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Phytoextraction or immobilization is more cost-effective in the field of removal of heavy metals from
contaminated soils. These techniques have fewer side effects than physical and chemical techniques. It is the
main and most promising technique, in situ or ex situ treatment/removal of contaminated soils, sediments
and water. The use of plants as phytoremediators reduces the amount of inorganic components of soil
impurities (heavy metals). The main aim of current study is focus on plants which could accumulate large
amounts of these pollutants, but are also characterized by high growth rates, tolerate the toxic effects of
heavy metals, and mostly adapted to the local environment and climate. Besides they must be resistant to
pathogens and pests, easy to grow and exclude the possibility of contamination of animals and humans
through the food chain. This study provides a systematic review of publications related to advances in the
phytoremediation treatment of contaminated soils, and briefly explains the current limitations in the use of
plants to removal heavy metals from the contaminated soil. The main limiting factor is the entry of heavy
metals into animals and humans through the food chain. Another limiting factor is the possible negative
impact on the genetics of plants used for soil treatment, because this may facilitate to the extinction of this
species plants. The investigation showed that the questions of the influence of heavy metals on plant genes
deserve serious attention. This is important to prevent reduce species diversity in nature. However, today
these issues are very little studied.
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Introduction

There are different types of Phytoremediation methods
– Chemical, Biological and Physical. Phytoremediation
includes the processes of contaminant removal (Table 1).
The premise for inclusion of toxicity assessment to control
the degree of environmental pollution has become evidence

that the study of the presence and elimination of chemical
compounds based solely on the measurement of their
concentration may not mean a real improvement in the
quality of the environment [1].
While using increased phytoremediation the ecological

characteristics of the plants used should be considered. If
contaminant is taken up by the plant, then this fact

mailto:ziarati.p@iaups.ac.ir


Phytoremediation Treatment of Heavy Metals Contaminated Soils

J Med Discov│www.e-discoverypublication.com/jmd/ 2

facilitates entry of the contaminant into the food chain.
Diverse communities of plants increase total resource use
and enhance nutrient cycling on a seasonal
complementarity timescale. Phytoremediation may be used
as a short-term treatment option to rehabilitate soils for
residential or commercial development, or even for
creation of a more sustainable wildlife habitat.
We see our mission in an attempt to study current

advances in the field of phytoremediation treatment of
contaminated soils, and understand and briefly explain the
existing factors, which limit the use of plants to remove
heavy metals from the soil. Consequently, in the course of
our research it is necessary to clarify several questions:
Firstly, at what pollution is possible the use of

phytoremediation treatment and what plants are used for
this?
Secondly, what happens to a plant when it absorbs heavy

metals: does it get into the food chain or it dries out and
can no longer recover?
Thus, the main aim of current study is focus on plants

which could accumulate large amounts of heavy metal
pollutants, but are also characterized by high growth rates,
tolerate the toxic effects of heavy metals, and mostly
adapted to the local environment and climate. Besides they
must be resistant to pathogens and pests, easy to grow and
exclude the possibility of contamination of animals and
humans through the food chain.

Table 1. Phytoremediation process and mechanisms in
contaminant elimination

No. Process Mechanism Contaminant

1 Rhizofiltration Rhizosphere

accumulation

Organics/Inorganics

2 Phytostabilisation Complexation Inorganics

3 Phytoextraction Hyper-accumu

lation

Inorganics

4 Phytovolatilization Volatilization

by leaves

Organics/Inorganics

5 Phytotransformation Degradation in

plant

Organics

1 Phytoextraction

1.1 Physical and chemical techniques - in situ or ex situ
treatment.
It is assumed that the sensitivity of the ecosystem

depends on the most sensitive species, and the protection of
the ecosystem structure will help to protect the functioning
of biocenoses. Environmental risk assessment is defined as
the process of assessing the probability that adverse
environmental effects may occur as a result of exposure to
one or more stressors. Stressors include physical, chemical
and biological factors that cause adverse effects in
organisms, in populations, teams, biocenoses and
ecosystems [1]. The risk can be assessed if:
− the stressor has the natural ability to cause one or more

negative effects, its occurrence in contact or
co-occurrence with ecological components (organisms,
populations, syndromes, biocenoses, ecosystems) is
respectively long and in sufficient intensity to produce
a harmful effect;

− the environmental risk assessment may be performed
for one or more stressors and ecological components
and is an aid in the identification of ecological
problems, indicating priority actions and constituting
scientific grounds for taking legal regulations [2-7].

