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ABSTRACT

Heavy Metal (HM) contamination issues are becoming insiegly common in India and elsewhetéeavy
metals are natural constituents of the environmbat,indiscriminate use for human purposes likei@adture, industrial,
foundries, mining, smelters, coal-burning powernpsaand metallurgical has changed their atmosphgeochemical
cycles and biochemical balance. This results inesx release of heavy metals such as chromium,urgeread,
cadmium, copper, iron, zinc, nickel, etc. are mamvironmental pollutants, particularly in areas thihigher
anthropogenic activity. The exposure of humanseavis metals can occur through a variety of routelich include
inhalation as dust or fume, vapourization, and stgm through food and drink. Prolonged exposurel drigher
accumulation of such heavy metals can have deteterealth effects on human life, soil, air andaubiota. The role
of plants and microorganisms in the biotransforroatiof heavy metals into nontoxic forms is well-adoented, and
understanding the molecular mechanism of metal mecdation has numerous biotechnological implicatiofts
bioremediation of metal-contaminated sites. Thecpss of bioremediation uses various agents sudbaateria, yeast,
fungi, algae and higher plants as major tools iedting oil spills and heavy metals present in theirenment In view of
this, the present review article details the ramdéeavy metals, there occurrences and toxicitgstigates the abilities of
microorganisms and plants in terms of tolerance dedradation of heavy metals. An assessment afutrent status of
technology deployment and suggestions for futumrebiediation techniques and research has also heeluded.
Finally, there is a discussion of the molecularibad metal tolerance in plants and microbes, \giplecial reference to the
genomics of heavy metal accumulator plants and itestification of functional genes involved in telece and
detoxification.
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INTRODUCTION

The soil is a very essential component for all lttig organisms. Especially for plants, it's casied as the
basic living factor. Soil serves as a nutrient raeftir the growth of plants. The soil is not ess#ntor agriculture
production but also towards maintained all lifenfiorThe quality of water and air is of immediate o@m for most people
because we all consume these natural resourcesdailyabasis. The importance of soil, the generdliyn layer of
unconsolidated material on bedrock, is more diffite grasp for an average citizen or politiciaroriétheless, the soil is

the “the biogeochemical engine of Earth’s life soppsystem”. It provides us with food, fodder, fiband fuel. In addition
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to these readily rateable agriculture and foregtgds, soils deliver ecosystem services that cabectasily traded in
markets. These life-supporting functions includar, éxample, recycling of carbon and essential entsi of all living

materials, filtering, and storage of water, regalabf the atmosphere and biological control oftpes

Heavy metal appears to include all metals of theopée table with atomic numbers greater than 2&hegally
excluding the alkali metal and the alkali eatfeavy metals are metallic, naturally occurring coonpds that have a very
high density greater than 5g/&ntompared to other metals at least five timesdéesity of water. They are one of the
most persistent pollutants in soil and water. Hemeyals can be divided into two categories: esakeatid non-essential on
the basis of their role in living systems. Esséifteéavy metals such as Mn, Fe, Ni, Zn are needddimg organisms for
their growth, development and physiological funespwhile non-essential heavy metals such as CdHBkand As are

not needed by living organisms for any physiolobfaaction (Gohreet al.2006).

Abundant amounts of heavy metals present in sailse the reduction in quality and quantity of faoeventing
plants growth, uptake of nutrients, metabolic ahgisplogical processes. Heavy metals are toxicumdns. Even small
doses can have serious consequences. Severe effieatimals may include reduced growth and devedopntancer,
organ damage, nervous system damage, and in exti@sas, death. To help mitigate the negative inspafdheavy metals

on the health of humans, animals, and the envirotynaevariety of remediation processes exists.

However, anthropogenic activities such as miningeh@esulted in elevated levels of these contamianthe
environment. By definition, any toxic metal may ¢aled a heavy metal, irrespective of its atomicssnar density. The
classification includes some metalloids, transitioetals, basic metals, lanthanides and actiniddsraatals of groups Ill
to V of the periodic table Examples include As, Pig, Cd, Cr, Co, Ni, Cu, Zn, Se, Al, Cs, Mn, Mo, 8, Be and Bi
(Cairney et al., 1993).

In our previous studies, we have reported adveifeete of industrial pollution on the soil. It cére concluded
that industrial pollution generally increases tlavy metal content of the soil. An assessment e@fetivironmental risk
due to soil pollution especially heavy metals ipafticular importance for agricultural and noniagitural areas. Because
heavy metals, which are potentially harmful to pgasoil microorganisms and human health persisbils for a very long
time. When the heavy metals present in the natoatlition they do not act as toxic up to certaiteek When the
concentration reaches the maximum level or up édfitial permissible level heavy metals will be certed in to toxic in
nature and it will lead to the dangerous effectshensurrounding system (Ahirwat al.,2018). Some metals are essential
to life and play irreplaceable roles as sourcewi@mins, and minerals in the functioning of bodyans. All living
organisms require varying amounts of metals bubimectoxic at higher concentrations (NRC, 1993).eDtinetals have
no useful role in the human physiology. Examplesuafh elements are arsenic, lead, and mercury. Magybe toxic even
at low levels of exposure. Once absorbed by the/ beelavy metals continue to accumulate in vitaboglike the brain,

liver, bones, and kidneys, for years or decadesicgserious health consequences (Natrisl, 1993).
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These remediation processes are broadly classiftedchemical and biological, although the lat®mdvocated
in recent years. Biological remediation processeigrpbial remediation and phytoremediation) aredatkd to be very
effective in the treatment of heavy metal pollusaint soil and wastewater. Microbial remediatiorthis restoration of the
environment and its quality using microorganismghsas bacteria, fungi, protozoan, and algae wiilgoremediation is
the use of plants to degrade or accumulate toxitalsiethereby leading to a reduction in the bioabdlity of the

contaminant in the soil or water.

