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A1ir Pollution in India: Status, Impacts, Causes, and Control Measures

AIR POLLUTION

e Air pollution is the contamination of the atmosphere by chemical, physical, or biological
agents that alter its natural composition.

e Pollutants such as particulate matter (PM2.5, PM10), carbon monoxide (CO), ozone (Os),
nitrogen dioxide (NO-2), and sulfur dioxide (SO-:2) affect human health, ecosystems, and
climate.

e Major sources include vehicles, industries, biomass burning, construction dust, and natural
events like dust storms.

Status of Air Pollution in India
e Global Context: According to the 2024 World Air Quality Report (IQAir), India is the Sth
most polluted country, with an average PM2.5 level of 50.6 ng/m?*, which is 10 times the
WHO safe limit (5 pg/m?3).
e Cities: Delhi is the most polluted capital of the world. Six of the top 10, and 13 of the top 20
most polluted cities globally, are in India.
e Nearly 97% of the population is exposed to PM2.5 levels exceeding WHO guidelines,
increasing risks of severe health issues.
e Mortality: Air pollution causes 2.1 million deaths annually in India (Clean Air Fund, 2024).
Causes of Air Pollution in India

1. Vehicular Emissions: Old vehicles, traffic congestion, and poor fuel quality emit CO, NOx, and PM.
Industrial Pollution: Coal-based power plants and factories release SOz, NOx, and particulate matter.
Agricultural Activities: Stubble burning in Punjab and Haryana, excessive fertilizer use adds NOx.
Household Biomass Burning: Use of wood, cow dung, and coal emits CO and black carbon.
Construction & Road Dust: Cement, silica, and unpaved roads contribute significantly.

S

Other Sources: Waste burning, deforestation, and seasonal dust storms.
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Impacts of Air Pollution
A. Health Impacts
e Respiratory diseases: asthma, bronchitis, COPD.
e Cardiovascular risks: increased heart attacks and strokes.
e Premature mortality: India records ~2 million early deaths annually due to air pollution.
B. Economic Impacts
e Reduces labor productivity due to illness and absenteeism.
o Increases healthcare costs.
e Lowers GDP growth through reduced consumer activity and asset efficiency.
e Reduces solar power efficiency: expected ~2.3% drop by 2041-2050, causing ~840 GWh annual loss.
C. Environmental Impacts
e Acid rain from SO: and NOx emissions damages crops, forests, and aquatic ecosystems.
e Degrades soil quality and reduces crop yields via 0zone damage and nitrogen deposition.
e Accelerates climate change by increasing greenhouse gases.
Air Quality Standards and Measurement
A. National Standards
e National Ambient Air Quality Standards (NAAQS): Define permissible limits for 12 key pollutants, forming
the basis for monitoring.
e Pollutants Monitored: PM10, PM2.5, NO2, SOz, CO, Os, NHs, Pb, and others.
B. Air Quality Index (AQI)
e A color-coded system providing easy-to-understand air quality information.
o Helps authorities implement emergency measures like traffic restrictions and industrial shutdowns.
e Pollutants Covered in AQI:PM2.5, PM10, NOz, SOz, CO, Os (Ozone), NHs (Ammonia), Pb (Lead)
Institutional Mechanisms
e Central Pollution Control Board (CPCB): Monitors and regulates air quality nationwide.
e State Pollution Control Boards (SPCBs): Implement state-level air pollution measures.
e Commission for Air Quality Management (CAQM): Coordinates air quality management in NCR and
adjoining areas.
e System of Air Quality and Weather Forecasting and Research (SAFAR): Provides real-time air quality
monitoring and forecasts.

AQI Categories in India (Central Pollution Control Board)

AQI
Cat Health I t/ Advi
Value ategory ea mpac vice
‘0—50 HGood HAir quality is satisfactory; little or no risk.

Air quality is acceptable; minor health effects possible for

>1-100 Satisfactory very sensitive people.

Moderately Polluted /||Sensitive groups may experience health effects; general

101-200 Moderate public unlikely affected.

Everyone may experience health effects; sensitive groups

201-300 |[Poor .
may face more serious effects.

Health alert; everyone may experience more serious health

301-400 |[Very Poor offects.
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AQI
Value

Category Health Impact / Advice

Health emergency; serious health effects for entire

401-500 |Severe .
population.

Indian AQI vs WHO Safety Levels for PM2.5

‘Category (India AQI)HPMZ.S ug/m3HWHO 24-hr Safe Level ug/m3‘
[Good lo-50 <15 |
|Satisfactory |51-100 [>15-35 |
[Moderate / Moderate  [[101-200 >35-75 |
[Poor |201-300 >75-100 |
[Very Poor [301-400 [>100-250 |
Severe [401-500 >250 |
Observation:

e India’s AQI categories are more lenient than WHO guidelines, meaning even
“Good” air in India may exceed WHO’s safe levels.
Government Initiatives
1. National Clean Air Programme (NCAP): Launched in 2019-to reduce PM levels by 20-30% by 2024; revised
to 40% reduction by 2026.
Graded Response Action Plan (GRAP): Emergency measures in Delhi-NCR during high AQI periods.
Bharat Stage VI (BS-VI) Emission Standards: Stricter vehicle norms since 2020.
Pradhan Mantri Ujjwala Yojana (PMUY): Promotes LPG to replace biomass cooking.
FAME II (Electric Vehicles): Incentivizes EV adoption.
Swachh Bharat Mission: Reduces open waste burning.
Coal Phase-Out in NCR: Reduces industrial emissions.

