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Introduction

Abstract: This study aims to explore the potential development of green
chemistry-based teaching materials integrated with local environmental and
sustainability issues in West Kalimantan Province for students of the
Chemistry Education Study Program, Universitas Muhammadiyah
Pontianak (UMP). The research adopts a descriptive-qualitative approach
focusing on the identification of curriculum opportunities, environmental
context, and green chemistry principles implementation aligned with
Education for Sustainable Development (ESD) and Outcome-Based
Education (OBE). Data were collected through document analysis
(curriculum review, environmental reports), interviews with lecturers and
students, and literature analysis of regional environmental challenges. The
results indicate that the local environmental issues (peatland degradation,
river pollution, and plastic waste) are relevant to be integrated into
chemistry teaching materials. Furthermore, 82.2% of lecturers and 88.6% of
students express the need for context-based green chemistry materials
emphasizing sustainable local resources. The study concludes that UMP’s
chemistry curriculum holds strong potential to develop innovative,
environmentally contextualized teaching materials promoting sustainability
literacy among students.

Keywords: Environmental; Green chemistry; Sustainability issues; Teaching
material development

2002; D'Avanzo, 2008; Lestari et al.,, 2024, Mbah &
Ezegwu, 2024; Seifert et al., 2024).

Chemistry education plays a crucial role in
producing a generation of scientists and educators who
not only have a deep understanding of the basic
concepts of chemistry, but also have the ability to apply
the science by considering environmental impacts. In the
midst of the increasing issues of climate change and
environmental degradation that threaten global life,
there is an urgent need to develop teaching materials
that are not only relevant to the development of science,
but also oriented towards sustainability and
environmental solutions. One approach that can be
applied is the development of green chemistry teaching
materials based on environmental and sustainability
issues (Anastas & Warner, 2000; Clark & Macquarrie,

How to Cite:

Green chemistry, which focuses on reducing the use
of  hazardous materials and introducing
environmentally friendly chemical processes, is not only
a relevant topic, but also an indispensable approach in
the world of education. The principles of green
chemistry prioritize the use of safer raw materials,
reduce waste, and increase energy efficiency in every
chemical process (Anastas & Warner, 2000; Babbar, 2024;
Cahyani et al., 2024; Jain et al., 2024; Kurul et al., 2025;
Lancaster et al., 2011; Poliakoff et al., 2002; Uak, 2024). In
the context of education, this concept needs to be
introduced early so that students not only understand
chemical theory but also realize the social and
environmental impacts of experiments and chemical
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applications in daily life (Lancaster et al, 2011).
Therefore, the development of teaching materials that
focus on green chemistry and sustainability is very
relevant, especially in Indonesia, which is currently
facing serious environmental challenges (Dahlan, 2013;
Summers & Harris, 2017).

Green chemistry-based education has the potential
to produce graduates who are more responsive to
environmental challenges. The implementation of green
chemistry in higher education is expected to not only
contribute to more sustainable technological
development, but also change the mindset of students in
choosing more environmentally friendly scientific
solutions (Poliakoff et al., 2002; Young & Makowski,
2015). This is especially important in West Kalimantan
Province, which has tremendous biodiversity and
abundant natural resources, but also faces serious
threats to its sustainability. In recent decades, West
Kalimantan has experienced significant deforestation
due to mining, plantation, and land clearing activities
(Houghton, 2007; Dahlan, 2013). In addition, water and
air pollution due to industry is also an issue that cannot
be ignored (Dahlan, 2013).

On the other hand, West Kalimantan Province faces
various environmental issues such as deforestation
(Hestiantini, 2023; Putra, 2024; Salim et al., 2019), Kapuas
River water pollution (Olfa et al., 2025; Hapipin et al,,
2025; Purnaini & Saziati, 2023; Sugandi et al., 2021; Loh
et al., 2016), peatland degradation (Ahmad et al., 2023;
Jaenicke et al.,, 2010; Lee at al., 2025), and increasing
volume of plastic waste (Haribowo, 2025; Sarminingsih
et al., 2022, Chowdhury et al., 2023; Herawati et al,,
2024). This condition is an ideal context for integrating
sustainability issues in chemistry learning in
universities.

