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The Department of Environmental Science, represents a landmark exploration into the Role
of Artificial Intelligence in Sustainable Development and Environmental Challenges. As we stand
at a global crossroads, the research compiled here demonstrates that the intersection of digital
innovation and ecological stewardship is no longer a luxury, but a necessity. By leveraging Artificial
Intelligence (Al), we are moving from traditional, reactive conservation methods toward proactive,
data-driven solutions. From harnessing Al for precision plant identification and forest fire buffer zone
mapping to developing complex mathematical frameworks for predictive modeling, these papers
illustrate a future where technology acts as a powerful ally to nature.

While the focus is on cutting-edge innovation, this collection remains firmly anchored
in the essential bedrock of empirical biological research. The transition to a "smart"
environment is only possible through the rigorous field studies presented here—such as the
phytoremediation of wastewater using Lemna minor, air quality assessments in Chhatrapati
Sambhajinagar, and biodiversity surveys across the Jalna district. By combining the "brain™
of Al with the "heart" of environmental chemistry and field biology, we ensure that our
industrial growth and urban expansion remain within the safe boundaries of our ecosystem.

The significance of this subject extends deeply into the fabric of society and human
life. For the general public, the integration of Al in environmental monitoring leads to direct
benefits such as cleaner air, safer water, and enhanced public health through early-warning
systems for pollutants. Furthermore, the inclusion of multidisciplinary studies—ranging from
the legal accountability of Al to its role in mental health and the preservation of historical
heritage—ensures that our technological journey is ethical, culturally sensitive, and human-
centric.

For students and researchers, this volume opens a new frontier of professional
growth. Students are equipped with "future-ready" skills that blend environmental science
with digital literacy, preparing them for a modern workforce that demands cross-disciplinary
expertise. For researchers, Al offers high-precision tools to process massive datasets and
model complex environmental economics, bridging the gap between scientific discovery and
government policy. Ultimately, this editorial collection serves as a call to action for all
stakeholders to embrace a future where technology, law, and environmental ethics operate in
total harmony for the benefit of all living beings.

Dr. Krushna Nagwe

Assistant Professor, Department of History,
MSS’s, Arts, Science & Commerce College, Ambad
Dist. Jalna, Maharashtra-India
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Harnessing the Power of Artificial Intelligence for Environmental
Protection and Conservation

Prof. (Dr.) B. L. Chavan
Professor & Head
Department of Environmental Science,
Dr. Babasaheb Ambedkar Marathwada University,
Chhatrapati Sambhajinagar. (M.S.) 431 004. (India)
Mobile No. 9881424586.

Abstract:

Our planet is currently confronted with interconnected crises, including climate change,
biodiversity loss, and pollution. Although human activity is the main contributor, Artificial
Intelligence (Al) presents transformative potential as a means to understand, mitigate, and
adapt to these intricate threats. This article delves into the diverse applications of Al in
environmental protection, highlighting its role in the precise monitoring of ecosystems,
optimizing renewable energy sources, combating wildlife crime, and managing pollution
levels. It investigates Al’s ability to analyze extensive and varied datasets—from satellite
imagery to acoustic sensors—and convert them into actionable insights for conservationists,
policymakers, and communities. Nevertheless, the implementation of Al is accompanied by
significant ethical and practical challenges, such as its own carbon footprint, data inequities,
algorithmic bias, and surveillance risks. The article posits that a responsible way forward
necessitates a framework of "Ecological Al a principled approach that emphasizes
transparency, equity, sustainability, and collaboration between humans and Al. By leveraging
AT’s analytical capabilities within this ethical framework, we can expedite the transition to a
more resilient and sustainable relationship with the natural environment, transforming data into
decisive actions for the health of our planet.

Keywords: Artificial Intelligence, Environmental Monitoring, Conservation Technology,
Climate Change Mitigation, Sustainable Development
1. Introduction: At the Intersection of Crisis and Innovation:

The 21st century presents a significant paradox: human creativity has facilitated
extraordinary technological advancements, yet this progress, historically reliant on extractive
and polluting industrial practices, has driven Earth’s natural systems to critical limits. Climate
change, accelerated biodiversity loss, ocean acidification, and widespread pollution are
interlinked crises that require solutions of comparable scale, complexity, and ingenuity.
Conventional approaches to environmental science and policy, while essential, are frequently
hindered by data limitations, delayed analyses, and the vastness of the systems involved.

Enter Artificial Intelligence (Al). More than just a technological trend, Al-
encompassing machine learning (ML), computer vision, natural language processing, and
robotics—signifies a paradigm shift in our ability to perceive, interpret, and respond to
information regarding our planet. At its essence, Al excels at identifying subtle patterns within
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extensive, noisy datasets, making predictions from incomplete data, and automating intricate
analytical tasks. From the microscopic examination of soil microbiomes to the macroscopic
monitoring of atmospheric rivers, Al is emerging as an essential partner in the pursuit of
environmental sustainability.

This article explores the transformative potential of Al across the range of
environmental protection and conservation efforts. It goes beyond a mere listing of applications
to investigate the underlying mechanisms, present real-world implementations, and,
importantly, scrutinize the significant ethical and practical challenges that accompany this
technological frontier. The central argument is that Al, when developed and utilized within a
strong framework of ecological ethics and social equity, can be leveraged as a powerful force
for planetary stewardship. It facilitates a crucial transition from passive observation to
intelligent, timely, and effective action.

2. The Analytical Engine: Understanding How Al Interprets the Earth’s Pulse:

To fully grasp the environmental applications of Al, it is essential to first comprehend
its core capabilities. Environmental data is defined by the "4 Vs": Volume (terabytes of satellite
images produced each day), Variety (including spectral bands, acoustic frequencies, genomic
sequences, and text from social media), Velocity (real-time data from sensor networks), and
Veracity (the differing quality and inherent noise). Conventional analytical techniques often
find it challenging to cope with this overwhelming influx.

a. Machine Learning & Pattern Recognition:

Supervised machine learning algorithms, which are trained on labeled datasets (for
instance, images depicting healthy versus bleached coral), are capable of accurately classifying
new, previously unseen data. Unsupervised learning techniques reveal hidden clusters and
relationships, such as identifying new animal behavioral patterns through movement telemetry.
Reinforcement learning allows systems, such as a smart electrical grid, to discover optimal
operational behaviors via iterative trial and error.

b. Computer Vision:

This area of study enables machines to 'see’ and interpret visual information. By
examining pixel-level data from drones, camera traps, and satellites, artificial intelligence can
execute tasks like counting individual animals within a migrating herd, identifying tree species
based on canopy structure, detecting the distinctive geometric scars indicative of illegal logging
in forests, or identifying accumulations of plastic waste in river systems.

c. Natural Language Processing (NLP):

NLP has the capability to analyze millions of scientific articles, news reports, and social
media content to monitor emerging environmental threats, assess public sentiment regarding
conservation policies, or reveal patterns of illegal wildlife trade in online marketplaces.

d. Predictive Modeling: Sophisticated Al models, including deep neural networks, are adept at
forecasting the behavior of complex, non-linear systems. They are employed to predict
hurricane paths with enhanced accuracy, model the potential spread of invasive species under
various climate conditions, or foresee regional crop failures based on soil health and
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meteorological data. These capabilities come together to create a digital nervous system for the
planet, converting raw, unstructured data into organized knowledge and, ultimately, into
actionable insights for decision-makers.

3. Al for Planetary Health: Climate Change Mitigation and Adaptation:

Climate change is the archetypal "wicked problem," and Al is being utilized in both

mitigation (reducing emissions) and adaptation (addressing impacts) efforts.

A. Intelligent Energy Systems:

The shift to renewable energy is fundamental to mitigation. Al plays a vital role in optimizing
this transition:

a. Grid Management:

Al predicts wind and solar power generation with exceptional temporal and spatial
accuracy, enabling grid operators to effectively balance supply and demand, incorporate larger
shares of variable renewables, and lessen dependence on carbon-heavy "peaker" plants.

b. Smart Consumption:

Al technologies in buildings and industrial operations analyze usage patterns to reduce
energy waste through automated modifications. When combined with dynamic pricing
strategies, Al can encourage off-peak consumption, thereby smoothing demand curves.

c. Materials Discovery:

Al expedites the identification of new materials by simulating molecular interactions
on a large scale, condensing years of laboratory experimentation into mere months or weeks.
This is crucial for the advancement of next-generation batteries, efficient carbon capture
materials, and higher-efficiency photovoltaic cells.

B. Emissions Tracking and Reduction:

Al improves the precision, detail, and responsibility of carbon accounting:
a. Satellite-Based Monitoring:

Initiatives such as Climate TRACE utilize Al to evaluate data from various satellite
constellations, detecting and measuring point-source emissions like methane leaks from oil and
gas facilities and CO2 emissions from power generation plants. This offers independent, near-
real-time verification that surpasses corporate self-reporting.

b. Supply Chain Optimization:

Al models scrutinize intricate logistics networks to identify the most fuel-efficient
transportation routes, minimize material waste in production, and enhance the use of
agricultural inputs (water, fertilizer), thus significantly reducing Scope 3 emissions.

C. Climate Resilience and Adaptation:

As the effects of climate change become more severe, Al supports preparedness and response
efforts:

a. Extreme Weather Forecasting:

Advanced deep learning models are transforming numerical weather prediction,
providing longer lead times and improved spatial accuracy for storms, floods, and heatwaves,
which helps save lives and mitigate economic losses.
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b. Precision Agriculture:

Al-powered tools combine data from soil moisture sensors, drone-based multispectral
imagery, and localized weather forecasts to offer farmers tailored recommendations on
planting, irrigation, and harvesting. This enhances crop resilience against droughts, pests, and
changing growing seasons.

c. Disaster Response:

Following wildfires or floods, Al can swiftly analyze pre- and post-event satellite
images to assess the extent of damage, prioritize areas for emergency assistance, and guide
reconstruction efforts.

4. Al as a Guardian of Biodiversity and Ecosystems:

The loss of biodiversity represents a quiet crisis that is occurring on a global scale. Al

serves as a significant enhancer for conservationists, bolstering often limited field initiatives.

A. Monitoring and Discovery:
a. Camera Traps & Acoustic Sensors:
Tools such as Wildlife Insights utilize Al to analyze millions of images from camera

traps and thousands of hours of audio recordings, automating the identification of species,
counting individuals, and monitoring behaviors at a scale that is unachievable for human
researchers.

b. Bioacoustics:

Al algorithms are capable of recognizing the distinct calls of endangered species (for
instance, the Puerto Rican parrot), identifying human-made sounds such as chainsaws or
gunshots that may indicate poaching, and evaluating the health of marine ecosystems by
examining the diversity of reef soundscapes.

c. Environmental DNA (eDNA) Analysis:

Al assists in interpreting intricate metagenomic data derived from water or soil samples,
offering a non-invasive and thorough overview of the biodiversity present in a given area,
including the identification of rare, elusive, or cryptic species.

B. Protection and Enforcement:
a. Anti-Poaching:

Predictive Al models, such as those employed by PAWS (Protection Assistant for
Wildlife Security), assess historical poaching incident data, terrain characteristics, and animal
movement patterns to predict poaching hotspots. This allows rangers to perform risk-based,
strategic patrols. Drones outfitted with real-time Al vision can enhance this initiative,
particularly during nighttime hours.

b. Combating Illegal Fishing:

Al evaluates integrated data from vessel tracking systems (AIS), satellite-based
synthetic-aperture radar (SAR), and optical imagery to detect vessels exhibiting suspicious
activities—such as disabling transponders or lingering in marine protected zones—prompting
alerts to authorities across extensive oceanic jurisdictions.
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c. Deforestation Alerts: Platforms like Global Forest Watch leverage near-real-time satellite
imagery (e.g., from Sentinel-2) and Al algorithms to issue automated alerts upon the detection
of new forest disturbances, facilitating swift ground verification and intervention.

C. Restoration and Habitat Management:

a. Rewilding Planning:

Al models are capable of simulating ecosystem dynamics and species interactions to
pinpoint optimal sites for species reintroductions or the establishment of wildlife corridors,
forecasting long-term ecological impacts.

b. Invasive Species Control:

Drones equipped with high-resolution cameras and Al can systematically chart the
spread of invasive plant species across extensive, hard-to-reach areas, allowing for targeted and
effective removal efforts before native ecosystems are compromised.

5. Al for Pollution Control and Circular Economies:

The battle against pollution, encompassing everything from plastics to airborne
particulates, is being enhanced by the sensing and analytical capabilities of Al.
A. Air and Water Quality:

a. Hyperlocal Monitoring:

The deployment of networks of affordable 10T sensors in urban settings, in conjunction
with Al, enables the creation of dynamic, street-level air pollution maps. These models can
pinpoint temporary pollution sources (such as traffic congestion) and offer personalized health
risk notifications to at-risk populations.

b. Pollution Source Attribution:

Al can simulate the spread of pollutants within a watershed or airshed, merging sensor
data with meteorological models to trace contamination back to its likely origin, thereby
reinforcing regulatory enforcement.

B. Plastic Waste and Marine Debris:
a. Remote Sensing:

Al algorithms that have been trained on spectral signatures are utilized to detect floating
plastic debris in satellite and drone imagery, assisting in the mapping of significant
accumulation areas in rivers and oceans and tracking waste pathways to their origins.

b. Smart Recycling:

Computer vision technologies in material recovery facilities (MRFs) can swiftly and
accurately identify and sort waste streams, far surpassing human capabilities, which
significantly enhances recycling purity rates and economic feasibility. Additionally, Al can
guide product design to facilitate easier disassembly and recycling.

C. Facilitating the Circular Economy:

Al enhances the intricate logistics of reuse and remanufacturing, aligns industrial waste

streams with prospective users in "industrial symbiosis™ networks, and assists in the design of
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products and systems that have extended lifespans and reduced environmental impacts from
cradle to cradle.
6. The Shadow Side: Critical Challenges and Ethical Imperatives

The influence of Al is not solely beneficial. Its use in the environmental sector presents
significant issues that require proactive measures to prevent unintended consequences.
A. The Carbon Cost of Computation:

Training advanced, large-scale Al models necessitates substantial computational
resources, typically located in data centers that rely on fossil fuels. The contradiction of
employing a carbon-heavy tool to combat climate change is striking. The industry must
vigorously seek efficiency improvements through specialized hardware and "Green Al"
algorithms, while also committing to utilizing renewable energy for computational power.

B. Data Inequity and Algorithmic Bias:

Al models are only as effective as the data used for training. If data is consistently
lacking from the Global South or marginalized groups, the resulting models will exhibit bias
and may underperform when applied in those environments. An "Al for conservation” model
predominantly trained on data from North American temperate forests may struggle to
accurately identify species or threats in the Amazon or Congo Basin, potentially resulting in
misguided policies and the continuation of "digital neo-colonialism."

C. Surveillance and Privacy:

The sensor networks and computer vision technologies that are utilized for monitoring
wildlife and tracking poachers can also be adapted to surveil indigenous communities,
environmental activists, or local populations. The implementation of Al in sensitive socio-
ecological environments must adhere to the principles of free, prior, and informed consent,
while respecting land rights, data sovereignty, and cultural autonomy.

D. Technological Solutionism and Job Displacement:

A perilous narrative suggests that Al serves as a techno-fix silver bullet. It is vital to
recognize that Al is merely a tool, not a replacement for political will, systemic economic
reform, or the profound, localized knowledge of indigenous peoples. An excessive dependence
on high-tech solutions can misallocate resources and focus away from community-based
conservation efforts. Additionally, automation in sectors such as environmental monitoring
could lead to the displacement of skilled workers if not approached with the principles of a 'just
transition'.

E. Transparency and Accountability:

Numerous advanced Al models function as 'black boxes," making decisions through
mechanisms that are challenging even for their developers to decipher. If an Al system suggests
denying a fishing permit, distributing limited water resources, or implementing redlining in a
conservation area, stakeholders must have the ability to comprehend and challenge its rationale.
Establishing clear accountability frameworks for Al-driven decisions is crucial for ensuring
democratic governance.
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7. Toward a Framework for ""Ecological Al"

In order to address these challenges and responsibly leverage the potential of Al, it is
essential to pursue an "Ecological Al"—a framework in which the development and
implementation of technology are fundamentally aligned with the principles of ecological
integrity and social justice. This framework is built upon several key pillars:

1. Sustainability by Design:

Al research should emphasize energy-efficient algorithms, operate on verifiably green
infrastructure, and perform comprehensive lifecycle environmental cost-benefit analyses.
2. Equity and Inclusion:

The processes of data collection and model development must be participatory and co-
creative, engaging local and indigenous communities as partners rather than mere subjects.
There must be proactive efforts to enhance local capacity and ensure that benefits are
distributed globally.

3. Transparency and Explain ability:

In the context of environmental governance, where decisions affect both lives and
ecosystems, Al systems should strive for maximum interpretability. The pursuit of Explainable
Al (XAl) is vital for fostering public trust and facilitating informed scrutiny.

4. Precaution and Human-in-the-Loop:

Due to the inherent complexity and uncertainties of ecosystems, Al should primarily
serve to enhance human expertise rather than replace it. Critical decisions, particularly those
with significant social or ecological implications, must involve meaningful human oversight
and judgment.

5. Governance and Collaboration:

There is an urgent need for robust, multi-stakeholder governance. This requires
collaboration among governments, intergovernmental organizations, technology companies,
NGOs, academia, and civil society to create strong standards, ethical guidelines, and regulatory
frameworks for environmental Al.

8. Conclusion: Intelligence for a Living Planet

The environmental challenges we face are, in part, a reflection of the unintended
repercussions of human industrial and technological intelligence functioning without a
comprehensive understanding of Earth’s interconnected systems. Paradoxically, Artificial
Intelligence now provides us with a formidable tool to help rectify this trajectory. By enabling
us to listen to the planet in real-time, comprehend the complex web of life with unparalleled
depth, and optimize our own systems for harmony instead of extraction, Al can serve as a
foundational element of a new, regenerative relationship with nature.

Nevertheless, this favorable outcome is not guaranteed; it is a conscious decision. The
direction we choose fundamentally relies on whether we have the collective wisdom to instill
in our machines the values of stewardship, equity, and humility. By intentionally developing
Al within the "Ecological Al" framework, we can guide this powerful technology away from
becoming a source of further disruption and towards evolving into a crucial ally in the
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significant endeavor of protection, conservation, and healing. The ultimate aspiration is not a
planet governed by cold, impersonal algorithms, but a flourishing Earth where advanced
computational intelligence, in respectful collaboration with human wisdom and the insights of
natural systems, nurtures a future where both technology and wilderness can thrive.
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Abstract:

Soil degradation impacts more than 33% of global land, challenging food security,
biodiversity, climate regulation, and ecosystem services. This study compiles global research
on the shift from degradation—caused by erosion, nutrient depletion, compaction, salinization,
and intensive practices—to regeneration via sustainable and regenerative agriculture.
Conservation tillage, cover cropping, crop rotation, organic amendments, decreased synthetic
inputs, agroforestry, and integrated livestock management are among the most important
methods. These treatments improve soil organic carbon (SOC), microbial diversity, water
retention, and resilience. Meta-analyses and case studies conducted across continents
demonstrate that yield stability or gains are associated with environmental co-benefits, but
adoption hurdles (economic, knowledge, and policy) persist. The study emphasizes alignment
with the UN SDGs (particularly 2, 13, and 15) and advocates for expanded implementation,
long-term monitoring, and policy support to achieve land degradation neutrality by 2030.

Keywords: Soil Health, Regenerative Agriculture, Sustainable Practices, Land Degradation
Neutrality, climate mitigation.

1. Introduction

Soil is a scarce resource, and regeneration rates are orders of magnitude slower than
current deterioration (Amundson et al., 2015). Globally, ~24 billion tons of rich topsoil are lost
annually due to erosion and mismanagement. If current trends continue, land degradation is
projected to exceed 90% by 2050 (UNCCD, 2017, as noted in recent studies). Degradation
processes such as water/wind erosion, salinization, acidification, compaction, nutrient mining,
and organic matter loss impair agricultural productivity, biodiversity, and carbon storage,
aggravating climate change and food insecurity (Shokri et al.,, 2025). On evolutionary
timescales, soil is a non-renewable resource, with formation rates ranging from 0.01 to 1 mm
per century, contrasted to erosion losses that can be 10-100 times greater under poor
management. According to recent estimations, 33-52% of global land is deteriorated to some
extent, with forecasts indicating that up to 95% of Earth's land would be damaged by 2050 if
no action is taken. Annual topsoil loss is estimated at 24-75 billion tons, resulting in economic
losses of hundreds of billions of dollars due to diminished productivity and ecosystem services.
Degradation worsens climate change by releasing stored carbon (agricultural soils have lost
around 133 Pg SOC since farming began) and decreasing susceptibility to droughts, floods,
and nutrient deficits (Lal, 2020).
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This figure 1 depicts a closed-loop soil health cycle, emphasizing the movement from
degradation (e.g., erosion, low SOC) to regeneration via methods such as cover cropping and
reduced disturbance, hence generating virtuous feedback for ecosystem recovery.

Regenerative agriculture has arisen as a proactive paradigm that moves beyond
"sustainability" (maintaining the status quo) to active repair (Newton et al., 2020; Khangura et
al., 2023). The core concepts include limiting disturbance, maximizing live roots/cover,
boosting variety, integrating animals, and lowering synthetics (Regeneration International
2017). This review looks at worldwide evidence of these strategies reversing deterioration,
focusing on meta-analyses, regional syntheses, and field research (2020-2025).

= - TSNS i L Y —=

Figure 2. Regenerative pathways in rural ecosystems (Adopted by Das et al., 2025)
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Figure 2, graphical representation of regenerative pathways in rural ecosystems, with arrows
representing feedback from practices (cover crops and no-till) to soil repair.
2. Global Extent and Drivers of Soil Degradation:

Global degradation affects approximately 2 billion hectares, primarily in Asia and
Africa (Shokri et al., 2025)

Major drivers include:

Intensive tillage and monoculture lead to erosion and loss of SOC.

Excessive use of synthetic fertilizers and pesticides leads to acidification and reduced
biodiversity.

Deforestation and overgrazing lead to soil compaction and nutrient export.
Climate change exacerbates these problems through extremes (droughts and floods) (IPCC-
linked reports; Kopittke et al., 2025).

Degradation affects about 2-5.1 billion hectares, with substantial consequences in
drylands (Africa, Asia) and highly farmed regions (Europe, North America). Water/wind
erosion affects 1,100-1,500 million hectares, whereas salinization affects 300-400 million ha.
Nutrient depletion is prevalent on around 33% of croplands. Recent revisions indicate that
climate change will accelerate trends.

Figure 3, Land Degradation (IPCC, 2019)
Table 1. Major Soil Degradation Processes and Global Extent

Process Primary Global Key Impacts References
Cause(s) Affected Area
(million ha)
Water/wind  Tillage, bare 1,100-1,500 Topsoil loss, Borrelli et al.,
erosion soil, overgrazing reduced fertility, 2021; UNCCD,
sedimentation 2017
Salinization ~ Poor irrigation, 300-400 Osmotic stress, Shokri et al.,
sea-level rise yield declines 2025
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Nutrient Monoculture, ~33% Lower Lal, 2020
depletion export  without croplands productivity,
return increased GHG
emissions
Compaction  Heavy Widespread in Reduced UNCCD, 2017
machinery mechanized infiltration,  root
areas restriction
Organic Intensive 20-30% Reduced Khangura et al.,
matter loss practices decline in many water/carbon 2023; Patil et
soils storage, al., 2025

biodiversity loss

3. Pathways to Soil Regeneration: Key Sustainable Practices

Soil health restoration is being more acknowledged as an important method for
mitigating climate change and ensuring sustainable food production. Conventional agricultural
techniques, which include intense tillage and synthetic inputs, have resulted in the loss of up to
50-70% of the original SOC pool in many soils (Lal, 2020). Regenerative pathways aim to
counteract this tendency by focusing on the soil's biological environment.

No-Tillage

* Soil structure

Crop Rotation

« Pest cycle

disruption preservation
* Nutrient = Erosion reduction

cycling

enhancement

Organic Microbiome

Amendments Management
i . Soll Greehhiuse :
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;s > Organic Gas g
diversity boost Carbon Emissions suppression
e SOC (SOC) * Stress
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Figure 4, Integrated Management Practices Foster Soil Health, Productivity, and Ecosystem
Resilience (Adopted by Liang et al., 2025)

The integrated management cycle demonstrates how activities promote soil health,
production, and storage of carbon through reinforcing loops.
3.1 Minimizing Soil Disturbance (No-Till/Reduced Tillage):

Mechanical tillage disturbs the soil's structural integrity, causing aggregates to break
down and organic matter to oxidize more quickly. Land managers who use no-till or reduced-
tillage systems retain soil pore space and safeguard symbiotic fungus networks (mycorrhizae),
which are necessary for nutrient absorption. These systems increase macrofauna activity,
including earthworm populations, resulting in projected SOC benefits of 0.3 to 1.0 t/ha/yr (Lal,
2020; Montgomery, 2017).

3.2 Increasing Biodiversity (Crop Rotation and Diversification):

The transition from monocultures to complex polycultures and diverse crop rotations

disrupts disease and insect life cycles, minimizing the need for chemical intervention.
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Diversified systems use distinct root designs to obtain nutrients at different soil depths,
increasing total nutrient efficiency. According to meta-analyses, increasing plant variety can
result in SOC benefits ranging from 0.2 to 0.8 t/ha/year by offering a wider range of organic
inputs (Lal, 2020; Paustian et al., 2016).

3.3 Organic Amendments (Compost, Manure, and Biochar):

The judicious use of organic amendments accelerates the regeneration of deteriorated
soils. While farmyard manure (FYM) and compost give rapid nitrogen and microbial
inoculation, biochar serves as a long-term carbon sink. Biochar's porous structure allows for
long-term carbon storage and pollutant remediation, with sequestration rates ranging from 0.5
to 2.0 t/ha/year (Lehmann and Joseph, 2015; Rhodes, 2017).

3.4 Integrating Livestock and Agro forestry:

Integrated systems replicate the complexity of natural ecosystems. Managed rotational
grazing (or "mob grazing") involves high-density, short-duration grazing to stimulate plant
growth and cycle nutrients through manure. In addition, agroforestry incorporates perennial
woody vegetation, which offers deep-root stability and long-term woody biomass storage.
These methods have a synergistic impact, increasing the soil's water infiltration and storage
capacity.

3.5 Evidence from Global Case Studies and Meta-Analyses:

Meta-analyses consistently show that regenerative techniques improve SOC, with rates
changing according to integration level, climate, and duration. Temperate systems frequently
demonstrate improvements without yield penalties, whereas tropical/subtropical locations have
larger relative gains but greater unpredictability due to rapid decomposition and erosion
concerns. Long-term (>10-20 year) deployment has the greatest impact, since POC (particulate
organic carbon) accumulates initially and MAOC (mineral-associated organic carbon)
stabilizes with time.

Table 2: Comparative Impacts from Recent Meta-Analyses

Practice SOC Change (t/ha/yr  Yield Impact Other Benefits Key Sources
or % increase)
No-till + cover crops +0.3 to +1.0 t/halyr Neutral to 1 microbes, | erosion, Khangura et al.
+10%  (long- improved resilience 2023; Patil et al.,
term) 2025
Biochar application +0.5to +2.0t/ha/yr;up +11-19% Remediation, drought Yeetal., 2020
to +37.7% in some (often in acidic resistance, | GHG
systems soils)
Diversified rotations +0.2 to +0.8 t/halyr Stable to + Pest control, Various 2023-
(yield stability biodiversity, nutrient 2025 meta-
) cycling analyses
Organic amendments Highest gains (e.g., Variableto + Nutrient cycling, Patil et al., 2025

(e.g., FYM, compost)

+6-13% in long-term)

microbial recovery

Integrated  systems
(multiple practices)

+0.4 to +1.5 t/halyr

Often stable/+
long-term

Resilience, balanced
POC/MAOC, | GWP

Villat
Nicholas, 2024

and

4 Regional Evidence:

Regional results are influenced by the local climate, soil type, and socioeconomic
background. Practices are particularly successful in areas with significant deterioration and big

yield gaps.
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4.1 India

A meta-analysis of 147 research spanning agro-ecological zones reveals that farmyard
manure (FYM), green manure, and compost provide the maximum SOC improvements (e.g.,
effect sizes of 6.48-6.56 in 20-40 year studies). Integrated nutrient management and crop
diversification improve microbial biomass and long-term stability, especially in tropical and
subtropical soils with low baseline SOC. Long-duration tests (>20 years) demonstrate the
highest regeneration, which is consistent with India's various climates and heavy cropping
pressures (Patil et al., 2025).

4.2 Australia/Southeast Asia

In drylands (semi-arid Mediterranean climates), no-till coupled with residue retention
and cover crops efficiently increases soil organic carbon and water-holding capacity, which is
crucial in drought-prone regions. Studies in Western Australia have found site-specific
improvements in coarse-textured soils, such as reduced wind erosion and improved microbial
function under conservation tillage. These approaches promote yield stability in low-rainfall
areas, while initial transitions must be carefully managed to minimize short-term declines
(Khangura et al., 2023).

4.3 Europe/North America

Biochar mixed with decreased tillage improves yield stability and SOC sequestration,
particularly in temperate soils prone to compaction and acidity. According to meta-analyses,
biochar increases yields by 11-19% in nutrient-poor or polluted soils, with additional
advantages such as heavy metal cleanup and enhanced water retention. Long-term studies show
neutral to positive vyield responses with no significant GHG trade-offs, enabling
implementation in automated systems (Ye et al., 2020; Villat and Nicholas, 2024).

4.4 Africa/South America

Agroforestry and rotational (holistic) grazing are effective erosion control and
regeneration strategies in drylands and savannas. In Sub-Saharan Africa, agroforestry is
expected to minimize soil loss by up to 30% by 2040, while rotational grazing enhances
rangeland health, fodder quality, and animal output by allowing for recovery periods.
Silvopastoral systems in South America improve biodiversity and nutrient cycling, with high
potential in degraded pastures. Success is dependent on community involvement and context-
specific design (e.g., Zambia/Tanzania examples; Abegunde et al., 2020).

5. Yield and Co-Benefits:

Many long-term research (>10 years) reveal that regenerative systems produce neutral
or positive yields with improved stability under extremes (e.g., droughts). Meta-analyses
suggest that initial drops are probable, but that recovery will be achieved through better
resilience, nutrient efficiency, and biodiversity. Co-benefits such as decreased erosion,
increased microbial diversity, and improved water/nutrient retention outweigh short-term
trade-offs in varied systems.

5.1 Co-Benefits and Alignment with Global Goals:

Regenerative methods have the ability to trap carbon on a global scale, with estimates
for improved agricultural management ranging from 0.4 to 1.0 Gt C/yr (in line with "4 per
1000" and contemporary forecasts). This contributes to climate mitigation (negative emissions
equivalent to a fforestation at ~160 USD/t CO,e by 2050, primarily in the Global South). Co-
benefits include increased biodiversity (microbial and above-ground variety), better water
security (infiltration/retention), nutrient cycle efficiency, and reduced erosion/salinization.
These are closely aligned with the UN SDGs: SDG 2 (zero hunger via resilient yields), SDG
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13 (climate action through sequestration and GHG reduction), SDG 15 (life on land via
ecosystem restoration), and LDN aims by reversing degradation and improving soil health.
6. Barriers, Gaps, and Recommendations:
6.1 Adoption Barriers

Economic barriers include transition expenses (e.g., no-till equipment, first
modifications) and short-term yield hazards. Knowledge gaps among farmer’s/extension
services, policy misalignment (subsidies favoring synthetics), and scale difficulties (labor for
varied systems) all hinder acceptance, especially in resource-constrained areas.
6.2 Research Gaps

Long-term (>10-20 year) research are limited, particularly in tropical/subtropical zones
with high decomposition rates and significant degrading pressures. Quantifying complete life-
cycle GHG trade-offs (e.g., N,O emissions from legume cover crops or manure transport),
social equity elements (e.g., gender, smallholder/indigenous access, community impacts), and
integrated system effects (combining different techniques) remains a challenge. Standardized
measures for SOC sequestration verification, biodiversity recovery, and economic assessment
are insufficient, impeding carbon credit markets and policy scaling. Perennial systems,
rangelands, and climate extreme resilience in various agroecosystems are all topics that have
received little research. More randomized controlled trials and participatory farmer-led
research are required to bridge the process-versus-outcome divide and enhance context-specific
bundles.
6.3 Recommendations
6.3.1 Financial Incentives and De-risking

Redirect subsidies from conventional inputs to regenerative transitions (e.g.,
repurposing some of the global ~700 billion yearly agricultural/fossil fuel subsidies). Expand
programs like the USDA's 2025 Regenerative Pilot Program (700 million through EQIP/CSP
for whole-farm planning, cover crops, and soil health), EU pesticide reduction objectives, and
efforts like California's Healthy Soils Program and Brazil's Low Carbon Agriculture Program.
Scale carbon/biodiversity credits (e.g., through blended financing, premiums for regeneratively
generated items) and transition assistance (e.g., compensation for initial yield drops, low-
interest loans, risk-sharing insurance). Prioritize integrated public-private methods to reduce
investment risk, with a focus on small and medium-sized farms in the Global South.
6.3.2 Knowledge and Extension System

Enhance farmer-led extension through participatory monitoring, digital technologies
(soil health analytics, precision agriculture), and advisory councils (e.g., the USDA's Chief's
Regenerative Agriculture Advisory Council). Invest in regional training, demonstration farms,
and peer networks to increase technical capacity and confidence. Increase consumer education
and demand for regenerative products to generate market pull.
6.3.3 Policy and Institutional Reforms

Incorporate regenerative concepts into national policies that are consistent with UN
SDGs, LDN objectives, and NDCs (e.g., through UNCCD's LDN Target Setting Programme
2.0 and synergies with NAPs/climate adaptation). Create flexible, outcome-based standards
(drawing on the work of the Regenerative Organic Alliance and the Savory Institute) while
avoiding unduly restrictive certification. Encourage intra-agency collaboration (e.g., USDA-
NRCS) and landscape-scale methods (e.g., regenerating entire agriculture landscapes to
improve supply chain resilience).
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6.3.4 Research and Monitoring Priorities

Long-term, multi-site trials in underrepresented regions should be funded;
SOC/biodiversity measures should be standardised; and equity-focused research should be
prioritized. To establish genuine carbon markets, support worldwide platforms for data
exchange and verification (such as the FAO worldwide Soil Partnership and the 4 per 1000
Initiative).

7 Conclusions

Regenerative practices—such as no-till with cover crops, diversified rotations, organic
amendments, integrated livestock, and agroforestry—effectively reverse soil degradation,
sequester SOC at meaningful rates (typically 0.3-2.0 t C/ha/yr, with integrated systems
strongest), and improve agroecosystem resilience to climate extremes, according to solid,
mounting evidence from global meta-analyses, regional syntheses, and 2020-2025 field
studies. With significant co-benefits like better water retention, nutrient cycling, biodiversity
recovery, decreased erosion/salinization, and alignment with global goals (UN SDGs 2, 13, 15;
LDN targets; "4 per 1000" initiative), long-term implementations frequently produce neutral to
positive productivity outcomes. Although sequestration potentials differ by region (higher in
degraded croplands with yield gaps), realistic global estimates from improved cropland
management range from 0.28 to 0.68 Gt C/yr (or up to 0.7 to 2.5 GtCO,e/yr from key practices),
meaningfully mitigating climate change without compromising food security when context-
adapted.

Despite these benefits, economic risks, knowledge gaps, policy distortions, and
structural impediments continue to impede adoption; these issues are being addressed more and
more by 2025 efforts including blended financing, large-scale pilot funding, and subsidy
redirection. In order to reverse degradation trends, create resilient food systems, and secure
soils in the face of escalating climate pressures, governments, the private sector, and
communities must prioritize de-risked incentives, farmer-centered extension, standardized
monitoring, and landscape-level integration. Regenerative agriculture provides a proven,
comprehensive road to land degradation neutrality, improved human and planetary health, and
sustainable wealth for future generations with focused effort.
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Abstract:

This study evaluates the performance of the industrial effluent treatment plant (ETP)
at Karmayogi Ankushrao Tope Samarth Sahakari Sakhar Karkhana (KATSSSK), Jalna,
focusing on pollution reduction efficiency. Monitoring was conducted over a 25-day period,
assessing key physico-chemical parameters including pH, chemical oxygen demand (COD),
total dissolved solids (TDS), chlorides, and temperature. A unit-wise analysis was performed
across the various treatment stages to quantify pollutant removal efficiency. All analyses
followed standard procedures outlined by the APHA guidelines. The treated effluent quality
was benchmarked against regulatory discharge standards prescribed by the Maharashtra
Pollution Control Board (MPCB). Results demonstrate a progressive decrease in pollutant
concentrations through successive treatment units, with final effluent parameters largely
within permissible limits. The findings underscore the efficacy of the existing treatment
system and highlight the importance of detailed unit-wise performance evaluations for
enhancing environmental management practices in sugar industries.

Keywords: Effluent Treatment Plant, Sugar Industry, Pollution Reduction, Unit-wise
Performance, Industrial Wastewater
Introduction:

The sugar industry plays an important role in agro-industrial development,
particularly in regions where sugarcane cultivation forms a major part of the rural economy.
Along with economic benefits, sugar manufacturing activities generate considerable
quantities of wastewater containing high concentrations of organic matter, dissolved solids,
and process-related contaminants. The characteristics of this waste water vary with
production stages and operational practices, making its management a critical environmental
challenge.Wastewaterproducedduringsugarprocessingoriginatesfromoperations suchas cane
washing, Juice extraction, evaporation, and equipment cleaning. If discharged without
adequate treatment, such effluent can adversely affect surface water bodies and surrounding
soil by increasing organic load and altering physicochemical conditions.

To prevent environmental degradation and comply with regulatory requirements,
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sugar industries employ effluent treatment plants (ETPs) designed to reduce pollutant
concentrations prior to discharge. Wastewater produced during sugar processing originates
from operations such as cane washing, juice extraction, evaporation, and equipment cleaning.
If discharged without adequate treatment, such effluent can adversely affect surface water
bodies and surrounding soil by increasing organic load and altering physicochemical
conditions. To prevent environmental degradation and comply with regulatory requirements,
sugar industries employ effluent treatment plants (ETPs) designed to reduce pollutant
concentrations prior to discharge.

An industrial ETP typically consists of a series of treatment units that function
collectively to achieve pollution reduction. The effectiveness of each unit depends on
wastewater characteristics, operational stability, and process efficiency. While compliance
monitoring generally focuses on final treated effluent quality, evaluating performance at
individual treatment units provides a clearer understanding of pollutant removal mechanisms
and system efficiency. Unit-wise assessment is therefore essential for identifying critical
treatment stages and optimizing overall ETP performance.

Although several studies have reported treated effluent quality of sugar industry
wastewater, limited research has emphasized unit-wise performance evaluation based on
continuous field data. In this context, the present study focuses on the performance evaluation
of the industrial effluent treatment plant at Karmayogi Ankushrao Tope Samarth Sahakari
Sakhar Karkhana (KATSSSK), Jalna. The study uses 25 days of monitoring data for
physicochemical parameters to assess pollution reduction efficiency across different
treatment units and to evaluate compliance with prescribed discharge standards.

