Blueprint for
Sustainable
Management
and Utllization
of Nigeria’s
Bioresources

Edited by

Christie Oby Onyia, B. O. Solomon,
A. M. A. Imevbore & O. T. Ogundipe

Federal Ministry of Science & Technology






Chapter 4

- Sustainable Bioresources Management
and Biotechnology Intervention

by
Onyia,0. C.'; Solomon, B. 0.
Okafor, Nduha?; Okpokwasili, G. 0.%
Sadiq, H. Y.3; and Ebagbe, R.*

4.1 Introduction

E level of capabilities in the science and biotechnology
components of biodiversity and bioresources development
has been used as a measure of the capability of a country to

identify, conserve, utilize and commercialize her bioresources
in a sustainable manner. The countries of the world have been
classified into four categories based on the richness of their
biodiversity and the level of application of biotechnology for
its sustainable management as follows:

(1) bioresources-poor and biotechnology-poor;
(ii) bioresources-poor but biotechnology-rich;
(i1i) bioresources-rich but biotechnology-poor; and
(iv) bioresources-rich and biotechnology-rich.

Some countries in the Middle East, including Saudi
Arabia, belong to the first group, many advanced countries like
theUSA, Germany, France, UK, etc., belong to the second group,
while many of the southern countries, like Indonesia, Brazil,
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Mexico, Nigeria, Ghana, among others, belong to the third
group. At the time of this classification, no country belonged to
the fourth group (Khoshoo, 1996), which meant that no country in
the world was both bioresources-rich and biotechnology-rich. More
than ten years after, a few countries that originally belonged to
the third group have demonstrated such biotechnological
capabilities to prove that a country can simultaneously be rich in
bioresources and in biotechnology as a tool for development. Such
countries include China, Singapore, Cuba, South Korea, India, etc.
Brazil, Argentina and South Africa are fast emerging in this field.
There has been a rapid flow of bioresources from the South to
the North (i.e. from the third group to the second group). Even though
some emerging developing countries of the South have made great
advances in the application of biotechnology for solving some of their
national problems, the rate of flow of biotechnology from the North
to the South is still not commensurate. The countries of the South
need to accelerate their rate of adoption of biotechnology to maintain
a sustainable ecosystem. African countries are the worst hit. The
difference between biological diversity and biological resources
depends on what man does with the natural biological endowments
bestowed on him in a given ecosystem. There have been various
definitions of biodiversity and bioresources as described below.

4.1.1 Biodiversity

Biodiversity is the sum total of plants, animals and micro-
ogranisms existing as an interacting system in a given habitat.
It is therefore the totality of genes, species and ecosystem in a
region.

- At the global level, it is estimated that there are around
17,980,000 species, but a working figure of about 12,250,000
species. These species exist on land, free state with other
organisms. It has been that only about 1,604,000 species of plants,
animals and micro-organisms have been described so far
(WCMC, 1992) and that fewer than 1% of the total biodiversity
of the world have been studied for their ecological relationships
and role in the ecosystems (Singh, 2004).



Sustainable Bioresources Management and Biotechnology Intervention 129

4.1.2 Global Distribution of Biodiversity

Nature has been found to be very benevolent to the developing
countries in the distribution of biodiversity on the earth.
Tropical regions, which harbour most of the developing
countries, contain more than half of the world’s biodiversity;
they harbour at least 50-70% of the total biodiversity of the
world. The distribution is maximum in the equatorial, tropical
and subtropical regions, but progressively decreases as one goes
to the Polar Regions.

The above picture may be deceitful, w1th the advances in
biotechnology, which has led to the establishment of genebanks.
While it is a fact that all genetic resources originally came from in
situ conditions, the situation has quite changed; much of that
diversity can no longer be found “in the field”, a great deal of diversity
can now be accessed from genebanks as evidenced in Table 4.1:

Table 4.1: Genebanks and Accession in ExSitu Collections, by Region

Source:l TAO A998
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Crop experts believe that much of the existing diversity —
particularly of major crops — has already been collected and is
in genebanks.

4.1.3 Biological Resources: Definition

Biological resources, commonly referred to as bioresources, is
the scientific terminology for the natural biological wealth that
influences human life and well-being. Bioresources has
therefore been defined as the living entities which include
genetic resources, organisms (both macro and micro) or parts
thereof, populations, or any other biotic component of the
ecosystems with actual or potential uses or values to mankind.
They are important components for the progress and economic
activities of a nation. Management of a nation’s bioresources
must be done in a systematic, sustainable manner so as not to
endanger the resources of the future generation

