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Abstract 

The integration of green chemistry principles into chemistry education is important for promoting 

sustainable industrial practices and environmental conservation. This study tends to assess the effectiveness 

of incorporating green chemistry concepts into undergraduate chemistry curricula in Nigeria, focusing on 

their impact on students’ knowledge, attitudes, and application of sustainable chemical processes. A total 

population of 400 undergraduate chemistry students and faculty members was considered, out of which 250 

participants were selected using a stratified random sampling technique from five Nigerian universities: 

Alvan Ikoku Federal University of Education, Owerri; Madonna University, Elele; Federal University of 

Technology, Owerri; Imo State University, Owerri; and the University of Benin, Benin City. Pre - and post 

- intervention assessments were conducted to evaluate students' comprehension of green chemistry 

principles before and after introducing specialized green chemistry modules. The study employed a mixed-

method approach using surveys and experimental assessments, with reliability tested through a pilot study 

(Cronbach’s alpha = 0.87). Statistical tools such as paired t-tests and descriptive analysis were used to 

analyze the data. The result indicates a significant improvement in students’ understanding and application 

of sustainable chemical practices, with post-intervention test scores increasing by 42% on average. 

Additionally, 78% of students expressed a greater inclination towards adopting green chemistry in industrial 

applications. The study also reveals challenges in implementing green chemistry education, such as 

inadequate laboratory facilities and lack of industry-academia collaboration. The findings suggest that 

integrating green chemistry into academic curricula enhances students’ problem-solving skills which brings 

about innovation in eco-friendly industrial processes and reduces hazardous waste generation. It is 

recommended that policymakers, educators, and industry stakeholders work collaboratively to strengthen 

green chemistry education through curriculum reforms, practical hands-on training, and funding for 

sustainable chemistry research. These efforts will contribute to the development of environmentally 

responsible industrial practices, ultimately supporting global sustainability goals. 
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Introduction 

The increasing concern over environmental 

pollution, resource depletion, and hazardous 

chemical waste has intensified the need for 

sustainable industrial practices. Green chemistry, 

also referred to as sustainable chemistry, is an 

innovative approach that aims to minimize the use 

and generation of hazardous substances, reduce 

energy consumption, and promote the utilization of 

renewable raw materials [1]. Several developed 

countries, including the United States, Germany, 

and Japan, have integrated green chemistry 

principles into their educational systems to enhance 

environmental sustainability and drive innovation 

in industrial practices [2]. These nations have 

demonstrated how green chemistry can reduce 

pollution, lower production costs, and improve 

public health outcomes. 

1.1 Background to the Study 

Despite its growing global recognition, green 

chemistry education remains underdeveloped in 

many Nigerian universities. Undergraduate 

chemistry curricula still emphasize traditional 

chemical processes that often neglect sustainability 

considerations. Currently, no compulsory green 

chemistry course exists in the chemistry programs 

of most Nigerian universities, leading to limited 

awareness and application of sustainable practices 

in industrial settings [3]. As a result, graduates 

entering the workforce may lack the necessary 

skills to implement eco-friendly solutions in 

industries such as pharmaceuticals, petrochemicals, 

and agriculture. 

1.2 Significance of the Study 

This study is significant as it provides empirical 

evidence on the benefits of incorporating green 

chemistry into chemistry education. It highlights 

how such integration can enhance students’ 

problem-solving skills, encourage innovation, and 

promote sustainable industrial practices. 

Additionally, the findings will be useful for 

policymakers, educators, and industry leaders in 

developing strategies for green chemistry 

implementation in higher education. 

1.3 Objectives of the Study 

This study aims to: 

1. Evaluate the impact of green chemistry education 

on students’ knowledge and attitudes toward 

sustainability. 

2. Identify challenges hindering the 

implementation of green chemistry in Nigerian 

universities. 

3. Assess the relevance of green chemistry 

education in preparing students for sustainable 

industrial practices. 
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1. Research Methodology   

2.1 Study Design 

A mixed-method approach combining quantitative 

surveys and qualitative assessments was employed. 

2.2 Research Population 

The study considered a total population of 400 

students and faculty members across five Nigerian 

universities. A sample size of 250 undergraduate 

chemistry students was selected using a stratified 

random sampling technique to ensure 

representation from each institution. 

2.3 Instrument for Data Collection 

Data collection involved three steps: 

1. Pre-Intervention Survey – A 15-item structured 

questionnaire assessed students’ baseline 

knowledge of green chemistry principles. Topics 

included waste reduction, energy efficiency, and 

the use of renewable materials. 

2. Educational Intervention – A 4-week green 

chemistry module covering the 12 Principles of 

Green Chemistry, green solvents, reaction 

efficiency, and industrial applications. 

