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Abstract

Broadly the term biotechnology can be defined as “any technological application that uses biological systems, living organisms, or derivatives thereof, to make or modify products or processes for specific use. This definition attempts to avoid both too narrow and too wide a view, seeing biotechnology neither as essentially genetic engineering nor as all activities involving living materials. 

Potential of biotechnology

Biotechnology has potential in the improvement of Agriculture, Health, Environmental conservation and Livestock improvement. Besides biotechnology has the potential of job creation especially for the Youth.

1. Careers in Biotechnology
· Careers in Research

· Careers in Producing Biotechnology Products

· Regulatory officials

· Careers in Public relations  

· Careers in Sales 

· Patent lawyers

· Biotechnology's Impact on Education

·  In Law Enforcement
2. In Health

· Detecting and Treating Hereditary Diseases 

· Heart Disease: 

· Cancer

· AIDS

· Vaccines

· Other diseases

3. In Agriculture and Livestock improvement

· Biotechnologist are exploring the possibility of producing food crops and livestock that have desirable characteristics.
4. Environment and Natural Resources

· Aforestation and Reforestation 

· Environmental Conservation

· Waste management
5. Mining and Oil Production

6. Biomass Energy Production

Case Study

Biotechnology eucalyptus 
The genetically superior eucalyptus tree seedlings and clones were established by Tree Biotechnology Project. It is a partnership between the Forest Department in collaboration with the Kenya Forestry Research Institute and Mondi Forests, a division of Mondi Ltd. South Africa. 

They:

· Grow faster than the ordinary ones

· Resist pests and diseases

· Have superior grains that reduce splitting of sawn timber

· Grow uniformly thus reducing logging costs

The tree is becoming very popular in Kenya. This concept of growing biotechnology trees comes at an apt time when people in Kenya are realizing the value of trees. People are growing it as a cash crop.

The author researched on the impacts and benefits of Biotechnology eucalyptus, evaluating both negative and positive impacts on biodiversity and environment besides the social and economical benefits. Therefore this paper illustrates the great potential of the tree in reducing poverty, improving environment, boosting economic development and improving life standard. From all these benefits then it goes without saying that this can create employment opportunities for the Youth. There will be demand for people in marketing, sensitization programmes, field officers among others and who can do this better than the Youth? They are aggressive, ambitious and energetic which is the best attribute for this nature of jobs.

Key words

Biodiversity: Biodiversity is a contraction of the term ‘biological diversity’, and refers to the diversity of ‘life’.
Biotechnology: Any technological application that uses biological systems, living organisms, or derivatives thereof, to make or modify products or processes for specific use.

Genetic engineering:  It is a modern subspecialty of biotechnology. It is concerned with the targeted modification of the genetic material of bacteria or plants, for example to stimulate them to produce certain substances 

Tissue culture: The growth of plant parts in a laboratory and later introduce them into the field.

Introduction

The term biotechnology is looked at differently by different people, thus bringing about different meanings. This is because it is a rapidly developing and still diffusing field that cannot be sufficiently described by a short and narrow definition.  Broadly the term biotechnology can be defined as “any technological application that uses biological systems, living organisms, or derivatives thereof, to make or modify products or processes for specific use (http://www.fao.org/documents/sh ow.htm). As noted in FAO’s 2004 report on the state of the world’s food and agriculture. This definition attempts to avoid both too narrow and too wide a view, seeing biotechnology neither as essentially genetic manipulation nor as all activities involving living materials. 

Potentials of biotechnology

Biotechnology has potential in the improvement of Agriculture, Health, Environmental conservation and Livestock improvement. Besides biotechnology has the potential of job creation especially for the Youth. In this section the paper illustrates the potentials of biotechnology and finally gives account of the potential of the Youth and the role they can play.

