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1. INTRODUCTION 

1.1 Air pollution and health  

With the continuous increase of population density in our cities, it is important to keep improving the 

liveability of urban areas. A large improvement can be achieved by tackling environmental risk 

factors, since these factors comprise a great contribution to the global burden of disease. Among the 

environmental risk factors, air pollution causes the greatest disease burden with over 400000 

premature deaths in Europe per year [1].  

To reduce air pollution and its impacts, we require a good understanding of its causes, how pollutants 

are transported and transformed in the atmosphere, how the chemical composition of the atmosphere 

changes over time and how pollutants impact humans, ecosystems, the climate and subsequently 

society and the economy. It has been proven that interventions often lead to a reduction in public 

health risks [2]. Holistic solutions involving technological development, structural changes and 

behavioural changes are also needed, together with an integrated multidisciplinary approach. The 

effectiveness of the interventions can be assessed by the so-called air pollution accountability studies 

[3]. By assessing the effects of past intervention, air pollution accountability works as a framework 

that can be used in future implementation of air quality policy. 

 

 

1.2 Air pollution sources   

The majority of environmental pollutants are emitted by human activities such as the use of cars, 

industrial machinery, power-producing stations and combustion engines. Because these activities are 

performed at such a large scale, they are by far the major contributors to air pollution, with cars 

estimated to be responsible for approximately 80% of today's pollution [4]. Some other human 

activities are also influencing our environment to a lesser extent, such as field cultivation techniques, 

gas stations, fuel tanks heaters and cleaning procedures, as well as several natural sources, such as 

volcanic and soil eruptions and forest fires. 

The classification of air pollutants is based mainly on the sources producing pollution. We can 

distinguish:  

▪ Stationary sources 

▪ Area sources 

▪ Mobile sources 

▪ Natural sources 

Stationary sources include the emission of pollutants from power plants, sewage treatment, oil 

refineries, chemical and fertilizer industries, metallurgical and other industrial facilities. 

Indoor area sources include domestic cleaning activities, dry cleaners, printing shops and petrol 

stations. 

Mobile sources include railways, cars, airways, trucks and other types of vehicles. 

Natural sources include forest fires, volcanic erosions, dust storms and agricultural burnings. 
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1.3 Air quality policy and citizens’ health 

To curb air pollution and improve the liveability of our cities, collaboration and coordinated actions 

at the international, national and local levels must be maintained, in coordination with other 

environmental, climate and sectoral policies. 

The European Commission has established the Air Quality Directives as an instrument to reduce air 

pollution. As a result, air quality has been improved. Despite this, a significant proportion of the 

population in urban areas is being exposed to pollutant concentrations above the EU limit values [5]. 

This proportion becomes even greater when the World Health Organization (WHO) Air Quality 

Guidelines (AQG) are applied, which have their focus chiefly on the protection of public health. 

These guidelines are of great support for most governing authorities, but meeting the guidelines does 

not imply that health risks do not occur. Until now, there is no scientific evidence to assume a safe 

level for any pollutants. 

Each day, adults inhale from 10000 to 20000 litres of air, depending on their morphology and physical 

activities. Beside oxygen and nitrogen, which represent on average 99% of the composition of the 

air, pollutants from human and natural sources are also present in the air. 

Because the mixture of pollutants in the air is complex, epidemiological studies focus on few 

pollutants, such as particulate matter, nitrogen oxides and ozone, which are used as markers/indicators 

of the air pollution mixture. 

Since the 1990s, these indicators have been consistently associated with several health impacts. These 

impacts can occur within a short lag after exposure (short-term impacts), or as a cumulative exposure 

to air pollution over time (long-term impacts).  

Considering the long-term impacts of air pollution, several studies found evidence of an impact on 

mortality due to exposure to high levels of particulate matter [6,7]. 

The literature also provides evidence of observed benefits of reducing air-pollution levels [8]. 

Interventions on international, national and local level that focus on public health instead of the 

exceedance of limit values is needed to improve air quality and decrease its share in the burden of 

disease. 

 

 

1.4 Variations in air quality during COVID-19 emergency 

Normally, air quality is evaluated by measuring the atmospheric concentrations of fine particulate 

matter (PM2.5, mass concentration of particles with diameters ≤ 2.5 𝜇𝑚), coarse particulate matter 

(PM10, mass concentration of particles with diameters ≤ 10 𝜇𝑚), ground-level ozone (O3), nitrogen 

dioxide (NO2), sulphur dioxide (SO2) and carbon monoxide (CO). All of them, except O3, have 

primary sources, such as combustion sources like cars and industries, while O3 is formed in the 

atmosphere from precursor gaseous species, emitted mostly from primary sources, in presence of 

sunlight.  
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Different lockdown phases occurred in Italy can be summed up in this way: 

✓ period before the lockdown (1st -22nd February 2020); 

✓ 1st lockdown phase (from 23th February to 9th March 2020); 

✓ 2nd lockdown phase (from 10th to 24th March 2020); 

✓ 3th lockdown phase (from 25th to 31th March 2020); 

✓ lockdown end and beginning of the reopening (18th May 2020). 

The period between the end of winter and the beginning of spring is generally not the most critic one 

for the atmospheric pollution. In general, during this period of the year, the unfavourable situations 

for the dispersion of the pollutants are less frequent than in full winter and the ozone formation, for 

example, has not reached its maximum values, typical of summer season. 

The restrictive measures had an impact on most sectors of the human activities that are responsible 

for emissions of air pollution. Emissions data are estimated starting from activity statistics which emit 

pollutants, such as traffic or fuel consumption data for heating.  

From recent findings [9], in Po catchment almost all of the examined data are progressively decreased 

with the tightening of lockdown measures, with more marked effects on transport, less marked on 

industrial sector and electricity generation and even a slight growth for home heating. The emissions 

deriving from agriculture and animal husbandry are considered substantially unchanged. 

Figures 1.4-1 and 1.4-2 are showing changes in NOx and PM10 respectively, estimated throughout the 

whole Po catchment and on individual regions. As it can be clearly seen from the graphs, the NOx 

emissions are progressively decreased in all territories as the lockdown restrictions were gradually 

imposed, reaching an average reduction of almost 35% over the whole catchment, while the direct 

emissions of PM10 are decreased up to an average reduction of 7%. 

 

 

Figure 1.4-1. Weekly NOX and PM10 emission variations (%) in Po Valley (Italy) from 22/02 to 31/03/2020 [9]. 

 



Thesis                                                                                                                               Simone Mazzieri

                     

4 

 

    

Figure 1.4-2. Weekly NOX and PM10 variations (%) in regions located in Po Valley (Italy) from 22/02 to 31/03/2020 

[9]. 
 

1.5 Fine particles PM2.5 

Particulate matter is a mixture of solid and liquid particles and its composition and size may vary. In 

urban areas, its concentration is a matter of concern. PM is derived from emissions from mobile 

sources such as cars, buses, motorbikes, trucks and also from stationary sources such as heating 

furnaces, power plants and factories.  

PM has both a primary component, i.e. emitted directly into the atmosphere from both natural and 

anthropic sources, and a secondary component, which is formed in the atmosphere following 

chemical-physical reactions starting from precursors (such as nitrogen oxides and ammonia which 

can lead to the formation of ammonium nitrate). In general, the primary and secondary components 

of the particulate matter vary according to emissions and weather and climate conditions, which also 

influence the mechanisms of formation of the secondary particulate matter. 

 

1.6 Nitrogen dioxide NO2 

NO2 is a gas that does not remain a long in air and is more affected by the emissions variations than 

fine particulate matters. 

Breathing air with a high concentration of NO2 can irritate airways in the human respiratory system. 

Such exposures over short periods can aggravate respiratory diseases, particularly asthma, leading to 

respiratory symptoms (such as coughing, wheezing or difficulty breathing), hospital admissions and 

visits to emergency rooms. Longer exposures to elevated concentrations of NO2 may contribute to 

the development of asthma and potentially increase susceptibility to respiratory infections.  
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NO2 along with other NOx reacts with other chemicals in the air to form both particulate matter and 

ozone. Both of these are also harmful when inhaled due to effects on the respiratory system. 

Among the environmental effects of NO2 we recall the formation of acid rain when NO2 and other 

NOx interact with water, oxygen and other chemicals in the atmosphere. Moreover, the presence of 

NOx in the atmosphere contributes to nutrient pollution in coastal waters. 

