1.1.1. Air quality monitoring

Conduct monitoring practice for PM, NO2, CO2 pollutant concentration for at least 7 stations across selected
study area

In addition to climate change, the quality of the urban environment is a major global concern regarding public
health. There is a scientific consensus that the warming of the climate system is unequivocal, and this situation is
exacerbated by human activities such as ongoing pollution in urban areas, poorly managed urbanization, and
reckless land use, all of which contribute to environmental degradation and biodiversity loss. Migration to major
urban areas has affected land use, meeting the needs for residential, commercial, and infrastructure developments,
which has decreased permeability and reduced overall urban green spaces. This impacts resilience to climate
change effects and quality of life. The highest concentration of these impacts, and consequently the most
significant health effects, are observed in central and eastern European countries, particularly the Balkan Peninsula
(EEA, 2021).

Numerous scientific articles highlight the direct correlation between human exposure to PM and NO2 particles and
their detrimental impact on human health. Additionally, it is alarming that microplastics have already infiltrated
the food chain, posing further risks. The negative effects of noise pollution on the socio-psychological well-being
of citizens should also not be overlooked. All these consequences incur costs on both health and financial fronts for
individuals. Furthermore, pollution is a global challenge. Recognizing this, the UN Resolution 76/300, recently
adopted by the (United Nations, 2022), incorporates the provision of a healthy and sustainable environment into
the framework of basic human rights. This resolution underscores the significance of ensuring a stable and healthy
environment for all individuals.

Urbanization presents both challenges and opportunities for sustainable development. As cities grow, they face
increasing pressure on infrastructure, resources, and the environment. One of the most pressing challenges is air
pollution, exacerbated by the density of human activities and reliance on fossil fuels. Concurrently, climate change
introduces additional stressors on urban systems, necessitating resilient planning and design strategies that can
adapt to changing conditions and mitigate adverse impacts. Sustainable development bears a vast number of
definitions, sometimes contradicting one the other but there is an overall agreement that sustainable development
is @ norm that promotes equity and justice within and among generations from a social, economic and
environmental point of view (Derisser, 2009)

Key facts on Air pollution from World Health Organization, Dec.2022
e Air pollution is one of the greatest environmental risk to health. By reducing air pollution levels, countries

can reduce the burden of disease from stroke, heart disease, lung cancer, and both chronic and acute
respiratory diseases, including asthma.

e In2019, 99% of the world’s population was living in places where the WHO air quality guidelines levels were
not met.

e The combined effects of ambient air pollution and household air pollution are associated with 6.7 million
premature deaths annually.

e Ambient (outdoor) air pollution is estimated to have caused 4.2 million premature deaths worldwide in
2019.



e Some 89% of those premature deaths occurred in low- and middle-income countries, and the greatest
number in the WHO South-East Asia and Western Pacific Regions.

e Policies and investments supporting cleaner transport, energy efficient homes, power generation, industry
and better municipal waste management would reduce key sources of outdoor air pollution. Access to clean
household energy would also greatly reduce ambient air pollution in some regions.

There are many types of air pollutants, including gases such as carbon monoxide (CO), sulphur dioxide (SO2),
nitrogen oxides (NOx), and volatile organic compounds (VOCs), as well as particulate matter (PM), which can be
fine particles like PM2.5 (particles with a diameter of 2.5 micrometre or smaller) or coarse particles like PM1o
(particles with a diameter of 10 micrometre or smaller).

These pollutants can originate from various sources, including industrial processes, vehicle emissions, agricultural
activities, natural sources (such as wildfires and volcanic eruptions), and household combustion of fuels. The specific
composition of air pollution can vary greatly depending on the geographic area, the local sources of pollution, and
meteorological conditions.

Continuing with physical sources of pollution, estimations based on the public data with regard to the number of
private and public cars in Tirana as well as the construction sites (published on a yearly basis by INSTAT?) these can
be classified as follows

Transport, which is responsible for at least 3,300kton/year of pollution due to:

e The aging private vehicle fleet, which fails to completely burn fuel due to wear and low EURO standards,
emitting at least 2,518kton of pollutants into the air annually.

e The old heavy-duty vehicle fleet used in construction, goods transportation, and manufacturing,
responsible for at least 48gkton of air pollution annually.

e The outdated public service vehicle fleet (waste management trucks, fire engines, ambulances, etc.),
accountable for at least 271kton of pollutants released into the air each year.

e The public transport fleet, consisting of 305 buses, which was responsible for releasing at least 22kton of
pollutants into the air last year. This is supported by the publication Decarbonisation of the Public
Transport Sector in Tirana. Combining these factors with the worsening urban mobility (traffic congestion)
and the low quality of traded fuel results in increased and concerning pollution impacting the health of the
urban environment and its inhabitants.

Construction is estimated to release around 6ookton of pollution annually, mainly in the form of fine particles and
dust.

Industrial activity is ranked third, based on the small number of high-capacity industrial units in our country.
However, no annual report or source mentions the air emissions from this sector, indicating a lack of monitoring
and at least no indicative self-reporting by entities, despite being legally obligated as they are equipped with
Environmental Permits.

Residential areas are minimal contributors to focused pollution, especially when using fuels such as gas, wood,
coal, or pellets for heating and cooking. The accumulated pollution from all units becomes a significant factor, and
in some cases, can be classified as the primary source. This has been particularly evident during the pandemic period

* https://www.instat.gov.al/al/temat/mjedisi-dhe-energjia/mjedisi/



http://www.co-plan.org/wp-content/uploads/2020/02/Decarbonisation-of-the-Public-Transport-Sector-in-Tirana_Rodion-GJoka.pdf
http://www.co-plan.org/wp-content/uploads/2020/02/Decarbonisation-of-the-Public-Transport-Sector-in-Tirana_Rodion-GJoka.pdf
https://www.instat.gov.al/al/temat/mjedisi-dhe-energjia/mjedisi/

in cities like Skopje, Pristina, Belgrade, Sarajevo, and to some extent Korcé, where there was a high demand for
thermal input as residents were quarantined in their homes.

