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Abstract 

To meet the increasing food demands, the agricultural sector is bound to employ enormous quantities of fertilizers 

that have thus far demonstrated undesirable environmental impacts. The use of fertilizers, including chemical 

fertilizers and manures, to enhance soil fertility and crop productivity has often negatively affected the complex 

system of the biogeochemical cycles. Application of chemical fertilizers in imbalanced ratio consumes the 

indispensable part of the nutrients in soil reducing the amount of minerals and vitamins in the food items.Some 

technologies have   also   been   used   such   as   high-temperature   incineration   and   chemical   use   for 

decomposition (e.g., base-catalyzed dechlorination and UV oxidation).  These  techniques can  be  effective  in  

reducing  level  of  wide  range  of contaminants  (namely  chlorinated solvents, petroleum,  polynuclear  aromatic  

hydrocarbons,  ketones,  PAHs,  TNT,  of   public acceptance RDX,  HMX, BTEX,  inorganic  nitrogen  (NO3, 

NH4), explosives,  pesticides,  herbicides  and  heavy  metals) however,   this   shows   several   demerits   such   

as   technical These processes generate large volume of hazardous sludge and do not lead to ultimate destruction 

of the pollutants. To  overcome  these  drawbacks,  a  much  better  perspective  is  to  completely  destroy  the 

pollutants, or to transform them into some biodegradable substances. This approach can be achieved by using a 

technique known as bioremediation.  The process of bioremediation   depends   on   the   metabolic   potential   of   

microorganisms   to   detoxify   or transform  the  pollutant,  which  is  further  dependent on  accessibility  and  

bioavailability  The  process  of  remediation  can  be  enhanced  by  the  addition  of  various  microorganisms 

(called  seeding  or  inoculation)  to  a  polluted  environment  to  promote  increased  rate  of  biodegradation. 

Currently, a wide range of  microorganisms  (bacteria,  archaebactreia,  yeasts,  fungi  and  algae)  and  plants  are  

being studied  for  use  in  bioremediation  processes. 

 

1. INTRODUCTION 

There has been rapid climb within the earth's population that has now reached approximately 7.0 billion (Gerbens-

Leenes et al. 2002) and is anticipated to approach 9.5 billion by 2050. Global food requirements have also rebelled 

and therefore the awaited per capita food requirement is probably going to double by 2050 (Brown et al. 2009). 

Meanwhile, arable lands decline due to industrialization, urbanization, desertification and land degradation from 

heavy flooding (Jieet al. 2002). These menacing factors intimidate global food security and demand a sturdy 

response. Multifaceted steps have already been taken worldwide to meet the provocation of food security with 

tempering to improve agricultural systems. To encounter the increasing food demands, the agricultural sector is 

bound to use exceedingly large quantities of fertilizers that have thus far exhibited unpleasant environmental 
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impacts. Hence, it is of chief significance to develop systems that boost production and reduce environmental 

issues (Chienet al. 2009). Controlled release fertilizers may be one such solution as they are believed to intensify 

crop yield while reducing the environmental pollution caused by the hazardous emissions (NH3, N2O etc.) from 

current fertilizer applications (Shaviv et al. 2005).The use of fertilizers, including chemical fertilizers and manures, 

to magnify soil fertility and crop productivity has often pessimisticallyaffected the complex system of the 

biogeochemical cycles (Perrott et al. 1992; Steinshamn et al. 2004). The excessive use fertilizer has caused 

leaching and run-off of nutrients, especially nitrogen (N) and phosphorus (P), leading to environmental degradation 

(Tilman 1998; Gyaneshwar et al. 2002). Important reasons for these problems are low use efficiency of fertilizers 

and the continuous long-term use. Despite the negative environmental effects, the total amount of fertilizers used 

worldwide is predicted to increase with the growing world population due to the need to produce more food through 

intensive agriculture that requires large quantities of fertilizer (Vitousek et al. 1997; Frink et al. 1999). In the last 

five decades, the rate of nitrogen, phosphorus, and potassium (NPK) fertilizer application has increased 

tremendously. The International Fertilizer Industry Association reported that the three countries with the highest 

fertilizer use in 2006 were China, India, and USA, consuming 50.15, 21.65, and 20.83 million tons of NPK 

fertilizer, respectively, compared with consumption in 1961 of 1.01, 0.42, and 7.88 million tons, respectively 

