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ABSTRACT 
The problem of food insecurity, poverty, disease, and hunger in many nations, especially the developing ones, has 
triggered off a lot of research efforts to forestall these menaces with the help of biotechnology. The ecologically 
acceptable expansion of arable land is no longer possible to support the ever growing population of people in developing 
societies- a society with a relatively low standard of living, developed industrial base, and moderate to low Human 
Development Index (HDI).Considering the number of problems that define the field of  Environmental biotechnology the 
role of some bioprocesses and biosystems for the protection of environment based on the utilization of living organisms 
are discussed in this chapter. Various relevant topics involving microbiological and process engineering aspects have 
been discussed to illustrate the main areas of environmental biotechnology including wastewater treatment, soil 
treatment and solid waste treatment. The contribution of environmental biotechnology to the progress of sustainable 
society is also revealed in this chapter. 
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INTRODUCTION 
Biotechnology is the integration of natural sciences and engineering in order to achieve the application of 
organisms, cells, parts thereof and molecular analogues for products and services [1].Biotechnology is a 
key area which has greatly impacted various technologies based on the application of biological processes 
in manufacturing, agriculture, food processing, medicine, environmental protection and resources 
conservation. The new wave of technological changes has determined dramatic improvements in various 
sectors like production of drugs, vitamins ,waste minimization, resource conservation etc. since it 
provides entirely novel opportunities for sustainable production of existing and new products and 
services. 
Role of biotechnology in attaining sustainable development 
The start of 21st century has found biotechnology as an emerging key to enable technology for sustainable 
environmental protection and remediation. The social, environmental and economic benefits go hand in 
hand to contribute to the development of a sustainable society which was the requirement to be fulfilled 
in the Agenda 21 at the earth summit in Rio de Janerio in 1992. Life science research and biotechnology 
promise more effective and efficient products to help deliver better health, whether in developed or 
developing countries, that are based on a fuller understanding of the human body and its ailments and 
diseases and of the interventions required to deal with them. These products can deliver on two vital and 
inextricably linked goals - improved health and more sustainable growth and development.  
To attain sustainable development four main subdivisions of environmental biotechnology are used in 
different areas  

 Green Biotechnology which is considered the oldest use of biotechnology by humans and which 
deals with plants and their uses. 

 Red Biotechnology, applied to create chemical compounds for medical use or to help the body in 
fighting diseases or illness. 

 White technology, focuses on the use of biological organisms to produce or manipulate  products 
in beneficial way for the industries 

 Blue biotechnology, aquatic use of biological technology 
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The main areas of biotechnology for research and development activities can be categorized under three 
headings 

 Industrial supplies including enzymes and reagents for industrial and food processing units  
 Energy production including fuels from renewable resources 
 Environment protection including pollution prediction, ways for pollution prevention and 

bioremediation of degraded environmental components 
All the above areas are further supported by other branches such as biochemical bioprocessing and 
biotechnology engineering, genetic engineering, protein engineering, metabolic engineering for the 
purpose of production and application of biotechnological products. With the rapid degradation of the 
environmental components as a result of unplanned urbanization and industrialization environmental 
biotechnology can be the best option to safeguard further degradation. With the development of 
advanced technologies it is now possible to treat waste and degrade pollutants assisted by living 
organisms or to develop products  and processes that generate less waste and preserve the natural non- 
renewable  resources of energy as result of improved treatment for solid waste and wastewater, 
bioremediation, ensuring health of the environment through biomonitoring, cleaner production, 
production of renewable energy and genetic engineering for environmental protection and control. By 
considering all the above facts, environmental biotechnology can be considered as a driving force for 
integrated environmental protection leading to sustainable development.  
 
APPLICATIONS OF ENVIRONMENTAL BIOTECHNOLOGY 
The applications of Environmental biotechnology cover a wide range all of which leading to protection 
and remediation of the environmental components. Some of the applications are discussed below 
1. Waste water biotreatment 
2. Soil Bioremediation 
3. Solid waste Biotreatment 
4. Biotreatment of gaseous stream 
5 Biodegradation of refractory pollutants  
Environmental clean-up by biotreatment/bioremediation  
Bioremediation is defined by US Environmental protection agency as a managed or spontaneous practice 
in which microbiological processes are used to degrade or transform contaminants to less toxic or non 
toxic forms, there by remediating or eliminating environmental contaminants. During the process of 
bioremediation, four main processes can be considered as working on the environmental contaminants 
-Removal: a process that physically removes the contaminants or  contaminated medium from the site 
without the need for separation from the host medium 
-separation :a process that removes the contaminants from the host medium 
-destruction/degradation: process that chemically or biologically destroys or neutralizes  the 
contaminants to produce less toxic compounds 
-contaminant immobilization: a process that impedes or immobilizes the  surface and subsurface 
migration of the contaminants  
A complete biodegradation results in detoxification by mineralizing pollutants to carbon dioxide, water 
and harmless inorganic salts. Thus biological treatment processes are commonly applied to contaminants 
that can be used by organisms as carbon or energy source. They can also be used for some refacto0ry 
pollutants such as organics(petroleum products and other carbon-based chemicals), metals (arsenic, 
cadmium, chromium, copper, lead, mercury, nickel,zinc). 
All forms of life can be considered as having potential function in environmental biotechnology. However 
microbes and certain plants are of interest even as normally present in their natural environment or by 
deliberate introduction. Some of these organisms present in the environment have the ability to degrade 
some of the most hazardous and recalcitrant chemicals since they are discovered in unfriendly 
environments where the needs for survival affect their structure and metabolic capability. 
Factors influencing bioremediation/Biotreatment  
The process of bioremediation is influenced by various factors which can be discussed under two groups 
-the chemical nature of the contaminant and their physical state(concentration, aggregation state: solid, 
liquid, gaseous, environmental component in which it is present, oxido-reduction  potential, presence of 
halogens, bonds type in the structure etc.)   
-environmental conditions(temperature, pH,water/air/soil, characteristics, presence of toxic or 
inhibiting substance to the microorganism, source of energy, source of carbon, nitrogen, trace 
compounds, and moisture content). 
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The process also depends on the ability of the microorganisms to develop their metabolism and to 
optimize enzyme activity. Usually for ensuring the greatest efficiency the ideal range of temperature is 
20o-300 C, a pH of 6.5-7.5or 5.9-9.0(depending on the microbial communities involved) 
 
