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Abstract: Heavy metals are among the most common types of 
contaminants in agricultural soils, especially those bordering the cities, due 
to the uncontrolled use of sewage sludge, compost, mining waste and 
chemical fertilizers. Excessive accumulation of heavy metals, which do not 
degrade over time, adversely affects crop yields by decreasing microbial 
activity and fertility of contaminated soils. Also, excess of heavy metals in 
the soil poses a serious threat to plant and animal health and, through their 
entry into the food chain, to human health. For this reason, the 
decontamination of soils contaminated with heavy metals has become a 
necessity. This review presents the current state of phytoremediation 
research as the most cost-effective method of in-situ environmental 
decontamination of soils contaminated with heavy metals. 

1 Introduction 
 

The phenomenon of urbanization, rapid industrialization and intensive farming in recent 
decades has led to the accumulation of a significant amount of heavy metals both in 
agricultural land bordering the cities and in the countryside because of uncontrolled disposal 
of household waste, treatment sludge, mining waste and the excessive use of chemical 
fertilizers. The accumulation of heavy metals, which do not degrade over time, some of them 
(Cd, Pb, Hg) being toxic in any quantity, however small and others (Zn, Cu, Mn, Mo, Ni, 
Co) being beyond acceptable levels as essential micronutrients adversely affecting crop 
yields by decreasing microbial activity and fertility of contaminated soils. Also, excess of 
heavy metals in the soil poses a substantial danger to plant and animal health and, through 
their entry into the food chain, to human health [1-7]. For this reason, the decontamination 
of soils contaminated with heavy metals has become a necessity. 

Decontamination can be done by conventional methods (chemical or physical) or by 
biological methods (plants, algae, microorganisms, etc.). 
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     Conventional technologies produce different pollutants and are unprofitable [1]. 
Of the various biological technologies existing so far, phytoremediation, as a technology 

based on solar energy, is considered the most environmentally friendly and very  
cost-effective. Phytoremediation, also called botanical bioremediation, is an ongoing 
research area and consists in reducing or eliminating the toxic effects of heavy metals in 
contaminated soils by their assimilation or immobilization by some specially selected green 
plants, with the help of associated microorganisms in the soil [8]. 

Depending on the response to the presence of heavy metals in the soils where they grow 
or are grown, the plants can be divided into three categories [9]: 

 - exclusion plants, which limit the access of heavy metals from soil only to roots and 
restricts the transport and assimilation into their aerial parts. Such plants can be used as 
phytostabilisers; 
- bioindicators, in the case of which the absorption and transport of heavy metals to their 
aerial parts is regulated so that the concentration of heavy metals in the plant reflects the 
concentration of heavy metals in the soil. They have a limited extraction potential and are 
used to biologically monitor soil contamination; 
- accumulators which allow the access, transport and entry of heavy metals from soil into 
their aerial parts to a level which does not affect their health and normal development. Of 
these, there are hyperaccumulating plants that can concentrate large quantities of heavy 
metals in their aerial parts, being successfully used for the remediation, by phytoextraction, 
of soils contaminated with heavy metals. 

2 Phytoremediation techniques applied to soils contaminated 
with heavy metals 

Depending on the way of fixing, absorbing, accumulating or eliminating the heavy metals by 
the plants used, there are three phytoremediation techniques applicable for the remediation 
of soils contaminated with heavy metals: phytoextraction, phytostabilisation and 
phytovolatilisation, the mechanism of which is presented in Figure 1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Phytoremediation strategies for soils 
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2.1 Phytoextraction 

Soil remediation by phytoextraction implies the absorption of the contaminant through plant 
roots, its transport and subsequent accumulation in its aerial parts, followed, at the 
appropriate time, by harvesting and clearing the ground of plant biomass. Plants are sown or 
transplanted into the soil contaminated with heavy metals and then maintained by appropriate 
agricultural practices. The roots of these plants absorb, from the soil, the soluble compounds 
resulting from the processing by the soil microorganisms of the metals and translocate them 
to the aerial shoots where they accumulate. After sufficient development, the aerial parts of 
the plants are harvested and cleared, resulting in permanent removal of heavy metals from 
contaminated soils. 