NV A WD

8. Digital Tools: Al dashboards, smog towers, and emissions tracking systems.
Challenges in Combating Air Pollution
e Weak governance and underutilization of funds (only ~60% utilized between 2019-2023).
e Rapid urbanization and demographic pressures.
e Socio-economic disparities: rural and informal sectors often lack clean technologies.
o Behavioral norms: continued use of biomass and solid fuels.
e Over-reliance on high-tech solutions (smog towers, Al dashboards) without tackling major sources.
e Seasonal spikes: stubble burning, winter smog, and dust storms.
e Coordination gaps between states.
Way Forward
1. Data-Driven, Decentralized Governance: Build local emissions profiles and link funding to targeted actions.
2. Technological & Structural Reforms: Combine innovations with renewable energy adoption and coal
restriction.
3. Sector-Specific Strategies:

o Vehicles: Expand EV infrastructure, enforce scrappage policies, and improve public transport.
o Industry: Tighten emission norms and phase out coal-based plants.
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o Agriculture & Construction: Promote alternatives to stubble burning, dust control, and better waste

management.
4. Behavioral Change: Raise awareness, involve communities, and incentivize sustainable practices.
5. Learn from Global Best Practices

Quantum Computing

QUANTUM

COMPUTING

e Quantum computing represents a paradigm shift from classical computing, leveraging the
principles of quantum mechanics to process information in fundamentally new ways.

e While classical computers use bits as the basic unit of information, quantum computers utilize
quantum bits or qubits, which can exist in multiple states simultaneously due to phenomena
like superposition and entanglement.

Key Concepts in Quantum Computing

e Qubit: The fundamental unit of quantum information, capable of representing both 0 and 1 simultaneously
through superposition. This allows quantum computers to perform many calculations at once.

e Superposition: A principle where a qubit can exist in a combination of both 0 and 1 states, enabling quantum
computers to process a vast number of possibilities simultaneously.

e Entanglement: A phenomenon where qubits become interconnected such that the state of one qubit instantly
influences the state of another, regardless of the distance between them. This property is crucial for quantum
communication and computing.

e Quantum Interference: The process by which the probability amplitudes of quantum states combine, leading
to the cancellation or enhancement of certain outcomes. This is used to amplify correct solutions and diminish
incorrect ones in quantum algorithms.

¢ Quantum Gates: Operations that manipulate qubits, analogous to classical logic gates but operating on quantum
states. These gates are the building blocks of quantum circuits and algorithms.

Applications of Quantum Computing:

¢ Cryptography: Quantum computers can potentially break current encryption methods but also enable the
development of quantum encryption techniques, such as Quantum Key Distribution (QKD), which offer
theoretically unbreakable security.

¢ Drug Discovery and Healthcare: By simulating molecular structures and interactions at an unprecedented
scale, quantum computers can accelerate the discovery of new drugs and personalized treatment plans.
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¢ Optimization Problems: Quantum algorithms can solve complex optimization problems in logistics, supply

chain management, and financial modeling more efficiently than classical counterparts.

¢ Artificial Intelligence and Machine Learning: Quantum computing can enhance machine learning algorithms,
leading to faster training times and more accurate models.

¢ Climate Modeling: Quantum simulations can model complex environmental systems, aiding in better
predictions and strategies for climate change mitigation.

India's National Quantum Mission (NQM)
e In April 2023, India launched the National Quantum Mission (NQM) with a budget of 36,003 crore

for the period 2023-2031. The mission aims to:

o Develop Indigenous Quantum Technologies: Focus on building quantum computers,
communication systems, and sensors within the country.

o Promote Research and Development: Establish research hubs and foster collaboration between
academia, industry, and government institutions.

o Skill Development: Train a skilled workforce in quantum technologies to support the growing
sector.

o Align with National Initiatives: Complement initiatives like Digital India, Make in India, and
Skill India to promote innovation and self-reliance in quantum technologies.

National Quantum Mission

Deliverables

Developing intermediate scale quantum computers with

50-1000 physical qubits in 8 years in various platforms
like superconducting and photonic technology

Satellite based secure quantum communications
between ground stations over a range of
2000 kilometres within India

Challenges in Quantum Computing for India
1. Infrastructure & Hardware
o Limited indigenous quantum hardware; heavy reliance on imported components.
o Raw material scarcity: Superconducting materials, rare isotopes, and cryogenic components
are expensive and hard to source domestically.
o High input costs for fabrication, maintenance, and specialized equipment.
2. Talent Gap
o Shortage of experts in quantum mechanics, engineering, and computer science.
o Brain drain to countries with more advanced quantum ecosystems.
3. Policy & Legal Issues
o Patent restrictions on quantum algorithms and bureaucratic hurdles slow innovation.
4. Industrial Participation & Investment
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o Limited private sector engagement due to high costs and long ROI cycles.
o Venture capital deficit for high-risk, long-term quantum projects.
5. Global Competition
o India lags behind global leaders like USA, China, and EU in hardware development and
research output.
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