WASTE WATER BIOTREATMENT 
The treatment of waste water is a significant issue with respect to the decreasing waster sources and 
reducing fresh water availability. Need of the hour is to reuse the waste water for further use which 
would reduce the pressure on the fresh water resources. Use of microorganisms is of great help in the 
treatment of water as it helps to from remove the contaminants to a very large extent. The use of 
microorganism to remove contaminants from waste water is largely  dependent on the source and 
characteristics of waste water. Waste water can be categorized  under three major groups  
       -municipal waste water (domestic wastewater mixed with effluents from commercial and industrial 
works, pre treated or non pretreated) 
       - commercial or industrial wastewater 
        -agricultural waste water 
Various contaminants are present in these categories of waste water which are shown in the Fig I 
 

                                  
 

Fig I Categories of contaminants in waste water 
 
Biological treatments can be categorized in three major groups: aerobic, anaerobic and combination of 
aerobic and anaerobic which can be used in combination or in sequence for greater levels of treatment. 
The main objectives of any biological treatments are 

 Reduction of biodegradable organic content(BOD) 
 Reduction or removal of recalcitrant organics 
 Removal of heavy/toxic metals 
 Removal/reduction of compounds containing nutrients P and N 
 Removal or inactivation of pathogenic microorganisms 

Aerobic Biotreatment 
The aerobic process is used for municipal and industrial waste water containing biodegradable organic 
waste. The basic reaction in aerobic reaction is 

Organic material+O2 CO2+H2O 
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e  
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Microbial cells undergo progressive auto-oxidation of the cell mass  
Cells+O2 CO2+H2O+NH3 

The process of aerobic treatment is used as suspended (activated sludge)or attached growth(fixed 
films)system. Aeration tanks used for activated sludge process allows suspended growth of bacterial 
biomass to occur during secondary biological treatment, while trickling filters support attached growth of 
biomass to occur during the process. Biofilms reactor are applied for waste water treatment in various 
forms like rotating disk reactors and air lift reactors. Such process of aerobic treatment is employed for 
the domestic wastewaters since such waste water are composed of protein (40%60%),carbohydrates(25-
50%),fats and oils(10%),urea, a large number of refractory organics (pesticides, surfactants and phenols). 
Activated sludge process 
In activated sludge process wastewater containing organic matter is aerated in an aeration basin in which 
micro-organisms metabolize the suspended and soluble organic matter. Part of organic matter is 
synthesized into new cells and part is oxidized to CO2 and water to derive energy. In activated sludge 
systems the new cells formed in the reaction are removed from the liquid stream in the form of a 
flocculent sludge in settling tanks. A part of this settled biomass, described as activated sludge is returned 
to the aeration tank and the remaining forms waste or excess sludge. 
Activated sludge plant (fig II) involves: 

1. wastewater aeration in the presence of a microbial suspension, 
2. solid-liquid separation following aeration, 
3. discharge of clarified effluent, 
4. wasting of excess biomass, and 
5. Return of remaining biomass to the aeration tank. 

 

 
Fig II Activated sludge process 

 
Tricking Filters 
A trickling filter  consists of a fixed bed of rocks, lava,  coke, gravel,  slag, polyurethane foam , sphagnum 
 peat moss, ceramic, or plastic media over which sewage or other wastewater flows downward and 
causes a layer of microbial slime (biofilm) to grow, covering the bed of media. Aerobic conditions are 
maintained by splashing, diffusion, and either by forced air flowing through the bed or natural convection 
of air if the filter medium is porous. 
The terms trickle filter, trickling  biofilter, biological filter and biological trickling filter are often used to 
refer to a trickling filter. These systems have also been described as roughing filters, intermittent filters, 
packed media bed filters, alternative septic systems, percolating filters, attached growth processes, and 
fixed film processes.  
Tricking Filters enable organic material in the wastewater to be adsorbed by a population of 
microorganisms (aerobic, anaerobic, and facultative bacteria; fungi; algae; and protozoa) attached to the 
medium as a biological film or slime layer (approximately 0.1 to 0.2 mm thick).  As the wastewater flows 
over the medium, microorganisms already in the water gradually attach themselves to the rock, slag, or 
plastic surface and form a film.  The organic material is then degraded by the aerobic microorganisms in 
the outer part of the slime layer and treated water is collected at the bottom. 
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Fig III Tricking Filter 