Based on the Curriculum Document of the
Chemistry Education Study Program, University of
Muhammadiyah Pontianak (2024), the scientific vision
of the study program emphasizes the development of
sustainability-based chemistry education (Education for
Sustainability). Therefore, the development of green
chemistry teaching materials that integrate the local
environmental problems of West Kalimantan is very
important. Sustainability-based chemistry education can
help students at the University of Muhammadiyah
Pontianak to wunderstand and overcome specific
environmental challenges in their area. Through this
approach, students not only learn about chemical
theory, but are also trained to think critically and
innovatively in developing environmentally friendly
solutions in a local context. This is in line with the vision
of higher education that creates graduates who are able
to make a real contribution to environmental and
sustainability problem solving (Summers & Harris, 2017;
Jenkins & Lutz, 2013).
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The importance of preparing teaching materials
based on green chemistry for chemistry education in
West Kalimantan also cannot be separated from the
great challenges faced by the world of education in
Indonesia in general. Many universities in Indonesia,
including the University of Muhammadiyah Pontianak,
still use chemistry teaching materials that do not pay
attention to sustainability aspects and environmental
solutions (Young & Makowski, 2015; McMurry & Fay,
2008). In fact, there is currently an urgent need to
introduce concepts such as renewable energy, chemical
waste management, and environmentally friendly
products in chemistry learning. Therefore, this study
aims to examine the potential for the development of
green chemistry teaching materials based on
environmental and sustainability issues in West
Kalimantan Province, to contribute to improving the
quality of chemistry education that is more relevant to
local conditions, as well as supporting environmental
sustainability efforts in West Kalimantan (Jenkins &
Lutz, 2013; McMurry & Fay, 2008).

Through this research, it is hoped that practical
solutions can be found in the development of teaching
materials that not only meet the standards of the
chemistry education curriculum, but are also able to
create positive changes in student behavior in the face of
increasingly complex environmental challenges. Thus,
this research contributes not only in the field of
chemistry education, but also in Indonesia's great efforts
to achieve the Sustainable Development Goals (SDGs),
especially related to quality education and sustainable
environmental management (McMurry & Fay, 2008;
Green, 2010; Jenkins et al., 2016).

Method

This type of research is descriptive-qualitative
exploratory with a document study and interview
approach. The research subjects include main
documents such as the UMP Chemistry Education Study
Program Curriculum and the RPS courses in
Environmental Chemistry, Basic Chemistry, and
Environmental Education. The informants in this study
consisted of five lecturers teaching basic and
environmental chemistry courses, as well as thirty fifth-
semester students. In addition, this study also uses the
West Kalimantan environmental report (BPS & KLHK,
2023-2024) as a contextual source. The analysis of
curriculum documents was carried out using a content
analysis approach to explore the integration of green
chemistry principles and Education for Sustainable
Development (ESD), while the results of interviews were
analyzed using the thematic coding method. All analysis
results are then triangulated and presented in the form
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of a map of the potential integration of green chemistry
teaching materials based on environmental issues.

Result and Discussion

Curriculum Conditions and Integration Opportunities

Analysis of the curriculum of the Chemistry
Education  Study Program, University of
Muhammadiyah Pontianak shows that graduate
learning outcomes (CPL) have included important
aspects such as environmental awareness, critical
thinking skills, and innovation in learning. These three
aspects reflect the direction of curriculum development
that is oriented towards the formation of prospective
chemistry educators who are not only academically
competent, but also have concern for sustainability and
social responsibility issues. The integration of
environmental values in CPL is a strategic step in
realizing chemistry education that is relevant to the
needs of the 215t century.

However, the results of the review of the curriculum
structure and the Semester Learning Plan (RPS) show
that the application of the concept of green chemistry is
still uneven in all courses. Some courses such as
Environmental Chemistry, Chemical Analysis, and
Chemistry Learning Methodology have great potential
to integrate the principles of green chemistry, but their
implementation is still conceptual and not yet
systematic. This opens up opportunities to develop
teaching materials that are more applicable and
contextual so that students are able to relate the concept
of chemistry with sustainable practice in the field.

Relevant Environmental Issues in West Kalimantan

Based on data from the Ministry of Environment
and Forestry (MoEF) and the Central Statistics Agency
(BPS) in 2024, there are several main environmental
issues in West Kalimantan Province that have high
relevance to be integrated into chemistry learning. These
issues include pollution of the Kapuas River caused by
household activities and gold mining, fires and peatland
degradation that have an impact on air quality and
ecosystem balance, as well as increasing the volume of
urban plastic waste in the Pontianak and Kubu Raya
areas. These three issues not only describe real and
complex environmental problems, but also provide a
rich scientific context to encourage students to
understand the relationship between the concept of
chemistry and its impact on the surrounding
environment.

The results of the analysis show that there are three
main issues that have the potential to be used as a
context for green chemistry teaching materials in West
Kalimantan (Table 1).
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These three issues have a high proximity to the lives
of the local community and are relevant to the 1st (waste
prevention) and 10th Green Chemistry principles
(biodegradable material design). These issues can be
used as a context for problem-based learning (PBL) that
supports the application of green chemistry and
Outcome-Based Education (OBE) principles. Through
this approach, students are invited to analyze local
environmental problems using relevant chemical
concepts, such as oxidation-reduction reactions in heavy
metal pollution, the decomposition process of organic
matter in peatlands, or the degradation of polymer
compounds in plastic waste. Thus, learning not only
focuses on theoretical aspects, but also fosters students'
critical thinking skills, scientific creativity, and
ecological awareness as prospective educators who are
able to integrate chemistry with environmental
sustainability values.