(http://www.fertilizer.org/ifa). The provocation therefore is to continue agricultural productivity in a way that 

curtails the detrimental environmental effects of fertilizers. There are some in progress attempt along this line from 

different collaborator—government, scientific community, farmers, civil society, and industry. Legislation aimed 

at protecting the environment from nutrient run-off has been ratified by some governments, and policies based on 

this prescription are being applied. For example, in conformity with the Federal Clean Water Act of 1972, some 

US states now called for that agricultural site assessment indexes must include P source coefficients (Sharpley et 

al. 2003; Maynard and Hochmuth 2007) so that fertilizers, manures, and biosolids applied to agricultural soils can 

be appraised in accordance with their potential to escalate nutrient flee. 

Soil contains an outsized number of microbial species also as other organisms that together form a highly complex 

ecosystem. Microorganisms are essential for nutrient recycling, healthy plant development, and decomposition of 

organic matter (Ahmad et al 2007). However, environmental conditions and cultivation practices are likely to 

influence the microbiome, leading to alterations in soil characteristics or ecosystem (Wang et al. 2011). 

Application of chemical fertilizers is one among the foremost adopted regimes in developing intensive agriculture 

nowdays (Adesemoye et al 2009; da Costa et al. 2013). However, the continual long-term use of chemical fertilizer 

has led to several unexpected effects. For instance, the productivity-cost doesn't scale linearly and leads to an 

enormous waste of natural resource. Additionally, many plenty of synthetic nutrients that are loaded to soil yearly 
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aren't absorbed by plants. About up to 50% of N and 90% of P are reported to escape from crop fields and escape 

into the atmosphere or water sources, thereby causing the generation of greenhouse emission , eutrophication in 

aquatic system and salinization in soil (da Costa et al. 2013; Simpson et al. 2011). Besides, the excessive 

application of chemical fertilizer results in food safety and quality decline problems, like nitrate accumulation in 

vegetal products. Indeed, several studies have demonstrated that organic farming, which strictly prohibits synthetic 

fertilizers, provides an alternate that has the potential to attenuate the negative influence from by using chemical 

fertilization, and therefore the products from the organic farming systems are generally endowed with improved 

nutritional properties (Caris-Veyrat et al. 2004; (Luthria et al. 2010; Vallverdú-Queralt et al. 2012; Oliveira et al. 

2013). for instance , the work of Caris-Veyrat et al.4 reported that organic tomatoes had higher contents of 

carotenoids, polyphenols and vitamin C than those from the traditional farming agriculture. However, organic 

farming is usually related to lower yield of crops and thus a better cost. Therefore, the utilization of chemical 

fertilizers isn't ready to be eliminated once a substantial food production is predicted (Adesemoye et al. 2009; 

Ruano-Rosa et al. 2015). Another current proposition for solving the agro-environmental problem is that the 

integrated nutrient management that doesn't aim to thoroughly remove synthetic fertilizers within the near future 

instead suggests using microbial inoculations to scale back the quantity of fertilizers applied (Adesemoye et al. 

2009). Research suggests that the huge use of inorganic fertilizers world-wide is related to the buildup of 

contaminants, e.g. arsenic (As), cadmium (Cd), fluorine (F), lead (Pb) and mercury (Hg) in agricultural soils 

(Udeigwe et al. 2015). Within the USA, consistent with a survey of 51 major river basins and aquifer systems by 

the US Geological Survey, pesticides were detected 97% of the time in samples from stream water in agricultural 

areas (Gilliom et al. 2007). In Japan, pesticides were frequently detected within the air of residential environments 

and childcare facilities following the appliance of pesticides—this is according to the findings that outside pesticide 

applications are major contributors to indoor pollution in agricultural communities (Kawahara et al. 2005). 