The conventional techniques used for remediatiore Heeen to dig up contaminated soil and remove iat
landfill, or to cap and contain the contaminategharof a site. The methods have some drawbackdir§hmethod simply
moves the contamination elsewhere and may cregiéisant risks in the excavation, handling, arahsport of hazardous
material. Additionally, it is very difficult and areasingly expensive to find new landfill sites fbe final disposal of the
material. The cap and contain method is only aeriimt solution since the contamination remains da, Siequiring
monitoring and maintenance of the isolation basrilng into the future, with all the associatedtsasnd potential
liability.

A better approach than these traditional methods mompletely destroy the pollutants if possildeat least to
transform them into innocuous substances. Somaodmflies that have been used are high-temperataneeration and
various types of chemical decomposition (e.g., fagalyzed dechlorination, UV oxidation). They danvery effective at
reducing levels of a range of contaminants, buetseweral drawbacks, principally their technologomanplexity, the cost
for small-scale application, and the lack of pulalczeptance, especially for incineration that nmygase the exposure to
contaminants for both the workers at the site agakly residents. Bioremediation is a natural preaesich relies on
bacteria, fungi, and plants to alter contaminargstteese organisms carry out their normal life fiomg. Metabolic
processes of these organisms are capable of usamical contaminants as an energy source, rendérégontaminants
harmless or less toxic products in most cases.,Ttiosemediation provides an alternative tool tstd®y or render the

harmful contaminants through biological activitydathis method is also cost-effective (Kamaludetiml, 2003).

Bioremediation/ Phytoremediation and RhizoremedimtMicroflora associated with plants; endophyticteria,
rhizosphere bacteria, and mycorrhizae have thenpateto degrade heavy metals in association wiings and this
process is termed rhizoremediation. Thus biorentiediaphytoremediation, and rhizoremediation cdntté significantly
to the fate of hazardous waste (heavy metals) andbe used to remove these unwanted compoundstli@imiosphere.
Bioremediation processes can also beassessed thiougultifaceted approach such as Natural attemuasensing
environmental pollution, metabolic pathway engifggr applying phyto and microbial diversity to pleimatic sites,
plant-endophyte partnerships and systems biologh#at al, 2013). Enhancement of these polluted soil residuith
different organic amendments like manure compasgdiids, MSW will lead to increased bioavailalyilivhich in turn
will act as nutrients for microorganisms and alsmoaditioner to improve the physical properties &atility of the soils
(Jinet al.,2011).

Phytoremediation, a fast emerging technology is@nfriendly, low tech, cost -effective, green aitgive to the
problem (Meagheet al.,2000). The specific plant and wild species thatw@sed in this technique accumulate increasing
amounts of toxic heavy metals by their roots aaddport/translocate them through various plana¢gissvhere they can be

metabolized, sequestered and volatilized (Greenlgérgl, 2006, Dotyet al., 2000). These plants are known as
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hyper-accumulators. Phytoremediation can be done different ways such as rhizofiltration, phytoslizhtion,
phytovolatilization, phytodegradation (Loeg al.,2002) and phytoextraction (Jadital.,2009).

HEAVY METALS

Heavy metals are natural elements in the envirohntémwever anthropogenic releases, including imiisand
domestic effluents, urban storm, water runoff, fadhikachate, atmospheric sources, and dumpingesfage sludge can
give rise to higher concentrations of the metallstiree to the normal background values. The tereaily metal” refers to
a metal or metalloid with a density exceeding 5g 7cand is usually associated with pollution and tiyjalthough some
of these elements (essential metals) are actuadjyired by organisms at low concentrations (Adrja2@01). Several
heavy metals, such as copper, zinc, and iron,ssengial for the physiological functioning of ligirorganisms, but they all
become toxic at high concentrations. The toxicifyaometal depends on the metal itself, its totahcemtration, the
availability of the metal to the organism, and tirganism itself. Depending on the organism andniegal, different
modes of action are recognized: binding to macremdes (proteins, DNA, RNA), disruption of enzymsatiinctions,
catalysis of radical formation, etc. For examplacZZn) is a component found in a variety of enegnidehydrogenases,
proteinases, peptidases), but it is also involvethe metabolism of carbohydrates, proteins, phatgphauxins, and in
RNA and ribosome formation in plants (Kabata-pesdigal., 2001, Mangel and Kirkby, 1982).

SOIL POLLUTION BY HEAVY METAL

Heavy metal pollution in soils constitutes a hightymplex disruption of ecological equilibrium. Soihaturally
contain a broad diversity of metallic elements, aadh metal may be present at variable concentsatiod as different
chemical species. While some metals have no bicdbgelevance, others are essential trace elentlesitdrecome toxic
when present beyond a certain concentration léd&lmetals often occur in ionized forms in the sdiky react with
negatively charged soil particles, meaning thathbtteir concentrations and their bioavailabilitiese relevant.
The result of this situation is that soil biota tpgrmanently regulate their activities in orderkmassential metals
available and take them up in the required conatatrs, as well as to exclude or detoxify detrimérforms or

concentrations.

In particular, soil microorganisms must displayemsdive physiological adaptivity. Considering thacpand time
variability of soils, selection pressure resultfrgm metal status in soils probably provides anetop for the adaptation of
physiological pathways in soil microorganisms aodtheir evolution. This is just one example of twmplexity of soil,

which may explain why the biodiversity of soil mearganisms is so high.

