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New Frontiers of Environmental Biotechnological Application

Preface

Environmental biotechnology is the application of all components of biotechnology
to solve environmental problems. The prime target of this science is the abatement of
pollution through bioremedation/ biotreatment or supporting as resources for human use in
non polluting ways. It can also help in cleaner production of existing products. On the
whole it encompasses aspects of natural resources management, the treatment of waste and
control of pollution. Thus the major areas of understanding are environmental pollution
abatement through biodegradation, biotranformation, bioaccumulation of toxicity like
organics, metals, oil & hydrocarbons, dyes, detergents etc., Energy management through
production nonconventional nonpolluting energy like biodeasel methanol, biogass,
biohydrogen etc., Agricultural application of biofertilizer, biopesticides, or bioorganics of
multiple users, Recovery of resources from toxic or nontoxic wastes through
biotechnological approach, Biosensor approach of pollution monitoring and several other
allied issues.

Environmental Biotechnologies are competing with great success aginst traditional
technologies recent days and are providing solutions to acute problems through the so
called ‘end of pipe’ treatment technologies and bioremediation.

Environmental biotechnology can also provide a natural way of addressing mainly
environmental problems ranging from the identification of biohazards to bioremediation
techniques for industrial, agricultural and domestic like municipal effluents and residues.
Thus environmental use of biotechnology includes the development, biosecurity use and
regulation of biological systems for remediation of contaminated environments like land,
water, air as well as for use environmentally sound processes leading to clean technologies
and sustainable development.

Virtually all types of human activity generate wastes and this places a heavy burden
on the environment. So far we have relied more upon the physical and chemical methods
of pollution control. However microorganisms are likely to prove as more suitable tools for
pollution control due to their versatility and adaptability. In the field of environmental
management biotechnology have helped in environmental monitoring, degradation of
wastes, substitution of non renewable resource base with a renewable and production of
ecofriendly products and processes.

The application of biotechnologies with its risks that is difficult to define, much less to
assess. The introduction of genetically engineered microbes can create new ecological
niches and bring about large-scale transformations in the structure and function of the
ecosystem as a whole. There are many unknown risks and hazards associated with the
accidental or deliberate release of self-propagating, genetically engineered novel forms of
life into the biosphere. In the event of disastrous consequences, it is likely that people will
be harmed who had little gain from the use of biotechnology.

In recent years, considerable development in terms of R&D and its application on
“Environmental Biotechnology” is made round the world. The major areas of application
are microbial biodegradation of pollutants, development appropriate technology for
biofertilizers and biopesticides production and its use in the field of agriculture and



horticulture; production of single cell protein etc. Considerable discussion occurred in
recognition and support of the tremendous potential that environmental biotechnology
offered particularly in the development of the next generation of pollution prevention,
pollution abatement, and sustainable development of green technologies. The emergence
and acceptance of the concept of sustainable development warrants that the scope of
environmental biotechnology be enlarged to address issues like environmental monitoring,
restoration of environmental quality, resource/residue/waste-recovery/utilization/treatment,
and substitution of the non-renewable resource base with renewable resources. Different
articles delineates the current and prospective applications in these sub-areas of
environmental biotechnology, and documents, case studies on environmental monitoring,
restoration of environmental quality, resource recovery etc.

The book intends to present some new frontiers of environmental biotechnological
applications and their importance as feasible for environmental problem solving. The
chapters deal with different aspects of microbial degradation and interactions with
environmental pollutabts like heavy metals, harmful chemical from wastewater.
Development of molecular probe for identification of harmful microorganisms has been
put to looked upon. Chapters also describe the novel biofiltering technique to remove air
borne contaminants creating pollution free atmosphere. Integrated process biotechnology
has also been emphasized in one chapter.

First of all 1 would like to express my appreciation and thanks to Ministry of
Environment and Forest, Govt. of India for providing financial support through ENVIS
Centre towards publication of this book. My extreme thanks will goes to all the
contributors of this book without their support this publication couldn’t be possible. I am
also thankful to Department of Environmental Science, University of Kalyani and
University authority for providing support and functioning of the ENVIS Centre. Lastly I
would like to thank our editorial staff Dr. A. C. Samal, Dr. J. P. Maity, Mr. S. Kar and Mr.
S. Banerjee for their enormous work during preparation of the manuscript.

