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Abstract

Air pollution is a complex and growing environmental health concern in the world, posing a
major threat to human health, ecosystems and climate. Increased ambient air pollution can

cause adverse health effects including respiratory and cardiovascular problems.

Particulate matter (PM) consists of microscopic solid and liquid particles in different shapes and
sizes which can be inhaled and cause detrimental health effects. PM is often classified as coarse
(particles less than 10um in diameter, PM1o), fine (particles less than 2.5um in diameter, PM.:s)
and ultrafine (particles less than 1um in diameter, PM1). Fine and ultrafine particles are known
to cause greater risk to our health due to its smaller size and capability to penetrate deep into
our lungs and bloodstream. The main sources of PM may be direct, e.g. construction sites, fields,
fires, ocean spray etc., or indirect, which are more complex in nature due to their chemical
composition, e.g. emissions from different modes of transport, factories, industries etc.
Understanding the adverse health effects and the exposure of PM on public and our environment

may potentially improve air quality management systems and public health.

The aim of this research was to investigate the outdoor levels of PM in Dublin City Centre
and, in particular, measure particulate matter exposure to students who navigate between
various TU Dublin campuses in Dublin City Centre to attend classes on foot using Dylos DC1700
air quality monitor. The instrument used measured "Small particle counts" and "large particle
counts". "Small particle count" refers to the number of particles 0.5um or greater in .01 cubic
foot of air. The "large particle count" refers to the number of particles 2.5um or greater in 0.01
cubic foot. In conjunction with relative humidity measurements these readings were converted

into PM2.5 concentrations (the concentration of particles less than 2.5um in diameter).

In addition to this research, a survey was developed through Survey Monkey to understand
the public perception on air quality, adverse health effects and the means of transportation the
general public favours. A total of 3 campuses were monitored: Cathal Brugha Street, Kevin Street
and Grangegorman. Two routes were chosen between each campus to assess the particulate
matter exposure — pedestrianized streets (fewer exposure to traffic) and more heavily trafficked
streets. The investigation will serve as a means of understanding the daily particulate matter
pollution in Dublin City Centre, the adverse health effects it may pose and possible air quality

management solution to minimize the air pollution for general public.



The findings of this research showed that the levels of PM.s were at times above the EU
recommended daily guidance levels (20ug/m3). The pedestrianized streets were found to have
lower PMy s levels compared to more heavily trafficked streets overall. This could be an effective
evidence to pursue people to choose a green/pedestrianized route due to lower PM;. s emissions
as their commute, without affecting their health in a negative way (e.g. respiratory diseases,
cardiovascular diseases). Heavily trafficked streets may eventually pose if pedestrians are

exposed to PM emissions over prolonged periods of time.

Slightly higher average of PM2.5 concentrations were observed in the morning rush hours than
evening rush hours. Peaks indicated that modes of transport are a main contributor to elevated
levels of PM. A strong association between humidity, temperature, wind and PM levels was
observed. Levels of PMgs proved to be lower for the pedestrianized streets, however, the results
showed elevated figures occasionally due to the contributing factors such as smoking and
construction activity. The main sources of the air pollution in Dublin City Centre is the diesel and
petrol operated modes of transport, smoking and active construction sites. Such air quality
conditions, and environment may adversely affect the health of sensitive risk groups such as

elderly, pregnant women, young children and those with respiratory or cardiovascular problems.

The Environmental Protection Agency and Public Health department in Ireland should
increase awareness of the current air quality in Dublin City, provide information regarding the
negative health affects exposed to air pollution and strengthen the air pollution mitigation

management.
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Chapter 1:
Literature Review




1.1. Introduction

Air pollution continues to cause complex and detrimental environmental impacts, becoming
one of the most serious problems in the world (Newair, 2019; EEA, 2017). Mitigation of ambient air
pollution remains challenging and costly, which increases problems to our health, ecosystems, built

environment and the climate (Wang, 2018; EEA, 2017).

Air pollutants can be classified as primary or secondary. Primary air pollutants such as
particulate matter are anthropogenic sources whereas secondary particles are formed by photo-
chemical reactions in the atmosphere (Praznikar, 2012) (EEA, 2017). Depending on the size and
nature of the pollutant, it may travel over long distances and potentially affect large, urban areas
(WHO, 2006). To reduce the effects of these pollutants, it is crucial to understand their source, nature
and mechanisms of transport into the atmosphere (Watson, 1988) (Duraes, 2018). Additionally, daily

weather changes can have an immense influence on air quality (Bradley, 2019).

Understanding the adverse effects of pollutants on public health, ecosystems and climate
could change our perspective on the importance of air pollution and improve potential air pollution

management systems (EEA, 2017).

The work presented in this study focuses on particulate matter exposure of students
travelling from various Technological University Dublin (TU Dublin) campuses in Dublin City centre
to attend classes. As TU Dublin currently has 10 campuses in Dublin, students are sometimes
required to travel long distances to attend classes in a specified campus and often prefer to travel
on foot. As a result, students are at increased risk of exposure to direct (primary) particulate matter,
which particularly derives from public transport. Therefore, the aim of this study is to measure the
particulate matter levels, that the students may be exposed to, when trying to reach three TU Dublin
city campuses: Cathal Brugha street, Kevin street and Grangegorman campuses. Theses campuses
were specifically chosen due to their proximity to one and other and the similarities between the

surrounding heavy traffic and pedestrianized footpaths.

Various walking routes to reach the campuses were selected, incorporating both heavy traffic
and pedestrianized streets as well as segregating heavy traffic and pedestrianized streets to compare
the exposure at the end of this study and suggest the safest, and possibly the fastest, way to arrive

to the desired campus.

This study is applicable not only to students studying in TU Dublin, but also other students and



the general public, seeking to understand the daily particulate matter pollution exposure in Dublin
City centre, and possible ways to reduce the exposure. As a result, the possible adverse health effects

the particulate matter may pose could be reduced.
1.2 Particulate Matter — Characteristics

Atmospheric particulate matter (PM) consists of solid particles and liquid droplets found in the air
(Berube, 2006). Particulate matter may be derived from natural or anthropogenic sources and can
be emitted either directly into the atmosphere (primary particles) or formed via chemical reactions
amidst mixed gases and sunlight in the atmosphere (secondary particles) (AQEG, 2005). Some
particles such as dirt, soot, or smoke are large enough to see with the naked eye; others require an
electronic microscope to discern. These small particles can penetrate the lungs whilst inhaling the
air and cause negative health effects (Berube, 2006; EPA, 2018). The composition of the particles
depends on the influence of location, weather condition, sources and emissions. Particulate matter
is generally measured in two main size fractions — PM1o (particles less than 10 micrometres in

diameter) and PM s (particles less than 2.5 micrometres in diameter) (Begum, 2010).

In moist conditions, some particles blend with water vapour and produce small droplets. Hence, the
term “aerosol” is generally used to describe solid particles as well as droplets suspended in the air

(APIS, 2016).
1.2.1. Sources of Particulate Matter

Particulate matter may originate from three major leading sources that forms their own size

and nature (APIS, 2016). These sources include:
¢ Gaseous chemical reactions in the atmosphere

Gaseous pollutants may result in formation of fine particles (only a few nm in
diameter) (APIS, 2016). These particles are produced by coagulation and contain various
formation pathways, such as the sulphates formed in the air from atmospheric reaction of

sulphur dioxide (S02) resulting from anthropogenic or volcanic emissions (DEH, 2005).
e Mechanisms of combustion

Combustion in industrial settings and in transport can also release small particles
(usually ranging from range 0.1 - 2.5 um diameter) (APIS, 2016). Example may include

combustion of carbon-based fuels (fossil fuels: coal, oil, natural gas) by vehicles and



industries or fly ash particles emitted from combustion of coal (APIS, 2016; Samson, 1988).
e Mechanical formation

This process produces larger (coarse) particles (2.5 - 20 um) that are carried out by
the wind. These particles may come from sources such as the agricultural processes and

volcanic eruptions (APIS, 2016).

Primary pollutants may arise in various ways:
e As aresult of combustion, where carbon dioxide can be the result formation
e Asimpurities or additives to the fuel, e.g. sulphur in oil, lead in petrol

The major sources of primary particulate matter are road traffic, coal combustion, industrial
emissions, which are anthropogenic sources and air blown dust and sand, and salt from the sea,

which are natural sources.

Secondary particles are essentially sulphates (SO;), nitrogen oxides (NOx) and organic
particles resulting largely as a result of combustion (Barnard, n.d.). These particles are often made
up all at once and by photochemistry, e.g. tropospheric ozone, which is a dominant component of
photochemical smog (Schwartz, 2008). Elements of PM2.s and PMgs that are mostly secondary
pollutants in nature, and they have not been thoroughly examined yet in an epidemiologic area due

to the lack of stable PM.. s mass and data (Schwartz, 2008).
1.3.  Classification of Urban Particulate Matter
1.3.1. Particulate Matter <10 um diameter

PMio, also known as coarse particles, has a diameter less than 10um (EPA, 2019). To
understand the size of PM1o, human hair is often used in comparison, thus human hair is roughly
100 um meaning that around 10-40 of these particles could make up its width (Energy, n.d.).
These particles mainly derivate from primary anthropogenic sources such as combustion
activities from motor vehicles and industries resulting in smoke, dusts and dirt, and natural
sources such as sea salt spray and pollen (Victoria, 2016). These particles may also cause visibility
reduction and are less damaging to our health compared to other finer particulate matter

(O'Hanlon, 2016).



1.3.2. Particulate Matter <2.5um diameter

PM_.s primarily comes from anthropogenic pollution and has a diameter of less than
2.5um, therefore it is often described as fine particle (EPA, 2019; Energy, n.d.). Short-term
exposure may be associated with increased mortality (Schwartz, 2008) due to its ability to
penetrate deeper into our bodies causing adverse health issues. PM; s is primarily made up
from gas to particle transformation and chemical reactions with the atmosphere around
them, which allows the particle to alter its composition (Murphy, 2012). Due to its small size,
PM_s is suspended in the atmosphere for an extensive amount of time, compared to PMg,
which elimination relies on wet or dry deposition as coarse particles fall rapidly due to their
larger composition (Murphy, 2012). In urban and industrial environment, fine PM is mainly
made up of sulphate, nitrate, ammonium, organic compounds and soot and its formation
can be associated with redox reactions of different precursor gases (Murphy, 2012). Fine
particulates are sensitive to environmental aspects and precursor gases such as NOy and SO;

(Murphy, 2012).

1.3.3. Particulate Matter <0.5um diameter

1.4.

Also known as fine particles, structure of these particles is very complex (Donaldson, 2001).

Similarly to PMys, the particles of PMg s are also capable of penetrating deep into our bodies,
however, these fine particles can easily reach the blood stream and as a result disrupt the gas
exchange in the lungs and affect other vital organs. Ultrafine particles are predominantly
insoluble due to its carbon core, yet they become aggregates with other chemicals such as
sulphites, metals and hydrocarbons (Donaldson, 2001). These particulates are mostly measured
for indoor air quality rather than outdoor air quality and not enough data can be found

concerning this particulate matter outdoors.

Particulate Matter — Issue Around the Globe

The consequences of air pollution are evident in many regions globally (WHO, 2018). It has

been identified that rural, low-income and middle-income regions are affected mostly compared to

urban cities (WHO, 2018). Regions with particularly high exposures to pollutants are seen in Eastern

Mediterranean, South-East Asian and Western Pacific Regions According to WHO estimates,

countries with populations over 100,000 do not meet WHO air quality guidelines. In urban, high-

income areas, however, the estimates are lower, and the percentage reaches 49% (WHO, 2018). It is



estimated that around 4.2 million people worldwide die due to poor air quality and around 91% of

the world’s population is affected air quality exceeding WHO guideline limits (WHO, 2019).

The annual average for air pollution in most regions of the world is much higher than of the
WHO air quality guideline (AQG — level of 10ug/m?3). The regions of the world with highest air quality
concerns include the Mediterranean, Middle East, Central Africa and East Asia (Figure 1.1) (WHO,
2018). Air pollution does not respectively derive from anthropogenic sources, it can also arise from

natural sources such as forest fires, volcanic activity, dust storms or sea water spray (WHO, 2018).

Figure 1.1: The WHO Global map of annual average concentrations of ambient (outdoor) fine particulate matter (PMys) in ig/m3

((WHO), 2018).

According to the World Health Organisation (WHO), over 400,000 premature deaths
recorded annually in Europe are the result of unsatisfactory air quality (EPA, 2019). The WHO has

defined present air pollution as the “single biggest environmental health risk” (EPA, 2019).

A study by Kiesewetter (2015) demonstrated significant increase in PM; s from anthropogenic
sources such as domestic heating mainly from coal and woods, road transport and industrial
combustion in Europe. The cities such as Northern Italy, Poland, Romania and Bulgaria have the
greatest exposure to PM;s. The study stressed the adverse effects of PM2s and explained the
relationship between PMys and life expectancy. Ireland and Sweden showed to have one of the
lowest impacts on life expectancy with overall possible life expectancy value reduced to 0.7 months,
whereas Bulgaria had 4.5 months. Therefore, in Belgium, Poland, the Czech Republic, Hungary and

Romania people are expected to lose more than 6 months on average even in 2030.



1.4.1. Particulate Matter in Ireland

Compared to other European Union (EU) Member States, Ireland’s air quality is currently
satisfactory. However, maintaining the criteria constituting ‘good’ air quality is a growing challenge
(EPA, 2019). Although Ireland’s air quality falls within EU limit values, levels specifically for particular
matter (PM) constitute a growing concern (EPA, 2019). PM concern rises drastically during winter
months due to solid fuel burning, which is directly released into the atmosphere. This impacts the
air quality and can instantaneously enter our body via inhaling the air, which then eventually affects
our health (EPA, 2019). In larger urban areas, such as Dublin City, potential exceedances of nitrogen

dioxide limit values are expected unless we reduce dependency on private vehicles (EPA, 2019).

In Ireland the number of premature deaths due to air pollution estimates a total of 1,510

people per annum and the main health concern is cardiovascular disease (EPA, 2019).
1.5. Effects of Urban Particulate Matter - Common Problems

Particulate matter is becoming an increasing concern for health. Particulate matter, depending
on the source of emission, can carry hydrophobic substances such as PAH, dioxins and heavy metals
which are extremely toxic for our health and can act as irritants or pose harmful effects to our vital

organs (Tjell, 2009).
1.5.1. Health problems
1.5.1.1. The Skin

The human skin is the biggest and the fastest-growing organ on our bodies. It covers around
2m? of total area and is directly exposed to air pollution (Tjell, 2009). Skin buffers the human
body from harmful substances, helps regulate body temperature via sweat and hair and adjusts
to peripheral circulation and fluid balance via sweat (CliniMed, 2019). However, the human skin
is sensitive and contains network of nerve cells that react to changes in the environment due to

different receptors for heat, cold, touch and pain (CliniMed, 2019).

Although skin works as an effective protective barrier, some substances can efficiently enter
the skin and deliver systemic toxic responses (Magnani, 2015). Various airborne pollutants can
come in contact with skin such as fibreglass or dust, which may potentially affect and damage
the skin by irritation and inflammation. This may cause depletion of keratin within the skin and

undermine and its protective potency against alien substances and microorganisms (Tjell, 2009;



JM, 1986). Air pollution may also cause an allergic reaction, such as atopic dermatitis, allergic
rhinitis, and allergic sensitization in relation to PM exposure (Yang, 2019; JM, 1986). As a result
of the air pollution, skin can also be exposed to harmful UV radiation due to ozone layer

depletion in the atmosphere (Tjell, 2009).
1.5.1.2. The Eyes

Vision is one of the most complex bodily processes. The conversion of light into electrical
signals and transport of these signals to the brain creates an image of our surroundings (IQWiG,

2009). The eyes are arguably the most important sense (Newman, 2018).

The most important parts of the eye include:

The iris — the coloured part of the eye. It helps regulate the amount of light that enters

the eye (IQWiG, 2009; HMN, 2015)

e The cornea —the transparent layer covering the iris and the pupil. Its main function is to
protect the eye from foreign objects and prevent injury as well as refracts the light on the

way into the eye (IQWiG, 2009)

e The lens—made of transparent, flexible tissue and is located behind the iris and the pupil

(Duffy, 2019). It is responsible for focusing light and image on retina (Duffy, 2019)

¢ The retina — located near the optic nerve, is a thin layer of tissue that lines the back of
the eye on the inside. The retina is responsible in receiving light that the lens is focusing,
converting the light into neural signals and sending them to the brain (HMN, 2015;
Heiting, 2017).

The eyes are among the organs in our body that are exposed to the outside environment directly
in contact with the air pollution. Particulate matter may therefore have a direct impact. When
chemicals or foreign matter enter the epithelium tissue, the eyes may become irritated, resulting in
blurry vision (Tjell, 2009). Certain symptoms as a result of air pollution may vary and include chronic
discomfort, eye itching, increased sensitivity to foreign bodies (sensation), tears, increased mucus
secretion and swelling of the eyelids (Klopfer, 1989; Gang Tan, 2018). Although it is evident that
airborne pollutants can cause damage to the eyes, it is unclear how exactly its processes cause
damage (Gang Tan, 2018). Environmental factors can cause Dry Eye, which is one of the most

common symptoms on the eye surface (Gang Tan, 2018).



1.5.1.3. The Nose

The nose performs an important role in the transmitting of air into the lungs (Barclay, 2018). The
exterior of the nose is of different temperature and humidity to the air in the atmosphere entering
the human body via inhalation. The inner structure of the nose increases the surface area of tract
and causes the inhaled air to approach the mucous membranes lining located in the nasal cavity,
where air is warmed and humidified before it enters the lungs (Barclay, 2018). Hair and mucous
inside the nose acts as a filter catching any solid, alien particles before it enters the lungs (Barclay,
2018). The air which is exhaled from the lungs, passes through the back of the nose where moisture
and heat of the air is trapped by the nasal membranes and is used to warm and humidify the next

inhaled breath of air (Barclay, 2018)

Some air passes through nasal epithelia, whose thin layer of mucus traps some of the foreign
molecules from the air (Barclay, 2018). The molecules contact the olfactory hairs spreading from
olfactory receptor neurons in the epithelium (Barclay, 2018). Nasal epithelia can react and
metabolise with some pollutants to become more toxic, affecting the olfactory epithelium, which is

especially sensitive (Tjell, 2009).

The nose is also sensitive to irritating substances and some pollutants that are held back in the
nose for long periods of time may be carcinogenic to the cells and the mucous membranes in the
nose (CPSC, n.d.). Smaller particles can bypass through the membranes and enter the blood stream

inside the human body (Tjell, 2009).
1.5.1.4. The Trachea and The Lungs

The trachea is a wide, hollow tube that connects larynx to the bronchi of the lungs and has a

crucial function of providing air flow to and from the lungs needed for respiration (Barclay, 2017).

The lungs are spongy pair, air-filled organs located on each side of the chest, as shown in
Figure 1.2 (Hoffman, 2019). The trachea helps to transport inhaled air into the lungs via bronchi,
which eventually divide into bronchioles and become microscopic in the end of the process

(Hoffman, 2019).



Figure 1.2: Anatomy of the Lungs (Hoffman, 2019).

Epidemiological studies have shown that urban particulate matter (PM) increases the risk of
respiratory infection (Xiaoyan Chen, 2018). PM disturbs the activation of the airways’ antibacterial
defence (Xiaoyan Chen, 2008). Epidemiological studies, such as by Sigaud (2007) and Chen (2008),
showed that exposure to ambient air particles causes an inflamed alveolar milieu in which oxidative
stress impairs antibacterial function in alveolar macrophages and decreases bacterial clearance,

reveal increased incidence of lung infection when air pollution particle levels are increased.

e Particles larger than PMyp in size are removed from the upper airways by the
mucous and serous cells fluid produced in the airways wall located in the lungs
(Tjell, 2009). These particles are trapped and transported up towards pharynx by
cilia, which is controlled by the central nervous system (Tjell, 2009). Once the
pollutants are in the pharynx, they can be either swallowed or expectorated (Tjell,

2009).

¢ Smaller particles may penetrate deeper in the lungs and may deposit by

sedimentation or impaction (Tjell, 2009). Whereas larger particles can be
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removed from our bodies easier by cough or sneeze, smaller particles (smaller

than 10 micrometres in diameter) get trapped in our lungs (Tjell, 2009).

e Ultrafine particles are now able to reach alveoli, which contributes significantly to
chronic lung disease and general respiratory health issues (Tjell, 2009). They may
exist as single particles or aggregates (K. Donaldson, 2001). Ultrafine particles are
exceptionally toxic to the lungs, even if the materials inhaled in the air are not
toxic due to their ability to penetrate deeper, e.g. titanium dioxide and carbon
black (MacNee, 1998). This may suggest that ultrafine particle toxicity is a result
of their size and not the chemical composition of the compound in question

(MacNee, 1998).

Ultrafine particles can inhibit alveolar macrophage phagocytosis, which is crucial in removing
the particles from the lungs (Donaldson, 2001). Failure to remove these particles from the lungs
may result in overload of particles in mass and consequently lead to adverse health effects such
as asthma, fibrosis and tumours at long-term and high exposures (Donaldson, 2001). These
particles can also easily pass through the lungs and enter the bloodstream, which is important

in carrying the oxygen throughout our body (ALA, 2019).

Generally, increased exposure to particles may lead to variety of adverse health effects in

lungs, including:

¢ Lung diseases, such as chronic obstructive pulmonary disease (COPD) and

bronchitis
¢ Premature deaths due to lung diseases
e Aggravated asthma
¢ Decreased lung function

e Decreased respiratory function and increased symptoms, such as breathing

difficulties and coughing (EPA, 2018)

An interesting study by Tian (2019) aimed to see associations between ambient PM pollution
and pneumonia hospitalizations in 184 Chinese cities. It was found that short-term elevations in PM

were associated with increased pneumonia-related hospital admissions in Chinese adults.
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1.5.1.5. The Heart

Urban air pollution is linked to cardiovascular diseases and mortality as a result. The
molecular mechanisms appear to be directly affecting the cardiovascular system or indirectly
causing pulmonary inflammation and oxidative stress from free radicals (Tjell, 2009). Ischemic
heart disease, heart failure and ischemic or thrombotic stroke are just a few cardiovascular
diseases that may arise from exposure to PM. PM has also shown to disturb endocrine system,
that can assist to an increase in metabolic diseases such as obesity and diabetes, which can also
contribute to cardiovascular diseases (Mutlu, 2018). Behaviour and social (lifestyle) factors, such
as inactivity, tobacco smoking and alcohol consumption, together with PM exposure could

double the adverse effects on cardiovascular system.

