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ABSTRACT

This work fills a significant vacuum in the literature on public health by providing a thorough assessment of the state
of the art on indoor air quality (IAQ) and its effects on human health. People spend a lot of time inside, yet our
knowledge of the intricate connection between different indoor air contaminants and health effects is still lacking. In
order to describe the main indoor air pollutants—particulate matter, volatile organic compounds, carbon monoxide,
and radon—as well as their origins, health consequences, and the groups most at risk, this study synthesises data
from epidemiological and toxicological investigations. Short-term health impacts such as eye irritation, headaches, and
fatigue are discussed, alongside long-term consequences including respiratory diseases, cardiovascular diseases,
and cancer. The paper further critiques the methodologies used in existing studies, identifying key limitations and
areas for future research. Building on this foundation, a novel framework for assessing and mitigating risks associated
with poor IAQ is proposed (Goyal and Khare, 2011). This framework emphasizes a multi-faceted approach encompassing
source control, improved ventilation, air cleaning technologies, and the development of comprehensive indoor air
quality standards. Recommendations for policy development and future research directions are provided, aiming to
enhance public health outcomes through improved indoor air quality management. This review underscores the
urgent need for a cohesive strategy to address the pervasive issue of indoor air pollution, calling for an integrated
effort among researchers, policymakers, and practitioners in the field.
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INTRODUCTION

The term “indoor air quality (IAQ) describes the
quality of the air within and surrounding buildings and
other structures, with a focus on the comfort and health
of building inhabitants. It is possible to lower the risk of
indoor health issues by being aware of and taking control
of common indoor contaminants.” The importance of
indoor air quality (IAQ) has grown over time, since
estimates from the US Environmental Protection Agency
indicate that individuals spend around 90% of their time
inside (EPA). Thus, indoor spaces are very important for
public health. Inside buildings, pollutants may originate
from a variety of sources, such as construction materials,

furniture, electronics, cleaning supplies, and outside air
pollution that seeps into interior areas (Gupta et al., 2020).
Poor TAQ may have short-term health implications
including irritation of the eyes and throat as well as long-
term repercussions like cancer, heart disease, and
respiratory disorders. IAQ is a crucial field for public
health research and policy creation because of the
potential for large health effects.

Problem Statement:

The issue of indoor air pollution has garnered
increasing attention due to its direct and indirect effects
on human health. Modern buildings, with their emphasis
on energy efficiency, often have reduced ventilation rates
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to save energy on heating and cooling. This reduction
can lead to increased concentrations of indoor air
pollutants unless specific measures are taken to improve
air quality. Furthermore, the wide variety of sources of
indoor pollutants, combined with personal factors such
as age, preexisting health conditions, and individual
susceptibility, complicates the relationship between indoor
air pollution and health outcomes (Kulshreshtha et al.,
2008). Despite the known risks, gaps in regulation,
standardization, and public awareness persist, leading to
inconsistencies in IAQ management across different
settings. The growing body of evidence linking poor IAQ
to adverse health outcomes underscores the need for a
comprehensive approach to understand, monitor, and
mitigate indoor air pollution.

Objectives:

The primary goal of this paper is to provide a
thorough review of the current knowledge regarding IAQ
and its impact on health, with an emphasis on identifying
the key pollutants, their sources, and their potential health
effects. This review aims to:

1. Summarize the existing literature on indoor air
pollutants and their health implications, drawing
on epidemiological and toxicological studies to
provide a comprehensive overview of known
risks.

2. Identify gaps in the current understanding of IAQ
issues, including limitations in research
methodologies, inconsistencies in findings, and
areas lacking in-depth exploration.

3. Propose a conceptual framework for future
research that addresses these gaps and facilitates
the development of more effective strategies for
TAQ management.

4. Offer recommendations for policy development
aimed at improving IAQ standards and guidelines,
with a focus on both prevention and intervention
strategies to protect public health.

Understanding Indoor Air Quality:
Definition and Components:

The term “indoor air quality (IAQ) describes the
quality of the air within and around buildings and other
structures, with a focus on the comfort and health of the
inhabitants”(Kumar, 2017). The components of IAQ
encompass a variety of pollutants that can adversely
affect human health, comfort, or work performance.
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Common pollutants include:

— Organic compounds with a high vapour pressure
at room temperature are known as volatile
organic compounds, or VOCs. Paints, cleaning
products, insecticides, construction supplies, and
office goods like printers are examples of
sources.

