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Abstract - Waste treatment was tedious, energy consuming and costly process until biotechnology came to the rescue. Use 
of various biotechnological approaches like bioremediation and composting not only treated waste in eco-friendly manner 
but also produced end products of much economic importance. The end products were utilized for different purposes ranging 
from manure to gas for house hold purposes. Biotechnological approaches result in fast decomposition of waste matter which 
otherwise wasn’t possible. It destroys or immobilizes contaminants rather than transfers them from one environmental 
medium to another. Biotechnology, as a whole as, has revolutionized waste management and utilization industry. 
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I. INTRODUCTION 
 
Environmental biotechnology is used in waste 
treatment and pollution prevention. Environmental 
biotechnology can more efficiently clean up many 
wastes than conventional methods and greatly reduce 
our dependence on methods for land-based disposal. 
Every organism ingests nutrients to live and produces 
by-products as a result. Different organisms need 
different types of nutrients. Some bacteria thrive on 
the chemical components of waste products. 
Environmental engineers use bioremediation, the 
broadest application of environmental biotechnology, 
in two basic ways. They introduce nutrients to 
stimulate the activity of bacteria already presents in 
soil at a waste-site, or add new bacteria to the soil. 
The bacteria digest the waste at the site and turn it 
into harmless byproducts. After the bacteria consume 
waste materials, they die off or return to their normal 
population levels in the environment. 
In some cases, the byproducts of the pollution-
fighting microorganisms are themselves useful. For 
example, methane can be derived from a form of 
bacteria that degrades sulfur liquor, a waste product 
of paper manufacturing. This methane can then be 
used as a fuel or in other industrial processes. 
 
II. BIOREMEDIATION 
 
Bioremediation is an area of increasing interest. 
Through application of biotechnical methods, enzyme 
bioreactors are being developed that will pre-treat 
some industrial waste and food waste components 
and allow their removal through sewage system 
rather than through solid waste disposal mechanisms. 
Waste can also be converted to biofuel to run 
generators. Microbes can be induced to produce 
enzymes needed to convert plant and vegetable 
materials into building blocks for biodegradable 
plastics. 
Bioremediation is “the naturally occurring process 
by which microorganisms either immobilize or 

transform environmental contaminants to 
innocuous end products”. Bioremediation is an 
important soil and groundwater remediation strategy 
because it: 
 harnesses naturally occurring bio-geological 

processes; 
 destroys or immobilizes contaminants rather than 

transfers them from one environmental medium 
to another;  

 Conserves financial resources due to shortened 
cleanup times and/or lower capital expenditures 
to many other remediation technologies (GZA 
GeoEnvironmental, 1998). 

Biotreatment is well accepted by industry as it goes 
along with the current popularity of maintaining 
nature’s harmony. Bioremediation has become a 
widely accepted option for the clean-up of 
contaminated soils and aquifers although it does not 
have a fully credible reputation within the regulatory 
community (NRC, 1993).There are numerous 
examples of employing bioremediation against 
various pollutants. Now-a-days, there are four main 
biological techniques for treating soil and 
groundwater:  
a. Stimulation of the activity of indigenous 

microorganisms by the addition of nutrients, 
regulation of redox conditions, optimizing pH 
conditions, etc.  

b. inoculation of the site by microorganisms with 
specificbiotransforming abilities;  

c. application of immobilized enzymes;  
d. Use of plants (phytoremediation) to remove 

and/or transform pollutants (Bollag&Bollag, 
1995).  

 
In the specific methods used forbioremediating 
contaminated soil and water, landfarming, 
composting, intrinsic bioremediation and slurry 
bioreactor are included (Table 2). 
Land farming. From an engineering perspective, land 
farming is a “managed treatment and ultimate 
disposal process that involves the controlled 
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application of a waste to a soil or soil-vegetation 
system” (Loehret al., 1985). Land farming relies on 
the principles applied in agriculture and aims at 
controlling the biocyclingof natural compounds. The 
biodegradation conditions by the natural indigenous 
microbial populations of soil are optimized by the 
dilution of contaminated soil with clean soil, tilling of 
the soil to reduce initial toxicity, as well as by 
controlling physical parameters, such as aeration, pH, 
soil moisture content, and temperature. Aeration is 
often accomplished by tilling the soil, or, in more 
automated systems, by forced aeration. When forced 
aeration is employed, the plots should be covered and 
the exiting air cleaned through filters. To achieve 
temperature control, hot air, or the ‘greenhouse 
effect’, can be employed in a closed system.  
 