Fine (especially ultra-fine particles (UFPs) (<0.1 um)) can penetrate easier and deeper in our
bodies (Yixing Du, 2016; Donaldson, 2001). These particles can cross pulmonary epithelium and
enter the alveolar-capillary barrier easily compared to coarse particles, such as PMig (Yixing Du,
2016; Furuyama A., 2009). As a result of this ability, fine and UFPs can cause serious health effects
(Yixing Du, 2016).

However, more investigation is required to further understand the adverse effects on the

cardiovascular system as currently, very little data is available, and most is hypothesized.
1.5.2. Whois at risk?

Anyone who lives exposed to high levels of air pollution is at risk to developing adverse health

effects. However, some people may be at higher risk to acquire adverse health effects, including:

e Elderly (over 65 years of age). As the human body ages, it becomes less immune
to the effects of the environmental threats (Air Now, 2017). Air pollution effects in
elderly may lead to increased medication use, frequent visits to care providers and
admissions to the emergency rooms and hospitals, as well as death (Air Now,

2017).

¢ Infants and young children, due to their ability to breath in more air far more
quickly than adults (Wynd, 2018). At birth, most children have 20% less lung mass
compared to adult lungs (Wynd, 2018). As a result, children breath in more air
pollutants and due to their weak lung ability to fight off air pollution effects, they

are far more susceptible to various infections and respiratory issues related to air
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More than

pollution, which has a greater effect on child’s overall health (Wynd, 2018). This is
a major reason for premature deaths caused by air pollution (WHO, 2018; HEART,
2017)

People suffering from lung from lung diseases such as bronchitis or asthma

People suffering from cardiovascular/pulmonary diseases or diabetes, increasing
hospital admissions in response to higher levels of PM and overall reducing the life

expectancy by several years (Brook, 2004).

People with lower income or living in developing countries. Air pollution is strongly
linked to poverty as shown in Figure 1.3, majority of the deaths cases registered
related to air pollution occurred in low and middle income countries where air
quality laws are weak or not existing, vehicle emission standards are less stringent
and coal stations are more common (HEART, 2017; UNEP, 2019). Air pollution is
expensive as it can result in medical costs as well as affect productivity and

economic growth (HEART, 2017).

90% of air pollution-related deaths occur in low-and middle-

income countries

Deaths caused by household, and ambient, air pollution, millions

B Low and middle-income countries B High-income countries

South and south-east Asia |EEEE—_— N N

Western Pacific
Africa

Eastern Medite
Europe

Americas

I R
]
ranean (N

Figure 1.3: Deaths caused by household, and ambient, air pollution, millions, compared in low- and middle-income countries (Watts,

2018).

People who frequently work or exercise outdoors (ALA, 2019). During aerobic
activity, more air is inhaled deeply into the lungs, therefore during exercise or

working outside, people are exposed to more polluted (Laskowski, 2017).
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PM concentration has been shown in population-based studies affecting older, susceptible
individuals and those with existing medical issues by Simoni (2015) and Hamanaka (2018) to increase

when the subject is exposed to combustion of fossil fuels such as traffic and power plant emissions.
1.6. Environmental Effects

Particulate matter can have serious effect on the environment, which can effectively affect
the entire planet (Lafond, 2019). The most common recorded environmental issues due to PM

exposure include:

¢ Visibility impairment, which is caused mainly due to suspended fine particles
(aerosols), can sometimes be noted as a haze in urban regions as well as rural areas,
such as forests, national parks and mountains (Lafond, 2019; EPA, 2018; Fenger,
2009). In urban regions, visibility decrease could be dangerous because of the higher
population density, which can lead to increased traffic accidents followed by injuries
and hospitalization (Lafond, 2019). Particles dominate in the urban atmosphere
(accounting for over 80% of the total contribution to the optical attenuation),
however, their impact may vary greatly with many factors and range in visibility (2-
60km). In megacities, such as in Beijing (China) and Bangkok (Thailand), visibility

reduction is a major problem (Fenger, 2009; Quality.org, n.d.).

e Acid Rain, which is composed of nitrogen oxides, sulfuric acid and other volatile
compounds all take part in the formation of the acidified particles creating the acid
rain, when the particles fall into the ground and water (Bhargava, 2013). This contact
with surface ground can make lakes and other water bodies become acidic, which can
eventually lead to acid rain via hydrological cycle (Lafond, 2019). Acid rain can damage
nature, e.g. damage some plant species and reduce animal species such as frogs, as
well as contribute to building material erosion and staining, which can result in
monuments and statue as well as building degradation (Lafond, 2019; Ro-Poulsen,

2009). Acid rain is a major contribution to ecosystem damage.

Due to particle ability to travel long distances and their chemical composition, they can
negatively affect the health of the ecosystem (EPA, 2018). Some damaging effects may also
include nutrient balance change in coastal waters and rivers, reduce in nutrient content in soil,

damage in forests and crops and visible fault on ecosystem’s diversity (EPA, 2018).
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1.7.

Meteorological impacts on Particulate Matter

It is well acknowledged that meteorological conditions affect the concentration of PM in the
atmosphere (Xin Fang, 2017). Various meteorological factors may impact PM concentration in
ambient air. PM concentrations affected by meteorological factors as dispersion processes,
removal mechanisms and chemical formation of PM are influenced by wind, rainfall rate,
relative humidity and solar radiation. Chen (2018) found that temperature exerts the strongest
and most stable influence on PM2.5 in all seasons across China and precipitation is dominant
meteorological influence mainly in coastal regions. Previous study by Keary (1998) discovered
that PM10 concentration measured in Dublin decreased with an increase in precipitation rate,

wind speed and frequency and temperature, which could easily relate to PM2.5 as well.

The dispersal of the particles could be explained by convention. During convention, warm air
rises and cold air sinks in the atmosphere. When inversion takes place, calm or light wind will
increase poor air quality by repressing the mixing of air in the atmosphere. This activity keeps
the air dormant on the surface due to the warm layer of air between the layers of cooler air
(Garcia, 2019). Strong inversion usually happens during night typically when calm winds and

cold temperatures are present, leading air stagnant on surface (Garcia, 2019).

1.7.1. Temperature

Both, cold and hot temperatures may increase particulate matter concentration in the
atmosphere causing adverse health complications (Xin Fang, 2017). Mortality rates during cold
temperatures increases more than during hot temperatures, evidently due to the increased
burning of fossil fuels such as household heating and vehicle emissions resulting in large
concentrations of particulate matter emission into the atmosphere (Xin Fang, 2017). The
increase in fossil fuel emissions into the atmosphere increases toxins in the air and combined
with the temperature inversion creates the smog that we breathe every winter, which is full of

PM: s (Airlief, 2017).

Low particulate concentrations may be explained by thermally induced convections; ground
heats up and winds increase, leading to particulate matter dispersal in the atmosphere
(Hernandez, 2017). During night-time, temperature drop supresses the spread of particulate
matter. Increased combustion and condensation of volatile compounds are other causes for

PM increase (Hernandez, 2017).
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In China alone, 1.6 million people die annually from heart, lung and stroke problems because
of air pollution (Guardian, 2015). China is known as one of the worst countries for air pollution,
particularly for PM emissions. This is mainly due to its economic growth and usage of cheap
fossil fuels for heating, cooking, electricity generation and vehicle emissions and incomplete

combustion (Airlief, 2018).

1.7.2. Relative Humidity

Rainfall washes PM through the “scavenging” effect and dissolves other gaseous pollutants
from the atmosphere, significantly reducing air pollution levels during the time of
precipitation. Precipitation is the result of atmospheric water vapour that blends forming large
drops that fall under gravity (NASA, 2003). However, particulate matter can prevent the clouds
from coalescing to create clean, unpolluted rainfall and in turn can reduce overall precipitation

rates (NASA, 2003).

If relative humidity approaches 100 % in the atmosphere, mist or fog could form and this
could trigger this could be detected as particles and increase particle 2.5 um by over 50 % while
larger particles may see increase of around 28% (Jayaratne, 2018). Jayaratne (2018) found that

there is a significant increase in particle number and concentration at humidity above 75%.

1.7.3. Wind

Wind direction can affect the variations of the PM concentrations (Guerra, 2006). Higher
wind speeds allow particulate matter to disperse rapidly in the air, leading to lower PM

aggregation.

Fine particulate matter (<2.5 um) is smaller in size than coarse particulate matter and
therefore the particulate concentrations of PM2s and less is expected to decrease in the
atmosphere due to active dispersal of the particles in the presence of wind. However, these
particles can also remain in the air for longer periods of time as well as transfer longer distances

than larger particles.

PM1o are larger in size and therefore will not remain in the atmosphere for long periods of
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time under gravity. This said, according to a study carried out by Zhang (2018) on “Influences
of wind and precipitation on different-sized particulate matter concentrations”, explains that

course particulate concentrations would increase due to dust resuspension under strong wind.

1.8. Additional Contributors to Air Pollution

Other contributors to air pollution may also introduce harmful substances in the air
causing serious toxicological impact on human health and the environment (Ghorani-Azam,

2016).

This occurs when the harmful substances (e.g. foreign gases, odour, dust, or fumes) in the
air are at levels that can damage health of animals and humans and environment (Madaan,

n.d.).

1.8.1. Agriculture

Nitrogen-containing compounds (NO2, NO, NH3, N2O) are emitted to the atmosphere
from agricultural activities (AQEG, 2018). Ammonia (NH3) emissions from agricultural

processes are increasing in Ireland, becoming the lead issue for air pollution (Foody, 2019).

Ammonia contributes to particulate matter formation in the atmosphere consequently

increasing adverse effects on human mortality and morbidity (AQEG, 2018).

In 2017, ammonia emissions increased by a total of 2% and it is expected that the figures

will continue to increase up to 2030 and onwards (Foody, 2019).

90% of Ireland’s ammonia emissions are from animal manure, livestock farming on
account of a growing livestock population, and the remainder 10% are a mixture of chemical
fertilizers and road transport (Foody, 2019; CBS, n.d.). Ireland is the leading country in the
Europe producing the largest amounts of PM emissions into the atmosphere from

agricultural processes as seen in Figure 1.4.
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Other contributors are agricultural industries burning the stubble off their fields and
smoke emanating from fireplaces and wood burners for energy and heat (Airlief, 2017).

Particulate matter emission intensity agriculture, 2015 =
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Figure 1.4: Particulate matter emission intensity in agriculture, 2015 - Ireland is the leading country in producing agricultural PM

emissions (CBS, n.d.)

1.8.2. Household and farming chemicals

Approximately 3.8 million people a year die from the exposure to household and farming

air pollution, according to WHO (WHO 2020).

Use of household and farming chemicals can release harmful particulates and gases into
the atmosphere and have capability to contribute to air pollution. This type of pollution comes
from a variety of different gases, chemicals and substances (WHO, 2020). Examples of these
include fertilizers, household cleaning products, painting supplies, hair sprays, deodorant

sprays, pesticides (Madaan, n.d.).

The main concern of the household and farming products is that it is a rising issue that may

be of increased concern in the future for human and environment health.

18



Volatile organic compounds (VOCs) produced as a result from household and farming
products, may react in the atmosphere producing either ozone or particulate matter, which

can implicate health problems (Borkhataria, 2018).

1.8.3. Heating

Heating can increase PM emissions. Heating using fossil fuels (e.g. peat, petroleum and
coal) is among the most popular. However, Domestic use of solid fuel can harm the
environment and human health, particularly respiratory and cardiovascular problems. It is
also predicted that Ireland’s stock of fossil fuels will run out in the next 40 — 50 years (Aodha,

2017).

According to The European Environment Agency (EEA) have Air Quality in Ireland 2018
report, it is estimated that 1,180 premature deaths occurred in Ireland in 2016 directly
attributable to air quality, associated with fine particulate matter (PM2.5) from the use of

solid fuels such as wood, coal and peat for home heating are mainly responsible (EPA, 2019).

Wood is often used for heating and is a clean, renewable and cheap energy source and a
great substitute to fossil fuel burning. The study by Ghafghazi (2011) concluded that using
high-quality wood fuel from natural, uncontaminated stem wood would produce the least

PM emissions compared to other available wood types, including unrefined types.

Therefore, wood which is unrefined, contains complex elements that are important to

keep under control while burning in order to ensure low emissions (irCELine, n.d.).

A study by Kiesewetter (2015) demonstrated significant increase in PM2.5 from
anthropogenic sources such as domestic heating mainly from coal and woods, road transport
and industrial combustion in Europe. The cities such as Northern Italy, Poland, Romania and
Bulgaria have the greatest exposure to PM2.5. The study stressed the adverse effects of
PM2.5 and explained the relationship between PM2.5 and life expectancy. Ireland and
Sweden showed to have one of the lowest impacts on life expectancy with overall possible
life expectancy value reduced to 0.7 months, whereas Bulgaria had 4.5 months. Therefore,

in Belgium, Poland, the Czech Republic, Hungary and Romania people are expected to lose

19



1.9.

1.10.

1.10.1.

more than 6 months on average even in 2030 (Kiesewetter, 2015).

Particulate Matter and Climate Change

Climate change can impact air quality, and vice versa, through complex interactions

in the atmosphere (EPA, 2019; EC, 2010).

Pollutant emissions into the air may result in changes to the climate (EPA, 2019). PM
can have either warming or cooling effects on the climate. Direct emissions of air pollutants
(e.g. black carbon) may contribute to warming of the Earth, while those formed from
emissions such as particulate sulphates reflect energy from sunlight back into the space

resulting in cooling influence on climate change (EC, 2010; CARB, 2020).

Particulate matter concentrations are very likely to increase under changing climate,
causing major future concern for increased mortalities, morbidity and broad range of

negative health outcomes associated with PM exposure (Dias, 2012).

Air Quality Management

Environmental Protection Agency (EPA)

The Environmental Protection Agency (EPA) is a national competent, monitoring and
reporting body worldwide (EPA, 2017). Created under the Environmental Protection Agency
Act 1992, the EPA is an independent, national body of environmental protection and policing,
intended to ensure the environment is protected by monitoring environmental development
to observe early indication of neglect or degradation (EPA, 2019). The EPA’s major
responsibility is to protect the environment and human health working together with
numerous organizations that carry particular functions for the environment (US EPA, 2019)
(EPA, 2019). The EPA also derives its order from Waste Management Act, 1996, and the
Protection of the Environment Act, 2003 and Radiological Protection (Miscellaneous

Provisions) Act 2014 (EPA, 2019).
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The EPA treats the environment as a valuable resource by protecting people and the
environment from harmful effects of pollution and radiation. The EPA plays an important role
in environmental regulatory affairs, delivering provision of knowledge and advocacy for the

environment (EPA, 2019).

The EPA in Ireland is responsible for miscellaneous functions to protect the environment,

its main functions include:

e Environmental licensing

e Enforcement of environmental law

e Environmental planning, education and guidance

e Monitoring, analysing and reporting on the environment
e Regulating Ireland's greenhouse gas emissions

e Environmental research development

e Strategic environmental assessment

¢ Waste management

e Radiological protection (EPA, 2019).

1.10.1.1. Air Quality Monitoring and Monitoring Stations under EPA

The EPA is responsible for managing national ambient air quality monitoring network. The
EPA measures levels of specific outdoor air pollutants of most concern such as Particulate
Matter and Nitrogen Dioxide, which products of traffic emissions. Other pollutants include
ozone, carbon dioxide, sulphur dioxide, benzene, lead, PAH (Poly Aromatic Hydrocarbons),

arsenic, nickel, cadmium and mercury.

1.10.1.2. Air Quality Index for Health (AQIH)

The EPA uses AQIH to identify the current air quality, ranging from 1 to 10 (These
points are divided into four coloured bands — (readings of 1-3), (readings of 4-6),
poor (7-9) and very poor (10)) (EPA, 2019). The AQIH can tell the public whether there is
concern for air quality in the specific region and whether it may affect the human health

(EPA, 2019). The AQIH is calculated every hour based on pollutant concentrations as shown

21



in Figure 1.6 and the most up-to-date readings can be accessed on the EPA website. The

AQIH is widely used by health practitioners to assist patients who are sensitive to air

pollution and manage their condition by reducing the symptoms (EPA, 2019). Examples of

how the AQIH is calculated are contained in Appendix A.

The AQIH readings can be interpreted as shown in Figure 1.5.:

population

Accompanying health messages for at-risk groups and the general

Band Index At-risk individuals *

General population

Figure 1.5: The AQIH health advice messages to help persons to better manage their health. The table above gives health
messages for individuals who are sensitive to air pollution (at risk) and for the general population (EPA, 2019).
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Five air pollutants which can harm your health:
Mitrogen Sulphur PM:z< PM 1o

L dioxide dioxide | particles | particles

Running Running

Four ::Th“- 11-::-: 2how | 24-hour
bands of Index mean

(ug/m') (ng/m?) (ug/m?)

mean
air quality: {1-10) (ug/m?) (ug/m?)

067 | 029 | 011 | 016

Figure 1.6: The table above shows the ranges of concentration (amounts) for each pollutant (EPA,2019)

1.10.1.3.

National Ambient Air Quality Monitoring Programme (AAMP)

The national ambient air quality monitoring programme began at the end of 2017
and was established to provide more comprehensive, real-time air quality information
related to public health (EPA, 2017). The programme will upgrade the current
information on EPA website, and it will provide information on a wider scale across
Ireland, for rural and urban areas (EPA, 2017). This will help local authorities, policy
makers and the EPA to access, identify and investigate surrounding air quality concerns
easier and to ensure the monitoring is flexible and stationed properly (EPA, 2017). The
data obtained from various available stations will provide accurate information on

current air quality status in local area and serve as the basis to support development of
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national policies and local policies promoting cleaner air (EPA, 2017).

The programme will also enable citizens to access the information and view the
current air quality in their local area, which will help the citizens to plan their activities
ahead of time (EPA, 2017). The programme will allow the public to access and view the
high-risk areas of polluted air on the map and will bring attention and encourage the
public to engage in bringing awareness to their local areas and taking scientific
initiatives regarding air quality issues (EPA, 2017). The programme will also, for the first
time, provide the framework for the alignment of resources nationwide and will

consider meeting the needs of people in Ireland (EPA, 2017).

1.10.1.3.1. AAMP Monitoring

The new national monitoring network will extend the present CAFE network to
support greater area for monitoring air quality in urban and rural territories (EPA,
2017) as shown in Figure 1.7.(a). The placement of the station will depend on the
population size, exposure to air quality issues and spatial distribution. Network sites
will monitor for particulates, heavy metals, inorganic and organic gases (EPA, 2017).

The proposed AAMP Monitoring plan can be seen in Figure 1.7. (b).

The programme will rely on partnership basis and its success will depend on
participation of partners, primarily EPA and Local Authorities for funding and strategic

intelligence from principal government (EPA, 2017).

The programme is set to be completed by 2022 (EPA, 2018).
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Figure 1.7: Current ambient air quality monitoring network (a) and future (proposed) AAMP network (b) (EPA, 2017).

1.10.2. CAFE Directive (Cleaner Air for Europe) (2008/50/EC)

CAFE Directive was established to protect human health and the environment in Europe
against harmful emissions and pollutants in ambient air (EPA, 2019). The directive sets down
air quality standards in EU member states for various pollutants and highlights guidelines

concerning monitoring, reduction and management of ambient air quality levels (EPA, 2016).

The CAFE Directive was an addition to European Commission 6th Environment Action
Programme of the Thematic Strategy about air pollution, the Directive on Ambient Air
Quality and Cleaner Air for Europe and Impact Assessment (EEA, 2019) (Ask About Ireland,
n.d.). Thematic Strategy on air pollution was set to reduce the number of pre-mature deaths

from air pollution related disease by 40% by 2020 (Ask About Ireland, n.d.).

The CAFE Directive was published in May 2008 and it replaces the Framework Directive and

the first, second and third Daughter Directives (EPA, 2019). The fourth Daughter Directive
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(2004/107/EC) will be introduced in CAFE at a later stage (EPA, 2019). The four Daughter

Directives describe the limits for specific pollutants:

e 1%t Daughter Directive: Sulphur dioxide, nitrogen dioxide and oxides of
nitrogen, particulate matter and lead

o 2" Daughter Directive: Carbon monoxide and benzene

o 3 Daughter Directive: Ozone

e 4% Daughter Directive: Polyaromatic hydrocarbons, arsenic, nickel,

cadmium and mercury in ambient air (EPA, 2019).

The CAFE Directive was incorporated into the Irish legislation Air Quality Standards
Regulations 2011 (S.I. No. 180 of 2011), which replaced Air Quality Standards Regulations
2002 (S.I. No. 271 of 2002), the Ozone in Ambient Air Regulations 2004 (S.l. No. 53 of 2004)
and S.I. No. 33 of 1999 (EPA, 2019).

The Directive requires EPA to monitor and set national standards for ambient air quality for

air pollutants (EPA, 2016).

Table 1.1. shows the limit and target values for CAFE Directive (2008/50/EC) which are
outlined below (EPA, 2019).:

Pollutant Limit Value | Averaging Limit Limit Basis of Application | Limit Value

Objective Period Value Value of the Limit Value | Attainment
ug/m3 | ppb Date

SO2 Protection |1 hour 350 132 Not to be exceeded |1 Jan 2005
of human more than 24 times
health in a calendar year

S02 Protection |24 hours 125 47 Not to be exceeded |1 Jan 2005
of human more than 3 times
health in a calendar year

S02 Protection |calendar 20 7.5 Annual mean 19 July 2001
of year
vegetation
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S0O2 Protection 10ctto31 |20 7.5 Winter mean 19 July 2001
of Mar
vegetation
NO2 Protection |1 hour 200 105 Not to be exceeded |1 Jan 2010
of human more than 18 times
health in a calendar year
NO2 Protection |calendar 40 21 Annual mean 1Jan 2010
of human year
health
NO + NO 2 |Protection |calendar 30 16 Annual mean 19 July 2001
of year
ecosystems
PM10 Protection |24 hours 50 Not to be exceeded |1 Jan 2005
of human more than 35 times
health in a calendar year
PM10 Protection |calendar 40 Annual mean 1 Jan 2005
of human year
health
PM2.5 - Protection |calendar 25 Annual mean 1Jan 2015
Stage 1 of human year
health
PM2.5 - Protection |calendar 20 Annual mean 1Jan 2020
Stage 2 of human year
health
Lead Protection |calendar 0.5 Annual mean 1 Jan 2005
of human year
health
Carbon Protection 8 hours 10,000 8620 Not to be exceeded |1 Jan 2005
Monoxide |of human
health
Benzene Protection | calendar 5 15 Annual mean 1Jan 2010
of human year
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health

The EU 7t Environmental Action Programme’s aims is to ensure by 2020 that the outdoor air
quality limits in EU are significantly improved and the limits and are like those proposed by the

WHO (EPA, 2016).

