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ABSTRACT 

 

In the present master thesis the atmospheric dispersion of pollutants 

are discussed and, in particular, are exposed the results of a work 

carried out in the summer 2019 at the Department of industrial 

engineering and mathematical science (DIISM) of the Università 

Politecnica delle Marche. 

Mainly in the case study the pollutant referred to is PM10 (and therefore 

PM2.5). HARP-hot spots analysis and reporting program, a project of 

California (USA) is the international reference for our project. It 

correlates the gaseous emissions present on a territory with the risk to 

the human health of the population that inhabits the same areas 

through air dispersion modelling and dose-response functions. 

The idea is to express health impact through some indices instead of  

expressing it through impacting pollution concentrations, which is the 

idea of HARP. 

Therefore, the focus of our project was on assessing exposure related 

to an emission scenario and to evaluate the related risk. Exposure tells 

us how much and for how long the populations is subject to a source of 

pollution. The final objective is therefore the creation of a tool capable, 

through few input data (such as the emission source, the type of 

pollutant and meteorological data etc.) of providing directly health 

impact scenarios with the corresponding numerical values. 

The project consisted in searching for the implementation of a software 

able to elaborate long-term predictions looking at the impact on the 

ground of the various pollutants released into the atmosphere by a 

punctual source, like that of a chimney. To do this, the open source code 
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of the AERMOD software was used; it is made up of different modules: 

they are, firstly, an air dispersion model for air pollutants from 

stationary sources, then AERMAP, regarding terrain features, and 

AERMET, regarding weather data elaborations. Initially AERMOD open 

source code is applied in flat mode, meaning we assume a completely 

flat territorial configuration with the aim of predicting the impact that 

the installation of a new emission source can have in a certain area. 

In particular, meteorological data of Camerano station (AN) were 

exploited, thanks to which it was possible to preprocess the file 

containing the weather part. Later these were processed by the 

AERMOD code to elaborate the forecasts about the concentrations of 

pollutants to which the population is exposed after a period of one hour, 

24 hours and in particular at 1 year. 

Precisely these last ones, called "period", were the ones we were 

interested in and were values for which the risk for human health was 

associated, or rather the risk resulting from the exposure was assessed 

for a period of one year.  

Another component of the AERMOD software, AERPLOT, was also used. 

This tool was useful for the final graphic display of the results, in fact it 

allows to project, through the GoogleEarth interface, a list of pollutants 

directly on the territory. 

In this case points are projected in 36 radial directions from the emission 

source and to do this, the open source code of AERPLOT was 

implemented with the geographical coordinates of the emission center, 

written both as latitude and longitude and subsequently transformed 

into UTM coordinates. 
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Results show realistic values, but it is important to remember that the 

input data do not refer to a real situation and we applied software with 

flat setup. 

Moreover, data of deaths or hospitalizations still miss and are not 

published by competent authorities. 

In any case the comparison between the results of Aermod opensource 

and those of HARP show same values, confirming the correct input data 

file. 

We tested elevated setup using AermodView and some differences 

were found in the analysis of peak concentration but, in any case, the 

results are in the same order of magnitude. 

Regarding the location of the point of maximum exposure, the two 

softwares are agreed and place it at almost the same distance. 

Leaving out the peak concentrations, for which there is a deviation of 

about 0.1 μg/m3, for the rest of the simulations the values obtained are 

very similar, with differences that, regarding the particulate matter, are 

negligible. 

We conclude our study by analysing the risk assessment for the studied 

area and predicted concentrations found considering long term (1 year) 

exposure to diesel engine exhaust. 

To do this, we calculated the risk (hazard quotient (HQ) and cancer risk) 

per each concentration found around the emissions source. Results 

show that there is no toxic risk (HQ=0.005-0.08 < 1) in the studied area 

with respect to the input data assumed. Based on risk assessment 

standalone tool by HARP, the cancer risk is up to 10-4.  
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1)INTRODUCTION 

1.1) AIR POLLUTION 

 

Air is the gaseous, colorless and odorless mixture that makes up the 

Earth's atmosphere. It is composed of nitrogen (78%), oxygen (21%) 

and, minimally, of carbon dioxide and some inert or rare gases such as 

argon, helium, xenon and crypto. This mixture has allowed the 

development of life on Earth, given that nitrogen and oxygen are 

indispensable to most living beings. 

• Nitrogen, which is the fundamental constituent of animal 

protoplasm, does not take part in respiratory turnover and seems to 

have only the function of diluting oxygen in the proportion most 

suited to breathing. 

• Oxygen is an indispensable element for life. With increasing altitude 

there is a decrease in the partial tension of this gas, which conditions 

the onset of hypoxic phenomena (altitude sickness); but also 

variations in the opposite direction can cause disturbances called 

hyperoxia in humans. On average it is found in quantities of 1-5 mg 

for every 100 m3 of air, its proportion increases with altitude. The 

air of the forests and mountains is richer than that of the plains, 

during the spring we have larger quantities than in autumn and 

winter. [ISPRA,2006]  

Furthermore, air has a fundamental function in the complex system of 

heat distribution on our planet: its movements are based on variations 

in temperature, humidity and atmospheric pressure. For instance, 

wind is simply air movements. The farther we move away from the 
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earth's surface, the more the air becomes progressively thinner and 

breathing becomes difficult. 

Air pollution means the presence of one or more unwanted substances 

in the air. Air pollutants have negative effects on humans, animals, 

plants and air quality.  

Italian legislation in article 268 of law 152/2006 defines atmospheric 

pollution as "any modification of atmospheric air, due to the 

introduction into it of one or more substances in quantities and with 

characteristics such as to damage or to constitute a danger to human 

health or to the quality of the environment or such as to damage 

material goods or compromise the legitimate uses of the environment ".  

The types of air pollutants most frequently present are sulfur oxides, 

nitrogen oxides, volatile organic residues (VOC) and small dust particles 

such as aerosols [Lenntech.it]. Air pollution is the most widespread 

single environmental risk recognized, in May 2015, by the resolution of 

the World Health Assembly (WHA), as one of the major global public 

health problems. In 2012 it was estimated that one death per nine was 

due to health problems related to air pollution [Stefania Russo,2018]. 

In the euro area, according to the WHO, particulate pollution is 

responsible for a 1-year reduction in life on average [WHO,2019] 

 

Because of these reasons, health problems related to air pollution is 

becoming a topic of increasingly common interest and studies are being 

carried out all over the world, as the 

 

Surely the orographic and meteorological factors are the most 

influential about atmospheric dispersion and, in particular, the intensity 
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of the wind and the intensity of precipitation are very important in this 

field, as the first factor favours the dispersion while the second tends to 

bring pollutant on the ground. 

Consequently, one can guess how in cities, where there are important 

emission points and poor air circulation, pollution finds little space to 

disperse and, especially on sultry and poorly ventilated summer days, it 

can create many problems for citizenship. 

Over the years the legislative measures taken aiming at the reduction of 

atmospheric pollution values are different, also of an international 

nature. 

The Italian legislation on the protection of pollution, issued in 

implementation of the European Union directives is essentially divided 

into two levels: air quality and the regulation of emissions into the 

atmosphere. 

The first one sets the acceptability limits and the air quality 

requirements in urban centers and, more generally, in the territory. The 

second one, instead, aims to control the pollution produced by 

companies through the identification of reference parameters that 

must be set for the various polluting substances.[G.Miserocchi,2019 

and InquinamentoItalia.com].The regulations on the protection of the 

air and the reduction of emissions into the atmosphere are also 

contained in the aforementioned environmental single text, legislative 

decree 152/2006, which integrates and modifies the pre-existing 

provisions [“Gazzetta ufficiale Camera dei deputati,2006] 
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1.2) Natural and artificial sources of pollution 

 

There are many sources of natural pollutants that sometimes take on 

more relevance than those originating from humans. Natural air 

pollutants have always been part of human history. Dusts and various 

gases emitted by volcanoes, forest fires and the decomposition of 

organic compounds enter the atmosphere at almost regular intervals, 

as shown in figure 1, and in some cases at levels that cause dramatic 

effects on the climate. In any case, natural pollutants do not necessarily 

represent a serious problem as can pollutants of anthropic origin 

because they are often considerably less dangerous than compounds 

produced by man and are never concentrated on large cities. Natural 

sources of nitrogen oxides include volcanoes, oceans, organic 

decompositions and the action of lightning, while those of sulfur dioxide 

include volcanoes, organic decompositions and forest fires. The 

importance of natural particulate sources (volcanoes and sandstorms) 

is instead less important than anthropic ones, since they give rise to 

Figure 1. Natural sources of air pollution [Amazonaws.com ] 
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particles of a size such that they cannot cause significant damage to the 

respiratory system. These sources usually do not cause episodes of 

particularly acute pollution as pollution generally occurs on a relatively  

short time scale.  

