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Introduction  

In fact, heavy metal effluence is a serious concern 

because of hazardous impacts at even nano 

concentrations. Heavy metals are non-

biodegradable, bioaccumulate in tissues and are 

biomagnified along with the trophic levels [1-3]. The 

nature of heavy metals released from the industrial 

waste depends on nature of industrial effluent and 

certain other factors such as the innate chemical 

profile of the soil, climate, nature, and composition of 

the soil and other anthropogenic activities in the 

specific region [2,4].  Subsequent releases and the 

entry of heavy metals into the food chain depend on 

their concentration and uptake by the local flora and 

fauna [2,5]. The genetic and epigenetic effects of 

these elements are associated with an increased risk 

of different cancer types [1-4,6]. Epigenetic 

mechanisms play an equally important if not a more 

prominent role than genetic events in carcinogenesis. 

These effects occur most frequently during the early 

stages of tumor development. Epigenetic measures 

include reversible modification of histone proteins 

and CpG islands of gene promoters that affect not 

only gene expression of germ and somatic cells, but 

also cause indirect gene-sequence changes [7,8].  

In ranking the carcinogens, heavy metals have been 

classified by the International Agency for Research 

on Cancer (IARC) and Environmental Protection 
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Agency (EPA) as the first group, except for selenium 

that has been listed within group 3 (not carcinogenic 

to humans) of the IARC classification [9]. The impact 

of heavy metals on the quality of water and soil due 

to urbanization and industrialization concomitant with 

Bioremediation applying certain potential devices has 

been overviewed under following headings: 

Modes of Exposure to Toxicants 

Animals including human usually get exposed to the 

toxicants through: (a) respiratory (for gaseous and 

particulate matters); (b) the skin (chemicals able to 

cross skin barrier); (c) digestive tract (for food 

contaminants). After entering the body, the metal 

deposited in nasopharyngeal, tracheobronchial, or 

pulmonary compartments may be transported 

through the mucociliary action to the gastrointestinal 

tract. Macrophages phagocyte the wandering metals. 

Food is a principal source of essential and toxic 

elements. Some elements like mercury (Hg) are 

biologically magnified at higher trophic level. The 

dietary contribution for toxic metal intake has been 

extensively studied [10]. If an individual is deficient in 

minerals and trace elements its body will absorb 

heavy metals on their place. Every cell membrane 

breaks down and rebuilds every two weeks but does 

not release the heavy metals if essential fats are not 

properly ingested or if poor quality fats are ingested. 

The liver that performs detoxification 100% of the time 

cannot perform this important task without a complete 

profile of essential nutrients. 

Chemical elements present in the form of free ions 

are readily ionized and eventually get absorbed totally 

by the body. Transition metals readily form stable 

covalent complexes and generally intermingle as 

parts of macromolecules (proteins, enzymes, 

hormones, etc.) according to their chemical 

uniqueness including oxidation state [1,2]. The 

behavior of metal ion release into biofluid is regulated 

by the electrochemical rule. Released metal ions do 

not all the time combine with biomolecules to come 

out toxicity as active ion immediately combine with a 

water molecule or an anion in close proximity to the 

ion to form an oxide, hydroxide, or inorganic salt. 

Consequently, there is only a small chance that the 

ion will merge with biomolecules to cause cytotoxicity, 

allergy, and other biological effects [11]. Health 

damage caused by toxic metals may be less 

(irritation) or acute (mutagenic, teratogenic and 

carcinogenic). These reactive elements of food 

fabricate complexes with fiber, reveal low solubility 

within the intestinal lumen and are weakly absorbed 

(Table 1). Absorption of these minerals is augmented 

at low concentration of fiber, and in the absence of 

phytates and oxalates in the diet [12,13]. 

Micronutrients can interact with toxic metals in the 

body at several points: (a) absorption; (b) transport; 

(c) binding to target proteins; (d) metabolism; (e) 

sequestration; (f) excretion of toxic 

Table 1: Food Sources of Toxic Metals 

Metal Food Source 

Pb 
Egg, cocoa powder, rice, wheat, potato, 
calcium supplement, smoked food, wine, beer, 
milk, carrot, raisins 

As 
Green papaya, rice, tomato, carrot, seafood, 
Indian mustard, bovine and chicken meat, 
wine, milk 

Hg Egg, mushroom, seafood, fish oil 

Cd 
Egg, fish, mushroom, garlic, spinach, wheat, 
rice, oat, corn, soyabean, peanuts, mushroom 

Source: Reference: [1,13] 

metals; and (g) finally in secondary symptoms of 

toxicity such as oxidative stress. The role of oxidative 

stress in the destruction of immune cells has been 

elucidated [14-17]. Therefore, a diet poor in 

micronutrients can lead to enhancement in the 

toxicity. The prevalence and mortality due to 

multifactorial polygenic diseases; hypertension, 

coronary artery disease (CAD), diabetes and cancer 

vary depending upon genetic susceptibility as well as 

environmental pollutants generated as a 

consequence of numerous chemicals, metal ions and 

metalloids. Speedy changes in diet and lifestyle may 

manipulate heritability of the variant phenotypes that 

are dependent on the nutraceutical or functional food 

supplementation for their expression [18]. It is 

possible to recognize the interaction of specific 

nutraceuticals, with the genetic code possessed by all 

nucleated cells. There is evidence that South Asians 

have an increased susceptibility to CAD, diabetes 

mellitus, central obesity and insulin resistance at 

younger age, which may be due to interaction of gene 

and nutraceutical (especially micronutrients) 

environment. These populations appear to have 

enherited predisposition and may have interaction of 

internal nutritional status and environmental factors, 

mainly metal ions. Higher intake of refined starches 

and sugar increases generation of super oxide anion 

in the leucocytes and mononuclear cells, and free 

fatty acids (FFA), as well as higher amount and 

activity of nuclear factor-kB (NF-kB), a transcriptional 

factor regulating the activity of at least 125 genes, 

most of which are pro-inflammatory [18]. Glucose 

intake also causes an increase in two other pro-

inflammatory transcription factors; activating protein-

1 (AP-1) and early growth response protein-1 (Egr-1), 

the first regulating the transcription of matrix metallo-

proteinases and the second modulating the 

transcription of tissue factor and plasminogen 
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activator inhibitor-1. Refined food, mixed meal 

induces activation of NF-kB associated with free 

radicals’ generation by mononuclear cells. The 

superoxide anion is an activator of at least two major 

pro inflammatory transcription factors, NF-kB and AP-

1. Increased intake of linoleic acid, saturated fat, trans 

fat and refined starches and sugars can increase the 

generation of free radicals and activate the NF-kB, 

leading to rapid expression of proinflammatory 

genes. It is possible that nutraceuticals; antioxidants, 

micronutrients, minerals, vitamins, coenzyme Q10 

and w-3 fatty acids may inhibit the generation of super 

oxide and suppress NF-kB as well as AP-1, and Egr-

1 leading to suppression of phenotypic expressions. 

It is known that genes are important in determining 

enzymes, receptors, cofactors, structural 

components involved in regulation of blood pressure, 

the metabolism of lipids, lipoproteins and 

inflammatory and coagulation factors that are 

involved in determining individual risk for vascular 

diseases and diabetes. It seems that these 

phenotypic expressions may be silenced by targeting 

simple sequence differences known as single 

nucleotide polymorphisms (SNP) by nutraceuticals 

and slowly absorbed wild foods or functional foods 

enriched with certain protective macro- or micro-

nutrients as well as nutraceuticals [18]. 

In biological fluids and tissues, the majority of metals 

and metalloids are not present as free cations. In 

blood they are generally bound to red cells or to 

plasma proteins. Lead and cadmium are almost 

totally bound to red blood cells. The chemical 

elements bound to plasma proteins constitute the 

fraction available for transport into and out of the 

tissues. Albumin, a plasma protein, has an enormous 

capacity to bind several metals.  

Endurable Daily Intake Approach 

In view of avoiding undesirable health hazards 

consequent of "excessive" intake of toxicants 

(including toxic metals), international and national 

scientific organisms such as FAO/WHO, FDA, 

European Union, etc have used the safety factor 

approach for establishing acceptable or tolerable 

intakes of substances that exhibit threshold toxicity 

[19,20]. The acceptable daily intake (ADI) or 

Endurable daily intake (EDI) or provisional endurable 

weekly intakes (PEWI) are used to describe "safe" 

levels of intake for several toxicants including toxic 

metals [21]. For chemicals that give rise to such toxic 

effects, a tolerable daily intake (EDI), i.e., an estimate 

of the amount of a substance in food, expressed on a 

body weight basis (mg.kg-1 or mg.kg-1 of body 

weight) that can be ingested over a lifetime without 

appreciable health risk. Exposure over and above the 

TDI value for short periods has not been reported to 

reveal deleterious effects on human health [19-21]. 

However, acute effects may occur if the TDI is 

substantially exceeded even for short periods of time. 

Besides, contaminants possessing very long half-

lives can be accumulated in the body and chronic 

effects are most often observed when critical 

concentrations are reached in target tissues. The 

comprehensive account of health hazards rendered 

principally by aluminium (Al), arsenic (As), cadmium 

(Cd), lead (Pb), mercury (Hg), Selenium (Se) and 

Lithium (Li) is represented as follows: 

(i) Aluminium: The compounds of this element have 

a wide range of applications in different industries, 

including cosmetics, and food additives [22]. 

Aluminum-induced carcinogenesis is related to its 

ability to bind to the estrogen receptor and mimic 

estrogen functions, therefore its named metallo-

estrogen [22]. Metallo-estrogen triggers expression in 

genes that contain estrogen responsive-element 

(ERE) on their promoters. In mammary gland cells, 

this gives rise to an increase in the number of 

divisions of breast cells, thus increasing replication 

errors in cancer-related genes [23]. It has been 

shown that if antiperspirants containing aluminum 

applied on the skin around the underarm and breast 

areas are not effectively washed, some aluminum 

salts remains in the area. This gives rise to 

continuous exposure, and enhances the risk of breast 

cancer [24]. 

(ii) Arsenic: Arsenic is mostly known as an 

epigenetic carcinogen metalloid when in the form of 

an inorganic compound. Trivalent arsenite (As+3) has 

more carcinogenic properties than the pentavalent 

arsenate (As+5) [25, 26]. Trivalent arsenic can bind 

with high affinity to thiol groups of proteins and 

reduced glutathione (GSH) [27]. Long time uptake of 

drinking-water containing low levels of arsenite, 

induces carcinogenesis in skin, lung, bladder, and 

kidney tissues, resulting from alteration in multiple 

signaling pathways [28].  

(iii) Cadmium: Certain compounds of cadmium (Cd) 

are highly toxic to humans. Cadmium is employed in 

several industrial processes such as: (a) protective 

coatings (electroplating) for metals like iron; (b) 

preparation of Cd-Ni batteries, control rods and 

shields within nuclear reactors and television 

phosphors. Cadmium is a cumulative toxicant and 

carcinogenic that affects kidneys, generates various 

toxic effects in the body, disturbs bone metabolism 

and deforms reproductive tract as well as endocrine 

system [1,29]. There are several morpho pathological 
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changes in the kidneys due to long-term exposure to 

cadmium. Increasing intakes of zinc can reduce the 

renal toxicity of cadmium. An exposure to cadmium 

increases calcium excretion thus causes skeletal 

demineralization, probably leading to increases in 

bone fragility and risk of fractures [30]. Cadmium and 

its compounds are currently classified by IARC as a 

Group 1 carcinogen for humans. Cadmium exposure, 

during human pregnancy, leads to reduced birth 

weights and premature birth [31]. 