Prof S. C. Santra
ENVIS Coordinator

ENVIS Centre on Environmental Biotechnology,
Department of Environmental Science,
University of Kalyani, West Bengal.
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Chapter-1

Environmental Biotechnology — A Critical Appraisal

S. C. Santra, A. C. Samal, J. P. Maity and S. Kar

1.1 Introduction

"Biotechnology means any technological application that uses biological systems,
living organisms, or derivatives thereof, to make or modify products or processes for
specific use."”

Biotechnology as an art has been practiced for a long time in traditional activities
such as fermentation and brewing. It has now emerged as a separate discipline, pointing to
future revolutionary developments for the good of mankind. Spectacular advances that
have taken place in the field of biotechnology in the last two decades have a profound
impact on the socio-cultural scene, life-style, health care system, and availability of food,
employment opportunities, energy and clean environment. The promise of biotechnology
offers hope to the most destitute people on the earth. Through its miracle we can conceive
of winning the eternal struggle against hunger and disease.

Micro-organisms are the oldest inhabitants of earth. They are masters in versatility
and adaptability to the changing environment. They will definitely prove to be most cost
effective partners in our efforts for sustainable development. So limitations faced by
physical and chemical methods of pollution control will be overcome if we take the help of
these environmental masters (micro-organisms).

Biotechnology stands on the understanding of molecular basis of biological cell
functions and the ability of mankind to alter cell functions to make it produce products
required by society. New techniques available with biotechnology holds potentials for
developing products and processes in various sectors of agriculture, horticulture,
floriculture, forestry, animal husbandry, health care, energy generation and environmental
protection.

Virtually all types of human activity generate wastes and this places a heavy burden
on the environment. So far we have relied more upon the physical and chemical methods
of pollution control. 'However, micro-organisms are likely to prove as more suitable tools
for pollution control due to their versatility and adaptability. In the field of environmental
management biotechnology have helped in environmental monitoring, degradation of
wastes, substitution of non-renewable resource base with a renewable resource base, and
production of eco-friendly products and processes.

The application of biotechnologies with its risks those are difficult to define, much less
to assess. The introduction of genetically engineered microbes can create new ecological
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niches and bring about large-scale transformations in the structure and function of the
ecosystem as a whole. There are many unknown risks and hazards associated with the
accidental or deliberate release of self-propagating, genetically engineered novel forms of
life into the biosphere. In the event of disastrous 'consequences, it is likely that people will
be harmed who had little to gain from the use of biotechnology.

Biotechnology is an agenda for development, biotechnological boom and ecological
doom, Biohazards and Bio-safety. This is followed by conventional fuels and their
environmental impacts, non-conventional fuels and their environmental impacts,
Transgenic plants with an emphasis on improved fiber quality, Transgenic animals with an
emphasis on improved wool production, Biotechnology for pollution abatement,
Bioremediation, Biomineralization, Thuringiensis toxin as a natural pesticide, Biological
control of insects swarming agriculture fields, Biofertilizers, and Biotechnology of food
etc. Thus the major areas of understanding can be grouped as follows:

1) Environmental pollution abatement through biodegradation, biotranformation,
bioaccumulation of toxicity like organics, metals, oil & hydrocarbons, dyes,
detergents etc.

i1) Energy management through production nonconventional nonpolluting energy
like biodeasel methanol, biogass, biohydrogen etc.

1) Agricultural application of biofertilizer, biopesticides, or bioorganics of
multiple users,

1v) Recovery of resources from toxic or nontoxic wastes through biotechnological
approach,

V) Biosensor approach of pollution monitoring and several other allied issues.

There are also applications of biotechnology that do not use living organisms.
Examples are: DNA microarrays used in genetics and radioactive tracers used in medicine.

i) Red biotechnology is applied to medical processes. Some examples are the designing of
organisms to produce antibiotics, and the engineering of genetic cures through genomic
manipulation.

ii) White biotechnology, also known as grey biotechnology, is biotechnology applied to
industrial processes. An example is the designing of an organism to produce a useful
chemical. White biotechnology tends to consume less in resources than traditional
processes used to produce industrial goods.

iii) Green biotechnology is biotechnology applied to agricultural processes. An example
is the designing of transgenic plants to grow under specific environmental conditions or in
the presence (or absence) of certain agricultural chemicals. One hope is that green
biotechnology might produce more environmentally friendly solutions than traditional
industrial agriculture. An example of this is the engineering of a plant to express a
pesticide, thereby eliminating the need for external application of pesticides. An example
of this would be Bt corn. Whether or not green biotechnology products such as this are
ultimately more environmentally friendly is a topic of considerable debate.

