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ABSTRACT: Water contamination is an important global concern that affects the health of public, ecological balance,
and sustainability. Industrialization, urbanization, and agriculture have accelerated and intensified pollution that has led
to the entry of toxic materials into water bodies through heavy metals, pesticides, pharmaceuticals, and microplastics.
This research paper looks into the different causes and impacts of water contamination focusing on fungi-based
bioremediation as an innovative and sustainable mitigation approach. This article highlights, from the available
literature, how several species of fungi are efficient and cost-effective enzymatic means in the degradation of pollutants
in comparison to traditional ways of water purification. Challenges toward large-scale utilization and how
biotechnology could optimize fungal bioremediation processes are also described. This paper will strive to contribute
toward sustainable water management solutions and efforts toward environmental conservation by advocating
community involvement and integration of policy.

KEYWORDS: Water pollution, Bioremeditation, Sustainability, Public health, Environmental Conservation,
Wastewater Treatment, Policy Advocacy.

I. INTRODUCTION

The problem of contamination is now so widespread that it threatens the very foundation of water, a basic resource for
life and a pillar of social progress. This urgent significance is so easily overlooked because it is masked beneath the
surface of rapidly increasing industrialization, urbanization, and agricultural intensification. This subtle yet cataclysmic
disaster jeopardizes sustainable development in the context of public health threats, destruction of ecosystems, and
exacerbating a global scarcity of water resources. The factors behind water contamination along with the outcomes are
all what make the complexity of it exist. Through these contaminants-pesticides, heavy metals, medication, or even
micro-plastic-the ecosystem of aquatic lives suffers, affecting humans and their overall health, environment, and
ecological balances. On the other hand, the fact that water poisoning is associated with socioeconomic disparities,
climate change, and geopolitical tensions points out the complexity of the problem. Despite breakthroughs in water
management technology and legislative actions, present solutions seldom meet the issue's magnitude and complexity.
The goal of this study is to provide a complete analysis of the effects of water pollution and to evaluate innovative
mitigation measures. This research will contribute to continuing efforts to address one of today's most pressing
environmental issues by integrating cutting-edge scientific discoveries and studying multidisciplinary approaches.

Research Problem

Water pollution is still one of the significant issues in the world, while traditional treatment methods are either
expensive, inefficient, or even hazardous to the environment. Despite the promise of fungal bioremediation as a green
option, optimization gaps, integration with existing technologies, regulatory frameworks, and public acceptance hamper
its actual application on an industrial scale. It has been based on the study regarding the current issues of viability,
efficiency, and scalability in water treatment based on fungi-based solutions.
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Research Objectives
1) To identify the major sources and lesser-known causes of water pollution.
2) Analysis of the health, environmental, and economic effects of polluted water.
3) Assess the effectiveness of current water contamination mitigation strategies.
4) To identify disparity and challenges in water quality management and monitoring.
5) To suggest sustainable and innovative solutions for preventing and responding water contamination.
6) To advocate for actionable policies and community involvement in the fight against water pollution.

II. REVIEW OF LITERATURE

Fungi as Pollutants

Saritha and Arul's study found that white-rot fungi, using enzymes like laccase and manganese peroxidase, can
naturally and sustainably break down poisonous pollutants in wastewater, offering a green solution to traditional
chemical treatment Saritha, V., & Arul, M. (2020).Das et al. found that fungi like Aspergillus niger and Penicillium
are capable of naturally and economically removing heavy metals from industrial wastewater through biosorption and
thus reducing pollution in the environment. Kapahi M, Sachdeva S (2017). Singh et al. found that fungi like
Aspergillus, Trametes, and Phanerochaete chrysosporium produce enzymes that effectively break down hazardous dyes
in textile wastewater, reducing pollution and protecting ecosystems. Singh, V. K., & Singh, R. (2024).