(iv) Lead: Lead (Pb) is used in storage batteries, 

cable coverings, plumbing, ammunition, manufacture 

of tetraethyl Pb, sound absorbers, radiation shields 

around X-ray equipment and nuclear reactors, paints, 

while the oxide is used in producing fine "crystal 

glass" and "flint glass" with a high refractive index for 

achromatic lenses, solder and insecticides. Lead 

enters the human body in many ways. It can be 

inhaled in dust from lead paints, or waste gases from 

leaded gasoline. It is found in trace amounts in 

various foods, notably fish, as a consequence of 

inefficient and non-hygienic food processing. Plants 

can absorb Pb from soils and from a PbEt4 traffic-

induced air pollution (90 % of total Pb emissions into 

the atmosphere). Pb can contaminate water and 

consequently enter the aquatic food chains [32]. 

Nevertheless, lead (Pb) toxicity has been a thrust 

area for environmental scientists because of its toxic 

effect on plants, animals, and humans [33]. An 

enhancement in several Pb related industrial 

activities and use of Pb containing products such as 

agrochemicals, oil and paint, mining, etc. can result in 

Pb contamination in the environment and thus, can 

enter the food chain [33]. Among different Pb-

remediation approaches, certain advanced 

approaches such as microbial assisted 

phytoremediation have been highlighted. It could 

possibly minimize the Pb load from the resources in 

a sustainable manner and would be a viable option to 

ensure a safe food production system [33]. Being one 

of the most toxic heavy metals, Pb ingestion through 

the food chain has proven to be a potential health 

hazard for both plants and humans [34]. Research 

work on Pb toxicity and its effects on plants, soil, and 

human health have been comprehensively updated 

[34].  

(v) Selenium: Dietary selenium (Se) 

supplementation with different origin and chemical 

forms is generally use for overcoming selenium 

deficiency and maintaining high productive and 

reproductive performance of farm animals. Excess 

amount of selenium is found as pro-oxidant and can 

be toxic for all animal species and man depending on 

the dose and duration of intake. The precise 

mechanism of selenium toxicity is still obscure; 

however, there are a number of proposals like 

oxidative stress mechanism, supported by in vitro as 

well as in vivo outcome [35]. 

(vi) Mercury: Mercury (Hg) and its compounds are 

highly toxic, especially methylmercury - a potent 

neurotoxin. It has caused a significant number of 

human fatalities in several accidents around the 

world. Due to its wide dispersion through the 

atmosphere, Hg is considered a global pollutant, 

being deposited even in remote pristine aquatic 

systems, where it is biomagnified through the food 

chain. Hg and its compounds are highly toxic, have 

wide dispersion through the atmosphere. It is 

biomagnified through the food chain. Hg use in dental 

amalgams, thermometers, barometers, and the 

development of large-scale industrial processes (e.g., 

chlor-alkali plants and PVC production) and release 

into the environment. Hg occurs in nature in mineral, 

cinnabar, metacinnabar and hyper cinnabar [36]. Diet 

can be the major source of inorganic and 

organomercurials particularly seafood, while dental 

amalgams have been noticed to be the foremost 

exposure source to elemental mercury [36]. Mercury 

is organomercurial in the form of methylmercury, 

which have toxicological uniqueness. Mercurial 

fungicides treated wheat seeds cause poisoning and 

death of 5,000 to 50,000 people [19]. Tokuomi et al. 

[37] were the first to describe the symptoms of 

methylmercury poisoning. Thus, the symptoms were 

named the Hunter-Russell syndrome. Elemental Hg 

can be oxidized to Hg2+ that accumulates 

preferentially in the kidneys. The increased excretion 

of low molecular-weight proteins confirmed at low-

level exposure, and related to damage to the renal 

tubes. It is a potent neurotoxin to human due to their 

ability to cross the blood-brain barrier. It is absorbed 

in the gastrointestinal tract, immediately entering the 

blood stream, very often, affecting the developing 

nervous system of the foetus [19].  

(vii) Lithium: Lithium (Li) is transferred in the food 

chain from soils via flora and fauna to human beings. 

Till date, it is not measured as an essential element 

for animal and human. The postulated normative 

lithium necessities amount to < 100 μg Li/day in man. 

Numerous actions of lithium are significant for its 

therapeutic effects. These complex effects stabilize 

neuronal activities, support neuronal plasticity and 

provide neuroprotection [38]. Three interacting 

systems appear most vital: (a) modulation of 

neurotransmitters by Li likely readjusts balances 

between excitatory and inhibitory activities and thus 
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may contribute to neuroprotection; (b) Li modulates 

signals impacting on the cytoskeleton, a dynamic 

system contributing to neural plasticity. (c) Li adjusts 

signaling activities regulating second messengers, 

transcription factors and gene expression [38]. 

Neuroprotective effects may be derived from its 

inflection of gene expression. These findings 

recommend that Li may exert some of its long-term 

beneficial effects in the treatment of mood disorders 

via underappreciated neuroprotective effects [39]. 

(viii) Nickel: Water-insoluble nickel compounds 

including nickel sulfides, disulfides, and oxides 

readily enter the cell and are very potent carcinogens 

[40]. In contrast, water-soluble nickel compounds 

including acetate, chloride, nitrate, and sulfate do not 

enter the cells as readily as water-insoluble nickel 

compounds [41]. The increase in the usage of nickel 

compounds and the spread of nickel due to its 

dissolution from nickel ore-bearing rocks are the main 

causes of nickel presence in the environment. The 

primary source of nickel in drinking-water is the 

leaching of metals in water network [42]. However, 

food is the major source of nickel exposure in the non-

smoking, non-occupationally exposed population, but 

nickel absorption from water, was significantly higher 

than absorption of nickel from beverages like tea, 

coffee, or orange juice and milk [42]. Ni2+ induces 

carcinogenesis through several processes including 

DNA hypermethylation (H3K9 mono- and 

dimethylation), DNMT inhibition, DNA mutation, ROS 

generation, inhibiting histone H2A, H2B, H3 and H4 

acetylation, converting the tumor suppressor genes 

to the heterochromatin, and substantial increases of 

the ubiquitination of H2A and H2B [43]. Therefore, 

nickel plays an important role in the suppression or 

silencing of genes. 

(ix) Chromium: Trivalent chromium is an epigenetic 

carcinogen factor since it can form stable compounds 

with macromolecules such as DNA and cysteine 

residue of proteins and glutathione [44]. The trivalent 

form of chromium cannot pass the cell membrane; 

however, the hexavalent salts are able to enter the 

cell and are converted to the trivalent form [45]. Thus, 

depending on the situation, reducing agents can 

affect carcinogenic properties of chromium and inside 

the cell, chromium (VI) can be converted to a 

carcinogen. During Cr (VI) reduction, many 

compounds such as oxygen radicals, DNA inter-

strand cross links (ICLs), and single-strand breaks 

(SSBs) may be formed [45]. ICLs act as physical 

barriers to DNA replication and transcription events, 

thus inducing apoptosis [46]. The chromium 

carcinogenicity, particularly in lung epithelial cells and 

fibroblasts, is imposed through hypermethylation of a 

putative promoter, namely, CYP1A1 promoter [46]. 

Chromium recruit’s histone deacetylase 1 (HDAC1) 

and DNMT1, especially to CYP1A1 promoter, and 

this assembly recruits BP1 and inhibits CYP1A1 gene 

expression [46]. CYP1A1 is significant in the 

metabolism of carcinogens such as polycyclic 

aromatic hydrocarbons (PAHs) and heterocyclic 

amines that are widely distributed widely in our 

environment through automobile exhausts, cigarette 

smoke, charcoal-broiled cooking, and industrial 

waste. In contrast to other cytochrome P450 enzymes 

such as epoxide hydrolase and dihydrodiol 

dehydrogenase that are involved in PAH- and Benzo 

(α)pyrene- induced carcinogenesis, CYP1A1 inhibits 

PAH carcinogenesis. Thus, inhibition of CYP1A1 by 

chromium leads to the production of a PAH [45]. 

PAHs have an important role in the activation of 

cytosolic ligand-activated transcription factor named 

aromatic hydrocarbon receptor (AhR) [47]. After 

formation, the PAH-AhR complex is transferred into 

the nucleus. In the nucleus, PAH is detached from the 

complex and AhR binds to its nuclear partner, Arnt. 

This new complex acts as a transcription factor and 

interacts with DRE of CYP1A1 gene, leading to the 

activation of CYP1A1 gene expression, thus causing 

bioactivation of exogenous procarcinogens of both 

hepatocellular and lung carcinomas [48]. It is 

interesting that PAH through binding to transcription 

factor AhR, activates CYP1a1 gene expression, and 

CYP1A1 inhibits PAH carcinogenesis, but in the 

presence of Cr, the promoter of CYP1a1 is 

inactivated and PAH can act as carcinogens. 

Benzo(α) pyrene is also a member of polycyclic 

aromatic hydrocarbon (PAHs) family that is 

metabolically transformed from its pro-carcinogenic 

status to the carcinogenic metabolite [(BP-7,8-

dihydrodiol-9,10- epoxide (BPDE)], that can bind 

covalently to DNA and form BPDE–DNA adducts and 

reactive oxygen species (ROS) [49]. BPDE activates 

apoptosis through p53 –independent and – 

dependent manner [48]. P53 dependent Cr-induced 

apoptosis takes place by increasing p53 

phosphorylation at serine 392, as well as up-

regulation of pro-apoptotic gene bcl-XS, and 

caspase-7, and down-regulation of several anti-

apoptotic genes from Bcl2-family (bcl-W and bcl-XL), 

and bax. These apoptotic events result in the 

destruction of the mitochondria and release of 

cytochrome c [50, 51]. Moreover, Cr induces the ATM 

protein production, which phosphorylates and 

activates Chk2 protein. The phosphorylated Chk2 in 

turn phosphorylates and activates p53. The 
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phosphorylated p53 does not bind to MDM2 protein 

[52]. Cr exposure at very high concentrations 

activates all subclasses of MAPK through 

phosphorylation; therefore, Cr acts as a MAPK kinase 

and increases survival/proliferation in a dose-

dependent manner. This function is associated with 

its ability in ROS generation [53]. 

Bioremediation approach for Heavy Metal 
Pollution 

(A) Soil: Bioremediation has been considered as one 

of the safer, cleaner, cost- effective and eco- friendly 

technology for making heavy metals’ polluted sites 

free of contamination [54]. The term bioremediation 

has been introduced to describe the process of using 

biological agent to remove toxic waste from 

environment. The process of bioremediation uses 

various agents such as bacteria, fungi, algae and 

higher plants as major tools in treating heavy metals 

present in the environment [3, 54-56]. 

