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BIOLOGICAL METHODS APPLIED FOR REMEDIATION OF POLLUTED 

WATERS AND SOILS 
 

Environmental pollution by heavy metals and polluting substances which are released 

into the environment through various anthropogenic activities such as mining, energy and fuel 

production, electroplating, wastewater sludge treatment, and agriculture is one of the world’s 

major environmental problem. Biological remediation (bioremediation), a process defined as 

the use of microorganisms, plants, or enzymes to detoxify or remove organic and inorganic 

xenobiotic compounds from the environment, is a remediation option that offers green 

technology solutions to the problem of environmental degradation.  

There are two options for where bioremediation can take place (in situ or ex situ). In situ 

bioremediation involves treating the polluted material at the site while ex situ involves the 

removal of the polluted material (for example soil or water) to be treated elsewhere.  

1 In-situ bioremediation  

The treatment of contaminated soil or water in the location where it was found is called in 

situ bioremediation. It is a low-cost, low maintenance, environment friendly and sustainable 

approach for the clean-up of polluted sites. While the methods of both in situ and ex situ 

remediation depend essentially on microbial metabolism, the in situ bioremediation methods 

are preferred to those of ex situ for ecological restoration of contaminated soil and water 

environments.  

There are numerous ways to bioremediate a site in situ, as described below. All these 

techniques follow any one or more of the three main strategies used in in situ bioremediation: 

bioattenuation, biostimulation, bioaugmentation. 

 Natural attenuation (bioattenuation) – the natural way 

The Environmental Protection Agency (EPA) defines natural attenuation 

(bioattenuation/intrinsic bioremediation) as "a variety of physical, chemical, or biological 

processes that, under favourable conditions, act without human intervention to reduce the 

mass, toxicity, mobility, volume, or concentration of contaminants in soil or groundwater 

(Figure 3). 
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These in situ processes include biodegradation; dispersion; dilution; sorption; volatilization; 

radioactive decay; and chemical or biological stabilization, transformation, or destruction of 

contaminants" (Figure 1) [1]. Biodegradation refers to microbially-mediated mineralization 

and complete detoxification of contaminants. Biodegradation pathways can include multiple 

biotransformation reactions occurring in series (e.g., aerobic oxidation of polycyclic aromatic 

hydrocarbons [PAHs] to carbon dioxide). A term synonymous with biodegradation is 

mineralization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

During bioattenuation, the pollutants are transformed to less harmful forms or immobilized. 

Such transformation and immobilization processes are largely due to biodegradation by 

microorganisms, and to some extent by the reactions with naturally occurring chemicals and 

sorption on the geologic media. The natural attenuation processes are contaminant specific, 

accepted as methods for treating fuel components (e.g., BTEX - benzene, toluene, ethylbenzene 

and xylene), but not for many other classes. Many polluted sites may not require an aggressive 

approach to remediation, and bioattenuation is efficient and cost effective. With minimal site 

disturbance, the post-clean up costs are also substantially reduced. Industrial and environmental 

biotechnologies also prefer newer paths, resulting in processes with “clean technologies”, with 

 

Figure 1. Fate of organic contaminants in the subsurface 
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maximum production and fewer residues. Bioattenuation alone becomes inadequate and 

protracted in many cases since many soils are oligotrophic in nature or lack appropriate 

microorganisms. 

Most often, in situ bioattenuation is applied to the degradation of contaminants in saturated 

soils and groundwater (Figure 2). It is a superior method to cleaning contaminated environments 

since it uses harmless microbial organisms to degrade the chemicals. These techniques are 

generally the most desirable due to lower cost and less disturbance since they provide the 

treatment in place avoiding excavation and transport of contaminants [2].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In-situ bioremediation allows treatment of a large volume of soil at once and it is mostly 

effective at sites with sandy soils. In-situ bioremediation techniques can vary depending on the 

method of supplying oxygen or electron donors to the organisms that degrade the 

contamination.  