1.10.3. World Health Organisation (WHO)

The WHO developed air quality guidelines for specific air pollutants in order to inform the
policy makers and set suitable air quality targets based on the latest health information,
which can be applicable worldwide (EPA, 2016). Since 2012, EPA has reported exceedances
in particulate matter and ozone and called for the WHO to endorse stricter guidelines on PM

and ozone.

Currently, the WHO stresses the importance of the link between PM and adverse health
effects in humans. In 2013, the WHOQO'’s International Agency for Research on Cancer (IARC)
completed a research that proves that outdoor air pollution is carcinogenic to human
health, with PM being of most concern due to associated increased cancer incidence such

as lung cancer (WHO, 2018).

The WHO 2005 guideline aims to achieve the lowest possible PM concentration as PM
impacts health at very low concentrations (WHO, 2018). As a result of the recent
publication on PM health effects on humans, the WHO is set to review their guidelines and

new WHO guidelines are expected to be released in 2020 (WHO, 2018).

Table 1.2. outlines the current WHO 2005 guidelines for PM2.s and PMjg are outlined
below (WHO, 2006):

PMs 5 1 year 10
24 h (95th percentile) 25

PMqg 1 year 20

&3]
=]

24 h (99th percentile)
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1.10.4. European Environment Agency (EEA)

The European Environment Agency (EEA) is the European Union's air pollution data centre
and it enforces utilization of EU legislation for ambient air pollution (EEA, 2017). The EEA
additionally assists the evaluation of EU air pollution policies as well as strategies for long-

term air quality improvement in Europe (EEA, 2017).

The EEA’s work consists of:
¢ Publicizing different available air pollution data
e Assessing and documenting the available air pollution trends and
associated policies and standards in Europe
¢ Investigating air pollution changes and policies in different areas,

such as climate change, energy and transport (EEA, 2017).

In the recent EEA’s report, “Air quality in Europe — 2019 report”, it was noted that are large part
of Europe was affected by continuously growing PM concentrations, exceeding EU limit values and
the WHO Air Quality Guidelines (AQG's): “For PM with a diameter of 10 um or less (PM10),
concentrations above the EU daily limit value were registered at 22 % of the reporting stations (646
out of 2 886) in 17 of the 28 EU Member States (EU 28) and in six other reporting countries. For
PM2.5, concentrations above the annual limit value were registered at 7 % of the reporting stations
(98 out of 1 396) in seven Member States and three other reporting countries. The long-term WHO
AQG for PM10 was exceeded at 51 % of the stations (1 497 out of 2 927) and in all of the reporting
countries, except Estonia, Finland and Ireland. The long-term WHO AQG for PM2.5 was exceeded
at 69 % of the stations (958) located in all of the reporting countries, except Estonia, Finland

and Norway (EEA, 2019)".

The EEA has also taken part in planning a project for national and local measures of air pollution,
and together with European Commission, arranged local authorities to meet and understand the
policy implementation (EEA, 2019). 10 out of 12 cities took part in this project, including Dublin
(Ireland) (EEA, 2019). The cities were involved in the project, mainly due to the implementation of
the EU policies, as a result improved their air management such as measuring methods and

monitoring and understanding of the air pollution sources and adverse health effects it may pose
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to humans (EEA, 2019).

1.10.5. Air Pollution Act 1987

Under Air Pollution Act 1987, local authorities are obliged to: “may organise and conduct
research, surveys or investigations into the nature and extent, the cause and effect, and the
prevention or limitation, of air pollution and may establish and maintain educational
programmes relating to such matters and may publish, or cause to be published, any
information derived from any such research, surveys, investigations or educational

programmes” (Government of Ireland, 1987).

Other roles and functions of the local authorities under Air Pollution Act 1987 are described
below:

¢ Monitoring of emissions or the ambient air in the area

¢ Assessing compliance with the relevant legislation

¢ Dealing with complaints regarding air pollution

¢ Licensing certain categories of industry which produce emissions

¢ Enforcing the ban on the marketing, distribution sale and burning of certain fuel
(such as bituminous coal)

e Supporting or assisting anyone engaged in any research, survey or investigation
into the nature and extent, the cause and effect and the prevention or limitation
of ambient air pollution

¢ Enforcement of the Act. The local authorities have the power to enforce penalties
for anyone found in breach with the Act in their area and may face a fine and/or
imprisonment. Local authority may recommend a solution or issue a warning
regarding air pollution, which if ignored, the case may proceed to High Court

(Citizens Information, 2016) (Government of Ireland, 1987).

The owners of industrial plants must obtain an air pollution licence from local authority or the EPA
to operate certain production that will produce emissions (Ask About Ireland, n.d.).

1.10.5.1. Smokey Coal Ban

Fossil fuel burning such as coal contributes greatly to air pollution (Ask About Ireland, n.d.).
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In 1990, the then Minister for Health Mary Harney introduced a ban on smoky coal under
the Air Pollution Act 1987 within Dublin city and the Dublin region (Finn, 2019). Due to
extensive use of bituminous (smoky) coal, “Winter Smog” was a growing issue in urban areas
during that time posing serious adverse health effects to public (Ask About Ireland, n.d.).

As a result of Smoky Coal Ban, marketing, sale and distribution of bituminous coal was
prohibited in Dublin area and substantial improvement on smoke and sulphur dioxide (SO2)
levels. In Dublin alone, approximately 8’000 deaths have been prevented since the ban back
inthe 1990 (DCCAE, 2019). The Ban was eventually expanded to other areas in Ireland under

various amendments to the 1998 Regulations (Ask About Ireland, n.d.).

Burning smoky coal and other prohibited fuels is banned and applies in all Low Smoke
Zones (LSZs) in order to complement the ban on marketing, selling and distribution of these
fuels in Low Smoke Zones (LSZ’s) (DCCAE, 2019). Therefore, this means that smoky coal
bought elsewhere cannot be burned in LSZ’s (DCCAE, 2019). More specifically, the ban took

effect in the following areas:

e Dublin from 1990

e Cork from 1995

e Arklow, Drogheda, Dundalk, Limerick and Wexford from 1998

¢ Celbridge, Galway, Leixlip, Naas and Waterford from 2000

e Bray, Kilkenny, Sligo and Tralee from 2003

e Athlone, Arklow, Clonmel and Ennis from 2011

¢ Greystones, Letterkenny, Mullingar, Navan, Newbridge, Portlaoise and Wicklow

Town from 2013

Maynooth from 2015 (Ask About Ireland, n.d.).

Factors and Effect Influencing Pedestrian Route Choice

Walking remains one of the most popular mode of travel. There are many factors influencing

public to use a pedestrianised route such as availability, quality and connectivity of infrastructure

(Martin, 2006). It is important to understand the reason why the public chooses to commute on foot

rather than deciding on preferable transport mode.
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The more available pedestrian routes are available, the more likely the public is influenced to
choose walking as preferable means of transport. However, the safety of the pathways plays a crucial
role in this decision as well. For instance, some of the pedestrianised footpaths in Dublin City Centre
are too narrow for the number of people in Dublin and are too close to the road. The dominance of
the vehicles in Dublin is recognized throughout the space ratio given to the pedestrianised footpaths
versus road provided for the vehicles. The ratio is around 1:3 for the pedestrianised footpaths,
providing more space for transport and private vehicles to get by. The numbers of people in Dublin
City Centre are increasing daily due to the incoming tourists from abroad, therefore, the footpaths
are generally avoided due to the congestion and time delay it may cause getting through. Although,
the choice may be also influenced by the fact that it does not cost anything and additionally, does

not pollute the environment, which in return increases overall human health.

Quality of the footpaths may encourage people to walk instead of using motorized modes of
transport. The cleanliness, which the presence of litter, dirt, spills, available rubbish bins and the
condition of the pavement are important factors. Poor maintenance of public structures such as bus
stops, rubbish bins and their absence, damaged pavements may detract persons from walking

(Hodgson, 2004).

Connectivity of infrastructure is also an important factor influencing people to consider walking.
Good planning and network of the city providing good connections and access to services (e.g.
shops, work, education institutions etc.) and facilities (e.g. footpaths, crossing, traffic lights etc.).
Some people may consider the shortest and straightest path to reach their point, however, this may
not be possible due to the city’s infrastructure and the person may consider other means of
transport or calculate another possible route, however, this may also depend on the type of person

(Hodgson, 2004).

Safety aspects may also play an important part when it comes to choosing a mode of

transport.

An article by Sharma (2019) explained that there is a relationship between gender and travel
behaviour, which could serve as a factor determining the mode choice. According to the article,

women are more inclined to take trips or consider taking transport modes that are perceived as
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unsafe, which is often influenced by seeing or overhearing something unpleasant and dangerous
that might restrain women from taking certain modes of transport. Calje (1992) demonstrated that
personal experience of a certain activity (e. g. commuting by bus, ferry) affected the level of
uncertainty of perceived risk, e.g. made the risk seem lower/higher. A study by Lindberg (2000)
supports the Sharma’s explanation as the study explains that women were reported to have more
frequent feelings of unsafety compared to men due to the various factors such as lighting, time of
day, absence of personnel and travelling alone. The feeling of unsafety was related more to walking
than other means of transportation in this study. Additionally, Atkins (1988) showed that women
are more likely to worry and feel unsafe due to the fear of being attacked or harassed at night
compared with daytime. A study by Dewi (2010), however, shows different results. The study
explained that male students are more likely to consider safety, comfort and convenience as first
influencing factors, whereas female students were inclined to consider transport mode based on

transport frequency and variation.

Age and disability can also be important factors for people choosing a transport mode.

1.12. Impact of Transport Mode on Exposure to Pollution in Urban Areas

There is an issue concerning transport mode air pollution in urban areas. Larger cities notably
encounter struggle to attain set air quality limits in their region to protect human and

environmental health.

The concentrations of air pollutants generated by road transportation may represent a major
public health issue (Apparicio, 2018). According to Apparicio (2018), motorists and public
transit commuters have higher levels of exposure to air pollution than cyclists and pedestrians,

but because of higher levels of ventilation, cyclists and pedestrians may inhale more pollutants.

A study by Schneidemesser (2019), found that total exposure to air pollution is often
disproportionately affected by the relatively short amount of time spent commuting or in the

proximity of traffic.

Exposure to poor air quality by people using various transport modes was investigated by
Cepeda (2016) who found that car commuters were more exposed to air pollution than active
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commuters (71%; in 30 of 42 comparisons ), followed by commuters who travelled by bus (52%;

in 57 of 109), and then by motorcycle (50%; in 16 of 32).

Buses, coaches, private cars, light-rail trains and trains are the major transportation types in
Dublin. Walking is a universal and common form of transport, followed by cycling. The
preferred transport mode is by walking-bus or bus-Luas travel. Direct exposure to airborne
particles can vary, depending on the traffic intensity, transport type, vehicle type and age and

driving behaviour in the traffic microenvironment (Stakeeva, 2013).
A study by Moreno (2015) found that subway particles are coarser (mode 90 nm) than in

buses or trams (<70 nm), and concentrations of fine particulate matter (PM2.5) are lower in

the tram when compared to both bus and subway.
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Chapter 2:
Methodology




2.1. Aims

The main aims of this project are to estimate The PM s (fine particulate) and PMo s (ultrafine
particulate) exposure of students and general public between three TU Dublin campuses in Dublin

City Centre, focusing on the traffic populated and pedestrian streets.

2.2. Objectives

A number of sub objectives were identified to achieve the above aim:

¢ To identify using Google Maps the two pedestrian routes between each of fastest and safest
route(s) to walk from Cathal Brugha City Centre Campus and Kevin street and Cathal Brugha
City Centre Campus to Grangegorman Campus. Routes are chosen based on proximity to
heavily trafficked street. The routes were selected carefully: one clean (pedestrianised) street
and one polluted (traffic induced/mixed transport) street.

¢ Toinvestigate the PM exposure along each of the routes using a Portable Particulate Monitor
— Dylos DC1700.

+ Toreview and compare data against the existing national policies and regulations that control
the particulate matter emissions to be addressed and recommend improvements and
practices to minimize the exposure of PM from the results obtained in this study (such as
CAFE Directive, the WHO, EPA etc.)

¢ Toinvestigate the public’s perception on air quality. The main aim of the survey is to establish
public knowledge on air pollution and adverse health effects it poses as well as investigate
the selection of the transport the public favours and the reasons behind their transport

preferences.

2.3. Preparation before Fieldwork

* Two different routes to access the areas from the starting point A (Cathal Brugha Street TU
Dublin City Centre Campus) were identified and assessed prior to starting to collect data. The

following streets were selected:
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. Cathal Brugha street to Kevin street — Pedestrianized route (as shown

in Figure 2.1.(a)):

Cathal Brugha Street — O’Connell Street Upper — O’Connell Street Lower —
O’Connell Bridge — Westmoreland Street — College Green — Grafton Street —

King Street South — St Stephen’s Green — Cuffe Street — Kevin Street Lower

e Cathal Brugha street to Kevin street — Mixed route (as shown in

Figure 2.1. (b)):

Cathal Brugha Street — Upper O’Connell Street —» Lower O’Connell Street —
O’Connell Bridge = Westmoreland Street — College Green — Dame Street —

South Great George’s Street — Aungier Street - Redmond’s Hill = Kevin Street

Lower
GPS Session Paused GPS Session Paused
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Figure 2.1: Cathal Brugha Street to Kevin Street City campus - Pedestrianized route (a) and more heavily trafficked route (b)
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e Cathal Brugha street — Grangegorman — Pedestrianized route (as

shown in Figure 2.2. (a)):

Cathal Brugha Street — O’Connell Street Upper — Henry Street — Mary Street
— Jervis Street Upper — Abbey Street Upper — Chancery Street — Church
Street - Hammond Lane — Smithfield = Red Cow Lane — Brunswick Street

North — Grangegorman Lower

e Cathal Brugha street — Grangegorman — Mixed street (as shown in

Figure 2.2. (b)):

Cathal Brugha Street — O’Connell Street Upper — Parnell Street — King Inn’s

Street — North King Street — George’s Lane — Grangegorman Lower
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Figure 2.2: Cathal Brugha Street to Grangegorman campus - Pedestrianized route (a) and more heavily trafficked route (b)

» Different traffic prone streets/routes were analysed via various online websites, such as
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Google Maps and Traffic Infrastructure Ireland. Pedestrianized streets were also included to
contrast the results collected for the traffic populated streets. The streets were tested before
starting the research work to ensure the streets are safe (e.g. inspecting anti-social behaviour
issues etc.) and suit the desired research requirement

e An appropriate app for tracking walked routes and time were researched. The selected app
is Pacer, which works as a pedometer and step counter as shown in Figure 2.3. It allows the

user to track distances walked on a GPS map.

Be Active Track Your Steps Record Your Activities
December 12 (='¢ ° : o Swepm °
Coloies  Active Time K [ 7omn |
‘1]? 'l] 56m 8 32 Average Total
8,064 63,451

12619 a
«=» I y
.zl’ l.l” I Ll .l.l‘. 4.57w
10451  56:29 12447 468

% W ¥. L s

Figure 2.3: Pacer App functions displayed (Hindy, 2019).

¢ Times during the day when the data were to be collected were identified — the busiest times
of the day were noted to be morning and evening rush hours. It was decided to select one
pedestrianized route and one mixed (traffic induced and pedestrianized) route to assess
Kevin street and Grangegorman from Cathal Brugha street.

¢ The Dylos DC1700 air quality monitor was attained, in order to measure PM3s and PMos

counts during each walking route as shown in Figure 2.4 and Figure 2.5.
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e A USB COM port and a 9-serial pin cable were also attained from TU Dublin Technicians to
allow for data transfer between Dylos monitor and PC

e Dylos logger software version 1.6 was installed on a PC

e Together with the TU Dublin Technicians, Dylos logger software version 1.6 was tested by
transferring the test data already collected to see if the cable and the logger is working

appropriately.

2.4. Procedure of Fieldwork — Sampling

e It was important to test if the monitor is fully charger prior to commencing data collection
by checking the monitor. This was achieved by turning the meter on and checking the battery
life. The meter was charged once to twice a daily to ensure the battery life is full and no data
is lost

¢ [f this is a new test, clear history. Press the “Mode” button located in the middle until “clear
history?” is displayed, then press “Select” located on the right side to clear previous data.

e Cathal Brugha street campus is reached to start data collection, either during the morning
(from 6 am to 7-8 am) or evening time (from around 4 pm to 5-6pm).

e Weather report is checked before starting each walking route — especially taken noting
temperature and humidity.

e Pacer app is set on the mobile phone to investigate the actual time needed to walk to the
desired location. Map of the walked distance is displayed on the app. If any previous data is
present on the app, it is required to reset the data.

e The Dylos monitor was placed at approximately face height, filter facing the face/front, away
from the face. This is to ensure that the data collected would mimic the breathing in of the
PM outdoors.

e Turn the Dylos DC1700 monitor by pressing the power button located on the furthest left
side of the meter.

e The date and time were set on the meter.

e “Mode” button was clicked until “date time mode” is shown. “Select” button was clicked to
change time.

¢ Select a mode on Dylos meter by pressing “Mode” button and select “Continuous Mode”,

which records data every minute.
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The Dylos monitor is turned on first (2 seconds) before the Pacer app is. This is because it
takes approximately 2-3 seconds for the monitor to turn on.

The Pacer app is turned on after 2-3 seconds and the data is collected by assessing the
desired, planned routes.

Initially the Dylos monitor was left on working for the remainder of time needed to walk to
the required points (B-Kevin street and C-Grangegorman), which highly depended on the
traffic exposed on the day and the time of the day as well the selected street distance to walk
to the end point (usually between 20-30 mins).

The Dylos monitor and the Pacer app was turned off at the same time once the end
destination has been reached to ensure the accuracy of the data.

The campuses which were assessed that day were recorded on the monitoring schedule
created (as seen in Table 2.1) specifically to keep track on the data collected for accurate
results— date, time of the day (morning or evening), route (route 1 or route 2) walked, and

campus/street which was monitored for PM were all recorded.

42



Table 2.1. below shows a monitoring schedule - recorded days which were walked: the street, the time

of the day (morning or evening (and the route (route 1 or route 2)) assessed were all the
information considered.

Monitoring Schedule

Morning Evening Campus assessed (walked to)

Cathal Brugha | Cathal Brugha st -
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2.5. Procedure for Transferring Particle Count Data to Dylos Logger Software

e A 9-serial pin was plugged into the Dylos monitor and into the PC via a USB COM port.

¢ The Dylos monitor was turned on.

¢ The Dylos logger software was opened on the PC.

e Select the available COM Port with the “Port” selection.

e Use the folder symbol next to the drop-down box below the “Stop After” box to select a file
in which the data will be transferred (desktop, documents etc.)

* Below this select “particles per”, then select “cubic foot/100 in order to graph the data
correctly

e “Download history” was then selected to download the data from the meter to the left of
the “Port” selection.

¢ When the data has been downloaded, “Create Log” was selected. Now the data is saved, it
can be imported into Microsoft Excel and the logger can now be closed.

¢ The data was later transferred onto another Microsoft Excel file and placed accordingly to
the date and time data was collected for accuracy.

* The instrument used measured "Small particle counts" and "large particle counts". "Small
particle count" refers to the number of particles 0.5um or greater in .01 cubic foot of air. The
"large particle count" refers to the number of particles 2.5um or greater in 0.01 cubic foot.
In conjunction with relative humidity measurements these readings were converted into

PM:.5 concentrations (the concentration of particles less than 2.5um in diameter).

¢ Additional Microsoft Excel file was created to add results of the weather, temperature and
humidity of the day and time the data was collected. This information will be graphed against
the overall PM; s concentration results throughout the whole collection period (day and time
of the day). The fine and large particle count will be used to estimate the PM;s prior to

graphing the results.

2.6. Comparing the Data Attained from DCC against the Data Obtained During PM; s Collection

Air Quality and Noise Control Unit in Dublin City Council is responsible for air quality monitoring,

enforcement of air and noise legislation, carrying research and providing expertise in relation to air
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and noise quality. The data collected by Air Quality and Noise Control Unit is sent to the EPA before

the collective report on findings is published.

Principal Environmental Health Officer (PEHO) in DCC was contacted via email. The idea of
the project was proposed to the PEHO in DCC to review the project and agree upon the
distribution of the results collected by the air quality specialists in DCC.

The data was agreed to be shared via email and | was advised to also access the results of
the air quality in Dublin City published by EPA.

The data from DCC was requested only for the dates the research on the PM was done in
Dublin City Centre

The results were compared against the DCC collected results to validate the results collected
from the Dylos monitor. The street used to compare the results was St John’s Road located

on the west side of the Dublin City Centre.
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Figure 2.6: Map showing the monitored routes and the distance between the routes and monitors. The TU Dublin Campuses are
marked in red and the two closest monitors are highlighted in different colours: Green — Winetavern street, Wood Quay and Yellow —
St John’s Road.

2.7. Gathering public information regarding the air quality and transport in Dublin City Centre via

online survey

Survey was completed using Survey Monkey website. The survey has 18 questions in total
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relating to air quality and transport in Dublin City Centre. The survey is comprised of a total
of 30 questions and is completely anonymous — no names, IP addresses etc are seen or
registered. The survey design consists of multiple choice questions (allowing the respondent
to answer only one question from a list of choices), checkboxes (allowing the respondent to
select all the choices that apply to them), and an interactive slider (which allows the
respondents to drag an item or question by dragging an interactive slider). The survey is also
accompanied by a brief introduction regarding the overall purpose of the study.

