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Abstract

This chapter intends to contribute to the understanding of the multiple aspects related to 
particulate matter (PM) in an air urban environment, in particular, regarding its impact 
on human health. A general overview of variables and key factors is presented to iden-
tify, relate, and understand the diverse and multidisciplinary variables that contribute to 
PM concentration in urban environments associated with health impacts. This relation is 
difficult to quantify, given the numerous variables that are interlinked due to the multi-
disciplinary aspects involved. Our aim is to identify the main multidisciplinary aspects, 
namely, meteorology, urban geometry, buildings, roads and footpaths, road traffic, 
industries, air concentration measurements, and health. The main strategic aspects for 
decision making related to airborne PM impact on health are also discussed.

Keywords: airborne PM, urban air quality, variables, key factors, air pollution, 
public health

1. Introduction

According to the World Health Organisation (WHO), air pollution is defined as ‘The presence 
of one or more contaminants in the atmosphere, such as dust, fumes, gases, gas, ‘fog’, odour or 
vapour in quantities or with characteristics, and of a duration that may be detrimental to human, 
animal or plant life, to property or that interferes unfavourably in the comfortable enjoyment of 
life or property’ [1]. Thus, it is said that an atmospheric condition, where there are substances 
at higher concentrations than ambient levels, is polluting if there are effects that can be mea-

sured on humans, animals, flora or materials. Within air pollutants, particulate matter (PM) is 
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undoubtedly one of the most important in terms of impact on health. Indeed, all over the years, a 
growing number of scientific studies have attempted to correlate the outcome of possible adverse 
health effects with exposure to levels of particle concentration in atmospheric air. In order to 
try to understand and analyse this correlation, it is necessary to understand what particles are 
in the atmospheric air, their constitution, their origin, and the mechanisms that govern them. 
Generally, a very large group of pollutants in the air are grouped together under the designa-

tion of particles and may originate from such sources as cars, steelworks, thermal power plants, 
heating systems, cement plants, volcanoes, deserts, and oceans. Generally speaking, the NIST [2] 

definition for a particle is ‘any condensed-phase three-dimensional discontinuity in a dispersed 
system may be considered a particle’. However, in terms of atmospheric pollution, a particle can 
be defined as a solid, liquid or solid and liquid dispersed matter, whose individual aggregates 
are larger than small molecules in diameter greater than 0.0002 μm but less than 500 μm.

2. Atmospheric pollutants

Atmospheric pollutants can be classified according to their origin and can be classified as: pri-
mary, if they are emitted directly by identifiable sources (fixed, mobile, and natural sources), 
for example: NO

X
, SO

X
, CO, particulates, hydrocarbons, and metals; secondary, if they are 

generated in the atmosphere by the reaction between two or more primary pollutants, or by 
the reaction between the current air constituents, and by photoactivation, hydrolysis or oxida-

tion, for example: O
3
, other photochemical oxidants such as peroxyacetyl nitrate and oxidised 

hydrocarbons (HC). They may also be classified by their chemical composition, being divided 
by: organic, which include hydrocarbons (HC), alcohols, and esters; inorganic, which include 
NO

X
, SO

X
, CO and CO

2
, and metals. They can also be classified according to their physical 

state, which can be: gases (for example: NO
X
, SO

X
, CO, and CO

2
), O

3
; particles (solid or liquid), 

which are usually identified as dispersed material, for example: metal particles, asbestos, car-

bon (C), resin, nitrate, sulphate, bacteria, dioxins, and furans. There are certain contaminants 
that normally exist in all urban areas, which are referred to as reference pollutants (CO, NO

X
, 

O
3
, SO

2
, and PM

10
). Their concentrations vary and depend on the level of industrial activity 

and the traffic. In addition to these, hundreds of other compounds specific to each type of 
industry exist, for example: acrylonitrile, benzene, dichloromethane, formaldehyde, polycy-

clic aromatic hydrocarbons (PAHs), vinyl chloride, carbon disulfide, 1,2-dichloromethane, 
styrene, tetrachlorethylene, toluene, trichlorethylene, arsenic, asbestos, and heavy metals.

3. Relation between meteorology and atmospheric pollution

Atmospheric conditions vary from day to day in all locations. The state of the weather at 
a given location and at a given time is characterised by the cloud cover and its type, the 
intensity and direction of the wind, the temperature, air humidity, the atmospheric pres-

sure, visibility, and precipitation. This change in local weather is generally associated with 
the movement and evolution of systems of a certain size, such as depressions and anticy-

clones, fronts and hurricanes. Meteorological parameters are collected daily in meteorological 
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conditions. This observation of the fact that the atmospheric composition and other character-

istics of the planet’s surface have been progressively disturbed by human activity has caused 
worries about the future of global climate, constituting one of the biggest problems today. 
Concentrations of pollutants in ambient air depend on the emissions of pollutants, which are 
also influenced by atmospheric phenomena, which play an important role in the processes of 
transport, transformation, and dispersion of pollutants into the atmosphere. These processes 
are affected by local topography and by meteorological factors such as atmospheric pressure, 
temperature, solar radiation, precipitation, and wind. Practically, all the energy intervening 
in the atmospheric processes comes from the sun and is transferred in the form of electro-

magnetic waves. A strong solar radiation, associated with high temperatures, contributes to 
the formation of photochemical pollutants such as ozone (O