1.2 The role of anthropogenic activity in the
accumulation of heavy metals
Heavy metals are widely distributed in soil through

fertilizer, natural weathering erosion, excretory disposals of
animals and include urine, feces, and milk [8]. A
particularly powerful source of heavy metals is the
anthropogenic activity: the accumulation and
decomposition of waste in a landfills [9-12, transport
emissions [13-16], heavy metal emissions from industry
[17-22], etc. Moreover, the depth of penetration into the
soil depends on its properties and can be pre-predicted
[23-24].
In the process of phytoremediation of heavy metals from

the environment, individual plants accumulate them in their
roots. This occurs until a satisfactory level of total
pollution is achieved. The bio-mass by natural process
induces the metal transfer to forming plant biomass and
concentrates the pollutant by microbiologic composting or
thermal burning of chemical while in the induced
phytoextraction chelate application of the soil happens
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[25].
One of these heavy metals is cadmium which is

extensively applied and particularly toxic in comparatively
low dosages [26]. It has anonymous vital purpose in higher
plants, is effortlessly absorbed by plant roots and
transported to the shoots, hence the danger assessment of
food chain infection is convoluted by the absence of a
dependable connection among soil Cd and crop Cd [27].

1.3 Phytoremediation as an indispensable tool in
ecological management
Heavy metals get into plants through roots, where the

contaminated soils pollute groundwater and aquifers. Such
plants when consumed by human or animals lead to
ingestion [28-30]. Phytoremediation is an essential tool in
ecological management. Evaluating remedial alternatives
of polluted soils is an important function in achieving
management goals effectively [31-32].Phytoremediation
comprises of two uptake processes which has a reversible
process called biosorption, and an irreversible, ion
sequestration named as bioaccumulation [33].

2 Phytoremediation methods - Chemical, Biological and
Physical
Application of genetic engineering technology makes

efficient remediation plants and microbes develop
microbe-plant combination systems. Cost effective
remediation works on wide range of contaminated sites that
are almost on the soil surface, comparatively non-leachable,
and have greater area coverage.
Companion planting from pollutant source and

segregated microbial, cellular, whole live plant and plant
waste food and agricultural, forestry wastes can also have a
role in relieving more serious metal pollutants in mining
situations, and simultaneously relieve pollutant pleasures
from remediated soils that can be returned to agriculture or
ecological roles.
This in turn enhances "social license to operate" for

industry and mining groups more effectively.
The practical application of phytoremediation promotes

the soil resources for soil remediation and protects the
biofuel crop production bringing revenue to the owners of
contaminated sites [32]. Certain plants near metal mines
thrived in heavily metal-contaminated soils, hence
knowledge about different plant species which absorb and
transport metals under different conditions are to be

appropriately chosen for phytoremediation of the polluted
regions [34].

2.1 Phytoremediation unsuitable in certain regions
Toxicity half-life depends on the toxic compound. The

half-life, i.e. the half-life of the transformation, is the time
during which half of the starting amount of the substrate
will undergo the transformation (reaction). In the case of a
radioactive transformation, proceeding according to the
first-order reaction equation, the half-time of the
transformation is constant, independent of the amount
(content) of the radioactive isotope, which allows to
calculate the residue after 0.5n transformation periods as
0.5n, e.g. after 4 t 0.5 each will remain 0.54 or 1/16 (about
6%) of the initial amount of substrate (radioactive isotope).
Moniczewski et al. [35] report that the half-life of lead lasts
over 20 years. Government agencies have set limits only
for certain metals (e.g. for cadmium, arsenic, lead), while
for others, i.e. cobalt, chromium, nickel, regulation of this
type is still missing [35].
The results obtained in 2008 by Małachowska-Jutsz [31]

