
Urban Innovative Actions, Les Arcuriales, 45D rue de Tournai, F59000 Lille, 

France 

www.uia-initiative.eu 

INNOAIR 
INDEX:  UIA05-202 

Innovative demand responsive green 
public transportation for cleaner air in 

urban environment

Guide book 

on air pollution 

interdependencies for 

various stakeholders 

December, 2020



 Guide book on air pollution interdependencies 

 for various stakeholders 

 

 

INNOAIR © 2 

   

 

Authors 
 

Emilia Georgieva, Elena Hristova, Tatiana Spassova, Sevdalina Voynova 

 

 

 

Key data 
 

Air pollution, AQ standards, Emission sources, Monitoring 

 

 

 

Statement of originality 
 

This deliverable contains original unpublished work except where clearly indicated otherwise. 

Acknowledgement of previously published material and of the work of others has been made 

through appropriate citation, quotation or both.  



 Guide book on air pollution interdependencies 

 for various stakeholders 

 

 

INNOAIR © 3 

   

 

List of abbreviations 
 

AQ Air quality 

AQD Air Quality Directive 

AQGs Air Quality Guidelines 

AQP Air Quality Programme 

BaP Benzo[a]pyrene  

BC Black Carbon  

CMGI Compact of Mayors Global Initiative  

EC European Commission 

ECMI European Covenant of Mayors Initiative  

EEA European Environmental Agency 

EU European Union 

EWS Early Warning System 

ExEA Executive Environmental Agency 

GCMCE Global Covenant of Mayors for Climate & Energy  

GHG greenhouse gas  

LV Limit value 

MoEW Ministry of Ecology and Water 

NIMH National Institute of Meteorology and Hydrology   

NMVOCs Non‑methane volatile organic compounds  

PAHs Polyromantic (polycyclic) hydrocarbons 

PM Particulate matter  

SAP Sources apportionment 

SM Sofia Municipality 

VOC  Volatile organic compounds 

WHO World Health Organisation  

 

 

 

 

 

 

 

 



 Guide book on air pollution interdependencies 

 for various stakeholders 

 

 

INNOAIR © 4 

   

 

 

Contents 
 

Abstract ........................................................................................................................... 7 

A. GENERAL PART .......................................................................................................... 8 

1. INTRODUCTION ...................................................................................................... 8 

1.1 Meteorological conditions and pollution levels in urban areas............................. 8 

1.2 Air Pollutants .................................................................................................... 10 

1.3 Air Quality standards ........................................................................................ 11 

1.4 Air pollution impacts ......................................................................................... 13 

2. EMISSION SOURCES IN URBAN AREAS .................................................................. 14 

2.1. Emissions from mobile sources ......................................................................... 16 

2.2. Emissions from stationary sources .................................................................... 16 

3. MONITORING URBAN AIR POLLUTION .................................................................. 18 

3.1. Bulgarian national monitoring network ............................................................. 19 

3.2. Air quality monitoring system in Sofia ............................................................... 20 

3.3. Municipality network AIRTHINGS ...................................................................... 21 

3.4. Citizen network for air quality ........................................................................... 21 

3.5. Scientific studies and measurements................................................................. 22 

4. IDENTIFYING THE CONTRIBUTION OF DIFFERENT SOURCES TO POLLUTION 
CONCENTRATIONS ...................................................................................................... 23 

5. AQ MANAGEMENT STRATEGIES AND GOOD PRACTICES ........................................ 24 

B. SPECIFIC INTERDEPENDENCIES ................................................................................. 30 

C. CONCLUSIONS ......................................................................................................... 32 

REFERENCES ................................................................................................................... 34 

 
 

 

 

 

 

 
 



 Guide book on air pollution interdependencies 

 for various stakeholders 

 

 

INNOAIR © 5 

   

 

List of tables 
Table 1: EU air quality standards and WHO air quality guidelines ……………………………………………………12 

Table 2: Emissions from main sources in Sofia municipality for 2018 ………………………………………………18 

Table 3: Exposure of urban population in the EU-28 countries to high pollution levels [in %] ………....35 

 

 



 Guide book on air pollution interdependencies 

 for various stakeholders 

 

 

INNOAIR © 6 

   

 

List of figures 
 

Figure 1: Formation of urban air pollution …………………………………………………………………………………………9 

Figure 2: Main types of emission sources in urban areas …………………………………………………………………15 

Figure 3: Maps with main point sources of a) SO2
16 and b) PM10 in Bulgaria and their emissions in 

2019 ……………………………………………………………………………………………………………………………………….………16 

Figure 4: Map with main point sources of PM10 in Sofia region………………………………………………………..17 

Figure 5: Monitoring network in Bulgaria ……………………………………………………………………………………….19 

Figure 6: Map with automatic air quality stations in Sofia ………………………………………………………….…..20 

Figure 7: AIRTHINGS network for AQ in Sofia ………………………………………………………………………………….21 

Figure 8: Map of citizen network in Sofia ………………………………………………………………………………………..22 

Figure 9: Maps with daily PM10 concentrations (a) from all sources in the city and, (b) from the traffic, 

for 19.02.2019 ……………………………………………………………………………………………………………………………….24 

Figure 10: Mean annual PM10 concentrations at 4 stations in Sofia (2009-2019) ………………..………...26 

Figure 11: Number of days with exceedances of PM10 daily LV for a calendar year at 5 stations in Sofia 

(2009-2018) ………………………………………………………………………………………………………………………………… 27 

Figure 12: What to do for having better AQ ………………………………………………………………………………….30 

Figure 13: The three main components for resolving public problems and their interdependent 

relationship ……………………………………………………………………………………………………………………………………31 

 

 

 

 

 
 
 

 

 

  

 

 

 



 Guide book on air pollution interdependencies 

 for various stakeholders 

 

 

INNOAIR © 7 

   

 

Abstract  
Urban areas usually have a large population. A number of prerequisites are necessary for the 

health and well-being of these people and one of the most important is the quality of the air they 

breathe. Urban air quality (AQ) differs considerably from the rural AQ since there are more 

concentrated and various types of sources. Moreover, the ability of dispersing the pollutants in the air 

is limited by the physical constraints of the complex urban infrastructure.  