Table 1. Main issues that have the potential to be used
as a context for green chemistry teaching materials in
West Kalimantan

Environmental Related Chemical The Potential of Teaching

Issues Concepts Material Integration
Palm oil liquid Oxidation Palm oil waste treatment
waste reactions, practicum with the
catalysts, principle of green

biotechnology catalysis

River mercury ~ Redox, chemical "Zero Mercury" case
pollution analysis, study for environmental
toxicology chemistry learning

Plastic and Polymers, Natural enzyme-based
microplastic degradation, plastic biodegradation
waste organic chemistry module and FTIR
analysis

Perception of Lecturers and Students
The results of interviews and questionnaires show
that both lecturers and students have a very positive
perception of the development of green chemistry
teaching materials based on local environmental issues.
A total of 822% of lecturers stated that teaching
materials that raise environmental issues in West
Kalimantan — such as the pollution of the Kapuas River
and peatland degradation — can increase the relevance
of learning and help students understand the
relationship between chemical concepts and real life.
The lecturers also assessed that the integration of local
issues was able to encourage students to think critically,
actively participate in discussions, and foster a sense of
responsibility for environmental conservation. This
finding is in line with the principles of Education for
Sustainable Development (ESD) and the practice of
Outcome-Based Education (OBE) which are the basis of
the curriculum of the UMP Chemistry Education Study
Program.
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Meanwhile, from the student side, 88.6% of
respondents stated that learning chemistry related to
environmental issues makes concepts easier to
understand and increases motivation to learn. Students
feel more interested when the material is contextualized
with real problems around them, such as household
waste treatment or the use of environmentally friendly
chemicals. These results also support the research of
Sanjaya et al. (2024) at Sriwijaya University who found
that the use of case-based green chemistry student
worksheets (MFIs) can increase environmental
awareness and interest in learning chemistry. Overall,
both lecturers and students showed strong support for
the development of local context-based teaching
materials that integrate the principles of green chemistry
and sustainability.

Table 2. Results of lecturer and student perception
assessment on the development of green chemistry
teaching materials

Lecturer Students
%) (%)

Local issue-based teaching 85 88

materials increase learning

relevance

Integration of 82 90

environmental issues helps

understand chemical

concepts

Local context-based 80 92

learning increases learning

motivation

Green chemistry teaching 88 89

materials foster

environmental awareness

Training/enrichment is 76 84

needed for lecturers for the

application of green

chemistry

Average level of positive perception: Lecturers = 82.2%,

Students = 88.6%.

Assessment Aspects Information

Very positive

Excellent

Excellent

Very positive

Need
reinforcement

Table 2 shows that both lecturers and students have
a high level of acceptance and support for the
development of green chemistry teaching materials
based on environmental and sustainability issues in
West Kalimantan.

Development Design Recommendations

The development of green chemistry teaching
materials at the University of Muhammadiyah
Pontianak (UMP) utilizing the 4D (Define, Design,
Develop, Disseminate) model represents a strategic
approach grounded in both educational research and
contextual learning principles. This systematic
framework, originally developed by Thiagarajan et al.
(1974), has demonstrated proven effectiveness in
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educational material development across diverse subject
areas and institutional contexts (Suarmita et al., 2025).
The 4D model functions as a structured yet flexible
developmental approach comprising four distinct but
interconnected stages. The Define stage involves
conducting comprehensive needs analysis, including
identification of learning gaps, student characteristics,
and curriculum requirements (Yuhdi et al., 2024). This
foundational phase establishes the problem space and
clarifies what educational objectives must be achieved.
The Design stage focuses on planning the structure,
content organization, and pedagogical strategies that
will underpin the teaching materials (Yuhdi et al., 2024).
During this phase, developers create prototypes and
outline the conceptual framework for their products.
The Develop stage encompasses the actual creation of
materials, expert validation, and iterative refinement
based on feedback from material experts, media
specialists, and linguists (Suarmita et al., 2025). Finally,
the Disseminate stage involves broader distribution and
implementation of the validated materials across
educational settings (Ananda et al, 2021). The
systematic nature of the 4D model makes it particularly
suitable for developing contextual teaching and learning
(CTL)-based materials. As demonstrated in Mukhlishin
(2024) research on Physical Chemistry teaching
materials using CIL principles, the model's flexibility
allows developers to adapt their approaches while
maintaining structural rigor. Mukhlishin (2024) revealed
that CTL-based materials developed through the 4D
framework achieved validity scores of 98.75% for
material content, 87.33% for media presentation, and
98.00% for language clarity, all falling within very valid
criteria. Practicality testing showed 95.8% in individual
trials and 89.6% in small group trials, confirming the
approach's effectiveness.