— A combination of liquid droplets and solid particles
that are present in the air is known as particulate
matter (PM). PM may be released into the
atmosphere directly, as in the case of dust from
building sites, or it can be created there by
interactions between gases such as nitrogen
oxides and sulphur dioxide.There are two types
of PM:

— PM2.5: PM2.5, or small particles with a diameter
of 2.5 micrometres or less, can penetrate the
respiratory tract, posing significant health risks,
including respiratory and cardiovascular
problems, as they bypass the nose and throat.

— PMI10: PM10, or “coarse particles” with a
diameter of 10 micrometres or less, include dust,
pollen, and Mold. They can irritate eyes, nose,
throat, and cause heart and lung diseases.

— Carbon Monoxide (CO): A colourless, doorless
gas produced by burning carbon-containing
materials. Insufficient ventilation can lead to
dangerous levels of CO indoors, especially from
sources like heating systems and kitchen
appliances.

— Radon: A radioactive gas that occurs naturally
from the decay of uranium in the soil beneath
buildings. Radon can enter buildings through
cracks and openings in the foundation and
become trapped indoors.

Sources: The sources of indoor air pollutants are
varied and can be broadly categorized into four main
groups:

— Outdoor Air Pollution Infiltration: Outdoor
pollutants can enter buildings through open
windows, doors, and ventilation systems. Traffic-
related pollution and industrial emissions are
significant sources.

— Building Materials: Many building materials and
furnishings release pollutants continuously.
Examples include insulation, pressed wood
products, carpets, and furniture that may release
formaldehyde, a potent VOC.
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— Human Activities: Activities such as cooking,
heating, smoking, and using cleaning products can
introduce pollutants like CO, PM, and VOCs into
the indoor environment.

— Biological Agents: Microbes, pet dander, pollen,
and pests can contribute to poor [AQ. Moisture
build-up can further exacerbate the proliferation
of Mold and mildew, leading to increased
allergens and microbes in the air.

Measurement and Standards:

Assessing IAQ involves measuring the
concentrations of specific pollutants and evaluating the
effectiveness of ventilation systems. Methods for
assessing IAQ include:

— Direct Monitoring: Using sensors and instruments
to measure pollutant levels in real-time.
Technologies vary from simple carbon monoxide
detectors to sophisticated systems capable of
detecting and quantifying a wide range of
chemical and biological pollutants.

— Indirect Monitoring: Evaluating factors that
influence IAQ, such as ventilation performance,
humidity levels, and the presence of sources of
pollutants.

Health Impacts of Indoor Air Pollution:

Indoor air pollution is a silent threat that can have
profound effects on human health, ranging from
immediate, short-term problems to severe, long-term
illnesses. The nature and severity of these health impacts
depend on several factors, including the type and
concentration of pollutants, exposure duration, and
individual susceptibility.

Sick Building Syndrome (SBS):

Sick Building Syndrome (SBS) refers to a condition
where building occupants experience acute health
discomfort that improves upon leaving the building,
without a specific illness being identified. Symptoms
include headache, eye, nose, and throat irritation, fatigue,
dizziness, and sensitivity to odors. SBS is associated with
factors like poor air quality, inadequate ventilation,
presence of volatile organic compounds (VOCs), and
particulate matter. Addressing SBS involves improving
ventilation, removing pollutant sources, maintaining proper
indoor humidity, and ensuring clean indoor environments.
Effective management also includes ergonomic
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adjustments and addressing occupants’ psychosocial
concerns.

Short-term Effects:

The immediate health effects of exposure to indoor
air pollutants are often acute and reversible upon reducing
or eliminating exposure. Common symptoms include
irritation of the eyes, nose, and throat, which can be
particularly noticeable in environments with high levels
of volatile organic compounds (VOCs) or particulate
matter (PM). Headaches, dizziness, and fatigue are also
frequent complaints, potentially linked to elevated carbon
monoxide (CO) levels or the presence of other toxic
substances in the air. Furthermore, dust mites, pet dander,
mould spores, or pollen inside might cause allergic
responses or asthma exacerbations in some people
(Kumar et al., 2016). Although these symptoms might
make everyday tasks more difficult and lower one’s quality
of life overall, they usually go away as the air quality
improves.

Long-term Effects:

Prolonged exposure to low indoor air quality has
more serious and perhaps fatal long-term health effects.
A prolonged exposure to some pollutants, such as radon,
asbestos, and fine particulate matter, may significantly
increase the chance of developing respiratory disorders,
such as lung cancer and chronic obstructive pulmonary
disease (COPD). Because prolonged indoor air pollution
exposure may worsen systemic inflammation and vascular
dysfunction, it has also been related to heart disease.
Moreover, long-term exposure to certain air pollutants
may lead to the development of cancer, primarily in the
lungs but perhaps in other organs as well, depending on
the specific chemicals involved. It’s crucial to address
IAQ issues early on since these chronic diseases often
show no symptoms for years or even decades after
exposure.

