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ABSTRACT: The term bioremediation describes biological machinery of recycling 
wastes to make them harmless and useful to some extent. Bioremediation is the most 
proficient tool to manage the polluted environment and recover contaminated river water.  
Bioremediation is very much involved in the degradation, eradication, restriction, or 
reclamation varied chemical and physical hazardous substances from the nearby with the 
action of all-inclusive microorganisms. The fundamental principle of bioremediation is 
disintegrating and transmuting pollutants such as hydrocarbons, oil, heavy metal, 
pesticides and so on. Different microbes like aerobic, anaerobic, fungi and algae are 
incorporated in bioremediation process. At present, several methods and approaches like 
bio stimulation, bio augmentation, and monitoring natural recovery are common and 
functional in different sites around the world for treating contaminated river water. 
However, all bioremediation procedures it has its own pros and cons due to its own 
unambiguous application. Above all, utilization of bioremediation as a tool to resuscitate 
the polluted river will endow us considerably minimal contaminated, safe as well as 
fumigated and shipshape rivers.   

Keywords: Bioremediation; Biodegradation; Polluted River; Water Treatment, 
Contamination. 

 
 
 

INTRODUCTION 
United Nations Educational Scientific and 

Cultural Organization (UNESCO) claims 

water encompasses three-fourth of the earth 

plane but unfortunately only 0.3% to 0.5% 

of all the water resources are considered 

fresh or safe for human and animals 

(―Earth’s Freshwater | National Geographic 

Society‖ 2012). Therefore, in spite of 

having immense quantity of water on earth, 

a very small proportion can be directly used, 

on contrary rest of the polluted water are 

causing severe health and environmental 

complexities. In the 21st century, water is 

                                                 
* Corresponding Author Email: shishirbd4@gmail.com 

turning out to be a priceless scarce resource. 

Polluted water is a tremendous problem to 

natural resources, as well as to major 

tactical disputes linked to the sustainable 

growth of a country’s economy and its long-

term stability (Saeijs & Van 1995; Linton 

2004; Sivakumar 2011). Demand for water 

in industry, agriculture, home have enlarged 

rapidly with the worldwide population 

outburst and swift financial development 

causing the shortage of fresh water more 

and more critical (Azevedo et al. 2000; 

Kuylenstierna et al. 1998). Moreover, 

worsening of water quality at the same time 

is aggravating the scarcity of water based 
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resources therefore, quality associated water 

unavailability has recently been emerged as 

a matter of huge apprehensiveness at 

international, regional as well as at local 

levels, particularly in developed and 

developing countries (Zeng et al.2013; 

Azevedo et al. 2000; Delpla et al. 2009). 

Therefore, water associated resources 

fortification, balanced utilization and well-

organized restoration of contaminated water 

has become one of the most vital 

conundrums of the current world.   

In broad spectrum, three types of 

approaches have been brought into play to 

bring back the quality of water in polluted 

rivers termed as physical, chemical and 

biological method. First of all, physical 

methods take account of artificial aeration 

(Zhang et al. 2010; Ouellet et al. 2006), 

water diversion (Liu et al. 2014), sediment 

dredging (Mulligan et al.2001) and 

mechanical algae subtraction (Wang et al. 

2012). These methods are very 

straightforward and old-fashioned and cost 

a lot of human, material, monetary 

resources along with time. Physical 

methods emphasis on treatment based on 

indications overlooking the source of the 

pollution in many cases and results in the 

incomplete removal of the contaminants 

from the water body proficiently. 

Secondly, chemical methods include 

chemical oxidation, chemical precipitation, 

enhanced flocculation, and algae removal 

using chemicals (Wu et al. 2015). These 

methods are designed to eliminate 

pollutants like suspended solids, dissolved 

nitrogen and phosphorus thereby 

augmenting the limpidity of water. 

However, this procedure utilize huge 

amount of chemicals including coagulants 

(e.g. iron and aluminum salts), precipitants 

(e.g. lime), oxidizing agents (e.g. hydrogen 

peroxide) etc. The major advantage of 

chemical methods is no need for long-term 

maintenance and appropriate for 

emergency treatment. On the other hand, it 

is unavoidable that these methods produce 

secondary pollutants; thus, concealed 

hazards for the ecosystem persist (Margeta 

et al. 2013). Last but not the least, 

biological methods includes plant 

purification technology (Sun et al. 2009), 

combinatorial biotechnology (Sheng et al. 