A large number of researches indicate that there are many hyperaccumulating 
metallophyte plant species that have a tremendous genetic potential for removing toxic metals 
from the soil so that they can play a major role in the phytoextraction process [10]. 

These include approximately 20 hyperaccumulators for As, 10 for Cd, 14 for Pb, 30 
for Co, 34 for Cu, 320 for Ni, 30 for Se, 11 for Zn and 10 for Mn [11, 12]. 

Table 1 presents a part of the hyperaccumulating metallophyte plants that have been 
studied and presented in the literature, some with a high phytoextraction yield both in terms 
of the number and amount of heavy metals assimilated. 
 

Table1. Hyperaccumulating plants used to study the phytoremediation of soils 
contaminated with heavy metals 

Plant Heavy metal References 
Arabidopsis halleri Zn [13] 
Thalaspi caerulescene Zn  [14]  
Brassica juncea L.  Cu, Zn, Pb [15, 16, 17, 18, 19] 
Brassica napus L.  Cu, Zn, Pb [16, 20]           
Brassica oleracea, Raphanus sativus Zn, Cd, Ni, Cu [1, 21]   
Cardaminopsis halleri Zn, Pb, Cu, Cd [22]. 
Cicer aeritinum L.  Cd, Pb, Cr, Cu [23, 24,25]  
Cucumis sativus L.  Pb [15]  
Eichhornia crassipes L.  Cr, Zn [26]  
Euphorbia cheiradenia  Pb, Zn, Cu, Ni [27]  
Helianthus annuus (Sunflower) Pb, Cd [28]  
Jatropha curcas L.  Cu, Mn, Cr, As, Zn, Hg [29]  
Lantana camara L.  Pb [30]  
Lavandula vera L. Pb [31]  
Lens culinaris Medic. Pb [32]  
Lepidium sativum L. As, Cd, Pb,  [33]  
Lactuca sativa L.  Cu, Mn, Zn, Ni, Cd, Pb, Co [34, 35]  
Miscanthus x giganteus  Cu, Ni, Pb, Zn [36]  
Oryza sativa L.  Cu, Cd [37]  
Minuartia verna, Agrostis tenius Pb [14]  

Pelargonium  Pb  [38, 21] 
Pisum sativum L.  Pb, Cu, Zn, Ni, As, Cr [39, 40, 41]  
Potentilla griffithii Zn [42]  
Rapanus sativus L.  Cd, Fe, Pb, Cu [33]  
Salvia sclarea L. Pb, Cd, Zn [31]  
Spinacia oleracea L.  Cu, Ni, Pb, Zn, Cr   [43]  
Sorghum bicolor L.  Cd, Cu, Zn [44, 45, 46]  
Trifolium alexandrinum  Zn, Pb, Cu, Cd [47]  
Viola principis Pb [48]  
Zea mays L.  Cd, Pb, Zn, Cu [43, 49, 50]  
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Compared to common plants, hyperaccumulating metallophyte species are able to 
accumulate heavy metals, in their aerial parts, in quantities of 100-500 times larger than 
normal plants, without effect on their development performance [51]. There are no general 
standards to establish the level of heavy metals from which metallophytes are considered to 
be hyperaccumulators [52]. Contaminant levels that different types of hyperaccumulating 
metallophytes are able to accumulate differ for different metals. The authors of a recent 
review on the subject consider that the species of plant which, when grown on soils 
contaminated with heavy metals, accumulate in their aerial parts, in relation to the dry matter, 
>10,000 mg / kg Mn and Zn, >1000 mg / kg Cu, Ni, As and Pb or >100 mg / kg Cd and Se,  
are part of the hyperaccumulating metallophytes category [53]. 

The potential of hyperaccumulating metallophyte species to absorb and accumulate heavy 
metals is of great ecological importance. Mechanisms of heavy metal hyperaccumulation 
comprise biochemical and biophysical transformations. Unfortunately, these mechanisms 
and the processes involved in the accumulation of metals are still little studied in depth and 
the mechanism of physiological transformations are not entirely known [52]. Some recent 
research on physiological hyperaccumulation processes has partly explained the mechanisms 
involved in metal hyperaccumulation. 

