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ABSTRACT

Metallic entities with quiet a heavier molecular weight have been a part of environment with a subtle existence,
but their haphazard use for mankind purposes has amended the natures balance in two of the ways, whether
it may be biochemical or geochemical. Outcome from these activity speaks loudly about their excess release
in the form nickel, zinc cadmium, copper, lead, and others into the environment. Exposure with them for
longer durations and with hugely growing accumulation rates portrays deleterious effects on aquatic forms
of life as well as human life forms. Microorganisms with their versatile metabolic activities are somehow
indulged in their remediation this has been well studied and implemented till now. The present review is an
attempt to scrutinize the capability of microorganisms and as well as plants to remediate the compilation of
heavy metals. In accordance to build up a referable literature this review will also show insight to physical
and chemical ways. A microorganism when studied at the molecular level gives insight that they accumulate
heavy metals and denigrate them at their sites where they are present. The present literature and work review
will discuss benevolent strategies to tackle compilations of heavy metals. Microbial life forms which are used
for the removal of heavy metals from the water bodies include bacteria, fungi, algae and yeast. Some important
antioxidants such as flavonoids, pectin and phytic acid are also used for the elimination of the heavy metals
from the human body. The present article is an extensive review that will offer a number of strategies and
possible mechanisms for the heavy metals removal both from environment as well as from human body.
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When the density of metallic constitution is 5,
i.e., heaviest it belongs to the category of heavy
metals. They are important and effective in
various practical applications. Sometimes they
are part of our diet just because they are very
essential to be consumed in trace amounts. Blood
iron is usually 0.06-0.6 mg/l, while zinc is 4-8
mg/l , Molybdenum 5-157 micrograms/ Litre,
cobalt is 0.09-0.46 pg/ litre, chromium0.05-0.5
pg/ litre, manganese 6.7-10.4 pg/ litre Caroli et
al. (1994); Minola et al. (1990). Several other
elements called as ultra-trace element are present
in very lesser amount like 1ug/g of a 40-290 g/
litre of lead 1 - 1.14 pg/ litre of Nickle, vanadium
0.1-0.9 pg/ litre, ( Nielsen et al. 1984; Rodushkin
et al. 1999, Ontarion et al.,, 2018, Rether and
Schuster (2019) and Magda (2019). Few heavy
metals which are either metals or semi metallic
components (Arsenic) have toxic level as follow.
The above MCL standards were given by Babel
and Kurniawan, (2003).To eliminate the trace of
heavy metals from any sort of components on the
basis of suitable conditions can be categorized
as.

Physical methods: These methods are being
used by numerous researchers to remove the
heavy metals. These are primarily efficient and
applied on particulate form of metals, distinct
particles or metal containing particles, Dermont
et al. (2008). The technique consist mechanical
screening, hydrodynamic categorization, gravity
concentration, magnetic separation, flotation,
electrostatic separation, and attrition scrubbing
(Dermont et al. (2008). The effectiveness of
physical separation is result of different soil
characteristics such as particle size distribution,
shape of particle, clay content, humidity content,
moisture content , density between soil matrix and
metal contaminants, heterogeneity of soil matrix,
magnetic properties, and hydrophobic properties
of particle surface Smith et al.(1995); Williford et
al. (2000) Rether and Schuster (2019).

Coagulation and Flocculation: This mechanism is
based on zeta potential (o) measurement as the
condition to define the electrostatic interaction
between pollutants and coagulant - flocculants

agents (Maldonado et al. (2014). Coagulation
process reduces the net surface charge present on
the colloidal particles to stabilize via electrostatic
repulsion process Benefield et al. (1982). In
flocculation process, the particle size increases
frequently due to collisions and interaction of
various inorganic polymers formed by addition
of organic polymers Tripathy (2006). After the
changing of distinct particles into huge particles,
they can be filtered easily or removed by the
process of straining or floatation. Drawback of
this procedure could be production of sludge,
chemical applications and application of toxic
compounds into solid phase.

Electrochemical Treatments Electrolysis: One
of the technologies used for removal of metals
is electrolytic recovery. In this process, electric
current is passed through an aqueous metal
having solution by the help of an indissoluble
anode and a cathode plate. The movement of
electrons from cathode to anode generates
electricity. The heavy metals got precipitated in a
weak acidic or neutralized catholyte by forming
hydroxides. Electro-deposition, electro-flotation,
electro-oxidation and electro-coagulation are
some types of electrochemical treatment of water
Shim et al. (2014 ) Magda (2019).