 

 

1.7 Aim of the present study 

The aim of the present study was to investigate the variations in PM2.5 and NO2 ambient 

concentrations and the attributable number of deaths in three cities in Central Italy (Ancona, Bologna 

and Ravenna) during the COVID-19 outbreak in 2020. 

Ancona is located in Marche Region. Bologna and Ravenna are located in Po Valley.  

For each city, the exposure assessment was done based on the data retrieved from urban background 

air monitoring stations, with the assumption that the air measurements from those stations are 

representative of the air that is breathed on average in a portion of that area/city. 

Both NO2 and PM2.5 are traffic-related air pollutants whose emissions were substantially reduced as 

a result of the traffic bans and home quarantine. Moreover, both pollutants have well established 

concentration-response functions (CRFs) from epidemiological studies on short-term mortality 

effects. 
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2. MATERIALS AND METHODS 

The air quality of three different cities (i.e. Ancona, Bologna and Ravenna) has been studied during 

the COVID-19 lockdown to investigate the effects of variations of anthropic activities on air 

pollution. 

 

 

2.1 Definition of the study period 

The analysis of the Health Impact Assessment (HIA) is done considering the months from January to 

May 2020 as reference months to be compared with the months from January to May of the previous 

five years from 2015 to 2019. This choice was taken to investigate variations in airborne pollution 

levels during lockdown.  

March and April 2020 were the full months with lockdown, whereas only a couple of weeks were 

under lockdown in February and May 2020. Therefore, the NO2 and PM2.5 ambient levels were 

expected to show differences comparing the ambient concentrations in March and April 2020 with 

the ones in March and April averaged over the 2015–2019 time period.  

On the contrary, in January 2020 there was no lockdown in Italy. Therefore, the NO2 and PM2.5 

ambient levels were expected not to significantly differ from the ones in January averaged over the 

2015–2019 time period. 

 

 

2.2 Definition of the study area 

The definition of the study area is a key step in the HIA process. The objective is to obtain a study 

area where the average of pollutant levels measured at fixed monitoring stations will be a good 

estimate of the average population exposure. The air quality monitoring stations considered for the 

three cities are located far from direct emissions sources, to avoid high heterogeneity of the pollutant 

levels.  

Ancona, Bologna and Ravenna were selected because of similarities and differences about the 

climatological conditions they are exposed during the year, and their geographical positions. In 

particular Ancona and Ravenna are port cities of the Adriatic Sea. Ancona and Ravenna are likely 

exposed to similar air pollution sources, which include ship traffic and harbour activities. 

Bologna and Ancona are the capital cities of the respective regions, thus subjected to similar heavy 

traffic due to daily commuters. 

Bologna counts a higher number of inhabitants than Ravenna and Ancona (Bologna has almost four 

times inhabitants than Ancona city) and it is located at the centre of Italy, far from the sea.  
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2.3 Health Impact Assessment (HIA) 

A way to focus on public health is using Health Impact Assessment (HIA). HIA is a method for 

quantifying the impact of air pollution on citizens’ health.  

Both short-term and long-term negative health risks have been associated with air pollution. These 

impacts vary from effects on morbidity (such as asthma symptoms and hospitalizations) to increased 

mortality. These effects have been reviewed by WHO in 2013 in the Review of Evidence on Health 

Aspects of Air Pollution Project (REVIHAAP). As a result, the Health Risks of Air Pollution in 

Europe Project (HRAPIE) contains recommendations about how this evidence can be used in HIA in 

Europe. 

In order to make HIA feasible, several HIA tools have been developed. HIA tools are models by 

which the burden of disease due to air pollution is calculated. The health risks can be calculated for 

a situation at one moment in time, a difference between the current and future situations or a 

difference between policy scenarios (i.e. health benefit or loss). This provides the opportunity to 

evaluate past implemented interventions or model the expected health benefit of possible future 

interventions [10].  

The general principle of an HIA is using a concentration-response function (CRF) linking the 

concentration of pollutants to which the population is exposed with the number of health events 

occurring in that population. This CRF is expressed in terms of a percent change in the number of 

health outcome per unit change in the pollutant concentrations. This CRF is derived from 

epidemiological studies in a given population. Applied to a pollutant concentration and a baseline 

health outcome, the CRF allows computing the change in the health outcome associated with a change 

in the concentration of the pollutant [11]. This process is illustrated in Figure 2.3-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2.3-1. Basis of HIA method.  
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Performing an HIA requires the following steps: 

1. Definition of a study period 

2. Definition of a study area 

3. Assessment of the exposure to air pollution 

4. Choice of the health outcome and the concentration-response function (CRF) 

5. Definition of the scenario and HIA calculations 

An HIA is an iterative process, and the steps should not be considered as independent, or to be 

performed in a chronological order. The most representative and precise HIA analysis is performed 

if we have the best similarity between our case study data and the data used in the epidemiological 

study that provided the CRFs. Therefore, the choices made in step 5 determine all the choices made 

in steps 1 through 4. 
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2.3.1 Exposure assessment 

2.3.1.1 Air quality monitoring stations 

We study and analyse the air pollutants concentration data recorded by air quality monitoring stations 

spread on the territory.  

We can have different monitoring stations, according to the area where they are installed and the 

scope of their recordings: 

▪ Urban traffic station: located at roadside, where the pollution level is mainly affected by traffic 

emissions. It is located in urban areas, so mainly built areas;  

▪ Urban background station: located where the pollution level is not affected by a specific 

source, but by the integrated contribution of all the sources. It is located in urban areas, so 

mainly built areas; 

▪ Suburban background station: located where the pollution level is not affected by a specific 

source, but by the integrated contribution of all the sources. It is located in suburban areas, 

only partially built areas;  

▪ Rural background station: located where the pollution level is not affected by a specific 

source, but by the integrated contribution of all the sources. It is located in rural areas, so in 

areas far from emission sources.       

  

           

Figure 2.3.1.1-1. Air quality monitoring stations of Ancona province [12]. 

 

We take data from urban background air monitoring stations. It means that the air measurements from 

those stations are representative of the air that is breathed on average in a portion of that area/city. 

For Ancona city, in particular, we take data from Ancona Cittadella monitoring station and we assume 

that Ancona population is exposed to the air that is recorded by that monitoring station because it is 

an urban-background station.  
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The 47 air quality monitoring stations of Emilia Romagna region, instead, are distributed as Figure 

2.3.1.1-2 shows: 

 

 

 

 

 

 

Figure 2.3.1.1-2. 47 Air quality monitoring stations of Emilia Romagna region [13]. 

 

 

 

We analyse Bologna city air quality data recorded by the urban background monitoring station located 

in Giardini Margherita. The characteristics of this monitoring station are reported in Figure 2.3.1.1-3. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3.1.1-3. Details about Giardini Margherita air quality monitoring station. 
 

Type of station: Background 

Type of area: Urban 

Area characteristics: Residential 

Address: Viale Bottonelli 

Municipality: Bologna 

Province: Bologna 

Longitude: 44.483628 

Latitude: 11.355035 

Altitude: 43 m 

Measured parameters: Arsenic As, Benzo(a)pyrene,  

Cadmium Cd, Nickel Ni, Nitrogen oxides NOx, 

nitrogen dioxide NO2, Ozone O3, Lead Pb, PM10 andPM2.5 
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East plain 
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To analyse the air quality of Ravenna city, we study air quality data recorded by the urban background 

monitoring station located in Caorle Street. The characteristics of this monitoring station are reported 

in Figure 2.3.1.1-4. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3.1.1-4. Details about Caorle air quality monitoring station. 
 

 

2.3.1.2 Computation of the exposure pollutants concentrations averages 

The exposure to airborne pollutant was calculated based on the data measured by the different 

monitoring stations. The pollutant metrics should be calculated to be as close as possible to the 

pollutant metric used in the epidemiological studies from which the CRFs are derived [see Paragraph 

2.3.2], to have more precise output data and results. 

To provide an accurate short-term impact of PM2.5, it is considered the daily mean of the analysed 

months, i.e. the average of daily averages each month. By means of a statistical analysis, we estimate 

these daily mean values from the air quality monitoring station, discarding the days with no daily 

recorded concentration data and considering the “valid days” each month. The “valid days” are the 

days with more than 18 recorded hourly concentration values of 24-hourly values. In other words, 

from a statistical point of view, the days are valid if we have at least 75% recorded and representative 

hourly concentration values of 24 h.      