Urban Form/Morphology can have a significant impact on air pollution levels in cities. The layout of a city, the
density and height of buildings, the transportation infrastructure, and the location of industrial and commercial
activities can all affect air quality. One of the key factors affecting air pollution in cities is transportation. Cities that
are designed around automobile use, tend to have higher levels of air pollution than cities with compact, walkable
urban cores and efficient public transportation systems. In car-oriented cities, the high volume of traffic, particularly
during rush hour, can lead to significant emissions of pollutants such as nitrogen oxides and particulate matter.

The density and height of buildings can also affect air quality. Tall buildings can create "urban canyons" that trap air
pollutants, leading to higher concentrations in certain areas. Buildings can also affect wind patterns and air
circulation, which can impact the dispersion of pollutants.

The location of industrial and commercial activities can also contribute to air pollution in urban areas. Industrial
facilities that emit pollutants such as sulphur dioxide, nitrogen oxides, and particulate matter can have a significant
impact on air quality, particularly in low-income neighbourhoods and communities of colour that are often located
near these facilities.

The study of air pollution is a multifaceted field encompassing various disciplines, methodologies, and research
approaches. While it's challenging to identify the "ultimate" studies on air pollution due to the vastness of the topic
and ongoing research, several seminal studies have significantly advanced our understanding of this critical
environmental issue. Some key studies that have had a substantial impact on the field of air pollution research could
be listed as below:

London Fog Study (1952):

One of the earliest and most influential studies on air pollution, the London Fog event of 1952 resulted in thousands
of deaths attributed to severe air pollution episodes. This event spurred scientific inquiry into the health effects of
air pollution and led to the development of air quality regulations and standards worldwide. (Smith, 2010)

Harvard Six Cities Study (1993):

This landmark epidemiological study, conducted by researchers at the Harvard School of Public Health,
investigated the long-term health effects of air pollution exposure on residents of six U.S. cities. The study provided
robust evidence linking fine particulate matter (PM..s) pollution to increased mortality rates from cardiovascular
and respiratory diseases (Dockery, 1993).

National Morbidity, Mortality, and Air Pollution Study (NMMAPS):

NMMAPS, conducted in the United States in the 1990s, analysed the association between air pollution levels and
daily mortality and morbidity rates in multiple cities. This study provided valuable insights into the acute health
effects of air pollution exposure, including short-term increases in cardiovascular and respiratory hospital
admissions and mortality rates (Samet, 2000).

Global Burden of Disease (GBD) Studies:

The GBD studies, coordinated by the Institute for Health Metrics and Evaluation (IHME), quantify the health
impacts of air pollution on a global scale. These studies estimate the burden of disease attributable to various
pollutants, including particulate matter, ozone, nitrogen dioxide, and sulfur dioxide, highlighting the significant
contribution of air pollution to global morbidity and mortality. (GBD 2019 Risk Factors Collaborators. , 2020)



The methodology for air pollutant monitoring

The focus of this monitoring initiative is to evaluate air pollution levels in three distinct zones of Tirana. Over the
past three decades, these areas have experienced a notable surge in population, leading to significant
environmental transformations. Human activities, particularly vehicular emissions and dust from unpaved roads or
construction activities, have emerged as major contributors to airborne particulate matter, thereby exacerbating
air pollution levels.

The air quality monitoring practices involves measurements of pollutants at designated stations in 3 areas. The
methodology is built based on sectors with the highest emissions in these areas such as transportation, urban
development, the current state of pollutants (CO., NO2, PM. ; and PMa,). and their impact on health.

0 Selected Pollutants

Nitrogen Dioxide (NO,):
Nitrogen dioxide (NO,) is a significant atmospheric pollutant with substantial impacts on the environment, human

health, and physical structures. Understanding NO, from chemical, physical, and environmental perspectives
provides insight into its effects and the importance of regulating its presence in the atmosphere.

Chemical Properties

Chemical Formula: NO,

Molecular Weight: 46.01 g/mol

Physical State: Atroom temperature, NO; exists as a reddish-brown gas with a characteristic sharp, acrid
odour.

Solubility: It is moderately soluble in water, forming nitric acid (HNOs) and nitrous acid (HNO,),

contributing to acid rain.

Reactivity: NO; is a strong oxidizing agent. It readily reacts with water, other compounds, and
materials, leading to various environmental and health effects. It can also act as a
precursor to nitrate aerosols, participating in the formation of ground-level ozone.

Physical Properties:

Boiling Point: 21.2°C (70.2°F) at atmospheric pressure.
Melting Point: -11.2°C (21.8°F).
Density: 1.880 g/L at 0°C and 1 atm, indicating it is heavier than air, which can lead to

accumulation in lower-lying areas.

Environmental Impact

Atmospheric Formation: NO, is primarily produced from the oxidation of nitric oxide (NO) in the presence of ozone
(0s) and is a significant component of nitrogen oxides (NOx) emissions. Major sources
include combustion processes, such as those occurring in vehicles, power plants, and
industrial facilities.

Health Effects: Exposure to NO, can cause respiratory issues, exacerbate asthma, and lead to reduced
lung function. Long-term exposure may contribute to the development of cardiovascular
diseases and respiratory infections. High concentrations of NO, can irritate the eyes,
nose, throat, and lungs.

Acid Rain: NO, reacts with water vapor in the atmosphere to form nitric acid, contributing to acid
rain, which can damage vegetation, aquatic systems, and buildings.