4.1.4 Bioresources from the Wild

Man, for many centuries, has secured the various resources he
needed from the diversity of the living world. From the Stone
Age era, he has developed tremendous efforts to master the
surrounding natural environment, to grow better crops and to
breed specific animals. Primitive people encountered an array
of potential food sources in their environment before
agriculture. There were over two hundred thousand species of
flowering plants alone from which to choose, thousands of fresh
fruits, nuts, vegetables and grains, although some of them could
barely be recognized (Fowler and Mooney, 1990) as modern
agriculture has transformed most species both in quality and
yield. From both wild and domesticated components of
bioresources, humanity derives all of its food, energy, clothing,
medicine and construction materials, while the idea that
natural resources were unlimited was generally accepted until
early 20th century. This belief justified the unchecked
systematic development of human populations and activities
(Charrier et al., 1996). A change occurred when it was realized
that the assumption was not true forever. It has now been
established that human demographic expansion both in terms
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of space and bioresources has limits. Present human activities
have therefore become a threat to the very existence of other
living species and possibly of man himself. Economic
development processes, particularly in the early stages, tended
to rely primarily on the extraction of natural resources.

In the past when human population density was low and
people had only limited technologies for resource acquisition and
environmental change, humans lived in close harmony with
nature and the availability of existing bioresources at all times.
Increasing population and development of technologies have
resulted in the over-exploitation of bioresources with consequent
environmental destruction of income generation resulting in
inevitable deterioration of the human life-supporting system. It
has been estimated that economic benefits from wild species alone
make up to 4.5 % of the Gross Domestic Product (GDP) of the
United States of America, worth $87 billion annually in the late
1970s, Fisheries, mainly from wild species, contributed about
100 million tons of food worldwide in 1989. Wildlife species are
dietary mainstays in much of the world. The genes from wild
ancestors of crops endemic to developing countries have made a
distinctive contribution in crop improvement with considerable
gain to the growers (Khoshoo, 1996); thereby making a positive
difference both in social and economic terms.

It is imperative therefore, that adequate measures be
adopted for the efficient utilization of those abundant resources
in our oceans, rivers, lakes and forests, including geological
resources. The relationship between society and bioresources
nmeeds to be reappraised for deeper knowledge and better
sustainable management of the biological resources.

41.5 Conservation of Bioresources

Bioresources is an important and irreplaceable biological
resource because its extinction is for ever. The strength of most
of the developing countries lies in the richness of their
Woresources. It is therefore imperative that the conservation
of these resources and their sustainable management/
wtilization have to be central to all developmental planning in
these countries. This is because their economy is dependent on
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agriculture, horticulture, animal husbandry, fisheries, forestry,
medicinal and bioindustrial products, and others. The
conservation of bioresources encompasses richness of species
in biological communities, processes whereby species interact
with one another and with physical attributes within ecological
systems, and the abundance of species, communities, and
ecosystems on large geographical scales (Harrington et al., 1990).
Conservation has ceased to be a function of building a fence
round an area, but involves considerable upstream science and
technology, including biotechnology. The differences in the
bioresources distribution, conservation and utilization between
the developing and industrial countries, have been documented
by Khoshoo (1996). Their strengths and weaknesses are
highlighted in Table 4.2:

Table 4.2: Conservation of Bioresources: Strengths and Weaknesses of
Developing and Industrial Countries
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| - Affluence
¢ Largely bioindustrial development| - Largely industrial development |
¢ Bioresources-rich/Technology-poor | - Bioresources-poor/Technology

Source: Castri and Younnes (1996) (Adapted).

It is unfortunate that even though developing countries
in the tropics are the repositories of agri-bioresources, they
have remained the areas of low productivity and high population
density. Many of them, particularly those in Sub-Saharan Africa,
fall within the ‘hunger belt’ of the world and are therefore
lagging behind in achieving the millennium development goals
for food security and poverty reduction. Some of the reasons
for these conditions can be found in Table 4.2 and include poor
scientific and technological application to conservation,
utilization and general management of bioresources. As has been
highlighted by Okigbo in Chapter 1, research and development,
education and training, demonstration and extension, are
necessary ingredients for sustainable management of any
nation’s natural resources, including the bio-based resources.

In Nigeria, a number of government agencies, national and
international non-governmental organizations (NGOs) involved with
biodiversity and bioresources, have programmes for conservation,
collection, monitoring, training, etc., but in actual practice nothing
tangible can be seen on the ground. In view of the fact that developing
countries are major in situ repositories of bioresources, definite
steps need to be taken in these countries, Nigeria inclusive, to save
bioresources for humanity at large.

