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ABSTRACT 

Heavy metals are increasingly found in microbial habitats due to natural and 
environmental processes. In general aerobic heterotrophic populations were more 
sensitive to metal groups such as Ni, Cd, Cu, Hg, Mn, and least to Zn. Asymbiotic nitrogen 
fixers showed higher sensitivity to groups like Cd, Pb, Hg, Cu, Cr, Mn, Ni and least to Zn. 
(Ahmad, 2005). Most common metal removal methods are physical removal and land 
filling. These techniques are cost effective and most of them move contamination to the 
location. And that area becomes polluted. Common remediation methods include soil 
washing; excavation and reburial for metal contaminated soils were already used in the 
previous years. Another approach is in situ remediation technique, which removes or 
stabilizes metal. It is a non-invasive and environmentally harmless process (Maier, 2001). 

Keywords: Bioremediation, Heavy metals, Microorganism, Soil Environment. 
 

INTRODUCTION 
Pollution of the biosphere by heavy metals due to industrial activities has created a serious 
problem for rational utilization of soils (Srivastava, 2005; Ali, 2007). The pollution of the 
ecosystem by heavy metals is a real threat to the environment because metals cannot be 
naturally degraded like organic pollutants (Igwe et al., 2005). Microorganisms play an 
important role in the environmental fate of toxic metals and metalloids with a multiplicity of 
physicochemical and biological mechanisms effecting transformations between soluble and 
insoluble phases (Gadd, 2004).  
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Although some heavy metals are essential trace elements, even, at low concentrations of 
cadmium, mercury, lead etc. are detrimental to the organisms (Bhat, M. A. 2014). However, 
at high concentrations, most can be toxic to all branches of life, including, by forming 
complex compounds within the cell (Adarsh, 2007; Gadd, 2004).  
Bioremediation is the branch of biotechnology, which deals with the methods of solving 
environmental problems. Bioremediation can be defined as any process that uses 
microorganisms or their enzymes to return the environment altered by contaminants to its 
original condition (Vinay Kumar et al., 2013). Bioremediation is the general concept that 
uses primarily microorganisms or microbial processes to degrade and transform an 
environment, already altered by contaminants and pollutants to its original condition. 
Treatment of polluted environment with bioremediators is the most efficient and least 
costly method. The application of heavy metal solubilising microorganisms is very useful 
approach to decrease the toxic effect of heavy metal in soil. It is also proven fruitful via the 
addition of matched microbe strains to the medium to enhance the resident microbe 
population ability to break down contaminations. 
Heavy Metal Pollution 
Although no clear definition is there of heavy metal, it can be defined as the natural 
elements of the earth crust. Indiscriminate human activities have drastically altered their 
physico-chemical balance. A heavy metal is the metallic compound which is toxic and has 
high density (5 g/cm3) and atomic weight (Järup, 2003). These metals have been extensively 
studied and their effects on human health have been reviewed by many international health 
organizations such as WHO.  
Living organisms require minute amount of heavy metals, which are the nutritional trace 
elements of human body (Järup, 2003). Iron (Fe), cobalt (Co), copper (Cu), manganese (Mn), 
molybdenum (Md) and zinc (Zn), are essential trace elements, required by human. 
Poisonous or nonessential metals are lead (Pb), mercury (Hg), cadmium (Cd), aluminium 
(Al), arsenic (As), chromium (Cr) and nickel (Ni), which affects central nervous system, 
kidney or liver or skin, bones, or teeth. In addition, nutritional trace elements can be toxic at 
higher concentrations of their physiological range (Nina Mikirova, 2011). The European 
Union Council’s direction limits for concentrations of heavy metals in arable soils indicate 
limits as 140 mg/kg for Cu, 300 mg/kg for Zn (Council of the European Communities, 1986). 
Heavy metals interact with protein sites by displacing other metals from their natural 
binding sites. Although this is not a regular process but this action could be processed by 
metals for malfunctioning of cells and eventually toxicity (Flora, 2008). Oxidative stress is 
one the major mechanisms behind heavy metal toxicity. A growing amount of data have 
been provided as evidence that metals are capable of causing oxidative deterioration of 
biological macromolecules such as DNA and interacts with nuclear protein (Leonard, 2004). 
Cadmium is present in phosphate fertilizers as a pollutant. Metallic cadmium has mainly 
been used as an anticorrosion agent. Cadmium contamination of soils mainly occurs due to 
