Advanced Studies in Multidisciplinary Research.... (Edition-I1) ISBN: 978-93-49468-43-6

Indoor Air Pollution from Lithium-lon
Battery Overheating: Challenges, Health
Impact, and Plant-Based Mitigation

Sameer Ahmed', Purnima Anand? Amandeep Kaur® &

Shivani G. Varmani#
"4Department of Biomedical Science, Bhaskaracharya College of Applied Sciences, DU.
2Department of Microbiology, Bhaskaracharya College of Applied Sciences, DU.
Department of Instrumentation, Bhaskaracharya College of Applied Sciences, DU.

*Corresponding Author: shivani.varmani@bcas.du.ac.in

Abstract

Indoor air pollution is an important issue due to the increased use of
electronic devices such as laptops based on lithium-ion batteries. The overheating
and aging of such batteries result in the formation of gaseous pollutants that may be
converted into ultrafine particulate matter, hence deteriorating indoor air quality.
People spend a considerable amount of time indoors and are also exposed to these
devices that are source of particulate pollution. So, an exposure to such pollutants
has adverse impacts on human wellness, such as respiratory, cardiovascular, and
neurological health. This chapter discusses plant-based mitigation aimed at
decreasing indoor particulate matter arising from lithium-ion battery. It has been
found that indoor plants may decrease the level of particulate matter in air through
surface deposition, electrostatic interaction, and stomata uptake. The impact of
indoor plants on the discussed phenomenon depends on several factors, including
their morphology and environmental conditions. Further research is required to
understand the problem, its health impact and possible mitigation strategies.

Keywords: Lithium-ion Batteries, Indoor air Pollution, Indoor Plants, Particulate
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Introduction

This chapter highlights the growing concern surrounding indoor air pollution
resulting from lithium-ion battery overheating, a source that is often underestimated
despite the extensive use of electronic devices in indoor environment. The findings
indicate that the release of fine and ultrafine particulate matter during battery
overheating can significantly affect indoor air quality (IAQ) and may pose health-
related risks. Evidences suggest that plant species have the capacity to reduce
particulate matter through natural mechanisms such as phytoremediation (Meister et
al., 2025).
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Indoor Air Pollution Concerns

Around 80-90% of people spend their time indoors, which increases their
exposure to particulate matter (PM) present over there. Exposure to particulate
matter has an adverse health impact, regardless of the size of PM (Tran et al., 2020).

The ultrafine particulate matters (UFPs) are highly dangerous and yet
overlooked. The challenge associated with UFP is that distinct sources can release
these particulates of varied chemical compositions (Dahiya et al., 2025).

Many sources emit highly toxic pollutants, but the electronic devices like
laptop, remain a highly overlooked contributor to particulate air pollution (Nilsson &
Ahlberg Tidblad, 2024).

Lithium-lon Battery and its Overheating

A lithium-ion battery (LIB) is combination of solid and liquid materials that are
designed to remain stable over time. These materials gradually undergo a slow and
continuous degradation process known as ageing. During ageing, unwanted
decomposition and chemical reactions occur within the battery components, giving
rise to small amounts of gaseous by-products (Koech et al., 2024).

The introduction of LIBs in the 1990s marked a transformation in modern
society. LIB is assembled by linking individual Li-ion cells. Repeated battery cells can
be incorporated into a battery module, and multiple battery modules can be
incorporated into a Li-ion battery pack (Shahjalal et al., 2021).
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Fig. 1: Cross-Sectional Representation of a LIB

Despite their advantages, the extensive use of LIBs has led to safety
concerns, mainly due to overheating and thermal runaway (Pilali et al., 2025). When
LIB cells are compiled into a pack in large numbers, it increases the chances of the
battery overheating (Wang et al., 2021).

Regular use of LIBs generates gas in small amounts by slow material
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degradation, which occurs during the ageing process. Solid electrolyte interphase
(SEI) is responsible for the production of these gases (Wu et al., 2023).

Macro causes of overheating of LIB are mechanical, electrical (overcharge
and overdischarge) and thermal abuses (Chen et al., 2025).

Lithium-lon Battery Management System and Sensing Material for PM Detection

The most typical batteries used in laptops are lithium-ion batteries due to
their high energy density and long cycle life. But they are highly sensitive to changes
in temperature, overcharging and deep discharge. A Battery Management System
(BMS) is a must for safe and efficient operation (Ghaeminezhad et al., 2023).

Thermal management and cell balancing are also important goals for today’s
lithium-ion battery management systems. Excessive heat generation can reduce the
efficiency of the battery and may cause thermal runaway, which is a major safety
concerns of lithium-ion batteries. Therefore, the BMS controls the charging rates,
monitors the temperature of the battery and balances the individual cells in the battery
pack, ensuring uniform performance and longer battery life (Xu et al., 2025).