The survey was piloted prior gathering information with academic supervisors, friends,
family members to establish the quality of the survey and gather opinions and advice.

An agreement was set with TU Dublin and El Travel Group to share the survey among all the
student and staff members.

Survey was shared via social media (Facebook and LinkedIn), shared via email with TU Dublin
students and staff members and shared among tourism company El Travel Group staff
members via HR app - BambooHR.

All the data collected from the survey was analysed in great detailed and recorded in the
graphs using Microsoft Excel.

The results gathered on Microsoft Excel were generated into graphs.

Results were later used to analyse further public choices in the project and to understand
what is more popular: walking or choosing public transport, and to understand if public is
aware of the air quality exposure as well as if they are happy with the current Dublin City

transport/pedestrianized areas.

Limitations

Due to resources constraints, it was not always possible to access Dublin City centre at the

same time of the day to carry this research. Therefore, the times of the research sometimes varied.

Also, the times selected for the research were not perfectly recorded due to the public transport not

running early in the morning (6am) on the weekends to carry the study. This caused issues to record

and produce accurate results.

The PM meter is not weatherproofed and therefore was difficult to carry the research during

the days when there was rainfall.
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Occasionally, the Pacer app refused to work or stop working mid experiment. Therefore, the

time was simply recorded on the mobile phone using stopwatch as a backup.

The streets that were assessed during this study do not have fixed monitoring stations
(operated by EPA or DCC). Therefore, only one street (St John’s Road) was used to compare the

overall readings.
DCC does not measure PMo s and therefore, there was no possibility to compare the collected

data against another source. However, the health impacts of these fine particles mean that it is likely

routine monitoring will take place in the future.
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Chapter 3:
Results




This chapter contains the results obtained from the course of this study for fine PM
concentration will be showed and explained briefly. The collected fine and ultrafine particle count
can be found in Appendix B and the conversion of particle count to PM concentration can be found
in Appendix C. Study examined the distributions of each routes, pedestrianized and mixed, from
Cathal Brugha Street to Kevin Street TU Dublin campus and Cathal Brugha Street to Grangegorman
TU Dublin campus. Temperature, humidity, fine and ultrafine particulate matter data was recorded
while assessing the routes. The results were collected over 7 months (May, June, July, August,
September, November and December) from total of 51 days assessing the various routes. The routes
were assessed during morning (from 7 am — 9 am) and evening rush hours (from 4pm to 6 pm),
which are the busiest times for public and private transport in Dublin City Centre. The average
estimated walk by a pedestrianized street was estimated to be around 30-35 minutes, whereas a

mixed route was approximately 20-30 minutes.

Pedestrianized routes were exposed to light traffic from modes of transport, e.g. LUAS,
private vehicles, however, with little exposure to heavy traffic. The streets were segregated from
main roads by large buildings, e.g. apartments, cafes, restaurants, shops etc, and pedestrian friendly

streets.

Mixed routes were exposed to moderate to heavy traffic from varying modes of transport,
e.g. buses, coaches, LUAS, private vehicles. The streets allowed for pedestrian crossing and had
pedestrian footpaths. Most of the streets comprised of narrow pedestrian footpaths, which made it
difficult to use especially due to increased numbers of people outdoors during morning and evening
rush hours. The assessed streets were mainly enclosed with large buildings and structures, such as

apartments, monuments, shops, cafes and restaurants.

The presented graphs show PM; s concentration levels (ug/m3), set to a maximum scale of
60 (ug/m3) (vertical axis) and measurements that show for each day/month (horizontal axis) that
were assessed during pedestrianized and mixed route PM level data collection from Cathal Brugha
Street to Kevin Street TU Dublin campus and from Cathal Brugha Street to Grangegorman TU Dublin

campus separately.

The results show that there were sudden fluctuations in fine PM concentration levels (as
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seen in graphs), however, overall results show that PM concentration levels are safe for pedestrians

walking through the assessed streets.
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Figure 3.1. Graph showing Cathal Brugha Street to Kevin Street (mixed and pedestrianized) walked routes in the morning —
comparison. The dates on the x-axis show every 7t day and y-axis represents the PM, s concentration pg/m3.
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Figure 3.2. Graph showing Cathal Brugha Street to Kevin Street (mixed and pedestrianized) walked routes in the evening —
comparison. The dates on the x-axis show every 7th day and y-axis represents the PM, s concentration pg/m3.
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3.1. Average fine particle concentration (<PMa.s ug/m?3) of Cathal Brugha Street — Kevin Street -

Morning

As per results obtained from the study of pedestrianized and mixed routes from Cathal
Brugha street to Kevin street in the morning time, it was identified that the main sources of air
pollution are attained from various transport mode emissions. Walking time for both routes was

quite similar, the pedestrianised street only being 2-5 minutes longer than mixed route.

3.1.1. Pedestrianised Route

The pedestrianized route proved to have lower PM emissions compared to data collected
from mixed route. The reason for lower emissions is the lower exposure to traffic. The main
contributing factors for elevated PM concentration included construction activities, road works and

cigarette smoking, which was very evident on pedestrianized streets.

Dates of highest PM concentration were seen on:
e 17" May-13.27 pg/m?3
o 25% August —36.51 pg/m?

o 19t September —48.15 ug/m?
e 3 November—11.58 pg/m3

e 27" November —10.72 pg/m3

No data was collected on:
e 20 Jyly
e 11t July
e 23" September

3.1.2. Mixed Route

Mixed route proved to have higher PM emission levels compared to pedestrianized routes.
The contributing factors to elevated PM data included traffic, road works, industrial activity and

construction activity.
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Dates of highest PM concentration were seen on:
e 15" May-11.97 pg/m?3
e 25% August —39.68 pg/m?
o 10% September —20.51 pg/m?
e 19" September —31.28 ug/m3
e 3 November —

e 27" November —24.18 ug/m?3
o 8™ December—44.58 ug/m?

No data was collected on:
o 2™ July
o 11t July
o 23" September

e 11t November

Average fine particle concentration (pug/m?3) of Cathal Brugha Street — Kevin Street campus
(morning) was 7.17 pg/m?3 for pedestrianised route and 9.13 pg/m?3 for mixed route. The figures

indicate that mixed route have a greater exposure to fine PM by 1.96 pg/m3.

Both pedestrianized and mixed routes showed very low levels of PM during weekends. The

following dates were assessed to collect PM data:

Table 3.1: Cathal Brugha Street to Kevin Street - Pedestrianized Route - Morning

Date: Day of the week: Fine PM concentration (ug/m3):
19/05/2019 Sunday 4.22

11/08/2019 Sunday 1.51

25/08/2019 Sunday 36.51

10/11/2019 Sunday 1.07

07/12/2019 Saturday 1.31
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08/12/2019

Sunday

6.30

Table 3.2: Cathal Brugha Street to Kevin Street- Mixed Route - Morning

Date: Day of the week: Fine PM concentration (ug/m3):
19/05/2019 Sunday 3.82

11/08/2019 Sunday 1.52

25/08/2019 Sunday 39.68

10/11/2019 Sunday 1.49

07/12/2019 Saturday 1.30

08/12/2019 Sunday 44.58

Pedestrianised route on 19" May had a greater PM concentration levels compared

to mixed route PM levels.

25™ August PM levels were extremely high (39.68 pg/m3— mixed route; 36.51 pg/m3-

pedestrianised route). The PM levels were greater than the daily recommended

value by EPA (20 pg/m3).

3 November also seen elevated PM levels, especially for the mixed route (15.89

ug/md).

Mixed route, on 8™ December, had an extremely high fine PM concentration levels —

44.58 pug/m3. It is higher, compared to pedestrianised route, by 38.28 ug/m?3.
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3.2. Average fine particle concentration (<PM..s ug/m?3) of Cathal Brugha Street — Kevin Street -

Evening

As per results obtained from the study of pedestrianized and mixed routes from Cathal
Brugha street to Kevin street in the evening time, it was identified that the averages for PM
concentration (pug/m3) om evening time were much lower compared to morning averages:
pedestrianised route: 3.51 pg/m?3, mixed route — 5.16 pg/m3. The figures show that mixed route has
higher exposure to fine PM by 1.65 pg/m?3. Main sources of air pollution are consistently from

different transport modes and construction activity.

3.2.1. Pedestrianised Route

Pedestrianized route proved to have lower PM emissions than mixed route. The primary
reason for lower concentration levels is the lower exposure to traffic and the main contributing
factors for increased PM concentration contained construction activities and cigarette smoking from

pedestrians.

Dates of highest PM concentration were seen on:

e 3" November —

No data was collected on:
o 18% August
o 25™ August
o 26™ August
e 3™ September
e 12t September
e 20t September

e 14% November
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3.2.2. Mixed Route

Mixed route proved to have higher PM emission levels compared to pedestrianized routes.

The contributing factors to elevated PM data included traffic, road works, industrial activity and

construction activity.

Dates of highest PM concentration were seen on:

e 18th August —13.67 ug/m3
e 19th September — 11.77 pg/m3
e 23rd September — 11.65 pg/m?

¢ 3rd November —

No data was collected on:

e 25th August

26th August

3rd September
12th September
20th September

Both pedestrianized and mixed routes showed very low levels of PM during weekends. The

following dates were assessed to collect PM data:

Table 3.3: Cathal Brugha Street to Kevin Street - Pedestrianized Route - Evening

Date: Day of the week: Fine PM concentration (ug/m3):
19/05/2019 Sunday 5.59

11/08/2019 Sunday 4.92

25/08/2019 Sunday NO DATA COLLECTED
10/11/2019 Sunday 5.77

07/12/2019 Saturday 2.32

08/12/2019 Sunday 6.30

56



Table 3.4: Cathal Brugha Street to Kevin Street - Mixed Route - Morning

Date: Day of the week: Fine PM concentration (ug/m3):
19/05/2019 Sunday 6.63

11/08/2019 Sunday 5.21

25/08/2019 Sunday NO DATA COLLECTED
10/11/2019 Sunday 4.25

07/12/2019 Saturday 2.96

08/12/2019 Sunday 4.78

The most prominent difference in PM concentration is seen between morning and

evening totals on date on 8™ December for mixed route. The total PM concentration

was 44.58 pug/m3in the morning, whereas in the evening it dropped to 4.78 pg/m3,

by a total of 39.8 ug/m?3.
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Cathal Brugha Street to Grangegorman - Mixed and Pedestrianized
Route- Morning
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Figure 3.3. Graph showing Cathal Brugha Street to Grangegorman (mixed and pedestrianized) walked routes in the morning —
comparison. The dates on the x-axis show every 7th day and y-axis represents the PM, s concentration ug/m3.

Cathal Brugha Street to Grangegorman - Mixed and
Pedestrianized Route- Evening
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Figure 3.4. Graph showing Cathal Brugha Street to Grangegorman (mixed and pedestrianized) walked routes in the evening —
comparison. The dates on the x-axis show every 7th day and y-axis represents the PM; s concentration ug/m3.



3.3. Average fine particle concentration (<PM2s pug/m3) of Cathal Brugha Street — Grangegorman

Campus - Morning

3.3.1. Pedestrianized Route

The time to walk down to Grangegorman from Cathal Brugha Street campus was longer than
the walk to Kevin Street from Cathal Brugha Street, however, the PM concentration levels are quite
similar. This shows that pedestrians are exposed less to PM if they chose to walk this route. However,
the time to walk this route is longer compared to Mixed route. The main contributing factors to PM

concentration were the road works, construction activity and occasional cigarette smoke.

Dates of highest PM concentration were seen on:
o 28" May - 14.86 pg/m?3
e 21t August — 15.98 pg/m3
o 17" September —14.17 pg/m3
o 5% November —10.48 pg/m?3

Data was collected on all scheduled dates.

3.3.2. Mixed Route

Mixed route PM concentration levels were proven to be higher than the PM levels compared
to pedestrianized route. Main contributing factors to the PM concentration was traffic and road
works. The PM count was slightly elevated close to Grangegorman campus due to on-going

construction.

Dates of highest PM concentration were seen on:
e 26™ May-11.06 pg/m?3
e 21% August —30.62 ug/m?
o 17t September —
e 4% November —

e 5% December—

59



No data was collected on:
o 15tJuly
o 24™ August

From the collected figures, it is evident that PM concentration levels are much higher when
assessing mixed route compared to pedestrianized route during rush hours. The average for mixed
route is 6.33 pg/m?3, whereas pedestrianized route is 4.74 pg/m?3. This indicates that the average PM

is higher on mixed routes by 1.59 ug/m?3.

Both pedestrianized and mixed routes showed very low levels of PM during weekends. The

following dates were assessed to collect PM data:

Table 3.5: Cathal Brugha Street to Grangegorman - Pedestrianized Route - Morning

Date: Day of the week: Fine PM concentration (pg/m3):
26/05/2019 Sunday 0.01

01/06/2019 Saturday 3.83

24/08/2019 Saturday 2.03

15/09/2019 Sunday 1.21

01/12/2019 Sunday 1.01

Table 3.6: Cathal Brugha Street to Grangegorman - Mixed Route - Morning

Date: Day of the week: Fine PM concentration (ug/m3):
26/05/2019 Sunday 0.03

01/06/2019 Saturday 6.16

24/08/2019 Saturday NO DATA COLLECTED
15/09/2019 Sunday 1.49

01/12/2019 Sunday 1.11
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3.4. Average fine particle concentration (<PM2s ug/m3) of Cathal Brugha Street — Grangegorman

Campus - Evening

3.4.1. Pedestrianised Route

The time to walk down to Grangegorman from Cathal Brugha Street campus, the PM
concentration levels were seen to be lower than those in the morning rush hours. It is primarily
suspected to be the case of temperature and humidity factors, which are expected to be elevated
during evening time compared to morning time and increased PM dispersion in the air. Again, this

shows that pedestrians are exposed to less PM if they chose to walk this route.

Dates of highest PM concentration were seen on:

e 15" November — 14.99 ug/m3
e 18%" November —20.53 ug/m?

e 26™ November —

No data was collected on:

215 August

24t August

2"d September

17t September

3.4.2. Mixed Route

Mixed route PM concentration levels were proven to be higher than the PM levels compared
to pedestrianized route during evening rush hours. Main contributing factors to the PM

concentration was traffic and road works.

Dates of highest PM concentration were seen on:
o 26™June-11.77 pg/m3
o 27™ August — 14.02 pg/m?3
o 28% August—10.27 ug/m3
e 15™ November —12.99 ug/m?3
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e 18" November —27.80 pug/m?3
e 26™ November —

e 4t December -

No data was collected on:
e 21°t August
o 24% August
o 2" September

o 17™ September

PM concentration levels are much higher when assessing mixed route compared to
pedestrianized route during rush hours. The average for mixed route is 6.82 pg/m3, whereas

pedestrianized route is 4.71 pug/m?3. Average PM is higher on mixed routes by 2.11 pug/m?3.

Both pedestrianized and mixed routes showed low levels of PM during weekends. The PM
levels were higher during weekend evenings than it was during weekday mornings, the numbers
increase on mixed route greatly compared to pedestrianized route. The following dates were

assessed to collect PM data:

Table 3.7: Cathal Brugha Street to Grangegorman - Pedestrianized Route - Evening

Date: Day of the week: Fine PM concentration (pug/m?3):
26/05/2019 Sunday 0.03

01/06/2019 Saturday 5.33

24/08/2019 Saturday NO DATA COLLECTED
15/09/2019 Sunday 0.98

01/12/2019 Sunday 1.52
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Table 3.8: Cathal Brugha Street to Grangegorman - Mixed route - Evening

Date: Day of the week: Fine PM concentration (pug/m?3):
26/05/2019 Sunday 0.04

01/06/2019 Saturday 8.38

24/08/2019 Saturday NO DATA COLLECTED
15/09/2019 Sunday 1.06

01/12/2019 Sunday 4.16
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3.5. Dublin City Council Findings
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Figure 3.5: Dublin City Council Measurements for PM2.5 - St John's Road
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The results obtained from Dublin City Council for monitored St. John’s Road. Looking at the figure
3.5t is evident that the results of PM2 s are below the recommended EU limit value — 20 pg/m3.
The exception is the 15t of December, where values, as seen in Figure 3.5, are reaching 23 ug/m3
which is above the EU limit value. Only the days that were assessed during the research were
observed in more detail and were transferred into the graph (workings can be found in Appendix -
Table H.1). Estimated average for the assessed days of the study for Dublin City Council readings -
6.1 ug/m3.
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3.6. Survey Results

e Q1

Which answer describes you?

m Female = Male Other = Prefer not to answer

Figure 3.6.: Q1 — Survey results show the percentages of different gender taking part in this study
This graph indicates that more respondents were females (53%) than males (44%). 2% of the
respondents preferred not to answer to which gender they belong. No respondents selected “Other”

as their answer. This question gathered a total of 90 responses.

e Q2

The majority of the respondents were aged 18-24 (30%), second to aged 45-54 (22%) and third
to 25-34 (21%). The least responses were gathered from ages 65+ (3%) and 55-64 (4%). This could
be the case indicating that the younger and middle-aged adults are more frequent on social media.

This question gathered a total of 90 responses (Graph can be found in Appendices G).

e Q3

From this question, it was gathered that nearly 70% of respondents work or study in Dublin City
Centre, while the remaining 24% does not. 2% of the respondents preferred not to state their

answer, whereas 4% of respondents had other answers, which included: “I live in Dublin City Centre”,
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“Park West”, “Driver” and “l work around Ireland, 2 days per week in Dublin”. The answers to “Other”

state that people either work around Dublin or they live in the City Centre but do not work there.

Although, the question may have been misunderstood. This question gathered a total of 90

responses.
e Q4
Approximately, how long does it take you
to commute from home to place of
work/educational institution?
40.00%
35.00%
T 30.00%
E’ 25.00%
2  20.00%
?-,- 15.00%
& 10.00%
soo, — [ .
0.00% 10 minut 10-20 20-30 30-40 20 minut
<10 minutes minutes minutes minutes >a0 minutes
M Responses 7.78% 10.00% 18.89% 27.78% 35.56%
Time (min)

Figure 3.7.: Q4 - Survey results show the percentages of responded time taking to commute from home to place of work/educational

institution. The graph indicates that most respondents have to commute >40 minutes to place of work/educational institution.

This graph shows that many of the respondents need to travel to work/educational institution

for over 40 minutes (36%), second to 30-40 minutes (28%) and third to 20-30 minutes (19%). Very

few respondents need to travel for less than 20 minutes (18%). This question gathered a total of 90

responses.
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How often do you visit Dublin City Centre
(per week)?
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00% - - I -
A few About A few Less than
. . Once a
Everyday | timesa once a times a once a N/A
month
week week month month
B Responses| 48.89% 28.89% 6.67% 5.56% 2.22% 6.67% 1.11%

Figure 3.8.: Q5 — Survey results show how frequently the participants visit Dublin City Centre per week. It is evident that most of the
respondents visit Dublin City Centre daily (49%).

This graph shows that almost every responded needs to travel to Dublin City Centre on a
regular basis. Nearly half of the responders (49%) need to travel to Dublin City Centre daily and a
third of the respondents — a few times a week (29%). The remainder of the respondents visit Dublin
City Centre, but not as regularly and it may not be work/educationally related (e.g. recreational
activities on weekends). And to travel, respondents mostly commute. As per Fig. most of the
respondents choose Dublin Bus as their means of transportation (58%), second to private vehicle
(31%). Light rail (Luas) (23%) and Commuter/DART (21%) both resulted in similar selection
percentage. Even less prefer the cleaner options of cycling (8%) and walking (20%). Very few

respondents travel on coaches (10%). This question gathered a total of 90 responses.
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What means of transport do you use to travel
to Dublin City Centre? Tick all that apply

70.00%
60.00%
50.00% -
40.00% -
30.00% -
20.00% - M Responses
10.00% - .
0.00% Light rail | C oth
- ight rail| Commu . er
Dubl Privat . .
YOI coach | tram ter/DAR rivate Bicycle | Walking | (please
Bus vehicle -
(Luas) T specify)
M Responses| 57.78% | 10.00% | 23.33% | 21.11% | 31.11% | 7.78% | 20.00% | 3.33%

Figure 3.9.: Q6 — Survey results show what means of travel the participants use to travel to Dublin City Centre. Dublin Bus (58%) and
private vehicle (31%) are the most popular answers.

From the answers of this question, it is evident that the respondents most popular means
of transportation is Dublin Bus (58%), followed by private vehicle (31%) and light rail (Luas) (23%).

The least popular means of transport is Cycling (8%), whilst the “Other” answers included:

o Q7

The following question (Q7) asked the respondents to answer how much money they
approximately spend on public transport to travel to Dublin City Centre (per week). From the graph,
it was evident that majority of the respondents pay over €20 on public transport per week (40%),
second to €10-20 (19%). Very few respondents pay less than €5 to travel to Dublin City Centre per
week (10%) and this could be due to their close living proximity to Dublin City Centre. However, 17%
chose to answer “N/A” which could indicate that the respondents who selected this answer do not
need to spend any money in order to travel to Dublin City Centre. This question gathered a total of

90 responses.
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e Q8

Majority of the respondents felt that they are neither satisfied nor dissatisfied with travelling on
public transport (32%), whereas 29% of the respondents felts they are dissatisfied and 7% were very
dissatisfied. 24% were quite satisfied with public transport and 6% were very satisfied. This question

gathered a total of 90 responses.

The next series of questions were medical/health related. Because it was a different topic, the
guestions were separated onto a different page. This was done for survey to give a more structured
appearance as well as save any data that may not have been previously answered. However, as a
result, less responses were gathered. The reason for this was probably due to the extensive
guestions and the progress bar which shows a total of 5 separate pages, which more than likely put

off the respondents from answering the following questions.

e Q9

Do you currently suffer from any medical/health
related issues that make it difficult to use public
transportation?

1.27% 2.53%

‘!

mYes ®No = Prefernottoanswer

Figure 3.10: Q9 — Survey results show if any of the participants currently suffer from any medical/health related issues that make it
difficult to use public transportation. It is evident that most of the respondents do not have any medical/health related issues
preventing them from using public transportation (96%).