natural and anthropogenic sources including industrial emission and their application of 
fertilizer and sewage sludge to farm land. Cadmium uptake is increasing through crops and 
vegetables and inhalation of cadmium fumes or particles can be life threatening (Järup, 
2003). Lead poisoning occurs when lead builds up in the body, often over a period of 
months or year.  
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It can also be caused by breathing in dust that contains lead. It is not visible to the naked 
eye. Children under the age of six are at high risk of lead poisoning, which causes metal and 
physical problems. Even small amount of lead can cause serious health problems. The 
common sources of lead poisoning are lead-based paint and lead-contaminated dust in 
older building and other sources include contaminated air, water and soil. Lead exposure to 
blood is bound to erythrocytes, and it is slowly eliminated via urine (Järup, 2003). 
WHO has worked with other UN-system organizations to produce a state-of-the-art review 
on arsenic in drinking water.  Arsenic in drinking water is a hazard to human health. First 
arsenic is recognized in the year of 1990s in well-water in Bangladesh and it occurs less 
extensively in many other countries also. Arsenic contamination in ground water, which 
causes chronic arsenic toxicity (arsenicosis), is a major environmental health hazard 
throughout the world including India (Mazumder, 2008).  Arsenic-rich rocks through which 
the water has filtered, is the main source of arsenic in drinking water. Main source of 
arsenic exposure is natural source and industrial source or administrated i.e. accidental 
source (Saha, 1988). Most laboratory animals appear to be substantially less susceptible to 
arsenic than humans.  
What is Bioremediation? 
Bioremediation is the physicochemical process that takes place in order to bio-transform a 
polluted environment such as soil, already altered by contaminants, to its original condition. 
It uses naturally occurring microorganisms (fungi, bacteria, or yeast) to degrade hazardous 
and toxic substances into less toxic or non toxic substances. These organic substances are 
the nutritional source of microorganisms (Alkorta, C. G. 2003). Some examples of 
bioremediation technologies are phytoremediation, bioventing, bioleaching, landfarming, 
bioreactor, composting, bioaugmentation, biostimulation, and rhizofiltration. 
In chemical terms “organic” compounds are those that contain carbon and hydrogen atoms. 
They detoxify maximum amount of contaminants into harmless product, mainly, carbon 
dioxide and water. Bioremediation is the treatment of polluted environment that can be 
aerobic or anaerobic process. In aerobic conditions, microorganisms use available 
atmospheric oxygen and convert many toxic organic compounds into carbon dioxide and 
water. In anaerobic bioremediation technique, microorganisms break down hazardous 
chemical compounds in the soil to release the energy they need in the absence of oxygen 
(Ganguly and Biswas, 2013).  
The application of bioremediation falls into two broad categories: in situ and ex situ. In situ 
techniques release less contaminant than ex situ. They do not require excavation of the 
contaminated soil so may be less expensive. Ex situ techniques can be faster, easier to 
control, and used to treat a wider range of contaminants and soil types than in situ 
techniques. The conventional ex-situ method is the physicochemical technique that 
remediates, detoxifies or destructs the contaminated soils relies; as a result the pollutants 
undergo stabilisation, immobilisation and incineration or destruction (Rajendra Prasad 
Bharti, 2014). 
Bioremediation is cost effective technique, solar driven, faster than natural attenuation. 
People are giving attention to this process to generate less secondary wastes with fewer air 
and water emissions. Bioremediation has become an integrated ‘toolbox’ for environmental 
cleanup and ecosystem service provider (Ganguly et al., 2010). 
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Bioremediation of Toxic Heavy Metals 
Several studies have been reported that metals have harmful affection to the growth and 
biochemical activities of microorganisms, which results in decreased biomass and diversity 
(Gadd, 2004; Ahmad, 2005; José L. Morenoa, 2002). Microbial survival in polluted soils 
depends upon intrinsic biochemical and structural properties, physiological, and genetic 
adaptation including morphological changes of cells, as well as environmental modifications 
of metal speciation (Loïc Nazaries, 2013). Some microorganisms survive even at high level of 
heavy metals, and the microbial activity can therefore, help to remove and recover the toxic 
effect of heavy metals from contaminated soil (Sá-Pereiraa et al., 2009).  
Common physicochemical technologies for remediation of toxic metals are expensive and 