Materials and Methods:

1. Study Area

The study was conducted at the effluent treatment plant of Karmayogi Ankushrao
Tope Samarth Sahakari Sakhar Karkhana (KATSSSK), located in Jalna district, Maharashtra,
India. The ETP treats wastewater generated from various sugar manufacturing operations
before discharge. The treatment system comprises multiple units designed to progressively
reduce pollutant concentrations.

2. Sampling and Monitoring

Effluent samples were collected from different treatment units of the ETP over a
monitoring period of 25 days. Sampling locations varied depending on the relevance of the
parameter and the monitoring practices followed at the industry. Unit-wise sampling enabled
assessment of pollutant reduction across individual treatment stages. Grab samples were
collected and analyzed on the same day to avoid changes in water quality.

3. Analytical Methods

The collected samples were analysed for selected physicochemical parameters
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including pH, chemical oxygen demand (COD), total dissolved solids (TDS), chlorides, and
temperature. All analyses were carried out following standard procedures recommended in
Standard Methods for the Examination of Water and Wastewater (APHA). The observed
treated effluent values were compared with discharge standards prescribed by MPCB.

Result and Discussion:

Tablel: Average reading of 25 days

Limiting conc. Not to exceed in
Sr. No. Parameters Raw Effluent | Treated Effluent mg/l, except for pH
1 pH 2.98-4.96 6.67-7.88 5.5-9
2 COD 6368 312 250
3 Chloride 323.2 261.6 600
4 TDS 1610 1424 2100
5 Temperature 29.4 23.9 NA

1. pH Variation

The pH values observed across different treatment units indicated relatively stable
conditions throughout the monitoring period. Minor fluctuations were observed between
units due to biological activity and treatment processes. The pH of the treated effluent
remained within the permissible limits specified by regulatory authorities, in dictating
effective buffering capacity of the treatment system. Stable pH conditions are essential for
optimal biological treatment performance.
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2. COD Reduction Performance:

Chemical Oxygen Demand (COD) is a key indicator of organic pollution strength in
sugar industry wastewater. Unit-wise analysis revealed a progressive reduction in COD
concentration across the treatment units. Significant COD removal was observed during
biological treatment stages, highlighting the effectiveness of anaerobic and aerobic processes
in degrading organic matter. The final treated effluent COD values showed substantial
reduction compared to upstream units and largely complied with prescribed discharge
standards. These results are consistent with findings reported in earlier studies on sugar
industry ETP performance.

COD Variation
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3. TDS Variation

Total Dissolved Solids (TDS) values exhibited comparatively smaller variation across
treatment units. Limited reduction in TDS concentration was observed, which is expected
since conventional biological treatment processes are not specifically designed for dissolved
solids removal. The treated effluent TDS values were influenced by process water
characteristics and chemical usage. Despite limited removal, the final effluent values
remained within acceptable discharge limits
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4. Chloride Concentration

Chloride concentration showed conservative behavior across treatment units, with minimal
reduction observed. Chlorides are generally not removed effectively through biological
treatment and tend to remain stable throughout the process. The observed trends reflect the
inherent nature of chloride ions and are in agreement with literature findings. The treated
effluent chloride levels were within permissible limits, indicating no adverse environmental
risk from salinity perspective.

Chlorides Variation
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5. Temperature Variation

Temperature measurements showed minor variation across treatment units, primarily
influenced by ambient conditions and process operations. The treated effluent temperature
complied with regulatory discharger requirements. Maintaining appropriated temperature is
important for sustaining biological activity and overall ETP performance.

Conclusion:
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The present study evaluated the performance of an industrial effluent treatment plant
at Karmayogi Ankushrao Tope Samarth Sahakari Sakhar Karkhana (KATSSSK), Jalna,
through unit-wise analysis of key physicochemical parameters over a 25-day monitoring
period. The results clearly demonstrated effective pollution reduction, particularly in terms
of organic load removal. The overall COD removal efficiency of the ETP was observed to
be 95%, indicating excellent performance of the treatment system.

Unit-wise COD analysis revealed that the anaerobic treatment unit contributed
significantly, achieving a COD reduction of 68.84%, followed by further removal in the
secondary treatment unit (79.77%). The final polishing and treated effluent stage contributed
an additional 22.25% reduction, ensuring compliance with prescribed discharge standards.
This progressive reduction highlights the critical role of biological treatment processes in
the effective degradation of organic pollutants in sugar industry wastewater.

In contrast, TDS and chloride removal efficiencies were comparatively lower, with
overall reductions of 11.55%and 19%, respectively. This behavior is expected, as
conventional biological treatment processes are not specifically designed for the removal of
dissolved inorganic constituents. Nevertheless, the treated effluent concentrations of TDS
and chlorides remained within permissible regulatory limits, indicating acceptable
environmental performance.

Overall, the unit-wise performance evaluation provided valuable insight into the
pollutant removal mechanisms operating within the ETP. The study confirms that the
existing treatment system at KATSSSK is effective in achieving substantial pollution
reduction and regulatory compliance. The findings emphasize the importance of continuous
monitoring and unit-wise assessment to optimize treatment efficiency and support
sustainable wastewater management in sugar industries.
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Abstract

Forest fires pose a significant ecological threat to the dry deciduous landscapes of
central India. Painganga Wildlife Sanctuary (PWS), located in Maharashtra, experiences
recurrent fire incidents due to its dense litter load, dry climate, and anthropogenic activities.
This study integrates Remote Sensing and GIS to map forest fire buffer zones and drainage
networks within the sanctuary for the period 2020-2023. Using satellite-derived forest fire
points and hydrological data, a comprehensive drainage—fire interaction map was generated.
Results indicate a total burnt area of 183.708 hectares, with major fire occurrences
concentrated along secondary and tertiary drainage lines. Proximity analysis suggests that 68—
75% of fire hotspots lie within ecologically sensitive zones where moisture availability
fluctuates seasonally
Keywords: Hydrological Network, Fire Hotspot Mapping, Dendritic Drainage Pattern, Forest
Fire Vulnerability, Spatial Analysis, Watershed-based Management, Fire Risk Assessment
Introduction

Forest fire is a recurring environmental hazard in dry deciduous ecosystems of India,
causing biodiversity loss, soil degradation, carbon emission, and disturbance to wildlife
habitats. Painganga Wildlife Sanctuary, part of the Deccan plateau landscape, is highly
vulnerable due to its open canopy, dry summer conditions, and fuel load consisting mainly of
leaf litter and grass.

Drainage systems play a crucial role in influencing fire behavior by modifying moisture
regimes, controlling vegetation growth patterns, and acting as natural firebreaks.
Understanding the spatial relationship between forest fire hotspots and drainage lines is

important for planning fire mitigation strategies.
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GIS and Remote Sensing provide reliable tools for: Mapping burnt areas, Identifying high-risk
zones, Understanding fire—drainage interaction, supporting forest disaster management
This study focuses on generating an integrated Drainage and Forest Fire Buffer Map for PWS

using GIS-based overlay and buffering techniques.

Methodology:
Watershed Mapping of Painganga Wildlife Sanctuary

Input Data Pre-processing

| I
-DEM (SRTM) - Clip DEM

- Boundary - Fill Sinks

I
Hydrological Tools

Flow Direction Flow Accumulation

Stream Extraction

Watershed Delineation

Previous Forest Fire Points

|
Final Map Output

Result and Discussion:
The integrated drainage and forest fire buffer analysis of Painganga Wildlife Sanctuary

for the period 20202023 reveals a clear spatial relationship between fire occurrences and the
sanctuary’s hydrological network. The drainage map shows a dominant dendritic pattern with
numerous first- and second-order streams flowing throughout the region, indicating uniform
geological structure and seasonal hydrological behavior. Forest fire hotspots, identified from
multi-year fire records, are scattered across the sanctuary but show prominent clustering in the
central, western, and southern dry deciduous zones. The total burnt area is estimated at 183.708

hectares, highlighting the recurring severity of forest fire incidents.
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Fig. No.1: Drainage and Forest Fire Buffer Map

A significant observation is that most fire points lie within 500-800 meters of drainage
lines, particularly around seasonal streams where moisture levels drop rapidly during the dry
summer months, resulting in high fuel load accumulation from leaf litter and grass. These
transitional riparian belts become highly vulnerable due to fluctuating soil moisture and dense
undergrowth, enabling the rapid ignition and spread of fires. In addition, fire clusters near
human-accessible drainage corridors suggest an influence of anthropogenic pressures such as
cattle movement, fuelwood collection, and accidental fires. The combined spatial overlay of
drainage and fire buffers highlights ecologically sensitive fire-prone pockets, providing
valuable insights for forest managers. Strengthening seasonal streams as natural firebreaks,
improving patrolling near high-risk riparian zones, and integrating GIS-based hotspot analysis
into early-warning systems can significantly reduce future fire damage. Overall, the study
demonstrates that geospatial tools are effective for understanding fire-hydrology interactions
and can support more targeted, watershed-based fire prevention and management strategies in

Painganga Wildlife Sanctuary.
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Introduction:

Artificial Intelligence (Al) is one of the most significant technological
advancements of the present century. It refers to the ability of machines and computer
systems to imitate human intelligence such as learning, reasoning, problem-solving, and
decision-making. In recent years, environmental problems like climate change,
deforestation, pollution, biodiversity loss, and natural disasters have increased rapidly
across the world. These challenges are complex and interconnected, and traditional
methods of environmental protection are often slow, costly, and less effective. Al
provides advanced tools to collect, process, and analyze large volumes of environmental
data within a short period of time.

Through satellites, sensors, and digital platforms, Al enables real-time
monitoring of environmental changes. It helps scientists and policymakers to predict
environmental risks more accurately. Al-based technologies reduce human effort and
improve efficiency in conservation activities. They support sustainable use of natural
resources and help maintain ecological balance. Al also assists governments and
organizations in formulating data-driven environmental policies. Early detection of
environmental threats through Al can reduce damage to ecosystems and human life.
Thus, Al has emerged as a powerful support system for environmental conservation and
sustainable development.

Concept of Artificial Intelligence (Al):

Artificial Intelligence is a branch of computer science that focuses on developing
intelligent machines capable of performing tasks that normally require human
intelligence. Al systems work through algorithms, data, and computational models that
allow machines to learn from experience.

Machine Learning and Deep Learning are important components of Al that
enable systems to identify patterns and improve performance over time. Al can process
both structured and unstructured data efficiently and accurately. Unlike traditional
computer programs, Al systems can adapt to new situations without continuous human
instructions. Al technology is widely used in various fields such as healthcare,
agriculture, education, industry, and environmental management. It performs complex
and repetitive tasks faster than humans and minimizes errors. Al also helps in predictive
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analysis, forecasting future trends based on past data. Due to these capabilities, Al has
become an essential tool for solving large-scale environmental problems.
Degradation of Environment:

Environmental degradation refers to the deterioration of natural surroundings
due to human activities and natural causes. Deforestation is one of the major causes of
environmental degradation, leading to loss of forest cover, soil erosion, and destruction
of wildlife habitats. Air pollution caused by industrial emissions and vehicles increases
harmful gases in the atmosphere, affecting human health and contributing to climate
change. Water pollution from industrial waste, sewage, and agricultural runoff
contaminates rivers and lakes, making water unsafe for drinking and harming aquatic
life. Soil degradation results from excessive use of chemical fertilizers and pesticides,
reducing soil fertility and agricultural productivity.

Climate change has become a serious global issue due to rising greenhouse gas
emissions, causing global warming, melting glaciers, and rising sea levels. Biodiversity
loss occurs when natural habitats are destroyed, leading to extinction of plant and
animal species. Rapid urbanization reduces green spaces and increases waste
generation, putting pressure on natural resources. Industrialization consumes large
amounts of energy and produces toxic waste, leading to environmental imbalance.
Overpopulation increases demand for land, water, and food, resulting in
overexploitation of resources. Plastic pollution has become a major threat to land and
marine ecosystems as plastics take hundreds of years to decompose. Noise pollution
affects both humans and wildlife by causing stress and behavioral changes. Electronic
waste releases toxic substances into soil and water, creating serious health hazards.
Overexploitation of natural resources such as mining and drilling depletes reserves
faster than they can be renewed. Agricultural pollution damages ecosystems through
chemical contamination. Frequent natural disasters such as floods and droughts are also
linked to environmental degradation.

Need for Environment Conservation:

Environmental conservation is essential for ensuring the survival and well-being
of present and future generations. Natural resources such as water, forests, and minerals
are limited, and their overuse can lead to scarcity. Conservation helps maintain
ecological balance by protecting ecosystems that support life on Earth. It plays a crucial
role in preserving biodiversity, which is necessary for stable food chains and natural
processes. Conservation efforts help reduce the impact of climate change by controlling
carbon emissions and protecting forests that absorb carbon dioxide. Clean air and water,
which are vital for human health, can only be ensured through proper environmental
protection. Environmental conservation supports sustainable development by

VOLUME-03 ISSUE-2 (SPECIAL ISSUE) JANUARY-2026




E-ISSN: 3049-1541

International Multidisciplinary Research Journ:

7-AN KNOWLEDGE| FLAME

1AHMUL/2024/89852

promoting responsible use of resources without harming nature. It also reduces the risk
of natural disasters, as forests and wetlands act as natural barriers against floods and
storms. Conservation improves agricultural productivity by maintaining soil health and
water availability. It encourages the use of renewable energy sources, reducing
dependence on fossil fuels. Overall, environmental conservation enhances the quality
of life by creating healthy and sustainable living conditions.

Al for Environment Conservation:

Acrtificial Intelligence plays a significant role in environmental conservation by
providing advanced technological solutions. Al helps monitor climate change by
analyzing large climate datasets and predicting future environmental conditions. It
supports disaster management systems by forecasting floods, cyclones, and
earthquakes, allowing early warnings and reducing loss of life. Al-based satellite
monitoring helps track deforestation and detect illegal logging activities. Wildlife
conservation benefits from Al through tracking animal movements and preventing
poaching. Al assists in efficient water resource management by detecting leaks and
analyzing consumption patterns. It helps control air pollution by identifying pollution
sources and monitoring air quality in real time. In agriculture, Al promotes sustainable
practices by monitoring crop health and optimizing fertilizer and water use. Al-based
waste management systems improve waste segregation and recycling processes.
Renewable energy systems benefit from Al through better prediction of energy demand
and improved efficiency of solar and wind power. Al also supports environmental
policy-making by providing accurate data analysis, helping governments and
organizations achieve sustainability goals.

Conclusion:

Environmental degradation has become one of the most serious challenges faced
by humanity today. Conservation of the environment is essential for maintaining
ecological balance and ensuring sustainable development. Traditional conservation
methods alone are not sufficient to address modern environmental challenges. Artificial
Intelligence offers innovative and effective tools for environmental protection. It
improves data collection, monitoring, and prediction of environmental changes. Al
reduces costs, saves time, and enhances decision-making processes. It supports
sustainable resource management and strengthens environmental governance.
Developing countries can greatly benefit from Al-based environmental solutions.
However, responsible and ethical use of Al is necessary to ensure accuracy,
transparency, and data security. Human supervision remains important in Al
applications. When used wisely, Al can significantly contribute to environmental
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conservation. Thus, Artificial Intelligence is a powerful and promising tool for
protecting the environment and ensuring a sustainable future.
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Introduction

Environmental degradation has emerged as one of the most critical challenges of the
twenty-first century. Rapid industrialization, population growth, urban expansion, and
unsustainable consumption of natural resources have severely affected ecosystems. Climate
change, deforestation, pollution, biodiversity loss, and water scarcity threaten both present and
future generations. Traditional conservation methods, though valuable, are often limited by
human capacity, time, and resources. In this context, Artificial Intelligence (Al) has gained
global attention as a powerful technological tool. Al enables faster data processing, accurate
prediction, and real-time monitoring of environmental changes. Governments, researchers, and
environmental organizations are increasingly integrating Al into conservation strategies. Al-
based systems support informed decision-making and efficient resource management. By
enhancing precision and reducing human error, Al contributes significantly to sustainable
environmental practices. Thus, understanding the relevance of Al for environmental
conservation is essential in today’s digital age.

Concept of Artificial Intelligence (Al)

Acrtificial Intelligence refers to the ability of machines to simulate human intelligence.
It involves designing systems that can learn, reason, analyze data, and make decisions. Al
operates through algorithms, machine learning, deep learning, and neural networks. These
technologies allow computers to identify patterns from large datasets. Al systems improve their
performance over time through experience. Unlike traditional computing, Al can handle
complex and unstructured information. Al applications include image recognition, speech
processing, prediction models, and automation. In environmental studies, Al processes satellite
images and sensor data. It supports predictive analysis and risk assessment. Al reduces
dependence on manual observation and field surveys. Hence, Al represents an advanced fusion
of computer science and intelligent decision-making.
Need of Environmental Conservation

1. Protection of Biodiversity
Environmental conservation is essential to protect diverse plant and animal species. Loss
of biodiversity disrupts ecological balance. Conservation ensures the survival of
endangered species.
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10.

11.

12.

13.

14.

Climate Change Mitigation
Rising global temperatures demand urgent conservation measures. Forests and oceans act
as carbon sinks. Conserving them helps reduce greenhouse gas emissions.

Sustainable Use of Natural Resources
Natural resources are finite and rapidly depleting. Conservation promotes their
responsible and sustainable use. It ensures availability for future generations.

Protection of Forest Ecosystems
Forests regulate climate and support livelihoods. Deforestation causes soil erosion and
habitat loss. Conservation maintains ecological stability.

Water Resource Management
Freshwater resources are under severe stress. Conservation helps prevent water pollution
and wastage. It ensures clean water availability.

Control of Air Pollution
Industrial emissions and urbanization degrade air quality. Conservation encourages
cleaner energy use. It improves human and environmental health.

Soil Conservation
Soil degradation reduces agricultural productivity. Conservation prevents erosion and
nutrient loss. Healthy soil supports food security.

Marine Ecosystem Protection

Oceans support biodiversity and climate regulation. Overfishing and pollution threaten
marine life. Conservation preserves oceanic balance.

Disaster Risk Reduction

Environmental degradation increases natural disasters. Conservation strengthens
ecosystem resilience. It minimizes flood and drought impacts.

Public Health Protection
Environmental pollution causes serious health issues. Conservation reduces exposure to
harmful substances. It promotes healthier living conditions.

Economic Sustainability
Natural resources support agriculture, tourism, and industry. Conservation ensures long-
term economic stability. It prevents resource exhaustion.

Intergenerational Equity
Future generations have a right to natural resources. Conservation preserves
environmental heritage. It ensures fairness across generations.

Urban Environmental Balance

Rapid urban growth strains natural systems. Conservation improves green spaces and air
quality. It enhances urban sustainability.

Preservation of Ecosystem Services

Ecosystems provide food, water, and climate regulation. Conservation maintains these
services. It supports human survival.
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15. Ethical Responsibility
Humans have moral responsibility toward nature. Conservation reflects environmental
ethics. It promotes harmony with nature.

Relevance of Al for Environmental Conservation

1.

10.

11.

Climate Change Prediction
Al analyzes climate data to predict temperature and rainfall changes. It improves
climate modeling accuracy. This helps in early planning and mitigation.

Wildlife Monitoring
Al-powered cameras track animal movement and population. It helps identify
endangered species. This supports effective wildlife protection.

Deforestation Detection
Al processes satellite images to detect illegal deforestation. It provides real-time
alerts. Authorities can take immediate action.

Disaster Management

Al predicts floods, cyclones, and droughts using historical data. It improves early
warning systems. This reduces loss of life and property.

Air Quality Monitoring

Al analyzes pollution levels continuously. It predicts pollution trends. This supports
effective environmental regulation.

Water Resource Management
Al detects water leaks and pollution patterns. It optimizes water usage. This ensures
sustainable water management.

Waste Management
Al improves waste segregation and recycling. It identifies waste patterns. This
reduces environmental pollution.

Renewable Energy Optimization
Al enhances efficiency of solar and wind energy systems. It predicts energy demand
and supply. This promotes clean energy use.

Agricultural Sustainability
Al supports precision farming and soil analysis. It reduces chemical usage. This
protects ecosystems and biodiversity.

Ocean Monitoring

Al tracks ocean temperature and pollution. It supports marine conservation. This
protects marine biodiversity.

Urban Planning

Al assists in sustainable city planning. It analyzes traffic and pollution data. This
improves urban environmental quality.
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12. Environmental Policy Support
Al provides data-driven insights for policymakers. It improves decision-making
accuracy. This strengthens conservation policies.

Conclusion:

Artificial Intelligence has emerged as a transformative tool for environmental
conservation. It enhances the capacity to analyze complex environmental data accurately and
efficiently. Al bridges the gap between environmental challenges and technological solutions.
Through predictive modeling, Al supports proactive conservation measures. It enables real-
time monitoring of ecosystems and natural resources. Al reduces human error and improves
decision-making. It supports sustainable development goals at local, national, and global levels.
However, ethical use and responsible deployment of Al are essential. Technological solutions
must complement traditional conservation practices. Capacity building and data
transparency are crucial for success. Governments and institutions must invest in Al-based
environmental research. Public awareness and policy integration are equally important. Al
cannot replace nature but can protect it. Thus, Al plays a vital role in ensuring environmental
sustainability. Its relevance will continue to grow in the future. Environmental conservation
through Al represents hope for ecological balance. Sustainable coexistence of technology and
nature is achievable. Responsible innovation will define the success of Al-driven conservation.
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Abstract:

Artificial Intelligence (Al) has emerged as a significant technological advancement in
modern agriculture, supporting farmers in improving productivity, efficiency, and
sustainability. Al integrates machine learning, automation, data analytics, and smart sensing
technologies to enable informed decision-making across agricultural operations. These
technologies assist in optimizing crop management, reducing input costs, and enhancing yield
outcomes. As noted by Basa (2024), “Artificial Intelligence has emerged as a transformative
force in agriculture by enabling data-driven decision making that enhances productivity while
reducing environmental stress.” This study critically examines the role of Al in enhancing
agricultural productivity through a comprehensive review of recent research.

Keywords: Artificial Intelligence, Agricultural Productivity, Precision Farming, Automation,
Sustainable Agriculture
Introduction:

Agriculture remains a fundamental sector for ensuring food security, rural employment,
and economic development. However, contemporary agriculture faces challenges such as
climate change, declining soil fertility, labor shortages, and inefficient resource utilization.
Traditional farming approaches are often inadequate to address these multifaceted problems.
Artificial Intelligence offers innovative solutions by enabling real-time data analysis and
predictive decision-making. Singh et al. (2024) emphasize that “the increasing complexity of
agricultural challenges necessitates intelligent systems capable of learning, adapting, and
supporting farmers beyond traditional methods.” Thus, Al has become a critical component in
the modernization of agricultural systems.

Review of Literature:

Several studies highlight the transformative role of Al in precision agriculture. Al-
powered tools utilize satellite imagery, sensors, and drones to monitor crop health and soil
conditions with high accuracy. Basa (2024) states that “precision agriculture powered by Al
integrates sensors, satellite imagery, and machine learning algorithms to optimize farm inputs
at a micro-level.” Similarly, Padhiary et al. (2025) note that “Al-based precision farming
systems significantly improve resource efficiency by ensuring site-specific crop management
practices.”
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Machine learning techniques have also been widely applied for crop yield prediction and
disease detection. According to Turgut et al. (2024), “machine learning models enable accurate
crop yield prediction by analyzing complex interactions between soil, climate, and crop
genotype data.” Such predictive capabilities reduce uncertainty and improve farm planning
efficiency.

In the area of automation, Al-driven agricultural robotics have gained prominence.
Anap et al. (2025) assert that “agricultural robotics driven by artificial intelligence has reduced
dependency on manual labor while increasing operational precision and efficiency.” Despite
these advancements, adoption challenges persist. Singh et al. (2024) caution that “the adoption
of Al in agriculture is constrained by high costs, limited digital literacy, and inadequate rural
infrastructure.”

Methodology:

The present study adopts a qualitative, review-based research methodology. Secondary
data were collected from peer-reviewed journals, research articles, and institutional reports
published between 2020 and 2025. This approach enables a comprehensive understanding of
Al applications and productivity outcomes. Basa (2024) supports this method by stating that
“a systematic review of existing literature provides a comprehensive understanding of Al
applications and their real-world implications in agriculture.” The collected literature was
analyzed thematically to identify key trends and challenges.

Results and Discussion:

The findings reveal that Al applications contribute significantly to enhanced
agricultural productivity. Precision farming techniques enable optimized application of water,
fertilizers, and pesticides, resulting in higher yields and reduced environmental impact.

Padhiary et al. (2025) report that “Al-driven decision support systems contribute to
measurable increases in crop yield and input efficiency.”

Predictive analytics allow farmers to anticipate pest outbreaks, weather variations, and
market fluctuations. Singh et al. (2024) observe that “predictive analytics in agriculture
supports proactive planning and minimizes uncertainties related to weather variability and pest
outbreaks.” Automation further enhances productivity by ensuring timely execution of farm
operations. According to Anap et al. (2025), “automation through Al-enabled machinery
enhances timeliness in farm operations, which is a critical determinant of crop productivity.”
However, several constraints affect widespread adoption. Turgut et al. (2024) note that
“explainability and trust in Al models remain essential factors influencing farmer acceptance
and long-term adoption.” Financial limitations and lack of training also hinder implementation,
particularly among smallholder farmers.

Conclusion and Suggestions:

The study concludes that Artificial Intelligence holds immense potential to
revolutionize agriculture by enhancing productivity, sustainability, and resilience. Al-driven
technologies improve resource efficiency, crop management, and decision-making processes.
Basa (2024) concludes that “the future of agriculture lies in intelligent systems that integrate
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technological innovation with farmer-centric approaches.” To maximize benefits, investments

in digital infrastructure, farmer education, and affordable Al solutions are essential. Anap et al.

(2025) suggest that “policy support, capacity building, and affordable AI solutions are

imperative for ensuring inclusive and sustainable agricultural transformation.”
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Abstract:

A comprehensive survey of the waterways in the Chhatrapati Sambhajinagar district of
Maharashtra, India, reveals a rich and diverse population of submerged aquatic macrophytes.
The study documented 24 distinct species distributed across 9 families, establishing crucial
baseline data for ecological management and conservation. The Hydrocharitaceae family is
overwhelmingly dominant, accounting for 12 species, or 50% of the total recorded diversity.

Aquatic macrophytes play a dual and critical role in freshwater ecosystems. They are
essential for maintaining water clarity, providing structural habitats for fish and invertebrates,
cycling nutrients, and stabilizing sediments. However, these vital plant communities are under
significant threat globally from eutrophication, pollution, and reduced light availability.
Conversely, their excessive growth can lead to nuisance conditions, classifying them as
"aquatic weeds" that impair water flow and ecosystem balance. The research connects this
biodiversity assessment to a broader body of work on phytoremediation, highlighting the
potential of specific macrophytes species to absorb and accumulate heavy metals, offering a
foundation for developing natural, cost-effective water treatment strategies.

Keywords: Aquatic vegetation, Wetland areas, submerged, and floating macrophytes,
Biodiversity, aquatic resources
1. The Ecological Role of Aquatic Macrophytes:

Submerged aquatic macrophytes, or hydrophytes, are indispensable components of
healthy freshwater ecosystems, particularly in shallow lakes. Their functions are multifaceted
and foundational to ecological stability.

» Ecosystem Engineering: They are essential for maintaining clear water conditions by
inhibiting sediment re suspension, which controls water turbidity. They also stabilize shorelines
and lake bottoms.

« Habitat and Refuge: Macrophytes provide critical structural habitats that significantly
influence fish communities. They offer shelter for zooplankton, macro-invertebrates, and fish,
protecting them from predation. They also serve as breeding and sheltering environments.

* Nutrient Cycling and Water Quality: These plants play a vital role in nutrient dynamics.
Their ability to generate high biomass allows them to accumulate biogenic compounds,
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effectively absorbing nutrients like phosphorus and nitrogen from the water column. They also
produce oxygen and are involved in biogeochemical processes such as bio mineralization and
elemental cycling.
» Food Web Support: As primary producers, macrophytes harness solar energy that sustains
the entire ecosystem. They provide food for a variety of aquatic organisms and support the
proliferation of zooplankton and benthic fauna.
« Bio-indication: Due to their sensitivity to changes in water quality, aquatic macrophytes
serve as effective bio indicators of water pollution and potential ecosystem degradation.
2. Threats and Management Challenges:
Despite their ecological importance, macrophytes populations face a global decline, and

their management presents significant challenges.
» Primary Stressors: The primary threats to these populations include eutrophication (nutrient
enrichment), untreated sewage discharge, and industrial pollutants. These factors alter the
physicochemical characteristics of water, negatively impacting biodiversity.
« Light Limitation: A key factor contributing to the decline of submerged macrophytes is the
widespread decrease in underwater light availability. This is often caused by frequent algal
blooms, which are fueled by nutrient pollution and block the sunlight necessary for
macrophytes growth.
* Restoration Difficulties: The restoration of submerged macrophytes in urban lakes is often
hindered by inherent constraints such as elevated nutrient loading, artificially regulated water
levels, and limited littoral zones.
» The Problem of Overgrowth: While essential, the excessive growth of certain macrophytes
can create nuisance conditions, classifying them as aquatic weeds. Dense, monotypic stands
can:

> Adversely affect the diversity of invertebrate and fish populations.

o Lead to eutrophication when large quantities of decaying plant matter accumulate.

o Hinder water flow, obstruct reservoir inlets, and interfere with recreational activities.
3. Biodiversity Survey in Chhatrapati Sambhajinagar District:

The study was conducted to identify, document, and assess the abundance and

distribution of submerged aquatic macrophytes in the Chhatrapati Sambhajinagar district.
3.1. Study Area Profile
« Location: The Chhatrapati Sambhajinagar district (formerly Aurangabad) is located in the
Marathwada region of Maharashtra, India, as depicted in the provided maps (Fig. 1).
» Geography: Situated in the Deccan region, the district's terrain is hilly and lies primarily

within the Godavari River basin, with some areas extending into the Tapi River basin. The
district spans an area of 10,100 kmz2.

+ Climate and Hydrology: The climate is semi-arid, with an average annual rainfall of 710
mm, mostly concentrated during the monsoon season (June to September). The Godavari River

and its tributaries (Purna, Dudhna, Shivna) are the main waterways.
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3.2. Survey Methodology: Data was collected through systematic surveys of major waterways
and water bodies during three distinct seasons (rainy, winter, and summer). Field excursions
were conducted over two primary periods: June 2005 to May 2007 and June 2018 to 2022.
Macrophyte specimens were collected by hand from shallow littoral zones, rinsed, preserved
in 10% formalin, and identified to the species level using standard scientific literature.
3.3. Key Findings on Species Distribution
The survey confirmed that the district hosts a significant diversity of submerged macrophytes,
with a total of 24 species from 9 different families identified. The Hydrocharitaceae family is
the most prevalent group in the region.

Table 1: Family-wise Distribution of Submerged Macrophyte Species

Sr. Family of Submerged | Number of | Percentage of Total

No. Macrophyte Species Species
1 Ceratophyllaceae 2 9%
2 Characeae 1 4%
3 Fabaceae 1 4%
4 Haloragaceae 2 8%
5 Hydrocharitaceae 12 50%
6 Najadaceae 1 4%
7 Nymphaeaceae 1 4%
8 Pontederiaceae 1 4%
9 Potamogetonaceae 3 13%

Total 24 species 100%

The survey documented a variety of species, including Cabomba caroliniana
(Fanwort), Ceratophyllum demmersum (Coontail), Hydrilla verticillata (Oxygen weed),
Vallisneria spiralis (Eelgrass), and multiple species from the Potamogeton (Pondweed) and
Najas (Water nymph) genera.

4. Phytoremediation Potential and Broader Research:

This biodiversity study is part of a larger body of research by the authors that explores
the practical application of macrophytes in environmental management, specifically
phytoremediation.

* Focus on Metal Uptake:

A significant portion of the research by Jadhav, Babare, and colleagues investigates the
capacity of various aquatic plants to absorb, accumulate, and translocate heavy metals from
contaminated water.

» Scientific Evaluation:

This potential is quantified using established phytoremediation indices, including:

> Bioaccumulation Factor (BAF)
> Bioconcentration Factor (BCF)
> Metal Enrichment Factor (MEF)
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Metal Translocation Factor (MTF):

» Promising Species: Rigorous studies on species such as Ceratophyllum demersum,
Ceratophyllum submersum, and Azolla caroliniana have revealed high BCF and MEF values,
identifying them as promising candidates for use in wastewater treatment and wetland
restoration. Other species like Arundo donax L., Pistia stratiotes, and Eichhornia crassipes
have also been assessed for their bioabsorption capabilities.

- Limitations and Future Directions: The source acknowledges that most of the metal uptake
data is based on controlled, short-term assessments. Future work is needed to validate these
findings through field-scale applications and pilot studies. Further research is also required on
seasonal variations in metal uptake and the safe disposal or reuse of the resulting metal-laden
biomass.

5. Conclusion:

The study concludes that the Chhatrapati Sambhajinagar district possesses a remarkable
diversity of submerged aquatic macrophytes, with 24 species identified across 9 families. The
dominance of the Hydrocharitaceae family (12 species) is a key finding.

The significance of this research lies in its establishment of a crucial ecological baseline. This
data is vital for:

» Formulating conservation and management strategies for local water bodies.

» Addressing issues of eutrophication and excessive plant growth.

* Informing aquatic ecosystem restoration efforts.

* Supporting the development of phytoremediation techniques for pollution control.

The body of work bridges fundamental floristic documentation with applied
environmental science, laying the groundwork for implementing cost-effective, eco-friendly
water treatment solutions in India. It also calls for increased scientific focus on the specific
roles of submerged macrophytes to better understand and manage aquatic habitats.
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Abstract:

The discharge of inadequately treated sewage and wastewater through point and
nonpoint sources is putting pressure on and degrading the water quality of Mumbai's beaches
and seafronts. This study presents a comparative analysis of seawater quality parameters at five
prominent beaches in Mumbai: Rajodi, Aksa, Marve, Versova and Bandra. Water samples
were collected from each location and subjected to comprehensive testing for total hardness,
salinity, pH, electrical conductivity (EC), dissolved oxygen (DO), biochemical oxygen demand
(BOD), and coliform count using the Most Probable Number (MPN) method. The results
revealed variations in seawater quality across the beaches, with significant differences
observed in hardness, salinity, electrical conductivity, dissolved oxygen, biological oxygen
demand and coliform levels. Rajodi Beach exhibited the highest BOD levels, indicating a
higher presence of organic pollutants. In contrast, pH levels across all beaches remained nearly
uniform, showing slightly basic conditions. Salinity was highest at VVersova Beach, followed
by Marve, while total hardness was also highest at Versova. Coliform counts were elevated at
Rajodi beach, while Aksa, Marve, Versova, and Bandra recorded zero coliform presence. One
of the main problems that require these findings highlight the need for regular monitoring and
urgent attention is sewage disposal, as large amounts of untreated sewage are dumped into
neighboring coastal areas, degrading the water quality in those places. This study also focuses
on the statistical estimation of coliform count and isolation of the faecal indicator coliform
Escherichia coli (E. coli) in collected water samples.

Keywords: Sea Water, Hardness, Salinity, pH, Electrical Conductivity, DO (Dissolved
Oxygen), BOD (Biochemical Oxygen Demand), Coliform Count , MPN (Most Probable
Number) method.

Introduction:

Seawater quality assessment plays a crucial role in understanding the health of aquatic
ecosystems and ensuring the well-being of human populations that rely on them. The
degradation of seawater quality in coastal areas poses significant environmental and public
health concerns worldwide. In rapidly urbanizing cities like Mumbai, declining seawater
quality at beaches has become a pressing issue, driven by increased anthropogenic activities,
inadequate wastewater management, fishing operations, maritime transport, tourism, and oil
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discharges. Mumbai's coastal regions are home to several picturesque beaches that serve as
recreational hubs, ecological habitats, and integral parts of the city’s identity. However, rapid
urbanization and industrialization have placed immense pressure on these coastal ecosystems,
raising serious concerns about water quality. Understanding the dynamics of seawater quality
parameters in these areas is essential for promoting environmental sustainability, protecting
public health, and informing responsible coastal management practices. This field project aims
to conduct a comprehensive assessment of the seawater quality at the aforementioned beaches.
These beaches, known for their scenic beauty and cultural importance, attract large numbers of
visitors and support fisheries, local transport, and tourism — all of which contribute to the
socio-economic fabric of the city. Nevertheless, rapid population growth, urban development,
and inadequate waste management have raised concerns about the cleanliness and ecological
health of these coastal waters. The primary objective of this study is to evaluate and compare
key seawater quality parameters across the selected beaches. Parameters analyzed include total
hardness, salinity, pH, electrical conductivity (EC), dissolved oxygen (DO), biochemical
oxygen demand (BOD), and coliform count using the Most Probable Number (MPN) method.
By analyzing these indicators, the study aims to identify variations in seawater quality, trace
potential pollution sources, and assess the overall environmental condition of each beach
through systematic sampling and laboratory analysis

Fig. 1. Sea water sample taken from shoreline of (a) Aksa Beach (b) Marve Beach (c)
Versova Beach (d) Rajodi Beach (e) Bandra Beach

VOLUME-03 ISSUE-2 (SPECIAL ISSUE) JANUARY-2026




:1 %A%. KN@W&E@@E |= A M_E E-ISSN: 3049-1541

International Multidisciplinary Research Journal (

L/2024/89852

Materials and Methods:
Study Area:

The coastal stretch of Mumbai plays a vital role in shaping the city’s geography,
economy, and culture. This study focused on five selected beaches along the Mumbai coastline,
chosen based on the intensity and diversity of anthropogenic activities such as tourism,
fisheries, oil discharge, and maritime transport. These human influences contribute to
variations in seawater quality across different locations.

Sampling and sample collection:

Seawater samples were collected from the shoreline of each beach using the grab
sampling method, which involves collecting a single sample at a specific time and location.
Samples were stored in clean plastic bottles and transported to the laboratory for analysis under
controlled conditions.

Sample Analysis:

Each sample was analyzed for the following parameters: total hardness, salinity, pH,
electrical conductivity (EC), dissolved oxygen (DO), biochemical oxygen demand (BOD), and
coliform count.

e pH and electrical conductivity were measured using digital meters (pH meter and
conductometer, respectively).
e DO was determined using Winkler’s method.
e Hardness and salinity were measured using titrimetric methods.
e BOD was assessed using the Five-Day BOD method.
e Coliform count was determined using the Most Probable Number (MPN) method
Observation and Result:-

The following parameters were analyzed from the collected seawater samples. Table 1
summarizes the parameters along with the methods used. Detailed descriptions of each test and
its significance are provided below.