Careers in Biotechnology

More meaningful, intensive and extensive trainings are now being offered by various Colleges and Universities worldwide. This means that most people who are being trained in biotechnology are the Youth, therefore they are the ones who can be the most beneficiaries of careers in biotechnology. The only setback is that some countries have never developed policies of implementing biotechnology programmes, others are completely opposed to biotechnology, hence decided not to commercialize it. Therefore they have denied the Youth employment opportunities. In Africa only one country, South Africa has moved to the stage of commercializing biotechnology. In Kenya research in Genetic engineering is still under trials. 

Any country that moves to commercialize biotechnology creates employment opportunities for its young people. There are so many careers that can be created through commercializing biotechnology. These are:

Careers in Biotechnology Research: 

Biotechnology is an important part of many jobs involving Research in agriculture, biology, genetics, and medicine. These people are working to unravel the genetic codes that govern the biological processes of different forms of life so they can be understood and, when appropriate, modified. Life science researchers may work in an academic environment, such as a University or for a company or a government agency. (http://www.biotech.iastate.edu). 
Biotechnology in Law Enforcement: 

An area of study, called forensic biotechnology, uses a method of DNA finger printing in which Biotechnologists can provide another way of placing a suspect at the scene of a crime. The concept is based on the fact that each individual's DNA is highly unlikely to be identical to any other person's DNA unless they are identical twins. By examining traces of tissue, hair, tooth pulp, blood, or any other body fluids left at the scene of a crime, a suspect can be linked to a crime scene with great accuracy. With a lot of rape, defilement and robbery being reported daily worldwide, this tool will be very important in apprehending culprits. Therefore by introducing this field of study and training young people who are now in Universities studying law, an extra channel of employment would have been created. 

Careers in Producing Biotechnology Products: 

After a biotechnology product has been approved for use, many people are needed to manufacture it. Individuals are needed to manage and direct the manufacturing process, to ensure quality control, and to engineer the systems needed to manufacture the product. A biotechnology company offers many of the same career opportunities as any other manufacturing business. (http://www.biotech.iastate.edu). By commercializing biotechnology these many job opportunities will be available to the Youth who do not have no jobs now but have trained in areas of manufacturing business.

Education: 

Biotechnology's impact on human health, the food industry, and the other areas means that everyone will have to make decisions about the use of biotechnology products. Extension professionals from public Universities, leaders of farmer groups, and political and environmental organizations are all involved in educating the public about biotechnology products so that informed decisions can be made about their development and use (http://www.biotech.iastate.edu). Young people would be very crucial here as they are the ones now training in biotechnology so they can play a major role of educating the rest of the society to understand biotechnology.
Regulatory officials: 

They develop the guidelines for biotechnology research and development of new products and processes. They work in collaboration with company, government, or University researchers to review proposed research plans and assess the safety of resulting products. They must approve biotechnology research plans before they can be done and biotechnology products before being marketed. These job opportunities can also benefit the Youth as some are in possession of the necessary qualifications.
Public relations people: 

These are people who provide understandable information to the general public about new biotechnology products and processes. They translate complex scientific information about new discoveries for nonscientists. The Youth are very good in advocacy and sensitization programmes because they are aggressive, energetic and influential. Therefore this will be a big job opportunity for them.

Sales people: 

They work with the dealers and distributors of biotechnology products. They have expertise in marketing skills and are knowledgeable about the biotechnology products. Young people are smart and persistent so they can be good in sales and marketing and since biotechnology products need a lot of marketing the Youth will have a livelihood.

Patent lawyers: 

These are people who specialize in biotechnology and help scientists, companies, or Universities protect their legal rights to new discoveries. Besides these they file patent applications for their clients. Students/Youth who are now studying law could be encouraged to train in this so that after commercializing biotechnology they can have jobs.
Apart from providing career opportunities for the Youth, biotechnology also has the potential of improving the life of people in the following ways:

In Human Health 

Biotechnology's Impact on Human Health Careers: 

Human insulin for the treatment of diabetes, one of the first genetically engineered products to become commercially available, was marketed in 1982. Since then, biotechnologists have been working to develop new ways for health care professionals to detect and fight disease. (http://www.biotech.iastate.edu)
AIDS: 

Biotechnologists are researching in the use of Genetic engineering to produce drugs that show promise in the treatment of AIDS. These drugs stimulate the body's own immune system to fight the disease. Due to biotechnology it has also been possible for the professionals in the medical field to research and develop synthetic vaccines for HIV virus because the HIV virus itself could not be used, as it has been the case of viruses that cause other diseases. This is due to the fact that the HIV virus is very unpredictable so using it in the vaccine could do more harm.