 Enhanced bioremediation (biostimulation, bioaugmentation, biotransformation) 

An enhanced biodegradation process is a process in which indigenous or inoculated 

microorganisms (e.g., fungi, bacteria, and other microbes) degrade (metabolize) chemical 

 

Figure 2. In-situ bioremediation applied to the degradation of contaminants in saturated soils and 
groundwater 
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contaminants (especially chemical contaminants that are organic in character) that have been 

discharged into the soil and/or into groundwater and convert the contaminants to innocuous end 

products. The process involves the addition of microorganisms (e.g., fungi, bacteria, and other 

microbes) or nutrients (e.g., oxygen, nitrates) to the subsurface environment to accelerate the 

natural biodegradation process. The method relies on the general availability of naturally 

occurring microbes to consume contaminants as a food source or as an electron acceptor 

(chlorinated solvents, which may be waste materials from chemical processes). In addition to 

microbes being present, to be successful, these processes require nutrients such as carbon, 

nitrogen, and phosphorus. 

 Biostimulation – importance of correct nutrient ratios  

Biostimulation refers to the addition of rate limiting nutrients like phosphorus, nitrogen, 

oxygen, electron donors to severely polluted sites to stimulate the existing bacteria to degrade 

the hazardous and toxic contaminants (Figure 3). Depends on temperature, soil pH, redox 

potential, and the type and concentration of organic pollutant itself, as well. To stimulate 

microbial degradation, nutrients in the form of fertilizers (water soluble (e.g., KNO3, NaNO3, 

NH3NO3, K2HPO4 and MgNH4PO4), slow release, and oleophilic (e.g., Inipol EAP22, F1, 

MM80, S200)) are added. Formulation of nutrient-treatment strategies and maintenance of 

control on the degradation rates and the outcomes of degradation need to be tailored to specific 

site/pollutant combinations. Limitations of nutrients such as nitrogen and phosphorus on 

microbial decomposition of organic matter and the possible ecological implications of these 

effects for carbon flow through natural ecosystems are well known. The “ecological 

stoichiometry” is concerned with the supplies of nutrients, and their elemental stoichiometry 

relative to the nutritional demands of the cell's innate physiology. It also exemplifies the effects 

of resource (nutrient) supply rates and supply ratios on the structure and function of microbial 

communities. In addition, the changes in absolute nutrient supply levels, at constant supply 

ratio, were found to alter total hydrocarbon degrader biomass, with altered rates of hydrocarbon 

degradation. The “resource-ratio approach” to gain information on the ecophysiological status 

of pollutant-degrading microorganisms has many practical implications. Basically, it provides 

the theoretical framework for optimizing nutrient formulation and application in biostimulation 



 

 

 

 
 

Cooperation beyond borders. 
Interreg-IPA Cross-border Cooperation Romania-Serbia Programme is financed by the European 
Union under the Instrument for Pre-accession Assistance (IPA II) and co-financed by the partner states 
in the Programme. 
Project RoRS 337- ROmania Serbia NETwork for assessing and disseminating the impact of 
copper mining activities on water quality in the cross-border area (RoS-NET2) 

 

Page 5 of 17 

approaches. Moreover the concept of biostimulation can also be applied to ex situ 

bioremediation techniques. Biostimulation is a remediation technique that is highly efficient, 

cost effective and eco-friendly in nature [2, 3]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Bioaugmentation – use of wild type or genetically modified microorganisms  

Bioaugmentation is the method of application of autochthonous or allochthonous wild type 

or genetically modified microorganisms to polluted hazardous waste sites in order to accelerate 

the removal of undesired compounds (Figure 3). Bioaugmentation is mainly undertaken in oil 

contaminated environments as an alternate strategy for bioremediation. Enhancing the 

 

Figure 3. Bioremediation processes for pesticide-contaminated soil 
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microbiota of a contaminated site will not only enhance the elimination of the pollutants from 

the particular site but also at the same time increases the genetic capacity of the desired site. 