Photochemical Smog:  NO, plays a crucial role in the formation of ground-level ozone, a key component of
photochemical smog, which harms human health, vegetation, and various materials.

Eutrophication: Nitrogen compounds from NO, deposition can lead to nutrient overloading in water
bodies, promoting excessive algae growth (eutrophication) that depletes oxygen and
harms aquatic life.

Greenhouse Gas: While not a greenhouse gas itself, NO, indirectly contributes to global warming by
influencing the formation of ozone and other greenhouse gases in the atmosphere.

Impact on Materials:

NO, can corrode metals and deteriorate building materials, including stone and paint, due to its oxidative properties

and the acidic compounds it forms upon reaction with moisture.

Particulate Matter 2.5 (PM,.s):

Particulate Matter 2.5 (PM,.5) refers to atmospheric particulate matter (PM) that has a diameter of less than 2.5
micrometeors, which is about 3% the diameter of a human hair. Due to their small size, PM,.5 particles can penetrate
deep into the human respiratory system and even enter the bloodstream, posing significant health risks.

Chemical Properties

e Composition: PM,.; is a complex mixture of tiny particles and liquid droplets made up of a variety of
components, including acids (such as nitrates and sulphates), organic chemicals, metals, soil or dust
particles, and allergens (such as fragments of pollen or mold spores).

e Reactivity: The chemical composition of PM,.5 can vary greatly, depending on location, time of year, and
weather conditions, affecting its reactivity and the health impacts it may have. Some components of PM,.s,
such as polycyclic aromatic hydrocarbons (PAHSs), can be carcinogenic.

Physical Properties

e Size: The aerodynamic diameter of PM,.5 is less than 2.5 micrometres, allowing it to remain suspended in
the air for longer periods and be inhaled more deeply into the lungs.

e Visibility: High concentrations of PM,.5 can reduce visibility, leading to the phenomenon known as haze,
particularly in urban or industrialized areas.

Emission Sources:

e  PM,.sis generated from both natural and human-made sources. Natural sources include forest fires and
dust storms, while human-made sources encompass emissions from industrial processes, motor vehicles,
wood burning, and some agricultural practices.

Health Effects:

e Exposure to PM,.5s has been linked to numerous health problems, including cardiovascular diseases,
respiratory infections, aggravated asthma, and premature death in people with heart or lung diseases. The
small size of PM,.s particles allows them to bypass the body's natural defence’s, penetrating deep into the
lung tissue and even entering the bloodstream.

Environmental Effects:

e Ecosystem Damage: PM,.; deposition can affect soil and water quality, altering nutrient balances and
harming ecosystems.



Impact on Climate: Certain components of PM,.5, such as black carbon, can absorb sunlight and heat the
atmosphere, contributing to climate change. Conversely, other components can reflect sunlight away
from the earth, having a cooling effect.

Particulate Matter 10 (PM;,) Overview

Particulate Matter 10 (PMyy) refers to particles with an aerodynamic diameter of 10 micrometres or less. These

particles are small enough to be inhaled and can affect the nose, throat, and lungs. PMyg includes a variety of particle

types, such as dust, pollen, mold, and metals, which originate from different sources and possess distinct chemical

compositions.

Understanding PM;, from chemical, physical, and environmental perspectives is essential for assessing its impacts

on health and the environment.

Chemical Properties

Composition: PM;, is composed of a diverse mix of substances, including but not limited to organic
compounds, metallic elements, soil or dust particles, and biological components such as pollen and spores.
The specific chemical makeup of PM;, can vary widely depending on the location, time, and contributing
sources.

Variability: The chemical reactivity and potential health effects of PMy, particles can differ significantly
based on their chemical composition. Some components of PMy,, like heavy metals or carcinogenic
organic compounds, can pose severe health risks.

Physical Properties

Size: The defining characteristic of PMy, is its size; these particles have an aerodynamic diameter of 10
micrometres or less, making them inhalable. Their small size allows them to penetrate deeper into the
respiratory system but not as deeply as PM,.s particles.

Visibility Impact: High levels of PM, can reduce visibility, contributing to haze, especially in urban and
industrial areas.

Sources:

PMy, particles arise from both natural and anthropogenic (human-made) sources. Natural sources include
wind-blown dust and wildfires, while anthropogenic sources encompass emissions from vehicles,
construction sites, agriculture, and industrial processes.

Health Effects:

Exposure to PM;, can cause adverse health effects, particularly respiratory and cardiovascular problems.
These can range from coughing and throat irritation to more severe outcomes like exacerbation of asthma,
respiratory infections, and decreased lung function. Long-term exposure may also contribute to heart
disease and premature death, especially in individuals with pre-existing health conditions.

Environmental Effects:

Ecosystem Damage: Similar to PM,.5, PM;yo can harm ecosystems by affecting soil and water quality,
which can disrupt nutrient cycles and harm wildlife.



e Visibility Reduction: PM;, particles scatter and absorb sunlight, leading to reduced visibility or haze. This
effect is particularly noticeable in urban and industrial regions.

Climate Impact:

e  While PMy, does not directly affect climate as much as finer particles like PM,.5 or gases like CO,, its
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deposited on snow or ice, darker particles can accelerate melting by increasing solar absorption.

Data Collection Methods:

The device for measuring pollutants is the "Aeroqual Series 500". It collects real-time information about the
surrounding air. It's a flexible air quality monitoring solution that can be configured with different gas sensors and
particle sensors for various environmental monitoring purposes. Sensors can be swapped using the same base
device. We will choose from different sensor heads, each containing a single gas or particle sensor.

Monitoring sessions were systematically executed across each designated site, with each session spanning
approximately three hours and encompassing all 7 monitoring stations for all the selected pollutants. Monitoring
practices began since 24.10.2023 and were finalized on 21.03.2024.