The model's emphasis on product validation before
implementation distinguishes it as particularly valuable
for developing instructional materials in specialized
domains such as green chemistry. Multiple studies
employing the 4D model have consistently
demonstrated high validity and practicality ratings. For
instance, research on multimedia-based interactive
modules and guided inquiry-based electronic
worksheets across chemistry education has shown that
this developmental approach produces materials rated
between 80-98% on validity scales (Sarafina & Nasrudin,
2024).

Green chemistry education has emerged as a critical
component of contemporary chemistry curricula,
particularly ~ within ~ frameworks  emphasizing
sustainability —and environmental responsibility
(Widyawati et al,, 2025). The development of green
chemistry teaching materials requires careful attention

to conceptual complexity, contextual relevance, and
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student engagement. The 4D model facilitates this by
enabling developers to explicitly connect chemistry
principles to real-world environmental applications
during the Define and Design phases (Tepla et al., 2025).
This is essential because students often struggle to
understand the connection between abstract chemical
concepts and their practical environmental implications
(Koulougliotis et al., 2024).

Research by Widyawati et al. (2025) on Education
for Sustainable Development (ESD)-based green
chemistry materials demonstrated that when materials
are systematically developed with clear connections to
sustainability goals, students develop enhanced
environmental awareness and critical thinking skills.
The 4D model's deliberate structure supports this
outcome by requiring developers to define learning
outcomes explicitly before design activities commence.

In the context of the development of green
chemistry teaching materials based on environmental
and sustainability issues in West Kalimantan, the 4D
model can be described in detail as follows:

Stage 1: Define

This stage aims to identify the needs for developing
teaching materials by analyzing the curriculum, student
needs, and local environmental issues, including an
analysis of the UMP Chemistry Education Study
Program curriculum to find gaps in the integration of
green chemistry concepts (Binani et al., 2024; Chen et al.,
2024; Elvira & Fitriza, 2023; He et al., 2025); a needs
analysis through interviews with lecturers and students
(Abdussyukur et al., 2021; Dewi et al., 2019; Kortam et
al., 2025) to determine relevant environmental topics
such as Kapuas River pollution, plastic waste, and
peatland degradation; and a concept and learning task
analysis to identify the relationship between chemical
concepts (e.g., redox reactions, polymers, acid-base
materials) and the environmental issues to be addressed.
The outcome of this stage is a map of teaching material
needs that align with the local context and graduate
learning outcomes (LO) (Jnior et al., 2024; Mahaffy etal.,
2024).

Stage 2: Design

At this stage, the structure of the teaching materials
is designed by determining the format, content, media,
and learning strategies, which includes designing a
framework that contains learning objectives, key green
chemistry concepts, and the context of local issues;
selecting appropriate learning approaches such as
Problem-Based Learning (PBL) (Wahyuni & Sari, 2024;
Vaz et al., 2025) or the Case Method (Diquito et al., 2024;
Nabila et al., 2025) to explore real-world environmental
problems; and preparing prototypes of teaching
materials in the form of modules, e-books, or student
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worksheets (MFIs) equipped with simple experimental
activities based on green chemistry principles. The
product of this stage is an initial draft of the teaching
materials (prototype I) that is ready for limited testing.

Stage 3: Develop

This stage focuses on validating and testing the
teaching materials through assessments by material
experts, media experts, and linguists to ensure content
feasibility and pedagogical appropriateness, followed
by revising the materials based on expert feedback;
conducting a limited trial with 5th-semester students to
evaluate the practicality and effectiveness of the
materials; and analyzing trial data using indicators of
validity, practicality, and effectiveness, as referenced in
Mukhlishin (2024). The outcome of this stage is a final
version of the teaching materials (prototype II) that has
been demonstrated to be valid and practical for use in
lectures.

Stage 4: Disseminate

The final stage is the dissemination of the
development results, which includes implementing the
teaching materials in official lectures within the UMP
Chemistry Education Study Program, conducting
workshops or lecturer training to enhance the ability to
integrate green chemistry into instruction, and
producing scientific publications as well as digitizing the
teaching materials so they can be accessed by students
and lecturers across the West Kalimantan region. This
stage ensures that the innovation in teaching materials is
beneficial not only internally but also contributes to
strengthening education for sustainable development
(ESD) at the regional level.

The following is a diagram of the development of a
4D model that can be applied in this study.

| b} 1
e & 2
%
3
‘:,' .:,
Uy ) 4 \
\ .