After estimation in 1995, a total amount of ov@07million kg of metals is being dumped in minelitas
worldwide annually (Warhurst, 2002). Depending loa thetal (As, Cd, Cu, Ni, Pb, and Zn), the volurh&ailing material
ranges from 10,000 to 600,000 metric tons (iblysirating the negative consequences of ore privges#/hen large
volumes of the geogenic substrate are excavatestewack material is often still rich in metalseafthe extraction

process. The reallocated geogenic material is pimeathering and source of continuous metal selea

The leather industry is the major cause for thé lidlux of Cr to the biosphere, accounting for 40%the total
industrial use (Barnhart, 1997). In India alone w&h®2000 to 3200 tonnes of elemental Cr escapeth@oenvironment

annually from the tanning industries, with a Cr cemtration ranging between 2000 and 5000 myit the effluent
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compared to the recommended permissible limit of2L™ (Chandraet al., 1997) Typical concentrations in natural soils
are 1-1000 mg /kg soil (Frank, 1996, Lindsey, 1979)

Usually, the leached residues are dumped onto walge. Under irrigated and aerobic conditionsdatiine
drainage ensues, often seen as seepage effluénhigh-metal load and low pH. This contaminationtlué water path
(often running through arable land) leads to swilh an increasing amount of metal and, subsequettla slow and
continuous toxification of plants and animals, thaliewing for introduction in food chains and intocation of humans
through food or drinking water. In addition, thdution leads to three-dimensional expansion of aomihation which

makes re-concentration and removal of metals inmplesgesulting in both losses of metals and ar&bid.

In 2008, 1.4 billion tons of metals were producgeobally which is a production rate sevenfold higtiean in
1950. In 1950, metal consumption was 77 kg perquerand year, which increased to 213 kg in 2008yingr
tremendously among countries. While the benefitmefal production are easy to recognize, the negatipact is less
obvious. Global mining occupies a territory of appmately 37,000 km2 which equals approximatelydhea of Belgium
-or 0.2% of the world’s land surface (Dudka and iAdo, 1997). In addition, approximately 240,000°Kapproximately
the size of the UK) is influenced by metals relelafem waste dumps and open mines (Fueteal., 2002). Estimates of
the European Environment Agency listed 1.4 millemmtaminated sites (Prasatial., 2010). Since metal contamination
cannot be detoxified by degradation, metal contateih soils have to be either remediated by remuiviide metals from

the arable land with subsequent safe depositioby @hanging land use after metals have been iminethion the spot.

An issue closely linked to the health hazards ofaineontaminated land is soil erosion and land aégtion.
Estimations of the annual loss of farming land prathantly by industrial contamination, urbanizatiemmd desertification
range between 70 and 140,0002km.3 million knf of arable land became abandoned during the lasyets.
Globally, 100 billion tons of topsoil are lost eygear (Doos, 2002). Natural pedogenesis procteglsimes slower than
the devastation of soil. Especially, scarcely vatgt, metalliferous soils are prone to whatsoevechanism of
erosion.With the given numbers, it seems evideat il protection, soil remediation, and soil nesxy are of ultimate

importance, especially when relating this to thewgng world’s population.
SOURCES OF HEAVY METALS IN SOIL

Since the beginning of industrialization, a greatiety of anthropogenic chemical compounds havenbee
synthesized for countless uses. The two main ssuofeheavy metals in soil are natural and anthrepmghuman.
The natural factors include soil erosion, volcaamtivities, urban runoffs and aerosols particulatéle the human factors
include metal finishing and electroplating processaining extraction operations, textile industrégesl nuclear power.
The main natural sources of heavy metal pollutémtthe soil are volcanic activities, soil erosiamban runoffs and
aerosol particles. It is reported that volcanicpginns produce hazardous impacts to the environnaéimate, and health
of exposed individuals. Apart from the deterioratiof social and chemical conditions and the gasasb(n dioxide,
sulphur dioxide, carbon monoxide, hydrogen sulphiééeased during eruptions, various organic comgswuand heavy
metals, such as mercury, lead and gold are alsagsetl. The presence of these heavy metals inrgbivater bodies is
known to significantly deteriorate the quality afch soil and waters. Several rocks and volatilesabdanic origins are
indicated to be responsible for the presence o&inién soils and waters. This is because the difusf acidic volcanic

gases through water permeable rocks contributdsetbydrological material transfer in volcanic &iral he activities from
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volcanoes are reported to be responsible for tlease of metals such as arsenic, mercury, alumimubigiium, lead,

magnesium, copper, zinc and a host of others (Aahetrial.,2006).

Soil erosion is also indicated to be a source af/fignetal pollution in soil. The two main agentssofl erosion
are wind and water. During rainfall, sediment-boumelavy metals are distributed to the soil. Watentaining
agrochemicals with toxic metal concentration drojs tsediment-bound metal in the soil even as itseauerosion.
In addition, some aerosol (fine colloidal particgswater droplet in the air, in some cases theyhmgas) particles may
carry different kinds of the contaminant; like sreokloud and heavy metals. These heavy metal camgaserosols
usually accumulate on leaf surfaces in the forniired particulates and can enter the leaves via atar(Sardaet al.,
2013).

Some of the human sources of heavy metals in spilveetal finishing and electroplating, mining andir&ction
operations, textiles activities and nuclear powdstal finishing and electroplating involve the dsjtion of thin protective
layers into prepared surfaces of metal using elebhmical processes. When this happens, toxic snatay be released
into wastewater effluents. This may be either thiouinsing of the product or spillage and dumpirigpmcess baths.
It is also indicated that the cleaning of procesdks and treatment of wastewater can generateasiiidstjuantities of wet

sludge containing high levels of toxic metals (Chish1985).

Similarly, mining activities can release toxic mstato the environment. Metal mining and smeltagivities
are regarded as major sources of heavy metalseiretivironment. In environments where these aawitake place,
it is indicated that a large amount of toxic metddposits are found in their water, soil, crops] aegetable (Weét al.,
2008). Additionally, textile industries are indiedtto be major sources of heavy metal pollutantsdih and water.
This is said to mostly originate from the dyeinggess, which is a major process in such industfies.compounds used
for these dyeing processes (coloration) includegpeopchromium, nickel, and lead which is very toaiwd carcinogenic.
In some cases, nuclear-generating facilities hés@tzeen described as the source of dischargeanfy/hraetals like copper
and zinc to surface soil and water. In the nucfdants, because a large amount of water is consudoredperation,
after the operation, the nuclear effluent contajnieavy metals are discharged into surface andngreater bodies,

which can pollute soil and aquatic systems (Hagite2p07 and Wuaret al, 2011).

