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Chapter 17
Particle Pollution and Health – Risk 
and Resilience Evaluation

Ambrina Sardar Khan and Prateek Srivastava

Abstract Particle pollution, commonly referred to as particulate matter (PM), is a 
multifaceted assemblage of solid particles and liquid droplets suspended within the 
atmosphere. These particles emanate from diverse sources, encompassing vehicular 
emissions, industrial processes, construction activities, and natural contributors like 
dust and pollen (Guan et al., Environ Pollut 230:189–198. https://doi.org/10.1016/j.
envpol.2017.06.045, 2017). The variegated composition and size distribution of 
these particles bestow upon them a spectrum of effects on human health and the 
environment (Katsouyanni et al., J Epidemiol Community Health 50(Suppl 1):S12–
S18, 1996). The study provides a comprehensive overview of the intricate interplay 
between particle pollution and its multifarious impacts on human health, with a 
speci�c focus on the rigorous evaluation of associated risks and the strategic devel-
opment of resilience (Kumar and Mishra, J Transp Health 10:132–143. https://doi.
org/10.1016/j.jth.2018.05.013, 2018).

Empirical research consistently highlights a robust link between heightened 
exposure to particle pollution and an array of deleterious health outcomes. These 
effects span both short-term and long-term dimensions (Katsouyanni et  al., J 
Epidemiol Community Health 50(Suppl 1):S12–S18, 1996). In the short term, 
exposure to escalated levels of particle pollution is correlated with the exacerbation 
of respiratory and cardiovascular conditions, thereby leading to a notable upsurge in 
hospital admissions and mortality rates. Over protracted periods, persistent expo-
sure to particle pollution has been causally connected to chronic respiratory ail-
ments, cardiovascular diseases, and even neurodegenerative disorders. Furthermore, 
certain segments of the population, including children, the elderly, and individuals 
with pre-existing health vulnerabilities, demonstrate heightened susceptibility to 
the detrimental impacts of particle pollution.
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The evaluation of risks associated with particle pollution necessitates a compre-
hensive and multifaceted approach, encompassing various scienti�c methodologies. 
This includes the undertaking of rigorous epidemiological studies to elucidate the 
intricate relationships between particle exposure and diverse health outcomes. 
Concurrently, toxicological investigations are pivotal in uncovering the mechanistic 
underpinnings of these effects at the cellular and molecular levels. Moreover, the 
establishment and enforcement of stringent air quality standards and regulations by 
governmental bodies assume paramount importance in mitigating exposure levels 
and curtailing associated health risks. However, persistent challenges persist in elu-
cidating the intricate composition and sourcing of particulate matter, as well as in 
forecasting its intricate dispersion dynamics and exposure patterns across diverse 
and dynamic environmental contexts (Guan et  al., Environ Pollut 230:189–198. 
https://doi.org/10.1016/j.envpol.2017.06.045, 2017).

In response to these challenges, the paradigm of resilience emerges as a pivotal 
framework for enhancing societies’ adaptive capacity in the face of particle 
pollution- induced health challenges. The construct of resilience entails the develop-
ment and implementation of comprehensive strategies that seamlessly integrate 
urban planning, judicious public health interventions, and cutting-edge technologi-
cal innovations. Such strategies encompass the integration of green infrastructure to 
mitigate pollution, the optimization of transportation systems to minimize emis-
sions, and the establishment of real-time air quality monitoring networks to enable 
timely and informed responses. Furthermore, nurturing resilience at both individual 
and communal levels necessitates the dissemination of accurate and actionable 
information concerning air quality and the adoption of health-protective measures 
(Argyroudis et  al., Reliab Eng Syst Saf 191:106567. https://doi.org/10.1016/j.
ress.2019.106567, 2019; Akiyama et al., Struct Infrastruct Eng 16(1):26–50, 2020).

Keywords Particulate pollution · Health risk assessment · Vulneribility · Exposure 
pathways · Resilience

17.1  Introduction

Particle pollution, or particulate matter (PM), is the term used for a blend of solid 
and liquid particles that are held in suspension within the air. These particles come 
in diverse sizes, compositions, and origins, exerting notable effects on both human 
health and the environment. Particle pollution is a form of air pollution (Anjum 
et al. 2021) and is categorized into two main types based on the size of the particles: 
PM10 and PM2.5 (Cariolet et al. 2018; Kumar and Mishra 2018; Guan et al. 2017).

PM10 pertains to particles having a diameter of 10 micrometers or less, whereas 
PM2.5 designates particles with a diameter of 2.5 micrometers or below (Yu et al. 
2019). These particles are so small that they can be inhaled into the respiratory sys-
tem, bypassing the body's natural defense mechanisms, and reaching deep into 
the lungs.
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Particle pollution can originate from both natural and anthropogenic sources. 
Natural sources include dust, pollen, and wild�res, while human-made sources 
include industrial emissions, vehicle exhaust, construction activities, and the burn-
ing of fossil fuels for energy production.

The health effects of particle pollution are signi�cant. The smaller particles, such 
as PM2.5, can penetrate deep into the respiratory system and enter the bloodstream, 
causing or exacerbating various health problems. Short-term exposure to high levels 
of particle pollution can result in respiratory symptoms, such as coughing, wheez-
ing, and shortness of breath (Kumari et  al. 2021a, b). It can also trigger asthma 
attacks, worsen existing respiratory conditions, and lead to increased hospital 
admissions and premature deaths (Manojkumar and Srimurganandam 2021; Saini 
and Sharma 2019; Maji et al. 2018; Yu et al. 2019).