The BMS constantly monitors voltage, current, temperature and charge
status. It also estimates State of Charge and State of Health, which helps to improve
battery performance, life span and safety (Yao & Kowal, 2025). Integrating
nanomaterials into gas-sensing technology is changing the face of early detection
systems, taking us from bulky, power-hungry equipment to seamless, wearable
monitors (Pawar et al., 2024).

Now, researchers are working on Graphene Metal-Oxide hybrids to optimize
performance. By merging the high electrical conductivity of graphene with the
specialty chemical sensitivity of metal oxides such as SnO:z or ZnO, the sensors can
reach detection limits of parts per billion (PPB) (Meng et al., 2015; Deb et al., 2024).

Indoor UFP Emissions from Electronic Devices

During the overheating of LIBs, the degradation of SEI causes the production
of certain gases (Zhang et al., 2026; Chen et al., 2023; Mama et al., 2025; Haoyang
et al.,, 2025), which, when released from the electronic devices, enter the cold
environment, leading to the formation of aerosols. These aerosols or particulate
matter (PM) are generally UFP. Low-cost sensors can easily detect this diversified
particulate matter (PM). These sensors are capable of measuring the amount of light
scattered by these aerosols (Park et al., 2023; Giordano et al., 2021; Tryner et al.,
2020).

The gases released from the breakdown of electrolyte, separator, and
electrode material are: CO, CO2, H2, C2H4, CH4, HF, and other organic radicals
(Bugryniec et al., 2024).

Work-From-Home Culture and Frequent Use of Electronic Devices

After 2020, due to COVID-19, self-employed individuals working on a part-
time basis were more likely to do remote working compared to salaried employees that
were working on a part-time basis. Salaried workers with a graduate degree have a
higher likelihood of working from home compared to salaried workers without a
graduate degree (Jain, 2024). Nearly 12.7% of India’s full-time workforce was
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working remotely by 2024, while 28.2% combine remote and on-site work in a hybrid
model (Aiva Strelca, 2024).

Due to the work-from-home culture, the laptops, mobile phones and other
electronic devices are used more frequently in the indoor environment. This leads to
rise in ultrafine particulates and a decline in IAQ. With digital technologies now
deeply embedded in daily life, the indoor use of electronic devices has increased
substantially, highlighting the need to pay closer attention to emerging indoor
environmental risks associated with this growing technological reliance (Polyakova et
al.,, 2024). The addiction to social media and frequent use of laptops and mobile
phones, among the young generation, is also a big concern, as this is directly
affecting their brain and lungs (Pyhalt6 et al., 2025; Husgy & Mignon, 2025).

Particulate Matter and its Effect on Health

Particulate matter comprises suspended liquid and solid particles in the air.
These are of different sizes, shapes, sources, and chemical compositions. Numerous
forms of particulate matter can be dangerous. (Gonzalez-Martin et al., 2021).

Particulate matter has multiple sources inside the home. The ambient PM can
invade the indoor spaces. However, these particulates generally have a size
distribution that is limited, as fine and UFPs are specifically removed during
transmission (Cowell et al., 2023).

Classification of particulate matter is based on particle diameter, with coarse,
fine, and ultrafine fractions corresponding to PM10, PM2.5, and particles less than 0.1
pm, respectively. Indoor air quality can be evaluated through PM concentration
measurements. Chronic exposure to PM can lead to cardiovascular, respiratory, and
neurological disorders. It leads to coughing, dizziness, fatigue, sneezing, and eye
irritation. UFPs specifically hamper Heart Rate Variability (HRV) in patients that has a
medical history of cardiovascular conditions (Tran et al., 2020; Nie et al., 2025; Ravi
et al., 2025).

The airborne ultrafine particulate matter can penetrate and damage alveolar
regions within lungs ( Kumar et al., 2023). The UFP can induce DNA damage,
oxidative stress, and cellular senescence. Repeated exposure to these particles can
result in chronic respiratory disease (Chamseddine et al., 2025).

Table 1: The category of people more susceptible to indoor air pollution (Maung

et al., 2022)
S. No. Vulnerable group Adverse health effects
1 Children Developing lungs, higher breathing rates
2 Elderly Lowered immunity and respiratory system
3 Pregnant women Risks to fetal development
4 People with chronic Asthma, COPD, and cardiovascular illness.
diseases
5 Low-income households | Higher exposure, limited mitigation options

Particulate matter can also come from other sources, which can be grouped
into natural and human-made. Natural sources include gaseous emissions, rock
debris, salt, volcanic eruptions, storms, forest fires, and spray. Human activities, on
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the other hand, contribute through fuel burning, industrial processes like steel,
cement, and glass production, emissions from power plants, mining, and coal
burning. Prolonged time spent in an indoor environment with exposure to UFP can
specifically damage the lower respiratory tract (Kumar et al., 2023).