Therefore, bioaugmentation corresponds to an increase in the gene pool and, thus, the genetic 

diversity of the site. In principle, this genetic diversity could be increased by augmenting the 

microbial diversity. One of the approaches involves isolation of bacterial strain from a 

contaminated soil followed by its culturing under laboratory conditions for its pre adaptation 

and finally augmented back into the same contaminated soil. This approach is called as re 

inoculation of soil with indigenous microorganisms. Table 1 shows the success of 

bioaugmentation in polluted environments [4]. 

Table 1. Microorganisms used in bioaugmentation studies 

Microorganism strain used Pollutants degraded 

Pseudomonas putida PaW340/pDH5 4 chlorobenzoic acid 

Cupriavidus necator RW112 Chlorobenzoates 

Burkholderia xenovorans LB400 (ohb) Arochlor 1221, 1232, and 1242 

Pseudomonas fluorescens RE 2,4-dinitrotoluene 

Pseudomonas fluorescens MP 2,4-dinitrotoluene 

Pseudomonas putida KT2442 Napthalene 

Pseudomonas fuorescens F113rifpcbrmBP1::gfpmut3 Biphenyl, polychlorinated biphenyl 

Rhodococcus sp. StrainRHA1 4-chlorobenzoate 

Eschirichia coli AtzA Atrazine 

Pseudomonas putida B13ST1(pPOB) 3 phenoxybenzoic acid 

Pseudomonas fluorescens F113rifPCB Biphenyl, polychlorinated 

Pseudomonas fluorescens CS2 Biphenyl ethylbenzene 

Pseudomonas putida BCRc14349 Phenol, trichloroethane 

Rhodococcus sp. F92 Various petroleum products 

Arthrobacter, Burkholderia, Pseudomonas, Rhodococcus etc. Petroleum hydrocarbons 

 

 Biotransformation 

Biotransformation is a general term that refers to any chemical transformation that occurs 

through a microbially- or plant-catalyzed pathway, or through an extracellular enzyme excreted 
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by a microbe or other organism. Herein, biotransformation will refer to transformations 

associated with microorganisms. The dechlorination of trichlorobenzene (TCB) to 

dichlorobenzene (DCB) by Dehalococcoides strain CBDB1 is an example of biotransformation. 

Note that this example does not result in a non-toxic, environmentally acceptable product since 

DCB is still a contaminant [5].  

Biodecay is a term that is generally not preferred in bioremediation practice and refers to 

the disappearance of a contaminant from a system, presumably via biotransformation, but may 

not ultimately lead to non-toxic, environmentally-acceptable metabolites. 

 Composting 

Traditionally, the practice of composting is intended to reduce volume and water content 

of vegetable wastes, to destroy pathogens, and to remove odour-producing compounds. This 

technology is now applied for handling polluted soil or sediments by two chief ways: (1) 

composting of polluted soils for efficient degradation, and (2) addition of composted materials. 

Additions of composted material were found to improve degradation of two herbicides, 

benthiocarb (S-4-chlorobenzyl diethylthiocarbamate) and MCPA (4-chloro-2-

methylphenoxyacetic acid) in soil. In scientific literature was reported that the impact of diesel 

on the composting process was negligible when soil was spiked with diesel oil and mixed with 

biowaste (vegetable, fruit and garden waste) at a 1:10 ratio (fresh weight) and composted in a 

monitored composting bin system. The spent mushroom waste from Pleurotus ostreatus was 

found to degrade and mineralize DDT in soil. Organic pollutants can be degraded during the 

first phase of rapid decomposition during composting. Heat which is generated by microbial 

metabolism is trapped in the compost matrix and most of the microbial decomposition and 

biomass formation occur during the thermophilic stage of composting. The mixing of 

remediated soil with contaminated soil can increase the effectiveness of composting because 

the remediated soil with acclimated microorganisms significantly influences pollutant 

degradation in the composting process. The mineralization may be only a small fraction of 

pollutant degradation, with other prominent fates being partial degradation to secondary 

compounds, volatilization, and adsorption to compost. In the composting matrices, secondary 

compounds, volatilization, and adsorption to compost. In the composting matrices, 



