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Abstract

This comprehensive research article establishes a pioneering interdisciplinary dialogue
between the qualitative, ethical frameworks of the humanities—specifically environmental
sustainability as depicted in Odia literature—and the quantitative, operational systems of the
hard sciences, represented by Green Chemistry. Historically, literature and chemical
engineering have been treated as distinct fields. However, the escalating global ecological crisis
necessitates a unified approach where cultural philosophy inspires ethical responsibility, and
technical innovation delivers practical solutions. This paper evaluates how Odia literature,
spanning from medieval Bhakti and Mahima spiritual poetry to modern post-colonial novels
by Gopinath Mohanty, Pratibha Ray, and modern eco-poetry, champions an ecocentric
worldview that rejects the exploitation of nature. Concurrently, it examines how Green
Chemistry provides a practical framework to mitigate industrial pollution, reduce toxic waste,
and optimize resource efficiency through its twelve fundamental principles. By establishing a
conceptual bridge between the eco-ethics of regional Indian literature and the pragmatic goals
of sustainable chemical design, this study outlines a comprehensive paradigm for
environmental stewardship where humanistic values and molecular sciences work together
toward an ecologically balanced future.

Keywords: Odia Literature, Green Chemistry, Ecocriticism, Anthropocene, Atom Economy,
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1. Introduction: The Epistemological Divide and the Eco-Crisis

The contemporary world is defined by the Anthropocene—a geological epoch wherein human
industrial activity has become the dominant force shaping Earth’s climate and ecosystems. The
manifestations of this crisis—climate volatility, microplastic saturation, chemical
contamination of aquatic systems, and rapid biodiversity loss—expose the limitations of
fragmented academic disciplines. Historically, human societies have addressed environmental
issues through two isolated pathways: the scientific-technological paradigm, which focuses on
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quantitative metrics, engineering controls, and remediation; and the humanistic-cultural
paradigm, which addresses ethics, emotional connection, and socio-political narratives.

This academic separation has often limited the impact of environmental solutions. Technical
interventions, when designed without an understanding of cultural and ethical contexts, can
result in solutions that lack community support or ignore regional socio-economic realities.
Conversely, purely philosophical or literary ecological frameworks can identify moral issues
without providing the technical mechanisms needed to implement large-scale industrial
changes. Authentic environmental sustainability requires an analytical synthesis that links
cultural philosophy directly to scientific execution.

THE ECO-CRISIS INTERFACE MINDFULNESS
ODIA LITERATURE [Mutual Target] GREEN CHEMISTRY
Provides Ethical » | Provides Practical
Frameworks, Sustainability, Pollution Avoidanc & | Mechanisms, Molecular
Ecocentric Values, & | Earth Balance Efficiency, &  Safe
Cultural Accountability Industrial ~ Engineering
Paths

This research article provides an interdisciplinary critique by analyzing the structural and
philosophical intersections between Odia Literature and Green Chemistry. Odisha, a
maritime state on the eastern coast of India, possesses a distinct literary heritage deeply
intertwined with geographical features—such as its complex river deltas, the Chilika lagoon,
and the dense forest ecosystems of the Eastern Ghats. This landscape has shaped a literary
consciousness that challenges human-centered dominance and highlights our shared
relationship with the environment.

In parallel, Green Chemistry serves as a molecular framework designed to eliminate toxic
pollution, conserve materials, and transform manufacturing from linear exploitation to
sustainable, closed-loop cycles. This paper demonstrates that the ecological ethics found in
Odia texts provide a cultural and philosophical foundation that aligns with, justifies, and
reinforces the systemic engineering rules established by Green Chemistry.

2. Theoretical Foundations: Ecocriticism and Sustainable Chemical Design

To connect regional literature with chemical engineering, we must first establish the theoretical
frameworks that govern both fields: Ecocriticism in the humanities and Sustainable Design
in the chemical sciences.

2.1. Ecocriticism: Shifting the Focus from Anthropocentrism to Ecocentrism

Ecocriticism is the study of the relationship between literature and the physical environment.
It examines how human culture interacts with the natural world, analyzing how texts either
reinforce human-centered exploitation (anthropocentrism) or promote an earth-centered
equilibrium (ecocentrism). Anthropocentrism views nature purely as a resource for human
consumption, validating deforestation, strip-mining, and industrial pollution for short-term
economic gain. Ecocentrism, by contrast, acknowledges that human beings are merely one
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component of a wider ecological network, and that ecosystems possess intrinsic value
independent of their utility to humanity.