 
Biofilm 
A biofilm is an aggregate of microorganisms in which cells adhere to each other on a surface. These 
adherent cells are frequently embedded within a self-produced matrix of extracellular polymeric 
substance (EPS). Biofilm EPS, which is also referred to as slime (although not everything described 
as slime is a biofilm), is a polymeric conglomeration generally composed of extracellular DNA, proteins, 
and polysaccharides. Biofilms may form on living or non-living surfaces and can be prevalent in natural, 
industrial and hospital settings. The microbial cells growing in a biofilm are physiologically distinct 
from planktonic cells of the same organism, which, by contrast, are single-cells that may float or swim in a 
liquid medium 
Anaerobic Biotreatment 
Anaerobic biotreatment is considered as  pretreatment process as it does not generally lead to low 
pollution standards rather it is used to  minimize the oxygen demand and excessive formation of sludge. 
Anaerobic biotreatment can be used for high concentration wastewater due to the possibility of recovery 
of energy as biogas and less production of sludge [2]. It has also been demonstrated by researchers that 
high loads of wastewater treated by anaerobic technologies generate low quantities of sludge with a high 
treatment efficiency, low capital cost, no oxygen requirement, methane production and low nutrient 
requirements. 
New developments in anaerobic wastewater treatment 
High rate anaerobic waste water treatment technologies can be applied to treat dilute liquid organic 
waste waters discharged from distilleris, breweries,paper mills, petrochemical plants etc.  In addition 
to this various emerging technologies can also be applied which include: 

 Sulphate reduction for removal and recovery of heavy metals and sulphate denitrification for the 
removal of nitrates 

 Bioremediation for breakdown of toxic pollutants to harmless products 
Sulphate reducing Process 
 The mechanism of the sulphate reduction for removal of organics, heavy metals can be understood by the 
following reaction: 
SO2-4+    COD      Sulphate reducing bacteria          HS-       +             CO2 
Sulphate     Organic substrate                   disulphide        Carbon Dioxide  
 
S2-    +   M2+                            MS 
Sulphide    Heavy metal  Metal sulphide 
(Soluble)            (Insoluble) 
 
HS-       +   O2                chemotrophic bacteria  So          +           H2O 
Disulphide Oxygen   elemental   water 
     sulphur insoluble 
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Photosynthetic bacteria can also be used for the treatment of wastewater under light and anaerobic 
conditions. For this purpose, purple  nonsulphur bacteria, can be used for the production of useful 
biomass with low amount of carbon  dioxide, one of the major green house gas [3].The biomass thus 
produced can be utilized for agriculture and industrial purposes, such as feed for fish and animals and 
fertilizers. 
 
         Inlet 

100KgCOD  outlet 10 Kg COD 
  Energy 
                                                             100KWh 
        60 Kg COD 
 
 
 
 

Inlet 
                          100KgCOD 
                                     10Kwh Energy       Sludge 
 10 Kg COD 
 

Fig:IV Comparison of Aerobic and Anaerobic biological treatment 
 
Advanced biotreatment 
The advanced biotreatment can be used for beneficial reuse of waste water. The waste water thus 
obtained can be used for rehabilitation of urban areas as one of the aspects of this technology is 
consideration of human health and environmental health. One of the advanced technologies is the 
membrane technology which effectively considers the human and environmental health aspect. This 
technology combines the biological and physical processes together for effective results. Recent 
technological breakthroughs in wastewater treatment and reclamation for water reuse include 
membranes, which have emerged as a significant innovation for treatment and reclamation, as well as a 
leading process in the upgrade and expansion of wastewater treatment plants. Early use of membrane 
treatment for wastewater appeared nearly 30 years ago. However, over the past decade, there has been a 
rapid increase in the volume of wastewater that is treated with membranes to exceptionally high quality 
standards, typically for reuse purposes. In fact, today more municipal wastewater treatment facilities are 
using membrane technologies than ever, and this number is on the rise as the technology offers 
unparalleled capability in meeting rigorous requirements. 
Membranes may be an option when they enable the removal of contaminants that other technologies 
cannot. They are also more economical than other alternatives, or require much less land area than 
competing technologies, since they may replace several unit treatment processes with a single one. For 
wastewater treatment applications, membranes are currently being used as a tertiary advanced 
treatment for the removal of dissolved species; organic compounds; phosphorus; nitrogen species; 
colloidal and suspended solids; and human pathogens, including bacteria, protozoan cysts, and viruses. 
Membrane technologies for wastewater treatment include: 
 Membrane bioreactors—usually microfiltration (MF) or ultrafiltration (UF) membranes 

immersed in aeration tanks (vacuum system), or implemented in external pressure-driven 
membrane units, as a replacement for secondary clarifiers and tertiary polishing filters. 

