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Environmental contamination of soil and water by organic 
and inorganic pollutants such as heavy metals, petroleum 
hydrocarbons, pesticides, and emerging contaminants is a 
serious global concern. Conventional remediation methods (e.g., 
excavation, chemical oxidation) are often costly, environmentally 
intrusive, and energy-intensive. Mycoremediation, a branch 
of bioremediation that exploits the metabolic activity of fungi, 
has emerged as a sustainable and eco-friendly alternative. 
Fungi possess unique extracellular enzymes (e.g., ligninolytic 
enzymes) and cell wall structures that facilitate the degradation, 
transformation, biosorption, and sequestration of various 
pollutants. White-rot fungi such as Pleurotus and Phanerochaete 
species demonstrate high efficiency in degrading recalcitrant 
organic compounds, while filamentous fungi like Aspergillus 
and Trichoderma show strong capabilities for heavy metal 
biosorption. Mycoremediation also offers benefits such as low 
cost, minimal secondary pollution, and enhanced soil quality. 
However, challenges remain in scaling laboratory successes to 
field applications and optimizing fungi-environment interactions. 
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Rapid industrial growth, intensive agriculture, and urban expansion have resulted in the widespread 
contamination of soil and water systems with hazardous pollutants such as heavy metals, petroleum 
hydrocarbons, synthetic dyes, pesticides, pharmaceuticals, and other emerging contaminants. These 
pollutants pose serious threats to ecosystem stability, food security, and human health due to their 
persistence, toxicity, and bioaccumulative nature. Conventional remediation strategies, including 
physical removal, chemical oxidation, and thermal treatment, are often expensive, energy-intensive, 
and capable of generating secondary pollution. In this context, mycoremediation, a fungal-based 
approach within environmental biotechnology, has gained increasing attention as a sustainable 
and environmentally benign alternative for pollution management. Mycoremediation exploits the 
remarkable metabolic versatility of fungi to degrade, transform, immobilize, or remove contaminants 
from polluted environments. Fungi possess extensive mycelial networks that enable deep penetration 
into soil matrices and effective colonization of contaminated substrates. One of the most significant 
attributes of fungi is their ability to produce a wide array of extracellular enzymes, particularly 
ligninolytic enzymes such as laccases, lignin peroxidases, and manganese peroxidases. These 
enzymes exhibit low substrate specificity, allowing fungi especially white-rot species to degrade 
complex and recalcitrant organic pollutants, including polycyclic aromatic hydrocarbons, industrial 
dyes, pesticides, and pharmaceutical residues, which are otherwise resistant to bacterial degradation. 
In addition to enzymatic degradation, fungal cell walls play a crucial role in the remediation of 
inorganic pollutants. The presence of functional groups such as amino, carboxyl, hydroxyl, and 
phosphate groups enables fungi to bind and sequester heavy metals through biosorption and 
bioaccumulation mechanisms. Filamentous fungi, including species of Aspergillus, Penicillium, and 
Trichoderma, have demonstrated high affinity for toxic metals such as cadmium, lead, mercury, 
and chromium, thereby reducing their mobility and bioavailability in soil and aquatic systems. 
Furthermore, fungi can transform certain metals into less toxic forms through redox reactions and 
intracellular sequestration, contributing to long-term environmental stabilization. Mycoremediation 
has shown promising applications in both terrestrial and aquatic environments. In contaminated 
soils, fungal activity improves soil structure, enhances nutrient cycling, and promotes the restoration 
of native microbial communities, thereby supporting ecosystem recovery beyond pollutant removal. 
In water and wastewater systems, fungal biofilters and mycelial mats have been successfully 
employed to remove organic pollutants, nutrients, and pathogenic microorganisms, highlighting 
their potential for decentralized and low-cost water treatment solutions. Despite its advantages, 
the practical implementation of mycoremediation faces several challenges, including variability 
in environmental conditions, competition with native microorganisms, and difficulties in scaling 
laboratory findings to field-level applications. Additionally, a deeper understanding of fungal–
pollutant interactions, strain selection, and system optimization is required to enhance remediation 
efficiency. Integrating mycoremediation with complementary green technologies, such as microbial 
consortia, phytoremediation, and bioaugmentation strategies, may further improve its effectiveness. 
This review critically examines the role of fungal metabolism in green remediation of polluted soil and 
water systems, highlighting key mechanisms, applications, benefits, and limitations. By synthesizing 
recent advancements in mycoremediation research, the study underscores the potential of fungi as 
powerful biological tools for achieving sustainable environmental remediation and advancing eco-
friendly biotechnological solutions.