In order to assess and manage the exposure of people living in urban areas, as well as the 

effects on the environment in these zones, a complex and combined study of all factors contributing 

to undesirably high pollution levels are required: knowledge of pollution sources and types of activities 

causing them, meteorological factors driving the transport and diffusion of pollutants, chemical 

transformations the pollutants undergo, etc. 

As a complex problem, air pollution requires in-depth and multifaceted research and joint 

efforts by different groups of experts and stakeholders. 

Appropriate measures and policies are needed to address urban air quality issues, as well as 

the involvement of the citizens at all levels of the process.  

The “Guidebook on air pollution interdependences for different stakeholders” is a free tool 
for policy, research, education, industry and environmental bodies to understand the processes 
leading to undesired high levels of pollution in urban areas. We tried, in an understandable way, to 
summarize what factors influence the levels of various pollutants in the atmosphere and how their 
adverse influence can be eliminated or limited so to improve air quality in cities in a short and long 
term time horizon. 
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A. GENERAL PART  
 

1. INTRODUCTION  

1.1 Meteorological conditions and pollution levels in urban 
areas 

 
The level of atmospheric pollution is determined both by their emissions and by the dispersion 

processes in the atmosphere. The atmosphere is self-purifying in most cases, but in urban areas the 

conditions are more complicated. The main unfavorable meteorological conditions, prerequisite for 

the accumulation of pollutants in the surface layer of the atmosphere are: low wind speeds (less than 

1.5 m/s) and stable stratification (weak turbulence and so weak vertical mixing). Temperature 

inversions and stable stratification of the atmospheric boundary layer create stagnant conditions 

leading to limited dispersion of atmospheric pollutants, so higher concentrations.  

The atmospheric humidity is a parameter that affects the spread of dust pollutants and plays 

a significant role in the formation of acidic aerosols. Higher humidity is a factor for hydration of 

pollutants and consequent formation of new toxic compounds.  

Other important factor that contributes for poor air quality is topography, which may serve 

as a wall for polluted air masses to leave the area. Densely built areas may also block the ventilation 

and keep polluted air near the ground. 

Air pollution in urban areas is a complex problem involving sources, atmospheric and chemical 

processes over different spatial and temporal scales. 

Long-range (transboundary) pollution is associated with pollutants from distant emission 

sources from both natural (Saharan dust, wildfires, volcano eruption, etc.) and anthropogenic origin 

(e.g. coal fired thermal power plants, open pit mining, stone mining, etc.). Some of the emitted 

pollutants may undergo different chemical transformations during their transport by the air masses, 

while others are transported as passive substances but both can affect cities and areas far away from 

their origin.  For example, due to the Saharan Dust intrusion on 14-15 May 2020 the 

observed/measured concentrations of particulate matter were above 100 μg/m3 at Kopitoto station 

(~1350 m above ground level, agl) and approximately 50 μg/m3 at the AQ stations in the city of Sofia 

(~550 m agl). The resident time of such type of pollutants in the atmosphere is typically from several 

days to weeks, depending on the compound and the specific meteorological conditions. 

Regional pollution is associated with sources at national/country level, but outside the target 

city. Thus, the knowledge of the emission sources and their type (highways, industrial facilities, 

agricultural areas) on regional scale is important for determining possible effects in the targeted urban 

areas. The time scale is typically of a few days. 
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Both regional and long-range transport processes underpin the levels of the regional 

background concentrations. 

In the city, the air pollution can be treated as a common for the entire city (urban background) 

or for selected / specific part of the city, such as streets or neighborhood (street or local level). The air 

pollution in cities is mainly caused by emissions’ sources arising from human activities (industry, 

domestic heating, construction works, traffic, etc.) and is heavily influenced by the local geographical 

characteristics (topography, climate, built-up and green areas). The time scale of such pollution can 

be from several hours to a few days.  

The air pollution in urban areas is of main concern as high concentrations of pollutants are 

observed in zones with significant population density, thus major part of the citizens can be exposed 

to the negative impact of the air pollution. Additionally, adverse effects of air pollution in the city can 

be found on cultural heritage, on vegetation and biodiversity. 

Figure 1 sketches how air pollution in urban areas is formed. There exists a natural background 

for the specific place. Over the natural one comes the regional background formed by sources situated 

outside the city. The city itself gives contribution to the pollutants’ concentrations forming urban 

background. Traffic and other local sources of pollution are superimposed on the urban one. 

 

 

 
 

Figure 1: Formation of urban air pollution 
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1.2 Air Pollutants 
 

Air pollutants can be of both natural (biogenic) and anthropogenic origin. They are categorized 

as primary or secondary. Primary pollutants are directly emitted to the atmosphere, whereas 

secondary pollutants are formed in the atmosphere from precursor pollutants through chemical 

reactions and microphysical processes. Air pollutants may have a natural, anthropogenic or mixed 

origin, depending on their sources or the sources of their precursors 1. Primary air pollutants are 

particulate matter (PM), black carbon (BC), sulphur oxides (SOX), nitrogen oxides (NOX) (which includes 

both nitrogen monoxide, NO, and nitrogen dioxide, NO2), ammonia (NH3), carbon monoxide (CO), 

methane (CH4), non‑methane volatile organic compounds (NMVOCs), including benzene (C6H6), 

certain metals and polycyclic aromatic hydrocarbons (PAHs) including benzo[a]pyrene (BaP). 

Secondary formed air pollutants are PM (formed in the atmosphere from SO2, NOx, NH3 and VOCs), 

ozone (O3), NO2 and several oxidized volatile organic compounds (VOCs). Certain NMVOCs are 

oxidised to form less volatile compounds, which in turn form secondary organic aerosols. Ground‑level 

(tropospheric) O3 is not directly emitted into the atmosphere 2. 

Particulate matter, nitrogen dioxide and ground-level ozone, are now generally recognised as 

the three pollutants that most significantly affect human health. Long-term and peak exposures to 

these pollutants range in severity of impact, from impairing the respiratory system to premature 

death. Around 90 % of city dwellers in Europe are exposed to pollutants at concentrations higher than 

the air quality levels deemed harmful to health.  