 Low-pressure membranes—usually MF or UF membranes, either as a pressure system or an 
immersed system, providing a higher degree of suspended solids removal following secondary 
clarification. UF membranes are effective for virus removal. 

 High-pressure membranes—nanofiltration or reverse osmosis pressure systems for treatment 
and production of high-quality product water suitable for indirect potable reuse and high-purity 
industrial process water. Also, recent research has shown that micro constituents, such as 
pharmaceuticals and personal care products, can be removed by high-pressure membranes. 

The biggest technical challenge with the use of membranes for wastewater treatment is the high potential 
for fouling. Membrane fouling—which can be caused by colloids, soluble organic compounds, and 
microorganisms that are typically not well removed with conventional pretreatment methods— 
increases feed pressure and requires frequent membrane cleaning. This leads to reduced efficiency and a 
shorter membrane life. Other technical barriers may include the complexity and expense of the 
concentrate (residuals) disposal from high-pressure membranes. Treating wastewater with membranes 

Anaerobic 
treatment 

    Aerobic treatment 
Outlet 10 Kg 
COD 

Outlet 10 Kg 
COD 
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is on the rise. It is not only a viable option, but often a smart one when considering plant upgrades and 
capacity expansion. This approach can be beneficial for a landlock situation; urban, agricultural, and 
industrial reuse; groundwater recharge and salinity barriers; and augmentation of potable water 
supplies, meeting very low effluent nutrient limits. 
A new generation of membrane separation activation sludge process is the submerged type where 
membrane modules are directly immersed in an aeration tank.This helps ion significant reduction in 
energy consumption by eliminating a big circulation pump installed in a conventional MSAS. 
Molecular techniques in waste water treatment 
Molecular technique in wastewater treatment is quite new but it can be effectively used for the 
enhancement of xenobiotic removal in waste water treatment plants and can be also used as nucleic acid 
probe to detect pathogens and parasites. The most important of these techniques is the cloning and 
creation of gene library, denaturant gradient cell electrophoresis (DGGE), florescent in situ hybridization 
with DNA probes (FISH) [4]. 
Soil bioremediation 
Soil treatment technologies use living organisms to degrade soil contaminants, either in situ(ie in place, in 
ground) or ex situ(i.e. in another place, above ground) and include biotreatment cells, soil piles and 
prepared treatment beds. 
During bioremediation, microbes utilize chemical contaminants in the soil as an energy source and, 
through oxidation-reduction reactions, metabolize the target contaminant into useable energy for 
microbes. By-products (metabolites) released back into the environment are typically in a less toxic form 
than the parent contaminants. For example, petroleum hydrocarbons can be degraded by microorganisms 
in the presence of oxygen through aerobic respiration. The hydrocarbon loses electrons and is oxidized 
while oxygen gains electrons and is reduced. The result is formation of carbon dioxide and water [3]. 
When oxygen is limited in supply or absent, as in saturated or anaerobic soils or lake sediment, anaerobic 
(without oxygen) respiration prevails. Generally, inorganic compounds such as nitrate, sulfate, ferric iron, 
manganese, or carbon dioxide serve as terminal electron acceptors to facilitate biodegradation . 
Three primary ingredients for bioremediation are: 1) presence of a contaminant, 2) an electron acceptor, 
and 3) presence of microorganisms that are capable of degrading the specific contaminant. Generally, a 
contaminant is more easily and quickly degraded if it is a naturally occurring compound in the 
environment, or chemically similar to a naturally occurring compound, because microorganisms capable 
of its biodegradation are more likely to have evolved. Petroleum hydrocarbons are naturally occurring 
chemicals; therefore, microorganisms which are capable of attenuating or degrading hydrocarbons exist 
in the environment. Development of biodegradation technologies of synthetic chemicals such DDT is 
dependent on outcomes of research that searches for natural or genetically improved strains of 
microorganisms to degrade such contaminants into less toxic forms. 
Microorganisms have limits of tolerance for particular environmental conditions, as well as optimal 
conditions for pinnacle performance. Factors that affect success and rate of microbial biodegradation are 
nutrient availability, moisture content, pH, and temperature of the soil matrix. Inorganic nutrients 
including, but not limited to, nitrogen, and phosphorus are necessary for microbial activity and cell 
growth. It has been shown that “treating petroleum-contaminated soil with nitrogen can increase cell 
growth rate, decrease the microbial lag phase, help to maintain microbial populations at high activity 
levels, and increase the rate of hydrocarbon degradation” [5]. However, it has also been shown that 
excessive amounts of nitrogen in soil cause microbial inhibition. Researchers suggest maintaining 
nitrogen levels below 1800 mg nitrogen/kg H2O for optimal biodegradation of petroleum hydrocarbons. 
Addition of phosphorus has benefits similar to that of nitrogen, but also results in similar limitations 
when applied in excess . 
