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Abstract: Among the different pollutants found on the earth, heavy metals are of environmental and public
health concerns due to their high toxicities and their presence in soil decrease its quality and plant growth and
development. Crops or air contaminations with heavy metal influenced human health and caused many health
problems due to their accumulated in the human body and in the food chains. Removal of heavy metal from the
soil or the environment is of great concern. Plants and microbial removal of heavy metals from soil or solutions
is effective, eco-friendly and low coast treatment. Dead or alive microbes have various mechanisms for metal
removal. This review is about heavy metals importance, sources, remediation technologies and mechanisms of
resistance.
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I.  Introduction

Heavy metals are a unique group of naturally occurring inorganic micro-pollutants released into the
environment by different processes (Camobreco et al. 1996, Thevenon et al. 2011). Although soils are natural
source of heavy metals, geologic and anthropogenic activities like metal mining, industry, atmospheric
deposition, agriculture, and waste disposal add to their rate in the environment (Ezzouhri et al. 2009, Haferburg
and Kothe 2007), thus promote chronic and acute disorder and the clear serious human health problems
(Ceribasi and Yetis 2001, Zafar et al. 2007). Generally, accumulation of lead in the human body caused anemia,
reproductive malfunction, renal failure or neurodegenerative injury which lead to cell damage or death (Rai et
al. 2010) while excess manganese, zinc, and copper cause heart and liver damage (Grzegorczyk et al.
2014).Moreover, heavy metals can substitute essential metals in enzymes, thus disrupting their functioning
(Pourrut et al. 2011a, Pourrut et al. 2011b)

Long-term use of heavy metals contaminated vegetables or crops caused continuous build-up of toxic
metals in the kidney and liver of human (J&rup 2003) and induced oxidative stress that destroyed cell's inherent
defence (Shahid et al. 2014). High level of Pb*™" in soils may decrease soil productivity but low concentration
of Pb™ inhibited some fundamental processes, like photosynthesis, mitosis and water absorption with toxic
symptoms of dark green leaves, wilting of older leaves, stunted foliage and brown short roots
(Bhattacharyya et al. 2008). Heavy metals are potentially toxic and phytotoxicity for plants resulting in
chlorosis, decrease plant growth, metabolism, yield, and nutrient uptake in addition to nitrogen fixation in
leguminous plants (Guala et al. 2010).

Heavy metal importance

Heavy metals considered as a group of elements with both biologically and industrially important and
at high concentrations in the environment, they have a toxic effect. They are divided to essential micronutrients
(iron, copper, zinc, cobalt, and nickel) that are critical for normal cell growth and development and the
physiological functions of living organisms (Broadley et al. 2007, Marschner 1995) and nonessential
micronutrients (cadmium, lead, and mercury) that are actually needed for cell growth s in low concentrations
(Adriano 2001). Some metals such as vanadium, iron, cobalt, nickel, copper, zinc are required for cellular
functions acting as cofactors, for structural and catalytic roles in enzymes and proteins or a component of
metallo-enzyme that form about 30% of all cell enzymes (Wackett et al. 2004). Furthermore, they are used in
electron transfer or osmotic equilibrium (Bruins et al. 2000). Soil is the direct path way for the contamination of
heavy metals in vegetables and crops via root uptake (Pierart et al. 2015) and the widespread contamination of
soil with heavy metals represents currently one of the most severe environmental problems that can seriously
affect environmental quality and human health.
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Sources of soil heavy metal pollutions

Heavy metals are accumulated in soil and water environments through natural and anthropogenic
sources and may be introduced to food chains or groundwater (Peéiulyté and Dirgin¢iuté-Volodkiené 2009).
Each heavy metal has its own damaging effects on plant, animal and human health. Heavy metals are found
naturally in soils resulting from weathering of underlying bedrock or through mineral processing processes
(Shakoor et al. 2015) and their concentrations in soils varies according to the nature of the rock, its location and
age. They represent less than 1% of the Earth's crustal composition due to alteration of the rocks and natural
incidents.

