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Abstract: Heavy metals are natural compounded elements occurring in the environment and different in concentrations along
the earth crust. Source of these elements in water and soils mainly include natural occurrence derived from parent materials and
anthropogenic activities. Pollution by heavy metals is still a serious problem due to their toxicity and ability to accumulate in the
biota, and causes various health problems in humans and animals. This paper discussed the effects and sources of heavy metals as
well as phytoremediation techniques. Phytoremediation techniques or strategies seem to be a prosperous way to remediate heavy
metals-contaminated environment (water, soil air and others. It has some advantage compared with other used or available
physical and chemical process or conventional strategies. There are several factors that must be considered in order achieved a
high performance of remediation result, and the most crucial factors is a suitable plant species which can be used to uptake the
contaminant. Although, phytoremediation techniques seems to be the most efficient, but it has some limitations.
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chromium(Cr), cobalt (Co), Copper (Cu), Nickel (Ni), Lead
(Pb) and Zinc (Zn) at high concentrations could led to serious
ecological consequences and pose human health risks [2]. A
heavy metals are potentially hazardous to humans and various
ecological receptors because of their toxicity, persistence,
bioaccumulative and non-biodegradable nature. Therefore
monitoring and evaluation of heavy metal concentration in
soils, groundwater and atmospheric environment is imperative
in order to identify hazards to human health to prevent
bioaccumulation in the food chain and further degradation of
the ecosystem [3] [4]. According to [3] Monitoring and
assessment of heavy metals concentrations in the environment
contribute towards effective understanding of biogeochemical
processes and gauging ecosystem health.

1. Introduction

Heavy metals contamination of global environment arises
from natural sources directly or indirectly from anthropogenic
activities such as rapid industrialization, urbanization, energy
generation, improper waste management and other local
and/or regional anthropogenic sources [1]. A large quantity of
heavy metals associated will anthropogenic activities have
seen released into the atmosphere from where they can reach
the soil environment and aquatic ecosystem through both dry
and wet deposition processes. Apart from soil environment
and aquatic ecosystem, atmospheric inorganic contaminants
of natural origin or anthropogenic sources that contained
heavy metals and or trace elements such as cadmium(cd),
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2. Sources of Heavy Metal

Apart from emission from natural sources (meteoric
biogenic, terrestrial, marine, volcanic, forest fires, erosion and
surface winds), heavy metals from anthropogenic sources are
introduced into the environment mainly via three routes:

1. Deposition of atmospheric particulates.

2. Disposal of metal enriched sewage sludge and sewages

effluents.

3. Emissions from automobiles, metal mining, petroleum

production and fossil fuel combustion [3].

Combustion of fossil fuels is the principal antheropogenic
sources of Be, Co, Hg, Mo, Ni, Sb, Se, Sn, and V, as well as a
large contributor of As, Cr, Cu, Mn, and Zn, while industrial
metallurgical processes produce the largest emission of As, Cd,
Cu, Ni, and Zn (Pacyna 1998 cited in [3]). However, other
sources and mechanisms such as re-suspension of local soil
dust through rainfall precipitation and reaching from higher
plants might significantly contributes to atmospheric
deposition of heavy metals.

Table 1. Anthropogenic Sources of Heavy Metals in the Environment.

Arsenic (As) pesticides and wood preservative
Cadmium (Cd) Paints and pigments plastic stabilizers, electroplating incineration of cadmium containing plastics, phosphate fertilizers.
Chromium (Cr) Tanneries, steel industries, fly ash
Copper (Cu) Pesticides, fertilizers
Mercury (Hg) Release from Au-Ag mining and coal combustion, medical waste.
Nickel (Ni) Industrial effluents, kitchen appliances, surgical instruments, steel alloys, automobile batteries.
Lead (Pb) Aerial emission from combustion of leaded petrol, battery manufacture, herbicides and insecticides.
Source: [5]

3. Harmful Effects of Heavy Metals

Heavy metals have adverse effects on human health and
therefore heavy metal contamination of food chain deserves
special attention. May heavy metals and metalloids are toxic
and can cause undesirable effects and severe problems even at
very low concentrations [5]. Heavy metals cause oxidative
stress [5] [6] by formation of free redicals. Oxidative stress
refers to enhanced generation of reactive oxygen species (ROS),
which can overwhelm cells intreinsic antoxidant defense can
lead to cell damage or death (Das et al, 2008; Krystofora et al.,

2009; Sanchesz-Chardi et al., 2009 cited in [5]). Furthermore,
they can replace essential metals in pigmens or enzymes
disrupting their function [5] [7]. Regarding their toxicities, the
most problematic heavy metals are As, Cd, Cr, Cu, Hg, Pb, Sn,
and Zn (Wright, 2007; Ghosh, 2010 cited in [5]). Out of these,
As, Cd, Hg, and Pb are non-essential heavy metals while Cu
and Zn are essential heavy metals (trace elements). Toxic heavy
metals can cause different health problems depending on the
heavy metal concerned its concentration and oxidation state,
e.t.c. The table below gives harmful effects of selected heavy
metals on human health.