Heavy metals occur naturally in the environmentrfrpedogenetic processes of weathering of parergriakst
and also through anthropogenic sources (FigureThg most significant natural sources are weathedhgninerals,
erosion and volcanic activity, while the anthropaigesources depend upon human activities such asgpismelting,
electroplating, use of pesticides and phosphatdifer discharge, as well biosolids (e.g., livestananures, composts,
and municipal sewage sludge), atmospheric deposititc. (Modaihsh et al., 2004, Sabiha-Javietl al, 2009 ).
The disturbance of nature’s slowly occurring geaaital cycle of metals by man results in accumutatid one or more
of heavy metals in the soil and waters, and ab@feed levels, this is enough to cause risk to huinealth, plants,
animals and aquatic biota (Summer, 2002). The heaetals essentially become contaminants in the awdl water
environment because of their excess generatiorahyral and man-made activities, transfer from mioesther locations
where higher exposure to humans occurs, dischdrbegb concentration of metal waste through indastrand greater

bioavailability.
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Heavy Metal Sources

NATURAL 50URCES ANTHEREPOGENIC 50URCE

1. Waathering of minersls 1. As: Posticides, wond preservatives,
biozolids, ore mining and smelting

1. Erozion and volcamic activities 1. Cr: Tanneries, steal industries, fly ash,

Mining, pesticides and fertilizer

Industries,
3. For=st fires and biogenic sowncs 3. He: Av-Ag mining ooal combustion,
meadical waste
4. Particles raleasad by vegstation 4. Cd: Paint: and pigments, plastic

gtabilizers alactroplating, phosphata
fartilizars

5 Mi: Effluent, kitchen appliances, sureical

Instroments, awtomaobils battariss

6. Cu: Pasticidas, fortilizers. biozolids, ore Mining and smalting

7. Pb: Asrial emizzion fiom combustion of leadad firal batteries wasta,

Insecticids and herbicidss
Figure 1: Sources of Heavy Metals in the Environmen
HEAVY METAL POLLUTANTS SERVE AS GREAT THREATS TO PL ANT AND HUMAN

Untreated or inadequately treated heavy metal caintted wastewater effluents cause a variety ofttheand
environmental impacts when released into receigioifj and water bodies. In aquatic ecosystems, heastals greatly
depress the number of living organisms. Heavy madtale the negative effect on the growth of aquatianisms and can
cause serious upsets in biological wastewaternieatt plants. The presence of heavy metal pollutaetses as great
threats to soil and plants growing on such soiith the consumption of such plants by animals amehdns due to their
entry into the food chain through biomagnificati@nd bioaccumulation, leading to severe detrimemtti&cts
(Saidi, 2010). It is reported that the intake ofitometals in vegetables and corn products accumutathe kidney,
leading to its dysfunction. Some reports have lkhk&eletal damage (osteoporosis) in humans to heetgls, such as
high levels of selenium (Abdullahi, 2013).

The nature of heavy metals polluted soil and waatemeffluents on humans may be toxic (acute, ¢éhromsub-
chronic), neurotoxic, carcinogenic, mutagenic oatiegenic (Duruibest al., 2007). Although it is reported that individual

metals exhibit specific signs of their toxicityetBigns associated with cadmium, lead, arseniccumgrzinc, copper and
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aluminium poisoning are gastrointestinal disorddiafrhea, stomatitis, tremor, hemoglobinuria cagisi rust-red colour
to stool, ataxia, paralysis, vomiting and convuisidepression and pneumonia, when volatile vapanarsnhaled (Duruibe
et al.,2007, and McCluggage, 1991).

Although heavy metals are natural components ofetimth crust that cannot be degradable, they dyetoxic
when they are not metabolized and synthesized &éyptidy and when accumulated in the soft tissud@bbdy. As an
example, lead is considered the number one hdakhttto children, whose effects can last a lifetiome of such effects
include child’s growth, damage the nervous sysi@ma, cause learning disabilities, but also it is fiolked to crime and
anti-social behavior in children (Salezhal., 2000). It is indicated that the majority of ingabtiead is removed from an
individual's body through urine, there is still thresk of buildup especially in children. Also, teiy due to lead
accumulation may lead to a decrease in hemoglotmdygtion, kidney, joint, reproductive and cardissalar systems
disorders and long-term injury to the central aedigheral nervous systems (Nolan, 2003 and Galaeirral., 2012).
Another highly toxic heavy metal, even when presarttumans at low concentrations is cadmium. ndicated to be
carcinogenic and persistently cumulative poisom @tial.,2005). A long-term exposure to cadmium in humaay fead
to renal dysfunction; while high exposure levelsidocause obstructive lung disease, cadmium pneilisidmone defects,
osteomalacia, osteoporosis and spontaneous fracineased blood pressure and myocardial dys@nsc{Duruibeet
al., 2007). The level of exposure to cadmium compoumady determine the symptoms, which may include reuse
vomiting, abdominal cramps, dyspnea and musculakness. Severe exposure may result in pulmonargnoadand
death (Duruibeet al.,2007, McCluggage, 1991, Young, 2005, Madseal., 1990, INECAR, 2000).

With respect to copper, although copper is an ¢sgemtrient to humans, its presence in high coiregion in
drinking water is indicated to cause liver cirrtso@h patients, anemia, liver and kidney damage.oExpe to water
contaminated with copper can lead to the developmianemia, liver and kidney damage and diarreedpminal pain,
vomiting, headache and nausea in children (Saeai., 2000, Nolan, 2003, Bent and Bohm, 1995). In addjtalthough
zinc is a component of several enzymes (alkalinesphatase, superoxide dismutase, alcohol dehydasgearbonic
anhydrase) in humans when taken at high concemtsatian lead to system dysfunctions, which mayltresgrowth and
reproduction impairment. The clinical signs of zitaxicosis include diarrhea, vomiting, icterus (g@ mucous
membrane), bloody urine, anemia, kidney failure laret failure (Duruibeet al.,2007, Nolan, 2003, INECAR, 2000).