have shown that the interdependence between plants and
fungi is important in soil phytoremediation processes. This
author has developed a method of intensifying
phytoremediation of soils contaminated with petroleum
compounds using mycorrhizal fungi (phytoremediation +
bioaugmentation). In her research, she evaluated the
processes of hydrocarbon degradation in soils, where
phytoremediation was carried out using an inoculum based
on autochthonic strains of microorganisms in relation to
soils subjected to phytoremediation processes and
self-cleaning. It was shown that in soil contaminated with
hydrocarbons, colonization of plant roots by mycorrhizal
fungi had a positive effect on the growth and development
of roots as well as on the distribution of pollutants by other
organisms of the rhizosphere. The efficiency of
hydrocarbon elimination from the soil depended on the
variant of the phytoremediation method used, i.e. the type
of plant and biopreparation (bacterial or fungal). It has
been shown that the best results can be obtained in the
bioremediation process using a monocotyledonous plant
and inoculants of mycorrhizal fungi isolated from
contaminated soil. It turned out that the symbiosis of
mycorrhizal fungi with monocotyledonous plants increases
the efficiency of 2-, 3-, 4- and 5- ring hydrocarbon removal
by ca. 40%, and 6-ring mycelium by ca. 30% in
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comparison with the samples in which plants without
inoculation of mycorrhizal fungi [31].
Phytoremediation has an integral role to reduce risks in

these future time scales. Remediation extraction methods
are unviable for large contaminated areas [36-38].
Technically and financially they do not have an impressive
justification for small quantities of the contaminant when it
is bio-available in the soil for the plants [39]. However in
mining situation, Technosol constructs and or
phytostabilization, such as those proposed by Ziarati in
2014 and 2016 [40-43] may be a solution.

2.2 Consideration of plant ecological characteristics
Contaminated soil also has a large impact on the

chemical composition of plants. Contaminated soil also has
a large impact on the chemical composition of plants.
Industrial wastewater, solid waste, municipal waste waters,
and sewages from chemical factories have caused
contamination of soils. The plant accessibility for particular
heavy metals depends on soil pH, exchange capability and
dispersal of metals between various soil fractions [41-45].
Prevalently the elements in dissolved form, with almost no
suspended solids have acidic wastes combined with
wastewater reaching above average COD and BOD values
along with copper and zinc as heavy metal are well below
the limits according to IS-3306 (1974). The total solid
concentration represented in colloidal form and dissolved
species in waste effluent are very likely for the fluctuation
of total solid and successive dissolved solids as content
collision colloidal particles [45-46]. The effectiveness of
many plants in removing lead and cadmium heavy metal
pollutants is a major concern affecting through soil
pollution.
When investigating the comparative potential of two

grasses, Panicum maximum and Axonopus compressus to
bioremediate lead polluted soils, then root, shoot and leaf
were analysed for morphological, biochemical parameters
and Pb concentration [47]. In addition, the impact of Pb on
the antioxidant defense system of the plants was studied.
The root length of both P. maximum and A. compressus
generally decreased as the concentration of Pb in the soil
increased. At the same time the fact of reduction of the
heavy metals in vegetated soils was established. However,
with an insufficient length of roots, the resistance of a plant
can be greatly reduced, since the plant will not receive
sufficient nutrition. On the other hand, the influence of

heavy metals on the genes that responsible for remediating
potential of these plants remains unknown. But this is a
very important question as it is necessary to avoid the
extinction of these species due to the systematic use of
these herbs for soil recovery from heavy metals [47].
However the phytoremediation of lead and Cadmium

tendency shows that Aloe vera when grown in the soil
brings appropriate hyper-accumulator by its comparatively
greater ratio of biomass in the soil pollutant concentration.
Aloe vera can be grown to reduce the contaminations from
effluents by decreasing the heavy metal toxic levels
(Shokri et al., 2016; Sawicka & Kalembasa, 2008).
Physical, chemical properties and concentrations of
Cadmium, Nickel and lead, as heavy metals in soils, before
and after treatment of F. angulara in companion of tea
determined by atomic absorption spectrophotometer.
Synergic effect of mixing dried areal parts and black tea
residue is found to be environmental friendly for
recovering contaminated soils, and adsorb more of metal
toxicity in contaminated soil [41, 45, 48]. The usual ability
of a plant to volatilize a pollutant taken through roots is a
natural form of air-stripping pump system. Volatile
contaminants diffuse from the plant into the atmosphere
through open stomata in leaves, while the radial diffusion
happens through stem tissues. Microbial aromatic
degradation is induced through the deposition of phenolic
compounds that are basically similar to recognized
inducing enzymes liable for the degradation of aromatic
polluting compounds [49].