3
) [3]. Temperature intervenes in 

the chemical component of pollutants and plays an important role in the vertical dispersion 
in the atmosphere. During summer, high temperatures promote O

3
 formation, and in winter, 

temperature differences between day and night can cause thermal inversions and pollution 
peaks [4]. The atmospheric stability determines the local convective processes being charac-

terised by the vertical temperature gradient that limits the vertical mixture of pollutants in 
case of a thermal inversion. The air temperature tends to decrease in altitude; however, under 
certain conditions, a thermal inversion may occur, that is, an increase in temperature, creating 
a layer of hot air that prevents polluted air near the ground from rising and disperse [5]. The 

general air flow over the planet is induced by large-scale atmospheric pressure variations 
(macrometeorology). These pressure variations essentially result from the differential heating 
of the atmosphere. The intensity of these pressure systems, their normal location or their 
trajectories determine the distribution of winds in a given area. The wind is a meteorological 
factor with direct and determinant effects on the dispersion conditions of the pollutants. The 
wind velocity determines the mechanical turbulence production, which is responsible for the 
local dispersion. The lack of wind favours the concentration of pollutants, and moderate wind 
conditions favour its dispersion; however, the strong wind can cause the appearance of pol-
lution located in the direction of the prevailing winds. The low-pressure situations generally 
correspond to a strong turbulence in the atmosphere which favours the dispersion of the pol-
lutants. In high pressure conditions (anticyclone), characterised by low wind, air stability does 
not allow the dispersion of pollutants, causing pollution to be concentrated near the ground. 
One way both gases and particles are removed is by dry deposition. This process involves two 
steps: (1) the downward movement of the molecules or particles of the pollutants until their 
collision with the elements of the surface; (2) its absorption or adsorption on these elements. 
In order for dry deposition to occur, there is a need for a downward mass flow of the pol-
lutant to be deposited, the intensity of which depends on its atmospheric concentrations. On 
the other hand, the efficiency of the vertical transfer process depends on the intensity of the 
atmospheric turbulence in the layer under consideration, and the efficiency of the adsorption/
adsorption depends on the deposited compound and the nature of the surface on which it is 
located made. Although both the gases and the particles undergo dry deposition, qualitative 
differences between their deposition processes are expected. In the case of particles of less 
than 1 μm, it is found that they behave essentially as gases in relation to the diffusion process. 
In the case of larger particles, its motion is independent of the motion of the air molecules, 
with each particle reaching a terminal velocity, which increases greatly with its size.
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4. Particulate matter

4.1. General characteristics

Particles may be characterised as being a complex set of substances, minerals or organic sub-

stances, which are suspended in the atmosphere in liquid or solid form. Its size can range from 
a few tens of nanometres to a hundred micrometres. Particles are emitted into the atmosphere 
from a wide range of anthropogenic sources, the most important being the burning of fos-

sil fuels, road traffic, and certain industrial processes. PM may also be emitted from natural 
sources such as volcanoes, forest fires or are the result of wind erosion on the soil and water 
surfaces. In urban areas, road transport is considered to be the largest source of PM, with 
the highest concentration along roadways. These substances are not only the result of direct 
emissions from vehicle exhaust, but also from tire wear and braking and dust resuspension. In 
general, diesel vehicles emit a larger amount of fine particles per vehicle than petrol vehicles 
[5]. The composition of airborne particles is very variable, reflecting the wide variety of emit-
ting sources and the fact that they are continuously altering as a result of their interaction with 
other constituents of the atmosphere. The coarse fraction contains abundant elements of the 

earth’s crust and marine salts, such as alum, calcium, iron, potassium, and silica, while the fine 
fraction is mainly composed of sulphates, nitrates or ammonia, carbon, organic compounds, 
and metals, mainly from the burning of fossil fuels and numerous industrial processes [6]. It is 
known that the smaller the particles, the greater the likelihood of penetrating deeply into the 
respiratory tract and the greater the risk of inducing negative effects. The finer particles being 
smaller than 2.5 μm (PM

2.5
) reach the pulmonary alveoli and interfere with gas exchange. 

Chronic exposure to particles contributes to the risk of development of respiratory and cardio-

vascular diseases, as well as lung cancer. Suspended particulates are also an effective transport 
vehicle for other atmospheric pollutants that attach to their surface, especially hydrocarbons 
and heavy metals. These substances are often transported to the lungs where they can then be 
absorbed into the blood and tissues. The effects of soiling on buildings and monuments are the 
most obvious effects of particulate matter on the environment [5]. Atmospheric particles are 

associated with various health problems ranging from pulmonary to cardiovascular problems 
and may even lead to death. One of the effects of prolonged exposures to high particle levels 
is a significant reduction in the expected life expectancy. The most serious effects are usually 
among the most vulnerable groups, such as children, the elderly, and asthmatics [3]. The term 

particle generally refers to a diverse and complex set of organic and inorganic substances. 
Particles are a considerably large group of airborne pollutants, which may be in the liquid 
or solid state and originate from distinct sources such as automobiles, steelworks, thermal 
systems, heating systems, cement plants, volcanoes, deserts, and oceans. In general terms, the 
term particle may be taken to be any three-dimensional discontinuity in the liquid or gaseous 
phase in a dispersed system. However, in terms of air pollution, a particle can be defined as a 
solid, liquid or solid liquid dispersed matter, and the individual aggregates having a diameter 
between 0.0002 and 500 μm [7]. Thin particles are considered if their aerodynamic diameter is 
less than 1.0 μm and are mainly emitted from sources of anthropogenic origin as combustion 
processes, including exhaust emissions of vehicles. The particle classification can be made 
based on two criteria: the shape mechanism or the physical dimension. In the case of clas-

sification according to the mechanism of forming the particulars can be classified as primary 
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particles, which are emitted directly, and secondary particles or particles that are those formed 
from precursor gases existing in the atmosphere, through a mechanism of form-particle. 
Both the so-called primary and secondary particles are subject to growth and transformation 
mechanisms, since secondary material may also be formed on the core of the existing particle. 
In the case of classification according to the physical dimension, which is the most used clas-

sification, it ranges from a few nanometers (nm) to tens of micrometers (μm) in diameter. 