For example, fine particulate matter (PM2.5) in air has been estimated to reduce life 

expectancy in the EU by more than eight months. Benzo(a)pyrene is a carcinogenic pollutant of 

increasing concern, with concentrations being above the threshold set to protect human health in 

several urban areas, especially in central and eastern Europe 1. The percentage of the urban 

population in the EU-28 exposed to different air pollution above certain EU and WHO reference 

concentrations are summarased in a Table in the Appendix. 

 

The main problematic pollutants, officially recognised, for Sofia are PM10, NO2, O3 and BaP. 

 

1.2.1 Particulate matter (PM) is the major pollutant in urban areas. The size of 
the PM varies from less than 1 micron to larger than 100 microns. They can have either natural or 
anthropogenic origin. Fine dust particles are emitted into the atmosphere directly (primary emissions) 
or are formed by gases emitted into the atmosphere - precursors of fine dust particles (secondary 
emissions). Sulphur dioxide, nitrogen oxides and ammonia are inorganic gaseous substances, 
precursors for PMs formation. Main PM anthropogenic sources are energy, industry, road transport, 
combustion of various solid and liquid fuels, waste incineration, etc. 

 

1.2.2 Nitrogen dioxide (NO2) is a gas one of the major components of urban air 
pollution. Main anthropogenic sources of NO2 are vehicles, industry, power plants and heating.  
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1.2.3 Sulphur dioxide (SO2) belongs to the group of sulphur oxides (SOx), which 
are formed during the combustion of fuels with high sulphur content. The main anthropogenic source 
of SO2 is the combustion of natural fuels (thermal power plants, domestic heating, and vehicles). 
Metallurgy and the chemical industry are also sources of SO2 pollution. SO2 and NOx are the main 
components of "acid rain". 

 

1.2.4 Volatile organic compounds (VOC) play an important role in air quality 
degradation due to their participation in the cycle leading to the formation of additional ozone in 
presence of NOx. In urban areas main sources of VOC are vehicle exhaust or evaporation and domestic 
heating, together with the industrial sources (combustion, use of solvents, etc). 

 

1.2.5 Polyaromantic (polycyclic) hydrocarbons (PAHs) are a large group of 
organic compounds formed to the greatest extent in combustion processes, mainly in incomplete 
combustion of coal and diesel fuel. 

 

1.2.6 Ozone (O3) is a gas, powerful oxidant. It is not emitted directly into the 
atmosphere. It is formed from chemical reactions of precursor gases, mainly NOX, NMVOCs, CO and 
CH4 in the presence of sunlight. It is formed by the interaction of nitrogen oxides and volatile organic 
compounds under the influence of high temperatures and sunlight. There are no anthropogenic O3 
emissions. 

 

1.3 Air Quality standards 
 

The relationship between air quality and human health and the state of the environment as a 

whole has been recognised for a long time. In order to protect humans, animals and vegetation from 

adverse effects that are caused by elevated concentrations of air pollutants, limit values for pollutant 

concentrations have to be set and enforced. 

The World Health Organisation (WHO) first suggested guideline values in 1987. After that 

these values have been revised many times. WHO Air Quality Guidelines (AQG) offer guidance on 

threshold limits for key air pollutants that pose health risks and provide a reference for setting air 

pollution targets at regional and national levels to improve air quality. However, the WHO guidelines 

do not have legal binding value, contrary to the limit values established by the European Commission. 

The last Air Quality Directive on ambient air from 20083 defines limit values that are legally binding 

and may not be exceeded.  

The definitions regard also information or alarm thresholds that are guideline values. To note 

that all values in the AQD 2008/50/EC are strictly defined, including the description of the monitoring 

methods used for estimating the concentrations. Bulgarian legislation is in compliance with this 

Directive. The protection of human health is the aspect of predominant concern in the process of 

setting guideline levels by the WHO. For the EU AQD, the level at which air quality standards are fixed, 
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is generally a compromise between maximum protection and technically and economically feasible 

capital investments. The air quality standards established in the two Ambient Air Quality Directives 

presently in force 4 and the World Health Organization (WHO) air quality guidelines (AQGs) and 

estimated reference levels (RLs) 5 are summarized in Table 1. 

 

Table 1: EU air quality standards and WHO air quality guidelines 

POLLUTANT 
AVERAGING 

PERIOD 

AIR QUALITY 

STANDARDS BY EU 

DIRECTIVES 

WHO AIR 

QUALITY 

GUIDELINES 

COMMENTS 

PM10 1 day LV*: 50 µg/m3 50 µg/m3 Not to be exceeded on more 

than 35 days per year 

Calendar year  LV: 40 µg/m3 20 µg/m3  

PM2.5 1 day  25 µg/m3  

Calendar year LV: 20 µg/m3 10 µg/m3 Valid from January 2020 

O3 Maximum 

daily  

8-hour mean  

TV*: 120 μg/m3  100 μg/m3 Not to be exceeded on more 

than 25 days/year, averaged 

over 3 years (b) 

1 hour  IT*: 180 μg/m3 

AT*: 240 μg/m3 

  

NO2 1 day LV:200 μg/m3 

 

AT: 400 μg/m3 

200 μg/m3 Not to be exceeded on more 

than 18 hours per year 

To be measured over 3 

consecutive hours over 

100 km2 or an entire zone 

Calendar year  LV: 40 μg/m3 40 μg/m3  

BaP Calendar year TV: 1 ng/m3 RL*: 0.12 ng/m3 Measured as content in PM10 

SO2 1 hour  LV: 350 μg/m3 

AT: 500 μg/m3 

10 minutes  

500 μg/m3 

Not to be exceeded on more 

than 24 hours per year 

1 day LV: 125 μg/m3 20 μg/m3 Not to be exceeded on more 

than 3 days per year 

CO 1 hour   30 mg/m3  

Maximum 

daily 

8‑hour mean 

LV: 10 mg/m3 10 mg/m3  

C6N6 Calendar year LV: 5 μg/m3 RL: 1.7 μg/m3  

Pb Calendar year LV: 0.5 μg/m3 0.5 μg/m3 Measured as content in PM10 

As Calendar year TV: 6 ng/m3 RL: 6.6 ng/m3  Measured as content in PM10 

Cd Calendar year TV: 5 ng/m3 5 ng/m3 Measured as content in PM10 

Ni Calendar year TV: 20 ng/m3 RL: 25 ng/m3 Measured as content in PM10 
 

*LV – limit value; TV – target value; RL – reference level; AT - Alert threshold; IT - Information threshold 