There are two parameters that indicate the efficiency of phytoextraction. The first is the 
bioconcentration factor that indicates the efficacy of a plant species to accumulate a heavy 
metal from the contaminated soil in its tissues and is expressed by the ratio of the 
concentration of the metal accumulated in the harvested plant biomass to the concentration 
of the same metal in the soil. The second factor is the translocation factor that indicates plant 
efficiency in translocating accumulated metal from roots to shoots and is expressed as the 
ratio of the metal concentration in plant shoots to the metal concentration in plant roots [54] 

A successful phytoextraction is conditioned by increased values of these two parameters, 
combined with increased metal xylem loading and detoxification of metals in plants [9]. 
Physiological studies showed that heavy metal xylem loading and its transfer to aerial parts 
of plants is mediated by a series of transport proteins that are in most cases found in plasma 
or intracellular membranes [52]. Also, the tolerance for heavy metals absorption of 
hyperaccumulating metallophytes is given by the type and amount of chelators, such as the 
phytochelatins and metallothioneins, they contain and which contribute decisively to 
detoxification by vacuole sequestration of heavy metals [55, 56]. 

Once the mechanisms and factors that govern the absorption and transport capacity of 
metallophyte plants are known, one can proceed to the mathematical modeling of heavy metal 
bioaccumulation [57, 58]. Mathematical modeling of heavy metal bioaccumulation seeks to 
know the mechanisms of this process and to identify ways to limit or optimize the 
bioaccumulation and phytoremediation processes [59]. The model can predict the optimal 
harvesting as well as the subsequent use of these metallophytes depending on the plant type 
and absorption of heavy metals [59]. 

Plants used in phytoextraction must have some special features including: high growth 
rate, large volume of aerial biomass, broadly distributed and highly branched root system 
[47], supraunitary, as high as possible, bioconcentration factor and translocation factor of 
target heavy metals from soil, high tolerance to the toxic effects of target heavy metals, good 
adaptation to environmental and climatic conditions in the respective area, increased 
resistance to pests and pathogens, easy cultivation and harvesting, aversion for herbivores in 
order to avoid contamination of the food chain [47, 55] 

Although phytoextraction leads to a permanent removal of metal from contaminated soils, 
phytoextraction is especially recommended for those soils that are contaminated with heavy 
metals at moderate levels, as most plant species are not capable to decontaminate heavily 
polluted soils [60]. For instance, phytoextraction can be applied for Pb decontamination by 
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Brassica juncea only for soils having a Pb contamination degree less than 1500 mg / kg [52, 
61] 

Like metallophyte plants, there are also metallophyte algae that also have a large capacity 
to absorb heavy metals and so there is appreciable potential to use them to remove heavy 
metals from polluted soils. 

Table 2 presents some algae species that researchers used to remove heavy metals from 
contaminated sites. 

Table 2. Soil algae used in the study on phytoremediation of soils contaminated  
with heavy metals 

 

Alga Heavy metal References 
Ascophyllum nodosum Ni, Pb [62] 
Cladophora fascicularis Pb (II) [63] 
Cladophora glomerata Zn, Cu [64] 
Cladophora glomerata, Oedogonium rivulare Cu, Pb, Cd, Co [65] 
Cymodocea nodosa Cu, Zn [66]  
Fucus vesiculosus, Laminaria japonica Zn [67]  
Oscillatoria quadripunctulata, Oscillatoria tenius Cu, Pb [68]  
Sargassum filipendula Cu [69]  
Sargassum natans Pb [62]  
Spirogyra hyalina Cd, Hg, Pb, As [70]  

 

Possible mechanisms for heavy metal tolerance, adsorption, transport and storage vary 
depending on various factors such as algal anatomy and growth medium [1]. In the case of 
algae, metal ions are adsorbed over the cellular surface by physical adsorption and then they 
are slowly transported into the cytoplasm by chemisorption [62]. 

