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Air pollution in densely populated and industrialized urban areas
especially in areas such as Delhi-NCR remains a major public health
and environmental challenge. While regulatory measures and
emissions control are necessary, complementary green-based solutions
such as growing herbaceous plants, indoor and outdoor vegetation, and
agro-forestry offer promising, affordable, and sustainable ways to
reduce airborne pollutants. This review examines the scientific basis
for such plant-based alleviation measures, summarizes current
knowledge on the ability of plants to absorb gaseous pollutants and
particulate matter, and analyzes the potential and limitations of
vegetation deployment in manufacturing facilities, housing, high-
density urban streets and rural/agricultural areas. We further propose a
collaborative model with several stakeholders for a scalable and
sustainable "green air" initiative involving public agencies, industry,
voluntary organizations and community engagement. We conclude that
although facilities alone cannot replace emissions control, when
integrated with strict regulatory enforcement and community
engagement, they can make important contributions to improved air

quality and public health.
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Introduction

Air pollution remains one of the most serious environmental problems globally, with serious
consequences for human health, ecological balance and climate change. In urban and industrial centers
especially where manufacturing, vehicular traffic and population density are combined, pollution levels
often exceed safe limits. Traditional treatment is heavily dependent on regulatory measures, emission
control and pollution monitoring. However, there is growing interest in complementary nature-based
solutions, especially the use of plants (trees, shrubs, herbs and indoor plants) to absorb or prevent air
pollutants. Plants, through photosynthesis, absorb CO, and release oxygen; But beyond this, many
species can absorb or trap harmful gaseous pollutants (NO,, SO,, Oz, volatile organic compounds —
VOC) and particles (PM10, PM2.5). (ier education) In indoor environments, certain house plants have
been scientifically shown to reduce levels of CO,, CO, total volatile organic compounds (TVOC) and
improve air quality. For example, one study found that potted areca palms significantly reduced levels of
CO,, CO and TVOC indoors in a real-world setting. (PubMed) Given these potential benefits, there is
growing interest in planting green seedlings not only in homes and offices, but also around industrial
plants, roadsides and rural/agricultural areas. But to be effective, such green strategies need to be woven
into a wider collaborative framework — including government policy, industrial compliance, NGO
advocacy, community engagement and scientific research. This paper reviews the scientific basis, real-
world evidence, challenges and proposes a sustainable multi-stakeholder model for reducing air pollution
through vegetation.

Problem Statement

Despite decades of efforts, air pollution in major Indian cities (especially in industrial and urban corridors)
remains alarmingly high. Regulatory and technological interventions (emission controls, monitoring,
cleaner fuels) are necessary but not always sufficient due to enforcement gaps, economic constraints,
infrastructural limitations, and rising energy demand. There is a pressing need for complementary, low-cost,
sustainable, and scalable measures that can help mitigate air pollution, especially in contexts (factories,
homes, congested roads, residential neighborhoods) where traditional interventions may not reach or be
effective.

Thus, the central problem this paper addresses is : Can plant based green infrastructure such as herbal
plants, indoor/outdoor vegetation, agroforestry, roadside planting meaningfully reduce air pollutants in
urban-industrial-agricultural landscapes, and what institutional/organizational framework is needed to

realize this potential at scale?
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Methodology
This is a conceptual, literature-review and synthesis paper combining: Scientific literature on pollutant
absorption by plants (gaseous pollutants, PM, VOCs, CO, sequestering) Empirical studies of indoor and
outdoor air quality improvements associated with plants (e.g. potted plants reducing VOCs, case studies of
urban green belts or agroforestry). Grey literature and reports on urban green-infrastructure initiatives,
agroforestry proposals, and urban forestry in Indian and global contexts. Policy analysis of governance
frameworks, stakeholder roles (government, industries, NGOs, communities), and barriers in
implementation. Synthesis and conceptual modeling to propose a multi-stakeholder sustainable module
combining regulatory control, green infrastructure, and community outreach.
Causes and Sources of Air Pollution
In urban-industrial contexts such as Delhi NCR, major sources of pollution include:
Industrial emissions (factories, manufacturing plants) releasing CO,, NOy, SO,, and particulate matter.
Vehicular emissions from heavy traffic on congested roads, releasing NOy, CO, VOCs, particulate
matter.
Dust and aerosols — from road dust, construction activities, unpaved surfaces, coal/biomass burning.
Agricultural practices (e.g. crop residue burning in nearby rural areas) contributing to PM2.5 and PM10.
(Tree Kisan +1) Urban heat island effect, low ventilation in street canyons, and meteorological
conditions that impede dispersion.
Indoor pollution: VOCs from building materials, paints, cleaning agents; poor ventilation; indoor
combustion (cooking, heating). Because these sources are multiple and interlinked — industrial,
domestic, vehicular, agricultural — any effective mitigation must be multifaceted and multi-stakeholder.
Current Status of Air Pollution in Delhi / NCR / Similar Urban Zones
During peak pollution seasons, particulate matter concentrations (PM2.5, PM10) in Delhi often far
exceed safe limits. Agroforestry proponents note that PM levels can be 30—40 times higher than safe
thresholds during certain months (Tree Kisan).
Vehicular emissions, industrial outputs, and crop-residue burning together contribute significantly to the
ambient air quality deterioration. (Tree Kisan +1)
Public demand for ‘natural air-purifying’ solutions has surged: for example, residents in Delhi
increasingly purchase indoor plants like Snake Plant, Peace Lily, Spider Plant, Money Plant and palms to
help filter indoor air. (www.ndtv.com) +1 Hindustan Times +1
Agroforestry and green-belt proposals are gaining traction as sustainable, long-term solutions. (Tree