Anthropogenic sources of soil contamination by heavy metals include: refine and mining of rocks,
pesticides, batteries, paper industries, tanneries, fertilizer industries, solid wastes disposal including sewage
sludge, wastewater irrigation and vehicular exhaust (Niazi Nabeel K et al. 2011, Niazi Nabeel Khan et al. 2015,
Shahid et al. 2015).

Effects of heavy metals on soil microorganisms

Metals without biological function are generally tolerated only in minute concentrations, whereas
essential metals with biological functions, are usually tolerated in higher concentrations (Haferburg and Kothe
2007)and facilitate secondary metabolism in bacteria, actinomycetes and fungi (Haferburg and Kothe 2007,
Weinberg 1990). However, high concentrations of heavy metals may have inhibitory or toxic effects on living
organisms (Bruins et al. 2000) and influence microbial populations and their biological activities in soil which
affect soil fertility (Minnikova et al. 2017).

Microorganisms are the first biota that undergoes direct and indirect impacts of heavy metals. For
example, chromium is known to have stimulatory effect on both actinorhodin production and growth yield of the
model actinomycete S. coelicolor (Abbas and Edwards 1990). Some of the general changes in morphology, the
disruption of the life cycle and the increase or decrease of pigmentation are easy to observe and evaluate
(Haferburg and Kothe 2007). Moreover, heavy metals alter the conformational structures of nucleic acids and
proteins, and consequently form complexes with protein molecules which render them inactive. Those effects
result in disruption of microbial cell membrane integrity or destruction of entire cell (Bong et al. 2010).
Sensitive microorganisms are negatively affected by heavy metals, but it should also be noted that heavy metals
lead to the development of tolerant species that can survive and adapt due to their genetic characteristics (Kelly
and Tate 1998, MacNaughton et al. 1999) and can also degrade and detoxify a wide variety of hazardous
compounds (Wasi et al. 2008).

The effect of heavy metals on humans

A long-term exposure to heavy metals can be carcinogenic, affecting central and peripheral nervous
system and circulatory effects. Consumption of food contaminated with heavy metals considered to be the major
path way (>90%) of human exposure compared to dermal contact or inhalation (Mombo et al. 2016, Xiong et al.
2016).

High concentrations of heavy metals can cause adverse health effect to human being, only several of
them are important to human in low concentration. Heavy metal has ability to accumulate in living tissues
(Ngah and Hanafiah 2008). Numerous human health problems are associated with exposure to lead. The effects
of lead poisoning occur when it is present in the bloodstream causing symptoms, such as anemia, reproductive
failure, impatience, renal failure, and neurodegenerative damage (Rai et al. 2010). Other heavy metals, such as
manganese, zinc, and copper, may cause severe cases, including hypophosphatemia, heart disease, liver damage,
and sensory disturbance (Grzegorczyk et al. 2014). Excessive human intake of Cupper may lead to severe
mucosal irritation and corrosion, widespread capillary damage, hepatic and renal damage and central nervous
system irritation followed by depression. Severe gastrointestinal irritation and possible necrotic changes in the
liver and kidney can also occur. The effects of Nickel exposure vary from skin irritation to damage to the lungs,
nervous system, and mucous membranes (Argun et al. 2007).

Physical and chemical removal of heavy metal

Soil contamination by heavy metals is a worldwide problem; therefore effective remediation
approaches are necessary. Remediation method is to find a protective solution for both human health and the
environment (Martin and Ruby 2004). For heavy metal-polluted soils, the physical and chemical form of the
heavy metal contaminant in soil strongly influences the selection of the appropriate remediation approach.
Physical characteristics of polluted soils, type and level of the pollution at the site must be known to enable
accurate assessment of the problem severity and adjustment of remedial measures (Wuana and Okieimen 2011).
Remediation of heavy metal-polluted sites is very difficult, expensive and required a lot of energy and materials,
therefore the best method is to protect and prevent the environment from contamination. The contaminated soil
may be remediated by physical and chemical methods like ion exchange, electrochemical treatment, reverse
osmosis, and precipitation (Zhang Hao et al. 2017). The bioavailability and chemical characteristic of heavy