Treatment of Wastewater

Mishra and Kumar found that fungi like Pleurotus and Trametes can biodegrade pharmaceutical waste in wastewater,
reducing toxicity and potentially preventing antibiotic resistance Mishra, S., & Kumar, V. (2021). Sharma et al.
concluded that fungal treatment of water is a cost-effective, resource-effective, and scale-up amicable alternative to
capital-consuming traditional methods and is ideal for small-scale industries and rural areas Sharma, N., Patel, A., &
Mehta, R. (2022). Design and planning for effective wastewater treatment involve characterization, process selection,
detailed design, construction, and operation, keeping in mind the standards of compliance of effluent, adaptability to
future developments, and incorporation of engineering, environmental, and economic factors. Qasim, S.R. (1999).
Treatments of highly saline industrial wastewaters require an economic combination of physico-chemical and
biological processes, including halophilic bacteria, to meet stringent legislation and provide water quality. Lefebvre,
0., & Moletta, R. (2006).Rapid urbanization results in pollution, and disposal of wastewater is a cause of global
warming and health risks, which requires effective treatment processes to offset its impact. Afolalu, S. A., Ikumapayi,
0. M., Ogedengbe, T. S., Kazeem, R. A., & Ogundipe, A. T. (2022). Effective urban water pollution management
requires advanced wastewater treatment in low-rainfall areas and runoff quality management systems in areas of high
rainfall to efficiently manage pollutant loads. Taebi, A., & Droste, R. L. (2004). Wastewater from the tanneries, which
is extremely polluted with toxic pollutants, requires advanced treatment technologies, regulatory standards, and waste
management that is sustainable in order to manage environmental risks. Saxena, G., Chandra, R., & Bharagava, R.
N. (2017)

Fungi In Water Contamination

Fungi in drinking water are currently seen as contaminants, but their influence on water quality and human health is
uncertain, with little research directed to effective treatment and with ambiguous findings in scientific literature
Hageskal, G., Lima, N., & Skaar, 1. (2009). Drinking water is contaminated with fungi that can taste, odor, and be
harmful to health, particularly in immune-suppressed people Al-Gabr, H. M., Zheng, T., & Yu, X. (2013). Water-related
fungi lead to taste, odor problems, health hazards, and pipe clogging, and mycotoxigenic species are present in
Istanbul's water systems, indicating poor disinfection Kadaifciler, D. G., & Demirel, R. (2018). Hospital water can be
contaminated with filamentous fungi such as Aspergillus fumigatus and Fusarium, but their source is unknown Warris,
A., Voss, A., Abrahamsen, T. G., & Verweij, P. E. (2002). Kashmir's lake water hosts opportunistic fungi, with a greater
number of infections in its inhabitants using it, causing health hazard Bandh, S. A., Kamili, A. N., Ganai, B. A., &
Lone, B. A. (2016)

Research Methodology

The basis of this research is both Primary data and Secondary data analysis. The Primary Data Analysis was done with
the help of a questionnaire using surveyheart (Website). The sample size included 24 respondents. The sampling
technique used was Convenience sampling. Secondary data analysis relies on the literature, reports, and case studies on
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the evaluation of the bioremediation of fungi in water contamination. Scientific papers and industry reports will be
reviewed extensively regarding the efficiency, cost, and sustainability of the fungal treatment of water as compared to
traditional methods. Realistic case studies will be used for the study of feasibility and scalability. A policy and
regulatory review shall also point out the problems for massive implementation. Conclusions from these sources are
synthesized to enumerate potential, limitations, and future prospects for fungus-based water purification.

II1. DATA ANALYSIS

Primary Data Analysis
1. Awareness of Water Pollution

Water pollution and its repercussions are very familiar to 75% of respondents, while 12.5% each claim to be somewhat
aware or not aware.

This indicates an appreciation of fairly high awareness levels; however, a small proportion may actually require further
education.

Percentage of

Respondents
75%
5% 12.5%
Awareness
Categor
Very Aware Somewhat Not Aware gory
Aware

Awareness Levels of Water Pollution

2. Suspected Causes for Water Pollution

The foremost perpetrators are agriculture runoff (25%) and chemical spill (25%), while industrial waste follow at
12.5%.

