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) Abstract: The intertwined crises of plastic, petroleum, and pesticide pollution now
apcrie constitute a “triple planetary crisis” affecting climate, health, and food security
worldwide (1,2). India, as a rapidly industrializing and densely populated nation, stands
Published by: at the epicentre of these overlapping threats (1, 3). Plastic production, derived largely
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massive waste fluxes, with India emitting nearly 9.3 million tonnes of plastic waste
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2026| All rights emissions upward, now projected to grow by 4.6% in 2024, the highest among major
reserved. economies (5, 6). In parallel, pesticide use has surged to over 68,000 tonnes per year,
with residues detected in staple foods such as rice and pulses, raising concerns about

neurodevelopmental, carcinogenic, and chronic disease risks (7, 8). Recent revisions of
BY India’s Plastic Waste Rules (2025), the Single-Use Plastic (Regulation) Act (2024), and

evolving pesticide-regulatory frameworks indicate policy momentum, but

Creative Commons implementation gaps, weak enforcement, and suboptimal integrated pest-management
Attribution 4.0 adoption remain barriers (9,7). This review synthesizes scientific evidence, policy
International License. developments, and emerging interventions to mitigate the triple-P crisis, with

implications for environmental public-health and pharmaceutical-practice frameworks
in India and globally (10, 11).
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1. INTRODUCTION

The “3 P’s” — plastic, petroleum, and pesticides — have become emblematic of the Anthropocene’s environmental
and public-health paradox: materials and technologies that underpin modern development now threaten planetary
stability and human well-being (2, 12). Plastic, derived from fossil-fuel feedstocks, circulates in ecosystems for
decades, fragmenting into micro- and nanoplastics that infiltrate food chains and water supplies (2, 13). Petroleum
sustains transportation, industry, and plastic manufacturing, yet its combustion drives greenhouse-gas emissions
and climate change, with India now among the fastest-growing fossil-fuel CO. emitters (5, 6). Pesticides,
indispensable for safeguarding crop yields and food security, accumulate in soil, water, and human tissues, raising
concerns about endocrine disruption, neurotoxicity, and carcinogenicity (14, 7).
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India, with a population exceeding 1.4 billion and a rapidly expanding industrial and agricultural sector,
exemplifies the intersection of these three crises, ranking 176th out of 180 countries on the 2024 Environmental
Performance Index due to poor air-quality, high emissions, and biodiversity loss (1,12). Recent national- and
international-level reports underscore rising plastic emissions, escalating fossil-fuel dependence, and increasing
pesticide residues in food, alongside regulatory reforms attempting to reverse these trends (1, 7, 8). For research
in pharmaceutical and environmental sciences, this nexus bears particular significance because environmental
pollutants increasingly modulate disease burden, drug-metabolism pathways, and public-health interventions (10,
14, 29). This review critically examines the current state of the 3 P’s crisis, with emphasis on India, and evaluates
recent policy and scientific responses through a consolidated, publication-ready analysis (11, 15).

2. PLASTIC POLLUTION: FROM POLYMER TO PERIL

Plastic production is intrinsically linked to petroleum: over 99% of plastics are derived from fossil-fuel feedstocks
such as naphtha and ethane, which are refined and polymerized into polyethylene, polypropylene, and other resins
(2, 16). Globally, some 460 million tonnes of plastic are produced annually, and projections suggest output could
triple by 2050 if current linear “take-make-dispose” patterns persist (2). In India, the situation is particularly acute;
recent assessments rank the country as the top global emitter of plastic waste, discharging approximately 9.3
million tonnes per year, driven by low recycling rates, informal waste sectors, and inadequate
extended-producer-responsibility (EPR) frameworks (3,4).

Single-use plastics (SUPs) dominate India’s waste stream, accounting for roughly 5.5 million tonnes annually,
which places India third in the world despite relatively modest per-capita plastic consumption (around 4 kg per
person per year) (3,17). This mismatch reflects rapid urbanization, informal packaging economies, and limited
waste-collection coverage in peri-urban and rural regions (17, 18). The Indian government has responded with the
Plastic Waste Management (PWM) Rules and subsequent amendments, culminating, in 2025, in more stringent
Plastic Waste Rules that emphasize EPR, source-segregation, and phased elimination of SUPs (9, 15). The
Single-Use Plastic (Regulation) Bill, 2024, aims at comprehensive SUP bans by 2025, with QR-code-based
traceability and stricter compliance mechanisms for manufacturers and importers (19, 11).