2.2 Phytostabilisation 

Soil depollution through phytostabilisation involves the use of certain plant species to 
immobilize contaminants in the soil and groundwater by absorption and accumulation in 
plant tissues, root adsorption or precipitation in the root area, which prevents their migration 
to the soil as well as their displacement through erosion and deflation [25, 71, 72]. Thus, 
unlike phytoextraction, phytostabilisation does not have the role of decontaminating the soil 
but is intended to reduce environmental contamination.  

For phytostabilisation, it is especially recommended to use exclusion plants that allow 
heavy metals from soil to enter only in their roots, protecting their aerial parts against 
contamination with these metals. Such metallophytes are the Agrostis tenius and Festuca 
rubra plant species used for the phytostabilisation of soils contaminated with Pb, Zn and Cu 
[73]. It was also found that in the rhizosphere zone of the Silene vulgaris and Agrostis 
capilaris species Cd forms compounds with sulphides and Pb is converted into insoluble 
product as phosphate, which recommends them as phytostabilisers on the land contaminated 
with these heavy metals [14, 52]. 

To enhance the immobilization of heavy metals in the soil, phytostabilisation can be 
applied together with other decontamination methods, such as the application of organic 
amendments that increase the number of roots and multiplication of microorganisms in the 
contaminated soil [1, 52]. 

Studies on medicinal and aromatic plants showed that some of them such as Ocimum 
basilicum L., Melissa Officinalis L., Valeriana officinalis L., Calendula officinalis L. and 
Matricaria chamomilla L. are exclusion plants for Pb, Zn and Cd, which recommends them 
to be used for the phytostabilisation of soils contaminated with these metals [34, 74]. 
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Alimurgic species, which are edible wild plants that grow spontaneously in natural 
pastures, can also be used as phytostabilisers: Cichorium intybus L., for soils contaminated 
with Zn, and Taraxacum officinale for soils contaminated with Cd [75]. 

2.3 Phytovolatilisation 

Phytovolatilisation is a phytoremediation technique in which plants absorb volatile metallic 
contaminants from the soil and metabolically processed them into less toxic compounds, 
which then, through the process of plant transpiration, are released as vapours into the 
atmosphere [22]. This technique is applicable among heavy metals for Hg and in the case of 
metalloids for Se and As, but there are few studies that demonstrated the performance of 
applying this technique to remedy contaminated soils [8]. 

Gaseous transformation of heavy metals from contaminated soil is based on specific 
mechanisms that are coordinated within plants by certain specific enzymes or genes. 

Brassica juncea and Arabidopsis thaliana are capable of making the conversion of 
inorganic Se into organic selenoaminoacids (selenomethionine and selenocysteine) followed 
by biomethylation to form dimethyl selenide or dimethyl diselenide which are volatile and 
can be released into the atmosphere [52, 76]. 

However, there are few metallophyte plants that are naturally capable of transforming 
metals into volatile form. Therefore, in order to increase the ability to volatilize heavy metals, 
a number of genetically modified plants have been made [14]. 

3 Optimizing phytoremediation of soils contaminated with heavy 
metals  

From the information presented so far, it results that phytoremediation techniques applicable 
to soils polluted with heavy metals have a depollution potential that can be used for practical 
purposes. However, there is a great need to improve these techniques, which can be achieved 
by optimizing agricultural practices, chemical assistance of phytoremediation and the 
association of metallophyte plants with microbial strains [77]. 

Optimizing agricultural practices refers to both land preparation and plant cultivation as 
well as to the maintenance and harvesting of the plant aerial part in the case of 
phytoextraction. Soil preparation consists of performing operations to ensure optimal density 
and aeration, as well as water drainage. While some crops are sown directly in the field, there 
are others where seedlings must be obtained that can be planted in the field in spring when 
there is no longer a frost hazard. Given the unfavourable conditions for plant germination in 
soils polluted with heavy metals, it is recommended that the seed density be doubled 
compared to the one used in standard agriculture [78]. Crop maintenance during plant 
growing consists of weed and pest control, fertilization and irrigation depending on the 
weather conditions and the water needs of the crops. As one of the objectives of the 
phytoextraction is to ensure an aerial part mass as large as possible, the optimal harvesting 
periods for phytoremediation crops may differ from the harvesting periods considered 
suitable for conventional agricultural purposes. Crop rotation and the practice of associated 
crops are also important ways to increase the phytoremediation yield of soils contaminated 
with heavy metals [79]. 