 

 

 

 
 

Cooperation beyond borders. 
Interreg-IPA Cross-border Cooperation Romania-Serbia Programme is financed by the European 
Union under the Instrument for Pre-accession Assistance (IPA II) and co-financed by the partner states 
in the Programme. 
Project RoRS 337- ROmania Serbia NETwork for assessing and disseminating the impact of 
copper mining activities on water quality in the cross-border area (RoS-NET2) 

 

Page 8 of 17 

microorganisms can degrade pollutants into innocuous compounds, transform pollutants into 

less toxic substances and/or aid in locking up the chemical pollutants within the organic matrix, 

thereby reducing pollutant bioavailability. This technique has gained popularity among other 

in situ bioremediation techniques especially in restoring sites polluted with light spilled 

petroleum products 

 Bioventing 

This technique involve controlled stimulation of airflow by delivering oxygen to 

unsaturated (vadose) zone in order to increase bioremediation, by increasing activities of 

indigenous microbes (Figure 4). In bioventing, amendments are made by adding nutrients and 

moisture to enhance bioremediation with the ultimate goal being to achieve microbial 

transformation of pollutants to a harmless state. Low air injection rate resulted in a significant 

increase in biodegradation. It thus demonstrates that in bioventing, air injection rate is among 

the basic parameters for pollutant dispersal, redistribution and surface loss. Airflow intensities 

and airflow intervals resulted in no significant difference in diesel removal from clayey soil, 

implying that longer air injection interval and low air injection rate might be more economical 

for bioventing in diesel polluted clayey soil. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. Schematic representation of bioventing of a contaminated soil 
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 Bioslurping 

This technique combines vacuum-enhanced pumping, soil vapour extraction and 

bioventing to achieve soil and groundwater remediation by indirect provision of oxygen and 

stimulation of contaminant biodegradation (Figure 5) [6]. The technique is designed for free 

products recovery such as light non-aqueous phase liquids (LNAPLs), thus remediating 

capillary, unsaturated and saturated zones. It can also be used to remediate soils contaminated 

with volatile and semi-volatile organic compounds. The system uses a “slurp” that extends into 

the free product layer, which draws up liquids (free products and soil gas) from this layer in a 

manner similar to that of how a straw draws liquid from any vessel.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The pumping mechanism brings about upward movement of LNAPLs to the surface, 

where it becomes separated from water and air. Following complete free products removal, the 

system can easily be made to operate as a conventional bioventing system to complete 

 

Figure 5. Schematic of multiphase extraction as part of a bioslurping system  
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remediation process. In this technique, excessive soil moisture limits air permeability and 

decreases oxygen transfer rate, in turn reducing microbial activities. Although the technique is 

not suitable for remediating soil with low permeability, it saves cost due to less amount of 

groundwater resulting from the operation thus minimizes storage, treatment and disposal costs. 

Establishing a vacuum on a deep high permeable site and fluctuating water table, which could 

create saturated soil lenses that are difficult to aerate are amongst the major concerns of this 

particular in situ technique. 

 Biosparging 

This technique is very similar to bioventing in that air is injected into soil subsurface to 

stimulate microbial activities in order to promote pollutant removal from polluted sites (Figure 

2). However, unlike bioventing, air is injected at the saturated zone, which can cause upward 

movement of volatile organic compounds to the unsaturated zone to promote biodegradation. 

The effectiveness of biosparging depends on two major factors namely: soil permeability, 

which determines pollutant bioavailability to microorganisms, and pollutant biodegradability. 

As with bioventing and soil vapour extraction (SVE), biosparing is similar in operation with a 

closely related technique known as in situ air sparging (IAS), which relies on high airflow rates 

to achieve pollutant volatilization, whereas biosparging promotes biodegradation. Similarly, 

both mechanisms of pollutant removal are not mutually exclusive for both techniques. 