4.1.6 Need for Conservation of Nigeria’s Bioresources

The global biosphere can survive when resource utilization is
about 1 per cent; anything up to 10 per cent leads to over-
exploitation and therefore poses a threat. Twelve per cent of
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the global vascular plants are threatened with extinction. Over
5,000 animal species are threatened worldwide. Nigeria’'s
bioresources are no exception; they are under threat as has
been discussed in Chapters 1 and 3 of this blueprint. A national
survey to determine the sources of threat and the scale of the
depletion and/or destruction and extinetion is desirable. The
National Biotechnology Development Agency (NABDA), in
collaboration with UNESCO, started a national survey in 2006
of the endangered wildlife of Nigeria, targeting major national
parks and games reserves. Report of the survey so far reveals
that a number of games are endangered. The Nigerian Natural
Medicine Development Agency (NNMDA) has been in the
forefront of inventorying the country’s plant bioresources for
their medicinal and aromatic values. There are great potentials
in this sector, but signs of over-exploitation by traditional
medicine practitioners have already been detected, even though
only two products have been developed at commercial level
(Nicosan & Ciklavit). A number of Nigerian-based non-
governmental organizations like Bioresources Development
and Conservation Programme (BDCP), Nigerian Wetland
Development Centre (NDWC), etc, have consistently
championed projects geared towards conservation and product
development. BDCP has gone further to develop a database of
medicinal plants of Nigeria. More of such surveys and efforts
should be encouraged. Focused research is needed on forest
(which is fast being depleted through human activities),
desertification and restoration ecology, bioremediation, and
marine resources. Marine resources provide many goods and
benefits, including bioactive materials, drugs, and food items,
and should be characterized and conserved. Biotechnology has
become a major tool in conservation biology.

Conservation efforts are associated with scientific and
technical problems which are wide-ranging. Sound biosyste-
matic and experimental evolutionary, genetic and breeding
studies are needed to work out the details of distributional
patterns of life forms, regenerative capacity, population
genetics, evolutionary biology, breeding systems, size and extent
of gene exchange within the gene pools, etc. Expertise would
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be needed in several relevant and cognate fields such as
meteorology, land and water management, landscape and
restoration ecology, forestry, agriculture and economics. Also
worthy of attention is inventorying of a priority list of biota,
monitoring their populations and genetic evolutionary effects
of population changes together with remedial, rehabilitative
and restocking measures, dynamics of agroecosystems,
ethnobotany or ethnobiology, as the case may be, and relation-
ship between biological and cultural diversities and traditional
methods for their conservation. Botanical gardens, herbaria and
genebanks should be developed to aid conservation. It is equally
important to build human resource capacity/expertise in
biotechnology which is a knowledge-intensive area to employ
molecular approaches, including DNA fingerprinting for plant
conservation. The Consortium on Barcode of Life (CBOL) is doing
a lot in this area and is promising to be of great assistance to the
country through NABDA.

4.2 Biotechnology as a Tool for Sustainable
Exploitation and Utilization of Bioresources

Biotechnology as a tool has been successfully employed
worldwide not only for effective conservation (in situ and ex
situ) but also for sustainable exploitation of bioresources that
would lead to product development and commercialization in
the following sectors:

4.2.1 Environment

The major environmental challenges in Nigeria have been
identified as deforestation, drought and desertification, erosion,
floods, land. degradation and pollution, solid and liquid
municipal wastes disposal and general risks in the industrial
and oil sectors, including pesticides and oil spill poliution.
Environmental protection and conservation has always
been a special area of global concern amongst the scientific
community. This concern engendered the need for a policy of
sustainable development in harmony with the environment. The
Stockholm Conference in 1972, and the UNCED Conference in
Rio de Janeiro in 1992, both focused world attention on areas
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of pollution, biodiversity conservation, and sustainable
development. Biotechnological approach to pollution control
using biological methods is becoming a more acceptable option
to other control methods such as chemical methods. Waste
recycling technologies that are cost-effective and environmentally
safe, are being generated. The use of plants and microbes
(phytoremediation/bioremediation) has been found to be very
efficient in restoring or remediating polluted sites. Major
breakthroughs have been made in these areas:

Bioremediation: Technology for the bioremediation of
Manganese and Zinc mine dumps has been developed through
integrated biotechnological approach. Oil spill is a major source
of land and water pollution in Nigeria, especially in the Niger
Delta area; eco-restoration can be achieved through the use of
an efficient crude oil and oil sludge degrading bacterial
consortium, the so called ‘Oil Zapper’ technologies. Expertise
in this area exists in Nigeria.

Phytoremediation: Phytoremediation of dye and tannery
effluents has been developed and standardized. Plants have also
been used to remove the high levels of explosives found in the
soil in a process known as phytoremediation. Although it has
been known that some microbes can denitrify the nitrate
explosives in the laboratory, they could not be effective on site
due to some unfavourable environmental conditions. French et
al. (1999) have transferred this degradative ability from the

“microbe to tobacco plants, and these have produced a microbial
enzyme capable of removing the nitrates,

Bioleaching: Several microbial strains have been isolated for
leaching of metal ores of Copper, Zinc and Gold. Microbial
polysaccharide gellan and xanthan have been produced in high
concentration using Sphingomonas sp. Production of cyclodextrin
has been standardized using microbial strains of Bacillus firmes
and Klebsiella pneumoniae.