Chemical assistance of phytoremediation consists of the use of synthetic chelating agents 
such as ethylenediaminetetraacetic acid (EDTA),                                                       N-(2-
Hydroxyethyl)ethylenediaminetriacetic acid (HEDTA), diethylenetriaminepentaacetic acid 
(DTPA) and ethylenediamine-N,N′-bis(2-hydroxyphenylacetic acid) EDDHA which 
increase the amount of heavy metal assimilable by plants from the soil and thereby improve 
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phytoextraction yield [11, 77]. It has to be noted that the excessive use of this type of synthetic 
chelates can lead to an increase in the concentration of heavy metals in levigations collected 
in the area under the plant roots and it is therefore recommended to use other chelating agents 
such as nitrilotriacetic acid (NTA) or citric acid [80]. 

The association of metallophyte plants with microbial strains improve the precipitation, 
reduction, oxidation and absorption of heavy metals in the soil and help plants developing 
suitable even under conditions of heavy metal stress [14, 52]. 

In the literature, these strains are called metallophyte growth-promoting rhizobacteria. It 
has been found that heavy metal-resistant microorganisms protect plants from the harmful 
effects of heavy metal and even increase the absorption of metals by hyperaccumulating 
plants. 

Many studies provided evidence that the association of microorganisms with rhizosphere 
leads to a yield of heavy metal accumulation in hyperaccumulating metallophytes up to 4 
times higher compared to yields obtained in sterilized soil [81]. 

Table 3 shows some species of microbial strains that researchers used for microbial 
assisted phytoremediation. 

Table 3. Microbial strains used in the study of microbial assisted phytoremediation 
 

 

The two main techniques for the microbial inoculation of the rhizosphere are soil drainage 
and direct inoculation with microorganisms of seeds or plant roots before sowing or planting 
[87]. 

Bacteria introduced into the contaminated soil increase the mobility and bioavailability 
of heavy metals in it by lowering the pH, increasing soil redox potential, producing plant 
growth stimulants and chelating compounds of heavy metals such as biosurfactants, organic 
acids, siderophores. [52, 88]. 

4 Conclusions 

Phytoremediation is an ecological and very cost-effective technology, based on solar energy 
and aims at reducing or eliminating the toxic effects of heavy metals in contaminated soils 
by their assimilation or immobilization by some green plants or algae. 

In the case of heavy metals, phytoremediation can be achieved by phytoextraction, 
phytostabilisation or phytovolatilisation, techniques that differ in the way the plant reacts to 
the contaminant. 

Studies in the field showed that phytoremediation efficiency depends on many soil, 
contaminant and plant characteristics such as soil physicochemical properties, the 
bioavailability of heavy metals in the soil, the type and amount of exudates released by 
microorganisms and plant roots as well as the capacity of plants to take over, translocate, 
accumulate and detoxify these metals. 

Microorganism Heavy metal References 
Aspergillus niger, Aspergillus awamori, Aspergillus 
ussamii, Rhizopus delemar, Penicillium brevicompactum, 
Saccharomycopsis lipolytica, Candida blankii, 
Saccharomyces cerevisiae, Hansenula schneggie, 
Debaromyces senii 

Co, Cd, Cu, Zn [82]  

Pseudomonas veronii Cd, Zn, Cu [83]  
Kocuria flava Cu [83]  
Yarrowia lipolytica  Cd, Ni, Co, Zn [84]  
Geobacillus toebii subsp. Decanicus  Cd, Cu, Co, Mn [85]  
Bacillus cereus Bacillus subtilis Mn, Ni, Co, Cu, Pb [86]  
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To improve phytoremediation efficiency, use of genetically modified metallophyte 
plants, optimization of agricultural practices, chemical assistance of phytoremediation and 
association of metallophyte plants with microbial strains are sought. 
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