Table 1
Sr. No. Parameter Studied Method used
Salinity Titrimetric method
Hardness EDTA Titrimetric Method
3 pH Electronic readings obtained by a
pH meter
4 Electrical conductivity Electronic readings obtained by
the conductometer
5 DO (Dissolved Oxygen) Winkler’s method
BOD ( Biochemical Oxygen Demand) Five-Day Biochemical Oxygen
6 Determination of Coliform Count MPN (Most Probable Number)
method.
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1) Estimation of hardness (EDTA Titrimetric Method)

Hardness is a measure of the concentration of divalent ions—primarily calcium (Ca2*) and
magnesium (Mg?*)—in water. Seawater is naturally hard due to its high content of dissolved
minerals. These minerals are essential for the survival of marine organisms.

The hardness of the samples was estimated using complexometric titration with EDTA as the
titrant.

Formula: Hardness = volume of EDTA used (ml) x N x E x 1000

Volume of Sample

Where:

N = Normality of EDTA (0.0z1v)

E = Equivalent weight of CaCOs (509)

Volume of sample = 20ml

Volume of EDTA used = Burette reading (ml)
The following readings of hardness were obtained:

Beaches Hardness calculated (ppm)
Versova 3950
Bandra 2060
Aksa 1775
Marve 2945
Rajodi 1600
Standard (CaCOs solution) 1055

Fig.2. Hardness of Sea Water Sample (a) standardization (b) Estimation
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2) Determination of Coliform Count (MPN Method)

Coliforms are gram-negative, rod-shaped, non-spore-forming bacteria that ferment
lactose with the production of acid and gas at 35-37°C. While commonly found in the feces of
warm-blooded animals, they also occur in soil, vegetation, and aquatic environments. Due to
their presence in fecal matter, coliforms are widely used as indicators of water quality and
possible contamination. The Most Probable Number (MPN) method is a standard
bacteriological technique used to estimate the number of coliforms in a water sample based on
lactose fermentation. The presence of acid and gas in selective media indicates positive growth.
Based on the number of positive tubes, McCardy’s MPN table was used to determine the
coliform count.

The coliform counts for each beach are summarized below:

Beaches MPN Count
Aksa 0
Marve 0
Rajodi 8
Versova 0
Bandra 0

Fig. 3. Determination of Coliform Count (a) Turbidity and gas observed in Rajodi water
sample. (b) Gram positive staining for Bandra water sample
3. Measurement of electrical conductivity (Conductometer Method)

Electrical conductivity (EC) is a measure of water’s ability to conduct electric current,
determined by the presence of dissolved inorganic ions such as chlorides, sulfates, nitrates,
sodium, calcium, and magnesium. It is the reciprocal of resistivity and increases with ion
concentration. In this study, conductivity was measured using a digital EC meter immediately
after sample collection. The standard unit used is MilliSiemens per centimeter (mS/cm). While
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NEQS guidelines do not specify limits for conductivity, it is often used to estimate Total
Dissolved Solids (TDS). Seawater typically exhibits high conductivity due to its high salt
content.

The table below shows the conductivity values recorded for each beach sample:

Sr no. Seawater samples Electrical conductivity
(mS/cm)

1 Versova beach 1.01

2 Rajodi beach 1.02

3 Bandra beach 1.11

4 Aksa beach 1.49

5 Marve beach 1.07

Fig.4. Measurement of seawater conductivity using a conductivity meter

4. Measurement of pH (Digital pH meter):
pH measures the hydrogen ion concentration, indicating the acidity or alkalinity of a
solution. Values below 7 are acidic, above 7 are basic, and 7 is neutral. Seawater generally has
a slightly basic pH due to dissolved salts and carbonate ions. pH was determined using a
calibrated digital pH meter equipped with a glass electrode. Automatic temperature
compensation was employed to reduce temperature-related variation. Proper electrode
maintenance, including rinsing with distilled water before use, was followed to ensure

accuracy.
The pH values recorded for each beach sample are listed below:
Sr. No. Sea water samples Temperature(°C) pH values
1 Versova beach 37°C 7.46
2 Rajodi beach 37°C 7.61
3 Bandra beach 37°C 7.94
4 Aksa beach 37°C 7.61
5 Marve beach 37°C 7.46
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Fig.5. pH meter used to measure pH of seawater samples.

5. Determination of Dissolved Oxygen (Winkler’s Method)

Dissolved Oxygen (DO) is the amount of oxygen dissolved in water, vital for aquatic
life. Typical DO levels in healthy water are around 8 mg/L, with a minimum of 4-5 mg/L
needed for survival. DO indicates water quality and pollution; low DO can harm aquatic
organisms and cause chemical changes. It is also essential for monitoring wastewater treatment.
DO was measured using iodometric titration, where the volume of sodium thiosulphate
corresponds to the oxygen content:

Dissolved oxygen =  Volume of Sodium thiosulphate (ml)
- (mg/L) ngs of dissc Volume of sample (ml)
 srono. Seawater samples DO (mg/L)
1 Aksa Beach 4.8
2 Marve Beach 5.6
3 Rajodi Beach 7.2
4 Versova Beach 2.8
5 Bandra Beach 6.4

(a) Before titration (b) After titration
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6) Estimation of Biological Oxygen Demand (5-Day BOD Test)

Biological Oxygen Demand (BOD) is the amount of oxygen consumed by
microorganisms to decompose organic matter in water under aerobic conditions. It reflects the
level of organic pollution — higher BOD indicates greater oxygen demand and more
biodegradable waste. In this study, BOD was measured using the standard 5-day incubation
method at 20°C. The difference between initial and final dissolved oxygen values was used to

calculate BOD.

Formula: BODs = DOpay 1 —

The BOD values recorded for the se: POPays

are shown below:

Sr. No. Beaches BOD (mg/L)
1 Aksa 4.725ppm
2 Marve 5.528ppm
3 Rajodi 7.056ppm
4 Versova 2.664ppm
5 Bandra 6.264ppm

Fig.7. Determination of biological oxygen demand

7) Determination of Salinity (Argentometric Titration Method)

Salinity refers to the concentration of dissolved salts in water, typically expressed in
parts per thousand (ppt). It is a key factor influencing seawater density, marine ecosystems,
and ocean circulation. Coastal salinity levels can vary due to freshwater inflow, rainfall, and
human activity. In this study, salinity was determined using the argentometric titration
method (Mohr’s method), where chloride ions in the sample react with standard silver nitrate
solution in the presence of potassium chromate indicator.

Formula:
1) Chlorinity/litre = Estimated titre value x Chlorinity equation x 1000

Volume of sample
2) Salinity =0.03 + (1.805 x

The constants (0.03 and 1.805) are derived from historical oceanographic data.
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Results: The salinity values obtained from the seawater samples are as follows:

Samples Salinity (in %)
Marve 18.92
Aksa 10.86
Bandra 17.47
Rajodi 10.61
Versova 25.42

Fig.8. (a) Standardisation for salinity (b) Estimation for salinity

This research conducted a comparative assessment of the physical and chemical
properties of seawater samples collected from five coastal locations. The table below
summarizes the results across all measured parameters, providing insights into the water quality
variations along the coastline.

Table 2: Sea Water Quality Parameters observed at different Beaches.

Parameters Aksa Beach Marve Rajodi Bandra Versova

Beach Beach Beach Beach
Salinity 10.86% 18.92% 10.61% 17.47% 25.42%
Hardness 1775ppm 2945ppm 1600ppm 2060ppm 3950ppm
pH 7.61 7.46 7.61 7.94 7.46
Electrical 1.49mS 1.07mS 1.02mS 1.11mS 1.01mS
conductivity
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DO 4.8ppm 5.6ppm 7.2ppm 6.4ppm 2.8ppm
BOD 4.725ppm 5.528ppm 7.056ppm | 6.264ppm 2.664ppm
Coliform 0 0 8 0 0
Count MPN

Interpretation and Conclusion :-
1) Hardness: Standard seawater has a hardness of 5,800-7,500 mg/L, while the sampled
beaches showed lower values (1,600-3,950 ppm). This reduction may result from:
e Freshwater runoff, which dilutes seawater hardness.
e Urban and industrial effluents, altering mineral content.
e Local geography and tides, affecting ion concentrations.
These results suggest that local environmental conditions significantly influence hardness
levels and merit further study
2) Coliform count: Coliform levels in seawater are typically high, but most sampled beaches
showed negligible counts — except for Rajodi. This variation may result from:
e Environmental factors: Tidal dilution, high salinity, and sunlight can reduce coliform
survival.
e Sampling factors: High-tide sampling or sampling away from sewage discharge can
lower counts.
e Technical/lab factors: Delays in processing, poor storage, or heat exposure may reduce
detectable bacteria.

These findings suggest that both environmental conditions and sampling protocols

influence observed coliform levels.
3) Electrical conductivity:

Electrical conductivity in seawater is primarily influenced by salinity and temperature.
Aksa beach showed the highest conductivity (1.49 mS), suggesting a higher concentration of
dissolved salts, likely due to lower freshwater inflow or increased evaporation. In contrast,
lower values at Versova, Rajodi, and Marve may indicate dilution from runoff or freshwater
sources. Temperature also contributes, as warmer water increases ion mobility, slightly raising
conductivity. Other contributing factors may include local geology and pollution, which can
introduce additional ions into the water.

4) pH:

The pH of seawater samples ranged from 7.46 to 7.94, slightly less alkaline than
typical seawater (~8.1). Beaches such as Bandra exhibited higher pH values, closer to normal
seawater, possibly due to less pollution and better tidal flushing. pH variations are mainly
influenced by dissolved carbon dioxide from organic matter decomposition, respiration, and
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atmospheric absorption. Land runoff and pollution contribute additional acidic inputs,
impacting pH levels through nutrient loading and subsequent algal decomposition.
5) DO:

DO values range from 2.8 to 7.2 ppm. Natural seawater typically requires DO levels
above 5 ppm to support healthy marine life. Samples with DO above 5 ppm indicate well-
oxygenated water, favorable for aquatic organisms. Conversely, samples with DO below 5
ppm, especially 2.8 ppm, suggest oxygen stress, which may threaten sensitive species and
promote anaerobic conditions.

6) BOD:

BOD values between 2.664 and 7.056 ppm reflect the oxygen consumed by
microorganisms during organic matter decomposition. Clean seawater usually has BOD below
3 ppm, indicating low organic pollution. Samples within this range suggest good water quality,
while higher values point to moderate to significant organic pollution, likely from sewage or
industrial effluents.

7) Salinity:

Salinity varied across the five Mumbai beaches, with several sites below the global
average (~35 ppt) due mainly to freshwater from rainfall and river discharge. Although idol
immersions during Ganpati Visarjan introduce pollutants and suspended solids, their direct
impact on salinity is minimal. Previous studies also note salinity drops during monsoon and
post-immersion periods caused primarily by freshwater influx.

Correlation Analysis of water quality parameters

Correlation is a statistical measure describing the strength and direction of a
relationship between two quantitative variables, usually focusing on how closely they vary
together in a linear way. A correlation coefficient (typically denoted r) ranges from —1 to +1,
where values near +1 indicate a strong positive linear relationship and values near —1 indicate
a strong negative linear relationship. A value near 0 suggests little or no linear association,
though non-linear relationships may still exist; importantly, correlation measures co-
variation, not causation.

Uses of correlation

¢ Inexploratory analysis, correlation matrices reveal clusters of related variables and guide
dimension-reduction techniques like principal component analysis and factor analysis.

e Inapplied research (e.g., environmental science, finance, health), correlations are used to
quantify relationships, support or refute hypotheses, and screen predictors prior to building
predictive or explanatory models.

Electrical Colifor
Salinit | Hardne L DO BOD |m
pH conductivity (
y ss (ppm) ms) (ppm) | (ppm) | Count
MPN
Salinity 1
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Hardness 0.951 1
(ppm) 7
pH 0.285 |-0.5588 |1
9
Electrical -
conductivity (| 0.531 [ -0.4508 0.1283 1
3
mS) 7
DO (ppm) 0.693 | -0.8049 2'5223 -0.0979 1
4
i 51 .9997
BOD (ppm) 0.699 |-0.8078 25 59 -0.0849 2999 1
2
Coliform i - 0.6007
Count MPN 8.546 -0.4951 0.0171 -0.3358 0.6095 3

Interpretation and Discussion:

Overall, this matrix shows extremely strong collinearity between some water-quality variables
(especially DO and BOD), with salinity and hardness strongly associated and coliforms only

moderately related to the physico-chemical measures.
1. Reconstructing key correlations

From the table:

VOLUME-03

e Salinity has very high positive correlation with hardness (0.9517) and moderately high
negative correlations with pH (—0.2859), EC (-0.5317), DO (-0.6934) and BOD
(—0.6992), and a moderate negative correlation with coliform count (—0.5469).

e Hardness correlates negatively with pH (—0.5588), EC (-0.4508), DO (—0.8049), BOD
(—0.8078) and coliforms (—0.4951).

e pH shows a weak positive correlation with EC (0.12833), moderate positive with DO
(0.52232) and BOD (0.51594), and essentially no relation with coliforms (—0.0171).

e Electrical conductivity (EC) is almost unrelated to DO and BOD (—0.0979, —0.0849)
and has a small-to-moderate negative correlation with coliforms (—0.3358).

e DO and BOD have an almost perfect positive correlation (0.99978), indicating near-
linear dependence.

e Coliform count shows moderate positive correlations with DO (0.6095) and BOD
(0.60073), but only weak to moderate links with the rest.

Substantive interpretation

e Salinity & hardness cluster: Their near-unity correlation suggests they are essentially
measuring the same underlying dimension (mineral content). Including both in a
regression model will cause multicollinearity; one may be dropped or combined.
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e DO & BOD redundancy: The 0.99978 correlation is so high that DO and BOD are
practically interchangeable in this dataset; any multivariate model should not include
both simultaneously, or variance inflation will be extreme.

e pH as a bridging variable: pH links weakly to EC but moderately to DO and BOD,
suggesting that acidity/alkalinity relates more to oxygen demand than to ionic content in
this sample.

e Coliforms partly decoupled: Microbial contamination (coliform count) is not strongly
tied to salinity, hardness, or EC here, implying that pollution sources are more
biological/organic than mineral. The moderate positive correlation with DO/BOD might
reflect sites with high organic load and active decomposition rather than “clean” water.

e Statistical cautions

e Magnitudes above about |0.8| signal serious multicollinearity if used together in
regression or PCA,; salinity—hardness and DO-BOD clearly exceed this threshold.

e Interpretation depends on sample size and context: with small n, even moderate
correlations can be unstable; with large n, even small coefficients can be statistically
significant yet practically trivial.

e Correlation is symmetric and does not imply causation; these associations only describe
linear co-movement, not directional effects.

Conclusion:

This study presents a comparative assessment of key seawater quality parameters at
five Mumbai beaches—Aksa, Marve, Rajodi, Bandra and Versova. Results showed variations
in hardness, salinity, pH, electrical conductivity, dissolved oxygen (DO), biochemical oxygen
demand (BOD), and coliform counts across sites. Rajodi exhibited the highest BOD and
coliform levels, indicating significant organic pollution and microbial contamination. Versova
recorded higher hardness and salinity, reflecting elevated ionic concentrations. pH values
remained slightly alkaline and stable across all beaches. Lower DO levels at Versova suggest
oxygen depletion likely due to increased organic load and human activities. Wastewater
discharge and commercial activities like shipbuilding and sand dredging further contribute to
pollution and land use alterations. Conservation efforts, including regular pollution monitoring
and integrated management of creeks, mangroves, and wetlands, are crucial for preserving the
ecological balance in the coastal ecosystem and benefits to surrounding areas. These findings
highlight the impact of urbanization, sewage discharge, tourism, and fishing on Mumbai’s
coastal water quality. Regular monitoring, improved waste management, and public awareness
are vital to prevent further degradation. The data provide a baseline for future assessments and
support targeted conservation efforts to protect Mumbai’s coastal ecosystems.
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Abstract:
The findings from a study on the use of the aquatic macrophyte Lemna minor (common

duckweed) for the phytoremediation of municipal wastewater. The research, conducted in
Chhatrapati Sambhajinagar, Maharashtra, demonstrates that Lemna minor is a highly effective,
low-cost, and sustainable solution for improving sewage water quality.

Over a seven-day treatment period, the plant significantly reduced concentrations of
key pollutants across various wastewater concentrations (20% to 100%). Notable results
include reductions in Chemical Oxygen Demand (COD) by up to 65.6%, Biochemical Oxygen
Demand (BOD) by up to 71.5%, and Total Nitrogen by up to 69.3%. Nitrate removal was
nearly 100% in lower concentrations. The treatment also successfully lowered levels of
suspended and dissolved solids, sulphates, and chlorides, while shifting the water's pH towards
neutral. These findings confirm the potential of Lemna minor-based systems for decentralized
wastewater management, particularly in resource-limited regions, as a viable green alternative
to conventional, capital-intensive methods.

Background and Study Relevance:

Rapid urbanization has led to increased municipal wastewater generation, posing
significant threats to public health and aquatic ecosystems. While effective, conventional
treatment methods are often expensive and energy-dependent, limiting their application in
economically constrained areas. Phytoremediation, the use of plants to remove or degrade
environmental contaminants, has emerged as a cost-effective and ecologically sustainable
alternative.

The aquatic plant Lemna minor, or duckweed, is recognized for its rapid growth, high
nutrient uptake capacity, and resilience in polluted environments. It is known to absorb
substantial amounts of nitrogen (N), phosphorus (P), and heavy metals. This study aimed to
provide localized research by evaluating the efficiency of Lemna minor in treating municipal
sewage under the specific climatic conditions and wastewater composition of Chhatrapati
Sambhajinagar, Maharashtra. The primary objective was to quantify its effectiveness in
reducing key water quality indicators such as BOD, COD, total nitrogen, and total phosphorus.
Experimental Design and Methodology:

The study was designed to measure the phytoremediation potential of Lemna minor on
domestic wastewater under controlled conditions.
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Location and Duration: The experiment was conducted from April to July 2023 in
Chhatrapati Sambhajinagar, Maharashtra, utilizing wastewater collected from a local
pond.

Experimental Setup: 200 grams (fresh weight) of Lemna minor were introduced into a
rectangular cement tank (195 cm x 145 cm x 75 cm) filled with untreated wastewater.
The plants were allowed to grow for seven days under natural sunlight.

Wastewater Concentrations: The experiment was conducted using five different
concentrations of municipal sewage, diluted with water, to assess performance under
varying pollutant loads: Set | (20%), Set Il (40%), Set I11 (60%), Set IV (80%), and Set
V (100%).

Parameters Analyzed: Physicochemical parameters of the wastewater were analyzed
before and after the seven-day treatment period using standard methods outlined by the

American Public Health Association (APHA, 1989). Key parameters included:

> pH and Electrical Conductivity (EC)

o Total Suspended Solids (TSS), Total Dissolved Solids (TDS), and Total Solids (TS)

> Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD)

o Nutrients: Nitrates (NO3~), Phosphates (PO,%), Ammoniacal Nitrogen (NH,OH), and
Total Kjeldahl Nitrogen (TKN)

o Jons: Sulphates (SO,%7) and Chlorides (CI7)

Analysis of Untreated Wastewater (Baseline)

The i

nitial analysis confirmed that pollutant levels increased directly with sewage

concentration. The 100% concentration (Set V) represented the baseline for raw municipal

sewage, highlighting its high contamination load and the need for treatment.

« pH and EC: The wastewater was slightly acidic, with pH values ranging from 6.2 to 6.6.

Electrical Conductivity (EC) increased from 262 pS/cm in 20% concentration to 812 pS/cm

in
« So

100% concentration, indicating a high load of dissolved inorganic salts.
lids: Total Suspended Solids (TSS) ranged from 26 mg/L to 125 mg/L, and Total

Dissolved Solids (TDS) ranged from 42 mg/L to 209 mg/L, contributing to turbidity.
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* Organic Load: Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand
(COD) levels were high, reaching 106 mg/L and 215 mg/L, respectively, in undiluted
sewage. These levels significantly exceed permissible discharge limits and indicate
substantial organic pollution.

« Nutrients: Concentrations of nitrogen and phosphorus were elevated, with total nitrogen
reaching 52.5 mg/L and phosphates reaching 12 mg/L. These high nutrient levels are a
primary cause of eutrophication in water bodies.

The following table summarizes the initial physicochemical characteristics of the untreated
wastewater across the five concentration sets.

Table 1: Initial Physicochemical Characteristics of Municipal Sewage

Parameter | Unit | Set | | Set Il | Set 11| Set IV | Set Vv
(20%) (40%) (60%0) (80%0) (100%0)
pH 6.2 6.3 6.4 6.5 6.6
EC puS/cm 262 321 490 647 812
TSS mg/L 26 50 74 103 125
TDS mg/L 42 80 122 165 209
TS mg/L 68 130 196 268 334
BOD mg/L 21 43 64 85 106
COD mg/L 45 91 129 181 215
NO3~ mg/L 0.1 0.5 1.3 1.6 3.1
PO,% mg/L 2.1 4.8 7.3 10.1 12
SO4% mg/L 14.9 29.8 44 61 75
CI~ mg/L 7.5 15.2 21.8 34 41
NH,OH mg/L 4 7.8 12.2 14.3 18
TKN mg/L 11 215 32 42.1 52.5

Post-Treatment Results and Efficacy:
Treatment with Lemna minor resulted in substantial improvements in water quality
across all tested concentrations. The plant demonstrated a multi-faceted ability to absorb
dissolved pollutants, trap suspended particles, and facilitate the degradation of organic matter.
e pH Neutralization and EC Reduction: The pH shifted towards a neutral range (6.5 to
7.2). EC saw a significant decline, with a maximum reduction of 497 puS/cm in the 100%
concentration set, indicating effective removal of dissolved ions.

e Solids Removal: TSS and TDS were effectively reduced. For instance, in the 100%
concentration, TSS dropped from 125 mg/L to 66 mg/L, and TDS dropped from 209 mg/L
to 158 mg/L. This is attributed to particle trapping and nutrient absorption.
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e Organic Load Reduction: A significant decrease in organic pollutants was observed. In
the 100% sewage, BOD fell by 49.2% (from 106 to 53.8 mg/L) and COD fell by 65.6%
(from 215 to 74 mg/L). This points to efficient assimilation of organic nutrients and
enhanced microbial degradation.

e Nutrient Removal: The most significant finding was the effective removal of nitrogen and
phosphorus. Nitrates were reduced to nearly zero in lower concentrations. In the 100%
sewage, total nitrogen was reduced by 69.3% (from 52.5 to 16.1 mg/L), and ammoniacal
nitrogen was reduced by 61% (from 18 to 7 mg/L). This high nutrient uptake capacity is
crucial for mitigating eutrophication.

The following table details the final water quality parameters after the seven-day treatment.

Table 2: Final Physicochemical Characteristics after Treatment

Parameter | Unit | Setl Set 11 Set 111 Set IV Set V

(20%0) (40%) (609%0) (809%0) (100%0)
pH 6.5 6.9 7.0 7.1 7.2
EC puS/cm | 170 140 230 289 315
TSS mg/L | 17 22 51 62 66
TDS mg/L | 27 43 83 107 158
TS mg/L | 44 65 134 169 224
BOD mg/L | 7.7 15.0 19.1 24.2 53.8
COD mg/L | 17 34 53 64 74
NO3~ mg/L |0 0 0 0.2 0.5
PO,3” mg/L | 0.4 1.3 2.1 4.7 49
S0, mg/L | 5.1 10.2 15.0 19.9 27
ClI- mg/L | 5.1 11.0 14.5 21.2 29
NH,OH mg/L | 1.1 2.4 3.5 4.2 7.0
Total mg/L | 3.1 7.0 9.1 13.2 16.1
Nitrogen

Quantitative Analysis of Pollutant Reduction:

The percentage reduction in contaminants provides a clear measure of Lemna minor's
efficiency. The plant showed high removal rates across most parameters, although efficiency
was slightly lower in the 100% concentration set for some metrics, suggesting that very high
pollutant loads might require longer retention times.
Table 3: Percentage Reduction in Key Physicochemical Parameters

Parameter | Set | (20%) | Set 11 (40%) | Set 111 (60%) | Set 1V (80%) | Set V (100%)
EC 35.11% 56.39% 53.06% 55.33% 61.21%
TSS 34.62% 56.00% 31.08% 39.81% 47.20%
TDS 35.71% 46.25% 31.97% 35.15% 24.40%
BOD 63.33% 65.12% 70.16% 71.53% 49.25%
COD 62.22% 62.64% 58.91% 64.65% 65.58%
NO;z~ 100.00% 100.00% 100.00% 87.50% 83.87%
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PO, 80.95% 72.92% 71.23% 53.47% 59.17%

SO, 65.77% 65.77% 65.91% 67.38% 64.00%

NH,OH 72.50% 69.23% 71.31% 70.63% 61.11%

TKN 71.82% 67.44% 71.56% 68.65% 69.33%
Conclusion:

The study demonstrates that Lemna minor is highly effective for the phytoremediation
of municipal wastewater. The significant reductions achieved in organic load (BOD, COD),
nutrients (nitrogen, phosphorus), and solids confirm its potential as a sustainable and low-cost
treatment technology.

Key Implications of the study:

e Viable Green Alternative: The findings position duckweed-based systems as an eco-
friendly alternative to conventional wastewater treatment, which is often inaccessible in
developing regions.

e Eutrophication Control: The plant's high efficiency in removing nitrogen and phosphorus
is critical for protecting natural water bodies from nutrient-induced ecological damage.

e Decentralized Treatment: Lemna minor's ease of application makes it suitable for
decentralized, small-scale treatment systems in rural or resource-limited communities.

e While the overall performance was robust, the study notes that treatment efficiency for
certain pollutants was less pronounced at the highest sewage concentrations. Future
research is recommended to optimize operational parameters like plant density and water
retention time to maximize removal efficiency, particularly for higher pollutant loads.
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Abstract

A comprehensive floristic survey of the aquatic ecosystems in Jalna District,
Maharashtra, reveals a significant diversity of floating and free-floating macrophytes, with 20
to 21 species recorded across 13 plant families. This biodiversity indicates the ecological
richness of the region’'s numerous reservoirs, ponds, and wetlands. The findings highlight a
critical dichotomy: the presence of ecologically valuable native species, such as Azolla pinnata
and Nymphaea pubescens, coexists with the widespread dominance of aggressive invasive
species, most notably Eichhornia crassipes (water hyacinth), Pistia stratiotes, and Salvinia
molesta. The proliferation of these invasive species, which form dense mats that degrade water
quality and displace native flora, is strongly linked to anthropogenic pressures. Eutrophication,
driven by agricultural runoff and domestic wastewater, creates nutrient-rich conditions that
favor their rapid colonization. The study concludes that while Jalna's water bodies possess the
potential for balanced aquatic ecosystems, they are under increasing threat. Key
recommendations include the urgent implementation of regular monitoring programs, the
development of control measures for invasive species, and the creation of conservation
strategies to protect native aquatic plant communities and ensure the long-term ecological
health of the region's water resources.

Keywords: Macrophyte diversity, Aquatic plants, Floating Macrophytes, Free-floating
macrophytes, Phytoremediation.
1. Introduction

Aquatic macrophytes are essential components of freshwater ecosystems, playing a
vital role in primary production, nutrient cycling, sediment stabilization, and providing critical
habitat for aquatic organisms. This study focuses on two distinct groups:

a) Floating Macrophytes: Rooted in the substrate with leaves floating on the surface (e.g.,
Nymphaea spp.).

b) Free-Floating Macrophytes: Unattached to the substrate, drifting freely (e.g., Eichhornia
crassipes, Lemna spp.).

These plants serve as important bioindicators of water quality, as their growth is highly
responsive to nutrient enrichment. However, the unchecked proliferation of certain free-
floating species, particularly invasive ones like Eichhornia crassipes, poses significant
ecological and economic threats. These species can form dense canopies that reduce dissolved
oxygen, displace native life, and impair human use of water for irrigation and recreation.
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Despite the ecological importance of the numerous freshwater bodies in Maharashtra's
Marathwada region, systematic documentation of macrophyte diversity, especially in Jalna
District, is scarce. This study was initiated to fill that knowledge gap by conducting a
comprehensive survey to document species diversity, frequency of occurrence, and ecological
associations, thereby providing crucial baseline data for sustainable aquatic ecosystem
management.

2. Profile of the Study Area: Jalna District, Maharashtra

Jalna District, located in the semi-arid, subtropical Marathwada region, provides a dynamic
environment for aquatic plant communities.

a)

b)

d)

Geography: Situated in the Godavari river basin, the district covers 7,612 km?2 of a
gently undulating basaltic plateau.

Hydrology: The Godavari River forms its southern boundary, with major tributaries
including the Purna, Dudhana, and Kundlika rivers. The district's water resources are
managed through a network of reservoirs (e.g., Ghanewadi, Kalyangirija, Dhamna),
farm ponds, and nearly 50,000 dug wells.

Climate: The region experiences distinct monsoon (June-September), winter (October-
February), and summer (March-May) seasons. Annual rainfall averages 650-750 mm,
and temperatures range from a low of 9-10°C to a high of 42-43°C.

Water Management: Recent community-based efforts, including desilting tanks and
constructing recharge structures, have improved water availability, creating a mix of
perennial and ephemeral aquatic habitats ideal for macrophyte growth.

3. Survey Methodology

A systematic, multi-step approach was employed to ensure a comprehensive assessment

of macrophyte diversity and habitat characteristics.

a)

b)

d)

Site Selection: Representative sampling sites were chosen from diverse aquatic
systems, including rivers, reservoirs, farm ponds, seasonal tanks, and wetlands, to cover
a range of ecological conditions.

Survey Timing: Field surveys were conducted seasonally during two key periods to
capture peak biomass and diversity: post-monsoon (October-December) and pre-
summer (March-May).

Data Collection: A combination of visual search and a transect-quadrat method was
used. Along transects laid perpendicular to the shoreline, 1x1 meter quadrats were used
to identify species and visually estimate their percentage cover.

Biomass and Water Quality: Plant specimens were collected for taxonomic
confirmation and biomass analysis (fresh and oven-dried weight). Basic water quality
parameters (pH, DO, TDS, etc.) were measured on-site, with samples collected for
laboratory analysis of nutrients (nitrates, phosphates) and BOD.
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e) Data Analysis: The collected data were analyzed using descriptive statistics to
calculate species richness, frequency, and abundance. The study also considered using
the Ecological State Macrophyte Index (ESMI) to evaluate wetland health.

4. Key Findings: Species Diversity and Distribution

The survey identified a total of 20 to 21 species of floating and free-floating
macrophytes belonging to 13 distinct plant families. The findings reveal a complex interplay
between native biodiversity and the pressures of invasive species.
The following table presents a representative list of the species observed during the survey.

Sr. No. Scientific Name (Family) Common Name

1 Azolla pinnata (Azollaceae) Feathered mosquito fern
2 Chara vulgaris (Characeae) Common stoneworth
3 Eichhornia crassipes (Pontederiaceae) Water hyacinth

4 Enhydra fluctuans (Compositae) Hinche sak

5 Hydrocharis dubia (Hydrocharitaceae) Backer/ frog-bit

6 Ipomoea aquatica (reptans) (Convolvulaceae) Water spinach

7 Lemna gibba (Araceae) Fat duckweed

8 Lemna minor (Araceae) Duckweed

9 Nelumbo nucifera (Nelumbonaceae) Water lily/teratai

10 Nymphaea pubescens (Nymphaeceae) Hairy water lily

11 Nymphoides cristatum (Menyanthaceae) Crested floating heart
12 Nymphoides indicum (Menyanthaceae) Water snowflake

13 Pistia stratiotes (Araceae) Water lettuce

14 Salvinia auriculata (Salviniaceae) Water fern

15 Salvinia molesta (Salviniaceae) Giant Salvinia

16 Salvinia natans (Salviniaceae) Water fern

17 Spirodela polyrhiza (Spirodela, Areaceae) Duckmeat

18 Spirogyra (Zygnemataceae) Water silk

19 Trapa natans (Trapaceae) Water chestnut

20 Wolffia globosa (Lemnaceae) Asian watermeal

4.1. Dominant and Invasive Species
A key finding was the widespread presence and dominance of several invasive or
opportunistic species, particularly in nutrient-rich waters affected by agricultural runoff and
domestic wastewater.
a) Eichhornia crassipes (Water Hyacinth): This species was found to be the most
widespread and aggressive colonizer, forming large, dense mats in reservoirs and
irrigation ponds. Its dominance is a clear indicator of eutrophic conditions.
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b) Pistiastratiotes (Water Lettuce) and Salvinia molesta (Giant Salvinia): These species
were also observed forming thick mats, especially in shallow, slow-moving waters. Their
dense canopies reduce light penetration and suppress the growth of native submerged
plants, altering the ecosystem's structure.

4.2. Ecologically Significant Native Species
Alongside invasive species, the survey documented several native plants that indicate
healthier aquatic conditions and contribute positively to the ecosystem.

i. Nymphaea pubescens and Nelumbo nucifera: These floating-leaved plants were typically
found in deeper, clearer parts of ponds and reservoirs. They are often indicators of
moderately healthy ecosystems, helping to stabilize sediment and provide habitat for fish
and invertebrates.

ii. Azolla pinnata: This small, free-floating fern was notable for its presence in stagnant, shallow
ponds. Through its symbiotic relationship with nitrogen-fixing cyanobacteria (Anabaena
azollae), it can thrive in low-nutrient waters and has potential for use in phytoremediation
and sustainable agriculture.

iii. Duckweeds (Lemna spp., Spirodela polyrhiza, Wolffia globosa): These small, fast-growing
species were observed co-existing in calm water habitats. They are highly efficient at
nutrient uptake and are often used in wastewater treatment systems.

4.3. Family-Level Distribution and Ecological Implications
Analysis of the family-wise distribution of the 20 recorded species reveals patterns
related to ecological strategy and habitat condition.

Sr. No. Family of free floating / floating macrophyte | Number of Species
1 Areaceae 4

2 Azollaceae 1

3 Characeae 1

4 Compositae 1

5 Convolvulaceae 1

6 Hydrochaitaceae 1

7 Lemnaceae 1

8 Menyanthaceae 2

9 Nelumbonaceae 2
10 Potntederiaceae 1
11 Salviniaceae 3
12 Trapaceae 1
13 Zygnemataceae 1
Total 13 Families Total 20 species

The families Araceae (4 species) and Salviniaceae (3 species) were the most dominant.
Species within these families are known for their rapid vegetative propagation and ability to
thrive in eutrophic conditions. In contrast, the presence of Nelumbonaceae and
Menyanthaceae (2 species each) suggests the existence of more stable, less-disturbed habitats.
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The family Pontederiaceae is represented by only one species, Eichhornia crassipes,
yet its aggressive, invasive nature gives it a disproportionately large and disruptive ecological
impact, often suppressing overall biodiversity.

5. Conclusions and Recommendations

The floristic survey of Jalna District confirms a notable diversity of aquatic
macrophytes, reflecting the richness of its freshwater habitats. However, this biodiversity is
under significant threat from the dominance of invasive species, which is a clear symptom of
growing anthropogenic pressures, especially nutrient pollution from agriculture.

Based on these findings, the following actions are recommended:

1) Systematic Monitoring: Implement regular, long-term monitoring programs to track
changes in macrophyte distribution, species composition, and biomass across seasons.

2) Invasive Species Management: Develop and apply targeted control measures to manage
the growth and spread of invasive species like Eichhornia crassipes and Salvinia molesta.

3) Conservation of Native Flora: Create conservation strategies to protect and restore native
aquatic plant communities, which are essential for maintaining ecological balance.

4) Community Engagement: Promote community awareness regarding the impact of
nutrient runoff and the importance of preserving aquatic biodiversity.

Future research should focus on seasonal variations in macrophyte communities,
precise biomass estimation, and a deeper analysis of the ecological roles these plants play to
better inform water resource management and conservation efforts in the semi-arid landscapes
of Maharashtra.
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Abstract:

A comprehensive survey of the waterways in Jalna District, Maharashtra, reveals a rich
and significant biodiversity of submerged aquatic macrophytes, documenting 22 distinct
species across 9 families. The study identifies the Hydrocharitaceae family as the most
dominant, comprising 9 species (41% of the total), followed by Potamogetonaceae with 5
species (23%). These macrophytes are cornerstone species, essential for maintaining the health
of aquatic ecosystems by providing critical habitat, regulating nutrient cycles, and stabilizing
sediments. However, these vital populations face considerable threats from eutrophication,
pollution from sewage and industrial discharge, and a widespread decline in underwater light
availability. While essential, the excessive growth of certain species can lead to negative
consequences, including reduced biodiversity and obstruction of waterways. The findings of
this investigation provide crucial baseline data for the conservation of water bodies, the
management of plant growth, and the application of phytoremediation techniques to combat
pollution in the Jalna District.

Key words: Aquatic macrophytes, Diversity of Macrophytes, Submerged macrophytes,
Phytoremediation

1.0 Introduction
This investigation was conducted to systematically identify, document, and assess the
diversity, abundance, and distribution of submerged aquatic macrophyte species within the
major waterways, lakes, ponds, and wetlands of the Jalna District in the Marathwada region of
Maharashtra. The primary objective was to establish a foundational dataset on species
diversity, which is essential for developing effective conservation and management plans for
the district's vital water resources. The research underscores the importance of these plants as
bio-indicators of water quality and their integral role in the overall functioning of aquatic
ecosystems.
Study Area Profile: Jalna District
* Location: Central Marathwada region of Maharashtra State, India, situated on the Deccan
plateau.
« Coordinates: Between 19° 15” and 20° 32’ North latitude, and 75° 36’ and 76° 45’ East
longitude.
» Geography: Total area of 7,726 sq. km, comprising eight talukas. The terrain is
predominantly flat, with the Ajanta and Satamala ranges being notable exceptions.
« Climate: The region has a dry, tropical climate with hot summers, mild winters, and a
humid southwest monsoon season (June-September). The average annual rainfall is 725.80
mm.
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» Hydrology: The district features two primary drainage systems: the Godavari River, which
forms the southern boundary, and the Purna and Dudhna Rivers.

2.0 Key Findings on Macrophyte Diversity
The survey identified a total of 22 species of submerged macrophytes belonging to 9 distinct
families, indicating a noteworthy level of biodiversity in the region's aquatic ecosystems.

2.1 Family-Wise Distribution of Species
The distribution of species across families is uneven, with two families accounting for the
majority of the diversity. The Hydrocharitaceae family is the most prevalent, representing 41%
of all identified species.

ST Family of Submerged Number of Species | Percentage of Total
No. Macrophyte

1 Hydrocharitaceae 9 41%
2 Potamogetonaceae 5 23%
3 Ceratophyllaceae 2 9%
4 Pontederiaceae 1 5%
5 Lentibulariaeaceae 1 5%
6 Nymphaeaceae 1 5%
7 Haloragaceae 1 4%
8 Fabaceae 1 4%
9 Characeae 1 4%
Total | 9 Families 22 Species 100%

2.2 Comprehensive List of Identified Species
The following table details the 22 submerged macrophyte species documented in the water
bodies of Jalna District.