The short-term impact analysis of NO2 is more complex since the pollutant metric used in most of all 

epidemiological studies for the CRFs derivation requires a more specific and detailed statistical 

analysis. In our case study, it is considered the daily maximum 1-h mean, i.e. maximum of the 1-hour 

value recorded each day (i.e. between 00:00 and 23:00), for the valid days of each month.  

 

 

 

2.3.2 Choice of the health outcome and the concentration response 

function (CRF)  

The health outcome considered in our study is the most severe one: the deaths. On death certificate, 

the conditions that played an important role in determining the death (causes of death) are reported, 

so not necessarily all the diseases the deceased was affected. 

Type of station: Background 

Type of area: Urban 

Area characteristics: Residential 

Address: Caorle Street 

Municipality: Ravenna 

Province: Ravenna 

Longitude: 44.419261 

Latitude: 12.225385 

Altitude: 4 m 

Measured parameters: Sulfur dioxide SO2, Nitrogen oxides 

NOx, nitrogen dioxide NO2, Ozone O3, PM10 andPM2.5 
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The ICD-10 codes (International Statistical Classification of Diseases) are used to classify the causes 

of deaths. For example, the WHO international guidelines for certification and classification of 

COVID-19 define a death due to COVID-19 as a death resulting from a clinically compatible illness, 

in a probable or confirmed COVID-19 case, unless there is a clear alternative cause of death that 

cannot be related to COVID-19 disease (e.g. trauma) [14]. 

A death due to COVID-19 may not be attributed to another disease (e.g. cancer) and should be 

counted independently of pre-existing conditions that are suspected of triggering a severe course of 

COVID-19. 

The new ICD-10 codes (International Statistical Classification of Diseases) for COVID-19 are: 

▪ U07.1 COVID-19, virus identified 

▪ U07.2 COVID-19, virus not identified 

o Clinically-epidemiologically diagnosed COVID-19 

• Probable COVID-19 

• Suspected COVID-19 

 

ICD-10 Codes Causes of deaths 

U071, U072 COVID-19 

A00-B99 Infectious and parasitic diseases 

C00-D48  Cancers 

D50-D99  Diseases of the blood and hematopoietic organs 

E10-E14  Diabetes 

E66  Obesity 

E00-E99 (others)  Other endocrine and metabolic diseases 

F01-F03, G30  Dementia and Alzheimer's 

F00-F99 (others)  Other mental and behavioural disorders 

G00-G99 (others)  Diseases of the nervous system 

I10-I15  Hypertensive diseases 

I20-I25  Ischemic heart disease 

I48  Atrial fibrillation 

I60-I69  Cerebrovascular diseases 

I00-I99 (others)  Other diseases of the circulatory system 

J12-J18, J849  Pneumonia 

J40-J47  Chronic diseases of the lower respiratory tract 

J00-J99 (others)  Other diseases of the respiratory system 

K70, K73-K74, B18  Chronic liver diseases 

K00-K99 (others)  Other diseases of the digestive system 

L00-L99 (others)  Diseases of the skin and subcutaneous tissue 

M00-M99  Diseases of the musculoskeletal system 

N00-N29  Diseases of the kidney and ureter 

N00-N99 (others)  Other diseases of the genitourinary system 

R00-R99 (excluding 

not-well defined 

codes)  

Symptoms and signs and not-well defined morbid states 

W00-W199, X59  Unspecified falls and accidents 

S00-Y99altre  Other traumas, poisonings and external causes 

  Other morbid conditions 

Figure 2.3.2-1. Examples of some ICD-10 codes considered in the most recent ISTAT studies [14]. 
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The mortality data used in our study refers to the all-cause mortality data provided by ISTAT website, 

which considers a wide set of causes with their specific codes in most of the latest studies and reports 

just about causes of deaths and impact of COVID-19 outbreak on mortality [15,16].   

The health outcome we take includes the mortality due to all-causes. In reality, we have to consider 

the natural death causes, but only all-causes of death were available at the INSTAT website, including 

deaths due to cars accidents, for example, or murders, etc. 

For the sake of simplicity and in absence of specific numbers of deaths for each specific cause, the 

all-cause mortality data were downloaded from ISTAT website for each January to May months of 

the six-years period from 2015 to 2020. This website reports monthly data subdivided by class ages 

and by gender.  

 

 

Figure 2.3.2-2. Extract of ISTAT mortality data online site (Bologna, April 2019 and April 2020) [17]. 

 

For the epidemiological studies, we have to consider the population for which the health outcome is 

analysed. For example, we could analyse all-ages population, 15-64 years population and 65 and over 

years population. In our analysis we focus on all-ages population.   
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A detailed report of Ancona monthly mortality data for each year is shown in Figure 2.3.2-3.  

 
Figure 2.3.2-3. Ancona monthly mortality data for each year. 

  

In Ancona the number of deaths from January to May in 2020 is quite similar to the values of the 

same months of the previous five years. This indicates that COVID-19 outbreak had not an important 

negative impact on the population of Ancona.   
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Bologna monthly mortality data for each year is shown in Figure 2.3.2-4. 

 
Figure 2.3.2-4. Bologna monthly mortality data for each year. 

 

Bologna city was affected by COVID-19 outbreak much heavier than Ancona city. In particular, we 

have a noticeable increase of deaths during March and April 2020 months compared to the same 

months of the previous five years.   
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Figure 2.3.2-5 shows Ravenna monthly mortality data for each analysed year in our case study. 

 
Figure 2.3.2-5. Ravenna monthly mortality data for each year. 

 

Variations in the monthly mortality data of 2020 year are not so evident compared to the same months 

of previous five years in Ravenna. Ravenna was not heavily affected by the 2020 COVID-19 

pandemic. In Ravenna, the increments of deaths were not so high as they were in other Italian cities, 

especially in the north of Italy. 
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In order to calculate the health risks associated with air pollution, epidemiological studies have 

estimated the relative risk (RR) of adverse health outcomes (e.g. post-neonatal mortality, bronchitis 

in children or adults, hospitalizations, lung cancer, premature death) related to the exposure to various 

air pollutants. The RRs describe the likelihood of adverse health effects occurring in either high or 

low exposed populations. The RRs are estimated based on the concentration-response functions 

(CRFs), which measure the relationship between the variation in pollutant exposure and the 

occurrence of a health indicator.  

When we speak about relative risk, we have to take in mind which is the health outcome we are 

dealing with, because there is a different relative risk for each health outcome. Since we have a 

different RR for each pollutant, we have to consider the specific RR for the pollutant we are studying. 

Moreover, the RR is varying and is different depending on the exposure. There are different RR in 

short-term exposure (days, weeks, months) and in long-term exposure (years).   

In our case study, we considered short-term exposure because the lockdown due to COVID-19 was 

of weeks, months. 

The health outcomes should be chosen based on data availability in agreement with the data used in 

the epidemiological studies providing the CRFs. The health outcomes and the associated RRs used 

for short-term effects of air pollution in the present study are reported in Table 1, provided by 

HRAPIE (Health Risks of Air Pollution In Europe) project [18]. 
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Table 1. Pollutant-health outcome pairs for which HRAPIE project recommends concentration-response functions 

(WHO 2013b). 

 

 
 

 

In Table 1 it is reported the relative risk values for ozone 𝑂3. However, the time period in which the 

ozone levels can be harmful to human health is late spring - summer - first autumn, and this was not 

the case of lockdown period in Italy.  

 

 



Thesis                                                                                                                               Simone Mazzieri

                     

19 

 

For the PM2.5 scenario, we considered the RR for daily mean pollutant concentration with health 

outcome of mortality for all-causes and all ages population [Table 2]. The RR value is 

1,0123 (1,0045 − 1,0201). This number tells us that for 10 𝜇𝑔/𝑚3 more than a reference pollutant 

concentration value assumed as non-dangerous, there were 1,0123 more cases. In other words, if we 

consider 1000 persons, there were 123 more dead people.  

 

Table 2. Relative risk range values considered for PM2.5 in our case study.  
 

  Pollutant metric Health outcome 

    

Mortality, all causes, all 

ages 

    Lower Central Upper 

RR PM2.5 daily mean 1,0045 1,0123 1,0201 

 

 

 
Table 3. Relative risk range values considered for NO2 in our case study. 

 

  Pollutant metric Health outcome 

    

Mortality, all causes, all 

ages 

    Lower Central Upper 

RR 
NO2 daily maximum 1-h 

mean 
1,0016 1,0027 1,0038 

 

 

In reality, for airborne pollutants such as PM10 and PM2.5 there is not a threshold under which there 

is no risks for human health. The Italian law (D.Lgs.155/2010) imposes a limit value for PM2.5 of 25 

𝜇𝑔/𝑚3 referred to the annual mean for the protection of human health, for example.  