New developments such as bioindicators, biosensors, and
rapid identification of species diversity using molecular
techniques and isolation of microbial consortia are priority
research areas. Developing a more biologically oriented
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approach towards pollution control would be extremely
important. Cleaning up the large river systems and ensuring
the destruction of pesticide residue in large slums in the city
are priorities in which a biotechnological approach would be
environmentally safe.

4.2.2 Bioresources Utilization in the Oil Industry

While the activities of the oil industry have indeed generated
immense financial benefits, they have no doubt also been
increasingly attended by large-scale pollution of the environment.
In Nigeria, for instance, the highest increases of oil spills occurs
in the mangrove swamp zones and near offshore areas of the
Niger Delta; these areas constitute the most sensitive and
productive ecological areas. Currently, physical and chemical
methods have been the most widely used procedures employed
towards minimizing the effects of oil spills. Often, these methods
are grossly inadequate and ineffective, and may even result in
further contamination of the environment. This therefore creates
the need for the development and application of better and more
effective methods.

Bioresources, for the most part, play a useful role and are
commonly utilized as post-impact remedial agents in the oil
industry. The biological activities of living organisms usually
involve the uptake of organic and inorganic materials from the
environment for growth and sustenance of life. By its very nature,
petroleum is amenable to biotreatment and, among the many
techniques employed to decontaminate affected sites,
bioremediation remains top choice (Okpokwasili, 2002 & Solomon,
et al, 1986). Bioremediation is a general term used to describe the
destruction of contaminants by biological mechanisms, including
micro-organisms (e.g. yeasts, fungi, or bacteria), in contaminated
soil and water. These organisms eat and digest organic substances
for nutrients and energy. This technology has advantages such as
cost-effectiveness and the potential to remediate an environment
without causing any environmental damage (Okpokwasili, 1994).
The absence of any engineered organisms, in most cases, makes

this technology suitable for many developing countries
(Okpokwasili and Ibe, 1998). '



138 Sustainable Utilization and Management of Nigeria's Bioresources

(a) Biotreatment of Petroleum Pollutants

The chemical composition of crude oil and even of refined petroleum
products includes hundreds of different alkanes and aromatic
hydrocarbons. Microorganisms, with the ability to degrade a wide
range of these crude oil components, exist ubiquitously as
bioresources’ agent in the environment and do appear to respond
quite rapidly to the presence of petroleum (Lee & Levy, 1991;
Layokun et al., 1987 and Solomon et. al., 1986). Many bacteria, yeasts
and filamentous fungi have been shown to be able to oxidize and
assimilate hydrocarbon components. They include species of
Corynebacterium, Pseudomonas, Micrococcus, Acinetobacter,
Flavobacterium, Arthrobacter, Bacillus and Staphylococcus
(Okpokwasili and Nnubia, 1999; Nweke and Okpokwasili, 2003).
The most important yeasts and fungi include Candida, Rhodotorula,
Sporobelomyces, Penicillium, Cunninghamella, Verticillium,
Cladosporium, etc. A palmwine yeast isolate, Schizosaccharomyces
pombe, has also been found to degrade petroleum hydrocarbons
(Amanchukwu et al., 1988, 1989). Some cyanobacteria and algae are
also capable of petroleum degradation (Foght et al., 1987). Microbial
communities within contaminated ecosystems tend to be dominated
by those organisms capable of utilizing and/or surviving toxic
contamination (Okpokwasili, 1994, 1998). As a result, these
communities are typically less diverse than those in unstressed
systems, although the diversity may be influenced by the complexity
of chemical mixtures present and the length of time the population
has been exposed (McNaughton et al., 1999).

Local Strains of Pseudomonas aeruginosa and Pseudomonas
fluorescence have been reported to have high potential for
bioremediation of crude oil polluted site, Petroleum refining and
Petrochemical waste waters (Solomon et al, 1986; Layokun et al,
1987; Oboirien et al, 2005 and Ojumu et al, 2005). The refining
processes of petroleum lead to the formation of phenol which at
high concentration is very toxic., Chlorinated phenols, which are
also commonly used, are difficult to degrade and are classified as
xenobiotics. This group of compounds require special attention.
Normal alkanes in the range C , to C,, are viewed as the most
readily degraded; but low-molecular weight aromatics such as
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benzene, toluene and xylene, which are among the toxic compounds
found in petroleum, are also readily biodegraded by many micro-
organisms. More complex structures (for example, those with
methyl branched substituents or condensed aromatic rings), are
more resistant to biodegradation. A single bacterial species has
only limited capacity to degrade all the fractions of hydrocarbons
present and so these organisms work as a consortium.