Sr. No. | Scientific Name (Family) Common Name
1. Cabomba caroliniana (Nymphaeaceae) Fanwort

2. Ceratophyllum demmersum (Ceratophyllaceae) Coontail

3. Ceratophyllum submersum (Ceratophyllaceae) Soft Hornwort

4. Chara globularis (Characeae) Green algae

5. Elodea canadensis (Hydrocharitaceae) Canadian pondweed
6. Elodea densa (Hydrocharitaceae) Brazilian pondweed
7. Elodea trifoliate (Hydrocharitaceae) Pondweed

8. Heterenthera dubia (Pontederiaceae) Water stargrass

9. Haterrauthera limosa (Hydrocharitaceae) Blue mud plantain
10. Hydrilla verticillata (Hydrocharitaceae) Oxygen weed

11. Myriophyllum spicatum (Haloragaceae) Eurasian water milfoil
12. Najas graminea (Hydrocharitaceae) Water nymph

13. Najas indica (Najadaceae) Naiads

14, Potamogeton crispus (Potamogetonaceae) Curlyleaf pondweed
15. Potamogeton gramineous (Potamogetonaceae) Pondweed

16. Potamogeton nodosus (Potamogetonaceae) Longleaf pondweed
17. Potamogeton pectinatus (Potamogetonaceae) Sago pondweed

18. Potamogeton Perfoliatus (Potamogetonaceae) Pond weed / Redhead grass
19. Trifolium fragiferum (Fabaceae) Strawberry clover
20. Utricularia vulgaris (Lentibulariaeaceae) Bladderwort

21. Vallisneria natans (Hydrocharitaceae) Tapegrass

22, Vallisneria Americana (Hydrocharitaceae) Eelgrass / tapegrass
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3.0 The Critical Ecological Role of Submerged Macrophytes

Submerged macrophytes are not merely passive flora but are active ecological
engineers that perform numerous functions vital to the health and stability of freshwater
ecosystems.

* Primary Production and Habitat: As primary producers, they form the base of the
aquatic food web. Their physical structure creates complex habitats that provide food,
shelter, and breeding grounds for a wide variety of organisms, including fish, macro-
invertebrates, and zooplankton.

«  Water Quality Improvement: They play a crucial role in maintaining clear water
conditions by stabilizing bottom sediments to prevent resuspension, which reduces
turbidity. Through photosynthesis, they release oxygen into the water, which is essential
for other aquatic life.

* Nutrient Cycling and Regulation: Aquatic plants effectively accumulate and store
biogenic compounds, particularly phosphorus and nitrogen, from the water column. This
capacity helps regulate nutrient dynamics and can mitigate the effects of eutrophication.

« Bio-indication: Due to their sensitivity to environmental changes, the composition and
health of macrophyte communities serve as reliable indicators of water pollution and
overall ecosystem integrity.

4.0 Threats and Management Challenges
Despite their importance, submerged macrophyte populations are facing a global
decline, with significant challenges to their survival and restoration.

4.1 Key Threats to Macrophyte Populations

« Eutrophication and Pollution: The influx of untreated sewage, industrial pollutants, and
agricultural runoff leads to nutrient enrichment (eutrophication), which alters water
chemistry and negatively impacts plant life.

» Decreased Light Availability: This is identified as a major factor contributing to the
decline of submerged macrophytes. Algal blooms, spurred by high nutrient loads, increase
water turbidity and block the sunlight necessary for photosynthesis.

« Human Activities: Artificially regulated water levels and the physical alteration of littoral
(shoreline) zones in urban and managed water bodies constrain the habitats available for
macrophyte growth.

« Seasonal Changes: Natural seasonal fluctuations can also cause a marked reduction in the
diversity and abundance of aquatic plant populations.

4.2 The Risks of Excessive Growth
While beneficial, uncontrolled and excessive growth of macrophytes, often termed "aquatic
weeds," can have detrimental ecological and practical consequences.

» Reduced Biodiversity: The development of dense, monotypic stands of a single invasive
species can outcompete native plants, leading to a significant reduction in overall plant
biodiversity. This, in turn, can negatively affect the diversity of fish and invertebrates that
rely on varied habitats.

« Exacerbation of Eutrophication: The decomposition of large quantities of dead plant matter
releases a substantial amount of organic matter and nutrients back into the water, which can
deplete dissolved oxygen and worsen eutrophic conditions.

« Physical Obstruction: Overgrown macrophyte beds can impede water flow, block reservoir
inlets, and severely disrupt recreational activities such as boating, swimming, and fishing.
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5.0 Implications for Ecosystem Restoration and Management
The data gathered in this study provides a critical foundation for strategic interventions
aimed at protecting and restoring aquatic ecosystems in the Jalna District.

« Restoration Strategies: The restoration of submerged macrophytes is a crucial aspect of
rehabilitating hypertrophic urban lakes. A key strategy is to enhance underwater light
availability, potentially through artificial means, to support plant growth and reproduction.

» Pollution Control: Understanding macrophyte diversity is vital for pollution control experts.
These plants can be utilized in phytoremediation techniques to absorb and remove heavy
metals and other contaminants from wastewater.

 Informed Management: The baseline data allows for the development of targeted
management plans to control the excessive growth of nuisance species while promoting a
diverse and healthy native plant community. This is essential for balancing ecological
health with human uses of water resources.

« Call for Further Research: The study notes that submerged macrophytes have not been as
thoroughly examined as other types, and more scientific investigation is required to fully
elucidate their specific roles in shaping aquatic habitats and ecosystem functions.

» NotebookLM can be inaccurate; please double check its responses.

6.0 Conclusion:

The present investigation clearly demonstrates that the aquatic ecosystems of Jalna
District, Maharashtra, support a rich and diverse assemblage of submerged aquatic
macrophytes, represented by 22 species belonging to 9 families. The dominance of the
Hydrocharitaceae and Potamogetonaceae families highlights their ecological adaptability and
key role in the region’s freshwater habitats. These macrophytes function as essential ecological
components by enhancing primary productivity, stabilizing sediments, regulating nutrient
cycles, improving water quality, and serving as reliable bio-indicators of aquatic health.
Despite their ecological significance, submerged macrophyte communities in the district are
increasingly threatened by eutrophication, pollution, reduced light penetration, and
anthropogenic disturbances. At the same time, unchecked proliferation of certain species may
lead to ecological imbalance and management challenges. Therefore, a balanced and informed
approach to conservation and control is required. The findings of this study provide valuable
baseline data for future monitoring, conservation planning, and sustainable management of
freshwater bodies in Jalna District. Importantly, the documented macrophyte diversity
indicates strong potential for the application of phytoremediation techniques in wastewater
treatment and ecosystem restoration. Continued research, coupled with effective pollution
control and habitat management strategies, is essential to preserve these vital plant
communities and maintain the ecological integrity of the district’s aquatic ecosystems.
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Abstract:-

Freshwater ecosystems play a crucial role in maintaining ecological balance and
supporting human livelihoods. Among various water quality indicators, dissolved oxygen (DO)
and chemical oxygen demand (COD) serve as key parameters reflecting the biological health
and organic pollution status of aquatic systems. The present investigation assessed quarterly
variations in oxygen-demanding parameters, specifically Dissolved Oxygen (DO) and
Chemical Oxygen Demand (COD), inNandanPahar Pond, a semi urban pond located at
Deoghar district, Jharkhand, over four successive seasons from July 2024 to April 2025. The
observed DO values ranged from 5.15-6.80 mg/L, while COD varied between 9.8-39.6 mg/L,
indicating moderate organic loading with seasonal fluctuations. Higher DO concentrations
were recorded during winter, whereas elevated COD values were observed during the
monsoon season due to surface runoff and organic influx. The inverse relationship between
DO and COD highlights biological oxidation processes and seasonal biogeochemical dynamics.
Systematic water sampling and analysis following standard methods (APHA, 2017) revealed
dynamic seasonal fluctuations in both DO and COD, reflecting the influence of hydro-
meteorological cycles and organic matter load. The monthly data indicate that DO
concentration was highest during January 2025 (6.8 mg/L)and lowest inOctober 2024 (5.70
mg/L), illustrating a clear inverse relationship with temperature and supporting patterns
observed in similar pond studies where DO peaks in cooler seasons due to enhanced solubility
and reduced biological oxygen demand (e.qg., studies in Kerala pond systems. Conversely, COD
values exhibited a marked declinefrom 39.6 mg/L in July 2024 to 9.8 mg/L in April 2025,
indicating lower organic pollutant load in later seasons, possibly due to natural attenuation and
reduced runoff inputs during dry periods. These results align with findings in freshwater
reservoirs where seasonal changes significantly affect COD distribution.

Statistical examination using appropriate seasonal analysis confirmed significant
temporal variability in both oxygen-demand parameters. Elevated COD in the monsoon quarter
underscores the input ofallochthonous organic matter from surface runoff and increased
biological activity, while relatively higher DO in winter reflects favorable aeration and reduced
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biochemical consumption processes. The contrasting patterns of DO and COD highlight the
interplay between physical conditions and biochemical oxygen demand, crucial for
understanding the ecological health of shallow pond ecosystems. These seasonal trends
emphasize the need for continuous water quality monitoring to inform sustainable management
strategies, particularly in semi-urban ponds influenced by both natural and anthropogenic
factors. The findings suggest that NandanPahar Pond remains moderately impacted but
ecologically stable, requiring continuous monitoring to prevent future degradation. This study
contributes baseline information essential for sustainable freshwater management and
environmental conservation planning in the region.

Keywords: Dissolved Oxygen, Chemical Oxygen Demand, Seasonal Variation, Freshwater
Ecology, NandanPahar Pond, Water Quality Assessment.

Introduction:

Freshwater resources constitute one of the most vital natural assets for ecological
stability, biodiversity conservation, and human survival. Water makes up around 70% of the
Earth's surface, with 97.5% of it being salty and 2.5% being fresh. Of this 2.5%, less than 1%
is accessible (Mishra 2023).Small freshwater bodies such as ponds and lakes play a significant
role in groundwater recharge, nutrient cycling, and supporting aquatic biodiversity. However,
increasing anthropogenic pressures—urbanization, agricultural runoff, domestic waste
discharge, and climatic variability—pose serious threats to the ecological integrity of such
water bodies. Leachates from waste dumps, partially treated or untreated wastewater, pollution
from human settlements without proper sanitary infrastructure, and pollution from land use
activities like agriculture are the key sources of ground water pollution in less industrialized
areas, Sale et al.,(2019). Among the various physico-chemical parameters used for evaluating
water quality, dissolved oxygen (DO)andchemical oxygen demand (COD)are considered
critical indicators of aquatic health. DO reflects the amount of oxygen available for aquatic
organisms, whereas COD indicates the concentration of oxidizable organic and inorganic
matter present in water. It can determine the level of water contamination based on the lack of
oxygen in the water and also can indicate the increased use of oxygen by organic substances in
the water, Cantor (2009).Variations in these parameters directly influence metabolic processes,
biodiversity, and trophic interactions within aquatic ecosystems.Algal vegetation adds green
color to water, but water with too many slits appears brown. The presence of organic debris
and iron causes the water to turn yellow, Nayar(2020). In the Indian state of Rajasthan, Mahesh
Kumar and G. V. Mishra et al. (2024) investigated the causes and effects of water pollution on
a variety of water bodies.Researchers like Verma et al. (2025) , Sharma P. et. al., (2025) etc.,
have also done research on Physicochemical parameters and Limnology of water bodies.
NandanPahar Pond, located in Deoghar district of Jharkhand, is a culturally and ecologically
important freshwater body exposed to seasonal climatic fluctuations and moderate
anthropogenic pressure. Despite its significance, systematic scientific studies evaluating its
oxygen-demanding parameters remain limited. Therefore, the present investigation aims to
assess seasonal changes in DO and COD and interpret their ecological implications.
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Study Area:

NandanPahar Pond is situated in Deoghar district, Jharkhand, characterized by a
subtropical monsoon climate. The region experiences hot summers, a monsoon season with
moderate to heavy rainfall, and relatively cooler winters. The pond receives water from
precipitation, surface runoff, and limited anthropogenic discharge from nearby settlements and
recreational activities.The hydrological regime and shallow depth make the pond sensitive to
seasonal changes, influencing temperature, oxygen solubility, and organic matter
decomposition.
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Materials and Methods:
Sampling Design

Water samples were collected quarterly representing four seasons -July 2024
(Monsoon), October 2024 (Post-monsoon), January 2025 (Winter) and April 2025 (Pre-
monsoon).Sampling was carried out during morning hours using clean, sterilized polyethylene
bottles following standard sampling protocols.

Analytical Methods
Table-1: Process of measurement of oxygen demanding parameters -

Sl

\ Parameters | Method follow (APHA, 2017, 23RP Edition
0

4500-O-C  :Oxygen (Dissolved) Determination By Azide
Modification Of Winkler Method

COD 5220-b :Chemical Oxygen Demand (COD) Determination By Open
(mg/L) Reflux Method

All analyses were performed in triplicate to ensure accuracy and

1. DO (mg/L)

reproducibility.Research was conducted at CSIR Institute, Durgapur recognised by West
Bengal pollution control board.
Results
Table 2: Quarterly variation of oxygen demanding properties of Nandanpahar Pond
from July — 2024 to April — 2025.

Parameters | Units Jul-24 Oct-24 Jan-25 Apr-25
DO mg/L 5.8 5.70 6.8 5.15
COoD mg/L 39.6 15 9.72 9.8

DO concentrations remained within permissible limits for freshwater ecosystems, with
maximum values recorded during winter due to lower temperatures and enhanced oxygen
solubility.COD showed a clear declining trend from monsoon to winter and pre-monsoon
periods, indicating dilution effects and reduced organic load during dry seasons.However, most
of the values obtained for the physico-chemical parameters fell within the prescribed limit for
tropical water bodies (McCaffrey, 2018)
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Quarterly COD Distribution in Nandanpahar Pond (mg/L)
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Fig. 2. Pie Chart Showing Quarterly COD distribution in Nandanpahar pond, Deoghar,
Jharkhand

Quarterly DO Distribution in Nandanpahar Pond (mg/L)
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Fig. 3. Pie Chart Showing Quarterly DO distribution in Nandanpahar pond, Deoghar,
Jharkhand.

VOLUME-03 ISSUE-2 (SPECIAL ISSUE) JANUARY-2026




-

//7)/@ KNOWLEDGE FLAME

a

Q‘L’ ’A International Multidisciplinary Research Journal (KF-IMRJ)

E-ISSN: 3049-1541

Comparative Histogram of DO and COD in Nandan Pahar Pond
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Fig.4. Quarterly comparative Histogram bar graph of DO and COD in Nandanpahar
pond, Deoghar, Jharkhand, India.

Discussion:-

The DO concentration exhibited noticeable seasonal variation, with the highest value
during winter (6.8 mg/L) and lowest during pre-monsoon (5.15 mg/L). This pattern aligns with
temperature-dependent oxygen solubility, where cooler conditions enhance oxygen retention
in water.DO was recorded as adequate generally above 4.0 in the present assessment, which is
suitable for fish culture as a similar study reported in Panchobhvillage,Darbhanga district
(Rani, 2019). The chief oxygen producers in ponds are phytoplanktons and aquatic plants.
Temperatures are usually high during the pre monsoon season (May) allowing plants to
synthesize oxygen through photosynthesis and release it into the Pond’s water. The dynamic
oxygen cycle of ponds has a higher DO during the day since phytoplanktons performs
photosynthesis and respiration, Baxa et al., (2021). As a result of increased energy expenditure
when feeding fish and swim the oxygen demand increases it is also known as specific dynamic
action, McGaw and Whiteley, (2012).Additionally, reduced microbial activity during winter
contributes to higher DO levels.The relatively stable DO values throughout the year indicate
moderate ecological stability, supporting aerobic aquatic life. Temperature plays an important
role in determining the DO in the water. The amount of oxygen that the water can hold depends
on the temperature of the salinity and the water flow pressure, Kale (2016).The higher the DO
valuethe betterthe quality of the water. On the other hand, the lower the value of DO obtained
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then the lower the water quality will be, Arief(2017).Since we know that oxygen has a direct
effect on feed intake metabolism and disease resistance, maintaining proper DO levels in the
water is important for adequate production of fish (Begum,Mondal, Ferdous, Zafar and Ali,
2014). A sub- optimal level was very traumatic for fish and shrimp (Qian et al., 2012), so it is
important to keep DO levels at optimum of above 4.0 ppm.Comparable seasonal trends have
been reported in freshwater ponds across eastern India. Satya et al. (2018) investigated the
physicochemical, and bacteriological characteristics of Ganga water in Patna, India. His
findings revealed that untreated sewage is having a growing impact on the Ganga.Chemical
oxygen demand is a test performed to determine the rate of oxygen consumption in water for
the process of oxidising a solution that can dissolve in water and also oxidizing the particles or
combinations of more than one particle called particulateJaffar A. et al.,(2020).Compared to
BOD tests that take up to 5 days or more, COD tests take between two and three
hoursTintometer(2015) and Ghalimath (2025).Like the BOD parameter, COD can provide an
index to see the effects of discharges on the environment, Li.J et al. ,(2018) .COD values were
highest during the monsoon (39.6 mg/L), reflecting increased runoff carrying organic debris,
soil particles, and biodegradable matter into the pond. A marked decrease during winter and
pre-monsoon seasons suggests natural self-purification processes, sedimentation, and reduced
external input.The inverse relationship between DO and COD observed in the present study
indicates enhanced microbial oxidation of organic matter during warmer and wetter periods,
which consumes dissolved oxygen.Chemical Oxygen Demand is the oxygen content of a
sample that is equal to amount of organic matter that strong chemical oxidants like potassium
dichromate aur potassium permanganate may oxidise, Torrejon et al.(2023).
An inverse correlation between DO and COD was evident throughout the study period. Higher
COD values during monsoon months corresponded with relatively lower DO, indicating
increased microbial respiration. Conversely, lower COD during winter resulted in higher DO
levels. Such interactions are widely reported in lentic ecosystems and serve as reliable
indicators of water quality status.. For survival, fish require 3-5 mg/L of DO. Direct and indirect
information, such as bacterial activity, photosynthesis, nutrient availability, stratification, etc.,
are provided by its association with water bodies, Halim et al.,(2018).
The observed DO and COD ranges in NandanPahar Pond are comparable with studies
conducted in freshwater ponds of Jharkhand, West Bengal, and central India. Previous studies
by reported DO ranges of 4.5-7.2 mg/L and COD values between 10-45 mg/L in semi-urban
ponds, supporting the present findings.
Moderate DO levels support fish survival and microbial balance, while elevated COD during
monsoon suggests periodic organic stress. Although current levels do not indicate severe
pollution, continued anthropogenic activities could elevate organic loading over time.
Preventive management is therefore essential to maintain ecological integrity.
Conclusion and Recommendations:-

The present study demonstrates clear seasonal variation in oxygen-demanding
parameters of NandanPahar Pond. Dissolved oxygen remained within acceptable ecological
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limits, while COD exhibited seasonal enrichment during monsoon months. The results indicate
that the pond is moderately impacted but not critically polluted. Continuous monitoring,
controlled anthropogenic activity, and sustainable watershed management are essential to
preserve water quality and ecological stability. Sharma and Kumar (2025) suggested
thatanthropogenic activity in freshwater ponds can trigger eutrophication a process where
increased nutrients promote the growth of algae and other microorganisms. As these
microorganisms decompose they consume oxygen leading to low DO levels. The microbial
breakdown of organic matter consumes Oxygen and this process could lead to A reduction in

COD overtime. A reduction in COD suggest that the organic pollution in the water decreases.

A study on the physical and chemical characteristics of wastewater effluents from industrial

regions in Jaipur, Rajasthan, India, was conducted by Dhingra, P. Singh, et al. in 2015. and his

findings showed that, if waste water from industrial areas is dumped directly into the ground,
its temperature may have an impact on the texture of the soil .Regular seasonal monitoring of

DO and COD should be implemented.Control of surface runoff and organic waste inflow is

necessary during monsoon.Public awareness programs should be initiated to prevent dumping

of waste.Long-term ecological assessment including biological indicators is recommended.
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Introduction:

The intersection of Artificial Intelligence (Al) and environmental science represents
one of the most promising frontiers in the modern quest for global sustainability. As humanity
faces unprecedented challenges ranging from accelerating climate change and biodiversity loss
to resource depletion and rampant pollution, traditional methods of environmental management
are proving insufficient. The introduction of Al technologies offers a transformative approach,
providing the computational power necessary to analyze complex planetary data, optimize
resource usage, and model future climate scenarios with unprecedented accuracy. This paper
explores the dual role of Al as both an enabler of efficiency and a guardian of the natural world.
By leveraging machine learning algorithms, satellite imagery analysis, and predictive
modeling, stakeholders can make data-driven decisions that align economic growth with
ecological preservation. However, the deployment of Al must be strategic; it requires a deep
understanding of both technological capabilities and ecological necessities. This research aims
to dissect the specific mechanisms through which Al contributes to the United Nations
Sustainable Development Goals (SDGs), highlighting practical applications in energy,
agriculture, and conservation. Ultimately, this paper argues that while Al is not a panacea, it is
an indispensable tool in the urgent transition toward a greener, more resilient future for the
planet.

Concept of Al

Artificial Intelligence (Al) refers to the simulation of human intelligence processes by
computer systems, specifically the ability to learn, reason, and self-correct. At its core, Al
encompasses a suite of technologies including Machine Learning (ML), Deep Learning, Neural
Networks, and Natural Language Processing (NLP). Unlike traditional software that follows
strictly pre-programmed instructions, Al systems operate by ingesting vast datasets to identify
patterns, make predictions, and optimize outcomes over time. In the context of environmental
protection, the "concept" of Al shifts from general automation to "Computational
Sustainability.” This involves using cognitive computing to solve problems that are
computationally hard and dynamic, such as balancing a national power grid in real-time or
tracking the migration of endangered species across fragmented habitats. The power of Al lies
in its speed and scale; it can process satellite imagery of the entire Amazon rainforest in hours—
a task that would take human analysts years. By converting raw environmental data into
actionable intelligence, Al acts as a digital nervous system for the planet, enabling rapid
responses to ecological changes that were previously imperceptible to human observation.
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Concept of Sustainable Development

Sustainable development is a holistic approach to growth that seeks to meet the needs
of the present generation without compromising the ability of future generations to meet their
own needs. This definition, popularized by the 1987 Brundtland Report, anchors the concept
in intergenerational equity. It is structurally supported by three primary pillars: Economic
Viability, Social Equity, and Environmental Protection. True sustainability is not merely about
conservation; it is about finding a balance where economic systems can thrive within the
planet's ecological boundaries. It necessitates a shift from a linear "take-make-dispose"
economy to a circular economy where resources are kept in use for as long as possible. The
concept has been formalized globally through the United Nations' 17 Sustainable Development
Goals (SDGs), which cover areas such as clean water, affordable energy, climate action, and
life on land. Sustainable development requires systemic thinking—understanding how a
decision in one sector, like agriculture, impacts others, like water security and biodiversity. It
is a dynamic process of change in which the exploitation of resources, the direction of
investments, and the orientation of technological development are all in harmony to enhance
both current and future potential to meet human needs and aspirations.
Need of Sustainable Development & Environment Protection

The urgency for sustainable development and environmental protection has never been
more critical, driven by the existential threat of planetary boundaries being breached. We are
currently witnessing the "Great Acceleration," a period marked by exponential surges in human
activity that are destabilizing the Earth's natural systems. Atmospheric carbon dioxide levels
have surpassed 420 parts per million, driving global temperatures higher and causing extreme
weather events—floods, droughts, and wildfires—that threaten food security and human safety.
Simultaneously, we are in the midst of the sixth mass extinction, with biodiversity vanishing
at rates hundreds of times higher than the natural baseline. The need for protection extends
beyond nature; it is a matter of human survival. Fresh water sources are depleting, oceans are
acidifying, and soil degradation is reducing arable land. Without immediate intervention to
decouple economic activity from environmental degradation, we risk irreversible tipping
points, such as the collapse of the polar ice sheets or the die-back of the Amazon rainforest.
Sustainable development provides the only viable roadmap to mitigate these risks. It offers a
framework to transition away from fossil fuels, reduce waste through circularity, and ensure
that the benefits of development are shared equitably. The "need" is therefore not just ethical
or aesthetic, but fundamental to the continuity of modern civilization and the health of the
biosphere.
Use of Al for Sustainable Development & Environment Protection

1. Smart Grid Optimization & Energy Management Al algorithms are essential for

modernizing electrical grids to accommodate renewable energy. Solar and wind power

are intermittent; Al predicts weather patterns to forecast energy generation accurately.

It balances supply and demand in real-time, reducing reliance on fossil-fuel peaker
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plants. This optimization significantly lowers carbon emissions and stabilizes energy
infrastructure.

Precision Agriculture and Food Security Al-driven drones and sensors analyze soil
health, moisture levels, and crop conditions with millimeter precision. This allows
farmers to apply water, fertilizers, and pesticides only exactly where needed, drastically
reducing chemical runoff and water waste. By optimizing yields per acre, Al ensures
food security while minimizing the land footprint of farming.

Climate Modeling and Prediction Traditional climate models are computationally
expensive and slow; Al accelerates these simulations using deep learning. It can
identify complex non-linear patterns in climate data, improving the accuracy of long-
term global warming projections. Better predictions enable governments to plan more
effective infrastructure adaptation and mitigation strategies against rising sea levels.
Biodiversity Monitoring and Anti-Poaching Computer vision systems analyze
camera trap images and audio sensors in forests to track wildlife populations
automatically. In protected areas, Al analyzes movement patterns to detect potential
poachers before they strike, alerting rangers in real-time. This technology acts as a force
multiplier for conservationists protecting endangered species in remote areas.

Ocean Cleanup and Marine Life Protection Autonomous aquatic drones powered by
Al can navigate oceans to identify and collect floating plastic waste. Furthermore, Al
systems analyze underwater acoustics to track marine mammals like whales, helping
ships avoid collisions. These tools are vital for preserving marine ecosystems and
mapping the health of coral reefs through automated image analysis.

Smart Water Management Systems Al monitors municipal water infrastructure to
detect leaks, which typically account for huge losses in urban areas. By analyzing
pressure and flow data, it predicts pipe failures before they occur. Additionally, Al
optimizes water treatment processes, reducing energy usage in plants and ensuring safe,
clean water distribution to water-stressed regions.

Deforestation Detection and Prevention Satellite imagery combined with Al
algorithms can detect changes in forest cover in near real-time. This allows authorities
to identify illegal logging or mining activities as they happen, rather than months later.
Early detection is crucial for stopping deforestation in the Amazon and other critical
carbon sinks, preserving global air quality.

Optimizing the Circular Economy Al enhances the recycling process by powering
robots that can sort waste more accurately and faster than humans. It also aids in
designing products for longevity and recyclability by analyzing lifecycle data. This
accelerates the transition to a circular economy where waste is designed out, and
materials are kept in circulation.

Disaster Response and Early Warning Machine learning models analyze seismic
data, weather patterns, and historical records to predict natural disasters like
earthquakes, floods, and hurricanes. Al-driven simulations help plan evacuation routes
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and logistics for relief efforts. This rapid processing of data saves lives and minimizes
the environmental aftermath of disasters.

Urban Planning and Smart Cities Al helps design greener cities by modeling traffic
flows to reduce congestion and smog. It optimizes the placement of green spaces to
combat the urban heat island effect. Furthermore, Al manages smart building systems
(HVAC and lighting) to minimize the carbon footprint of dense urban environments.
Carbon Capture and Storage (CCS) Optimization Al accelerates the discovery of
new materials (like metal-organic frameworks) that can absorb CO2 efficiently. It also
optimizes the operation of carbon capture plants to reduce their energy penalty. By
making CCS more viable and cost-effective, Al contributes directly to reducing the net
amount of greenhouse gases in the atmosphere.

Supply Chain Sustainability Al provides transparency in global supply chains by
tracking products from raw material to retail. It helps companies identify inefficiencies
and high-emission transportation routes. This data enables businesses to source
ethically and reduce their Scope 3 emissions, driving industry-wide sustainability
standards.

Air Quality Monitoring and Forecasting Hyper-local Al models use data from low-
cost sensors to map air pollution at a street-by-street level. This empowers citizens and
policymakers to take targeted actions to reduce exposure. Predictive models can also
forecast pollution spikes, allowing for temporary traffic restrictions or health
advisories.

Material Science Discovery Al accelerates the research and development of
sustainable materials, such as biodegradable plastics or more efficient battery
chemistries. By simulating molecular interactions, Al reduces the time needed for trial-
and-error in the lab. This rapid innovation is key to replacing polluting materials with
eco-friendly alternatives.

Educating and Engaging the Public Al-powered apps and chatbots provide
personalized advice to individuals on how to reduce their carbon footprint. They can
analyze personal spending or travel habits to suggest sustainable alternatives. This
democratization of data empowers the general public to participate actively in
environmental protection efforts.

Conclusion

In conclusion, the integration of Artificial Intelligence into sustainable development

strategies represents a critical evolution in our approach to planetary stewardship. As explored

in this

paper, Al provides the analytical depth and operational speed required to tackle the

complexity of modern environmental challenges, from optimizing vast energy grids to
monitoring the minute movements of endangered species. The synergy between technology
and ecology offers a pathway to decouple economic progress from environmental degradation,
making the goals of the 2030 Agenda more attainable. However, this technological revolution
is not without its paradoxes; the training of large Al models itself consumes significant energy
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and water, a challenge that the tech industry must address through "Green Al" initiatives.

Looking forward, the focus must shift from pilot projects to scalable implementations,

supported by robust policy frameworks that ensure data privacy and equitable access to these

tools. If steered responsibly, Al will not merely be a tool for efficiency, but a catalyst for a

profound transformation in how humanity interacts with the natural world. The future of

environmental protection lies in the intelligent synthesis of human wisdom and machine
capability, working in concert to secure a habitable and thriving planet for generations to come.
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Abstract

Sustainable development in agrarian regions like Jalna District, Maharashtra, faces
significant challenges from climate change, water scarcity, and inefficient resource use.
Artificial Intelligence (Al) emerges as a transformative tool to address these issues through
precision agriculture, predictive analytics, and renewable energy optimization. This paper
examines Al's role in enhancing sustainability in Jalna district, drawing on government
initiatives like the Maha Agri-Al Policy 2025-2029 and local projects such as the Cropin-
ATMA collaboration. By using Al for crop monitoring, pest management, and energy
efficiency, Jalna district can achieve higher productivity and resilience. Findings indicate
potential yield increases of 20-40% and reduced resource waste,

Keywords: Artificial Intelligence in Agriculture, Sustainable Development in Jalna District,
1.1 Introduction

Sustainable development, as elaborated by the Brundt land Report (1987), entails
meeting present needs without compromising future generations' abilities. In India, agriculture
supports 68% of rural livelihoods, yet it grapples with climate change, resource depletion, and
low productivity. Jalna District in Maharashtra exemplifies these tensions: a drought-prone
area in the Marathwada region, it relies heavily on rain-fed crops like wheat, Bajara, Jowar,
soybean, cotton, and pulses, which cover over 80% of its cultivable land. Recurrent droughts,
erratic rainfall, and soil degradation have led to crop losses exceeding 50 % in severe years,
exacerbating farmer distress and migration. Artificial Intelligence offers innovative solutions
by leveraging data analytics, machine learning (ML), and Internet of Things (IoT) for real-time
decision-making. In Maharashtra, the MahaAgri-Al Policy determine 2025-2029 allocates 500
crore to integrate Al across the agricultural value chain, aiming for climate-resilient farming
and SDG alignment. This paper focuses on Jalna, exploring Al's applications in agriculture and
irrigation and energy utilization , while addressing implementation barriers. Through
secondary data analysis and case studies, it argues that Al can drive equitable, eco-friendly
growth in Jalna district district.

1.2 Study Area:

Jalna district is approximately situated at the central part of the Maharashtra state of
Republic of India and northern direction of Marathwada region specially district lies between
19°01° North to 21°03°North latitudes and 75°04° East to 76°04° East Longitude. Jalna district
erstwhile a part of Aurangabad district was formed on 1% May, 1981 by carving out Jalna,
Bhokardan, Jafrabad and Ambad tahsils of Aurangabad district and Partur tahsil of Parbhani
district. The boundaries of Jalna are adjacent to Parbhani and Buldhana on east, Aurangabad
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on west, Jalgaon on north and Beed on South. Jalna district covers an area of 7,612 sq.km
which is 2.47 percent of the total state area of Maharashtra, and it has population of 16.12 lakh
as per 2001 census. Recently Jalna district is divided into eight tahsil for administrations these
are Jalna, Ambad, Bhokardan, Jafrabad, Badnapur, Partur, Mantha and Ghansawangi.

1.3 Objective —

To examine the development level of awareness of Artificial Intelligence technologies in
various sectors of Jalna district such as agriculture, irrigation, energy and rural
development.

To assess how Al-based tools and applications can contribute to sustainable agricultural
practices in Jalna district.
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Sustainability indices (SLSI), revealing Jalna's low ecological scores (0.45/1.0) but potential
for Al-driven improvements in soil and water metrics.
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Table No.1.1 Al Application in Jalna District

Sr.No. | Al Application Key Feature in Jalna district | Expected impact
1 Pest Surveillance | Real Time Advisers via | 20-30%  crop  failure
' (CROPSAP) Mahavistar App reduction
) Yield Prediction | Satellite + ML for 30 % income increase
. 0
(MAHAAGRIAI) Soyabeen/Cotton Forecast
lo T fir Drip Irrigation .
3. Water Management 0 . '. 'P 'gatio 20 % water savings
Optimization

Source-Renewable Energy and Climate Resilience
Maharashtra's Digital Twin initiative, launched in 2025, uses Al to model solar grids,
enhancing rural electrification in Jalna district(Kusum Yojana by State Govt.) .By simulating
renewable integration, it reduces pollution and supports off-grid solar pumps, aligning with
SDG 7 (Affordable Energy).
1.6 Broader Ecosystem Integration
The MahaAgri-Al Policy funds startups for Al in supply chains, including Jalna's pulse
exports, minimizing post-harvest losses (currently 15-20%). Voice-based chatbots like Kisan
e-Mitra provide Marathi advisories, bridging digital divides.
1.7. Discussion
following conclusion has come out through Al's integration yields tangible
benefits: In similar Maharashtra pilots, yields rose 40% for sugarcane, adaptable to Jalna's
crops. Environmentally, reduced inputs lower emissions by 15-20%, aiding SDG 13 (Climate
Action). Economically, it empowers 50,000+ Jalna farmers via apps, cutting costs by
30%.Challenges include low digital literacy (only 40% smartphone penetration in rural Jalna),
data biases favoring large farms, and infrastructure deficits. Ethical Al deployment, as per
MahaAgri guidelines, is crucial to avoid exacerbating inequalities.
1.8. Conclusion
Al plays vital role for Jalna district sustainable development, transforming
vulnerabilities into opportunities through targeted interventions. The MahaAgri-Al Policy and
local pilots like Cropin-ATMA provide a blueprint for replication, potentially elevating Jalna's
Sustainability Index by 25% by 2030. Government should prioritize training, subsidies for 10T
devices, and inclusive data ecosystems. Future research could quantify long-term ROI via
longitudinal studies. Ultimately, Al not only sustains Jalna's agrarian heritage but fosters a
resilient, equitable tomorrow.
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Animals Role in sustainability

Deepak T. Tangade
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Abstract

Sustainability refers to ability to meet human development goals and enabling natural
systems to provide necessary natural resources and ecosystems. The livestock farming serves
the people in different ways to make them sustainable. The farming of livestock such as beef,
cattle, swine, goat, sheep and fish play an important role providing a subsidiary income source
for many families’.The agricultural and husbandry sector has been a boon of our country for a
long time. The livestock farming helps people to provide empowerment and maintain
sustainability.

Keywords: Sustainability, livestock,farming,production
Introduction

Livestock is the integral part of agricultural system and also a major entrepreneurial
entity in the form of commercial specialized farming systems. The modernization and precision
livestock farming system have succeeded to increase production and profitability .Sustainable
development practices play an important role for the country’s growth in various ways.it will
in turn help to protect important natural resources for future generations.In India’s society
sustainable development is to promote the wellbeing of citizens by providing them with access
to education,health care food production,housing and other basic needs Animal role is
important in the context of sustainable development . conserving wildlife and their habitats is
crucial to achieving the sustainable development growth and improving human well — being
(IFAW) .The development of society is based on the existence of food resources .the FAO
predicted a higher increase of the consumption of foods of animal origin by 2050 (Giuseppe,
2014). Growth in agricultural production and productivity is needed to raise rural incomes to
support the increasing numbers dependent on the industry and to meet the food and raw
material needs of the faster growing urban populations (martin,2004).

In animal farming systems of developing countries have an integral role and the full
range of animal products are utilized.Animals also provide a strategic source of cash and help
to alleviate poverty and increase household food security. FAQ has attached the highest priority
to sustainable development of both plants and animals in its programmes (FAQ1998).Farming
of animals that are raised for meat ,fibers,milk or other products plays an important role in the
economic sustainabilityof civilians.Livestock has played an indispensable role in the indian
economy. Animal husbandary is culturally and economically integratedinto the society
(Shanmathy et al., 2020) Animal husbandary has its role in empowering society and financial
independence and sustainability.