Most gaseous air compounds are part of natural cycles, that is the 

reason for which ecosystems are able to maintain the balance between 

the various parts of the system. However, the introduction of large 

quantities of additional compounds can also permanently compromise 

the natural pre-existing biochemical cycles. Given that, very little can be 

done by humans with regard to natural pollution, the major concern 

must be to reduce polluting emissions produced by human activities. 

[ISPRA-2006]  

Speaking about artificial sources, highest air pollution is what humans 

produce to meet their civil and industrial needs, as shown in figure 2. 

The various combustion processes used to cook food, to heat up, to 

power motor vehicles and machinery, produce the most common 

pollutants. The air pollution of anthropic origin is released by the large 

fixed springs (industries, plants for the production of electricity and 

incinerators); from small fixed sources (systems for domestic heating) 

and from mobile sources (vehicle traffic). Many of these sources are 

closely linked to the production and consumption of energy, especially 

from fossil fuels. The use of fossil fuels for domestic heating, particularly 

heavy fuel oils, biomass and coal is a significant source of environmental 

pollution from dust and sulfur dioxide.  
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Traffic also largely contributes to the emissions of these pollutants in 

cities characterized by large vehicular congestion. As for the other main 

pollutants, anthropic sources play a fundamental role as much as 

natural ones in the emission of ozone and volatile organic compounds; 

combustions generally represent the main cause of nitrogen oxide 

emissions; transport vehicle engines typically represent the main cause 

of carbon monoxide emissions. 

In addition to the substances produced by the various combustion 

processes, there are other pollutants that are produced during 

particular technological cycles. These compounds are released in 

considerably smaller quantities and for this reason they are of little 

relevance as a global impact on a global level; in any case, they are highly 

toxic, and their presence is particularly important at the local level. The 

Figure 2.Different sources of air pollution [zo.utexas ] 
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approach strategy is clearly different: the specific pollutants of 

industrial origin have to be found not after their diffusion in the 

environment (atmospheric inputs), but at the time of their release 

(atmospheric emissions). The impact of pollutants on humans depends 

on the area of production of pollutants and their dispersion. The large 

fixed emission sources, often located far from the larger inhabited 

centers, disperse in the air at great heights, while the domestic heating 

and traffic produce pollutants that are released at ground level in 

density populated areas. [ISPRA,2006] 

As a consequence, mobile and small fixed sources contribute more to 

air pollution in urban areas and, consequently, constitute a danger to 

public health more than people could suppose. 
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1.3) Primary and secondary pollutants  

 

Pollutants are divided into primary and secondary. The primary 

pollutants that are released directly into the environment following the 

process that produced them. The main primary pollutants are those 

emitted during combustion processes of any kind:  

• Carbon monoxide CO 

• Carbon dioxide CO2 

• Nitrogen monoxide NOx 

• Dust 

• Unburned hydrocarbons 

• Sulfur dioxide SO2, in the case in which the fuels also contain 

sulfur 

The secondary pollutants are those substances that are formed from 

primary pollutants following changes of various kinds generated by 

reactions that often involve atmospheric oxygen and light. After their 

emission into the atmosphere, the primary pollutants are subject to 

diffusion, transport and deposition processes. They also undergo 

chemical-physical transformation processes that can lead to the 

formation of secondary pollutants that are often more toxic and have a 

wider range of action than the original compounds. Turbulent diffusion 

and air mass transport phenomena determine the dispersion of 

contaminants in the atmosphere. [ISPRA,2006]  

 

Primary pollutants can be gaseous or particulate. Among the gases we 

note in particular: 

• Sulfur compounds (SO2, H2S) 



Marche Polytechnic University - Department of Industrial Engineering and Mathematical Sciences 
 

16 
 

This pollutant is mainly emitted during combustion of fossil fuels 

containing sulfur, such as crude oil and coal. The concentrations of 

sulfur dioxide in the air have decreased in the past two decades, 

mainly because we no longer use sulfur-containing fuels for energy 

production. Sulfur dioxide is a gas that burns and consequently can 

cause breathing problems for humans. In humid environments, 

sulfur dioxide can be transformed into sulfuric acid. This acid causes 

the formation of winter smog and acidification [Lenntech.it ]. 

 

• Nitrogen compounds (NOx) 

These pollutants are emitted by traffic, combustion plants, such as 

power plants and industries. Nitrogen oxides are also released from 

cultivated land in the agricultural sector. The use of catalytic 

converters in car exhausts can prevent emissions of nitrogen oxides. 

Nitrogen oxides are gases that react with other atmospheric 

pollutants if present in the air. For example, nitrogen oxides play an 

important role in the formation of ozone in the lower layer of the 

atmosphere, and in the processes of eutrophication and 

acidification. They can penetrate deeply into the lungs and damage 

human lung functions [Lenntech.it ]. 

 

 

• Ammonia (NH3) 

Ammonia is formed during agricultural activities. It plays an 

important role in acidification and eutrophication processes 

[Lenntech.it]. 
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• Carbon monoxide (CO) 

This gas is formed during the incomplete combustion of fuels. If we 

leave the car turned on in a closed room, the concentrations of 

carbon monoxide in the air increase considerably. Carbon monoxide 

contributes to the greenhouse effect, to smog and to acidification. 

The gas can bind to hemoglobin in the blood, inhibiting the transport 

of oxygen through the body. This causes the emptying of oxygen 

from the heart, brain and blood vessels, eventually causing death 

[Lenntech.it]. 

 

 

• Halogenated compounds (HCl, HF) 

 

• Methane (CH4)  

The main source of methane pollution is agriculture. But smaller 

amounts of methane can also be released during the extraction of 

natural gas and waste incineration. Methane is a greenhouse gas 

that contributes to the greenhouse effect and to the ozone hole 

[Lenntech.it ]. 
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• Particulate (PMx) 

 is classified according to the 

particle diameter: coarser 

ones with a diameter greater 

than 2.5 μm and fines with a 

diameter smaller than 2.5 

μm. 

Particles with a diameter 

smaller than 10 μm (PM10) are 

also distinguished as 

inhalable [Lenntech.it ]. 

An idea of the dimensions 

of particulate matter is shown in figure 3, if compared to hair. 

There can be a further classification of particulate matter if compared 

to its size, in particular: 

1. 2-100 μm: This interval corresponds to coarse particulate, and 

typically comes from mechanical and erosion processes or from 

marine and desert aerosols. These particles are predominantly 

inorganic, highly dependent on the geographical area in which they 

are taken, and include also biogenic compounds (pollen, spores, ...). 

It is important to highlight that for particles of this size the 

contribution of gravitational attraction is much more significant 

than the motion of thermal agitation, and their tendency to 

spontaneous sedimentation is therefore marked. The characteristic 

time of stay in the atmosphere turns out to be small  

2. 0.08-2 μm: This interval is called "accumulation" and is 

characterized by fine particulate matter. The particles characterized 

Figure 3. Particulate matter dimensions [EPA.gov] 
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by these dimensions are typically formed by coagulation of smaller 

particles or by condensation phenomena of chemical species on pre-

existing particles. Because of the small size, the energies associated 

with gravitational action and Brownian motion are of similar orders 

of magnitude, with a consequent low tendency to sedimentation. 

Fine particulate matter tends to remain in the atmosphere and, until 

it is removed from the rain, has a profound influence on the 

chemical equilibrium of the atmosphere itself.  

3. 10-80 nm: Particles belonging to this dimensional range are also 

referred to as Aitken nuclei and form ultrafine particulate. They can 

be formed by nucleation mechanisms at low temperature of 

supersaturated vapours, or in the context of combustion processes. 

These particles, through condensation phenomena, increase their 

size and contribute to the creation of the accumulation interval. 

They consist almost entirely of elemental or organic carbon.  

4. <10 nm: Through a series of new experimental techniques is  

possible to analyze smaller orders of magnitude. Particles smaller 

than 10nm, consisting mainly of organic carbon, form hyperfine 

particulate and belong to the defined nucleation range [Tecnosida ]. 

 

On the other hand, most important secondary gaseous pollutants are: 

• Nitrogen dioxide (NO2)  

Result of the transformation of primary NO. 