Composting - Composting is a biological aerobic 
decomposition of organic materials in which 
conditions are strictly controlled in order to help the 
thermophilic microorganisms to transform organic 
materials into a stable, soil like product (Miller, 1993; 
Rynk, 1992). A composting likeprocess occurs in 
nature when materials are decomposed by 
microorganisms present in the soil. However, the 
decomposition rates are so slow that some materials 
hardly show any decomposition signs. In order to 
increase these rates and use composting for industrial 
purposes, it is necessary to optimize microbial 
growth. The composting process is initiated by 
mesophilicbacteria which are biologically active at 
temperatures between 30oC and 45oC. Degradation of 
the organic matter results in heat production through 
exothermic reactions. Therefore, the temperature 
increases to 50–60oC thus facilitating the growth of 
thermophilicbacteria. The thermophilic bacteria may 
further increase the temperature with their activity 
and, if the conditions are not carefully controlled, the 
temperature may exceed 70oC, thus leading to lower 
activity. In order to avoid this and achieve maximum 
efficiency, conditions need to be optimized. This 
means optimizing oxygen concentration, pH, 
moisture content, carbon to nitrogen (C: N) ratio and 
particle size (Miller, 1993; Rynk, 1992). Since 
composting is an obligatory aerobic process, 
employed methods must allow for the maintenance of 
adequate oxygen levels, as previously mentioned. 
Within that frame, bulking agents such as wood chips 
and vermiculite have been successfully used to 
increase the void space in the compost (Baker, 1994). 
Compost is the product occurring from the 
decomposition of the organic matter and is usually 
humus-like of dark color with a crumbly texture and 
earthy odor and bears very little resemblance to the 
product it comes from. Good compost is stable, which 
means that it cannot further decompose, and contains 
no microorganisms harmful to human health. During 
composting, the volume of material undergoes a 
substantial decrease in the order of 25–40% 
according to some researchers (Willow, 1992) while 

according to others it may even exceed 50% 
(O’Leary, Walsh, &Razvi, 1989–1990). Composts 
constitute a valuable soil amendment and may be 
used as a fertilizer substitute to supplement plant 
nutrient needs because of their high organic matter 
content. 
Composting can be used as a method to stabilize and 
decrease sewage sludges, industrial wastes, yard 
wastes, and municipal wastes. There are several 
composting types with the same general stages but 
differ in capital and operating costs and in the ways 
that they use to achieve the properconditions for 
bacterial growth and in time required for completing 
their task. The methods employed may be classified 
into three general categories: 
i. Windrow 
ii. Aerated static pile 
iii. In-vessel 

 
Composting Agents 
The relationships in a compost pile are very 
complicated and could be represented by one pyramid 
of primary, secondary, and tertiary level consuments 
(Figure 1)  

 
Figure 1. Food pyramid in the compost 

 
The base of the pyramid is made up of organic matter 
including plant and animalresidues. The organic 
residues, such as leaves or other plant materials, are 
eaten by some types of invertebrates, like millipedes, 
sow bugs, snails, and slugs. These invertebrates shred 
the plant materials, creating more surface area for 
action of fungi, bacteria, and actinomycetes, which 
are in turn eaten by organisms such as mites and 
springtails. Many kinds of worms, including 
earthworms, nematodes, red worms, and pot worms, 
eat decaying vegetation and microbes and excrete 
organic compounds that enrich compost. There 
tunnels aerate the compost and their feeding increases 
the surface of organic matter for microbes to act 
upon. As each decomposer dies or excretes, more 
food is added to the system for other decomposers. 
 
Sources of Food Wastes 
Food-processing wastes are those end products of 
various food-processing industries that have not been 
recycled or used for other purposes. Food industry 
produces large volumes of wastes, both solids and 
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liquid, resulting from the production, preparation, and 
consumption of food. These wastes pose increasing 
disposal and potentially severe pollution problems 
and represent a loss of valuable biomass and 
nutrients. In general, wastes from the food-processing 
industry have the following characteristics 
(Litchfield, 1987): 
 
1. Large amounts of organic materials such as 

proteins, carbohydrates, and lipids. 
2. Varying amounts of suspended solids depending 

on the source. 
3. High biochemical oxygen demand or chemical 

oxygen demand. 
 