The absence of any other selections implies that the options provided agree with common assumptions.
The results therefore imply stricter regulations and sustainable practices in agriculture and industry.

Percentage Contribution

25% 25%
5%
Source of
Agriculture Chemical Industrial Pollution
Runoff Spill Waste

Contribution to Water Pollution by Source
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3. Experience with Water Pollution

Half (50%) of the respondents acknowledged they personally experienced or witnessed the consequences of water
pollution and the remaining half (50%) hasn’t come across the consequences of it.It means a significant number of
populations suffer the consequences of water pollution directly.

Percentage of

Respondents
50% 50%
e——
Respondent
Not Group

Experienced Experienced

Awareness of Water Pollution
Consequences

4. Awareness on Fungal Bio-remediation
87.5% never heard of fungal bioremediation and 12.5% has knowledge regarding it. That points to a major gap in
knowledge and calls for much more public awareness and scientific communication of this technology.

Percentage of

Respondents
87.5%
5%
Awareness
Status
Unaware Aware

Awareness of Fungal Bioremediation
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5. Effectiveness of Fungi for Pollution Removal
Respondents feel that fungi can remove pharmaceuticals (25%) and micro plastics (25%), but few believe fungi to be

capable of removing industrial chemicals (12.5%).
The lack of selection for heavy metals suggests that the general public does not know about the full extent of fungi’s

remediation talents.

Public Perception of Fungi's Remediation
Capabilities

25%

Microplastics

Fungi's role in plastic

degradation Industrial

Chemicals

Pharmaceuticals

Fungi's potential in
drug removal Limited belief in
fungi's chemical
removal

6. Sustainability of Fungal-Based Water Purification

The responses appeared divided. 37.5% of respondents feel it is a sustainable solution, 37.5% donors are uncertain,
while 25% of the respondents do not feel it is sustainable. This indicates the need for research-based outreach to try to
resolve the questions about the sustainability of fungi-based purification.

Perceptions of Fungi-Based Purification Sustainability

37.5%

N 25%

%}v@

Denors unsure about
sustainability

Sustainable Not Sustainable
Majority believe in its Some doubt its
sustainability sustainability
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7. Challenges of Fungal Bioremediation Implementation

Resistance from industries (25%) was identified as the major challenge. The absence of any respondent selecting high
cost of scaling up or government registrations suggests that financial and regulatory barriers may not really be a major
concern. Pushback by industry players may be on account of economic or operational considerations.

Challenges in Fungi-Based Purification Adoption

25%

TN
N

0%

%_/2 %,/2
High Cost of

Scaling Up
Resistance from No concern among
Industries respondents
Major challenge in No concern among
adoption respondents

8. Measures That May Be Adopted to Curb Water Pollution

The main solutions suggested are:

Improvement of wastewater treatment (50%),

Regulations on industrial waste (25%), Promoting sustainable farming (12.5%), and Public awareness (12.5%).
It shows that respondents prefer technical and regulatory measures over educational campaigns.

Percentage of

Respondents
50%
5%
12.5% 12.5%
TmprovereTt Regulations _ Promoting bl Solutions
on Industrial Sustainable
Wastewater . Awareness
Waste Farming
Treatment
Suggested Solutions for Industrial

Challenges

9. Efforts by the Government and Industry
In contrast, 62.5% think otherwise, that the government and industries are not doing enough, 37.5% think otherwise.
It thus highlights public discontent with existing policies and enforcement regarding water pollution.
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Percentage of
Respondents

62.5%

.5%

Perception
Category

Not Enough Sufficient
Action Action

Public Perception of Government Action on
Water Pollution

Education regarding fungal bioremediation is very important since majority of people do not know its full potential.
There is a need to strengthen the regulation dealing with pollution from industries and agriculture.

IV. CASE ANALYSIS

Minamata Incident

In 1932, a factory in Minamata City, Japan began dumping its industrial effluent — Methylmercury, into the surrounding
bay and the sea. Methylmercury is incredibly toxic to humans and animals alike, causing a wide range of neurological
disorders.