Bioremediation, both in situ and ex-situ have also 

enjoyed strong scientific growth, in part due to the 

increased use of natural attenuation, since most 

natural attenuation is due to biodegradation [55]. 

Bioremediation has also considered as a solution for 

emerging contaminant problems. Microbes are very 

helpful to remediate the contaminated environment 

[54, 55]. Soil heavy metal pollution is difficult to 

control due to its strong toxicity, wide distribution, and 

easy transformation [56]. The remediation of heavy 

metal contaminated soil is a long-term and arduous 

process. Besides, remediation technology has been 

constantly developing, from a single remediation to 

hybrid technology revealing a single effect to a 

combination of advantages, respectively. The 

restoration is shifting from high-cost technologies with 

obvious side effects to low-cost, green and 

environmentally-friendly technologies, and new and 

more efficient restoration materials are continuously 

synthesized from ordinary materials. Among all 

remediation technologies, compared with physical 

and chemical remediation methods, microbial 

remediation can be carried out in situ, which has been 

both cost-effective and eco-friendly. Besides, 

microbial remediation is an improvement of natural 

processes and thus generally does not produce 

secondary pollution, with a wide range of application 

prospects. But meanwhile, there are disadvantages 

such as long-time consumption, specificity in most 

cases, and small remediation scope. Therefore, when 

selecting remediation technology, environmental, 

time, and economic factors should be considered 

comprehensively to choose the most suitable 

remediation plan [3, 54-58]. 

(B) Water: Mercury removal from synthetic 

wastewater using a bioreactor has been 

systematically documented [59]. The wastewater 

bioremediation is reliant on various factors e.g., pH 

[60]. The pH affects their bioavailability by affecting 

the solution chemistry through processes like 

complexation, hydrolysis, redox as well as 

precipitation [61]. Microbial biomass surface area and 

pretreatment processes (modifying the surface area) 

tend to influence the bioremediation process [62]. 

Microbial biomass may be required to be immobilized 

in matrices like alginate and silica gel to develop a 

suitable commercial bio sorbent with appropriate 

strength and porosity [62]. Encapsulation 

commences physicochemical stability as well as heat 

resistance. Encapsulated Agrobacterium sp. in 

alginate with nanoparticles of Fe has revealed 

excellent adsorption ability for continuously five 

cycles [63]. Poor selectivity and hurdles in recycling 

biomass are some of the limitations of the process. 

Bioremediation has further been mediated through 

microbial biofilms with high resistance and tolerance 

for metal ions. Rhodotorula sp. has been reported to 

have a removal efficiency of up to 95%. 

(C) Air: The air pollution of toxic heavy metals has 

been considered one of the most significant 

environmental issues which have accelerated 

noticeably due to altering industrial activities [63]. 

Various most common techniques, strategies, and 

biological approaches of heavy metal bioremediation 

have been practiced so far [64]. Besides, certain 

specific roles of microorganisms in the 

bioremediation of heavy metals in polluted air have 

been well elucidated [65; Figure I.] Advanced 

methods of heavy metal remediation include 

physicochemical and biological methods; the latter 

can be further classified into in situ and ex situ 

bioremediation. The in-situ process includes 

bioventing, biosparging, biostimulation, 

bioaugmentation, and phytoremediation [65]. Ex situ 

bioremediation includes land farming, composting 

and biopiles. Bioremediation uses naturally occurring 

microorganisms such 

as Pseudomonas, Sphingomonas 

and Rhodococcus, Alcaligenes. In general, 

bioremediation is of very less effort, less labor 

intensive, cheap, eco-friendly, sustainable as well as 

comparatively easy to implement. Most of the 

disadvantages of bioremediation narrate to the 

slowness and time-consumption; additionally, the 

products of biodegradation sometimes become more 

toxic than the original compound. The performance 

evaluation of bioremediation might be difficult as it 

has no acceptable endpoint. There is still requirement 
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for more studies to develop bioremediation 

technologies in order to find more biological solutions 

for bioremediation of heavy metal contamination from 

different environmental systems including air [65]. 

 
Fig I: Sources and cycles of heavy metals in the environment [65]. 

Microbial Mechanism Implicated in Heavy Metal 
Bioremediation 

Recently, a range of processes of heavy metal 

bioremediation, such as biosorption, bioleaching, 

biomineralization, biotransformation, and intracellular 

accumulation, as well as the application of genetically 

modified microbes and immobilized microbial cells for 

heavy metal bioremediation, have been well 

overviewed [66]. For the elimination of heavy metal 

ions from the polluted sites, bioremediation methods 

are in practice [67]. Generally, these techniques 

engross the absorption/adsorption of toxic metal ions, 

reducing associated side effects [68]. In addition to 

various natural resources like wood bark/dust, 

coconut husk/shells, agro wastes, seaweeds, seeds, 

discarded coffee beans, and aquatic plants, 

microorganisms are being used frequently to reduce 

the number of metal ions from the place of their 

source, in which microbes (algae, fungi, bacteria, 

yeasts, etc.) play a pivotal role [69]. Microbes 

transform the heavy metals’ ionic state ultimately 

influencing the solubility, bioavailability and 

movement in the soil as well as in the aquatic 

ambiance [70]. Mobilization or immobilization of 

heavy metals assists microbial remediation that is 

next followed by oxidation-reduction, chelation, 

modification of the metallic complex, and 

biomethylation [67]. The enzymatic catalysis by 

microbes solubilizes the metals with higher oxidation 

state to lower oxidation state, e.g., Thiobacillus 

ferrooxidans and Serratia, are commonly applied [71, 

72]. Metal transformation, immobilization, chelation, 

or solubilization is supported by the fabrication of 

exopolysaccharides by plant growth promoting 

bacterium (PGPB), like oxidases, reductases, 

siderophores, and organic acids, thus, promoting 

phytoremediation of heavy metal ions. PGPB reduces 

the pH of the soil by producing organic acids, 

ultimately aiding in the removal of heavy metal ions. 

Metal resistant siderophore-producing bacteria found 

in the vicinity of rhizosphere deliver nutrients to the 

plants, namely, iron, possibly reducing the negative 

consequences of metal pollution [73, 74]. 

Siderophore (metal-chelating agents with low 

molecular masses, ranging 200–2000 Da, produced 

by microorganisms and plants, especially under Fe-

limiting conditions) is also accountable for the 

formation of stable complexes with radionuclides and 

metals concerning environment like Cd, Ga, Al, Cu, 

Zn, In, and Pb [75, 76]. The synergistic effects of 

bioaugmentation and phytoremediation leading to 

rhizoremediation may triumph over the difficulties that 

arise while both processes are employed distinctly. 

Furthermore, the remediation of heavy metals with 

the aid of higher plants has also been reported [76, 

77]. It has also been observed that planting Salix in 

Cd-polluted soil improved the diversity of beneficial 

microbes, such as the bacteria genera Arthrobacter 

and Bacillus [77]. Plant-associated microorganisms 

play an important role in controlling heavy metal 

uptake and accumulation in aerial parts. The 

microbial community and its interaction with Cd 

accumulation by willow were assessed to explore the 

association of phytoextraction efficiency and 

rhizospheric microbial populations [77]. Therefore, 

the rhizosphere microbial compositions of three 

willow genotypes grown in two Cd polluted sites were 

investigated, focusing on their interactions with 

phytoremediation potential. Principal coordinate 

analysis revealed a significant effect of genotype on 

the rhizosphere microbial communities [77]. Distinct 

beneficial microorganisms, such as plant growth 

promoting bacteria (PGPB) and mycorrhizal fungi, 

were assembled in the rhizosphere of different willow 

genotypes. Linear mixed models showed that the 

relative abundance of PGPB was positively 

associated (p < 0.01) with Cd accumulation, since 

these microbes significantly increased willow growth. 

The higher abundance of arbuscular mycorrhizal 

fungi in the rhizosphere of Salix × aureo-pendula CL 

'J1011' at the Kejing site, showed a negative 

correlation with the Cd content, but a positive 

correlation with biomass [77]. On the other hand, 

mycorrhizal fungi, were more abundant in the 

rhizosphere of S. × jiangsuensis CL. 'J2345' and 

positively interrelated with the Cd content in willow 

tissues. This study provides new insights into the 
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distinctive microbial communities in rhizosphere of 

different willow genotypes, which may probably be 

consistent with the phytoremediation prospective 

[77]. 

Advantages and Disadvantages of 
Bioremediation  

Bioremediation is a straightforward procedure used 

by several researchers in the waste treatment 

process for contaminated environments such as soil 

and water. The microbial organisms that degrade the 

contaminant augment in numbers and release 

harmless products. The residues for the treatment are 

generally harmless products, namely, carbon dioxide, 

water and cell biomass. Bioremediation is of basically 

very less effort, less laborious, as well as cost 

effective compared to other methods that are in 

practice for the removal of hazardous waste. Besides, 

bioremediation is ecofriendly, sustainable, 

reasonably easy to implement, and useful for the total 

destruction of a wide range of contaminants [78]. 

Many hazardous compounds can be altered into 

harmless products. Furthermore, bioremediation can 

be implemented on the site of contamination itself 

without causing a principal disruption of standard 

activities. There is no need of transporting huge 

numbers of waste off-site, there is no latent human 

health risk, and the environment will continue 

uncontaminated. The majority of the disadvantages 

of bioremediation narrate to it requiring a longer time 

to be accomplished as compared with other options, 

namely, excavation and removing pollutants from the 

site. Moreover, there is a complexity of 

bioremediation in treating inorganic contaminants 

and in ascertaining whether contaminants have been 

perfectly destroyed or not. In addition, there is a 

sluggishness of highly chlorinated materials 

biodegradation and generation of extra toxic or 

carcinogenic by-products [79]. Lastly, the products of 

biodegradation sometimes become more toxic than 

the original compound. Its biological processes are 

also highly specific with efficient site factors including 

the presence of microbial populations, growth 

conditions, and quantity of nutrients concomitant with 

pollutants [65, 80-82]. 

Conclusion 

Bioremediation technique is still a useful, natural, and 

environmentally friendly process in which the polluted 

environment is biologically biodegraded. 

Microorganisms play a pivotal role in the removal of 

heavy metals pollutants. The heavy metals (e.g., 

mercury, silver, lead, cadmium, and arsenic) exert 

toxic effects on living cells. Examples of degradative 

aerobic bacteria 

are Pseudomonas, Alcaligenes, Sphingomonas, and 

Rhodococcus. Certain technical strategies i.e., 

microbe-based as well as hybrid have been 

discussed, which are presently being applied to 

mitigate heavy metal contamination in soils and other 

contaminated surroundings like air. Because of the 

contribution in the regulation of biogeochemical 

cycles, influencing climate, soil structure, and fertility, 

the environmental microbiome is notion to play a 

pivotal role. Besides, fungus microorganisms can 

efficiently degrade numerous toxic environmental 

pollutants. Nevertheless, phytoremediation 

represents an emerging technology all the way 

through that plants can be employed to eradicate 

pollution from soil, water, and air. Bioremediation is of 

very less effort, less laborious, cost effective, eco-

friendly, sustainable, and comparatively easy to 

implement. The majority of the disadvantages of 

bioremediation narrate to the slowness and time-

consumption; moreover, the products of 

biodegradation occasionally become extra toxic than 

the original compound. Bioremediation may be 

restricted by irregularity and uncertainty of totality. 