Sensitive Groups:

Certain populations are particularly vulnerable to the
adverse effects of indoor air pollution due to physiological,
developmental, or health-related factors. Children are at
increased risk because they breathe more rapidly than
adults, inhaling more pollutants relative to their body
weight. Their developing organs and immune systems
also make them more susceptible to the toxic effects of
pollutants (Sharma et al., 2020). The elderly, another
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sensitive group, may have diminished physiological
reserves and often live with chronic health conditions
that can be exacerbated by poor air quality. Individuals
with preexisting respiratory or cardiovascular diseases,
as well as those with compromised immune systems, face
heightened risks from indoor air pollutants. These sensitive
groups require special consideration in efforts to monitor
and improve [AQ, underscoring the need for stringent
standards and proactive measures to protect the most
vulnerable members of our communities
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Review of Literature:

(Buonanno et al., 2019) “Particle emission factors
during cooking activities” This study will investigate the
release of airborne particles (such as PM2.5 and ultrafine
particles) from cooking processes and will evaluate the
factors that influence emission rates. These factors
include the temperature at which food is cooked, the
method of cooking, the type of food, and the ventilation
in the kitchen.

(Paleologos et al., 2021) This paper explores indoor
air pollutants, their origins, sampling, measurement, and
impact on human health. It emphasises the significance
of indoor environmental quality (IEQ) and its effects on
comfort and health as well as the management,
technology, and recommendations for indoor air quality
(IAQ). The notion of environmentally-friendly buildings
is examined, accompanied by the need of maximising
ventilation, air conditioning, and indoor air quality systems.
The significance of productivity, psychological, and health
elements in building design, construction, and operation
is emphasised in the study.

(Isabella Annesi et al, 2013) For a school to be
secure, healthy, and productive, the indoor air quality is
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essential. Research indicates that increased levels of air
pollution may have an effect on children’s respiratory
health, school attendance, and academic achievement.
People with allergies are more vulnerable to respiratory
health issues. Enhancing the quality of the air is crucial
for prevention.

(Cheek et al., 2021), In comparison to the control,
there were decreases in indoor air quality (PM2.5) of
22.6-92.0%, according to a comprehensive assessment
of the literature on portable air purifiers (PAPs). Studies
have discovered correlations with outcomes related to
pregnancy, respiratory parameters, blood pressure, and
other health effects. Nevertheless, there was few and
contradictory data to support these correlations.

Kumar et al. (2023). Although the importance of
indoor air quality (IAQ) for health and wellbeing cannot
be overstated, little is known about its consequences.
Significant indoor air pollution has an impact on women’s,
foetal, neurological, ophthalmic, and cardiovascular health
in addition to degrading indoor air quality. Because of
their physical attributes and longer exposure periods,
women and children are more vulnerable. [AQ exposure
may cause low birth weight, respiratory illnesses, and
premature mortality, among other health problems.
Reducing health dangers requires addressing research
requirements and putting effective treatments into place.

Holden et al., (2023) Poor housing quality
significantly impacts indoor air quality, affecting
respiratory health in children and young people. Factors
like dampness, mold, cold homes, and pests contribute to
poor indoor air quality. Children from lower-income
backgrounds are at risk. Research shows that rehousing
or modifying poor-quality housing can improve indoor air
quality. Urgent action is needed to address this risk factor
and work with families.

Saini et al. (2020), In poor nations, indoor air
pollution (IAP) is a serious issue that has an impact on
morbidity and death rates. Coal and biomass are used by
around 3 billion people for home energy, which has an
impact on productivity and well-being. This article
presents new concepts and avenues for JAQ monitoring,
along with a discussion of wireless technologies for
microcontrollers and real-time monitoring.

(Mannan and Al-Ghamdi, 2021), Since most
individuals spend 90% of their time inside, pollutants and
toxins from cooking, air conditioning, heating, and
construction materials are present. The productivity and
health of people are greatly impacted by this. In spite of
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twenty years of study on indoor air quality (IAQ), a
thorough assessment of peer-reviewed papers remains
lacking. By identifying contaminants in indoor
environments—both residential and commercial—this
assessment seeks to fill knowledge gaps and highlight
trends in the field while also setting guidelines for
environmentally friendly and sustainable construction
practises.

Suggested Framework for Addressing Indoor Air
Quality Issues:

Addressing indoor air quality (IAQ) issues requires
a comprehensive and multi-disciplinary approach. This
framework outlines strategies for assessing risks,
implementing mitigation measures, developing policies,
and guiding future research to improve IAQ and protect
public health (Singh et al., 2020).