Sheep and Goat production

Sheep and goat production includes the raising of animals for meat, fleece,milk,pets. Farming
needs systems have intense management while others have little to no management. Sheep and
goats play an important role in the indian economy and sources of livelihood and employment
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to millions of rural households.Sheep and goats in India are mostly maintained on natural
vegetation on common grazing lands wastelands and uncultivated lands,stubbles of cultivated
crops and top feeds (Shivakumara et al.,2020).In India for farmers sheep and goats is an
insurance against crop failure and provides an alternate source of livelihood round the year.it
provides a dependable source of income to 40 percent of the rural population below the poverty
line. Mainly sheep and goats are reared for wool, meat and milk. Skin and manure constitute
important sources of earning.Porwal (2007) findings show that the socioeconomic
characteristics of the sample farmers indicates the majority of the sheep and goat rearing are
important for their sustainability. Sheep and goats are particularly very useful and hardy
animals and can be productive in the environmental conditions (promod&Basanta2021).
Studies has shown that the distribution of goat and sheep varies between economically
developed and developing countries. Sheep is almost equally distributed throughout the world.
Particularly goat production fulfills important social and economic functions in arid and semi-
arid areas of the lower central and upper southern regions of the world.
Beef Cattle Production

From the ancient period beef cattle production was done within a system that includes
grazing on large amounts of land for farming . They were fed high-calorie food for a few months
in large numbers and immediately prior to slaughter. These animals have long gestation and
growth periods so that animals are sold . Texas (US) had the most cattle in 2023 followed by
Nebraska and Kansas.The United states is the largest producer of beef in the world followed
by Brazil,European Union ,China and India. The livestock of beef and cattle plays an important
role in the indian economy. Studies have shown that 20.5million people depend upon livestock
for their livelihood. It contributes about 16 percent to the income for small farm households and
an average of 14 percent for rural households . Three elements that always interact in household
activity are production, income and consumption .process of production ,consumption, income
and labor utilization of beef cattle farmers is influenced by government regulation .Cattle
farmers have to work hard in order to increase their income and production .India has its
significant role in livestock sector.Rural population as it employs a major section of country
labour force and also provides a large share of draft power being used to farming crop land .
India s livestock sector holding 11.6 percent of world livestock population, contributes GDP is
4.1to 0.8 percent respectively (Islam et al ,2016)
Poultry Production

Poultary farming primarily for meat and eggs also for feathers. The mass production of
chicken meat and egss began in the early 20" century through small and specialized type of
industrial producers.Today the market for chicken has grown worldwide reaching nearly about
13.8 million tons (Britannica).lt generates employment for world and increase the income level
of the peopleand eradicate poverty. It provides meat and eggs to the world population which is
the rich source of the vitamins and proteins which play great role in health development.it is a
short cut business for the farming communities (Naushad et al ,2021).Poultry farming in
India,in spite of several constraints,has progressed considerably during the last decade
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(vetrivel,2013). In India poultry refers to village /unorganized poultry production because this
enterprise operates in a low scale,using less capital and traditional technology. The unit volume
of production is low due to the above constraints. All over the world poultry farming is a
significant source of revenue generation for small in developing countries.It plays a vital role
in fulfilling the dally protein requirements of humans through meat and eggs consumption.
Swine Production

Swineor Pig farming consists of raising and breeding of domestic pigs mostly for food
and for their skin purpose. Pigs are able to recycle most materials and help farmers to reduce
most feeding costs and waste. In comparison to other livestock rearing, the advantages of pig
farming are extremely high. Pigs are the most prolific breeders with a high fecundity rate. The
smallholders play an important role in securing the livelihoods of rural communities and their
sustainability through pig farming.Countries like ESA and other developing countries such as
India ,Vietnam and China are doing well in pig production (Cheng et al ,2011).Pig production
plays an important role in the Socio-economic circumstances and sustainability of pig farmers.
Aqua Organisms Production

Agua farming is the controlled cultivation of aquatic organisms such as fish,crustaceans
,mollusks,algae and aquatic weeds in all types of waters under controlledand semi natural
conditions.Sustainable development of fisheries and aquaculture that would meet the the
growing demand of food andnutritional needs of worlds teeming masses .Fish and fisheries
play a vital role in the socio-economic development of the country by fulfilling the animal
protein demand, creating employment opportunity, alleviating poverty of the large population
and earning foreign currency. Fisheries and aquaculture contribute significantly to food
security and livelihoods. Fish provides essentional nutrition for nearly 3 billion people and at
least 50% of animal protein and minerals to 400 million people from the poorest countries.
Over 500 million people in developing countries depend, directly or indirectly on fisheries and
aquaculture for their livelihoods (Nirmal Singh et al, 2019).The farmers along with fishermen
community whose livelihood depends on only fish and fisheries. In India the importance of
the fisheries sector in the socioeconomic development and as a source of livelihood for around
2.8 crore number of fishers,fish farmers,fish workers and fish vendors at the primary level
several croresalong the value chain.The sector also contributed rupees 46,663 crores through
exports during 2019-20 (Ministry of Fisheries ,Govt. of India).

The livestock serve the poor/Farmers in various ways. It is a source of subsidiary income
for many families in our country, especially the resource poor who maintain few heads of
animals.

Conclusion

Overall impact of animal welfare is very positive to the mankind. It is to be done by the
people, for the livestock and ultimately for the benefit of people. It is mutually beneficial for
the human and animal. The animal welfare is reciprocal and not unidirectional. After all
existence of healthy livestock as a part of living beings is equally needed for a sustainable
ecosystem. Momentum increase in production should be avoided; rather sustainable system of
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production is the need for a perpetual environment. We ought to engage with nonhuman
animals in best way possible keeping in mind for the wellbeing of animal, environment and the
people. It is will be wise to view animal welfare from the ethical point of view. Necessarily the
best way one engage with nonhuman animals is called ethics. The animal welfare and ethics
are essentially important in the natural, organic, integrated and backyard farming systems to
sustain a regular long term benefits.

References:

1.

10.

Cheng H, Wang Y.,Meng Q.,Guo J. and Wang Y (2011).Pork Production system and Its
Development in Mainland China,Int.Jour.Fish.Aquac.,3(5);166-174.

Erwin Wantasen and Umar Paputungan (2018).Economic Assessment of Dual-Purpose
tye of Cattle Farming in MinahasaRegency,Indonesia,Alanya Academic
Review,2(3):213-224.

FAQ (1998).Sustainable animal production from small farm systems in South-East Asia,
Daya Pub., Delhi.

Fisheries Statistics (2020).Handbook of Fisheries Statistics 2020,Department of
Fisheries,Ministry of Fisheries Animal Husbundary& Dairy ing,Govt,of India.

Kutty M (2008) .Sustainable development,global warming and Aquaculture,Souvenir,8t"
Indian Fisheries Forum,22-26 Nov.2008 Kolkatta, India.

Martin Upton (2004).The role of livestock in economic development and poverty
reduction,pro-poor livestock policy Initiative,FAQ,Rome,ltaly.

Nirmal Singh, surjya N.D. and Tarvindersingh H (2019).Research dynamics in Indian
Fisheries and aquaculture.

Pramodkumar and Basanta Kumara Behera (2021). Goat and Sheep Farming,
Sustanability in Ruminant Livestock.

Shivakumara C., Reddy B.S. and Patil S.S. (2020). Socio-economic characteristics and
composition of sheep and goat Farming under extensive system of rearing,Agricultural
science Digest,40 (1): 105-108

Vetrivel S and Chanrakumarmangalam S (2013). The role of poultry industry in Indian
economy, Brazilian Jour, of poultry Sci,.15 (4):287-294.

VOLUME-03 ISSUE-2 (SPECIAL ISSUE) JANUARY-2026




:{ﬁﬁ. KN@W&E@@E E AM E E-ISSN: 3049-1541
s

International Multidisciplinary Research Journal

MUL/2024/89852

Relevance of Artificial Intelligence for Environmental Conservation

Dr. Chaudhari A. A. Mr. Jadhav V. L.
Dept. of Geography, Research Student
Moreshwar College,

Bhokardan, Dist. Jalna (MS)

Introduction

Environmental degradation has emerged as one of the most critical challenges of the
twenty-first century. Rapid industrialization, population growth, urban expansion, and
unsustainable consumption of natural resources have severely affected ecosystems. Climate
change, deforestation, pollution, biodiversity loss, and water scarcity threaten both present and
future generations. Traditional conservation methods, though valuable, are often limited by
human capacity, time, and resources. In this context, Artificial Intelligence (Al) has gained
global attention as a powerful technological tool. Al enables faster data processing, accurate
prediction, and real-time monitoring of environmental changes. Governments, researchers, and
environmental organizations are increasingly integrating Al into conservation strategies. Al-
based systems support informed decision-making and efficient resource management. By
enhancing precision and reducing human error, Al contributes significantly to sustainable
environmental practices. Thus, understanding the relevance of Al for environmental
conservation is essential in today’s digital age.
Concept of Artificial Intelligence (Al)

Acrtificial Intelligence refers to the ability of machines to simulate human intelligence.
It involves designing systems that can learn, reason, analyze data, and make decisions. Al
operates through algorithms, machine learning, deep learning, and neural networks. These
technologies allow computers to identify patterns from large datasets. Al systems improve their
performance over time through experience. Unlike traditional computing, Al can handle
complex and unstructured information. Al applications include image recognition, speech
processing, prediction models, and automation. In environmental studies, Al processes satellite
images and sensor data. It supports predictive analysis and risk assessment. Al reduces
dependence on manual observation and field surveys. Hence, Al represents an advanced fusion
of computer science and intelligent decision-making.
Need of Environmental Conservation

1. Protection of Biodiversity
Environmental conservation is essential to protect diverse plant and animal species. Loss
of biodiversity disrupts ecological balance. Conservation ensures the survival of
endangered species.

2. Climate Change Mitigation
Rising global temperatures demand urgent conservation measures. Forests and oceans act
as carbon sinks. Conserving them helps reduce greenhouse gas emissions.
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Sustainable Use of Natural Resources

Natural resources are finite and rapidly depleting. Conservation promotes their responsible
and sustainable use. It ensures availability for future generations.

Protection of Forest Ecosystems

Forests regulate climate and support livelihoods. Deforestation causes soil erosion and
habitat loss. Conservation maintains ecological stability.

Water Resource Management

Freshwater resources are under severe stress. Conservation helps prevent water pollution
and wastage. It ensures clean water availability.

Control of Air Pollution

Industrial emissions and urbanization degrade air quality. Conservation encourages cleaner
energy use. It improves human and environmental health.

Soil Conservation

Soil degradation reduces agricultural productivity. Conservation prevents erosion and
nutrient loss. Healthy soil supports food security.

Marine Ecosystem Protection

Oceans support biodiversity and climate regulation. Overfishing and pollution threaten
marine life. Conservation preserves oceanic balance.

Disaster Risk Reduction

Environmental degradation increases natural disasters. Conservation strengthens
ecosystem resilience. It minimizes flood and drought impacts.

Public Health Protection

Environmental pollution causes serious health issues. Conservation reduces exposure to
harmful substances. It promotes healthier living conditions.

Economic Sustainability

Natural resources support agriculture, tourism, and industry. Conservation ensures long-
term economic stability. It prevents resource exhaustion.

Intergenerational Equity

Future generations have a right to natural resources. Conservation preserves environmental
heritage. It ensures fairness across generations.

Urban Environmental Balance

Rapid urban growth strains natural systems. Conservation improves green spaces and air
quality. It enhances urban sustainability.

Preservation of Ecosystem Services

Ecosystems provide food, water, and climate regulation. Conservation maintains these
services. It supports human survival.

Ethical Responsibility

Humans have moral responsibility toward nature. Conservation reflects environmental
ethics. It promotes harmony with nature.
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Climate Change Prediction
Al analyzes climate data to predict temperature and rainfall changes. It improves climate
modeling accuracy. This helps in early planning and mitigation.
Wildlife Monitoring

Al-powered cameras track animal movement and population. It helps identify
endangered species. This supports effective wildlife protection.
Deforestation Detection
Al processes satellite images to detect illegal deforestation. It provides real-time alerts.
Authorities can take immediate action.
Disaster Management
Al predicts floods, cyclones, and droughts using historical data. It improves early warning
systems. This reduces loss of life and property.
Air Quality Monitoring
Al analyzes pollution levels continuously. It predicts pollution trends. This supports
effective environmental regulation.
Water Resource Management
Al detects water leaks and pollution patterns. It optimizes water usage. This ensures
sustainable water management.
Waste Management
Al improves waste segregation and recycling. It identifies waste patterns. This reduces
environmental pollution.
Renewable Energy Optimization
Al enhances efficiency of solar and wind energy systems. It predicts energy demand and
supply. This promotes clean energy use.
Agricultural Sustainability
Al supports precision farming and soil analysis. It reduces chemical usage. This protects
ecosystems and biodiversity.
Ocean Monitoring
Al tracks ocean temperature and pollution. It supports marine conservation. This protects
marine biodiversity.
Urban Planning
Al assists in sustainable city planning. It analyzes traffic and pollution data. This
improves urban environmental quality.
Environmental Policy Support
Al provides data-driven insights for policymakers. It improves decision-making accuracy.
This strengthens conservation policies.

Conclusion
Artificial Intelligence has emerged as a transformative tool for environmental conservation. It
enhances the capacity to analyze complex environmental data accurately and efficiently. Al
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bridges the gap between environmental challenges and technological solutions. Through
predictive modeling, Al supports proactive conservation measures. It enables real-time
monitoring of ecosystems and natural resources. Al reduces human error and improves
decision-making. It supports sustainable development goals at local, national, and global levels.
However, ethical use and responsible deployment of Al are essential. Technological solutions
must complement traditional conservation practices. Capacity building and data transparency
are crucial for success. Governments and institutions must invest in Al-based environmental
research. Public awareness and policy integration are equally important. Al cannot replace
nature but can protect it. Thus, Al plays a vital role in ensuring environmental sustainability.
Its relevance will continue to grow in the future. Environmental conservation through Al
represents hope for ecological balance. Sustainable coexistence of technology and nature is
achievable. Responsible innovation will define the success of Al-driven conservation.
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Abstract

The increasing conflict between economic growth and environmental sustainability has
created a clear need for dependable prediction tools in environmental economics. Conventional
mathematical and econometric approaches provide strong analytical structure, yet they often
face limitations when systems exhibit nonlinear interactions, uncertainty, and large, multi-
source datasets. In contrast, artificial intelligence (Al) techniques have shown strong predictive
strength through data-driven learning, particularly in complex environments. The present study
proposes a hybrid analytical framework that integrates mathematical modelling, core economic
reasoning, and Al-based prediction methods for environmental economic analysis. Dynamic
pollution equations, welfare-based optimisation models, and representative machine learning
architectures are discussed to show how these methods can complement each other. Conceptual
tables and a framework description are used to highlight how mathematical transparency and
Al adaptability together can improve predictive performance and strengthen policy relevance.
Keywords: Environmental Economics, Mathematical Modelling, Artificial Intelligence,
Machine Learning, Sustainability, Forecasting.
1. Introduction

Environmental degradation linked with industrialisation, rising energy consumption,
and population growth poses a serious challenge to long-term economic welfare and stability.
Environmental economics addresses these issues by developing analytical methods that
incorporate environmental costs into economic decision-making through the idea of
internalising externalities. However, environmental-economic systems are typically complex
due to feedback effects, nonlinear responses, and time-lagged impacts, which are not always
captured adequately through traditional analytical approaches alone.
Mathematical modelling has remained central to economic analysis because it provides logical
consistency, conceptual clarity, and disciplined interpretation. At the same time, Al has
emerged as a useful tool for extracting patterns from large and heterogeneous datasets and for
handling nonlinear relationships in forecasting tasks. Therefore, integrating mathematical
structure with Al-based learning offers a practical direction for improving prediction and policy
analysis in environmental economics. The present paper develops such an integrated
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framework and explains its relevance for predictive studies and decision support in
environmental policy.
2. Conceptual Foundations of Environmental Economics

Environmental economics examines how economic activities generate environmental
externalities and how policy instruments may be designed to regulate them efficiently. A
central concern is the interaction between economic output and environmental quality, where
higher production may increase pollution and reduce environmental well-being if not regulated.

Let
Y(t) denote economic output,
P(t) denote accumulated pollution, and

E(t) denote environmental quality.
A basic relationship can be expressed as:
E(t)=Ey—aP(t),a>0

This indicates that environmental quality declines as pollution accumulates over time,
highlighting the need for regulation and effective forecasting within an environmental
economic framework.
3. Mathematical Representation of Environmental Dynamics
3.1 Pollution Accumulation Models
Pollution accumulation is inherently dynamic and is naturally represented through differential
equations. A widely used formulation is:

P _ ,
= BY() —YP(®)

Here,
B measures the pollution intensity linked with economic activity, and
y represents the natural regenerative or absorption capacity of the environment.
This formulation captures the long-run interaction between economic growth and
environmental degradation and provides a tractable structure for analysing policy interventions
over time.
3.2 Welfare-Based Optimization

Environmental regulation is also studied using welfare-maximisation frameworks that
formalise the trade-off between economic benefits and environmental damages. A standard
representation is:
max/, [U(Y()) — D(P(£))]dt
subject to:

dP(t)
o = BY® - vP®)

In this setting, U(Y) denotes the economic benefit derived from production, whereas
D(P) represents environmental damage associated with pollution. This structure supports the
analysis of regulatory design by explicitly linking output decisions to environmental outcomes
and welfare considerations.
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Table 1: Mathematical Techniques Used in Environmental Economic Analysis.

Mathematical Purpose Policy use
technique
Differential equations Model pollution dynamics =~ Assess long-run environmental
impact

Optimization methods Maximise welfare = Support regulatory design
objective

Statistical models Estimate parameters from = Enable empirical assessment
data

Dynamic systems Study  stability and = Evaluate sustainability conditions
behaviour

4. Artificial Intelligence in Environmental Economic Forecasting
4.1 Rationale for Al Adoption

Environmental and economic datasets are now often large, multidimensional, and
nonlinear in nature. Al methods are suitable for such data settings because they can learn
complex relationships directly from observations and can improve predictive performance
relative to purely linear approaches in many applications.
4.2 Mathematical Structure of Al Models
A general neural network representation may be written as:

y=f(Wx+b)
Where
X represents economic and environmental inputs,
w denotes trainable parameters,
b is a bias term, and

f(+) is a nonlinear activation function.
From a mathematical viewpoint, such models act as flexible function approximators and can
represent nonlinear mappings that are difficult to specify in closed form using conventional
econometric equations.

Table 2: Traditional Econometric Models versus Al-Based Predictive Models

Criterion Econometric models Al-based models
Functional form Predominantly linear Nonlinear
Data handling Limited scale Large-scale
Interpretability High Moderate
Prediction accuracy Moderate High
Adaptability Low High
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5. Integrated Mathematical--Al Framework
5.1 Framework Description

The proposed framework integrates mathematical structure with Al-driven adaptability
so that both theoretical meaning and predictive strength are retained. Mathematical models
provide economic interpretation, constraints, and transparency, while Al algorithms learn
complex relationships from observed data and improve forecasting where classical
assumptions may be restrictive.

Figure 1: Conceptual Framework for Mathematical--Al Integration in Environmental
Economic Prediction

Economic, environmental, and demographic indicators form the primary inputs. These
inputs are structured using mathematical models and preprocessing techniques. Artificial
intelligence algorithms then process the structured data to generate predictions of pollution and
environmental quality. The predicted outcomes are interpreted through an environmental
economic policy lens, creating a feedback mechanism for continuous refinement.
5.2 Predictive Formulation
Let the input vector be:
x=(Y,E,N,T)

where
E, denotes energy consumption,
N denotes population, and

T denotes technological progress.
The predictive relationship is expressed as:
P = fa(x)
This formulation extends conventional econometric prediction by allowing flexible nonlinear
interactions among variables, while still permitting interpretation through the economic and
environmental structure provided by the mathematical component.
6. Implications for Environmental Policy
The integrated framework can support environmental policy and planning by linking
theory-driven structure with data-driven prediction. Key implications include the following:
e Improved long-term forecasting of pollution trends.
e Better comparison of alternative regulatory strategies under different assumptions and
scenarios.
e Support for emission control measures and sustainability planning through scenario-based
prediction.
e Stronger evidence base for policy decisions, particularly when multiple indicators must be
analysed jointly.
e Overall, combining mathematical clarity with Al-based forecasting can strengthen both
the design and evaluation of policy interventions.
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7. Challenges and Limitations
Despite its potential, the hybrid approach faces limitations that must be acknowledged
in academic and policy applications. Major concerns include sensitivity to data quality, reduced
transparency for complex Al models, computational requirements, and ethical issues related to
algorithm-supported decision-making.
Table 3: Challenges in Al-Based Environmental Economic Modelling and Possible

Responses
Issue Likely impact Possible response
Data limitations Forecast bias Robust preprocessing
Model transparency Policy scepticism Explainable Al
Computational cost Resource intensity Model optimisation
Ethical concerns Social implications Regulatory safeguards

8. Conclusion
The present study outlines a hybrid mathematical--artificial intelligence framework for
predictive analysis in environmental economics. Mathematical modelling contributes
theoretical discipline and interpretability, whereas Al enhances predictive performance through
adaptive learning from complex data. Together, the integrated approach provides a stronger
analytical base for addressing contemporary environmental challenges and for supporting
policy decisions through data-informed forecasting and evaluation.
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1. Abstract:

This work show that the modern cosmological models using math. It considered on
Friedmann—Robertson—-Walker (FRW) cosmology, dark energy models, and non-singular
bouncing universes. This study interprets cosmological sustainability as long-term stability,
physical parameters quantities that can change, and the avoidance of initial and future
singularities. It uses many methods such as differential equations, dynamical systems theory,
stability analysis, and optimization methods, mathematical model as its core mathematical
framework. In this study, we use artificial intelligence as a helpful computer tool for things like
estimating parameters, fitting data, and classifying phase space. We designed it to make
analysis more transparent, not to replace it.

The results show that complex math is still key to cosmological modeling, and Al
can actually improve traditional analytical methods. This research is about artificial
intelligence, sustainable development, and environmental challenges.

Keywords: Mathematical cosmology, FRW universe, Differential equations, Dynamical
systems, Artificial intelligence, Sustainable evolution
2. Introduction

Cosmology is fundamentally a mathematical as well as physical science which gives
the description and prediction of the large-scale structure and evolution of the Universe. Since
its inception, the field of cosmology has relied on the principles of geometry, calculus, and
differential equations to develop models of cosmic expansion. Observational discoveries,
including cosmic MBR (microwave background radiation) and accelerated expansion of the
universe, have further underscored the necessity for mathematically consistent cosmological
models. In recent decades there are some works shows that the accelerated expansion of the
universe has emerged as a particularly vexing problem in theoretical cosmology.

This phenomenon is commonly attributed to dark energy, an exotic form of energy
characterized by negative pressure. Within the broader theme of sustainability, cosmological
models may be interpreted through long-term stability and avoidance of catastrophic
singularities. Bouncing cosmological models, which replace the initial Big Bang singularity
with a smooth bounce, offer a mathematically sustainable framework. This paper explores such
models using rigorous mathematical tools and demonstrates how Al can assist in analyzing
their stability and observational viability.

3. Mathematical Preliminaries: The mathematical and physical framework of cosmology is
based on differential geometry and tensor calculus which play vital role. The space-time
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structure of the Universe is described by a four-dimensional Lorentzian manifold equipped
with a metric tensor. The evolution equations governing this manifold arise from Einstein’s
field equations, which are nonlinear partial differential equations.
In order to study global dynamics, these equations are often reduced to ordinary differential
equations under assumptions of homogeneity and isotropy. Dynamical systems theory provides
a natural mathematical language to analyze equilibrium points, stability, and long-term
behavior of the give model sample.
4. FRW Space- Time Geometry

The Friedmann—Robertson—Walker metric represents the most general homogeneous
and isotropic space-time and is given by

2
ds?2 = — dt2+a2 )| —9 1 r2 (62 +sin2 0 dg?)
(L—kr?
where a(t) is the cosmic scale factor and k denotes spatial curvature. This metric reduces
Einstein’s field equations to a system of ordinary differential equations governing a (t).
The Einstein field equations lead to the Friedmann equations:
H 2 :(%j o L+A
3 a2 3
dH k
. AzG(p+p)+ 2

These equations describe the expansion dynamics of the Universe. Conservation of energy-
momentum yields the continuity equation

dp
—+3H(p+p)=0
. (p+p)

Dark Energy and Equation of State:

Dark energy is commonly characterized by an equation of state P=0® where o is a
dimensionless parameter, P is the pressure, £ is the density. Mathematical analysis shows that
accelerated expansion occurs for the value @ < —1/3. Various dark energy models shows
different functional forms of ®, leading to distinct dynamical behaviors.

Dynamical System Analysis

By introducing dimensionless variables, the cosmological equations can be transformed
into an autonomous system. Phase-space analysis allows classification of equilibrium points
and determination of their stability properties. Stable fixed points correspond to sustainable
cosmic evolution.

Bouncing Cosmological Models

. . . . dH
A cosmological bounce is defined by the conditions H =0 and T>O . Such models

avoid the Big Bang singularity and ensure bounded physical quantities. From a mathematical
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standpoint, bouncing models represent globally regular solutions of the cosmological

equations.

Stability and Energy Conditions

Classical energy conditions impose inequalities on energy density and pressure.
Bouncing models often require violation of these conditions. Stability analysis ensures that
such violations do not lead to physical or mathematical inconsistencies.

Artificial Intelligence in Mathematical Cosmology

Artificial Intelligence techniques are introduced as optimization and approximation
tools. Neural networks and regression models assist in parameter estimation and classification
of stability regions while preserving mathematical interpretability.

Sustainability in Cosmology

Sustainability in cosmology refers to long-term stable evolution, absence of
singularities, and bounded solutions. Mathematical criteria derived from dynamical systems
theory provide quantitative measures of sustainability.

Results and Discussion

The combined analytical and Al-assisted approach reveals that bouncing cosmological
models provide stable and sustainable solutions under appropriate parameter ranges. Al
enhances computational efficiency without replacing analytical reasoning.

Conclusion:

This full-length study demonstrates that mathematics remains the foundation of
cosmological research. Artificial Intelligence acts as a complementary tool that strengthens
analytical modelling. The work is well aligned with interdisciplinary themes while remaining
deeply rooted in mathematical theory.
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Abstract:

The decision making process based on environmental impacts of pollutants can be
mathematically expressed. It will be helpful for taking right decisions on discharge of water
pollutants and emissions of air pollutants in the environmental recipient components. No effect
release can be made possible by reducing the pollutants with suitable decision making for
which the indicators for potential impacts from the produced pollutant release has to be
developed as Environmental No Impact Factor (ENIF). With the development of suitable
mathematical models, NEIF can be applied to different pollutant releases in order to select the
best option for reducing the potential impacts from the released/discharged pollutants. The
present paper describes the scientific aspects in brief for such model applicable for discharge
of water pollutants, emission of air pollutants and release of soil pollutants by which decision
making becomes easier.

Keywords: Environmenal Pollutants, Decision making, Pollutant release, Pollutant
discharges, Environmental Effectss, Environmental Impact Assessment, modeling.
Introduction:

When materials and goods are produced or finished, the pollutants are separated and
discharged or released into the environment in the forms of air pollutants, soil pollutants or
water pollutants. These contaminants may of organic or inorganic nature in the forms of
different compounds. These pollutants may represent a potential for causing harmful impacts
on the environmental components, mainly the biota in the recipient environment. The amount
of pollutants discharged/released will normally at a later stage too and may exceed the limits
of their assimilation in that environmental component. Therefore it becomes of a major concern
for the environment and its management. This calls for the development of a suitable method
for evaluating the potential environmental risks associated with these pollutants arising from
their discharges/emissions or release.

The proposed method gives a quantitative measure of the potential risks and thus is able
to form a strong basis for the reduction of such impacts in a scientific and systematic manner.
This is based on the calculation of No Environmental Impact Factor similar to Dose related
Risk and Effect Assessment model. The No Environmental Effect Factor is based on a
Predicted Environmental Effect Concentration (PEEC) and Predicted Environmental No Effect
Concentration (PENEC) assumptions. In this concept, the Predicted Environmental Effect
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Concentration (PEEC) of the pollutant under consideration for the discharge/emission/release
is to be compared with some threshold limits of Predicted Environmental No Effect
Concentration (PENEC) for those pollutants. If the PEEC (Predicted Environmental Effect
Concentration) is higher than the threshold PNEEC (Predicted Environmental No Effect
Concentration), then there can be a risk for damaging impact. If the PEEC (Predicted
Environmental Effect Concentration) is lower than the threshold PENEC (Predicted
Environmental No Effect Concentration) then the probable risk for damaging impact can be
considered as ‘Acceptable’.

Predicted Environmental Concentration:

The PEEC (Predicted Environmental Effect Concentration) is time dependant variable
concentration  resulted in the receiving environmental component due to
discharge/emission/release of pollutants. It can be calculated for all sort of pollutants and
containment compounds which have potential for harmful effects on the biological
components. These calculations can be made as per Does related Risk and Effect Assessment.
It is helpful for calculating the behavior of pollutant in the receiving environmental component
under the influence of various forces, processes like mixing, turbulence, temperature,
degradation etceteras which may get generated for dynamic changes.

Predicted Environmental No Effect Concentration:

The Predicted Environmental No Effect Concentration (PENEC) denotes the lower
limit at which the effect of pollutant under consideration on the recipient environmental
component is encountered. Such level is almost derived for all major pollutants and is available
in publically available common literatures. Such levels are obtained by experimental
investigations after laboratory and field testing for each of these pollutants under considerations
just like Lethal Dose 50, Lethal Concentration 50 or similar tests and No Observed Effect
concentrations are derived and then the Predicted No environmental Effect Concentrations are
obtained. For practical decision making assessment process, the considerable data from the
work done is to be collected and reliability is to be tested and then assessment is to be carried
out.

The Environmental Impact Factor:

The No Environmental Impact factor is related to recipient environmental component
like air, soil or water for which the Ratio of PEEC (Predicted Environmental Effect
Concentration) to PENEC (Predicted Environmental No Effect Concentration is greater than 1
for any pollutant or group of pollutants or contaminant compounds. This ratio is related to the
probability of damaging effect on the environmental recipients. If this ratio equals to 1, the
probability of damage is equal to 5 percent. This ratio method has a major benefit over the
other methods like screening of chemicals that it considers and can calculates the risk
associated from the sum of chemicals or individual pollutants those are discharged/emitted or
released. For calculating the total risk from a sum of pollutants, the Cumulative Risk is
calculated by using the following probability relationship.
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P(A+B)=P(A) + P(B) — P(A) * P(B)

Where, P(A) is the probability of environmental risk for compound A and P(B) is the
probability of risk for compound B. For small risks (that is, P(A) and P(B) are both small), the
risks can be considered to be linearly additive, approximately.

The total risk for a given discharge is calculated by means of the Dose Related Risk
and Effect Model. The total risk contribution (in %) is calculated by this model for every point
and time within the complete domain of the model. The total sum of risks for every individual
pollutant and time is then summarized and converted back to a corresponding Ratio of PEEC
(Predicted Environmental Effect Concentration) to PENEC (Predicted Environmental No
Effect Concentration

The Environmental Impact Factor is defined as the total mass of recipient
environmental component where the PEC/PNEC > 1, divided by a unit volume of recipient
component. In addition, the Environmental Impact Factor for recipient mass is adjusted
upwards by a factor of two for those polluting compounds which have a small biodegradation
factor combined with a large bioaccumulation factor (Johnsen et al., 2000) Such studies for
produced oil and its impacts have been conducted and different aspects have been widely
developed by various filed workers (Johnsen et.al., 2000; Rye et.al., 2004; Reed et.al., 2001;
Singsaas et.al., 2008; EU, 1996; EU, 2003; EU, 2006; Karman, 1994, Karman, 1996; Karman
and Reerink, 1997; Holguin-Veras, 1993)

An attractive feature of the Environmental Impact Factor consideration is that the
method is also able to discriminate between the wvarious pollutant contributors for
environmental risks. In addition to show that the actual number for the Environmental Impact
Factor, it can also show which of the polluting compounds, constituent chemicals or compound
groups contribute to the environmental risks. This makes the present method more attractive in
particular when the measures have to be chosen in order to arrive at the zero discharge/emission
or release alternative option.
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Abstract:

The study on the phytoremediation capabilities of the emergent macrophyte Phragmites
karka for treating municipal wastewater. The study, conducted using a constructed wetland
(CW) model, demonstrates that P. karka is highly effective at reducing a wide range of
pollutants. The CW system incorporating the plant showed markedly superior performance in
removing contaminants—including suspended and dissolved solids, organic matter, and
nutrients—when compared to a control system that relied solely on natural degradation
processes.

The key conclusion is that the effluent from the P. karka treatment system meets the
standards set by the Bureau of Indian Standards (BIS) for disposal and is suitable for various
reuse applications such as irrigation, aquaculture, and gardening. This positions
phytoremediation with P. karka as a viable, low-cost, and sustainable alternative to
conventional, high-cost wastewater treatment technologies, particularly for expanding urban
areas in developing nations like India. The research addresses the critical environmental
challenge of water pollution driven by rapid urbanization while highlighting a nature-based
solution that is both effective and economical.

1. Introduction:

Rapid urbanization, coupled with industrial and agricultural growth, has led to
significant environmental degradation, with water pollution emerging as a primary concern.
The reliance on outdated technologies often results in the discharge of untreated or
inadequately treated wastewater into natural water bodies. In India, a minimal proportion of
municipal sewage undergoes treatment. While large metropolitan areas may have treatment
facilities, smaller cities frequently discharge untreated sewage directly into rivers and lakes.
The primary cause of pollution in many water bodies, such as those in China, is nutrient
enrichment from untreated phosphorus and nitrogen. Water pollution poses a direct threat to
human health, limits usable water resources, and jeopardizes the sustainability of alternative
water sources.
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Limitations of Conventional Treatment Methods
Advanced wastewater treatment technologies, such as activated sludge systems and

membrane technology, are standard in developed countries. However, their application in
developing nations faces significant barriers.
« High Costs: These technologies involve substantial construction and operational expenses,
making them impractical for many municipalities, especially smaller cities in India.
* Chemical and Equipment Dependency: Conventional methods rely on expensive
equipment and chemicals, contributing to their high overall cost.
« Inefficiency for Certain Pollutants: In some cases, these systems struggle to reduce specific
pollutants like heavy metals or nitrogen to acceptable levels.
The Constructed Wetland (CW) as a Sustainable Alternative
Constructed wetlands have emerged as an effective, economical, and sustainable solution for
wastewater treatment, particularly for small communities.
 Low Cost and Energy: CWs are characterized by low capital and operational costs, minimal
energy consumption, and relative ease of operation.
» Natural Processes: They utilize a combination of physical, chemical, and biological
processes to treat wastewater, accommodating varying levels of organic content. The systems
harness renewable energy sources like solar and wind.
* Role of Macrophytes: Vegetation is a critical component, enhancing purification through
multiple mechanisms:

o providing oxygen to microorganisms in the root zone.

> Absorbing and breaking down nutrients like phosphates and nitrates.

o enhancing the hydraulic conductivity of the substrate.

« Historical Context: The scientific use of macrophytes for water purification dates back to
the early 1950s, pioneered by Dr. Kathe Seidel at the Max Planck Institute in Germany.

I1. Experimental Design and Methodology

The study's objective was to assess the treatment efficacy of the emergent macrophyte
Phragmites karka in a constructed wetland model for treating municipal wastewater.

Test Organism: Phragmites karka

« Selection Rationale: Phragmites karka, a type of reed grass, was chosen due to its local

availability and proven success in previous studies treating both domestic and industrial

wastewater.
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 Characteristics: It is a tall, perennial aquatic plant belonging to the Gramineae family,
capable of growing up to 4 meters in height. It thrives in moist, waterlogged environments and
IS native to tropical and subtropical regions of Asia.

« Focus on Emergent Macrophytes: The study highlights the ecological importance of
emergent macrophytes, which are often overlooked in research compared to submerged
species. Emergent vegetation can influence ecosystem processes, provide refuge for aquatic
organisms, and is crucial for fish habitats in certain water bodies.

Experimental Setup and Procedure

« Wastewater Source: Municipal sewage was collected from a nala (drain) adjacent to the
bridge near Nath Seeds on Paithan Road in Chhatrapati Sambhajinagar.
» Reactors: The experiment used polyvinyl chloride (PVC) crates as reactors, each with a
working capacity of 32 liters of wastewater.
 Treatment Groups: Two sets of experimental conditions were established:

1. Macrophyte Set: Reactors containing municipal wastewater and Phragmites karka plants
(planted at a density of 25 plants per square meter).

2. Control Set: Reactors containing only municipal wastewater to measure the effects of
natural degradation without plants.
 Acclimatization: The P. karka plants underwent a one-month acclimatization period in
domestic wastewater to enhance their resilience to pollution before being introduced to the
experimental setup.
» Data Collection:

Wastewater samples from both sets were analyzed at regular intervals over a 15-day

period (Day 1, 3, 6,9, 12, and 15). The following parameters were measured using standardized
methods: pH, Electrical Conductivity (EC), Total Suspended Solids (TSS), Total Dissolved
Solids (TDS), Total Solids (TS), Biochemical Oxygen Demand (BOD), Chemical Oxygen
Demand (COD), Nitrate (NO3), Phosphate (PO4), Sulfate (SO4), and Chloride (CI-).

Key Findings: Comparative Treatment Performance:

The study conclusively found that the application of Phragmites karka in a constructed
wetland significantly enhances the treatment of municipal wastewater compared to natural
processes alone. The plants exhibited robust growth throughout the experiment, showing no
signs of phytotoxicity.

Baseline Performance: The Control Set (Natural Degradation)

In the control set without macrophytes, a slight but consistent reduction in pollutants
was observed over the 15-day period. This gradual purification is attributed to the activity of
naturally present microorganisms like bacteria and fungi.

Superior Performance: The Phragmites karka Set (Phytoremediation)
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The treatment set containing P. karka demonstrated a substantially greater and more
rapid reduction across all measured pollution indicators. The macrophytes played a direct and
crucial role in absorbing nutrients and facilitating the breakdown of organic pollutants.

Net Pollutant Reduction by Phragmites karka

To isolate the specific contribution of the plant, the net change in pollution parameters was
calculated by subtracting the reduction observed in the control set from the reduction in the
macrophyte set. The following table summarizes the net reduction achieved by P. karka by
Day 15 of the experiment.

Parameter Initial Value (Day 1) | Net Reduction by Day 15
pH 6.77 +0.30 (net increase)
EC (uS/cm) 259 33

TSS (mg/L) 593 241

TDS (mg/L) 1062 404

TS (mg/L) 1655 645

BOD (mg/L) 46.72 20.0

COD (mg/L) 136 64

Nitrate (NO3) (mg/L) 28.4 9.5

Phosphate (PO4) (mg/L) | 24 59

Sulfate (SO4) (mg/L) 168 77

Chloride (CI-) (mg/L) 228 79

Note: The net reduction values are sourced from the study's final summary table (Table 6).
Key Observations from Parameter Analysis:

« Organic Matter (BOD & COD): The macrophyte system achieved a significant net
reduction in both BOD and COD, indicating effective removal of organic pollutants.

* Solids (TSS, TDS, TS): The presence of P. karka led to a dramatic decrease in all forms of
solids compared to the minimal settling observed in the control.

» Nutrients (Nitrates, Phosphates, Sulfates): The plants were highly effective at nutrient
uptake, a critical factor in preventing eutrophication. The nutrient removal rate was rapid in the
initial treatment phases and continued throughout the study.

Conclusion:

The study concludes that municipal wastewater treated with Phragmites karka in
constructed wetlands is of sufficient quality for various reuse applications. The significant
reductions achieved in solids, organic demand, and nutrients render the effluent suitable for:

* Irrigation (including gardening)
* Aquaculture
* Cleaning and other secondary uses

Furthermore, the final pH and EC levels of the treated water meet the discharge
standards set by the Bureau of Indian Standards (BIS) for land disposal, release into flowing
water, and connection to public sewer systems.
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Advantages and Future Scope:

This phytoremediation method presents significant advantages over conventional
treatment systems, particularly in the context of developing nations.

« Sustainability: The system does not require electrical equipment or chemical additives.

» Cost-Effectiveness: It utilizes naturally available materials (plants, gravel, sand), resulting

in low capital and operational costs.

« Ecological Benefits: The process enhances local biodiversity and ecosystem health.

Identified Limitations of Phytoremediation

While highly promising, the study acknowledges several limitations inherent to

phytoremediation that require consideration and further research.

 Time-Intensive: The process is not rapid and can take several years to achieve target pollutant

reductions in large-scale, deeply contaminated sites.

* Depth Constraints: Plant roots have a limited reach, making the method less effective for

contaminants located deep in soil or sediment.

« Climatic Dependence: The effectiveness is influenced by climate, as the selected plant

species must be able to thrive in the local environment.