In most developing countries, the pollution caused by agricultural chemicals is even more serious (Tunstall-Pedoe 

et al. 2004, Tirado etal. 2008). The usage volume of fertilizers and pesticides in China has been the recorded 

because the highest within the world. Specifically, its chemical fertilizer usage volume has reached quite 59 million 

tons and pesticide quite 1.8 million tons (National Bureau of Statistics of P. R. China 2014). Alarmingly, the entire 

utilization rate of fertilizers and pesticides is merely ~35% (Ministry of Agriculture of P. R. China 2016), and thus, 

any fertilizer and pesticide losses are likely to contaminate soil, surface water and groundwater. In China, estimates 

indicate that contaminated arable acreage is ~150 million acres, accounting for 8.3% of the entire arable land 

within the nation (He CC. Food security-Century Challenge and Response 2013). Additionally, nearly half the 

groundwater resources are inordinately polluted by agricultural chemicals, which seriously threaten the security 
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of beverage in China, especially in rural areas. (Rother, 2008) reports that consequences of an increased use of 

agricultural chemicals transcend the environment. Farmers in developing countries are experiencing, either short-

term or long-term, health effects from exposures to agricultural chemicals, including severe symptoms (e.g. 

headaches, skin rashes, eye irritations) and a few chronic effects (e.g. cancer, endocrine disruption, birth defects). 

 

                       Fig: How do fertilizers affect the environment. 

Policy makers recognize that the excessive and unsystematic application of agrichemical inputs, pesticides and 

fertilizers in particular, is an obstacle to the development of sustainable agriculture, and poses a threat to the 

environment and humans alike. Several countries have enacted policies to regulate the usage volume and types of 

agricultural chemicals (Carey et al. 1985, Gong et al. 2011). For instance, in the USA, the 1972 Federal 

Environmental Pesticide Control Act (FEPCA) and subsequent amendments acknowledge the negative effects of 

pesticide applications on both the environment and human health, regulate the use of pesticides and enforce 

compliance against banned pesticide products. The 2003, European Union Regulation EC No. 2003/2003 

establishes that electrical conductivity fertilizers should meet a specific criteria in terms of nutrient content, safety 

and absence of adverse effects to the environment (Ciavatta et al. 2012). In 2015, the Chinese Ministry of 

Agriculture introduced the ‘Action to Achieve Zero Growth in the Application of fertilizer’ and ‘Action Plan for 

Zero Growth in the Application of Pesticide’, which both set specific goals, strategies, plans and relevant safeguard 

measures for controlling the usage of agricultural chemicals by year 2020 (Ministry of Agriculture of P. R. China 
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2015). In India, deposits of sufficiently enriched phosphatic rocks are limited and hence it imports 2 million tons 

of rock phosphate annually. About 98% of cropland in India is deficient in available forms of soil phosphorus and 

only 1-9% has high phosphorus status. Intensive cropping pattern during this green and white revolution has also 

resulted in widespread deficiency of phosphorus. Although various amendments are available for management of 

P in several soil, all are costlier and practically difficult. Thus, albeit the entire soil P is high and also if P fertilizers 

are applied regularly, pH dependent chemical fixation determines the number of obtainable P. The holistic P 

management involves a series of strategies involving manipulation of soil and rhizosphere processes, development 

of P efficient crops and improving P recycling efficiency. Microbial mediated P management is an ecofriedly and 

price effective approach for sustainable development of agricultural crop. 

Microorganisms are an integral component of the soil P cycle and are important for the transfer of P between 

different pools of soil P. Phosphate Solubilzing Microorganisms (PSM) through various mechanisms of 

solubilization and mineralisation are ready to convert inorganic and organic soil P respectively (Khan et al. 2009a) 

into the bioavailable form facilitating uptake by plant roots. It is important to determine the actual mechanism of 

P solubilisation by PSM for optimal utilization of these microorganisms in varied field conditions. Hence it's 

imperative to raised understand the plant-soil-microbial P cycle with the aim of reducing reliance on chemical P 

fertilizers. This has led to increased interest in the harnessing of microorganisms to support P cycling in agro 

ecosystems. 

Sustainable development of a society in general and its economy in particular is contingent upon judicious use of 

its natural resources (Flint 2013; Muthoo 1990). One of the greatest challenges in contemporary development 

initiatives is to maintain ecological balance for the present as well as the future generation (Ospina 2000; United 

Nations Sustainable Development 2012). This is so because the decisions on development strategies often favour 

achieving economic goals with less importance to the environment (Brundtland 1987; Strange and Bayley 2008). 