Throughout these 5 months, all 21 monitoring stations were covered for a total exceeding 370 hours of recorded
pollution concentration. Initial recordings were meticulously documented on site-specific monitoring logs,
subsequently transcribed into a digital format within an Excel database, and ultimately integrated into a
Geographic Information System (GIS) for advanced spatial analysis and archiving purposes.

Figure 1. Aeroqual 500 and the different gass sensors
Source: aeroqual web page

In the project framework, the procedure for the four selected indicators went through three steps:



emonitoring equipment with interchangeable sensors is used to take measurements
at locations or record data over time and space.

Data download

ethe equipment is connected to a computer, and measurements are downloaded
using free Aeroqual software or an analog o-5 V output.

Data analysis

edata analysis to identify trends, comparison of areas, pinpoint pollution hotspots,
and investigate the numbers generated by the research.

Monitoring stations

The research has considered 3 urban areas in which there are 3 residential complexes built with prefabricated
materials in the city of Tirana.

These areas are as follows:

= 21 Dhjetori,
= AliDemi,
= [sh Teknologjiku

Points have been defined for each area which will be continuously monitored. The determination was made to make
it possible to include the internal spaces of these residential complexes as well as the external spaces near the
vehicle roads.

Research findings
Air pollution status

The table below offers an overview of average pollutant concentration extracted from the alternative monitoring
results leaded by the author since 2017.

Table 1: 2018-2023 average pollution concentration.

TIRANE DURRES SHKODER ELBASAN KORCE EU Standard WHO US EPA
PM..5(ng/m3) 19 23.6 17.9 31 27.2 20 5 9
PMao (ug/m3) 29 37.1 26.7 39.6 42.1 40 20 150°
NO: (ug/m3) 117 85.5 126 69.6 59.7 40 10 100
VOC (ug/m3) 0.35 0.53 0.6 0.52 0.38 0.5 0.1 1.2
CO: (ppm) 462 470 575 531 469.4 350-450 350 450

%> Not to be breached more than 1 day during 3 years



CO (pug/md) 2.4 6 1.1 2.6 7-3 1

Cé6H6 21.3 24.7 Na Na Na o

Source: (Green-Lung’s project)

Urbanization and architectural design play significant roles in shaping air quality within cities. There is a direct
relationship between urban form, architectural design, and air quality whereas the key factors influencing urban air
quality, such as building density, street layout, green spaces, and building materials. Furthermore, the architectural
strategies and urban planning approaches that can mitigate air pollution and promote healthier living environments
should necesarily take into consideration urban ventilation in order to avoid the the creation of phenomena of Air
Pollution Cavity Areas. APCA contributes directly to pollution retention due to wind vortexes this increasing
pollution concentration in specific closed-edge urban blocks.

Rapid urban growth brings various environmental challenges, with air pollution being a pressing concern. Air quality
in urban environments is influenced by multiple factors, including vehicular emissions, industrial activities, and
urban form. In this context, the design of cities and buildings plays a crucial role in shaping air quality.

Building Density

Building density refers to the concentration of structures within a given area of land. High-density urban
environments often experience increased air pollution due to factors such as traffic congestion and limited
ventilation. Tall buildings can impede airflow and create urban canyons, trapping pollutants at street level.
Conversely, low-density developments may promote the dispersal of pollutants but can lead to increased vehicle
usage and urban sprawl. Achieving an optimal balance in building density is essential for mitigating air pollution
while ensuring urban functionality and efficiency.

Street Layout

The layout of streets and roads influences air quality by affecting traffic flow and pollutant dispersion. Gridiron
street patterns facilitate efficient vehicle movement but may lead to congestion in certain areas. In contrast,
curvilinear street layouts can enhance aesthetic appeal and reduce traffic speeds, thereby lowering emissions.
Additionally, the design of pedestrian-friendly streets and bike lanes promotes alternative transportation modes,
reducing reliance on automobiles and improving air quality.

Green Spaces

Incorporating green spaces into urban environments has proven benefits for air quality and public health. Trees and
vegetation act as natural filters, capturing airborne pollutants and releasing oxygen through photosynthesis.
Moreover, green spaces provide shade, mitigate urban heat island effects, and enhance aesthetic quality.
Integrating parks, gardens, and green corridors into urban planning initiatives can help mitigate the adverse effects
of air pollution while fostering biodiversity and recreational opportunities.

Architectural Influence on Air Quality

The orientation of buildings and their design features significantly impact indoor air quality and thermal comfort.
Proper building orientation can maximize natural ventilation and daylighting, reducing the need for mechanical
heating and cooling systems. Cross-ventilation strategies, such as operable windows and atriums, facilitate airflow
and improve indoor air circulation. Additionally, incorporating passive design principles, such as shading devices
and thermal mass, enhances energy efficiency and indoor environmental quality.

Building Materials and Indoor Air Quality



The selection of building materials plays a crucial role in determining indoor air quality levels. Volatile organic
compounds (VOCs) emitted from paints, adhesives, and furnishings can contribute to indoor air pollution and
adverse health effects. Choosing low-emission materials and finishes, such as low-VOC paints and formaldehyde-
free wood products, reduces indoor air contaminants and enhances occupant well-being. Furthermore, promoting
sustainable building practices, such as using recycled and locally sourced materials, minimizes environmental
impacts and supports circular economy principles.

Sustainable Urban Design

Sustainable urban design principles prioritize environmental stewardship, social equity, and economic viability in
urban planning initiatives. Implementing compact, mixed-use developments reduces vehicle miles traveled and
promotes active transportation options. Additionally, incorporating green infrastructure, such as green roofs and
permeable pavements, helps manage stormwater runoff and mitigate air pollution. By fostering walkable
neighborhoods and accessible public transit systems, sustainable urban design enhances air quality while
enhancing overall urban livability.