 



 Guide book on air pollution interdependencies 

 for various stakeholders 

 

 

INNOAIR © 13 

   

 

1.4 Air pollution impacts 
 

1.4.1 Human health  

According to World Health Organization, urban air pollution takes the 10th place in 

significance as a human health risk factor in mid and highly developed countries6, causing around 400 

000 premature deaths per year in the EEA‑39 (excluding Turkey)7. The most common reasons for 

premature death attributable to air pollution are heart disease and stroke followed by lung diseases 

and lung cancer. Both short- and long‑term exposure of children and adults to air pollution can lead 

to reduced lung function, respiratory infections and aggravated asthma6.The effects of air pollution 

on health depend not only on exposure, but also on the vulnerability of people. Vulnerability to the 

impacts of air pollution can increase as a result of age, pre‑existing health conditions or particular 

behaviours. A large body of evidence suggests that people of lower socio‑economic status tend to live 

in environments with worse air quality1.  

The population of Bulgaria which is exposed to high PM10 concentrations (exceeding the LV) 

is 65.1%, which is considerably higher than the average percentage in Europe - 21% to 41% 8. 73% of 

Bulgaria's population inhabits at levels of PM2.5 pollution exceeding the target rate, compared to 4% - 

13% in Europe.  

The population of Sofia Municipality is constantly growing, in contrast to the unfavorable 

demographic trends in almost the entire country. Located on the territory of only 1.2% of the country's 

territory, 19% of the country's population lives in the municipality. Towards the end of 2018 the 

population of Sofia Municipality is 1 328 120 people9. 

In parallel with exposure to individual pollutants the health effects to air pollutant mixtures 

worth to be studied.  

 

1.4.2 Ecosystems and biodiversity 

The natural ecosystems and biodiversity can be directly affected by many air pollutants. For 

example, deposition of sulphate, nitrogen and ammonia has negative impact on vegetation, soil and 

surface waters (lakes and rivers), increasing their acidity with adverse effects on the flora and fauna10. 

Nitrogen oxides (NOX, the sum of nitrogen monoxide (NO) and NO2) and ammonia (NH3) emissions 

introduce excessive amounts of nitrogen nutrient, leading to eutrophication. This is oversupply of 

nutrients that can lead to changes in species diversity and to invasions of new species. Finally, 

ground‑level O3 damages agricultural crops, forests and plants by reducing their growth rates and has 

negative impacts on biodiversity and ecosystem services. 

 

1.4.3 Air pollution and global warming/climate change 

Climate change can impact air quality and, conversely, air quality can impact climate change. 

Changes in climate can result in impacts to local air quality. For instance, atmospheric warming 

associated with climate change has the potential to increase ground-level ozone in many regions. 
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Emissions of pollutants into the air can result in changes to the climate. Ozone in the atmosphere 

warms the climate, while different components of particulate matter (PM) can have either warming 

(black carbon) or cooling (particulate sulfates) effects on the climate. 

A number of factors impact climate change, roughly divided into two groups – natural and 

anthropogenic. Human-caused factors result from, for example, the gases and aerosols produced by 

fossil fuel burning and alterations of Earth's surface from various changes in land use. These gases 

form a layer of pollutants that absorb the infrared radiation, thus preventing it from escaping to space, 

leading to a warming of Earth's surface. This pollution comes from cars, factories, homes, and power 

plants that burn fossil fuels such as oil, coal, natural gas, and gasoline. The change in the regional 

climate patterns attributes to the increased levels of atmospheric carbon dioxide, black carbon, PM, 

etc.  Climate change has the potential to create new interdependencies and reinforce existing ones. 

For instance, raising temperature in combination with densely built-in urban environment increase 

heat island effect. This leads to the use of more air conditioning, which in turn produces more air 

pollution, contributing to an increase in greenhouse gas emissions, as well as to health problems. PM 

can also affect rainfall patterns and the surface albedo properties of snow 11. 

 

1.4.4 The built environment and cultural heritage 

Air pollution can influence the quality of materials, properties, buildings, artworks, and 

culturally buildings. Damage includes corrosion (caused by acidifying compounds), biodegradation and 

soiling (caused by particles), and weathering and fading of colours (caused by O3).  

 

 

 

 

2. EMISSION SOURCES IN URBAN AREAS  
 

The emission of pollutants in the air is the primary determined factor for the air quality in the 

city. In urban areas there are many and different type of emission sources, divided in general into two 

groups - mobile and stationary (Fig. 2). Another way of categorising emission sources are by spatial 

distinction (area, point and line sources) or by activity sector (energy, industry etc.). The European 

Environmental Agency (EEA) Guidebook on emission inventory (2019) treats more than 91 substances 

in more than 100 source categories. The main emission sources for a city are typically from the 

transport, residential heating and industrial activities. 
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a) 

b) 

 

c) 

 

Figure 2: Main types of emission sources in urban areas 
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2.1. Emissions from mobile sources 
 

Vehicle emissions are a very large part of overall air quality problems, especially in urban 

areas. They are a major source for a number of pollutants and greenhouse gases. There are two main 

types of pollutants emitted by the traffic: 1) Directly emitted by the vehicle engines, product of fuel 

combustion (hydrocarbons, nitrogen oxides, Carbon monoxide (CO) and 2) when departing, moving 

or stopping the vehicles lift dust particles from the road surface and thus contribute to increased 

concentrations in the air (PM10, crustal elements as Ca, Mg, K, et, and metals as Zn, Cu, Sb) – Figure 

2a. 

 

2.2. Emissions from stationary sources 
 

Area and point sources are stationary. Combustion processes for power generation and in 

industrial facilities are the major point sources either distributed in and around a city or concentrated 

in industrial areas. Domestic household heating sources form an extensive area source. In addition to 

the combustion-based emissions (released SO2, Black Carbon, PM, PAH, etc), industry and households 

generate significant emissions of solvents. Many industrial production processes generate specific 

emissions (e.g. metals from smelters) and waste incinerators can, if not properly controlled, be a 

source of a cocktail of highly dangerous substances, including heavy metals and dioxins – Figure 2b. 