Bioremediation can take place under aerobic or anaerobic
conditions. Under aerobic conditions, micro-organisms consume
atmospheric oxygen in order to function.Under anaerobic
conditions, no oxygen is present; rather, the organisms break down
chemical compounds in the environment to release the energy
they need. Sometimes, intermediate products are formed as the
biological processes break down the original contaminants.The
intermediate products may be less, equally, or more toxic than
the original contaminants. Both in situ and ex situ bioremediation
processes have been developed. In situ bioremediation treats the
contaminated water or soil where it is found. Ex situ processes
involve removing the contaminated soil or water to another
location before treatment. Enhanced bioremediation involves the
addition of micro-organisms (bio-augmentation) or nutrients like
oxygen, nitrates (biostimulation), to the environment to accelerate
the natural biodegradation process. Various applications of
microbial bioremediation technology include:

(b) Bioremediation of Oil-contaminated soil

(i) Land Farming: This is a solid phase treatment process
that has been used for remediating contaminated soils or
other wastes. The process involves excavating contaminated
soil and placing it on an impermeable surface where it is
spread out in relatively thin lifts of approximately 0.3 — 0.6m
in thickness. The soil is then periodically tilled using
conventional farm equipment (e.g. disc harrow) in order to
aerate the soil and promote volatilization. Typically, the soil
1s left uncovered and is periodically dosed with liquid
nutrients. This aerobic ex situ process usually involves the
use of soil as an inoculum and the supporting medium for
microbial growth (Environment Canada, 1995).
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(ii) Soil Vapour Extraction: This process encourages the
volatilization of contaminants adhering to soil particles while
fresh oxygenated air is introduced into the zone of soil
contamination. The fresh air is essential in providing a source
of oxygen for the indigenous hydrocarbon-degrading bacteria
and thus, natural degradation is promoted. The cost for this
treatment process is reactively low and it is typically used to
treat soils under roadways, buildings and other structures.
Limitations would include the high dependency of this
treatment process on the air permeability of the impacted
soils and the degree of homogeneity (USEPA, 1991, 1992).

(iii)Bioreactor: The use of a bioreactor for remediation of
petroleum-contaminated soils is a batch-treatment technique
in which the contaminated soil is excavated, mixed with water
(and other additives) and treated in reactor vessels (Blackburn
and Hafker, 1993). The slurry is mechanically agitated in the
reactor vessel to keep the solids suspended and maintain the
appropriate environmental conditions. Micro-organisms may
be added initially to seed the bioreactor or added contirmuously
to maintain the correct concentration of biomass. Nutrients
are added, pH adjustment is practised and temperature may
be optimized in the reactor vessel (Nkala, 2000). This system
maintains intimate mixing and contact of micro-organisms with
the hazardous compounds and creates the appropriate
environmental conditions for optimizing microbial degradation
of target contaminants (Choi et ¢l., 1999). Residence time in
bioslurry reactors varies, depending on the nature of the soil
or sludge matrix, the physical/chemical nature of the
contaminant, including concentration, the biodegradability of
the contaminants and the desired levels of removal. Residence
times of 5 days for PCP-contaminated soil, 13 days for a
pesticide-contaminated soil and 60 days for refinery sludge,
have been reported (Holden et al., 1997).

Okpokwasili and Oton (2004) have reported a
residence time of 28 days for petroleum refinery sludge. Aside
from the biodegradability of a particular compound, other
limiting factors include the presence of inhibiting compounds
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(like heavy metals and chlorides) and operating temperature.
The operating temperature range is approximately 15 — 70°C.
Dissolved oxygen is also critical and must be monitored along
with pH, nutrients and waste solubility. Upon completion of
the treatment, the water is removed from the solids which are
disposed of or treated further if they still contain pollutants.
Dewatering devices that may be used include clarifiers,
pressure filters, vacuum filters, sand drying beds or centrifuges.
Depending on the nature and concentration of the
contaminants and the location of the site, any emissions may
be released to the atmosphere, or treated to prevent emissions.
Fugitive emissions of volatile organic compounds, for instance,
can be controlled by modifying the slurry-phase bioreactor so
that it is completely enclosed (Holden et al., 1997). Nwokoro
and Okpokwasili (2003) have used the bioreactor system for
treating oil-contaminated Niger Delta sediments with success.