DOI: 10.9790/3008-1306017580 www.iosrjournals.org 76 | Page



Bioremediation of hazardous Heavy Metals from solutions or soil using living or dead microbial .

metals may be changed through oxidative and reductive reactions (Singh and Kalamdhad 2013). However, the
elemental properties remain stable because heavy metals are indecomposable under natural environment. In
contrast to organics, metals are persistent in the environment and not easily

Bioremediation of heavy metals

Rremediation of heavy metals from contaminated environments using biological methods is known as
bioremediation which offers high specificity in the removal of particular heavy metals of interest.
Bioremediation could be in-situ or ex-situ. In-situ bioremediation is an onsite clean-up process of contaminated
environments which involves supplementing contaminated soils with nutrients to stimulate microorganisms in
their ability to degrade contaminants, as well as add new microorganisms to the environment or improve the
indigenous microorganisms to degrade specific contaminants using genetic engineering (Mani and Kumar 2014,
Rayu et al. 2012). Ex-situ bioremediation involves taking the contaminated media from its original site to a
different location for treatment based on the cost of treatment, deepness of contamination, pollutant type and the
extent of pollution, geographical locality and geology of the contaminated site (Azubuike et al. 2016).

Bioremediation of heavy metals using plants

Plants are used to remove heavy metals from contaminated areas (phytoremediation) which are
efficient, inexpensive, and eco-friendly techniques.Soil physical and chemical properties, metal bioavailability
in soil, exudates of microbes or/and plant roots, and the activity of living organisms affect phytoremediation
process.
Phytoremediation is generally categorized into phytovolatilization in which heavy metals are taken up from the
soil and converted into less toxic vapors, then released into the atmosphere through transpiration process of the
plants (Marques et al. 2009) while phytostabilization is the use of plants to decrease the bioavailability and
mobility of heavy metals in soils (Sylvain et al. 2016) and phytoextraction involves clean-up of heavy metals
like Ni**, Cd™, Pb™, and Zn™".from soil by means of plant uptake (Ali et al. 2013).

Microbial remediation of heavy metal

Microbial remediation means uptake, accumulate, sequester, translocate and detoxify metals which
depends on numerous factors. Microbial remediation included several techniques and applications which differ
greatly in the mechanism by which microbial cells can immobilize, remove, or degrade metals. Presence of
heavy metals in the environment changed microbial communities and activities (Jansen et al. 1994, Matyar et
al. 2008). Bioremediation has been developed to immobilize heavy metals by microorganisms. Bioremediation
using of microorganisms/plants to detoxify or remove heavy metals from the soil is cost-effective, provides a
permanent solution and is less expensive compared to physicochemical methods and has recently become
prevalent in treating soils contaminated by heavy metals (Zhang Xi et al. 2010). Microbial remediation by local
microbes showed great use for heavy metal removal especially in harsh soil. Bioremediation technologies have
been broadly divided into two categories: in situ or ex situ (Blackburn and Hafker 1993). In situ bioremediation
involves treating contaminated material at the site, while ex situ involves removing the contaminated material to
be treated elsewhere.

Bioremediation using fungi

Fungi are an essential component of the soil food web, providing nourishment for the other biota that
live in the soil. They are important part for the decomposition of waste matter (Rhodes 2012). Mycoremediation
is meaning using fungi in bioremediation and the long threads hyphae interact with soil particles, roots, and
rocks forming a filamentous body which are known to tolerate heavy metals (Baldrian 2003) and can adjust
themselves to grow under various extreme conditions of pH, temperature, nutrient accessibility and high metal
concentrations (Anand et al. 2006). Zafar et al. (2007) reported promising biosorption for Cd** and Cr** by two
filamentous fungal genera, Aspergillus and Rhizopus, isolated from metal contaminated agricultural soil (Zafar
et al. 2007).Species of Ascomycetes and Basidiomycetes are the most commonly reported fungi for heavy
metalremoval from contaminated soils (Narendrula-Kotha and Nkongolo 2017). The oxalate crystals produced
by mycorrhizal fungi are also known to immobilize and detoxify heavy metal(Gadd Geoffrey Michael et al.
2014). Their filamentous hyphal structure deeply penetrates in to the deeper soil aggregates and chelates or
adsorbs heavy metal. Root exudates also play important role in changing metal bioavailability, as release of
certain organic compounds not only mobilizes metals by forming metal complexes but also provide nutrient and
energy sources to microbial communities which in turn support plant growth and survival.