On the other hand, mercury is known as one of thst mangerous metals for human consumption, foastno
known biochemical function. It is reported that ity symptoms of mercury are dependent on the atenform
ingested. The ingestion of its inorganic forms easgontaneous abortion, congenital malformatiod, gastrointestinal
disorders while ingestion of its organic forms ndegd to erethism (abnormal irritation or sensiyivif an organ or body
part to stimulation), gingivitis, stomatitis, nelogical disorders, brain and central nervous systtimage, acrodynia
(pink disease, characterized by rash and desquamatithe hands and feet) and congenital malfoonatburuibeet al.,
2007; LTAP 2004; Simone et al., 2012). Furthermergosures to high levels of arsenic can causddsiate it is known
to coagulate protein, form complexes with coenzyaresinhibit ATP production during respiration (INER, 2000).
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Table 1: Toxic Effect of Some Heavy Metals on Humahlealth

. EPA Regulatory Toxic Effects Ref.
Metal Limit(ppm)
Exposure may cause skin and other body tissuesratay or
Ag 0.10 blue-gray, breathing problems, lung and throataition and ATSDR, 1990
stomach pain.
As 0.01 Affects essential cellular processes such as axi&lat Tripathiet al.,
' phosphorylation and ATP synthesis 2007
Cause cardiac arrhythmias, respiratory failuretrgagestinal
Ba 2.0 dysfunction, muscle twitching and elevated bloogspure Acobset al., 2002
cd 50 Carglnogemc, mutagenlc,_endocrlne _dlsr_upt(_)r_, l[dagmage and Degraeve, 1981
fragile bones, affects calcium regulation in biotad systems
Cr 0.1 Hair loss Salemet al, 2000
Brain and kidney damage, elevated levels resuivén cirrhosis Salemet al, 2000,
Cu 1.3 . . . T Wuana and
and chronic anemia, stomach and intestine irriatio L
Okieimen 2011
Autoimmune diseases, depression, drowsiness, &thair loss, | Neustadt and
Hg 2.0 insomnia, loss of memory, restlessness, disturbaheision, Pieczenik, 2007,
tremors, temper outbursts, brain damage, lung &k failure | Gulatiet al,2010
Allergic skin diseases such as itching, cancehefitings, nose, Salemet al
. 0.2 (WHO . ; . A . 2000,Kharet al
Ni oN ... | sinuses, throat through continuous inhalation, imotoxic, !
permissible limit) . . > ; 2007: Dudeet al
neurotoxic, genotoxic, affects fertility, hair loss 2008
Excess exposure in children causes impaired dewelof Salemet al, 2000,
; : L Wuana and
reduced intelligence, short-term memory loss, digigs in L
Pb 15 : . ; . Okieimen 2011,
learning and coordination problems,a risk of aawdscular d hi
disease Padmavathiamma
et al.,2007
Dietary exposure of around 3Q@/day affects endocrine Vinceti et al
Se 50 function, impairment of natural killer cells actiy; "
. . . . 2001
hepatotoxicity and gastrointestinal disturbances
Zn 0.5 Dizziness, fatiguetc. Hesset al.,2002

Heavy metals are also known to have impacts inemmbystems. The impact of heavy metals pollutiosal is
mostly felt by plants that grow in such environnger8ome of these impacts include decreased sesingéion and lipid
content, decreased enzyme activity and plant growttibition of photosynthesis, reduction of seedrgination, reduction
of chlorophyll production and plant growth; whiclaynbe caused by cadmium, chromium, copper or mgreickel and
lead, respectively (Gardea-Torresdey et al., 200B&. presence of large amounts of heavy metalsswilazould also lead
to the prevention of plants’ growth, uptake, phimiical and metabolic processes, chlorosis, andnhiar root tips,
minimized water and uptake of nutrients and impamimto enzymes (Sardat al., 2013). Furthermore, the potential
detrimental effects of heavy metal polluted wastewaffluents on the quality of receiving water lesdare numerous,
although it may depend on the volume and compasifahe effluent that is discharged (Owyli 200Xpéar et al.,2011).
As an example, in aquatic ecosystems, the condmmtrand availability of lead can lead to decreadissolved oxygen,
which may make young aquatic organisms, such asg/dishes vulnerable to lead than the adult fishe presence of
lead may also cause blackening of the tail regiod apiral deformity to young fishes (Peplow 1999rdpean

Commission 2002).
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BIOLOGICAL REMEDIATION APPROACHES FOR HEAVY METAL P  OLLUTANTS

Biological removal of heavy metals in soil involvéise use of biological techniques for the elimioatiof
pollutants from soil. It is a selective techniqumatt utilizes the operational flexibility of micraganisms and plants.
Microbial remediation may entail ex-situ and indsapplication. In phytoremediation, plants play reag role in the
biological process as they break down, reduce,adlsgand remove these contaminants using variods, gaich as the
root, leaves, stomata, cell wall and the shoot (BSE2004; Rajendraat al.,2003; Sharma 2012).

MICROBIAL REMEDIATION OF HEAVY METAL

The term biodegradation is often used in relatioretology, waste management and mostly associaitid w
environmental remediation (bioremediation). Biorelilmon process can be divided into three phaselewsls. First,
through natural attenuation, contaminants are mdiuzy native microorganisms without any human augat®n.
Second, biostimulation is employed where nutriemd oxygen are applied to the systems to improge #ifectiveness
and to accelerate biodegradation. Finally, duringabgmentation, microorganisms are added to théesys These
supplemental organisms should be more efficien tative flora to degrade the target contaminardar{ivescu 2009). A
feasible remedial technology requires microorgasising capable of quick adaptation and efficiesgtsuof pollutants of
interest in a particular case in a reasonable gedibtime. In recent years, considerable interext been paid to
rhizobacteria, which are aggressive root colonizemd produce siderophores. Siderophores providedsantage in the
survival of both plants and bacteria (Narendtaal., 2015). Many factors influence microorganisms te psllutants as
substrates or metabolize them, like, the genettentiml and certain environmental factors sucheasperature, pH, and
available nitrogen and phosphorus sources, them ¢e determine the rate and the extent of degmadéEritschuet al.,
2008). Therefore, applications of genetically eegied microorganisms (GEM) in bioremediation haaeeived a great
deal of attention. These GEM have a higher degralatapacity and have been demonstrated successtullthe
degradation of various pollutants under defined ditions. However, ecological and environmental @ns and

regulatory constraints are major obstacles foirt@ssEM in the field (Menret al.,2008).