Causing anthropogenic and ecological damage, including injudicious use of natural resources, and lack of their 

proper management are evident during the course of development in many of the countries. More specifically, 

over exploitation of natural resources is a common practice in contemporary development initiatives (Diamond 

1999). Hence, the approaches to development need to be interdisciplinary and holistic (Donaldson et al. 2005), 

particularly considering that environmental aspects cannot be seen in isolation of the socio-economic conditions 

(O’Brien et al. 2009). 

The problem is more critical in India as the country supports approximately 16 percent of world’s total human 

population with nearly 2.5 percent of the total geographical area (UNEP 2001) causing considerable pressure on 
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natural resources. Steady population growth coupled with widespread incidence of poverty and inappropriate 

policies and management of natural resources is expected to result in excessive pressure on the country’s stock of 

natural resources. Such pressure is estimated to be the maximum in the world by 2020 (World Bank 2008). 

Increasing emphasis on input intensive agricultural practices with high yielding variety seeds appear to be a critical 

problem in this regard as these seeds require large-scale use of chemical fertilizers and water. Constraints to 

bringing in more area under cultivation and deficiency of various macro and micro nutrients in soils have forced 

Indian farmers to use more chemical fertilizers to increase yield (Planning Commission of India 2011). This a 

matter of serious concern as sustained growth agricultural production and yield requires use of essential plant 

nutrients in right quantity, in appropriate proportion and at right time following the right methods (Jaga and Patel 

2012). 

Although the ‘Green Revolution’ technologies had considerable positive impact initially, excessive use of 

chemical fertilizer in the states like Punjab and Haryana has caused destruction of useful microorganisms, insects 

and worms in soil. This has not only disturbed soil texture and its physicochemical properties, but also caused 

serious damage to the sector in respect of both quantity and quality of production. For example, growth of 

agriculture sector in Punjab has stagnated since the 1990s (Kumar and Singh 2010) largely due to improper 

combination of various inputs like chemical fertilizers. There was huge demand for foods in one hand and the 

farmers’ aspiration for high profit on the other. As a result, the farmers used unlimited ground water as well as 

excessive chemical fertilizers and pesticides to increase production and yield. Positive effects of chemical 

fertilizers on production and yield motivated the farmers further towards greater use of these inputs. The 

consequence of such excessive use of chemicals beyond the limit of consumption of the plants has been absorption 

of the same by the soil causing secondary effects to the soil itself and the plants. As it is recognized within the 

literature, the harmful effects of excessive application of chemical fertilizers are likely to be the following: 

 

1. Waterways and nearby water bodies are often adversely suffering from use of excessive chemical fertilizers 

from chemical escape through rain water. As a result, the quantity of oxygen is reduced within the water resulting 

in hypertrophication to the aquatic system. The living organisms existing within the water spend the oxygen. Such 

depletion of oxygen can cause death of majority of aquatic organisms including fish (Harrison et al. 2002). 

2. CO2 and laughing gas, greenhouse gases, are often released within the atmosphere by over and repetitive 

application of nitrogenous fertilizer beyond the crop’s assimilation capacity contributing to heating and erratic 

climate (Doll and Baranski 2011). 
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3. Acidification of soil can happen thanks to decrease of organic matter within the soil by excessive use of chemical 

fertilizers causing threats to survival of plants (Velthof et al. 2011). 

4. Application of chemical fertilizers in imbalanced ratio consumes the indispensable a part of the nutrients in soil 

reducing the quantity of minerals and vitamins within the food items (Das et al. 2009). 

During the last 50 years, there has been two remarkable landmarks concerning paradigm shift in agriculture sector 

— (1) successful implementation of the land reforms programmes, and (2) a really high rate of growth of the 

population. Potentials of land reforms towards promoting growth of the agriculture sector and simultaneous 

reduction of poverty has been observed in many developing countries. Since large farms are less productive and 

productivity is low in tenant farms (Bardhan and Mookherjee 2007), it had been expected that redistribution of 

land would increase production within the sector. 