NO2 has an hourly limit value referred to 1-h mean of 200 𝜇𝑔/𝑚3, not to be exceeded more than 18 

times each calendar year.  

 

Table 4. Air pollutants limit values imposed by Italian law (D.Lgs.155/2010). 
 

 

Limit name Statistical indicator Value 

NO2 

Alert threshold 
3 consecutive hours 

overcoming the threshold 
400 μg/m3 

Hourly limit for human health 

protection 
1-h mean 

200 

μg/m3 

not to be exceeded 

more than 18 times 

each calendar year 

Annual limit for human health 

protection 
annual mean 40 μg/m3 

PM2.5 
Annual limit for human health 

protection 
annual mean 25 μg/m3 
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Instead, WHO is starting to take into account that we have hazards for fine PM also under that 

threshold imposed by the law. 

 

Table 5. Comparison between the European air quality directives and the WHO guidelines about air pollutants limit 

values [5]. 
 

 
 

As we can notice, the WHO guideline values are generally stricter than the comparable politically 

agreed EU standards because they are set for the protection of health. 

 

 

 

 

2.3.3 Definition of the scenarios 

The HIAs relate the health impact of the assessed air pollution levels during the study period to a 

counterfactual level that is assumed by an air pollution scenario. HRAPIE experts recommend 

assuming benefits of any reduction in exposure, including at very low modelled levels of PM2.5 [18] 

but no specific scenarios are presented. 

In our case study, the counterfactual level was assumed as the concentration value of the first five 

months of 2020 year. For each month, the modification of the concentration ∆𝑥 is given by the 

difference between the concentration value of each month of the previous 2015-2019 years and the 

concentration level, taken as counterfactual value for the comparison, of each same month of 2020 

year. 

In particular, for PM2.5, the ∆𝑥 variation is given by the difference between the PM2.5 daily mean for 

each month from January to May between 2015 and 2019 and the PM2.5 daily mean of the respective 

months in 2020.   

For NO2, the ∆𝑥 variation is computed considering the daily maximum 1-h mean for each month from 

January to May. In particular, ∆𝑥 is given by the difference between the daily maximum 1-h mean 

for each month from January to May of 2015-2019 and the daily maximum 1-h mean of the respective 

months in 2020. 
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2.4 Estimation of total number of avoided deaths 

For the mortality, all causes, all ages health outcome, the health impact is computed using the 

following health impact function: 

∆𝑦 = 𝑦0(1 − 𝑒−𝛽∆𝑥) 

where  

∆𝑦 is the total number of avoided deaths associated with the reduction of pollutant 

concentrations during January to May months of 2015-2019 compared to 2020; 

            𝑦0 is the total number of observed deaths; 

∆𝑥 is the modification of the concentration defined by the scenario;   

𝛽 is the natural logarithm of the dose-response function (the relative risk) expressed for a 

10 𝜇𝑔/𝑚3 increase in exposure to the air pollutant: 

𝛽 = ln(𝑅𝑅) /10  

𝛽 can be calculated by the relative risk (RR) which is given by the ratio between the number of 

negative events - on the basis of the considered health outcome - and the number of negative events 

in case that the population is exposed to a pollutant concentration higher than a certain value. 

For example, we can consider the negative outcomes if people breathe 20 𝜇𝑔/𝑚3 per year of a certain 

pollutant, divided by the number of negative outcomes of the health event if people are exposed to a 

lower concentration of that pollutant.  

In general, the relative risk is evaluated for increments of 10 𝜇𝑔/𝑚3. 
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3. RESULTS 

We report the results of PM2.5 and NO2 variations during COVID-19 lockdown in 2020 compared to 

the same 2015-2019 days and months.   

 

PM2.5 

 

 
Figure 3-1. Ancona PM2.5 daily mean during COVID-19 lockdown time period (23th February - 18th May). 

 

In Figure 3-1 it is shown a focus about PM2.5 daily mean concentration values for Ancona city 

concerning the time period of COVID-19 emergency compared to the same 2015-2019 days.   

The trend lines of the two periods are both decreasing from the end of February to May even if there 

is no large deviation between them. Since the spring months are usually characterized by more 

favourable weather and climatic conditions of pollutants dispersion compared to the winter months, 

the pollutants decrease in the analysed months shows a trend as it is generally expected.    

We can observe that there are peak concentration values in the second part of March 2020. PM2.5 

concentrations were found to be particularly high due to an anomalous atmospheric phenomenon that 

affected central and southern Italy, and mostly the Adriatic side, consisting in the diffusion into 

atmosphere of dust from the Karakum desert (Asia) [19].   

Excluding the values recorded at the end of March 2020, characterized by the important incursion of 

Asian dust, in the months of February, March and April 2020 there is no significant variation in the 

recorded values of pollutant after lockdown (in particular starting from 8th March 2020). 

On the other hand, it is possible to note the particular situation that emerged in January 2020 [Figure 

3-2], characterized by high PM2.5 values above the average trend of the same period in the five-year 

period 2015-2019. 
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The graph in Figure 3-2 shows the PM2.5 monthly trend from January to May in Ancona taking as 

reference 2015-2019 years, at which it is overlapped the trend of January to May months of this 

current 2020 year. 

Moreover, the recorded monthly maximum and the recorded monthly minimum are reported.  

 

 
Figure 3-2. Ancona PM2.5 monthly averages from January to May.  

 

 

We can observe higher values of concentrations in March and April 2020 in Ancona city, even if the 

activities stop. In particular in March and April 2020, PM2.5 concentration were 1,1 times higher than 

the ones in March and April 2015-2019. The highest difference can be noticed for the January 

monthly mean in 2020 which was 1,3 times higher than January monthly mean in the time period 

2015-2019. On the contrary, in May 2020, PM2.5 concentration was 0,8 times lower than the average 

one in May 2015-2019. In February 2020 the PM2.5 concentration showed the highest reduction 

compared to the same monthly mean concentration in the time period 2015-2019. In particular we 

have a concentration reduction of 24% : the monthly reduction in percentage has been evaluated as:  

𝑚𝑜𝑛𝑡ℎ𝑙𝑦 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 = (
𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅

(2020)  −  𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅
(2015−2019)

𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅
(2015−2019)

) ∙ 100 

where  𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅
(2020) = monthly mean 2020  

𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅
(2015−2019) = monthly mean 2015-2019 
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These evidences are also demonstrated by the prepAIR report of June 2020 [20] which reports an 

increase of PM2.5 concentration values during the first months of 2020, in particular at the end of 

March 2020 because of a “dust-storm” formation in the region of the Aral lake (East-Europe, Caspian 

Sea area), as ESA-Sentinel-3 satellite images recorded. The dust plume reached the Central Italy and 

Po Valley at the end of March, contributing to an important increase of PM concentrations.   

 

 
 

Figure 3-3. ESA-Sentinel-3 satellite image: North and Central Italy on 28th March 2020 [20]. 
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A similar analysis about PM2.5 concentrations is performed for Bologna city, too.  

 
Figure 3-4. Bologna PM2.5 daily mean during COVID-19 lockdown time period (23th February - 18th May). 

 

The linear regression curves [Figure 3-4] of the two time periods show a similar decreasing trend. 

From a qualitative point of view, during the 2020 COVID-19 lockdown period, the concentration of 

the pollutant on March 2020 is higher than the same 2015-2019 March month. On April we have 

some missing values because the lack of recorded values.  

The PM2.5 concentration is affected by the stable atmosphere conditions which Bologna city is 

subjected to during almost all the year [20]. The location of Bologna in a flat area in Po Valley too, 

does not allow the atmosphere conditions to change quickly and improve the air quality situation. 