unsuitable in treating large contaminated area effectively P. Sa-Pereira et al has identified 
the gene clusters in rhizobial strains that are regaled by heavy metals, mainly chromium. T. 
Venkateshwarlu et al used Saccharomyces cerevisiae for the removal of heavy metals like 
Lead, Chromium and Cadmium from Fly ash. They reported that the tolerance level of 
Saccharomyces cerevisiae against the heavy metals was up to 2mg/ml for Pb2+, 0.15mg/ml 
for Cd2+ and 0.043 mg/ml for Cr. Umrania screened various 72 acidothemophilic autotrophic 
microbes, isolated and adopted for metal tolerance and biosorption potentiality. The 
scientist concluded that isolated bacterial flora possessed potential in respect of 
solubilisation of copper and bioremediation activity. The selected highly potential isolate 
(ATh-14) showed maximum adsorption of Ag 73%, followed by Pb 35%, Zn 34%, As 19%, Ni 
15% and Cr 9% in chalpopyrite. 
Anyanwu et al investigated aerobic heterotrophic soil bacteria community in different 
concentrations of different metals, namely, Mercury, Zinc and Nickel. The results showed 
that the bacterial growth exhibited responses which were dependent upon the type of 
metal and level of concentration. Studies showed that growth inhibition of bacteria 
occurred on the 28th day for 500 µg/g soil for both Mercury and Nickel. And Mercury 
showed positive response of growth inhibition of bacteria at the concentration of 300 µg/g 
soil on 28th day. However, for Zinc, there was no complete inhibition of growth throughout 
the experimental period at all metal concentrations. Evident showed that microbial 
population is reduced and microbial diversity is imbalanced as metal concentration 
increased.  
Rhizoshere has a significant role in phytoremediation of contaminated soil affected by heavy 
metals, in which, microbial populations have positive cleaning effect against toxic heavy 
metals and its availability to the plant through release of chelating agents, acidification, 
phosphate solubilisation and redox changes. Specific metallophytes are used for 
phytoremediation of toxic heavy metals. Green plants are the lungs of nature with unique 
ability for purifying impure air by photosynthesis and remove or detoxify heavy metals 
toxicity from soil and water ecosystem by absorption, accumulation and biotransformation 
process. Bharati et al. reviewed some recent advantages in effect and significance of 
rhizobacteria in phytoremediation of heavy metals toxicity in polluted soil.  
Pavel et al. had presented the toxic effect of two common heavy metals that could be found 
in soil (Chromium and Cadmium) on two microbial strains, which were isolated from soil: 
Azotobacter sp. and Pichia sp. Nwuche et al. had showed that metals equally inhibits the 
rate of respiration of the soil microbial populations.  
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The scientist had reported that from an average rate of 2.51-2.56 µg of C/g respiration of 
the soil microbes declined to 0.98, 1.08 and 1.61 µg of C/g in the Copper and Zinc, Copper 
and Zinc treated soils by the end of the experiment. The results suggested additive or 
synergistic effects of the metals. The most characteristics feature of microbial habitats 
varies with the changes of environmental parameters, like temperature, nutrient availability 
etc.  
In ecological terms, a number of varying microbial niches can be described as many basic 
requirements of heterogeneous microorganisms are satisfied by various soil microhabitats. 
Therefore, the microbial community is composed of diverse taxa with the variation of their 
nutritional requirement. The application of microbially mediated biochemical processes, 
such as oxidation/reduction or methylation reactions, are the another solution for soil 
bioremediation (Boroo, 2014). The unifying factor for determining toxicity and 
carcinogenicity of the metals (particularly, Arsenic, Lead, Mercury and Cadmium) is the 
generation of reaction oxygen and nitrogen species. Imbalance between pro-oxidant and 
antioxidant homeostasis which is termed as oxidative stress is the main reason for the toxic 
manifestations of these metals. Long term exposure to these heavy metals could lead to 
apoptosis. Signalling components such as growth factor receptors, G-proteins, MAP kinases 
and transcription factors are affected by metals (Flora, 2008).  
Despite many years of research we are still far away from effective treatment against 
toxicity caused due to exposure to heavy metals/metalloids. Although a number of 
technologies and measurements have developed for the treatment to remove the toxic 
level of contamination, there are many degenerated areas that still cannot be successfully 
treated now. For those cases currently available remediation procedures would be too 
much expensive. Studies show that supplementation of antioxidant along-with a chelating 
agent prove to be better treatment procedure than monotherapy with chelating agents. 
 