In microbial remediation or bioremediation, micrabbcommunities are of primary importance. The pssces
cost-effective process, with non-hazardous endymisd Ahmednaet al.,2004). During pollutant removal, the microbe(s)
alter the metal chemistry and mobility through eftheduction, accumulation, mobilization or immatation (Faryal and
Hameed, 2005). Previous studies we have identifiieel bacterial isolates based on the high levelhefvy metal
resistances. On the basis of morphology, biochdmiés@aled that the isolates were identifiedPasteus vulgarigMR1),
Bacillus cereudMR?2), Bacillus decolorationigMR3), Pseudomonas fluorescen(®S4) and®>seudomonas fluorescence
(SS5). The soil isolates showed optimum growthHt7p0 and 30°C. The identified isolates were rasisto cadmium
(Cd), nickel (Ni), lead (Pb), arsenic (As), andarhium (Cr). The minimal inhibitory concentration (®) of soil isolates
against Cd, Cr, Ni, Pb and As was determined iid sakdia (Narendrat al.,2016). The identified heavy metal resistant
bacteria could be effective and useful for the doediation of heavy metal contaminated soil. Thgomgroups of
microorganisms that have been implicated in heaeyahremediation are bacteria (suchfaghrobacter, Bacillussp,
Citrobacter, Cupriavidus metallidurans, CyanobadeEnterbacter cloacae, Pseudomonas aerugin&segptomycesp,
Zoogloe aramigera, Alcaligene§phinganonas, Rhdococcus, Mycobacteriand Arthrobacte) and fungi (such as

Aspergillus tereus, Penicillium chrysogeuBandida utilis, Hamsenula anomadadRhodotorula mucilaginoggAhirwar
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et al., 2016, Diaset al.,2002). Besides bacter@nd fungi, certain protozoa, suchEsplotes mutabili@ndalgae, such as
Oscillatoria sp, Chlorella vulgaris,and Chlamydomonasp have been reported to possess nretdlicing capabilities

(Ramasamyt al.,2006)

The microbial remediation of toxic metals is saicbtcur in two ways: direct and indirect reduct{®mhaet al.,
2009). Microbial remediation can be in the formbadaugmentation, biosorption or sparging. Bioaugtaon entails the
introduction of microbial strain, which has highgdadation factor to assist the indigenous microbethie active
degradation process of the contaminated environniteistmostly used in municipal wastewater to aesactivated sludge
bioreactor (Rajivet al., 2009). Soil microorganisms vary widely in theitet@nce to heavy metal contamination, and the
proportion of culturable resistant microorganisras cange from 10% to nearly 100%. The activitiegiafymes in soil
may serve as indicators of heavy metal contaminatis there are generally high correlations betwednced enzyme
activities (of, e.g., dehydrogenases, acid phosigleatand ureases) and increased heavy metal coataEmi(Ahirwaret
al., 2018). In our previous studies, we have repottedtl the higher reduction of chromium for lower iaditoncentrations
by Bacillus cereus, Bacillus decolorationiand P. fluorescenceThe seed germination and plant growth ability were
analyzed in different experimental groups usisgudomonas fluorescence, Bacillus cerauns,Bacillus decolorationis
Pseudomonas fluorescen@5%), Bacillus cereus (90%have shown maximum seed germination plaaht growth ability

noted compared tBacillus decolorationi§84%) inoculated strain in Cr contaminated soilifiar et al.,2013).

In biosorption, there is the immobilization of misthy microbial cells. Its technique involves tleggestration of
a positively charged heavy metal ions to the negbticharged microbial cell membranes and polysaigdhs, which is
secreted (Sinhat al., 2009). The mechanisms of heavy metal removal fsmih by microorganisms can be based on
microbial precipitation, complexation, ion-excharagel intracellular accumulation. During biospargialyo known as air
sparging, there is the injection of air by pressiaréhe water to enhance the activation of oxygencentration by the
microorganism, which can increase biological degtiath of contaminant. Apart from the promotion ef@bic bacterial

growth, air sparging also leads to the volatiliaatof contaminants from the liquid to the vaporghéSharma 2012).

A wide variety of synthetic organic compounds camitate the environment from chemical and industrial
processes. In many instances, organic loads egtedopeiving waters add to the existing organic poahd cause
perturbations in the natural degradation proceséethe aquatic microbial community. Many chemicalsployed in
industrial processes are both refractory and taxiel removal of these pollutants from the aquatidrenment occurs
primarily by microbial activities. Microbial degration is dependent upon physical and chemical enmiental variables,
as well as on the toxicity of the chemical. Phylsead chemical factors may render a given compomode or less
susceptible to microbial degradation. For examjlgdiation in the visible and ultraviolet rangeancaid in the
degradation of polymerized plastics and dechloidmabf halogenated substrates and, perhaps, icl¢lagage of alkylated
biphenyls and fused aromatic ring systems. Photadiagon has also been implicated in the poteritahation of
chlorinated dibenzofurans from chlorinated biphenpkoducing more toxic compounds of unknown biodédgtive
potential (Crosbyet al., 1973). Especially attractive is the potential &arly warning of environmental change since
microbiological responses are rapid and can bectigtevithin hours or days. The microbial potentirhaps measured as
a community structure index, or other mathemaficahulation, should be more fully investigated asezotoxicological
yardstick of health. Clearly, the microbial aspeatscotoxicology should be explored since hers, lindeed, a fertile

ground for discovery and application in environna¢pollution.
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BIOREMEDIATION STRATEGIES