 

 
Figure 3-5. Bologna PM2.5 monthly averages from January to May.  

y = -0,1313x + 5733,2
R² = 0,4695

y = -0,1204x + 5254
R² = 0,2168

0

5

10

15

20

25

30

35

23/2 2/3 9/3 16/3 23/3 30/3 6/4 13/4 20/4 27/4 4/5 11/5 18/5

P
M

2
.5

[µ
g

/m
³]

Day

Daily mean 2015-2019 Daily mean 2020

0

20

40

60

80

100

120

140

160

180

January February March April May

P
M

2
.5

[µ
g

/m
³]

Maximum 2015-2019 Minimum 2015-2019

Monthly mean 2015-2019 Monthly mean 2020



Thesis                                                                                                                               Simone Mazzieri

                     

26 

 

Comparing the 2020 PM2.5 monthly averages data and the 2015-2019 monthly averages data from 

January to May in Bologna city [Figure 3-5], we can notice a slowly and linear decreasing trend of 

the pollutant concentration for both linear regression curves. On January 2020 the monthly mean is 

1,1 times higher than January 2015-2019 average, while on February and March 2020 the PM2.5 

monthly means are 0,8 and 0,9 times lower than respectively February and March 2015-2019 monthly 

averages. On April and May 2020, the graph shows again a slightly reduction of 0,9 and 0,8 times the 

April and May 2015-2019 monthly averages, respectively. 

Also in the Bologna city PM2.5 monthly mean analysis, we have to consider meteorological factors, 

not only traffic emissions reduction or industrial activities emissions reduction during the 2020 

lockdown period [20]. 
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For what concerning Ravenna city, the concentrations in time show trends reported in Figure 3-6:  

 
Figure 3-6. Ravenna PM2.5 daily mean during COVID-19 lockdown time period (23th February - 18th May). 

 

The linear regression trends are both decreasing. The 2020 lockdown period shows a PM2.5 daily 

mean concentrations decreasing trend higher from the end of February to the end of April compared 

to the PM2.5 daily mean concentrations trend of 2015-2019 years. There is not an evident decrease of 

PM2.5 daily mean concentrations in 2020 lockdown period compared to 2015-2019 PM2.5 daily mean 

concentrations.         

 

The PM2.5 monthly mean analysis of Ravenna from January to May is reported in Figure 3-7:  

 
Figure 3-7. Ravenna PM2.5 monthly averages from January to May.  
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In Ravenna, the fine particulate matter concentrations show a decreasing trend from the coldest 

months of the years (January and February) up to May, but in 2020 they remain above the trend of 

the 2015-2019 period even if the lockdown restrictions, excepting for May. In particular in January 

2020 we have the highest variation of the PM2.5 monthly mean concentration which is 1,3 times higher 

than January 2015-2019 monthly mean. On the other hand, on May 2020 there is a PM2.5 monthly 

mean concentration which is 0,9 times lower than May 2015-2020 PM2.5 monthly mean.     

The high-pressure atmospheric conditions recorded in Po Valley during these months in 2020 

contribute to stable atmospheric conditions and the permanence of the fine particulate matter above 

the ground. Moreover, the incursion of Asian dust plume detected by the air quality monitoring station 

is contributing to the increase of PM2.5 concentrations. 

In conclusion, the graphs show the seasonality of PM2.5 which records the highest values in the colder 

months. This trend maybe be explained by the changes in the emission sources and, above all, because 

of the variations in the weather and climate conditions which are much more favourable for the 

accumulation of pollutants in the winter semester and which may have a different effect on the 

formation of secondary particulates. 

Some episodes of high concentrations of PM2.5, which occurred in the period we are analysing, must 

be assessed considering for each of them the set of factors that contribute to the formation and 

accumulation of the particulates, i.e. the contribution of the different emissions sources, the specific 

meteorological conditions and the chemical-physical reactions that take place in the atmosphere. For 

PM2.5 pollution case, for example, the main causes of pollution are diesel motors and biomass 

burning. The 2020 lockdown restrictions induced diesel motors to stop but many houses continue to 

burn biomass for heating and, staying more time at home, we tended to keep it warmer than before 

and therefore more biomass was consumed, more pollution was produced and this can be a factor 

contributing to the higher pollutants concentrations recordings by the air quality stations.    

As we said, very often the weather plays an important role. For example, for fine particulate matters, 

rainy or windy conditions contribute to reduce the PM ambient concentrations levels. If it does not 

rain, we have stable condition and the air is likely to be more polluted. 

It is better to consider several years for a comparison in order to reduce the bias induced by the 

weather conditions. 
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NO2 

The trend of the daily NO2 concentrations in Ancona during 2020 lockdown period is showing 

something peculiar, as we can inspect in Figure 3-8: even if the restrictions, the 2020 daily 

concentrations are not lower than the concentrations of the 2015-2019 same days. Moreover, the trend 

is increasing.  

 

 
Figure 3-8. Ancona NO2 daily mean during COVID-19 lockdown time period (23th February - 18th May). 
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This particular behaviour can be noticed also in Figure 3-9, where the monthly mean trends from 

January to May are reported, comparing the monthly mean of 2015-2019 years with the monthly 

mean of 2020 year. March, April and May 2020 months show higher monthly concentration values 

with an increase of 8,9 µg/m³ in March, 13,7 µg/m³ in April and even 19,4 µg/m³ in May.        

        

 
Figure 3-9. Ancona NO2 monthly averages from January to May. 
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A similar analysis about NO2 concentrations is performed for Bologna city, too. 

 

Figure 3-10. Bologna NO2 daily mean during COVID-19 lockdown time period (23th February - 18th May). 

 

In this case [Figure 3-10], the daily mean linear regression trends of 2020 lockdown time period and 

2015-2019 correspondent days are both decreasing almost with a similar slope. In Bologna, we can 

notice very reduced NO2 daily mean concentration values during COVID-19 lockdown time period, 

with a difference of about 10 µg/m³ lower than the daily mean linear regression trend reconstruction 

of 2015-2019.   

 

 

Figure 3-11. Bologna NO2 monthly averages from January to May. 
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Referring to Figure 3-11, the trends of the monthly mean of 2020 and 2015-2019 are both decreasing. 

The monthly averages from January to May of 2015-2019 years are 1,3 to 2 times higher than the 

monthly averages from January to May of 2020 year. In particular, on March we have a 2020 monthly 

mean which is 9,5 µg/m³ lower than the 2015-2019 monthly mean. On April, we have a 2020 monthly 

mean which is 9,1 µg/m³ lower than the 2015-2019 monthly mean. 

In percentage, we have a NO2 reduction on March 2020 of 35% compared to the previous March 

2015-2019 mean. On April 2020, we can estimate a reduction even of 49% compared to April 2015-

2019 mean.  
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For Ravenna city, the outputs of the analysed data are plotted in Figure 3-12: 

 

Figure 3-12. Ravenna NO2 daily mean during COVID-19 lockdown time period (23th February - 18th May). 

 

The daily mean linear regression trends of 2020 lockdown time period and 2015-2019 correspondent 

days are both decreasing almost with a similar slope also in Ravenna city case study. We notice that 

the daily mean linear regression trend reconstruction of 2020 is 3 µg/m³ lower than the daily mean 

linear regression trend reconstruction of 2015-2019 during all the lockdown time period, from 23th 

February to 18th May, meanwhile it is constantly decreasing. 
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Figure 3-13. Ravenna NO2 monthly averages from January to May.  
 

Considering the monthly mean analysis performed for Ravenna case study reported in Figure 3-13, 

the NO2 monthly mean concentration values of 2020 from February to May are always lower than 

the correspondent monthly mean concentration values of 2015-2019, with a maximum value on 

March in which we have a difference of 4,5 µg/m³. The reduction of the pollutant concentration is 

23% in March 2020 and 11% in April 2020 compared to the relative months of 2015-2019 years. 

Compared to Bologna city, the NO2 reduction estimated in April is much lower. In particular we have 

a reduction about four times lower than the reduction in April in Bologna case study.   
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The NO2 reduction has been observed also from the Copernicus Sentinel-5P satellite which reveals 

the reduction of nitrogen dioxide concentrations over Italy during part of the lockdown period with 

respect to the same period of 2019 year. This reduction is particularly evident over the Po Valley [21]. 

 

 

Figure 3-14. Nitrogen dioxide concentrations from 13th March until 13th April 2020, compared to the March-April 

averaged concentrations in 2019 [21].  
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3.1 NO2 typical day 

To analyse and understand which is the variation of NO2 over time, it is useful to observe the trend 

of the so-called typical day, that is the average hourly trend of NO2 over a day. It is calculated 

averaging the concentration values recorded at the same hour in the air quality monitoring station for 

each considered month (January, February, March, April, May), both for 2020 year and 2015-2019 

average period, without differentiating a working day from a holy day. So, the typical day of 2020 

inspected months are studied and then they are compared to the same months of 2015-2019 time 

period. 

 

 

Ancona Cittadella 

 

Figure 3.1-1. Typical day of the average hourly concentrations of NO2 recorded by Ancona Cittadella station in 

January-May 2020. 
 

