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Abstract: All ecosystems, including lakes, ponds, wetlands, mountains, and forests globally, have been reported
to contain plastic and microplastics. Researchers have recently shown the deposition and accumulation of plastic
waste in the Himalayan mountains. Fine microplastic particles of various anthropogenic origins can travel long
distances and even upward (altitudes) through atmospheric transport and contaminate remote and pristine sites
in the Himalayas. Rainfall also plays a vital role in the deposition and accumulation of plastic in the Himalayas.
Plastic and its particulars can persist in glacial snow for long periods and enter freshwater rivers when it melts.
In upstream and downstream basins, microplastic pollution is prevalent in Himalayan rivers such as Ganges,
Indu, Brahmaputra, Alakananda, and Kosi. Literature also shows an upward trend in the footfall of domestic and
international tourists in the Himalayan region, resulting in massive and unmanageable volumes of plastic waste
and finally ending up in the open landscape covering forests, river streams, and valleys. The fragmentation of
this plastic formation and accumulation in the Himalayas poses a serious ecological threat to the region. This
article discusses and explains the presence and distribution of plastic in the Himalayan landscape, the possible
adverse effects of plastics on ecosystems and local populations, and the policy interventions required to mitigate
plastic pollution in the Himalayan ranges. The study observed a lack of knowledge about the fate of plastics and
their controlling mechanism in freshwater ecosystems in the Indian Himalayan ranges. Regulatory approaches
for plastics management in the Himalayas within the border of plastic/solid waste management can be
implemented effectively using different techniques.
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Introduction

The Himalayan region, celebrated for its spectacular landscapes and exceptional biological diversity,
is increasingly confronting the growing challenge of plastic pollution. Once considered pristine and
remote, the Himalayas are no longer insulated from the global plastic crisis, as plastic debris has now
been recorded across nearly all ecosystems—from deep marine environments to high-altitude
mountain terrains. Mountain ecosystems are especially sensitive to such disturbances due to their
fragile ecological balance, extreme climatic conditions, and inadequate waste management
infrastructure. This vulnerability is heightened by the Himalayas’ global ecological importance, as the
region functions as a major hydrological and climatic regulator and is often referred to as the “Third
Pole” because of its extensive glacial reserves (Allen et al., 2019).

In recent years, the magnitude of plastic pollution in the Himalayan region has increased alarmingly.
Scientific investigations have reported a growing accumulation of plastic waste, particularly multi-
layered plastics (MLPs) and polyethylene terephthalate (PET) bottles, across terrestrial and aquatic

ecosystems. The primary sources of this waste include the rapid expansion of tourism, defense
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establishments, and local commercial activities. Tourism, while serving as a key economic pillar for
the region, contributes substantially to plastic pollution through the widespread use of single-use
plastic items such as food wrappers, bottled water, and disposable utensils. Similarly, defense camps
situated in remote and ecologically sensitive areas generate significant quantities of plastic waste,
often without adequate systems for collection, transport, or disposal. Local businesses catering to
tourist demand further add to the region’s growing plastic footprint.

Over time, improperly discarded plastic degrades into microplastics—particles smaller than 5 mm—
that readily infiltrate soil, freshwater bodies, and food systems. These microplastics pose serious
ecological and human health risks, contaminating agricultural land, drinking water sources, and
aquatic ecosystems (Singh et al., 2022). Wildlife in the region is particularly susceptible, as animals
may ingest plastic debris, leading to injury, malnutrition, or mortality. Beyond ecological damage,
plastic pollution also has far-reaching socio-economic consequences. Local communities that depend
on agriculture, livestock rearing, and nature-based tourism face declining soil quality, compromised
water resources, and degradation of scenic landscapes. Moreover, the common practice of burning
plastic waste in remote areas releases toxic fumes, increasing the incidence of respiratory and other
health problems.