Extended periods of exposure to particle pollution have been linked to graver 
health complications, encompassing chronic respiratory ailments, cardiovascular 
disorders, and even the development of cancer. Among these impacts, certain popu-
lations at greater risk  – namely children, the elderly, and individuals with pre- 
existing medical conditions  – are notably more vulnerable to the detrimental 
consequences of particle pollution (Saini and Sharma 2019; Maji et al. 2018).

In addition to its impact on human health, particle pollution also has environ-
mental consequences. It can contribute to visibility reduction, known as haze, and 
deposit on surfaces, leading to soiling and damage to buildings, monuments, and 
vegetation (Somvanshi et  al. 2023). Furthermore, certain particles, such as black 
carbon, contribute to climate change by absorbing sunlight and warming the 
atmosphere.

To mitigate the effects of particle pollution, various measures are taken, includ-
ing the regulation of emissions from industrial sources and vehicles, promoting 
cleaner energy alternatives, improving air quality monitoring systems, and raising 
public awareness about the health risks associated with particle pollution (Ashraf 
et al. 2019). The strategies have been introduced to reduce its levels are crucial for 
protecting human health, preserving the environment, and ensuring sustainable 
development.

17.2  Particle Pollution and Its Types

Particle pollution, also known as particulate matter (PM), is categorized into differ-
ent types based on the size of the particles. The two primary classi�cations are 
PM10 and PM2.5, which represent particles with diameters of 10 micrometers or 
smaller and 2.5  micrometers or smaller, respectively (Manojkumar and 
Srimurganandam 2021 and Anjum et al. 2021). However, particles can be further 
divided into additional categories based on their size and composition as in 
Table 17.1. Here are some common types of particle pollution:

17 Particle Pollution and Health – Risk and Resilience Evaluation
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Table 17.1 Types and characteristics of course, �ne, and ultra�ne particles (Al-Thani et al. 2018)

Coarse particles 
(PM10–2.5 μm)

Fine particles 
(PM2.5–0.1 μm)

Ultra�ne particles  
(PM< 0.1 μm)

Mode Coarse Accumulation Nucleation

Formation and 
sources

Disintegration of solids 
and droplets
Erosion of terrain
Airborne dust 
suspension
Re-entrainment of road 
fragments (tire/brake 
deterioration)
Sea mist
Unregulated 
combustion resulting in 
soot (black smoke)
Building and 
demolition activities
Surface perturbations 
(farming, mining, 
quarrying, unpaved 
roads)
Emissions of natural 
origin (pollen, fungal 
spores)

Atmospheric gas 
condensation
Agglomeration of 
extremely �ne particles
Chemical interactions 
involving particle 
component gases
Vaporization of water 
droplets carrying 
dissolved gases
Burning of fossil fuels 
and biomass
Industrial operations 
(smelting, re�ning, 
steel production, 
mining)

Formation of nuclei and 
atmospheric gas 
condensation
Intense heat combustion 
(including emissions from 
vehicles)

Composition Organic and elemental 
carbon
Sulfates
Nitrates
Chlorides
Oxides of crustal 
elements
Sea salt
Plant and animal debris
Bacteria

Organic and elemental 
carbon
Sulfates
Nitrates
Ammonium
Metals
Organic compounds
Water
Bacteria
Viruses

Organic and elemental 
carbon
Sulfates
Metals
Organic compounds

Physical 
characteristics

Large mass Large surface area High particle number

Spatial/temporal 
variability

High Low Very high

Atmospheric 
lifetime

Minutes to days Days to weeks Minutes to hours

Distance traveled Usually <1–10 km 100–1000 km Usually <1 to 10s of km 
(100s to 1000s of km in 
dust storms for the small 
size tail)

Removal process Gravitational 
deposition
Scavenging by rain

Gravitational 
deposition
Formation of cloud 
droplets and rain out

Coagulation, adsorption, 
condensation, diffusion to 
rain droplets

Extent of 
physiological 
deposition

Upper airways 
(primary bronchi)

Lower airways 
(terminal bronchioles 
and alveoli)

Extrapulmonary organs
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 1. PM10: This category includes particles with diameters of 10  micrometers or 
smaller. It consists of a mixture of particles from various sources, such as dust, 
pollen, mold spores, and larger combustion particles from vehicles and industrial 
emissions. These particles can irritate the eyes, nose, and throat, and can be 
inhaled into the respiratory system.

 2. PM2.5: This category comprises particles with diameters of 2.5 micrometers or 
smaller. It includes �ne particles emitted from combustion processes, such as 
vehicle exhaust, power plants, and industrial emissions, as well as particles 
formed through chemical reactions in the atmosphere. PM2.5 particles can pen-
etrate deep into the lungs and even enter the bloodstream, leading to severe 
health effects (Yu et al. 2019).

 3. Ultra�ne Particles: These are particles with diameters smaller than 0.1 microm-
eters. They are typically formed during combustion processes and can be found 
in vehicle exhaust, industrial emissions, and certain indoor activities like cook-
ing. Ultra�ne particles have a large surface area relative to their mass, allowing 
them to easily penetrate lung tissues. They are of concern due to their potential 
to cause adverse health effects, although research on their speci�c impacts is 
ongoing.