Indoor UFP concentrations frequently exceed outdoor UFP concentrations.
Indoor sources dominate exposure, especially in poorly ventilated spaces. Poor
ventilation significantly prolongs the particle residence time (Audignon-Durand et al.,
2023; Mustata et al., 2025).

Plant-Based Mitigation of Indoor Air Pollution

Although, the occurrence of PM in the air is a major concern for public health
around the world, there are ways to protect human health in the indoor environment
from harmful impacts of particulate matter (Dabanlis et al., 2022).

Anthropogenic activities and technologies have polluted the indoor
environment. However, many effective air-cleaning plants naturally remove pollutants
from the air. Therefore, one of the ways to mitigate the effects of pollution is to
increase flora in the indoor spaces. The mitigation of particulate matter by plants
happens due to deposition of particles on leaves, trunk surfaces, branches, and the
plant's stomata. PM1 is most rapidly reduced as compared to PM2.5 and PM10
(Marval & Tronville, 2022). However, increasing diverse plant species in the indoor
environment may pose challenge due to limited spaces.

Indoor plants can influence particulate matter (PM) levels directly by trapping
particles on leaves and indirectly by changing indoor humidity. When humidity
increases, the UFP tends to absorb moisture, become heavier, and agglomerate. The
effect depends on plant species, leaf area, transpiration rate, and the number of
plants in the space (Kaur et al., 2025). Due to the tiny size of PM1 and the ability to
interact with biological and chemical surfaces, it settles more slowly in comparison to
PM2.5 and PM10 (Kwon., 2020; Zhang et al., 2025).

As the effectiveness of particle removal differs among plant species, careful
selection based on leaf morphology and surface characteristics is essential. The table
2 shows some of the indoor plants commonly used in Indian households and
workspaces. In comparison with conventional mechanical air purifiers, plant-based
approaches represent a more sustainable, low-cost, and energy-efficient option for
improving IAQ (Han et al., 2022).

Table 2: List of some of the common indoor plants in India

S. No. Common Names Scientific Names Photograph
1 Snake Plant Dracaena trifasciata
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2 Money Plant Epipremnum
aureum

3 Spider Plant Chlorophytum
comosum

4 Peace Lily Spathiphyllum
wallisii

5 Areca Palm Dypsis lutescens

6 Aloe Vera Aloe vera

As shown in Figure 2, frequent and prolonged use of laptops can lead to
heating of lithium-ion batteries, especially during continuous operation. Rise in
battery temperature leads to release of small amounts of gaseous emissions. Under
cooler indoor conditions, some of these emissions can condense and form aerosol
particles, contributing to the presence of ultrafine PM in the environment.

These particles can be retained on the leaf surfaces of indoor plants by
natural deposition processes. It will help to reduce particulate levels indoors and
contributing to a better air quality. This further demonstrates that indoor plants can be
a simple and environment friendly way to decrease pollution associated with the
electronic devices (Pietrogrande et al., 2021).
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Fig. 2: Schematic representation of the mechanism of removal of particulate
matter by plants (Rasheed & Jayasree, 2025)

Conclusion and Future Prospects

Lithium-ion battery overheating is emerging as a potential source of indoor
air pollution. It releases fine and ultrafine particles along with some harmful gases.
They significantly deteriorate IAQ and may present health-related risks. This problem
is elevated in small and poorly ventilated spaces. Additionally, the factors like
humidity, occupancy level and human activities etc. may amplify the issue.

One of the solutions for this problem is possible use of indoor plants for
improvising IAQ through natural pollutant-removal processes. Particles that settle on
the surface of leaves can reduce airborne contaminants. This natural mechanism
known as phytoremediation has become an environmentally sustainable approach to
mitigate indoor air pollution. Owing to their low maintenance requirements, cost-
effectiveness and ecological benefits, the indoor plants serve as invaluable method in
addition to conventional air-cleaning techniques.

It is highly imperative to conduct comprehensive study on this challenge as
people are spending substantial time indoors and with electronic gadgets which is
detrimental to human health. It is important to understand characteristics of emission
generated during battery overheating and their health impact. Such research will
support the development of possible mitigation measures like use of indoor air plants
and further refinement of air quality guidelines for healthier indoor spaces.
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