Bioremediation using bacteria

Different studies are carried out about the tolerance of bacteria to heavy metals through their abilities
to adsorb, bioaccumulate and / or transform metals (Fomina et al. 2007, Singhal et al. 2004). Bacterial cells
developed numerous strategies to decrease metal poisoning: (1) resistant to the metal by intra- and extracellular
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mechanisms; (2) metals excretion using transport systems; (3) detoxification of metals by cytosol sequestration
compounds (4) formation of extracellular chelators for binding and fixing metals; (5) binding large quantities
of metals by sorption o the cell walls (Haferburg and Kothe 2007). Bioremediation techniques using either live
or dead, microorganisms are of two categories: (1) bisorption (passive) using non-living cells, (2)
bioaccumulation using living cells (Dénmez and Aksu 2001, Li et al. 2004).

Mechanisms of microorganism resistance to heavy metals
Biosorption

Biosorption (Sorption conditions and adsorption) are used when the natural affinity of biological
compounds is exploited for metallic elements. This approach relies on components on the cell surface and the
spatial structure of the cell wall on one side and on the other, the physico-chemical conditions of the
environment where the cell develops (Ledin 2000, Wang and Chen 2009). It is recognized that pH, ionic
strength, temperature, and the presence of other metals and organic compounds play an important role in this
process (Dénmez and Aksu 2001, Violante et al. 2010, Wang and Chen 2009).

Biomineralization:

Microorganisms can also produce inorganic compounds such as sulfur which reduces the mobility of
many metals and even precipitates them. In addition to these processes, microorganisms can influence the
mobility of metals since they affect pH, redox potential (Eh), and so on. All these parameters should be kept in
mind while studying the influence of microbial metal accumulation on the mobility of metal (Ledin 2000).

Biotransformation:

Enzymes of microorganisms exhibit different mechanisms in  metal by oxidation, reduction,
methylation and alkylation (Valls and De Lorenzo 2002). Production of pigments, biosurfactants or
siderophores may indirectly decrease or augment the mobility of heavy metals. Iron metabolism has also been
studied (Chen et al. 1994, So et al. 2001). It was found that ferroxaminesmay chelate Ni** , Cd*™* and AI"™
(Luterotti and Grdini¢ 1986, Neu et al. 2000), while coelichelin chelate Ni*'and Cd™* (Dimkpa et al. 2008).

Absorption or active bioaccumulation:

The term "absorption™ is used when intracellular transport-dependent metabolism is involved during
accumulation and many living cell characteristics, such as intracellular sequestration followed by localization
within cellular components, binding metallothioneins, and the formation of a complex (Gadd Geoffrey M 2004,
Malik 2004). Envelopes of the cell surface of bacteria can absorb various heavy metals, by virtue of ionic bonds
to their intrinsic chemical groups (Rho and Kim 2002). Anionic groups such as carboxylate groups and
peptidoglycan phosphate and teichoic acid groups are considered the primary metal binding sites (Beveridge and
Murray 1980, Rho and Kim 2002).

Il. Conclusion

At high concentrations, heavy metal pollution posed a serious threat to the environment metals and are
toxic to human, plants and microorganisms. They could be dispersed in soil and consequently in human beings
through food chain biomagnifications that could cause serious health hazards. Microorganisms possess inherent
biological mechanisms that enable them to survive under heavy metal stress and remove the metals from the
environment. Importance of microorganisms, plant and fungi in bioremediation are immense as they perform
multiple functions such as improved soil quality, enhanced plant growth, detoxification, and removal of heavy
metal from soil.

References:

[1]. Abbas AS, Edwards C. 1990. Effects of metals on Streptomyces coelicolor growth and actinorhodin production. Applied and
environmental microbiology 56:675-680.