Table 2. Harmful Effects of Some Heavy Metals.

As (as arsenate) is an analoque of phosphate and they interferes with essential cellular processes such as oxidative phosphorylation and

Arsenic (As .
(As) ATP synthesis.
. Carcinogenic, mutagenic, teratogenic; endoerine disruptor; interperes with calcium regulation in biological systems; causes renal failure
Cadmium (Cd) . . . .
and chronic anemic (degraechromium (cr): causes hair lose.
Copper (Cu) Elevated levels have 4 seen found to cause brain and kidney damage; liver cirrosisi and chronic anaemia, stomach and intestinal irritation.
sy ({5 Anxiety,autoimmnune diseases, depression, difficulty with salance, drowsiness, fatigue, hair lose, insomnia, irritability, memory loss,
RAG recurrent infections, restlessness, vision disturbances, tremors, temper outbursts, ulcers and damage to brain, kidney and lungs.
Allergic dermatitis known as nickel ltch; inhalation can cause cancer of the lungs, nose and sinuses; cancers of the throat and stomach
Nickel(Ni) have also been attributed to its inhalation; hematologic, immunotigic, neurotoxic, genotoxic, reproductive toxic, pulmonary toxic,
neparotoxic and hepatotoxic; causes hair loss.
Its poisoning causes problems in children such as impaired development, reduce intelligence, loss of short term memory, learning
Lead (Pb) T .. . . . . .
disabilities and coordination problems; causes renal failure; increased risk for development of cardiovascular discourse.
Zinc (Zn) Over dose can cause dizziness and fatigue.
Source: [5]

4. Effects of Heavy Metals on Plants

Some of these heavy metals i.e. As, Cd, Hg, Pb or se are not
essential for plants growth, since they do not perform any
known physiological function in plants, but these Cu, Fe, Mn,
Mo, Ni and Zn are essential elements required for normal
growth and metabolism of plants, but these elements can
easily lead to poisoning when their concentration greater than
optimal allures [8].

Uptake of heavy metals by plants and subsequent
accumulation along the food chain is a potential threat to

animal and human health. The absorption by plants roots is
one of the main routs of entrance of heavy metals in the food
chain. Absorption and aceunvlation of heavy metals in plant
tissue depend upon many factors which include temperature,
moisture, organic matter, PH and nutrients availability [8].
Heavy metals accumulation in plants depends upon plant
species and the efficiency of different plants in adsorbing
metals is evaluated by either plant uptake or soil to plant
transfer factors of the metals [8] [9]. Elevated Pb in soils may
decrease soil productivity, and a very low Pb concentration
may inhibit some vital plant processes, such as photosynthesis,
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mitosis and water absorption with toxic symptoms of dark
green leaves, within of older leaves, stunted foliage and brown
short roots [10]. Heavy metals are potentially toxic and
pytotoxicity for plant resulting in chlorosis, weak plant growth,
yield depression and may even be accompanied sby reduced
nutrient uptake, disorders in plant metabolism and reduced
ability to fixate molecular nitrogen in leguminous plants [11].

5. Phytoremediation Techniques

“Phytoremediation basically refers to the use of plants and
associated soil microbes to reduce the concentrations or toxic
effects of contaminants in the environment” [5], [12]. It is
used for removal of heavy metals and radionuclides as well as
for organic pollutants (such as polynuclear aromatic
hydrocarbons, polychlorinated biphenyl, and pesticides). It is
anovel, cost-effective, efficient, environment and eco-friendly,
in situ applicable, and solar driven remediation strategy
(Clemene, 2001; Suresh and Ravishankar, 2004; Leduc and
Terry 2005; Cliehregani and Malayeri, 2007; Odjegba and
Fasidi, 2001; Turan and Esringu, 2007; Lone et al, 2008;
Kawashigashi, 2009 Saier and Trevors, 2010; Kalre et al, 2011;
Sarma, 2011; Singh and Prasad, 2011; Vittanage, et al, 2012)
cited in [5].

