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Abstract— Pollution such as water and soil are of big concern 

to societies and governments worldwide. Not only they are toxic to 

the environment, they can make their way into humans through 

food and water and can cause multiple ailments in humans.  

Although many methods exist to clean up such forms of pollutants, 

many of them are not sustainable and some are even harmful in the 

long run. Bioremediation is a good solution that can not only clean 

up the wastes quickly and are sustainable. Bioremediation refers to 

the practice of using micro-organisms to clean up toxic waste. In 

this paper, we will be reviewing the various paradigms of 

bioremediation and provide suggestions to improve the process in 

the future   

Keywords— bioremediation, nanometals, pollution/pollutants, 

detoxification 

 INTRODUCTION 

Bioremediation, simply defined as the process or the 

practice where dangerous pollutants and toxic wastes are 

removed with the introduction of micro-organisms and other 

organisms which can convert the dangerous and hazardous 

wastes to non hazardous residue. The removal of organic 

wastes by microbes for environmental clean-up is the essence 

of bioremediation. The other names used for bioremediation 

are bio-treatments, bio-reclamation and bio-restoration. The 

types of pollutants that can harm not only the environment but 

also have drastic effects on the ecosystem by the process of 

biomagnification includes unnatural, foreign and synthetics 

chemicals such as pesticides, herbicides and other organic 

compounds. Biomagnification refers to the process of 

accumulation of highly dangerous and toxic substances in the 

food chain.  

Nanotechnology has been recently established as a new 

interdisciplinary science. It is mainly concerned with the 

synthesis of nanoparticles at the microscopic level to obtain 

distinctive properties which can be rightfully manipulated for 

the preferred application. The term nano‟ is a unit 

prefix meaning "one billionth" or 10-9 units. It is widely 

agreed that nanoparticles (NP) are clusters of atoms in the size 

range of 1–100 nm with a surrounding interfacial layer. It is 

understood that the properties of a metal NP are determined by 

its size, shape, composition and structure 

Nanomaterials/ nanoparticles have great importance as the 

physio-chemical properties of the metal is changed as it 

reaches the nano size, their properties are different as 

compared to the bulk metal. Absorption of solar radiation is 

much higher in materials composed of nanoparticles than it is 

in thin films of continuous sheets of material. 

In this 21st century most of the human pathogenic bacteria and 

fungi actively change in their molecular level and are highly 

resistant to commonly used Anti-Biotics. 

Researchers focus in preparation of new antimicrobial agents 

in different ways. 

In Recent Studies, Nano Science & Nano technology have 

helped us in the application of extremely small things up to a 

Nano scale across all fields of Sciences such as Physics, 

Chemistry, Biology, Materials Science and Engineering 

In addition, Nano scale gives scientists models and templates 

to imagine & construct new products that can enhance the 

work in Bio manipulation. 

Efficient remediation of radioactive contaminants has been 

receiving considerable attention due to increasing concerns 

about the environment & public health several accidents at 

nuclear power plants such as those that occurred at 3 mile 

island (1997) at  Dauphin County, Pennsylvania, Chernobyl 

disaster (1986) and at Fukushima (2017) resulted in extensive 

contamination of atmosphere, ground water, sea water and 

land. 

The microorganism employed in this method can access 

contaminated area without excavation and this advantage also 

offers effective management of polluted environment. 

Chemical and physical methods can be useful by they are not 

cost efficient. Due to this researchers have tried synthesis of 

metals by usage of biological organisms and other organic 

methods which are more cost efficient and eco-friendly. 

Biosynthetic methods can employ either microorganism cells 

such as algae, bacteria, actinomycetes and fungi or plant 

extracts for nanoparticles production 

International Journal of Scientific Research and Review

Volume 7, Issue 3, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/33



The Ability of Nano technology create pollution production is 

in progress could potentially the most revolutionary changes 

in the environment field. 

There are three types of bioremediation 

 Bio-stimulation 

 Bio-augmentation 

 Intrinsic bioremediation 

Biostimulation:  

   Method in which the environment is modified by adding 

various nutrients in order to stimulates the bacteria which are 

capable of bioremediation. 

Bioaugmentation: 

 Method of adding cultivated micro-organisms to sub-soil for 

biodegrading contaminants which are present in specific soil 

and ground water. 

Intrinsic Bioremediation: 

 Method in which the natural micro-organisms are stimulated 

to biodegrade the contaminants without using any engineering 

practices 

METHOD 

 Redox clean-up reaction  

 Use bacteria in bioremediation 

 Pseudomonas 

 Use of fungi in bioremediation 

 Environmental clean-up process 

 Bioremediation of hydrocarbons 

 Bioremediation of Industrial waste 

 

REDOX CLEAN-UP REACTION 

   

 Anaerobic or Aerobic reactions involving both oxidation as 

well reduction or Redox reaction for detoxification. Water can 

be produced by reducing oxygen and organic compounds can 

be oxidized. Anaerobic reaction can use nitrates to do redox 

reactions. 

Due to this, biomass can be obtained for bacterial and fungal 

growth. Naturally obtained bacteria and fungus at 

contaminated area is very useful for biodegradation process. 

Advantage: - 

 It’s a natural process for bioremediation. 

 Microbes are obtained naturally. 

 It’s a very eco-friendly process. 

Disadvantage: - 

 Toxic gases can be emitted during the reaction. 

 Slower process. 