Dimension is a very important feature and has implications for form, physical and chemical 
properties, transformation, transport, and particle removal, from the atmosphere. Knowing 
that the particles in suspension in the atmosphere vary considerably in size, composition, and 
origin, it is important to classify the particles for their aerodynamic properties, since these 
properties, besides being responsible for the transport and removal of particles from the air, 
also generate their deposition in the respiratory system, being also associated to the chemical 
composition and origin of the particles [8]. Thus, particle size is usually characterised by its 
aerodynamic diameter, which refers to the diameter of a sphere of uniform density and with 
the same settling velocity of the particle in question [9].

4.2. Classification of the particles

In urban environments, mass and particle composition tend to be confined to two major 
groups: coarse particles (larger particles) and fine particles (smaller particles). The boundary 
between these two classes of particles is generally between 10 and 1 μm. However, this limit 
between coarse and fine particles is generally fixed, by convention, to 2.5 μm of aerodynamic 
diameter. The standard PM

X
 (USEPA terminology) refers to particles with a diameter less than 

x μm, whereby PM
2.5

 refers to particles with a diameter of up to 2.5 μm. Smaller particles (fine 
particles) include secondary aerosols, formed from gases in the atmosphere through the gas-
particle formation mechanism (gas-particle conversion), and also contain particles that result 
from combustion processes and organic recondensed vapours and metallic. Due to their small 
size, they are easily inhaled, depositing in the lower respiratory tract and causing numerous, 
essentially respiratory, health problems. The term ‘Total Suspended Particles’ (TSP) refers to a 
mass concentration of particles of less than 50 μm in diameter, and the term ‘ultrafine particles’ 
refers to particles of diameter less than 100 nm (0.1 μm). Larger particles (coarse particles) 
usually contain materials from the earth’s crust and dust from roads and industry. In urban 
environments, the largest number of particles is found in very small sizes, less than 100 nm. 
However, these ultrafine particles (UFP) often contribute a small percentage to the total mass of 
the sample, contributing more than 90% of the number of particles. Particles with a diameter of 
less than 1 μm (PM

1
) have a size that allows them to penetrate deeply into the respiratory and 

circulatory system carrying toxic elements and compounds [3]. Other thermal usually used 
in black carbon (BC) with a primary aerosol emitted directly at the source from incomplete 
combustion processes (fossil fuel and biomass burning) and so a several part of atmospheric 
BC is of anthropogenic origin. Chemically, BC consists of pure carbon in several linked forms.

4.3. Mechanisms of particle formation

Particles with a diameter greater than 2.5 μm (coarse particles) are produced mechanically by 
the breaking of larger solid particles, which may include dust originating from agricultural pro-

cesses, glues carried by the wind from the exposed soil, dirt roads, or dust from other processes 
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such as mining or quarrying. In turn, also the road traffic produces dust and turbulence that 
causes rise and can shake the road dust. Also at coast-to-coast locations, evaporation of the sea 
water can produce particles of this size. Also, pollen grains, mould and plant spores, and insect 
parts are included in this larger size range. The amount of energy needed to break down the 
elements referred to in smaller particles increases as the size decreases. This results in a lower 
limit for the production of these coarse particles of approximately 1 μm. Minor particles (fine 
particles) are formed, for the most part, from gases, through two distinct processes according 
to its size, nucleation and condensation. In nucleation, the smallest particles, less than 0.1 μm, 
are formed by the condensation of substances formed by vaporisation at high temperature or 
by chemical reactions in the atmosphere. Particles in this range grow by coagulation, that is, 
the combination of two or more particles to form a larger particle, or by condensation, that is, 
condensation of gas or vapour of molecules on the surface of existing particles. Coagulation 
is more efficient for large particle numbers, and the condensation is more efficient for large 
surface areas. Therefore, the efficiency of both coagulation and condensation mechanisms 
decreases with increasing particle size, which effectively produces an upper limit such that the 
particles do not grow by these processes to more than about 1 μm. Thus, this type of particles 
tends to ‘accumulate’ between 0.1 and 1 μm. In condensation, particles below 1 μm can be 
formed by condensation of metals or organic compounds, which are evaporated in combus-

tion processes, or can also be produced by gas condensation arising from atmospheric areas. 
For example, sulphur dioxide is oxidised into the atmosphere to form sulphuric acid (H

2
SO

4
), 

which can be neutralised by ammonia (NH
3
) to form ammonium sulphate. Nitrogen dioxide 