 4. Coarse Particles: Coarse particles have diameters ranging from 2.5 to 
10 micrometers. They are primarily composed of dust, pollen, mold spores, and 
larger particles from mechanical processes, such as crushing or grinding. Coarse 
particles are less likely to penetrate deep into the respiratory system compared to 
PM2.5, but they can still cause respiratory symptoms and contribute to respira-
tory issues in susceptible individuals (Yu et al. 2019).

 5. Black Carbon: Black carbon particles, also known as soot, are a type of �ne 
particulate matter emitted during the incomplete combustion of fossil fuels, bio-
mass, and biofuels. They are primarily produced by diesel engines, residential 
heating, and industrial processes. Black carbon particles absorb sunlight, con-
tribute to atmospheric warming, and can have adverse effects on climate, air 
quality, and human health (Anjum et al. 2021).

It is important to note that the composition and characteristics of particle pollution 
can vary depending on geographical location, sources of emissions, and meteoro-
logical conditions. Monitoring and controlling these different types of particles are 
essential for understanding and mitigating the health and environmental impacts 
associated with particle pollution (Kumar and Mishra 2018).

17.3  Sources of Particle Pollutions

Particle pollution can originate from various sources, both natural and human-made, 
and these sources can have signi�cant impacts on human health (Rathnamala et al. 
2023). Understanding the sources of particle pollution is crucial for evaluating the 
associated health risks and developing strategies to build resilience. Here are some 
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common sources of particle pollution in relation to health risk and resilience 
evaluation:

 1. Industrial Emissions: Industrial activities, such as power plants, manufacturing 
processes, and incineration of waste, can release large amounts of particulate 
matter into the air. These emissions often contain a mixture of �ne particles, 
including metals, organic compounds, and combustion byproducts. Proximity to 
industrial areas or living downwind of industrial facilities can increase exposure 
to particle pollution, leading to adverse health effects (Sharma et  al. 2023; 
Adeyemi and Ojekunle 2021).

 2. Vehicle Exhaust: Motor vehicles are a signi�cant source of particle pollution, 
especially in urban areas with high traf�c volumes (Cariolet et al. 2018). Exhaust 
emissions from cars, trucks, buses, and motorcycles produce �ne particles, 
including black carbon, as a byproduct of combustion. Living or working near 
busy roads or spending signi�cant time in traf�c can result in elevated exposure 
to vehicle-related particle pollution, which has been linked to respiratory prob-
lems and cardiovascular diseases.

 3. Residential Heating and Cooking: Burning solid fuels, such as coal, wood, and 
biomass, for residential heating and cooking purposes can contribute to particle 
pollution. These activities release �ne particles, including soot and organic com-
pounds, into the indoor and outdoor air. Inef�cient combustion practices and 
poor ventilation in households using traditional stoves or open �res can lead to 
high levels of particle pollution exposure, particularly in developing countries. 
This can increase the risk of respiratory infections, chronic respiratory diseases, 
and other health issues.

 4. Agricultural Practices: Certain agricultural practices, such as crop residue 
burning, livestock operations, and the use of fertilizers, can generate particle pol-
lution. Burning agricultural waste releases large amounts of smoke and �ne par-
ticles into the atmosphere. In addition, dust generated from tilling, harvesting, 
and land management activities can contribute to particle pollution. People liv-
ing and working in rural areas with intensive agricultural practices may experi-
ence increased exposure to particle pollution, impacting their respiratory health 
(Ranjan et al. 2022).

 5. Wild�res: Wild�res produce signi�cant amounts of smoke and particulate mat-
ter, posing a substantial health risk to communities near the affected areas and 
potentially affecting air quality over long distances. The �ne particles emitted 
during wild�res can be transported by wind currents, resulting in widespread 
exposure. Inhalation of wild�re smoke can trigger respiratory symptoms, 
 exacerbate pre-existing conditions, and cause respiratory distress in vulnerable 
populations.

 6. Construction and Demolition: Construction and demolition activities can 
release a range of particulate matter into the air, including dust, �ne particles 
from diesel-powered machinery, and demolition debris (Sharma et  al. 2022; 
Akiyama et al. 2020). These activities can lead to localized increases in particle 
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Fig. 17.1 Inhalable particulate matter (PM2.5) of public health concern. (Source: https://www.
epa.gov/wild�re- smoke- course/why- wild�re- smoke- health- concern)

pollution levels, especially in urban areas undergoing signi�cant construction 
projects. Workers and nearby residents may experience elevated exposure to par-
ticles, potentially leading to respiratory irritation and health issues.

According to Kumar and Mishra (2018), to evaluate health risks and build resilience 
in the face of particle pollution from these sources, it is essential to implement mea-
sures such as strict emission standards, improved technologies, proper waste man-
agement, urban planning that minimizes exposure to pollution sources, and 
promoting clean energy alternatives. Additionally, public health awareness cam-
paigns, indoor air quality improvements, and personal protective measures can help 
reduce the health impacts associated with particle pollution (Fig. 17.1).

17.4  Potential Particle Pollutants

When assessing the health risks and resilience related to particle pollution, it is 
important to consider the speci�c pollutants that can be present in particulate matter 
(Manojkumar and Srimurganandam 2021; Guan et  al. 2017; Anjum et al. 2021). 
These pollutants can vary based on the emission sources and the characteristics of 
the particles. Here are some potential particle pollutants in reference to health-risk 
and resilience evaluation:

17 Particle Pollution and Health – Risk and Resilience Evaluation
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 1. Heavy Metals: Particulate matter can contain various heavy metals, such as 
lead, mercury, cadmium, and arsenic (Ameer et  al. 2015; Bhattacharya et  al. 
2007). These metals can originate from industrial emissions, vehicle exhaust, 
mining activities, and other anthropogenic sources. Inhalation of particles con-
taining heavy metals can have toxic effects on the respiratory system, cardiovas-
cular system, and other organs. Long-term exposure to heavy metals can lead to 
neurological disorders, developmental issues, and increased cancer risks.