Figure 2c illustrates the interdependences between stationary and mobile sources.  

Main point sources of SO2 and PM10 in Bulgaria and their emissions in 2019 are shown in the 

next two Figures 3a and 3b. 

 

 
a) 
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b) 

 

Figure 3: Maps with main point sources of a) SO2
16 and b) PM10 in Bulgaria and their emissions in 

2019 
 

The main industrial facilities near Sofia region are to the south (Thermal Power Plant Pernik 

and Bobov Dol), and to the east (Aurubis). They could impact the regional level of air pollution. The 

main point PM10 emission sources from industrial facilities in Sofia region are shown in Figure 4. 

 

 
 

Figure 4: Map with main point sources of PM10 in Sofia region16 
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Major emissions come however from sources inside the city. The emissions from the main 

source categories for Sofia are summarized in Table 2. 

Table 2: Emissions from main sources in Sofia municipality for 201812  

Source PM10 PM2.5 PAHs NOx CO 

  t/y t/y kg/y t/y t/y 

Industry 51.3  49.0 0.00 1320 121.1 

Domestic household heating 2,626 2,567 0.534 486 16886 

Traffic 505.66 390 0.00207 6684 7432 

Construction 31.0 3.1 0 0 0 

Area stationary sources 1478 494 0 0 0 

Sum 4692 3503 0.53607 8490 24439 

 

 

 

 

 

3. MONITORING URBAN AIR POLLUTION 
 

             Monitoring the concentrations of different compounds in the air over a period of time at 

different sites, archiving and assuring the quality of these data and their statistical analysis form the 

basis for air quality assessment in urban areas. The design of a particular air quality monitoring 

network is a complex task, that takes into account the objectives of the measurements (e.g. for policy 

development, for public information, for protection of vegetation, for identification of pollution 

sources etc.). Depending on the objectives, also the instruments used might be of different complexity 

and accuracy. The analysis of concentrations in relation to the defined EU and WHO standards is based 

on measurements at fixed sampling points. The EU Ambient Air Quality Directives (AAQDs) oblige EU 

Member States to divide their territories in zones and agglomerations for the purposes of air quality 

assessment and management. Тhe reported information by Member States is according to the rules 

of Commission Implementing Decision 2011/850/EU. Air Quality Monitoring Networks (AQMNs) are 

composed by a number of stations, which are typically classified as urban, suburban or rural, and 

background, industrial or traffic, depending on the location and the influence of the immediate 

surroundings. These categories are not necessarily homogeneous and distinct from one another, 

regarding the levels of the monitored pollutants. 
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3.1. Bulgarian national monitoring network  
 

The national Executive Environmental Agency, Ministry of Environment and Waters (ExEA-

MOEW) monitoring network is part of the European Environment Agency and is responsible for air 

quality observations in Bulgaria (Fig. 5). 

The national air quality system is mainly automatic but there are some manual stations. The 

National Automated АQ system monitors daily concentrations of fine particles (PM10 and PM2.5), sulfur 

dioxide, nitrogen dioxide / nitrogen oxides, carbon monoxide, ozone, benzene, lead, cadmium, nickel, 

arsenic, surfactants. Additionally, according to the nature and sources of emissions in certain regions 

of the country, the specific indicators are controlled: phenol, ammonia, sulfuric acid aerosols, toluene, 

xylene, styrene, carbon disulfide, hydrogen sulfide, methane and non-methane hydrocarbons, as well 

as some other. All automatic stations (AIS and DOAS type) work in continuous mode (24 hours). Data 

are sent to regional dispatching points (RDP) in RIEW through a real-time data transmission system. 

From these regional databases data go to the central dispatching point (CDP) in the EEA Sofia, where 

the National Air Quality Database is located. The system ensures timely provision of air quality 

information to the public and responsible institutions.  

 
 

Figure 5: Monitoring network in Bulgaria13  
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The manual air monitoring points work only in the light part of the day (4 samplings per day, 5 

days a week). Only data on the registered mean hourly concentrations are included for the preparation 

of air quality assessment from the manual stations. For these points no comparison of the registered 

concentrations with the daily norms of the controlled pollutants was performed. Their time range 

does not allow an accurate assessment of pollutant levels around the clock. These data are indicative 

only. This does not apply to the indicators PM10, lead, cadmium and surfactants, for which the 

sampling lasts 24 hours13. 

 

 

3.2. Air quality monitoring system in Sofia  
 

The air quality system in Sofia (Figure 6) consists of six automatic monitoring stations (AMS): 

Nadezhda, Hipodruma, Druzhba, Pavlovo, Mladost and Kopitoto. Kopitoto is a background station, 

while the other stations are situated in the urban area. The AMS sitting follows strict requirements by 

the EU Directives. This system is informing the population of Sofia municipality about the air quality 

status in real time. 

 

 
 

Figure 6: Map with automatic air quality stations in Sofia 
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3.3. Municipality network AIRTHINGS 
 

This network was built-up in 2019 and consists of 22 stations for measuring air quality in real 

time, using sensors for the most common air pollutants (PM10 and PM2.5, CO, NO2, SO2), temperature, 

humidity and pressure. Each station sends information about the indicators to a system as open data 

(Open Data System). The locations of all sensor stations are presented in Figure 7. The platform has 

been developed to be able to visualize data in real time and graphically. The data received from the 

sensor stations are indicative and because of the short period of measurements should not be 

compared with data obtained from reference equipment at this stage14. 

 

 

 
 

Figure 7: AIRTHINGS network for AQ in Sofia 

 

 

 

3.4. Citizen network for air quality  
 

This network (Figure 8) is a part of the Luftdaten.info project that aims is to draw public’s 

attention to the chronic air pollution problems in their city and to have a look on the effect of 

measures taken by the authorities for solving the problem15. 
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Figure 8: Map of citizen network in Sofia 
 

 
  

3.5. Scientific studies and measurements  
 

Many institutions are engaged and try to address different aspects of air pollution using 

different methods and approaches to the problem. Research institutions give a scientific background 

and in collaboration with local authorities suggest solutions to the decision makers so they could take 

informed decisions and appropriate measures for mitigating negative effects of air pollution on 

humans and environment. 