Kisan +1)
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Nevertheless, pollution levels remain dangerously high indicating that green based measures alone (in
their current scale) are insufficient.

Chemical and Physical Basis: How Plants Affect Air Quality?

Plants affect air quality through multiple mechanisms:

Gas absorption & sequestration: During photosynthesis, plants absorb CO, and release oxygen.
Simultaneously, many species absorb harmful gases like nitrogen dioxide (NO,), sulfur dioxide (SO,), ozone
(O3), and  other gaseous  pollutants  through  stomata. (IER  Education  +1)
Particulate matter filtration and trapping: Leaves, branches and other plant surfaces act as natural filters.
The roughness or waxiness of leaf surfaces aids in trapping particulate matter (PM10, PM2.5, dust, soot).
Over time, particles settle on leaves and can be washed off by rain. (IER Education +1)
Secondary benefits — microclimate regulation and ventilation: Vegetation provides shading and cooling
via transpiration, which can reduce urban heat-island effects and lower energy demand (less cooling/air
conditioning), indirectly reducing emissions (IER Education +1).
Indoor air purification (phytoremediation): In confined spaces (homes, offices, manufacturing indoor areas),
certain indoor plants can reduce levels of CO,, CO, total volatile organic compounds (TVOCs), improving
air quality and occupant well-being. Potted Areca palm has been shown to significantly reduce CO,, CO, and
TVOCs. (PubMed)

However — as many scholars caution — Only plants are not a solution. Their effectiveness depends on
species selection, planting density, placement (indoors vs outdoors), maintenance and climatic conditions.
Small numbers of plants will have negligible effect; and in dense urban “street-canyons,” vegetation can
sometimes  hinder  ventilation, reducing  pollutant  dispersion  (IER  Education  +1)
Moreover, plant species selection is critical: some species emit large amounts of biogenic volatile organic
compounds (BVOCs), which under certain conditions can react with NOyx and other urban pollutants to form
ozone or secondary organic aerosols — worsening air quality rather than improving it
(The Economic Times +1).

Effective Measures to Reduce Air Pollution via Green Infrastructure & Plants
Based on literature and best practices, the following measures show promise:
Urban green belts and roadside/road-side planting using selected species: Native or regionally adapted
trees/shrubs with low BVOC emissions and high pollutant absorption potential should be prioritized. For
instance, as per a recent species-ranking study, species such as Arjun, Ashoka, and Silver Oak are
recommended for urban plantations due to their favorable “air quality impact index (AQII)” — high

pollution uptake, low BVOC emissions and minimal allergenic pollen. (The Economic Times)
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Indoor plants & vertical gardens / green walls in factories, workplaces, homes: Incorporating plants like
Areca palm, spider plant, peace lily, money plant, etc., can help reduce indoor air pollutants (VOCs, CO5,
CO) especially in enclosed environments or where ventilation is inadequate .(PubMed +2)
Agroforestry / peri-urban tree belts / buffer-zones around industrial areas: Integrating trees with agricultural
land or around factories/industrial zones can sequester CO,, absorb pollutants, and help reduce dust and
aerosol inflow from surrounding dry zones and dusty areas. (Tree Kisan +1)
Green-infrastructure integration: vertical gardens, rooftop gardens, green belts, community green spaces:
In densely built-up areas where ground space is limited, vertical greenery (green walls), rooftop gardens, and
compact tree/shrub planting can still contribute to air purification and microclimate regulation. Some studies
propose that vertical gardens can significantly improve urban sustainability, reduce energy consumption and
improve air quality. (The Academic +1)