Though, sustainable policies have been developed 

and revised frequently, the performance evaluation of 

bioremediation might be complicated as there is no 

up to standard endpoint.  As there is still requirement 

for more studies to develop bioremediation 

technologies in order to find more biological solutions 

for bioremediation of heavy metal contamination from 

diverse environmental systems, the collection of data 

concomitant with significant hypotheses together with 

this overview provides new insights into developing a 

platform to explore certain novel bioremediation 

experimental model that could be rapid, precise and 

cost effective. Nevertheless, awareness of the 

negative effects, as well as awareness of how to 

reduce heavy metals pollution in the environment 

(soil, air and water) should be expanded. 

Declaration: This review article is an extended and 

updated version of the paper [Mudgal,V., Madaan, N., 

Mudgal, A., Singh, R.B., Mishra, S. (2010). Effect of 

Toxic metals on human health. The Open 

Nutraceuticals Journal 3: 94-99. 

Conflict of Interests: Authors declare no conflict of 

interests. 

Acknowledgement: This article is the consequent of 

joint venture amongst Department of Biotechnology, 

SR Institute of Management & Technology, Bakshi Ka 

Talab, Lucknow- 226201, U.P., India; Department of 

Biotechnology, Era University, Lucknow-226003, 

U.P., India; and Regional Food Research & Analysis 

https://www.mediresonline.org/journals/journal-of-microbes-and-research


 
Journal of Microbes and Research 

 

How to cite this article: J. James, Mohd. Ahmad, Uday K. Gupta, P.Jha, S. Maurya, P. Gupta, R. Pandey, Amit M. Tiwari, S.K. Chauhan and Sanjay Mishra, (2022). A Review on 

Succession of Bioremediation Including Microbial Interventions for Reducing Heavy Metal Ions Contamination of Natural Environment. Journal of Microbes and Research. 1(2). DOI: 

10.58489/2836-2187/007                            Page 9 of 13 

Centre (RFRAC), Lucknow-226001, U.P., India.  

Authors are grateful to Mr. Pawan Singh Chauhan, 

Chairman, SR Institute of Management & 

Technology, Bakshi Ka Talab, Lucknow- 226201, 

U.P., India for his generous support and throughout 

inspiration for accomplishment of this study. Besides, 

authors are thankful to members of Board of 

Directors, SR Institute of Management & Technology, 

Bakshi Ka Talab, Lucknow- 226201, U.P., India for 

providing necessary facilities and time-to-time 

encouragement for exploring the R&D in the area of 

Biotechnology. 

References 

1. Mudgal, V., Madaan, N., Mudgal, A., Singh, R. B., 

& Mishra, S. (2010). Effect of toxic metals on 

human health. The open Nutraceuticals 

journal, 3(1). 

2. Mishra, S., Dwivedi, S. P., & Singh, R. B. (2010). 

A review on epigenetic effect of heavy metal 

carcinogens on human health. The open 

nutraceuticals journal, 3(1). 

3. Kapahi M, Sachdeva S. Bioremediation Options 

for Heavy Metal Pollution. J Health Pollut. 2019 

Nov 27;9(24):191203. doi: 10.5696/2156-9614-

9.24.191203. PMID: 31893164; PMCID: 

PMC6905138. 

4. Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., 

& Sutton, D. J. (2012). Heavy metal toxicity and 

the environment. Molecular, clinical and 

environmental toxicology: volume 3: 

environmental toxicology, 133-164. 

5. Leivadara, S. V., Nikolaou, A. D., & Lekkas, T. D. 

(2008). Determination of organic compounds in 

bottled waters. Food chemistry, 108(1), 277-286. 

6. Bower, J. J., Leonard, S. S., & Shi, X. (2005). 

Conference overview: molecular mechanisms of 

metal toxicity and carcinogenesis. Molecular and 

cellular biochemistry, 279, 3-15. 

7. Jones, P. A., & Baylin, S. B. (2002). The 

fundamental role of epigenetic events in 

cancer. Nature reviews genetics, 3(6), 415-428. 

8. Vaziri, G.A., Mohammadi, A. and Heidari, M. 

(2007). In: Molecular Genetics of Cancer, Samer, 

Tehran, Iran; ISBN: 978-964-91351-0-6. 

9. Mohammadi, A., Gohar, A. V. & Shakibaie, M. R. 

(2008). Mutations in Tumor 

suppressor TP53 Gene in Formalin- Fixed, 

Paraffin Embedded Tissues of Squamous Cell 

Carcinoma (SCC) of Lung Cancer. American 

Journal of Biochemistry and Biotechnology, 4(1), 

1-6. 

10. Santos, E. E., Lauria, D. C., & Da Silveira, C. P. 

(2004). Assessment of daily intake of trace 

elements due to consumption of foodstuffs by 

adult inhabitants of Rio de Janeiro city. Science 

of the total environment, 327(1-3), 69-79. 

11. Hanawa, T. (2004). Metal ion release from metal 

implants. Materials Science and Engineering: 

C, 24(6-8), 745-752. 

12. Hazell, T. (1985). Minerals in foods: dietary 

sources, chemical forms, interactions, 

bioavailability. Minerals in food and nutritional 

topics, 46, 1-123. 

13. Mishra, S., Chauhan, S. K., & Nayak, P. (2021). 

Physiological, biochemical, biotechnological and 

food technological applications of Mushroom: An 

overview. IOSR Journal of Biotechnology and 

Biochemistry (IOSR-JBB), 7(1), 39-46. 

14. Gil, L., Martı́nez, G., González, I., Tarinas, A., 

Álvarez, A., Giuliani, A., ... & León, O. S. (2003). 

Contribution to characterization of oxidative 

stress in HIV/AIDS patients. Pharmacological 

research, 47(3), 217-224. 

15. Gil, L., Lewis, L., Martínez, G., Tarinas, A., 

González, I., Alvarez, A., ... & Pérez, J. (2005). 

Effect of increase of dietary micronutrient intake 

on oxidative stress indicators in HIV/AIDS 

patients. International journal for vitamin and 

nutrition research, 75(1), 19-27. 

16. Sharma, V., Kalim, S., Srivastava, M. K., Nanda, 

S., & Mishra, S. (2009). Oxidative stress and 

coxsackievirus infections as mediators of beta 

cell damage: a review. Sci Res Essays, 4(2), 42-

58. 

17. Mishra, S., Dwivedi, S. P., Dwivedi, N., & Singh, 

R. B. (2009). Immune response and possible 

causes of CD4+ T-cell depletion in human 

immunodeficiency virus (HIV)-1 infection. The 

Open Nutraceuticals Journal, 2(1). 

18. Mishra, S., Singh, R. B., Dwivedi, S. P., Meester, 

F. D., Rybar, R., Pella, D., ... & Juneja, L. R. 

(2009). Effects of nutraceuticals on genetic 

expressions. The Open Nutraceuticals 

Journal, 2(1). 

19. Silva, A. L. O. D., Barrocas, P. R., Jacob, S. D. 

C., & Moreira, J. C. (2005). Dietary intake and 

health effects of selected toxic 

elements. Brazilian journal of plant 

physiology, 17, 79-93. 

20. Dolan, L. C., Matulka, R. A., & Burdock, G. A. 

(2010). Naturally occurring food 

toxins. Toxins, 2(9), 2289-2332. 

https://www.mediresonline.org/journals/journal-of-microbes-and-research
https://benthamopen.com/ABSTRACT/TONUTRAJ-3-94
https://benthamopen.com/ABSTRACT/TONUTRAJ-3-94
https://benthamopen.com/ABSTRACT/TONUTRAJ-3-94
https://benthamopen.com/ABSTRACT/TONUTRAJ-3-94
https://benthamopen.com/ABSTRACT/TONUTRAJ-3-188
https://benthamopen.com/ABSTRACT/TONUTRAJ-3-188
https://benthamopen.com/ABSTRACT/TONUTRAJ-3-188
https://benthamopen.com/ABSTRACT/TONUTRAJ-3-188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6905138/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6905138/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6905138/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6905138/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6905138/
https://link.springer.com/chapter/10.1007/978-3-7643-8340-4_6
https://link.springer.com/chapter/10.1007/978-3-7643-8340-4_6
https://link.springer.com/chapter/10.1007/978-3-7643-8340-4_6
https://link.springer.com/chapter/10.1007/978-3-7643-8340-4_6
https://link.springer.com/chapter/10.1007/978-3-7643-8340-4_6
https://www.sciencedirect.com/science/article/pii/S0308814607010199
https://www.sciencedirect.com/science/article/pii/S0308814607010199
https://www.sciencedirect.com/science/article/pii/S0308814607010199
https://link.springer.com/article/10.1007/s11010-005-8210-7
https://link.springer.com/article/10.1007/s11010-005-8210-7
https://link.springer.com/article/10.1007/s11010-005-8210-7
https://link.springer.com/article/10.1007/s11010-005-8210-7
https://www.nature.com/articles/nrg816
https://www.nature.com/articles/nrg816
https://www.nature.com/articles/nrg816
https://thescipub.com/abstract/10.3844/ajbbsp.2008.1.6
https://thescipub.com/abstract/10.3844/ajbbsp.2008.1.6
https://thescipub.com/abstract/10.3844/ajbbsp.2008.1.6
https://thescipub.com/abstract/10.3844/ajbbsp.2008.1.6
https://thescipub.com/abstract/10.3844/ajbbsp.2008.1.6
https://thescipub.com/abstract/10.3844/ajbbsp.2008.1.6
https://thescipub.com/abstract/10.3844/ajbbsp.2008.1.6
https://www.sciencedirect.com/science/article/pii/S0048969704000579
https://www.sciencedirect.com/science/article/pii/S0048969704000579
https://www.sciencedirect.com/science/article/pii/S0048969704000579
https://www.sciencedirect.com/science/article/pii/S0048969704000579
https://www.sciencedirect.com/science/article/pii/S0048969704000579
https://www.sciencedirect.com/science/article/pii/S0928493104000906
https://www.sciencedirect.com/science/article/pii/S0928493104000906
https://www.sciencedirect.com/science/article/pii/S0928493104000906
https://karger.com/Article/Abstract/411649
https://karger.com/Article/Abstract/411649
https://karger.com/Article/Abstract/411649
https://karger.com/Article/Abstract/411649
https://www.academia.edu/download/66058004/D0701023946.pdf
https://www.academia.edu/download/66058004/D0701023946.pdf
https://www.academia.edu/download/66058004/D0701023946.pdf
https://www.academia.edu/download/66058004/D0701023946.pdf
https://www.academia.edu/download/66058004/D0701023946.pdf
https://www.sciencedirect.com/science/article/pii/S1043661802003201
https://www.sciencedirect.com/science/article/pii/S1043661802003201
https://www.sciencedirect.com/science/article/pii/S1043661802003201
https://www.sciencedirect.com/science/article/pii/S1043661802003201
https://www.sciencedirect.com/science/article/pii/S1043661802003201
https://econtent.hogrefe.com/doi/abs/10.1024/0300-9831.75.1.19
https://econtent.hogrefe.com/doi/abs/10.1024/0300-9831.75.1.19
https://econtent.hogrefe.com/doi/abs/10.1024/0300-9831.75.1.19
https://econtent.hogrefe.com/doi/abs/10.1024/0300-9831.75.1.19
https://econtent.hogrefe.com/doi/abs/10.1024/0300-9831.75.1.19
https://econtent.hogrefe.com/doi/abs/10.1024/0300-9831.75.1.19
https://www.academia.edu/download/2710602/Sharma_et_al_Pdf.pdf
https://www.academia.edu/download/2710602/Sharma_et_al_Pdf.pdf
https://www.academia.edu/download/2710602/Sharma_et_al_Pdf.pdf
https://www.academia.edu/download/2710602/Sharma_et_al_Pdf.pdf
https://www.academia.edu/download/2710602/Sharma_et_al_Pdf.pdf
https://benthamopen.com/ABSTRACT/TONUTRAJ-2-46
https://benthamopen.com/ABSTRACT/TONUTRAJ-2-46
https://benthamopen.com/ABSTRACT/TONUTRAJ-2-46
https://benthamopen.com/ABSTRACT/TONUTRAJ-2-46
https://benthamopen.com/ABSTRACT/TONUTRAJ-2-46
https://benthamopen.com/ABSTRACT/TONUTRAJ-2-70
https://benthamopen.com/ABSTRACT/TONUTRAJ-2-70
https://benthamopen.com/ABSTRACT/TONUTRAJ-2-70
https://benthamopen.com/ABSTRACT/TONUTRAJ-2-70
https://benthamopen.com/ABSTRACT/TONUTRAJ-2-70
https://www.scielo.br/j/bjpp/a/r6K7jHLS8x9fV9TPSh536wy/?lang=en
https://www.scielo.br/j/bjpp/a/r6K7jHLS8x9fV9TPSh536wy/?lang=en
https://www.scielo.br/j/bjpp/a/r6K7jHLS8x9fV9TPSh536wy/?lang=en
https://www.scielo.br/j/bjpp/a/r6K7jHLS8x9fV9TPSh536wy/?lang=en
https://www.scielo.br/j/bjpp/a/r6K7jHLS8x9fV9TPSh536wy/?lang=en
https://www.mdpi.com/2072-6651/2/9/2289
https://www.mdpi.com/2072-6651/2/9/2289
https://www.mdpi.com/2072-6651/2/9/2289