Biosparging has been widely used in treating aquifers contaminated with petroleum products, 

especially diesel and kerosene. In scientific literature was reported that biosparging of benzene, 

toluene, ethylbenzene and xylene (BTEX)-contaminated aquifer plume resulted in a shift from 

anaerobic to aerobic conditions. This was evidenced by increased dissolved oxygen, redox 

potentials, nitrate, sulphate and total culturable heterotrophs with a corresponding decrease in 

dissolved ferrous iron, sulphide, methane and total anaerobes and methanogens. The over all 

decrease in BTEX reduction (>70 %) further indicates that biosparging can be used to remediate 

BTEX contaminated ground water. The major limitation however, is predicting the direction of 

airflow. 
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 Microbe assisted phytoremediation 

Pollutant effects on plant growth are concentration-dependent and different plant species 

respond differently. Low doses of pollutant can increase plant weight while high doses can 

inhibit, a phenomenon referred to as ‘hormesis’. In general, plants can promote dissipation of 

organic pollutants by immobilization, removal, and promotion of microbial degradation. Some 

organic compounds are transported across plant membranes, released through leaves via 

evapotranspiration (phytovolatilization) or extracted, transported and accumulated in plant 

tissues (phytoextraction) or degraded via enzymatic processes (phytodegradation). Some of the 

non-volatile compounds are sequestered in planta and are less bioavailable (phytostabilization). 

Several limitations of bioremediation such as the inability of degrading microorganisms to 

compete with indigenous microflora, insufficient microbial activities at subsurface, poor 

support of native as well as pollutant degrading microflora by available or limiting nutrients, 

heterogeneity of bioavailable contaminants, and toxic or inhibitory compounds in the pollutant 

mixture requires the union of phytoremediation and other bioremediation strategies. Plants have 

several miles of roots per acre, suggesting the potential of pollutant degradation in the 

rhizosphere. Sugars, organic acids, and larger organic compounds which constitute about 10–

50% of plant's photosynthate are deposited in soils, and the carbon cycling from CO2 

assimilation by plants to root exudation to incorporation to microbial biomass to microbial 

respiration takes about just 5 h. In the rhizosphere which is dependent on morphology, 

proportion of fine roots, water and nutrient conditions, root exudation, and associated microbial 

communities, there may be either promotion or competition between the pollutant degraders 

and other microbial members. 

 Microbial inocula 

Microbial inocula (the microbial materials used in an inoculation) are prepared in the 

laboratory from soil or groundwater either from the site where they are to be used or from 

another site where the biodegradation of the chemicals of interest is known to be occurring. 

Microbes from the soil or groundwater are isolated and are added to media containing the 

chemicals to be degraded. Only microbes capable of metabolizing the chemicals will grow on 

the media. This process isolates the microbial population of interest. One of the main 
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environmental applications for bioaugmentation is at sites with chlorinated solvents. Microbes 

(such as Dehalococcoides ethenogenes) usually perform reductive dechlorination of solvents 

such as perchloroethylene and trichloroethylene (TCE) [7]. 

 Cyanobacteria in bioremediation 

Cyanobacteria are excellent microorganisms for the biotechnological program because of 

their capability to remove the heavy metal from the polluted site and for the reclamation of the 

usar soil. They can degrade the naturally occurring hydrocarbon and xenobiotics at the 

contaminated sites. Cyanobacteria have great potential for the reclamation of usar soil (alkaline 

soil). Usar soil is characterized by high pH, high salinity, impermeable, and hardness because 

of the presence of salt over the surface of the soil. Excess salt in the soil increases pore size and 

hence less water retention. Earlier methods applied to modify the chemical structure of soil 

included the application of pyrite, gypsum, and excessive irrigation to dissolve the salt in the 

land, which remained very challenging. This leads to the possibility of cyanobacterial 

application for the same purpose. Reclamation of usar soil using cyanobacteria was first 

proposed by Singh (1950); later Thomas and Apte (1984) suggested the reduction of soil salinity 

of “Kharland” by the usage of the salt-tolerant cyanobacterium, Anabaena torulosa. Some 

saline-tolerant and alkali-tolerant cyanobacteria have been reported, Nostoc, Calothrix, 

Plectonema, Scytonema, Cylindrospermum, Westiellopsis, and Hapalosiphon [8]. 