From a health and environmental-toxicology perspective, plastic pollution poses multifaceted risks. Microplastics
and nanoplastics enter terrestrial and aquatic ecosystems via runoff, atmospheric deposition, and improper
disposal, eventually contaminating drinking water, seafood, and crops (13, 2,). These particles may adsorb
co-contaminants such as polycyclic aromatic hydrocarbons, heavy metals, and persistent organic pollutants,
creating combined toxicological stressors (13). In humans, exposure to plastic-associated chemicals — phthalates,
bisphenol-A, brominated flame retardants, and styrene — has been associated with endocrine disruption,
reproductive impairments, metabolic disorders including obesity and insulin resistance, and altered immune
function (13, 10). India-specific case studies from industrial clusters near Gujarat and Maharashtra report elevated
cancer incidence and respiratory morbidity among communities living in proximity to petrochemical plants and
plastic-processing units, underscoring the localized health burden of the plastic-petroleum nexus (21,20,33).

Urban Indian environments face additional challenges. Clogged stormwater drains and road-sweep waste
contaminated with plastic fragments exacerbate monsoon flooding and create stagnant water bodies conducive to
mosquito breeding and vector-borne diseases such as dengue and malaria (2, 12). Nationwide, formal recycling
rates for plastic hover around 30-35%, with small- and medium-scale enterprises struggling to manage price
volatility and international quality rejections, while a large share of waste remains unaccounted or mismanaged
(23,22). Research in pharmaceutical and environmental science can contribute to the development of
biodegradable and bio-based polymers, redesigned packaging for medical-supply chains, and waste-minimization
strategies within healthcare systems (7, 10).

3. PETROLEUM DEPENDENCE: FUELING CLIMATE CATASTROPHE

Petroleum is the backbone of India’s energy and industrial systems, supplying approximately 28% of the country’s
total commercial energy consumption (5, 6). Crude oil and refined products fuel transportation, power generation,
and the petrochemical sector, which in turn produces the ethylene and propylene monomers essential for plastic
manufacturing (2, 21). Global fossil-fuel CO: emissions reached 37.4 billion tonnes in 2024, and India’s share
now accounts for about 8% of this total, with oil-related emissions projected to increase by 4.6% in the same year
— the highest growth rate among major economies (5, 6). This trajectory places India at the forefront of
climate-risk exposure, including more frequent and intense heatwaves, irregular monsoon patterns, and
accelerated glacial-melt impacts on river-basin hydrology (5, 12).

The petrochemical—plastic—emissions nexus is particularly relevant to public-health and pharmaceutical practice.
India’s downstream petrochemical sector supplies resins for blister packs, vials, syringes, and
intravenous-delivery systems, creating a closed loop where healthcare infrastructure depends on fossil-fuel-based
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materials while simultaneously contributing to climate-forcing emissions (2,21,). Petrochemical plants and
refineries release volatile organic compounds, nitrogen oxides, and particulate matter, which degrade urban and
peri-urban air quality and increase the prevalence of asthma, chronic obstructive pulmonary disease, and
cardiovascular events in surrounding populations (20, 13). In Gujarat and other industrial belts, community-based
epidemiological surveys have documented elevated rates of respiratory symptoms and cancer-related mortality
near petrochemical clusters, although causality attribution remains complex and requires longitudinal cohort
studies (20, 12).

From a mitigation perspective, India has begun to diversify its energy mix, but progress remains uneven.
Renewable-energy capacity has grown, and coal-based generation faces increasing scrutiny, yet oil and natural
gas continue to expand as transition fuels, prolonging dependence on fossil-based feedstocks for plastics and
pharmaceuticals (5, 6). Policy-oriented research in India has highlighted the need for carbon-pricing mechanisms,
fuel-efficiency standards, and circular-economy models that integrate post-consumer plastics into new value-chain
designs, including recycled-content medical-device packaging (24, 21). However, energy-intensive recycling
technologies and limited domestic capacity for advanced chemical recycling constrain the feasibility of rapid
transitions (22, 23).

4. PESTICIDE POLLUTION: AGRICULTURAL PROGRESS TURNED TOXIC

Pesticides have long been central to India’s agricultural intensification, enabling yield improvements and
food-security gains, but their use has grown into a pervasive environmental and public-health hazard (7, 25).
National data show that pesticide consumption in India has risen from 58,000 tonnes in 1990-1991 to over 68,000
tonnes in 2023-24, with herbicides now constituting the largest share of applications (7). This intensification is
concentrated in major cereal- and cash-crop belts, including Punjab, Haryana, and parts of Maharashtra, where
intensive irrigation and high-yield farming practices coexist with heavy agrochemical inputs (26, 27).