« Wildlife Impact: A potential risk exists that animals may ingest contaminated plants,

introducing pollutants into the food chain. This requires careful management in areas with

abundant wildlife.
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Abstract:
Air pollution has become a significant environmental and public health concern in Aurangabad,
Maharashtra, due to rapid urbanization, industrialization, and vehicular emissions. This study
aims to assess the levels of particulate matter (PM10 and PM2.5), sulphur oxides (SOx), and
nitrogen oxides (NOx) in Aurangabad and evaluate their impact on air quality and public
health. The data collected from air quality monitoring stations are alarming concentrations of
these pollutants that exceed national air quality standards, leading to increased risks of
respiratory diseases, cardiovascular conditions, and environmental degradation. The paper
further explores mitigation strategies to improve air quality in the city and reduce the associated
health risks.
Keywords: PM10, PM2.5, NOx, SOx
1. Introduction

Aurangabad, a historic city in Maharashtra, is facing growing challenges due to dust
pollution. Known for its rich cultural heritage, the city is witnessing rapid industrialization and
urban development. Dust pollution, primarily arising from vehicular emissions, construction
activities, and road dust, has escalated over the past decade. This urban pollution not only
compromises the quality of air but also poses a significant risk to human health and the
environment. As the city expands, it becomes increasingly important to address dust pollution
to ensure sustainable growth and improve quality of life. As a result, the air quality in the city
has deteriorated, with pollutants such as particulate matter (PM10 and PM2.5), sulphur oxides
(SOx), and nitrogen oxides (NOx) becoming a major concern. These pollutants contribute to
several health problems, including respiratory illnesses, cardiovascular diseases, and premature
deaths.

This paper investigates the levels of PM10, PM2.5, SOx, and NOx in Aurangabad, with
a focus on their impact on air quality, human health, and the environment. The study uses data
collected from air quality monitoring stations and relevant studies to provide a comprehensive
analysis of air pollution in the city.
2. Air Pollution in Aurangabad: Sources and Causes
Air pollution in Aurangabad is primarily attributed to the following sources:
* Vehicular Emissions: The rising number of vehicles in the city, especially diesel-powered

vehicles, is a significant source of nitrogen oxides (NOx), particulate matter (PM2.5 and
PM10), and carbon monoxide (CO).
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« Industrial Emissions: Factories, power plants, and other industrial activities in and around
Aurangabad emit sulphur dioxide (SO,), NOx, and particulate matter. The cement industry
and textile mills are major contributors.

« Construction Activities: Ongoing urban development projects, including infrastructure
expansion and housing construction, contribute to dust pollution, leading to elevated levels

of PM10 and PM2.5.

« Agricultural Activities: Crop burning in the surrounding rural areas of Aurangabad increases
seasonal pollution levels, particularly for PM2.5 and NOx.

3. Air Quality Data: PM10, PM2.5, SOx, and NOx Levels in Aurangabad

Air quality monitoring data from the indicate that the levels of PM10, PM2.5, SOx, and NOx

in Aurangabad exceed permissible limits. The following table summarizes the concentrations

of these pollutants:

Results
Table: 1
Location Pollutant Average National Air Quality
Concentration Standard (NAAQS)
(Hg/m?)
Naregaon PM10 180 pg/m3 100 pg/m3
(chikalthana)
PM2.5 121 pg/m3 60 pg/m3
SOx 57 pg/ms3 50 pg/ms3
NOXx 60 pg/ms 40 pg/ms
Table:2
Location Pollutant Average National Air Quality
Concentration Standard (NAAQS)
(Hg/m?)
Baba Petrol Pump | PM10 135 pg/ms 100 pg/ms
Chowk
PM2.5 89 pg/ms 60 pg/ms
SOx 38 pg/m? 50 pg/m3
NOx 31 pg/m? 40 pg/ms

e PM10: The average concentration of PM10 in Naregaon and Baba petrol pump chowk is

found to be 180 and 135 pg/m3, which is significantly above the NAAQS limit of 100 pg/mé.

The primary sources of PM10 in the city include dust from construction activities, vehicle

emissions, and industrial discharges.

e PM2.5: With an average concentration of 121 and 89 pg/ms3, PM2.5 levels in Naregaon and
Baba petrol pump chowk also exceed the NAAQS standard of 60 pg/m3. Fine particulate
matter, such as PM2.5, is linked to severe respiratory diseases and cardiovascular conditions.

VOLUME-03

ISSUE-2 (SPECIAL ISSUE)

JANUARY-2026




:{ﬁﬁ. KN@W&E@@E E AM E E-ISSN: 3049-1541
s

International Multidisciplinary Research Journal

MUL/2024/89852

e SOx: Sulphur oxides, primarily emitted from industrial processes, are within acceptable
limits in the city, with an average concentration of 35 and excludingthe Naregaon 57 pg/m3
against the NAAQS standard of 50 pg/m3.

e NOx: Nitrogen oxides, primarily from vehicular emissions and industrial activities, have an
average concentration of 45 and 31 pg/ms3, exceeding the permissible limit of 40 pg/ms.

4. Health and Environmental Impact

e Human Health:

The elevated levels of PM10 and PM2.5 in Aurangabad pose significant health risks.
Exposure to particulate matter, particularly PM2.5, has been associated with chronic
respiratory diseases, such as asthma, chronic obstructive pulmonary disease (COPD), and
lung cancer. Additionally, NOx and SOx can aggravate cardiovascular diseases and increase
the risk of premature death. VVulnerable groups such as children, the elderly, and individuals
with pre-existing health conditions are most at risk.

e Environmental Impact:

Air pollution in Aurangabad also affects the local environment. SOx and NOx
contribute to the formation of acid rain, which can damage soil quality, crops, and water
bodies. High concentrations of particulate matter reduce visibility and affect the natural
beauty of the region, including its historical monuments. Additionally, ground-level ozone,
formed due to the reaction of NOx and VOCs, can damage vegetation and reduce agricultural
yields.

5. Mitigation Strategies for Improving Air Quality

To address the issue of air pollution in Aurangabad, several mitigation strategies should

be implemented:

e Stricter Vehicular Emission Standards: The introduction of stringent emission standards
for vehicles, along with the promotion of electric vehicles (EVs) and cleaner fuels, can
significantly reduce the levels of PM10, PM2.5, and NOXx.

¢ Industrial Emission Controls: Industrial facilities should adopt cleaner technologies, such
as scrubbers and filters, to reduce emissions of PM, SOx, and NOx. Additionally, enforcing
stricter pollution control measures and conducting regular inspections will help in ensuring
compliance.

e Green Spaces and Urban Planning: Increasing the number of green spaces and promoting
sustainable urban planning can help mitigate air pollution. Planting trees and increasing
vegetation can absorb pollutants and improve air quality.

¢ Public Awareness Campaigns: Educating the public about the health risks associated with
air pollution and promoting environmentally friendly practices, such as reducing vehicle
usage and avoiding waste burning, can help reduce pollution levels.

6. Conclusion

Air pollution in Aurangabad is a growing concern that requires immediate attention

from local authorities, industries, and residents. The levels of PM10, PM2.5, SOx, and NOXx in

the city exceed permissible limits, contributing to significant health problems and
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environmental degradation. While some measures, such as air quality monitoring and industrial
regulations, are already in place, more aggressive actions are needed to mitigate the effects of
air pollution. Through stricter regulations, technological advancements, and public
participation, it is possible to improve air quality in Aurangabad and protect the health and
well-being of its residents.
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Introduction
Artificial Intelligence (Al) is a fast-growing technology that helps machines think and
act like humans. It uses data, algorithms, and computing power to solve complex problems.
Today, the world is facing serious environmental issues such as pollution, climate change,
deforestation, and loss of biodiversity. These problems are increasing due to industrialization,
population growth, and overuse of natural resources. Traditional methods of environmental
management are often slow and less effective. Al provides new tools to observe, analyze, and
protect the environment more efficiently. It can process large amounts of environmental data
quickly and accurately. Al helps governments, scientists, and organizations take timely
decisions. It improves prediction, monitoring, and control of environmental damage. By using
Al, environmental protection can become more scientific and data-driven. Therefore, Al plays
a vital role in achieving sustainable development and environmental conservation.
Degradation of Environment
e Air Pollution
Industrial emissions and vehicle smoke increase harmful gases in the air. This causes
respiratory diseases and global warming. Poor air quality reduces human health and life
expectancy.
e Water Pollution
Industrial waste and sewage are released into rivers and lakes. This affects aquatic life
and drinking water quality. Polluted water spreads diseases.
e Deforestation
Large areas of forests are cut for agriculture and urban development. This leads to loss
of biodiversity and climate imbalance. Forest loss increases carbon dioxide levels.
e Soil Degradation
Excessive use of chemical fertilizers damages soil fertility. Soil erosion reduces
agricultural productivity. Degraded soil affects food security.
e Climate Change
Greenhouse gas emissions raise global temperatures. This causes extreme weather
events like floods and droughts. Climate change threatens human and natural systems.
e Loss of Biodiversity
Natural habitats are destroyed by human activities. Many species face extinction.
Biodiversity loss weakens ecosystems.
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Plastic Pollution
Plastic waste accumulates in land and oceans. It harms wildlife and marine life. Plastics
take hundreds of years to decompose.
Urbanization
Rapid urban growth reduces green spaces. It increases waste, pollution, and energy use.
Cities become environmentally stressed.
Overuse of Natural Resources
Excessive mining, fishing, and water use reduce resources. This creates scarcity for
future generations. Resource depletion harms ecosystems.
Noise Pollution
Traffic and industrial noise disturb humans and animals. It causes stress and health
problems. Noise pollution affects quality of life.

Use of Al in Environment Protection

Climate Change Prediction

Al analyzes climate data to predict temperature and rainfall patterns. It helps scientists
understand future climate risks. Early warnings support disaster preparedness. This
reduces damage to life and property.

Air Quality Monitoring

Al systems monitor pollution levels in real time. They identify pollution sources
accurately. Authorities can take quick action. Public health risks are reduced.

Water Resource Management

Al detects water pollution and leakage in pipelines. It improves water conservation and
distribution. Clean water availability increases. Wastage is minimized.

Wildlife Protection

Al tracks animal movements using sensors and cameras. It prevents poaching and illegal
hunting. Species protection becomes more effective. Biodiversity is conserved.

Forest Monitoring

Al uses satellite images to detect deforestation. Illegal logging is identified early. Forest
fires are predicted and controlled. Forest resources are protected.

Waste Management

Al helps in sorting and recycling waste. Smart systems reduce landfill use. Recycling
efficiency improves. Environmental pollution decreases.

Renewable Energy Management

Al optimizes solar and wind energy production. Energy supply becomes more reliable.
Fossil fuel dependence is reduced. Clean energy use increases.

Disaster Management

Al predicts floods, earthquakes, and cyclones. Early alerts save lives. Emergency
responses improve. Environmental damage is reduced.

Smart Agriculture
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Al supports efficient use of water and fertilizers. Crop yield improves with less
environmental harm. Soil health is protected. Sustainable farming is promoted.
e Urban Environmental Planning
Al helps design eco-friendly cities. Traffic and energy use are optimized. Pollution levels
decrease. Urban sustainability improves.
Conclusion:

Environmental degradation is a serious global challenge. Traditional methods alone are
not enough to protect nature. Al offers advanced tools to monitor, analyze, and manage
environmental problems. It improves accuracy, speed, and decision-making. Al supports
climate action, biodiversity conservation, and pollution control. However, Al must be used
responsibly and ethically. Data quality and human supervision are important. Governments and
institutions should promote Al-based environmental solutions. Public awareness and policy
support are also essential. In conclusion, Al can become a powerful partner in environmental
protection. Proper use of Al will help achieve a sustainable and healthy future.
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ABSTRACT:

The current sport scenario is facing threat, which creates a negative effect both on the
players and on the whole game, irrespective of the type of game and the set of team or team
players involved.

One such happing issue is “Doping”. The present study gives a details account on the
happening problems and its negative effect in general and game specific, relating to Hockey.
Doping refers to any banned drugs usages to enhance an individual’s performance in the sport.
Such usages is a fake way of dealing with the actualized activity called sport and also has an
impact of excited behavior in players, thus affecting his or her behavior and finally bringing in
ill effects both at individual level and sport level. The idea of this thematic paper presentation
is to throw light on the happenings of the problems of Doping in Hockey players and the
disastrous outcome of the same. The expected outcome of the paper is to bring in more
awareness and spread the same through “word by mouth” communication regarding the
dangers of Doping, both directly and indirectly in the minds of sports players in general.
Introduction:

Burstim (1963) According to reports of Philostratos and Galen, various remedies were
used to enhance the athletic performance as early as the end of the third BC. Chinery (1983)
The Indian physician Sutruta recommended the eating of testicles to enforce virility around
300BC, and the Huns consumed testicles before battles obviously with the same aim.
Hallucinogenic mushrooms were taken in the third century BC to enhance performance during
Olympic competitions, which were held between 776 BC and 393 AD. These study clearly
reveal that the threat of using drugs had began way back and now the intensity has increased
and it’s high time that we need to set things right so as to motivate the real players and avoid
gambling in the games.

Theoretical revelations of the study:

Due to the increase use of doping in many sport games, by the 1920s doping has become
evident that drug restrictions were essential in 1963. Brent Hadley (2007) The use of
performance enhancing drugs (referred to as ‘doping’) puts athletes’ health at risk and
undermines the principles of “fair play”. Any artificial advantage for the athlete is not fair to
others who rely on their natural potential. (IOC, 2004; “Lausanne declaration on doping in
sport,”) France was the first country to enact an anti-doping legislation in response to the
proliferation of drug usage in sport. Until 2005 the NHL had no formal anti doping policy.
However, in the wake of scandals that dogged other major sports in recent years, the league
unveiled its first such policy in September 2015 at a congressional hearing on drug use in
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professional sports. Under the new policy, NHL players are subject to a maximum or two
random tests with no advance notice during the NHL season for the performance-enhancing
drugs designated on the World Anti-Doping Agency’s (WADA) “Prohibited List”
(2007, http:www.wadama.org/enprohibitedlist.ch2). A first-time positive test will result in a
twenty-game suspension. The suspension increases to sixty games for a second offense, and a
third positive test can result in permanent suspension from the league.
Health Risks of Steroid Use
Steroid abuse has been linked with a wide range of health hazards, both physical and mental.
Among the
Division | Division 11 Division 111
1993 1997 2001 2005 1993 1997 2001 2005 1993 1997 2001 2005
(n=1,42(n=6,12(n=8,77(n=8,54(n=68(n=3,25(n=4,86(n=4,34(n=40(n=4,53(n=7,52(n=6,49
Drug 2) 3) 6) 3) 1) 4) 7) 1) 9) 7) 0)

3)
Note: All N/A’s reflect that questions regarding that drug were not asked in that particular year.
n=sample size.
Amphetamines

21% 25% 32% 4.0% 20% 3.3% 33% 3.8% 19% 3.7% 3.7%
4.6%
Anabolic steroids

19% 12% 16% 12% 4.3% 1.1% 25% 12% 19% 13% 14%
1.0%
Ephedrine Nutritional

N/A 3.0% 24% 24% N/A 42% 4.1% 2.6% N/A 3.8% 2.5%
2.6%
Supplements

N/A  N/A 46.0% 33.4% N/A N/A 415% 27.9% N/A N/A 39.8%
28.1%

Physical problems are liver and kidney tumors, high blood pressure, elevated
cholesterol levels, fluid retention, and severe acne. Ormsbee and Vukovich note that some
studies associate steroid use with serious cardiovascular problems, including cardiomyopathies
(inflammation of the heart muscle), irregular heart rhythm, development of embolisms
(blockage of an artery by a clot or particle carried in the bloodstream), and heart failure. Men
sometimes experience symptoms such as shrunken testicles; reduced sperm count, baldness,
breast development, and increased risk of prostate cancer. Among women, growth of facial
hair, male-pattern baldness, menstrual cycle disruptions, and deepening of the voice have all
been reported. Adolescents who use steroids run the risk of halting their growth prematurely,
as their bones fuse ahead of schedule. Another problem for teenagers is that steroids cause
muscles to grow but do not strengthen the tendons that connect these muscles to bones. This
can increase the risk of injury.
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Emotional psychological problems stemming from abuse of steroids include extreme mood
swings, depression, paranoid jealousy, irritability, delusions, and impaired judgment.
Sometimes these steroid-induced mood swings lead to violent behavior, a condition popularly
referred to as “roid rage.”

Mental Anorexia

This term means to be fearful of gaining weight, eating certain specific foods, be
secretive and not wanting to talk about problems and not least over exercising. This mental
block of the person will cause him to be unable to grow healthily and maintain a healthy
lifestyle. Anorexia nervosa is also the direct opposite of bulimia nervosa, which means to stuff
oneself with food so as to relieve stress.

Obsessive-Compulsive Disorder (OCD)

It is a type mental illness that causes someone to have repeated unwanted thoughts. A
very good example would be: fearing that everything you touch has germs and bacteria and
thus you keep heading to the bathroom to wash your hands. This illness is very severe. Doping
is a major problem in Indian sport and NADA has been forced to become more proactive as it
deals with one doping scandal after another, involving mainly athletes, wrestlers and
weightlifters.

Keun-Youl (2005) study reveals some of the psychological and certain physiological
effects of doping and they are Libido changes, Sub fertility, Decreased Luteinizing hormone
and follicle-stimulating hormone. Increased aggressiveness and sexual appetite, sometimes
resulting in aberrant sexual and criminal behavior. In Males Only: Impotence with chronic
repeated use, testicular shrinkage (atrophy), breast enlargement (gynecomastia), prostatic
enlargement, reduction of sperm production, premature baldness. In Female Only:
masculinization/ Hirsutism, excessive hair growth on the face & body, deepening of the voice,
enlargement of clitoris, abnormal menstrual cycles (suppression of ovarian function and
menstruation), reduced breast size. Polycystic ovarian syndrome. Psychological effects /
Behavior effects are Mood swings, Aggression, Mania, Depression, Withdrawal, and
Dependence. (Cooper CJ et al, 1996) Direct cause of significant disturbances in personality
profiles. Aggression and anxiety.

Consumption of too many drugs will lead to aggression and anxiety. For females
especially, they will seem to develop more male characteristics. For males, too much
aggression may lead to the murdering or doing illegal things to satisfy or relieve the surge of
immense anger. Anxiety too plays a part by making the athletes paranoid over small and trivial
matters.

Psychological disturbances

Athletes who are doping or used to dope have high risks of getting psychological
disturbances such as sharp headaches. Stimulant doping drugs may lead to severe migraines in
the athlete. This will affect the athlete’s performance in their event, totally opposite of what the
athlete really wants- to improve focus and strength so as to accomplish their goal. Sometimes,
they may also feel very confused and unable to think clearly. Other effects include mania,
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withdrawal (become anti-social) and mood swings. Depression may also occur in several cases.

Some dopers also become very dependent on others. The doper’s personality may also change

significantly and drugs are usually the direct cause of it. A doper may also tend to tremble more

often.

Emotional Effects

Unusual patterns of behavior Drugs may cause athlete to suffer an emotional
breakdown. Perhaps, this may even result in depression or in the worst case scenario-
committing suicide. This may seem very extreme to, athletes, do use this method as they find
they are too depression and by dying, will can resolve all their problems.

Conclusion:

The attitude of the players plays a key role in the success of the game both at sport and
national level. Today’s world is based on high spirits of competition and achievement which
feeds as a great enhancement for an individual’s self esteem. Sometimes the attitude of “only I
must win” (Musturbation) brings in inappropriate behavior that pushes them to take the wrong
path like Doping. It is suggested that winning any game through the self actualized way leads
positive results and it also avoids irrerelevant guilt feel to any players. The sport community
and the personnel at the authorized positions may triggers the though process of the dopers,
thus avoiding fraudulent practice and finally totally abolishing for a long term.
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Introduction:

Artificial Intelligence (Al) is reshaping multiple sectors in India — from healthcare and
finance to law enforcement and governance. This research article provides a detailed
examination of the legal dimensions of Al in India, focusing on accountability, avenues of
misuse, and existing and proposed legal protections. It synthesizes policy context, current legal
instruments, gaps, recommendations, and practical steps for regulators and organizations.
Executive Summary

India currently relies on a patchwork of sectoral statutes and policy documents
(DPDPA, IT Act, sectoral guidelines, NITI Aayog reports, and MeitY consultations) to regulate
Al- related harms. Accountability remains ambiguous for many Al deployments, while misuse
such as deepfakes, Al-driven fraud, and mass surveillance is growing. This paper recommends
a risk-based Al law, clearer liability allocation, mandatory audits for high- risk systems, and
targeted measures against deepfakes and automated fraud.

Detailed Legal Landscape in India
The following table summarises principal laws, policies, and their relevance to Al in

India:

Law/Policy Relevance to Al Limitations

Digital Personal Data Protection | Governs digital personal | Does not directly regulate

Act, 2023 (DPDPA) data processing; algorithms or automated decision-
consent, obligations making

Information Technology Cybersecurity,  intermediary Outdated for many Al-specific

Act, 2000 (IT Act) liability, electronic harms (deepfakes, generative Al)

records

Consumer Protection Act, 2019 Liability for defective No clarity on responsibility
goods/services (including Al- between developer and deployer
enabled products)

Sectoral Guidelines (RBI, SEBI, | Sector-specific oversight: Fragmented; inconsistent

MoHFW, IRDALI) fintech, across sectors
healthcare, insurance, securities

Proposed Digital India Act Expected to modernize IT Act, | Drafting stage; details and

(DIA) include content moderation timelines uncertain
and new governance

Key reference points:
- Digital Personal Data Protection Act, 2023: establishes data processing obligations

and significant data fiduciary provisions.
- Information Technology Act, 2000: remains India's primary cyber statute but is dated
for modern Al harms.
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- NITI Aayog’s Al strategy and MeitY's ongoing Al governance consultations are
shaping policy direction.

Accountability: Who is Responsible?

Assigning accountability for Al-related harms involves legal, technical, and organizational
considerations. The table below maps typical use-cases, harms, accountable parties, and legal

gaps:
Use Case Potential Harm Potential Legal Gaps
Accountable
Parties
Autonomous Accidents causing Manufacturer, software| No precedent; requires
Vehicles injury/death developer, fleet operator | product liability clarity

Al in Banking & |Algorithmic  bias; wrongful| Bank/Platform, model | No mandatory fairness

Lending denial of service/credit vendor, data provider | audits; weak disclosure
norms
Facial Recognition|  Wrongful identification; Law  enforcement Weak oversight
in Policing privacy breach agency, vendor and transparency;

constitutional concerns

Healthcare Al Misdiagnosis; patient harm Hospital/clinician, Regulation
Al developer patchy; clinical
validation

standards needed

Discussion:

In many scenarios Indian courts would apply existing negligence, contract, or product
liability doctrines. However, Al introduces opacity (black-box models), continuous learning,
and multi-party supply chains (data providers, model developers, deployers), complicating
fault allocation. Policy options include: mandatory risk assessments, strict liability for certain
autonomous harms, and clarity in service-vendor contracts.

Misuse of Al: Forms, Examples, and Legal Status

The following table summarises common misuse categories, examples, and their

current legal status in India:
Form of Misuse, Examples/Consequences, Current Legal Status Deepfakes and Politically-
motivated Manipulation, "Election-time misinformation, defamation, harassment", No specific
statute for deepfakes; IPC/IT Act used indirectly "Automated Financial Fraud (voice-cloning,
phishing)",Significant monetary loss to victims and institutions, Covered under IT Act/IPC but
enforcement challenging Mass Surveillance & Facial Recognition, "Erosion of privacy,
chilling effect on civil liberties”, Raises right to privacy issues (Puttaswamy Judgment)
Algorithmic Bias & Discrimination, "Marginalization in hiring, credit, policing”, No statutory
fairness or audit obligations Misinformation Amplification (automated bots),"Social unrest,
reputational harm™, Content moderation rules exist but enforcement and detection remain weak
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Form of Misuse Examples/Consequences Current Legal Status
Deepfakes and Politically- [Election-time misinformation, [No specific statute for deepfakes;
motivated Manipulation defamation, harassment IPC/IT Act used indirectly
/Automated Financial Fraud [Significant ~ monetary loss to |[Covered under IT Act/IPC but
(voice-cloning, phishing) \victims and institutions enforcement challenging

Mass  Surveillance & Facial [Erosion of privacy, chilling effect |Raises right to privacy issues
Recognition on civil liberties (Puttaswamy judgment)
/Algorithmic Bias & [Marginalization in hiring, credit, [No statutory fairness or audit
Discrimination policing obligations

Misinformation
(automated bots)

Amplification [Social unrest, reputational harm Content moderation rules exist but

enforcement and detection remain
weak

Notable recent developments (examples):

- CERT-In advisories and government advisories on deepfake threats and countermeasures.
- Parliamentary recommendations urging tougher rules on deepfakes, OTT platforms and

social media.

5. Chart: Misuse Severity vs Legal Coverage (Conceptual)

The chart below is

conceptual—intended to illustrate where high-severity misuse converges

with low legal coverage in India. (High score = greater severity / stronger legal coverage).

Conceptual: Misuse Severity vs Legal Coverage (India)

Score (0-10)

Legal Protections:

Existing leg

Existing Remedies and Their Limits:

al instruments (DPDPA, IT Act, IPC, Consumer Protection Act, and

sectoral circulars) provide remedies for data breaches, cybercrime, fraud, and consumer harms.
However, these laws are often applied indirectly to Al harms, leading to uncertainty. Key
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limitations include absence of Al- specific regulation, lack of mandatory fairness or safety
audits, limited transparency obligations, and enforcement capacity constraints.

Recommendations for Lawmakers and Practitioners:

- Enact a risk-based Al framework (e.g., Digital India Act + Al rules) that categorizes
systems by risk and prescribes corresponding obligations.

- Clarify liability: define roles and responsibilities for data providers, model developers,
deployers, and operators. Consider strict liability for certain autonomous harms.

- Mandate Al impact assessments and independent audits for high-risk systems (health,
finance, policing).

- Criminalize malicious deepfake creation and distribution where used for fraud, extortion,
or election interference; ensure proportionality and due process.

- Strengthen data governance: transparency obligations, provenance logging, and rights to
explanation for automated adverse decisions.

- Build technical and enforcement capacity (CERT-In, police cyber cells, regulators) with
guidelines for detection and rapid response to Al misuse.

- Promote public—private collaboration for dataset stewardship, open standards for
provenance, and shared red-teaming resources.

- Implementation Roadmap (Practical Steps)

- Short term (6-12 months): Issue targeted advisories (deepfakes, financial fraud), require
high-risk registries, and publish model documentation guidance.

- Medium term (1-3 years): Pass risk-based Al rules, implement mandatory audits for critical
sectors, and operationalize DPDPA enforcement mechanisms.

- Long term (3-5 years): Create statutory frameworks for liability apportionment, invest in
Al-labelling/provenance infrastructure, and harmonize with global standards.

Appendix: Tables (CSV-friendly) & Sources

The tables used in this document are included in CSV-friendly form at the end of this
Word document for reuse.

Legal Landscape (CSV):

Law/Policy, Relevance to Al, Limitations "Digital Personal Data Protection Act, 2023
(DPDPA)","Governs digital personal data processing; consent, obligations”, Does not directly
regulate algorithms or automated decision-making "Information Technology Act, 2000 (IT
Act)","Cybersecurity, intermediary liability, electronic records”, "Outdated for many Al-
specific harms (deepfakes, generative Al)" "Consumer Protection Act, 2019" Liability for
defective goods/services (including Al-enabled products),No clarity on responsibility between
developer and deployer "Sectoral Guidelines (RBI, SEBI, MoHFW, IRDAI)","Sector-specific
oversight: fintech, healthcare, insurance, securities”, Fragmented; inconsistent across sectors
Proposed Digital India Act (DIA),"Expected to modernize IT Act, include content moderation
and new governance"”, Drafting stage; details and timelines uncertain.
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Accountability:

Use Case, Potential Harm, Potential Accountable Parties, Legal Gaps Autonomous
Vehicles, Accidents causing injury/death, "Manufacturer, software developer, fleet operator”,
No precedent; requires product liability clarity Al in Banking & Lending,Algorithmic bias;
wrongful denial of service/credit, "Bank/Platform, model vendor, data provider”, No
mandatory fairness audits; weak disclosure norms Facial Recognition in Policing, Wrongful
identification; privacy breach, "Law enforcement agency, vendor”, Weak oversight and
transparency; constitutional concerns Healthcare Al, Misdiagnosis; patient harm,
"Hospital/clinician, Al developer", Regulation patchy; clinical validation standards needed

Conclusion:

India stands at a crossroads: Al offers transformative benefits but also raises urgent
legal and social questions about accountability and misuse. A balanced legal approach
combining risk-based regulation, clearer liability rules, technical preparedness, and targeted
criminal measures is essential to protect rights while enabling innovation.
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Abstract:

Adenanthera pavonina L., commonly known as the red bead tree or red sandalwood, is
a deciduous tree native to the tropical regions of Asia, but it is widely distributed in India,
Africa, and the Pacific Islands [1]. This review examines its traditional uses in folk medicine
across various cultures, focusing on applications for ailments such as diarrhea, inflammation,
rheumatism, asthma [2, 3]. Drawing from ethnopharmacological studies, the plant's leaves,
seeds, bark, and roots have been employed for their purported antidiarrheal, anti-inflammatory,
antimicrobial, and antioxidant properties [4, 5]. While scientific validation is ongoing,
preliminary research supports some of these uses, highlighting potential bioactive compounds
like flavonoids, saponins, and alkaloids [6, 7]. This paper synthesizes historical and cultural
contexts, emphasizing the need for further clinical studies to substantiate safety and efficacy.
Key Words: Red bead tree, Mimosaceae, Traditional medicinal value,

Introduction:

Adenanthera pavonina L. belongs to the Fabaceae family (subfamily Mimosoideae)
and is recognized for its vibrant red seeds, often used in jewelry and as weights in traditional
trade due to their uniform mass (approximately 0.25 g per seed) [8]. The tree grows up to 15-
20 meters tall, with bipinnate leaves, small yellowish flowers, and curved pods containing 8-
12 seeds [9]. It thrives in tropical climates and has been naturalized in many regions beyond its
native Southeast Asia and India [1].

Traditional medicine systems, including Ayurveda, Siddha, and folk practices in Africa and the
Pacific, have long utilized parts of this tree [2]. The seeds, bark, leaves, and roots are prepared
as decoctions, powders, or pastes to treat a range of conditions [3, 10]. This review compiles
these uses, supported by available scientific literature, to provide a comprehensive overview.
Traditional Uses in Different Cultures

India and Ayurvedic Medicine

In India, A. pavonina is known as "Raktachandan” or "Manjadi.” Ayurvedic texts
describe its cooling, astringent, and anti-inflammatory properties [2, 9].

* Seeds: Used to treat boils, inflammations, and eye ailments. A paste of ground seeds is applied
topically for skin eruptions and rheumatism. Internally, seed decoctions are used to address
diarrhea, dysentery, and hemorrhages [5, 10].

* Bark and Leaves: Decoctions for chronic rheumatism, gout, and asthma. Bark infusions
serve as antiseptics for wounds [3, 7].

* Roots: Employed in treating pulmonary issues and as a tonic for general debility [1].
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Studies indicate that rural communities in Maharashtra and Kerala use seed extracts for
antidiarrheal purposes, aligning with its astringent tannins [8].
Sri Lanka and Traditional Practices
In Sri Lankan folk medicine, the plant is called "Madatiya."
» Leaves and Bark: Used for inflammatory conditions and as an antidiarrheal agent. A study
documented its use in treating cancer in traditional formulas combined with other herbs [1,7].
* Seeds: Applied in ointments for skin diseases and joint pain [5].
Ethnopharmacological surveys highlight its role in managing diabetes and hypertension [2].
Africa and Pacific Islands
In West Africa (e.g., Nigeria), it's known as "Oyo" or "red bead vine."
* Seeds and Bark: Treat stomachaches, diarrhea, and urinary infections. Seed oil is used for
skin care [1, 6].
* Leaves: Decoctions for fever, convulsions, and as an antimalarial [4].
In the Pacific (e.g., Fiji), seeds are roasted and eaten, with medicinal uses for respiratory
issues [8].
Other Regions
In Brazil and the Caribbean, where the tree is introduced, leaves and seeds treat
wounds and inflammation, reflecting adapted traditional uses [1, 7].
Bioactive Compounds Supporting Traditional Uses
Phytochemical analyses reveal compounds that may explain traditional applications:
* Flavonoids and Saponins: Anti-inflammatory and antioxidant effects, supporting use in
rheumatism and skin conditions [3, 4].
* Alkaloids and Tannins: Astringent properties for diarrhea and wound healing [9, 10].
* Steroids and Terpenoids: Potential antimicrobial activity [6].
For instance, seed extracts show trypsin inhibitory proteins with potential antidiabetic
effects by modulating enzyme activity [5].
Scientific Validation and Potential Applications
While traditional uses are widespread, scientific studies provide preliminary support:
 Antidiarrheal: Aqueous seed extracts reduced castor oil-induced diarrhea in rats, validating
folk remedies [7, 10].
 Anti-inflammatory: Methanolic leaf extracts inhibited paw edema in animal models [3].
« Antimicrobial: Bark extracts showed activity against bacteria like Staphylococcus aureus
[10].
 Antioxidant: High phenolic content in leaves correlates with free radical scavenging [4].
However, human clinical trials are limited, and toxicity studies suggest safety at
traditional doses, though raw seeds contain antinutrients requiring cooking [1, 6].
Conclusion
Adenanthera pavonina L. represents a valuable repository of traditional knowledge,
with documented applications across cultures for gastrointestinal, inflammatory, and infectious
disorders. Its rich phytochemical profile featuring flavonoids, tannins, and trypsin inhibitors
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underpins these uses and holds promise for drug discovery and functional foods. On the other
hand, transitioning from ethnopharmacological knowledge to clinical practice demands robust
human trials, standardized extracts, and comprehensive toxicity profiling. Listing sustainable
cultivation is vital to preserve this resource among growing demand and ecological pressures.
Future interdisciplinary efforts, including Al-driven bioactive screening, could unlock its full
therapeutic and industrial potential.
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SAYCA WHTSA! IR fAeETIANeT HaerdeT JoNecira HImfe® Heqgar
3T, gdlor e s
eI UTeAIeh, HAMU ARG, el fasmer
e Mg Fell, AU T G HETlAqATerT, AT

HIIRT:

Jfaeldel AUNcR § HOoATE! TeRMTcdlel HRISRT hTEIaT Jaelsed Tl
HPFIHRT AFEEIT FATUT A, AT YG2ATT HRIGRI AhaEdd JHTOT iy
FHCAVET S A AT TEGATT 3TeaeT 0N} FHoT A, HJoidel IONeeR 8
31T fehTETaR TI1d Clehc 3TEd. 3deidel UNceR el 3 edrd 3T fashrar
I TR 38 R 3Hdedel 0Ncc} ST HTeATE 3T fashrare a1cl Herderelr
3rE|d.

T HAMEATT FISATST HEMTCAA SHIA TSN IR [Segdreiel 3ideide
oM’ AT HEETT FodTd 3Telel 378,
dfier Fa SAUH FHIST TR TSieg, Haciae AUNceR, AFT, AERY, THoT
LEGICGIE

ST &A1 3faoleel 0Ncel 38 3 37T &A1 HREBRT AhTAEIT JHTOT
FHT T, AT HRENT acad JHT 3106 3Teas 3w fahra &1 Far swerer
3rgar. FrHIoT 0T AR I 3deideT IUllceRTd dhlad 3o A 314,
T WMUATT TAT  FHSH AR fSogarcier AT, AERY 3fOT wepoT
NP HCITIT 3Tl JUNcRTT ATTRIMAGHT TelellcHeh HETTA FIUATA Telel 3TE.
fesea

T HNUATT HET 3RSy JEreyAToy e
1. 3131 ATl ATHIOT AThHEATIT JHToideT IONcoRT EAT 0.

2. 37ATH &Y AR ShEETAT ideldsl JONcaRrd HETAeT 0T,
3. 37¢ATH &Il URUT AhACITIT Ideide] UMk IETTA HI0L.
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Arfgdr &d:
T AU § gidciideh FlledR Wit SfTeledl HThsariay 3MUTRd 3.

TEICT 3RS g STeUTAT 3galel HEET UIe Shelell 3. AT d AWRY &=Tcier
MhHAEIY 3fdclde] UM & gy ¢RR¢, 009 3IHITUT 0¢¢ ITRIBIAT STAINUTATI
HTHSIRIGR ARG 3L,

IEPIGER

393N FUATT 3HTelell TS,

Jaelaet AOMcal = (HFRFH ANFAEAT + FREASH AFAEAT) X goo

ACaR IS SATelell 3MhsaRy & AR Hed eifquard Jirelell 3¢, d@T
AT fARUT § AFRIALY gAfauara el 378,

e &

SAUC HATS IR Tolegl 8T AERISE Uodld e ITal HeTgead [&aEdr
£9° ¥’ 3R” 3ccR d R0° 3% 38" 3ccN IHeTded 3 IWGechd faEaR g by® 3¢
& d d 8° b’ 03" qd IWA Mg, Toreedran fRewier #er g7 dMeradr g ardr
AT WIAT 3G TSTegdTd ThHUT & dTeferdiar FAE gidl.

Segard 2028 AT STANUHTAR THUT SIhEEAT & 3002(¢R I TR
R0¢298R ATHIUT dT g&0%b0 ARAEETT g AR HENA AT IHTEHd.

AT ANFEEAT Hqeae AOMea:

ATHIOT QAT THUT 3delgal VN 23%¢ HEY 02.8¢ Bld. FgUTod ATHIOT
AT X oo HRIGRI CHhTEIATN 03 O 203 TIhEEAT Hdeildd gldl. doTqX
T[T el 0Nk FaTd FHAT Bt AT ATAFATT ¢ 0Nl %0.39 Bl ok aX
cTIFATd g IOMccX goo 98Tl S gld. AT GEud 3deigel I0Mcck *3.08 R
Erord 222.0¢ I, T HRIGRT ehhdCdd THIOT Al oA D § J0NccR ST
BId. dSITYY T[T &N g EHl Slegl 3doldel UNcak HAT BId. HROT AT ATl
PRGN NhTEIT TATUT 38 gid. Gedisle el Jeud 3idelgel I0MccR
foo U&TT SITE BId. YSUT T ISTYR cTfehdTd Qo UaT el g 3add dlefarard Qo o
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foo LA BId. TN 3deigsl IUNMcc} hdcds IS HEAT oo ULT HAl gld T
S ATC[FAT goo YT i gld.

