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Bioremediation in India: Opportunities, Challenges and 
the Way Forward 

 
 Human activity has generated unprecedented levels of 

pollution in air, water, and soil. 

 
 As conventional clean-up technologies remain expensive 

and energy-intensive, bioremediation—the use of living 
organisms to detoxify polluted environments—has 
emerged as an efficient and sustainable alternative. 

 
 For a rapidly industrialising nation like India, with large 

polluted ecosystems and limited remediation resources, 
bioremediation offers transformative potential. 



 

 

 
What is Bioremediation? 

 
Bioremediation refers to using microorganisms—bacteria, fungi, algae, and plants—to degrade or 
immobilise toxic substances such as oil, heavy metals, pesticides, plastics, and industrial effluents. 

 
These organisms metabolise pollutants as food, converting them into harmless substances like water, 

CO₂, and organic acids. In some cases, microbes transform toxic metals into less mobile, less harmful 
forms. 

 
Types of Bioremediation 

 
1. In situ bioremediation – Treatment at the contaminated site itself. 

Example: Spraying oil-degrading bacteria directly on marine oil spills. 

 
2. Ex situ bioremediation – Removal of contaminated soil or water, treatment in a controlled 

environment, and later restoration. 



 

 

Role of Biotechnology 

 
Modern bioremediation integrates microbiology with biotechnology. Genetically modified 
(GM) microbes are increasingly used to break down persistent pollutants like plastics and 
industrial oils, which natural species cannot effectively degrade. 

 
Why India Needs Bioremediation 

 
1. Heavy Pollution Load 
India’s rapid industrialisation has resulted in: 
• Untreated sewage and industrial effluents entering rivers such as the Ganga and Yamuna. 
• Frequent oil leaks, pesticide accumulation, and heavy metal contamination affecting 

agricultural soils and groundwater. 

 
Traditional remediation methods often produce secondary pollution, consume high energy, 
and are expensive—making them unsuitable for large-scale use. 



 

 

 

 
2. Cost-Effective and Scalable 

 
Bioremediation offers: 
• Low operational costs 
• Minimal energy requirement 
• Scalability for large polluted areas 

 
This makes it ideal for a resource-constrained country with 
extensive contamination. 

 
3. Unique Biodiversity Advantage 
India’s diverse climatic zones support a rich microbial 
ecosystem. Indigenous microbes, adapted to high 
temperatures or salinity, often outperform imported species in 
detoxifying local pollutants. 



 

 

Current Status of Bioremediation in India 

 
Though still in early stages, bioremediation is gaining traction through government, research, and 
private sector initiatives. 

 
Government and Institutional Efforts 

 
• The Department of Biotechnology (DBT) supports several projects under its Clean 

Technology Programme, linking academia with industry. 

 
• CSIR–National Environmental Engineering Research Institute (NEERI) plays a central role 

in designing and implementing large-scale bioremediation solutions. 

 
Research Innovations 

 
• IIT researchers have developed cotton-based nanocomposites capable of absorbing oil spills. 

 
• Indian scientists have isolated bacteria capable of degrading toxic soil pollutants. 



 

 

Risks and Concerns 

 
• Introduction of GM microbes can disrupt indigenous ecosystems if not properly monitored. 

 
• Lack of robust biosafety guidelines, standardised protocols, and trained personnel increases risk. 
• Public mistrust in microbial technologies can impede adoption. 

 
Way Forward 

 
1. Establish national bioremediation standards for microbial application, monitoring, and safety. 

 
2. Create regional bioremediation hubs integrating universities, industries, and local governments. 

 
3. Strengthen biosafety mechanisms with certification, rigorous testing, and regulatory reforms. 

 
4. Promote public engagement to build awareness about the benefits and safety of microbe-based 

technologies. 

 
5. Integrate bioremediation into national missions like Swachh Bharat, Namami Gange, and Smart Cities. 
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India’s Push for Rare Earth Self-Reliance: 

 

 
 Rare Earth Elements (REEs), comprising 17 critical 

minerals, are indispensable for modern technologies 
due to their exceptional magnetic strength, high 
conductivity, and thermal resistance. 

 
 They are central to electric vehicles (EVs), renewable 

energy systems, electronics, and defence applications. 

 
 India’s recent approval of a ₹7,280-crore scheme to 

manufacture Rare Earth Permanent Magnets 
(REPMs) marks a significant step toward reducing 
import dependence and enhancing strategic resilience. 



 

 

 
China’s Dominance in the Global Rare 
Earth Ecosystem 

 
China has built an overwhelming presence 
across the REE value chain: 

1. Control Over Production and Processing 
• 90% of global REE processing 

• 70% of global REE production 
• Holds only 30% of global reserves, yet 

dominates through early investments and 
low-cost extraction. 



 

 

 

 
2. Weaponisation of Supply Chains 

 
China has frequently leveraged REEs as geopolitical tools: 

 
• 2009: Export quotas led to a WTO dispute; China lost the 

case in 2015. 
• 2020: Export restrictions on graphite. 
• 2021: Export licensing to curb supplies to select industries. 
• 2024: New restrictions on seven REEs and finished 

magnets, severely impacting EV and electronics sectors 
globally. 

 
As noted by analysts, EV manufacturers are the “worst 
hit”, demonstrating the vulnerability of high-tech industries 
to China’s policy decisions. 



