytoremediation 

In the last few years, there has been major increase in pollution and contamination of land, water and ground 

water around the world. This globally increasing accumulation of contaminants will cause imbalance in 

ecosystem and on the quality of the natural sources. The artificial techniques of remediation for pollutants affects 

all the things related to ecosystem like soil micro biota, soil fertility, soil pH and most cases, it doesn’t lead to 

successful removal of toxic from metal. Thus there is an increasing need to develop environment friendly 

technology, invent to remediate pollutant. Phytoremediation offer us many advantages over other have been 

identified for their remediation approach (Susarla et al., 2002; Chaudhry et al., 2005; Pilon-Smits and Freeman, 
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2006). During the year 1940 and 1970, the largest chemical dumping pits of Eastern United State was held in the 

Abredeen Proving Ground, Harford Country, Maryland. Some most prominent pollutants such as 

Trichloroethene (TCE) and 1, 1, 2, 2-tetrachloroethene had found. It was reported within 30 years the 

contaminant level decline over 85% due to the phytoremediation technology (EPA). Phytoremediation 

technology has variety of ways to remove contaminant from the environment. Some plant can uptake this 

pollutant from the planet by using their roots and convert them into naturally safe compound. There is no 

requirement to be harvest for this type of plant and can remediate the soil for their life time (Kumar et al., 2015). 

Direct update of organics by plant is wondering mechanism. 

 

Role of various aromatic plants in phytoremediation of multi metal contaminated soil 

Aromatic plant plays an essential role in phytoremediation technology. By using this plant we can block the risk 

of transfer of heavy metal in living organism. Some of them are discuss in following- 

 

Vetiver zinzanoides 

Vetiver grass belongs to the family poaceae which is fast growing, tall (1-2cm) perennial glass with deeper root 

system (Dalton et al., 1996; Troung, 2000; Pichaietal., 2001). This plant hasaverage yield capacity of of 1-1.5 on 

dry weight basis. In Fiji (1950) Vetiver was used for the first time in soil conservation and land stabilization 

purpose. However, the use of this plant in phytoremediation is also a great objective in reduction of toxic metal. 

Mint et al reveals that all condition of Pd and Cd concentration, Vertiver grass can survive. They studied on four 

soil type and suggested that accumulation of Pd and Cd in Vertiver plant show different response on different 

soil type and found that veriver plant have average highest accumulation of 2.95 ppm and 74.05 ppm capacity of 

Cd and Pd in their shoot respectively. Datta et al, study on greenhouse purpose to know the capacity of 

accumulation of grass and reveals that Vertiver has the ability of tolerating moderate levels of arsenic up to 295 

mg/kg. Truang (1999) done experiment and reported the presence of mechanism to detoxify reactive oxygen 

species in various part of Vetiver. Thus it can be helpful for remediation of many toxic compounds. Chen et al 

suggested that the Vitever has the more significant capacity of accumulation of Cd than that of T. caerulesuns. 

Hyperaccumulator plants are those which have the potential to uptake Pb up to 1000 mgkg-1in dry weight. But 

many studies reveal that also Vertiver plant can accumulates up to 1000-3000 mgkg-1in their root and shoot 

(Antioetal., 2007; Andra et al., 2009a) and Barker and Brook, 1989 identify it as a Zn hyperaccumulator. 

Addition of chelate (EDTA) may increase the phytoremediation of this grass. Gupta et al discuss about how 

addition of chelate enhance the accumulation in root of Vetiver and suggested that chelating agent can increase 

the mobility. And also the other chelating agent Nitrolotriacetic acid increase the uptake capacity of the plant 

(Chiuetal, 2006) 

 

Cymbopogon citratus 

Cymbopogon citratus is commonly known as lemongrass, is a perennial hardy grass and metal tolerate aromatic 

grass which can withstand harsh environment condition (Das and Maiti, 2009; Gupta et al., 2013). Lemon grass 

has a great role in phytoremediation of heavy metal. Gautam et a., suggested that 5% red mud in combination 

with bio-waste in soil enhance the phytoremediation potential of lemon grass and reduce the toxic effect of metal 

in soil. This grass is a potential accumulator of Cd, Ni and Pd (Israila et al). They show Cymbopogon have 

accumulator factor of metal in order of Ni> Cd>Pb> Zn> Co=Cu and translocation factor in order of Zn> Cu> 