AAIOT FERATCHA THUT J7delgal IONcc 008 HEY 20Q.6% Fld. & I[UNcck
2Q¢ YTl dleelel Bld. dSMIX d AR Pelsl AT[FATd deigdel I0Mcck § oo UaT
HHAT gId A FR dTIFITT goo U&T 3k gld. TAY HHATSH AR dTIFITd I
YHTOT Halld ST gidl. AHIOT @Y 37aeigel IUNcaR *3.03 aX &2 ¢30.2¢ gla.
ISR ATIFATT T d AT SIarIgl Hdelged 0Nk Fell gld. Feads I fAeels
T ATFAT FTATOT GIY eIl IUNcaR oo FeT JifUF d R dlefeFad ¢o d
foo EIFAT BId. ATHUT E Tl IUNcck hdcd IS HEY oo UG HaAT gldl.
SR dlefrdlcl 29 Ut 3118 3T SAUH TGN IR HEY Fald ST gl
DAY FHGN IR TSegard R0%¢ FTER THUT FAHAT Iaelidal &I Q.¢ 8. &
YHTUT ¢332 g Q002 UBT Al SHlelel 3Tedd. Aeells, TAYA FHIGN TR T GodTelg,
T ATAFAT 3o ¢ IONcck HaIftieh e, AT Tl 81 &l oo UaT 3ifere
31eT SR AT cATI8TT ST 3. ISR ALY 3oigel JONce Falla FHaT 37Te.
THUT YTHIOT GEY deigdel I0MccR ¢33 T I $20.99 Mg, dTR ALY 7Y
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31geT 3T AT 3 318, Godlalg ALY THUT Hdoldel AU foloedrd Fald
STE 3Medd. JoY 3Hdeldel PNk ¢R.88 T T 0N 96.63 3Me. Rodls ALY
qeY 3faeldel AUNca’ Hald ST %3.33 3§ X Fa dloladla Qo UaTl & 313,
ISR AT O HalTd HAT . FN Hdeidel UiccR ARINGHALY Halled T *Q.Y
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sy
IEATH &1 HIoIeeT IONce] ATHIVT STAT8T AR 841 31t 3mg. APy

8T SleACY SIEd 3THeA Hdelladl H0M-AT SlhdE&Ad JATOT 3T 3Hdad.
dHT THUT T Jidelelel 0N JEY IS dI&TT GUCIIETEl SIEd 38, o AFRY
HHT AT HRUMAS [EIAT Jrdeiasl JATT 3H{Ad ITedd. HeITUAT Sloeamamed &I
foo HIYPRT eHhHEI I ¢3¥ o 239 eNhdCAT Hdeldsl Mg, I &g
AT Falde 378,

HEATE &I Jdeldel IONceRId dle Selell 3. FgUTeTd eliehdedn =aor
IS[AET qUTIUT AR STelel FATEY. ATHIOT AR ASTaTRIE SYelstrdl 3Tt JATM
ST AFRT $HEIA GV ATl el BlSel. cAHS AR HENTcTel 3Toidsl J0Mcc]
HHAT AT AT gisol.
st

1. Datta T.N. (2%¢e), “Regional Variation in The Level of Development of

Madhya Pradesh”, Geography of Review of India, Vol-¥3(3), pp.:3¥-¢oe.

2. District Census Handbook, Chhatrapati Sambhaji Nagar District, Year £%R%g%,
Ro0¢ and w028, Directorate of Census Operation, Maharashtra.

3. Kumar Abhineet (0%2€&), “Working Population will Drive India’s conspution,
March 39,302€, Business standard (Retrieved from
wap.businessstandard.com)

4. 3(HRL YAIOT (020), “CATAr TFHGH R Sleedidid #AFT AU Fcdiedm
faerramar &R 316 (29%¢-209¢)”, AMET YSET, H NS 1T IFIGAT fAeIrdrs,
HFTTAT 5. 29E-2€Y
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AP R Hadqra yataror snfor Al yfireT we

S
Ul SI. IMfeaT 9
gl WS HHIRMR fGUNT,
ARG &, aifsy 9 fagH wgifaeed, sies
ol H. 9420403404

YR

qar] gdid Hgardl Il Sdodl el BUel 3RIY 319, AFRIS 3R
? SR U HedEl HNT e SR 3le. AR 3forAl id AHRID
IR Yaerrdt yafaror anfor Al < it te enam g1 fawg fRastar sirar
38, dlecl WYd® A TIIGRU MOT Al IT Gl UchEl Haadhal 8. 1
TRy Y YA IR HR0gId Tl 8. d9d U AFRSG HRIY
A B HROMAT el 3Hd fOaRId 9udrd offal 8. dagl SRNeHidr 3™
O oM ofg &I, AFRIG R FaeHa gaferuneRiaRd Al 9 YffeT Agard!
318,

T ea: HFRG 3RIY, GAIaRUl, HHERI, Al
TRATA®:

ORIRING § AFd 9 AR YT da-rd S0 $HRUIR ARG 37T, arqe
AHR® 3R fAvgs® aa-rd S-SR G Sfd. AFRG 3R eHld sH®
JUORE ARAT UegdH FeH-3UaR, $E-HRUI, RIY Jag-™er Iu™ gl
3R] HRA 3. IGAdl PBMIR AMd! dad ¢uid Saad 8. JHes 3R
IaEIS! Tad IR 9 I SURET [daR ¢uid gid SR fae I,

T4l AFa SRIA| Y6 SN, e 4@l I AFRG RIG g Jyigdrdl
3RTcIedT f§ UToaies d¥id aiaRvUg Sedige UHTEId Bid Bid. W R SIal
PHATYS, dosdl 3THTd, W, JI-(ORT, TI-HU<, SATCIHS ARG RIG JHEd
BId g, JTaR HId HRUGMNTS! G JHaF Higd dadl 378, ol edid drHdt
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R YR fobal USRS & Ad ATgl. HRUN Aa-dH JHRT TR gl
33, 3MTdT g1 Fa-1dF JUNT ST MY Sfd 3Med. Al G Iod! §aId g1 31Te.
3% geHral Fat [daR HIe! ddard Al B AT HA-HROT WF HIAAT GgT
qd e

TNeAET SfEy:

o TFRG R AqHTd gafaror for Al =t YfHHT S0,

GRINE ] 111%33?:

o THRI® SR TadAra yafazor saftr Al yfiter Hear om.

TRMEE Uegal:

T T=NY g ARG Uwdid e, ame fgdia Surear auR SRodmd
3T 3MTe. I YMeH Yse, qadmus, TRNeE U3, et mfedt qeae, saian
R IROAId AT e, dUd YA AFRIG ARG SAd $II BT Slaey,
TIPRAY, AFGIUIRGY, JqUCRI® Sl 3Hd fdaRa Uvar Sffidl 8.
T3 Al 9% GARId Ugdial dioR HRUATd SHTal 3HTg.
fawg fag=m:

T A=A AFGT daHdia SR fovas foaR &ell s/ IRUING
(qataRon) o1 (Al) Sy o ardl fdaR HRuard Sl Sffg. UUiaRyl § HiHdt
A= iU oMg. R Al 8 AFAMHd T 3Me. AT alordl AFdl 3R
JYRUGMI! dIR UM AdH fdaR S gld siaar fdge ad efle.

) AERN® R 9 gaiarun:

A g1 MR T YT 3Mfe. I AFRNG R 9 YaiaRur gien Sl
ey ofrg. e wifAerd Jfgea™ @Fat Agdid cortisol AT QUG ATGaUN=l
TG (BHY) UTdes! HHT Bl 3 G Sffd 3fg. 3R YURUINTS! AFHITAR
I3 TATaRUT R Eco therapy & IRURIG UGd ardRall . Jraed A= aif-erd
e AFRIG 3R JURT 84, Famfa feas Agar widdar amva. Safe
IATSTE aIR HFd! A0l Sl HRUGMST gid 38 a3 8. aRTehTd
HRUR BH HAFT AU BB Udid. IHYT I S JHe™ feed. Sma
3® WP 3P TeadH Fagel Bl Siid. YR AFTIaHar AR goll, TiaT
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1 S99, ARG, BN M AT uRom IHIHE SRS HaT TR i,
WU U forest Bathing ! STl 3itled UM HRUGMET WU fag Ad.
MYFAF H@d TR Rep IR SYHH BRI Teadt fogqd Id. IS
WD FHIYFGRS UG TIR e U Id 318, T dH a1 sifor fgvar
IS <ld RG] JAIaRURS 9T HRaFl agd Id 3Tg. YT duld et
RO W g ). a9 AFRI® R G99 Aed g1 e g 3
318,
B AU SUAR U&dH JMYd R JUROM Bid. —9Re I Su<im
TEITINT Blal. A TaiaRundl JURUANTST SR Bl
die:- gUd 9@ TR IUAR UGdl 38, JHH e HAAPHdiaR SUIR HR0l
R TG,
3m  AERIS R ST Al ga:
3{ToT=T MY Gd U Afad AiHHRUl & UTed 8. d U HleRdd
T . Y Wd &I offal Al 1 aTR g el 8. a1 HYH HFdT Siad
J@H HRUGMET YOd 91 3. “Hel &1 Y fHaca- a1 woft gam e die
HH 95 TR B Bl Al G 3RIY [dude 3He Hifgdia IRHRU HIUTm]
UfchdT AdDhR BId 3HTe. TTTET SMOIRME FEH 38 I, SR 3fdgM, SUIR U,
gAGH 3 AR Al BRa Gy Ad 38, e’ AT &ra feadifdad Al geran
IR dledT fag A4 3.

Wi dig fbal ey de a1 Al aR $&A U] G SHTSRTE
3N ¢Eld IS o Jql. HHEATAl g Srciel Hiasd Ml I el e,

ARSHIE®, Hiedgul Aedl Hoauar Tad oal S 3. Al T R fawas®
Tedrd T IUasy 3[cid Pl App A& wysa & Udh! 31 UHIU HAHATe 3l
SAUYNTdl Had HRdl. Headspace & &MYURUN ST Hgd HRUR Al cd 3G
Youper & HIdM® RIGME GgRAD BUH HH HId. Calm e INY JvAY Had
8ld. Woebot & AT SRV fdaRYY oxdl, 989 CBT oA/l dR did
@l Nature Sounds T —9f1e ATl WA Heard. a1 9 31 3 Al TAHD
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BTl Al Td Bid Jsd A/ SRISR 3% Ad-dH a5 daR giad.
BTae:- R o duuf wfigdt ter feppar Iuasy el iR, [Asad T shd
Y N H&A R g HTE Vdbard 8 Al IRd R YT 3d. HerTel
B 0T des Il 9od gid. @Rd Hed Iuasy gld.
dle:- SR YaHid MUY Afgdt 1 SUIRMNIST ATuRdHT ekl HIUE Wb S,
&l FaH M Ugde aRuad A4, Mo St Afdedr died Id. g
araren 3yd amEed fage Adl. Ser IRl fidt e
Na v fagees 3 R 33 @, Ud® SUER Ukd Prel WA
dre e T <l Pret Wietel Awpy fdgT A
fres:-
1) AT R o TafaRor ofor Al Tl YT deam 3R,
2) A4l AFRS R W Udaiaid HaMaRd a1 gafaRor for Al <t
Ted WUl IiTd 38,

Rrers:-

iRUMe IHRS 3R dqdHd aFa g4l onfor FRmiRi sud A
Tqferd 30 3aRged 3Mg. Al & U 1Y UM IIH 3. IATAT aIRIaR BRIG

30T i 3faigd 3ile. 3R favad ®izsll gdil dFid Had YUl 3a=ds 3Ts.

e gt-

1) SI. I ST (2004), AUATHERIE ARG, 3HY UHRH, Yol

2)Tl. S AeH (TUie®), (2015) TIIRU GG EVS201 HITGET §
TIHIGIBRIRE [e=IT, TRIRTd TegTul HeRTY Hod faemdis, e,

3) V. dIFs (2009) RN Uegd, fa=m gH=H, qo.

4) 3HR IHA (2012), YTTaRUl AUftg, fawm Fidd UHRM, Yo,

5) TiGd HERATY (2006), TATGRUT e, 3l fsafRiT graw, T3 foedl.

6) www.google.com

7) Gemini (App)
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ofagTiIe aRaT Wi yd faeame HiHw
gfewel yftrer
1. 81, TR 3y Rig
Tgantt weae, sfaer faum
. ¢l. T3, TH. HgIidaned, TiRe-3
1 CTVAZLEL A

AT - nashindehistory@gmail.com

AR (Abstract)

PEA gfeHa 8 AFdl gieues iU A sigyd IR MR, A
TARAeS 3Hdb SGYd MY T 8IS ebdld I daxHrAl fasbrarar av faceo
38, STTH HIBId § a7 SMUch g UREHAUU WHRA SR ], 3Tl

e e Ag<aqul YIT SR 318, SATHY SfEfhRId gefommy aroRum=ardt
F&T 3R], M USIUIS HRAId ¢l dled 318, § doxi- CfdgTRi Ricsi=
MYd famTTe! St IR IUYE 3% bl

AeTRIe o & TR AP IRplas AR, I el nfr
Ui WRuvdl e SUIRT Srfed WUl offed. fdhed, WIR®, HfaR, g1, <oR,
RIAET RS JIRE! TRANIS Had YADHIBE! ATSAU Y 001, The for
3Miep fIPTARIAIET Sfid Wl 3ed HF el § R g dad, gy,
Fofife emuxh, wredteru, sifaman, diewis onfor sifqudes s fafdy Ty
TR e =T 9ER Sfd 3igd. Ages Ufagiies aRYT Risidn yd fabr™ w0

Bl deddl HIoTH Hear! TR dat 318,

b edl HIdld ST gfaUdl (Artificial Intelligence - Al) 81 T JHTd!
3IMOT Sy AR UUMel UM S 3fTell 3R o UfaeiNied wastan dag
3T TR 3d ITGa 3% Xbhd. Al YR WUB €91, A=A afA,

HHSIRT AT YRl e AGHR SfiesEdl Udid. A des3ATel avg Iurgaor
$He& UdeiRie WS THaM creddl Ig, .
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iR Y gferT WMyd wded gawiH, fSfed cwataeiieRu, 3D
ATSTAT, STURR WRTeR ST T X ATgR UTeTRIe RIS TREO1 3T TR
HIUYTd Hew@ral YHDT Soirq Wehd. A& i1 SHSRr dreauarradl Al aRd
MY Arfexi® SMftr Haerd® doE TUIdl SROR 3ffg. quifl, Gl S
T, TR AI9e@E HE, Scl Mu-kad Uy 3l IR$pfad  ddg-a=iterd
Jgdigd Al 91 9998 gy Ufagitie aRyr Riesidnr myd fadb™ sifde
YUTETIU 9T 13> RTehll.

BT g (Keywords):HHH il (Al), d faem, UdeiRie w,
qRpidd aRYT, Jagq, ¥¢ yded, fefolea ara
2. UKITGHT (Introduction)

e, dfar, oot 781, RS, Riawa W 0T Udeiie wer g snue
q0g Iplded TR A& Gdld. 81 RS Hdad YDl Sl G o Rigmr,
Qe 31T S fAprNrdlg! Hew@r! 3ied. UeiRie RG e RIS ISR
fFafor gid offtr IS srfcyaRyel @reT fHeed. S el Rl dled UGy,
gAMMIIG Sad, Aihaeddl vl 30l 3T AHd! g8y e e Ufdgikie
Rt JHAM BId e, I Fadd HRUANIE! URUNG Haeq Ugd! Wik HIfr
J&ENS, BdId. a1 TyHiaR ST FfGa STuRd MYF® AT aTR Hed
UfcgTRIch IRYT Rfcsian YA [dHT HRU Il Hledldl gl TR §el 3o,
R. STl 3fEP (Objectives)
g1 YNy S9! ggE 3fed Yelavdrl ied:

1) BT gfgmadar sfae qaeH yidwrdia i dy G,

2) UfaeiNie Ricsi TMyd fas NI Jdeur SRy,

3) T gfeuad tiagiie i dad-d YiHeT THeH °ol,
4) UfaeRie e dagqrd Al =1 IUTRTET 319 B0,

5) e, e anfor fRreomdia Al =1 gyg fawafta oo,
6) Al ITRAMT U rsguft 3fdr Fafer gHSH Gl
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3. IWMYT UKdt (Research Methodology):
T MY § qUHIAS 9 faavonets Weurd 3.

ST UPR: qUH Arfedt (Secondary Data)
Hifgd e
> O SE
> PO §fSAT 9 IR JaeE Ovas g
>  UNESCO 3IfU1 Q¥ 3fgdrd
>

¥. BRI wosian wmyd faerT : deeur
UfRTie Resiel MYd fdbrg WU 3R Ugd Jade a0 &,
o TGidH Geaid IR glad.
o TUfIRUTET GHAE RG] ST,
o 3w WY e famm™mar gavR daan sisa.
Myd fapmme RS THEART G8HF, SEEeR e 3ol daRH=T arg
qIR T A fadl ST
. PHAT gfSHT : TH SMETaT:

P AT WUS YYD HREET g SR 38, AT R
facteor emrar oMg. ST UGERMY AT el IUANT ded Udal av Sgant
IRade B8 UHd. MU GHfe Sftaad Yol oFdh Uidediar fafdy UeRa dea
8% WHAM. MU e Siad 3 RMEH®, JEHR 3 Heedd B
Thd. AN 3IHd Y FfSHudl IR HE AU Uddl 3¥ad. HRAT gfGu
U WU fhar A gferardl four, favawor enfor fAufg guarh eman
faid P01 Al A TE o GEIUHIO 18!

o TR afT (Machine Learning)
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IS €8T (Computer Vision)
F9fife HreT ufgsar (Natural Language Processing)
UaigqE fa<awur (Predictive Analytics)
° @:[ d ﬁﬁm%a:ﬂ
4.2 MfEfrRme sefere—an sfasm:

RY¥3 I TG HIAGS Bidl. ThT do[ell I ATe] SR GIRIDbS Al
YD dHAAAME Joard reil. IR Heb R (Warren McCulloch) 3101 dfex
Uy (Walter Pitts) T 1943 A U 3d Hewral R fafgar. ard A Ardt
Hgdld [R-ER MuTRa TRrdafdes Algd disd. § dAlsd 39 Artificial
Neuron fdal McCulloch-Pitts Neuron ®UH 3fi@w@d oid. SMEBRAT RA
Fead (ANN) ot grmRoflt Hgenm difore SAIfOT Tl WReUTd FHSIgH ST
Uad I GIF QRAIHT e,

4.3 SdeCi® a4, dedie

gAqeNe 7 B WUed YANT HRUURE AT R¥Y d Yo TBIA URMND
JupiaR fafgum=ar gFeRiAT 0T et fage a9 arld. aRA dd
A g1 Ag 301 TRR IRAMT WIS gl IR diex Uy 8T ThURd, ToTaRAT
T Sidex 3R dl S0 aFf Bidl. {R¥3 A il HAH FlaHdd! URTHRUN dHal.

ARG 39 BUN sadeie dgen RAfdS s o1 w39 wIResE
Al A logical calculus of ideas immanent in nervous activity. 3l Udh IGEL]
i fafgar. Soacive Heal fdaR 4o Sffel. 2R&Y¥ A8 % aeHaTd a1 Wuh
a9 uferRm g1 WU unH fdefid e ORumt Suur SUGeRIER §id
AT, 3MTYUl Yo SR I AUTH o UG S ARTAT 0T ol IR &3 SANTel

Tl dedic U,

P giegrdar fdaR Rue AR fafexr ftld aF Tad R gl <t
Higdl. WUBblhe HHFAl YR JfGH 3d 0 O WU AFaNRE fdaR

HE Yhdl A SAT THar ST 3dD HIM 3. 0GR Sifad
g 3 AMFAT Sfad IaRET 3¥d § Il gragd fad. @i o aw fafgen
I Ad gld HReT aRFER ot Sfoeg. WRdla A 3 o Ul
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ST 1 AT FfgHiD 818 THUR IUANT. 1ol SfEhREd gefererean &=
S IR TRA™ G FA R A Jeard wo aufgdf el SR, @i ey Hel
ol URg Wieq WHUarRl I F0idhd IHT el Tl 0 HIorTsHTo)
S ANTET. a1 ST SfarSTal Ufd 3fas % Ufa¥ig & anTe.

RLY I IS &Y ARIGD JiA Trdr TG SO Wuresr=ar &fad! g
Dl A, FHardredr FUGE! &HdT AHdl gfGHEaueT ¥4 HH e Id disd.
d John McCarthy =T UHIGRATel Al &7 IRNYH Hd Bld. A=Al T ThH
qIRI SR gefaeuar SR HGal. ST HU-AH! a1 SR &3
T Tdad gl i 8Td SESdl Uddl. $HAH JfeHad! 8 Haue Tsar gidl.
MEMPREE gefooa fder s I dalud. WIS @l $HH iaraal fgamer
Y WU, /¢ Il SO WWBRA MITI ATHd Fifth Generation Computer
Systems & UdHed Y& odl. Il YHeUNS AR Ko 3fss I (3fa ¥uo-4oo
ffer SIeR) Sdd 3FE <uard 3fd. SFTdid fafdy UNige) o e ANTel
3AIE H& ANl IS O S Bl
03¢ A TdH H¥%h Elon Musk Ii=T Neuralink $U-iIH T Saidci-e 0 famRid
Gyl

Tg - U6 SRBITES! TS dw@iak df Tl AihaSrAl Hgd S9qudrd
3Tl 10T T AThe™ Hgdla RITed arue WureTer fgfSeh 9 Wadr. g1 &um
Hg - WP RBhAAS! sadeia® U [deRa oxd. 8 U dgda Rwe
SUHRT Sed T yiowd IRATved R d Ufgary, YRS A
SUINT B Wb,

4.3 ChatGPT:

Artificial Intelligence T 3YfAdh dHN ChatGPT, Neuralink 30T Turing
Test A1 A WAl Uchiges WY fGqdl. ChatGPT, Ai®aR 033 A OpenAl
T A Pad Al-MUTRG WIS Hisd 318, S TUe fdhar Alasaar Uy faaReeR
SR ad AT Harg AMeY hd. & Yot W fSHdr T9d a¥l, Sexe Sl
Ui&m ST 9™ I #Rd. Neuralink 8 Elon Musk T &UT 38 St fl'g—
U SCRBGIAIS! Scidgi-e U fabfid #vd, St Agdia Rwed drgd uih
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fdhar Iuerul AT od; Fe & Uil cwrd SMig 31Ul Al Hidd aioRdl 33
RGN

Turing Test, Alan Turing (1950) Il Higad U& Ugd Mg, of AR
UHFARRE! faidl gRIad & d qUNId. a1 fo-gl gcdhiar S0 3yfHe Al =
SUIRTET 3101 fabTTel FfdER HeuT Gd. Neural Network & TIUIDI Hesildd
IRE WA 3], WHHT Nodes FTYeaR Ufhdl He 3H¥eYe daR HR.

Large Language Models (LLMs) 3H® HIN FHSIdG 30T fFawe, d&-‘{],&

JW qard. Al 91 dIR shlel fazawur, ser ufcar onfor yidsarg Udeiies g
RSB HadRITS! gD 813 Wbal. Al T FRIGRUT BT URI&on e,
Tird, 3faer offir dHhsRd araR Snutikd fAufg Oq. @me Al @ fae et
3 SN FuHeg 30 Hgwd 36
§. tfaeie W= wmyd faerama $iHu gfgwadt yfirer:
§.2 WIR®G datq 9 gRia:

Al 3YTRA UG TFT R WM WRS A W, Siiel, 31 gad
AT IRTAIHS HAPAAIUN S bd. 3D Wb Sfor ufar fazasomges
THUH dadx Sfiewdl d5d. dud o SAIE g UdeiNg Higl aae fefoled
g RA IRl U9 Tdhd, IS I & WY oIdT gied.
€.3 FFr&temr 9 <o awg:

Al JUMET I, IUUg AT SiH=a1 e UldeiRie ®iesid ArdaH

A& o AHd. IS -
o T, YHU, TIWMH dad Il 3fTdl
o UQWU Urdedtd ARieror
o TISHIS g 3fdshAU 3fies@ul
gAH B ST desael IUTTAIST HRal A, Jahal.

€.3 TMYd Ted TTRITI:
ffaude e Ufaeie e JHAM 8id. Al STeiid vome -
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o WI¢ fawic yumelt fowfa wwor

I Agd H= UHdld did @A R S TI& RSTaid dIvl St gig. Feha.
&.¥ feforea qxatasiiorur 9 oa-:
Al TS -

e WR®ME 3D Hled TUR U,

o gIfARad, e feforergem,
IO Y IR 3HTe. ded A WaeiRies ATfecl PrmRa=Ul I g hd.
&.4 fRr&mor 9 SHer:
Al 3TUTRA -

. T RIS (VR)
o SfHCS RURKE (AR)
o MR ARfeRl® (Virtual Guides)
giges 3faeTd fRIer siftie Yo/ SftT THIdT Bisd aid aRyT Aae-TaTad STomd]
dred

v. BTe: UldeiRie Wt Myd el $HE giedda IR daN 3@
Agward Be fiesdid. 8 e YélauHm 3med -

V.2 AP T YU Hae:

THUH TaPR @Al I3, T a3t GI&N He A JHuH clodl Aq,
S 3T HaeH H i S/gd T YU Har Iq. .

V.3 9 AT ddt g«

UROR® FatH ggdidel Aiedl JHUMGR TI86®, d U @d anmdl. Al
3MYTRT gormel Waaferd A1 9 fazaun o qdhd, e W9 HH gid. dhdl
30T ST HH dFd YU Hal Ag, Al
0.3 Fraagul e T

Al JUME ¥xb TfeiRie ®al Fem &= [dhd. sH, =9 S
IUUEAT ™M ¥dd Hlfgd! Mesl el Sq WAehd, UMD AP BIUR dad
fdhar eioh IRd &I U9 RbdId.
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v.¥ HFAl FEH $H gid: Hel Uaeie RS didars fhar saus 3o
3drd. 3= f3Hbroft Al Sned S 311 AdicHa aR Hed™ HHdr Sifdaral
ST = BraT FRIeor onftr dadq & oifde guTd xar I T

0.4 e IR JUR:

Al TR Tesiel e MEld X dsw, e FaeE erar 3ga
31 fadblc TR 3Hfidh URGRI® BIq Bisd. TS UdeiRie WS AREU HUl
IF IR, g TIeH T FiTan Hd Hg anla.

v.& fRrea saw g ferela e

Al =T HedH UfaeTRie ®iesid 3D Afed, ffea Aidl, sxafaiad a e
S &Rl A9 Hhd. Hiasrd A9fife ot fohar Jeu reard € Afgdt Iuant
3.

0.9 fRI&UT T TN dred:

Al 3MYTRT FFard R, MURT ArfeRie s dargrate memiges dibas
gfagraEee S9! aed. a9 Ufaeiie aRu= Jae-re A JHNTHId Tigi.
v.¢ YA fasrITaT are:

A gl IRGide, TaiaRig T onfde a1 fodl gewme dqa
GUINY Hed gled. e UfdeiRie Riestal Myd [ a1e §iq bl
C.WﬁTﬁéﬂﬁﬁ:

SR UfaRRIe R Wwyd faedl R0 gfgqdr sidd Iugdd Bd
3, ARt o IR Fel Agara TGl 9 @M 3Hed. 8l 3w A& uul
S{TIRIS 318, HRUI Jidl GRUMTH e fehdar 81 bl
¢.% TAFEET I TH:

PO AR YR WO, T4, SH, 3D WhiAT IUHRO ST
AedsR Il W9 WU oRd 3[4l 3% Ufaeie ®es Jiior fear ot Mefien
YT ST =1 {3l Sy o= aTR ool H3lu Sired.
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¢} URIfEa TTweesrt HARdn: Al YU JUEuo RGNS diie JM
3T X TGS Sdrd. A Uaeiiie daeH &= Al a9l SHR R a
TR gUi SYANT 813 YHUIR g,

¢.3 feforea urarya Jfaumar srvre: st UaeiNe R grax fdhar gii| Hrma
AT Sex-e, dioqRaal ifor fSfSred glaen sig=ar srara. 3= uRkfRudia Al
3T YoITel SrI&HUl J[equl gD 3.

¢.¥ ST Mu-Igar 9 JRE@d s

Al TOTE HIdAT JHUNEGR Sl Fha- Hrald. did Wehidl Alfgdl, RiIfe
gt o TaeT=ier arwr Aifeder IuER oRTd. a1 Seredn Mu=gdarad
Rigadarad eid FEfor 1% Wb
¢.4 iEpfade Adg=iaddar Ta:

FEAA giaud & difds gl s o Wikgpide yiaHn, uifie T Snfor
RIS TRWRT QUITTl A, Tehd 81, Ibiedl aIuRTHes UfdeTRie Risid Ho Wy
fhar T ide Hew HH godaml UidT Faf gig .
¢.& TAFHIGR SdlSfdea:

Al TR UIIO! Saded e URAR® I, RIS DI 0T T97 gya
gued 8 Wdhdld. e gadq Uishdd Idqad I@ul Haad 316
¢.o gafaReiig gfvom:

Al gureRt, faRivd: Hisar Se1 Ufchar baiqes, Sifeid Hull auR HRdld. Ared
I ST dlg Udhd, of Ay fdermrer 3fepiRh o a& .
¢.¢ FCRIR T Afdw srsavit:

Al ITREEd WY HAC AT AFicR® dwidl UG e SEEeR]
A3 S0 HAT0T S, T vl ufhdd dReRiGdar ervTg Afde Uy i e
RlhdId.

Q. e

UHU, HHH Fhadadl aR dxaFl did Jaiar Sfr s faaR s

g RO, giiemr oftr Afde Arfexie a@ TR RO SHaRAS RUR - 38, Al
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1 IR URURS HaeH TG Reb WEU el Ulagig aRYT RYsiar yd
a1 3ifee gUTEUT We RS> RTehall,
UfdeRies aRYT Ricsi= Tyd faerme T Jfeid der Hew@rl YHeT a6

Yhd ST WY HC M AFfeRie dw@idl A HIeHRUL bal Sisd. JUml
Hld eI IR Wi dqe, FRigon, e awiH, fSfiea S o
fReror a1 99 eFHe) Al GUT BRUR 318, Arg fdieM, Afde araR Sifor gdammass
eRUMT HISgATH Al 9T dT0R $edi U] YRPfad IR SrHdbIel TReq
JqH Bed. IS Hia=id LIURY RGT UG WREAR didl ATt gror

3T 3TG.
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U gfemadia aFdl fIy™ - T gmiie-
AHFARIRET 3T
ST. =N YD1 U

eI ® UTeATIH
AR faumT,

A oo, fagE 9 arftrsy weifderey
3fgg, .S
. 7.: 9921565367

AR (Abstract) :

TSt Fofaufasarn, dar faaRor $for amdl ad-raR guTE TIHuR] gewrd!
A et el 3HTe. qUTfl, Al Jomeliar guidl aroR 3ol WiaR g1 thad difAd
AR 3facigr YT A4l fayRIaR quld 3acigr Sl URd SRTd ATH1olh-
ARG EPHHGT Al RId AT Oy J@d 1Ay »al 3fg. qui-TH®
RN Ugddl facid B 120 UlRIghibg UHIddigR el Ydbidd bdl. SPSS
fIRATUTIIR SIFEahdl, TRERIGAT A0 FHIfos A=l Al aRid g™ dreadd,
@R Al Anxiety (Hidl/erRRigaan onfor Sy 999 fay™T & ®Rdrd. 81 39 Al
PN 7 YRUMHTE! AR S Hed Y0a 39gad ol
PIag: HHY JSAa, YN, IHEIfoled AFERIRG, Al Anxiety, TR WIHR
YXATdHT :

AT YDA A AT S YdYd Sad g8qd MUd 3Ted. AT
U9 deaiud! HHT FSAT (Al) TGl Aol Imifse agR $1fn Afde didciaR
JUTT TTHUIRT Agdral AT §9e 3M6.Al 3 aged feF, fefoea u=mem,
Rgundia cafdasa srammE, ofT TEeR, do9 dRe dfeamd sranied
U Aearl YH®T Solad e, aUTiy, diel Ay 9 daid Wi Al
TUTe GEd UUId 3R AR IS AFORIRAT] YOI Ay 81 $yd,
qIfSieh  dTdTaRul, Sy I, HiaHe ufafeear ftr aiRpide geaiaR sumid
AL Al B OFd Ao gl SR dibiae Igdbar, e, ofidt onfir
I IR™AT UG Uhd feqdid. @ges Al ot gEdT fayramn amisie-
YRR 3 3{d 3MaRgDh 3.
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AU giga re:
Al U ITUies gl R, faar e, Fofg 9o enfor gwwn digant

I el HRO. ORI AT, ST AT, R Aeadd MU A9iid WIS Uisha

(NLP) & Al = g&7 Il 3fgd.
TS AR fayr_T:

QTS AR, Ay WU TET gcdhihg SUféd 3ol YhRID
g ied SRt dilel AHRIG 3U&T B, § $Hdcd Aaddl SIHAMIR A8l @
oI day, srva St JeiaRg! Saded 3d. Ay | gioarmet =
TaYd cdh ARG JHd STl
() &HdT (Competence) - U fdhdl UUIT SHTARAH HRIEHATE BRI HROAN &H
3T, (%) Afdedr (Integrity) - fda ada Afde anfor ymifore e/, Sfor
(3) PTUTHIGAT (Benevolence):

FEAA iU (Al) ST g dH8! ged Aidbi A UHifhd gidrd, BRI
Al TRt At HigHT, Afde foar fhar s siafifed Sgwm IRd F9dr.
giRomdt, Al R Ay 81 dao difd efdaR Saded YgH, iHieid I
AFIRIRA Hei=dT SYRTER. 33,

Al 89 94l fayre: amire-aFaRne giEror:
3.2 9IS WIPR:

did TEE dAE fhaud J-gar ¢did § e fayer aiRomg &
qrTfoies Aal fHesTeiedn Al UUMTHaR @i SR fayy dadrd.
3.3 WIS 9

Al T OFd UG THES AT YidHe Ad FEfor e ST 91,
e fayre waffea e,

3.3 WEH 99 g Anxiety :

STl MU, IRAWR, o Fog g demed Al fawdt sRRfémaa
(Anxiety) dTed, SaTa IR foyM &R gidl.
¥ . grfgcaui=iia (Review of Literature):

Davis (1989) it Technology Acceptance Model (TAM) Ty dE
WHRWHMT ARG gch WY dha. Lee 30T See (2004) I
AR Ay Iivg JHIUTd 3[TdaT 31 Fillidad. Glikson 30T Woolley (2020)
g SNANUR Al 309 fay gmifoe e, sryd Sfil UReRedaR SadeH
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3. HRAT Teula fefoled &, Al TreRd=r 3y 3nfr Afde Aecian sruyar
g fayrg oo gvoe T srsye emgq.
TxMe 3fed

1. Al R AFg! foyramr TR die
2. Al Awareness 30T Ty ardid d&e qumgol
3. Al Anxiety dT fa4TeTeR URUMH FHS 901

UIEGED
1. Al Al 3ifs SReHddT f[AYIaR HRIAS URUMH gidl.

2. Al Anxiety decd fAYRITGR THRIEHD URUH B,
MY TGl
T SN qUHTES TN TSGR SUTRT 318, S 120 Ufaed
(e, Rrerewr, HHARY) Fasa Ta. e gl TGRSl dhierd bl I
3T 5-fdfg Likert Scale T4Tach amuRell e, ST fARAWUMTST SPSS A&l quHTH®
Jifere!, Teddy 9 UfaHe Ugd! aTuRuard 3.
¢. Se1 fazawor g e

Std.
YUch N Mean
Deviation

Al T fay 120 3.78 0.64

Al Awareness 120 3.92 0.58

Al Anxiety 120 2.61 0.71
gHIN® WIHR 120 3.85 0.62

Al gl e
Ao TR

Al Anxiety
Al Awareness

Al T faeare

94% 95% 96% 97% 98% 99% 100%

EN B Mean B Std. Deviation

Interpretation: fa4T, SR A1 3101 WHTNISG WHR SRd 3R Al Anxiety -

HH! 38,
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(p < 0.01)

qgcdh Al fayT | Al Awareness | Al Anxiety
Al fayrg 1.000 0.612 -0.548
Al Awareness | 0.612 1.000 -0.421
Al Anxiety -0.548 -0.421 1.000
Al faears
B, fJogrg WAl Awareness M Al Anxiety 4th Qtr

Interpretation: SIFRedhdl d Al Oy IME THRIAD, R Al Anxiety d Ay

I TERIAS TaY 3MTg.

UferTH fI=AWOT (Regression Analysis):

R% = 0.56

VOLUME-03

Uddh B t Sig.

Al Awareness 0.463 5.87 0.000

Al Anxiety -0.382 -4.91 0.000

qHYe WHR 0.298 3.44 | 0.001

Al Awareness,
Al Anxiety,
FHIS® THR
10
5
. 1 =

-10

Al Awareness

] B e—Sig.
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Interpretation: STTRechdl d MNP WIHR THRIAD, dX Al Anxiety THPRIHD
YHTd CTehdl.
Q. wxMeA frsamd

Iquf faauUTER, @6 Wewr ey Wy g TeH, Al SRSl
(Awareness) Bl fayN dTGIAUIRT TG U 3. of i Al fawdt sifde aifgeh
30T YES[AGR 3Med, d Al WUMAAR 3Hfde fay dadrd. g, Al Anxiety fdbar Al
fawdi=ll SRRf&raar g1 fayrg ot HRURT Ucdh 318, Sl bl Sel GRI&HIT,
Mytgdr, gee fofg fhar Afde seaofiaed f[ar em@, dar &= Al |
fayaR TeRIA® gRome gidl. foR, Imisie WieR (Social Acceptance) &1
Ay dTeauary e Ucdh 3Mg. THISId Al HUMldl Sde WidhR 0T rHTfos
Ol e Haidl oy i Toigd sl

THRATUD, 3 Ay gfed araid @t Al 38 T Iy 81 $dw difie
& fhar da=n FREHdR SEadgd T ATHING-AFNRIRA  gcdhiaRg!
TG 3Rl SR, HToIe WAl M1 Afds UReRieGar gien Iu-ag faym
qGdUIN HgWral 33dl, d¥ SRRf&dar $nfor fidr i AeRid® TuTd gidl. AT
Al WIHR AT 4RUTAS FUIATdT AFERRArT S0 SrHiSe gehidar faar o
TS 3.
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SfergT faum,
ARl o, iy 9 aifvrsy weifdged, 3ids, 1. ST,
T, ’]R306RR&0, kanagwe@mail.com

AR (Abstract) :
A gl (Al) e, sfemd 9 IR URUNG UGdiAe Hewml
dad U 3MUd. A8 81 JaTerea fafdy ufcratar snary srqed™, Al Iie o

P Mapflow.Al, Google Earth Engine, GeoWGS84.Al, Al Storyteller, Glance Al Writer,
Preserv Al, YOLO (You Only Look Once), Kraken OCR, Eden Al, peparpal, Hyper Write, 10T

TSl I 371fOT Chat GPT IfET aTR e faifdd, Hifd®, Tv9 9 Ui dam
Joma- 9 fawawor sifde guret onfir Srg@ HRUaN Hed Bid. & =i [ey Al
=7 Qe geurd 1 A U o WHeRu . Al SuRa e
IR UfAee A Ml wlidid dobad, aiffeRur I Har Id.  aRE™
TIDHRUl 9 Higl i ITdH, 3fgdh d YUE §d drcel 8. UEgd GRNed
ey IEX Sfaerr= rHu-3aE g WM Ulhdd Al IIeHRT SUAnT, I
eI Yeg onfor ardia fafecre Uden T¥d 3nary &R0 8T 3T,

q@I s: (Keywords): $HT gfayd, fag™ sieamH, sfagr d=ned,

feforea gfagm, Al arem,

TMYARN TR

1. Sfder fRreoma dasTuTiRd AreFEr dargar arR gEsEH 9o

2. Al g5 3fAeN IR UGdHE el Jedidl 3 60l

3. Rier 9 foemafardt Al wreAR Qe 4w Wy a0

4. Al =1 TEieT 9 Afde uyiR fafeds ==t e
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TeieATR 3fED:
1. S8 SfeTu-3eqg-Td Al TTeHRT IUTRT fa=rg o,
2. fafay Al reA SrRiUSdHER faRayor oL,
3. sfagr Y=ieARia Al =1 GRTEHR HegHT RO,
4. Al IR AATal 9 g™ HURRIT Bl
5. A4l 3fdgRIPR d Al diTdid Ja-aarat YffieT Wy !,
MY TGl

TRA SNATIRITS! JUHIAS 9 favumed® Ugdiar sfade HRodrd el g,
fediae® Aame A=A o9, Tadb, 3gdrd, fSiofed ey a Al JiudE Hfigpd
Trfgd! giem aR BRI ATl 38, d9d Ja-idd [aRavoran dera fafay Al
TeAr Sfasdia I W PR 3 3MTed.
Al 3Mfor gfde™ : SheudTE® arga:

21 AP, JHAAHG T IEVER Ufhdd dE, foRva: $Hw i,
Heardt YfHeT aolad 3R, Al SMUTRT Teq Sfagrdia wrery, Wimfas fawr,

JIS Sad 301 Fikdpldd WRERAAGTAT AdH Ugdiqe dhd- Had HRAM

It TEter, yedrd, St fayeaar, 9 AFdl fadwie YiHdT derd Uder difee.
A Al 91 SfAgrTdid arR Tehl fafdcdes sfor foar=ia e uifger e

3TE. “These are broadly defned, in terms of the fundamental characteristics that shape a

society— particularly one weaving Al into its fabric.”