CONCLUSION 
Heavy metals show profound effect upon the general soil microbial community, depending 
upon their concentrations, oxidation states, and the pH of the environment and on the 
capacity of the organisms to tolerate as well as to adept at high concentrations of these 
heavy metals. The removal of a wide range of pollutants and wastes from the environment 
is a complex, time consuming and costly affair. Some microorganisms have the resistance 
against the heavy metal and even they can grow in the heavy metal rich environment. So 
identification of the microorganisms will help us to eliminate the excess, poisonous and 
toxic effect of heavy metals from the polluted environment (soil, water etc.). The 
technologies for the treatment of the polluted environment with these bioremediators is 
the most efficient and least costly. So the aim of my work is to determine the heavy metal-
solubilising microorganisms and describe their activity against the toxic pollutants.   
 

ACKNOWLEDGEMENTS  
The authors are thankful to the investigators who have performed research in the relevant 
field under discussion in this review. 
 

 

J. Biol. Chem. Research                                      327                      Vol. 32, (1): 323-330 (2015) 
 



Bioremediation…..…………….…..Heavy Metals                             Roy and Ganguly, 2015 

 

 

REFERENCES 
Adarsh, V. I.  2007 . Studies on Metal Microbe Interaction of Three Bacterial Isolates From 

East Calcutta Wetland. OnLine Journal of Biological Sciences, 80-88. 
Abdousalam, A. G.  2010 . Effect of heavy metals on soil microbial processes and population. 

Egypt. Acad. J. biolog. Sci., 9-14. 
Ali, R. A.  2007 . Effect of heavy metals on soil microbial community and Mung beans seed 

germination. Pak. J. Bot., 629-636. 
Alkorta, C. G.  2003 . Review Basic concepts on heavy metal soil bioremediation. The 

European Journal of Mineral Processing and Environmental Protection, 58-66. 
Ana Lucía Córdova-Kreylos  2006 . Diversity, Composition, and Geographical Distribution of 

Microbial Communities in California Salt Marsh Sediments. Appl. Environ. Microbiol., 
3357-3366. 

Anita Singh, R. M.  2010 . Risk assessment of heavy metal toxicity through contaminated 
vegetables from waste water irrigated area of Varanasi, India. Tropical Ecology 51 2S 
: Int. Soc. Tropical Ecol , 375-387. 

Anyanwu, C. N.  2011 . Soil Bacterial Response to Introduced Metal Stress . International 
Journal of Basic & Applied Sciences, 73-76. 

Bayoumi Hamuda  2008 . Correlation between the efficiencies of CO2 release, FDA, and 
dehydrogenase activity in the determination of the biological activity in soil 
amended with sewage sludge. Az MTA Szabolcs-Szatmár-Bereg Megyei Tudományos 
Testülete 12 éves Tudományos Ülés  Konferencia kiadvány . Nyíregyháza, Hungary. 1. 
Kötet , 11-16. 