Its ill effects were not immediately noticeable. However, this all changed as methylmercury started to bioaccumulate
inside shellfish and fish in Minamata Bay. These affected organisms were then caught and consumed by the local
population. Soon, the ill effects of methylmercury were becoming apparent.

Initially, animals such as cats and dogs were affected by this. The city’s cats would often convulse and make strange
noises before dying — hence, the term “dancing cat disease” was coined. Soon, the same symptoms were observed in
people, though the cause was not apparent at the time.

Other affected people showed symptoms of acute mercury poisoning such as ataxia, muscle weakness, loss of motor
coordination, damage to speech and hearing etc. In severe cases, paralysis occurred, which was followed by coma and
death. These diseases and deaths continued for almost 36 years before they could be officially acknowledged by the
government and the organisation.

Since then, various control measures for water pollution have been adopted by the government of Japan to curb such
environmental disasters in the future.

Pollution of the Ganges

Some rivers, lakes, and groundwater are rendered unfit for usage. In India, the River Ganges is the sixth most polluted
river in the world. This is unsurprising as hundreds of industries nearby release their effluents into the river.
Furthermore, religious activities such as burials and cremations near the shore contribute to pollution. Apart from the
ecological implications, this river poses a serious health risks as it can cause diseases like typhoid and cholera.
Pollution of the Ganges is also driving some of the distinct fauna to extinction. The Ganges River shark is a critically
endangered species that belong to the order Carcharhiniformes. The Ganges River dolphin is another endangered
species of dolphin that is found in the tributaries of the Ganges and Brahmaputra rivers.

As per a survey, by the end of 2026, around 4 billion people will face a shortage of water. Presently, around 1.2 billion
people worldwide do not have access to clean, potable water and proper sanitation. It is also projected that nearly 1000
children die every year in India due to water-related issues. Groundwater is an important source of water, but
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unfortunately, even that is susceptible to pollution. Hence, water pollution is quite an important social issue that needs
to be addressed promptly.

Analyzing India's River Pollution Challenges

Environmental

Government Initiatives Conditions
National Water Industrial shutdowns . .
Monitoring Programme during COVID-19 Persistent River
Pollution in India
Namami Gange Urban pollution
Programme persistence
Increased sanitation Focus on plastic
awareness reduction policies
Swachh Bharat Mission NatIOI?Eﬂ River
Conservation Plan
Public Awareness

Policy and Regulation

India’s Journey Towards River Pollution
Maoanagement

2010-2014

Data Collection Phase:
National Water Monitoring
Progranime lavnched

—<1 2016-2012

10
AQI

2015

~70% of rivers polluted:
Swachh Bharat Mission

launched = *
T —— 351 polluted river stretches:
2018-2019 Namoami Gange Progranme
371 polluted river stretches: initiated
Strengthened river @ 2020
rejuvenation plans 2

Shorp decline in pollution:

2021-2022 COVID-19 lockdown

2729 polluted rivers, 46%
polluted: National River
Conservation Plan

20249
High microplastic

contamination: Focus on
plastic reduction

). 2023

Data not disclosed: Intensified
CPCB monitoring

&ﬁ 2025

Ongoing assessment:
Strengthened environmental
regulations
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Proposed Solution & Recommendations

Using a fungus that is found not only in oyster mushrooms but in various others which can be consumed but also shows
excellent results in degrading many environmental toxins, especially hydrocarbon-based contaminants. This fungus can
be used in water purification where it’s cost effective and industries need not spend more in expensive technology as
such mushrooms can be grown anywhere for usage.

This involves the use of specific species of fungi, especially oyster mushrooms and similar varieties, because they have
a natural ability to degrade environmental toxins. This new approach provides an affordable, sustainable, and scalable
method to deal with water contamination, especially hydrocarbon-based pollutants.

1. Mechanism of Action
Specific enzymatic pathways of fungi break down complicated pollutants, for example, hydrocarbons,
pesticides, and heavy metals. Ligninolytic enzymes involve in the degradation mechanism, such as laccase,
manganese peroxidase, and lignin peroxidase, which, through oxidation, convert harmful organic compounds
into forms that are not toxic or not toxic at all.