(NO
2
) is oxidised to nitric acid (HNO

3
) which in turn can react with NH

3
 to form ammonium 

nitrate (NH
4
NO

3
). The particles produced by these gases in the atmosphere are called sec-

ondary particles. Sulphates and nitrate particles are usually the predominant component of 
these fine particles [10]. Suspended particles in the environment typically have a modal type 
distribution with respect to size (diameter), which means that the total mass of the particles 
tends to be concentrated around one or more distinct points. The modal distribution char-

acter in the particle size results from the equilibrium of the particle formation processes on 
the one hand and on the other side of the particle removal processes from the atmosphere. 
Thus, this modal distribution of the diameter of the particles around one or two characteristic 
points varies depending on the age of the aerosol and the proximity of emission sources of 
particles of different types. Other important aspects in the definition of particle concentrations 
in the atmosphere are meteorological variables such as wind speed and direction, atmospheric 
temperature, precipitation, and height of the atmospheric boundary layer. Higher particle 
concentrations are often recorded during atmospheric weather conditions, especially in ther-

mal inversion situations with low wind speed, and also because the physical and chemical 
processes of particle formation are governed largely by meteorological variables [11].

4.4. Point sources and area sources

There are several types of source emission related to PM. Particulate sources designated 
by point sources include various types of facilities such as power plants, industrial plants, 
municipal waste incineration plants, paper mills, various fossil fuel combustion plants, and 
domestic heating installations. These sources are often considered as point sources (ther-

mal and industrial plant chimneys), but may also be considered as an area source, such as 
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residential combustion plants. The physical and chemical characteristics of the particles emit-
ted from these source categories depend on the combustion process itself and on the type of 
fuel burned, presenting quite different physical, chemical, and dimensional characteristics 
depending on the process combustion. For noncombustion emissions, the main industrial 
processes that may contribute to the emission of particulate matter to the atmosphere include 
metal processing and chemical processing plants, processing and handling of building materi-
als or for industry. Particulate emissions originating from this type of source are often derived 
from fugitive emissions, which are not controlled but are instead released in an inhomoge-

neous form. The type of particles and their physical and chemical properties also depend 
on the processes by which they are emitted, and it is not at all possible to generalise their 
characteristics. The knowledge of the relation of the various dimensions of the particles in a 
certain sample of atmospheric air is important to try to characterise the origin of the emission 
sources of these same particles. Some recent studies [12] have devoted themselves to studying 
this relationship, based on samples collected from 31 locations in Europe, concluding that the 
diameters relationships showed similarities for all locations [13].

4.5. Remote sources

Particles in the form of dust of natural origin carried by the wind can contribute to the exis-

tence of high concentrations of larger particles (coarse particles) and fine particles. In some 
cases, the particles are found in locations hundreds or thousands of kilometres from their 
origin. It has been proven the strong contribution of the wind in transporting dust from the 
desert to remote sites of its origin. For example, in Southern Mediterranean countries, such as 
Portugal, there are frequent 2–4-day transient episodes of transporting dust from the Sahara 
desert every year, resulting in levels exceeding 25 μg/m3 expected daily concentrations of 
PM

10
 and PM

2.5
 [14].

Resuspension of particles is the term given to the re-entry, in atmospheric air, of particles 
previously deposited and their re-entrainment into the atmosphere. It is a complex process 
that can be triggered by mechanical disturbances, such as wind, traffic-induced turbulence, 
tire stress, and construction activities. The so-called ‘road dust’ is an agglomeration of par-

ticles originating from various anthropogenic and biogenic sources. On the roads, this dust 
of diverse origins accumulates on the roadsides, near the sidewalk and along the central 
divisions. Resuspension, deposition, entrainment on and off the road, and emission of new 
particulates are a dynamic particle emission ‘source’ and ‘well’ mechanism that characterises 
road traffic. Roads are one of the largest source emitting particles in urban environments. 
Several studies have also shown that resuspension of this element is the predominant source 
of larger particles (coarse particles) in locations of intense road traffic causing the impact of 
resuspension on the concentration of particles in the atmospheric air is of great importance. 

Road dust may also act as a repository for the various elements of anthropogenic particulate 
sources, and resuspension may function in certain locations as a re-emission, thereby contrib-

uting to the increase in the atmospheric concentration of these elements. The plausibility of 
this theory is supported by studies where it has been shown that larger particles are more eas-

ily resuspended by wind and road traffic, and that deposited materials are more susceptible 
to resuspend, if associated with larger host particles. Fine particles can remain in suspension 
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for much longer than coarse particles and this may result in a greater spatial impact on atmo-

spheric concentrations of particles, and secondly the fine fraction of resuspended particles is 
more likely to contain constituents of anthropogenic origin, potentially more toxic, than the 
fine particles of natural origin [15].

4.6. Contribution of road traffic to PM

In urban environments, 90% of the concentration of atmospheric particles emitted by road 
traffic corresponds to the fraction of particles smaller than 1 mm (0.001 μm). This fact can 
affect human health, so it is important to study PM

1
 in high traffic areas [16]. Particulate 

emissions from road traffic are the result of a large number of processes, such as the combus-

tion products of gasoline, diesel, and gas engines, products originating from vehicle oil, tire 
rubbers, braking system, bearings, car body, road material, and dust release from road and 
ground [17]. Traffic is in fact an important source of both smaller (fine particles) and larger 
(coarse particles) particles, but is also a source of condensable organic gas emissions and an 
important source of nitrogen (NO

X
), which subsequently form nitrate (secondary) aerosols. 