Figure 1. 4D model
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Through the application of this 4D model, the
development of green chemistry teaching materials at
the University of Muhammadiyah Pontianak will run in
a structured, needs-based, and measurable in its
effectiveness. This approach is expected to be able to
produce teaching material products that are valid,
practical, effective, and relevant to the context of
environmental sustainability in West Kalimantan,
thereby supporting the formation of prospective
chemistry teachers who are ecologically insightful and
globally competitive.

Conclusion

The Chemistry Education Study Program of the
University of Muhammadiyah Pontianak has great
potential to develop green chemistry teaching materials
that are oriented to local environmental issues in West
Kalimantan, such as river pollution, peatland
degradation, and plastic waste management, which can
be used as a problem-based learning context to
strengthen the integration of Education for Sustainable
Development (ESD) and Outcome-Based Education
(OBE) in the curriculum. The development of these
teaching materials not only aims to improve the
understanding of chemical concepts in an applicative
and contextual manner, but also to form students who
have concern for the environment, have Islamic
character, and are globally competitive in accordance
with the vision of the University of Muhammadiyah
Pontianak as an educational institution based on
progressive Islamic values and contribute to sustainable
development.

Acknowledgments

I would like to thank the academic community of the
University of Muhammadiyah Pontianak, especially LPPM
Universitas Muhammadiyah Pontianak as the funder,
lecturers, and students of the chemistry department who have
participated in this study.

Author Contributions

In this study, the author makes different contributions. The
author has read and approved the published version of the
manuscript.

Funding

This research is funded by an internal research grant of the
University of Muhammadiyah Pontianak in 2025 in
accordance with the decree of the chairman of LPPM UM
Pontianak Number 045/11.3.AU.21/ A /2025.

Conflicts of Interest
The author states that there is no conflict of interest. Funders
have no role in the design of the research; in data collection,
analysis, or interpretation; in scriptwriting; or in the decision
to publish the results.

November 2025, Volume 11, Issue 11, 1384-1392

References

Abdussyukur, N. F., Saat, R. M., & Alias, N. (2021).
Teaching and Learning Practices in Chemistry
Practical Work of Malaysian Matriculation
Programme: A Needs Analysis. Malaysian Online
Journal of Educational Sciences, 9(4), 13-26. Retrieved
from
http:/ /files.eric.ed.gov/fulltext/E]1315829.pdf

Ahmad, A. K. F.,, Manangan, R. J.,, Juwita, N. E,, &
Armanda, R. F. (2023). Protection and Management
of Peat Ecosystems for Forest and Land Fire
Prevention in West Kalimantan.
DE’RECHTSSTAAT, 9(2), 94-108.
https://doi.org/10.30997/jhd.v9i2.8589

Ananda, A. N., Muhfahroyin, M., & Asih, T. (2021).
Pengembangan E-Lkpd Disertai Komik Berbasis
Guided Inquiry di SMA Negeri 1 Sekampung.
Bioedukasi, 12(2).
https:/ /doi.org/10.24127 / bioedukasi.v12i2.4448

Anastas, P. T., & Warner, J. C. (2000). Green Chemistry:
Theory and Practice. Oxford University Press.

Babbar, R. (2024). Green Chemistry and Its Applications.
Journal of Pharmaceutical Technology Research and
Management, 12(2).
https:/ /doi.org/10.15415/jptrm.2024.122008

Binani, S., Reddy, N. V., Patel, M., & Subramanyan, V.
(2024). Integrating Green Chemistry in Engineering
Chemistry for Achieving Sustainable Development
Goals  Through  Education. JEET, 38(1).
https:/ /doi.org/10.16920/jeet/2024/v38is1/ 24208

Cahyani, M. D., Gusman, T. A., & Akbar, A. Y. (2024).
Profile of Green Chemistry on Chemistry Education
Students: Study on Developing Green Chemistry

Practical Module to Support Sustainable
Development Goals (SDGs). Jurnal Penelitian
Pendidikan IPA, 10(10), 7954-7959.

https:/ /doi.org/10.29303 /jppipa.v10i10.7796

Chen, X.,, Wang, L., Shao, X, & Wei, R. (2024). An
Analysis of Chinese Chemistry Curriculum
Standards Based on OECD Education 2030
Curriculum Content Mapping. Disciplinary and
Interdisciplinary Science Education Research, 6, Article
2. https:/ /doi.org/10.1186/s43031-023-00091-4

Chowdhury, Z., Yokota, K., Nguyen, M. N., Andarani,
P., Sudarno, S., Syafrudin, S., & Inoue, T. (2023).
Comparison between the Plastic Waste Influx of
Rural Rivers: Mlese River in Indonesia and Hamada
River in Japan. IOP Conference Series Earth and
Environmental Science, 1268(1), 012062.
https://doi.org/10.1088/1755-
1315/1268/1/012062

Clark, J. H., & Macquarrie, D. J. (2002). Handbook of Green
Chemistry and Technology. Blackwell Science.