 2. Polycyclic Aromatic Hydrocarbons (PAHs): PAHs represent a cluster of 
organic compounds that emerge from incomplete combustion procedures, like 
the incineration of fossil fuels, timber, and biological matter. They are often 
present in �ne particulate matter. PAHs have been associated with various 
adverse health effects, including respiratory problems, cardiovascular diseases, 
and an increased risk of cancer. They can also have developmental and reproduc-
tive effects.

 3. Volatile Organic Compounds (VOCs): VOCs are organic chemicals that can 
vaporize at room temperature. They are emitted from a wide range of sources, 
including industrial processes, vehicle emissions, and household products. 
Certain VOCs can adsorb onto particulate matter, contributing to particle pollu-
tion. Inhalation of VOC-containing particles can cause respiratory irritation, eye 
and throat irritation, and can have long-term health effects, including neurologi-
cal and respiratory disorders.

 4. Sulfates: Sulfates are particles formed through the reaction of sulphur dioxide 
(SO2) with other compounds in the atmosphere. They are a common component 
of �ne particulate matter. Sulphate particles can cause respiratory symptoms, 
exacerbate asthma, and further contribute to the disposition of acid rain. 
Prolonged exposure to sulphates can also increase the risk of cardiovascular 
diseases.

 5. Nitrogen Oxides (NOx): Nitrogen oxides are produced during combustion pro-
cesses, primarily from vehicle emissions and industrial activities (Coates et al. 
2016). They can react with other pollutants in the atmosphere to form nitrate 
particles. Nitrate particles constitute a segment of �ne particulate matter and 
have the potential to exacerbate respiratory issues, especially among individuals 
already af�icted by conditions like asthma.

 6. Biological Agents: Particulate matter can also carry biological agents, such as 
bacteria, fungi, viruses, and allergens. These agents can be emitted from various 
sources, including outdoor environments, indoor activities, and occupational 
 settings. Inhalation of particles containing biological agents can lead to respira-
tory infections, allergic reactions, and respiratory symptoms.

When evaluating the health risks and building resilience in relation to particle pol-
lution, it is crucial to consider the presence and characteristics of these pollutants. 
Understanding the speci�c composition of particulate matter can help in imple-
menting targeted mitigation strategies, setting appropriate air quality standards, and 
developing public health interventions to reduce the adverse health effects associ-
ated with particle pollution.

A. S. Khan and P. Srivastava
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17.5  Different Particles and Their Health Impacts

Particle pollution consists of various particles with different sizes, composition, and 
sources, and each particle type can have distinct health impacts. Here are different 
particles commonly found in particulate matter (Manojkumar and Srimurganandam 
2021; Guan et  al. 2017) and their health impacts in reference to health-risk and 
resilience evaluation:

 1. PM10 (Particulate Matter ≤ 10 micrometres):

• Coarse particles: These larger particles, such as dust, pollen, and mold 
spores, can irritate the eyes, nose, and throat. They can also cause respiratory 
symptoms and exacerbate respiratory conditions like asthma.

• Combustion particles: Very �ne particles emitted from combustion pro-
cesses, including industrial emissions and vehicle exhaust, can enter the 
respiratory system, resulting in adverse respiratory and cardiovascular 
impacts. They can also carry toxic components like heavy metals, PAHs, and 
VOCs, increasing the risk of adverse health outcomes (Yu et al. 2019).

 2. PM2.5 (Particulate Matter ≤ 2.5 micrometres):

• Combustion particles: Fine particles emitted from combustion sources, such 
as fossil fuel combustion, can permeate deep into the lungs, enter the blood-
stream, and cause or worsen respiratory and cardiovascular problems. They 
have been associated with elevated chances of experiencing heart attacks, 
strokes, asthma, chronic obstructive pulmonary disease (COPD), and 
lung cancer.

• Secondary particles: These particles are formed in the atmosphere through 
chemical reactions. For example, sulphates and nitrates are secondary parti-
cles that contribute to the formation of PM2.5. Inhalation of these particles 
can cause respiratory irritation, exacerbate respiratory conditions, and con-
tribute to the development of cardiovascular diseases (Yu et al. 2019).

• Organic compounds: PM2.5 can contain organic compounds, including 
PAHs and VOCs, which have adverse health effects. Exposure to these 
 particles can lead to respiratory irritation, allergic reactions, and long-term 
health risks such as cancer and neurological disorders (Yu et al. 2019).

 3. Ultra�ne particles (UFPs) (Particulate Matter < 0.1 micrometers): UFPs are 
particles with extremely small sizes that can enter deep into the respirational 
system and potentially enter the bloodstream. Due to their large surface area 
relative to their mass, they can carry toxic substances and have higher potential 
for adverse health effects. Although more research is needed, UFP exposure has 
been associated with respiratory and cardiovascular effects and potential neuro-
logical impacts.

 4. Black Carbon: Black carbon particles, referred to as soot, are tiny fragments 
released as a result of the inadequate combustion of fossil fuels, biomass, and 
biofuels. They can contribute to respiratory and cardiovascular problems,  
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including lung in�ammation, impaired lung function, and increased risk of car-
diovascular diseases. Black carbon particles also absorb sunlight, contributing to 
climate change and reducing visibility.