1.2 TECHNIQUES USED FOR THE REMOVAL OF CHEMICAL FERTILIZERS FROM 

ENVIRONMENT 

There are various methods by which contaminated sites can be clean up and one such method is conventional 

technique. This system removes the contaminated soil to a landfill or covers the contaminated sites. However, this 

may create significant risks in the excavation, handling, and transport of hazardous material. In addition, it is 

expensive and very difficult method to find new landfill sites for the final disposal of material. Another 

technologies have also been used such as high-temperature incineration and chemical use for decomposition (e.g., 

base-catalyzed dechlorination and UV oxidation). These techniques can be effective in reducing level of wide 

range of contaminants (namely chlorinated solvents, petroleum, polynuclear aromatic hydrocarbons, ketones, 

PAHs, TNT, of public acceptance RDX, HMX, BTEX, inorganic nitrogen (NO3, NH4), explosives, pesticides, 

herbicides and heavy metals) however, this shows several demerits such as technical complexity, lack, increased 

contaminants exposure to site workers and nearby residents (Vidali et al. 2001). Various other physico-chemical 

treatments such as coagulation with alum or lime followed by adsorption on powdered activated carbon (PAC) is 

reported to yield high removal efficiency for phenolics and COD. These processes generate large volume of 

hazardous sludge and don't cause ultimate destruction of the pollutants (Mehta et al. 2009). To beat these 

drawbacks, a much better perspective is to completely destroy the pollutants, or to rework them into some 

biodegradable substances. This approach are often achieved by employing a technique referred to as 

bioremediation. This acts as an option to clean environment and its resources by destroying various contaminants 

using natural biological activity. It’s considered as safer, cleaner, cost effective and environment friendly 
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technology which generally have a high public acceptance and can often be carried out at any site. (According to 

van Dillewijn et al. 2007) 

1.2.1. MICROORGANISM  

“Bioremediation” is defined because the process by means of varied biological agents, primarily 

microorganisms to degrade the environmental contaminants into less toxic forms. The first patent for a 

biological remediation agent was registered in 1974, using a strain of Pseudomonas putida (Prescott et al. 2002) 

to degrade petroleum. In 1991, about 70 microbial genera were reported to degrade petroleum compounds (US 

Congress Office of technology assessment; 1991) and almost an equal number has been added to the list within 

the successive 20 years (Kumar et al. 2011). U.S. EPA has defined bioremediation agents as microbiological 

cultures, enzyme and nutrient additives that significantly increase the speed of biodegradation to mitigate the 

effect of varied pollutants. the most advantages of bioremediation over conventional treatment includes: low 

cost, high efficiency, minimization of chemical and biological sludge, selectivity to specific metals, no 

additional nutrient requirement, regeneration of biosorbent and the possibility of metal recovery (Kratochvil et 

al 1998). Bioremediation can occur on its own in nature (natural attenuation or intrinsic bioremediation) or can 

be spurred via addition of fertilizers for the enhancement of bioavailability within the medium (biostimulation). 

Bioventing, bioleaching, bioreactor, bioaugmentation, composting, biostimulation, land farming, 

phytoremediation and rhizofiltration are all samples of bioremediation technologies (Li et al. 2011). On the 

idea of removal and transportation of wastes, bioremediation technology can be classified as in situ and ex situ. 

In situ bioremediation involves treatment of contaminated material at an equivalent site, while ex situ involves 

complete removal of contaminated material form one site and its transfer to another site, where it has been 

treated using biological agents. When both the methods have been compared, it was found that the rate of 

biodegradation and consistency of process outcome differs between in situ and ex situ methods. With the 

necessity for excavation of contaminated samples for treatment, the value of ex situ bioremediation is 

comparatively high as compared to in place. In situ and ex situ, both the bioremediation methods depends 

essentially on microbial metabolism, however, so far in place methods are preferred over ex situ for ecological 

restoration of contaminated soil, water and environment (Vidali et al. 2001). The main advantage of using 

biological sources is its ability to multiply and magnify in terms of initial inoculum as compared to physical 

and chemical means of treatment. The method of bioremediation depends on the metabolic potential of 

microorganisms to detoxify or transform the pollutant, which is further hooked in to accessibility and 

bioavailability (Antizar-Ladislao et al. 2008). The process of remediation can be enhanced by the addition of 
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various microorganisms (called seeding or inoculation) to a polluted environment to promote increased rate of 

biodegradation. Currently, a good range of microorganisms (bacteria, archaebactreia, yeasts, fungi and algae) 

and plants are being studied for use in bioremediation processes. 

Microbes are widely utilized in the method of environmental clean-up and are referred to as bioremediators. 

the method of bioremediation involve the utilization of microorganisms which are native to the contaminated 

sites by providing them sufficient nutrients and a few chemicals essential for their growth and development. 