Passive Design Strategies

Passive design strategies emphasize harnessing natural resources and climatic conditions to create comfortable
and healthy indoor environments. Orienting buildings to optimize solar exposure and prevailing winds reduces
reliance on mechanical systems and minimizes energy consumption. Passive solar design techniques, such as
daylighting and solar shading, enhance visual comfort and thermal performance while reducing carbon emissions.
Moreover, incorporating natural ventilation strategies, such as stack ventilation and night flushing, improves indoor
air quality and occupant comfort levels.

Public Health Implications:

Arden Pope - an economist who has conducted research on the economic costs of air pollution, including the costs
of health care and lost productivity associated with exposure to air pollutants. Pope has made significant
contributions to understanding the broader societal impacts of air pollution. While specific quotes from him may
not be widely available, his research findings and conclusions have been extensively cited in academic literature.
Pope's research has highlighted the substantial economic burden of air pollution on society, including healthcare
expenditures, lost productivity, and other indirect costs (Pope, 2017).

Area 21 Dhjetori Teknologjiku Ali Dem

Pollutant PM2.5 | PM1o NO2 PM2.5 | PM1o NO2 PM 2.5 PM 10 NO2
Monitored 12,8 21 0 10 18 1 2 6 142
Concentration ! 13 7 34 7 3 4
Difference 8 1, 60 -2 12 22 16 132
withwHO std | 7 13 5 4 3
Difference -7,2 -18 (o] -10 -22 - 102
with EU std 7 7 3 94 7 4




Annual health
cost of PM air
pollution
exposure per
family (70Eur
and 280 Eur)
Annual health
cost of NO2
air pollution
exposure per
family (70Eur
and 280 Eur)

1080

Number of
families

143 170 219

Total Public

Health Cost 4.461,60 | 743,60 | 51.480,00 | 3.400,00 - 170.000,00 | 46.866,00 | 14.016,00 | 236.520,00

Overall cost

per areas 56.685,20 173-400,00 297.402,00

Total annual

Public Health
impactin all 3
areas

527.487,20

Numerous scientific authors have attempted to index and quantify health implications to populations constantly
being exposed do urban air pollution such as particulate matter, nitrogen dioxide and benzene pollution.

For instance, the ground breaking report published by an international team of researchers at Lancet Medical
Journal through the Global Burden Disease (GDB) initiative, proposes an indicative annual cost of 4-22 Euro per
each family exposed progressively to concentrations exceeding WHO and EU limit on particular matter and 2-
10 Euros for those exposed to exceeding concentration of NO2.

The results from this indicative quantification of economic cost from exposure to air pollution on public health
indicate that 21 Dhjetori bears the minimum cost at approximately 120 Euro [ year / person. Whilst families living at
Ali Demi have an health and economic impact at least 5 times higher given the exceeding concentrations of both
PM2.5and NO2.

Results of air quality monitoring.

Allthree selected study areas rapresent significant similarities with regard to construction period with over 55 years
of age. Featuring an urban form composed of linear and parallel and closed edge residential buildings ranging from
five to six floors, oriented mainly from the Northwest. Such an arrangement is ideally suited for the natural
dispersion of air pollutants and facilitates natural ventilation, leveraging the most prevalent wind directions in
Tirana.

Ish-Teknologjiku and Ali Demi areas stand out for their natural ventilation efficacy, attributable to their linear
residential structures as well as to presence of main roads that do facilitate the creation of urban canyon effect.
Despite the proximity to construction activities, congestion 21 Dhejtor exhibited lower pollution levels, particularly
due to the distance from these sources of pollution.



21 Dhjetori
0 NO: (Nitrogen Dioxide):

The recorded NO2 concentrations in the 21 Dhjetori area range from 29 pg/m?3 to 120 pg/m3, with an overall
average concentration of 70 pg/ms3, indicating high pollution levels across the monitoring points. These findings
suggest that the primary sources of NO2 emissions are vehicular traffic and other combustion activities prevalent
in the vicinity, particularly from heavy-duty vehicles and construction sites.

Detailed Analysis

NO2 Concentration Levels

The average NO2 concentration of 70 pg/m3 is notably high, exceeding both the EU and WHO standards:

e Albania Standard: 6o pg/m?
e EU Standard: 40 pg/m3

e WHO Standard: 10 pg/m?
The recorded average in the 21 Dhjetori area exceeds the EU limit by nearly double and the WHO limit by 6-7
times, indicating a significant health risk to residents and visitors.
Potential Sources of NO2 Emissions
The high NO2 levels can be attributed to:

e  Traffic: Emissions from cars, trucks, and especially heavy-duty vehicles.

e Combustion Activities: Construction sites and other local activities that involve burning fossil fuels.
Impact on Public Health
The elevated NO2 levels pose health risks, particularly for vulnerable groups such as newborns, children, the
elderly, and individuals with chronic ilinesses. Long-term exposure to high NO2 concentrations can lead to
respiratory problems, cardiovascular diseases, and other health issues.
Heat-Map Analysis and Spatial Variation
The heat-map analysis highlights significant spatial variation in NO2 concentrations across the 21 Dhjetori area:
Monitoring Points 4 and 1 (Hotspots)

e Location: Near a construction site and high-traffic areas.
e Observation: Highest NO2 concentrations.

e Explanation: The presence of construction activities and heavy traffic contributes significantly to the
elevated NO2 levels in these areas.
Monitoring Points 5 and 6 (Lower Values)

e Location: Situated within small urban parks and parking spots.
e Observation: Lower NO2 concentrations.

e Explanation: These areas have fewer combustion activities and better natural ventilation, resulting in
lower NO2 levels.
Urban Layout and Air Quality
The urban layout significantly affects the dispersal of NO2 concentrations. Areas with dense traffic and
construction activities show higher pollution levels, while areas with green spaces and open areas exhibit lower



levels. This suggests that modifications in urban design, such as increasing green spaces and improving
ventilation, could help mitigate NO2 pollution.