Although isolated cleanup drives and community-led conservation efforts exist, the absence of a
comprehensive and integrated waste management framework has significantly intensified the plastic
pollution problem. Logistical difficulties associated with waste collection and disposal in high-altitude
and inaccessible regions allow plastic waste to persist and accumulate. Without focused policy
interventions, improved infrastructure, and sustained stakeholder engagement, plastic pollution will
continue to threaten both the ecological integrity and socio-economic resilience of the Himalayan
region.

Rationale for the Study: Understanding the distribution and impacts of plastic waste in the
Himalayan region is vital for designing effective mitigation strategies. The ecological fragility of the
Himalayas, coupled with rising human activities, calls for a systematic assessment of plastic waste
generation, accumulation patterns, and their effects on ecosystems and local communities. As the
Himalayas serve as a major water source for millions in South Asia, plastic pollution poses risks that
extend beyond the region, threatening water security and environmental health. By examining spatial
patterns and socio-ecological impacts of plastic waste, this study aims to generate evidence-based
insights to guide policy formulation, improve waste management, and promote sustainable tourism
while protecting livelihoods and ecological integrity.

Objectives

To analyze the presence and distribution of plastic waste across different parts of the

Himalayan region.
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To evaluate the environmental and socio-economic impacts of plastic pollution on ecosystems
and local populations.

The findings of this study will contribute to a broader understanding of the plastic pollution crisis in
the Himalayan region. It will also offer actionable recommendations for policymakers,
conservationists, and local stakeholders to implement sustainable waste management solutions and
protect one of the world’s most fragile and vital ecosystems.

Review of Literature

Plastic waste breaks down in larger, smaller and microscopic pieces (macro, micro and nano-plastics)
in the environment due to various factors including physical wear and tear, chemical reactions,
biological processes and ongoing exposure to mechanical stress, heat, UV radiation and
photodegradation (Kumar et.al., 2021: Song et.al., 2017). Bergmann et.al. (2019) have found that
snow can capture atmospheric particles, including microplastic through a process known as snow
scavenging.

Padha.ct.al. (2022) and Zhang et al. (2022) have shown that micro plastics are present in snow in
alpine environments with prolonged snow cover, where they can accumulate through both dry and wet
deposition. Bhattacharaya, (2019): Mountain ecosystems, like the Himalayas are vital for biodiversity
and local communities but vulnerable to climate change. Investigating microplastics pollution here is
crucial, especially given the region’s anthropogenic threats and dependence on natural resources.
Blettler et. al., (2018): Koelmans et. al., (2019): Plastics pollution is increasingly being recognized as
a significant issue, particularly in the Himalayan region, where mountains, glaciers and rivers are
being contaminated, highlighting the need for urgent attention.

Research Methodology

This study employs a qualitative research approach, combining a comprehensive review of existing
literature, reports, and case studies to analyze the presence, distribution, and impact of plastic
pollution in the Himalayan region. The methodology is structured into two key phases first we
explores the presence and distribution of plastics in Himalayan region, in the second phase we explore
the impact of plastics on Himalayan ecosystem and on local communities

Literature Review on Plastic Presence and Distribution in the Himalayas

The first phase of the study involves an extensive review of research papers, governmental and non-
governmental organization (NGO) reports, and environmental assessments that document plastic
waste accumulation across the Himalayan landscape. This includes studies conducted by global
environmental agencies, academic institutions, and conservation organizations that provide data on
plastic waste hotspots, plastic transport pathways, and waste composition in the region. Reports
highlighting microplastic contamination in glaciers, rivers, and soils will also be analyzed to

understand how plastic waste disperses across different ecological zones.
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This review will help identify the major sources of plastic waste, such as tourism, defense

establishments, local markets, and informal waste disposal practices. Additionally, spatial patterns of

plastic accumulation will be examined, with a focus on areas with high plastic density, including
trekking routes, pilgrimage sites, roadside settlements, and army camps.