Electro destabilization: Some solids can adsorb
both positively and negatively charged ions
from an electrolyte solution, and then releases
other ions with the same charge in an equal
amount into the solution, such as ion exchange
resins, in which ions like sodium and hydrogen
are interchanged with positively charged ions
like nickel, copper and zinc ions present in the
solution. In the same way, the negatively charged
ions in the resins like hydroxyl and chloride are
replaced by negatively charged ions such as
chromate, nitrate, cyanide, sulphate and dissolved
organic carbon (DOC).

Membrane filtration: This technique is mostly
considered and used for the inorganic effluent’s
treatment. Suspended solids, organic and
inorganic components (heavy metals) can be
removed by the process. There are so many types
of membrane filtration techniques such as nano-
filtration, reverse filtration and ultra filtration
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can be used depending upon the size of the
particles for the elimination of heavy metals from
wastewater. In ultrafiltration technique, heavy
metals, suspended solids and macromolecules
can be filtered depending on the pore size and
(5-20 micrometres) and molecular weight of the
separating compounds (1000 - 100,000 Da). Ultra
filtration is capable of removing more than the
90% of metals concentration ranging from 10
to 112mg/L at PH from 5 to 9.5 at 2.5 Barr of
pressure. Ultra filtration have some advantages
due to its high packing density such as lower
driving force and little space requirement.

Polymer- supported ultrafiltration (PSU): In
these techniques, water soluble polymeric
ligands are bounded to metal ions, which form
macromolecular complexes. They produce a
free targeted metal ions effluent Rehter et al.
(2003). The PSU technology is advantageous as it
requires low energy in ultrafiltration, the reaction
kinetics is very fast and thus is higher selectivity
of separation of selective bonding agents in aq.
solution.

Complexation: Ultrafiltration is another similar
technique, that can be used, which is also
based on ion exchange and precipitation. In
this method, the water soluble metal- binding

polymers are combined with ultra-filtration (UF)
to filter heavy metals from a solution Petrov
and Nenov et al. (2009). Electro dialysis(ED) is
a technique in which the solution containing
ionized species are passed via an ion exchange
membrane by action of an electric potential.
These membranes are thin plastic sheets and
have either anionic or cationic characteristics.
When the solution (having ionic species) is passed
through the cell components, the anions are
attracted towards cathode, crossing the cation-
exchange and anion exchange membranes. Its
disadvantages are membranes replacement and
the corrosion process Kumiavan et al. (2006). Use
of membranes that have higher ion exchange
capacity, yields better cell performance. The effect
of flow rate, voltage and temperature were studied
at different concentrations, using two types of
commercial membrane, a laboratory and ED cell,
for removal of lead Mohammadi et al. (2004)
Magda (2019).

Chemical method of bioremediation: Chemical
precipitation: In this process, the pH pf the
effluent is increased by using caustic soda (NaOH)
or (Mg0) and lime (CaO) for precipitating and
so, inactivates the heavy metals by changing
them to hydroxides Esmaelie et al. (2009).
To remove the heavy metal ions from their

Table 1: The MCL standards for the most hazardous heavy metals

Heavy metals Toxicities MCL(mg/1)

Arsenic Skin manifestations , Visceral 0.050
Cancers ,Vascular diseases

Cadmium Kidney damage , renal 0.01
disorder, human Carcinogen

Chromium Headache, diarrhoea , nausea, 0.05

vomiting, carcinogenic
Copper Liver damage, Wilson 0.25
disease, insomnia

Nickel Dermatitis , nausea, chronic 0.20
asthama,human carcinogen

Zinc Depression, Lethargy, 0.80

neurological signs and increased
Lead Damage the fetal brain, diseases of the kidneys, 0.0060
circulatory system and nervous system
Mercury  Rheumatoid arthritis and diseases of the kidneys  0.00003

circulatory systems and nervous systems
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aqueous solution, magnesium oxide was found
as a better absorber, at low pH, Asadzadeh et al.
(2018). Various coagulants like magnesia, caustic
soda, lime, cationic poly electrolyte (CPE) and
their combinations were applied to choose the
suitable one having most appropriate removal
efficiency. In removing the metals, magnesium
oxide is found as very effectual even when used
small doses.It started precipitating the metals by
adsorbing them, before the pH was increased.
Situation differs in CaO and NaOH, as they are
pH dependent. This proves the MgO to be but
precipitator of iron and cobalt.