The graph was created from the responses gathered from 79 people. 11 people skipped the
question. Majority of the respondents (96%) do not suffer from any medical/health related issues
that make it difficult to use public transport. However, 3% of respondents do suffer from

medical/health related issues.
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e Ql0

When asked if the public has experienced any medical/health related issues in the past which
may have prevented from accessing public transportation, predominant answer was “No” (96%),
however, 4% of respondents have suffered in the past (e.g. broken leg, respiratory issues etc). None

of the respondents selected “Prefer not to answer”.

e Q11

This question was created with the hopes of understanding the numbers of people who suffer
from respiratory issues versus those who do not. 86% of respondents said they do not suffer from
respiratory issues, whereas 14% of respondents do. This is a great indication that there are people
who may be more sensitive to air pollutants in Dublin City Centre than those who do not have any

respiratory complications.

The following questions were related to air quality and were created to understand if the public
is aware current air quality in Dublin City Centre and to see if they are mindful regarding the possible
complications air pollution may cause. As the questions were related to a different topic, the
guestions were again separated onto a different page. As a result, 79 respondents answered the

guestions and 11 decided to skip the following questions.

e Q12

There is a clear evidence that many of the respondents believe there is an issue with air quality
in Dublin City Centre (68%). 27% of respondents do not think there is anything wrong with air quality

in Dublin City Centre.

e Q13

The respondents answered differently for Q13. A total of 84% of respondents believe increased

action should be taken to minimize air pollution in Dublin and 10% disagree with this proposal.
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e Ql4

70% of respondents think that private vehicle access into Dublin City Centre should be
minimized. The following 22% of respondents disagree, which could indicate that the respondents
who disagree may or may not be using private vehicles to get to the City Centre or may simply not
see an issue with current traffic in Dublin City Centre. 8% of respondents preferred not to answer

this question.

e Q15

The exact number of respondents (22%) as per previous question, believe that more streets in
Dublin City Centre should be pedestrianized. This could be the same respondents who disagreed
with the minimizing access to private vehicles. But a greater number of respondents (77%) think that
more streets should be pedestrianized. This is a very clear indication that majority of the public

wants less exposure to vehicles and more pedestrian-friendly streets.

e Ql6

Many respondents agree that air quality in Dublin City Centre poses a risk to our health. It is a
similar question to Q12, however, reworded and made into a statement. Very few disagree (5%) and
strongly disagree (1%), whereas majority of the respondents (35%) strongly agree and agree (28%)
with this statement. Many respondents selected “Neither agree nor disagree as their answer, which

could be simply indicating uncertainty to the possible issue with air quality in Dublin City Centre.

e Q17

Many respondents (71%) think that there should be additional safety measures applied to
pedestrian footpaths exposed to traffic in Dublin City Centre to protect pedestrians from air
pollution. This is a similar question to Q13, Q14 and Q15 but interpreted differently. The only way
the streets really could be safe to pedestrians from air pollution related to traffic is if the streets
were pedestrianized and private vehicle numbers were lowered in Dublin City Centre or safer fuels
considered for public transport and private vehicles. The answers for these questions vary. 20% think

that no safety measures are needed to be implemented for pedestrian safety and 9% preferred not
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to answer this question.

e (18

From a collective 79 responses, it was established that a total of 6 was achieved from this
guestion on how the public is satisfied with the pedestrianized walking space in Dublin City Centre
(from 1 to 10). The average number speaks that the public is quite satisfied with the pedestrianized
street structure in Dublin City Centre. However, the number does vary greatly to different questions
such as Q15 when asked if more streets should be pedestrianized or Q17 where respondents agreed

for more safety measures for pedestrians against air quality are needed.

The further questions will be focused to understand if the public has the knowledge about
air quality and air pollution sources and consequences. As the questions were sectioned onto a
different page, a lower total respondent number was seen — 73 respondents and 17 skipped the

questions.

e QIl9

From the responses gathered, it is clear that the public does not consider air quality when using
various modes of transport (41%). “A moderate amount” was selected by 32% of respondents which
indicates that the public is looking into alternatives to prevent air pollution but the number for very
concerned is quite low (5% - “a great deal” and 3% for “a lot”). Nonetheless, the numbers indicate
that the public is somewhat thinking about the air quality and considering other means of transport

to reduce air pollution.

e Q20

Most of the respondents agree with this statement and understand that human activities
contribute to poor air quality (59% - strongly agree and 33% - agree). This estimates a total of 92%

of respondents agreeing with this statement. Only 3% of respondents disagree with this statement.
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e Q21

Broader questions were asked regarding the possible air pollution sources In Dublin. Many of the
respondents think that the main contributors to poor air quality in Dublin is the modes of transport
(88%), followed by factories and industries (71%) and construction activities (68%). Very little
selected natural causes (23%) and mining operations (25%) and agricultural activities (34%), which

in theory these three options do contribute to air pollution, but not so relevant in Dublin.

e Q22

This question was very comprehensive and asked the general public to answer which of the
following questions they believe is the cause of air pollution. This question did not focus on a
specified area, instead asked for a general opinion. From this question, it was gathered that majority
of the respondents believe that the major result from air pollution is increased indoor/outdoor air
pollution (75%), temperature increase (73%), increased smog and soot (67%), depletion of ozone
layer (60%) and increased adverse health effects (60%). Very little respondents think increased
epidemics (34%), increased pest infestation (37%) and impacts on agricultural industry have little

impact from air pollution.

e Q23

The respondents have a great understanding of the main contributors to air pollution. The most
popular selections included petrol car (85%), diesel car (84%), bus (82%), coach (79%) and train
(63%). The question may have been clearer and asked the public to select the modes of transport
which they believe contribute to air pollution instead of influence air quality as the burning fuels
may contribute to adverse air pollution whereas cleaner transport options such as walking or cycling
may also influence air quality and reduce air pollution, this may explain why some selected “walking”

or “cycling” as their answer.

e Q24

This question was very straightforward and asked the public to tick all the times of the day

which they believe are the worst for air pollution. Many selected morning (75%) and evening (86%)
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times, which could be due to the personal experience of getting in and out of Dublin City Centre.

25% of the respondents also believe that afternoon time (2-4pm) is also poor for air pollution.

The following series of questions focused on climate change and understanding whether the
public understand the cause and effects it. The question was included in the survey to see if the
public may see the difference as well as similarities between climate change and air pollution (being
the contributor to climate change). As a result of segregating these questions into a new page, the
total respondent number dropped by 1, making it a total of 72 respondents and 18 skipping the

questions.

e Q25

"Air pollutants contribute to climate change". Do
you agree with this statement?

6.94%

m Strongly agree w Agree = Neither agree nor disagree = Disagree = Strongly disagree

Figure 3.11: Q25 — Survey results show if the respondents agree with the statement — “Air pollutants contribute to climate change”.
Most of the respondents agree with this statement (75%).

Interestingly, no one disagrees with this statement. Small number of respondents (7%)
selected “Neither agree nor disagree”, whereas a total of 93% of respondents agree with this
statement (75% - strongly agree and 18% agree). This indicates that the public is air pollution acting

as a contributor to climate change.
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e Q26

This question has the same questions as per Q22, however, focuses on the impacts from climate
change to humans, animals and the environment. Majority of the respondents selected all the
answers apart from increased epidemics (39%). The top selections included temperature increase
(87%), increased wildfires (77%), sea-level rise (75%), snow and ice melting (72%), increased
droughts (70%) and increased storms and rainfall (70%). The selection of the top answers can be
highly related to the recent news worldwide regarding the recent catastrophic events related to

climate change (more details about this in “Discussion” section).

o Q27
Which of the following modes of transport
influence climate change?Tick all that apply
100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00% I
10.00% -
oo
Light
Walkin Cydling Diesel | Petrol |Electric | Hybrid DART rail Train Bus Coach
g car car car car tram
(Luas)
H Responses | 11.11% | 12.50% | 88.89% | 90.28% | 25.00% | 52.78% | 41.67% | 33.33% | 76.39% | 88.89% | 84.72%

Figure 3.12: Q27 - Survey results show the respondent answers to which mode of transportation, in their opinion, influence climate
change. The most popular results are petrol car (90%), diesel car (89%), bus (89%), coach (85%) and train (76%).

The questions asked to be answered by respondents are the same as in Q23 but instead of
asking about air quality, the questions are focusing on climate change. The answers vary very little
from Q23, many respondents believe that the main contributors to climate change are the petrol car
(90%), diesel car (89%), bus (89%), coach (85%) and train (77%). Walking (11%) and cycling (13%),

however, were selected the least.
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The following questions aim to understand if the public believes the mitigation of air
pollution in Dublin City Centre could be beneficial or instead, a waste of resources. This is the last
section (5) and asked the public to answer 3 last questions. Total number of respondents to these

guestions was 71, whereas 19 decided to skip these questions.

e Q28

Many of the respondents (63%) believe that mitigation of ambient air pollution is expensive and

the following 31% are not sure if it is expensive or not. 7% of respondents do not think it costly issue.

e Q29

80% of the respondents think that mitigating air pollution may be economically beneficial and
15% of respondents are unsure about this. The remaining 4% of respondents do not think that

incorporating air pollution mitigation measures may be economically profitable.

e Q30

Do you agree with the following
statement: "Radical measures’ are
needed to combat air pollution™?

70.00%

60.00%

50.00%
40.00%

30.00%

20.00%

10.00% -
0.00%

strongly agree Agree Ne \th(?r agree Disagree Sj[rongly
nor disagree disagree
m Responses 61.97% 26.76% 9.86% 0.00% 1.41%

Figure 3.13: Q30 — Survey results show if the participants agree or disagree with the statement — “Radical measures’ are needed to
combat air pollution”. Most of the participants strongly agree (62%) with this statement.

The last question of this survey asks a very straightforward question, do they agree with the
given statement. A total of 89% of all the respondents agree with the statement, of which 62%

strongly agree with it. 10% of the respondents are unsure about the statement or do not have a
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definite opinion, whereas 1% of the respondents strongly disagree with the statement. No one
p

selected “disagree” option as their answer.

More details on the survey results can be found in Appendices G.
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Chapter 4:
Discussion




In this chapter, results will be discussed in greater detail, and recommendations for future
research will be highlighted. The purpose of this study was to monitor the PM; s (Fine) and PMos
(UFP) levels using Dylos DC1700 air quality monitor in Dublin City Centre assessing the
pedestrianised and traffic induced streets, which students may use to reach Kevin Street and
Grangegorman TU Dublin campuses from Cathal Brugha Street in order to attend classes. As a result,
this investigation can be applied to the general public as the main purpose of this study is to compare
the gathered data for fine and ultrafine particulate matter against the set guidance levels of the
WHO and EPA for these particulates and establish whether the outdoor air pollution is of concern to
human health. In this section, the results of the survey gathered using Survey Monkey will be also
explained in more detail concentrating on the aspect whether the general public is aware of the air
quality health and environmental impacts. Unfortunately, there is little to no data regarding the
recommended daily values for ultrafine particulate matter. Therefore, it was not possible to base the

results against the average recommended values.

The results which were compared against DCC PM_ s collected data, will be discussed in
detail. The main purpose of doing this is to see if the obtained data from this investigation is not only
compliant with the EPA recommended daily value limits for PM; s, but also to see if there is varying
data from a nearby area in Dublin City Centre, which DCC monitors, matches the figures or differs.
By doing so, it is easier to understand whether Dublin city centre poses greater risk for pedestrians
with exposure to PM or on the contrary, does not. Also, this may serve as an aid to recommend
additional measures in order to reduce PM exposure and investigate any issues that were
experienced in this study regarding collected data. The data provided by DCC is provisional data and

will be subjected to full data analysis in 2020 before release to the EU Commission.
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4.1. Results gathered from Dylos DC1700

The results were gathered throughout randomly selected times of the month in 2019. This
was done to capture various particulate matter concentrations at varying temperatures and
humidity levels. The following days of the year 2019 were assessed (providing a total of number of

days the data was gathered each month):

May— 15t 17th, 19t 26 and 28t = total of 5 days

e June—1%, 19t 20t 215t and 26™ = total of 5 days

o July-—1%,2n, 3 10t and 11t = total of 5 days

e August—11t, 18t 215t 24th 25th 26th 27t and 28t = total of 8 days

e September—2nd, 3, 10t 11t 12t 15t 17t 19t 20t™ and 23™ = total of 10 days

e November—3rd 4th gth 7th 1gth 11th 14th 15t 18th 26t 27th and 29t = total of 12
days

e December — 1%, 4th 5t gth 7th and 8t = total of 6 days

Total of days walked while collecting data totals to 51 days. No data was collected for October.

It was estimated that it takes approximately 30-35 minutes to collect data from
pedestrianized street (one way), whereas mixed route took around 20-30 minutes. It was quicker to
walk via mixed route as pedestrianized routes were taking slight detours to avoid traffic induced

streets.

The instrument used measured "Small particle counts" and "large particle counts". "Small
particle count" refers to the number of particles 0.5um or greater in .01 cubic foot of air. The "large
particle count" refers to the number of particles 2.5um or greater in 0.01 cubic foot. In conjunction
with relative humidity measurements these readings were converted into PM2.5 concentrations (the

concentration of particles less than 2.5um in diameter).

In this study, fine particulate matter levels were higher in cold days than in warm days,
suggests that PM levels increase with temperature decrease and increased solid fuel heating serves
as PM emission source during colder days. Keatinge (1997) and Nayha (2002) showed that there is a

higher occurrence of cardiovascular diseases and increased mortality rates during colder months
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compared to warmer months. Fang (2017) showed that PM; s levels were higher in colder days than
in warm days and proved that mortality was increased during colder, winter months. A study by Sario
(2013), explained in more detail why the mortality and disease transmission rates due to cold
weather and air pollution, related to PM, are higher compared with warmer weather: “Breathing
cold air causes the cooling of nasal and bronchial mucosa, seriously impairing ciliary motility and
consequently reducing the immune system's resistance to respiratory infections. Exposure to cold air
may also increase the number of granulocytes and macrophages in the lower airways in healthy
subjects and induce bronchoconstriction, suggesting that cold exposure could be involved in the
pathogenesis of the asthma-like condition. Part of the increase in respiratory outcomes during cold
periods may also be attributed to cross-infections from increased indoor crowding during winter”.
Therefore, humans are naturally more susceptible to diseases related to poor air quality during cold

days.

From the results obtained from the Dylos DC1700 air quality monitor, it is evident that mixed
route fine particular matter concentration levels in the morning were much higher compared to
evening levels. The reason for increased PM could be the increased inversion rates, which is the
quick ground cooling during the night, that lifts heat directly from the air above it (Sutherland, 2019).
Therefore by morning, it results in warmer air being higher up, atop of cooler air near the ground,
trapping the PM particles near the ground and it is evident that meteorological factors also play a
role in PM increase as the most intense inversions occur in the winter, due to the longer nights and

colder ground (Sutherland, 2019).

The concentration levels were seen especially elevated during colder, drier periods of
November and December. The reason for elevated figures could indicate the increased demand for
municipal solid fuel burning (heating) in Dublin City Centre once temperatures drop below 5°C. The
temperatures were seen to vary in the morning times in December between 6°C to 11°C and
November mornings experienced temperatures between 2°C to 9°C. The temperature decreased

more closely to December. During the times of investigating pm concentration in Dublin City Centre.

Unusual elevation of PM was seen at the end of August when PM; s concentration levels
reached 39.58 pug/m3 during the 30 min walk to Kevin street campus from Cathal Brugha Street using

mixed route. The levels of concentration are way above the recommended maximum daily value for
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PMy s established by the European Commission under Directive 2008/50/EC, which is 20 pg/m? for
PM:.s. The main reason for this high figure could be the increased humidity factors that contributed
to poor scarcity of PM3s in the atmosphere. The main sources of the PM; 5 was traffic emissions,
road works, industrial activity and construction activity observed in the city. September month also
seen elevated figures (20.51 pg/m3 on 10" September and 31.28 pg/m3 on 19t September) which
could also relate to humidity and the same sources. Generally, the PM concentrations levels are
expected to be higher during morning hours due to the inversion when calm or light wind will
increase poor air quality by repressing the mixing of air in the atmosphere, while keeping the air

dormant on the surface due to the warm layer of air between the layers of cooler air (Garcia, 2019).

Aerosols and water vapour could also elevate the PM; s results mixing in the atmosphere to
create PM; s, escaping these premises. Volatile organic compounds (VOCs) could also contribute to
the total PM3s concentration, which could result from odours, gas industries and traffic emissions

(Bari, 2015).

4.2. Humidity and Temperature

From gathering fine and ultrafine particulate matter, it is established that particulate matter
concentration is much higher during the days when humidity is high (between 75% — 100%). The
temperature as well as time of the day showed to be an additional factor to the total particulate

matter concentration.

Overall, it was observed that the particulate matter levels were greater on milder day and
higher humidity weather than in extreme weather (e.g. high winds, rainfall). This may indicate that
people will not be exposed to high PM levels due to the tendency of staying indoors during extreme
weather conditions. However, this does not demonstrate lower vehicular activity during extreme
weathers. It was observed that more people prefer to take public or private vehicle during extreme
weather conditions than in moderate weather. Particulate matter emission would increase in the
atmosphere in this case, however, the particles will disperse in the air instead of concentrating in
one area in high winds or plummet to the surface of the roads/ground during heavy rainfall which
will correspond to lower PM levels. According to the study by Xin Fang (2017) published in PLOS One
scientific journal, it states that people tend to spend more time outdoor on pleasant days, which

may subsequently lead to greater likelihood of exposure and larger dose of fine and ultrafine
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particular matter.

According to Vanos (2014) and Vaneckova (2008), it was reported that change in weather
conditions altered the strength of pollutant during summertime, which as a result increased
mortality rate. The findings of the study of Vanos (2014) expressed that on hot and days showed the
highest daily mortality rates associated with particular matter emissions, however, it was quite

different in this study.

Evening/afternoon concentrations were much lower compared to morning concentrations.
The reason for increased fine PM concentration may due to the meteorological conditions such as
the built—up of particles under atmospheric inversion conditions which exist in the morning. This can
result in higher concentrations compared with evening/afternoon concentrations.
(Srimuruganandam, 2010; Nagendra, 2018). Most of the collected values were not breaching the
maximum recommended value for PM2s proposed by the European Commission (EC) (20 pg/m?3)
and were broadly similar at all locations in the morning times and evening times respectively. This is
a good sign, indicating that even though the increased traffic during the morning and evening rush
hour may pose increased fine particulate matter levels, overall the figures show that it is not of
immediate concern and the exposure to such levels may be of concern if an individual was exposed
to these levels over prolonged amount of time on a continuous basis. This is not, however, a good
indication that air pollution does not exist in Dublin City Centre as the data was not collected
throughout the full 12-month period and on a 24-hour basis to see the varying and concise data. It
is expected that the concentration levels of PM would increase during drier winter period due to the

factors such as increased combustion processes from heating and traffic emissions.

The temperature varied greatly with the location and season as well as day to night. The
temperature variations and its influence on PM was observed during late spring, summer, early and
late autumn and start of winter. Previous study done by Jayamurugan (2013) investigated influence
of temperature and relative humidity and seasonal variability on ambient air quality in a coastal
urban area in India, proved that atmospheric temperatures near the earth’s surface were increased
and this enhanced mixing and its height for PM. The study concluded that PM levels will always be
higher during temperature increase. However, the report published by Air Quality Expert Group
(2012), investigated the relation between weather/temperature relation with PM, s, explained that

PM.s levels were higher during winter due to increased heating processes than during summer.
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Therefore, the location greatly impacts the different PM exposures.

The concentrations were declining in summertime (May, June) and increased in mid-late
August at random intervals. The concentrations then remained similar throughout September and
November with elevated concentrations particularly during the temperature drop in early
November. This pattern suggests that greater emissions of contributing factors to fine PM
concentrations, reducing the overall dispersion. The decrease in fine PM during summer could
suggest the decrease of volatile organic compound emissions contributing to PM from heating

sources (municipal solid fuel combustion).

The data was collected walked from campus to campus, therefore, wind could have altered
(increased) the total collected PM count. It is unknown from this study if PM levels are higher for
individuals concentrating at a certain place, e.g. waiting at the bus stop. Scientific guess would be
that static continuous figures would present higher figures as the desired location for monitoring
would focus of the location would not alter showing accurate results and fluctuation of the results

would be identified easier.

It is established that PM exposures for pedestrians are higher on high-traffic (mixed) (6.88
ng/m?3) routes than on low-traffic routes (5.03 pg/m?3) due to less exposure to traffic. Additionally,
similar studies have found that the health benefits of walking and cycling can increase individual’s

health, hence, should be encouraged.

This being said, In the study done in Dublin City by Nyhan (2013), suggested that exercise
(e.g. walking, cycling) while commuting has an influence on inhaled PM and PM long deposited
dose which in return may affect cardiovascular and respiratory complications, including morbidity
and mortality. This may be true for individuals who frequently use high-traffic induced routes and
are near various motorised transport on continuous basis, as the levels from this study proved that
throughout short walks of 20-30 min using high traffic routes would not be of major concern

instantaneously, however, further researched on this topic could of benefit.4.3. Wind and Rainfall

4.3. Wind and Rainfall

Atmospheric wind speed and wind direction could have greatly affected PM levels too. As
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the wind speed and direction varies from place to place, from morning to afternoon, the levels of

PM, it potentially increases the average PM.

Wind can often be partially responsible for temporal deviation in particulate matter
concentrations. As per study by Guerra (2006), it is established that PM concentrations are usually
higher during the days with calm, fluctuating winds from the south, than the north winds. The strong

winds were predominantly recognized during rainfall, which decreased the number of PM.

The rainfall coincided with the PM concentration levels. This explains the low levels during
the busiest times of the day-morning and evening rush hours while assessing PM exposure to
pedestrians via traffic induced streets. Furthermore, increase of humidity and rainfall established
low PM. The reason for this is the increased dispersion of particulate matter in the atmosphere,
showing lower levels of PM compared to non-rainy days due to the failure of dispersion in the air.
This is true for the months of August and September when rainfall was observed to be the heaviest,
which corresponds to the PM levels positively. The driest month was May, June and July, which
showed average numbers of PM. September and November saw rainfall, however, the months were
relatively dry and cold. However, the morning figures were higher for humidity than those in the
evening. In the morning, the humidity is expected to be higher as the relative humidity is usually
highest around sunrise when the overnight low temperature is frequently close to the dew point

(Skilling, 2014).