 

• Ozone (O3) 

 formed photochemically. Ozone is formed by the photochemical 

transfer of oxygen. This process takes place under the influence of 
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ultraviolet (UV) sunlight, favoured by the pollutants present in the 

outside air. Ozone causes smog and contributes to climate change and 

acidification. Ozone is an aggressive gas, which can easily penetrate 

deeply into the respiratory tract. When humans are exposed to ozone, 

the consequences can be irritation of the eyes and respiratory tract. 

Both these gases intervene in the complex reaction mechanisms that 

constitute the "photochemical smog". [F.Liguori,1996/97 ] 
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1.4) Limits and target values for pollutants 

 

The United Kingdom was the first European country to legislate on air 

quality. Until then the quality of the air was given for granted. 

Looking at the first European directives, these spoke, in general, of dust 

suspended in the air, regardless of the diameter and therefore with one 

poor level of approximation; while well-defined chemicals - sulfur 

dioxide, nitrogen dioxide and carbon monoxide - they were easily 

identifiable and have been identified since from the beginning in the 

firsts European directives. These date back to the 1980s. 

In 1996 we enter a new phase: the framework directive 1996/62/EC 

which, in addition to asking Member States to respect the limit values, 

introduces a series of instrumental obligations with respect to the main 

objective. 

We find these obligations in the directive here under consideration: 

2008/50/EC which brought together in a single text all previous 

directives. 

First of all, the framework directive obliges Member States to designate 

competent authorities and it is at this stage that Italy decided to 

delegate to the regions and local authorities most of the competences 

in matters of air quality. 

Returning to the 2008/50/EC directive, three great news can be 

identified. 

The possibility is envisaged to request an extension or a derogation in 

relation to the deadlines established for compliance with limit values. 

Article. 22 of the 2008/50/EC directive introduces the possibility of 

requesting an extension, for instance for the PM10 limit values up to 

June 2011 (from January 2005), but to do this a State is required to 

certify the plan through documentation in which it must be clarified the 

planned repayment plan, otherwise the committee's opinion on an 

extension would have been negative. 
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The second change introduced by Directive 2008/50/EC, of particular 

importance for Mediterranean countries such as Italy, Greece, Spain 

and Portugal, is found in art. 20 and concerns the possibility of 

discounting natural sources. In the Mediterranean cities there are 

many days of overcoming PM10 due to the transport of sand from the 

desert and other phenomena well known to experts. The directive has 

recognized the possibility of discounting these exceeding days 

The third important modification of directive 2008/50/EC is the 

introduction, for the first time, of the objectives in the field of PM2.5, 

even finer particles whose diameter is such that there is no doubt that 

they are harmful to human health. Even the PM10 are dangerous, but 

not as these, being a chemical compound, they can also contain 

harmless elements. PM2.5 instead, in principle, are a sign of 

anthropogenic pollution [Gasparinetti,2014 ] 

The following are the main parameters for assessing air quality, 

referring to the text of the decree (Legislative Decree 155/10) for 

details. Decree has fully implemented the 2008/50/EC directive, 

keeping both the threshold limits and the exceeding thresholds 

unchanged [ArpaLombardia,2010 and Chiamamilano.it] 
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Table 1.Objectives and limits for the protection of human and environmental health D.Lgs 
155/10 [ ArpaLombardia,2010 ] 

 

For the purpose of assessing air quality, Legislative Decree 155/10 

establishes sulfur dioxide (SO2), nitrogen dioxide (NO2), nitrogen oxides 

(NOx), Particulate Material (PM), benzene, ozone (O3) and carbon 

monoxide (CO), the following definitions: 

 

• Limit Values: atmospheric concentrations established on the basis of 

scientific knowledge in order to avoid, prevent or reduce harmful effects 

on human health and the environment 

  HOUR 
LIMIT 

DAILY 
LIMIT 

ANNUAL 
LIMIT 

LIMIT 
VALUE 

TARGET 
THRESHOLD 

ALARM 
THRESHOLD 

CRITICAL 
THRESHOLD 

SO2 350μg/m3 
max 
24times/year 

125 μg/m3 
max 
3days/year 

      500 μg/m3 
over 3 hours 

20 μg/m3 to 
protect 
vegetation 

CO       10 
mg/m3 
as MM8 

      

C6H6     5 μg/m3         

NO2 200 μg/m3 
max 18 
times/year 

  40 μg/m3     400 μg/m3 
over 3 hours 

30 μg/m3 to 
protect 
vegetation 

O3         120 μg/m3 as 
MM8 max 25 
timee/year 

240 μg/m3 AOT40 18000 
μg/m3*h over 
5 years 

PM10   50 μg/m3 
max 35 
times/year 

40 μg/m3         

PM2.5     25 μg/m3         

AS     6 ng/m3*         

CD     5 ng/m3*         

NI     20 ng/m3*         

B(A)P     1 ng/m3*         

PB     0.5 μg/m3         
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• Alarm Thresholds: atmospheric concentrations beyond which there is a 

risk to human health in the event of short-term exposure and which 

must be immediately acted upon 

• Critical Level: level established on the basis of scientific knowledge 

beyond which there may be direct negative effects on receptors (trees, 

plants, ecosystems, excluded human beings) 

• Tolerance Margin: percentage of the limit value within which the limit 

value can be exceeded 

• Target Value: fixed limit in order to avoid, prevent or reduce harmful 

effects on human health or the environment as a whole, to be achieved, 

where possible, by a predetermined date 

• Alarm Threshold: level beyond which there is a risk to human health in 

the event of short-term exposure to the population as a whole and 

whose achievement requires immediate action to be taken 

• Information Threshold: level beyond which there is a risk to human 

health in the event of short-term exposure for some particularly 

sensitive groups of the population as a whole and whose achievement 

requires the provision of adequate and timely information 

• Long-Term Objective: level to be achieved in the long term by 

proportionate measures, in order to ensure effective protection of 

human health and the environment 

• Higher Assessment Threshold: atmospheric concentration below which 

measurements can be combined with modeling techniques 

• Lower Assessment Threshold: atmospheric concentration below which 

it is possible to use only modeling techniques or objective estimation 

• Mediation Periods: period of time during which the data collected is 

used to calculate the reported value. In particular: 

• Annual Average: average of the daily values between 1 January and 31 

December of the calendar year, 

• Daily Average: the average of the hourly values included between 01.00 

and 23.00 for which at least 75% of the values are present, 
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• Maximum Average Daily Concentration Over 8 Hours (MM8): it is 

determined with reference to the consecutive averages over 8 hours, 

calculated on the basis of hourly data and updated every hour. Each 8-

hour average calculated in this way refers to the day on which the 8-

hour series ends: the first calculation range for a day is the one between 

17.00 on the previous day and 01.00 on the same day; the last 

calculation range for a day is the one between 16.00 and 24.00 of the 

same day. 

• Aot40: parameter evaluated for the purposes of ozone objectives and 

intended as the sum of the difference between hourly concentrations 

above 80µg / m³ and 80µg / m³ over a given period of time, using only 

the hourly values recorded every day between the hours 08.00 and 

20.00 with reference to Central European Time (CET). 
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1.5) Effects on human health 

 

Many environmental and health problems are due to atmospheric 

pollution, for the former there is now a fair knowledge of the 

consequences on the environment with respect to certain massive air 

emissions, for example the greenhouse effect, the most famous, due to 

the huge production of CO2, or acid rain and photochemical smog due 

to the introduction into the air of large quantities of NOx accompanied 

by certain meteorological characteristics. 

However, what will be discussed in the following chapter is the health 

impact of pollutants, particularly with reference to particulate matter. 

Starting from the 50's a series of important events - like the case of 

London smog, led attention to the importance of environmental 

protection in relation to industrial and urban development.  

At the same time, the need to "control" the risks for the health derived 

from the environment has been increasingly raised up, through 

monitoring measures both on environment and health of the exposed 

populations. Some typical effects of different pollutants over human 

health are shown in figure 4. 

Different disciplines contribute to characterize the potential effect of 

human exposure to factors of environmental risk (risk process 

assessment). Among these, epidemiology certainly plays a role 

fundamental role in the identification of causal links, in the 

identification of preventive measures, in the definition of priorities of 

public health interventions, and contributes to the evaluations of the 

damage to insurance companies and penalties and public information. 

Environmental epidemiology is the area of epidemiology that deals 

specifically with environmental exposures and can be defined as the 

study of distribution of illness cases in space, in time and in the different 

subgroups of the population, and the correlation with exposure to 

environmental risk factors. 
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With regarding to PM, until a few years ago in Italy the particulate 

matter was measured as total suspended particles (TSP). 

