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Abstract 

Science and Technology principles and practice have come to stay as what gives 
any nation a competitive edge over others. Science and Technology experiments 
and products have not all been benign to man and his environment. Chemicals, 
chemical processes and products have been the chief culprit. The world is 
therefore moving towards a more environmentally friendly practice through the 
instrumentality of the green chemistry principles. In projecting education and 
national development beyond 2020, it is important to enrich the chemistry 
teacher education curriculum by integrating the green chemistry principles. This 
will impart the necessary competencies and knowledge to pre-service chemistry 
teachers from whom the future scientists and engineers will gain the knowledge. 
It is recommended among others that all the environmental protection agencies 
and organizations in Nigeria should help to popularise green chemistry 
principles. 

  
 Science and technology concepts, principles and applications are by and large, the most 
influential instrument in the modern society. It has brought tremendous improvements in food production 
and preservation, transportation, communication, health sector and other areas of human lives. This, in its 
wake, has left trails of destruction, pollution and intractable wastes in the planet. 
 
 The school plays central role in developing and disseminating principles and practices of science 
and technology. The school is supposed to wield a strong influence on the type of science and technology 
practice and products that are allowed in any society, but, what is taught and learnt in the school system is 
guided by the curriculum. Curriculum, according to Okoro (2010) involves knowledge, attitudes and 
skills which are imparted to the learners by the school. Curriculum consists of what is to be taught and 
how it should be taught. Desired behavioural change which is the hallmark of education cannot be 
achieved except with the implementation of adequate curriculum contents. The society has been 
criticizing the present curriculum as being deficient (Ajewole, Nzewi and Aganga, 2009) or over loaded 
(Akpan (1996) in Adejoh and Sambo, 2009; Nbina, 2010). The overloading may be due to contents that 
are not really relevant to the needs of the modern society and some contents that cannot even be translated 
into useful skills or products that will serve the society. 
 
 Sometimes what is learnt in school is not in tandem with the skills needed outside and this gave 
rise to the recent issue of “unemployability” of the products of our school system. These lend credence to 
the need for curriculum enrichment with relevant and appropriate contents which emphasize transferable 
skills from classroom to the real world experiences. 
 
 Curriculum enrichment is therefore an attempt at improving the quality of curriculum contents so 
as to make the educational system more relevant and responsive (Ajewole, Nzewi and Aganga, 2009). It 
is necessary while enriching the curriculum to include emerging goals in context of social and economic 
reforms. This will enable the society concerned to have a competitive edge and as such will gain 
maximally from the emerging world order. An emerging goal on the front burner of chemistry and 
engineering worldwide is green chemistry principles. 
 
 According to Anastas and Warner (1998), green chemistry principles are principles which enable 
scientists and engineers to protect and benefit the economy, people and planet by finding creative and 
innovative ways to reduce wastes, conserve energy and discover replacements for hazardous substances. 
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Green  chemistry  principles task chemists and engineers to design  chemicals  and chemical  processes 
and their consequent  commercial  products in such  a way as to avoid  wastes and toxics . The emerging 
world is looking up to chemists and engineers to go beyond the stereotype and go for a paradigm shift in 
the way chemical products interact with our planet. Beyond 2020, this is what the emerging industrialized 
Nigerian society is expecting and the chemistry teacher plays a cardinal role in achieving this. 
 
The Need for Curriculum Enrichment 
   The society is demanding for a responsive curriculum which will prepare her people to confront 
the challenges of the modern society. This type of curriculum is not very easy to come by, but as issues 
emerge, the curriculum can be modified to suit the demands of the moment. What should be taught and 
how it should be taught in schools is the concern of everybody. All hands must be on deck to project a 
responsive curriculum for the educational system so that its products can be prepared to take informed 
decisions and function well in a world driven by science and technology. Akani (2014) rightly averred 
that any curriculum that does not respond to the major changes in the learner’s environment,   that is to 
say, equipping the learner with the competency skills of solving current or future problems for themselves 
and that of the society is valueless. Akpan (1996) in Adejoh and Sambo (2011) also added that the science 
curricular at present appears to be overloaded with contents which have little relevance to the societal 
needs and as a result students leave secondary schools without having the capability to join vocation not 
to talk of being scientifically literate enough to take rational decisions at adulthood. If this is the case, the 
goal of science education has been defeated. There is therefore, a dire need for the science curricular to be 
enriched. 
 
 Moemeke and Efedi (2010) buttressed this fact by stating that the goal of science  teaching 
worldwide in this 21st century has  changed from mere production of scientifically  literate citizens to that 
of production of  individuals capable of rational productive thought  founded on explorative, experimental 
and inventive  science. It is indubitable that science and technology are not only shaping the environment 
but they are also wielding a big influence on our decision to either improve or mar the environment. For 
the sustainability of the environment through reduction of wastes and toxics, conservation of energy, 
reduction in the cost of production and high consumption of raw materials for production, green 
chemistry principles should be part of the chemistry teacher education curriculum. This will equip the 
pre-service teachers with the knowledge and competencies needed to prepare the younger generation for 
what lies ahead as Nigeria moves education beyond 2020. The secondary school students who will be 
taught by these chemistry teachers are the future chemists and engineers the country is waiting for. The 
teacher must first be prepared before these needed principles of green chemistry can be inculcated in the 
upcoming generation. 
 