 

 

 
Why India Is Focusing on Rare Earths 

 
1. Growing Industrial Requirements 
India aims to scale sectors heavily reliant on REEs: 
• Electric mobility and batteries 
• Wind turbines and solar technologies 
• Defence systems (missiles, radars) 
• Consumer electronics manufacturing 

 
Despite holding 8% of world REE reserves, India imports over 53,000 metric tonnes of REE 
magnets (FY 2024–25), contributing to strategic vulnerability. 

 
2. Policy Initiatives 
• National Critical Mineral Mission (₹34,300 crore) over seven years for exploration, processing, 

and recycling of lithium, cobalt, and REEs. 
• Opening the REE sector to private players (post-Aug 2023)—a major structural shift. 
• Auctioning new mining blocks and promoting recycling of magnets from end-of-life electronics. 



 

 

 
Challenges for India 

 
1. Lack of Refining and Processing Infrastructure 
India produces less than 1% of global REE output, largely 
due to limited refining capacity. 

 
2. Regulatory and Institutional Constraints 
• Slow environmental clearances 
• Limited exploration licences 
• High government control leading to investor hesitancy 

 
3. Technological and Skill Gaps 
REE value chains require: 
• Specialised metallurgical expertise 
• High-end chemical processing 
• Long gestation periods and high capital investments 



 

 

 
 

 
Way Forward 

 
• Deregulate and incentivise private sector participation 

across mining and refining. 

 
• Develop REE clusters integrating mining, metal 

extraction, alloying, and magnet manufacturing. 

 
• Promote recycling, where Indian firms are already scaling 

capacity. 

 
• Invest in R&D to develop cost-effective and sustainable 

extraction techniques (e.g., ionic-clay extraction, solvent 
extraction). 
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Digital Arrest Scams in India: Growing Threat and 
Institutional Response 

 

 
 Digital arrest scams have emerged as one of India’s 

most alarming cyber frauds, exploiting public fear, 
technological vulnerabilities, and weak regulatory 
enforcement. 

 With over ₹3,000 crore already siphoned from 
victims—primarily senior citizens—the Supreme Court 
has termed the situation “enough is enough,” 
mandating an unprecedented pan-India CBI 
investigation. 



 

 

 
 

What Are Digital Arrest Scams? 

 
These scams involve fraudsters impersonating law-enforcement officials or regulatory agencies. 
Victims are coerced into believing they are involved in criminal activity and are threatened with 
immediate “digital arrest”, where scammers force them to stay on video calls for hours while 
extorting money through digital payments. 

 
How It Works (Example) 

 
A typical case involves: 
• A scammer posing as a police officer from another State. 
• Fake FIRs, fabricated video calls, or doctored police IDs. 
• Pressure on the victim to transfer money to “verification accounts”—usually mule accounts 

opened fraudulently. 

 
Elderly citizens are disproportionately targeted due to fear and unfamiliarity with digital 

processes. 



 

 

 
 

 

  



 

 

 
Judicial Intervention and CBI Mandate 

 
The Supreme Court, invoking extraordinary circumstances, has: 

 
• Directed the CBI to investigate digital arrest scams as the first priority. 
• Ordered States (including TN, Karnataka, Kerala, Maharashtra, WB, MP, Punjab, Jharkhand, 

etc.) to grant consent under Section 6 of the Delhi Special Police Establishment Act. 
• Allowed the CBI to form a national team of police officers and domain experts. 

 
Use of Technology and International Coordination 

 
• The Court tasked the RBI with explaining how AI/ML tools can detect fund “layering” across 

multiple accounts. 

 
• The CBI must coordinate with Interpol to trace foreign-based cybercrime hubs. 
• Under the IT Rules 2021, online intermediaries must assist by sharing relevant data. 
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Sanchar Saathi Rules in India: Strengthening 
Telecom Security and Citizen Protection 

 

 
The Department of Telecommunications (DoT) 
has intensified efforts to curb digital fraud, 
identity misuse, and mobile theft by mandating 

the pre-installation of the Sanchar Saathi app 
on all smartphones sold from March 2026. This 
move marks a major step in India’s push toward 
telecom security and user protection. 



 

 

 

 
What is Sanchar Saathi? 

 
Launched as a portal in 2023, Sanchar Saathi is a 
citizen-centric digital platform designed to: 

 
• Identify SIM cards issued in a user’s name 
• Report scam calls and suspicious telecom activity 
• Verify IMEI authenticity 
• Block or track lost/stolen devices 

 
By October 2024, the app had helped recover over 
50,000 mobile devices, demonstrating its utility. 



 

 

 
Key Features of the New Rules 

 
1. Mandatory Pre-Installation on New Devices 
Smartphone manufacturers must: 
• Pre-install the Sanchar Saathi app from March 2026 
• Ensure its functions cannot be disabled or restricted 
• Support verification of IMEI numbers to prevent tampering and misuse 

 
This rule aims to ensure every new smartphone user has access to telecom safety tools by default. 

 
2. IMEI Authentication and Fraud Prevention 
The DoT highlighted concerns about: 
• Spoofed or tampered IMEIs, which enable the same IMEI to operate on multiple devices 
• Resale of stolen or blacklisted phones, especially in India’s large second-hand device market. 

 
Sanchar Saathi allows users to check whether a device is blocked or blacklisted, preventing 
accidental involvement in illegal activities. 



 

 

 

 
3. Addressing Digital Frauds and SIM-Based 
Vulnerabilities 

 
The DoT’s SIM-binding rules aim to curb: 
• Digital arrest scams 
• Government impersonation calls 

• Anonymous calls using SIMs operated from abroad 

 
Fraudsters often continue using messaging or calling 

apps even after removing or deactivating the original 
SIM. The new rules directly target this loophole. 
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