12



iv) Bioinformatics is an interdisciplinary field which addresses biological problems using
computational techniques. The field is also often referred to as computational biology. It
plays a key role in various areas, such as functional genomics, structural genomics, and
proteomics, and forms a key component in the biotechnology and pharmaceutical sector.

v) The term blue biotechnology has also been used to describe the marine and aquatic
applications of biotechnology, but its use is relatively rare.

1.2 Biotechnology for Environmental Protection

Industrial growth, economic development, consumerisation indicate a country's
progress and life standard of individuals. Industrial growth in the 20" century has brought
along with it new problems, too. Water pollution, air pollution, land pollution, noise
pollution, radioactive pollution, solid wastes, depletion of resources, scarcity of good
quality water, spreading health hazards, are all the result or consequences of stupendous
industrial activities with less attention to its negative impacts on man and his environment.
Nature's built-in mechanisms and self-regulation ability has been thrown out of gear by the
quantity and complexity of wastes generated by the modern society. In economic terms, we
only consider material costs and energy costs involved and fail to pay attention to the costs
involved in the form of loss of environmental quality. Urbanization, wrong agricultural
practices etc., are responsible for pollution. 4s technological progress has followed the
industrial revolution, solving of environmental problem must follow technological
progress. Industrial processes and products thereof both must become environmentally
friendly and least damaging. .

Pollution may be defined as an undesirable change in physical, chemical or biological
characteristics of air, water, land that can harm human life, the lives of desirable species,
our industrial processes, living conditions and cultural assets; or waste our raw material
resources.

Environment protection means limiting the impairment of environment and it includes
conservations of resources. 'Environment protection' has three main objectives:

» To prevent damage and discomfort;

» To improve productivity and pleasure; and

» To maintain balances of the ecosystem.

Environment protection efforts will pay us back in terms of money, economy,
productivity, social justice, cleaner surrounding and sound health. Environmental problems
only differ a little with respect to a country, so the problems faced else where and controls
applied are equally applicable. Awareness, participation and action in a concerted manner
by all who are connected will be needed to solve the pollution problems.

‘Environmental Biotechnology’ involves specific applications of biotechnology to the
management of environment and related socio-economic and developmental issues,
keeping in view the concept of sustainable development. 'Environmental biotechnology'
encompasses issues like:

1) Environmental monitoring;
i) Restoration of environmental quality;

13
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ii1) Resource/residue/waste-recovery /utilization/treatment application of -

DNA technology;
iv) Substitution of non-renewable resources by renewable ones;
V) Strain improvement for degradation of highly-toxic pollutants with the

production of chemicals;
vi) Global changes;
vii)  Biological diversity; and
viii)  Risk management.

Industrial pollution management is thus one amongst the many issues that
environmental biotechnology addresses to. For a long time, the point of discussion in
environmental pollution as an issue has been symptoms rather than causes of pollution.
This naturally influenced our thinking, and emphasis was given on measurement and
removal (treatment technologies). Then slowly attention was directed towards the
Environment Impact Assessment (EIA) and this could add to the better planning and
possibility of better Control. And today - we have started to attack the root cause of
pollution. We have started discussing of what is described as 'clean technologies' which
believe in process development and modifications to minimize pollution.

The points useful in effective pollution management are:
(a) In-process treatment.
(b) End-of-pipe treatment.
(c) Remediation of polluted sites.
(d) Modification of existing processes.
(e) Introduction of new processes and products.

Though many technologies have been available for clean-up purpose, only a few of them
have been proved to be of routine application value. In 1989, the US Environmental
Protection Agency published a broad assessment of international technologies (particularly
those from Europe, Canada and Japan) for remediation of superfund sites. The criteria used
by them for assessment, apply in general also, while, evaluating different technologies
for pollution abatement purpose. The criteria are:
1) Function - object and applicability of technology;

i1) Description - details of operating principles and design features;
1) Performance - demonstration of effectiveness;

iv) Limitations;

V) Economics; and

vi) Status of research, development and availability.

