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ABSTRACT

Heavy metal pollution threatens ecosystems and human health. Hydrophytes, with 
their natural ability to absorb and detoxify metals, are valuable for phytoremediation. 
However, their efficiency varies due to species differences and environmental factors. 
Integrating Artificial Intelligence (AI) and Machine Learning (ML) enhances this 
process by enabling predictive modeling, stress detection, and real-​time monitoring. 
AI-​driven tools optimize plant selection, growth conditions, and risk assessment while 
improving scalability and sustainability. Despite challenges like data quality, costs, 
and ethical concerns, the synergy of hydrophytes with AI/ML offers a promising, 
eco-​friendly solution for restoring aquatic ecosystems.
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1. INTRODUCTION

Heavy metal pollution in aquatic ecosystems is a major global concern, primarily 
driven by industrialization, urbanization, and climate change. The primary sources 
are mining wastes, landfill leachates, municipal and industrial effluents, urban run-​
offs and natural processes such as volcanic eruptions and the erosion of rocks. Toxic 
metals include cadmium (Cd), lead (Pb), mercury (Hg), copper (Cu), zinc (Zn), 
nickel (Ni), manganese (Mn), arsenic (As) and chromium (Cr) not only toxic but 
also highly persistent and non-​biodegradable. This implies that they will accumulate 
with time in our waters, sediments, aquatic plants and animals. Such heavy metals 
may pile up in aquatic organisms and multiply via the food chain posing serious 
threats to the well-​being of the aquatic ecosystems as well as the health of humans 
who consume the aquatic organisms (Hama Aziz et al., 2023).

The heavy metals interfere with the normal physiological and biochemical 
processes of the aquatic organisms, damaging DNA, disrupting growth, affecting 
reproduction, respiratory disturbance, and death of fish, invertebrates, and other liv-
ing beings (Jeong et al., 2023). These effects decrease biodiversity, impair the water 
quality, and destabilize food webs. Even low doses of contaminated water or seafood 
can cause organ damage, neurological disorders and risks of cancer. In addition, their 
toxicity can be modified depending on exposure to pollutants such as microplastic or 
persistent organic compounds (Abubakar et al., 2024). Using such monitoring tools 
as the Heavy Metal Pollution Index and Degree of Contamination can be considered 
essential information on the state of pollution. Remediation measures can include 
traditional processes such as chemical precipitation and adsorption or other mod-
ern techniques such as bioremediation, phytoremediation and oxidation processes. 
Nevertheless, there are still the problems of cost and efficiency (M. Sharma et al., 
2025). To combat this problem, governments, industries, and communities should 
collaborate to minimize discharges, enhance the level of wastewater management, 
and safeguard aquatic ecosystems to be sustainable.

1.1. Overview of Hydrophytes and Their 
Role in Phytoremediation

Aquatic plants or hydrophytes are macrophytes which adapt to thrive in water-
logged habitats and are classified into floating, submerged and emergent species. 
They play an important role in aquatic ecosystems as they stabilize the sediments, 
provide habitats, and control nutrient cycles. In the recent times, they have attracted 
much interest towards their prospects in phytoremediation of water, sediments and 
soils using plants to remediate the pollutants (Thakur et al., 2023). Their direct 
contact with water, high production of biomass and rapid growth allow them to 



 

 

38 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/synergistic-role-of-artificial-intelligence-

and-machine-learning-in-enhancing-hydrophyte-based-

heavy-metal-stress-management/396384

Related Content

Maritime Spatial Planning Concepts and Approaches: Focusing on

Mediterranean Examples of Conflicts and Synergies Arising by Fishery

Activities
Theodora Papatheochari, Vassiliki Vassilopoulou, Athina Kokkali, Fabio Grati, Harry

Coccossis, Gianna Fabiand Luca Bolognini (2015). Progressive Engineering

Practices in Marine Resource Management (pp. 348-370).

www.irma-international.org/chapter/maritime-spatial-planning-concepts-and-approaches/129560

Seismic Performance of Soil-Ash and Soil-Ash-Foundation System: A

Parametric Study
M.V. Ravi Kishore Reddy, Supriya Mohantyand Rehana Shaik (2020). International

Journal of Geotechnical Earthquake Engineering (pp. 45-70).

www.irma-international.org/article/seismic-performance-of-soil-ash-and-soil-ash-foundation-

system/251883

Effect of Superstructure Stiffness on Liquefaction-Induced Failure

Mechanisms
S.P.G. Madabhushiand S.K. Haigh (2010). International Journal of Geotechnical

Earthquake Engineering (pp. 70-87).

www.irma-international.org/article/effect-superstructure-stiffness-liquefaction-induced/40945

Enhancing Security of IoT Systems Using Machine Learning-Based

Blockchain Technology
Kiran Ahujaand Sandeep Joshi (2024). Revolutionizing Automated Waste Treatment

Systems: IoT and Bioelectronics  (pp. 355-378).

www.irma-international.org/chapter/enhancing-security-of-iot-systems-using-machine-learning-

based-blockchain-technology/348462

http://www.igi-global.com/chapter/synergistic-role-of-artificial-intelligence-and-machine-learning-in-enhancing-hydrophyte-based-heavy-metal-stress-management/396384
http://www.igi-global.com/chapter/synergistic-role-of-artificial-intelligence-and-machine-learning-in-enhancing-hydrophyte-based-heavy-metal-stress-management/396384
http://www.igi-global.com/chapter/synergistic-role-of-artificial-intelligence-and-machine-learning-in-enhancing-hydrophyte-based-heavy-metal-stress-management/396384
http://www.igi-global.com/chapter/synergistic-role-of-artificial-intelligence-and-machine-learning-in-enhancing-hydrophyte-based-heavy-metal-stress-management/396384
http://www.irma-international.org/chapter/maritime-spatial-planning-concepts-and-approaches/129560
http://www.irma-international.org/article/seismic-performance-of-soil-ash-and-soil-ash-foundation-system/251883
http://www.irma-international.org/article/seismic-performance-of-soil-ash-and-soil-ash-foundation-system/251883
http://www.irma-international.org/article/effect-superstructure-stiffness-liquefaction-induced/40945
http://www.irma-international.org/chapter/enhancing-security-of-iot-systems-using-machine-learning-based-blockchain-technology/348462
http://www.irma-international.org/chapter/enhancing-security-of-iot-systems-using-machine-learning-based-blockchain-technology/348462


Prediction of Parameters of Soil Stratums and Earthen Dams from Free Field

Acceleration Records
Mourad A. Khellafi, Zamila Harichane, Hamid Afraand Ayfer Erken (2016).

International Journal of Geotechnical Earthquake Engineering (pp. 33-56).

www.irma-international.org/article/prediction-of-parameters-of-soil-stratums-and-earthen-dams-

from-free-field-acceleration-records/174411

http://www.irma-international.org/article/prediction-of-parameters-of-soil-stratums-and-earthen-dams-from-free-field-acceleration-records/174411
http://www.irma-international.org/article/prediction-of-parameters-of-soil-stratums-and-earthen-dams-from-free-field-acceleration-records/174411