Particles of condensed carbonaceous material are emitted mainly by diesel vehicles, but also 
by gasoline vehicles with run-down performance [13]. Particulates originating from diesel 
engines are mainly carbonaceous agglomerates less than 100 nm in diameter, while the par-

ticles emitted by gasoline vehicles are mainly smaller carbonaceous agglomerates, ranging 
from 10 to 80 nm [18]. Although it is not possible to generalise conclusions about the associa-

tion of the various elements present in atmospheric particles, with their origin in road traffic, 
some elements have been frequently associated with them. These elements include copper 
(Cu), zinc (Zn), lead (Pb), bromine (Br), iron (Fe), calcium (Ca), and barium (Ba) [18–20]. 

However, the emissions of many of the metal elements originating from road traffic are not 
due to the exhaust emissions but to other sources of the vehicle such as tires, brakes, and other 
parts of the vehicle [17, 21, 22]. Studies have concluded that PM

2.5
 containing sulphur in their 

composition is mainly from the combustion of coal and exhaust emissions from vehicles [22]. 

Polycyclic aromatic hydrocarbons (PAHs) are organic compounds, formed by at least two 
fused aromatic rings, entirely made up of carbon and hydrogen [23]. They can be found in 
many urban air components and are a health concern, mainly because of their carcinogenic 
and mutagenic properties. A negative correlation of PM

1
 with the wind speed was obtained 

due to the wind dispersing the particulate matter from the atmosphere. Regarding relative 
humidity, it was found to have a positive correlation with PM

1
, which can be attributed to 

the influence of free and clean masses of troposphere air. For the ambient temperature and 
solar radiation, a negative correlation was calculated, perhaps associated with stagnation and 
cold fronts. A positive correlation of PAHs with relative humidity and a negative correlation 
with solar radiation, ambient temperature, O

3
 and NO shows that PAHs degrade through 

photolysis and chemical reactions with these pollutants. Analyses of the composition of PM
1
 

with PAHs indicated that these had their origin especially in diesel and gasoline emissions, as 
well as the combustion of wood, lubricating oils, and fossil fuels [16].

4.7. Consequences of PM in atmosphere

Particulate matter (PM) is one of the most relevant air pollutants globally. In humans, adverse 
effects associated with many cases of exposure to high concentrations of aerosols (mortality, 
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morbidity, respiratory, and cardiovascular problems) are well established. However, the 
mechanisms involved are still not well known [24]. In recent years, several scientific studies 
have attempted to correlate the outcome of possible adverse health effects due to the exposure 
to PM levels in atmospheric air [25]. Numerous epidemiological and toxicological studies have 
recently been developed to try to understand what kind of particles and which dimensions 
lead to the most detrimental effects on human health. In chemical terms, some studies indicate 
that the toxicity of the particles is mainly due to the organic compounds around the particle, 
and other studies point to the coal core of the particle as the main factor of toxicity. In terms 
of size, a considerable number of authors correlate the health effects with the mass concentra-
tion of particles, and other authors point out the importance of the concentration of ultrafine 
particles in atmospheric air in the negative consequences for health. Several epidemiological 
studies have shown the strong correlation between morbidity (or morbidity) and mortality 
with the concentration of fine particles in urban environment. These refer to particles as the 
air pollutant with the most detrimental consequences to health, followed by ozone (O

3
). Some 

studies indicate that even concentrations below the current recommended air quality levels 
may pose a health risk. It is believed that the effects of fine particles on health are caused after 
their inhalation and penetration into the lungs. Several studies indicate that both chemical 
and physical interactions with lung tissues can cause irritation or damage to the lungs. The 
smaller the size of the particles, the more they can penetrate the lungs. Annual mortality lev-
els are associated with the concentration levels of PM

2.5
, which in Europe represent 40–80% of 

the mass concentration of PM
10

 in ambient air. However, the larger particle fraction (from 2.5 
to 10 μm) of PM

10
 also has negative impacts on human health and affect mortality, although 

increasing evidence points to PM
2.5

 having an adverse impact [11]. Continued exposure to 
atmospheric particles contributes to the risk of developing cardiovascular and respiratory 
diseases as well as lung cancer. The mortality associated with air pollution is about 15–20% 
higher in cities with high levels of pollution compared to relatively less polluted cities. From 
this air pollution, numerous studies show that the most critical pollutant is the particles. For 
example, in the European Union (EU) studies indicate that the average life expectancy is 
8.6 months lower due to exposure to PM