The decrease in this was also interpreted as an air quality improvement. 

Already in the 70s in the United States however, the size of the PTS is 

been placed side by side, and then replaced, from the size of the 

component of diameter less than 10 microns, also called PM10. 

Experiments conducted subsequently showed that particles even finer, 

can be breathed and get to the deepest parts of the respiratory system 

up to pass into the bloodstream, this because particles belonging to this 

size are able to remain suspended into the air for a lot of time. In 

particular during stable weather conditions, it is very easy to breath 

them. 

Figure 4. Effects of some pollutants on human health 
[Activesustenibility.com (15)] 
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The particles of greatest interest in air pollution are between 0.01 and 

100 µm in diameter. Between these dimensions we can find cement 

dust, fly ash, carbon particles or sulfuric acid vapors.   

 

 

 

Among the disorders attributed to fine and ultrafine particulate matter 

(PM10 and above all PM2.5) there are acute and chronic pathologies 

affecting the respiratory system (asthma, bronchitis, emphysema, 

allergy, tumors) and cardio-circulatory diseases (aggravation of cardiac 

symptoms in predisposed subjects) as shown in figure 6. The detailed 

mechanism with which the particulate interferes with the organisms is 

not yet completely clarified: it is known that as the size decreases the 

possibility of biological interaction increases, since the smallest particles 

can reach the larynx, trachea, lungs and alveoli, and here release part of 

the polluting substances it carries (eg polycyclic aromatic hydrocarbons, 

SOx and NOx). 

 

 

Figure 5. Air contaminants contributing to release of PMx [G.Buguna,2018] 
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The so-called nanopowders would even penetrate the cells, directly 

releasing the transported substances, with obvious greater danger. 

According to some, they would therefore be responsible for specific 

pathologies (studied in the field of nanotoxicology), but so far the 

studies (today still at an early stage, and related not only to the study of 

dust dispersed in aerosols but in general to nanotechnologies) have not 

led to to any definitive epidemiological evidence [Particolato sulla salute 

– Wikipedia]. 

 

Regarding the health effects induced by sulfur oxides (SOx), the 

significant route of exposure is constituted by inhalation. SO2 is a very 

soluble and irritant in the watery surface of the respiratory tract. 

Precisely because of this high water solubility, it is quickly absorbed by 

the mucosa of the nose-pharyngeal and upper respiratory tract, and 

only a small fraction can reach the lungs directly. From the respiratory 

tract the SO2 then passes into the bloodstream. Excretion occurs mainly 

via the urine after sulphate biotransformation in the liver. 

Before or during inhalation, SO2 can react with water to form H2SO3 or 

be oxidized to form SO3. The latter reacts rapidly with water to form 

Figure 6. Penetration ability of different particles size [ cdn.shopify.com )] 
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H2SO4 which, subsequently, in the presence of ammonium (NH4
+), is 

transformed into ammonium sulphate. The H2SO3 rapidly dissociates 

into sulfite ions (SO3
=) and bisulfite (HSO3

-). SO2 can therefore be treated 

indifferently as sulfite ion, bisulfite and vice versa. 

 

For this reason, the toxic effects of sulfur oxides and suspended 

particles overlap and complex mixtures of acid aerosols (H2SO4, 

NH4HSO4, (NH4) 2SO4, etc), can reach the peripheral airways and alveoli, 

and become important in determining deep respiratory diseases. 

The main target organ for SO2 and derivatives is the respiratory system. 

High concentrations of SO2 may induce severe effects such as 

bronchoconstriction, bronchitis, tracheitis, bronchospasm and/or 

dyspnoea in asthmatics, and possibly death. A known phenomenon is 

also that of eye irritation. Different effects related to different 

concentrations are shown in figure 7. 

 

 

Figure 7. Effects of human health from SOx exposure [ G.Buguna, 2018] 
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Long-term exposure causes the aggravation of respiratory diseases 

such as chronic bronchitis, asthma, emphysema, as well as changes in 

lung function. The groups "at risk" are therefore made up of asthmatics 

and bronchitics which are often used in epidemiological studies as they 

represent the fraction of the most sensitive population. Even children 

are often selected for such studies because they are more sensitive than 

adults, and because the confounding factor "cigarette smoke" is thus 

eliminated [Trezzo, Università degli studi di Parma] 

The individual variability, as far as the sensitivity to SO2 is concerned, is 

however considerable and the magnitude of the effects induced 

depends on several other parameters such as concentration, duration 

of exposure and level of physical activity. 

A superadditive effect ("synergic") has now been ascertained following 

the combined exposure to SO2 and suspended particles. In fact, a 3-4-

fold increase in the irritative response to this gas was observed in the 

presence of suspended particulate matter, probably attributable to the 

particles' ability to transport SO2 more deeply into the respiratory 

system 

 

Speaking about the effects on human health of nitrogen oxides (NOx), 

Among the various nitrogen oxides, NO2 is the most important for 

human health; this gas is 4 times more dangerous than NO; but it must 

be remembered that the latter is able to oxidize easily in NO2 once in 

the air. The mechanisms by which NO2 induces its toxic effects in 

humans have been hypothesized by experimental animal models and 

can be described in terms of airway irritation up to bronchospasm in 

asthmatics, and maintenance of chronic inflammation. Other animal 

studies have suggested that NO2 increases susceptibility to bacterial 

and, perhaps, viral infections. The basic mechanism is that the gas 

causes serious damage to cell membranes following the oxidation of 

proteins and lipids (oxidative stress). Summarizing, the acute effects of 

NO2 on the respiratory system include exacerbations of chronic 



Marche Polytechnic University - Department of Industrial Engineering and Mathematical Sciences 
 

32 
 

inflammatory diseases of the respiratory tract, such as chronic 

bronchitis and asthma, and reduction of lung function, as shown in 

figure 8. 

 

 

 More recently the possible damages of NO2 on the cardio-vascular 

apparatus have been defined as ability to induce myocardial ischemic 

pathologies, heart failure and cardiac arrhythmias. On the other hand, 

long-term effects include pulmonary alterations at the cellular and 

tissue level, and increased susceptibility to bacterial and viral lung 

infections. There is no evidence of association with malignant tumors or 

damage to fetal development (teratogenesis). It should be emphasized 

how significant prolonged exposures to low concentrations of nitrogen 

oxides can be, which makes pollution in homes (indoor pollution) due 

to the use of gas stoves or water and / or room heating boilers 

dangerous. It is known that concentrations of NO2 of 1-3 ppm are 

perceived by the smell due to the pungent odor, while concentrations 

of 13 ppm lead to irritation of the eyes and nose. Nitrogen oxides during 

respiration easily reach the pulmonary alveoli where they originate 

nitrous and nitric acid, drastically reducing the pulmonary defenses with 

a consequent increase in the risk of respiratory tract diseases. The 

effects of NO2 occur generally several hours after exposure and people 

Figure 8. Symptons under NOx-exposure [Desktopclass.com] 
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do not realize that their malaise is due to the polluted air they previously 

breathed. 

Table 2 shows the main effects on human health and the NO2 levels to 

which they refer: 

 

 

Main effects on human health NOx [ ppm ] 

Perceptible presence 3 

Irritation to eyes and mucous membrane 15 

Respiration problems 100 

Table 2. Main effects on human health caused by nitrogen oxides [ArpaLazio ] 

 

While about carbon oxides, we have to distinguish between carbon 

monoxide CO and carbon dioxide CO2. The latter, although is emitted in 

huge concentrations, has, mainly, effects over the environment as the 

well-known “Greenhouse effect”, while the former regards strictly our 

health. Carbon monoxide, as already mentioned, is a colorless, odorless 

and highly toxic gas: it exerts its action on humans by forming with the 

hemoglobin an 

irreversible complex 

(carboxyhemoglobin) 

that inhibits the 

transport of oxygen in 

the blood, causing 

problems to the 

respiratory system and, 

at high concentrations, 

death by asphyxia, as 

shown in figure 9. The 

affinity of the CO for 

hemoglobin is more than 

200 times greater than 
Figure 9. Symptoms of CO poisoning [Wikimedia.org] 
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that of oxygen: the carboxyhemoglobin that forms prevents the 

oxygenation of the tissues: the first symptoms of poisoning are 

headache and vertigo. Strong concentrations of CO in closed 

environments, caused by the malfunctioning of stoves and water 

heaters (generally due to poor installation or to block the chimneys), 

cause death in a short time: 90 minutes in the presence of 1000 ppm of 

CO. Lower concentrations give a lethal outcome after a few hours: but 

the fact that carbon monoxide is odorless prevents the victims, also 

affected by drowsiness, from feeling the danger and from ventilating 

the room. Prolonged exposure to concentrations of 50 ppm (a value that 

is often exceeded in high traffic streets) is considerably harmful. The 

amount of CO emitted by vehicle exhausts has decreased in recent years 

due to the improved efficiency of the engines, the control of vehicle 

emissions and the use of catalytic converters. Currently, the localized 

atmospheric concentration of this pollutant is generally decreasing. [De 

Munari , Pessina]  

 

Figure 10. Structure of Carboxyhemoglobin, a stable compound that inhibits 
transport of oxygen into blood [previews.123rf.com ] 
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The only route of exposure for humans is inhalation. It follows that the 

absorption increases with increasing lung ventilation, as occurs under 

stress, and decreases as the ability to spread through the lung 

decreases, as occurs in different lung diseases and in conditions of 

altered blood circulation.  