Cd=Co> Ni> Pd. Removal of Pd, Cd, and Zn by lemon grass is a good bio-sorbent from industrial sewage. Das 

and Maiti (2009) suggested that lemon grass can be phytostabilization of toxic cu tailing by using 5% rate of 

chicken fertilizer. Due to the adventitious root system in lemon grass, it could be useful to overcome or to 

investigate the stress effect of chromium (Patra et al., 2015). Lemon grass acts as good alternative bio sorbent for 

Ni2+removal. Different group such as hydroxyl, carboxyl, and alkyl halides present in the surface of Cymbopogo 

ncitratus were include in N2+ bio sorption as demonstrated by FTIR analysis (Lee et al., 2014) 

 

Ocimum basilium 

Ocimum basilicum belongs to the family lamiacea which is commonly known as basil, naturally disributed in the 

East Anatalia region of Turkey. This aromatic plant is used for various purpose like food preservation, 

pharmaceutical, alternative medicine and natural therapies. Dinuet al., in 2020 study on the Ocimum basilicum 

grown in heavy metal polluted soil and the result reveals, this plant have the potential to decline the metal 

mobility from the soil to plant. However this plant can accumulates Cd, Co, Cr, and Pd in their root and Cu, Ni 

and Zn in flower and Cr or Pb in root. Dirani et al., reported that Ocimum basilicum has the capacity to remove 

metal from polluted region. They done this experiment by applying active carbon and result showed that addition 

of carbon improve the growth of basil in heavy metal. Particularly basil is useful for phytoremediation because 

the essential production increase with arsenic stress (Siddiqui et al., 2013). Prasad et al., suggested that methyl 

chanvicol in the basil content of linalool increase by the utilization of Cr and Pb in soil when match with control 

ones. Without declining in yield basil can be grown in the polluted soil (Ruzickovaetal., 2015). 

 

Lavender (Lavendula species) 

Lavender is a perennial shrubby and succulent plant belongs to the family lamiacea whose flower is purple in 

colour. Lavender is a hyperaccumulator of Pd and good accumulator of Cd and Zn (Angelova) and can be used 
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for phytoremediation. And due to its possibility in industrial processing lavender become economically feasible 

crop for farmer in the phytoremediation approach. Hashemi et al., 2017 reveals that lavender can accumulates 

cadmium in root tissue and translocate to stem and leaves. This entry of heavy metal in different parts of plant 

depends upon the type of plants, contaminants and soil condition with increasing concentration of rate of Ni, 

uptake of Ni by shoot of lavender increased and has no inhibitory toxic effect in plants due to increasing rate of 

Ni. However essential oil obtaine from lavender is not contaminated by heavy metal (Zheljazkov and 

ASTATKIE, 2011). In lavender accumulation of heavy metals are observed in following order-Cd: 

leaves>roots= inflorescences= stem, Pb: Stem>leaves = inflorescences> roots.  

 

Salvia sclarea 

Salvia sclarea a biennial or perennial herb belongs to the family lamiacea which is native to northern 

Mediterranean.Average oil percentage is 0.6–1.5% on fresh weight basis. Salvia sclarea are able to grown in soil 

texture with 80 tha-1 sludge and this can be capable for uptake of heavy metal of phytoremediation in polluted 

soil (Chand et al). He found that accumulation of heavy metal in shoot is higher than root. It is the 

hyperaccumulator of Pd and Cd and can tolerate heavy metal contamination with suitable phytoremediation of 

contaminated soil (Angelova et al., 2016).And the application of this plant is that when these plants are grown in 

soil with 80tha-1 heavy metal such as chromium, cadmium and lead contains reduced in harvest soil. Heavy 

metal contain in salvia was reported in the order of leaves> roots >inflorescence > stem (Zheljazkov et al). Being 

identified as adequate hyperaccumulator of metal, this plant can be apply for removing fatal metal from 

contaminated soil and all the product of essential oil of this plant can be safely used in perfumery care products ( 

Angelova et al., 2006) 

 

Pelargonium species: 