It’s imperative to acknowledge that the health impacts of particle pollution can vary 
depending on factors like particle size, composition, concentration, exposure dura-
tion, and individual susceptibility (Dockery et al. 1993; Pope et al. 2002). Speci�c 
populations at heightened risk of these effects, such as children, the elderly, and 
individuals with pre-existing respiratory or cardiovascular conditions, are particu-
larly susceptible. Evaluating the speci�c particles present in particulate matter is 
crucial for understanding the associated health risks, designing effective mitigation 
strategies, and promoting resilience to minimize the health impacts of particle 
pollution.

17.6  Risk Assessment of Particle Pollution Various Formulas/
Methodologies

When conducting a risk assessment of particle pollution in reference to health-risk 
and resilience evaluation, various formulas and methodologies can be employed to 
quantify the potential health risks. Here are a few commonly used approaches:

 1. Air Quality Index (AQI): The Air Quality Index is a standardized metric used 
to assess and communicate the health risks associated with air pollution, includ-
ing particle pollution. It provides a numerical value and a corresponding health 
category to indicate the level of pollution and its potential impacts on human 
health (Kumar and Mishra 2018). The AQI considers multiple pollutants, includ-
ing PM2.5 and PM10, and provides a simpli�ed representation of air quality to 
aid in risk communication, (Cariolet et al. 2018).

 2. Exposure: Response Functions: Exposure-response functions establish the  
relationship between exposure to particle pollution and the associated health 
effects. These functions are often developed based on epidemiological studies 
that examine the health outcomes associated with varying levels of exposure to  
particulate matter. They help estimate the increased risk of adverse health effects, 
such as respiratory and cardiovascular diseases, for speci�c increments of  
pollutant concentration or exposure duration.

 3. Health Impact Assessment (HIA): Health Impact Assessment is a multidisci-
plinary approach that evaluates the potential health effects of a speci�c project, 
policy, or intervention, including the impact of particle pollution. HIAs consider 
exposure assessment, dose-response relationships, and population vulnerability 
to estimate the health impacts and inform decision-making processes. They may 
include quantitative models and data analysis to assess the health risks associ-
ated with particle pollution and compare different scenarios or interventions.
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 4. Population Exposure Assessment: Population exposure assessment aims to 
quantify the level of exposure to particle pollution within a speci�c population 
or geographic area. This assessment combines information on pollutant concen-
trations, population distribution, and activity patterns to estimate the number of 
people exposed to different levels of pollution. It helps identify high-risk areas 
or populations, inform targeted interventions, and assess disparities in exposure.

 5. Source Apportionment: Source apportionment techniques identify and quan-
tify the contribution of different pollution sources to overall particle pollution 
levels. These methods use data from air quality monitoring, chemical analysis, 
and receptor modeling to attribute speci�c sources, such as industrial emissions 
or vehicle exhaust, to the measured pollution as discussed by Cai et al. in 2019. 
Source apportionment can aid in understanding the sources of particle pollution, 
prioritizing mitigation measures, and designing strategies to reduce exposure 
and associated health risks.

 6. Health Risk Assessment: Health risk assessment combines exposure assess-
ment, dose-response relationships, and other factors to estimate the likelihood 
and magnitude of health effects caused by particle pollution. It involves quanti-
fying exposure levels, characterizing the toxicity of particles, and integrating 
this information to estimate the population-level health risks. Health risk assess-
ment helps policymakers, researchers, and public health of�cials prioritize 
actions to mitigate risks and develop resilience strategies.

These methodologies and formulas are often used in combination to provide a  
comprehensive assessment of the health risks associated with particle pollution. 
They help quantify the potential impacts, identify vulnerable populations, inform 
policy decisions, and guide the development of resilience strategies to protect  
public health.

17.7  Risk Evaluation

Risk evaluation in the context of health-risk and resilience evaluation involves 
assessing and analysing potential hazards, exposures, and vulnerabilities to deter-
mine the level of risk and inform decision-making processes. It aims to identify and 
understand the potential adverse health effects and their likelihoods, enabling the 
development of effective strategies to mitigate risks and enhance resilience.  
Here are key steps and considerations in the risk evaluation process as shown  
in Fig. 17.2.

 1. Hazard Identi�cation: This step involves identifying and characterizing the 
hazards or threats related to health risks. In the case of particle pollution, the 
identi�ed hazards would be the various types of particles, such as PM2.5, PM10, 
and their associated pollutants, including heavy metals, organic compounds, and 
so on. Understanding the properties and toxicity of these particles helps establish 
the basis for assessing potential health impacts (Yu et al. 2019).

17 Particle Pollution and Health – Risk and Resilience Evaluation
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Hazard 
Identification

Exposure 
Assessment

Dose-Response 
Assessment

Risk 
Characterization

Risk 
Communication

Risk Management 
and Resilience 

Strategies

Fig. 17.2 Risk evaluation process

 2. Exposure Assessment: Exposure assessment involves evaluating the pathways, 
levels, and durations of exposure to particle pollution. It includes assessing the 
extent and frequency of exposure, population distribution, and identifying vul-
nerable groups or areas. Data from air quality monitoring networks, modeling, 
and population studies may be used to estimate exposure levels and patterns.