In non-Western contexts, ecocriticism often draws on deep-seated indigenous traditions,
regional agricultural practices, and spiritual systems that have historically rejected strict divides
between humans and nature. In Odia literary history, this ecocentric perspective is not merely
a modern academic trend; it is a foundational cultural philosophy that has consistently depicted
the natural world as an active participant in human life.

2.2. Green Chemistry: The Molecular Approach to Waste Prevention

While ecocriticism identifies structural and environmental imbalances through narrative, Green
Chemistry addresses these challenges at the molecular level. Formulated by Paul Anastas and
John Warner in the late 20th century, Green Chemistry is defined as the design of chemical
products and processes that reduce or eliminate the use and generation of hazardous substances.
It moves beyond traditional environmental engineering, which focuses primarily on cleaning
up pollution after it has been created ("end-of-pipe" treatment), and instead focuses on
preventing waste at the source.

Green Chemistry operates under a structured framework of twelve principles, which
emphasize:

1. Waste prevention over treatment.
Maximizing the efficiency of chemical reactions (Atom Economy).
Utilizing safer, non-toxic chemical synthetic pathways.

Designing safer chemicals that retain function while reducing toxicity.

2

3

4

5. Minimizing the use of auxiliary solvents and separation agents.

6. Energy efficiency through ambient temperature and pressure operations.

7. Prioritizing renewable bio-based raw materials over finite petroleum resources.
8. Reducing unnecessary molecular modifications (derivatives).

9. Implementing catalytic reagents over stoichiometric equivalents.

10. Designing products for natural biodegradation after use.

11. Real-time monitoring of processes to prevent hazardous formations.

12. Minimizing the potential for industrial accidents, explosions, and fires.

By comparing these two fields, we can see that the cultural critique of industrial pollution found
in regional literature addresses the same fundamental issues that Green Chemistry seeks to
resolve through chemical engineering.

3. The Ecological Consciousness in Odia Literature: A Chronological Analysis

The representation of nature in Odia literature has evolved over centuries, transitioning from
early spiritual traditions to romantic descriptions of landscapes, and finally to modern critiques
of industrial development.
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3.1. Medieval and Early Modern Spiritual Traditions: Nature as Sacred Reality

Early Odia literature was deeply connected to spiritual and socio-religious movements that
rejected rigid social hierarchies and consumer-driven mindsets. The Panchasakha (the five
historic saint-poets of the 16th century: Achyutananda Das, Balaram Das, Jagannath Das,
Yasovanta Das, and Ananta Das) frequently incorporated ecological imagery into their spiritual
philosophies. Jagannath Das’s Odia Bhagavata, a foundational text in Odia households,
presents an ecocentric worldview where nature acts as a teacher of ethical behavior. The text
describes how elements like the earth, trees, and rivers demonstrate selfless service
(Paropakara), encouraging humans to live in harmony with their surroundings rather than
seeking to dominate them.

1
| o0dia Bhagavata Heritage |

| The Principle of Earth | | The Example of Trees |
| Forbearance under pressure; learning | | Selfless resource sharing; utilizing |

| resilience from natural systems. | | natural cycles without degradation.
R Il R REEEE————————————.y

In the 19th century, this ecological ethic was expanded through the Mahima Dharma
movement, led by the saint-poet Bhima Bhoi. Writing from an indigenous perspective, Bhima
Bhot’s Stuti Chintamani expressed a deep concern for global suffering that extended beyond
humanity to include the entire biosphere. His poetry warned that disrupting natural order and
exploiting the land would bring spiritual and material ruin to human societies. This early
literary period established a cultural foundation that viewed environmental degradation not
merely as an economic problem, but as a violation of the natural order.

3.2. Romantic Ecology and the Agency of Nature

At the turn of the 20th century, modern Odia literature began to engage directly with regional
landscapes, moving away from purely spiritual allegories to focus on the preservation of natural
environments. Radhanath Ray’s epic poem Chilika (1892) transformed the Chilika lagoon from
a geographical feature into a living cultural symbol. Ray portrayed the lagoon as a space of
natural beauty that offered refuge from the pressures of urbanization and colonial
administrative control. His work suggested that losing touch with these natural landscapes
would lead to cultural and emotional alienation.