Although it is expected that PM levels would be elevated during summertime due to higher
temperature in ambient air and lower due to winter. The previous study done by Gamo (1994)
showed that the mixing height is low during winter due to lower temperature (sensible heat flux)
and higher during warm season due to higher surface heat flux. Additionally, Gamo (1994) stated
that heating of the earth surface from the sun encourages thermal turbulence in summer resulting

in higher particulate matter numbers.

This was observed only in late August and mid-July when the PM levels were erratically high
across high-traffic route morning walks compared to other days during these months. The reason,
as confirmed by the previous studies, was the dry and hot weather with absent rainfall and lower

humidity levels.
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Zhang (2018), confirmed that fine PM concentrations decreased when wind speed increased
(nearly 60 and 15% when the wind speed was up to 6 m/s), which indicated negative impact on PM
concentration under stronger winds. The same study also confirmed that dispersion of PM; 5 was

increased under rainfall.

4.4. Weekdays vs weekend PM exposure to pedestrians

As per results, it is evident that the PM levels dropped greatly during weekends compared to
weekdays (Monday to Friday) due to decreased overall public transport. Public transport is
decreased as weekends are the time when most of the population is not in work or attending an
educational institution thus the public transport has also a decreased frequency of the transport
times and operating hours. However, during this time it was observed that private vehicle numbers
have increased, which could be due to decreased. The streets assessed have a few restrictions for
private vehicles in Dublin City Centre (e.g. College Green/Westmoreland street), therefore, this is
another contributing factor for low PM levels during weekends. PM levels during weekend mornings
in high-traffic routes were seen very low compared to weekday rush hour mornings. The
pedestrianised streets showed similar PM levels during weekday and weekends time, however, the
results were slightly lower during weekends due to low operational activities from the surrounding

businesses, construction and road work around the routes.

Weekdays PM levels proved to be much higher than weekend levels due to increased traffic.

4.5. Health Effects

Because fine particles are small and light in nature, they tend to stay longer in the
atmosphere than larger particles (>PM1g). As a result, individuals and animals exposed to fine
particles have a greater chance of inhaling these particles. These particles can penetrate deeper into
our lungs and some may also reach the circulatory system, which as a result may cause heart or
respiratory diseases and complications, and in some cases even death (BlissAir, n.d.). Fine particles
have known to worsen the existing chronic diseases such as asthma, bronchitis, heart attack or even
increase chances of premature death in people with present heart and respiratory issues (EPA,

2017).
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According to a study published by American Medical Association, long-term exposure to
PM2.s may influence deposit build up in arteries (Atherosclerosis) in any part of our bodies (e.g. heart,
brain, legs, arms, kidneys etc.) leading to vascular inflammation and artery hardening which as a
result may lead to heart attack and stroke (BlissAir, n.d.; NHLBI, 2019). Additionally, this study
estimated that for every 10 micrograms per cubic meter (ug/m3) increase, there is a 4-8% possibility

of increase mortality due to cardiopulmonary and lung cancer (BlissAir, n.d.).

According to the research published by American Medical Association:
“Exposure to PM <25 um in diameter (PM,.s) over a few hours to weeks can trigger cardiovascular
disease-related mortality and nonfatal events; longer-term exposure (e.g, a few years) increases the
risk for cardiovascular mortality to an even greater extent than exposures over a few days and
reduces life expectancy within more highly exposed segments of the population by several months

to a few years.” (Brook, 2010)

However, it is established that the current PM concentration levels are not of concern now.
The average was higher on high-traffic (mixed) (6.88 ug/m3) routes than on low-traffic routes (5.03
ug/m3), but it does not exceed the recommended daily value limits by EU Commission (20 pug/m3).
These values could be threatening to human health if the person was exposed to these values over

a long period of time.

4.6. Comparing Results with Dublin City Council Findings

The figures provided by Air Quality Monitoring and Noise Quality Unit in Dublin City Council
are much lower compared to the figures that were gathered throughout this study (as seen in Figure
3.10) The exception is 1%t of December, when the PM3 s levels reached 23 pg/m3, however this value
does not correspond to the value gathered from the study on the same day — 1.11 pg/m? in the
morning and 4.16 pg/m?3 was observed in the evening. Apart from this value, other values seem to
be much lower than the collected values throughout the study, indicating elevated PM3s levels in
the City Centre. The possible reason for this is that the study was carried out accessing various
streets where traffic pollution is of higher concentration compared to where the meter from DCC is
currently located -St John’s Road. This is the only monitor closest to the study’s PM monitoring

routes which monitors PMa2s. The monitor that would have been even closer — Winetavern Street,
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Wood Quay, however, it only monitors PM1o. The street where DCC monitor is currently located was
assessed on spare time to see its location and a few things were noted:
e The meter was located on the street that allows various transport — private vehicles,
buses, coaches and trains.
e Heavy traffic was not observed to be as congested as in the Dublin City Centre.
e Wider roads allow larger and easier transport flow. Dublin City Centre roads are quite

narrow, therefore resulting in heavy traffic

Therefore, the routes chosen to walk for this study are quite different to the street where
DCC monitors its PM3 s concentration levels. However, this does serve to understand that private
vehicles contribute greatly in addition to the buses, coaches and other means of transport, to the
overall air pollution in Dublin. As per results obtained from DCC, the PMas concentration levels,
similarly to this study, do not pose great and immediate concern to public health, however, and with

a steady annually increase in private vehicles this could change soon.

4.7. Comparing Results Against Air Quality Index for Health Tool

The AQIH provides information about poor air quality and gives health related advice in the case

of poor air quality to better manage your health.

EPA uses automatic air quality monitors to measure how much pollutants there currently is

in the environment (ug/m3) per hour.

As per results obtained from this research, it is evident that majority of the readings fall into

Good air quality index 1 (0-11 (pug/m3)).

As per identified air quality results for PMas in Dublin falls primarily into good air quality
region, there are no further precautionary measures applied to public in Dublin as per air quality
index table above. However in the cases of days such as 25" August (39.68 pg/m?3) when the PM fell
into the air quality category, the public is cautioned that adults and children with respiratory and
cardiovascular issues with experiencing symptoms should consider reducing strenuous work which

include physical activities, especially while outdoors. However, the overall population may enjoy the
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usual activities.

This study showed that the overall PM average values are safe for pedestrians. However,

this could change. Every year, Dublin experiences more private vehicles as well as an increased

population. With these increased, it is becoming a serious concern for air quality.

4.8. Survey Structure

Based on the evidence gathered from the survey, public prefers the streets in Dublin City

Centre to be safer, and have better functionality supports such as sidewalks. Study setting was

primarily urban, populated area. Participants in this survey was public aged 18+. Different ages may

have different opinions on the transport mode selection behaviour and knowledge on air quality and

climate change than the younger adult populations, on which this study aims to find more diverse

opinions. The survey is mainly comprised of multiple-choice and single-choice questions, and one

guestion has a slider bar where a participant can drag a bar to indicate their preference level from

1-10.

The survey described as “Air Quality in Dublin City Centre” was comprised of a total of 31

guestions. The survey was specifically split into 5 categories:

General profile information (gender, age group, living location, travel time, transport
preference and approximate cost of travel)

Health/medical - questions in this section were carefully constructed to ask the
respondent whether they have any medical/health issues at the moment or had any
in the past that made it difficult to access nodes of transport, whether the responded
is satisfied or dissatisfied with available public transport in Dublin City Centre

Air quality - the questions in this section were asking the responded to answer a
series of questions anticipating understanding whether the public is aware of the
general knowledge of air quality (e.g. sources, results of air pollution etc). The
guestions were constructed this way to gather data about public perception on air
quality and air pollution.

Climate change — the questions asked the public to answer a series of opinion
guestions related to climate change (e.g. sources, results of climate change etc). The
guestions were created this way to see if the public understands what climate change
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is and whether it is of concern.

e Mitigation — the questions (3) in this section were targeting the mitigation of the air
pollution, asking the respondents opinion whether mitigation of air pollution would
be beneficial, or it would not make a difference monetarily. The last question of this
survey in this section asks the respondent to answer the question whether they

believe a radical change needs to be implemented in order to combat air pollution.

The survey was specifically split into 5 categories to make it easier to respondent to answer
the questions, give the survey a structured appearance by sectioning into topic related questions,
and to save the questions in case the respondent decided to leave the survey at any time. If the
respondent decided to leave at any given time during the survey completion, and if the questions
were not sectioned, it would increase a chance of the previous answers not being saved which would

have resulted in lost data.

4.8.1. Details on Survey Findings

Majority of the respondents were female second to male. A minority of the respondents
answered to “Other”. Most of the respondents were aged 18-24, which is the popular age group to
attend college/university and the perfect age group for this study aiming for university students.
Second most popular age group was 45-54 (22%) and third was 25-34 (21%). The least responses
were gathered from ages 65+ (3%) and 55-64 (4%). This could be the case indicating that the younger
and middle-aged adults are more frequent on social media and may have not been aware of the
survey invitation as a result. This provided a better insight for the assessor to understand the young
adult’s preference on modes of transport, knowledge on air quality and climate change and concerns

for health and environment.

Overall, the results gave a great insight that the general public believes that there is an air
quality issue in Dublin City Centre that needs an immediate action for mitigation. There is great
understanding of the air quality and climate change as per results, however, it is evident that this
particular subject is not often thought of considering reducing the ambient air pollution when
selecting the means of transport to get to the City Centre. It is understandable that most of
participants live >40 mins away from the city centre which creates a difficult obstacle to consider air

quality due to limited transport options. Many respondents, therefore, choose a bus as a means of
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transport which is more flexible in Ireland and may reach various locations or prefer to use a private
vehicle. The distance matters when it comes to monetary expenses, therefore most of the
participants must spend over €20 to get to their desired location in Dublin City Centre. Many of the
correspondents believe that as a mitigation option, pedestrianizing the streets and creating safer
environment for pedestrians in Dublin City Centre would be a great option to reduce air pollution,
however, majority believe that it would be a great expense for Dublin, but would be monetarily

beneficial long term.

Survey findings imply that it may be possible to encourage the public to choose a cleaner
transport mode such as walking or cycling providing there is a greater choice for high quality,
pedestrianized streets and safety for pedestrians, instead of choosing a transport mode due to the
perception that majority is aware that air quality and climate change is of significant issue. However,
due to the time most of the participants are required to travel, it is unlikely that any changes
combating air pollution will be implemented soon. Although it is evident that participants in this
survey are quite aware of the air pollution effects on health, they do seem to lack understanding of
the sources of air pollution and climate change. A further educational campaign or programme
focusing on the dangers of air pollution and introducing news ways of recommending people to
consider alternative ways of reducing air pollution, such as choosing walking as a means of transport
for short distances instead of using public transport, and understand the benefits of choosing such
alternatives in return, e.g. walking — reduce air pollution, does not cost anything and will improve

fitness.

4.9. Recommendations for Air Quality Mitigation

In August 2019, The Journal issued a poll survey asking the public whether they believe the

number of vehicles should be reduced.
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Figure 4.1: Poll results on public's perception on
vehicle number reduction (Daly, 2019).

As per results shown in Figure 4.1, 7775 people (63.6%) agree that the vehicle numbers
should be reduced, the following 4035 people (33%) disagree and 409 people (3%) do not have an
opinion or interest in this.

“Legislation for low-emission vehicle zones in our cities and towns must be provided. It doesn’t make
sense to allow dirty diesels from the last century to travel on inner-city streets,” Ciaran Cuffe said

(Daly, 2019).

Air Pollution Act 1987 highlights the measures which local authorities consider are necessary
to prevent or limit air pollution in their area, such as monitoring emissions, assessing compliance
with relevant legislation, enforcing the law and establishing educational programmes. To
compliment the Air Pollution Act 1987 in order to reduce air pollutants in Dublin City Centre, the

first step would be to implement stricter regulations for cleaner fuel and access for private vehicles.

Newspapers in Ireland, such as The Irish Examiner and The Journal, have already published
articles on proposed petrol and diesel ban by 2030 under proposed Climate Action Bill, however, this
is not an officially agreed legal action and may be altered or annulled. It is already been discussed

that this idea might be pushed to 2040 instead of 2030 (Irish Examiner, 2020).

This is a very strict and straightforward idea, many could disagree with the given time limit.
A better approach would be the reduction in cost for cleaner fuels (e.g. biofuels) and electric vehicles
as well as offering further discounts on car insurance and providing premium grants for those
wishing to purchase an environmentally friendly vehicle. Current situation with electrical cars would

be the charging time for the engine and the insufficient number of charging points available in Dublin
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City. With increasing demand for electrically powered vehicles, more charging points should be

readily available.

Promoting public transport and carpooling is another effective way of reducing private
vehicles numbers and traffic emissions. To attract the public to use more public transport, it is
advisable to create more public transport options and routes for easier access with adequate

transport availability and increased reliable times for efficiency and reliability.

From seeing that Dublin City has minimized access for private vehicles on the roads such as
on College Green and Westmoreland street, this could be considered in the future in hopes to reduce
air pollution. The high volumes of traffic not only increase the air pollution, particular matter being

one of the major pollutants, but also is a great nuisance with traffic congestion during rush hours.

Implementing air quality and climate change topics and programmes/campaigns into the
educational institutions, such as schools, and work could educate people to better understand the
rising issues of possible adverse health and environmental effects, especially for younger children.
This could also help people to better understand the alternative ways to travel “cleaner”, saving

money, increasing wellbeing and health and reducing the carbon footprint.
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Chapter 5:
Conclusion




The report has been made in order to investigate the outdoor levels of PM; 5 (fine particulate)
and PMo;s (ultrafine particulate) in Dublin City Centre. The primary idea of this research was to
measure particulate matter exposure to students who navigate between various TU Dublin
campuses in Dublin City Centre to attend classes on foot using Dylos DC1700 air quality monitor and
examine whether the current PM levels are safe for pedestrians and are within the recommended

EU limit value.

The investigation showed that the current PM;s levels are not of immediate concern.
Pedestrianized routes proved to be of lower PM; s concentration values than traffic induced (mixed)
routes. However, pedestrianized routes are longer to walk due to the route selections avoiding the
motorized vehicles. There are various ways to encourage walking pedestrians choosing the
pedestrianized route over the heavily trafficked streets. Apart from raising awareness of the air
pollution and health benefits of walking, some other ways include structuring the city’s urban land
and road use and implementing more greenery such as parks to relax along the pedestrianised
streets and incorporating more shops and food premises such as cafes, restaurants etc. and including
more benches, litter bins which could naturally make it more comfortable, attractive and interesting

for the person to consider using the pedestrianised street over a motorized street.

There are various factors that may alter PM values. Temperature, humidity, wind and rainfall
all can affect the PM levels respectively. The results were compared with DCC PM; s results and
showed similarities but were much lower. The reason for the much lower emission values from DCC
results could indicate the air monitors location, which focuses on private vehicles instead of various

transport modes.

A survey was created to gain information on the public’s choice for transport and understand
public perception on air quality. The survey results showed that the respondents are aware of the
air quality and climate change, majority of the respondents believe there is an issue with the current
air quality in Dublin City Centre and air quality mitigation measures should be considered and
implemented mainly to complement the pedestrians, e.g. such as pedestrianize the streets. The
results suggest that participants who took part in the survey do not lack awareness in understanding
that air quality can pose serious health effects and it may be an issue currently in Dublin City Centre

but may lack understanding of its sources and future environmental consequences. A new launched
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awareness campaign or educational programme aiming to teach people of the dangers of air
pollution. The proposed campaign/programme could eventually be integrated in schools to educate
young children at a young age on how to make smart choices such as selecting clean transportation

alternatives to reduce air pollution.

According to the air quality index, the levels mostly fall into the “good air quality” category
where no further health related actions are advised to the public. Few exceptions
Although Dublin City Centre PM concentrations are currently acceptable and are below the EU limit
value on PMz s of 20 pg/m? and do not pose great danger to health, the concentration levels may
increase due to increasing population and annual demand for private vehicles. The PM
concentration levels are also advised to be measured for 24-hour basis continuously to see varying
data to see differences during the night, early morning and evening times in addition to the morning
and afternoon times. It is also advisable to measure the PM Concentration levels for other months,

which this study did not cover — January, February, March, April and October.

The study findings may suggest that there are strong associations between ambient PM
levels and increased transport, furthermore relationship between PM and meteorological factors
such as temperature, humidity, rainfall and wind speed. Time of the day is also seen to have greatly
affected the levels of PM, suggesting that the meteorological factors also play an important role in
this. The findings indicate that further limiting PM concentrations in Ireland may be effective to
reduce possible adverse health effects, particularly those associated with cardiovascular and

respiratory problems.
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Chapter 6:
Recommendations




From this research, some recommendations may be considered in order to improve accuracy for
gathering data. For a better understanding of the current PM levels in Dublin City Centre, it is
strongly advised to relocate the current air quality monitor, which Dublin City Council currently
uses, to a more transport diverse area such as O’Connell street, O'Connell bridge or
Westmoreland street where varying transport passes by pedestrians in heavy traffic. It is also
advisable to consider monitoring more than one location in the city centre for better data
observation and creating an overall idea of the present-day air quality status in Dublin City

Centre.

It is advisable to carry out a research work regarding PM levels throughout the entire 24 hours
to inspect how air quality changes during this interval. The weekends are often expected to have
lower PM emissions due to reduced public transport service schedules and due to the many
working and educational institutions not operating during weekends resulting in fewer numbers

of private vehicles and public overall.

Increased Dublin Bike and station availability — as the popularity for cycling and healthy lifestyle
increases, Dublin Bikes are also gaining popularity. As the popularity increases for these bikes
increases, the demand also increases. This makes it difficult at times to attain of the bicycle in
the City Centre and avoiding public transportation. It is highly advisable to provide more bicycles
such as Dublin Bikes and safe parking availability not only for these bikes, but for personal bicycle

too in order to increase cycling and in long run, improve air quality in Dublin City Centre.

Space for cycling - implementation of a better, safer cycling network in Dublin City Centre. Cycling
is an ideal way to exercise and improve air pollution in Dublin City Centre, however, cyclists often
must share the same roads infrastructure as other motorized transports such as cars, buses,
coaches, heavy-duty vehicles etc. This may lead to serious and even catastrophic consequences
related to safety and health, often discouraging other people to cycle. By implementing safer
and wider space for cycling, not only it will be beneficial for human health and the environment,

it will also encourage more people to consider cycling.

Ultra-Fine Particulate Matter (<PMO0.5 pg/m3) EU limit values — Currently, there are no official

limit values available for UFP. As previously discussed in this report, UFP are extremely dangerous
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for human and animal health. UFPs have ability to penetrate deep into the bodies due to their
microscopic size, potentially affecting inner organs and entering the bloodstream as a result

causing various health related issues.

UFPs are currently only measured indoors and not outdoors. Due to no available EU limits
and due to lack of research and monitoring of these particles, it is difficult to establish the safe

levels of the specific area. Importance of UFPs should be stressed in the future.

Traffic — motorized vehicle fuel change. Fuel change may be incorporated to move from diesel
and petrol to a natural, clean fuel such as electricity and biofuels to reduce emissions and
lower operating costs. In 2018, transport was responsible for 20.2% for greenhouse gas (GHG)
emissions, making it the second largest contributor for GHG in Ireland, according to the EPA
(EPA, 2020). Ireland can reduce the carbon footprint in transport and avoid a fine from the EU if

the air quality limits are not met (Irish Times, 2017).

Increased space for public footpaths to allow and encourage walking over public transport
would be a beneficial idea in order to increase physical health, safe money on travel and also

reduce PM and other pollutant emissions in the atmosphere.

Increasing space for recreational areas for the public, such as parks, may reduce overall air
pollutants, which are emitted from motorized transport in the atmosphere. This idea may
contribute to positive wellbeing and health of the pedestrian. This may encourage healthy

lifestyle and increase walking and cycling as well as spending more time outdoors.

More research should be done on PM, with more focus on pedestrianised and heavily
trafficked streets. Although this research already addressed this topic, additional research
should be conducted for a total of 12 months to see data across varying meteorological factors
(e.g. wind speeds, temperature, humidity and rainfall). To strengthen the research, it could be
done on full 24 hour basis, but instead of walking, multiple PM monitors could be placed on
pedestrianised and heavily trafficked streets to distinguish the PM difference and see the full

analysis if there are changes throughout the times of the day and months respectively.

Singular PM monitors could also be placed at specific locations at the same time to monitor the
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PM exposure for a better understanding of possible adverse health effects to pedestrians. It
was highlighted in this study that it is uncertain if PM levels are higher for individuals
concentrating at a certain place such waiting at the bus or train stop. Therefore, further
research could monitor PM of a specific location to see if the results alter when remaining
static versus walking and compare which results produce higher PM data resulting in higher

exposure to individuals.

A similar research to this could be also carried out in different parts of Ireland, e.g. comparison
of Urban versus rural PM exposure. Or the study could focus on two similar locations, e.g.

comparing two urban cities or two rural areas and their PM emissions.

A similar research, including walking, can be also carried out in the housing estates to see if the
PM is of concern to human health. This research could show great results during winter

months, when more solid fuels are burned for heating.

A similar study could be carried out focusing specifically on cardiovascular or respiratory
diseases. The research findings could also focus on mortality rates and people who were

admitted to the hospitals from such diseases as a result of PM exposure.

Additional, thorough research should be carried out to understand the public’s choice for
choosing transport modes. This research could provide beneficial information as to way people
in Dublin City Centre prefer to choose a particular mode of transport over the other. The
research can also focus on gender and age and how certain factors such as safety, distance etc.

may affect the choice of transport.

In the future, ultrafine particulate matter could be monitored in more detail. Therefore, more

research concerning UFP should be considered, especially focusing on the particle possible

adverse health effects to humans and its sources.
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Appendices

Appendix A

Examples below show how to accurately calculate the AQIH:

Example 1:
Pollutant Measurement Index
Ozone 80 3
Nitrogen Dioxide 35 1
Sulphur Dioxide 10 1
PM 25 Particles 45 5
PM 10 Particles 71 6
The AQIH is 6 -
Example 2:
Pollutant Measurement Index
Ozone 80 3
Nitrogen Dioxide 35 1
Sulphur Dioxide 10 1
PM 25 Particles 25 3
PM 10 Particles 50 3

The AQIH is 3 — Good

Table A.1 & Table A.2: Examples on how to calculate the AQIH (EPA, 2019).
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Appendix B

Collected PM particle count readings for each day (15™ May, 2019 to 8™ December, 2019)

(Read PMo s — Ultrafine particles and PMy.s— Fine particles) per minute:
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Average count for Ultrafine and Fine particulate matter - summarized (Read PMos—

Ultrafine PM; PM..5s— Fine PM) including meteorological factors (humidity, temperature and

Appendix C

weather). Zero amounts correspond to no data collected on particular day.