APCA Phenomena

The potential presence of Atmospheric Pollution Concentration Areas (APCA) is indicated by the variations in
NO2 levels. Changes in the original urban layout may have reduced natural ventilation, contributing to higher
pollution concentrations in certain areas.

Conclusion

The NO2 concentrations in the 21 Dhjetori area are alarmingly high, exceeding both EU and WHO standards. The
primary sources of NO2 emissions are vehicular traffic and construction activities, with significant spatial variation
influenced by the urban layout. Immediate interventions, such as improving traffic management, enhancing
green spaces, and ensuring better ventilation, are essential to reduce NO2 levels and protect public health.
Addressing these issues can help create a healthier and more sustainable urban environment.

Figure 2 - Graphic presentation of NO- values, 21 Dhjetori
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0 CO2(Carbon Dioxide):

The CO2 concentrations in the 21 Dhjetori area vary from 305 ppm to 642 ppm, with an overall average
concentration of 433 ppm, indicating moderate pollution levels. These elevated levels suggest significant



contributions from the transport sector and reduced vegetation, leading to a decrease in ecosystem services such
as carbon sequestration and urban heat mitigation.

Detailed Analysis

CO2 Concentration Levels

The CO2 concentration in the 21 Dhjetori area ranges widely, with an average of 433 ppm. While these levels do
not pose an immediate health risk to the public, they highlight underlying environmental issues. Elevated CO2
levels are indicative of urban activities, particularly transportation, which is a major source of CO2 emissions.
Contributions from the Transport Sector

The significant contributions from the transport sector are evident in the CO2 levels. Vehicles emit carbon
monoxide (CO), which quickly converts to carbon dioxide (CO2) in the atmosphere. The average concentration of
433 ppm, though not harmful in itself, points to a high volume of vehicular emissions in the area.

Heat-Map Analysis and Spatial Variation

The heat-map analysis shows that higher CO2 concentrations penetrate the area from the main ring-road on the
eastern side. This suggests a direct correlation between traffic density and CO2 levels:

Main Ring-Road Influence

e Location: The main ring-road on the east side of the area.
e Observation: Higher CO2 concentrations are observed near this road.

e Explanation: The high traffic volume on the ring-road leads to increased emissions of CO2. The proximity
of this road to the 21 Dhjetori area results in elevated COz2 levels, particularly from the conversion of carbon
monoxide emitted by vehicles.

Impact on Urban Microclimate

While the registered CO2 concentrations do not pose a direct health risk, they contribute to the exacerbation of
the local microclimate:

Reduced Vegetation and Carbon Sequestration

e Impact: Reduced vegetation in urban areas leads to decreased carbon sequestration, which is the process
by which trees and plants absorb CO2 from the atmosphere.

e Explanation: The lack of sufficient green spaces means that less CO2 is being absorbed, allowing higher
concentrations to persist in the atmosphere.
Urban Heat Island Effect

e Impact: Elevated CO2 levels contribute to the urban heat island effect, where urban areas experience
higher temperatures than their rural surroundings.

e Explanation: CO2, along with other greenhouse gases, traps heat in the atmosphere. Higher CO2 levels in
urban areas can lead to increased temperatures, particularly during summer, exacerbating the urban heat
island effect.

Conclusion

The CO2 concentrations in the 21 Dhjetori area, while not immediately hazardous to public health, indicate
moderate pollution levels largely driven by vehicular emissions and reduced vegetation. The heat-map analysis
underscores the impact of the main ring-road on local CO2 levels, highlighting the need for targeted interventions
such as improved traffic management and increased green spaces. Addressing these factors can help mitigate the



urban heat island effect and improve the overall microclimate, contributing to a more sustainable and livable
urban environment.
Figure 3 - Graphic presentation of CO- values, 21 Dhjetori
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0 PMaz2.5 (Particulate Matter 2.5):

In the 21 Dhjetori area, PM2.5 concentrations range from 3 pg/m3to 51 pg/m3, with an overall average concentration
of 13 pg/m3. This suggests relatively moderate levels of fine particulate matter pollution. Despite the variation, the
average level is within acceptable limits for both the EU and Albanian standards. However, it exceeds the World
Health Organization (WHO) standard, indicating a potential impact on public health.

Detailed Analysis
PMz2.5 Concentration and Health Standards

PM2.5, or particulate matter with a diameter of 2.5 micrometers or smaller, poses significant health risks due to its
ability to penetrate deep into the lungs and enter the bloodstream. The average PM2.5 concentration in the 21
Dhjetori area is 13 pg/m3. While this is below the EU limit of 25 pug/m? and the Albanian limit, it exceeds the WHO's
recommended guideline of 10 pg/m3.

Implications for Public Health

Exceeding the WHO standard suggests that even though the levels are within local requlatory limits, there are still
potential health risks for residents. Long-term exposure to PM2.5 can lead to respiratory and cardiovascular
diseases, as well as other adverse health effects, even at relatively low concentrations. The WHO standard is more
stringent because it aims to minimize these health risks.

Heat-Map Analysis and Spatial Variation
The heat-map analysis reveals significant spatial variation in PM2.5 concentrations across the 21 Dhjetori area:
Monitoring Point (MP) 2

e Location: A road with increased traffic.

e Observation: Higher PM2.5 concentrations are observed here.



e Explanation: Traffic emissions are a major source of PM2.5. Vehicles release particulate matter through
exhaust, tire wear, and road dust. Increased traffic volume leads to higher emissions and consequently
higher PM2.5 levels.