2013; Bosso et al. 2015; Ravikumar et al. 

2017), bioremediation technology (Hashim 

et al.2014; Hechmi et al., 2016; Mani et al. 

2017;Stocking et al., 2000), biofilm 

technology (Boltz et al. 2017; Chen and 

Stewart 2000), and artificial wetland 

technology (Zheng et al. 2016) which all 

are eco-friendly and designed to boost the 

self-refinement the quality of the river 

water, and reestablishing river’s 

ecosystem. However, these methods are to 

some extent costly in their implementation 

though they are very effective. Therefore, 

more research are required to overcome the 

cost related issues and technical difficulties 

in near future to save the rivers worldwide.    

Bioremediation technology, invented by 

George M. Robinson is outlined as the 

process of degrading organic wastes 

biologically under meticulous conditions 

using microorganisms (Vidali 2001). 

According to the definition, bioremediation 

process utilizes of living microbes to 

degrade the ecological pollutants into less 

noxious forms. This technique utilizes 

naturally present bacteria, fungi as well as 

plants to terminate or depollute substances 

which are threat to human health as well as 

the environment. The microbes used in the 

process are mostly native to the polluted 

area or sometimes collected from 

somewhere else to introduce into the 

polluted site (Qiu et al. 2012). Amongst all 

the approaches described above, 

bioremediation is found most appropriate 

for its advantages including large 

efficiency of degradation ability, very low 

energy depletion, absence of secondary 

pollution, no complexity in technical 

process, long-term viability, and no 

additional constructions are required 

(Stocking et al. 2000). Therefore, it has 
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been extensively and effectively executed 

in many countries for a number of 

purposes. For example, an experiment 

found that addition of two varieties of 

microbial population into comprehensively 

contaminated river could proficiently 

recover water quality by reducing COD 

and BOD up to 70% (Sheng et al. 2012).  

In this review, different techniques used 

in bioremediation and the microorganisms 

used to remediate the river water pollutants 

have been sketchily discussed.  

Bioremediation Schemes 
Contemporary molecular biology and 

ecological knowledge offers us numerous 

prospects for more competent biotic 

processes to achieve notable 

accomplishments for the cleanup of 

contaminated river water. Bioremediation is 

used to maintain contaminated river to a 

harmless state, or to a level which is 

underneath concentration limits authenticated 

by supervisory authorities (Crawford and 

Crawford 2005). Bioremediation utilizes 

naturally occurring microbes, fungi or plants 

where some of them are native and some of 

them are introduced to degrade the organic 

pollutants. Introduction of microbes to a 

contaminated site to augment remediation 

process is known as bio augmentation 

whereas, when nutrients and other factors are 

provided to enhance the environment for the 

indigenous microorganisms is called bio 

enhancement (Kharayat 2012). Pollutant 

substances are distorted by living organisms 

through different reactions taking place as a 

part of microbes’ metabolic actions. 

Biodegradation basically occurs due the 

actions of multiple organisms which 

enzymatically deal with the pollutants and 

turn them into innocuous products (Vidali 

2001).  However, effectiveness of 

bioremediation largely depends on many 

environmental settings that permit microbial 

activity as well as growth; therefore its 

utilization frequently includes the tweaking 

of environmental boundaries to enhance the 

microbial growth along with degradation to 

progress at a faster rate (Boopathy 2000). 

However, every silver lining has a cloud, in 

the same way like other technologies, 

bioremediation has some inadequacies as 

well, for example some pollutants like high 

aromatic hydrocarbons and chlorinated 

organics are invulnerable to microbial action. 

Therefore these compounds are metabolized 

either very slowly or sometimes not at all, 

which makes the prediction of the rates of 

cleanup for a bioremediation triticale 

(Megharaj et al. 2014). Auspiciously 

bioremediation processes are usually more 

cost-effective than conventional methods like 

incineration, chemical treatment and others. 

Moreover, many pollutants are treatable on 

site which reduces the risks for cleanup 

personnel to exposure, or hypothetically 

wider exposure due to transportation 

accidents. In addition, bioremediation is 

completely natural attenuation process as a 

result public acceptance is higher than other 

technologies due to fewer side effects. 