 
Journal of Microbes and Research 

How to cite this article: J. James, Mohd. Ahmad, Uday K. Gupta, P.Jha, S. Maurya, P. Gupta, R. Pandey, Amit M. Tiwari, S.K. Chauhan and Sanjay Mishra, (2022). A Review on 

Succession of Bioremediation Including Microbial Interventions for Reducing Heavy Metal Ions Contamination of Natural Environment. Journal of Microbes and Research. 1(2). DOI: 

10.58489/2836-2187/007                            Page 10 of 13 

21. Kroes, R., & Kozianowski, G. (2002). Threshold 

of toxicological concern (TTC) in food safety 

assessment. Toxicology Letters, 127(1-3), 43-

46. 

22. Darbre, P. D. (2005). Aluminium, antiperspirants 

and breast cancer. Journal of inorganic 

biochemistry, 99(9), 1912-1919. 

23. Sun, X., Fontaine, J. M., Bartl, I., Behnam, B., 

Welsh, M. J., & Benndorf, R. (2007). Induction of 

Hsp22 (HspB8) by estrogen and the 

metalloestrogen cadmium in estrogen receptor–

positive breast cancer cells. Cell stress & 

chaperones, 12(4), 307. 

24. Stellman, S. D., Djordjevic, M. V., Britton, J. A., 

Muscat, J. E., Citron, M. L., Kemeny, M., ... & 

Gong, L. (2000). Breast cancer risk in relation to 

adipose concentrations of organochlorine 

pesticides and polychlorinated biphenyls in Long 

Island, New York. Cancer Epidemiology 

Biomarkers & Prevention, 9(11), 1241-1249. 

25. Patterson, T. J., Ngo, M., Aronov, P. A., 

Reznikova, T. V., Green, P. G., & Rice, R. H. 

(2003). Biological activity of inorganic arsenic and 

antimony reflects oxidation state in cultured 

human keratinocytes. Chemical research in 

toxicology, 16(12), 1624-1631. 

26. Saad Alkahtani, 2009. Antioxidation and 

Hypomethylation Effects on Genotoxicity and 

Programmed Cell Death Induced in Mice Somatic 

Cells by Arsenic Trioxide. Journal of Biological 

Sciences, 9: 721-729. 

27. Suzuki, K. T., Katagiri, A., Sakuma, Y., Ogra, Y., 

& Ohmichi, M. (2004). Distributions and chemical 

forms of arsenic after intravenous administration 

of dimethylarsinic and monomethylarsonic acids 

to rats. Toxicology and applied 

pharmacology, 198(3), 336-344. 

28. Jensen, T. J., Wozniak, R. J., Eblin, K. E., Wnek, 

S. M., Gandolfi, A. J., & Futscher, B. W. (2009). 

Epigenetic mediated transcriptional activation of 

WNT5A participates in arsenical-associated 

malignant transformation. Toxicology and 

applied pharmacology, 235(1), 39-46. 

29. Genchi, G., Sinicropi, M.S., Lauria, G., Carocci, 

A., Catalano, A. (2020). The effects of cadmium 

toxicity. Intl. J. Env. Res. Public Health 17: 3782-

3805. doi:10.3390/ijerph17113782 

30. Wu, X., Jin, T., Wang, Z., Ye, T., Kong, Q., & 

Nordberg, G. (2001). Urinary calcium as a 

biomarker of renal dysfunction in a general 

population exposed to cadmium. Journal of 

occupational and environmental medicine, 898-

904. 

31. Henson, M. C., & Chedrese, P. J. (2004). 

Endocrine disruption by cadmium, a common 

environmental toxicant with paradoxical effects 

on reproduction. Experimental biology and 

medicine, 229(5), 383-392. 

32. Kaste, J. M., Friedland, A. J., & Stürup, S. (2003). 

Using stable and radioactive isotopes to trace 

atmospherically deposited Pb in montane forest 

soils. Environmental Science & 

Technology, 37(16), 3560-3567. 

33. Kumar, A., Kumar, A., MMS, C. P., Chaturvedi, A. 

K., Shabnam, A. A., Subrahmanyam, G., ... & 

Yadav, K. K. (2020). Lead toxicity: health 

hazards, influence on food chain, and sustainable 

remediation approaches. International journal of 

environmental research and public health, 17(7), 

2179. 

34. Cabral-Pinto, M. M., Inácio, M., Neves, O., 

Almeida, A. A., Pinto, E., Oliveiros, B., & Ferreira 

da Silva, E. A. (2020). Human health risk 

assessment due to agricultural activities and crop 

consumption in the surroundings of an industrial 

area. Exposure and Health, 12, 629-640. 

35. Mezes, M., & Balogh, K. (2006). Selenium 

supplementation in animal and man-positive 

effects and negative consequences. In Trace 

elements in the food chain. Proceedings of an 

international symposium on trace elements in the 

food chain, Budapest, Hungary, 25-27 May, 

2006 (pp. 9-14). Working Committee on Trace 

Elements of the Complex Committee Hungarian 

Academy of Sciences (HAS). 

36. Gliozzo, E. (2021). Pigments—Mercury-based 

red (cinnabar-vermilion) and white (calomel) and 

their degradation products. Archaeological and 

Anthropological Sciences, 13(11), 210. 

37. Tokuomi, H., Kinoshita, Y., Teramoto, J., & 

Imanishi, K. (1977). Hunter-Russell 

syndrome. Nihon rinsho. Japanese Journal of 

Clinical Medicine, 35, 518-519. 

38. Shen, J., Li, X., Shi, X., Wang, W., Zhou, H., Wu, 

J., ... & Li, J. (2020). The toxicity of lithium to 

human cardiomyocytes. Environmental Sciences 

Europe, 32, 1-12. 

39. Ermidou-Pollet, S., Pollet, S. (2006). 

Neuroprotective effects of lithium. International 

Symposium on Trace Element in the Food Chain, 

pp. 357-361. 