3. Post-Intervention Survey & Assessment – The 

same questionnaire was re-administered, and 

laboratory experiments on green chemistry 

applications were conducted to measure 

improvements. 

2.4 Reliability of the Instrument 

The instrument’s reliability was tested using a pilot 

study, yielding a Cronbach’s alpha score of 0.87, 

indicating high reliability. 

2.5 Data Analysis 

Data were analyzed using paired t-tests to measure 

improvements in knowledge, and descriptive 

statistics were used for general trends. 

2. Results and Discussion 

3.1 Student Performance and Knowledge Gains 

Table 1 presents the students’ performance before 

and after the green chemistry intervention. The 

results indicates a significant improvement, with 

post-intervention test scores increasing by 42%, 

demonstrating enhanced comprehension of green 

chemistry principles. 
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Table 1: Student Knowledge Gains in Green Chemistry 

Test Stage Average Score 

(%) 

Improvement 

(%) 

 

Pre-

Intervention

  

48% — 

Post-

Intervention 

90% 42% 

  

These findings align with previous studies 

conducted in the United States and Europe, where 

integrating green chemistry in curricula resulted in 

improved student comprehension and increased 

environmental consciousness [4].  

This increase signifies the effectiveness of 

integrating green chemistry into chemistry 

education, equipping students with better problem-

solving skills and sustainable chemical practices. 

3.2 Students’ Attitude towards Green Chemistry 

Students’ attitude towards adopting green 

chemistry principles was assessed. As shown in 

Table 2, 78% of students expressed strong 

willingness to implement green chemistry in 

industrial settings, while 85% believed it should be 

a core part of the university curriculum.

Table 2: Students’ Attitude Towards Green Chemistry 

Attitude Metric Percentage 

(%) 

Willingness to adopt green 

chemistry in industry 

78% 
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Attitude Metric Percentage 

(%) 

Support for making green 

chemistry a core course 

85% 

  

The data highlights a strong inclination among 

students toward sustainable chemistry practices, 

emphasizing the need for curriculum reforms to 

include green chemistry as a fundamental subject. 

 

3.3 Challenges in Implementing Green 

Chemistry Education 

Despite the encouraging results, certain challenges 

hinder effective integration of green chemistry into 

education. Table 3 summarizes the key obstacles 

reported by students and faculty members. 

Table 3: Challenges in Implementing Green Chemistry Education 

Challenge  Description 

Limited laboratory infrastructure Insufficient facilities to conduct green chemistry 

practical  experiments 

Lack of industry-academia collaboration  Minimal engagement between universities and 

industries for real-world applications. 

Insufficient faculty training Limited expertise among lecturers in green 

chemistry methodologies. 

These findings are consistent with similar studies 

conducted in India and Brazil, where inadequate 

resources and lack of industry partnerships 

hindered green chemistry adoption 

[5]. Addressing these challenges requires 

investment in laboratory infrastructure, industry 

collaborations, and faculty training to ensure 

effective green chemistry education among 

students and faculty members. 
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3.4 Industry Relevance and Sustainable 

Industrial Practices 

The integration of green chemistry in education is 

crucial for preparing students to adopt sustainable 

industrial practices. Sectors such as 

pharmaceuticals, agriculture, and petrochemicals 

can significantly benefit from graduates trained in 

green chemistry techniques. Table 4 outlines key 

industries that can leverage green chemistry for 

sustainable operations. 

Table 4: Industry Applications of Green Chemistry 

Industry Sector Green Chemistry Application 

Pharmaceuticals Use of green solvents, reduced 

hazardous waste. 

Agriculture Eco-friendly pesticides, 

biodegradable fertilizers. 

Petrochemicals Sustainable refining processes, 

energy efficiency. 

 

By incorporating green chemistry into university 

curricula, students will be better equipped to drive 

eco-friendly innovations across various industries.  

4. Conclusion 

This study demonstrates that integrating green 

chemistry principles into chemistry education 

significantly improves student’s understanding and 

attitudes toward sustainable chemical practices. The 

42% increase in knowledge retention and the 78% 

willingness to apply green chemistry concepts in 

industry highlight the effectiveness of this 

approach. However, other to maximize impact, 

there is need for policy reforms, improved 

laboratory infrastructure, and industry-academia 

collaborations.  

5. Recommendations 

The findings advocate for a nationwide adoption of 

green chemistry education as a key driver of 

sustainable industrial development in Nigeria.  

1. Universities should integrate green chemistry as 

a core course in chemistry curricula. 

2. Industry-academia collaborations should be 

strengthened to provide hands-on industrial 

exposure. 

3. Government agencies should fund research and 

laboratory upgrades for practical green chemistry 

education. 
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