Bioremediation systems can be operated both 

under aerobic conditions as well as anaerobic 

condition.  Though most of the processes take 

place in aerobic environment but running a 

process in anaerobic settings can be used to 

degrade recalcitrant molecules by 

microorganisms (Vidali 2001).  

Microbes in Bioremediation Processes 
Microbes are present in abundance at almost 

all environment and can grow along with 

adaption at varieties of conditions like at 

freezing temperatures as well as utmost heat, 

can adapt in desert conditions or even in 

water, can survive in aerobic conditions in 

addition to anaerobic conditions, even in the 

presence of harmful compounds and in waste 

stream (Crawford and Crawford 2005). Due 

to their high abundance and adaptability, 

microbes are used to treat polluted rivers to 

degrade polluting compounds. Microbes 

used in bioremediation uses natural 

microorganisms, either indigenous or added 

from outside which uses pollutants for their 
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carbon as well as energy source (Pieper and 

Reineke 2000). However, selection of 

microbes varies depending on the chemical 

nature of the contaminant along with the 

survival capacity of microbes in those 

particular conditions (Das, S. 2014). As a 

result, microbes used in river bioremediation 

are classified into different classes.  

Aerobic: These microbes function in the 

presence of oxygen and degrade a wide 

variety of pollutants including hydrocarbons, 

alkanes, and polyaromatic substances. 

Moreover, many of these microbes are found 

to use the pollutants as their energy and 

carbon source (Passatore et al. 2014). 

Anaerobic: Microorganisms those 

function in the absence of oxygen are 

getting immense interest to be used for 

bioremediation of PCBs (polychlorinated 

biphenyls) in river deposits though they are 

not used as frequently as aerobic ones 

(Lovley 2001).  

Ligninolytic fungi: Fungi those who have 

the potential to degrade toxic substances of 

river are used to bio remediate polluted river. 

One of the examples is Phanaerochaete 

chrysosporium fungus which has ability to 

patch up a diverse range of persistent toxic 

pollutants. However, these ligninolytic fungi 

needs substrates for signifying their activity 

and commonly used substrates include corn 

cobs, straw, saw dust etc. (Field et al. 1993; 

Pointing 2001). 

Methylotrophs: Microorganisms, mostly 

aerobic microbes those feed on methane for 

their energy and carbon source are known as 

methylotrophs and initially secret enzyme 

methane monooxygenase for initiating 

aerobic degradation of pollutants. These 

microbes uses long range of substances as 

substrates and active in contrast to a wide 

range of pollutants like 1,2-dichloroethane 

and chlorinated aliphatic trichloroethylene 

(Babel et al. 1999; Hard et al. 1997). 

Microorganisms used in bioremediation 

are predominantly bacteria as well as fungi 

which are nature's original recyclers with 

their ability to transmute natural and 

artificial substances into sources of energy 

and nutrition for their own growth, bring to 

mind that costly physical or chemical 

treatment procedures might be swapped 

with biological processes which are of low 

cost and environmental friendly. Therefore, 

microbes correspond to a promising and 

largely unexploited resource for new 

environmental biotechnological approach to 

treat polluted river water around the world. 

Researchers are continuously thriving to 

verify the bioremediation prospective of 

different microorganisms and the findings 

propose that further investigation of 

microbial diversity will show the way to 

discover more organisms with unique 

potentials to be useful in bioremediation 

(Bamforth and Singleton 2005).  

Bioremediation technologies 
Cost effectiveness of bioremediation puts it 

into the major interest compared with other 

remediation with conventional techniques 

along with its permanent solution to 

pollution due to the complete 

mineralization of contaminants (Crawford 

and Crawford 2005). Moreover, it is a non-

invasive practice that keeps the ecological 

unit intact and has the potential to deal 

with very minor concentration of pollutants 

whereas the cleanup by physical and 

chemical approaches would not be 

practicable. However, bioremediation 

exhibits some major drawbacks like the 

processes might be time-consuming and 

less predictable than conventional methods 

which confine the appliance of these 

techniques. Nevertheless, the major 

approaches for bioremediation of river 

water can be the following: (i) Monitoring 

natural recovery (MNR), (ii) Bio 

stimulation, (iii) Bio augmentation. More 

than one technique can be applied to 

enhance the capability of bioremediation 

and bring about the desired effect. 