2. Water Purification Applications

e Fungi have been used in biofilters to filter small-scale sources of water particularly in remote areas or
underdeveloped areas.

e Industrial corporations can use the fungal bioreactors to clean water contaminated with harmful chemicals or
products from their plants before being released into the environment, which would minimize its dangerous
nature.

e  Fungal-based purification can be deployed in a short period after any accident of chemical spills or any type of
disaster that involves water, and restore its quality for safe use again.

Benefits of Applying Fungi-Based Water Purification
Fungal cultivation is cheaper than other complicated technologies like reverse osmosis or UV purification. It
requires very little infrastructure and uses cheap substrates like agricultural waste for cultivation.

e Unlike chemical treatments, there is no input of more pollutants into the environment through fungal
bioremediation. The byproducts of fungal metabolism are often biodegradable and friendly to the
environment.

e  This solution can still be done despite low-resource input since fungi can be readily cultured locally.

e Since fungi are widely available, they can clean up the medium from any substance such as hydrocarbons,
pesticides, micro plastics, or pharmaceuticals.

4. Challenges and Mitigation

e Large-scale deployment requires constant cultivation and management of fungal biomass. This can be
addressed by creating modular fungal bioreactors.

e Fungi are optimized for specific temperature, pH, and nutrient conditions. Further research is required to adapt
their use to various environmental settings.

e Communities and industries need to be educated about the benefits and safety of using fungi in water
treatment. Demonstration projects can help build trust and familiarity.

5. Future Prospects
Advances in biotechnology and genetic engineering can be used to develop fungi as enhanced cleaners of
water. Genetic modifications of fungi, which will make them produce increased levels of ligninolytic enzymes
for faster breakdown. Hybrid systems, which consist of fungi blended with other forms of bioremediation,
such as bacteria or algae, for a wholistic treatment of water.

6. Implementation Strategy
Collaboration with pilot projects in different local governments with NGOs and other research institutions for
implementation. Educate local communities on how mycoremediation of fungi and purifying systems will be
managed.
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This can be integrated as part of ongoing water management policy to ensure effective utilization of such an
intervention.

V. CONCLUSION

Water pollution is a serious worldwide problem influencing public health, the environment, and sustainable growth,
where conventional treatment processes tend to be expensive, inefficient, or environmentally unfriendly. This study
emphasizes fungi-mediated bioremediation as a novel, affordable, and environmentally friendly water purification
technique with the potential to utilize enzymatic processes to break down water pollutants like heavy metals, pesticides,
and pharmaceuticals. Its uses in biofilters, industrial wastewater treatment, and emergency response activities present
scalable advantages, yet implementation issues such as large-scale application, environmental flexibility, and public
acceptance continue. Overcoming these problems calls for more research, policy inclusion, and public involvement.
Evolving developments in biotechnology, genetic engineering, and hybrid bioremediation systems can maximize the
effectiveness of fungal treatments, making cooperation between governments, industries, and research centers essential
to mass implementation. Through the adoption of fungi-based water purification, society can step towards a more
sustainable and resilient water management system to provide future generations with access to clean water.

REFERENCES

1. Tomer et al., (2021). Role of fungi in bioremediation and environmental sustainability. In Fungal biology (pp.
187-200). https://doi.org/10.1007/978-3-030-54422-5 8

2. Kapahi M, Sachdeva S (2017) . Mycoremediation potential of Pleurotus species for heavy metals: a review.
Bioresour Bioprocess. 2017;4(1):32. doi: https://doi.org/10.1186/s40643-017-0162-8

3. Rani B et al,, (2014) Bioremediation of dyes by fungi isolated from contaminated dye effluent sites for bio-
usability. Braz J Microbiol. doi: https://doi.org/10.1590/s1517-83822014000300039 .