Begonia, D. S.  2008 . Effects of Heavy Metal Contamination upon Soil Microbes: Lead-
inducedChanges in General and Denitrifying Microbial Communities as Evidenced by 
Molecular Markers. Int. J. Environ. Res. Public Health , 450-456. 

Bhat, M. A.  2014 . Soil microbiological indices of polluted soils of industrial belts of Jammu, 
India. Int.J.Curr.Microbiol.App.Sci , 559-576. 

Boroo, A. L.-B.  2014 . The Effect of Industrial Heavy Metal Pollution on Microbial Abundance 
and Diversity in Soils - A Review. Environmental Risk Assessment of Soil 
Contamination, 759-783. 

Ees Ahmad, A. Z.  2012 . Heavy Metal Toxicity to SymbioticNitrogen-Fixing Microorganism 
and Host Legumes. Springer-Verlag/Wien , 29-44. 

Erland Bååth, M. D.-R.  1998 . Effect of Metal-Rich Sludge Amendments on the Soil Microbial 
Community. Appl. Environ. Microbiol., 238-245. 

Gadd, G. M.  2004 . Microbial influence on metal mobility and application for 
bioremediation. Geoderma, 109-119. 

Ganguly, S., Paul, I. and Mukhopadhayay, S. K.  2010 . Bioremediation – a remedy to control 
environmental pollution. Indian Pet J. – Online Journal Of Canines, Felines & Exotic 
Pets, April’ 2010, 5: 23-25. 

Ganguly, S. and Biswas, T.  2013 . Chemical configuration of various pharmaceutical, 
chemical agents and heavy metals: A Review. Int. J. Pure Appl. Res. Engg. Technol. 2 
4: 51-53. 

Gupta, V. J.  2012 . Risk assessment of heavy metal toxicity through edible vegetables from 
industrial area of Chattidgarh. International Journal of Research in Environmental 
Science and Technology, 124-127. 

J. Biol. Chem. Research                                      328                      Vol. 32, (1): 323-330 (2015) 



Bioremediation…..…………….…..Heavy Metals                             Roy and Ganguly, 2015 

 

 

Igwe, J. I.  2005 . Kinetics of radionuclides and heavy metals behaviour in soils: Implications 
for plant growth. African Journal of Biotechnology , 1541-1547. 

Iqbal Ahmad  2005 . Effect of heavy metal on survival of certain groups of indigenous soil 
microbial population. J. Appl. Sci. Environ. Mgt. , 115-121. 

Saha, J.C.  1988 . A Review of Arsenic poisoning and its effect on human health. heart 
disease. Int. J. Epidemiol , 589-594. 

Järup, L.  2003 . Hazards of heavy metal contamination. British Medical Bulletin , 167-182. 
José L. Morenoa, T. H.  2002 . Toxicity of cadmium to soil microbial activity: effect of sewage 

sludge addition to soil on the ecological dose. Applied Soil Ecology , 149-158. 
Leonard SS, H. G.  2004 . Metal-induced oxidative stress and signal transduction. Free Rad 

Biol Med , 1921-42. 
Lionel Ranjard, E. B.  2000 . Sequencing Bands of Ribosomal Intergenic Spacer Analysis 

Fingerprints for Characterization and MicroscDistribution of Soil Bacterium 
Populations Responding to Mercury Spikingale . Appl. Environ. Microbiol., 5334-
5339. 

Loïc Nazaries, Y. P.  2013 . Evidence of Microbial Regulation of Biogeochemical Cycles from a 
Study on Methane Flux and Land Use Change. Appl. Environ. Microbiol., 4031-4040. 

Mazumder, D. G.  2008 . Chronic arsenic toxicity & human health. Indian J. Med. Res., 436-
447. 

Nannipieri, P. G.  1990 . Ecological significance of the biological activity in soil. Soil Biochem., 
293-355. 