 Bioaccumulation  

Bioaccumulation refers to how pollutants (metals) enter a food chain and relates to the 

accumulation of contaminants, in biological tissues by aquatic organisms, from sources such as 

water, food, and particles of suspended sediment (Figure 6). Bioaccumulation involves, relative 

to the ambient value, an increased concentration of a metal in a biological organism over time. 

Accumulation in living things can occur whenever metals are taken up and stored faster than 

they are metabolized or excreted. Understanding the dynamic processes of bioaccumulation can 

have important ramifications in protecting human beings and other organisms from the adverse 

effects of metal exposure, and hence, bioaccumulation is an important consideration in the 

regulation and treatment of metals associated with acid mine drainage [9]. 
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 Bioconcentration  

Bioconcentration is the specific bioaccumulation process by which the concentration of a 

chemical in an organism becomes higher than its concentration in the air or water around the 

organism. Although the process is the same for natural and anthropogenic chemicals, the term 

bioconcentration usually refers to chemicals foreign to the organism. For fish and other aquatic 

animals, bioconcentration after uptake through the gills or, in some circumstances, through the 

skin, is usually the most important bioaccumulation process [9]. 

 Biomagnification 

Biomagnification refers to the tendency of pollutants to concentrate as they move from one 

trophic level to the next (Figure 6). The process occurs when a chemical or metal becomes 

increasingly concentrated as it moves up through a food chain, i.e., the dietary linkages between 

single-celled plants and increasingly larger animal species. The natural bioaccumulation 

process is essential for the growth and nurturing of organisms. Bioaccumulation of substances 

to harmful levels, however, may also occur [9]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Schematic representation of bioaccumulation and biomagnification processes  
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2 Ex-situ bioremediation  

Ex-situ bioremediation describes a process where contaminated soil or water is removed 

from the environment by biological organisms. When the material is removed from the 

environment, it can be put into bioreactors, large vessels where the contaminated material can 

be monitored and conditions for bioremediation can be controlled. Biological organisms 

typically have conditions where they operate best. In bioreactors we can control the mixing rate, 

temperature, pH, and nutrient levels to suit the organisms breaking down our contaminant. 

Ex-situ bioremediation of soil is a biological process in which excavated soil is placed in 

a lined above-ground treatment area and aerated following processing to enhance the 

degradation of organic contaminants by the indigenous microbial population (Figure 7). Under 

aerobic conditions, specific microorganisms can utilise organic contaminants such as petroleum 

hydrocarbon mixtures, polycyclic aromatic hydrocarbons (PAH), phenols, cresols and some 

pesticides as a source of carbon and energy and degrade them ultimately to carbon dioxide and 

water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Ex-situ bioremediation of soil 
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 Landfarming 

When bioreactors are not used, landfarming or biopiles are alternatives. Landfarming 

involves spreading contaminated soil into a lined bed (to prevent leaching) and periodically 

applying nutrients and mixing the soil to boost biological activity. Ex situ bioremediation by 

landfarming has been utilized for hydrocarbons, pyrene, and other petrochemical waste. There 

are several limitations of this method such as the requirement of ample space, uncontrolled rain, 

and temperature. Moisture content, microbial density as well as composition, and nutrients 

affect the biodegradation process of contaminants in landfarming technique. 