Brief idea on what several institutions do follows. The list does not pretend to be exhaustive.  

➢ The National Institute of Meteorology and Hydrology – air pollution modelling 

and forecasting at different spatial and time scales; collecting and analysing 

samples for chemical composition of PMs; radioactive measurments; early 

warning systems (EWS) for high pollution levels; EWS for nuclear accidents; dry, 

wet and total deposition of atmospheric pollutants; 

➢ Institute of Electronics, Bulgarian Academy of Sciences (BAS) – LIDAR 

measurements of some air pollutants.  

➢ National Institute of Geophysics, Geodesy and Geography, BAS – AQ modelling at 

different temporal and spatial scales. 
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➢ Space Research and Technology Institute, BAS – collects, verifies, processes and 

archives satellite data for AQ; sets methodologies for conversion of vertical 

columnar data to surface concentrations of different pollutants. 

➢ Department of Meteorology and Geophysics, Faculty of Physics at Sofia University 

– AQ modelling at different temporal and spatial scales. 

➢ Different Nongovernmental Organisations (NGOs) – engaged in different 

environmental aspects, suggesting policies for mitigation, etc. 

➢ others  

 

 

 

 

4.  IDENTIFYING THE CONTRIBUTION OF 

DIFFERENT SOURCES TO POLLUTION 

CONCENTRATIONS 
 

     Investigations have shown that certain sources have characteristic emissions with respect to 

both the type and relative quantities of compounds, i.e. different groups of emissions sources have 

different fingerprints on the air pollution. This gives possibility, having data on the chemical 

composition of the particulate matter present in the atmosphere to identify the type of emission 

sources that contribute to the concentrations. The methodology involves specific type of statistical 

models (receptor models) and data for the chemical composition. 

Very recently such methodology was applied for Sofia. This study was focused on the PM 

levels, chemical composition, and sources apportionment (SAP) for a one-year period in the capital of 

Bulgaria, Sofia16. 

The results from SAP are of high importance to the development of action plans for improving 

the air quality based on PM characterization and source apportionment. This study provides important 

information for policy design with specific measures to improve urban air quality in Sofia. 

Another approach of estimating the contribution of emission sources on concentration of 

pollutants is based entirely on advanced numerical models that can treat the processes from the 

release of pollutants by the sources, through their transport and transformation to their removal from 

the air. The benefit of this approach is that different scenarios (planned decrease in emissions 

quantities) can be simulated and thus their effect on various pollutants can be evaluated. This 

approach is typically used in preparation of AQ plans for specific municipality in order to plan 

appropriate measures towards AQ improvement. 
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The operational AQ management system for the Municipality of Plovdiv17, elaborated by 

NIMH, uses dispersion models to determine in almost real time the contribution of different emission 

sectors to the concentrations of PM10, PM2.5, NO2, SO2, B(a)P – (Figure 9). 

 

  

а) b) 

 

Figure 9: Maps with daily PM10 concentrations (a) from all sources in the city and, (b) from the traffic, 

for 19.02.2019 

 

 

 

 

5. AQ MANAGEMENT STRATEGIES AND GOOD 

PRACTICES 
 

Key decisions on air quality management are best taken at the national or international level. Air 

pollutants have no respect for national boundaries and therefore international conventions on long-

range transport of air pollutants have been established in a number of parts of the world that lead to 

international agreements to limit pollutant emissions. Such agreements subsequently require national 

implementation effectively to allocate the emissions to different industrial sectors or even to specific 

companies or operating sites. Emissions standards for road vehicles are generally set on international 

level (European Union). 
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The measures defined by an Air Quality Plan to reduce air pollution should address different 

sectors, whose enforcement and implementation are of respective competence of urban, regional, 

national or EU authorities, thus co-operation between different levels of governance and integration 

of planning undertaken at different level or in different sectors is a key factor for improving air quality 

in cities.18 

 

There are some very important actions/measures that should be following if we want to live 

in clean cities: 

 

• Spatial structure and urban planning - open areas can serve as air corridors and supply entire 

city districts with fresh air. Building fronts along streets are co-determinants of how strongly 

pollutants dilute in the street already. Green areas and trees lining the streets can filter out 

pollutants from the air and ensure a more pleasant city climate. 

• Vehicle traffic and traffic engineering - new emission standards and the promotion of natural 

gas and electrical vehicles reduce the pollution with nitrogen oxides and PM10. With additional 

equipment with a closed particle filter, the soot emissions of a diesel engine can be lowered 

by more than 90 %. 

• Mobility and traffic management - speed limit of 30 km/h on main roads can lower the 

concentration of nitrogen dioxide caused by local traffic by up to 15 %. The reduction even 

amounts up to one-third for particulate matter. Smooth asphalt surfaces reduce the 

resuspension of PM10 fine dust. Redesigning road areas lowers the air pollution caused by 

traffic by 5 % to 10 %. 

• Using clean energy - This means for example, that development plans can determine the 

emission requirements for heating systems. Accordingly, in new buildings in the priority zone, 

only heating systems may be installed, which do not exceed pollutant emissions of a modern 

oil heater.  

• Construction sites and construction machinery- Construction sites can substantially increase 

the particulate matter pollution within their vicinity. Because of the large number of 

construction sites, this leads to an increase of the basic pollution load of particulate matter in 

the city. 

 

The persistent breaches of air quality requirements (for PM10 and SO2), are being followed up by 

the European Commission through infringement procedures covering all the Member States 

concerned, including Bulgaria19. The aim is to have adequate measures put in place to bring all zones 

into compliance. 

Some of the priority actions in Bulgaria for 2019 were: 

- Action to reduce the main emission sources, in the context of the forthcoming National Air 

Pollution Control Programme (NAPCP). 

- Accelerate the reduction of nitrogen oxide (NOx) emissions and nitrogen dioxide (NO2) 

concentrations. This will require, for example, further reductions in transport emissions —
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particularly in urban areas (and may require proportionate and targeted urban vehicle access 

restrictions) and/or fiscal incentives. 