The typical day trends of the all five months of 2020 are similar: there are peaks between 9 a.m. and 

11 a.m. and between 8 p.m. and 10 p.m. [Figure 3.1-1]. 

Comparing each five months of 2020 with the same months of 2015-2019 period, the typical day 

trends are similar in terms of time-scale, with two main peaks as we focused for 2020 case study. 

This similarity was not so obvious because of the behavioural changes to which most of the 

population has been subjected for COVID-19 restrictions.  
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In this typical days analysis, the observations already made about NO2 come up: in particular, for 

Ancona case in Figures 3.1-2, 3.1-3, 3.1-4, 3.1-5, 3.1-6, we have a detail comparison, month by 

month, between 2020 and 2015-2019 years and the particular cases of higher concentration trends of 

January, March, April and May 2020 with respect to January, March, April and May 2015-2019.   

 

 
Figure 3.1-2. Comparison between typical day of January 2020 and average values of January 2015-2019 (Ancona). 

 

 

 

 

 

Figure 3.1-3. Comparison between typical day of February 2020 and average values of February 2015-2019 (Ancona). 
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Figure 3.1-4. Comparison between typical day of March 2020 and average values of March 2015-2019 (Ancona). 
 

 

 

 

 

Figure 3.1-5. Comparison between typical day of April 2020 and average values of April 2015-2019 (Ancona). 
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Figure 3.1-6. Comparison between typical day of May 2020 and average values of May 2015-2019 (Ancona). 
 

 

In general, there are not lower trends of NO2 concentrations during 2020 lockdown period in Ancona 

with respect to the previous 2015-2019 years. 

Again, the trends are similar, with the peaks occurring at the same hours. Some smoothed peaks occur 

during the afternoon hours of 2020 typical day trends, but they are very small and, by the way, the 

general trend follows the previous 2015-2019 months trends.     
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Bologna, Giardini Margherita  
 

 
Figure 3.1-7. Typical day of the average hourly concentrations of NO2 recorded by Giardini Margherita station in 

January-May 2020. 
 

 

 
Figure 3.1-8. Comparison between typical day of January 2020 and average values of January 2015-2019 (Bologna). 
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Figure 3.1-9. Comparison between typical day of February 2020 and average values of February 2015-2019 

(Bologna). 

 

 

 

 
Figure 3.1-10. Comparison between typical day of March 2020 and average values of March 2015-2019 (Bologna). 
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Figure 3.1-11. Comparison between typical day of April 2020 and average values of April 2015-2019 (Bologna). 
 

 

 

 

Figure 3.1-12. Comparison between typical day of May 2020 and average values of May 2015-2019 (Bologna). 

 

 

 

In general, for Bologna city, there are lower typical day trends of NO2 concentrations during 2020 

lockdown period with respect to the previous 2015-2019 years.   

Some smoothed peaks occur during the afternoon hours of 2020 typical day trends, in particular we 

can notice them on March and April 2020, but the general trend follow the previous 2015-2019 

months trends.     
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Ravenna, Caorle 
 

 
Figure 3.1-13. Typical day of the average hourly concentrations of NO2 recorded by Caorle station in January-May 

2020. 
 

 

 

 
Figure 3.1-14. Comparison between typical day of January 2020 and average values of January 2015-2019 (Ravenna). 
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Figure 3.1-15. Comparison between typical day of February 2020 and average values of February 2015-2019 

(Ravenna). 

 

 

 

 

 
Figure 3.1-16. Comparison between typical day of March 2020 and average values of March 2015-2019 (Ravenna). 
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Figure 3.1-17. Comparison between typical day of April 2020 and average values of April 2015-2019 (Ravenna). 

 

 

 

 
Figure 3.1-18. Comparison between typical day of May 2020 and average values of May 2015-2019 (Ravenna). 
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day of January 2020 which shows higher values from 9 a.m. to 11 p.m. with respect to January 2015-

2019.    

 

 

0

5

10

15

20

25

30

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

N
O

2
h

o
u

rl
y
 m

e
a

n
 c

o
n

c
e

n
tr

a
ti
o

n
 [
µ

g
/m

³]

Hour [h]

April 2020 April 2015-2019

0

5

10

15

20

25

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23N
O

2
h

o
u

rl
y 

m
ea

n
 c

o
n

ce
n

tr
at

io
n

 [
µ

g/
m

³]

Hour [h]

May 2020 May 2015-2019



Thesis                                                                                                                               Simone Mazzieri

                     

46 

 

3.2 Interpretation of HIA findings 

 

PM2.5 

In some cases, we don’t have a decrease of the pollutant concentration and we find negative ∆𝑥 values 

like for January and April 2020 months compared to the same months of 2015-2019 years in Ancona 

case [Table 6]. This will contribute to a negative potential health benefit, with a lower number of 

avoided deaths because of the higher pollutant concentration value in the 2020 reference year when 

the COVID-19 showed up.    

 

 
Table 6. ∆x variation in PM2.5  for Ancona during the analysed months. 

 
 January February March April May 

  2015-2019 2020 2015-2019 2020 2015-2019 2020 2015-2019 2020 2015-2019 2020 

PM2.5 daily 

mean [μg/m3] 
23,2 30,6 17,5 13,9 14,5 13,9 11,0 12,9 7,7 6,2 

∆x  [μg/m3] -7,4 3,6 0,6 -1,9 1,5 

  

 

 

 
Table 7. ∆x variation in PM2.5  for Bologna during the analysed months. 

 
 January February March April May 

  2015-2019 2020 2015-2019 2020 2015-2019 2020 2015-2019 2020 2015-2019 2020 

PM2.5 daily 

mean [μg/m3] 
30,5 33,8 25,0 23,1 15,0 12,6 10,2 9,3 7,9 6,3 

∆x  [μg/m3] -3,3 1,9 2,4 0,9 1,6 

 

 

 

 
Table 8. ∆x variation in PM2.5  for Ravenna during the analysed months. 

 
 January February March April May 

  2015-2019 2020 2015-2019 2020 2015-2019 2020 2015-2019 2020 2015-2019 2020 

PM2.5 daily 

mean [μg/m3] 
35,3 46,7 26,0 29,7 17,3 18,5 12,8 14,4 9,2 8,1 

∆x  [μg/m3] -11,5 -3,6 -1,2 -1,6 1,1 
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Table 9. Potential health benefits on mortality (Ancona) considering PM2.5  scenario. 
 

  Mortality, all causes, all ages 

 January February March April  May 

 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Lower -1,9 0,8 0,1 -0,4 0,3 

Central -5,3 2,2 0,3 -1,1 0,8 

Upper -8,6 3,6 0,6 -1,8 1,3 

 

 

 

 

 
Table 10. Potential health benefits on mortality (Bologna) considering PM2.5  scenario. 

 

  Mortality, all causes, all ages 

 January February March April  May 

  

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Lower -3,7 1,8 2,3 0,8 1,3 

Central -10,2 4,9 6,1 2,2 3,5 

Upper -16,6 8,0 10,0 3,5 5,8 

 

 

 

 

 

 
Table 11. Potential health benefits on mortality (Ravenna) considering PM2.5  scenario. 

 

  Mortality, all causes, all ages 

 January February March April  May 

  

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Lower -4,8 -1,3 -0,4 -0,5 0,4 

Central -13,0 -3,6 -1,2 -1,4 1,0 

Upper -21,3 -5,9 -1,9 -2,3 1,6 
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If we compare the outputs we found from the HIA analysis of PM2.5 scenario, we have that January 

shows a negative contribution of total number of avoided deaths. The 2020 lockdown time period 

does not interest January and we can consider this negative contribution is not affected by the possible 

emissions reduction and interruption of anthropogenic activities. 

In Ancona [Table 9], from February to May, we have a general potential health benefit on mortality, 

excepting for April, which was interested by an important increase of PM2.5 concentrations due to an 

anomalous atmospheric diffusion of dust from the Karakum desert (Asia), as we reported in the 

preliminary analysis of air quality during COVID-19 emergency. The higher PM2.5 daily mean 

concentration in April 2020 compared to April 2015-2019 [Table 6] contributes to a mild negative 

impact on mortality or, at least, consistent with the number of deaths of the previous 2015-2019 five 

years.  

Different is the case of Bologna [Table 10], in which we have a general positive number of avoided 

deaths from February to May, also with much more important results than Ancona city: in March 

month we find 6 avoided deaths in Bologna, for example. 