Phytoremediation consists of the Greek word “phyto”
which refers to plant, and the latin suffix remedium” which
means curing or restoring. Them main reason for the use of
this technique was to collect the contaminants from the media
and turn them into easily extractable form (plant tissues).

Plant species are selected for phytoremediation based on
their potential to evapotranspirate groundwater, the
degraduative enzyme they product, their growth rates and
yield, the depth of their root zone, and their ability to
bioaccumulate contaminants [13]. Conventional etiologies
suitable for water and soil remediatoni used in situ and ex situ
are:

(a) Soil flushing

(b) Pneumatic fracturing

(c) Solidification/stabilization

(d) Vitreification

(e) Slectrokinetics

(f) Chemical reduction/oxidation.

(g) Soil waddling, and.

(h) Excavation, retrieval, and off dit disposal.

These ecdinologies are cost prohibitive and process often
generate secondary waste. Compared to existing physical and
chemical methods of soil remediation, the use of plants is
cost-effective and this disrupetive for the environment
(Cunningham et al. 1995; Terry et. al. 1999; Tsao et al, 2003;

Valdes, 2002; Vangronsveld and Cunningham, 1998;
Alcantara et al., 2000; cited in [13].
5.1. Phytoextraction/Phytoaccumulation

Phytoextaction is the main and most useful

phytoremediation technique for removal of heavy metals and
metalloids, from polluted oils, sediments or water. The

efficiency of phytoextracton depends on many factors like
bioavailability of the heavy metals in soil, soil properties,
speciation of the heavy metals and plant species concerned.
Plants suitable for phytoextraction should have the following
characteristics [5], [14], [15], [16].

(a) Easy cultivation and harvest

(b) Resistance to pattogens and pests.

(c) High growth rate.

(d) Production of more above-ground biomass

(e) Repulsion to herbivores to avoid food
contamination.

(f) More accumulation of the target heavy metals from soil.

(g) Translocation of the accumulated heavy metals from
roots to shoot.

(h) Tolerance to the toxic effects of the target heavy metals.

(i) Widely distributed and highly branched root system.

(j) Good adaptation to prevailing environmental and
climatic conditions.

The phytoextraction potential of a plant species in mainly
determined by two key factors i.e. shoot metal concentration
and shoot biomass [5], [17]. Two different approaches have
been tested for phytoextraction of heavy metals:

1. The wuse of hyperaccumulators, which produce
comparatively less above ground biomass but
accumulate target heavy metals to a greater extent.

2. The application of other plants, such as Brassica juncea
(Indian mustard), which accumulate target heavy metals
to a lesser extent but produce more above ground
biomass so that overall accumulation is comparable to
that of hyperaccumulators due to production of more
biomass [5].

Grasses are more preferable for phytoextraction than shrubs
or trees because of their high growth rate more adaptability to
stress environment and high biomass [5], [18]. Some
researchers have evaluated the use of crops (such as maize,
and barley) for phytoextroaction of heavy metals. In this case,
several cropping are required to lower heavy metal
contamination to acceptable levels. However, the use of crops
for phytextraction of heavy metals suffers from the
disadvantage of contamination of food chain.

chair

5.2. Rhizofiltration/Phytofutration

Rhizofiltration is used to remediate extracted groundwater,
surface water and wastewater with low contaminant
concentration it is the adsorption or precipitation onto plant
roots or absorption of contaminants surrounding the root zone.
Rhizofiltration is typically exploited in groundwater (either in
situ or extracted), surface water, or waste water for removal of
metals or other inorganic compounds. Rhizofiltration can be
used for Pb, Cd, Cu, Ni, Zn, and Cr, which are primarily
retained within the roots. Rhizofiltration is similar to
phytoextraction, but the plants are used contaminated ground
water rather than soil. To acclimatize the plants, once a large
root system has been developed, contaminated water is
collected from a water site and brought to the plants where it is
substituted for their water source. The plant are then planted in
the contaminated area where the root take up the water and the
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contaminants along with it. As the roots become saturated
with contaminants, they are harvested. Sunflower, Indian
mustard, tobacco, rye, spinach and corn have been proved for
their ability to remove lead from water, with sunflower having
the greatest ability. The advantages associated with this
technique are the ability to use both terrestrial and aquatic
plants for either in situ or ex situ applications. Also the
contaminants do not have to be translocated to the shoots.
Thus, species other than hyperaccumulators may be used.
Terrestrial plants are preferred because they have a fibrous and
much longer root system increasing the amount of root area.
Disadvantages include the constant need to adjust pH, plants
may first need to be grown in a greenhouse or nursery; there is
periodic harvesting and plant disposal; and a good
understanding of the xcal speciation/interactions is needed
[19].