Pelargonium is a warm weather perennial flowering plant belongs to the family Geraniaceae which is generally 

used as scented flower. Average oil percentage is 0.15-0.3%. This plant is used in phytoremediation. Mahdiyeh 

et al., 2003 has evaluated the Pelargonium roseum as a hyperaccumulator of metal and can be used in industrial 

phytoremediation. Pelargonium is most capable to detoxify metals followed by Cd, Ni, and Pd for its herb, oil 

yield and accumulation of metal in plant parts (Chan et al., 2016). Dan et al., 2002 found the potential of 

Pelargonium species to withstand and maintain normal metabolic processes, when exposed to various level of 

Cd, Ni and lead under greenhouse condition. Geranium plants can uptake more than 200,005mg of Ni kg-1 dry 

weight of root and 10,889 mg of Ni kg-1 of shoot and in excess of 86566 mg of Pb kg -1 for root and 4416 mg 

Pb kg-1 DW (Mahdiyeh et al., 2013). Scented Pelargonium show metal tolerance that maintained the PS II 

activity and has resistant of damage to the photosynthetic reaction centers by accumulating metal ion (Dan et al., 

2000a). The uptake of heavy metal in scented geranium was through active and passive transport mechanism as 

the toxicity threshold was not transcend even at rise level of external Cd and thus metabolic control of Cd uptake 

was not last.  

 

Rosmarinus officinalis  

Rosmarinus officinalis is a perennial herb with fragrant, belongs to the family lamiaceae which is native to 

Mediterranean region. It has highest cadmium accumulation rate in roof (207 mg/kg) and stem (352.5 mg/kg) 

belongs to 400 µM (Ardalan et al., 2015) and is identified as calcium hyperaccumulator. According to result by 

Ardalan et al Rosmarinusofficinalis has high biological and transfer factor whichreach upto 13.3 and 2.27 

respectively. By using application of citric acid uptake of metals (Cu, Fe,) increases in the level of R. Officinalis 

(Tapia et al., 2012). Madejon suggested that Rosmarinus might be the suitable option for successful 

phytostabilization of Moderate trace element contaminated soil. Different plant parts of Rosmarinus are specific 

for accumulation of different metal. Pd, Zn, Cu and Cd ate found in following order - flower, leaves, stems 

where Pb Ni and Fe in order of leaves, flower and stem. It is a good tolerance of heavy metals cultivated in 

heavy metal polluted soil (Parra et al., 2014). It may behave as a potential bio-monitor, phytostabilizer as well as 

hyperaccumulator of Nickel in heavy metal contaminated soil. In the cold area metal contaminated soil fungal 

amendment soil, Rosmarinus can uptake high Cd and Pd in their root and aerial part (Romazanpour and Hossein, 

2015). And the suggested this plant is efficient for decontamination of soil containing Cd and Pd.  

 

Mentha arvensis 

Menthaarvensis is a flowering plant belongs to the familiylamiaceae which is native to temperate regions of 

Europe and western and central Asia. In this plant accumulation of Hg metal increase with increasing 

concentration in both root and shoot.Manikandas et al suggested that it can be used for the remediation of 

mercury polluted environment. Aggregation of Hg metal ion in plant tissue of Mentha arvensis induced the both 

physiological and molecular changes by the application of vermicompost organic matter. Mentha can be grown 

in heavy metal polluted soil without any toxic symptoms (Chan et al, 2012). 

 

Conclusion 

Phytoremediation is generally used to serve or clear up all the unwanted toxic compoundfromthe environment. 

Phytoremediation technology is still in its investigating and developing stage with many technical issues 

required to be addressed. The establishment of proper species of plant and microorganism is needed for 
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successful phytoremediation. Aromatic plants play a great role in remediation without causing effect on human 

and animal health. It has been found that certain aromatic plant, heavy metal stress condition enhance the 

essential oil percentage. For wealthy phytoremediation of heavy metal contaminated site, immense research is 

needed for utilizing full phytoremediation aptitude of aromatic plant which may guide to "green scented 

technology " which also lead to improve the cost benefits. Thus overall perennial non-food aromatic plants with 

high biomass is suitable candidate for effective and successful technology near future with least risk of food 

chain.  
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