Contaminant into the food chain

Chemicals may have properties that can cause effects on
humans and animals. Science helps protect against the
potentially harmful effects of these substances by advising
on safe levels of their presence in food. These levels may
refer to a single / short-term high-intake of a chemical or to
accumulate in the body over time. Some chemicals occur
naturally in the food chain, others due to, for example,
agriculture, food processing (such as the production of fries,
chips) accumulate acrylamides in food and glycidyl esters -
in vegetable oils and food [50-52]. Pollutants are
sometimes detected in live animals and in food from
animals [50]. Phytoremediation is a in situ secondary
treatment methods to minimize land disturbance and
eradicates transportation and liability costs related to offsite
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disposal management. Downward movement of pollutants
arising out of percolation of rainwater can be managed
with phytoremediation [38,49]. Heavy metals enter the
food chain through sewage, waste generated from
manufacturing activities, dust, and heavy metals in food,
are common ways. Serious health issues caused by heavy
metals include nervous system disorders, renal failure,
genetic mutations, types of cancers, neurological disorders,
respiratory disorders, and cardiovascular, immune system
weakening and infertility. Milk and its products are

impacted by numerous elements that are primarily involved
in enzymes. The heavy metal contaminant such as lead,
cadmium, chrome, nickel, and cobalt in cows though
environments exposed to the livestock where the
consumption of food and water are toxic affected, can
disrupt milk at different levels and cause serious problems.
The amount of metals in non-contaminated milk is
remarkably accurate, through in vivo bio modulation but
milks metal content may vary considerably through the
production and packaging process [8,40,43 ,53-54]

Table 2. Pollutants demonstrated in the tested herbal drought in Poland [55].
Herbal product Nitrates

[mg/100 g]

Asphalt
particles

Foreign
species

Fungi of
mold fungi

Mineral
impurities
[mg/100 g]

Petroleum
substances
[mg/100 g]

1. Plantain herb:
Manufacturer I
Manufacturer II

58
35

yes
not

not
not

not
yes

116,5
83,7

12-15
11-19

2. Nettle leaf:
Manufacturer I
Manufacturer II
Manufacturer III

91-93
170-177
111-116

not
not
not

not
not
not

not
yes
not

119,4
174,3
258,9

18
23
51

3. knotweed herb:
Manufacturer I
Manufacturer II
Manufacturer III

233
117
210

not
not
not

yes
yes
yes

yes
yes
yes

520,5
430,6
606,2

134-136
8-10
33

4. Herb of the canopy 194-199 Yes yes Not 61,2 27-54

Contamination of commercially available herbal raw
materials and their Toxicological properties
Modern and competent pharmaceutical companies and

food factories in the production of herbal blends and teas
comply with strict product quality standards. However,
many enterprises, unfortunately, often do not comply with
these strict product quality standards. The quality and the
healing value of herbal products are mainly determined by
the quality of the raw material (source of its acquisition)
and production technology. In order to cover the
ever-increasing needs of the market, professional herbal
plants produce raw materials from controlled crops for
their production, which on the one hand protects the natural
resources of herbs, and on the other, ensures
standardization of the raw material. In the case of small,
unprofessional entrepreneurship and so-called common
herbs in nature, the purchase of raw material from
individual pickers is practiced. This is primarily about