Detecting and Treating Hereditary Diseases: 

Many diseases, including some types of anemia, cystic fibrosis, Huntington's disease, and some blood disorders, are the result of a defective gene that parents pass to their children. Biotechnologists are working to identify and locate where defects occur in genes that are related to hereditary diseases. Once the correct genetic code is known, health care professionals hope, in the future, to be able to replace the missing or defective genes to make the individual healthy. (http://www.biotech.iastate.edu)

Cancer: 

Medical professionals are using biotechnology to treat cancer in several ways. Genetically engineered proteins called lymphokines seem to work with the body's immune system to attack cancer cells and growth inhibitor proteins seem to slow the reproduction of cancer cells. Highly specific and purified antibodies can be loaded with poisons that locate and destroy cancer cells.

Heart Disease: 

Heart attacks occur when a blood clot enters one of the coronary arteries and cuts off blood flow to a portion of the heart. If the artery is not reopened quickly, severe damage to the heart can occur. Doctors can now prescribe a genetically engineered drug called tissue plasminogen activator (TPA) that travels to the blood clot and breaks it up within minutes, restoring blood flow to the heart and lessening the chance of permanent damage. (http://www.biotech.iastate.edu)

Other Diseases

Many other diseases can be treated with genetically engineered products. Doctors can use a genetically engineered vaccine to treat human hepatitis B or a growth hormone to help children with dwarfism. Other treatments developed through genetic engineering techniques include a protein to control blood clotting in hemophiliacs, a hormone that stimulates red blood cell production to fight anemia, and antibodies that discourage organ rejection by transplant patients.

Diseases render people economically unproductive and reverse gains made in development especially HIV/AIDS. Most people dying from AIDS are young people. If there is no development then job creation is not possible so there will be no employment for the Youth. Therefore by the use of biotechnology to eliminate diseases means development will be achieved hence employment opportunities will be created and the Youth can benefit.
Livestock improvement and Veterinary Medicine
Biotechnology in Veterinary Medicine, Animal Science, and Livestock Production Veterinarians and professionals in animal science are using biotechnology discoveries to improve animal health and production. Genetically engineered vaccines, monoclonal antibody technology, and growth hormones are three developments that are making this possible.  (http://www.biotech.iastate.edu). Not only can such vaccines be produced inexpensively, but they also offer the advantages of multiple protection, low costs, as well as allowing the easy distinction between vaccinated and naturally infected animals.

Vaccines: 

Most vaccines are made from viruses or bacteria that have been weakened or killed. However, since the live virus or bacteria is often included in these vaccines, they usually have a lot of side effects. An animal or a human being could become sick or even die from the effect of the vaccine. Recombinant DNA technology allows the production of synthetic vaccines that do not have these risks as they do not contain viruses. This is how the Vaccine for HIV is being developed.

In Agriculture  

Africa was left out during the green revolution, many hungry people are found on the continent. The green revolution practices are now largely being adopted in Africa, it is too late…….half a century after! The world has moved on to biotechnology. Biotechnology Will Make Us Catch Up in Food Production. It has also come at a time when we are reviewing the millennium development goals. It was anticipated that by 2015, the number of people experiencing hunger would have been reduced by half, but the Food and Agricultural Organization reported that we were lagging behind schedule. In most African countries, the number is increasing instead of decreasing. (Barbara Among 2004). It is because Africa missed the green revolution, the time when there was a breakthrough and increased production using improved seeds and planting materials It's only in Africa where there is a problem, so we need to look into the framework through which we deliver services: that is why we need policy and institutional reforms. (Barbara Among 2004). By 2004 out of the 800 million people still experiencing hunger in the world, about 700 million were in sub-Saharan Africa. Again, Africa is lagging behind in the utilization of biotechnology, which would have gone a long way to increase productivity (Barbara Among 2004). The technology can lead to higher yields on marginal lands thus increasing food production. It can also enhance the nutritional value of staple foods, incorporating a wide range of genes for insect, fungal, viral and bacterial resistance, protein and quality improvements, herbicide, salt and drought tolerance. This can improve our environment, reduce food costs, and increase the income of smallholder farmers.