Table C.1: Average count for UFP and Fine particles (Cathal Brugha Street to Kevin Street) —

summary:
o

= s

= 3

[ ] b4

= k]
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=
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=
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=

ok

-
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-

o

Pedestrianised mixed

PMOS:  |PMZL5: PAMOS PML5 Humidity (%) |Temp "y Weather
15/05/2009| 772559 675 FGF522 72087 .- 9| Sunny
17/05/2009| 2239286 3508571 987 293161 F6% n
19405/ 2019 2071 19L5 2366 736.2 94| 10| cloudy
19/06/2019 1187 1516 1536 166.2 90 11| partly cloudy
o02fo7/9 [+ [H [H [ H] FA| 14| cloudy
11/07/2019 [+ [H [H [ H] FA| 14| cloudy
11/03/2019| 959455 73.6818 963.378 69.7931 92 12| clowdy
18/06/ 2009 9071 723465 #1111 104.03 76 12 |partly cloudy
25508/ 2009 3343 100 2634 128.2 100 14 |cloudy
26/08/2009| 15258 17.606 554.7 4.7 97| 11 |partly clowdy
03f09/2009 1191L54 102643 1516.16 149.48 87| 13 |cloudy
10/09/2019|  1365.38 193703 1873.24 286.03 100 6 |partly cloudy
12/09/2019 316 1314 349.5 143.3 3 15|rain
19/09/2019 4593 30L6 7584 374.6 9% 8| Sumnny
20/09/2019 1895 4563 1566 1813 93 12| partly cloudy
23/09/2019 [+ [ [ [+ 92 9|partly cloudy
0311/ 709 1060 173 4] 1455 1726 100 6|Fog
10/11/ 2009 665.6 26.24] 023 115.2 9y 2| clowdy
1111/ 7019 o [1] [1] 1] 5 4|partly cloudy
14/11/2019 1530 197.3 246.9 2823 a7 5| partly cloudy
priaife. il 1002 97.69 2783 235.2 97 6/|cloudy
29/11/7019 624.5 59.41 497.3 94.75 90 2|partly cloudy
D6f12/2019 1334 2798 1615 5.1 6 11 |clowdy
0Ff12/9 621 31 1778 71 8| cloudy
0812/ 7009 1662 177.8 11759 s &1 6| partly cloudy

Pedestrianised mixed

PMD.S:  |PMZ5: PMD.S PMZ.5 Humidity (%) |Temperabhare ("C) Weather
15/05/2019|  1365.17 145931 2700 152912 54% 16| partly cloudy
17/05/2019 1 L0977 m93 2.89189 a2z 13 |rain
19/05/2019 103 6148 1308 6164 o] 14| cloudy
19/06/ 2019 625.9 57.64 3.8 v ] 57 17| cloudy
0207/ 1082 136 1304 177 61 17 |cloudy
11/07/2019| 1030.952 48.333333| 3994222 57.93333 22| cloudy
11/08/2009| 941.247 87.3 99648  133.963 67| 16 |clowdy
1808/ 2019 [} [} 7216.84 58.08 73 15|rain
5/08/2019 [+ [H [H [ H] a2z 18| cloudy
26/08/2019 1} [ [ [} 74| 19| partly cloudy
03/09/2019 [+ [H [H [ H] 73 18| clowdy
10/09/2019| 1328.22 133.64 H93.33 8.8 a3 16| clowdy
12/09/2009 o o o o a2 18 |cloudy
19/09/2019 1795 1774 2433 2684 62 19 |Sunny
2009/ 2019 o 1] 1] 1] 16 |partly clowdy
et T il 5.8 1.9 1111 114.6 9% 14|rain
03f11/2019 1331 1613 1439 179.3 53 8| foc
10/11/219 152> 3.7 112 245.5 an 6/|cloudy
11112019 1030 119.8 1428 184.1 76 F|partly cloudy
14711 /2019 [} [+ 1522 158.4] 73 6|partly cloudy
T A 1479 g 04 2372 9y 9| clowdy
2911/ 2019 862 102 7195 1323 86 5 |rain
06/12/ 2019 626.1 1 505.8 4165 84 9| clowdy
0712/ 2019 F 7 166 1117 177 ] 11 {clowdy
08/12/2019| 732.3143 61| 775.3684 7447 73 6 |partly cloudy
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Table C.2 shows the average count for UFP and Fine particles) (Cathal Brugha Street to

Grangegorman) — summary:

MORNING

EVENING

Cathal Brugha st - Grangegorman

Cathal Brugha st - Grangegorman

Pedestrianised mixed

PMIOS:  |PMZ25: PRMIDS P2 S Humidity (%] |Temperature {("C) Weather
26/05/2019| 149714 151786 417.764 457308 9% 15| cloudy
28f05/2019 507 1811 1865 M3 8 76 11 {cloudy
0L/06/2019 2478 724.3 2901 136.6 92 10|cloudy
20/06/2019 1634 19.72 1433 78BS 1 12|partly cloudy
71/06/2019 9627 184 1304 1951 89 &|sunny
26/06/ 2019 58 739.7 1307 57.9 89 15|cloudy
o1/07/2019 1532 15.91 0 [} 82 14|cloudy
£3/07/2010 8539 97.95 1185 6 75 13|sunny
10/07/2019 500.2 TL.56 6.6 155.3 86 13|cloudy
21/08/2019| 2594043 196.8261| 4963276 644.3103 7 13|partly cloudy
24/08/2019 1293 86.88 0 [} 91 13|partly cloudy
27/08/2019 561.2 56.24 1235 132.9 83 10| cloudy
23/08/2019 966.2 117 1418 038 81 13|cloudy
02/09/2019 8254 g1 9507 5.7 84 11 |cloudy
11/09/2019 603 .03 o179 1081 ] 13| cloudy
15/09/2019 310.9 431 L6 5627 50 16| cloudy
17/09/2019 1352 173.3 jikvil 1922 9% 6| sy
04/11/2019 63L.5 1754/ 1624 HiLg ] 3{rain
05/11/2019 2316 24.59 287.8 37.63 86 7|cloudy
07f11/2019 473 .5 5733 100 72 b{rain
15/11/2019 nm 162.9 8.2 152.3 81 5| partly cloudy
18/11/2019 am 167.9 4950 187.9 93 1|partly cloudy
261172019 1597 156.9 w37 0.4 b ] 3{rain
01,/12/2019 623.9 134.8 690.6 1301 94 2|cloudy
D4/12/2019 1407 247.2 1142 7.3 3 9| cloudy
05/12/2019 1700 154.8 2959 73 ] 9| cloudy

Pedestrianised mixed

PMIOLS:  |PMILS: PMIDLS PMLS Humidity (%) |Temperabure {"C) Weather
26/05/2019| 841926 8733 971 567 88 .88 500 18| windy
28/05/2019 1643 1096 1954 5793 55 15| cloudy
0L/06/2019 1423 1353 7338 545 80 16
20/06/2019 6732 1889 6195 186.8 55 15| partly cloudy
71/06/2019 581 1735 1316 1724 60 16| cloudy
26/06/2019 1508 154.7 1959 4871 77 17| sumny
01/07/2019 16.29 1176 1504 65.46 18| partly cloudy
o3fo7/2019 9705 93.69 1739 142 58 17| suruy
10/07/2019 1416 162.9 2 1853 80 19|cloudy
71/08/2019 o 0 [} 81 16/|rain
24/08/20119 (] 1 (1 20|cloudy
27/08/2019 74.6 7L63 73 110.7 66 71 |cloudy
23/08/2019 1263 122.8 23 7344 62 19|partly cloudy
£2/09/2019 o 0 [} 86 15|cloudy
11/09/2019 1713 034 1770 2223 80 15|cloudy
15/09/2019 607.1 25.67 9.3 .78 LT 13|rain
17/09/2019 [} o 0 [} 91 14| sunny
b4f11 /2019 579.2 87 589 126.6 92 9|rain
05/11/2019 4723 13 575.5 139.4 84 9| cloudy
0711 /019 2.4 126 663.9 134.5 M &{rain
15/11/2019 v 17/9.4/ naz 182 F. 6|cloudy
18/11/2019 523 naz F.tFal X267 8 6|cloudy
26/11/2019 4m3 435.3 4008 0.4/ n 11 | clowdy
01,/12/2019 547.3 9.091 1499 7117 89 4|partly cloudy
D4/12/2019 3237 0.9 6578 3119 85 | partly cloudy
05/12/2019 7519 134.4 824.9 233.6 87 12|cloudy
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Appendix D

PM.s concentration [pug/m3] workings from Dylos air quality monitor for mixed

(pedestrianised and heavy traffic streets) streets.

The grey area shows the correct converted count for all particles less than 2.5 ugin

diameter in .01 cubic foot of air. Zero amounts correspond to no data collected on particular day:

Date: Dylos Particle Count (all particles | PM2.5 concentration
less than 2.5 um in diameter) [ug/m3]

15/05/2019 767.522 4.19

17/05/2019 2019.87 11.97

19/05/2019 2366 3.82

19/06/2019 1536 2.37

02/07/2019 0 0.00

11/07/2019 0 0.00

11/08/2019 963.828 1.52

18/06/2019 811.1 4.81

25/08/2019 3634 39.68

26/08/2019 554.7 5.88

03/09/2019 1516.16 4.12

10/09/2019 1878.24 20.51

Ca 12/09/2019 849.5 2.36

M | th 19/09/2019 2984 31.28
OR | al 20/09/2019 1566 2.50
NI | Br 23/09/2019 0 0.00
NG Eg 03/11/2019 1455 15.89
st - 10/11/2019 923 1.49

Ke 11/11/2019 0 0.00

vin 14/11/2019 246.9 0.67

st 27/11/2019 2283 24.18
29/11/2019 497.8 0.77

06/12/2019 1615 4.33

07/12/2019 831 1.30

08/12/2019 11759 44.58

15/05/2019 2200 9.27

17/05/2019 20.973 0.08

19/05/2019 1308 6.63

EV | Ca 19/06/2019 529.8 2.36
EN | th 02/07/2019 1394 6.63
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IN | al 11/07/2019 399.4222 1.87
G | Br 11/08/2019 996.48 5.21
ug 18/08/2019 2246.84 13.67
:la_ 25/08/2019 0 0.00
o 26/08/2019 0 0.00
vin 03/09/2019 0 0.00
o 10/09/2019 2198.33 8.54
12/09/2019 0 0.00

19/09/2019 2433 11.77

20/09/2019 0 0.00

23/09/2019 1111 11.65

03/11/2019 1439 15.40

10/11/2019 1122 4.25

11/11/2019 1428 8.47

14/11/2019 1522 8.67

27/11/2019 2204 3056

29/11/2019 719.5 1.93

06/12/2019 505.8 1.99

07/12/2019 1117 2.96

08/12/2019 775.8684 4.78

26/05/2019 417.764 0.03

28/05/2019 1865 11.06

01/06/2019 3901 6.16

20/06/2019 1433 5.43

Ca 21/06/2019 1304 3.62
th 26/06/2019 1307 3.63

al 01/07/2019 0 0.00

M | BT 03/07/2010 1185 6.93
OR Eg 10/07/2019 760.6 2.04
N 21/08/2019 4968.276 30.62
NG |, 24/08/2019 0 0.00
an 27/08/2019 1235 4.80
ge 28/08/2019 1418 5.38
go 02/09/2019 950.2 3.74
rm 11/09/2019 647.9 1.00
an 15/09/2019 381.6 1.49
17/09/2019 1821 19.09

04/11/2019 1624 17.56

05/11/2019 287.8 0.77

07/11/2019 528.8 0.84

15/11/2019 870.2 3.30

18/11/2019 4950 7.90

26/11/2019 2037 3.32

01/12/2019 690.6 Ll

04/12/2019 1142 6.50

05/12/2019 2959 18.23
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26/05/2019 971.567 0.04

28/05/2019 1954 8.38

01/06/2019 2338 8.75

20/06/2019 619.5 2.66

21/06/2019 1316 6.16

26/06/2019 1959 11.77

Ca 01/07/2019 1504 7.39
EV | th 03/07/2019 1239 5.61
EN | al 10/07/2019 2522 9.44
IN | Br 21/08/2019 0 0.00
G Ei 24/08/2019 0 0.00
.t 27/08/2019 2723 14.02

Gr 28/08/2019 2123 10.27
an 02/09/2019 0 0.00
ge 11/09/2019 1770 6.63
go 15/09/2019 659.3 1.06
rm 17/09/2019 0 0.00
an 04/11/2019 689 1.09
05/11/2019 575.5 2.26

07/11/2019 668.9 1.08

15/11/2019 2192 12.99

18/11/2019 7071 27.80

26/11/2019 4208 15.95

01/12/2019 1499 4.16

04/12/2019 6578 17.45

05/12/2019 824.9 2.24

Average: 6.86

Table D.1: PM2.5 concentration [ug/m3] workings from Dylos air quality monitor for mixed (pedestrianised and heavy traffic streets)

streets
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Appendix E

Survey - “Air Quality in Dublin City Centre” Layout:

The main aim of this survey is to establish whether the public is aware of what causes air pollution
and the risks air pollution may cause to their health as well as understand the selection of transport
the public favors the most and the reasons behind their transport preferences.

The survey will take approximately 5 minutes to complete (over 18's only). Your participation in this
study is completely voluntary.

* 1, Which answer describes you?

77y Female
_e

Y Male

) Other

W Prefer not to answer

* 2. Which age group describes you?
7y 18to24
[} 25t034
i 351044
o
{7y 451054
™y 551064
i 65+

* 3. Do you work or study in Dublin City Centre?

{ 1 Yes
\J
_ 3 No
) Prefer not to answer

. Other (please specify)

Figure E.1: “Air Quality in Dublin City Centre” Survey (Q1-3)
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* 4. Approximately, how long does it take you to commute from home to place of work/educational institution?

) <10 minutes

Y 10-20 minutes
') 20-30 minutes
) 80-40 minutes

_ ) >40 minutes

* 5, How often do you visit Dublin City Centre (per week)?
4 , Every day
} Afew times a week

About once a week

"} Afew times a month
; Once a month
() Less than once a month

7Y NIA

*

6. What means of transport do you use to travel to Dublin City Centre?

|| Dublin Bus
1 Coach
Light rail tram (Luas)

Commuter/DART

Private vehicle
i | Bicycle

Walking

Other (please specify)

7. Approximately, how much do you spend on public transport to travel to Dublin City Centre (per week)?

() <€5
)

) €5-€10
) €10-€20

J >€20

{75 NIA
N

Figure E.2: “Air Quality in Dublin City Centre” Survey (Q4-7)
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* 8. How do you feel about travelling on public transport?

Very satisfied

7 satisfied

H Neither satisfied nor dissatisfied
: Dissatisfied

" Very dissatisfied

P

7 ONIA

Air Quality in Dublin City Centre

*9. Do you currently suffer from any medical/health issues that make it difficult to use public transportation?

™ Yes

N No

£ Prefer not to answer

* 10. Have you suffered from any medical/health issues in the past that resulted in difficulty in accessing public

transport?
™ Yes
No

7 Prefer not to answer

*11. Do you suffer from any respiratory health issues?
™ Yes
No

* Prefer not to answer

* 12. Do you believe that Dublin City Centre has an issue with air quality?

Yes
™ No

- Prefer not to answer

Figure E.3: “Air Quality in Dublin City Centre” Survey (Q8-12)
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*13.

Do you think increased action should be taken to minimize air pollution in Dublin?

Yes

© No

" Prefer not to answer

*14.

*15.

N

L
A

~

*17.

Do you think that access to private vehicles should be minimized in Dublin City Centre?

Yes

No

" Prefer not to answer

Do you think more streets in Dublin City Centre should be pedestrianized?

Yes

- No

* Prefer not to answer

. "Current air quality in Dublin City Centre poses a risk to your health”. Do you agree with this statement?

Strongly agree
Agree

Neither agree nor disagree

" Disagree

* Strongly disagree

Do you think additional safety measures should be considered for pedestrian footpaths exposed to traffic

in Dublin City Centre to protect pedestrians from air pollution?

-~

L

~

*18.

Yes
No

Prefer not to answer

On a scale from 1 to 10, how satisfied are you with the pedestrianized walking space in Dublin City Centre

(1 being least satisfied and 10 being most satisfied)?

1 5 10

Oy

Figure E.4: “Air Quality in Dublin City Ce_;1tre” Survey (Ql.é:-lS) o
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Air Quality in Dublin City Centre

* 19, Do your decisions on mode of transport you use is influenced by your knowledge of air quality in Dublin?

“ Agreat deal

™ Alot

£ Amoderate amount
£ Alitte

<™ None atall

* 20. Do you agree with the following statement: “Human activities contribute to poor air quality"?
™ strongly agree
Agree
- Neither agree nor disagree
_f ~ Disagree

- Strongly disagree

* 21. Which of the following, do you think, are the sources of air pollution in Dublin?
Tick all that apply
7] Modes of transport 71 Mining operations

"7 Household activities and equipment/supplies, e.g. cleaning

1 Agricultural activities [
) " products, painting supplies, cooking, heating

| Construction activities
) Natural causes, e.g. volcano eruptions, forest fires, dust

| Factories and industries 7 storms

Smoking

Figure E.5: “Air Quality in Dublin City Centre” Survey (Q19-21)
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* 22. Which of the following, in your opinion, is the result of air pollution?
Tick all that apply

|| Temperature increase ‘| Early migration of species I

| Increased precipitation | Impacts on fishery industry

[7] sea-level rise | Increased wildfires
| Increased storms and rainfall | Increased pest infestation [
Increased likelihood of river and coastal | Snow and ice are melting, and frozen |
flooding " ground is thawing )

Increased epidemics, e.g. AIDS, Zika,
Malaria, Coronavirus |

Water shortages

| Increased droughts -
| Increased indoor/outdoor air pollution

Negative impacts on water quality

Increased adverse health effects

| Changes in the distribution of species

Increased waste management issues

* 23. Which of the following modes of transport influence air quality
in Dublin City Centre?

Tick all that apply
] ) a
| Walking L DART
“} Cycling [ Light rail tram (Luas)
"] Diesel car [ Train
1 Petrol car 7 Bus
L3 ld
_} Electric car [ coach

| Hybrid car

j Early morning (3 am - 5 am)
1 Morning (6 am - 10 am)

Noon (11 am - 1 pm)

| Afternoon (2 pm - 4pm)
1 Evening (5 pm - 8 pm)

| Night (9 pm - 11 pm)

Midnight (12 am - 1 am)

Figure E.6: “Air Quality in Dublin City Centre” Survey (Q22-24)

. Increased forest degradation
Impacts on agricultural industry

| Impacts on vegetation

| Decreased food availability

Increased occurrences of acid rain

| Impacts on sea-life

Depletion of the ozone layer

* Increased smog and soot
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 Air Quality in Dublin City Centr

* 25, "Air pollutants contribute to climate change”. Do you agree with this statement?

e Strongly agree

(™ Agree

;’_ _‘ Neither agree nor disagree
” Disagree

¢ strongly disagree

* 26. Which of the following, in your opinion, is the result of climate change?

Tick all that apply

Temperature increase

Early migration of species

Impacts on fishery industry

1
|

Increased precipitation

"l sealevel rise 1 Increased wildfires

Increased storms and rainfall I Increased pest infestation

Snow and ice are melting, and frozen

1 Increased likelihood of river and coastalf
" ground is thawing

flooding

Increased epidemics, e.g. AIDS, Zika,
Malaria, Coronavirus

Water shortages

Increased droughts

Increased indoor/outdoor air pallution

| Negative impacts on water quality
B Increased adverse health effects

Changes in the distribution of species

i Increased waste management issues

* 27. Which of the following modes of transport influence climate change?

Tick all that apply
; Walking " DART

" Cycling

| Diesel car | Train

1 Ppetrol car

" Electric car ["" coach

B Hybrid car

Figure E.7: “Air Quality in Dublin City Centre” Survey (Q25-27)

" Increased forest degradation

© Impacts on agricultural industry
Impacts on vegetation
Decreased food availability
Increased occurrences of acid rain
Impacts on sea-life
Depletion of the ozone layer

[ Increased smog and soot

" Light rail tram (Luas)
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Air Quality in Dublin City Centre

* 28. Do you think mitigation of ambient air pollution is a costly expense?

o

A‘Yes

<™~ No

g

¢ Don't know

* 29. Do you think tackling air pollution may be economically beneficial?

v Yes
£ No

™ Don't know

* 30. Do you agree with the following statement: “"Radical measures’ are needed to combat air pollution"?

Strongly agree

" Agree

* Neither agree nor disagree
™ Disagree

¢ " strongly disagree

Figure E.8: “Air Quality in Dublin City Centre” Survey7(028—30)77
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Results obtained from the survey “Air Quality in Dublin City Centre”:

Appendix F

Air Quality in Dublin City Centre

Q1. Which answer describes you?