40. Dunnick, J. K., Elwell, M. R., Radovsky, A. E., 

Benson, J. M., Hahn, F. F., Nikula, K. J., ... & 

https://www.mediresonline.org/journals/journal-of-microbes-and-research
https://www.sciencedirect.com/science/article/pii/S0378427401004817
https://www.sciencedirect.com/science/article/pii/S0378427401004817
https://www.sciencedirect.com/science/article/pii/S0378427401004817
https://www.sciencedirect.com/science/article/pii/S0378427401004817
https://www.sciencedirect.com/science/article/pii/S0162013405001613
https://www.sciencedirect.com/science/article/pii/S0162013405001613
https://www.sciencedirect.com/science/article/pii/S0162013405001613
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2134793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2134793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2134793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2134793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2134793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2134793/
https://aacrjournals.org/cebp/article-abstract/9/11/1241/180319
https://aacrjournals.org/cebp/article-abstract/9/11/1241/180319
https://aacrjournals.org/cebp/article-abstract/9/11/1241/180319
https://aacrjournals.org/cebp/article-abstract/9/11/1241/180319
https://aacrjournals.org/cebp/article-abstract/9/11/1241/180319
https://aacrjournals.org/cebp/article-abstract/9/11/1241/180319
https://aacrjournals.org/cebp/article-abstract/9/11/1241/180319
https://pubs.acs.org/doi/abs/10.1021/tx034146y
https://pubs.acs.org/doi/abs/10.1021/tx034146y
https://pubs.acs.org/doi/abs/10.1021/tx034146y
https://pubs.acs.org/doi/abs/10.1021/tx034146y
https://pubs.acs.org/doi/abs/10.1021/tx034146y
https://pubs.acs.org/doi/abs/10.1021/tx034146y
https://docsdrive.com/pdfs/ansinet/jbs/2009/721-729.pdf
https://docsdrive.com/pdfs/ansinet/jbs/2009/721-729.pdf
https://docsdrive.com/pdfs/ansinet/jbs/2009/721-729.pdf
https://docsdrive.com/pdfs/ansinet/jbs/2009/721-729.pdf
https://docsdrive.com/pdfs/ansinet/jbs/2009/721-729.pdf
https://www.sciencedirect.com/science/article/pii/S0041008X04000870
https://www.sciencedirect.com/science/article/pii/S0041008X04000870
https://www.sciencedirect.com/science/article/pii/S0041008X04000870
https://www.sciencedirect.com/science/article/pii/S0041008X04000870
https://www.sciencedirect.com/science/article/pii/S0041008X04000870
https://www.sciencedirect.com/science/article/pii/S0041008X04000870
https://www.sciencedirect.com/science/article/pii/S0041008X08004511
https://www.sciencedirect.com/science/article/pii/S0041008X08004511
https://www.sciencedirect.com/science/article/pii/S0041008X08004511
https://www.sciencedirect.com/science/article/pii/S0041008X08004511
https://www.sciencedirect.com/science/article/pii/S0041008X08004511
https://www.sciencedirect.com/science/article/pii/S0041008X08004511
https://www.jstor.org/stable/44996301
https://www.jstor.org/stable/44996301
https://www.jstor.org/stable/44996301
https://www.jstor.org/stable/44996301
https://www.jstor.org/stable/44996301
https://www.jstor.org/stable/44996301
https://journals.sagepub.com/doi/abs/10.1177/153537020422900506
https://journals.sagepub.com/doi/abs/10.1177/153537020422900506
https://journals.sagepub.com/doi/abs/10.1177/153537020422900506
https://journals.sagepub.com/doi/abs/10.1177/153537020422900506
https://journals.sagepub.com/doi/abs/10.1177/153537020422900506
https://pubs.acs.org/doi/abs/10.1021/es026372k
https://pubs.acs.org/doi/abs/10.1021/es026372k
https://pubs.acs.org/doi/abs/10.1021/es026372k
https://pubs.acs.org/doi/abs/10.1021/es026372k
https://pubs.acs.org/doi/abs/10.1021/es026372k
https://www.mdpi.com/1660-4601/17/7/2179
https://www.mdpi.com/1660-4601/17/7/2179
https://www.mdpi.com/1660-4601/17/7/2179
https://www.mdpi.com/1660-4601/17/7/2179
https://www.mdpi.com/1660-4601/17/7/2179
https://www.mdpi.com/1660-4601/17/7/2179
https://www.mdpi.com/1660-4601/17/7/2179
https://link.springer.com/article/10.1007/s12403-019-00323-x
https://link.springer.com/article/10.1007/s12403-019-00323-x
https://link.springer.com/article/10.1007/s12403-019-00323-x
https://link.springer.com/article/10.1007/s12403-019-00323-x
https://link.springer.com/article/10.1007/s12403-019-00323-x
https://link.springer.com/article/10.1007/s12403-019-00323-x
https://www.cabdirect.org/cabdirect/abstract/20073222275
https://www.cabdirect.org/cabdirect/abstract/20073222275
https://www.cabdirect.org/cabdirect/abstract/20073222275
https://www.cabdirect.org/cabdirect/abstract/20073222275
https://www.cabdirect.org/cabdirect/abstract/20073222275
https://www.cabdirect.org/cabdirect/abstract/20073222275
https://www.cabdirect.org/cabdirect/abstract/20073222275
https://www.cabdirect.org/cabdirect/abstract/20073222275
https://www.cabdirect.org/cabdirect/abstract/20073222275
https://link.springer.com/article/10.1007/s12520-021-01402-4
https://link.springer.com/article/10.1007/s12520-021-01402-4
https://link.springer.com/article/10.1007/s12520-021-01402-4
https://link.springer.com/article/10.1007/s12520-021-01402-4
https://europepmc.org/article/med/612878
https://europepmc.org/article/med/612878
https://europepmc.org/article/med/612878
https://europepmc.org/article/med/612878
https://link.springer.com/article/10.1186/s12302-020-00333-6
https://link.springer.com/article/10.1186/s12302-020-00333-6
https://link.springer.com/article/10.1186/s12302-020-00333-6
https://link.springer.com/article/10.1186/s12302-020-00333-6
https://aacrjournals.org/cancerres/article-abstract/55/22/5251/501766
https://aacrjournals.org/cancerres/article-abstract/55/22/5251/501766


 
Journal of Microbes and Research 

 

How to cite this article: J. James, Mohd. Ahmad, Uday K. Gupta, P.Jha, S. Maurya, P. Gupta, R. Pandey, Amit M. Tiwari, S.K. Chauhan and Sanjay Mishra, (2022). A Review on 

Succession of Bioremediation Including Microbial Interventions for Reducing Heavy Metal Ions Contamination of Natural Environment. Journal of Microbes and Research. 1(2). DOI: 

10.58489/2836-2187/007                            Page 11 of 13 

Hobbs, C. H. (1995). Comparative carcinogenic 

effects of nickel subsulfide, nickel oxide, or nickel 

sulfate hexahydrate chronic exposures in the 

lung. Cancer research, 55(22), 5251-5256. 

41. Abbracchio, M. P., Heck, J. D., & Costa, M. 

(1982). The phagocytosis and transforming 

activity of crystalline metal sulfide particles are 

related to their negative surface 

charge. Carcinogenesis, 3(2), 175-180. 

42. WHO. (2005). Nickel in Drinking-Water. 

Background document for development of WHO 

guidelines for drinking-water quality. 

43. Ke, Q., Ellen, T. P., & Costa, M. (2008). Nickel 

compounds induce histone ubiquitination by 

inhibiting histone deubiquitinating enzyme 

activity. Toxicology and applied 

pharmacology, 228(2), 190-199. 

44. Wei, Y. D., Tepperman, K., Huang, M. Y., Sartor, 

M. A., & Puga, A. (2004). Chromium inhibits 

transcription from polycyclic aromatic 

hydrocarbon-inducible promoters by blocking the 

release of histone deacetylase and preventing 

the binding of p300 to chromatin. Journal of 

Biological Chemistry, 279(6), 4110-4119. 

45. Schnekenburger, M., Peng, L., & Puga, A. 

(2007). HDAC1 bound to the Cyp1a1 promoter 

blocks histone acetylation associated with Ah 

receptor-mediated trans-activation. Biochimica et 

Biophysica Acta (BBA)-Gene Structure and 

Expression, 1769(9-10), 569-578. 

46. Wu, J. P., Chang, L. W., Yao, H. T., Chang, H., 

Tsai, H. T., Tsai, M. H., ... & Lin, P. (2009). 

Involvement of oxidative stress and activation of 

aryl hydrocarbon receptor in elevation of CYP1A1 

expression and activity in lung cells and tissues 

by arsenic: an in vitro and in vivo 

study. Toxicological sciences, 107(2), 385-393. 

47. Nebert, D. W., Roe, A. L., Dieter, M. Z., Solis, W. 

A., Yang, Y. I., & Dalton, T. P. (2000). Role of the 

aromatic hydrocarbon receptor and [Ah] gene 

battery in the oxidative stress response, cell cycle 

control, and apoptosis. Biochemical 

pharmacology, 59(1), 65-85. 

48. Li, R., Shugart, Y. Y., Zhou, W., An, Y., Yang, Y., 

Zhou, Y., ... & Jin, L. (2009). Common genetic 

variations of the cytochrome P450 1A1 gene and 

risk of hepatocellular carcinoma in a Chinese 

population. European Journal of Cancer, 45(7), 

1239-1247. 

49. Drukteinis, J., Medrano, T., Ablordeppey, E. A., 

Kitzman, J. M., & Shiverick, K. T. (2005). Benzo 

[a] pyrene, but not 2, 3, 7, 8-TCDD, induces G2/M 

cell cycle arrest, p21CIP1 and p53 

phosphorylation in human choriocarcinoma JEG-

3 cells: a distinct signaling 

pathway. Placenta, 26, S87-S95. 

50. Carlisle, D. L., Pritchard, D. E., Singh, J., Owens, 

B. M., Blankenship, L. J., Orenstein, J. M., & 

Patierno, S. R. (2000). Apoptosis and P53 

induction in human lung fibroblasts exposed to 

chromium (VI): effect of ascorbate and 

tocopherol. Toxicological sciences, 55(1), 60-68. 

51. Ceryak, S., Zingariello, C., O'brien, T., & 

Patierno, S. R. (2004). Induction of pro-apoptotic 

and cell cycle-inhibiting genes in chromium (VI)-

treated human lung fibroblasts: lack of effect of 

ERK. Molecular and cellular biochemistry, 255, 

139-149. 

52. Ha, L., Ceryak, S., & Patierno, S. R. (2003). 

Chromium (VI) activates ataxia telangiectasia 

mutated (ATM) protein: requirement of ATM for 

both apoptosis and recovery from terminal growth 

arrest. Journal of Biological Chemistry, 278(20), 

17885-17894. 

53. Gao, N., Jiang, B. H., Leonard, S. S., Corum, L., 

Zhang, Z., Roberts, J. R., ... & Shi, X. (2002). p38 

Signaling-mediated hypoxia-inducible factor 1α 

and vascular endothelial growth factor induction 

by Cr (VI) in DU145 human prostate carcinoma 

cells. Journal of Biological Chemistry, 277(47), 

45041-45048. 

54. Akshata Jain, A.N., Udayashankara, T. H., 

Lokesh, K. S. (2014). Review on bioremediation 

of heavy metals with microbial isolates and 

amendments on soil residue. International 

Journal of Science and Research (IJSR) 3 (8): 

118-123. 

55. Madaan, N., Mudgal, V., Mishra, S., K Srivastava, 

A., & B Singh, R. (2011). Studies on biochemical 

role of accumulation of heavy metals in 

Safflower. The Open Nutraceuticals 

Journal, 4(1). 

56. Wood, J. L., Liu, W., Tang, C., & Franks, A. E. 

(2016). Microorganisms in heavy metal 

bioremediation: strategies for applying microbial-

community engineering to remediate soils. AIMS 

Bioengineering, 3(2), 211-229. 

57. Jin, T., Shi, C., Wang, P., Liu, J., & Zhan, L. 

(2021, March). A review of bioremediation 

techniques for heavy metals pollution in soil. 

In IOP conference series: earth and 

environmental science (Vol. 687, No. 1, p. 