1389



Jurnal Penelitian Pendidikan IPA (JPPIPA)

D’Avanzo, C. (2008). Green Chemistry and
Sustainability: What's in a Name? Journal of Chemical
Education, 85(8), 1039-1042.

Dahlan, E. (2013). Perubahan Penggunaan Lahan dan
Dampaknya Terhadap Lingkungan di Kalimantan
Barat. Jurnal Sumber Daya Alam dan Lingkungan, 4(2),
135-145.

Dewi, C. A. Khery, Y, & Erna, M. (2019). An
Ethnoscience Study in Chemistry Learning to
Develop Scientific Literacy. Jurnal Pendidikan IPA
Indonesia, 8(2).
https://doi.org/10.15294/jpii.v8i2.19261

Diquito, T. J., Franco, A. S., & Caballes, M. E. (2024).
Problem-Based Learning (PBL) Using Resource
Mining as a Teaching Approach: An Action
Research. Journal of Arts, Humanities and Social
Science, 1(2), 10-18.
https://doi.org/10.69739/jahss.v1i2.74

Elvira, S., & Fitriza, Z. (2023). Analysis of the Structure
and Content of the Independent Curriculum on
Basic Law of Chemistry. Journal of Education and
Science, 7(2), 358-368.
https://doi.org/10.31258 /jes.7.2.p.358-368

Green, D. (2010). Green Chemistry and Sustainable
Development. Environmental Science & Technology,
44(1), 27-31.

Hapipin, U. M., Nusantara, R., & Akbar, A. (2025). Study
of the Impact of Tidal Sand Mining on the Water
Quality of the Kapuas River. Morfai Journal, 5(1).
https://doi.org/10.54443 / morfai.v5i1.2660

Haribowo, R. (2025). Improving Water Quality Through
the Collaboration of BrantaSae, RIVER, and Citizen
Science in River Cleaning Actions. Jurnal Pengabdian
kepada Masyarakat, 11(3), 188-194.
https:/ /doi.org/10.22146/jpkm.96740

He, Z., Lyu, S., & Zhu, J. (2025). The Integration of Green
Chemistry Concepts into Inorganic Chemistry
Education for Chemical Majors. Education Reform
and Development, 7(3).
https:/ /doi.org/10.26689/ erd.v7i3.10066

Herawati, N., Sunyata, L., Lukitowati, S., & Wuysang, .
M. (2024). Environmental Communication of the
Kapuas River Clean Action by the Pontianak Young
Generation. ETHOS  (Jurnal  Penelitian  dan
Pengabdian), 12(2).
https:/ /doi.org/10.29313/ ethos.v12i2.3501

Hestiantini, A. P. (2023). Forest and Land Fires
Challenges: Unraveling West Kalimantan™s Local
Politics in Environmental Governance. Journal of
Contemporary Local Politics, 2(1), 1-8.
https:/ /doi.org/10.46507 /jclp.v2il.262

Houghton, R. A. (2007). Balancing the Global Carbon
Budget. Annual Review of Earth and Planetary
Sciences, 35(1), 313-347.

November 2025, Volume 11, Issue 11, 1384-1392

https:/ /doi.org/10.1146/ annurev.earth.35.031306.
140057

Jaenicke, J., Wsten, H., Budiman, A., & Siegert, F. (2010).
Planning Hydrological Restoration of Peatlands in
Indonesia to Mitigate Carbon Dioxide Emissions.
Mitig Adapt Strateg Glob Change, 15, 223-239.
https://doi.org/10.1007/5s11027-010-9214-5

Jain, S. D., Awasthi, A., & Gupta, A. K. (2024). Green
Chemistry: A Sustainable Path to Environmental
Responsibility and Innovation. Asian Journal of
Research in Pharmaceutical Sciences. Sci., 14(1), 51-55.
https://doi.org/10.52711/2231-5659.2024.00008

Jenkins, M. L., & Lutz, H. (2013). Developing Green
Chemistry Education: The Role of Interdisciplinary
Teaching. Environmental Chemistry Letters, 11(1),
105-113.

Jenkins, M., McKinney, L., & Taylor, P. (2016).
Integrating  Sustainable Chemistry into the
Curriculum: The Challenges and Opportunities.
Sustainable Chemistry and Pharmacy, 4, 57-63.