Answer Choices Responses
Female 53.33% 48
Male 44.44% 40
Other 0.00% 0
Prefer not to answer 2.22% 2
Answered 90
Skipped 0
Q2. Which age group describes you?
Answer Choices Responses
18 to 24 30.00% 27
25 to 34 21.11% 19
35to0 44 18.89% 17
45 to 54 22.22% 20
55 to 64 4.44% 4
65+ 3.33% 3
Answered 90
Skipped 0
Q3. Do you work or study in Dublin City Centre?
Answer Choices Responses
Yes 68.89% 62
No 24.44% 22
Prefer not to answer 2.22% 2
Other (please specify) 4.44%, 4
Answered 920
Skipped 0
Q4. Approximately, how long does it take you to commute from home to place of work/educational institution?
Answer Choices Responses
<10 minutes 7.78% 7
10-20 minutes 10.00% 9
20-30 minutes 18.89% 17
30-40 minutes 27.78% 25
>40 minutes 35.56% 32
Answered 920
Skipped 0
Q5. How often do you visit Dublin City Centre (per week)?
Answer Choices Responses
Every day 48.89% 44
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Afew times a week 28.89% 26
About once a week 6.67% 6
A few times a month 5.56% 5
Once a month 2.22% 2
Less than once a month 6.67% 6
N/A 1.11% 1
Answered 90
Skipped 0
Q6. What means of transport do you use to travel to Dublin City Centre? Tick all that apply
Answer Choices Responses
Dublin Bus 57.78% 52
Coach 10.00% 9
Light rail tram (Luas) 23.33% 21
Commuter/DART 21.11% 19
Private vehicle 31.11% 28
Bicycle 7.78% 7
Walking 20.00% 18
Other (please specify) 3.33% 3
Answered 920
Skipped 0
Q7. Approximately, how much do you spend on public transport to travel to Dublin City Centre (per week)?
Answer Choices Responses
<€5 10.00% 9
€5-€10 14.44% 13
€10-€20 18.89% 17
>€20 40.00% 36
N/A 16.67% 15
Answered 920
Skipped 0
Q8. How do you feel about travelling on public transport?
Answer Choices Responses
Very satisfied 5.56% 5
Satisfied 24.44% 22
Neither satisfied nor dissatisfied 32.22% 29
Dissatisfied 28.89% 26
Very dissatisfied 6.67% 6
N/A 2.22% 2
Answered 920
Skipped 0
Q9. Do you currently suffer from any medical/health issues that make it difficult to use public transportation?
Answer Choices Responses
Yes 2.53% 2
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No 96.20% 76
Prefer not to answer 1.27% 1
Answered 79
Skipped 1
Q10. Have you suffered from any medical/health issues in the past that resulted in difficulty in accessing public transport?
Answer Choices Responses
Yes 3.80% 3
No 96.20% 76
Prefer not to answer 0.00% 0
Answered 79
Skipped 1"
Q11. Do you suffer from any respiratory health issues?
Answer Choices Responses
Yes 13.92% 1
No 86.08% 68
Prefer not to answer 0.00% 0
Answered 79
Skipped 11
Q12. Do you believe that Dublin City Centre has an issue with air quality?
Answer Choices Responses
Yes 68.35% 54
No 26.58% 21
Prefer not to answer 5.06% 4
Answered 79
Skipped 1"
Q13. Do you think increased action should be taken to minimize air pollution in Dublin?
Answer Choices Responses
Yes 84.81% 67
No 10.13% 8
Prefer not to answer 5.06% 4
Answered 79
Skipped 1
Q14. Do you think that access to private vehicles should be minimized in Dublin City Centre?
Answer Choices Responses
Yes 70.89% 56
No 21.52% 17
Prefer not to answer 7.59% 6
Answered 79
Skipped 1"

Q15. Do you think more streets in Dublin City Centre should be pedestrianized?
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Answer Choices Responses

Yes 77.22% 61
No 21.52% 17
Prefer not to answer 1.27% 1
Answered 79
Skipped 1

Q16. "Current air quality in Dublin City Centre poses a risk to your health". Do you agree with this statement?

Answer Choices Responses

Strongly agree 35.44% 28
Agree 27.85% 22
Neither agree nor disagree 30.38% 24
Disagree 5.06% 4
Strongly disagree 1.27% 1

Answered 79

Skipped 1

Q17. Do you think additional safety measures should be considered for pedestrian footpaths exposed to traffic in
Dublin City Centre to protect pedestrians from air pollution?

Answer Choices Responses
Yes 70.89% 56
No 20.25% 16
Prefer not to answer 8.86% 7
Answered 79
Skipped 1

Q18. On a scale from 1 to 10, how satisfied are you with the pedestrianized walking space in Dublin City Centre (1 being least satisfied and 10 being most satisfied)?

Answer Choices Average Total Responses
Number Number
(no label) 5.62025316 444 100.00% 79
Answered 79
Skipped 1"

Q19. Do your decisions on mode of transport you use is influenced by your knowledge of air quality in Dublin?

Answer Choices Responses

A great deal 5.48% 4
Alot 2.74% 2
A moderate amount 31.51% 23
Alittle 19.18% 14
None at all 41.10% 30

Answered 73

Skipped 17

Q20. Do you agree with the following statement: “Human activities contribute to poor air quality”?

Answer Choices Responses
Strongly agree 58.90% 43
Agree 32.88% 24
Neither agree nor disagree 5.48% 4
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Disagree 2.74% 2
Strongly disagree 0.00% 0
Answered 73
Skipped 17
Q21. Which of the following, do you think, are the sources of air pollution in Dublin? Tick all that apply
Answer Choices Responses
Modes of transport 87.67% 64
Agricultural activities 34.25% 25
Construction activities 68.49% 50
Factories and industries 71.23% 52
Mining operations 24.66% 18
Hougehold activities and equipment/supplies, e.g. cleaning products, painting supplies, cooking, 52.05% 38
f[:]e;\f;;gi causes, e.g. volcano eruptions, forest fires, dust storms 23.29% 17
Smoking 49.32% 36
Answered 73
Skipped 17
Q22. Which of the following, in your opinion, is the result of air pollution?Tick all that apply
Answer Choices Responses
Temperature increase 72.60% 53
Increased precipitation 42.47% 31
Sea-level rise 47.95% 35
Increased storms and rainfall 49.32% 36
Increased likelihood of river and coastal flooding 45.21% 33
Water shortages 41.10% 30
Increased droughts 43.84% 32
Negative impacts on water quality 56.16% 41
Changes in the distribution of species 50.68% 37
Early migration of species 47.95% 35
Impacts on fishery industry 45.21% 33
Increased wildfires 49.32% 36
Increased pest infestation 36.99% 27
Snow and ice are melting, and frozen ground is thawing 52.05% 38
Increased epidemics, e.g. AIDS, Zika, Malaria, Coronavirus 34.25% 25
Increased indoor/outdoor air pollution 75.34% 55
Increased adverse health effects 60.27% 44
Increased waste management issues 50.68% 37
Increased forest degradation 46.58% 34
Impacts on agricultural industry 39.73% 29
Impacts on vegetation 57.53% 42
Decreased food availability 39.73% 29
Increased occurrences of acid rain 47.95% 35
Impacts on sea-life 46.58% 34
Depletion of the ozone layer 60.27% 44
Increased smog and soot 67.12% 49
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Answered 73
Skipped 17
Q23. Which of the following modes of transport influence air quality in Dublin City Centre?Tick all that apply
Answer Choices Responses
Walking 17.81% 13
Cycling 17.81% 13
Diesel car 83.56% 61
Petrol car 84.93% 62
Electric car 24.66% 18
Hybrid car 46.58% 34
DART 35.62% 26
Light rail tram (Luas) 26.03% 19
Train 63.01% 46
Bus 82.19% 60
Coach 79.45% 58
Answered 73
Skipped 17
Q24. In your opinion, what time of the day air pollution is highest in Dublin City Centre?Tick all that apply
Answer Choices Responses
Early morning (3 am - 5 am) 5.48% 4
Morning (6 am - 10 am) 75.34% 55
Noon (11 am - 1 pm) 6.85% 5
Afternoon (2 pm - 4pm) 24.66% 18
Evening (5 pm - 8 pm) 86.30% 63
Night (9 pm - 11 pm) 6.85% 5
Midnight (12 am - 1 am) 0.00% 0
Answered 73
Skipped 17
Q25. "Air pollutants contribute to climate change". Do you agree with this statement?
Answer Choices Responses
Strongly agree 75.00% 54
Agree 18.06% 13
Neither agree nor disagree 6.94% 5
Disagree 0.00% 0
Strongly disagree 0.00% 0
Answered 72
Skipped 18
Q26. Which of the following, in your opinion, is the result of climate change?Tick all that apply
Answer Choices Responses
Temperature increase 87.32% 62
Increased precipitation 67.61% 48
Sea-level rise 74.65% 53
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Increased storms and rainfall 70.42% 50
Increased likelihood of river and coastal flooding 67.61% 48
Water shortages 56.34% 40
Increased droughts 70.42% 50
Negative impacts on water quality 63.38% 45
Changes in the distribution of species 63.38% 45
Early migration of species 63.38% 45
Impacts on fishery industry 60.56% 43
Increased wildfires 77.46% 55
Increased pest infestation 56.34% 40
Snow and ice are melting, and frozen ground is thawing 71.83% 51
Increased epidemics, e.g. AIDS, Zika, Malaria, Coronavirus 39.44% 28
Increased indoor/outdoor air pollution 67.61% 48
Increased adverse health effects 63.38% 45
Increased waste management issues 59.15% 42
Increased forest degradation 60.56% 43
Impacts on agricultural industry 57.75% 41
Impacts on vegetation 64.79% 46
Decreased food availability 61.97% 44
Increased occurrences of acid rain 57.75% 41
Impacts on sea-life 69.01% 49
Depletion of the ozone layer 70.42% 50
Increased smog and soot 69.01% 49
Answered 71
Skipped 19
Q27. Which of the following modes of transport influence climate change?Tick all that apply
Answer Choices Responses
Walking 11.11% 8
Cycling 12.50% 9
Diesel car 88.89% 64
Petrol car 90.28% 65
Electric car 25.00% 18
Hybrid car 52.78% 38
DART 41.67% 30
Light rail tram (Luas) 33.33% 24
Train 76.39% 55
Bus 88.89% 64
Coach 84.72% 61
Answered 72
Skipped 18
Q28. Do you think mitigation of ambient air pollution is a costly expense?
Answer Choices Responses
Yes 63.38% 45
No 5.63% 4
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Don't know 30.99% 22
Answered 71
Skipped 19
Q29. Do you think tackling air pollution may be economically beneficial?
Answer Choices Responses
Yes 80.28% 57
No 4.23% 3
Don't know 15.49% 1
Answered 7
Skipped 19
Q30. Do you agree with the following statement: "Radical measures’ are needed to combat air pollution"?
Answer Choices Responses
Strongly agree 61.97% 44
Agree 26.76% 19
Neither agree nor disagree 9.86% 7
Disagree 0.00% 0
Strongly disagree 1.41% 1
Answered 71
Skipped 19

Table F.1: Detailed results obtained from the survey “Air Quality in Dublin City Centre”
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Appendix G

Graphs from survey “Air Quality in Dublin City Centre”
e Q2.

Which age group describes you?

4.44% 3.33%

= 18t024 wm25t034 =35t044 =45t054 =551064 65+

Figure G.1: Q2 — Survey results in percentages show that most of the participants were aged 18 — 24 (30%).

Do you work or study in Dublin City Centre?

2.22%_ 4.44%

mYos wmNo = Prefernot to answer  » Other (please specify)

Figure G.2: Q3 — Survey results in percentages show that most of the participants work/study in Dublin City Centre (69%).
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e Q7

Approximately, how much do you spend on public
transport to travel to Dublin City Centre (per week)

Figure G.3: Q7 — Survey results show that most of the participants spend >€20 to get to get to Dublin City Centre per week.

n<€S m€5-€10 = €10-€20 = >€20 = N/A

e Q8
How do you feel about travelling on public
transport?

35.00%
30.00%
25.00%
20.00%
15.00%
10.00%
5.00%

ol | B .

MNeither Very
Very satisfied Satisfied satisfied nor Dissatisfied dissatisfied MfA
dissatisfied
| B Responses 5.56% 24.44% 3223% 28.89% 6.67% 2.23%

Figure G.4: Q8 — Survey results in the bar chart indicate that most of the participants are neither satisfied nor dissatisfied with public

transport (32%).
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e Q10

Have you suffered from any medical/health
related issues in the past that resulted in
difficulty in accessing public transport?

3.80%

®¥es ®No ®Prefernot toanswer

Figure G.5: Q10 — Survey results indicate that most of the participants have not suffered from medical/health related issues in the
past which prevented them from using public transport (96%).

e Ql1

Do you suffer from any respiratory health
issues?

s¥es = NMNo = Prefernot to answer

Figure G.6: Q11 — Survey results indicate that most of the participants do not suffer from any respiratory health issues (86%).
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e Q12

Do you believe that Dublin City Centre has an
issue with air quality?

5.06%

5Y¥es & No & Prefer not 1o answer

Figure G.7: Q12 — Survey results show that most of the participants (68%) believe there is an issue with air quality in Dublin City
Centre.
e Q13

Do you think increased action should be taken
to minimize air pollution in Dublin?

5.06%

10.13%

sYes = No = Prefer not to answer

Figure G.8: Q13 — Survey results show that most of the respondents (84%) think that increased action should be taken to reduce air
pollution in Dublin.
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e Ql4

Do you think that access to private vehicles
should be minimized in Dublin City Centre?

7.59%

=Yes = No = Prefer not to answer

Figure G.9: Q14 — Survey results show majority of the respondents (71%) think that private vehicle access should be minimized in
Dublin City Centre.

e Q15

Do you think more streets in Dublin City Centre
should be pedestrianized?

1.27%

mYes s No = Prefernot to answer

Figure G.10: Q15 — Survey results show that most of the participants (77%) think that more streets should be pedestrianised.
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e Ql6

"Current air quality in Dublin City Centre
poses a risk to your health”. Do you
agree with this statement?

A0.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%
5.00%
1
0.00% Stron Meither agree . strongly
gly agree Agree nor disagree Disagree disagree
m Responses 35.44% 27.85% 30.38% 5.06% 1.27% |

Figure G.11: Q16 — Survey results show that most of the respondents strongly agree (35%) with the statement.

e Q17

Do you think additional safety measures should
be considered for pedestrian footpaths exposed
to traffic in Dublin City Centre to protect
pedestrians from air pollution?

8.86%

\

= ¥es mNo = Prefer not to answer

Figure G.12: Q17 — Survey results show that most of the participants (71%) think additional safety measures should be considered

for pedestrian footpaths in Dublin City Centre.
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e Q18

*

0 0.2

0.4

0.8

1

On a scale from 1 to 10, how satisfied are
you with the pedestrianized walking
space in Dublin City Centre (1 being least
satisfied and 10 being most satisfied)?

& Average Number

Figure G.13: Q18 — Survey result indicates that participants are mostly satisfied with pedestrianized walking space in Dublin City

Centre.

e Q19

45.00%

of air quality in Dublin?

Do your decisions on mode of transport
you use is influenced by your knowledge

40.00%

35.00%
30.00%

25.00%

20.00%

15.00%
10.00%

5.00%
0.00%

A great deal

Alot

A moderate
amount

A little

Mone at all ‘

B Responses

5.48%

2.74%

31.51%

19.18%

4110% |

Figure G.14: Q19 — Survey results show that knowledge on air quality does not influence participants to make decisions on mode of

transport (41%).
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e Q20

Do you agree with the following
statement: “Human activities
contribute to poor air quality™?

70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00% .
Strongly Agree agree nor Disagree E.Frnngh,r
agree . disagree
disagree
| mResponses|  58.90% 32.88% 5.48% 2.74% 0.00%

Figure G.15: Q20 — Survey results show that participants agree (59%) that human activities contribute to poor air quality.

e Q21

Which of the following, do you think, are the sources of air
pollutionin Dublin? Tick all that apply

100.00%
90.00%
B0.00%
70.00%
60.00%
S0.00%
40.00%
30.00%
20000%
1900 L
' Household sl
activities and
equipment,su CAUSES, €-§.
Modes of Agricultural | Construction | Factories and Mining lies, volcano smoki
transport activities activities industries operations pﬂﬁ:in'g' eruptions, Mg
g forest fires,
products, dust storms
painting...
| B Responses a7.67% 34.25% 6E.49% 71.23% 24.66% 52.05% 23.29% 49.32%

Figure G.16: Q21 — Survey results show the participant choices for which they believe are the sources of air pollution. Most of the
participants have chosen modes of transport (88%).
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e Q22

Which of the following, in your opinion, is the result of air pollution? Tick all that apply

BO.00%
F0.00%
B0.00% |
S0.00%
40.00%
30.00%
10.00%
0008
B Temperature increase 12600
B Increased precipitation 42.47%
B 5ea-beve| rise 47.95%
B increased storms and rainfall 49.32%
W Increased hikelihood of nver and coastal flooding 45.21%
B 'Water shortages 41.10%
B Increased droughts 43.84%
B Negatne impacts on water quality 56.16%
m Changes in the distribution of species 50,68%
m Early migration of species 47.95%
m Impacts on fishery industry 45.21%
B Increased wildfires 49,32%
B Increased pest infestation 36,99%
B Snow and ice are m:r:le::lgi;:rd frozen ground is §2,05%
|| L 1 . M
Increased Fpuderrgz:;:ii:::ﬁ, Zika, Malaria 18.75%
m Increased indoorfoudenr air pollution 75, 34%
B Increased adwerse health effects 60.27%
® Increased waste management issues S0,68%
B Increased forest degradation 46,58%
B Impacts on agriculiural indust ry 30,73%
B Impacts on vegetation 57.53%
B Decreasad food availability 39,73%
B Increased ocourrences of acid rain 47.9%%
B Impacts on sea-life 46.58%
¥ Daplation of the ozone layer 60.27%
B Increased smog and soot 67.12%

Figure G.17: Q22 — Survey results show participant choices for which they believe result in air pollution. The most popular choice was
increased outdoor/indoor air pollution (75%) and temperature increase (73%).
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e Q23

Which of the following modes of transport
influence air quality in Dublin City Centre?Tick all
that apply

90.00%

80.00%
70.00%
60.00%
50.00%
40.00%
30.00%

20.00%

10.00% :l l

0.00% - o
Diesel | Petrol | Electric | Hybrid Light rail
car car car car

Walking | Cycling
(Luas)

DART tram Train Bus Coach

B Responses| 17.81% | 17.81% | 83.56% | 84.93% | 24.66% | 46.58% | 35.62% | 26.03% | 63.01% | 82.19% | 79.45%

Figure G.18: Q23 — Survey results indicate participant transport mode choices for which they believe influence air quality the most.
Most of the participants selected petrol car (85%) and diesel car (84%).

o Q24
In your opinion, what time of the day air pollution is highest in

Dublin City Centre? Tick all that apply
6.85% . 0.00% -5.48%

|
(\4

® Early moming (3 am - 5 am) ® Moming (6 am - 10am) = Noon (11 am - 1 pm)

= Afternoon (2 pm - 4pm) = Evening (S pm - 8 pm) = Night (9 pm - 11 pm)
= Midnight {12 am - 1 am)

Figure G.19: Q24 — Survey results show that most of the participants think that air quality is the worst during morning (75%) and
evening times (86%).
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e Q26

Which of the following, in your opinion, is the result of climate change? Tick all that apply

100008

90.00%

B0.00%

T0.00%

GO0

S0.00%

A0.00%

30,000

20,008

10000

(0o .

u Temperature increase 57.3H%
B increased precipitation 671.61%
B Sabrae] e 74.65%
o Increased storms and rainfall 0.4
u Increased likelhood of iver and coastd flooding 67.61%
u Water shortages 56.34%
B increased droughts T0.41%
W Hegatioe impacts on water quality B3.36%
B Changes in the distribution of $pecies 83.38%
B Early rigration af species 63.38%
B Impascts on fishery industry 60,56%
B Increased wildhires 77.46%
B ncreased pest infestation 56 34%
W Spow and ice are melting, and frozen ground is thawing 71.83%
B ncreased epidemics, &g AIDS, Zika, Malara, Coronairus 39.44%
o Increased indoaroutdoor air pollution B7.61%
W Incredbed wdeerse hialth elfects B31.38%
B [RCreased wishe manage ment 5sues 09, 15%
B Increasid forest degradation B0.56%
B Impadts on agrecultural industng L7.75%
W Impas on Wﬂé[a[iﬂl'l [
0 Decreased food availability 61.97%
W Increased occurrences of acid rain 57.75%
W Impatts on sea-life 65.00%
u Depletion of the nzone Layer 0.4
W Increased smog and soot 69.00%

Figure G.20: Q26 - Survey results show participant choices for which they believe result in climate change. The most popular choice
was temperature increase (87%).
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e (28

Do you think mitigation of ambient air pollution
is a costly expense?

S.63% I

®¥es & No = Don't know

Figure G.21: Q28 — Survey results show most of the respondents think mitigation of air pollution could be a costly expense (63%).

e Q29

Do you think tackling air pollution may be
economically beneficial?

~N

mYes ®mNo ®=Don't know

Figure G.22: Q29 — Survey results show that participants believe tackling air pollution would be economically beneficial (80%).
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Appendix H

PMo- s results from DCC. The results were transferred onto Microsoft Excel into a table and

were later used to create a graph (Figure 3.10). Only the dates that were assessed during this study

were taken off the DCC PM2 s results list and added to this table for comparison.

Elapsed Time [s]

PM,.s concentration (pug /m3)

EU PM_ 5 Limit (nug /m?3)

5/15/2019 11.7 20
5/17/2019 8.4 20
5/19/2019 6.1 20
5/26/2019 3.5 20
5/28/2019 3.3 20
6/1/2019 6.4 20
6/18/2019 5.2 20
6/19/2019 3.9 20
6/20/2019 3.2 20
6/21/2019 4.2 20
6/26/2019 5.9 20
7/1/2019 3.5 20
7/2/2019 4.4 20
7/3/2019 4.6 20
7/10/2019 3.3 20
7/11/2019 3.3 20
8/11/2019 3.8 20
8/21/2019 3.1 20
8/24/2019 9.2 20
8/25/2019 11.9 20
8/26/2019 4.8 20
8/27/2019 3.6 20
8/28/2019 2.7 20
9/2/2019 4.2 20
9/3/2019 2.6 20
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9/10/2019 6.2 20
9/11/2019 4.5 20
9/12/2019 3.2 20
9/15/2019 34 20
9/17/2019 7.3 20
9/19/2019 9.4 20
9/20/2019 6.9 20
9/23/2019 4.6 20
11/3/2019 9.5 20
11/4/2019 6.6 20
11/5/2019 5.9 20
11/7/2019 5.5 20
11/10/2019 5.1 20
11/11/2019 6.1 20
11/14/2019 5.1 20
11/15/2019 5 20
11/18/2019 14.4 20
11/26/2019 5.9 20
11/27/2019 12.2 20
11/29/2019 10.8 20
12/1/2019 23 20
12/4/2019 7.3 20
12/5/2019 3.3 20
12/6/2019 4.2 20
12/7/2019 3.6 20
12/8/2019 5.4 20
Average: 6.1

Table H.1: PM; s results from DCC - workings
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