- Accelerate reductions in particulate matter (PM2.5 and PM10) emission and concentration; this 

will require, for example, further reductions in emissions from heat generation and energy 

production using solid fuels, or the promotion of efficient and clean district heating. 

- Upgrade and improve the air quality monitoring network, and ensure timely reporting of air 

quality data. 

- Build on the “Coal regions in transition” initiative to reduce the use of coal for domestic 

heating in order to limit air pollutants emissions. 

Sofia Municipality falls into a region of excessive particulate matter (PM) air pollution, mainly 

generated by domestic heating and transport. To comply with national legislation and Directive 

2008/50/EC, the municipality developed its Air Quality Programme (AQP), which is updated 

periodically. After accession to the European Covenant of Mayors Initiative (ECMI) the municipality 

also adopted a Sustainable Energy Action Plan for the period 2012-2020. In 2015, the municipality 

joined the Compact of Mayors Global Initiative (CMGI) on reducing greenhouse gas (GHG) emissions, 

developed a Municipal Strategy for Adaptation to Climate Change, and performed a GHG emission 

inventory for 2015. In 2017, ECMI and CMGI merged to create the Global Covenant of Mayors for 

Climate & Energy (GCMCE). This is the largest and first-of-its-kind global coalition of cities committed 

to climate leadership, of which Sofia Municipality (SM) is a part. 

The following Figure 10 is an example of how measures taken by the SM reflect the mean annual 

PM10 concentrations for the period 2009-2019. There is a clear trend of decreasing the concentrations. 

However, exceedances of the number of days (35 days per year) with PM10 concentrations higher than 

the daily LV of 50 μg/m3, are still observed, but also show a strongly decreasing tendency (Figure 11).  

 

 
 

Figure 10: Mean annual PM10 concentrations at 4 stations in Sofia (2009-2019)16 
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Figure 11: Number of days with exceedances of PM10 daily LV for a calendar year at 5 stations in Sofia 

(2009-2018) 

 

Best Practices for stakeholder involvement in Air Quality Plans18 

 

- Key stakeholders are invited to actively participate in expert meetings and workshops and to 

give their contributions in the preparation of plans from its start to the end. 

- If previous AQPs exist, their successes, failures and necessary changes are evaluated in co-

operation with key stakeholders and the results are drawn upon in the preparation of the new 

plan. 

- The final stakeholder consultation of the AQP is carried out at the same time as the public 

consultation and the stakeholders are given at least 30 days to give their comments. 

 

A collection of good practices concerning AQ could be found in the archives of the European 

Organisation of Supreme Audit Institutions (EUROSAI)20. Some of them are cited below: 

Best practice in the Netherlands 

Internal and external reviews of the air quality monitoring system have shown that the 

methods currently used by the Dutch National Institute for Public Health and the Environment (RIVM) 

for measuring and calculating air quality are both effective and efficient. The current monitoring 

system  measures  and  calculates  air  quality  and  registers  emissions  of  pollutants.  The results 

provide a detailed picture of air quality in the Netherlands, and are used for various national and 

international reports. Information on air quality in the Netherlands is publicly available21 in real-time. 

The website shows the various stations and pollutants, indicating whether the air quality in a given 

area is good or bad.  
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Best practice in Spain 

The general public in Spain has on-line access to all air quality information, in the form of 

official and institutional websites, the ‘Air Quality Viewer’, emission analyses and government-

published mobile phone apps. The latter are fed by the Air Quality Database managed by the Ministry 

of the Environment in conjunction with regional and local authorities. This is an example of successful 

coordination and cooperation between bodies responsible for managing air quality in Spain.  

 

Best practice for improving air quality in Israel 

Solar water heaters (SWHs) are a cost-effective way of producing hot water for domestic use. 

Israel is a sunny country, with a huge potential for the utilisation of solar energy. Nowadays, 85% of 

households in Israel use SWHs and the effect is reduced country’s annual energy consumption by 8%, 

thus decreasing air pollution from electricity generation. 

 

Best practice in Hungary 

A government scheme has been launched for improving energy efficiency by modernising 

industrial buildings and housing. Support is available in the form of tax relief or grants, which may be 

used for thermal insulation, replacing doors, modernising heating systems (replacing boilers, for 

example) and installing renewable energy recovery systems. Modernising and insulating buildings not 

only reduces the level of air pollution caused by heating, it also creates tens of thousands of jobs in 

the construction industry. This fosters economic growth and reduces the country’s dependence on 

imported energy. The scheme has been encouraged by the decline in retail gas prices in recent years, 

which has prompted a growing number of households to switch from extremely polluting solid-fuel 

heating systems (many of which include household waste among their fuels) to more eco-friendly 

heating solutions. 

 

Best practice in Poland 

The State Environmental Monitoring (including air quality monitoring) provides real-time data 

on concentrations of key air pollutants. The data is generated by automatic measurement. The Chief-

Inspectorate of Environmental Protection shares current data based on the Polish air quality index22. 

Regional Inspectorates of Environmental Protection publish the results of automatic measurements 

of air quality.  

 

Best practice in Georgia 

In order to improve the air quality in Georgia, a national strategy promotes the use of electric 

vehicles by offering various form of tax relief. Electric vehicles have been exempted from import tax 

and parking fees since 2017. The local Department of Transport in Tbilisi also plans to exempt electric 

vehicles from licensing requirements. E-Space is the name of a start-up dedicated to promoting the 
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use of electric vehicles in Georgia and fostering the adoption of new technologies. The company 

operates a network of public charging stations (52 in total) throughout the country, where motorists 

can charge their electric vehicles free of charge. The company is supported by the Ministry of 

Environmental Protection and Agriculture. The electricity needed for operating the 33 stations in the 

capital is sponsored by the local authority in Tbilisi. 