4. Maza-Marquez(2020) . Evaluation of the Abundance of Fungi in Wastewater Treatment Plants Using Quantitative
PCR (qPCR). Methods Mol Biol. 2020;2065:79-94. doi: https://doi.org/10.1080/21501203.2024.2389290

5. Singh, V. K., & Singh, R. (2024). Role of white rot fungi in sustainable remediation of heavy metals from the
contaminated environment. Mycology, 15(4), 585—601. https://doi.org/10.1080/21501203.2024.2389290

6. Qasim, S.R. (1999). Wastewater Treatment Plants: Planning, Design, and Operation, Second Edition (2nd ed.).
Routledge. https://doi.org/10.1201/9780203734209

7. Lefebvre, O., & Moletta, R. (2006). Treatment of organic pollution in industrial saline wastewater: a literature
review. Water research, 40(20), 3671-3682. https://10.1016/j.watres.2006.08.027

8. Afolalu et al., (2022). Waste pollution, wastewater and effluent treatment methods—an overview. Materials Today:
Proceedings, 62, 3282-3288. https://doi.org/10.1016/j.matpr.2022.04.231

9. Taebi, A., & Droste, R. L. (2004). Pollution loads in urban runoff and sanitary wastewater. Science of the total
Environment, 327(1-3), 175-184. https://doi.org/10.1016/].scitotenv.2003.11.015

10. Saxena et al., (2017). Environmental pollution, toxicity profile and treatment approaches for tannery wastewater
and its chemical pollutants. Reviews of Environmental Contamination and Toxicology Volume 240, 31-69.
https://doi.org/10.1007/398 2015 5009

Additional References

11. https://www.sciencedirect.com/science/article/pii/S0045653522041029

12. https://www.hydrotech-group.com/blog/fungi-and-water-treatment-see-what-they-can-
do#:~:text=And%200ne%20particular%20species%200f,%2C%20especially%20hydrocarbon%2Dbased%20conta
minants

13. https://india.mongabay.com/2024/07/indias-polluted-rivers-are-becoming-a-global-pollution-problem/

IJMRSET © 2025 |  AnISO 9001:2008 Certified Journal | 4652



https://doi.org/10.1007/978-3-030-54422-5_8
https://doi.org/10.1186/s40643-017-0162-8
https://doi.org/10.1590/s1517-83822014000300039
https://doi.org/10.1080/21501203.2024.2389290
https://doi.org/10.1080/21501203.2024.2389290
https://doi.org/10.1201/9780203734209
https://10.0.3.248/j.watres.2006.08.027
https://doi.org/10.1016/j.matpr.2022.04.231
https://doi.org/10.1016/j.scitotenv.2003.11.015
https://doi.org/10.1007/398_2015_5009
https://www.sciencedirect.com/science/article/pii/S0045653522041029
https://www.hydrotech-group.com/blog/fungi-and-water-treatment-see-what-they-can-do#:~:text=And%20one%20particular%20species%20of,%2C%20especially%20hydrocarbon%2Dbased%20contaminants
https://www.hydrotech-group.com/blog/fungi-and-water-treatment-see-what-they-can-do#:~:text=And%20one%20particular%20species%20of,%2C%20especially%20hydrocarbon%2Dbased%20contaminants
https://www.hydrotech-group.com/blog/fungi-and-water-treatment-see-what-they-can-do#:~:text=And%20one%20particular%20species%20of,%2C%20especially%20hydrocarbon%2Dbased%20contaminants
https://india.mongabay.com/2024/07/indias-polluted-rivers-are-becoming-a-global-pollution-problem/

> INTERNATIONAL
\NO (§2% STANDARD
SJIF Sclentifc Journal Ipact Factor SERLL
- . NUMBER
INDIA

INTERNATIONAL JOURNAL OF

MULTIDISCIPLINARY RESEARCH
IN SCIENCE, ENGINEERING AND TECHNOLOGY

NISCAIR

| Mobile No: +91-6381907438 | Whatsapp: +91-6381907438 | ijmrset@gmail.com |

WWW.ijmrset.com



mailto:ijmrset@gmail.com
http://www.ijmrset.com/