Jnior, C. A. D. S, Jnior, G. G., Morais, C., & Jesus, D. P.
(2024). Green Chemistry for All: Three Principles of
Inclusive Green and Sustainable Chemistry
Education. Pure and Applied Chemistry, 96(9), 1299-
1311. https:/ /doi.org/10.1515/ pac-2024-0245

Kortam, N., Basheer, A., Much, R. A., & Hamed, Y.
(2025). High School Chemistry Teachers Attitudes
Toward Incorporating Environmental Education
Topics into the Chemistry Curriculum in Israel.
Chemistry Teacher International.
https://doi.org/10.1515/ cti-2025-0030

Koulougliotis, D., Paschalidou, K., & Salta, K. (2024).
Secondary School Students Engagement with
Environmental Issues via Teaching Approaches
Inspired by Green Chemistry. Sustainability, 16(16),
7052. https:/ /doi.org/10.3390/su16167052

Kurul, F., Doruk, B., & Topkaya, S. N. (2025). Principles
of Green Chemistry: Building A Sustainable Future.
Discov. Chem., 2, 68.
https:/ /doi.org/10.1007 /s44371-025-00152-9

Lancaster, M., Ainsworth, T., & Hughes, M. (2011).
Chemistry in Sustainability ~Education: An
International Perspective. International Journal of
Environmental and Science Education, 6(4), 439-452.

Lee, ]J.,, Wu, S., Fatimah, Y., Smith, S. W., Rahman, N. E.
B., Chong, K. Y., Saad, A., Wardhana, B., & Giam, X.
(2025). Mapping Socio-Ecological Vulnerability of
Tropical Peatland Fires. Environmental Research
Letters. https:/ /doi.org/10.1088/1748-9326 / ae203f

Lestari, N. A., Sulistyowati, D., Dellatiani, Y., Irawan, N.
Z. P, Fadhilah, A.,, & Muyassaroh, A. (2024).
Implementation of Green Chemistry Approaches in
Chemistry Labs Instruction: A Systematic Literature
Review. Jurnal Pendidikan Kimia, 16(3).
https://doi.org/10.24114/jpkim.v16i3.63398

1390



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Loh, P. S, Chen, C. A, Anshari, G. Z,, Lou, J., Wang, J.-
T., Wang, S., & Wang, B.-J. (2016). Sedimentary
Organic Matter and Phosphate along the Kapuas
River (West Kalimantan, Indonesia). Journal of
Chemistry. https:/ /doi.org/10.1155/2016 /6874234

Mabhaffy, P., Lunn, J., Adema, A., Ayotte, A., Faulkner,
J., Greidanus, S. N., Griffioen, A., Koot, A., Mimran,
Y., Nanninga, E., Pfeifer, D., Struyk, J.,, Su, M,
Tesfaye, N., & Wagram, G. (2024). Climate Action
Can Flip the Switch: Resourcing Climate
Empowerment in Chemistry Education. Journal of
Chemical Education, 101(9).
https:/ /doi.org/10.1021/ acs.jchemed.4c00548

Mbah, M., & Ezegwu, C. (2024). The Decolonisation of
Climate Change and Environmental Education in
Africa. Sustainability, 16(9), 3744.
https://doi.org/10.3390/su16093744

McMurry, J. E,, & Fay, R. C. (2008). Chemistry (7th ed.).
Pearson Education.

Mukhlishin, H. (2024). Development of Teaching
Materials Based on Contextual Teaching Learning
(CTL) in Physical Chemistry Courses. Jurnal
Penelitian  Pendidikan IPA, 10(6), 3316-3324.
https://doi.org/10.29303/jppipa.v10i6.6960

Nabila, C. E. P., Rahayu, D. S., & Muhlisin, A. (2025). The
Effectiveness of Problem-Based Learning (PBL) in
Improving Students” Critical Thinking Skills in
Science Education at Junior High School. Indonesian
Journal  of  Science  and  Education,  9(1).
https://doi.org/10.31002/ijose.v9i1.3152

Olfa, M., Santoso, H. B., Rakmawati, R., & Mintowati, E.
K. (2025). Assessing Pb and Cd Levels in the Water
of Kapuas River of Central Kalimantan Using Water
Hyacinth as a Biomonitor Plant. Journal of Degraded
and Mining Lands Management, 12(5), 8525-8534.
https:/ /doi.org/10.15243 /jdmlm.2025.125.8525

Poliakoff, M., Fitzpatrick, J. M., Farren, T. R., & Anastas,
P. T. (2002). Green Chemistry: Science and Politics
of Change.  Science,  297(5582),  807-810.
https://doi.org/10.1126/ science.297.5582.807

Purnaini, R., & Saziati, O. (2023). Potential of Heavy
Metal Pollution (Cd) in the Kapuas Kecil River.
Jurnal Presipitasi, 20(1), 77-84.
https://doi.org/10.14710/ presipitasi.v20i1.77-84

Putra, H. Y. P. (2024). History and Development of
Large-Scale Oil Palm Plantations of PT BPK and PT
GKG in West Kalimantan. IOP Conference Series
Earth and Environmental Science, 1407(1), 012007.
https:/ /doi.org/10.1088/1755-
1315/1407/1/012007