herbs referred to by botanists as ruderal and nitrous plants,
such as nettle (Urtica dioica), capsella (Capsella
bursa-pastoris), knotweed (Polygonum aviculare), burdock
(Arctium lappa), grurz (Agropyron repens), goldenrod
(Solidago virga-aurea), coltsfoot (Tussilago farfara), and
comfrey (Symphytum officinale). These plants grow most,
and even massively, on motorways, streets, rubbish dumps,
manure, composts, railway tracks, sidewalks, roadside and
drainage ditches, on debris, construction sites and gravel
pits. So these are environments heavily polluted with toxic
chemical
Four commonly used herbs, sold in pharmacies and

herbal stores: grandmother leaf, nettle leaf, herb knotweed
and herb (see Table 1) were taken for control tests. The
producers of these herbs are several well-known domestic
companies.
The contaminants mentioned in the table cause

symptoms quite common and completely non-specific in
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people: gastrointestinal disorders. If the amount of oil
derivatives in the portion of herbal extract taken several
times exceeds 12 milligrams, diarrhea develops, nausea,
headaches and dizziness, tinnitus and weakening of muscle
movements. Nitrites consumed in herbs or food in the
amount of 800-1000 mg act after about 30-50 minutes,
redness of skin layers, headaches and dizziness, cyanosis,
drop in blood pressure appear. There may be collapse,
especially in the case of contaminated hypotensive herbs
[8,34 ,40, 43 ,55-56].
Long-term use of herbs contaminated with these

substances is manifested by anemia, granulocytopenia,
proteinuria, notorious digestive disorders, drowsiness,
depression and muscular weakness. Nitrites and petroleum
hydrocarbons (cyclic) are carcinogenic, nephro-, neuro and
hepatotoxic. In women, they cause menstrual disorders.
The nature and strength of the toxic effects of herbal
impurities depends on the pharmacological properties
(possible interactions) of the herb. Therefore, it is
necessary to strive to eliminate producers of low quality
herbal products from the market by subjecting them to
thorough physical, chemical and organoleptic control. The
most appropriate seems be the use of plant raw materials in
production from controlled crops [34,40,43, 57-59].

Contamination of the food chain with oil-derived
substances
The components of petroleum, especially long-chain

hydrocarbons, are very stable, non-biodegradable and
remain in the environment for longer duration of time and
are difficult to remove. Due to their physicochemical
properties, oil-derived pollutants easily penetrate into soils,
surface and ground waters, and thus into plant, animal and
human organisms, causing "contamination" of all links in
the food chain [60-63].

The ability of the bacteria to metabolize hydrocarbons
Bacteria (e.g. from the genus Flavobacterium, Nocardia,

Mycobacterium, Pseudomonas) and fungi (e.g. Candida
lipolytica yeast, Candida tropicalis) have the ability to
metabolize hydrocarbons, however, rather short-chain ones.
In nature, they occur near sources of oil and gas. It is
possible to transfer these organisms to places contaminated
with petroleum products. To this end, expensive cultures
are run and produce appropriate preparations with selected
cultures. However, it requires large financial outlays and

technical operations [61,62].

Figure 1. Soil profiles in the Wisłoka River (Poland) Valley
degraded by oil-derived pollutants according to
Różański [55].

Contamination of soil and water environment with
crude oil
One of the anthropopressive factors is pollution of the