Fruits, vegetables, dairy products, grains, bread, 
unbleached paper napkins, coffee filters, eggshells, 
meats, and newspaper can be composted. Food waste 
has unique properties as a raw compost agent. 
Because it has a high moisture content and low 
physical structure, it is important to mix fresh food 
waste with a bulking agent that will absorb some of 
the excess moisture as well as add structure to the 
mix. Bulking agents with a high C: Nratio, such as 
sawdust and yard waste, isgood choices. Composting 
provides a way in which solid wastes, water quality, 
and agricultural concerns can be joined. Benefits of 
compost to the food industry: 
i. Reduces solid waste disposal fees. 
ii. Ends wasting large quantities of recyclable raw 

ingredients. 
iii. Educates consumers on the benefits of food 

waste composting. 
iv. Markets your establishment as environmentally 

conscious. 
v. Markets your establishment as one that assists 

local farmers and the community. 
vi. Helps close the food waste loop by returning it 

back to agriculture. 
vii. Reduces the need for more landfill space. 
 
In situ bioremediation - One of the most exciting 
areas of bioremediation is insitu-treatment of soils. 
In-situ bioremediation is a natural process occurring 
ever since the first microbes and excess organic 
matter were both present in the soil (Litchfield, 
1993). This method exploits natural ways of recycling 
nutrients through the cycles of nitrogen and carbon. 
These cycles nowadays are utilized by man to 
enhance the degradation and recycling of wastes and 
the same cycles are employed by in-situ 
bioremediation to clean contaminated soils (Nelson et 
al., 1996). 
 
The main advantage of in-situ treatment is that no 
excavation is needed and no special equipment is 
required. This automatically means lower cost and 
disturbance of the natural environment. Furthermore, 
since no excavation is required the method is ideal for 
treating rocky or underground water areas. The in-situ 

technique is also used for the decontamination of 
ground water or the treatment of shores where both 
the water and the area are polluted (Hazen et al., 
1996; Litchfield, 1993). 
 
In in-situ treatment, the decomposition of the 
contaminants is carried out by the indigenous 
microorganisms which grow on this contaminated 
soil and can only survive in that environment by 
using the contaminating substances as a source of 
energy (Aelionet al., 1987; Litchfield & Clark, 1973). 
These microorganisms have either been forced by the 
environmental conditions to adapt or die or have been 
genetically modified (Ellis &Gorder, 1997). Should 
one wish the microbial decomposition to continue, 
more nutrients, strictly selected after screening, 
should be added to the soil (Litchfield, 1993). 
 
Although this method has several advantages there 
are also some limitations for its widespread 
application. Since in-situ bioremediation is a slow 
process it may note a good alternative if immediate 
site clean-up is required. In some cases, the metabolic 
process of the degradation produces undesirable by-
products, which could be toxic. The treatability tests 
are supposed to detect the hazardous materials but 
sometimes conditions can be altered from the 
laboratory to the field. The nutrient addition is 
performed through drills in the soil. 
 
In some cases and when there is no adequate control 
in the nutrient distribution it is not certain whether the 
substances reached their target or whether other 
regions have been also attained by the nutrients. This 
of course implies that the remediation process will be 
prolonged and the ecology of another area has been 
disturbed (Litchfield, 1993; Ogunseitanet al., 1987). 
Generally, in-situ bioremediation is more difficult to 
keep under control than ex-situ or engineered 
bioremediation because experimental controls are 
usually unavailable in contaminated soils (Wilson 
&Jawson, 1995). 
 
Slurry bioreactors - In slurry bioreactor treatment 
systems, the contaminated soils are excavated and 
mixed with water to form slurry that is mechanically 
aerated in a reactor vessel. The reactor contents are 
agitated to promote breakdown of soil aggregates, 
enhance desorption of contaminants from soil solids, 
increase contact between the wastes and 
microorganisms, and enhance oxygenation of the 
slurry (Baker, 1994). Different substances, such as 
surfactants, dispersants and materials supporting 
microbial growth, are added to the slurry to improve 
the treatment of contaminated soil and increase the 
biodegradation capability (United States 
Environmental Protection Agency, 1990). 
Temperature is also controlled to minimize microbial 
growth. The concentration of the biomass is equally 
important for the maintenance of the degradation so 
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microorganisms may be added to the slurry both in 
the beginning and during the process. 
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