(c) Bioremediation of Oil-contaminated Water

Water is a more sensitive medium than soil and requires somewhat
different remediation techniques. Spills to surface water are easier
to clean up than spills to ground water, for obvious reasons. It is
not only much harder to see the extent of the contamination, but
also to remove the source of the contamination as, for example, a
leaking underground storage tank. Since the underlying idea is
to accelerate the rates of normal hydrocarbon biodegradation by
overcoming the rate-limiting factors, the following concepts/
techniques can lead to the results striven for:

(i) Seeding with Microbial Cultures: This is the approach
often considered for the bioremediation of polluted
environment, including soil and water bodies in a process
termed bio-augmentation (Onyia, et al., 2000). Most micro-
organisms considered for seeding are obtained by
enrichment cultures from previously contaminated sites.
However, because hydrocarbon-degrading bacteria and
fungi are widely distributed in marine and freshwater
habitats, adding seed cultures in some instances, has
proven less promising for treating oil spills than adding
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fertilizers and ensuring adequate aeration. Most tests have
indicated that seed cultures are likely to be of little benefit
over the naturally occurring micro-organisms at a
contaminated site for biodegradation of the bulk of
petroleum contaminants (Atlas, 1995).

(ii) Environmental Modification: Hydrocarbon degradation

in marine environments is often limited by abiotic
environmental factors such as molecular/dissolved oxygen,
phosphate and nitrogen (ammonium, nitrate and organic
nitrogen) concentrations. In well-aerated (high energy)
marine environments, oxygen is, however, not limiting.
Usually, marine waters have very low concentrations of
nitrogen, phosphorus and various mineral nutrients that are
needed for the incorporation into cellular biomass, and the
availability of these within the area of hydrocarbon
degradation is critical. This can be accomplished by adding

nitrogen-containing fertilizers to the contaminated areas.

In warmer climates where these nutrients could be washed
away (and possibly even cause plankton blooms), slow-release
fertilizers that are carrier-bound is adequate. Biodegradation
of floating oil is limited by surface area. When a slick forms
on the surface of the water, it may eventually disperse in
the water column, aided by wave action or carried away for
great distances. An option for stimulating biodegradation
is to add a dispersant preferably containing a biosurfactant
to the oil slick. This dramatically increases the surface area
available for microbial colonization of the oil-in-water
emulsion at the oil-water interface. The surfactants used in
some dispersants have been shown to further enhance
biodegradation of dispersed floating oil by serving as a
biodegradable substrate and stimulating growth of
biodegradative bacteria.

(d) Bioremediation of Groundwater Areas

Technologies used to remediate soils typically have equivalent
versions for groundwater treatment. In situ techniques for
treating groundwater typically involve injecting air and/or
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; s '
nutrients to encourage indigenous bacteria to degrade the
contaminants.

(i) Pump-and-Treat: Pump-and-treat approaches involve
bringing contaminated water to the surface and having
it flow through a container or tank where treatment
processes (bioremediation) can occur. Depending on the
quality of the treated water, they can be discharged into
the sewer system, surface water, or be reinjected into
the ground. This technique works best in permeable soils.
Non-homogeneous conditions in the subsurface may
prevent clean-up of contaminant found in pockets.

(ii) Gaseous Nutrient Injection: In this case, nutrients are fed
to contaminated groundwater and soil via wells to emcourage
and feed naturally occurring micro-organisms.Vapour

~extraction is often used in conjunction with gaseous nutrient
injection. The most common added gas is air. In the presence
of sufficient oxygen, micro-organisms convert many organic
contaminants to carbon dioxide, water and microbial cell
mass. In the absence of oxygen, organic contaminants are
metabolized to methane, limited amounts of carbon dioxide
and trace amounts of hydrogen gas. Another gas that is added
is methane. It enhances degradation by co-metabolism. That
is, as bacteria consume methane, théy produce enzymes that
react with the organic contaminant and degrade it to
harmless minerals.

(iii)Oxygen Enhancement with Hydrogen Peroxide: An
alternative to pumping oxygen gas into groundwater
involves injecting a dilute solution of hydrogen peroxide
(H,(,), which easily releases its extra oxygen atom to
form water and free oxygen. This circulates through the
contaminated groundwater zone to enhance the rate of
aerobic biodegradation of organic contaminants by
naturally occurring microbes. A solid peroxide product
(e.g. oxygen-releasing compound, ORC) can also be used
to increase the rate of biodegradation.
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(iv) Nitrate Enhancement: A solution of nitrate is sometimes
added to groundwater to enhance anaerobic biodegradation.
On the other hand, high concentration of nitrate in surface
waters and lakes can lead to phenomena known as algal
bloom and eutrophication with time (2002).