soil and water environment with crude oil and petroleum
products. This is a very serious problem due to toxicity and
prevalence. Along with the development of civilization,
urbanization and mechanization, the consumption of crude
oil and its products increases, and the consumption of oil
and environmental pollution increases. Extraction,
transport, industrial processing and use of crude oil and
petroleum products is associated with an ever stronger
pollution of the natural environment. Drilling, use and
transportation of crude oil are a source of oil-derived
pollution. Crude oil initially covers plants and the topsoil.
Phytocoenoses cover the earth and the intensity of
atmospheric precipitation while its migration into the depth
of the earth depends on the soil properties such as chemical
and physical (Billet et al., 2018). During the drought
spilled oil moves into the earth at a speed of about 10 cm /
45-60 min. dry soil particles, especially humus; quickly
absorb oil, stopping its migration to deeper levels. In moist
soil, this speed decreases by 50-60%, which is due to the
hydrophobic properties of crude oil. However, as research
has shown, it is the movements of the soil solution that
ultimately determine the direction of migration and the
distribution of oil-derived pollutants. The soil solution
becomes the main carrier of oil in the soil, given that the
water remains in constant motion [55].
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Petroleum pollutants accumulate mainly in humus
particles, as well as in soil spaces and capillaries of A0, A1,
B and R levels. If the glial level G is made of dense clay
and clay, then it does not let any petroleum derivatives,
except for the lightest fractions and chlorofluorocarbons. If
the G level contains coarse sand and stones then it becomes
permeable to all hydrocarbons. Crude oil also travels along
soil tumors that cut through a dense glial level. The
saturation of the soil with petroleum creates anaerobic
conditions and inhibits gas exchange between the
atmosphere and the soil air. The soil is saturated with
gaseous hydrocarbons (methane, ethane, propane, butane).
Rainwater does not penetrate freely through soil levels, it
stagnates. Excessive moisturizing and anaerobic
environment intensifies the processes of trivalent iron
reduction to divalent iron, which is manifested by sticking
the soil [61, 63]. Crude oil kills small invertebrates, which
diminishes the biological life of the soil. Only anaerobic
bacteria live in such soil: hydrogen sulphide, hydrogen,
methane and iron-reducing bacteria. Oil-degrading bacteria
occur in a small amount and only in the upper levels (A0,
A1), where oxygen reaches. The main function in the
biodegradation of oil-derived pollutants in the oil fields is
played by plants – naphthophytes [61, 64-65].
Naphthophytes are plants that have adapted well to life
under extreme conditions, such as soils and waters
saturated with oil or petroleum products. These plants
tolerate very high concentrations of oil, eliminating (killing)
other plant species. Some even clearly focus on sources of
oil contamination; creating compact populations there
(Table 3).

Naftophytes as a source of caries

Naftophytes are the only source of humus for these soils,
and their root systems form a shallow rhizosphere.
Petroleum hydrocarbons are absorbed by the roots along
with the soil solution and transported by xylem to
parenchyma cells. Tolerance of soil contamination level of
crude oil varies depending on the species and depends on
the created adaptive mechanisms and the nature of
secondary metabolic pathways. The main advantages of
naphthophytes are: acceleration of degradation of
oil-derived pollutants. Absorption, accumulation and
metabolization of hydrocarbons contained in crude oil. Oil
contaminants may constitute 7 to 15% of the plant's weight.

They are humusogenic, reproduce sexually and
vegetatively, grow strongly and propagate. They produce a
lot of biomass. Dense root systems ensure the stability of
the soil, prevent the washing out of toxic hydrocarbons and
soil mass. They stop the erosion process in hilly and
mountainous areas [64-67].

The cultivation of naphthophytes
The cultivation of naphthophytes on target sites is easy,

fast and cheap. Care is reduced to mowing or shearing and
partial harvesting of above-ground biomass. Biomass,
which contains hydrocarbons inside the tissues and on the
surface of the organs can be composted or processed into
briquettes and used as fuel. In the case of low-grade
naphthophytes, the harvested biomass harvest becomes
unnecessary, it is even beneficial and purposeful to leave it
in place (source of humus) [65]. The result of storing all
waste is the formation of leachate due to the seepage of
rainwater through the individual layers of the repository. In
well-protected systems, they are collected through a system
of drains and ditches and gradually discharged into tanks.
The leachates are exported to the sewage treatment plant.
Wastewater should meet certain standards. Meeting these
requirements provides pre-treatment of leachate with a
hydrophilic system. The importance of a hydrophytic
pre-treatment of leachate - in the phytoremediation and
biodegradation of pollutants with potential toxicity [3,5,
64,67].
Maintaining a constant qualitative and quantitative

leachate chemical composition is achieved by:
− Biodegradation of toxic chemical compounds (metals,

detergents, hydrocarbons, pesticides, nitrites, nitrates,
phosphates, chlorides) (Barbaś & Sawicka, 2016),

− increasing the clarity of leachate,
− odorization (deodorization) of leachate,
− increasing the oxygenation of leachate,
− Humification and mineralization of organic particles,
− Induction of microfauna and microflora development

responsible for the self-purification of water in nature,
− Constant biomonitoring and thus the possibility of

controlling the phyto- and zootoxicity of leachates
[66].