Different techniques are employed depending on tlegree of saturation and aeration of an area.
In situ techniques are defined as those that are appliesbitoand groundwater at the site with minimal atibince.
Ex situtechniques are those that are applied to soil andnglwater at the site which has been removed flasite via
excavation (soil) or pumping (wateBioaugmentatioriechniques involvéhe addition of microorganisms with the ability

to degrade pollutants

Table 2: Summary of Bioremediation Strategies

Technology Examples Benefits Limitations

In situ ”? situ . Most cost efficient Environmental
bioremediation

Natural attenuation processes$

Bioaugmentation Treats soil and water

Time Monitoring difficulties

Bioventing Relatively passive Extended treatment
Biosparging Noninvasive Constraints
. . . Need to control abiotic Loss Mass
Ex situ Biopiles Can be done on site : oD LYY
transfer problem Bioavailability limitation
Landfarming Cost efficient Space requirements
Composting Low-cost Extended treatment time

DEGRADATION BY GENETICALLY ENGINEERED MICROORGANISM S

As mentioned above, bioaugmentation and biostinauladre methods that can be applied to acceletste t
recovery of polluted sites. In the late 1970s aadye1980s, bacterial genes encoding catabolic resyfor recalcitrant
compounds started to be cloned and characterizeoin, 3nany microbiologists and molecular biologistalized the
potential of genetic engineering for addressingdégradation (Case®t al., 2005). A genetically engineered
microorganism (GEM) or modified microorganism (GMIi4) a microorganism whose genetic material has ladtened
using genetic engineering techniques inspired byntitural genetic exchange between microorganishese techniques
are generally known as recombinant DNA technolo@gnetically engineered microorganisms (GEMs) havews
potential for bioremediation of soil, groundwatedaactivated sludge, exhibiting the enhanced deggachpabilities of a
wide range of chemical contaminants (Sayeral., 2000). As soon as the prospect of releasing geailtimodified
microorganisms for bioremediation became a reatitych of the research effort in the field was aimaédiosafety and
risk assessment (Casetsal., 2005).

PHYTOREMEDIATION OF HEAVY METAL

In phytoremediation green plants are employed figcienin the in-situ treatment of contaminants. Sptants
have the advantage of accumulating and degradimgpaopents of such contaminants. The commonest phyexdiation
processes are rhizofiltration, phytostabilizatiphytoextraction, phytovolitazation, phytodegradatind rhizodegradation
(Roberet al and Aneet al.,2009.

Remediation of heavy metals polluted soil couldcheied out using physical-chemicals processes asdbn-
exchange, precipitation, reverse osmosis, evaporatnd chemical reduction. However, the measurggine external
man-made resources and therefore are very costbn@kbedihardjo and Surahmaida, 2008). Phytorenedids an

emerging technology that can be considered for détien of contaminated sites because of its cfist#veness,
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aesthetic advantages, and long-term applicabHity. a country like India, phytoremediation is bssited as it requires
low investment, and relies on plants’ natural cdfgbto take up metal ions from soil (Ghosh andch@i 2005).
Identification/selection of plant species for phrgimediation is a continuous process and till dai@ny plants have been
found as remediation plants but there are veryrggyerts about the use of ornamental plants forgyreytediation purpose
[Liu et al.,2009; Ramanat al.,2008a & 2008b, Ramare al, 2009]. During rhizofiltration (phytofiltrationfyoth aquatic
and terrestrial plants are used to sorb, concentnadl precipitate toxic metals and an organic camgdrom wastewater
effluents. The technique involves the breakdowithef organic contaminant by enhanced microbial @gtin the plant
root zone and is absorbed by the root surface dhéyplant root. The technique is based on thecgffness of a plant
root to synthesis chemicals. Both the root exudeit® a change in pH of the rhizosphere can causegedchemical
condition, which may result in the precipitationtbfs metal to the surface of the root (VineetazdOh phytostabilization
(in placed inactivation or phytoimmobilization) péant root is used to limit a contaminant mobibityd bioavailability by
providing a barrier mechanism against direct cantaih contaminated soil (Schnoor 1997). It is catked that plants that
are best suited for phytostabilization include $reehich transpire large amounts of water for hyticacontrol and grasses
with fibrous roots help to bind and hold (Sirdtzal.,2009).

In the case of phytoextraction, metal-accumulattants are used for the translocation and condimraf
metals, radionuclides, and non-metals in the rdothe plant, before they are translocated to theoth or leaves
(Asha and Sandeep 2013). The biological processadvied in phytoextraction are metal acquisitiom dransport and
shoot accumulation. In some instances, some hea&tglsncan be removed by binding to soils and romséses through
rhizofiltration, while others may require the adiulit of chelating agents, such as ethylene diangtradcetate (EDTA) to
the soil. Sunflower and mustard are examples aftplthat have been implicated to have phytoextadbility for heavy
metals (Roberét al.,1997). Similarly, in phytovolatilization, a contamant is removed by transforming it from its origin
medium to the atmosphere. The technique entailalbiliéy of a plant to take up a contaminant tisatvater soluble and

release it to the atmosphere without the need velséing or disposal.

The accumulation of Cr in soil is of great conckecause of its movement into the food chain. Tloeeef
researchers have proposed safe, economically feasild eco-friendly approaches for phytoremediatisimg non-edible
plants (Ramanat al.,2013; Khajancheét al.,2013). In our previous studies, we have studiedotiytoremediation of soils
contaminated with Cd and Pb with some populardldture plant species. Explored the possibilitypbytoremediation of
soils contaminated with Cr using three varietieJ obberose (Polianthes tuberosa) (Rametnal., 2012), chrysanthemum,
calendula, aster and dahlia (Ramanal.,2012). From these studies, it was found that nitgjof the plant species could
tolerate at the most 10-15 mg Cri&wgjl. However, the contaminated sites would hawy égh levels of Cr and at times
would even be unfit for cultivation dhe crops. The potential of an ornamental shruba@rof thorns Euphorbia mill)
was evaluated for remediation of soil contaminatéth Cr. The plant could tolerate well up to 75 wigapplied Cr and
beyond that, there was mortality of plants. Thotlgh plant could not be classified as a hyperaccatoylthe plant was
still very efficient in translocating Cr from roots shoots as evident from the data on uptake r@mslocation efficiency
values. The translocation efficiency of over 80%oiar study demonstrates that a large proportiorCofhas been
translocated to the harvestable biomass of thet plad therefore, this plant could be effectivelgammended for the
remediation of soils contaminated with low to mediulevel of contamination i.e., up to 50 mg/kg soil