To calculate the removal efficiency of the metals
from its solution :(Ci- C) / Ci * 100%, Where,
Ci is the initial concentration of metals, before
the addition of coagulant and C is the final
concentration of metals, after the addition of the
coagulant.In the case pf chromium metals, the
Ca0 reacts with Cr (III) and gives out CaCr04,
which is soluble in water have, the Cr (III) remains
in the solution. Whereas MgO reacts with Cr (III)
to form MgCrO,, which precipitates in solution
(Faon 2006). The precipitation can start with
even a little close of Mg0. But no adsorption
takes place in the case of CaO and NaOH, as they
have soluble in water (High TDS) and depends
totally on increasing pH attained by chemicals
(hydroxide precipitation).

Mechanism of Bioremediation: Micro - organisms
are ubiquitous that lies mostly in heavy metal
contaminated soil and can easily change heavy
metals into non-toxic forms. The organic wastes
are converted into mineral end products such
as water and CO2 or as metabolic intermediates
which can be later used as primary substrates for
growth of cell microbes, can produce degradative
enzymes for the target pollutants as well as
resistance to relevant heavy metals, so they are
two- way protected. Many types of bioremediation
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techniques are known, these includes metal -
microbe interactions, bio mineralisation, bio
sorption bioaccumulation bioleaching and
biotransformation, (Magda 2019). Microbes
have a unique property to consume the heavy
metals and produce some of their metabolites
using this as a catalyst, in order to grow and
develop properly. Their capabilities vary from
dissolving metals to oxidising transition metals.
Various methods are used by microbes to restore
the environment such as immobilizing, binding,
oxidizing, transformation and volatizing.

By the application of microbes and controlling
their growth and activity at the contaminated
sites, and by controlling their metabolic and
response to environmental changes, one can
succeed in bioremediation of a derived location.
Their plasma membrane may be disrupted by
certain defence mechanisms like forming outer
cell membrane protective materials, other
hydrophobic or solvent efflux pumps, cells can
survive Sikkena et al. (1995). Many bacteria are
resistant to As, Cr and Cd as they have plasmid
encoded and energy dependent metal efflux
systems consisting of ATPase and chemiosmosis
ion/proton pumps Roane and Pepper (2000)
Ontarion et al 2018 ).

Bioremediation by adsorpztion: Microbes have
some binding sites in their cellular structure,
which can bisorb the heavy metals by using
energy. In bacterial cell walls, the extracellular
polymeric substances have major effects on
acid base properties and metal adsorption,
(Guine (2006). EPS or extracellular polymeric
substances can compound heavy metals through
different mechanism, that are proton exchange
and micro precipitation metals, (Guine 2006;
Farg et al. 2010).Studies have expressed the
proton and adsorbed metals on bacterial cells
and cells without EPS to find the importance

Physical

methods
Adsorption Synthetic Microbes
Biosorption Plants
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of EPS molecule in removal of metals, (Fang et
al. 2011).The era of researches in the sector of
bioremediation has not yet got to an end because
there are still chances of developments in the
genetic composition of microbes. The possible
framework for the development of microbe
to remove heavy metals has still been under
progress,( Gan et al. (2009, Haritash and Kaushik
2009; Onwubuya et al. 2009; Carter et al., 2006;
Kinya et al. 1996 Magda 2019) .