5.3. Phytostabilization

Phytostabilization aims to retain contaminants in that soil
and prevent further dispersal [12]. In this technique,
contaminated soil is covered by vegetation tolerant to high
concentration one of toxic elements, limiting the soil erosion
and leaching of contaminants in to groundwater. Mobility of
contaminants can be reduced by surface
adsorption/accumulation in roots as well as their precipitation
in rhizospheve by induced changes in pH or by oxidation of
the root environment [20]. For example, the immobilization of
arsenic in iron plates in the rhizophere of salt marsly plants
[21]. Phytostabilization can also be promoted by plant species
with the capacity to exude high amounts of educating
substance. These substance lead to immobilization of
contaminants by preventing their absorption, while
simultaneously reducing their mobility in soil. Thus, plants
with phytostabilization potential can be of great value for the
revegetation of mine tailing and contaminated areas [21].

5.4. Phytovolatilization

Phytovolatilization is the up take and transpiration of a
contaminant by a plant, with release of the contaminant or a
modified form of the contaminant to the atmosphere from the
plant. Phytovolatilization occurs as growing trees and other
plants take up water along with that contaminants. Some of
these contaminants can pass through the plants to the leaves
and volatilizes into the atmosphere at comparatively low
concentrations [22]. Recently, it is discovered that the plants
that absorb elemental form of metals from soil, could convert
them biologically into gaseous species inside the plant, i.e.
biomethylated to form volatile molecules and finally release
them to the atmosphere. That mentioned process is
controversial of all techniques due to its dubious nature that
whether release of these volatilized elements in atmosphere is
cape. The disadvantage is the volatilized element could be
recycled by precipitation and then redeposit back into
ecosystem [23]. According to brooks et al. (1998) the release
of volatile se compounds from higher plants was first repaved

by Lewis Et al (1999) where as Terry et. al. (1992) reported
that members of the brassicceae are capable of releasing up to
40g Se ha’'day™ as various compounds.

6. Metallophytes (M)

Metallophytes are plant that are specifically adapted to and
thrive in heavy metal — rich soils [5], [24], [25]. The primary
sites of plant resistant to heavy metals are soil where ores
organic soils [5]. Metal exposure to a surplus of various metals
over thousands of years has driven the evolution of metals
resistance in metallophytes are botanically curiosities [5], [26].
These plants are connected in the plants family Brassicaceae.
Their use, either alone or in combination with microorganisms,
for phytoremediation, of heavy metal-contaminated soils is an
attractive idea [5], [24] Metallophytes are divided into three
categories:

A.Metal excluders.

B. Metal indicators

C. Metal hyperaccumulators.

6.1. Metal Excluders

Prevent metal from entering their aerial parts or maintain
low and constant metal concentration over a broad range of
metal concentration in soil, they mainly restrict metal in their
roots. The plant may alter the membrane permeability, change
metal binding capacity of cell wall or exude more educating
substance [27].

6.2. Metal Indicators

Accumulate heavy metals in their aerial parts. As the name
indicates, these plants generally reflect heavy metal
concentrations in the substrate [5], [25]. They tolerate the
existing concentration level of metals by producing
intracellular metal binding compounds (Chelators), or alter
metal compartmentalization pattern by storing metals in
non-sensitive parts [27].

6.3. Metal Hyperaccumulators

Hyperaccumulators are plants, which can concentrate heavy
metals in their above ground tissues to levels far exceeding
those present in soil or in the nearby growing
non-accumulating plants [5], [28], [29]. Baker and Brooks
have defined metal hyperaccumulator as plants that contain
more than or up to 0.1% i.e. more than (1000mg/g) of Cu, Cd,
Cr, Pb, Ni, Co ro 1% (> 10,000mg/g) of Zn or Mn in the dry
matter for Cd and other rare metals, it is > 0.01% by dry
weight (Baker and Brooks, 1989). Researchers how that more
than 400 plant species have been identified as metal
hyperaccumulators with more than 300 Ni-hyperaccumulators
[51, [27], [30], [31]. That use of hyperacccumulators for
phytoremediation might result in production of a bio-ore of
some commercial value to cope with some of the cost of soil
remediation.
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Table 3. Plants use as Phytoremediators.