[2]. Adriano D. 2001. Trace elements in terrestrial environments—biochemistry, bioavailability and risks of metals (pp. 411-458).
USA: Springer Verlag.

[3]. Ali H, Khan E, Sajad MA. 2013. Phytoremediation of heavy metals—concepts and applications. Chemosphere 91:869-881.

[4]. Anand P, Isar J, Saran S, Saxena RK. 2006. Bioaccumulation of copper by Trichoderma viride. Bioresource technology 97:1018-
1025.

[5]. Argun ME, Dursun S, Ozdemir C, Karatas M. 2007. Heavy metal adsorption by modified oak sawdust: Thermodynamics and
kinetics. Journal of hazardous materials 141:77-85.

[6]. Azubuike CC, Chikere CB, Okpokwasili GC. 2016. Bioremediation techniques—classification based on site of application:
principles, advantages, limitations and prospects. World Journal of Microbiology and Biotechnology 32:180.

[7]. Baldrian P. 2003. Interactions of heavy metals with white-rot fungi. Enzyme and Microbial technology 32:78-91.

[8]. Beveridge T, Murray R. 1980. Sites of metal deposition in the cell wall of Bacillus subtilis. Journal of bacteriology 141:876-887.

DOI: 10.9790/3008-1306017580 www.iosrjournals.org 78 | Page



Bioremediation of hazardous Heavy Metals from solutions or soil using living or dead microbial .

(9.

[10].
[14].
[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].

[21].
[22].

[23].
[24].

[25].
[26].

[27].
[28].

[29].
[30].

[31].
[32].

[33].
[34].

[35].
[36].
[37).
[38].

[39].

[40].

[41].
[42).
[43].
[44].
[45].

[46].

Bhattacharyya P, Chakrabarti K, Chakraborty A, Tripathy S, Powell M. 2008. Fractionation and bioavailability of Pb in municipal
solid waste compost and Pb uptake by rice straw and grain under submerged condition in amended soil. Geosciences Journal 12:41-
45.

Blackburn JW, Hafker WR. 1993. The impact of biochemistry, bioavailability and bioactivity on the selection of bioremediation
techniques. Trends in biotechnology 11:328-333.

Bong CW, Malfatti F, Azam F, Obayashi Y, Suzuki S. 2010. The effect of zinc exposure on the bacteria abundance and proteolytic
activity in seawater. Interdisciplinary studies on environmental chemistry—biological responses to contaminants. Terrapub,
Tokyo:57-63.

Broadley MR, White PJ, Hammond JP, Zelko I, Lux A. 2007. Zinc in plants. New phytologist 173:677-702.

Bruins MR, Kapil S, Oehme FW. 2000. Microbial resistance to metals in the environment. Ecotoxicology and environmental safety
45:198-207.

Camobreco VJ, Richards BK, Steenhuis TS, Peverly JH, McBride MB. 1996. Movement of heavy metals through undisturbed and
homogenized soil columns. Soil Science 161:740-750.

Ceribasi IH, Yetis U. 2001. Biosorption of Ni (II) and Pb (II) by Phanerochaete chrysosporium from a binary metal system—kinetics.
Water SA 27:15-20.

Chen Y, Jurkevitch E, Bar-Ness E, Hadar Y. 1994. Stability constants of pseudobactin complexes with transition metals. Soil
Science Society of America Journal 58:390-396.

Dimkpa CO, Svato$ A, Dabrowska P, Schmidt A, Boland W, Kothe E. 2008. Involvement of siderophores in the reduction of metal-
induced inhibition of auxin synthesis in Streptomyces spp. Chemosphere 74:19-25.

Dénmez G, Aksu Z. 2001. Bioaccumulation of copper (II) and nickel (Il) by the non-adapted and adapted growing Candida sp.
Water Research 35:1425-1434.

Ezzouhri L, Castro E, Moya M, Espinola F, Lairini K. 2009. Heavy metal tolerance of filamentous fungi isolated from polluted sites
in Tangier, Morocco. African journal of microbiology research 3:35-48.