Vol 2, Issue 1, January-June, 2026		    Dr. Heena Atwal 		  ISSN No: 3049-4419

20

w
w

w
.ij

se
am

.c
om

Introduction
The contamination of soil and water resources has become a global environmental challenge driven by 
anthropogenic activities such as industrial discharge, mining operations, excessive agrochemical use, and 
improper waste disposal. Pollutants including heavy metals, petroleum hydrocarbons, synthetic dyes, 
pesticides, and pharmaceutical residues persist in the environment and disrupt ecological balance. Their 
accumulation in food chains further amplifies risks to human health.
Conventional remediation technologies, while effective in certain contexts, often involve high operational 
costs, intensive energy requirements, and ecological disturbance. These limitations have stimulated interest 
in environmentally sustainable alternatives that rely on natural biological processes. Environmental 
biotechnology offers innovative solutions by employing microorganisms to detoxify contaminated 
environments. Within this domain, mycoremediation the use of fungi for pollutant removal has gained 
recognition due to the unique metabolic and structural features of fungi.
Fungi possess an extraordinary ability to degrade complex organic matter and tolerate extreme 
environmental conditions. Their metabolic versatility, combined with extracellular enzyme secretion and 
extensive mycelial networks, makes them ideal candidates for green remediation technologies.

Fungal Metabolism and Mechanisms of Mycoremediation
1.	 Enzymatic Degradation of Organic Pollutants
One of the most significant contributions of fungi to environmental remediation is their capacity to 
degrade recalcitrant organic compounds. Many fungi, particularly white-rot fungi, produce ligninolytic 
enzymes that exhibit low substrate specificity. These enzymes oxidize a wide range of pollutants, including 
polycyclic aromatic hydrocarons, chlorinated compounds, dyes, and pesticides.
Laccases catalyze the oxidation of phenolic and non-phenolic compounds, while lignin and manganese 
peroxidases facilitate the breakdown of complex aromatic structures. This enzymatic system allows fungi 
to mineralize pollutants that are otherwise resistant to bacterial degradation, making mycoremediation 
particularly effective for organic-rich contaminated environments.
2.	 Biosorption and Bioaccumulation of Heavy Metals
Fungi play a critical role in the remediation of metal-contaminated environments through biosorption and 
bioaccumulation mechanisms. The fungal cell wall is rich in chitin, glucans, proteins, and lipids containing 
functional groups such as hydroxyl, carboxyl, and amino groups. These groups bind metal ions through 
physicochemical interactions, leading to their immobilization.
Filamentous fungi such as Aspergillus, Penicillium, and Trichoderma have demonstrated strong affinity 
for toxic metals including cadmium, lead, mercury, and chromium. In addition to surface adsorption, fungi 
can accumulate metals intracellularly, thereby reducing metal toxicity and bioavailability in contaminated 
soil and water systems.
3.	 Biotransformation and Detoxification
Beyond degradation and adsorption, fungi can biotransform pollutants into less toxic or more stable forms. 
Certain fungal species are capable of reducing toxic metal ions into less harmful states or converting organic 
pollutants into biodegradable intermediates. These processes contribute to long-term detoxification and 
environmental stabilization.

Applications of Mycoremediation in Soil Systems
In soil environments, mycoremediation has been successfully applied to sites contaminated with petroleum 
hydrocarbons, pesticides, industrial effluents, and agricultural waste. Fungal mycelia penetrate soil 
particles, enhancing aeration and improving soil structure. This not only facilitates pollutant degradation 
but also promotes the recovery of native microbial communities.
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Additionally, fungal remediation improves soil fertility by enhancing organic matter decomposition and 
nutrient availability. These attributes make mycoremediation a multifunctional strategy that supports 
both pollution control and ecosystem restoration.
Applications of Mycoremediation in Water and Wastewater Treatment
Fungal systems have shown considerable potential in aquatic environments, particularly for wastewater 
treatment. Mycelial mats and fungal biofilters act as natural filtration units capable of trapping suspended 
solids and degrading dissolved pollutants. Fungi have been reported to effectively remove dyes, 
pharmaceuticals, endocrine-disrupting compounds, and heavy metals from water.
The use of fungi in constructed wetlands and decentralized wastewater treatment systems offers a low-
cost and sustainable solution for water purification, especially in resource-limited regions.