 3. Dose-Response Assessment: Dose-response assessment investigates the rela-
tionship between the level of exposure to particle pollution and the associated 
health effects. It relies on epidemiological studies, toxicological data, and 
exposure- response functions to estimate the risks and impacts on human health. 
Dose-response assessment helps quantify the increased likelihood and severity 
of health outcomes for different levels of exposure to particle pollution.

 4. Risk Characterization: Risk characterization integrates the hazard, exposure, 
and dose-response assessments to estimate the overall risk levels and  characterize 
the potential health impacts. It involves quantifying the magnitude and probabil-
ity of adverse health effects, considering factors like population susceptibility 
and exposure variability. Risk characterization can be communicated using risk 
matrices, risk rankings, or other approaches to facilitate understanding and 
decision-making.

 5. Risk Communication: Effective risk communication is crucial in conveying the 
�ndings of the risk evaluation to relevant stakeholders, including policymakers, 
communities, and individuals. Clear and understandable communication of the 
identi�ed risks, their uncertainties, and potential health impacts helps raise 
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awareness, facilitates informed decision-making, and encourages the adoption 
of resilience measures.

 6. Risk Management and Resilience Strategies: Based on the risk evaluation  
outcomes, risk management and resilience strategies can be developed. These 
strategies involve implementing measures to mitigate risks, reduce exposures, 
and enhance resilience to particle pollution. This may include implementing air 
quality regulations, promoting clean technologies, improving ventilation  
systems, and implementing public health interventions to protect vulnerable 
populations.

Throughout the risk evaluation process, it is essential to consider uncertainties, 
engage multidisciplinary expertise, and regularly update assessments as new data 
and research become available. Continuous monitoring, evaluation, and adaptation 
of risk management strategies are essential for maintaining and improving health 
resilience in the face of particle pollution.

17.8  Various Methods/Strategies for Risk Evaluation

In conducting risk evaluation in reference to health-risk and resilience evaluation, 
several methods and strategies can be employed to assess and manage the risks 
associated with particle pollution. Here are some commonly used methods and 
strategies:

 1. Epidemiological Studies: Epidemiological studies examine the relationship 
between exposure to particle pollution and health outcomes in human popula-
tions. These studies collect data on pollutant concentrations, health status, and 
other relevant factors to analyse associations and quantify the risks. They pro-
vide valuable insights into the health effects of particle pollution, help identify 
vulnerable populations, and inform risk evaluation and management.

 2. Exposure Assessment: Exposure assessment involves quantifying the extent 
and patterns of human exposure to particle pollution. This can be done using air 
quality monitoring data, modeling techniques, and personal exposure monitoring. 
By understanding where and when exposures occur, exposure assessment helps 
identify high-risk areas or populations, informs targeted interventions, and facil-
itates risk management decisions.

 3. Toxicological Studies: Toxicological studies focus on investigating the biologi-
cal effects of particles and their constituents on various physiological systems. 
These studies involve laboratory experiments on animals or in vitro systems to 
understand the mechanisms of toxicity, dose-response relationships, and identify 
critical health effects. The �ndings from toxicological studies provide valuable 
information for risk evaluation and help establish safe exposure thresholds.

 4. Risk Assessment Models: Risk assessment models use mathematical and  
statistical approaches to integrate exposure data, dose-response relationships, 
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and other relevant information to estimate the risks associated with particle pol-
lution. These models quantify the probabilities and magnitudes of adverse health 
effects based on exposure scenarios and population characteristics. Risk assess-
ment models provide a quantitative framework for evaluating and comparing 
risks and inform risk management strategies (Ashraf et al. 2019).

 5. Multi-Criteria Decision Analysis (MCDA): MCDA is a structured approach 
that helps decision-makers evaluate and compare different risk management 
options based on multiple criteria (Kumari et al. 2021a, b). It involves systemati-
cally considering various factors, including health risks, social, economic, and 
environmental aspects, stakeholder preferences, and feasibility (Lancet Planet 
Health 2021). MCDA facilitates transparent and participatory decision-making, 
allowing for the identi�cation of effective risk management strategies that 
address multiple objectives (Kumar et al. 2016).

 6. Cost-Bene�t Analysis (CBA): CBA is an economic evaluation method that 
compares the costs and bene�ts associated with different risk management 
options. It involves quantifying and monetizing the health impacts, environmen-
tal effects, and other relevant factors, allowing for a comprehensive assessment 
of the value of different interventions. CBA helps decision-makers prioritize risk 
management strategies based on their cost-effectiveness and overall societal 
bene�ts (Kumar et al. 2016).

 7. Risk Communication and Stakeholder Engagement: Effective risk communi-
cation and stakeholder engagement are critical throughout the risk evaluation 
process. Open and transparent communication helps disseminate information, 
raise awareness, and foster collaboration among various stakeholders. Engaging 
communities, policymakers, and other relevant parties ensures that their per-
spectives, concerns, and needs are considered in risk evaluation and manage-
ment strategies.

By employing these methods and strategies, risk evaluation in the context of health- 
risk and resilience evaluation can provide a comprehensive understanding of the 
risks associated with particle pollution. It enables evidence-based decision-making, 
the identi�cation of effective risk management options, and the implementation of 
strategies to enhance resilience and protect public health.