Fomina M, Charnock J, Bowen AD, Gadd GM. 2007. X-ray absorption spectroscopy (XAS) of toxic metal mineral transformations
by fungi. Environmental microbiology 9:308-321.

Gadd GM. 2004. Microbial influence on metal mobility and application for bioremediation. Geoderma 122:109-119.

Gadd GM, Bahri-Esfahani J, Li Q, Rhee YJ, Wei Z, Fomina M, Liang X. 2014. Oxalate production by fungi: significance in
geomycology, biodeterioration and bioremediation. Fungal Biology Reviews 28:36-55.

Grzegorczyk S, Olszewska M, Alberski J. 2014. Accumulation of copper, zinc, manganese and iron by selected species of grassland
legumes and herbs. Journal of Elementology 19 2-8.

Guala SD, Vega FA, Covelo EF. 2010. The dynamics of heavy metals in plant—soil interactions. Ecological Modelling 221:1148-
1152.

Haferburg G, Kothe E. 2007. Microbes and metals: interactions in the environment. Journal of basic microbiology 47:453-467.
Jansen E, Michels M, Van Til M, Doelman P. 1994. Effects of heavy metals in soil on microbial diversity and activity as shown by
the sensitivity-resistance index, an ecologically relevant parameter. Biology and Fertility of soils 17:177-184.

Jérup L. 2003. Hazards of heavy metal contamination. British medical bulletin 68:167-182.

Kelly JJ, Tate RL. 1998. Effects of heavy metal contamination and remediation on soil microbial communities in the vicinity of a
zinc smelter. Journal of environmental quality 27:609-617.

Ledin M. 2000. Accumulation of metals by microorganisms—processes and importance for soil systems. Earth-Science Reviews
51:1-31.

Li Q, Wu S, Liu G, Liao X, Deng X, Sun D, Hu Y, Huang Y. 2004. Simultaneous biosorption of cadmium (1) and lead (II) ions by
pretreated biomass of Phanerochaete chrysosporium. Separation and Purification Technology 34:135-142.

Luterotti S, Grdini¢ V. 1986. Spectrophotometric determination of vanadium (V) with desferrioxamine B. Analyst 111:1163-1165.
MacNaughton SJ, Stephen JR, Venosa AD, Davis GA, Chang Y-J, White DC. 1999. Microbial population changes during
bioremediation of an experimental oil spill. Applied and Environmental Microbiology 65:3566-3574.

Malik A. 2004. Metal bioremediation through growing cells. Environment International 30:261-278.

Mani D, Kumar C. 2014. Biotechnological advances in bioremediation of heavy metals contaminated ecosystems: an overview with
special reference to phytoremediation. International Journal of Environmental Science and Technology 11:843-872.

Marques AP, Rangel AO, Castro PM. 2009. Remediation of heavy metal contaminated soils: phytoremediation as a potentially
promising clean-up technology. Critical Reviews in Environmental Science and Technology 39:622-654.

Marschner H. 1995. Functions of mineral nutrients: macronutrients. In ‘Mineral nutrition of higher plants’. 2nd edn.(Ed. H
Marschner) pp. 299-312: Academic Press: London.

Martin TA, Ruby MV. 2004. Review of in situ remediation technologies for lead, zinc, and cadmium in soil. Remediation Journal:
The Journal of Environmental Cleanup Costs, Technologies & Techniques 14:35-53.

Matyar F, Kaya A, Dinger S. 2008. Antibacterial agents and heavy metal resistance in Gram-negative bacteria isolated from
seawater, shrimp and sediment in Iskenderun Bay, Turkey. Science of the Total Environment 407:279-285.

Minnikova T, Denisova T, Mandzhieva S, Kolesnikov S, Minkina T, Chaplygin V, Burachevskaya M, Sushkova S, Bauer T. 2017.
Assessing the effect of heavy metals from the Novocherkassk power station emissions on the biological activity of soils in the
adjacent areas. Journal of Geochemical Exploration 174:70-78.