3 AT A B S HEE gieme wu <.

e fawara Al =1 9Tk g&d: IR &3id giar: () did ufshar 9 fa=eiyor,
[R) Ui @ T=iieRu, (3) HYF g ", 30T (¥) IRET JaeH. a1 weiEfieR
geia faumma fafay Al TreHie SfowaR fazawor sRuaa a5,
Al Iy AfdwR SgieIr:

1. Mapflow.Al:
Sfag fowaran SnamTd § U ofid Sugad Al-3eiRd Hiiifere arem

3R Mapflow processes imagery and extracts vector objects from it”.2 I HIYATGR STIE

UfdHigR W, ARG, a8 d e 91 NBW0 I gid, aH fafdy ufagie
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PIAESAT YerEl [JB™ A U0 WU g, UrH, JERpi oftr smyfe
e, TARAAIG] HISTaidd IrTHd JfaeTar 3narg T e fawdR ex9 Weurd
IRAT A, T Sfag HfYFH WF Bid. SHEMIBIHRU, o, ATIRAN  SHTOT
e fadRMET WdTeR reiell GRUMH AHT=I=AT AreadTd fa=afa dbef S,
A, Mapflow.Al § UdeiRie Y 9 TRSAERT=AT SPANNS! Udh UHTE d
YD HY- WWUH Hewld 3.

2. GeoWGSS84.Al:

Sfagr e FHIRAET Hewa WM 3d. TR el ), JyAfHd
STTOT T TG 31T HRUAETS] SideTHe Jeid Il SUanT gidl. IR

TR sfaer IS T TeArT ST e faemafar waren amrsarn
THIRN ST AT I[SATAT U Bl THo HTed™ Sfagdl oaie il
JIGUINTS! a7 FIYART TR gial.

3. Google Earth Engine:
qeId YA HIHd Sfde e HRUgN3 Hed B8id.  Sidg

RIGaaHT e deadd AR, DR AT RTawd AR WiaHT SPARITarITat
gl YEET ITANT gl Ry Spdre |NTE 8@yl HRUN WiRflad S B
T Ant Sy Riy W | e, A1 T A deaden aRiRydE
39T HRUANIS! Hexld WYl I SUdiT gidl.  amRan fagmeaiqr afas

HHTTT HA AT GEHIBIATT HTIOT Troar=an ghienfawdt anfgat Timae snear™
e 3 S a1 AT YA gial. TaiaRuiy SR WReT HRUgNe! cud

gl YAl YA BIdl. A1 WIYHges TR UAiaRoi el fawdt il S
Tifgd YUY oar Ad.

4. Al Storyteller:
g U I9fife umr ufhar (NLP) aTaRumR SutfAffdt Al @rem o/ fadiedr

ETaRe YR HYT TR Fxd.  g@rel faandf efaeiie umEm dAreadgd &l
forg Tl Tedd AreHr weEHgd UARRie eIk St dE i
JIeUIRITA! Hgd BId.

5. Toolsaday Story:
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el YA AT i Ufagiig U fhal TErg 3991 aiak
DY HRUGS! SUANT Bl  TER T HUTHD IRl RIGIuarrdl
RIgpi1 gl Oed 8% Wdhd. TERN A=nydien Sfoed sfag™ ueed dOr
PRGN 3R @R 7 WY AT Iugdd 3. AT A Sfagmd sas
U okitell ¢ld Sfaerd Ygequl FHg Rebdl 3101 A et gidgrame
31foT SfaeTd T=neFmed 3t JHToTa Fd aTg Xehd.

S8 ST UM FifIdem &1 df AP 3ag arTdl. Sidgrmal Mat Hafor
Frar T Yo sfagM o ©Td It a1 Wi U SUAnT gil.
SfdeMY) TEIal deladiun dieuiRT fdhdl J el Hdd 7 JUIRT TEGT T 3R
R T YT HIGAGT ATe FARois 3for Reifdis wuimed uikafdd Fa s
Yhd ST 3101 A ara- g1 Whdl. SAUGH Rdrst TRl ®ia Il
Al I3 Yehd.TATe] UagiRies AfdRa U YUaRIST a1 JreART U] Hed
a1 sfor foemlf waren UfaeiRie umren Yfied Rres dur fog edn.
IeExuy “Hl S Rarell AER didd 316.” A1 AYFTET Hew@yu SUANT Sl
D HYES WRUH g™ WIKIHU hoae faenaf ofie & R
AETI Hed Bid A1 3reqg 3feaTds B gaddr 4 g1,

6. Glance Al Writer:
gl g1 Al aIR QA X9 HRUGNIEST 3dd I0gad 3. TEal TR

I ST T PIE YR Feaul, Reifre Ae- ANieRHaTS! g o,
e feramu TJuraw areaul, RIATATd Seel Aifgdl Sidid 9HU® sard HiSO,
TEre Hifgdt ARy A AiSU ST ARy ugdH A0 § S iU PRug S
eid Al WU HRdl Id. SRSl auid a1 eqrn S99 g
YHal G HHIR A AgT FhY 0T Tl YT I THHGIRIT Jeaay
SIg IUaE S S/ AT QI ATEHEGT gid. SRy & ThT fefoed

JAGHIHAT S HEd M Jarjda g dadbHl Ggd gHeldid 3=
HNme

7. Preserv Al:

1Y D1 3g: IRPiad IR SIS fSfoied Al amdts, ar dieHr=
LA GRpidd IRYT Sid- HIUAMNIS Hed gid. Tl Udeiie arm s
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THAT IR o1 Higsgaroft favawur wRugrret a1 TyAmn I ghar. faemeafar

TG SHTHRT GUSTed GRIAdd IR A o GRIdA SIS Rdhd. AT fdheedra
fdar quara gagd fefoicd Aled TR && o dRgd WY JHSA udl Id AT
YII®Td A $TE! ded Fed™ A @d fegdl Id). Iid SgAd ST divlde!
DI UAeRie IR WSTE 31U YT ¢S, Wbl AN ueh Jool fabRid

H THdl. “The fastest and most accurate mapping application for creating 3D digital twins

of urban infrastructure.” 3

g7 YA UGN B YTt Hef ool sryar WRe e ofi| R ot fa=m
U@ WU W SR Abd JMawddl FHeoql quid AT Rl IS5 .

qRpfdd IRAT ATRITYA: JAh! (UNESCO) IRB SHTfdd SIN3 §
Qe TS W g™ dieduae! fdd Agw@yul 3.

8. YOLO (You Only Look Once)
HexId AT HIHIGH RIGAT a%qd Je0l dxal dd fdhal ser Seta

R Rear Id I GRMYT S HRd SAAET 98 M0 47 dEdl.  Rad
R ST T, FUGTOT URA T G v Jadiear ATEHgd Jew@yul gad
g Ud 3G

TETE IGTARID] HUArAT TG SieFigT B &g sied dcdhA
UTSAugTETdt § WL Iuged 3. FHO TETEl S@TRID! 3D UbRd His T0f
30T TR O] AMUST TR SHRATAS! e T T Fai-l TS S grRaad.
UM A8 HIBTAId ATl PhRd A0 Wiued 3g 3RS AT A0
JATeAT T FHIDHRUT Hxeed N0 B AT AT AT Bid. a1 AT
TEre dfkieed WU AFd! Siedm siiesd! IR ST Sifa=rr ger SR Jreq
fhar oxq AeEa Ay Tifdpd dHedl SITdrd.

09. Kraken OCR
1 AT qrendgd UagiRie gxdea 91dt SM1for ArAl st e

gIa. sifa= A oftr gfHfe SuRY gwfdiiad ddid a0l §9uaTd ® Jasid
YT HIHHTGT 8Id. “kraken is a turn-key OCR system optimized for historical

and non-Latin script material™

qIR[a Ugeld 9 SUgiaddia fafdy efiere  siarguarendt ¢did 4
YT IUART YA Bidl. IS UIdiHes Y-l o ARNYAM™! Sugad
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dlg GiredsR favivdr Ui SQieHran St HEGUATAT  USdles Uil
VT SIUENd il SR d SfdeMIdid ofdd HEw@yul JEIYd
HICUAGR TeFeld 0N HolgR ia@udrd I0d URdd Al MYHS 8. ©
TH O SR AIUCdsR 3RYH Aiet fadl, -1 Hredsiaid IRIST ST SaqrRI
T d3al dieduarrdl IUgdd 3fg. ol forwf=l S erugmrat Sfifor S
TRAT MYT Y [P UGN HRUANTS! Tedd FreAm=T aR gial. 10.

Eden Al

URdd Y & Tral Aol fdar ufcar sfiesgum S1fol e faRasor HRum
T Y 38, o UdeiRie srifed 9 R foavawor sdrd.
g1 WA e dfkied WU a1 weAHe Uagiie fEdia avq, UgRa S
IR Il quld i@ HRal Ad. TER Cdeliie UErl dgaerid giaHTd
SfAgIITeT WA YUOEt Hed #Rd. e faEer Sftr fifid saa fom § @
P Ufdfdd RTHes dabldiH dhIaderdid arifid IR Sfor femerr=n
SUIRT EMHH CHd IS0 Ad 8ld. TEIG SN Ul Bl 3 §

A YU cdtd a1 IR SUART B3, Xahd.
11. Paperpal :
Hexid JreHT ATEdgd Qeifirs for I=ie &1 Aed gid. a1 AT

HILATG Sfaer eggdid IReA A YRV Hed gid. Qg I 3ffor
e A UUaN ol WIYe erdd 3Mlg. SideN [raTumae) aRgsdr o
JCRIAl GO 3fAd Hgw@rd 3d o U el HIFHTGH AR 3178, T e
Hew@yUl ey wUe gedd HeH § Ucele Uul A fafgdr Ay WU wamer
T ufauifed axd ATg® GASGdl HHI0 SIva Jed gid. JIRE™ g ared
§ ATHRUTAT FIUMT hT TR IPP TRMYAET Goll [0 I9gad 3G

12. Hyper Write:

TeNeATdT &Ad Ad ARMYBIEAl a8 HRUANS] YerddEl ol Ugd
TEHAT T AT UG- Fedid IeF aRGAN Head HRd. Jadd Ay
WG T Ada@hN vy Nidifed & 3fAdbal dd4d Uy faare
ATt SUaTEl YO Hal Sl d $a@ AV [Aeudrd H $HRd 9T [erarume!
3d T Yrgcdldl AArRYqYUl HiSUaral Yad Hadid el Ay gidl.
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13. 10T TS S~ (@R9T Jae=):
e wern Adaumard I=R snuid yumrelt Fafn exuar s o

I HIEHG 8. §aMHM dad ST dUAM Ssdl SATd! 9% HISuard &

FEd RSP AAPINYD HIoEe Sd VAN IET PRUGA JETvard Id. Tyd

IRYT HIRIUATHST AT ST Bid 3gd TR dvrdia Mgl S
qreal fhar CiRRIe aRqET X daeg®Ige HU-l A el d) AaufREr SRR
U™ S AT YT AISFANT 8.

A

1. Al I IR A8, QRIdd 30T YUGTe™ Iil SUAR 378,

2. Sfagrren oMe UgAT IAG Sraauard Imd Al FIEETd 3Tg.

3. SfAgrr=AT WIS 0T fRIabHT Al GIY= a0 HLh HTOT S 3H
§fadr Ud.

4. Vg% IRYTE S UGSt Al HedTEl HHRRT Tolldd.

5. Al FIYFRET IR HIAHT AT SIS A B0 ARG 3Tg.

THRIT:

SRIKIAA Al wTey= 3fdr sfogr gt Siacdles (Ao g0 sfa=us 3.
SfoeN, W@ ST RGIUSTIRING i fabr Ml Al e TR0l HISE!
TR el T8, STl [ oA feqdfday drgd ofe 3M1f1 e o= faveld
Fdl HfIH a5, U ST AgAd I U Thd. IS YT Hleld TEral deuf
Fefqrarard!, Tarer HolgR e, Sra: arad Ml YagiRies geara Had for
I U FUTR OIS Al TEH A=A 3Tg. T ST Hall g h& Kb
18l AT Pl TAJE Fgol S0 3P B S el dIoR el Uligo.

O Jade! 3dd Agdrdl MY WU Al HIUA™T R Sl@oiydd  HRu0)
3TIRTH 3], TRNY Afddwar onfdr qur I Wy disd A 3R fdrar A6l areht
TSdesull HRU T Yeltid i ® 311G
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e Ifhdd FAA gigFHcar anfor gafexofa smrerm=h
AT

]
TMTH
FSHT IS fAATT ARTIOT
faemmer oy,
ATCIATET e,

YEAdeT -

AT § AT Hotelefieldd 3chs &9 3Tg- ehidcdcd, HoY, Hed
HIOT ATATTSIS SIdAT AR HaleTd  TFHEY sl Sid. WRETA  ACdoded
UfhAd AT Houshdl, Slidel 3Helsid T HiEhices T I g1 YT gla.
W Helhsiel ERMehld, HTAA FhgHAcar (Artificial Intelligence - Al) & Foterfier
gfshdciler T arefdel 3. Al-3TUTRA 3UH0T Halg, 9HET FG®Y, HATeThrET
YeATAH fohdl $fiaellcatsh ¥ HHR MUTUTR HEST 37Tl ATCT NGl A ISl
Scol @d 3Med. AT MYTIAT 320 Al T AcTa@d Ifhdd AT, gaiaroiy
JIAT FATAL 3707 AT HYeF TROTAT fARATOT 0T 8T 30TE.
t. AegeEa o FhHe giewear 9w nfer a7
1.1 AegAE=Tdr IRURF gfRar

AlCTo@d FgUS HUHT AFd, gafaar, dacemsa nfor Teg
GRATRET IO HellcHh TThAT. TWIRAER, FAChehR AT Hodell TIR AT,
T 3icreTel e FHSET OdTd JNTOT ATCTHYT HIGATe TEIAHOT Fcll. HleTd!
HA, HaeaAT 30T WA degh arar FArder a1 gfshdd JoEae 3d.
1.2 Al 3for weterafterar

HIEAA FRGACAT & HAUTRIT Yollell 3Te S TN HISel, =TT Acash 30T
STufhdear YR & ad. Tdlerd Al 3URUT Tdlgo@d, e fAfadT,
HIATcHS faLIvoT AT Folereliel UfhIiAET IUART shel ST 3Med. Al STR® Alsed
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- GPT aRd@r #WT AR 9gdl - 9cham of@el 30 HRr HART IRIRE Hotereiel
gfshdd waer d 3Rd.
R. Al ARIAGATT - 7, 39HI0r 30T TSI
2.1 THEAITRE Wiaise 3nfor Al-a@e

THEAITRE (THEAITROBOOF) g Udh TAMYA Yehed g AT 3= Al
I ATCHAT TehdT AT Ftar AT FT g JIrgor 3R, Yhedrtd Al 3menRa
TP HATSelel ATCHITAT 3Tk AT TThee gAidel, SR ATChehRT FEROM hell
g 3ifas & el a1 wend AR 3nfor Al AT Haee gatee e quT Aesd
IR Fel el
3g78vur: “Al: When a Robot Writes a Play” - Teh SaTcHAS Alceh I 0%
HET Al-fAfAT 8.2
2.2 Al-3TUTRA SRS ST AT JeHAT Hoiel

3meyfes @MU Theatrical Language Processing #Tar<dm ggcial Al o
SR8 ST STeRTeI AU FgU ardiel STl 3Te. cA1He 9T Harerdn faEan,
g aRFEUEr [RfAS T 3fPAATErd F<ar gare TASar 9iNeTor gget ey
gla.?
2.3 OPEN-THEATRE 3o 3ia:Rraress amew

OPEN-THEATRE #REAT TAfheal 3UANRT &%l Al JTTRA Halg TRie,
U IAULE 0T AT JaTgTell HaHe HIomdy dF fassf@d el Snd 3med.*
3. Al AT BIIG HATOT 3HTegTad
3.1 BIIE
(31) Goterefier e

Al HEI HIGAT HINS HAISHHAS TChUHRIAT auriear darear Yo G
SUATH HAGd gid. Al JUTTell AT eIGATd Adiei Aol 9ROT &3 QUehdld.
() 3w Harg favewor

Al TIRYUTTcHS 3YHIUT ATChIdIl el ATdieieh Ta&Y, qrareeiel o,
fasarY garg ene) AR IO AT IMURTAR GelolTel Heoll Sciler.®
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(F) FPEAS TMUFATHS! ST

Al TR oG JelellcAe faeawor, oreT garg, 99 Fawd fafaudr ar
A1 3¢l Al Ad, SIS Al @ AlTdl Folerelleiddr JefellcHe 3781 Xl
Jar®
3.2 g
(31) Tererefherar T afFdaca

Al ol $1fAhT aTaell 3rEell ol ATeTdl eTeLcl, HIdeTcHs JigHced
30T 1=l [T Al #EX &l gATONd 30946
(7) Afaswar nfor wrenforsgon

Al RffT arg fFar 9T IR HIaET FaREe, Afdsar o arfgfcas
FaTfAca IARETT fawara 9o AT giard.
(F) AAG-TTAT HJeloT

Teh {7 AT @Y MR 33 Al AT 3U1eT o IRST 377g; qoTaor
Al-ATAT slceh ATl 3TN SIET 83 AHUIR AN 3Rl fHiar aAesheriaed
3me
Y. YT ATATET ACIAEATd AU
4.1 9RO fawr: vF gefes aa@g Ay v
TR FAEAT S99 IaT /AW 31gd. AchaR § Ao Aar 3nfor gfafsar
WA HTUTUATATS! HETH AT, AT HEHTATST hTeleh HIAIIGT STTaTkeh shiclll.
. Al 31T qaTaTeiiT 3me - vEHha T
5.1 Al R%g gaaoie aRoma

Al T 9fALTOT T ATIIUITT ASAT YATONT Foll d oA TGeTehdl 318,
SIHS g Scdolel aX IRUMA gldl. 3EgUNY, HIET INEER Al Alseaear
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A Review on “Solid Waste Management by Using IoT and AI”
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Abstract:

This systematic review emphasis on current research, applications, and challenges in
deploying loT and Al technologies for optimizing waste collection, sorting, recycling, and
disposal.The study systematically reviews the integration of ‘Internet of Things’ (IoT) and
‘Artificial Intelligence’ (Al) in global waste management, with a focused on a South Korea as
anexample of best practices in waste management. South Korea’s IoT- and Al-driven
systemfeaturing ‘Smart Garbage Bins’ (SGBs), RFID-based Pay-As-You-Throw’ (PAYT),
and ‘Dynamic routing algorithms’—is compared with systems in the European Union, United
States, and Japan. The study concludes that successful waste digitalization depends on
‘Technology integration, Legislative support, and Public engagement’, offering a replicable
model for nations transitioning toward a circular economy.

Keywords: 10T, Al, Smart Waste Management, PRISMA, Comparative Analysis, Circular
Economy, South Korea, PAYT

1. Introduction

The rising volume of global waste demands innovative, technology-driven management
solutions. Countries worldwide are experimenting with 10T, Al, and automation to improve
waste collection, sorting, and recycling efficiency. The exponential growth of global waste
generation, driven by urbanization and consumption patterns, presents a critical environmental
and operational challenge for municipalities and industries worldwide (2). Traditional waste
management systems, often characterized by stationary schedules, inefficient routing, and low
recycling rates, are increasingly inadequate, leading to escalating costs, environmental
pollution, and public health concerns. In response, the integration of Internet of Things (IoT)
and Aurtificial Intelligence (Al) has emerged as a transformative model for developing smart,
data-driven waste management.

This systematic review emphasis contemporary research on the convergence of 1oT and
Al in waste management. loT technologies, through networks of sensors and connected
devices, enable the real-time monitoring of waste bin fill-levels, environmental conditions, and
asset locations. Al, particularly machine learning and computer vision, controls this data stream
to introduce predictive analytics, intelligent automation, and optimized decision-making.
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Together, they facilitate applications ranging from dynamic collection routing and automated
waste sorting to predictive maintenance of facilities and enhanced recycling chain
transparency(4).

By critically examining the technological architectures, demonstrated benefits, and
persistent challenges documented in recent literature, this review aims to provide a
comprehensive overview of the state-of-the-art. It highlights how the interaction of loT and Al
is foundational to advancing toward efficient, sustainable, and circular waste management
systems.South Korea has emerged as a benchmark, integrating these technologies within a
supportive policy framework to achieve a circular economy(5).

Multiple studies highlight the use of ultrasonic sensors, microcontrollers (e.g., Arduino Uno),
and wireless communication (GSM, LoRaWAN) to monitor bin fill levels in real-time.

e Sohag & Podder (2020) developed an integrated system with automated lids, LCD
displays, and GSM-based alerts to optimize collection routes and prevent overflow.

e Lundin et al. (2017) emphasized low-cost, retrofittable sensors (under $100 per bin)
using LoRaWAN for long-range, low-power communication. Their user-centred design
involved stakeholders to ensure practicality and scalability.

e Farooq et al. (2022) reviewed companies like Bigbelly, Enevo, and Sensoneo, which
offer smart compaction, route optimization, and data analytics to improve operational
efficiency.

2. Research Methodology:

Conducted the systematic review following the ‘PRISMA 2020 guidelines’ to identify, select,
and analyse studies on 10T and Al in waste management.

2.1 Identification

Databases Searched: Scopus, Web of Science, IEEE Xplore, ScienceDirect, and Google
Scholar.

Search Terms: (‘IoT’ OR ‘Internet of Things”) AND (‘AI’ OR ‘Artificial Intelligence’) AND
(‘waste management’ OR ‘smart waste management techniques’) AND (‘case study’ OR
‘South Korea’).

Time Frame: 2015-2024.

Initial Records Identified:1,248 studies.

2.2 Screening:

Duplicates Removed

Title and Abstract Screening

Full-Text Assessed for Eligibility

Excluded After Full-Text Review

Studies Included in Qualitative Synthesis

2.3 Data Extraction and Synthesis:

Data were extracted into a standardized matrix covering:

Technology type (IoT, Al, robotics)

Policy framework
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Key performance indicators (KPIs)
3. Integration of loT and Al
These sources examine the integration of artificial intelligence (Al), machine learning,
and the Internet of Things (10T) to modernize global waste management. Researchers highlight
how smart sensors and automated sorting systems improve recycling efficiency, while data-
driven routing minimizes the fuel consumption of collection vehicles. Despite these
technological advancements, the documents identify significant hurdles, including high
equipment costs, a lack of standardized datasets, and a need for greater public awareness. The
collective research emphasizes transitioning from traditional linear disposal methods to a
circular economy that prioritizes resource recovery. Furthermore, case studies from various
countries illustrate how digital platforms and robotics can optimize urban sanitation while
reducing environmental pollutants. Ultimately, the literature suggests that achieving long-term
sustainability requires a blend of innovative technology, supportive government policy, and
active citizen engagement.
The 10T Infrastructure:
Smart Garbage Bins (SGBs) with ultrasonic sensors, load cells, and wireless
communication (LoRaWAN, NB-1oT).
Real-time monitoring of fill levels, gas emissions, and bin status.

e Sensing Capabilities: These bins are equipped with ultrasonic sensors to measure fill
levels and load cells or weight sensors to measure the exact mass of food waste.
Additional sensors, such as gas detectors, identify hazardous substances like methane
or ammonia to prevent environmental risks.

e Communication Networks: SGBs exchange information using wireless mesh networks
(WMN), allowing for high reliability and service continuity even across wide service
domains. Data is transmitted via CDMA or GPRS modules to centralized servers for
analysis.

e Energy Efficiency: To ensure mobility and low maintenance, these bins are often
battery-powered and utilize energy-efficient sleep modes, only "waking up" during
user authentication or data request cycles from a router.

Al and Predictive Analytics:
Al and Predictive Analytics is a powerhouse combination that's transforming decision-
making across every industry.
Al enhances predictive analytics by:

e Handling Unstructured Data: Al can process text (emails, social media), images (X-
rays, product photos), and audio to find predictive signals.

e Automating Feature Engineering: Al can automatically discover the most relevant data
points (features) that influence outcomes, rather than relying solely on human experts.

e Continuous Learning: ML models can continuously improve their predictions as new
data flows in.
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Greater Accuracy & Scale: Deep learning models can find complex, non-linear
patterns in massive datasets that traditional statistics miss.

ANN and Random Forest models for waste forecasting

Dynamic route optimization reducing fuel use

Robotic sorting systems

4. Robust Policy Framework:
A comprehensive framework requires multiple, reinforcing elements:
A. Regulatory & Legislative Instruments

Extended Producer Responsibility (EPR): A cornerstone policy. Makes producers
financially and/or physically responsible for the end-of-life management of their
products (e.g., packaging, electronics, batteries).

Landfill Bans & Restrictions: Prohibits specific waste types (e.g., organic waste,
recyclables) from being landfilled, forcing diversion to higher levels of the hierarchy.
Product Standards: Mandates durability, repairability (e.g., EU's "Right to Repair"),
and recyclability. Bans hazardous materials.

Mandatory Separate Collection: Laws requiring municipalities or businesses to
separately collect key streams like paper, plastic, glass, metals, and organics.
Permitting & Licensing: Strict environmental permits for waste treatment facilities
(landfills, incinerators, recycling plants) to control pollution.

B. Economic & Market-Based Instruments

Pay-As-You-Throw (PAYT): Households pay for waste collection based on the
amount of non-recyclable waste they generate, creating a direct financial incentive to
recycle.

Landfill & Incineration Taxes: Increasing the cost of disposal makes recycling and
prevention more economically attractive.

Deposit-Return Schemes (DRS): Consumers pay a small deposit on beverage
containers, refunded upon return. Drastically increases collection rates for high-
quality recycling.

Green Public Procurement (GPP): Governments use their purchasing power to buy
recycled-content products, creating a stable market for secondary materials.
Subsidies & Grants: Support for recycling infrastructure, innovation in waste-to-
resource technologies, and circular economy startups.

C. Levels of Policy Action

International: Basel Convention (controls transboundary movement of hazardous
waste), UN Sustainable Development Goals (SDG 12: Responsible Consumption and
Production), OECD recommendations.

Supranational (e.g., European Union): Sets binding directives and targets for member
states (e.g., Circular Economy Package, Single-Use Plastics Directive).

VOLUME-03 ISSUE-2 (SPECIAL ISSUE) JANUARY-2026




E-ISSN: 3049-1541

KNOWLEDGE FLAME

International Multidisciplinary Research Journal (K

L/2024/89852

e National/Federal: Enacts core laws, sets national targets, and implements schemes like
EPR.

e State/Regional: Often responsible for permitting facilities and regional planning.

e Municipal/Local: Directly responsible for household waste collection, operating/local
licensing of treatment facilities, and local enforcement (e.g., bin inspections).

D. Major Global Models & Trends

e The European Model: Highly regulated, target-driven, and based on the "polluter
pays" principle. Heavily relies on EPR and high landfill taxes. The EU is a global
leader in circular economy policy.

e The Japanese Model: Focus on meticulous source separation by citizens (often into
10+ categories), enforced by local communities. Strong emphasis on waste-to-energy
(incineration) due to limited land, paired with the "3Rs" (Reduce, Reuse, Recycle)
national framework.

e Emerging Economy Challenges & Innovations: Often face issues with informal waste
sectors. Effective policies focus on integrating and formalizing waste pickers,
building basic collection infrastructure, and leapfrogging to circular solutions (e.g.,
India’s focus on plastic waste EPR and Rwanda's strict ban on non-biodegradable
plastic bags).

5. Analysis of waste management:
Waste management system has various criteria on which the success of the system
depends, following is the critical analysis of the various criteria and the major leader of waste

management.
o European )
Criteria South Korea ) United States Japan
Union
High (nationwide . High
. Moderate (pilots Low to moderate
IoT Adoption SGBs, RFID, real- (focused on

time networks)

in smart cities)

(private-sector led)

Tokyo, Osaka)

Advanced Growing
o ) ) . Advanced
) (predictive (Al in sorting, Emerging ] o
Al Integration ) ) o (robotics, vision
analytics, robotic limited in (corporate R&D)
. ) systems)
sorting) collection)
Advanced Strong ]
. o Fragmented Strong (national
Policy (predictive (EU Green Deal,
. . ) (state-level waste laws,
Framework analytics, robotic circular economy

sorting)

directives)

regulations)

recycling targets)
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High Moderate High
) Low to moderate
Public (PAYT, (awareness (cultural
N . . . (voluntary .
Engagement incentives, strict | campaigns, variable emphasis on
) programs) .
enforcement) compliance) cleanliness)
Recycling Rate 50-70% (varies
95% 30-40% 80-85%
(Food Waste) by country)
Emission 29-30% (from
] o ] 15-25% 10-20% 20-25%
Reduction optimized routing)
o High after initial )
Cost Efficiency ) Moderate Low to moderate High
investment
SGBs, RFID, Al Smart bins, Pneumatic waste
) ) ) ) Automated ) )
Key Technologies routing, robotic blockchain pipes, robotic
. trucks, MRF Al )
sorters traceability sorting

5. Critical Challenges & Barriers

Technical & Infrastructure
1. Interoperability: Proprietary systems creating data silos
2. Connectivity: Remote/rural areas lacking network coverage
3. Power Supply: Battery life limitations for 10T devices
4. Data Quality: Sensor accuracy and calibration issues
Economic & Operational
1. High Initial Value: Smart bins cost 3-5x traditional bins
2. Return on Investment Uncertainty: Many municipalities lack lifecycle cost analysis
3. Skills Gap: Shortage of Al/data science talent in public sector
4. Maintenance Complexity: Specialized technicians required
Regulatory & Social
1. Data Privacy: Concerns about tracking individual waste patterns
2. Resistance to Change: Union concerns in traditional waste sectors
3. Policy Lag: Regulations not keeping pace with technology
4. Digital Divide: Exclusion of low-income/elderly populations

1. Discussion

The success of 10T and Al with the digitation of the system is depend on Policy and
Governance, Technology Deployment and Participation of Stakeholder. The technological
development and its integration in the waste management have been the real issue in the
developing countries, where as developed countries are now heading towards the complete
digitisation of the waste management system.

South Korea’s success is attributable to:
1. Holistic system design linking 10T, Al, and policy.
2. Strong legislative backing with circular economy targets.
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3. Public compliance mechanisms (RFID, adaptive pricing, fines).

4. Continuous innovation (e.g., Ecube Labs, digital twins).

5. Limitations includehigh upfront costs and data standardization challenges. The
comparative analysis suggests that nations with centralized waste policies and public-
private partnerships achieve better outcomes.

7. Conclusion and Recommendations

loT- and Al-driven waste management system offers a replicable model for sustainable
urban waste management. Technology alone isn't sufficient. The most successful
implementations (Singapore, Barcelona, Seoul) combine 1oT/Al with strong policy
frameworks, stakeholder engagement, and business model innovation. The future lies not in
"smart waste management™ but in "intelligent resource management systems™ where waste is
eliminated through predictive design and circular flows.

Key recommendations for other nations include:

e Develop national circular economy laws with clear Key Performance Indicators.

e Investin loT infrastructure and interoperable data platforms.

e Implement incentive-based PAYT systems to drive public participation.

e Foster innovationthrough public-private R&D partnerships.
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Abstract:

Groundwater is the primary source of drinking water in many semi-arid regions of
India, including Jalna city in Maharashtra. Fluoride is a naturally occurring constituent of
groundwater and its concentration is largely controlled by geological formations and seasonal
hydrogeochemical processes. The present study aims to assess fluoride concentration in
groundwater of the Jalna Municipal area and to evaluate its seasonal variation during pre-
monsoon and post-monsoon periods. Five representative groundwater sampling locations were
selected from different parts of the city, and samples were analyzed using standard ion-selective
electrode methods. The results indicate that fluoride concentration varies seasonally, with
comparatively higher values observed during the pre-monsoon season and lower
concentrations during the post-monsoon period due to dilution effects of rainfall recharge. All
measured fluoride values were found to be well within the permissible limits prescribed by the
World Health Organization (WHO) and Bureau of Indian Standards (BIS). The study concludes
that groundwater in Jalna city is presently safe for drinking with respect to fluoride content;
however, continuous monitoring is recommended to ensure long-term water quality and public
health protection.
Keywords: Groundwater, Fluoride, Seasonal Variation, Jalna, Drinking Water Quality, Semi-Arid

Region, BIS Standards, WHO Guidelines

Introduction

Water makes up 71% of the Earth's surface, predominantly in the form of seas and
oceans. Approximately 3.4 million individuals (primarily children) perish annually due to
diseases linked to water. On our planet, 97.2% of water is saline, while only 2.8% is freshwater,
with 20% of that being groundwater. Once groundwater becomes polluted, it cannot be purified
by merely halting the source of contamination. The World Health Organization states that
roughly 80% of diseases in humans result from contaminated water. [11,12]
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Groundwater quality is a key determinant of the suitability of water for drinking and
domestic use, particularly in semi-arid regions of India where groundwater serves as the
principal source of potable water. Fluoride is a naturally occurring ion in groundwater, released
primarily through water—rock interaction involving fluoride-bearing minerals. At low
concentrations, fluoride is beneficial in preventing dental caries by strengthening tooth enamel;
however, long-term consumption of water containing elevated fluoride levels can lead to dental
and skeletal fluorosis, posing significant public health concerns. Several regions of
Maharashtra have reported fluoride-related groundwater problems, emphasizing the need for
localized assessments. Seasonal variations, especially monsoon rainfall, play a crucial role in
modifying groundwater chemistry by influencing recharge, dilution, and mineral dissolution
processes, thereby affecting fluoride concentrations. Therefore, evaluating seasonal variations
of fluoride in groundwater is essential to understand its spatial and temporal distribution and
to ensure the availability of safe drinking water[4,9].

Study Area:

Jalna city is located in the Marathwada region of Maharashtra and experiences semi-
arid climatic conditions. The area is characterized by hot summers and moderate rainfall
concentrated during the southwest monsoon. Due to limited surface water availability, the
population of Jalna depends largely on groundwater sources such as bore wells and dug wells
for drinking and domestic purposes. The geological formation of the region mainly consists of
Deccan Trap basalt, which plays a crucial role in controlling groundwater quality. Rapid
urbanization and increasing water demand have intensified the reliance on groundwater
resources. Understanding the groundwater quality of Jalna city is therefore essential for
sustainable water management and public health protection.

Objectives:

To determine fluoride concentrations in groundwater samples of the Jalna Municipal
area during pre- and post-monsoon seasons and to evaluate seasonal variations in fluoride
levels in relation to their suitability for drinking water purposes.

Methodology:

Five groundwater sampling locations were selected within the Jalna Municipal area to
represent different land-use patterns and groundwater utilization zones. The selected sites
include Old Jalna area (S1), Bus Stand area (S2), Deulgaon Raja Road area (S3), Krishna Nagar
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area (S4), and Shivnagar area (S5). These locations were chosen to ensure spatial coverage
across the city and to assess variations in fluoride concentration in groundwater used for
drinking purposes. Groundwater samples were collected in clean, fluoride-free polyethylene
bottles during the pre-monsoon and post-monsoon seasons. The collected samples were
analyzed for fluoride concentration using standard laboratory techniques such as the ion-
selective electrode method, following prescribed water quality analysis procedures. The
analytical results were compared with drinking water standards. According to the World Health
Organization (WHO), the guideline value for fluoride in drinking water is 1.5 mg/L. The
Bureau of Indian Standards (BIS: IS 10500-2012) prescribes an acceptable limit of 1.0 mg/L
and a maximum permissible limit of 1.5 mg/L in the absence of an alternative water source.
Fluoride concentration beyond these limits may lead to dental and skeletal fluorosis[1,2,10].
Results and Discussion:
Fluoride Concentration in Groundwater:

The fluoride concentration measured in groundwater samples is presented in Table 1.

Table 1: Fluoride concentration in groundwater samples

Sr. No | Sample ID | Fluoride (mg/L) - | Fluoride (mg/L) -
Pre-Monsoon Post-Monsoon
1 S1 0.13 0.03
2 S2 0.18 0.07
3 S3 0.31 0.12
4 S4 0.16 0.11
5 S5 0.21 0.16

Seasonal Variation

The fluoride concentration in all samples was observed to be higher during the pre-
monsoon season. This increase may be attributed to reduced groundwater levels and enhanced
rock—water interaction during dry periods. Post-monsoon samples showed lower fluoride
concentration, likely due to dilution caused by rainfall recharge. Similar seasonal trends have
been reported in fluoride studies conducted in various parts of Maharashtra.
Drinking Water Suitability: All recorded fluoride concentrations were significantly below

the permissible limit of 1.0-1.5 mg/L for drinking water. This indicates that the groundwater
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of Jalna city is presently safe with respect to fluoride concentration. However, continuous
monitoring is recommended to detect any future changes influenced by climatic and
anthropogenic factors.

Conclusion:

The study reveals that fluoride concentration in groundwater of Jalna Municipal area
shows clear seasonal variation, with higher values during pre-monsoon and lower values during
post-monsoon. All analyzed samples contain fluoride within acceptable drinking water limits,
indicating no immediate fluoride-related health risk. Regular groundwater quality monitoring
IS suggested to ensure long-term safety and sustainable utilization of groundwater resources in
the region.
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