Being not very soluble, the CO easily reaches the alveoli together with 

the oxygen (O2), diffuses through the walls of the alveoli and passes into 

the blood where it competes with the O2 for the bond with the iron 

atom (Fe) present in the hemoglobin (Hb) molecule of red blood cells. 

The carboxyhemoglobin (COHb), shown in figure 9, forms a compound 

about 250 times more stable than oxyhemoglobin (OHb). The presence 

of COHb reduces the ability of the blood to carry O2 to the tissues and, 

therefore, induces anoxia. This effect is further amplified by the fact 

that the binding of CO with one of the Fe atoms of the Hb molecule not 

only excludes that site as a potential transporter of an O2 molecule, but 

also induces an increase in the strength of the bond between the other 

atoms of Fe of the molecule and the O2 they are carrying. 

There is a certain level of endogenous COHb, between 0.1 and 1.0%, due 

to the production of CO by the catabolism. The formation of COHb is a 

reversible process; the half-life is between 2 and 8 hours. Its elimination 

basically follows the same physical-chemical laws that regulate its 

absorption. [Trezzo, Unipr ] 

CO should be classified toxicologically as an asphyxiating gas. In fact the 

health symptoms are due to the inadequate supply of O2 to the tissues. 

This explains why the effects are mainly on the tissues that need a 

continuous and consistent supply of oxygen (nervous, cardiovascular 

and muscular system) and why at high doses (lack of air exchange in the 

presence of stoves or fireplaces) you can have of fatal cases. 

The effects on the nervous system include decreased ability to 

concentrate, memory disorders, behavioral changes, mental confusion; 

cardiovascular ones include alterations in blood pressure, acceleration 
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of the heartbeat, extrasystoles, aggravation of angina symptoms under 

stress, vasodilation, vasopermeability; those on the muscular system 

include alterations of haemorrhagic origin responsible, for example, for 

renal lesions that are sometimes found, such as oliguria and hematuria. 

The effects induced by CO are well correlated with the percentages of 

COHb in the blood, as shown in table 3: 

 

CO in the air 

[ppm] 

COHb [%] Effects 

0.96-1.22 2.90 - 4.50 Decreased ability to perform 

physical activity and increased 

duration of angina attacks in 

predisposed patients; perhaps 

some problems for patients with 

advanced heart disease. 

1.30-1.38 5.00 – 5.55 Decrease in max oxygen 

consumption and endurance during 

physical activity 

1.30-3.22 5.00 – 17.00 Decreased visual perception, 

manual ability, learning ability, and 

psychomotor skills (eg driving) 

3.06-3.70 16.00 – 

20.00 

Headache; can be lethal to patients 

with severe heart problems 

3.70-5.30 20.00 - 30.00 Pulsating headache, nausea, 

reduced mental acumen 

5.30-6.90 30.00 – 

40.00 

Severe headache, nausea and 

vomiting, syncope 

6.90-8.50 30.00 – 

40.00 

Severe headache, nausea and 

vomiting, syncope 

8.50-10.10 50.00 – 

60.00 

Convulsions and coma 

10.10-11.70 67.00 – 

70.00 

Deadly if not treated 

Table 3. Typical effects of carbon monoxides on human health [Trezzo, Unipr ] 
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1.6) Risk assessment (RA) and health impact 

assessment (HIA) 

 

In the study of potential risks and benefits of projects with an interest 

in a community, the Integrated Environmental and Health Impact 

Assessment takes on increasing importance. If properly used, the 

procedure for evaluating and characterizing health risk is a fundamental 

support for administrations. In the activities of the ARPAs, the 

integrated environmental and health impact assessment (VIIAS) is of 

particular interest, which is expressed in particular in the procedures of 

Via, Vas, Aia. It must be implemented through an integrated use of 

environmental and epidemiological knowledge relevant to the project 

itself [Ecoscienza, 2014] 

Examples of applications in ordinary practice are: new high voltage 

electrical lines or modifications or extension of existing power lines, 

new chemical plants or expansion of existing plants, steelworks, 

hydroelectric or thermoelectric plants, incinerators, highways (new or 

variants of current highways), railways, municipal plans “PRG”. The 

heart of the Viias is its characterization of risk, or risk assessment, that 

is conducted in 4 phases: 

 

1. Hazard identification, the environmental agent is potentially able to 

cause adverse health effects? 

• Collection and analysis of relevant data on the work 

• Identification of potential chemical agents of health 

interest 

 

2. Determination of dose response, what is the relationship between 

dose and incidence on humans? 



Marche Polytechnic University - Department of Industrial Engineering and Mathematical Sciences 
 

38 
 

• Collection of toxicity information quantitative and 

qualitative 

• Determine the appropriate values for the toxicity 

 

 

3. Exposure assessment, what are the levels of exposure to which the 

community will be submitted? What are the levels of exposure to 

which the community will be submitted? 

 

Step 1 

• Analyze the release of contaminants 

• Identify potential routes of exposure 

•Estimate exposure concentrations for the different 

routes of exposure 

 

Figure 11.Comparison of estimates of percent change in mortality risk associated 
with an increment of 10 μg/m3 in PM2.5 or 20 μg/m3 of PM10 or British Smoke (BS) 
for different time scales of exposure [E.Mancinelli, 2018] 
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Step 2 

•Estimate the intake of the contaminant for the 

different routes of exposure 

• Identify the exposed populations 

 

The exposure assessment is conducted in order to estimate the 

relevance of the current and / or potential exposure of the population 

to the identified chemical contaminants, the extent of this exposure and 

the ways in which people are potentially exposed. The estimate of the 

current exposure is used to determine if there is a current health threat 

based on the exposure conditions existing on the site [Ecoscienza,2014 

] 

 

Figure 12. Different types of pathways [sphweb.bumc.bu.edu ] 

 

At this stage we investigate how, how and for how long a substance 

comes into contact with the individuals of a population [Ranzi, Cordioli, 

2015] 

In fact, exposure is defined in human toxicology as the contact by the 

external surface (barrier) of an individual with a chemical, physical or 

biological agent and is calculated by determining, through 

measurements or estimates, the quantity of the substance available 
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(concentrates - exposure) at the level of this surface during a certain 

period of time. Usually the contaminant is present in the air, in the 

water, in the soil, in a product or transported by a carrier. The 

concentration of this contaminant at the point of contact is equivalent 

to the exposure concentration. Exposure assessment can consider, in 

addition to the current exposure, also future exposures: the estimate of 

the current exposure is based on the measurements of the existing 

conditions, that of the future exposures can be based on forecast 

models of the forecast conditions in the times to come. 

 

4.  Risk characterization 

What is the estimated incidence and number of people affected 

within the community? 

• Estimate the carcinogenic risk 

• Estimate the non-carcinogenic risk quotients 

• Assess uncertainties 

• Summarize risk information 

 

The problem is faced from the point of view of operators such as 

managers or technicians of the departments of prevention and 

environmental protection, therefore the guidelines imply a 'first level' 

approach to risk analysis , in which the estimate is usually carried out 

according to the 'worst case possible' (worst case) or 'higher theoretical 

limit' [Ranzi, Cordioli, 2015]. 

For an accurate assessment of the risk to human health, risk assessment 

involves the combination of toxicological and epidemiological 

information: 

 

Risk Assessment method: the application of the Risk Assessment in the 

environmental field arose at the end of the 1970s from a toxicological 

approach, based on laboratory tests conducted on animals, aimed at 
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obtaining incremental risk estimates due to exposure to specific 

substances. The data necessary for the performance of the study is the 

exposure to the substance, understood as environmental concentration 

or taken dose, and the exposure-effect relationship, intended as cancer 

slope factor or maximum reference dose [Ranzi, Cordioli, 2015].  