The analysis carried out for Ravenna city [Table 11], instead, shows other results. PM2.5 

concentrations are higher from January to April with respect to the previous five years, even though 

the stops of the activities started at the end of February 2020. The meteorological and atmospheric 

conditions provided a not negligible contribution, with periods of stagnation and stable atmospheric 

contribution [20]. The number of avoided deaths has a positive contribution on mortality only on 

May. 
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NO2 

We can notice general positive ∆𝑥 values for the NO2 analysis in all the three cities [Table 12, Table 

13, Table 14], with no negative ∆𝑥 values, except for May in Ancona [Table 12]. This will contribute 

to a positive potential health benefit, with a higher number of avoided deaths in 2020 compared to 

2015–2019 years.  

 

 
Table 12. ∆x variation in NO2  for Ancona during the analysed months. 

 
 January February March April May 

  2015-2019 2020 2015-2019 2020 2015-2019 2020 2015-2019 2020 2015-2019 2020 

NO2  daily 

maximum 1-h 

mean [μg/m3] 

109,0 77,0 116,0 67,0 111,0 92,0 113,0 104,0 76,0 94,0 

∆x  [μg/m3] 32,0 49,0 19,0 9,0 -18,0 

 

 

 

 
Table 13. ∆x variation in NO2  for Bologna during the analysed months. 

 
 January February March April May 

  2015-2019 2020 2015-2019 2020 2015-2019 2020 2015-2019 2020 2015-2019 2020 

NO2 daily 

maximum 1-h 

mean  [μg/m3] 

120,0 76,0 116,0 70,0 129,0 71,0 96,0 62,0 66,0 58,0 

∆x  [μg/m3] 44,0 46,0 58,0 34,0 8,0 

 
 

 
 

Table 14. ∆x variation in NO2  for Ravenna during the analysed months. 
 

 January February March April May 

  2015-2019 2020 2015-2019 2020 2015-2019 2020 2015-2019 2020 2015-2019 2020 

NO2 daily 

maximum 1-h 

mean [μg/m3] 

91,0 82,0 92,0 78,0 99,0 57,0 75,0 53,0 68,0 49,0 

∆x  [μg/m3] 9,0 14,0 42,0 22,0 19,0 
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Table 15. Potential health benefits on mortality (Ancona) considering NO2  scenario. 

 

  Mortality, all causes, all ages 

 January February March April  May 

  

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Lower 3,0 4,0 1,5 0,7 -1,3 

Central 5,0 6,7 2,6 1,1 -2,1 

Upper 7,0 9,4 3,6 1,6 -3,0 

 

 

 
Table 16. Potential health benefits on mortality (Bologna) considering NO2  scenario. 

 

  Mortality, all causes, all ages 

 January February March April  May 

  

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Lower 17,7 15,2 19,5 10,1 2,4 

Central 29,8 25,5 32,8 17,0 4,0 

Upper 41,8 35,8 46,0 23,9 5,6 

 

 

 
Table 17. Potential health benefits on mortality (Ravenna) considering NO2  scenario. 

 

  Mortality, all causes, all ages 

 January February March April  May 

  

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Total 

number of 

avoided 

deaths (∆y) 

Lower 1,3 1,8 5,4 2,5 2,2 

Central 2,2 3,1 9,1 4,3 3,7 

Upper 3,1 4,3 12,8 6,0 5,2 

 

 

The results from the short-term impact of NO2 scenario have benefits on mortality in general in all 

the three cities from January to May, except for May month in Ancona case [Table 15]. The highest 

values of avoided deaths have been estimated on March both for Bologna and Ravenna [Table 16 and 

Table 17], while for Ancona this happens on February, when the lockdown period covers only the 

end of the month. 

NO2 is much more influenced by the variations of pollutants emissions and the activities stop led to 

a reduction on NO2 concentrations and to significant numbers of avoided deaths. 
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4. DISCUSSION 

The aim of the present study was to investigate the variations in PM2.5 and NO2 ambient 

concentrations and the attributable number of deaths in three cities in Central Italy (Ancona, Bologna 

and Ravenna) during the COVID-19 outbreak in 2020. Considering the COVID-19 lockdown period 

in Italy, the stop of activities and traffic movements and the related reduction of emissions from the 

end of February to May 2020, provides a general potential health benefit with higher numbers of 

avoided deaths with respect to the same periods in 2015-2019 years. On the other hand, the 

meteorological conditions provided a negative contribution for the number of avoided deaths, which 

could be more important and higher if there were not long periods of high-pressure atmospheric 

conditions during January to May 2020 which retained the pollutants close to the ground level. We 

found this situation in particular in Po Valley, where Bologna and Ravenna cities are located, in which 

we have seasonally stagnation and pollutants entrapment below the Planetary Boundary Layer. 

Moreover, the dust outbreak from Asian region provided a negative contribution for the number of 

avoided deaths estimation from the HIA analysis for Ancona, Bologna and Ravenna. 

March month provides the best result from the HIA analysis about NO2 for Bologna and Ravenna 

cities, with about 33 and 9 avoided deaths, respectively. Ancona has about 7 avoided deaths during 

February month. 

Lower values and different months come out from the HIA analysis about PM2.5. The best result for 

Ancona city is provided during February month with about 2 avoided deaths. The highest value of 

avoided deaths in Bologna is about 6 in March month, while in Ravenna the best result is 1, output 

in May month. 

From an epidemiological point of view, the three analysed cities were not heavily affected by the 

COVID-19 outbreak compared to other Italian cities, such as Bergamo in the North of Italy. 

A strong body of existing scientific research shows that a significant part of the burden of diseases 

like chronic respiratory disease, heart disease, asthma and diabetes worldwide is attributable to air 

pollution. This means that past air pollution exposure is now contributing to the death toll and the 

enormous pressure on healthcare systems from the disease. 

For many respiratory infections, air pollution exposure on infected people can worsen their symptoms 

and increase the risk of hospitalization and death. This is likely to be true for COVID-19 patients as 

well but has not been confirmed yet with specific studies. This means that current air pollution levels, 

which remain dangerous in much of the world despite reductions caused by measures to control the 

virus, are likely contributing to the number of severe cases and deaths from COVID-19 [22]. 
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4.1 Uncertainties 

The HIA analysis we performed carries uncertainties and limitations due to the various assumptions 

and simplifications made along the HIA steps that we have to take down and talk about.   

The sources of uncertainty in the HIA process include, among others, the question of causality 

between air pollution and health, uncertainties in exposure assessment and health outcomes, and the 

choice of the CRFs. 

 

 

4.1.1 Uncertainty in exposure assessment 

The modelling of the level of exposure to air pollutants carries uncertainties. In order to calculate 

population-weighted concentrations, concentrations and population density data is needed. To limit 

the bias of transferring CRFs from the source studies, in our study we assumed that all the population 

of each city is equally exposed to the same pollutant concentration value recorded by only one fixed 

air quality monitoring station we focused. Doing so, we probably underestimate the impact of chronic 

exposure to PM, for example, since there can be significant within-city local contrasts of exposure, 

notably in relation to road traffic, that are not taken into account. Moreover, it is difficult to estimate 

the individual exposure of most of people because of the variability of the exposure due to the distance 

to busy streets, for example, or the extent to which houses are ventilated. Though, in Europe, adults 

spend the majority of their time indoors at home (56-66%), which suggests that home address might 

be a reasonable proxy for individual exposure [23], in reality using home address as a proxy does not 

account for the difference in individual exposure. It is hard to estimate the changes in air pollutant 

concentrations arising from air quality measures, especially on the local level. Emission estimates 

and modelling are not yet advanced enough to be of real help in this. 

Another key assumption we used is that concerning the “Asian dust storms”. During the study time 

period, we have few days with very high levels of PM2.5 concentrations, caused by desert dust 

episodes. We considered that the desert dust has the same health effects as other PM components, as 

literature studies showed [24]. 

 

 

 

4.1.2 Uncertainty in health outcomes 

It is important to note that HIA is often carried out for a selection of health effects and it is not an 

estimation of the total health impact. As we are considering the most adverse health effect (mortality), 

in our case study we missed less severe symptoms on population (e.g. medication intake, changes in 

the cardiovascular function, impaired respiratory function, etc.) and we provided results about the 

worst health outcome for all the inhabitants of the three cities, which is the human death.  
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4.1.3 Uncertainties in the CRFs 

CRFs are derived from epidemiological studies, in which assumptions made during the analysis 

inevitably introduce some uncertainty into the results. In addition, epidemiological evidence on air 

pollution is scarce or absent in some parts of the world. Most epidemiological studies have been 

conducted in developed countries and the range of studied exposures does not necessarily represent 

what is observed around the world.  