In addition to the above-mentioned points, the choice of technology is also influenced by
the social, political, geographical considerations. The criteria apply to the assessment of
technologies in other environmental clean up work, too.
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1.3 Biotechnology for pollution abatement

We are so much obsessed with and possessed of industrial growth that our ecosystem
has undergone many ramifications and diversions; its pristine glory and vigor, vitality and
utility has been completely lost. Therefore, it is the bounding duty of us all to be aware of
what is happening around us and how this dither-down can be halted. In the initial stage of
industrialization, more importance was attached to stepping-up of production-regardless to
the need to install pollution free technologies. While some form of environmental pollution
has always existed and will continue to exist, it is only in the last two decades or so that we
have found the concern for environmental pollution becoming more and more pervasive.
The time clearly is now to have a look at our technological capabilities to protect our
environment (Agarwal, 1996).

So far we have relied more upon physical and chemical methods of pollution control.
Today, biotechnology is being considered as an emerging technology in environmental
protection. It involves the use of micro-organisms, the oldest inhabitants of the earth,
which are likely to prove as more suitable for pollution control due to their versatility and
adaptability to changing environments.

The application of biotechnology in the field of air pollution abatement and water
pollution abatement shall be discussed here in more details.

1.3.1 Biotechnology for Air Pollution Abatement

Sulphur dioxide, Nitrogen oxides, Volatile Organic Compounds and Particulates are
the four major components of air pollution and are responsible for environmental hazards.
Sulphur dioxide and Nitrogen oxides gases are just two of the four main pollutants known
to be important determinants of local air quality.

Increase in environmental awareness has resulted in more attention of people to air
pollution. People sense pollution by offensive odour just before their receiving the damage.
Waste gases with an offensive odour may be generated during the production process or
they may generate from open waste water treatment plants and garbage composting plants.

Three types of biological waste gas purification systems are in operation. These are: (i)
Bioscrubbers, (i1) Biofilters, and (iii) Biotrickling filters.

(i) Bioscrubber

A typical bioscrubber consists of an absorption column and one or more bioreactor
(Figure 1). Biological oxidation tales place in these bioreactors. The reaction tank are
aerated and supplied with a nutrient solution. The microbial mass mainly remains in the
circulating liquor that passes through the absorption column. Circulation rate is fast and
not much of biofilm will develop in the absorption column. The biofilm is removed from
time to time.
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(ii) Biofilters

Many micro-organisms have the ability to oxidise volatile organic compounds.
Biofilters may be of open type or closed type (Figure 2). Soil, compost, peat, heather, bark
etc are used in combination in biobeds. Uniformity, permeability of biobeds will decide the
proper gas treatment and bypassing or chocking should not occur. Biobeds require a lot of
space; they are turned 2-3 times in a year. Proper drainage is essential at the bottom.
Height of packing of bed is 1 m and flow rate of gas is 130 m’/hm”. Microorganisms used
in biofilters are mesophilic. Temperature 15-40.C, moisture 40-60% and gas contact time
10-30 seconds are maintained for biofilters.
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Figure 2 Biofilters

16



(iii) Biotrickling filters

They possess a biofilter packing through which gases are passed, water trickles
down dissolving the gas, and the pure air comes out (Figure 3). In trickling filters the
dissolved gas is unable to form acids.

Biosorption of polluted air have been increasing in recent past. A large number of
micro-organisms have been observed to degrade specific air pollutants. Pure culture of
Pseudomonas sp degrades Trichloroethylene (TCE). Genetically engineered E. coli has
been found to be efficient TCE degrader. Volatile organic compounds are degraded and
end products are carbon dioxide, water, biomass and inorganic salts. The process is
cheaper than thermal and catalytic oxidation. Chiobacillus ferroxidans is used for
treatment of Hydrogen sulphide and Sulphur dioxide, and gives solid sulphur.
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Figure 3 Biotrickling filters
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Figure 2. Trickling Biofilter

1.3.2 Biotechnology for Water Pollution Abatement

The undesirable waste characteristics of polluted water include the following: (i)
Suspended solid and soluble organic compounds, which undergo progressive
decomposition and thus result in oxygen depletion and production of noxious gases; (ii)
Heavy metals, cyanides and other toxic organics which are deleterious to aquatic life; (iii)
Undesirable levels of nitrogen and phosphorus, which enhances eutrophication (excessive
plant growth, which kills animals due to deprivation of oxygen) and stimulate undesirable
algal growth; (iv) Non-biodegradable chemical and volatile materials like Hydrogen
sulphide and Sulphur dioxide.