1. Monitoring natural recovery (MNR) 
Monitoring natural recovery involves 

leaving pollutants in the place and allowing 
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ongoing natural processes in river water to 

degrade or restrain the pollutant in situ to 

lessen its bioavailability (Sharma et al. 

2009). This technique does not require any 

action therefore it is reflected as the result 

of a deliberate, meticulous decision 

considering the detailed site assessment 

and characterization. MNR involves 

several processes like natural deposition, 

sorption to other active compounds, and 

removal of contaminants from site of 

pollution by erosion, dispersion and mostly 

pollutants can be converted to less toxic 

form (Margesin and Schinner 2001).  

MNR is found least expensive response 

action compared with other physical and 

chemical methods. Though this process 

requires long-term monitoring then again 

MNR is deliberated as the most operative 

for low menace sites with low intensity of 

contamination, where both human and 

environmental health risks are not severe 

(Perelo 2010).  

2. Bio stimulation  
Bio stimulation is the dilapidation of 

contaminants in anaerobic pathway using 

anaerobic microbes thereby requires 

additional electron acceptor other than 

oxygen. For instance, degradation of 

benzene in contaminated sediments from 

river requires Fe (III), sulfate, nitrate as 

electron acceptor (Margesin and Schinner 

2001). Then again, contaminants are not 

always readily available to the organisms 

due to their complex structures but 

degradation potential largely depends on 

the availability of the contaminants 

therefore surfactants are applied as 

potential agents to boost solubility of the 

contaminants. These surfactants can be 

either bio surfactants like bile salt or 

synthetic like sodium dodecyl sulfate, have 

demonstrated their potential to enhance 

bioavailability for degradation (Tyagi et al. 

2011). However, these surfactants are not 

always found to potentiate degradation, 

they might lead to opposite effect like 

inhibiting the degradation, posing toxic 

effects to the degrading microbes and even 

surfactants themselves can be contaminant 

substrate (Andreolli et al. 2015).   

3. Bio augmentation 
The most appropriate technology for 

bioremediation of polluted river water is the 

bio augmentation which is the introduction 

of microorganisms into the contaminated 

river water with pollutants degrading 

capabilities to assist indigenous microbes as 

well as speed up the degradation process 

(Herrero and Stuckey 2015). PAHs 

degradation is found successful using this 

technique though this process has both 

negative and positive debate (Bamforth and 

Singleton 2005). Bio augmentation 

approaches may become fruitful notably in 

the remediation of man-made impurities in 

cases when suitable bacteria with the suitable 

catabolic pathways are not present in the 

polluted river water. Microbial reductive 

dehalorespiration is an auspicious means for 

the reclamation and degradation of 

halogenated compounds like PCBs, 

PCDD/Fs and chlorinated ethylene which are 

toxic as well as carcinogenic (Hendrickson 

2001). Specific dehalorespiration organisms 

use chlorinated compounds for their source 

of energy by substituting halogen with 

hydrogen in anaerobic environment. 

Dehalococcoides strains have found to be 

very effective against these halogenated 

contaminants (Lendvay et al. 2003). 

Moreover, Diaz et al. found microbes with 

ability to degrade petroleum and tolerate 

high salinity which can be used to treat river 

near sea with high salinity like mangroves. 

However, bio augmentation techniques has 

some drawbacks as well, for example this 

process can be inhibited by numerous factors 

like redox, pH, presence of toxic 

contaminants to bio augmentation microbes, 

concentration of contaminants, 

bioavailability of the pollutants and absence 

of co-substrates (El Fantroussi and Agathos 

2005). Therefore, microbes’ selection must 
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be most prioritized for successful bio 

augmentation keeping the indigenous 

microorganisms in mind. To avoid all the 

complexities, three standards have been 

developed through series of experiment for 

the selection of microorganisms for bio 

augmentation process. These standards 

include the relative abundance of the source 

microbial populations in the target 

environment, tolerance to co-contaminants 

and the ability to degrade target 

contaminants (Van et al. 2004).  

Last of all, bio augmentation approach 

is worthwhile when the restrictive elements 

of biodegradation is absent as well as the 

expression of catabolic genes within the 

native microbes so that the deficient 

genetic information can be filled by the 

introduced microbes.   