Advantages of Mycoremediation
Mycoremediation offers numerous ecological, economic, and technological advantages over conventional 
remediation methods, making it an increasingly attractive strategy within sustainable environmental 
biotechnology. The unique biological characteristics of fungi, combined with their metabolic adaptability, 
allow them to remediate contaminated environments effectively while minimizing ecological disturbance.
Mycoremediation offers several advantages such as:
•	 Environmentally Sustainable and Eco-Friendly Approach
One of the most significant advantages of mycoremediation is its environmentally benign nature. Unlike 
chemical or physical remediation techniques that often involve the use of hazardous reagents or generate 
secondary pollutants, mycoremediation relies on natural fungal metabolic processes. Fungi degrade or 
immobilize contaminants without releasing toxic byproducts, thereby preserving ecosystem integrity. 
This aligns well with green technology principles and supports long-term environmental sustainability.
•	 Cost-Effective and Energy-Efficient Technology
Compared to conventional remediation methods such as excavation, thermal treatment, or chemical 
oxidation, mycoremediation is relatively low-cost and requires minimal energy input. Fungal cultures can 
be grown using inexpensive substrates, including agricultural and industrial waste materials. The process 
often occurs under ambient environmental conditions, reducing the need for complex infrastructure or 
high operational costs. This economic advantage makes mycoremediation suitable for large-scale and 
low-resource settings.
•	 Capable of treating complex and recalcitrant pollutants
Fungi possess a unique enzymatic system capable of degrading structurally complex and persistent 
pollutants that are resistant to bacterial metabolism. Extracellular enzymes such as laccases, lignin 
peroxidases, and manganese peroxidases exhibit low substrate specificity, enabling the breakdown of 
polycyclic aromatic hydrocarbons, synthetic dyes, pesticides, pharmaceuticals, and other xenobiotic 
compounds. This broad degradation capacity makes mycoremediation particularly effective for treating 
highly contaminated industrial and agricultural sites.
•	 Improvement of Soil Health and Ecosystem Restoration
Beyond pollutant removal, mycoremediation contributes to the restoration of degraded ecosystems. 
Fungal mycelia improve soil structure by enhancing aggregation, aeration, and water retention. They also 
promote nutrient cycling and organic matter decomposition, which supports plant growth and microbial 
diversity. As a result, mycoremediation not only detoxifies polluted soils but also facilitates ecological 
recovery and long-term land usability.
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•	 Minimal Secondary Waste Generation
Many conventional remediation techniques generate large volumes of secondary waste requiring 
additional treatment or disposal. In contrast, mycoremediation produces minimal waste, as pollutants 
are degraded or immobilized within fungal biomass. Moreover, spent fungal biomass can sometimes be 
safely composted or reused after proper treatment, further reducing environmental burden.
These benefits highlight the potential of fungi as key agents in green environmental biotechnology.

Limitations and Challenges
Despite its promise, mycoremediation faces challenges related to field-scale implementation. Environmental 
factors such as temperature, pH, moisture, and nutrient availability influence fungal activity. Competition 
with native microorganisms and difficulties in maintaining fungal viability under natural conditions can 
limit remediation efficiency.
Furthermore, large-scale application requires standardized protocols, strain optimization, and improved 
delivery systems. Addressing these challenges is essential for translating laboratory success into real-
world remediation projects.

Future Prospects
Future research should focus on genetic and metabolic profiling of fungi to identify high-performance 
strains for specific pollutants. Integrating mycoremediation with complementary approaches such 
as phytoremediation, microbial consortia, and nanobiotechnology may enhance overall remediation 
efficiency. Advances in systems biology and bioengineering could further optimize fungal metabolism 
for targeted environmental applications.

Conclusion
Harnessing fungal metabolism for environmental remediation represents a powerful and sustainable 
approach to addressing soil and water pollution. Through enzymatic degradation, biosorption, and 
biotransformation, fungi offer effective solutions for detoxifying contaminated environments while 
promoting ecosystem restoration. Continued interdisciplinary research and technological innovation will 
be critical in establishing mycoremediation as a mainstream strategy within sustainable environmental 
biotechnology.
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