17.9  Types of Mitigation Strategies

The crucial role of management in effecting tangible changes to the current situa-
tion cannot be overstated. Implementing measures such as re�ning process design, 
optimizing operations, ensuring proper maintenance, upholding cleanliness stan-
dards, and employing effective management techniques holds the potential to sig-
ni�cantly decrease emissions, as indicated by the World Bank Group in 1998. In 
order to establish an effective and effective cleaner production program within any 
facility, it becomes imperative to collect and manage data in a streamlined manner. 
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A tool increasingly employed for this purpose is the Pollutant Release and Transfer 
Registers (PRTRs), as outlined by Kolominskas and Sullivan in 2004. This process 
hinges on the active involvement of management and necessitates a collaborative 
effort between producers and decision-makers. Their joint efforts are integral to 
devising, executing, and overseeing cleaner production initiatives. For instance, this 
could involve the implementation of process modi�cations aimed at enhancing 
combustion ef�ciency within an industrial setup, subsequently reducing the occur-
rence of incomplete combustion byproducts (a subset of particulate matter). 
Techniques like appropriate fuel �ring methods, optimal combustion zone con�gu-
ration, and the provision of adequate excess air can effectively curtail incomplete 
combustion products, aligning with insights provided by the World Bank Group in 
1998. Such practices, in conjunction with process management alterations, ensure 
the sustained application of environmentally conscious strategies, fostering height-
ened ef�ciency and diminished risks to both humans and the ecosystem, as posited 
by Kolominskas and Sullivan in 2004. Eras et al. showcased a quantitative evalua-
tion of construction procedures, pinpointing areas where processes could be 
enhanced to mitigate three key impacts of earthwork—namely, human toxicity, 
global warming, and energy consumption.

Mitigation strategies play a crucial role in reducing the health risks associated 
with particle pollution and enhancing resilience. These strategies aim to minimize 
exposure to particles, reduce pollutant emissions, and protect vulnerable popula-
tions. Here are some common types of mitigation strategies in reference to health- 
risk and resilience evaluation:

 1. Emission Control Measures: These strategies focus on reducing the release of 
particle pollution into the air. They include:

• Implementing and enforcing regulations and emission standards for industrial 
facilities, power plants, and vehicles to limit pollutant emissions.

• Promoting the use of cleaner technologies and fuels, such as electric vehicles, 
renewable energy sources, and low-emission industrial processes.

• Encouraging the adoption of pollution control devices, such as particulate 
matter �lters and scrubbers, in industrial and combustion processes to remove 
particles before they are emitted.

 2. Air Quality Management and Planning:

• Developing and implementing comprehensive air quality management plans 
at regional, national, and local levels to identify sources of particle pollution 
and set targets for improvement.

• Establishing monitoring networks to continuously assess air quality, identify 
pollution hotspots, and guide targeted interventions.

• Conducting impact assessments and modeling studies to understand the 
potential health impacts of particle pollution and inform decision-making 
processes.
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 3. Urban Planning and Design:

• Implementing urban planning strategies that reduce exposure to particle pol-
lution, such as creating green spaces, pedestrian-friendly environments, and 
separating residential areas from major pollution sources (Cai et al. in 2019).

• Integrating air quality considerations into land-use planning to ensure sensi-
tive land uses (e.g., schools, healthcare facilities) are located away from 
major pollution sources (Cai et al. in 2019).

• Implementing sustainable transportation strategies, such as promoting public 
transit, encouraging active transportation (e.g., walking, cycling), and reduc-
ing traf�c congestion to lower vehicle emissions (Cariolet et  al. 2018, 
Argyroudis et al. 2019).

 4. Indoor Air Quality Improvements:

• Promoting indoor air quality measures, such as proper ventilation systems, air 
�lters, and air puri�ers, to reduce exposure to particle pollution indoors.

• Encouraging the use of cleaner cooking and heating technologies, such as 
electric stoves or ef�cient biomass stoves, to minimize the production of 
indoor particulate matter from solid fuel combustion.

 5. Public Health Interventions and Education:

• Public health interventions and education play a pivotal role in addressing 
particle pollution’s health implications. By heightening awareness regarding 
the risks tied to particle pollution and delivering guidance on minimizing 
exposure, especially for susceptible demographics, signi�cant progress can 
be made (Bell et al. 2009).

• The development of educational initiatives is equally crucial, as these pro-
grams can empower individuals and communities to undertake protective 
measures like remaining indoors during periods of elevated pollution and 
employing personal safeguards like masks when warranted (Buonanno 
et al. 2019).

 6. Community Engagement and Participation:

• Engaging communities in decision-making processes, promoting citizen sci-
ence initiatives, and involving affected populations in the design and imple-
mentation of mitigation strategies.

• Building partnerships and collaborations between public health agencies, 
environmental organizations, community groups, and other stakeholders to 
collectively address particle pollution and its health impacts.

 7. Climate Change Mitigation:

• Addressing climate change can indirectly contribute to mitigating particle 
pollution. Measures such as reducing greenhouse gas emissions, transitioning 
to renewable energy sources, and promoting energy ef�ciency can help miti-
gate climate change while reducing the emissions of particles and other air 
pollutants.
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These mitigation strategies, when implemented in an integrated and comprehensive 
manner, can effectively reduce particle pollution levels, protect public health, and 
enhance resilience to the health risks associated with particle pollution.

17.10  Building Resilience

Building resilience in reference to health-risk and resilience evaluation involves 
implementing strategies and methods to enhance the ability of individuals, commu-
nities, and systems to withstand, adapt to, and recover from the health impacts of 
particle pollution (Lancet Planet Health 2021; Kumar et al. 2016). Here are various 
strategies and methods for building resilience:

 1. Health Surveillance and Early Warning Systems:

• Establishing robust health surveillance systems to monitor the health impacts 
of particle pollution, detect early warning signs, and track changes in health 
outcomes.