Bioremediation of Contaminants in 
River Water  
Bioremediation triggers the improvement of 

water quality of river with the employment 

of microbes, results in inferior gathering of 

slime or organic matter in river bed, higher 

infiltration of oxygen and overall 

improvement of the environment. An 

efficacious bioremediation have to deal with 

optimization of nitrification to keep low 

ammonia concentration, optimization of 

denitrification to reduce leftover nitrogen, 

enhancement of carbon mineralization, 

maximization of sulphide oxidation, 

maintenance of stable and various 

microorganisms’ community in river and 

capitalize on the productivity of shrimp and 

secondary crops (Boopathy 2000).  

1. Bioremediation of Organic Detritus 
Industrialization and marine transportation 

has great impact on people’s life. However, 

these modernizations have negative effects in 

the ecosystem which are becoming more and 

more apparent with time. Pollutants from 

these sources contain dissolved and 

suspended organic matter, comprehending 

carbon chains which are very much 

accessible by microbes and algae (N. Das 

and Chandran 2011). Microbes degrading the 

organic detritus mainly of genus Bacillus 

must be capable of efficaciously clean up 

carbonaceous wastes from water. Some 

examples of these microbes include like 

Bacillus subtilis, Bacillus cereus, Bacillus 

licheniformis, Bacillus coagulans, and of the 

genus Phenibacillus, like Phenibacillus 

polymyxa, are bacteria appropriate for 

bioremediation of organic waste (Cerqueira 

et al. 2011; Guo et al. 2010). However, these 

microbes are not naturally present in 

prerequisite amounts in the river water, 

therefore certain Bacillus strains are 

appended into the water in adequate 

quantities to make an impact competing with 

naturally persistent microbes for the 

available organic matter, like percolated or 

left-over feed and shrimp feces (Jacques et 

al. 2008). These Bacillus are constructed, 

amalgamated with sand or clay and 

disseminated to be deposited in the river 

(Obed Ntwampe 2014). Moreover, 

Lactobacillus are also used along with 

Bacillus to speed up the breakdown of 

organic matters and yields a number of 

enzymes that rupture pollutants like proteins 

and starch into small particles, which are 

then utilized as energy source by other 

microbes present in that environment 

(Shrivastava et al. 2013; Singh and Sarma 

2010).  

2. Bioremediation of Nitrogenous 
Compounds 
Nitrogenous compound (e.g., ammonia and 

nitrite) in excess amount in river water lead 

to worsening of water quality and trigger 

toxicity to fish and shrimp. The large amount 

of ammonia is from fish excretion, hominid 

waste and sediments generated from the 

mineralization of organic substances. 

Nitrification process as follows: 

NH4
+
 + 11/2 O2 → NO2

-
 + 2H

+
 + H2O  

NO2
-
 + 11/2 O2 → NO3 

-
  

Microbiological nitrification is 

considered as the most appropriate method 
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for the confiscation of ammonia with the 

use of ammonia oxidizers under five genus 

named Nitrosomonas, Nitrosovibrio, 

Nitrosococcus, Nitrolobus and Nitrospira, 

and nitrite are oxidized by three genuses 

known as Nitrobacter, Nitrococcus and 

Nitrospira (De Oliveira et al. 2016). In 

addition, some of the heterotrophic nitrifies 

produce low levels of nitrite and nitrate with 

the usage of organic sources of nitrogen 

such as ammonia (Martinez-Porchas et al. 

2014). Nitrification procedure alters the pH 

slightly acidic to facilitate the 

bioavailability of soluble substances along 

with the production of nitrates (Hlihor et al. 

2017). Additionally, anaerobic bacteria 

grow in the region where nitrates 

accumulation creates anaerobic region and 

these microbes produce nitrogen gas 

reducing nitrate (Sun et al. 2009).  

Biochemical pathways of nitrification 

are as follows: 

NO3 →NO2 → NO → N2O →N2 

Though nitrification species are limited 

and less diversified in number but at least 14 

genuses of bacteria are found to reduce 

nitrate. Pseudomonas, Bacillus and 

Alkaligenes are the most prominent among 

all the species having denitrification 

capabilities (Focht and Verstraete 1977). 

Recently, work of Nduwimana et al. 

confirmed that the bioremediation of water 

using a combination of Nitrobacteria and 

grass plant species, Lotium perenne improve 

waste water quality (Pan et al. 2007).  