Similarly, Gangadhar Meher’s Tapaswini (1914) reinterpreted classical narratives through a
distinctly ecological lens. In 7Tapaswini, the forest environment surrounding Valmiki’s ashram
is depicted as an active character possessing emotional awareness. Trees, birds, deer, and
morning flowers interact directly with Sita, comforting her during her exile:

The rustling leaves spoke a language of comfort, and the morning dew drops were tears shed
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by the forest in shared grief.

Meher’s writing challenged the assumption that nature is a passive backdrop for human activity,
portraying it instead as a connected community where human and non-human lives are deeply
intertwined.

3.3. Post-Colonial Realism, Tribal Symbiosis, and the Critique of Development

Following independence, Odia literature turned its attention to the social and environmental
consequences of rapid industrial development, resource extraction, and the construction of
large infrastructure projects. As Odisha opened its forest-rich and mineral-dense regions to
industrial mining, writers began documenting the resulting displacement of indigenous
communities and the degradation of local ecosystems.

Gopinath Mohanty’s novels, particularly Dadibudha (1944), Paraja (1946), and Amrutara
Santana (1949), offer profound insights into tribal environmental ethics. Focusing on
communities like the Parajas and Kondhs in the Koraput region, Mohanty illustrates a social
model based on sustainable coexistence. For these communities, the forest is not a commodity
to be bought, sold, or clear-cut; it is a sacred space inhabited by ancestors and protective spirits.

In Dadibudha, an old date palm tree serves as a symbol of the community's connection to its
past and its land. When external economic pressures disrupt this relationship, it leads to both
ecological degradation and social collapse. Mohanty’s work demonstrates that the exploitation
of natural resources is fundamentally linked to the erosion of sustainable human cultures.

Gopinath Mohanty's Tribal-Ecological Model

R IRt

Traditional System: | External Intrusion:
- Sacred respect for old forests | - Commercial logging & mining

« Deep communal identity tied to | « Destruction of native ecosystems |

the watershed |
I I —

| + Rotational, low-impact farming | + Disruption of local watersheds

In the late 20th and early 21st centuries, this critique became more urgent. Pratibha Ray’s novel
Magnamati (After the Deluge, 2004) explores the devastation caused by severe coastal storms,
examining the relationship between rising ocean volatility and the destruction of protective
coastal mangrove forests. The novel depicts the earth (Mati) as both a nurturing mother and a
powerful force that responds to human-induced imbalances, illustrating how the destruction of
coastal ecosystems leaves human populations vulnerable to natural disasters.

In modern Odia poetry, writers like Aparna Mohanty have increasingly focused on the
environmental costs of industrialization. Her work critiques the corporate acquisition and
exploitation of Odisha's hills, rivers, and coastlines, describing the pollution of water systems
and the clearance of forests as forms of violence against the landscape. These modern writers
challenge the traditional definition of progress, arguing that economic development cannot be
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sustained if it destroys the ecological systems that support life.
4. The Engineering Matrix: Analyzing the Twelve Principles of Green Chemistry

While literature identifies environmental damage and argues for the ethical treatment of nature,
Green Chemistry provides the specific engineering methodologies required to prevent this
damage at its source. To understand how these two fields intersect, we must examine the
technical principles that guide green chemical design.

4.1. Waste Prevention and the E-Factor

The first principle of Green Chemistry states that it is better to prevent waste than to treat or
clean it up after it is formed. In industrial chemistry, waste generation is quantified using the
Environmental Factor (E-Factor), formulated by Roger Sheldon:

Total Mass of Waste Generated

E-Factor =
actor Mass of Desired Product
A 1 E-
Industry Sector it . Total Waste Generated
Production (tons) Factor
Relatively 1 t high
Oil Refining 106 — 108 <01 CTAtVELy Tow pet Tofl, g
total volume
Bulk Chemicals 10% — 10° 1-5 Moderate waste levels
High lati t
Fine Chemicals 102 — 10* 550 g reative o waske
generation
25— Very high due t 1
Pharmaceuticals 10 — 103 ety high due fo complex

> 100 multi-step syntheses

Traditional manufacturing in the fine chemical and pharmaceutical industries often produces
significantly more waste than final product, primarily due to multi-step chemical reactions that
require extensive purification, protection-deprotection steps, and large volumes of organic
solvents. Green Chemistry addresses this by designing simplified, single-step synthetic
processes that drastically reduce the E-factor, preventing hazardous waste from entering
ecosystems.