(e) Microbial Products of Importance in the Oil Industry

A large variety of microbial surfactants (biosurfactants or
bioemulsificers) are produced by bacteria, yeasts and fungi.
Biosurfactancts are of increasing industrial interest because of
their broad range of potential application, including emulsification,
wetting, phase separation and viscosity reduction (Ochsner et al.,
1995). Almost all surfactants currently in use are chemically
derived from petroleum. Interest, therefore, in microbial
surfactants has been steadily increasing in recent years due to
their diverse desirable characteristics such as selectivity
effectiveness, environmental-friendly nature, stability at elevated
temperatures, pH and salt concentrations. In addition to the above,
biosurfactants have increased versatility in comparison to many
synthetic surfactants and are suitable for production through
fermentation. Their range of possible application in the oil industry
processes alone includes cleaning up oil spills (both land and
marine spills), removal of oily sludge from oil storage tanks through
increased mobility as well as general enhancement of oil recovery
processes from reservoirs and the level of the production well
(Rosenberg, 1986).

The biopolymer, xanthan gum, has potential use in the
petroleum drilling industry. High-performance circulating
fluids formulated with bio-gums like xanthan gum reduce
operating costs by increasing the penetration rates, reducing
the torque and drag in high angle wells, improving the well
bore stability, reducing friction pressure losses, fluid disposal
costs, and minimizing the formation damage.

(f) Plant Resources

The clean-up of oil spills in certain environments, for example,
coastal marshes, remains a problematic issue because wetlands
can be extremely sensitive to the disturbances associated with
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remediation activities. Foot traffic and equipment on the marsh
surface during clean-up operations are considered secondary
impacts of an oil spill that, in themselves, can cause significant
harm by trampling vegetation, accelerating erosion, and burying
oil in anaerobic sediments where it may persist for years (Getter
et al., 1984). It often appears that the best course of action may
even be to let the marsh recover on its own to avoid these
secondary impacts (Baker et al., 1993; Mendelssohn et al., 1993).
Since it is known that wetland environments are sensitive to
these and other impacts of clean-up, which can do even more
damage than the spill itself, there is a need to develop alternative,
less-intrusive oil spill clean-up bioremediation techniques that
are compatible with the delicate wetland environment. These
alternatives may be utilized without other clean-up methods in
the event of a minor spill, or utilized in conjunction with existing
clean-up methodologies in heavily oiled marshes.

Plant-based remediation (phytoremediation) is the use of
plants to treat or stabilize contaminated soils, sediments or
even groundwater. Some plant species have Parenchymatous
tissue which facilitates the diffusion of oxygen from shoots to
roots, and this ability varies between species (Drew, 1992).
Therefore, different plant species provide different rhizosphere
microenvironments, which, in turn, may affect the associated
so0il microbial community and the bioavailability of the oil to
oxidative degradation. Plants can support the process of
remediation in many ways:

(i) Rhizofiltration: This is the removal of contaminants by
adsorption to plant roots.

(ii) Rhizosphere Bioremediation: This is the process of
enhanced microbial degradation of contaminants near
plant root surfaces.

(iii)Phytostabilization: This involves erosion control of
contaminated soils or hydraulic control through
management of the soil water balance.
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(iv)Phytoextraction: This refers to the removal and
concentration of contaminants, generally metals, in plant
tissues.

(v)Phytotransformation: This describes the process of plant
uptake and transformation of contaminants to less toxic
forms.

To be effective, phytoremediation projects must
successfully integrate both the plant-based and engineering
aspects of a system; this requires an interdisciplinary approach.
A variety of grasses, alfalfa, clover and trees have reportedly been
successfully used for phytoremediation (Childers et al., 1997).

4.2.2.1. Limitations and Concerns of Biological
Processes in the Oil Industry

¢+ Under anaerobic conditions, contaminants may be degraded to
a product that is more hazardous than the original contaminant.

¢ Introducing cold water or gas may slow the remediation
process, as lower temperatures do not support degradation.

¢+ Concentrations of hydrogen peroxide greater than 100 to
200 ppm in groundwater inhibit the activity of micro-
organisms. Safety precautions are also needed when
handling hydrogen peroxide.

¢+ Amended oxygen can be consumed very rapidly near the
injection well, which creates two significant problems:
biological growth can be limited to the region near the
injection well, limiting adequate contaminant/micro-
organism contact throughout the contaminated zone; and
biofouling of wells can retard the input of nutrients.

¢ Bioremediation is not well-suited for soils with low
permeability (eg fine clays). High permeability is required
to allow the nutrients reach the indigenous micro-
organisms. -

¢ It is possible that the subsurface injection of gases below
the water table can induce groundwater flow. It may be
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necessary to use a pump-and-treat system in conjunction
with gas injection for hydraulic control.

¢ The circulation of water-based solutions through the soil
may increase contaminant mobility and necessitate
treatment of underlying groundwater. If the process is
enhancing groundwater bioremediation, a groundwater
circulation system must be created so that contaminants do
not escape from zones of active biodegradation.