 

USE OF BACTERIA IN BIOREMEDIATION 

 

 Bacteria are very useful in biodegradation. Contaminants 

when are dumped in the environment, the naturally present 

bacteria break down the composition in order to mix it with 

the soil. Sometimes these bacteria may get affected by 

climatic and temperature conditions. In order to withstand 

these changes fertilizers are provided which contain mono-

oxygenises and dehydrogenase to continue the degradation 

process so that contaminants are removed. 

Advantages: - 

 Bacteria are found abundantly in nature. 

 Continuous process. 

 Disadvantages: - 

 These bacteria require optimum conditions. 

 Fertilizers are provided which contain mono-

oxygenises and dehydrogenase to increase their 

immune system. 

 

PSEUDONOMAS 

 

 Synthetically made bacteria which consists of enzymes that 

are used for degradation process. There are some more such 

bacteria that made from crude oil and other chemicals. This 

method is very useful since these bacteria can be much 

stronger natural ones and these can also survive in any 

conditions. Due this ability makes them useful. 

Advantages: - 

 These bacteria can withstand any conditions such 

chemical, change in climatic conditions, etc. 

 They have high potential for hydrocarbon degradation due 

to their metabolic diversity. 

Disadvantage: - 

 Genetically engineering pseudomonas is quite 

difficult. 

 Certain species of pseudomonas bacteria are active 

pathogens 

 

  

USE OF FUNGI IN BIOREMEDIATION 

 

 Fungi are similar to bacteria but they are used in small level 

of contamination. These can be used for household purposes. 

Candida fungi can degrade formaldehyde and Gibeberella 

fungi can degrade cyanide present in the wastes. White Rot 

Fungi are naturally present fungi which can degrade the 

pollutants present in the soil. This fungus can also degrade 

pentachlorophenol, DDT and TNT. 

Advantages: - 

 Some species of fungi can live in places of extremely 

high radioactivity and therefore they can be 

theoretically used to clean up nuclear wastes. 
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 A variety of fungi(Aspergillus) are found to be 

effective in removing toxic heavy metals such as 

cadmium and arsenic. 

 By-products of this kind of bioremediation can be 

used for economic and nutritional factors like 

cultivation of edible mushrooms in places of high 

agricultural and industrial waste.  

 

ENIVRONMENTAL CLEAN-UP PROCESS 

 

Basic removal of waste from the soil and water and 

transporting them for treatment process. There are two 

methods: - 

 In-situ 

 Ex-situ 

 

IN-SITU BIOREMEDIATION 

 Directly involving microbes for biodegradation of pollutants. 

This method has been successfully used in cleaning beaches, 

oil-spillages, etc. 

 There are two types of Ex-Situ bioremediation: 

 Intrinsic Bioremediation 

 Engineered bioremediation 

Advantage: - 

 Non-Invasive 

 Cost efficient 

 Natural attenuation process 

 Treats both soil and water. 

Disadvantage: - 

 Environmental constraints 

 Extended treatment time  

 

EX-SITU BIOREMEDIATION 

 Collecting the wastes and toxic pollutants from the 

contaminated areas and then biodegrading by using microbes 

at a particular area. This practice is mainly followed by 

industries and factories. 

Advantage: - 

 Cost efficient 

 Can be done on site 

Disadvantage: - 

 Need to control abiotic loss 

 Mass transfer problem 

  

BIOREMEDIATION OF HYDROCARBONS 

Petroleum products are hydrocarbons. Oils consists of various 

hydrocarbon compounds which are harmful of the 

environment. These pollutants are degraded using micro-

organisms. The micro-organisms capable of degrading these 

contaminants are Pseudomonas, Arthobactor, etc. These 

micro-organisms are engineers since the natural microbes 

can’t be able to breakdown the components of the 

hydrocarbons. 

 

BIOREMEDIATION OF INDUSTRIAL WASTE 

 A variety of waste is released from the industries which can 

be toxic and radioactive. These pollutants can be degraded and 

certain essential metals like silver, gold, etc. can be extracted 

from them. This method of bioremediation can be useful for 

cleaning the environment and also profitable by extracting 

such costly metals. 

The synthesis process of these metals is given below: 

 Bio Remediation of Silver from Waste Using 

Actinomycetes 

 Synthesis of silver using plants 

 Microbial Production of silver nanoparticles 

CONCLUSION 

Bioremediation is removal of organic wastes by microbes for 

environmental clean-up. This process helps in biodegrading 

the contaminants in a much most cost efficient and eco-

friendly manner. We can also obtain essential metals like 

silver, gold, etc. through this process. So, one can earn as well 

as save the environment. But measures are needed to be taken 

to avoid the emission of toxic gases as by-products since they 

can pollute the atmosphere thereby causing unnecessary 

trouble to the living organisms. So if we take measures, the 

bioremediation process can be a useful method to save the 

environment and the living organisms from destruction. 

Advantages 

 Bioremediation is a natural method and 

therefore it is most commonly used by the 

public. 

 It is useful in proper cleaning of 

contaminants. 

 There is no transfer of pollutants but total 

destruction of contaminants. 

 This process can be carried out in a non-

destructive way. 

 It’s a much cost-efficient way of cleaning 

the environment. 

Disadvantages 

 It’s a limited to those compounds that are 

biodegradable. 

 The by-products of the reaction can be toxic 

when compared to the parent compound. 

 They are much more specific since the 

microbes require right conditions for 

degrading the contaminants. 
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 This process takes a longer period 
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