(Sivakotiet al.,2015). Previously we have conducted to evaluaebility of an high biomass producing, droughetaht
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succulent plant Mauritius hempyrcraea gigantea Ventfor its tolerance to different levels of Cr (&,50, 100 and 200
mg Cr kg soil') and its potential for phytoremediation purpodssed on the data on inhibition of the growth afnb
with Cr, tolerance index and grade of growth infidmi, it was observed that the plant could tolergigo 50 mg Cr kg*
soil. Absorption of Cr from soil to plant and itaslocation into plant tissues were discussedrimg of bio-concentration
factor (BCF), transfer factor (TF), and translooatiefficiency (TE%). Cr was mainly accumulated e troots and
exclusion of Cr was found to be the principal pbimgical tolerance mechanism followed by a markenidase in proline,
ascorbic acid, total free amino acids in the lessfue and malic acid in the rhizosphere samplestater Cr stress. Based
on the tissue concentration of Gr 800ug g-1 in the leaves and ¥E), it was concluded thaEurcraea giganteaould
not be considered a hyperaccumulator and therefwsaitable for phytoextraction of Cr. Nevertheldascraea gigantea

could be a suitable candidate for phytostabilizatitb Cr contaminated soils (Ramagtzal.,2015)

Certain metals, such as selenium and mercury haea beported to form the volatile molecule, whicaynie
released to the atmosphere by some plants (Ghogh %ingh 2005). However, during phytodegradation
(phytotransformation), there is the breakdown afamic contaminants taken up by a plant into simpietecules. The
breakdown is carried out by the plant enzymes, whietabolize the contaminant and release it imhiEosphere, which
may then undergo further active transformation K&iat al., 2009). Also, in phytostimulation (rhizodegradajiothe
technique involves the release of natural substarme the plant through its roots, thereby supplymgrients to
microorganisms, which may in turn, enhance biolalgidegradation. In this technique, the plant magrete exudate
(amino acid, organic acid, fatty acid, sterol, giiovfactors and other compounds) that can lead tinarease in the

number and activities of microorganisms (Meers &ack 2004; Akpor and Muchie 2010).

Table 3: Overview of Phytoremediation Applications

Technique Plant Mechanism Surface Medium
Soils, groundwater within
rhizosphere

Phytodegradation Enhances microbial degradatiohiamsphere

Uptake and concentration of metal via direct uptake
the plant tissue with subsequent removal of thetfd
Plant uptake and degradation of organic
Compounds

Root exudates cause the metal to precipitate

and become less available

Plants evaportranspirate selenium, mercury,

and volatile hydrocarbons

Rhizofiltration Uptake of metals into plant roots Surface water and water pump

Phytoextraction Soils

Phytotransformation Surface water, groundwater

Phytostabilization Soils, groundwater, mine tailing

Phytovolatilization Soils and groundwater

CONCLUSIONS

This review, which was aimed at discussing the @@grimpacts and remediation processes for heavglsne
pollution in wastewater effluents revealed thattiie main sources of heavy metals in wastewatenateral and human,
with the natural factors being soil erosion, volcaactivities, urban run-offs and aerosols partatelwhile the human
factors include metal finishing and electroplatimgpcesses, mining extraction operations, textibustries and nuclear

power.

The entrance of untreated or inadequately treateshyhmetal contaminated wastewater to receivingmizadies

pose a variety of health and environment impactshamans, animals, and plants. In aquatic ecosgstheavy metals
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greatly depress the number of living organisms.oAlseavy metals have the negative effect on thethrof aquatic
organisms and can cause serious upsets in biolagicaewater treatment plants.

To safeguard the health of living organisms andefovironmentsustainability, a variety of biologitetatment
processes are employed for the removal of heavglm&bm wastewater effluents, with the most comibneimg microbial
and phytoremediation. Biological removal of heavetals in wastewater is a selective technique théizas the

operational flexibility of microorganisms and plarior the elimination of pollutants from wastewater

Microbial remediation may entail ex-situ and indsitpplications. In phytoremediation, plants plagreat role in
the biological process as they break down, reddegrade and remove these contaminants using vgrats such as the
root, leaves, stomata, cell wall and the shoot.

The microbial remediation of toxic metals is saddoccur in two ways: direct and indirect reductidicrobial
remediation can be in the form of bioaugmentatioiosorption or biosparging. In phytoremediation egreplants are
employed technique in the in-situ treatment of aomibants. Such plants have the advantage of acatimyland
degrading components of such contaminants. The amast phytoremediation processes are rhizofiltnatio

phytostabilization, Phytoextraction, phytovolitémat phytodegradation, and rhizodegradation.
FUTURE PROSPECTS

Rapid industrialization and technology developmbave adverse side effects like soil contaminatiod a
degrading soil health. Due to the complexity inwmlvin the conventional methods for remediation af, $he use of
microbes has arisen as a time-saver for bioremediaHowever, bioremediation technology has limditas; several
microorganisms cannot break toxic metals into hassmetabolites, and these have inhibitory effectsmicrobial
activity. Modification in the outer membrane proigiof bacteria with potential bioremediation prdigsrfor improving
metal binding abilities is the likely way to enhantheir capacity for biotransformation of toxic mist Future studies
should focus on the factors involved in improviirg situ bioremediation strategies using genetically engee
microorganisms (GEM) and also the applicability sadhptability of these GEMs in all the possible exde/stress
conditions and multiple-heavy-metal-polluted coiuwdis. The reluctance among the public to accept GEM

bioremediation also needs to be considered induttudies, and they must be proved non-toxic t@tivironment.
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