Salim, A., Hidayat, S., Wulandari, R., Pratama, C. D., &
Ichwani, S. N. (2019). A Green Scenario for
Sustainable Landscape Planning: The Case Study in
Sintang Regency, West Kalimantan Province. IOP

November 2025, Volume 11, Issue 11, 1384-1392

Conf. Ser.. Earth Environ. Sci.,, 399, 012080.
https://doi.org/10.1088/1755-1315/399/1 /012080

Sanjaya, S., Suharman, A., Hadeli, M., Sukaryawan, M.,
Sari, D. K., Adhiya, E., Safitri, D., & Silaen, S. (2024).
Development of Green Chemistry Physics Practical
Worksheet Based on Case Method in Chemistry
Education Study Program. Jurnal Penelitian
Pendidikan IPA, 10(12), 10434-10439.
https:/ /doi.org/10.29303 /jppipa.v10i12.9461

Sarafina, I, & Nasrudin, H. (2024). Development of
Guided-Inquiry-Oriented ~ Electronic =~ Student
Worksheet to Improve Critical Thinking Ability on
Acid-Base Material. Asian Journal of Science
Education, 6(2).
https:/ /doi.org/10.24815/ ajse.v6i2.40192

Sarminingsih, A., Andarani, P., & Nugraha, W. D. (2022).
Developing a Visual Counting Method to Quantify
Riverine Plastic Litter: A Case Study of Rivers in
Semarang City, Indonesia. IOP Conference Series
Earth and Environmental Science, 1098(1), 012050.
https:/ /doi.org/10.1088/1755-
1315/1098/1/012050

Seifert, M., Reckling, M., & Hermanns, J. (2024). Linking
the Topics Climate Change and Nutrition by
Discussing Sustainability in Chemistry Lessons at
School. Journal of Chemical Education, 102(1), 84-93.
https:/ /doi.org/10.1021/acs.jchemed.4c00131

Suarmita, S., Suarman, S. & Gusnardi, G. (2025).
Development of Multimedia-Based Interactive
Module Teaching Materials to Increase Learning
Independence Learners. Journal of Education and
Learning Research, 2(2), 141-151.
https:/ /doi.org/10.62208 /jelr.2.2.p.141-151

Sugandi, D., Agustiawan, D., Febriyanti, S. V., Yudi, Y.,
& Wahyuni, N. (2021). Identifikasi Jenis
Mikroplastik dan Logam Berat di Air Sungai
Kapuas Kota Pontianak. POSITRON, 11(2).
https://doi.org/10.26418 / positron.v11i2.49355

Summers, S., & Harris, S. (2017). Teaching Green
Chemistry in the Classroom: The Challenges and
Opportunities. Journal of Chemical Education, 94(5),
654-659.

Tepla, A., Dachauer, J.,, Zodl, M., Steininger, R., &
Lembens, A. (2025). Integrating Green Chemistry
into Austrian Secondary Education Using the
Context of Wood Biorefinery. Chemistry Teacher
International. https://doi.org/10.1515/ cti-2025-
0010

Thiagarajan, S., Semmel, D. S., & Semmel, M. 1. (1974).
Instructional Development for Training Teachers of
Exceptional Children: A Sourcebook. University of
Minnesota.

Uak, M. (2024). Green Chemistry Education. Problems of
Education in the 21st Century, 82(5), 581-584.
https://doi.org/10.33225/ pec/24.82.581

1391



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Vaz, C. R. S,, Morais, C,, Pastre, J., & Jnior, G. G. (2025).
Teaching Green Chemistry in Higher Education:
Contributions of a Problem-Based Learning
Proposal for Understanding the Principles of Green
Chemistry. Sustainability, 17(5), 2004.
https:/ /doi.org/10.3390/su17052004

Wahyuni, T. P., & Sari, D. P. (2024). Implementation of
the Problem-Based Learning Model to Improve
Student Learning Outcomes on Green Chemistry
Material in E Phase MAS MTI Batang Kabung,
Padang City. Science Get Journal, 1(2), 41-52.
https://doi.org/10.69855/science.v1i3.66

Widyawati, R., Novita, M., & Patonah, S. (2025). ESD-
Based Green Chemistry Teaching Materials in High
School to Support Sustainability. KnE Social Sciences,
10(9). https:/ / doi.org/10.18502/ kss.v10i9.18506

Young, J.,, & Makowski, M. (2015). Green Chemistry
Education in Developing Countries. Chemistry
Education Research and Practice, 16(3), 543-553.

Yuhdi, A., Lubis, F., & Rosmaini, R. (2024). Development
of Research-Based Teaching Materials to Increase
Independent Learning for Students Majoring in
Indonesian Language and Literature. Journal of
Education,  Teaching  and  Learning,  9(1).
https:/ /doi.org/10.26737 /jetl.v9i1.4926

November 2025, Volume 11, Issue 11, 1384-1392

1392