In the RA risk coefficients are used that link exposure to a probability of 

developing an adverse effect on the organism. The risk factors do not 

rely on the characteristics of the specific population in question but 

derive from laboratory toxicological models.  

In the case of carcinogenic substances: a generic value of incremental 

risk is needed;  

In the case of non-carcinogenic substances: there is a danger index for 

exceeding the reference doses [E.Mancinelli,2018]. 

 

Estimation of toxic risk by inhalation  

Toxic risk factor HQ  

 

𝐻𝑄 =  
𝐸𝐶

𝑅𝑓𝐶 ∗ 1000
 ≤ 1 

• 𝑅𝑓𝐶- reference concetration, mg/m3 

Reference concentration (RfC), represents the estimate of 

the daily exposure, for the entire life span, of the human 

population, including sensitive subgroups, which is expected 

to be free of harmful effects. 

• EC - exposure concentration for non-carcinogenic 

substances, µg / m3. 

 

Exposure concentration EC (µg / m3) for non-carcinogenic toxic 

substances: 

𝐸𝐶 =
𝐶𝐴 ∗ 𝐸𝑇 ∗ 𝐸𝐹 ∗ 𝐸𝐷

𝐴𝑇𝑛𝑐
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• CA - concentration of the contaminant in the air, µg / 

m3;  

• ET - exposure time (hours / day);  

• EF - exposure frequency (days / year);  

• ED - duration of exposure (years);  

• ATnc - time on which the exposure is averaged (ED in 

years x 365 days / year x 24 hours / day) 

 

Risk index (hazard index – (HI)), is calculated in the case of more 

substances acting on the same target organ 

𝐻𝐼 =  ∑ 𝐻𝑄𝑖 ≤ 1 

 

“The additive effect manifests when the combined effect of two or 

more chemical compounds is equal to that of the sum of the 

individual effects of each agent. In practice, each toxic substance 

acts as if the others were not present. Usually this is the most 

common effect that occurs following simultaneous exposure to 

multiple pollutants. 

The synergism occurs when the combined effect of two or more 

toxic substances is greater than the sum of the effects of each 

substance taken individually. Particulate-gas interaction in the lungs 

is an important synergistic mechanism in atmospheric pollution 

toxicology. The toxic substances adsorbed in the particulate can 

penetrate into the lungs and act much more effectively than they 

could if they were inhaled in the gas phase. 

In antagonism, two or more chemical compounds interfere in their 

action in such a way that their combined effect is less than the sum 

of the effects of each individual chemical compound. Antagonistic 

interaction underlies most antidotes to poisons” [E.Mancinelli,2018 

] . 
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Estimation of the carcinogenic risk by inhalation 

Carcinogenic risk exposure via inhalation 

 

𝑅𝑖𝑠𝑘 =   𝐼𝑈𝑅 𝑥 𝐸𝐶 𝑥 𝐴𝐷𝐴𝐹 

 

• IUR – inhalation unit risk (µg/m3) -1. IUR is defined as the 

incremental risk that results from continuous exposure to 

the course of a whole wash of a concentration of 1 µg/m3 of 

a constant weight in carcinogenic carcinoma. 

• EC - Exposure concentration for carcinogenic substances 

(µg/m3) 

• ADAF – Age Dependent Adjustment Factor 

 

Risk Measures 

< 𝟏𝟎−𝟔 No intervention on emissions 

 

𝟏𝟎−𝟒 < 𝑹 < 𝟏𝟎−𝟓 Discretionary interventions 

(Evaluate quantitatively the 

contribution of the establishment) 

 

> 𝟏𝟎−𝟒 Planned intervention (e.g. reopen 

the procedure 

Table 4. Estimation of cancer risk through inhalation [E.Mancinelli,2018)] 

 

 

Exposure concentration EC (µg / m3) for non-carcinogenic toxic 

substances: 

𝐸𝐶 =
𝐶𝐴 ∗ 𝐸𝑇 ∗ 𝐸𝐹 ∗ 𝐸𝐷

𝐴𝑇𝑐
 

• CA - concentration of the contaminant in the air, µg / m3;  

• ET - exposure time (hours / day);  
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• EF - exposure frequency (days / year);  

• ED - duration of exposure (years);  

• ATc - time on which exposure is mediated (life in years x 365 

days/year x 24 hours/day) 

 

Health impact assessment HIA - Many criticisms have been made on 

the traditional toxicological approach, accused of using a method of 

calculation of considerable scientific rigor in a field where there are still 

too many uncertainties and where the model used imposes a series of 

assumptions that do not always appear justified [Ecoscienza,2014 (29)]. 

“The results of epidemiological studies provide an estimate of the 

relative risk (RR) of developing a health event (death, hospitalization) 

for those exposed to a specific environmental condition when facing the 

risk of cancer. The presence or absence of an association between 

exposure and outcome in the well-known population is therefore 

evaluated. The RR can be estimated for situations of absence / presence 

of the exposure or for different types of exposure to the polluting lodge. 

RR: function that correlates to the concentration of the pollutant, the 

answer in terms of incremental rate of a health event. Example: RR 

attributable to exposure from PM2.5 is 1.07: at each increment of 10 µg 

/ m3, mortality increases by 7%. 

The HIA procedure uses RRs from epidemiological evidence to: 

• make an estimate of health events attributable to the difference 

between the observed concentrations and a reference 

concentration value below which it is assumed that the health 

effect can be considered negligible (burden of disease) 

(retrospective approach); 

• make an estimate of health events attributable to an increase 

(or decrease) in the concentrations observed, due to the 

activation (reduction) of emissive sources (VIA, perspective). 
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Figure 13. Purposes of health impact assessment HIA [Harris, Rocas, 2008 (31)] 

 

The retrospective analysis is carried out in the case in which we want 

to estimate the number of health events attributable to the current or 

past exposure levels of the population. Given a certain observed 

incidence of the pathology, we want to determine what intensity is 

linked to exposure to a specific pollutant and the reduction of the  load 

that would be obtained in the exposed population if the exposure were 

removed. 

The prospective analysis is carried out in the case in which we want to 

estimate the increase (or decrease) of the incidence currently observed 

due to an increase (decrease) in concentrations due to the activation (or 

reduction) of polluting sources.” [E.Mancinelli,2018] 

In order to undertake an HIA, different stages have to be covered and 

different parameters must be identified such as: 

 

a) Identification of the reference value RR for the health effect 

considered derived from the concentration / response function 

described in the scientific literature 

 

Figure 14. Risk function caused by long-term exposure [E.Mancinelli,2018 ] 
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b)  The exposure values of the study population with particular 

reference to the exposure considered as reference and which can 

therefore also be in a future time. 

 

b) The size of the reference population from which the data relating 

to the incidence of the healthcare event in study and the 

population affected by the potential exposure variation are 

derived 

 

c) The baseline occurrence (baseline) of the healthcare event being 

studied, morbidity or mortality in the reference population 

 

Example of calculation of the number of attributable cases that 

represents the number of events attributable to the increase in 

concentration of a pollutant in the air with respect to the counterfactual 

of the same (retrospective), or with respect to the currently observed 

concentrations, ie of background: 

 

𝐴𝐶 = 𝐴 ∗ 𝐵 ∗  
∆𝐶

10
∗ 𝑃𝑒𝑥𝑝 

 

• A = proportion of effect on health attributable to pollution: A = 

(𝑅𝑅−1)  

𝑅𝑅
 

• B = background morbidity / mortality rate of the considered 

health outcome, or the rate that is observed in the absence of 

exposure; 

• Pexp = exposed population 
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Case study: deaths and hospitalizations attributable due to PM2.5 

expositions in provincial capital cities and regional totals, in the year 

2007  

Retrospective analysis 

 

Town All 

causes 

Cardiovascular 

issues 

Respiratory 

issues 

Lung 

cancer 

Coronary 

issues 

Pesaro 26.80 16.06 2.50 1.85 42.26 

Urbino 3.06 1.70 0.44 0.20 5.71 

Ancona 28.97 16.65 2.30 2.21 45.70 

Macerata 11.50 6.91 1.08 0.80 14.96 

Ascoli 

Piceno 

5.41 2.88 0.47 0.38 10.47 

Fermo 9.38 6.08 0.50 0.68 16.62 

Marche 

Region 

331.26 195.65 28.16 23.23 493.81 

Table 5. Deaths and hospitalizations due to PM2.5 in year 2007 in Marche Region 
[E.Mancinelli,2018] 
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Table 7 are shown deaths and hospitalizations attributable due to PM2.5 

expositions in provincial capital cities and regional totals, in the year 2020. 