4.2. Atom Economy (AE) vs. Percentage Yield

Traditional chemistry focuses primarily on Percentage Yield, which measures the efficiency
of a reaction based on how much of the target product is recovered:

Actual Yield
Theoretical Yield

Percentage Yield = ( ) x 100

IJSSR WWW.1jsst.com 178



International Journal of Social Science Research (IJSSR)
Volume- 3, Issue- 4 | July - August 2026 ISSN: 3048-9490

However, a reaction can achieve a 100% yield while still generating significant waste if the
reaction mechanism produces large quantities of unwanted byproducts. To address this
limitation, Green Chemistry utilizes the metric of Atom Economy (AE), which tracks how
many atoms from the starting materials are actually incorporated into the final product:

AE — ( Formula Weight of Desired Product )

Total Formula Weight of All Reactants Required by the Stoichiometric Equation
x 100

Ilustrative Case: Comparison of Synthesis Routes for Ibuprofen

The value of Atom Economy is clearly demonstrated by the industrial synthesis of the anti-
inflammatory drug Ibuprofen.

o The Traditional Boots Process (1960s): This classic six-step synthesis achieved a high
percentage yield but had an Atom Economy of only 40%. The remaining 60% of the
atoms from the starting materials were discarded as unwanted chemical byproducts,
including large quantities of spent salts and acids that required neutralisation and
disposal.

e The Green BHC Process (1990s): Developed as a sustainable alternative, this modern
process completes the synthesis in just three steps. By using highly efficient catalysts
(HF, Raney Nickel, and Palladium), the BHC process achieves an Atom Economy of
77% (which rises to 99% if the acetic acid byproduct is recovered and reused). This
optimization eliminates millions of pounds of chemical waste annually, demonstrating
how molecular engineering can significantly reduce industrial waste.

Traditional Boots Process (6 Steps) —» 40% Atom Economy —P» 60% Waste Byproducts
Green BHC Process (3 Steps) —» 77% Atom Economy —» 23% Recyclable Output
4.3. Safer Solvents and Aucxiliaries

Solvents used in chemical reactions—such as benzene, chloroform, dichloromethane, and
dimethylformamide—account for a large percentage of industrial chemical waste. Many
traditional organic solvents are volatile organic compounds (VOCs) that contribute to air
pollution, pose health risks to workers, and can contaminate groundwater if leaked.

Green Chemistry actively works to replace these hazardous substances with safer alternatives:

e Supercritical Fluids (scC0,): Carbon dioxide compressed into a supercritical state
acts as an effective, non-toxic solvent for extractions and chemical reactions. Once the
reaction is complete, the pressure is released, allowing the CO, to vaporize and be
recaptured for reuse without leaving toxic residues in the product.

e Water as a Medium: Utilizing water as a solvent avoids the use of organic chemicals
entirely, leveraging its non-flammable, non-toxic, and naturally abundant properties.

o Bio-Based Solvents: Solvents derived from agricultural waste, such as ethyl lactate
(produced from corn fermentation), are fully biodegradable and serve as safe
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alternatives to petroleum-derived organic solvents.
4.4. Renewable Feedstocks and Catalysis

Most modern industrial chemicals are derived from petroleum, a finite resource whose
extraction and processing cause significant environmental disruption. Green Chemistry
promotes a shift toward renewable biomass feedstocks, utilizing agricultural residues,
cellulose, and lignin to produce plastics, polymers, and fine chemicals. This approach
integrates manufacturing into contemporary biological carbon cycles rather than extracting
fossil carbon from the earth.

Furthermore, Green Chemistry prioritizes the use of Catalytic Reagents over stoichiometric
reagents. Catalysts speed up chemical reactions without being consumed in the process,
allowing reactions to occur multiple times using a single catalytic molecule. This reduces the
consumption of raw materials, minimizes energy requirements by lowering reaction
temperatures, and avoids the creation of salt byproducts typically generated by traditional
stoichiometric reactions.