Mombo S, Foucault Y, Deola F, Gaillard I, Goix S, Shahid M, Schreck E, Pierart A, Dumat C. 2016. Management of human health
risk in the context of kitchen gardens polluted by lead and cadmium near a lead recycling company. Journal of soils and sediments
16:1214-1224.

Narendrula-Kotha R, Nkongolo KK. 2017. Microbial response to soil liming of damaged ecosystems revealed by pyrosequencing
and phospholipid fatty acid analyses. PloS one 12:€0168497.

Neu MP, Matonic JH, Ruggiero CE, Scott BL. 2000. Structural Characterization of a Plutonium (V) Siderophore Complex:
Single-Crystal Structure of Pu-Desferrioxamine E. Angewandte Chemie International Edition 39:1442-1444.

Ngah WW, Hanafiah M. 2008. Removal of heavy metal ions from wastewater by chemically modified plant wastes as adsorbents: a
review. Bioresource technology 99:3935-3948.

Niazi NK, Bishop TF, Singh B. 2011. Evaluation of spatial variability of soil arsenic adjacent to a disused cattle-dip site, using
model-based geostatistics. Environmental science & technology 45:10463-10470.

Niazi NK, Singh B, Minasny B. 2015. Mid-infrared spectroscopy and partial least-squares regression to estimate soil arsenic at a
highly variable arsenic-contaminated site. International Journal of Environmental Science and Technology 12:1965-1974.

Peciulyte D, Dirginéiuté-Volodkiené V. 2009. Effect of long-term industrial pollution on soil microorganisms in deciduous forests
situated along a pollution gradient next to a fertilizer factory. 1. Abundance of bacteria, actinomycetes and fungia. Ekologija 55.

DOI: 10.9790/3008-1306017580 www.iosrjournals.org 79 | Page



Bioremediation of hazardous Heavy Metals from solutions or soil using living or dead microbial .

[47].
[48].
[49].
[50].
[51].
[52].

[53].
[54].

[55].

[56].

[57].
[58].
[59].
[60].

[61].

[62].
[63].
[64].

[65].
[66].

[67].
[68].

[69].

[70].
[71].

[72l.

Magda M. Aly. " Bioremediation of hazardous Heavy Metals from solutions or soil using
living or dead microbial biomass . ""IOSR Journal of Pharmacy and Biological Sciences
(IOSR-JPBS) 13.6 (2018): 75-80.

Pierart A, Shahid M, Séjalon-Delmas N, Dumat C. 2015. Antimony bioavailability: knowledge and research perspectives for
sustainable agricultures. Journal of hazardous materials 289:219-234.

Pourrut B, Jean S, Silvestre J, Pinelli E. 2011a. Lead-induced DNA damage in Vicia faba root cells: potential involvement of
oxidative stress. Mutation Research/Genetic Toxicology and Environmental Mutagenesis 726:123-128.

Pourrut B, Shahid M, Dumat C, Winterton P, Pinelli E. 2011b. Lead uptake, toxicity, and detoxification in plants. Pages 113-136.
Reviews of Environmental Contamination and Toxicology VVolume 213, Springer.

Rai A, Maurya SK, Khare P, Srivastava A, Bandyopadhyay S. 2010. Characterization of developmental neurotoxicity of As, Cd,
and Pb mixture: synergistic action of metal mixture in glial and neuronal functions. Toxicological Sciences 118:586-601.

Rayu S, Karpouzas DG, Singh BK. 2012. Emerging technologies in bioremediation: constraints and opportunities. Biodegradation
23:917-926.

Rho J-y, Kim J-h. 2002. Heavy metal biosorption and its significance to metal tolerance of Streptomycetes. Journal of
Microbiology-Seoul- 40:51-54.

Rhodes CJ. 2012. Feeding and healing the world: through regenerative agriculture and permaculture. Science progress 95:345-446.
Shahid M, Khalid S, Abbas G, Shahid N, Nadeem M, Sabir M, Aslam M, Dumat C. 2015. Heavy metal stress and crop productivity.
Pages 1-25. Crop Production and Global Environmental Issues, Springer.