All soil microorganisms require moisture for cell growth and function. Availability of water affects 
diffusion of water and soluble nutrients into and out of microorganism cells. However, excess moisture, 
such as in saturated soil, is undesirable because it reduces the amount of available oxygen for aerobic 
respiration. Anaerobic respiration, which produces less energy for microorganisms (than aerobic 
respiration) and slows the rate of biodegradation, becomes the predominant process. Soil moisture 
content between 45 and 85 percent of the water-holding capacity (field capacity) of the soil or about 12 
percent to 30 percent by weight is optimal for petroleum hydrocarbon degradation . 
Soil pH is important because most microbial species can survive only within a certain pH range. 
Furthermore, soil pH can affect availability of nutrients. Biodegradation of petroleum hydrocarbons is 
optimal at a pH 7 (neutral); the acceptable range is pH 6 – 8  
Temperature influences rate of biodegradation by controlling rate of enzymatic reactions within 
microorganisms. Generally, speed of enzymatic reactions in the cell approximately doubles for each 10o C 
rise in temperature [3]. There is an upper limit to the temperature that microorganisms can withstand. 
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Most bacteria found in soil, including many bacteria that degrade petroleum hydrocarbons, are 
mesophiles which have an optimum temperature ranging from 25 0 C to 45 0 C [3]. Thermophilic bacteria 
(those which survive and thrive at relatively high temperatures) which are normally found in hot springs 
and compost heaps exist indigenously in cool soil environments and can be activated to degrade 
hydrocarbons with an increase in temperature to 60 degree C. This finding suggested an intrinsic 
potential for natural attenuation in cool soils through thermally enhanced bioremediation techniques.  
Contaminants can adsorb to soil particles, rendering some contaminants unavailable to microorganisms 
for biodegradation. Thus, in some circumstances, bioavailability of contaminants depends not only on the 
nature of the contaminant but also on soil type. Hydrophobic contaminants, like petroleum hydrocarbons, 
have low solubility in water and tend to adsorb strongly in soil with high organic matter content. In such 
cases, surfactants are utilized as part of the bioremediation process to increase solubility and mobility of 
these contaminants. Additional research findings of the existence of thermophilic bacteria in cool soil also 
suggest that high temperatures enhance the rate of biodegradation by increasing the bioavailability of 
contaminants. It is suggested that contaminants adsorbed to soil particles are mobilized and their 
solubility increased by high temperatures  
Soil type is an important consideration when determining the best suited bioremediation approach to a 
particular situation. In situ bioremediation refers to treatment of soil in place. In situ 
biostimulation treatments usually involve bioventing, in which oxygen and/or nutrients are pumped 
through injection wells into the soil. It is imperative that oxygen and nutrients are distributed evenly 
throughout the contaminated soil. Soil texture directly affects the utility of bioventing, in as much as 
permeability of soil to air and water is a function of soil texture. Fine-textured soils like clays have low 
permeability, which prevents biovented oxygen and nutrients from dispersing throughout the soil. It is 
also difficult to control moisture content in fine textured soils because their smaller pores and high 
surface area allow it to retain water. Fine textured soils are slow to drain from water-saturated soil 
conditions, thus preventing oxygen from reaching soil microbes throughout the contaminated area. 
Bioventing is well-suited for well-drained, medium, and coarse-textured soils. 
In situ bioremediation causes minimal disturbance to the environment at the contamination site. In 
addition, it incurs less cost than conventional soil remediation or removal and replacement treatments 
because there is no transport of contaminated materials for off-site treatment. However, in 
situ bioremediation has some limitations: 1) it is not suitable for all soils, 2) complete degradation is 
difficult to achieve, and 3) natural conditions (i.e. temperature) are hard to control for optimal 
biodegradation. Ex situ bioremediation, in which contaminated soil is excavated and treated elsewhere, is 
an alternative.Ex situ bioremediation approaches include use of bioreactors, landfarming, and biopiles. In 
the use of a bioreactor, contaminated soil is mixed with water and nutrients and the mixture is agitated 
by a mechanical bioreactor to stimulate action of microorganisms. This method is better-suited to clay 
soils than other methods and is generally a quick process. 
Landfarming involves spreading contaminated soil over a collection system and stimulating microbial 
activity by allowing good aeration and by monitoring nutrient availability. 
In each of these methods, conditions need to be monitored and adjusted regularly for optimal 
biodegradation. Use of landfarming and biopiles also present the issue of monitoring and containing 
volatilization of contaminants. Like in situ methods, ex situ bioremediation techniques generally cost less 
than conventional techniques and apply natural methods. However, they can require a large amount of 
land and, similar to in situ bioremediation, complete degradation is difficult to achieve, and evaporation of 
volatile components is a concern. 