5. The Interdisciplinary Interface: Mapping Literary Ethos to Molecular Design

The relationship between Odia literature and Green Chemistry extends beyond a shared interest
in environmental protection; it represents a conceptual alignment between cultural philosophy
and technical application. The ethical concerns raised by literary narratives find practical,
structural solutions within the design frameworks of Green Chemistry.

CONVERGENCE MATRIX: ETHOS AND APPLICATION

LITERARY ECO- GREEN CHEMISTRY
CRITIQUE PRINCIPLE

Gopinath Mohanty's Tribal | <« » | Renewable Feedstocks &
Forest Ecosystem [Alignment] Biomass Integration
Symbiosis

Coastal Mangrove Loss | < » | Life Cycle Assessment
Critique n Pratibha Ray's [Alignment] &Toxic Degradation
*Magnamati* Prevention

Satirical Poetry on River | « » | Safe Solvents, High Atom
Contamination by Toxic [Alignment] Economy & Source
Effluents Pollution Prevention

The following analysis demonstrates how specific ecological themes found in Odia literature
correspond directly to the technical principles of Green Chemistry:

5.1. The Principle of Cyclical Balance vs. Linear Waste Generation

Traditional agricultural practices and indigenous traditions in Odisha are centered on cyclical
systems, celebrated through seasonal festivals like Raja, Nuakhai, and Gama Purnima. These
traditions recognize that the land requires periods of rest and regeneration, viewing agricultural
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outputs as part of a continuous cycle where waste from one process becomes the input for
another. This cyclical perspective is reflected in Odia literature's warnings against industrial
projects that extract resources without replenishing the system.

Green Chemistry addresses this imbalance by replacing linear manufacturing models ("extract,
manufacture, discard") with closed-loop systems. This approach aligns with Principle 10
(Design for Degradation), which requires that synthetic chemical products be engineered to
break down safely into non-toxic components within natural environments after use. This
ensures that industrial products do not accumulate in ecosystems as persistent pollutants like
microplastics or toxic chemical residues.

5.2. Critiques of Industrial Effluents and the Design of Benign Chemicals

Modern Odia poetry frequently describes the impact of industrial pollution on regional water
systems, detailing how chemical runoff turns rivers into toxic channels that threaten local
wildlife and public health. These literary accounts capture the real-world consequences of
industrial processes that prioritize production volume over environmental safety.

Green Chemistry responds directly to these environmental challenges through Principle 3 (Less
Hazardous Chemical Syntheses) and Principle 4 (Designing Safer Chemicals). Rather than
focusing on treating contaminated water after factories have discharged effluents, Green
Chemistry redesigns the manufacturing process to use non-toxic raw materials and benign
catalysts. By eliminating hazardous components at the molecular level, industries can prevent
toxic runoff from entering local ecosystems, addressing the primary causes of the river
pollution described in modern poetry.

5.3. Tribal Interconnectedness and Renewable Feedstock Integration

The socio-ecological models documented in Gopinath Mohanty’s novels show how indigenous
communities utilize forest resources without depleting the surrounding ecosystem. These
communities rely on seasonal, self-replenishing forest products rather than clear-cutting timber
or strip-mining land, demonstrating an understanding of how to live within natural resource
limits.

This sustainable resource management aligns with Principle 7 of Green Chemistry, which
emphasizes the use of Renewable Feedstocks. By shifting manufacturing away from
petroleum and toward renewable biomass—such as agricultural waste or plant-derived
polymers—modern chemistry can reduce its dependence on destructive mining and drilling
practices. This technical transition applies the resource-preserving ethics observed in tribal
cultures to modern industrial production.

6. Framework: The Synthesis of Culture and Sustainable Science

To apply this interdisciplinary synthesis to educational, industrial, and environmental policies,
we must develop structured frameworks that connect cultural ethics with technical execution.
The relationship between Odia literature and Green Chemistry can be organized into three
operational levels:

6.1. Educational Integration
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Current educational systems often separate the humanities from the sciences, teaching literature
and chemistry as unrelated fields. This separation can limit students' ability to see the broader
social and ethical implications of scientific work. An integrated curriculum introduces
environmental themes by pairing literary texts with relevant scientific principles:

o Case Study Pairing: Students analyze the social impact of environmental displacement
in Gopinath Mohanty’s Paraja alongside a technical study of open-cast mining
chemistry and groundwater contamination.

e Socio-Ecological Chemistry Exercises: Chemistry students calculate the Atom
Economy (AE) and Environmental Factor (E-Factor) of synthetic pathways, using
regional eco-poetry to contextualize how industrial waste impacts local communities
and ecosystems.