Shahid M, Pourrut B, Dumat C, Nadeem M, Aslam M, Pinelli E. 2014. Heavy-metal-induced reactive oxygen species: phytotoxicity
and physicochemical changes in plants. Pages 1-44. Reviews of Environmental Contamination and Toxicology Volume 232,
Springer.

Shakoor MB, Niazi NK, Bibi I, Rahman MM, Naidu R, Dong Z, Shahid M, Arshad M. 2015. Unraveling health risk and speciation
of arsenic from groundwater in rural areas of Punjab, Pakistan. International journal of environmental research and public health
12:12371-12390.

Singh J, Kalamdhad AS. 2013. Reduction of bioavailability and leachability of heavy metals during vermicomposting of water
hyacinth. Environmental Science and Pollution Research 20:8974-8985.

Singhal R, Joshi S, Tirumalesh K, Gurg R. 2004. Reduction of uranium concentration in well water by Chlorella (Chlorella
pyrendoidosa) a fresh water algae immobilized in calcium alginate. journal of radioanalytical and nuclear chemistry 261:73-78.

So N-w, Rho J-y, Lee S-y, Hancock IC, Kim J-h. 2001. A lead-absorbing protein with superoxide dismutase activity from
Streptomyces subrutilus. FEMS microbiology letters 194:93-98.

Sylvain B, Mikael M-H, Florie M, Emmanuel J, Marilyne S, Sylvain B, Domenico M. 2016. Phytostabilization of As, Sh and Pb by
two willow species (S. viminalis and S. purpurea) on former mine technosols. Catena 136:44-52.

Thevenon F, Graham ND, Chiaradia M, Arpagaus P, Wildi W, Poté J. 2011. Local to regional scale industrial heavy metal pollution
recorded in sediments of large freshwater lakes in central Europe (lakes Geneva and Lucerne) over the last centuries. Science of the
Total Environment 412:239-247.

Valls M, De Lorenzo V. 2002. Exploiting the genetic and biochemical capacities of bacteria for the remediation of heavy metal
pollution. FEMS Microbiology Reviews 26:327-338.

Violante A, Cozzolino V, Perelomov L, Caporale A, Pigna M. 2010. Mobility and bioavailability of heavy metals and metalloids in
soil environments. Journal of soil science and plant nutrition 10:268-292.

Wackett LP, Dodge AG, Ellis LB. 2004. Microbial genomics and the periodic table. Applied and environmental microbiology
70:647-655.

Wang J, Chen C. 2009. Biosorbents for heavy metals removal and their future. Biotechnology advances 27:195-226.

Wasi S, Jeelani G, Ahmad M. 2008. Biochemical characterization of a multiple heavy metal, pesticides and phenol resistant
Pseudomonas fluorescens strain. Chemosphere 71:1348-1355.

Weinberg ED. 1990. Roles of trace metals in transcriptional control of microbial secondary metabolism. Biology of metals 2:191-
196.

Wuana RA, Okieimen FE. 2011. Heavy metals in contaminated soils: a review of sources, chemistry, risks and best available
strategies for remediation. Isrn Ecology 2011.

Xiong T, Dumat C, Pierart A, Shahid M, Kang Y, Li N, Bertoni G, Laplanche C. 2016. Measurement of metal bioaccessibility in
vegetables to improve human exposure assessments: field study of soil-plant-atmosphere transfers in urban areas, South China.
Environmental geochemistry and health 38:1283-1301.

Zafar S, Aqil F, Ahmad 1. 2007. Metal tolerance and biosorption potential of filamentous fungi isolated from metal contaminated
agricultural soil. Bioresource technology 98:2557-2561.

Zhang H, Ma D, Qiu R, Tang Y, Du C. 2017. Non-thermal plasma technology for organic contaminated soil remediation: A review.
Chemical Engineering Journal 313:157-170.

Zhang X, Zhou A, Gan Y, Chen Z, Wang X. 2010. Advances in bioremediation technologies of contaminated soils by heavy metal
in metallic mines. Environmental Science & Technology (China) 33:106-112.

DOI: 10.9790/3008-1306017580 www.iosrjournals.org 80 | Page