If the challenges of bioremediation, particularly of in situ techniques, can be overcome, bioremediation 
has potential to provide a low cost, non-intrusive, natural method to render toxic substances in soil less 
harmful or harmless over time. Currently, research is being conducted to improve and overcome 
limitations that hinder bioremediation of petroleum hydrocarbons. On a broader scope, much research 
has been and continues to be developed enhance understanding of the essence of microbial behavior as 
microbes interact with various toxic contaminants. Additional research continues to evaluate conditions 
for successful introduction of exogenic and genetically engineered microbes into a contaminated 
environment, and how to translate success in the laboratory to success in the field. 
Solid waste biotreatment 
The implementation of increasingly stringent standards for the discharge of waste in the environment 
and the degrading conditions of the environment has motivated the development of different processes 
for treatment and disposal of the waste. Solid waste biotreatment processes are developed to meet or 
more of the following objectives 
 (i) to improve the efficiency of the utilization of the raw material 
(ii)to recycle waste streams within a given facility and to minimize the need of waste treatment 
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(iii) to reduce the quantity and maximize the quality of the waste  
(iv)to transform wastes into marketable products 
The multitude of ways in which the transformation of waste can be carried out can be classified as being 
chemical or biological in nature. Biotreatnment can be used to detoxify process waste at the source –
before they contaminate the environment –rather than at the point of disposal. 
Biowaste is generated from various anthropogenic activities and can be categorized as manures, raw 
plant matter, and process waste. The treatment applied to them can be aerobic or anaerobic depending 
on the requirement of oxygen according to the waste generated. 
 1.Anaerobic digestion of solid waste 
This process accelerates the natural decomposition of organic material without oxygen by maintaining 
the temperature, moisture content and pH close to their optimum value. These processes consume less 
energy, produce less sludge and maintain enclosure of the odour over conventional aerobic methods. 
Anaerobic digestion is the consequence of a series of metabolic interactions among various groups of 
microorganisms. It occurs in three stages, hydrolysis/liquefaction, acidogenesis and methanogenesis. The 
first group of microorganism secretes enzymes, which hydrolyses polymeric materials to monomers such 
as glucose and amino acids. These are subsequently converted by second group i.e. acetogenic bacteria to 
higher volatile fatty acids, H2 and acetic 
acid. Finally, the third group of bacteria, methanogenic, convert H2, CO2, and acetate, to CH4. The 
anaerobic digestion is carried out in large digesters that are maintained at temperatures ranging from 
30°C - 65°C.  
These stages are described in detail below. 
Hydrolysis/liquefaction 
In the first stage of hydrolysis, or liquefaction, fermentative bacteria convert the insoluble complex 
organic matter, such as cellulose, into soluble molecules such as sugars, amino acids and fatty acids. The 
complex polymeric matter is hydrolyzed to monomer, e.g., cellulose to sugars or alcohols and proteins to 
peptides or amino acids, by hydrolytic enzymes, (lipases, proteases, cellulases, amylases, etc.) secreted by 
microbes. The hydrolytic activity is of significant  importance in high organic waste and may become rate 
limiting. Some industrial operations overcome this limitation by the use of chemical reagents to enhance 
hydrolysis. The application of chemicals to enhance the first step has been found to result in a shorter 
digestion time and provide a higher methane yield. 
Hydrolysis/Liquefaction reactions  
Lipids → Fatty Acids 
Polysaccharides → Monosaccharides 
Protein → Amino Acids 
Nucleic Acids → Purines & Pyrimidines 
 Acetogenesis 
In the second stage, acetogenic bacteria, also known as acid formers, convert the products of the first 
phase to simple  organic acids, carbon  dioxide and hydrogen.The principal acids produced are acetic acid 
(CH3COOH), propionic acid (CH3CH2COOH), butyric acid (CH3CH2CH2COOH), and ethanol (C2H5OH). The 
products formed during acetogenesis are due to a number of different microbes, e.g.,syntrophobacter 
wolinii, a propionate decomposer and sytrophomonos wolfei, abutyrate decomposer. Other acid formers 
are  clostridium spp., peptococcus anerobus,lactobacillus, and actinomyces. 
An acetogenesis reaction is shown below: 
C6H12O6 → 2C2H5OH + 2CO2 
Methanogenesis 
Finally, in the third stage methane is produced by bacteria called methane formers (also known as 
methanogens) in two ways: either by means of cleavage of acetic acid molecules to generate carbon 
dioxide and methane, or by reduction of carbon dioxide with hydrogen. Methane production is higher 
from reduction of carbon dioxide but limited hydrogen concentration in digesters results in that the 
acetatenreaction is the primary producer of  methane [6]. The methanogenic bacteria include 
methanobacterium, methanobacillus, methanococcus and methanosarcina. Methanogens can also be 
divided into two groups: acetate and H2/CO2 consumers. Methanosarcina spp. and methanothrix spp. 
(also, methanosaeta) are considered to be important in anaerobic digestion both as acetate and H2/CO2 
consumers. The methanogenesis reactions can be expressed as follows: 