Monitoring Point (MP) 4
¢ Location: A construction site near the Tirana ring road and 21 Dhjetori cross-road.
e Observation: Elevated PM2.5 levels are noted.

e Explanation: Construction activities contribute to PM2.5 pollution through the release of dust and
particulate matter from machinery, construction materials, and soil disturbance. Additionally, proximity
to major roads increases exposure to traffic-related emissions.

Year-Round Exceedance

The location near the Tirana ring road and 21 Dhjetori cross-road is consistently noted for exceeding pollutant
concentrations throughout the year. This persistent exceedance highlights the combined impact of continuous
traffic flow and ongoing construction activities in the area. Both sources contribute to sustained high levels of
PMz2.5, raising concerns about chronic exposure and its health implications for the local population.

Conclusion

While the average PM2.5 concentration in the 21 Dhjetori area is relatively low and within local requlatory limits, it
still exceeds the stricter WHO guidelines, indicating a potential public health risk. The spatial analysis underscores
the influence of specific local activities, such as traffic and construction, on air quality. To mitigate these impacts,
targeted measures such as traffic management, emission controls, and dust suppression at construction sites could
be implemented. Additionally, continuous monitoring and adherence to the more stringent WHO standards would
better protect public health and improve air quality in the area.

Figure 4 - Graphic presentation of PM..s values, 21 Dhjetori
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0 PMauo (Particulate Matter 10):



PMz1o Concentration and Health Standards

PMa1o refers to particulate matter with a diameter of 10 micrometers or smaller, which can be inhaled into the
respiratory system and cause various health issues. The average PM1o concentration in the 21 Dhjetori area is 21.3
pg/m3. The relevant standards for PM1o concentrations are:

e EU Standard: 40 pg/m?3 (annual mean)
e Albanian Standard: Similar to the EU standard

e WHO Standard: 20 pg/m3 (annual mean)
The recorded average in the 21 Dhjetori area is within the EU and Albanian limits but slightly exceeds the WHO
guideline, suggesting a need for caution regarding public health impacts.
Implications for Public Health
Although the average PMz1o concentration is within most regulatory limits, it surpasses the stricter WHO
standard. Long-term exposure to PM1o can lead to respiratory and cardiovascular diseases, especially affecting
vulnerable groups such as children, the elderly, and individuals with preexisting health conditions.
Heat-Map Analysis and Spatial Variation
The heat-map analysis reveals spatial variation in PM1o concentrations across the 21 Dhjetori area, influenced by
local activities and infrastructure:
High Concentration Areas

e Sources: Increased traffic and construction activities.

e Explanation: Vehicles and construction sites are significant sources of PM1o. Emissions from these
sources contribute to higher concentrations in areas with heavy traffic and ongoing construction projects.
Low Concentration Areas

e Locations: Within the block, near green spaces and less congested areas.

e Explanation: These areas benefit from better air quality due to fewer sources of particulate matter and
the presence of vegetation that can help filter the air.
The urban design of the 21 Dhjetori area plays a crucial role in the distribution of PM10o concentrations. Dense
traffic and construction activities increase particulate matter levels, while the layout and form of the block
actually serves as a physical barrier for PM particles penetrating into the inner part of the block.

Nevertheless, there is a significant finding that even though washout effect from rain and wind in several days did
not had any significant effect in the decrease of the PM presence in the area. Such result indicates the persistent
emission sourcing from construction and traffic in the area



Figure 5 - Graphic presentation of PMy, values, 21 Dhjetori
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Ali Demi
NOz2 (Nitrogen Dioxide):

In the Ali Demizone, NO, concentrations vary from 129.55 pug/m3to 158.45 pg/m3, with Point_6 showing the highest
concentration. These variations suggest localized sources of NO: pollution, possibly related to traffic congestion or
industrial activities. Targeted interventions are needed to mitigate the health risks associated with NO. exposure,
focusing on reducing emissions from vehicles and industrial sources.

Figure 6 - Graphic presentation of NO- values, Ali Demi
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CO2 (Carbon Dioxide):

Based on the provided data from the monitoring station points, the carbon dioxide (CO2) concentrations in the Al
Demi zone exhibit a range from 758.35 ppm to 866.15 ppm. This places the CO. levels within the moderate to high



range of pollution. Specifically, monitoring points Point_s and Point_6 register CO. concentrations exceeding 8oo
ppm, indicating a high level of carbon dioxide pollution in these areas. Meanwhile, monitoring points Point_1,
Point_2, Point_3, Point_4, and Point_7 show CO. concentrations below 8oo ppm but above 400 ppm, suggesting a
moderate level of pollution.

Analysis of CO. concentrations highlights the pervasive nature of carbon dioxide pollution in the Ali Demi zone.
While certain monitoring points record moderate levels, others, notably Point_5 and Point_6, exhibit
concentrations above 8oo ppm, indicating significant emissions from vehicular traffic and industrial activities.
These findings emphasize the urgency of implementing measures to curb CO. emissions and improve air quality in
the area

Figure 7 -Graphic presentation of CO. values, Ali Demi
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PMz2.5 (Particulate Matter 2.5):

In the Ali Demi zone, PM.;s levels vary across different monitoring points. The data indicates that PM2.5
concentrations range from 23.65 pg/m3 to 45.6 pg/m3. Among the monitoring points, Point_6 stands out with the
highest PM. 5 concentration, while Point_3 has the lowest level. These variations suggest spatial differences in
pollution sources and emphasize the importance of targeted measures to mitigate PM. s emissions and improve air
quality in the Ali Demi zone.

Particularly noteworthy is the elevated level of PM. s detected at monitoring point Point_6, suggesting localized
sources of pollution contributing to heightened fine particulate matter levels. Such sources may include vehicular
emissions, industrial activities, or combustion processes prevalent in urban environments like Ali Demi.