Species selection guided by environmental science (not just aesthetics): Avoid planting species with high
BVOC/pollen emissions (e.g. certain fruiting or high-isoprene—emitting trees) in densely populated or
residential zones. Use species ranked high on AQII or similar indices. (The Economic Times +1)
Complementary measures: emission control, industrial effluent treatment, clean technologies, strong
regulatory implementation: Green infrastructure must complement — not replace — strict control over
industrial  emissions, vehicular  pollution, waste burning, and road/ construction dust.
Role of Government Agencies, Industries, NGOs, Community & Policy Implementation
Government Agencies & Regulatory Bodies :

Governments must set and enforce strict norms for industrial emissions, vehicular emissions, waste burning,
and construction dust.

Provide policy support and incentives (subsidies, tax breaks, land allocation) for urban green infrastructure
— e.g. reserves for green belts around industrial zones; mandates for green belts, tree-lines or green cover
around roads and highways; rooftop garden and green-wall norms in urban planning codes.
Promote agroforestry and tree plantation on non-agricultural land, abandoned lands, margins of farmland —
especially in peri-urban and rural zones — to reduce dust, aerosol inflow, and particulate pollution.
Support large-scale green-planting drives (urban afforestation, roadside plantations, community green-
spaces) and integrate them into urban development and transport planning (green belts along highways, bus-
routes, industrial corridors).

Industries and Manufacturing Plants :

Invest in green belts/plant barriers around manufacturing plants — using native, pollution-absorbing species.

Incorporate vertical gardens, indoor green plants, rooftop greenery in factory offices, worker quarters and
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plant premises to improve ambient air quality for workers and neighboring communities.
Collaborate with local governments and NGOs for afforestation and green-belt creation around industrial
zones, transportation corridors.

Adopt cleaner production technologies, emission treatment, effluent control — green belts should
complement, not substitute, such measures.

NGOs, Civil Society, Community OQutreach & Public Participation

NGOs and community-based organizations can raise awareness about air pollution, benefits of green
infrastructure, and mobilize community-level planting and maintenance efforts.
They can act as bridging organizations between government, industry, and local communities — ensuring
participatory planning, maintenance of urban green spaces, and local ownership of green projects.
Educational campaigns — at schools, colleges, residential societies — about indoor plants, rooftop gardens,
vertical gardening, rooftop / balcony planting, agroforestry — to promote grassroots-level adoption. Citizen-
led monitoring of air quality, green-space health, and compliance — increasing transparency and
accountability.

Analysis and Discussion: Potential, Limitations, and Challenges :

Potential & Strengths

Plant-based interventions are cost-effective, low-tech, scalable and sustainable compared to advanced air-
purification systems; once established, tree/plant systems require relatively low maintenance.
They provide co-benefits: air purification, CO, sequestration (climate mitigation), microclimate regulation
(cooling, shade), improved biodiversity, noise reduction, aesthetic and psychological benefits.
In indoor and semi-enclosed spaces (offices, factories, homes), plants can significantly reduce VOCs, CO,,
CO and improve air quality — contributing to human health and productivity. (PubMed +1)
Agroforestry and peri-urban planting can help reduce dust/aerosol inflows from dry zones, buffer industrial
emissions, and serve as ecological transition zones. (Tree Kisan +1)
With correct species selection, green infrastructure can be optimized to maximize pollutant absorption and
minimize  unintended negative  side-effects (e.g. BVOC  emissions, pollen allergies).
Limitations & Challenges

Scale & density requirements: A few plants or small green patches are insufficient. Urban contexts often lack
adequate space; success demands large-scale, well-planned, high-density planting to make noticeable
difference. (IER Education +1)

Species selection matters critically: Some plant/tree species emit high amounts of BVOCs or allergenic

pollen; these can react with urban pollutants and worsen air quality. (The Economic Times +1)
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Urban morphology & ventilation issues: In “street canyon” scenarios (tall buildings flanking narrow roads),
tree planting can disrupt street ventilation and hinder pollutant dispersion — potentially worsening local
pollution concentration. Experimental studies show that adding trees does not always reduce average
pollution concentration in such canyons. (arXiv +1)

