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ABSTRACT: River ecosystems worldwide face severe
degradation from erosion, mining pollution, and climate-

induced changes, threatening livelihoods in agriculture,
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fishing, tourism, and commerce. This study proposes Al-driven
mycoremediation strategies, leveraging fungal networks to
remediate eroded riverbanks and recycle mining byproducts
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potential to transform environmental liabilities into regenerative ecosystems suitable

for diverse land uses.
1. Introduction

The footprint of industrial activity has left vast areas of the planet requiring urgent
ecological intervention. Two critical areas are riparian zones—riverbanks degraded
by erosion and agricultural runoff—and mining tailings—volumes of toxic byproduct

often containing heavy metals and acid-generating minerals.

Current restoration strategies are usually segmented. Riparian areas are stabilized
using mechanical grading or simple revegetation, while mining waste is often
"capped" or transported to landfills. These methods are frequently reactive, costly,
and fail to establish self-sustaining, zero-waste ecosystems. Fungi, however, possess
unique biological capabilities that address both erosion and contamination. Their
vegetative structure, the mycelium, acts as a biological binder, while their enzymatic

repertoire can degrade organic pollutants and sequester heavy metals.

This study presents a framework designed to bridge the gap between laboratory
success and scalable field application of mycoremediation. The core innovation is the
application of Artificial Intelligence (Al) as the optimizing engine for these living

systems.
2. The Fungal Action: Stabilizer and Decontaminator

To understand how Al optimizes the process, we must first categorize the

mechanisms of fungal action relevant to these two distinct environmental challenges.
2.1 Mycelial Stabilization of Riverbanks

Erosion in riparian zones is primarily a structural failure. Fungal mycelium grows as
a dense, microscopic network of hyphae. This network functions as biological
adhesive, binding soil particles together to form aggregate structures. This
aggregation increases soil porosity and hydraulic conductivity, reducing surface

runoff during rain events and physically anchoring the soil against the shear forces of
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river flow. AOFB seeks to maximize this network density and tensile strength in a

site-specific manner.
2.2 Mycoremediation of Mining Tailings

Mining tailings are primarily chemical hazards. Fungi utilize several pathways to

treat these:

Biosorption and Bioaccumulation: Specific fungi can absorb heavy metals (e.g.,
Lead, Cadmium, Arsenic) into their cellular structure (mycelium) or concentrate

them in fruit bodies (mushrooms) for subsequent safe harvesting and disposal.

Biotransformation: Fungi can change the chemical valence state of metals,
transforming them from bioavailable, toxic forms into stable, inert compounds that

are "locked" within the soil matrix, preventing leaching into groundwater.
3. The AI-Optimized Framework (AOFB)

The AOFB framework is designed as a dynamic, closed-loop system consisting of

four stages: Analysis, Strategy, Deployment, and Management.
3.1 Stage 1: AI-Driven Analysis and Planning

The framework begins with rigorous data collection, fed directly into an AI model.
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Inputs:

Drones and Satellite Imagery: To map topography, erosion severity in riparian

zones, and surface composition of tailings ponds.

In-Situ IoT Sensors: Real-time data on soil temperature, moisture, pH, and

conductivity.

Laboratory Analysis: Chemical profiling of soil/water samples to identify exact
pollutant types and concentrations (e.g., distinguishing hydrocarbon spills from acid

mine drainage).

The AI utilizes Machine Learning (ML) algorithms—specifically Predictive
Modeling—to analyze this data. The Al doesn't just assess the current state; it models
future degradation patterns (e.g., "Where will this riverbank fail during the next 10-

year flood event?").
3.2 Stage 2: Strategy Optimization (Strain Selection and Substrate Mix)
This is the central optimizing phase, where the Al selects the "living reagents."

Strain Selection: Using extensive databases of fungal genomes and metabolic
capabilities, the Al recommends the most suitable fungal species. For heavy metals
in mining, it might select Aspergillus niger or Penicillium species known for high
biosorption. For binding eroded riparian soil, it would prioritize white-rot fungi like

Trametes versicolor or other vigorous mycelial-network-formers.

Substrate Optimization: Fungi need food to grow. The framework uses a circular
economy model, utilizing local "waste" products (wood chips, agricultural
byproduct, cardboard) as growth substrates. The Al optimizes this substrate recipe
based on pH, nutrient availability, and the specific requirements of the selected

fungal strain.
3.3 Stage 3: Site-Specific Deployment
Deployment is no longer a blanket application.

Riparian: Al-guided deployment targets critical failure points identified in Stage 1.
Mycelial mats, or "myco-booms," can be strategically placed where erosion forces

are highest.
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Mining Tailings: Substrate mixed with specific fungal inoculants is applied to
tailings surfaces. The deployment pattern (e.g., grid vs. targeted hotspots) is
optimized by the AI to ensure complete coverage of contaminated zones while

minimizing material usage.
3.4 Stage 4: Monitoring and Adaptive Management (Al-Feedback)

The Al remains active post-deployment via continued monitoring by the IoT sensor

network and drone surveys.

Real-Time Optimization: If sensors detect that a section of tailings is becoming too
dry (inhibiting fungal growth), the Al can automatically trigger irrigation or provide

alerts for targeted maintenance.

Adaptive Learning: The data on how the specific strain performs in the specific site
conditions is fed back into the central Al database, improving the predictive accuracy

for future deployment strategies.
4. Discussion: Transitioning to Regenerative Systems

The ultimate goal of AOFB is not just "cleanup," but the creation of functional land

suitable for economic activity.

Phase Transformation ( liabilities Resulting Land Use Hubs
to assets)
I Stabilized, Aggregate Soil; Safe Foundation

Sequestration of Toxins

II Soil Generation; Closed- Sustainable Farming Hubs
Loop Cycling of Agricultural | (e.g., specialized mushroom
Waste farming, regenerative

agriculture)

I Restored Riparian Eco-Tourism Hubs (e.g.,
Vegetation; Ecological educational nature trails,
Health Monitoring conservation parks)

v Production of New Materials | Trade & Innovation Hubs

(e.g., mycelium-based
packaging); Al/Ecological
Research

(e.g., bioproduct
manufacturing, circular
economy research)

Page 5 of 7

https://zenodo.org/records/19000287



https://zenodo.org/records/19000287

This zero-waste model ensures that the remediation process itself creates materials
(mycelium products, organic compost) and data that fuel further economic and

ecological growth.
5. Conclusion

The AI-Optimized Fungal Bioremediation framework provides a scalable,
sustainable path to restoring two of our most critical environmental liabilities. By
combining the physical and chemical intelligence of fungi with the computational
intelligence of AI, we can transition from segmented, mechanical containment
strategies to integrated, biological systems that heal the land while building a

resilient, circular economy.
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