3. Bioremediation of Hydrogen Sulphide 
Sulphur is considered important since 

organic Sulphur converted to sulphide in 

aerobic conditions and consecutively gets 

oxidized to sulphate by microorganisms 

which are highly soluble in water and 

disappears at a higher rate from sediments 

with time. Moreover, sulphate can be used 

for microbial metabolism instead of 

oxygen under anaerobic conditions and 

lead to the production of hydrogen 

sulphide gas by a cycle of microbes 

mediated reductions (Szabõ 2007).  

SO4
2-

 + 4H2 + 2H
+
 → H2S + 4H2O  

Organic materials in water stimulate H2S 

production which is highly soluble in water 

and causes lessening of benthic fauna gill 

damage and other complaints in fish (Rowan 

et al. 2009).  On the other hand, unionized 

H2S is tremendously toxic to fish at lower 

concentrations which even occurs in normal 

water as well as contaminated river water 

(Bonn and Follis 1967).  

The photosynthetic bacteria breaking 

H2S at pond bottom is extensively used in 

river to maintain a satisfactory 

environment (Barbosa et al. 2001). These 

types of bacteria have bacteria-chlorophyll 

for absorbing light to cause photosynthesis 

under anoxic environment (Wätzlich et al. 

2009). These are purple and green Sulphur 

bacteria growing in anaerobic condition, 

decompose organic matter such as H2S, 

NO2 and other unsafe wastes of river by 

reducing electrons from H2S using lower 

energy than H2O excruciating photo-

autotrophs and therefore require decreased 

light strengths for photosynthesis (Baykara 

et al. 2007).  

The general reaction of this 

photosynthesis is as follows:  

CO2 + 2H2S→ (CH2O) +H2O + 2S 

S+ CO2 + 3 H2S → (CH2O) + H2SO4 

CO2 + NaS2O3 + 3H2O → 2(CH2O) + 

NaS2O4 + H2SO4 

Rhodospirillaceae family have the 

capability to grow in both aerobic and 

anaerobic conditions like heterotrophic 

bacteria therefore, they can be used to 

efficiently mineralize waste at river ground 

(Jayamani 2015). Interestingly, this family 

can grow and survive in dark without 

consuming lunar energy (Singh and 

Radhika, 2001). Some of the essential 

Photosynthetic bacteria are Amoebobacter, 

Chlorobium, Chloropseudomonas, 

Chromatium, Clathrochloris, 



Shishir, T. A., et al. 

562 

Ectothiorhodospira,  Lamprocystis,  

Pelodictyon,  Prosthecochloris,  

Rhodomicrobium, Rhodopseudomonas,  

Rhodospirillum,  Thiocapsa,  Thiocystis,  

Thiodictyon,  Thiopedia,  Thiosarcina,  

Thiospirillum etc. (Idi et al. 2015).  

4. Bioremediation of Petroleum 
Production, appliance and release of several 

petroleum products and oil slick happening 

bring about the petroleum contamination, 

one of the main contaminations in aquatic 

environment. Therefore, controlling it has 

become one of the major research focuses to 

environmental experts which can be done 

using regular microorganisms present in 

most environments those can degrade and 

transmute petroleum. These microorganisms 

are capable of enzymatically degrade 

petroleum hydrocarbons whereas some of 

them degrade large chain alkanes, aromatics, 

and in some cases both paraffinic and 

aromatic hydrocarbons (Megharaj et al. 

2011). Short chain alkanes ranging C10 to 

C26 are considered most readily degradable, 

however low molecular weight aromatics 

like benzene, xylene and toluene found in 

petroleum and very toxic in nature are 

conveniently biodegraded by number of 

aquatic microorganisms (Bezza and Chirwa 

2015; Martinez-Porchas et al. 2014; M. Wu 

et al. 2016). Moreover, substances structure 

is one of the major determinants of 

biodegradation since more complex 

structures are more resistant to 

biodegradation therefore a small number of 

microbes can degrade those complex 

structures resulting in lower biodegradation 

rate in comparison with simpler 

hydrocarbons present in petroleum 

(Boopathy 2000). Petroleum biodegradation 

in the river water is carried out by various 

bacterial residents like different 

Pseudomonas species, widely distributed in 

the seas. These Pseudomonas bacteria along 

with other naturally produced by plants, 

algae, and living organisms are apparently 

use hydrocarbons, other substrates like 

carbohydrates and proteins in river water to 

improve the water quality (Margesin and 

Schinner 2001). As soon as an environment 

is polluted with petroleum, the hydrocarbon 

degrading bacteria multiplies rapidly, 

specifically when aquatic environment is 

adulterated with petroleum hydrocarbons; 

there is an upsurge of bacterial inhabitants 

having the capability of hydrocarbon 

utilization (Atlas 1995).  Some of the 

competent petroleum degrading 

Cyanobacteria are Oscillatoria salina, 

Plectonema terebrans and Aphanocapsa sp. 