Biotechnologists are working to produce crops that yield more, control accumulation of protein and oil in seeds and develop more nutritious crops. They can also produce crops that grow well in dry, salty, alkaline soils or swampy areas and withstand heavy frosts or extreme temperature besides being disease and pest resistance.

With increased agricultural production through biotechnology many jobs will be created and among the beneficiaries will be the Youth.
Environment and Natural Resources

Biotechnologists have found bacteria in solid waste sites that can break down (degrade) various kinds of waste for their own use. Biotechnology can also be used to improve the enzymes and microorganisms used in the treatment of wastewater to make the process cheaper and more efficient (http://www.biotech.iastate.edu).Other biotechnological methods have led to organisms that clean up oil spills and heavy metals in fragile ecosystems. They also provide new research methods, which can assist in the conservation and characterization of biodiversity (http://www.fao.org). Tissue cultured trees are now being planted throughout the world, they grow fast, are drought, disease and pest resistant. They are crucial in environmental and biodiversity conservation as they are being used in afforestation and reforestation for their faster growth rate. With improved conservation of Natural resources especially forestry there will be enough rainfall for agriculture. As agriculture expands jobs will be created and some will have to be taken up by the Youth.
Biomass Energy

Through biotechnology production of energy from biomass, especially waste plant materials like wood chips or corn stalks can be done. Microorganisms can produce enzymes that degrade plant materials, making it possible for them to be used for power generation.  Genetically engineered trees like poplars that are fast growing and disease resistant can be harvested and burned to produce power.

Mining and Oil Production

Ore-containing rock is usually mixed with minerals that must be separated from the rock by a heat process, smelting. Some microorganisms can dissolve and absorb the minerals, reducing the need for smelting. Other bacteria can force oil out of rocks where conventional drilling is not possible.

Role of the Youth
Apart from benefiting from the careers given above the Youth can be very instrumental in advocacy, awareness or sensitization programmes as they are aggressive ambitious and energetic. The Youth are known to do the undoable! The biotechnology industry requires this because the field has been compounded by controversies hence the need for intensive and extensive advocacy and sensitization campaigns to make people understand it and adopt it. The Youth can do this better than anybody else; they are known to change the world. They can easily influence change, ask politicians and they will tell you the Youth play a major role in influencing the voting patterns. Since biotechnology as a field of research has been so much politicized the Youth can play a crucial role in influencing the direction countries may take in implementing biotechnology programmes.  It is because young people are not so traditional and rigid to change like older people. 

Some of the perceived risks of biotechnology are based on unfounded fears but the older generations being traditional and adamant to change have chosen to believe everything hence delaying commercialization of biotechnology and the consequence is denying young people jobs and food to the famine stricken people. I remember how my father never used a tractor to plough claiming that it will spoil our land. He never produced enough food even for the family despite the fact that he had a large piece of land, which he only managed to cultivate only a small portion of it because of using traditional methods of cultivation.

If we are pessimists we can’t do anything. Though it is good to take precautions but to what extend? Precaution should never be used as an excuse for cowardice. There is nothing that has 0% risk. 

Looking at risks has it ever occurred to you that everything could be risky?!

· Agriculture has been the cause of destruction of biodiversity

· Irrigation causes soil salinity 

· Fertilizers cause harm to some micro organisms

· Chemicals used in agriculture are harmful to human beings and biodiversity

· Medical drugs are harmful that is why you cannot take more than the prescribed doze, if you do you die, yet they provide relief!