Assessment of Plastic’s Impact on the Himalayan Ecosystem and Local Communities

The second phase of the study evaluates the environmental and socio-economic consequences of

plastic pollution in the Himalayas. A thematic analysis of reports and case studies will be conducted

to examine how plastic waste affects key ecological components such as:

o Water Bodies: Pollution of rivers, lakes, and glacial meltwater, leading to contamination of
drinking water sources and disruption of aquatic life.

e Soil and Agriculture: Degradation of soil quality due to plastic accumulation, affecting land
fertility and agricultural productivity.

o Wildlife and Biodiversity: Adverse effects on Himalayan fauna, including ingestion of plastic
waste by animals, habitat degradation, and ecosystem imbalances.

e Human Health and Livelihoods: The impact of plastic burning on air quality and respiratory
health, economic losses from declining tourism, and challenges faced by waste pickers and local
communities due to ineffective plastic waste management.

The study will also examine policies and initiatives aimed at mitigating plastic pollution, evaluating

their effectiveness and identifying gaps in existing waste management frameworks. Special attention

will be given to community-led waste management models, Extended Producer Responsibility (EPR)
policies, and sustainable alternatives to plastic use in the region.

By synthesizing findings from diverse sources, this research aims to provide a holistic understanding

of the scale and consequences of plastic pollution in the Himalayas. The study’s insights will

contribute to policy recommendations, sustainable waste management strategies, and conservation
efforts, helping to protect the Himalayan environment and support the livelihoods of local
communities.

Results & Discussion

Presence and Distribution of Plastic in the Himalayan landscape

The presence and distribution of plastic in the Himalayan landscape is compiled through data from the

various annual reports of The Himalayan Cleanup. The data is shown in Tables and charts which

highlights plastic composition, distribution by region, and waste sources.

Plastic Waste Distribution by Region (Himalayan States)

The Table 1 summarizes plastic waste collected across different Himalayan regions, including the

total waste collected and the percentage of plastic waste. It indicated that Sikkim & Darjeeling have

higher plastic pollution, driven by school waste and tourism. Army & tourist hotspots contribute
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significantly to plastic waste. MLPs dominate waste streams, especially in food packaging and

beverage bottles.

Table 1: Plastic Waste Distribution by Region (Himalayan States)

Region (Source) Total Waste | Plastic Major Plastic Types Key Polluting Sources
(pcs) Waste (%)

Sikkim  Schools (THC 2022 | 22,283 93.3% Multi-layered plastics | Food packaging, beverage

Report) (MLPs), PET, PP bottles, snack wrappers

Pangolakha Wildlife Sanctuary | 1,426 66.7% Non-recyclable Roadside  shops, army

(THC 2023 Report) plastics, MLPs, PET camps, tourists

Himalayan Cleanup (THC 2024 | 100,000+ 87.7% MLPs, PET, single-use | Tourism, food and beverage

Report) (est.) plastics industries

Darjeeling & Kalimpong (Zero | 7,888 85% MLPs, food packaging | Tourist spots, local markets

Waste Himalaya 2021 Report) plastics

Ladakh & J&K (THC 2021 | ~5,000 75%+ PET  bottles, snack | Army bases, tourism, plastic

Report) packaging imports

Uttarakhand & HP (Unwrapped | 3,000+ 70%+ Beverage bottles, food | Pilgrims, tourists, local

2021 Report) wrappers vendors

Source: The Himalayan Cleanup Report, 2024

Plastic Composition in Himalayan Waste

Distribution of plastic waste types found in the Himalayan region is presented in Fig 1
Plastic Composition in Himalayan Waste

, , LDPE (Low-Density PE)
HDPE (High-Density PE)

Polystyrene (PS)
Other Plastics

PP (Polypropylene)

Multi-layered plastics (MLPs) PET (Beverage Bottles)

Fig 1: Plastic Types in the Himalayan Region
Source: Made by Author

The figure indicates thet he dominance of multi-layered plastics (40%) and PET beverage bottles
(25%) highlights the significant impact of food packaging waste.
Sources of Plastic Pollution in the Himalayan Landscape