CH3COOH      →   CH4   +      CO2 
                                  (acetic acid)     (methane)     (carbon dioxide) 

2C2H5OH + CO2  →  CH4 + 2CH3COOH 
                                                                        (ethanol) 

CO2   +   4H2 →   CH4 +    2H2O 
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Fig VII  Process of anaerobic digestion of solid waste 
 
2. Composting 
 The biological decomposition of organic compounds of waste under controlled aerobic conditions by 
composting is largely applied for solid waste treatment. The effective recycling of biowaste through 
composting can transform a potentially problematic waste into valuable product ‘compost’. Any organic 
waste can be treated by this method to obtain biologically stable humus like product for the use as soil 
conditioners, fertilizers, biofertilizer material of fuel. 

 Composting organisms require four equally important things to work effectively: 
 Carbon — for energy; the microbial oxidation of carbon produces the heat, if included at 

suggested levels  
 High carbon materials tend to be brown and dry. 
 Nitrogen — to grow and reproduce more organisms to oxidize the carbon. 
 High nitrogen materials tend to be green (or colorful, such as fruits and vegetables) and wet. 
  Oxygen — for oxidizing the carbon, the decomposition process. 
 Water — in the right amounts to maintain activity without causing anaerobic conditions. 

Degradation of the organic compounds in waste during composting is initiated by a very dissimilar 
community of microorganisms: bacteria, actinomyceties and fungi. A large fraction of  degradable organic 
carbon is converted  in to CO2 and production  of CH4 is only 1% to a few percent of the initial carbon 
content. 
Biotreatment of gaseous streams 
In the waste gas stream treatments, biotechnology is applied to find green and low cost environmental 
processes. Following methods can be employed for the gas stream treatment:   
1.Bioscrubbing 
Bioscrubbing consists of the absorption of a pollutant in an aqueous phase, which is then treated 
biologically in a second stage in a liquid phase bioreactor. The effluent leaving the bioreactor is then 
recirculated to the absorption column. This technology allows for good gas cleaning when the gaseous 
pollutants are highly water soluble. The main advantage of this technology are : (i) removal of reaction 
products by washing out, avoiding their possible inhibitory effects, (ii) easy control of the biological 
process due to control of the liquid medium composition and (iii) good adaptation capacity of the 
microbial biomass with reference to the composition of the gas to be cleaned. 
2.Trickling biofilltration 
Waste gas treatment in trickling biofilltration involves using a biological filter continuously fed with a 
liquid medium and packed with a synthetic carrier on which a biofilter grows. The polluted gas passes 
through the carrier material, co- or counter-currently to the mobile liquid phase which ensures nutrient 
supply to the microorganisms. Fresh medium fed to the reactor may be mixed with drain water 
recirculated to the system. Carriers frequently used and reported in the literature include plastic or 
ceramic structured packings, activated carbon, or mixtures of different materials.  
3. Biofiltration  
A biofilter consists of a fillter-bed, traditionally composed of organic matter (peat, compost, sawdust, 
etc.),serving both as carrier for the active biomass and as nutrient source. While flowing through the 
fillter -bed, contaminants present in the polluted air are degraded by the active biomass .One important 
characteristic of the process is the absence of a mobile liquid phase as a consequence of which bio filter 
are suitable to treat poorly water-soluble pollutants. Bio- filtration is of interest for the treatment of 
pollutants having an air/water partition coefficient less than 1. 
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Biosorption 
Biosorption is a physiochemical process that occurs naturally in certain biomass which allows it to 
passively concentrate and bind contaminants onto its cellular structure. Though using biomass in 
environmental cleanup has been in practice for a while, scientists and engineers are hoping this 
phenomenon will provide an economical alternative for removing toxic heavy metals from industrial 
wastewater and aid in environmental remediation. Biosorption is a metabolically passive process, 
meaning it does not require energy, and the amount of contaminants a sorbent can remove is dependent 
on kinetic equilibrium and the composition of the sorbents cellular surface. Contaminants are adsorbed 
onto the cellular structure. Bioaccumulation is an active metabolic process driven by energy from a living 
organism and requires respiration. 
 

 
 
ENVIRONMENTAL BIOTECHNOLOGY IN POLLUTION DETECTION AND MONITORING 
Environmental monitoring deals with the assessment of environmental quality, essentially by measuring 
a set of selected parameters on regular basis. In general, two methods –physiochemical and biological are 
available for measuring and quantifying the extent of pollution. 
Biomarkers/Bioindicators 
More recently, Environmental monitoring programmes have ,part from chemical measurements in 
physical compartments, included the determination of contamination levels in biota, as well as the 
assessment of various response/parameters of biological /ecological system. Nowadays, temporal and 
special changes in selected biological systems and parameters can and are used to reflect changes in 
environmental quality/conditions through biomonitoring [7] 
A biomarker, or biological marker, is in general a substance used as an indicator of a biological state. It is 
a characteristic that is objectively measured and evaluated as an indicator of normal biological 
processes, pathogenic processes, or pharmacologic responses to a therapeutic intervention. It is used in 
many scientific fields. A bioindicator is an organism or biological response that reveals the presence of the 
pollutants by the occurrence of typical symptoms or measurable responses, and is therefore 
more qualitative. These organisms (or communities of organisms) deliver information on alterations in 
the environment or the quantity of environmental pollutants by changing in one of the following 
ways: physiologically, chemically or behaviourally. The information can be deduced through the study of: 

1. Their content of certain elements or compounds 
2. Their morphological or cellular structure 
3. Metabolic-biochemical processes 
4. Behavior, or 
5. Population structure(s). 

The importance and relevance of biomonitors, rather than man-made equipment, is justified by the 
statement: There is no better indicator of the status of a species or a system than a species or system 
itself. 
Biomarkers that have potential for use in biomonitoring are: 

 Molecular(gene expression, DNA integrity) 
 Biochemical (enzymatic, specific proteins or indicator compounds) 
 Histo-cytopathological (cytological, histopathological) 
 Physiological 
 Behavioral 

Biosensors for Environmental monitoring 
A biosensor is an analytical device for the detection of an analyte that combines a biological component 
with a physicochemical detector component . 
It consists of 3 parts: 
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 The sensitive biological element (biological material (e.g. tissue, microorganisms, organelles, cell 
receptors, enzymes, antibodies, nucleic acids, etc.), a biologically derived material or biomimic 
component that interacts (binds or recognizes) the analyte under study. The biologically 
sensitive elements can also be created by biological engineering. 