The objective of biological treatment of waste waters are to coagulate and remove the
non-settleable colloidal solids and to stabilize the organic matter. They are considered
better because they not only remove colour, but help in removal of carbonaceous organic
matter in waste water which is measured as BOD (Biological Oxygen Demand), or COD
(Chemical Oxygen Demand), or TOC (Total Organic Carbon), nitrification, denitrification
and stabilization are the purposes of biological treatment.

Biological treatment can be carried out if the effluents are rich in unstable organic
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matter. The microbes break-up these unstable organic pollutants into stable products like
carbon dioxide, carbon monoxide, ammonia, methane, hydrogen sulphide etc.

Industrial effluents vary in load, concentration of pollutants, toxic materials and are
often nutritionally unbalanced. They may contain biodegradable or non-biodegradable or
both types of pollutants. They show seasonal variations related with production.

Biological treatment of wastewater is a relatively neglected area and is also less
properly understood and controlled. Many people do not give importance to choosing of
right biological treatment method. Many people handle biological treatment in the crudest
manner. Ignorance about the composition of effluents just cannot be excused.

Effluent treatment systems broadly fall into two categories: (i) Aerobic, and (ii)
Anaerobic

Aerobic Biological Treatment-

They are based on the system of sewage treatment and arc meant to handle easily
biodegradable organic matter. When applying to industrial effluents, a careful treatability
study should be done to determine the design and working parameters. The basic reaction
in aerobic treatment plant is:

Cells

Organic material + O, ——» CO; +H,O+ New Cells
Other Nutrients

Microbial cells undergo progressive auto-oxidation of the cell mass:
Cells + O, I CO, + H,O + NH;

Lagoons and low rate biological filters have limited industrial applications but
activated sludge and fixed film systems of different types are widely used for industrial
effluents. Advanced activated sludge systems use pure oxygen instead of air and can
operate at higher biomass concentration.

Activated sludge process-

It operates as a homogeneous continuous culture. Biosorption and flocculation removes
the organic matter rapidly while oxidation and biosynthesis proceed at a lower rate.
Subsequently flocs settle into the next stage of secondary sedimentation tank. A portion of
this floc may be returned as inoculum. BOD and suspended solids are reduced by 85-95
per cent. Organisms in activated sludge are similar to that in percolating filters. In the
activated sludge, conditions are not suitable for macro-invertibrates grazer population.
Resultantly, activated sludge plants do not suffer from nuisance by flies. Also fungi are
less dominant. So less sludge bulking. Protozoans are abundant in activated sludge.
Nematodes and rotifers are small in number.

18



The contents of the reaction vessel are referred to as Mixed Liquor Suspended Solids
(MLSS) or Mixed Liquor Volatile Suspended Solids (ML VSS) and consists mostly of
microorganisms and inert and non-biodegradable suspended matter. The original activated
sludge process was introduced in 1914. It has certain drawbacks: (1) High running costs;
(2) Difficult to operate and maintain; (3) Produce large surplus biomass. There are various
modifications of activated sludge process:

(A) Tapered aeration: Here aeration capacity is related to demand and it is less at the
outlet than at the inlet.

(B) Step aeration: Here feeding as well as aeration is done at steps in the system
throughout length of the tank.

(C) Contact stabilization: Here returned sludge is aerated to encourage organisms to
utilize any stored nutrients. More wastes digested. Sludge volume is reduced
through aerobic digester stage. It is similar- in principle to the extended aeration
treatment. For extended aeration treatment, aeration and mixing of sludge and
effluent is done in the same unit that is conducted separate in contact stabilization.

(D) Advanced activated sludge process: Most of them operate with pure oxygen. So
they can operate at a higher biomass concentration. This reduces residence time
and bulking (i.e. excessive growth of filamentous bacteria and fungi which may
inhibit sludge setting) is inhibited.

Biological filters-Fixed film systems-

Microorganisms are attached to an inert supporting medium which is packed into a
tower or tank. There are some variations like rotating biological contactors which basically
are aerobic systems with fixed film of microorganisms growing on discs on a rotating
shaft. Even distribution of effluent is done in the reactor and air is introduced from the
bottom vents and' passes it across the media bed as effluent percolates or distributes.

Microbial slime develops on media support by using organic matter and oxygen. When
the thickness of the slime increases, extra biomass sloughs off. This sludge is collected by
gravity in a sedimentation tank. Sludge is later on treated and disposed off the same way 