Risk Assessment Model: A robust model for
assessing exposure risks associated with various indoor
pollutants is essential for effective IAQ management.
This model should:

1. Identify Pollutants: Catalog common indoor air
pollutants, including chemical (e.g., VOCs, CO,
formaldehyde), biological (e.g., mold, pollen), and
particulate (e.g., PM2.5, asbestos) contaminants.

2. Determine Sources: Analyze potential sources
of pollutants within indoor environments,
including building materials, furnishings, human
activities, and outdoor air infiltration.

3. Assess Exposure: Evaluate the frequency,
duration, and intensity of occupant exposure to
pollutants, considering building occupancy
patterns and individual susceptibility.

4. Evaluate Health Risks: Use toxicological data
and epidemiological studies to estimate the health
risks associated with exposure levels, factoring
in specific vulnerabilities of sensitive populations.

Mitigation Framework: Mitigating poor IAQ
involves a systematic approach that includes source
control, ventilation improvements, and air cleaning
technologies:

1. Source Control: The most effective way to
improve [AQ is to eliminate or reduce emissions
from indoor sources. This can involve selecting
low-emission materials, prohibiting smoking, and
minimizing the use of VOC-emitting products.
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2. Ventilation Improvements: Increase the
introduction of outdoor air to dilute indoor
pollutants. This can be achieved through natural
ventilation (e.g., opening windows), mechanical
ventilation (e.g., HVAC systems with effective
filtration), or a combination of both.

3. Air Cleaning Technologies: Use air purifiers and
cleaners to remove pollutants from indoor air.
Technologies vary in effectiveness based on the
types of pollutants they target (e.g., HEPA filters
for particulates, activated carbon filters for gases
and odors).

Policy and Regulation Recommendations:

Effective policies and regulations are critical for

maintaining and improving IAQ:

1. Set IAQ Standards: Develop and enforce
standards for acceptable levels of key indoor
pollutants, based on the latest scientific evidence
and health impact assessments.

2. Building Codes and Guidelines: Implement
guidelines for new construction and renovations
that promote healthy indoor environments,
including requirements for materials, ventilation
systems, and building design.

3. Monitoring and Compliance: Establish protocols
for regular IAQ monitoring in public and
commercial buildings, along with mechanisms for
enforcement and compliance.

Future Research Directions:

Identifying gaps in current knowledge and
suggesting areas for future investigation will drive
improvements in IAQ management:

1. Long-term Health Studies: Conduct longitudinal
studies to better understand the long-term health
impacts of exposure to various indoor pollutants,
especially in vulnerable populations.

2. Technological Innovations: Research and develop
more effective [AQ improvement technologies,
including advanced materials, building designs,
and air cleaning systems.

3. Behavioral and Socioeconomic Factors: Explore
the influence of occupant behavior,
socioeconomic factors, and environmental justice
issues on IAQ and health outcomes.
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Conclusion:

This paper has underscored the critical importance
of indoor air quality (IAQ) to public health, illustrating
how the air within our homes, workplaces, and public
buildings can significantly impact well-being. Through a
detailed examination of [AQ components, sources of
indoor pollutants, their health effects, and strategies for
mitigation, this review highlights the complex nature of
indoor air pollution and its potential to harm human health.

Poor IAQ may cause both short-term and long-term
health impacts, such as headaches, eye irritation, cancer,
and chronic respiratory disorders. These effects highlight
the critical need for efficient management and
improvement solutions. Because some groups are more
susceptible than others—children, the elderly, and those
with previous medical disorders, for example—improving
IAQ is not just a question of environmental health but
also of equality and social justice.

Our proposed framework for addressing [AQ issues
offers a comprehensive approach that includes a robust
risk assessment model, systematic mitigation strategies,
and clear recommendations for policy and regulation. By
identifying pollutants, assessing exposure, and
implementing both preventative and corrective measures,
we can significantly reduce the health burdens associated
with indoor air pollution.

Furthermore, the call for future research directions
opens pathways for innovation in IAQ improvement
technologies and deeper understanding of the long-term
health impacts of exposure to indoor pollutants. Such
research is crucial for developing more effective strategies
and interventions.

In conclusion, the significance of IAQ to public health
cannot be overstated. Comprehensive strategies that
encompass risk assessment, mitigation, policy
development, and research are essential to address IAQ
issues effectively. By prioritizing IAQ, we can protect
health, enhance quality of life, and ensure that our indoor
environments are safe and supportive of overall well-
being.
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