· If you fly in a plane you are at a risk of dying, but if the Right brothers were pessimists they could not have invented it. Even with the risk of dying people still like flying in planes.
· Even in vehicles you are at a risk of dying yet we still use them.

· In the 15 Century Bartholomew Diaz sailed the Atlantic Ocean but stalled at a very dangerous cape that he called the cape of bad hope. When he went back Prince Henry of Portugal decided they have to call it the Cape of Good Hope so that other sailors could not be scared, so Vasco da Cama passed there without knowing, sailing continued!

· Ourselves we have been destructive to the environment and biodiversity

People in Africa are very much against Genetically engineered foods yet they are being consumed either ignorantly or knowingly! Some countries have legalized use of GM foods, however they can easily spill to other countries through the illegal inter border trade. So sitting on the fence you are not in any better position. In 2000 Kenya imported food aid maize from the United States and Canada to help feed 5 million citizens at food risk because of severe drought; officials conceded that this food aid probably had GM content (Paarlberg, Wafula, minde and Wakhungu, 2006). Further more people from Africa especially the politicians who are so much opposed to commercialization of biotechnology travel very often to USA, do they carry their own food from Africa? I am sure they do not, they eat American foods however according to Professor Bruce Chassy of Illinois University, USA says there is no labeling of Gm foods in the US. Therefore can African prominent people deny eating GM food when they go to USA?

The way forward will be to take a hint from Food and Agriculture Organization of the UN (FAO) which notes “Biotechnology provides powerful tools for the sustainable development of agriculture, fisheries and forestry and can be of significant help in meeting the food needs of a growing and increasingly urbanized population.” In the case of Genetically Modified Organisms (GMOs), however, FAO called for "a cautious case-by-case approach to determine the benefits and risks of each individual GMO" and to address the "legitimate concerns for the biosafety of each product and process prior to its release. Then from here we can develop the relevant policies for the implementation of the biotechnology programmes instead of sitting on the fence.
Case Study

Biotechnology eucalyptus 
The genetically superior eucalyptus tree seedlings and clones were established by Tree Biotechnology Project. It is a partnership between the Forest Department in collaboration with the Kenya Forestry Research Institute and Mondi Forests, a division of Mondi Ltd. South Africa. 

They:

· Grow faster than the ordinary ones

· Resist pests and diseases

· Have superior grains that reduce splitting of sawn timber

· Grow uniformly thus reducing logging costs

The tree is becoming very popular in Kenya. This concept of growing biotechnology trees comes at an apt time when people in Kenya are realizing the value of trees. People are growing it as a cash crop.

The tree’s fast growth, size, and beauty are attractive features persuading people to plant. It can be grown in most ecological zones of Kenya. It can be used for a large variety of timber products.  The tree’s poles can be used for Electrical power and telephone transmission. It has the potential of improving food security and reducing poverty since it can be grown in most ecological zones including the famine stricken areas so it can be sold to generate income because of the many products that can be derived from it. With increased income levels due to these products there will be demand for jobs in marketing, transportation, field officers among others for the Youth.
It is used for fuel and as windbreaks to protect crops, farm animals, and buildings. Its oils can be extracted and used in medicine and in scented products. It can alter the local atmosphere making life healthier for the human beings. It possess the means of obliterating the rainless zones of the globe, to spread woods over our deserts, and thereby mitigate the distressing drought and to annihilate the occasionally excessive dry heat evolved by the sun's rays from the naked ground throughout extensive regions of the interior affording shade and shelter, and retaining humidity to the soil. Its roots can decompose rock creating better soil for crops. It can be used to halt malaria by disinfecting the air and to clean the air at large for the healthier living. 

According to a Research that was carried out by Prof. Yang, (cited at http://www.asianresearch.org), the large-scale development of the eucalyptuses in the late fifties and sixties did have significant positive impacts on the recovery and reforestation of the barren hills, and it was a boost to economic development at that time. Eucalyptus leaves can be refined to produce eucalyptus oil, which is a significant source of income for farmers when sold to medical and chemical manufacturers. 