Nina Mikirova, J. C.  2011 . EDTA chelation therapy in the treatment of toxic metals 
exposure. Spatula DD , 81-89. 

Nwuche, C. O., and Ugoji, E. O.  2008 . Effects of heavy metal pollution on the soil microbial 
activity. Int. J. Environ. Sci. Tech., 409-414. 

Pampulha, A. O. Effects of Long-Term Heavy Metal Contamination on Soil Microbial 
Characteristics. Journal of Bioscience and Bioengineering., 157-161. 

Pieter Monsieurs  2014 . Genome Sequences of Cupriavidus metallidurans Strains NA1, NA4, 
and NE12, Isolated from Space Equipment. Genome Announc., 1-2. 

Qaiser Jamal,  2013 . *Correspondence to: Muhammad Anees, Department of Microbiology, 
Kohat University of Science and Technology, Pakistan. Journal of Bio-Molecular 
Sciences, 27-36. 

R. M. C. P. Rajapaksha  2004 . Metal Toxicity Affects Fungal and Bacterial Activities in Soil 
Differently. Appl. Environ. Microbiol., 2966-2973. 

R.K. Sharma,  2008 . Heavy metals  Cu, Cd, Zn and Pb  contamination of vegetables in Urban 
India: a case Study in Varanasi. Environ. Poll., 254–263. 

R.M. Maier  241—248 . Remediation of metal contaminated soil and sludge using 
biosurfectant technology. International Journal of Occupational Medicine and 
Environmental Health , 2001. 

Rajendra Prasad Bharti  2014 . Phytoremediation of Heavy Metal Toxicity and Role of soil in 
Rhizobacteria. International Journal of Scientific and Research Publications, 1-5. 

S.J.S. Flora,  2008 . Heavy metal induced oxidative stress and its possible reversal by 
chelation therapy . Indian J Med Res., 501-523. 

 

J. Biol. Chem. Research                                      329                      Vol. 32, (1): 323-330 (2015) 



Bioremediation…..…………….…..Heavy Metals                             Roy and Ganguly, 2015 

 

 

Sá-Pereiraa, P., Rodriguesab, M., Simõesa, F. and Dominguesb, L.  2009 . Bacterial Activity in 
Heavy Metals Polluted Soils: Metal Efflux Systems in Native Rhizobial Strains. 
Geomicrobiology Journal , 281-288. 

Singh, B. R.  2013 . Heavy Metal Concentrations in Pharmaceutical Effluents of Industrial 
Area of Dehradun  Uttarakhand , India. Environmental & Analytical Toxicology , 1-4. 

Srivastava, R. D.  2005 . Municipal Sludge-induced Phytotoxicity. ATLA , 501-508. 
Umrania, V. V.  2006 . Bioremediation of toxic heavy metals using acidothermophilic 

autotrophes. Bioresource Technology, 1237-1242. 
Vasile Lucian, M. D.  2012 . Evaluation of heavy metal toxicity on two microbial strains 

isolated from soil: Azotobacter sp. and Pichia sp. Environmental Engineering and 
Management Journal , 165-168. 

Vinay Kumar, D. A.  2013 . Heavy metal resistance and bioremediaton activity of 
microorgansms from polluted water and soil environment. International Journal of 
Science Innovations and Discoveries, 49-57. 

Walker, P.  2007 . Impact of Zinc and Cadmium on the Microbial Community in Soils. ETH 
Zürich, 1-21. 

 

Corresponding Author: Dr. Subha Ganguly, M.V.Sc., Ph.D., D. Sc. (Hon. Causa) , FSASc, 
Scientist  Food Microbiology  & Scientist In-charge, Sub-Projects, AICRP on Post Harvest 
Technology  ICAR , Kolkata Centre, WBUAFS, West Bengal, India. 
Email: ganguly38@gmail.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

J. Biol. Chem. Research                                      330                      Vol. 32, (1): 323-330 (2015) 

mailto:ganguly38@gmail.com