 The transducer or the detector element (works in a physicochemical way; optical, piezoelectric, 
electrochemical, etc.) that transforms the signal resulting from the interaction of the analyte with 
the biological element into another signal (i.e., transducers) that can be more easily measured 
and quantified; 

 biosensor reader device with the associated electronics or signal processors that are primarily 
responsible for the display of the results in a user-friendly way. This sometimes accounts for the 
most expensive part of the sensor device, however it is possible to generate a user friendly 
display that includes transducer and sensitive element. 

 Use of biosensors enables repeated measurements with the same recognition element and can be 
applied to a wide range of environmental pollutants as well as biological products. The sensing 
element of in a biosensor can be enzyme, antibodies, DNA or microorganism and the transducer 
may be electrochemical, optical or acoustic .The biocatalyst in the biosensor converts the 
substrate to product. This reaction is determined by the transducers which converts it to an 
electrical signal. The output from the transducer is amplified and then displayed.  

Plants are also used as biological indicators, namely sensitive  and resistant white clover(trifolium repens) 
clones(as descriptors of biomass reduction in crop species).Invertebrate species (target and non-target 
insects)crustaceans can also be used for biomonitoring. 

 
ENVIRONMTAL BIOTECHNOLOGY FOR POLLUTION AND PREVENTIONAND CLEANER PRODUCTION 
Role of biotechnology in integrated environmental protection approach 
Biotechnology is regarded as the motor for integrated environmental protection. Complementary to 
pollution control which struggles for the tail end of the processes and manages pollution once it has been 
generated, pollution prevention works to stop pollution at its source by applying a number of practices, 
such as: 

 Using more efficient raw materials 
 Substituting less harmful substance for hazardous material 
 Eliminating toxic substances from production process 
 Changing processes 
 Others 

Since biotechnology can contribute to the elimination of hazardous pollutant at their source before they 
enter the environment, industrial and environmental biotechnology uses biological processes to make 
industrially useful products in a more efficient, environmentally friendly way, cutting waste byproducts, 
air emissions, energy consumption and toxic chemicals in several industries. As biotechnological 
processes once setup are considered cheaper than traditional methods, changes in production process 
will not only contribute to environmental protection, but also  help companies save money and 
continuously improve their public image. 
Process modification and product innovation 
The technique of modern molecular biology are applied the industry and environment to improve 
efficiency and diminish the environmental impact. Biodegradation, biotransformation and biocatalyis are 
the three processes that occur as a result of microbial metabolism. A manufacturer using microbial 
metabolism is said to conducting a biotransformation or to be using biocatalysis. Biotransformation 
involves modification of organic molecules into products of defined structure, in the presence of 
microbes, plants or animal cells or enzymes. 
Biotechnological processes generate operate under gentle conditions,use biodegradable raw materials 
and intermediates and water is usually the solvent.As a result of high enzymatic specificity, biological 
synthesis can lead to increased yield and less by-products ,thus saving additional cost for further 
purification. 
Biotechnological processes can contribute to sustainability, provided they replace chemical production 
methods.  
Environmental biotechnology and eco-efficiency  
Environmental biotechnologr has a great potential to be ecologically beneficial and at the same time 
economically profitable in many areas .Environmental challenges increasingly affect the competiveness, 
not only in terms of clean up and pollution –control costs but also in the marketplace. Eco-efficiency 
analysis showed that there is some potential for biobased materials and white biotechnology and that the 
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greatest impact of white biotechnology may be in the fine chemicals segment, where up to 60% of the 
products may use biotechnology [8]. 
Concluding remarks-Environmental biotechnology challenges and prospective 
New environmental challenges continue to evolve and new technologies for environmental protection 
and control are currently under development. Also, new approaches continue to grow harnessing the 
potential of microorganism and plants as eco- efficient and robust clean up agents in a variety of practical 
situations such as 

 Enzyme engineering fro improved biodegradtion 
 Process engineering for   enhanced biodegradation 
 Re use of treated wastewater 
 Biomembrane reactor technology 
 Design wastewater treatment based on decentralized sanitation and reuse 
 Implementation of anaerobic digestion to treat biowaste 
 Biodevelopment of biowaste as an alternative and renewable energy resource 
 Emerging and growing technological; application of soil remediation and cleanup of 

contaminated sites 
Along with the wide group of technology with the potential to accomplish the objectives of sustainability, 
biotechnology continue to play an important role of food production, renewable raw material and energy, 
pollution prevention, bioremediation. 
Since biotechnology has proved to have a large potential to contribute to the prevention, detection and 
remediation of environmental pollution and degradation of waste, it is a sustainable way to develop clean 
processes and products, less harmful, with reduced environmental impact than their forerunners, and 
this role is illustrated with reference to clean technology options in the industrial, agro forestry, food, raw 
materials and minerals sector. 
An evalution of the consequences, opportunities and challenges of modern biotechnology is important 
both for policy makers and the industries for implementation of ways for sustainable development.  
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