 Biopiling  

Is a full-scale technology in which excavated soils are piled and typically constructed 

in a treatment area that consists of a leachate collection and aeration system. It is commonly 

applied to reduce concentrations of petroleum components in soils through utilising the process 

of biodegradation. Moisture, heat, nutrients, oxygen, and pH require controlling to enhance 

biodegradation. The treatment area will in general be covered or contained with an impermeable 

liner to minimise the risk of contaminants leaching into uncontaminated soil. The drainage itself 

may be treated in a bioreactor prior to recycling. Vendors have developed proprietary nutrient 

and additive formulations and methods for integrating the formula into the soil to stimulate 

biodegradation. The formulations are habitually tailored to site-specific conditions. Soil piles 

and cells normally have an air distribution system buried under the soil to pass air through the 

soil either by vacuum or positive pressure. The soil piles in this case can be up to 6 m high 

though it is not recommended to exceed 2-3 meters. Soil piles may be covered with plastic to 

control runoff, evaporation, and volatilisation and to promote solar heating. If there are VOCs 

in the soil that will volatilise into the air stream, the air leaving the soil may be treated to remove 

the VOCs before they are released to the atmosphere. Biopiling is a short-term technology. 

Time of operation and maintenance can be a few weeks up to a number of months. In all cases, 

the contaminant levels are monitored to verify that bioremediation is taking place and steps are 

taken to ensure that contaminated material stays out of contact with the environment. 
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 Use of a bioslurry reactor 

A bioslurry reactor can provide rapid biodegradation of contaminants due to enhanced mass 

transfer rates and increased contaminant-to-microorganism contact. These units are capable of 

aerobically biodegrading aqueous slurries created through the mixing of soils or sludge with 

water (Figure 8). The most common state of bioslurry treatment is in batches; however, 

continuous-flow operation is also possible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The technology selected for a site will depend on the limiting factors present at the 

location. For example, where there is insufficient dissolved oxygen, bioventing or sparging 

is applied; biostimulation or bioaugmentation is suitable for instances where the biological 

count is low. On the other hand, application of the composting technique, if the operation 

is unsuccessful, will result in a greater quantity of contaminated materials. Land farming is 

only effective if the contamination is near the soil surface or else bed preparation is required. 

The main drawback with slurry bioreactors is that high-energy input is required to maintain 

suspension and the potential needed for volatilization. 

 

Figure 8. Schematic of a bioslurry boremediation system (EPA, US) 
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In situ technologies do not require excavation of the contaminated soils so may be less 

expensive, create less dust, and cause less release of contaminants than ex situ techniques. Also, 

it is possible to treat a large volume of soil at once. In situ techniques, however, may be slower 

than ex situ techniques, may be difficult to manage, and are only most effective at sites with 

permeable soil. 

 

REFERENCES 

1. Rowe, I. Bioremediation & monitored natural attenuation. 2013. 

2. Maitra, S., In situ bioremediation - an overview. Research Journal of Life Sciences, 

Bioinformatics, Pharmaceutical and Chemical Sciences, 2018. 4(6): p. 576. 

3. Ying, G.G., Remediation and mitigation strategies, in Integrated analytical approaches for 

pesticide management, B. Maestroni and A. Cannavan, Editors. 2018, Academic Press. p. 207-

217. 

4. Goswami, M., et al., Bioaugmentation and biostimulation: a potential strategy for 

environmental remediation. Journal of Microbiology & Experimentation, 2018. 6(5): p. 223-

231. 

5. Himmelheber, D. and J. Hughes, In situ biotransformation of contaminants in sediments. 2014, 

Springer, : New York, NY. p. 263-304. 

6. Matos de Souza, M., et al., Simulation of subsurface multiphase contaminant extraction using 

a bioslurping well model. Transport in Porous Media, 2016. 114(3): p. 649-673. 

7. Speight, J.G., Biological transformations, in Reaction Mechanisms in Environmental 

Engineering, J.G. Speight, Editor. 2018, Butterworth-Heinemann. p. 269-306. 

8. Priyanka, et al., Cyanobacteria: potential and role for environmental remediation, in Abatement 

of Environmental Pollutants, P. Singh, A. Kumar, and A. Borthakur, Editors. 2020, Elsevier. p. 

193-202. 

9. Blowes, D.W., et al., The geochemistry of acid mine drainage, in Treatise on Geochemistry, 

H.D. Holland and K.K. Turekian, Editors. 2003, Pergamon: Oxford. p. 149-204. 

 