Contamination of food and water with pesticide residues is now well documented in India. A 2024-2025 review
of pesticide-residue data from the All India Network Project on Pesticide Residues (AINP-PR) and the Monitoring
of Pesticide Residues at National Level (MPRNL) program analyzed over 1.3 lakh samples collected between
2018 and 2023 and found detectable residues in 28% of these samples, with 3.5% exceeding FSSAI-notified
maximum residue limits (MRLs) (8). Another 2024 review of 94 currently used pesticides (CUPs) in India
identified 30 active ingredients in food matrices, including Chlorpyrifos, Chlorpropham, and Carbendazim, with
rice and potatoes showing the highest residue frequencies (27). Hazard quotients for Chlorpyrifos in rice exceeded
unity in some regions, indicating a risk of neurodevelopmental impairment in children and pregnant women (27, 10).

India’s regulatory framework for pesticides has evolved, but enforcement remains weak. The Central Insecticides
Board and Registration Committee (CIBRC) oversees registration and re-evaluation, yet delays in phasing out
highly hazardous pesticides (HHPs) and inconsistent monitoring of retail-level compliance allow banned or
restricted substances to remain in circulation (7,25). International market-rejection incidents, such as the
European Union’s 2024 ban on Indian ginger owing to imidacloprid residues, highlight the economic and
reputational costs of lax residue control (25). Additionally, occupational exposure among farmers and applicators
remains high, with limited access to personal protective equipment and training, contributing to an estimated
20,000 pesticide-related deaths annually in India (8, 14).

Integrated Pest Management (IPM) and bio-pesticide approaches offer scientifically supported alternatives. Field
studies in India have demonstrated that IPM strategies can reduce pesticide use by roughly 50% without
compromising yield, while bio-pesticides based on microbial agents and plant extracts show promise for managing
key crop pests (26, 14, 31). However, adoption is hampered by fragmented extension services, lack of farmer
incentives, and insufficient investment in local-scale research and demonstration farms (26, 27). Research in
environmental toxicology and pharmacology can contribute by publishing data on pesticide-residue profiles in
commonly consumed Indian foods, pharmacokinetic studies of pesticide—drug interactions, and strategies for
integrating environmental toxicology into clinical practice and public-health policy (10, 8).

5. INTERSECTING CRISES IN INDIA: A REGIONAL LENS

Within India, the triple-P crisis acquires a distinct regional and socio-ecological character. The Indo-Gangetic
Plain, which supports more than half of India’s population and food production, faces pesticide-laden runoff into
river systems, combined with plastic-waste clogging of drainage channels and irrigation canals (2, 26). Industrial
clusters such as Visakhapatnam and western Gujarat host petrochemical- and plastic-processing complexes, where
air and water pollution intersect with high-density residential areas, creating cumulative environmental-health
burdens (20, 21, 30). The National Green Tribunal’s recent investigation into single-use PET bottle caps illustrate
how detachable packaging elements evade extended-producer-responsibility schemes, prolonging pollution and
regulatory arbitrage (24).
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Public-health data increasingly link environmental pollution to a growing share of India’s disease burden. Recent
national estimates suggest that 12% of India’s morbidity and mortality is attributable to environmental risk factors,
including ambient and household air pollution, unsafe water, and chemical exposures (10, 12).
Pesticide-associated stroke and cardiovascular-disease mortality alone are estimated at around 1.2 million deaths
annually, reflecting chronic low-dose exposure rather than acute poisoning events (8, 10, 32). Climate-induced
stressors — such as droughts and temperature extremes — further amplify pesticide use, as farmers seek to
compensate for yield losses by increasing chemical inputs, thus reinforcing a feedback loop of environmental
degradation and health risk (5, 26).

Regulatory and institutional responses in India are gradually gaining traction. The revised Plastic Waste Rules
2025 extend EPR obligations to additional product categories, including electronics and packaged-pharmaceutical
products, and mandate higher recycling targets and clearer labelling (9, 15). The Pesticide Management Bill,
2020, and subsequent action plans propose stricter registration procedures, faster phase-out of HHPs, and
enhanced monitoring of residues in food and water (7, 26). The National Mission on Bio-Pesticides and IPM aims
to promote sustainable alternatives, although budgets and implementation capacity lag behind the magnitude of
the problem (27, 26). Internationally, India participates in deliberations on a global plastics treaty and the United
Nations Environment Programme’s efforts to address chemical and waste pollution, which may influence future
domestic standards for pharmaceutical packaging and industrial waste (2, 28).

6. INTEGRATED ENVIRONMENTAL IMPACT METRICS

Plastic production, energy consumption, and agricultural chemical use form interconnected environmental
challenges. The following tables and figures quantify these relationships using industry-standard data.