The Green Chemistry Principles 
 The word ‘green chemistry’ was coined by a staff in the United States Environmental Protection 
Agency (US EPA) in the 1990s. According to Clark (2005), green chemistry is a term used to describe the 
movement toward more environmentally friendly chemical processes and products. It comprises 
education, research and commercial application across the entire chemicals supply chain. 
 
 This development is very important as it influences the way chemistry is practiced and is also 
vital to sustainable development. This involves the way children are taught, the way a product is 
fashioned, the production of a certain chemical or formulation of a chemical and so on. 
 
 Industrialization as good as it is, came with some unpalatable after- effects. While trying to 
improve commercial products and also diversify them to meet varying human needs, trails of unplanned 
harm can be seen on human beings and even the universe. This can be seen in issues like climate change, 
global warming, ozone layer depletion, acid rain, smog, choking of water ways, increase in human cancer, 
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deforestation and many other environmental and health issues. These emanate from man-made activities 
and their consequences impinging on our environment. 
          Green chemistry is now tasking chemists and engineers to come-up with environmentally 
innocuous products and design chemical processes so as to avoid wastes. There are twelve principles of 
green chemistry as outlined by Anastas and Warner (1998). They are: 

1. Prevention:  It is better to prevent wastes than to treat or clean up wastes after it has been 
created.  
 

2. Atom Economy: Synthetic methods should be designed to maximize incorporation of all 
materials used in the process into the final product. 

 
3. Less Hazardous Chemical Syntheses: Wherever practicable, synthetic methods should be 

designed to use and generate substances that possess little or no toxicity to human health and the 
environment. 

 
4. Designing Safer Chemicals: Chemical products should be designed to affect their desired 

function while minimizing their toxicity. 
 

5. Safer Solvents and Auxiliaries: The use of auxiliary substances (e.g. solvents, separation agents 
etc) should be made unnecessary wherever possible and innocuous when use 

 
6. Design for Energy Efficiency: Energy requirements of chemical processes should be recognized 

for their environmental and economic impacts and should be minimized if possible, synthetic 
methods should be conducted at ambient temperature and pressure. 

 
7. Use of Renewable Feed stocks: A raw material or feedstock should be renewable rather than 

depleting whenever technically and economically practicable.  
 

8. Reduce Derivatives: Unnecessary derivatives (use of blocking groups, protection/ deprotection, 
temporary modification of physical/ chemical processes) should be minimized or avoided if 
possible, because such steps require additional reagents and can generate wastes. 

9. Catalysis: Catalytic reagents (as selective as possible) are superior to stoichiometric reagents. 
 

10. Design for Degradation: Chemical products should be designed so that at the end of their 
function they breakdown into innocuous degradation products and do not persist in the 
environment. 
 

11. Real-Time Analysis of Pollution Prevention: Analytical methodologies need to be further 
developed to allow for real-time, in- process monitoring and control prior to the formation of 
hazardous substance. 
 

12. Inherently Safer Chemistry for Accident Prevention: Substances and the form of a substance 
used in a chemical process should be chosen to minimize the potential for chemical accidents, 
including releases, explosion and fires.  

 Waste management is a big problem in industrialized societies and it is this problem that drives 
green chemistry revolution. Green chemistry principles are being promoted by the highly industrialized 
societies. For example, in the United States of America (USA), there is the presidential green chemistry 
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challenge award for innovations in the area of green chemistry principles. In 2013, Cargill Inc., in USA 
successfully produced soybean oil based substitute for petroleum based oils used as coolants in electrical 
transformers. Cargill Inc. and four others won the award for 2013 (Konkel, 2013). Beyond 2020, 
when Nigeria is expected to have joined the league of industrialized world, application of the principles of 
green chemistry is a sine qua non for development. The chemical Society of Nigeria (CSN) has been 
gradually creating the awareness and even used green chemistry as their 33rd annual conference theme in 
2010. 
 
The Nigerian Teacher Education Programme  
 According to Obi (2010), teacher education refers to the policies and procedures designed to 
equip prospective teachers with the requisite knowledge, attitude, behaviours and skills they require to 
perform their task effectively in the classroom, schools and the society at large. The pre-service teacher is 
trained in both an academic subject and in pedagogy.  

 
 In Nigeria, it is the function of Colleges of Education, Faculties of Education in Universities, 

Universities of Education, and Schools of Education in some Polytechnics, National Teacher’s Institute 
and Institutes of Education that are saddled with the responsibility of producing qualified teachers. The 
teachers are the pivot of any educational programme  
  

As laudable as green chemistry principles can be, only competent teachers would be able to 
inculcate them into the younger generation of chemists and engineers. Audu (2001) in Nbina (2010) states 
that without good teachers, there cannot be good education and without good education, national 
development scientifically and technologically cannot be achieved. No matter how effective and 
responsive a curriculum can be, incompetent teachers can mess up its implementation. 
  