2.5
 resulting from human activities. Particle pollu-

tion (especially fine particles) contains microscopic solids or liquids, which, being too small, 
can penetrate deeply into the lungs and cause serious health problems. Numerous scientific 
studies have correlated exposure to particulate matter with a number of health problems, 
including: increased respiratory problems such as irritation of the airways, coughing or dif-
ficulty breathing; decreased pulmonary function; worsening of asthma cases; development 
of chronic bronchitis and irregular heartbeat; non-fatal heart attacks and premature death in 
people with heart or lung disease. People with heart or lung disease, children, and the elderly 
are the groups most likely to be affected by exposure to particulate pollution. As mentioned 
above, two types of studies have been developed with regard to the health consequences of 
exposure to air pollutants, so this also applies to particulate matter, epidemiological studies, 
and toxicological studies. Epidemiological studies are global studies that seek to study the 
cause-effect relationship of a given disease, most often using statistical analysis tools. In the 
case of particles, these studies seek to analyse the consequences of exposure of a given popu-
lation to a particular concentration level or to a particular type of particle. Within this type 
of studies, two degrees of incidence have been analysed: morbidity, which can be defined 
as the rate of carriers of a given disease in relation to the total population studied, and mor-
tality. Alternatively, toxicological studies are studies that attempt to analyse the harmful or 
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adverse effects that a certain toxic agent (chemical) has on the organism. There are two types 
of toxicological studies, experimental toxicology, which uses animals to try to understand the 
mechanism of action and consequences for the body, and analytical toxicology that aims to 
identify/quantify toxic elements in organs such as liver, kidneys or matrices such as blood, 
urine, or saliva [26]. Combustion of biomass by the domestic sector (burning of fuels such as 
wood and coal) and emissions from road vehicles in urban centres are the sectors that are the 
main direct sources of particulate emissions. Agriculture is a sector with high contribution 
to ammonia emissions, which is one of the pollutants that contributes most to the formation 
of secondary particles. Particles can also affect the climate, promoting heating or cooling of 
the planet, depending on its chemical composition. One such case is soot containing black 
carbon, found mainly in fine particles, resulting from the incomplete burning of fossil fuels 
and biomass, contributes to changes in the climate because it absorbs the energy of the sun 
promoting the heating of the atmosphere [27].

5. Monitoring networks

National or regional air quality authorities have in their area of jurisdiction a set of fixed 
sampling points for the continuous measurement of PM concentration. For their realisation, 
they have stations equipped with automatic analysers of measurement PM concentration. The 
main objective in the process of selecting the localization of air quality stations is to obtain 
information with the greatest possible representation of the surrounding area, since the 
location of the air quality measurement stations can directly affect the conclusions from the 
analysis of the results. Measuring stations that may be influenced by very particular charac-

teristics of the locations where they are installed may no longer be representative and require 
the analysis of complementary information from other stations or other assessment methods. 
This reason makes it necessary for information users to have systematised data on the par-

ticular conditions of installation and location of each station. The selection of monitoring sites 

should take into account the diversity of techniques and materials used in the construction 
of buildings, as they differ from country to country and in larger countries, differ within the 
same country, in order to have representative sites in each area. In urban areas, the deteriora-

tion of materials is affected by the levels of pollution observed. Three locations can be chosen 
to represent: the highest level of urban pollution (usually near the centre of the city), an aver-

age background level, and a traffic hot spot. In industrial zones, two sites may be selected to 
represent a medium level and a higher level of pollution. The air quality stations are classified 
taking into account the area where they are located (surrounding environment) and the type 
of emission source that influences the air quality levels measured in that location and may be 
in relation to the type of zone or type of environment encompassing three possible classes: 
urban, suburban, and rural and as to the type of dominant emission source containing three 
possible classes: traffic, industrial, and fund. The classification of stations in the various typol-
ogies is relevant for analysing the air quality data, as it makes the data comparable at local or 
global level [28]. Each country develops its plan for monitoring air quality and deposition in 
order to be representative of ecosystem exposure to air pollution. Since concentrations of air 
pollution and deposition also vary greatly, a monitoring program is required that includes a 
large selection of ecosystems, that is, regions and areas within each region [29].

Air Pollution - Monitoring, Quantification and Removal of Gases and Particles28



6. Methods of PM measurement

For the continuous monitoring of PM in the air, sophisticated and very sensitive equipment 
is essential. For the quality control of the information generated, periodic calibrations, cor-

rective and preventive maintenance, and evaluation of the representativeness and validity 
of the data obtained through the statistical analysis and monitoring of the historical trend 
of the pollutant at the location in question and of the analyser behaviour are necessary. The 
estimation of the uncertainties that must be evaluated in the calibration of the equipment 
for the monitoring of environmental data presents a level of difficulty because the concen-

tration range of pollutants found in an environment is very close to the detection limits 
of the equipment available in the market and due to the number of factors that interfere 
with the measurement of the pollutant in question. The assurance of the presented results 
is based on a good detection of errors and inconsistencies occurred in the procedures and 

analytical or sampling methods. Failure to do so may lead to misinterpretations or miscon-

ceptions [30]. The most common method of PM measurement and monitoring is done by 
a beta particle analyser by absorption of beta radiation and sampler. This method applies 
to the automatic measurement of continuous particulate matter, based on the absorption 
of the β radiation emitted by a radioactive source by the particles deposited in a filter. The 
particles are deposited on a fibreglass tape, which is traversed by constant flows of ambient 
air for pre-programmed time periods or cycles. This tape is located between the radioactive 
source and the Geiger-Muller radiation detector. The uniform distribution of the deposited 
particles on the surface of the filter allows to obtain the relation between the total mass 
deposited and the number of counts registered by the detector. Knowing the number of 
counts recorded with the filter before the aspiration of the ambient air and the number of 
counts recorded with the filter after the deposition of particles, it is possible to determine 
its mass in μg/m3.