012012). IOP Publishing. 

https://www.mediresonline.org/journals/journal-of-microbes-and-research
https://aacrjournals.org/cancerres/article-abstract/55/22/5251/501766
https://aacrjournals.org/cancerres/article-abstract/55/22/5251/501766
https://aacrjournals.org/cancerres/article-abstract/55/22/5251/501766
https://aacrjournals.org/cancerres/article-abstract/55/22/5251/501766
https://academic.oup.com/carcin/article-abstract/3/2/175/2391141
https://academic.oup.com/carcin/article-abstract/3/2/175/2391141
https://academic.oup.com/carcin/article-abstract/3/2/175/2391141
https://academic.oup.com/carcin/article-abstract/3/2/175/2391141
https://academic.oup.com/carcin/article-abstract/3/2/175/2391141
https://www.sciencedirect.com/science/article/pii/S0041008X07005637
https://www.sciencedirect.com/science/article/pii/S0041008X07005637
https://www.sciencedirect.com/science/article/pii/S0041008X07005637
https://www.sciencedirect.com/science/article/pii/S0041008X07005637
https://www.sciencedirect.com/science/article/pii/S0041008X07005637
https://www.jbc.org/article/S0021-9258(20)74989-6/abstract
https://www.jbc.org/article/S0021-9258(20)74989-6/abstract
https://www.jbc.org/article/S0021-9258(20)74989-6/abstract
https://www.jbc.org/article/S0021-9258(20)74989-6/abstract
https://www.jbc.org/article/S0021-9258(20)74989-6/abstract
https://www.jbc.org/article/S0021-9258(20)74989-6/abstract
https://www.jbc.org/article/S0021-9258(20)74989-6/abstract
https://www.sciencedirect.com/science/article/pii/S0167478107001236
https://www.sciencedirect.com/science/article/pii/S0167478107001236
https://www.sciencedirect.com/science/article/pii/S0167478107001236
https://www.sciencedirect.com/science/article/pii/S0167478107001236
https://www.sciencedirect.com/science/article/pii/S0167478107001236
https://www.sciencedirect.com/science/article/pii/S0167478107001236
https://academic.oup.com/toxsci/article-abstract/107/2/385/1681702
https://academic.oup.com/toxsci/article-abstract/107/2/385/1681702
https://academic.oup.com/toxsci/article-abstract/107/2/385/1681702
https://academic.oup.com/toxsci/article-abstract/107/2/385/1681702
https://academic.oup.com/toxsci/article-abstract/107/2/385/1681702
https://academic.oup.com/toxsci/article-abstract/107/2/385/1681702
https://academic.oup.com/toxsci/article-abstract/107/2/385/1681702
https://www.sciencedirect.com/science/article/pii/S000629529900310X
https://www.sciencedirect.com/science/article/pii/S000629529900310X
https://www.sciencedirect.com/science/article/pii/S000629529900310X
https://www.sciencedirect.com/science/article/pii/S000629529900310X
https://www.sciencedirect.com/science/article/pii/S000629529900310X
https://www.sciencedirect.com/science/article/pii/S000629529900310X
https://www.sciencedirect.com/science/article/pii/S095980490800912X
https://www.sciencedirect.com/science/article/pii/S095980490800912X
https://www.sciencedirect.com/science/article/pii/S095980490800912X
https://www.sciencedirect.com/science/article/pii/S095980490800912X
https://www.sciencedirect.com/science/article/pii/S095980490800912X
https://www.sciencedirect.com/science/article/pii/S095980490800912X
https://www.sciencedirect.com/science/article/pii/S0143400405000457
https://www.sciencedirect.com/science/article/pii/S0143400405000457
https://www.sciencedirect.com/science/article/pii/S0143400405000457
https://www.sciencedirect.com/science/article/pii/S0143400405000457
https://www.sciencedirect.com/science/article/pii/S0143400405000457
https://www.sciencedirect.com/science/article/pii/S0143400405000457
https://www.sciencedirect.com/science/article/pii/S0143400405000457
https://academic.oup.com/toxsci/article-abstract/55/1/60/1657725
https://academic.oup.com/toxsci/article-abstract/55/1/60/1657725
https://academic.oup.com/toxsci/article-abstract/55/1/60/1657725
https://academic.oup.com/toxsci/article-abstract/55/1/60/1657725
https://academic.oup.com/toxsci/article-abstract/55/1/60/1657725
https://academic.oup.com/toxsci/article-abstract/55/1/60/1657725
https://link.springer.com/article/10.1023/B:MCBI.0000007270.82431.3e
https://link.springer.com/article/10.1023/B:MCBI.0000007270.82431.3e
https://link.springer.com/article/10.1023/B:MCBI.0000007270.82431.3e
https://link.springer.com/article/10.1023/B:MCBI.0000007270.82431.3e
https://link.springer.com/article/10.1023/B:MCBI.0000007270.82431.3e
https://link.springer.com/article/10.1023/B:MCBI.0000007270.82431.3e
https://www.jbc.org/article/S0021-9258(19)54875-X/abstract
https://www.jbc.org/article/S0021-9258(19)54875-X/abstract
https://www.jbc.org/article/S0021-9258(19)54875-X/abstract
https://www.jbc.org/article/S0021-9258(19)54875-X/abstract
https://www.jbc.org/article/S0021-9258(19)54875-X/abstract
https://www.jbc.org/article/S0021-9258(19)54875-X/abstract
https://www.jbc.org/article/S0021-9258(19)71603-2/abstract
https://www.jbc.org/article/S0021-9258(19)71603-2/abstract
https://www.jbc.org/article/S0021-9258(19)71603-2/abstract
https://www.jbc.org/article/S0021-9258(19)71603-2/abstract
https://www.jbc.org/article/S0021-9258(19)71603-2/abstract
https://www.jbc.org/article/S0021-9258(19)71603-2/abstract
https://www.jbc.org/article/S0021-9258(19)71603-2/abstract
https://benthamopen.com/ABSTRACT/TONUTRAJ-4-199
https://benthamopen.com/ABSTRACT/TONUTRAJ-4-199
https://benthamopen.com/ABSTRACT/TONUTRAJ-4-199
https://benthamopen.com/ABSTRACT/TONUTRAJ-4-199
https://benthamopen.com/ABSTRACT/TONUTRAJ-4-199
http://www.aimspress.com/Bioengineering/article/814/fulltext.html
http://www.aimspress.com/Bioengineering/article/814/fulltext.html
http://www.aimspress.com/Bioengineering/article/814/fulltext.html
http://www.aimspress.com/Bioengineering/article/814/fulltext.html
http://www.aimspress.com/Bioengineering/article/814/fulltext.html
https://iopscience.iop.org/article/10.1088/1755-1315/687/1/012012/meta
https://iopscience.iop.org/article/10.1088/1755-1315/687/1/012012/meta
https://iopscience.iop.org/article/10.1088/1755-1315/687/1/012012/meta
https://iopscience.iop.org/article/10.1088/1755-1315/687/1/012012/meta
https://iopscience.iop.org/article/10.1088/1755-1315/687/1/012012/meta
https://iopscience.iop.org/article/10.1088/1755-1315/687/1/012012/meta


 
Journal of Microbes and Research 

How to cite this article: J. James, Mohd. Ahmad, Uday K. Gupta, P.Jha, S. Maurya, P. Gupta, R. Pandey, Amit M. Tiwari, S.K. Chauhan and Sanjay Mishra, (2022). A Review on 

Succession of Bioremediation Including Microbial Interventions for Reducing Heavy Metal Ions Contamination of Natural Environment. Journal of Microbes and Research. 1(2). DOI: 

10.58489/2836-2187/007                            Page 12 of 13 

58. Tarfeen, N., Nisa, K. U., Hamid, B., Bashir, Z., 

Yatoo, A. M., Dar, M. A., ... & Sayyed, R. Z. 

(2022). Microbial remediation: A promising tool 

for reclamation of contaminated sites with special 

emphasis on heavy metal and pesticide pollution: 

A review. Processes, 10(7), 1358. 

59. Volesky, B., Holan, Z.R. (2019). Biosorption of 

heavy metals. Biotechnol Prog 11(3): 235-250. 

Available from: 

https://doi.org/10.1021/bp00033a001 S. 

60. Hassan, S. H., Awad, Y. M., Kabir, M. H., Oh, S. 

E., & Joo, J. H. (2010). Bacterial biosorption of 

heavy metals. Biotechnology cracking new 

pastures, 79-110. 

61. Esposito, A., Pagnanelli, F., Lodi, A., Solisio, C., 

& Veglio, F. (2001). Biosorption of heavy metals 

by Sphaerotilus natans: an equilibrium study at 

different pH and biomass 

concentrations. Hydrometallurgy, 60(2), 129-

141. 

62. Gupta, R., Ahuja, P., Khan, S., Saxena, R. K., & 

Mohapatra, H. (2000). Microbial biosorbents: 

meeting challenges of heavy metal pollution in 

aqueous solutions. Current science, 967-973. 

63. Tiwari, S., Hasan, A., Pandey, M. (2019). A novel 

biosorbent comprising encapsulated 

Agrobacterium fabrum (SLAJ731) and iron oxide 

nanoparticles for removal of crude oil co-

contaminant, lead Pb (II). J. Environ. Chem. Eng. 

5(1): 442-452. Available from: https://doi. 

org/10.1016/j.jece.2016.12.017. 

64. Coelho, L. M., Rezende, H. C., Coelho, L. M., de 

Sousa, P.A.R., Melo, D.F.O., Coelho, N.M.M. 

(2015). Bioremediation of polluted waters using 

microorganisms. In Advances in Bioremediation 

of Wastewater and Polluted Soil, N. Shiomi (Ed.), 

InTech, Shanghai, China. 

65. Sayqal, A., & Ahmed, O. B. (2021). Advances in 

heavy metal bioremediation: An 

overview. Applied bionics and 

biomechanics, 2021. 

66. Pande, V., Pandey, S. C., Sati, D., Bhatt, P., & 

Samant, M. (2022). Microbial interventions in 

bioremediation of heavy metal contaminants in 

agroecosystem. Frontiers in microbiology, 13, 

824084. 

67. Pratush, A., Kumar, A., & Hu, Z. (2018). Adverse 

effect of heavy metals (As, Pb, Hg, and Cr) on 

health and their bioremediation strategies: a 

review. International Microbiology, 21, 97-106. 

68. Njoku, K. L., Asunmo, M. O., Ude, E. O., Adesuyi, 

A. A., Oyelami, A. O. (2020). The molecular study 

of microbial and functional diversity of resistant 

microbes in heavy metal contaminated soil. 

Environ. Technol. Innov. 17 (2):100606. doi: 

10.1016/j.eti.2020.100606. 

69. Mudila, H., Prasher, P., Kumar, M., Kapoor, H., 

Kumar, A., Zaidi, M. G. H., & Verma, A. (2019). 

An insight into Cadmium poisoning and its 

removal from aqueous sources by Graphene 

Adsorbents. International Journal of 

Environmental Health Research, 29(1), 1-21. 

70. Ayangbenro, A.S.; Babalola, O.O. (2017). A New 

Strategy for Heavy Metal Polluted Environments: 

A Review of Microbial Biosorbents. Int. J. 

Environ. Res. Public Health 14: 94. 

https://doi.org/10.3390/ijerph14010094. 

71. Carlot, M., Giacomini, A., & Casella, S. (2002). 

Aspects of plant‐microbe interactions in heavy 

metal polluted soil. Acta biotechnologica, 22(1‐

2), 13-20. 

72. Glick, B. R. (2003). Phytoremediation: synergistic 

use of plants and bacteria to clean up the 

environment. Biotechnology advances, 21(5), 

383-393. 

73. Dimkpa, C. O., Svatoš, 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(1), 19-25. 

74. Sinha, S., Mukherjee, S. K. (2008). Cadmium–

induced siderophore production by a high Cd-

resistant bacterial strain relieved Cd toxicity in 

plants through root colonization. Curr. Microbiol. 

56: 55–60. doi: 10.1007/s00284-007-9038-z. 

75. Neubauer, U., Furrer, G., Kayser, A., & Schulin, 

R. (2000). Siderophores, NTA, and citrate: 

potential soil amendments to enhance heavy 

metal mobility in phytoremediation. International 

Journal of Phytoremediation, 2(4), 353-368. 

76. Rajkumar, M., Ae, N., Prasad, M. N. V., & Freitas, 

H. (2010). Potential of siderophore-producing 

bacteria for improving heavy metal 

phytoextraction. Trends in biotechnology, 28(3), 

142-149. 