All these point to the fact that teacher education curriculum has to be enriched as much as 
possible. Chemistry education curriculum is particularly of much importance because of the central role 
chemistry plays in national development. Moreover, chemicals are adjudged the worst enemy of human 
health and that of the environment. Teacher education chemistry curriculum is used to prepare chemistry 
teachers for secondary schools. The students that they would teach are the ones to metamorphose into the 
pharmacists, medical doctors, engineers, chemists and other related professions. These will consequently 
man the pharmaceutical, chemical, petroleum and petrochemical industries where green chemistry 
principles are fast gaining grounds. It is important to lay a basis for developmental progression in the 
principles and applications of science and technology at the secondary school level. But the quality of 
teachers implementing the science education programme to a large extent determines the quality of the 
programme (Adejoh and Sambo, 2011). Nigeria school teachers are grappling with the challenges arising 
from scientific and technological demands of the modern society and some are overwhelming them 
because they did not receive the training while in school. To forestall this ugly situation as Nigeria strives 
to move as a nation beyond 2020, she must enrich the chemistry teacher education curriculum by 
integrating green chemistry principles into the curriculum matrix. This will make the pre-service teachers 
conversant with the principles before they become fulltime classroom teachers. 
 
Implications of Chemistry Teacher Education Curriculum Enrichment to Nigeria Education 
Beyond 2020 
 One of the objectives of teacher education in Nigeria as enunciated in the Federal  Republic of  
Nigeria (2008:55) among others  is “to provide teachers with the intellectual  and professional  
background  adequate  for their assignment  and make them adaptable  to changing  situations. The 
emerging world order requires that green chemistry principles be internalized and put into practice. Even 
though these principles arose from the business and regulatory communities as pollution prevention 
initiatives, the foundation for its implementation can only be laid in the school and by teachers. The onus 
falls squarely on chemistry teachers. But the teacher cannot give what he/she does not have; the 
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curriculum that is being used to prepare chemistry teachers need to be enriched with these cutting edge 
principles as the country strives to position itself among the big economies of the world.  Beyond 2020, 
Nigeria educational system is expected to compete favourably with that of other developed nations. Green 
chemistry principles have gained universal acceptance but its promotion and implementation is still slow 
in this part of the world. 
 
 In the United Kingdom (UK), the Green Chemistry Network (GCN) has been established as far 
back as 1998 to help promote and encourage the application of green chemistry in all areas where 
chemistry plays a significant role. In the 1990s, the Green Chemistry Institute (GCI) was established in 
USA which is now part of the American Chemical Society. There is also a presidential award instituted 
for green chemistry innovations in USA. In   Nigeria, these principles are not being considered with 
seriousness on the part of the key groups involved. Nigeria needs to make hay while the sun shines. 
Akubue (2013), states that cases abound of deaths to humans and animals as a result of chemical pollution 
especially in developed countries.  
 
 For instance, in 1950s and 1960s, thousands of people lost their lives in Minamata Bay, Japan, as 
a result of eating fish contaminated with methyl mercury. Chisso Corporation over the years discharged 
into the sea mercury wastes from production of ethanal used in making plastics. Also, in 1976, the city of 
Seveso, Italy and its inhabitants were massively exposed to 2,3,7,8- tetra chlorodibenzodioxin (TCDD) 
which came  as a result of an explosion in a manufacturing  plant. A few days after the explosion, 
thousands of animals died and many children suffered chloracne   due to the pollution. Also between 1961 
and 1971 during the Vietnam War, a powerful herbicide and defoliant was used by the US military. This 
herbicide contains dioxin which resulted in different types of carcinoma and genetic defects amongst the 
war veterans.    
   
           These are to draw attention to the potential hazards of chemicals in the environment. As Nigeria 
hopes to join the league of industrialized nations and move the frontiers of development beyond 2020, the 
mistakes which these other countries made in the past and which they paid dearly for, must not be 
repeated.  The need for green chemistry principles which go by the axiom “Benign by design” cannot 
therefore be over emphasized. Beyond 2020, Nigeria chemists and engineers have to be armed with good 
knowledge of green chemistry principles and industries are to churn out products that are innocuous to 
good health and environmental friendliness.  
 
Conclusion  

The world is waiting for science and technology practice that will be environmentally friendly 
and chemical processes that are benign by design. The world leading economies are keying into it and this 
country cannot do otherwise if she wants to realize her aspirations. No nation can rise above her 
educational system and no educational system can rise above the quality of her teachers. In order to beat 
the demands of the emerging world order, the curriculum needs to be enriched with cutting edge contents 
and green chemistry principle is one of them. 
 
Recommendations 
From the foregoing discussion, the following recommendations are important:  
1. All chemistry teacher education curriculums in Nigeria should be integrated with green chemistry 

principles.  
2. All the environmental protection agencies and organizations in Nigeria should popularize green 

chemistry principles.  
3. Government at all levels should begin to legislate and enforce environmental friendliness of 

chemical processes and products at all levels.  
4. Government should patronize industries that follow these principles for their operation. 
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5. Individuals, corporate organizations, non- governmental organizations and the government should 
promote innovations on the principles of green chemistry through an attractive but competitive 
reward system.  
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