6.2. Industrial Policy and Cultural Alignment

Environmental regulations often rely solely on legal penalties and economic incentives, which
can encourage industries to meet minimum legal standards rather than pursuing comprehensive
sustainability goals. By connecting corporate responsibility directly to regional heritage and
environmental ethics, policymakers can encourage companies to adopt higher standards of
sustainability.

Industrial initiatives can use the principles of Green Chemistry to actively address the
environmental concerns highlighted in regional literature:

Integrated Environmental Stewardship Framework

—_— ]

Cultural Ethics (Humanities) | Technical Solutions (Sciences) |
+ Literature raises public | + Green Chemistry provides cleaner |

- Local heritage establishes identity| . Scientific metrics track waste

tied to environmental health. | reduction and safety gains. |
N R EEE——————————————

|
|
I awareness of pollution. | synthetic pathways. |
|

This integrated approach helps industries see environmental preservation not merely as a
regulatory requirement, but as an ethical obligation to the communities and ecosystems in
which they operate.

7. Analytical Discussion: The Imperative for a Unified Paradigm

The intersection of Odia literature and Green Chemistry demonstrates that addressing modern
environmental challenges requires more than just technical fixes; it requires a shift in how
societies value the natural world. Science provides the tools to measure and mitigate pollution,
but culture and literature provide the ethical justification and motivation to implement those
tools effectively.
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7.1. Overcoming the Limitations of Isolated Approaches
When pursued in isolation, both the literary and scientific approaches face practical limitations:

e The Limitation of Pure Literature: Literary analysis can describe environmental
degradation and inspire emotional engagement, but it cannot calculate toxic thresholds,
design biodegradable plastics, or optimize chemical manufacturing processes.

e The Limitation of Isolated Science: Traditional chemical engineering can focus
entirely on optimizing efficiency and maximizing yields within a factory, ignoring how
resource extraction and chemical waste affect local communities, regional water
systems, and long-term biodiversity.

By combining these disciplines, we can create a more comprehensive approach to
environmental challenges. The humanistic perspective ensures that scientific innovations
remain focused on human and ecological well-being, while the scientific perspective provides
the technical methods needed to turn ecological values into practical realities.

7.2. The Role of Regional Identities in Global Sustainability

The study of regional traditions, such as Odia literature, highlights the importance of local
perspectives in addressing global environmental issues. Global sustainability frameworks can
sometimes overlook the unique ecological conditions and cultural histories of specific regions.
Examining how a particular culture interacts with its local landscapes—such as Odisha's
coastal deltas, mangrove forests, and tribal ecosystems—provides valuable insights into
developing targeted, community-supported environmental solutions.

When these regional insights are paired with a global framework like Green Chemistry, they
create an adaptable model for sustainability. This combination ensures that industrial and
chemical developments are designed to respect both local environmental needs and global
ecological boundaries.

8. Conclusion: A Vision for Integrated Environmental Stewardship

The global environmental crisis requires an integrated response that brings together insights
from across academic disciplines. This paper has explored the deep connections between the
ecocentric values found in Odia literature and the practical, waste-reducing principles of Green
Chemistry, showing how cultural narratives and chemical engineering can support the same
sustainability goals.

Odia literature, from its medieval spiritual poetry to its modern post-colonial fiction, offers a
consistent critique of resource exploitation, reminding us that human society is entirely
dependent on the health of the natural world. Green Chemistry provides the technical tools to
realize this ecocentric vision, offering clear engineering methodologies to minimize industrial
waste, eliminate hazardous chemicals, and utilize renewable resources at the molecular level.

Authentic environmental sustainability is achieved when our cultural values and scientific
advancements work together. By combining the ethical insights of the humanities with the
objective strategies of sustainable science, we can develop a more comprehensive framework
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for environmental stewardship—ensuring that industrial progress is achieved in balance with
the natural systems that support life on Earth.
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