Maintenance, survival & health of green cover: Urban trees face stressors — pollution, limited soil, heat,
human disturbances — which can affect their health and pollutant-removal capacity over time. Monitoring
and maintenance are needed. Recent work suggests using modern sensing (e.g. multispectral imaging) for
tree health monitoring. (arXiv +1)

Green infrastructure is a complement, not replacement: Without strong regulatory control on emissions,
waste burning, vehicular pollution, industrial effluent, green planting alone cannot solve the problem.
Proposed Sustainable Multi-Stakeholder Model for Implementation

Based on the above analysis — and aligned with your argument — I propose the following “Green-Air
Sustainable Module™:

Policy & Regulatory Backbone

Government institutes strict emission norms for industries, vehicles, construction, and enforces pollution
control regulations.

Urban planning policies mandate green belts, roadside planting, rooftop/vertical gardens, and allocate space
for community green zones.

Incentives (subsidies, tax rebates, public-private partnerships) for industries and residential societies to adopt
green-infrastructure (green belts, vertical gardens, rooftop gardens).

Industry & Industrial Zone Engagement

Factories and manufacturing plants develop green belts around premises; install rooftop/vertical gardens

in offices and worker housing; adopt indoor plants in enclosed spaces.

Collaborate with NGOs and local communities to maintain green belts, contribute to urban forestry, and
support agroforestry or buffer-zone plantation in peri-urban areas.

NGO & Civil Society Mobilization

NGOs working in climate, environment, and community development lead awareness campaigns,
capacity building, tree-planting drives, community maintenance efforts.

Educate citizens about indoor plants, rooftop gardens, balcony / container gardening, and involvement in
neighborhood green initiatives.

Facilitate participatory planning — ensuring local communities have a stake in design, planting, and

maintenance of green spaces.
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Scientific Monitoring & Research
Conduct baseline and periodic air-quality monitoring (gaseous pollutants, PM, VOCs) in neighborhoods
with green interventions. Use modern sensing tools (satellite, multispectral imaging, mobile sensing
platforms) to monitor health and effectiveness of urban vegetation. For example, systems like Green
Scan that employ mobile ground-based sensing to monitor tree health at high spatio-temporal resolution.
(arXiv)
Research to identify and recommend optimal plant/tree species (native/adapted) with high pollutant
uptake, low BVOC emissions, low allergenic pollen for different urban contexts (roadside, residential,
industrial, rooftop).
Community Participation & Ownership
Encourage community-led planting and maintenance (residential societies, schools, colleges, local
neighborhoods).
Promote rooftop and balcony gardening, indoor plants, container gardening — particularly for densely
populated residential areas with limited ground space.
Foster awareness about proper plant maintenance, watering, seasonal care, and potential downsides (e.g.
plant decay, pests, water requirements).
Integration with Agricultural & Rural Policies
Promote agroforestry and peri-urban tree belts in rural areas, margins of farmland, and between rural-urban
transition zones to reduce dust inflow, sequester carbon, and provide ecological buffers.
Incentivize farmers, perhaps via subsidies or carbon-credit—type schemes, to adopt agroforestry instead of
burning crop residues or leaving land barren.
Conclusion
The challenge of air pollution especially in industrialized and densely populated urban regions like Delhi
NCR demands a holistic, multifaceted, multi-stakeholder approach. While regulatory measures, emission
control, and technological interventions remain vital. Plant-based green infrastructure offers a cost-
effective, sustainable and co-beneficial complement.
Herbal plants, indoor plants, urban trees, agroforestry, rooftop gardens, and collaborative efforts by local
residents when thoughtfully planned, scientifically guided, and widely adopted can significantly contribute
to reduction of gaseous pollutants (NOx, SO,, O3z, CO,), particulate matter (PM2.5, PM10) and VOCs;
improve microclimate and enhance public health, biodiversity and environmental sustainability.
However, realizing this potential requires strong government policies, industry participation, NGO and

community engagement, scientific monitoring, and long-term commitment — not just isolated
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experiments. Without such systemic integration, green planting risks being symbolic, insufficient, or even
counter- productive if inappropriate plant species are chosen.

To make this vision in a reality, we propose the development of “Green-Air Sustainable Framework,”
where regulatory control work alongside green infrastructure initiatives. This model will bridge the gap
between government institutions, industries, and communities. Such a framework is particularly relevant
for Delhi NCR but the approach can be adapted or implemented to other Indian metropolitan, industrial,

and urbanized regions across India.
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