The selected plants for the pre-treatment plant should be
characterized by the ability to carry out bioremediation,
and at the same time a specific sensitivity to exceed toxic
parameters [55, 69].
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Table 3. Tolerated concentration of oil-derived pollutants in the environment [62-63].

Species
Tolerated concentration of oil-derived

pollutants in the environment (g.kg-1)
Species

Tolerated concentration of oil-derived

pollutants in the environment (g.kg-1)

Rubus caesius L. 230 – 306 Lemna minor L.* 200 – 205

Achillea milefolium L. 222 – 306 Spirodela polyrrhiza(L.) Schleid.* 200 – 205

Digitaria sanguinalis L. 270 – 314 Sparganium ramosum Huds.

et S. simplex Huds.*

204 – 210

Digitaria ischaemun Schreb. 116 – 119 Typha latifolia L.* 204 – 210

Carex hirta L. 470 – 504 Polygonum amphibium L.* 200 – 205

Carex praecox Schreb. 311 – 437 Rumex hydrolapathum Huds.* do 420

Holcus lanatus L. 140 – 330 Poa annua L. do 350

Trifolium repens L. 114 – 430 Setaria viridis (L.) P.B. do 320

Poa pratensis L. 112 – 320 Taraxacum officinaleWeb. do 411

Linaria vulgaris L. 170 – 420 Phalaris arundinacea L.* 277 – 280

Juncus effusus L. 108 – 350 Urtica dioica L. do 506

Galium apparine L. 107 – 330 Carex nigra (L.) Reichard do 411

Anthoxanthum odoratum L. 178 – 440 Bromus hordeaceus L. 144 – 230

Salix viminalis L. 198 – 412 Dactylis glomerata L. 140 – 147

Salix aurita L. to 320 Alopecurus pratensis L. 132 – 254

Salix amygdalina L. to 290 Glechoma hederacea L. ok. 260

Salix repens L. to 450 Leontodon autumnalis L. 102 – 256

Salix purpurea L. to 412 Anagallis arvensis L. do 504

Salix caprea L. to 385 Ranunculus repens L. do 504

Prunus spinosa L. do 412 Polygonum hydropiper L. 215 – 288

Prunus padus L. do 550 Scirpus sylvaticus L.* 303 – 309

Sambucus nigra L. do 412 Deschampsia caespitosa(L.) P.B. 132 – 134

Rubus suberectusWeihe 230 – 241 Plantago maior L. do 470

Juncus inflexus L.* 347 – 410 Gnaphalium uliginosum L. do 500

Juncus articulatus L. 363 – 367 Lolium perenne L. 132 – 166

Schoenoplectus lacustris (L.)

Palla*

311 – 315 Arrhenatherum elatius J. et C. Presl. 200 – 300

Carex hudsonii Bennet* 403 – 407 Equisetum palustre L. 270 – 320

Phragmites communis Trin.* 204 – 210

Biological features of plants for planting the
pre-treatment plant

Water plants (hydrophytes), thanks to their own life
processes, change the living conditions in the water and
swamp environment, which will be shaped in the
pre-treatment plant. Hydrophytes change the chemistry of
water and swamp substrate by secreting its own
metabolites and absorbing nutrients and toxins. Thanks to

photosynthesis, they significantly increase the oxygen
content in the substrate and in the water. Oxygen enables
quick mineralization and biodegradation of pollutants
contained in the leachates. During the night, the oxygen
content decreases, and the concentration of carbon dioxide
increases, which results in numerous reactions of
carbonates, which detoxify (neutralize) pollutants and
cause their deposition (phenols, metals) or metabolize.
Hydrophytes absorb salts of calcium, lead, phosphates,



Phytoremediation Treatment of Heavy Metals Contaminated Soils

J Med Discov│www.e-discoverypublication.com/jmd/ 9

nitrates and nitrites, ammonium compounds from the
effluents [67, 70-71] : Dead plant remains undergo
humification and form a humus substrate (sludge),
constituting the living environment of microorganisms
(bacteria, protozoa, cyanobacteria, algae) which gives rise
to a well-functioning ecosystem that is necessary for
leaching. It is necessary to focus on such features:
− Root systems and humus deposits are a natural biofilter

that retains and degrades the effluent contaminants.
Airing the sediment-biofilter provides not only oxygen
from photosynthesis;