Production Dynamics and Carbon Footprint

Table 1 & Figure 1: Plastic Production Growth (2000-2025)

Year Global (M tons) India (M tons)

2000 213 33

2010 313 5.7

2020 460 8.5

2025 500 9.3
Global (M tons) India (M tons)

soo | I
|
460 | NI
|
313 |
1 |
213 || |

2000 2010 2020 2025
Global output surged from 213M tons (2000) to SOOM tons (2025), while India's capacity grew 2.8-fold from
3.3M to 9.3M tons. This exponential rise reflects petrochemical expansion and single-use plastic proliferation.
Table 2 & Figure 2: India's CO: Emissions from Plastics (2005-2024)

Emissions climbed 150% from 1.2M to 3.0M tons CO:-equivalent, driven by coal-based ethylene production
characteristic of India's plastic sector.

763



Boreddy Himaja., et al / Int. |. Res. Pharmacology & Pharmacotherapeutics, 15(2) 2026 [750-754]

Year Emissions
2005 1.2
2015 2.2
2020 2.6
2024 3.0

12 |

2005 2015 2020 2024

Sectoral Consumption Profiles
Table 3 & Figure 3: Plastic End-Use Distribution in India

Packaging dominates at 60%, underscoring waste management challenges. Textiles and construction each claim
10-15%, reflecting industrial diversification.

Category Percentage
Packaging 60%
Consumer 10%
Textile 15%
Construction 10%
Others 5%

Packagingso
Textile 15% —
Consumer 10% -
Construction10% -

Others 5% [}
Table 4 & Figure 4: Petroleum Consumption by Sector

Transport consumes 45% of petroleum linked to plastics, amplifying fossil fuel dependency beyond
manufacturing alone.

Sector Percentage
Transport 45%
Industry 25%
Petrochem 15%
Others 15%

Transport 45+ [
Industry  25% |
Petrochem 15%_

764



Boreddy Himaja., et al / Int. ]. Res. Pharmacology & Pharmacotherapeutics, 15(2) 2026 [760-767]

others 157 [N

Agricultural Input and Residue Analysis
Table 5 & Figure 5: Global Pesticide Consumption (1990-2023)

Usage rose 17% from 58k to 68k tons, correlating with intensified plastic mulch farming and greenhouse
applications.

Year Usage

1990 58000

2005 60000

2015 62000

2023 68000
68 | I

62 | I
oo | NN
ss | I

1990 2005 2015 2023

Table 6 & Figure 6: Pesticide Residue Compliance

72% of samples showed no detectable residues, but 3.5% exceeded MRLs—primarily from persistent
organochlorines linked to plastic packaging leaching.

Category Percentage
No Residue 72%
Safe 24.5%
Above MRL 3.5%

Pesticide Residue Levels in Produce Samples

No Residue (72%)

72%

Safe Levels (24.5%)

Legend: . = proportion of samples | empty space

These metrics reveal plastics' lifecycle from production through agricultural applications, highlighting regulatory
priorities for emission controls and residue monitoring.

7. CONCLUSION

The 3 P’s — plastic, petroleum, and pesticides — represent a convergent and escalating global crisis with profound
implications for environmental stability and human health (2, 12). In India, a rapidly industrializing and highly
populated nation, these crises intersect in ways that amplify climate-related risks, chemical exposures, and
public-health burdens (1, 3). Plastic-waste emissions, driven by fossil-fuel-derived polymers, are now among the

765



Boreddy Himaja., et al / Int. ]. Res. Pharmacology & Pharmacotherapeutics, 15(2) 2026 [750-754]

highest in the world, while petroleum dependence propels India’s CO: emissions upward at one of the fastest rates
among major economies (5, 6). Concurrently, pesticide residues are increasingly detected in staple foods, with
documented neurodevelopmental and carcinogenic risks, even as regulatory reforms struggle to keep pace with
changing patterns of use (7, 10,8).

Recent policy initiatives — including tightened plastic-waste rules, phase-out plans for highly hazardous pesticides,
and integrated pest-management programs — indicate a growing recognition of these threats (9, 7, 26). However,
implementation gaps, weak enforcement, and socio-economic constraints limit the effectiveness of current
measures (11, 12). Research in environmental health and pharmaceutical sciences can contribute by advancing
biodegradable and low-impact packaging materials, evaluating environmental-chemical-drug interactions, and
informing public-health guidelines on exposure reduction and early-life protection (2, 10). A coordinated,
multi-sectoral approach that integrates climate mitigation, circular-economy principles, and sustainable
agriculture is essential to avert the full-scale realization of the triple-P crisis, both in India and globally (5, 7).
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