Figure 8 -Graphic presentation of PM..s values, Ali Demi
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PMa1o (Particulate Matter 10):

In the Ali Demi zone, PM1o levels vary between 27.1 pg/m? and 58.85 pg/m3 across different monitoring points.
Point_6 exhibits the highest concentration of PM1o, while Point_3 shows the lowest level. These fluctuations
highlight spatial variability in particulate matter pollution within the Ali Demi zone, suggesting varying sources or
local factors influencing PMy, levels.

Figure g -Graphic presentation of PMuc values, Ali Demi
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Ish- Teknologjiku (Ex-Technological School)
NO2 (Nitrogen Dioxide):

In the ex-Technological School area, NO. concentrations range from 129.0 pg/m3 to 138.6 pug/m?3 across monitoring
points, indicating moderate pollution levels. Point_2 exhibits the highest NO- concentration among the monitored
locations, suggesting potential sources of emissions in that area. Continued monitoring and targeted mitigation



measures are essential to address the NO. pollution and safeguard public health in ex-Technological School (ish-
Shkolla Teknologjike).

Figure 10 -Graphic presentation of NO2 values, Ish- Teknologjiku
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CO2 (Carbon Dioxide):

CO- concentrations in the ex-Technological School area range from 628.6 ppm to 664.9 ppm across monitoring
points, indicating moderate to high pollution levels. Point_1 has the highest CO2 concentration among the
monitored locations, suggesting significant contributions from vehicular emissions or industrial activities in that
vicinity. Effective measures to reduce CO. emissions are essential to improve air quality and mitigate associated
health risks in ex-Technological School.

Figure 11 -Graphic presentation of CO. values, Ish- Teknologjiku

Source: Co-PLAN

PMz2.5 (Particulate Matter 2.5):

In the ex-Technological School area, PM. s concentrations range from 8.9 pg/m?3 to 11.4 pg/m3 across monitoring
points, indicating relatively low levels of fine particulate matter pollution. Point_2 exhibits the highest PM..
concentration among the monitored locations, although all values remain within acceptable limits.



Figure 12 -Graphic presentation of PM. ; values, Ish- Teknologjiku
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PMa1o (Particulate Matter 10):

PMz1o concentrations in the ex-Technological School area range from 14.9 pg/m3 to 22.6 pg/m3 across monitoring
points, indicating generally low levels of coarse particulate matter pollution. Point_1 exhibits the highest PMao
concentration among the monitored locations, while Point_6 has the lowest. Overall, the levels observed suggest
satisfactory air quality standards in ish-Shkolla Teknologjike, but ongoing monitoring is important to ensure
continued compliance with regulatory limits.

Figure 13 -Graphic presentation of PMio values, Ish- Teknologjiku
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Summary and Comparative Analysis with Ali Demi and Teknologjike

The assessment of air quality across the Ali Demi, 21 Dhjetori, and ish-Shkolla Teknolognike zones reveals
significant variations in pollutant levels, highlighting distinct challenges and areas of concern. Based on the air
quality data for each zone, we conclude that proximity to traffic and roads increases exposure to pollutants, while
the presence of urban greenery and its ecosystem services significantly improves air quality. The prominence of
these locations along major thoroughfares serves as a critical indicator of pollution levels, predominantly stemming
from vehicular traffic and poorly maintained roadways.

Observations indicate that the urban form play a significant role in determining the infiltration of pollutants into
interior spaces and furhter the dispresal of pollution through natural ventilation. Structures situated close to
roadsides and stretching along them are particularly susceptible to heightened exposure to pollutants whilst 21



Dhjetori stands out as an area with less concnetration due to distance with source but with a higher retention rate
due to its urban form and deprived natural ventilation.

Below are the main results reflected also through comparative graphs for each area:
Carbon Dioxide (CO.):

CO:. levels in Ali Demi are moderately high, reflecting the influence of vehicular emissions and industrial processes.
In 21 Dhjetori, CO. concentrations are relatively lower, indicating better air quality compared to Ali Demi. However,
efforts to reduce CO. emissions remain essential to mitigate the impact of urban activities. Similarly, ish-Shkolla
Teknologjike shows moderate CO, levels, suggesting a need for sustainable practices to maintain air quality
standards.
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Nitrogen Dioxide (NO2):

In Ali Demi, NO. concentrations are notably high, with levels exceeding health guidelines at several monitoring
points. This indicates a significant impact from vehicular emissions and industrial activities in the area. Similarly, 21
Dhjetori shows elevated NO. levels, suggesting ongoing pollution sources, likely associated with urban traffic.
Conversely, ish-Shkolla Teknologjike exhibits relatively lower NO. concentrations, indicating better air quality
compared to the other zones. However, further monitoring and control measures are necessary to prevent NO.
levels from rising.
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PMa2.5 (Particulate Matter 2.5)

In Ali Demi, PM. s levels are notably high, indicating significant particulate pollution from various sources, including
vehicular traffic and industrial activities. These elevated levels pose health risks to residents and underscore the
urgent need for measures to reduce pollution sources. Conversely, both 21 Dhjetori and ex-Technological School
show comparatively lower PM.s levels, suggesting better air quality in these zones. However, continuous
monitoring and proactive measures are necessary to maintain these standards and prevent a deterioration in air
quality.
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PMa1o (Particulate Matter 10)

Similarly, Ali Demi exhibits elevated PMuo levels, reflecting the presence of larger particulate matter pollutants from
similar sources as PM.;. This underscores the importance of targeted interventions to address pollution sources
and mitigate health risks for residents. In contrast, 21 Dhjetori, ish-Shkolla Teknologjike demonstrate relatively
lower PMy, levels, indicating better air quality in these areas. However, sustained efforts are essential to maintain
these levels and ensure a healthy environment for residents.
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