77. Wang, G., Zhang, Q., Du, W., Ai, F., Yin, Y., Ji, 

R., et al. (2021). Microbial communities in the 

rhizosphere of different willow genotypes affect 

phytoremediation potential in Cd contaminated 

soil. Sci. Total Environ. 769:145224. doi: 

10.1016/j.scitotenv.2021.145224. 

78. Zeyaullah, M. D., Atif, M., Islam, B., Abdelkafe, A. 

https://www.mediresonline.org/journals/journal-of-microbes-and-research
https://www.mdpi.com/2227-9717/10/7/1358
https://www.mdpi.com/2227-9717/10/7/1358
https://www.mdpi.com/2227-9717/10/7/1358
https://www.mdpi.com/2227-9717/10/7/1358
https://www.mdpi.com/2227-9717/10/7/1358
https://www.mdpi.com/2227-9717/10/7/1358
https://www.researchgate.net/profile/Yasser-Awad-4/publication/220039321_Bacterial_Biosorption_of_heavy_metals/links/0922b4f4cc60772a11000000/Bacterial-Biosorption-of-heavy-metals.pdf
https://www.researchgate.net/profile/Yasser-Awad-4/publication/220039321_Bacterial_Biosorption_of_heavy_metals/links/0922b4f4cc60772a11000000/Bacterial-Biosorption-of-heavy-metals.pdf
https://www.researchgate.net/profile/Yasser-Awad-4/publication/220039321_Bacterial_Biosorption_of_heavy_metals/links/0922b4f4cc60772a11000000/Bacterial-Biosorption-of-heavy-metals.pdf
https://www.researchgate.net/profile/Yasser-Awad-4/publication/220039321_Bacterial_Biosorption_of_heavy_metals/links/0922b4f4cc60772a11000000/Bacterial-Biosorption-of-heavy-metals.pdf
https://www.sciencedirect.com/science/article/pii/S0304386X0000195X
https://www.sciencedirect.com/science/article/pii/S0304386X0000195X
https://www.sciencedirect.com/science/article/pii/S0304386X0000195X
https://www.sciencedirect.com/science/article/pii/S0304386X0000195X
https://www.sciencedirect.com/science/article/pii/S0304386X0000195X
https://www.sciencedirect.com/science/article/pii/S0304386X0000195X
https://www.jstor.org/stable/24103732
https://www.jstor.org/stable/24103732
https://www.jstor.org/stable/24103732
https://www.jstor.org/stable/24103732
https://www.hindawi.com/journals/abb/2021/1609149/
https://www.hindawi.com/journals/abb/2021/1609149/
https://www.hindawi.com/journals/abb/2021/1609149/
https://www.hindawi.com/journals/abb/2021/1609149/
https://www.frontiersin.org/articles/10.3389/fmicb.2022.824084/full
https://www.frontiersin.org/articles/10.3389/fmicb.2022.824084/full
https://www.frontiersin.org/articles/10.3389/fmicb.2022.824084/full
https://www.frontiersin.org/articles/10.3389/fmicb.2022.824084/full
https://www.frontiersin.org/articles/10.3389/fmicb.2022.824084/full
https://link.springer.com/article/10.1007/s10123-018-0012-3
https://link.springer.com/article/10.1007/s10123-018-0012-3
https://link.springer.com/article/10.1007/s10123-018-0012-3
https://link.springer.com/article/10.1007/s10123-018-0012-3
https://www.tandfonline.com/doi/abs/10.1080/09603123.2018.1506568
https://www.tandfonline.com/doi/abs/10.1080/09603123.2018.1506568
https://www.tandfonline.com/doi/abs/10.1080/09603123.2018.1506568
https://www.tandfonline.com/doi/abs/10.1080/09603123.2018.1506568
https://www.tandfonline.com/doi/abs/10.1080/09603123.2018.1506568
https://www.tandfonline.com/doi/abs/10.1080/09603123.2018.1506568
https://doi.org/10.3390/ijerph14010094
https://onlinelibrary.wiley.com/doi/abs/10.1002/1521-3846(200205)22:1/2%3C13::AID-ABIO13%3E3.0.CO;2-9
https://onlinelibrary.wiley.com/doi/abs/10.1002/1521-3846(200205)22:1/2%3C13::AID-ABIO13%3E3.0.CO;2-9
https://onlinelibrary.wiley.com/doi/abs/10.1002/1521-3846(200205)22:1/2%3C13::AID-ABIO13%3E3.0.CO;2-9
https://onlinelibrary.wiley.com/doi/abs/10.1002/1521-3846(200205)22:1/2%3C13::AID-ABIO13%3E3.0.CO;2-9
https://www.sciencedirect.com/science/article/pii/S0734975003000557
https://www.sciencedirect.com/science/article/pii/S0734975003000557
https://www.sciencedirect.com/science/article/pii/S0734975003000557
https://www.sciencedirect.com/science/article/pii/S0734975003000557
https://www.sciencedirect.com/science/article/pii/S0045653508012307
https://www.sciencedirect.com/science/article/pii/S0045653508012307
https://www.sciencedirect.com/science/article/pii/S0045653508012307
https://www.sciencedirect.com/science/article/pii/S0045653508012307
https://www.sciencedirect.com/science/article/pii/S0045653508012307
https://www.tandfonline.com/doi/abs/10.1080/15226510008500044
https://www.tandfonline.com/doi/abs/10.1080/15226510008500044
https://www.tandfonline.com/doi/abs/10.1080/15226510008500044
https://www.tandfonline.com/doi/abs/10.1080/15226510008500044
https://www.tandfonline.com/doi/abs/10.1080/15226510008500044
https://www.cell.com/trends/biotechnology/fulltext/S0167-7799(09)00223-6?script=true&code=cell-site
https://www.cell.com/trends/biotechnology/fulltext/S0167-7799(09)00223-6?script=true&code=cell-site
https://www.cell.com/trends/biotechnology/fulltext/S0167-7799(09)00223-6?script=true&code=cell-site
https://www.cell.com/trends/biotechnology/fulltext/S0167-7799(09)00223-6?script=true&code=cell-site
https://www.cell.com/trends/biotechnology/fulltext/S0167-7799(09)00223-6?script=true&code=cell-site
https://www.academia.edu/download/87460961/1D971A512540.pdf


 
Journal of Microbes and Research 

 

How to cite this article: J. James, Mohd. Ahmad, Uday K. Gupta, P.Jha, S. Maurya, P. Gupta, R. Pandey, Amit M. Tiwari, S.K. Chauhan and Sanjay Mishra, (2022). A Review on 

Succession of Bioremediation Including Microbial Interventions for Reducing Heavy Metal Ions Contamination of Natural Environment. Journal of Microbes and Research. 1(2). DOI: 

10.58489/2836-2187/007                            Page 13 of 13 

S., Sultan, P., ElSaady, M. A., & Ali, A. (2009). 

Bioremediation: A tool for environmental 

cleaning. African Journal of Microbiology 

Research, 3(6), 310-314. 

79. Dhokpande, S.R., Kaware, J.P. (2013). Biological 

methods for heavy metal removal- a review. 

International Journal of Engineering Science and 

Innovative Technology 2 (5): 304–309. 

80. James J. (2015). Isolation of cadmium reducing 

microorganisms and their use in bioremediation 

of soil/water. M.Tech. Dissertation, Amity 

University, Lucknow, Uttar Pradesh, India; pp. 1-

57. 

81. Vidali, M. (2001). Bioremediation. an 

overview. Pure and applied chemistry, 73(7), 

1163-1172. 

82. Mishra, A. P. S. S. (2013). Studies on Antibiotic 

Production by Soil Microflora and their 

Biochemical Characterization form Different 

Industrial Waste Polluted Soil Samples in (Uttar 

Pradesh & Uttarakhand) India. 

https://www.mediresonline.org/journals/journal-of-microbes-and-research
https://www.academia.edu/download/87460961/1D971A512540.pdf
https://www.academia.edu/download/87460961/1D971A512540.pdf
https://www.academia.edu/download/87460961/1D971A512540.pdf
https://www.academia.edu/download/87460961/1D971A512540.pdf
https://www.degruyter.com/document/doi/10.1351/pac200173071163/html
https://www.degruyter.com/document/doi/10.1351/pac200173071163/html
https://www.degruyter.com/document/doi/10.1351/pac200173071163/html
https://www.researchgate.net/profile/Sanjay-Mishra-28/publication/256544700_Studies_on_Antibiotic_Production_by_Soil_Microflora_and_their_Biochemical_Characterization_form_Different_Industrial_Waste_Polluted_Soil_Samples_in_Uttar_Pradesh_Uttarakhand_India/links/004635234960b1ba21000000/Studies-on-Antibiotic-Production-by-Soil-Microflora-and-their-Biochemical-Characterization-form-Different-Industrial-Waste-Polluted-Soil-Samples-in-Uttar-Pradesh-Uttarakhand-India.pdf
https://www.researchgate.net/profile/Sanjay-Mishra-28/publication/256544700_Studies_on_Antibiotic_Production_by_Soil_Microflora_and_their_Biochemical_Characterization_form_Different_Industrial_Waste_Polluted_Soil_Samples_in_Uttar_Pradesh_Uttarakhand_India/links/004635234960b1ba21000000/Studies-on-Antibiotic-Production-by-Soil-Microflora-and-their-Biochemical-Characterization-form-Different-Industrial-Waste-Polluted-Soil-Samples-in-Uttar-Pradesh-Uttarakhand-India.pdf
https://www.researchgate.net/profile/Sanjay-Mishra-28/publication/256544700_Studies_on_Antibiotic_Production_by_Soil_Microflora_and_their_Biochemical_Characterization_form_Different_Industrial_Waste_Polluted_Soil_Samples_in_Uttar_Pradesh_Uttarakhand_India/links/004635234960b1ba21000000/Studies-on-Antibiotic-Production-by-Soil-Microflora-and-their-Biochemical-Characterization-form-Different-Industrial-Waste-Polluted-Soil-Samples-in-Uttar-Pradesh-Uttarakhand-India.pdf
https://www.researchgate.net/profile/Sanjay-Mishra-28/publication/256544700_Studies_on_Antibiotic_Production_by_Soil_Microflora_and_their_Biochemical_Characterization_form_Different_Industrial_Waste_Polluted_Soil_Samples_in_Uttar_Pradesh_Uttarakhand_India/links/004635234960b1ba21000000/Studies-on-Antibiotic-Production-by-Soil-Microflora-and-their-Biochemical-Characterization-form-Different-Industrial-Waste-Polluted-Soil-Samples-in-Uttar-Pradesh-Uttarakhand-India.pdf
https://www.researchgate.net/profile/Sanjay-Mishra-28/publication/256544700_Studies_on_Antibiotic_Production_by_Soil_Microflora_and_their_Biochemical_Characterization_form_Different_Industrial_Waste_Polluted_Soil_Samples_in_Uttar_Pradesh_Uttarakhand_India/links/004635234960b1ba21000000/Studies-on-Antibiotic-Production-by-Soil-Microflora-and-their-Biochemical-Characterization-form-Different-Industrial-Waste-Polluted-Soil-Samples-in-Uttar-Pradesh-Uttarakhand-India.pdf