Major sources of plastic waste in different Himalayan regions is presented in Table 2
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Table 2: Sources of Plastic Pollution in the Himalayan Landscape

Source Impact Main Polluting Items Affected Areas
(%)
Tourism & Pilgrimage 45% PET bottles, snack wrappers, plastic bags Sikkim, Ladakh,
Uttarakhand
Army & Defense Camps 20% Canteen waste, plastic packaging, beverage | Ladakh, Arunachal
bottles Pradesh
Local Markets & Shops 15% Single-use plastics, plastic cutlery, takeaway | All Himalayan states
containers
Schools & Educational | 10% Plastic packaging, disposable bottles Sikkim, Darjeeling,
Institutes Manipur
Roadside Vendors & Highway | 10% Food containers, plastic spoons, gutka | Arunachal, Himachal
Litter pouches Pradesh

Tourism contributes to nearly half of the plastic pollution. Defense camps add substantial waste,
particularly in Ladakh & Arunachal Pradesh. Shops & roadside vendors continue to use banned
single-use plastics.

Trends in Plastic Waste Over the Years

Based on multiple reports, Figure 2 shows the increase in plastic waste collected in the Himalayan
cleanups from 2018 to 2024.

Trend of Plastic Waste Collected in the Himalayan Cleanups (2018-2024)
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Fig 2: Trends in Plastic Waste (2018-24) (Source: Made by author)

Figure 2 shows a steady increase in plastic waste collected in the Himalayan clean-ups from 2018 to
2024. The rising trend highlights the growing plastic consumption in the region, especially due to
tourism and packaged food. Ineffective plastic bans and waste management systems. Increasing

participation in cleanup efforts, reflecting greater awareness but also worsening pollution.

Impact of Plastics on Ecosystems and Local Populations in the Himalayas
The reports analyzed highlight the severe ecological and socio-economic consequences of plastic

pollution in the Himalayan region. The fragile mountain ecosystems, high-altitude biodiversity, and

Open access article under the CC BY 4.0 31 Website



https://doi.org/10.51220/hjssh.v20i1.4
https://creativecommons.org/licenses/by-nc-sa/4.0/
http://hjssh.sharadpauri.org/

Himalayan J. Soc. Sci. & Humanities ISSN: 0975-9891 https://doi.org/10.51220/hjssh.v20i1.4
Vol. 20, (2025) 26-35

dependence on natural resources make plastic waste particularly harmful to both wildlife and local
communities.
Environmental Impact: Threats to Himalayan Ecosystems

Table 3: Effects of Plastic on Water, Soil, and Wildlife

Impact Effects Evidence from Reports Major Contributors

Category

Water Plastic waste clogs rivers, lakes, and | Found in Pangolakha Wildlife | Tourists, roadside

Contamination streams, leading to water scarcity | Sanctuary (THC 2023 Report) and | vendors, military
and pollution. Microplastics | Darjeeling & Kalimpong (Zero | camps, local waste
contaminate drinking water. Waste Himalaya 2021 Report). disposal.

Soil MLPs release toxic chemicals into | THC 2024 Report and Unwrapped | Single-use plastics,

Degradation the soil, reducing fertility. Plastics | 2021  Report  highlight  soil | food packaging waste.
interfere with plant growth. contamination in remote regions.

Wildlife Animals ingest plastic, leading to | Pangolakha Wildlife Sanctuary | Plastic litter from

Endangerment fatal health complications. Birds | (THC 2023 Report) documents | tourism and
and aquatic species are entangled in | plastic ingestion by red pandas and | unregulated waste
plastic waste. satyr tragopans. dumping.