 

Best practice in Romania 

The best-performing programmes devised by the Environmental Fund  Administration for 

reducing CO2 emissions from vehicles are the programme for stimulating the renewal of the national 

fleet of cars (known as the ‘Rabla  Programme’) and the programme for reducing greenhouse gas 

emissions in transport by promoting non-polluting and energy-efficient road vehicles (the ‘Rabla Plus 

Programme’). The Rabla Programme aims  at scrapping old cars (most of which fall in pollution 

categories Euro 4 and below) effectively producing CO2 emissions of over 150-160g per km, by 

introducing new vehicles that meet the latest current pollution standards (Euro 6) and generate up to 

130g CO2 per km. Under the Rabla Plus Programme, emission reductions are much higher and are 

defined as the difference between the average CO2 emissions of a new vehicle that would have been 

purchased in the absence of a Rabla Plus grant, which exceeds 110g CO2 per km, and the CO2 emission 

value of an electric vehicle, i.e. 0. 

 

Best practices in Bulgaria 

There is a number of good practices in Bulgaria leading to better urban air quality: 

- Modernising public  transport, i.e. replacing old vehicles with ecologically sustainable vehicles 

(certified EURO 5 and EURO 6).  

- Renovating 496 buses in Sofia and Plovdiv. 10 metro trains have been purchased as well as 20 

tramcars, 126 buses and 100 trolley-buses for Sofia, Bourgas, Varna, Stara Zagora and Pleven. 

- Extending the metro network in Sofia by building a third line. With its 380,000 passengers 

daily, the Sofia metro accounts for a 35% share of national transport, thereby reducing gas 

emissions by 90.5 thousand tonnes per annum, including greenhouse gas emissions. 

- Using natural gas to heat public buildings and households.  

- Installing air filters on chimneys (in Sofia, Plovdiv, Stara Zagora, Blagoevgrad and Veliko 

Turnovo). 

- Extending cycle routes and building new cycle lines:  49.51 km in Sofia, 48 km in Plovdiv and 

7.8 km in Stara Zagora. Expanding parks. Maintaining and creating  green  areas alongside 

roads. 



 Guide book on air pollution interdependencies 

 for various stakeholders 

 

 

INNOAIR © 30 

   

 

B. SPECIFIC INTERDEPENDENCIES 
 

Air quality, weather and climate, human health, biodiversity and economic status are closely 

linked. These interdependencies are becoming ever more evident and health professionals ever more 

reliant on meteorological and climate services to help anticipate and manage the health risks of poor 

air quality. Over the last century, poor air quality has become a critical environmental, economic, and 

health problem around the world as industrial growth and economic development have caused 

massive increases in air pollution loads. Legislative measures and regulations have been elaborated 

and put into effect at international, European and national level. These regulations usually specify the 

role and obligations of each authority, stakeholder and individual. Different regulation address 

different goals, the most important being the human health. A sketch of actions to be done to lead to 

better AQ and less harmful effects on human health is shown in Figure 12. A similar scheme is 

applicable for other environmental issues related to air pollution. 

 

 

 

 
 

Figure 12: What to do for having better AQ 
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 To address an AQ problem it is necessary to build a network for monitoring and control of 

specific pollutants. The urban planning should be conforming to the location, the specific climatic 

characteristics and the pollution sources in the region. Suitable AQ models could give useful 

information and forecast on the expected levels of pollution at different scales. These models, 

together with the experience of specialists in the field, can propose measures to mitigate and solve 

the problems. Long-term projections need to be elaborated and studied. A strong collaboration and 

interdependence between local authorities, scientists and different stakeholders is needed to 

formulate and implement appropriate steps towards reducing the air pollution levels, especially in 

urban areas – Figure 13.   

 
 

Figure 13: The three main components for resolving public problems and their interdependent 

relationship.  

 

In order to achieve the desired goals and implement measures mitigating pollution problems 

in urban areas, these measures have to be understood, discussed and accepted by citizens. Open 

dialogues are strongly required. Otherwise the effect will be negligible.  
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C. CONCLUSIONS 
  

This document is intended to provide an overview of different aspects of air pollution with 

accent on urban areas. It starts with meteorological conditions causing high levels of pollution in urban 

environment and briefly mentions the most common air pollutants and their origin. One can also find 

the AQ standards imposed by European directives and adopted in Bulgarian regulations. Several 

aspects of air pollution impact on human health, ecosystems, climate and cultural heritage have also 

been discussed.  

 The emission sources typical for an urban environment have been categorized. The AQ 

monitoring networks functioning in Sofia city and region are shown in more details. A short list of 

research institutions working and contributing to different aspects in this field are also mentioned. 

 Several ways for identifying the contribution of different sources to pollutant concentrations 

are discussed and AQ management strategies and examples of good practices are shown. The role of 

Sofia municipality in identifying and proposing solutions is underlined as well. 

 

As a final conclusion some steps that everyone can do to contribute to the reduction of air 

pollution in the city they live23:  

 

- Reduce pollution from cars –  avoid driving out during rush hours; be sure to keep your car 

tuned; keeping your tires properly inflated plays a role in the amount of gases your car will 

emit; when you have the option, take public transportation to get to work; walking or riding 

a bike to get to work reduces harmful emissions, etc. 

- Save energy – doing this, whether it is at home, at work, or while you are traveling, you are 

reducing production of many polluting substances. 

- Recycle and buy recycled products – Since recycled products have already been extracted 

and processed once, manufacturing the same products the second time is much less-

energy intensive and polluting. 

- Choose sustainable products – consider buying local products because this way you cut down 

emissions from transportation. 

- Eat seasonal products – when in season, products will be more likely sourced from regional 

farmers. 

- Plant trees – Researchers from the University of Southampton proved that trees in London 

remove between 850 to 2,000 tons of harmful particles from the urban air each year. 

- Awareness-raising can be the first step to increase the knowledge of people around you 
and start the change in their attitudes towards mitigating the problem of poor air quality 
in affected areas. 
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“As a society, we should not accept the cost of air pollution. With bold decisions and smart 

investments in cleaner transport, energy and agriculture, we can both tackle pollution and 

improve our quality of life. It is encouraging to see that many European governments and 

specifically cities are showing leadership in protecting people's health by improving air quality. 

Clean air belongs to everyone, including people living in cities.” 

 

 

Hans Bruyninckx 

Executive Director of European Environment Agency 
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APPENDIX  
 
Table 3: Exposure of urban population in the EU-28 countries to high pollution levels [in %] 1 

 

 