This enables them to destroy the pollutants present in the contaminated sites (Chen et al. 2009; Kim et al. 

2007). Amongst bacteria, Bacillus (Gupta et al. 2001), Pseudomonas (Jayashree et al. 2012), and Streptomyces 

(Selatnia et al. 2004) acts as a potent metal biosorbents. 

 

Table 1. Examples of bacteria, archaebacteria and yeast widely used and studied in bioremediation 

Organisms Genus/species Toxic Chemicals/Elements 

Bacteria Arthrobactersp. p-nitrophenol 

 Bacillus sp. Cu, Zn, Cd, Pb, Fe, Ni, Ag, 

Th, 

Ra and U 

 Citrobactersp. U 

 Cupriavidusmetallidurans Zn and Cu 

 Escherichia coli Zn and V 

 Escherichia hermannii V and Zn 

 Enterobacter cloacae Pb, Cu, V and Cr 

 Exiguobacteriumaurantiacum phenolics, heterocyclics and 

(PAHs) 

 Geobactermetallireducens Fe 

 Micrococcus sp. Th and U 

 Pseudomonas aeruginosa Cd, Pb, Fe, Cu, U, Ra, Ni, 

Ag, 

Zn, Th and Atrazine 

 Ralstoniaeutropha 2,4-Dichlorophenoxyacetic 

acid 
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 Streptomyces sp. Cu, Zn, Cd, Pb, Fe, Ni, Ag, 

Th, 

Ra and U 

 Zoogloearamigera Pb, Cu and Cr 

Archeabacteria Filo crenarchaeota Cd, Cu, Ni, and Zn 

Yeast Candida utilis Cd 

 Hansenulaanomala Cd 

 Rhodotorulamucilaginosa Zn and Cd 

 Rhodotorularubra Hg 

 Streptomyces sp. Pb 

 Saccharomyces cerevisiae Cu, Zn, Cd, Pb, Fe, Ni, Ag, 

Th, Ra, U and Hg 

 

The removal of heavy metals cations from industrial waste water or recovery of metals from their solutions are 

often accomplished by methods that use microorganisms as cation sorbents (Babel et al. 2003). The mechanisms 

of metal binding to microbial biomass is split into three types (i) intracellular accumulation (this process requires 

live cells), (ii) sorption or complex formation on cell surface (it takes place on both live and dead cells) and (iii) 

extracellular accumulationor precipitation (the process may require viable cells) (Kratochvil et al. 1998; Kujan et 

al. 2005). Yeasts are readily available source of biomass which shows the power to resist under unfavorable 

environment. Many metals and metalloids are often accumulated by yeasts and a few of them are essential for 

structural and catalytic functions, whereas others are of no metabolic importance (Chatterjee et al. 2011). Yeasts 

also are known for dye decolourization of food industry effluents mainly by three mechanisms like biosorption, 

bioaccumulation and biodegradation. The removing mechanisms of dyes color from industrial effluents, by yeast 

cells are either through absorbtion or adsorbtion at the cell surface (Donmez et al. 2002). 

1.2.2. ALGAE AND FUNGI 

Algae and fungi plays important role in returning the environment to its original state altered by various 

contaminants. The method of phycoremediation is defined because the use of algae to get rid of pollutants from 

the environment or to convert them into harmless form. Phycoremediation during a much broader sense is that the 

use of micro or macroalgae for the removal or biotransformation of pollutants, including nutrients and xenobiotics 

from wastewater and CO2 from air. Algae are highly adaptive and may grow autotrophically, heterotrophically or 
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mixotrophically in any environment. In natural environments, algae play a serious role in controlling metal 

concentration of lakes and oceans. It possess the power to degrade or accumulate toxic heavy metals and organic 

pollutants like phenolics, hydrocarbons, pesticides and biphenyls from the environment, leading to higher 

concentrations within themselves as compared to surrounding water (Shamsuddoha et al. 2006). Pollutant 

degrading mixotrophic algae are excellent agents for remediation and carbon sequestration (Subashchandrabose et 

al. 2013). An alga fixes CO2 and produce O2 by the method of photosynthesis and increases BOD level in 

contaminated water alongside the efficient removal of more than nutrients (Fathi et al. 2013). Algae plays 

important role in pH correction, sludge removal and TDs reduction, whereas inconventional treatment, separate 

methods or stages are required. Amongst algae, blue chlorophyte or cyanobacteria are vulnerable to various 

physical and chemical alterations of sunshine, salinity, temperature and nutrient composition. Recently, there has 

been increasing worldwide interest in using cyanobacteria as an economic and low-maintenance remediation 

technology for contaminated and polluted sites. Cyanobacteria are used efficiently for remediating dairy waste 

water by converting the dissolved nutrients into biomass. However, the beneficial application of cyanobacteria in 

bioremediation of contaminated waters, either natural aquatic environments or industrial effluents. 