100« Plastic Waste Distribution in Himalayan Ecosystems

80

60

40}

Percentage of Plastic Pollution (%)

Water Bodies Soil & Land
Ecosystem Impacted

Figure 3: Percentage of Plastic Waste Found in Water Bodies vs. Soil in the Himalayas

Figure 3 shows that 60% of plastic waste affects water bodies, while 40% contaminates soil and land.
This highlights the significant risk to freshwater ecosystems, impacting both wildlife and human
settlements.

Social & Economic Impact on Local Communities

Plastic pollution affects livelihoods, health, and tourism, leading to economic and social burdens. The

table below summarizes these challenges for Himalayan communities.
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Table 4: Social & Economic Consequences of Plastic Pollution

Impact Effects Evidence from Reports Affected
Category Regions
Health Risks | Burning of plastic releases toxic fumes, leading | Unwrapped 2021 Report | Sikkim, Ladakh,
to respiratory diseases. Microplastics | documents increased cases of | Himachal
contaminate food and water. respiratory diseases due to plastic | Pradesh
burning.

Livelihood Farmers suffer from soil degradation. Fishermen | THC 2024 Report & Zero Waste | Darjeeling,
Disruptions face declining fish populations due to plastic | Himalaya 2021 Report discuss | Sikkim,
waste. Waste pickers face job insecurity due to | challenges faced by small-scale | Uttarakhand

corporate control over waste collection. farmers and waste workers.
Tourism Polluted landscapes drive tourists away, | THC 2023 Pangolakha Report | Arunachal
Decline impacting local economies. found littered tourist spots | Pradesh, Sikkim,
damaging the area's reputation. Ladakh

Figure 4 highlights the major social and economic consequences of plastic pollution in the Himalayas.
40% of the impact is health-related, due to toxic fumes, plastic ingestion, and contaminated water.
35% affects livelihoods, especially farmers, fishermen, and waste pickers. 25% of the impact comes
from tourism decline, as plastic pollution reduces the attractiveness of natural landscapes.

Social & Economic Consequences of Plastic Pollution

Tourism Decline

Livelihood Disruptions

Health Risks

Figure 4: Key Social & Economic Consequences of Plastic Pollution

Conclusion & Suggestions

Plastic waste is rapidly increasing across the Himalayan region, driven by tourism, defense camps,
and local businesses. Multi-layered plastics (MLPs) and PET bottles dominate waste streams,
particularly in food packaging and beverages. The highest plastic accumulation is found in tourist
hotspots, roadsides, and army camps. Despite ongoing cleanup efforts, systemic interventions are
essential to curb plastic pollution.

Plastic pollution severely impacts the environment, with water bodies bearing the brunt (60%),
contaminating drinking water sources, disrupting agriculture, and endangering aquatic life. Soil
contamination (40%) reduces fertility, affecting local farmers. Wildlife is also at risk, as animals often
consume plastic waste. The open burning of plastic contributes to respiratory diseases, while
microplastics infiltrate food and water supplies. Additionally, economic losses stem from declining

tourism and inefficient waste management, threatening long-term sustainability.
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To tackle this crisis, stricter enforcement of single-use plastic bans is crucial, particularly for MLPs
and plastic cutlery. Sustainable alternatives for food packaging must be explored to reduce reliance on
MLPs and PET bottles. Regulations on plastic-packaged foods and beverages in tourism-heavy areas
should be strengthened, while decentralized waste management systems must be promoted,
incorporating waste pickers and local communities.

Mandatory waste segregation and disposal programs should be implemented for army camps, local
businesses, and tourists, alongside awareness campaigns and penalties for littering to ensure cleaner
landscapes. Establishing community-based recycling initiatives and Material Recovery Facilities
(MRFs) in remote areas can support both environmental conservation and local livelihoods.
Additionally, corporations must be held accountable under Extended Producer Responsibility (EPR)
laws, requiring investments in eco-friendly tourism models to safeguard local economies and
biodiversity.

By implementing these measures, we can work towards a cleaner, more sustainable Himalayan

region, preserving its ecological and economic future.
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