¢ Nitrate injection to groundwater is of concern because
nitrate is a regulated compound.

¢+ Bioaugmentation using non-native micro-organisms is also
controversial. It is feared that bicaugmentation with non-
native microbes that are pathogenic will result in the
multiplication and dissemination of the pathogen. This fear
has been allayed by the use of edible yeasts from comestible
natural sources such as palmwine (Amanchukwu et al., 1988,
1989) as candidate micro-organisms in bioremediation.

¢ Very high contaminant concentrations may be toxic to both
micro-organisms and plants.

¢ Micro-organisms can be a nuisance in stored petroleum
products by causing chemical assimilatory biodeterioration
and biofouling of such products (Okpokwasili and James,
1995).

4.2.3 Repositories and Microbial-Type Culture Collection

Infrastructural facilities and repositories are vital in different
universities and research institutes to facilitate advanced
research. Establishment of National Microbial-Type Culture
Collection Centre is in progress in Nigeria. In the mean time,
Universities and Research Institutes are encouraged to set up
a network of manageable facilities for culture collection in their
various establishments. In India, the repository on Drosophila
has been strengthened to develop educational kits for
demonstrating genetic experiments in schools and colleges.
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4.2.4 A National Containment Facility

Establishment of a national containment facility is paramount
for confined field trials of transgenic crops developed within
Nigeria or imported from outside the country. Currently, the
only available facility exists at the International Institute for
Tropical Agriculture (IITA), Ibadan. USAID is considering the
establishment of one at Sheda Science and Technology Complex
(SHETSCO) for the trial of Bt-Cowpea being developed through
the activities of AATF. This central facility will pave the way
for the development and deployment of Transgenics to the
benefit of the various stakeholders.

4.3 Agriculture/Food Security and Biotechnology

For the 4.6 billion people in developing countries, one billion
do not get enough to eat and live in poverty. Twelve per cent
(12%) of the world’s land is arable and used for agricultural
crops. It is however projected that the per capita availability of
the land under agricultural use may be reduced from 2.06
hectares to 0.15 hectare by 2050.

Nigeria has a total landmass of 98.3 million hectares and
a population of over 140 million. Over 70% of the population is
basically agrarian (subsistence farmers). The cultivable land is
72 million hectares while 34 million hectares (47%) are actually
cultivated. Thus, Nigerian agriculture is usually viewed as a
land surplus economy. However, domestic food production has
continued to lag behind the food needs of the population, making
the country food-insecure. An alternative strategy needs to be
sought for poverty reduction through food security. The
industrialized countries of the West have scientifically
established that an environmentally benign way of ensuring food
security is through biocengineering of crops. What strategy or
alternative is available for the developing countries?

Biotechnology has a lot to offer in the area of agriculture.
It has been established as a new set of tools that will provide
the breeders the capacity to improve agricultural productivity.
Exploiting the development of new hybrids, including genes
for abiotic and biotic resistance, is important. Sub-Saharan
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African countries, of which Nigeria is one, did not experience
Green Revolution and cannot therefore afford to be left behind
in this era of Gene Revolution, which aims at improving crop
productivity and quality through biotechnology. Developing
planting material with desirable traits and genetic
enhancement of all important crops will dominate the research
agenda in the present millennium.

Nigeria is very rich in species and biodiversity. The
country’s bioresources should constitute the mainstay of the
economy of the poor people if properly harnessed. Emphasis should
be laid on plant biotechnology research, not neglecting animals.
Molecular finger-printing, areas of genomics and proteomics have
penetrated the barriers of fertilization to allow transfer of
important traits from one plant to another. With the advent of
gene transfer technology and its use in crops, plant biotech-
nologists have achieved higher productivity and better quality,
including improved nutrition and storage properties. Adaptation
of plants to specific environmental conditions such as increased
plant tolerance to stress, pest and disease resistance, has been
achieved for improved revenue generation.

Food security does not only involve availability of adequate
guantity of food through improved yield; it also involves
affordability of quality food, with high nutritive value to the
citizens. Biotechnology therefore offers major inputs for
healthier and more nutritious food. Most of the staple foods in
the region are carbohydrate-rich but protein- and vitamins-poor;
millions of people, particularly children, are malnourished.
Vitamin A deficiency affects 40 million children worldwide and
majority are in the developing countries. There are also serious
deficiencies of iodine, iron, and other nutrients. A recent
UNICEF report on food and nutrition deficiencies in children
describes this as a “silent, invisible emergency with no outward
sign of a problem.” Every year, over 6 million children under
the age of 5 die worldwide. More than half of these deaths result
from inadequate nutrition. Promising leads are available in the
areas of food fortification with required vitamins and other
micronutrients to fight these nutritional deficiencies through
application of biotechnology. A number of genetically improved