Table 2. Examples of algae and fungi widely used and studied in bioremediation 

Organisms Genus/species Toxic chemicals/elements 

Algae Ascophyllumnodosum Pb, Cu and Cr 

 Anabaena inaequalis Cr 

 Chlorella vulgaris Cd, Ag, Cu, Th, Zn, Pb, Ni, Ra, 

Fe and U 

 Cladophoraglomerata Cu, Pb, Cd, Cr, Ni, Fe, Zn, Mn, 

Sr and Cs 

 Cyanobacteria Pb, Hg and Cd 

 Nostocsp. Hg, Pb , Cd and 

Gammahexachlorocyclohexane 

 Oedogoniumrivulare Cr, Ni, Zn, Fe, Mn Cu, Pb, Cd 

and Co 

 Oscillatoriaspp. Cu, Pb, Cd and Co 

 Sargassumspp. Pb, U, Cd, Ni, Zn, Cu and Cr 

 Scenedesmusobliquus Cd and Zn 
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 Spirogyra spp. Ni, Cr, Fe and Mn 

 Spirulinaspp. Pb and Cd 

Fungi Aspergillustereus Cr 

 Aspergillusniger Pb, Zn, Cd, Cr, Cu, Ni and 

Chlorpyrifos 

 Funaliatrogii Hg, Cd and Zn 

 Ganodermalucidumk Cr and Cu 

 Penicilliumchrysogenum Pb, Fe, Ni, Ra, Th, U, Cu, Zn, 

Ag, and Cd 

 Phanerochaetechrysosporium 2,4-dicholorophenol 

 Pleurotusostreatus PAHs and Orange 3, 4-(4- 

nitrophenylazo) aniline 

 Rhizopussp. Cr 

 

Another sort of bioremediation is mycoremediation which uses fungal mycelium to decontaminate or filter the 

toxic industrial waste from contaminated area. The fungal mycelia secrete various extracellular enzymes and acids 

that break down the lignin and cellulose. The key to mycoremediation is to work out the proper fungal species to 

focus on a selected pollutant. Fungi (Ligninolytic fungi) like the white rot fungus 

PhanaerochaetechrysosporiumandPolyporus sp. are promising candidates for bioremediation, because it shows the 

power to degrade a particularly diverse range of persistent or toxic environmental pollutants like petroleum 

hydrocarbons, polycyclic aromatic hydrocarbons (PAHs), explosives, polychlorinated biphenyls (PCBs), and 

organochlorine pesticides(Wu et al. 2007; Ayu et al. 2011). 

2. CONCLUSION 

Bioremediation is taken into account to be very safe and helpful technology because it relies on microbes that 

occur naturally within the soil and pose no threat to environment and therefore the people living therein area. The 

method of bioremediation is often easily administered on site without causing a serious disruption of normal 

activities and threats to human and environment during transportation. Bioremediation is a smaller amount 

expensive than other technologies that are used for clean-up of hazardous waste. Albeit various sources of 

bioremediation like bacteria, archaebacteria, yeasts, fungi, algae and plants are available but, the biological 

treatment alone isn't sufficient enough to treat the pollutants or contaminated sites. Every biological forms features 
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a different growth requirements (temperature, pH and nutrients) so we'd like to isolate those forms, which may 

culture easily within the lab, with minimal requirement and may be useful in treating sort of pollutants. As natural 

resources are major assets to humans their contamination resulted in future effects of pollution (noise and 

radiation), heating, ozone depletion and greenhouse gases. The decontamination of those natural resources is 

important for the conservation of nature and environment using bioremediation process. Thus, there's an urgent 

got to study the effect of varied microorganisms together against various pollutants for the conservation of natural 

resources and environment management. 
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