Wood has been used as an energy resource in homes and industry since ancient times. Energy production and distribution now occur on a large scale, which requires that great amounts of fuel be supplied on a continuous basis. The production of modern woodfuels generally requires advanced silvicultural and agricultural technology as well as large areas of suitable land (Kristoferson, 1990). Eucalyptus has been found to be the tree that gives returns faster in this respect than any other tree species.

However the tree also posses great negative impacts therefore there is need to carry out Environmental Impact Assessment (EIA) if they have to be planted on large scale. Therefore besides the stated job opportunities we also need people for EIA of which the Youth can play a major role.

From all these benefits then it goes without saying that this will create employment opportunities for the Youth. This will require people for marketing, sensitization programmes, field officers among others and who can do this better than the Youth? They are aggressive, ambitious and energetic which is the best attribute for these nature of jobs. 

Recommendations
To the Government

· Introduce biotechnology education in primary and secondary schools to create a society that is biotechnology conscious.
· Concerted efforts required in biotechnology research and development 

· In policy formulation and review there is need for a multisectoral, multidisciplinary and multiagency approach
· Put more money into research in biotechnology
· Move towards commercializing biotechnology, as it will create employment for the Youth, alleviate poverty and improve on food security for the poor. 
To Biotechnology Organizations

· Carry out intensive and extensive awareness, advocacy within the society to enlighten people on biotechnology to reduce unfounded fears.

· Involve young people in research, awareness and advocacy programmes
· Sponsor regular TV/Radio programmes and to buy space in Newspapers to be explaining to the general public about the technology

· Open and willing to give information about what they do.

· Introduce biotechnology clubs in schools 
· In communication with the general public or non scientists use simple and understandable language

· Continuous training and sensitization of the politicians being law makers they have a role to play in policy making and implementation 
· Regular forums and talk shows where the proponents and opponents of biotechnology share platforms 

· Forge 
· strong and focused Educational Institutrions-industry/NGOs linkages

· Forge 
· concerted efforts required in biotechnology research and development 
To the media

· Organize regular debates and talk shows on biotechnology.

· Be liaising with biotechnology researchers in order to be publishing research findings on biotechnology

· Training scientist journalists or Continuous training journalists on biotechnology.

· Curriculum development on  biotechnology to be incorporated into Journalism course as opposed to workshops. 
To the Educational Institutions

· Introduce and carry out intensive and extensive training in biotechnology 

· Forge 
· strong and focused Educational Institutrions-industry/NGOs linkages so that researches being carried out in the Institutions can be implemented.

· Encourage and support publication of more books and other materials on biotechnology 

Recommendations to Youth
· Take up courses in biotechnology so that when biotechnology is commercialized they can benefit from employment opportunities.

· Be aggressive and advocate for the commercialization of biotechnology.

Conclusion

The field of Biotechnology can spur development and has the potential of generating employment opportunities as well as it can be a tool for bringing about food security. Therefore a country wishing to improve the livelihoods of its people cannot ignore this technology. The United Nations has adopted a declaration on Millennium Development Goals (MDGs), which contains an integrated and comprehensive overview of the prevailing situation and outlines strategies for actions intended to achieve the MDGs. The declaration has been adopted some African countries including Kenya among other member states in the UN system. It would be very difficult for these African states to be pursuing these Goals while lagging behind in uptake of new and innovative technologies that could be vehicles to achieving these goals. 

Technology is usually referred to as the engine of development (Chekai 2005). As we all know that Global technological growth has always sent hope to humankind in terms of the direction, growth and development. Therefore it is wrong for African Nations to stay on the periphery of technology and still claim to be focused on development. Young people are always keen on new innovations and technologies, take for instance the Internet services, most users are young people, therefore by commercializing biotechnology the Youth will play important roles and these will be employment opportunities.
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