(Zinicovscaia and Cepoi 2016; Vijayakumar 

2012).  

5. Bioremediation of Heavy Metal 
Contamination 
Immobilization of heavy metals is the basic 

principle of remediation of heavy metal-

contaminated river along with affecting the 

pattern of heavy metals by some group 

microbes with capacities of 

synchronization of the surface of the cell 

wall of microorganisms (Malik 2004). 

These microbes form covalent or ionic 

bond with metal ions to absorb heavy ions 

(Kang et al. 2016).  The absorbing capacity 

of the microbes of absorbing metal is 

sometimes greater than artificial chemical 

adsorbent. For example, Rhizopus 

nigricans can absorb 135.8 of Cr (IV) per 

gram of bacterial weight (Bai and Abraham 

2001). Heavy metal morphology is 

deteriorated by biological efficiency and 

these heavy metals are altered by microbial 

life activity, which is achieved by 

morphological alteration of microbes 

specific for heavy metals, eventually 

results in relieve of the pollution of heavy 

metal. A research demonstrates that the 

cashmere of cyanobacteria and algae can 

eliminate heavy metals in wastewater. 

Some of the sulphate reducing bacterium 

produces H2S, by reducing heavy metals 

such as ZnS, CdS and CuS which have 

very low water solubility to deposit and 

controls the heavy metal contamination 

(Subashchandrabose et al. 2013; 
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Zinicovscaia and Cepoi 2016). Biological 

methylation proposed by Frankenberger 

accelerates cultivation, management and 

addition of supplement to make heavy 

metal selenium volatile to decrease the 

toxicity produced (Dungan and 

Frankenberger 1999). 

6. Bioremediation of Eutrophication 
Eutrophication or algal  bloom largely 

depends on presence of carbon, nitrogen and 

phosphorus in the aquatic environment, 

which are the indispensable factors for 

growth of algae as well as the eutrophication 

in river water where water current is absent 

due to blockage or deposition of huge 

amount of pollutants (Khan and Ansari 

2005). Phosphorus is every so often 

considered as the limiting factor for 

eutrophication since the overall 

concentration of phosphorus in the still water 

0.086mg per liter indicates the threshold of 

eutrophication, as well as the available 

content of nitrogen in algae is more than 

phosphorus (Kharayat 2012; Jiang et al. 

2010). Eutrophication is eliminated using 

advanced technology that removes nitrogen, 

phosphorus and other organic carbon 

sources. Mechanical dredging is also applied 

in some cases. Moreover, water flushing and 

bioremediation are found effective against 

eutrophication as well (Shan et al. 2009). 

Bioremediation of eutrophication involves 

the usage of microbes to remove phosphorus 

and nitrogen from contaminated water. Pinar 

et al. found Klebsiella oxytoca very effective 

for the removal of nitrogen from water 

(Shawabkeh et al. 2007). In addition, 

Phormidium bohneri a photoautotrophic 

microorganism removes both nitrogen and 

phosphorus under certain conditions using 

solar energy (Chevalier et al. 2000). The 

principle behind the removal of nitrogen is 

nitrification and denitrification of nitrogen 

sources like ammonia, nitrates etc. whereas 

phosphorus removal is accomplished by 

absorption by microbes under both aerobic 

and anaerobic condition (Shan et al. 2009). 

Compared with conventional methods, 

microbial treatments are more stable, cheaper 

and easier with better results which make it 

the superior choice for treatment of 

eutrophication and exercised widely to 

eradicate phosphorus and nitrogen in water.  

7. Bioremediation of Pesticide  
River water, to some extent is polluted by 

pesticides due to their excessive use in 

agriculture. However, fortuitously 

researchers have isolated many 

microorganisms like bacteria, fungi, algae 

and actinomycetes with the capability of 

degrading these pesticides among them 

bacteria is of most interest, with fungi in 

second position (Singh and Tripathi 2007). 