• Developing and implementing early warning systems that provide timely 
alerts and advisories to individuals and communities about high pollution 
episodes, enabling them to take appropriate preventive measures.

 2. Vulnerability and Risk Assessments:

• Conducting vulnerability and risk assessments to identify populations, geo-
graphic areas, and sectors that are most susceptible to the health impacts of 
particle pollution.

• Assessing the speci�c vulnerabilities and risk factors, such as age, socioeco-
nomic status, pre-existing health conditions, and access to healthcare, to 
develop targeted resilience strategies.

 3. Adaptive Infrastructure and Design:

• Incorporating resilience considerations into infrastructure planning and 
design to minimize exposure to particle pollution. This includes designing 
buildings with improved ventilation systems, green spaces, and other mea-
sures that enhance indoor and outdoor air quality.

• Ensuring critical infrastructure, such as healthcare facilities, emergency 
response systems, and communication networks, are resilient to the health 
impacts of particle pollution, allowing for uninterrupted services during pol-
lution events.

 4. Climate Change Adaptation:

• Considering the impacts of climate change on particle pollution and incorpo-
rating adaptation strategies into planning processes. This may include devel-
oping heat action plans, implementing urban heat island reduction measures, 
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and integrating climate resilience considerations into air quality manage-
ment plans.

 5. Community Empowerment and Engagement:

• Empowering communities to actively participate in decision-making pro-
cesses, fostering community engagement, and promoting citizen science ini-
tiatives to monitor air quality and advocate for cleaner environments.

• Strengthening community-based organizations and networks to build local 
capacity, share knowledge, and implement resilience measures that address 
the speci�c needs and concerns of the community.

 6. Health Promotion and Education:

• Conducting health promotion campaigns to raise awareness about the health 
risks associated with particle pollution, disseminate information on preven-
tive measures, and promote behaviors that reduce exposure.

• Providing education and training programs to healthcare professionals, public 
health workers, and community leaders on identifying and managing the 
health impacts of particle pollution, including proper diagnosis and treatment 
of related illnesses.

 7. Policy and Governance:

• Developing and implementing policies and regulations that prioritize public 
health and environmental protection, setting emission standards, and promot-
ing cleaner technologies to reduce particle pollution.

• Strengthening governance systems to ensure effective coordination among 
different sectors, agencies, and stakeholders involved in managing and 
addressing particle pollution and its health impacts.

 8. Research and Innovation:

• Promoting research and innovation in the �elds of air quality monitoring,  
pollutant reduction technologies, and health impacts assessment to inform 
evidence- based decision-making and continuously improve resilience 
strategies.

• By implementing these strategies and methods, resilience to the health risks 
associated with particle pollution can be enhanced. Building resilience 
involves a multi-sectoral and collaborative approach that engages stakehold-
ers at all levels to create healthier and more adaptive communities.

As highlighted in the comprehensive �ndings by Carlsten et al. in 2020 regarding 
the adverse effects of air pollution on respiratory well-being, there arises a require-
ment for the development of tactics aimed at assisting healthcare providers, patients, 
and the general populace in mitigating their daily exposure to pollutants. The study 
underscores the necessity for these strategies to be customized based on an indi-
vidual’s speci�c circumstances, encompassing their degree of exposure to air pollu-
tion, inherent sensitivities to such exposure, health literacy, �nancial capabilities, 
and available support systems as shown in Fig. 17.3.
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Fig. 17.3 Minor strategies for mitigating air pollution exposure and protecting respiratory health. 
(Carlsten et al. 2020)

17.11  Conclusion

In conclusion, particle pollution poses signi�cant risks to human health and requires 
comprehensive evaluation through health-risk and resilience assessments. 
Understanding the sources, types, and composition of particulate matter is essential 
in assessing the health impacts and developing effective mitigation strategies  
(Guan et al. 2017).

Particle pollution, including PM10, PM2.5, and ultra�ne particles, can penetrate 
deep into the respiratory system and enter the bloodstream, leading to respiratory 
and cardiovascular diseases, as well as other adverse health effects (Manojkumar 
and Srimurganandam (2021). Heavy metals, organic compounds, and other  
pollutants associated with particulate matter contribute to these health risks  
(Yu et al. 2019; Choudri et al. 2020).

Risk evaluation involves hazard identi�cation, exposure assessment,  
dose- response assessment, and risk characterization. Various methodologies, such 
as epidemiological studies, exposure modeling, and toxicological research, aid in 
quantifying risks, understanding health impacts, and informing decision-making 
processes.
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Mitigation strategies focus on reducing particle pollution emissions, improving 
air quality, and protecting vulnerable populations. These strategies encompass 
emission control measures, urban planning, indoor air quality improvements, public 
health interventions, and community engagement.

Choudri et  al. (2020) explains that building resilience involves strengthening 
health surveillance systems, conducting vulnerability assessments, adaptive infra-
structure design, climate change adaptation, community empowerment, health pro-
motion, and policy development. By implementing these strategies, communities 
and systems can better withstand, adapt to, and recover from the health risks associ-
ated with particle pollution.

Overall, a comprehensive approach that combines risk evaluation, mitigation 
strategies, and resilience-building measures is necessary to protect public health, 
reduce exposure to particle pollution, and enhance the ability to cope with its 
adverse effects. By prioritizing these efforts, we can work towards healthier and 
more resilient communities.
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