7. Strategic aspects for decision making

Information on atmospheric pollution levels in general and external air quality (AQ) in par-

ticular is a widely discussed and developed aspect both in the scientific community and in 
the general population. However, an effort has been made by the scientific community to 
develop models that somehow predict and simulate PM concentration in the environment. 
An even more recent and ambitious step refers to the modelling of the human exposure to 
this pollutant, relating the activity of the individual and his time of permanence in this space 
with the environments in which he is in terms of PM concentration [31]. It is therefore essen-

tial that mitigation and mitigation measures should be implemented through National and 
International Plans and Programs that will lead to significant benefits for atmospheric PM 
levels to be significantly reduced with benefits to health [32]. These measures include:

• Intervening on the effectiveness of air quality and emission legislation by strengthening 
their implementation;

• Overall and global reduction of PM emissions from industrial and domestic sources;
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• Modernization of monitoring and data transmission and control of PM;

• Creation of significant benefits in the acquisition of new vehicles that are less polluting or 
even non-polluting and more energy efficient;

• Promotion of access to shore-based electricity (preferably from renewable energy sources) 
by berthed ships;

• Selection of forest species and practices less vulnerable to storms and fires, greater penal-
ties for the fire set;

• Reduction in the use of nitrogen (N) in agriculture due to the excessive use of nitrogen 
fertilisers and nitrogen content in animal feed;

• Implement improved monetary assessment of impacts on ecosystems and analyse the costs 
and effectiveness of measures implemented to improve QA;

• Rationalise and optimise the global transport system to reduce CO
2
 emissions.

8. Conclusions

Improving global air quality and reducing the atmospheric concentration of PM is essential 
to achieve greater control of air pollution at source and to minimise its effects in order to pre-

serve human health, the environment, and materials. Legislative measures and other instru-

ments (including Plans and Programs) have been adopted at National and Community levels 
for several decades. For these measures and instruments to be implemented and enforced, it 
is necessary to implement the updated air quality policy, making use of the latest scientific 
knowledge and appropriate management of commitments and synergies between climate 
and environmental objectives in order to that it cannot only enhance ecological and climatic 
resilience, but also achieve important socio-economic benefits, including public health.

The control at source of emissions of air pollutants in general and PM in particular can be done 
through the installation and use of best available non-pollutant techniques and equipment. 
Also, measures to prevent air pollution include reducing emissions, as switching to cleaner 
fuels, alternative use of renewable energy sources, and more efficient and cleaner new energy 
sources (wind, water, solar, and biomass valorisation of agriculture) in response to consider-

ations of the climate or security of supply, the use of less polluting means of transport, leading 
in particular to a substantial decrease in PM

10
 and dangerous emissions. In this chapter, a 

general overview of variables and key factors that identify, relate, and understand the diverse 
and multidisciplinary variables that contribute to PM concentration in urban environments 
associated with health impacts were identified and described. The main multidisciplinary 
aspects, namely meteorology, urban geometry, road traffic, industries, air concentration 
measurements, and health were also presented and discussed. The main strategic aspects for 
decision making related to airborne PM impact on health were also discussed.

Air Pollution - Monitoring, Quantification and Removal of Gases and Particles30



Author details

João Nuno Pinto Miranda Garcia1,2*, Joana Borrega1 and Luís M. R. Coelho1,2

*Address all correspondence to: joao.garcia@estsetubal.ips.pt

1 Polytechnic Institute of Setubal (IPS), EST, Setubal, Portugal

2 CINEA-IPS, Centro de Investigação em Energia e Ambiente, Setúbal, Portugal

References

[1] WHO. Update of WHO Air quality guidelines 2008. WHO Regional Office for Europe; 
2008

[2] Hackley VA, Ferraris CF. The Use of Nomenclature in Dispersion Science and Technology, 
NIST Recommended Practice Guide. NIST. Washington, United States of America: 
Special Publication; 2001. pp. 960-963

[3] HEI. State of Global Air 2018. Special Report. Boston, MA: Health Effects Institute; 2018

[4] Respostas para artigo de Saúde Ambiental Jornal Água & Ambiente [Internet]. 2015. 
Available from: https://www.apambiente.pt/_cms/view/page_doc.php?id=486 [Acessed: 
October 12, 2016]

[5] O Ar e os Poluentes Atmosféricos [Internet]. 2014. Available from: http://www.ccdr-lvt.
pt/pt/o-ar-e-os-poluentes-atmosfericos/8082.htm [Accessed: October 12, 2016]

[6] Nogueira L, Mesquita S. Relatório de avaliação da qualidade do ar ambiente na região 
de Lisboa e Vale do Tejo no período 2001-2013; 2014

[7] Iijima, Tago H, Kumagai K, Kato M, Kozawa K, Satob K, Furuta N. Regional and sea-

sonal characteristics of emission sources of fine airborne particulate matter collected in 
the centre and suburbs of Tokyo, Japan as determined by multielement analysis and 
source receptor models. Journal of Environmental Monitoring. 2008;10:1025-1032

[8] Garcia J, Teodoro F, Cerdeira R, Coelho LMR, Kumar P, Carvalho MG. Developing 
a methodology to predict PM

10
 concentrations in urban areas using generalized linear 

models. Environmental Technology. 2016. pp. 1-34. DOI: 10.1080/09593330.2016.1149228

[9] Kumar P, Morawska L, Birmili W, Paasonen P, Hu M, Kulmala M, Harrison RM, Norford 
L, Britter R. Ultrafine particles in cities. Environment International. 2014;66:1-10

[10] Cordeiro GM, Demétrio CGB. Modelos Lineares Generalizados; 2007

[11] Pohjola M, Kousa A, Aarnio P, et al. Meteorological interpretation of measured urban PM
2.5