Prospective analysis 

 

 All 

causes 

Cardiovascular 

issues 

Respiratory 

issues 

Lung  

cancer 

Coronary 

issues 

Pesaro 23.47 13.74 2.51 1.90 32.33 

Urbino 0.07 0.04 0.01 0.01 0.12 

Ancona 35.59 19.76 2.95 2.32 42.02 

Macerata 4.10 2.27 0.36 0.23 6.29 

Ascoli 

Piceno 

0.96 0.54 0.09 0.08 1.49 

Fermo 5.86 3.32 0.45 0.30 7.95 

Marche 

Region 

248.24 138.97 21.96 16.95 308.63 

Table 7. Deaths and hospitalizations due to PM2.5 in year 2020 in Marche Region 
[E.Mancinelli,2018] 

 

 

The assessment of the Health Risk Assessment, however, is not without 

uncertainties that can lead to an underestimation or overestimation of 

the values. The origin of these uncertainties is varied: 

• uncertainty due to the extrapolation of toxicity data in animals 

rather than in humans;  

• uncertainty in estimating emissions;  

• uncertainty on the calibration of dispersion modeling of pollutant 

substances in the environment; 

• uncertainty related to the natural range of variability in the 

population (height, weight, metabolism, susceptibility to different 

chemical factors, diet, immunological and genetic response);  

• uncertainty on the estimation of exposures [G.Sacco] 
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2. MATERIALS AND METHODS 

2.1) Making of air dispersion modelling 

 

As we have seen in previous chapter, a fundamental parameter of 

health risk assessment is the evaluation of the exposure of a population 

with respect to a specific pollutant. This is not easy to identify, also 

because it often speaks of very little concentrations, even in the order 

of nanograms, so also a small difference in results could lead to different 

conclusions. 

Using models of atmospheric dispersion has the advantages of being 

relatively inexpensive and fast enough provided [G.Sacco (34)].  

It thus becomes one of the most important tools in a study of 

atmospheric dispersion, which is a function of so many variables that 

only a calculation code, can be able to solve the problem and the 

complicated equations present behind the software itself. 

From a theoretical point of view, there are two philosophies about the 

approach to the phenomenon of atmospheric dispersion: Eurelian and 

Lagrangian. 

In the first case we will have a fluid dynamics description of a 

continuous means and presupposes a totally deterministic vision 

of the phenomenon. The state of the PBL-planetary boundary layer, the 

layer immediately in contact with the earth's surface, and the dispersion 

of pollutants are described in a reference frame. The various properties 

of the fluid such as the speed u (x,y,z,t) and the concentration of the 

pollutant c (x, y, z, t) are defined at each point x of space and time t.  

In essence, this description is made by writing: 

 

• the various equations that describe the motion of the fluid (air) 

• the conservation equations of the different polluting species 

introduced into the air. 
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Then, through some assumptions, reaching the Euler Semiempirical 

equation for the description of the dispersion of a pollutant in the air. 

[Sozzi, Bolignano, 2011(36)] 

 

𝜕𝐶

𝜕𝑡
+ 𝑈

𝜕𝐶

𝜕𝑥
+ 𝑉

𝜕𝐶

𝜕𝑦
+ 𝑊

𝜕𝐶

𝜕𝑧
= − {

𝜕

𝜕𝑥
[𝐾𝑥𝑥

𝜕𝐶

𝜕𝑥
] +

𝜕

𝜕𝑦
[𝐾𝑦𝑦

𝜕𝐶

𝜕𝑦
] +

𝜕

𝜕𝑧
[𝐾𝑧𝑧

𝜕𝐶

𝜕𝑧
]} + 𝑆 

 

In which  

• C = average concentration 

• U, V, W = mean velocity 

• Kxx, Kyy, Kzz = dispersion coefficients 

 

On the other hand, following Lagrangian approach considers the 

concentration of pollutants in the PBL by analyzing the trajectory 

(position in time) of each particle within the fluid. 

The position of each particle X (Xo, to, t) and its velocity U (Xo, To, t) at 

each time instant depends on the position of the particle at the initial 

instant, from the current time te by the level of fluid turbulence. The 

emitted particle will move apparently messy, like the air of the PBL, and 

its motion can be described only in probabilistic terms. 

The Lagrangian theory therefore abandons a description deterministic 

of the phenomenon of transport and dispersion of a especially in the air 

in favor of a purely description statistics [Sozzi,Bolignano - 2011 (36)] 

 

< 𝑐(𝑥, 𝑦, 𝑧, 𝑡) >   = ∭ 𝑄(𝑥, 𝑦, 𝑧, 𝑡|𝑥0, 𝑦0, 𝑧0, 𝑡0) ∗< 𝑐(𝑥0, 𝑦0, 𝑧0, 𝑡0)

+∞

−∞

> 𝑑𝑥0 ∗ 𝑑𝑦0 ∗ 𝑑𝑧0 +  ∭ 𝑑𝑥′𝑑𝑦′𝑑𝑧′ ∗ ∫ 𝑄(𝑥, 𝑦, 𝑧, 𝑡|𝑥′, 𝑦′, 𝑧′ , 𝑡′)𝑑𝑡′
𝑡

𝑡0

+∞

−∞

 

 

Follow equation is the general relation that describes the average 

concentration of a pollutant at time t at a point in space x, which is the 

sum of 2 main contributors: the first is the concentration deriving from 
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all the particles already present at time t0 and the second is the 

contribution to the resulting concentration from the particles that 

are issued from t0 to t.  

Eurelian and lagrangian are totally parallel and equivalent visions of 

the dispersion of pollutants in the air, both widely used and sometimes 

used simultaneously for the same events [Arianet, 2019 (37)] 

 

This is what concerns the most theoretical aspect of the problem and 

the two different approaches on which atmospheric dispersion 

software can be based. But from a more practical point of view, the 

implementation of a software follows several steps. 

A very practice way to have a look at concentrations of pollutants over 

territory are the monitoring stations, but air dispersion models have 

several advantages over monitoring. Modeling can provide greater 

spatial detail and the costs are relatively cheap by comparison with 

monitoring stations. 

The identification of the characteristic elements of the problem and the 

analysis of the present constraints are two important aspects to identify 

the most suitable model and be able to use it correctly and efficiently.  

HARP in the risk assessment guidelines of “Air Toxics Hot Spots Program 

“ proposes a list of different stages to be reached in order to build a 

dispersion model system, as shown in figure 16. 

Figure 15. Different approach between Lagrangian and Eulerian treatment [ars.els-cdn.com)] 
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The main features that can describe the problem, as well-described in 

“I modelli di riferimento per la diffusione in atmosfera degli inquinanti: 

cenni teorici e applicazioni pratiche” of M.Sinesi, are: 

 

Spatial Scale: The models are able to reproduce the trend of 

atmospheric pollutants on different spatial scales depending on the 

type of phenomenon to be analyzed. The stairs taken into consideration 

are divided into microscale (100 m ÷ 1 km), local scale (1 km ÷ 100 km), 

mesoscale (100 km ÷ 1000 km), regional scale (1000 km ÷ 5000 km) and 

global scale (the whole terrestrial surface). 

Create inventory 
emissions

Identify source type

Identify terrain type

Level of analysis: 
screening or detailed?

Identify population 
exposure

Identify receptor grid

Select air dispersion 
model

Estimate Health Risk

Figure 16. Overview of air dispersion modeling system proposed by HARP-2015 [EPA, 2015 ] 
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Time Scale: We can distinguish in short-term or short-term applications 

(for the study of critical episodes) and long-term or long-term 

applications (for the exhibition study Cumulative). 

 

Domain: The importance of the type of geographical area in influencing 

atmospheric phenomena and polluted dispersion requires the 

identification of the domain on which you intend to apply simulation. 

Flat lands are defined, those totally flat domains or those domains on 

which there is a single relief or an isolated valley, while defining terrains 

complex all other domains. You can also talk about urban land, if you 

are interested in calculating the concentration of pollutants in densely 

built urban areas, or rural land if yes considers the open campaign. The 

land-sea type discontinuities, city-countryside, aquifer systems internal, 

like superficial inhomogeneities are another aspect to consider and to 

define to when the model is used. 