− the air reaches the deeper levels through the aeration
tissues of the plants contained in the shoots, rhizomes
and roots, and which constantly breathe;

− dead plant organs also constitute the reservoir of air
(aerenchyma, slowly dying, but filled with air) [61,
67,69]. To endure through the prolonged hypoxic
environments, water plants obligate to established
adaptations and contrivances at the essential level. In
the case of roots, the most common morphological and
functional modifications contain the creation of
accidental roots, aerenchyma and hypertrophic lenses.
These alterations advance the ability to capture oxygen
being transported to the immersed tissues of the plants
[67,69]. Libertia grandiflora has two types of roots one
that adsorb nutrients and ascribe to the plant in the soil,
and the other an accidental roots that are along the
shoots and provide oxygen uptake [68,72]. In addition
there are many semi and fully aquatic species which
have established a large number of aerenchyma in
roots, stems and leaves [61, 70,73]. Ecological and
morphological types of plants used in the hydrophilic
system;

− Plants with floating leaves or shoots partially
protruding from the water. Species completely
submerged, floating on the surface of the water and
partially emerged;

− Air-water plants, rooted in the bottom of the reservoir.
Assimilation shoots exist above the surface of the
water;

− Aquatic plants, growing near water reservoirs, which
can be periodically flooded [61,66, 70, 72,74].

Discussion

In various regions of the world, plant species have been

identified that are capable of absorbing heavy metals and
restoring contaminated soil. However, the potential of these
plants and their stability is uneven.
As shown by multiple studies, many plant species most

easily absorb cadmium and lead, which are particularly
toxic in relatively low dosages. This applies to any plants,
even those that grow spontaneously. In this regard, plants
that grow on soil contaminated by cadmium, are secondary
sources of environmental hazards. This is because these
plants deliver heavy metals to living organisms along the
food chain. Consequently, it is especially unacceptable to
cultivate commercial raw materials on lands contaminated
by cadmium and lead. Such pollution is characterized, for
example, by the roadsides of highways, where often collect
medicinal herbs.
At the same time, cadmium and lead are toxic directly to

plants that ingest these metals. Studies have shown that
when a plant grows on soil contaminated with lead, the
length of the roots decreases as the concentration of lead in
the soil increases. This indicates that the amount of
nutrients for the plant will decrease, and they can die off
sooner than when grown on clean soil. It should be noted
that a promising plant in phytoremediation technologies is
Aloe vera when grown in soil contaminated with lead and
cadmium. According to research, this plant manifests itself
as a hyper-accumulator. It is also very important that Aloe
vera is widely cultivated throughout the world. Also, this
plant can be grown to reduce pollution from wastewater by
reducing the level of toxicity of heavy metals.
Special types of pollution include oil pollution. For their

removal, naphtofites are promising, which are the only
source of humus for these soils.
Also, the effect of heavy metals on plant genes

responsible for the restoration of their potential remains
unknown. But this is a very important issue, since it is
necessary to avoid the extinction of certain plant species
due to their systematic use for the recovery of soil from
heavy metals.

Conclusions

1. Prospects for using soil restoration for heavy metals
are very limited. One of the limitations is a high degree of
soil contamination. The second limitation is the high
probability of contaminants entering the body of animals or
people.
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2. To eliminate the first restriction, it is necessary to
study more deeply the effects of heavy metals on plant
genes that are used for phytoremediation. The questions of
the influence of heavy metals on plant genes deserve
serious attention. This is important to prevent reduce
species diversity in nature. However, today these issues are
very little studied.
3. To eliminate the second limitation, timely removal of

spent plants is required. As the literature review and results
of this study show, each plant species has its own limit for
the absorption of heavy metals (that is, each plant species
has different phytoremediation effectiveness). Thus, at the
moment when the highest efficiency of absorption of heavy
metals is achieved, the plants should be removed and new
planted for further soil cleaning, if necessary.
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