 

and PM
10

 concentrations in the Helsinki metropolitan area. In: Longhurst JWS, Brebbia 

Airborne PM Impact on Health, Overview of Variables, and Key Factors to Decision Making in Air Quality
http://dx.doi.org/10.5772/intechopen.79695

31



CA, Power H, editors. Air pollution VIII. Wessex: Institute of Technology Press; 2000.  
pp. 689-698

[12] Van Dingenen R, Raes F, Putaud J, Baltensperger U, Charron A, Facchini M, Decesari S, 
Fuzzi S, Gehrig R, Hansson H. A European aerosol phenomenology 1: Physical charac-

teristics of particulate matter at kerbside, urban, rural and background sites in Europe. 
Atmospheric Environment. 2004;38:2561-2577

[13] Vallius M. Characteristics and Sources of Fine Particulate Matter in Urban Air. Health. 

Kuopio, Finland: National Public Health Institute, Department of Environmental Health; 
2005

[14] Rodriguez S, Querol X, Alastuey A, Viana M, Alarcon M, Mantilla E, Ruiz CR. Comparative 
PM

10
-PM

2.5
 source contribution study at rural, urban and industrial sites during PM epi-

sodes in Eastern Spain. The Science of the Total Environment. 2004;328:95-113

[15] Vouitsis E, Ntziachristos L, Pistikopoulos P, Samaras Z, Chrysikou L, Samara C, Papadi-
mitriou C, Samaras P, Sakellaropoulos G. An investigation on the physical, chemical and 
ecotoxicological characteristics of particulate matter emitted from light-duty vehicles. 
Environmental Pollution. 2009;157:2320-2327

[16] Agudelo-Castañeda D, Teixeira E. Seasonal changes, Identification and Source Appor-
tionment of PAH in PM

1.0
; Atmospheric Environment. Vol. 96. 2014. pp. 186-200

[17] Laschober C, Limbeck A, Rendl J, Puxbaum H. Particulate emissions from on-road vehi-
cles in the Kaisermuhlen-tunnel (Vienna, Austria). Atmospheric Environment. 2004;38: 
2187-2195

[18] Morawska L, Zhang J. Combustion sources of particles. 1. Health relevance and source 
signatures. Chemosphere. 2002;49:1045-1058

[19] Sternbeck J, Sjödin A, Andreasson K. Metal emissions from road traffic and the influence 
of resuspension—Results from two tunnel studies. Atmospheric Environment. 2002; 
36:4735-4744

[20] Kemp K. Trends and sources for heavy metals in urban atmosphere. Nuclear Instruments 
and Methods in Physics Research Section B: Beam Interactions with Materials and Atoms. 
2002;189:227-232

[21] Lough GC, Schauer JJ, Park JS, Shafer MM, Deminter JT, Weinstein JP. Emissions of 
metals associated with motor vehicle roadways. Environmental Science & Technology. 
2005;39:826-836

[22] Adachi K, Tainosho Y. Characterization of heavy metal particles embedded in tire dust. 
Environmental International. 2004;30:1009-1017

[23] Decree-Law no. 102/2010, September 23

[24] Pateraki St, Asimakopoulos DN, Flocas HA, Maggos Th, Vasilakos Ch. The role of mete-

orology on different sized aerosol fractions (PM
10

, PM
2.5

, PM
2.5-10

). Science of the Total 

Environment. Vol. 419. January 2012

Air Pollution - Monitoring, Quantification and Removal of Gases and Particles32



[25] Garcia J, Cerdeira R, Coelho L, Kumar P, Carvalho MG. Important variables when study-

ing the influence of particulate matter on health. In: Chapter of Book Particulate Matter: 
Sources, Impact and Health Effects. Nova Publishers; 2017

[26] Moreira S. Procedimentos Regionais de Informação e Alerta no Âmbito da Qualidade do 
Ar, Relatório de Ambiente e Saúde; 2010

[27] Ferreira F, Seixas J, Barroso J, et al. Estratégia Nacional para o Ar 2020 (ENAR 2020): 
Emissões Atmosféricas e Qualidade do Ar Ambiente: Enquadramento e Diagnóstico; 2015

[28] Fernandes A, Guerra M, Ribeiro R, et al. Relatório do Estado do Ambiente 2015 (REA 
2015). Lisbon, Portugal: Agência Portuguesa do Ambiente; December 2015

[29] Matos J, Marques A, Brantes J, et al. Manual de Métodos e de Procedimentos Operativos das 
Redes de Monitorização da Qualidade do Ar – Amostragem e análise. Agência Portuguesa 
do Ambiente; 2010

[30] Santana G, Guerra I, Leite C, et al. Monitoramento da qualidade do ar–Estimativa da 
incerteza de medição de analisadores de NOX; 2011

[31] Garcia J, Cerdeira R, Coelho L, Kumar P, Carvalho MG. Influence of pedestrian trajec-

tories on school children exposure to PM10. Journal of Nanomaterials. Hindawi Pub. 
Corp. Article ID: 505649. 2014:2014;9. DOI: 10.1155/2014/505649

[32] Lee KK, Miller MR, Shah ASV. Air pollution and stroke. Journal of Stroke. 2018;20(1):2-11.  
DOI: 10.5853/jos.2017.02894

Airborne PM Impact on Health, Overview of Variables, and Key Factors to Decision Making in Air Quality
http://dx.doi.org/10.5772/intechopen.79695

33