When results of epidemiological studies are applied in order to calculate health effects in different 

populations, it is assumed that health risks occur systematically and not at random. Besides, it is 

assumed that risk factors (in this case air pollution) can be identified of being responsible to cause 

adverse health effects. Besides, CRFs often have less evidence for lower concentrations because 

populated areas often show pollution to at least some extent. Because of this, CRFs are more reliable 

when applied to concentrations most studies are conducted with and less reliable for relatively low or 

high concentrations. 
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5. CONCLUSIONS 

The present study tackled the health impacts deriving from variations in short term exposure to 

airborne pollutants during COVID-19 outbreak in three cities in Central Italy, namely Ancona, 

Bologna and Ravenna. In particular, we focused on PM2.5 and NO2 airborne pollutants. Both PM2.5 

and NO2 are traffic-related airborne pollutants whose emissions substantially decreased as a result of 

the traffic bans and home quarantine. Moreover, these airborne pollutants have well established 

concentration-response functions (CRFs) from epidemiological studies on short-term mortality 

effects. A general positive increase about number of avoided deaths is related to lower airborne 

pollutant concentrations in atmosphere. 

By a preliminary analysis of air quality linked to these two pollutants during COVID-19 emergency, 

we were able to perform a comparison between the pollutants trends from January to May 2020 and 

the trends of the same months from 2015 to 2019. In some cases, we noticed unexpected higher 

pollutant concentration values in 2020 than 2015-2019, likely due to the negative contribution of 

meteorological conditions hindering the dispersion of pollutants and to a dust outbreak from Asia.  

Performing a health impact assessment analysis, we then estimated the number of avoided deaths in 

each city in each studied month from January to May in 2020 compared to the 2015-2019 time period.  

The PM2.5 analysis did not show a clear trend, with many pollutant concentrations variations between 

the months and various health impacts results on mortality. The best result for Ancona city was 

estimated in February with about 2 avoided deaths. Bologna showed the highest value (i.e. 6) of 

avoided deaths in March. Ravenna showed the best result in May with 1 avoided dead. 

On the contrary, the analysis of the short-term impact of NO2 scenario suggests reduced mortality in 

all the three cities from January to May, except for the month of May in Ancona case. March month 

provides the best result for the HIA analysis about NO2 for Bologna and Ravenna, with about 33 and 

9 avoided deaths, respectively. Ancona has about 7 avoided deaths during February month. 

We have to highlight the strong assumptions and simplifications we made which can contribute to 

some uncertainties in the HIA findings, like for example the assumption that all the population of 

each city is equally exposed to the same pollutant concentration value recorded by only one fixed air 

quality monitoring station, neglecting local different exposure conditions. Moreover, we provided 

results about the most severe health outcome for all the inhabitants of the three cities, considering all-

ages population mortality data without distinction. Furthermore, the CRFs considered in the present 

study can differ from other epidemiological studies and other more specific and local CRFs could 

provide more precise HIA results. The present study could be extended and made more accurate when 

more health outcome data will be validated and provided about the COVID-19 outbreak period, so 

that more articulated short-term impact scenarios of the pollutants could be performed. In addition, 

more detailed outputs could be provided if the total population deaths are registered and studied 

classifying the total population by gender and class ages. As a matter of fact, it is very difficult to 

classify and obtain valid health outcome data by gender and ages. 
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ANNEX 

We report a preliminary air quality analysis about PM2.5 and NO2 pollutants concentrations in 

Ancona, Bologna and Ravenna during the recent September 2020 month. In particular, we focus on 

the pollutants daily mean concentrations, taking data from the urban background air monitoring 

stations located in Ancona Cittadella (for Ancona case study), in Giardini Margherita (for Bologna 

case study) and in Caorle Street (for Ravenna case study).   

       

PM2.5 

Ancona Cittadella 

A huge fire happened during the night between 15th and 16th September 2020 in Ancona harbour, 

emitting pollutants into air. The air quality was continuously monitored. The attention was mainly 

focused on metals, PAHs (Polycyclic Aromatic Hydrocarbons), dioxins, PCBs (Polychlorinated 

Biphenyls) and VOCs (Volatile Organic Compounds), as well as cyanides. Besides, the monitoring 

of the run-off water from the fire area and the related wastewater treatment plants was not neglected, 

as well as the collection - also carried out in the city centre - of dust and burned or semi-burned 

samples [25]. 

In relation to the fire outbreak, the PM10 daily concentration showed values just below twice the 

D.Lgs.155/2010 limit value (91 µg/m³ against 50 µg/m³). This value is historically present in the air 

quality monitoring stations of Marche Region in situations of strong weather block and/or Saharan 

sand transport events. However, excluding the peak on the day of fire, the daily mean values measured 

by Ancona Cittadella station show homogeneous concentrations during 10th - 15th September 2020 

time period since the day after the fire outbreak. 

 

 

Figure A-1. PM10 daily mean concentrations recorded by Ancona Cittadella station and by mobile Ancona Station FF 

from 10/09/2020 to 21/09/2020 [26]. 
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This unexpected event also affected the PM2.5 concentrations: we notice a peak value recorded on 

19th September 2020 in the PM2.5 daily mean concentrations graph in Figure A-2, where PM2.5 daily 

mean concentrations during September 2020 are plotted. Unfortunately, there are not some recorded 

values during some days of September 2020 month.  

 

 
Figure A-2. Ancona PM2.5 daily mean during September 2020. 

 

 

 

Figure A-3. Fire outbreak in Ancona harbour on 16th September 2020 [Adriaeco]. 
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Bologna, Giardini Margherita 

 
Figure A-4. Bologna PM2.5 daily mean during September 2020. 

 

 

Ravenna, Caorle 

 
Figure A-5. Ravenna PM2.5 daily mean during September 2020. 
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The three cities show an increase of PM2.5 concentrations during the days of mid-September 2020. 

Ancona city reached the highest value of PM2.5 daily mean concentration on 19th September 2020, 

with a value of 27 µg/m³ [Figure A-2]. 

In Bologna city, two consecutive days (14th and 15th September 2020) had the highest PM2.5 

concentration values in September 2020, with recorded values of 23 µg/m³ each day [Figure A-4]. 

In Ravenna city, the PM2.5 daily mean concentration peak value was recorded on 17th September 

2020, with a value of 22 µg/m³ [Figure A-5].  
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NO2 

Ancona Cittadella 

 
Figure A-6. Ancona NO2 daily mean during September 2020. 

 

Figure A-6 shows NO2 daily mean concentrations during September 2020. A peak value of 13 µg/m³ 

is recorded on 16th September 2020. This day corresponds to the day of fire outbreak in Ancona 

harbour.  

As ARPAM reports, NO2 doesn’t show particular critical issues due to fire emissions. The NO2 value 

measured by the mobile station of ARPA Umbria on 16/09/2020 is higher than the reference limit 

value (D.Lgs.155/2010). However, it is necessary to point out that averaged times are different 

because the daily mean concentration was compared to the limit value expressed in annual mean 

concentration. Moreover, the datum of the mobile station does not correspond exactly to a daily 

average because sampling started at 2 p.m. [26].  

 
Figure A-7. PM10 , PM1 , NO2 , SO2  and benzene daily mean concentrations [µg/m³] recorded by Ancona Cittadella 

station, by mobile Ancona Station FF and by ARPA Umbria mobile station from 10/09/2020 to 20/09/2020 [26]. 
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Bologna, Giardini Margherita 

 
Figure A-8. Bologna NO2 daily mean during September 2020. 

 

 

Ravenna, Caorle 

 
Figure A-9. Ravenna NO2 daily mean during September 2020. 
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The three cities show different variations in NO2 daily concentrations. Even if the important fire 

outbreak in Ancona harbour, the NO2 concentrations values of the days after the fire outbreak were 

not so increased in Ancona city, also compared with the concentrations values of the same days 

recorded in Bologna or Ravenna. The peak value of 13 µg/m³ recorded on 16th September 2020 in 

Ancona [Figure A-6] was still much lower than 19,9 µg/m³ value recorded on the same day in 

Ravenna [Figure A-9], for example. On 19th September 2020, the NO2 concentration value was 7 

µg/m³ in Ancona, while in Ravenna was 18,3 µg/m³.  
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