Bioremediation by Physio-Bio-Chemical
Mechanism: Biosorption is the process which
consist higher affinity of a bio sorbent towards
sorbate (metal ions), continues till equilibrium
is attained between the two components, (Das
et al. 2008). Saccharomyces cerevisiae acts as
a bio sorbent and remove the Zn (II) and Cd (1)
through the ion exchange mechanism Chen and
Wang (2007) Talo et al. (2009). Cunninghamella
elegans emerged as a perfect sorbent in against
of heavy metals released by textile wastewater.
Heavy metal degradation involves energy
for possessing metabolic cycle in a cell. The
combined active and passive modes of toxic metal

00
0O 0

W

Metal + Hydoxide ——®
(from caustic)

Metal Precipitation

bioremediation can be called bioaccumulation
Brierly (1990). Fungi have emerged as potential
biocatalysts to access heavy metals and transform
them into less toxic compounds Pinedo-Rivella,
(2009). Some fungi such as Klebsiella oxytoca,
Allescheriella sp., Stachybotrys sp., Phlebia sp.
Pleurotus pulmonarius, and Botryosphaeria
rhodina have metal binding potential Annibale
et al. (2007). Pb (II) contaminated soils can be
biodegraded by fungal species like Aspergillus
parasitica and Cephalosporium aphidicola with
bio sorption process Tunali et al. (2006); Akar et
al. (2007). Hg resistant fungi (Hymenoscyphus
ericae, Neocosmospora vasinfecta and Verticillum
terrestre) were able to bio transform Hg (II) state
to a nontoxic state Kellu et al. (2006). Many of
the contaminants are hydrophobic, and these
substances appear to be taken up by microbes
through the secretion of some biosurfactant and
direct cell-contaminant association Lajszner et al.
(2018). Biosurfactants form stronger ionic bonds
with metals and form complexes before being
desorbed from soil matrix to water phase due to
low interfacial tension Jhavasi et al. (2011).

Molecular Mechanisms Involved in Bioremediation
Process: Various mechanisms involved in the
removal of heavy metals by microorganisms are
known. In a genetically engineered bacterium
Deinococcus geothemalis, Hg reduction has
been reported at high temperatures due to the
expression of mer operon from E. coli coded
for Hg2+ reduction. Mercury resistant bacteria
Cupriavidus metallidurans strain MSR33 was

Figure 1: It indicates about depletion of iron by the

precipitation method of MgO and CaO
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Figure 2. It indicates about the depletion of copper by

precipitation of Mg0,Ca0O,NaO
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Figure 3: It indicates about depletion by precipitation of NaOH.
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modified genetically by introducing a plasmid
that provided genes (merB and merG) regulating
Hg biodegradation along with the synthesis of
organ mercurial lyase protein (MerB) and mercuric
reductase (MerA) [. Modification of Pseudomonas
strain with the pMR68 plasmid with novel genes
(mer) made that strain resistant to mercury,
(Magda 2019). Two different mechanisms for Hg
degradation by bacteria (Klebsiella pneumonia
M426) are mercury volatilization by reduction
of Hg (II) to Hg (0) and mercury precipitation
as insoluble Hg due to volatile thiol (H2S).
Genetic engineering of Deinococcus radiodurans
(radiation resistant bacterium) which naturally
reduces Cr (IV) to Cr (III) has been done for
complete toluene (fuel hydrocarbon) degradation
by cloned genes of tod and xyl operons of
Pseudomonas putida. Microbial metabolites like

g conc,gil

metal bound coenzymes and siderophores mainly
involved the degradation pathway, ( Dixit et al.
2015 and Magda (2019).

CONCLUSION

Since, the impact of bioremediation at present
or in future is not well known, it can be
better alternately compared to chemical and
physical methods. Meanwhile, better technical
implementations, continuous surveillance,
continuous developmental methodologies are
necessities .Bioremediation has great advantages
as it is more effective in not only destruction but
also the complete removal of remaining debris.
The filtration techniques are safe to handle
and the microorganisms are present naturally
as well as can be easily cultured Despite being
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better, the studies have shown that degradation
of most of the metals are carried out completely.
The advantages include easy handling, cost
effective, more natural, completely destroys wide
variety of contaminants. Also, there is very lesser
chance of future liability related to treatments.
It does not disrupt the normal activities. The
limitations include the limited effectiveness of
bioremediation on some organic contaminants.
Also, the microbes are more or less affected by
the various environmental conditions like pH,
temperature, etc. The bioremediation process
is capable of removing the contaminants that
made the approach cost effective and time
saving; there are some studied indigenous
organisms which are worth exploiting for the
eco-friendly management for the treatment of
effluents containing the multiple contaminants.
Bioremediation with its certain pros and less cons
have been explored and shall be explored with
the change in chronology.
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