Species Metals
Azolla pinnata Cu,Cr
Pteris vitatta As

Pteris vitatta Cu,Ni,Zn
Thelapsi Caerulescens Cd/Zn
Ipomea alpine Cu
Haumaniastrum robertii Co
Asteragalus racemosus Se
Serbatia acuminate Ni
Brassica olara-Cabbage ceae L Cd
Latuca Sativa L. Lettuce Cd
Nicotiana tabacum L. Cd
Brassica Juncea Cd,Pb,Se
Brassica juncea Zn
Brassica Napus Cd
Arabidopsis Thaliana Zn, Cd
Spartina Plants Hg
Amanita Muscaria Hg
Ecotalaria juncea, C. dactylon Ni & Cr
Rorippa globosa Cd
Lemna gibba As

H. annuus Pb

H. Indicus Pb
Arabis Gemmifera Cd & Zn
Pistia stratiotes Ag,Cd,Cr,Cu,Hg,Ni,Pb and Zn
Eleocharis acicularis Pb,Zn,Mn,Cr,Cu and Ni
Agrostis Tenius Pb

Source: [5], [14], [32], [33], [34], [35], [36], [37]

7. Advantages of Phytoremediation

The advantages of phytoremediation for removing or
reducing that amounts of contaminants in water and soil
cannot be over emphasized. [22], [33], identifies the following
advantages of phytoremediation:

(a) Phytoremediation may be publicly more acceptable,
aesthetically pleasing and less disruptive than physical
and chemical process.

(b) Itis highly effective in contaminant reduction, low-cost,
applicable for wide range of contaminants, and is an
environmental friendly method.

(c) It’s effectiveness in reducing that concentration of
heavy metal ions to very low levels and the use of
inexpensive biosorbent materials.

(d) It is the cheapest and cleanest technology employed in
eh remediation of selected hazardous sits.

(e) It encompasses a number of different methods that can
lead to contaminant degradation.

(f) Phytoremediation is an innovative, cost effective
alternative to the more established treatment methods
used at hazardous waste sites.

(g) It offers unique, low cost solutions to many currently
problems of soil contamination.

(h) It requires non expensive equipment or highly
specialized personnel.

(1) It is cost effective for large volumes of water having
low concentrations of contaminants and for large areas
having low to moderately contaminated surface soils.

() It is functional to a wide range of toxic heavy metals
and radionuclide.

(k) Phytoremediation is regarded as a new approach for the
clean up of contaminated soils, water and air.

(1) Tt is used for the generation of a recyclable metal rich
plant residue.

(m) It is a viable option for decontamination of heavy metal
polluted soils, when the biomass produced during the
phytoremediation process is economically valorized in
the form of bioenergy.

8. Limitations of Phytoremediation

There are certain limitations to phytoremediation system,

techniques or strategies. Among them are:

(a) Phytoremediation may be a time-consuming process, and
may take at least several growing seasons to clean up a site.

(b) The products formed from those organic or inorganic
contaminants may be cytotoxic to plants.

(c) Itis limited by the growth ate of the plants.

(d) Phytoextraction or degration need several years to
accomplish.

(e) Phytoremediation might be suited for rural/remote areas
where human contact is limited or where soil
contamination does not require an intermediate response.

(f) Success of phytoremediation may be limited by factors
such as growing time, climate, root depth, soil
chemistry and level of contamination [22], [33].

9. Conclusion

Heavy metals pollution due to rapid increased in
industrialization urbanization, together with uncertainly raise
in population growth and agricultural activities has bring the
threat of raising different effects in natural environment (soil,
water, air and others). Heavy metals causes different impacts
(negatively) to humans, animals, soils, plants and well as
others. The need for removing or reducing the amount of these
contaminants has increased over the last few decades with
phytoremediation being the suitable techniques for this tasks.
Phytoremediation techniques or strategies, seems to be a
prosperous way to remediate heavy metals-contaminated
environment (water, soil air and others. It has some advantage
compared with other used or available physical and chemical
process or conventional strategies. There are several factors
that must be considered in order achieved a high performance
of remediation result, and the most crucial factors is a suitable
plant species which can be used to uptake the contaminant.
Although, phytoremediation techniques seems to be the most
efficient, but it has some limitations.
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