On the other hand, since herbicide is new in 

play, therefore isolation and use of microbes 

to degrade herbicide is active research area 

now a days (Cork and Khalil 1995). 

According to the research of Alian et al., 

napropamide into soil promotes the 

production of the pesticide degrading 

bacteria. Vinclozolin on soil also found to 

uninterruptedly tempt and screen 

pseudomonas of pesticide-degrading bacteria 

(Krol et al. 2000). It is of great interest that, 

this degrading gene of pesticide-degrading 

bacteria mostly presents in plasmids, and 

articulated in other bacterial strains over 

plasmid transfer. In the meantime, one 

bacteria strain was found able to carry 

manifold degrading plasmids, therefore 

mounting acceptances and augmenting 

capacities of biodegradation of pesticides in 

water (Shao and Behki 1996).  

Advantages and Disadvantages of 
Bioremediation 

1. Advantages of Bioremediation 
Bioremediation is a widely accepted 

biological approach to treat contaminated 

water in river using microbes which have 

the ability to degrade the contaminant. 

Microbes are found to increases in number 

in the presence of pollutants but decreases 

when bio-degradative contaminants level 
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declines. Bioremediation theoretically is 

expedient for the complete degradation of a 

wide range of pollutants and complete 

degradation of contaminants is possible in 

place of transferring them from one 

environment to another like, land to water 

or air. Many harmful compounds can be 

transformed to harmless products which in 

turn eradicate the chance of imminent 

accountability for treatment and dumping 

of polluted material and bioremediation 

residues are usually harmless products 

including carbon dioxide, water, and cell 

biomass. Moreover, bioremediation is 

possible in situ without hampering normal 

natural activities, eliminating the 

transportation issue and risk to human 

health as well as environment. Last but not 

the least; bioremediation is less expensive 

than other conventional technologies 

utilized for crackdown of dangerous waste.   

2. Disadvantages of Bioremediation 
There is no silver lining without cloud, 

similarly bioremediation deliberated as a 

boon in the midst of contemporary days 

regarding environmental issues, can also has 

some problematic issues as well. Some of 

them are as follows: bioremediation is limited 

to biodegradable compounds only; therefore, 

all pollutants cannot be treated using this 

technique. E.g. Plastic. On the other hand, 

though biodegradation is considered safe but 

bio degradative residues sometimes turn out 

to be more tenacious and noxious than the 

parent compound. Moreover, these processes 

are often extremely specific and depend 

largely on many parameters like 

environmental conditions, site factors, 

microbial populations, levels of nutrients and 

concentration of contaminants which make 

the process complicated.  Then again, most of 

the process is still in research phages that 

make it challenging to insinuate full-scale 

field processes based on the result from 

bench and pilot scale studies. Longer time is 

required for bioremediation than other 

treatment options e.g. excavation, 

incineration etc. and unfortunately mixtures 

of contaminants are rarely treatable with 

single microorganism. Last of all, pollutants 

which are present in different forms such as 

solids, liquids and gases makes microbes 

selection problematic since microbes’ 

survival depends on environmental 

conditions. 

CONCLUSION  
Bioremediation is a very productive and 

attractive choice using microbial activity to 

remediate, clean, manages and recovers 

polluted river water to normal. However, the 

speed of these processes are limited by 

competition with biological agents, 

insufficient amount of vital nutrient, 

unpleasant exterior abiotic environments like 

inappropriate aeration, humidity, altered pH, 

unfavorable temperature and lower 

bioavailability of the pollutant. As a result, 

bioremediation in natural condition is not 

much successful as expected which makes it 

to be less favorable however can be 

operative where environmental conditions 

facilitate microbial growth and activity. 

Moreover, microbes can be genetically 

engineered to enhance their potential to carry 

out remediation process of wide range of 

pollutants in diverse environmental 

conditions. Bioremediation has been 

employed in diverse river sites around the 

globe within fluctuating degrees of triumph 

and found the advantages are superior to 

those disadvantages therefore its popularity 

is increasing over time. Different species are 

discovered from different locations which 

are effective in contamination control 

system. Therefore, there is no doubt that with 

proper research in this field, bioremediation 

processes are going to pave a way to safe, 

fumigated and shipshape rivers. 
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