 

 

Figure 17. Different situations that could face a pollutant emission[E.Pace,2016] 

 

Pollutant: It is distinguished as gas, aerosol or particulate and can be 

inert or reactive. If reactive the pollutant may undergo homogeneous 

gas phase reactions, reactions in the heterogeneous phase, hydrolysis 

and reactions in the aqueous phase, reactions and processes involving 
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aerosols and particulates. Models must then include a chemical 

transformation module if you want to observe the behavior of reactive 

pollutants in the atmosphere or the formation of secondary pollutants. 

To add are the deposition processes dry and moist. 

 

Meteorology: There are two main phenomena that influence the 

distribution of concentrations, transport by the wind field and turbulent 

diffusion. Such phenomena can be considered homogeneous and 

stationary or they can have a space-time evolution. The wind field 

depends on the orography of the area considered and on the presence 

of particular systems of circulation, while turbulent diffusion is both a 

function of the field of motion (turbulence mechanical) and heat 

exchanges with the surface (convective turbulence). We can therefore 

say that the turbulence depends on the wind field, on the radiative 

budgets and on the geophysical characteristics of the soil (inclination, 

surface roughness, albedo). In condition extremely simplified (flat, 

homogeneous terrains) the dispersive characteristics can be described 

on the basis of simple parameters; in complex conditions the 

reconstruction of the fields meteorological conditions requires the use 

of actual models. 

 

Emissive sources: Also the typology of the sources determines the 

category of the models, usually yes has to do with single or multiple 

point sources (chimneys of industrial plants), spring linear (emissions 

along road sections), aerated or volumetric sources (an industrial area, 

sources from domestic heating, traffic in an urban areas, agricultural 

areas). 

 

Regime: We speak of stationary regime if the phenomena are constant 

over time, on the contrary in presence of the temporal variable the 

regime will be called evolutionary. 
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In the management of a model, in order to verify its real applicability, 

the constraints to be considered are: 

• The budget 

• The available computing resources 

• The availability and quality of the input data (emission 

data, meteorological data, data of air quality)  

• The degree of complexity of the problem 

• The level of detail and accuracy required to output data - 

The skills needed to apply the model correctly 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Marche Polytechnic University - Department of Industrial Engineering and Mathematical Sciences 
 

56 
 

2.2) The HARP model 

 

“The air toxics hot spots information and assessment act” is designed to 

provide information to state and local agencies and to the general public 

on the extent of airborne emissions from stationary sources and the 

potential public health impacts of those emissions. In response, office 

of environmental health hazard assessment (OEHHA) of California 

developed a tiered approach to risk assessment where a point estimate 

approach is first employed. If a more detailed analysis is needed, OEHHA 

has developed a stochastic, or probabilistic, approach using exposure 

factor distributions that can be applied in a stochastic estimate of the 

exposure. 

The ARB and the districts have identified a critical need for software to 

assist the programmatic aspects of the hot spots program. HARP is 

computer software used by the ARB, OEHHA, districts, and facility 

operators to promote statewide consistency, efficiency, and cost-

effective implementation of HRAs and the hot spots program. The HARP 

software package includes: 

 

1)  Emissions Inventory Database Module,  

2)  Air Dispersion Modeling Module  

3)  Risk Analysis Module. 

 

The user-friendly windows-based package provides for:  

a. Electronic implementation of the risk assessment methods 

presented in the OEHHA guidelines (Guidance Manual) 

b. Electronic data transfer from facilities and districts  

c. The production of reports  

d. Facility prioritization 

e. Air dispersion modeling (AERMOD) of multiple emission releases 

or facilities for cumulative impact evaluations 
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f. A summary report of acute, 8-hour, and chronic health hazard 

quotients or indices, and cancer risk at the point of maximum 

impact (PMI), maximally exposed individual resident (MEIR), 

maximally exposed individual worker (MEIW) and other 

receptors to be evaluated as needed  

g. Mapping displays of facility property boundaries, risk isopleths, 

and elevation contours 

h. The ability to display combined risk contours from multiple 

emission sources  

i. Output of data for use in other “off-the-shelf” geographic 

information systems (GIS) programs for additional types of 

analysis  

j. Census data for determining population-related health impacts 

showing the number of people exposed at various cancer risk 

levels and cancer burden” [EPA, 2015] 

 

Figure 18-22 show the interface of the HARP software and the different 

modules regarding the exposure assessment, i.e. the second module of 

HARP. 
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Figure 18. HARP inputs and project info section 
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Figure 19. Some control parameters present for the HARP run 

Figure 20. Section in which can be included the sources 
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Figure 21. Section where is to possibile to set the outputs options 

Figure 22. Section regarding the metereological input data 
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Figures 23-26 show the interface of HARP concerning the risk 

assessment standalone tool, i.e. the third module. 

We used this module setting as input data the resulting concentrations 

provided by the first module, referring to the particulate matter coming 

from diesel engine. That choice was due because, for this pollutant, we 

had into the database of HARP the corresponding reference 

concentration (code polid 9901). 

We decided to focus on the distance in which we have the worst case 

scenario (150 m), spacing with an angle of 10° around the emission 

source as shown in figure 18. 

We searched for the cancer risk by inhalation with an exposure time of 

70 years as shown in figure 19-20. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23. Interface of Risk assessment tool of HARP concerning pollutant concentrations. 
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Figure 24.Interface of Risk assessment tool of HARP concerning type analysis, receptor type, exposure duration 
and percentile 

Figure 25. Interface of Risk assessment tool of HARP concerning risk outputs 
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“OEHHA has striven to use the best science available in developing these 

risk assessment guidelines. However, there is a great deal of 

uncertainty associated with the process of risk assessment. The 

uncertainty arises from lack of data in many areas necessitating the use 

of assumptions. The assumptions used in these guidelines are designed 

to err on the side of health protection in order to avoid underestimation 

of risk to the public. Sources of uncertainties, which may overestimate 

or underestimate risk, include:  

 

1) extrapolation of toxicity data in animals to humans 

2) uncertainty in the estimation of emissions 

3) uncertainty in the air dispersion models  

4) uncertainty in the exposure estimates.  

Figure 26. Interface of Risk assessment tool of HARP concerning pollutant pathway 
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In addition to uncertainty, there is a natural range or variability in 

measured parameters defining the exposure scenario. Scientific studies 

with representative sampling and large enough sample sizes can 

characterize this variability.” [EPA, 2015] 
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2.3) Risk analysis 

 

The final step of health risk assessment is the risk characterization. 

The information obtained through the exposure assessment is 

combined with information from the dose-response assessment to 

characterize risks. 

Risk characterization should present both individual and population-

wide health risks. 

 

Reminding the estimation of toxic risk by inhalation  

Toxic risk factor HQ  

 

𝐻𝑄 =  
𝐸𝐶

𝑅𝑓𝐶 ∗ 1000
 ≤ 1 

• 𝑅𝑓𝐶 -  reference concentration - 5 x 10-3 mg/m3 

• EC - exposure concentration for non-carcinogenic 

substances, µg / m3. 

 

Figure 27. Reference concentration for inhalation exposure of PM from diesel engine 
[epa.gov.com] 
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Following formula is concerning exposure concentration EC (µg / 

m3) for non-carcinogenic toxic substances: 

 

𝐸𝐶 =
𝐶𝐴 ∗ 𝐸𝑇 ∗ 𝐸𝐹 ∗ 𝐸𝐷

𝐴𝑇𝑛𝑐
 

 

• CA - concentration of the contaminant in the air, µg / 

m3;  

• ET - exposure time (hours / day);  

• EF - exposure frequency (days / year);  

• ED - duration of exposure (years);  

• ATnc - time on which the exposure is averaged (ED in 

years x 365 days / year x 24 hours / day) 

 

Risk index (hazard index – (HI)), is calculated in the case of more 

substances acting on the same target organ 

 

𝐻𝐼 =  ∑ 𝐻𝑄𝑖 ≤ 1 

 

Table 6 shows parameters used for the calculation of the exposure 

concentration 

 

Adult 
exposure 

   

Exposure 
time 

Exposure 
frequency 

Exposure 
time 

Exposure 
averaged 
time 

ET. 
[hour/day] 

EF. 
[day/year] 

ED. [years] [Atnc] 

24 350 24 210240 
Table 6. Parameters used for the calculation of EC 
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In figure 28 are shown the calculation for the risk assessment in terms 

of exposure concentration and then hazard quotient. 

They are calculated per each concentration predicted by Aermod, at 

100-150-200-250-300-350-400-500-750 m every 10° around the 

emission source. 

 

 

 

 

 

 

 

 

 

Figure 28. Excel paper for the calculations of EC and HQ with respect to each predicted concentration 
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2.3) AERMOD STRUCTURE 

2.3.1) The choice of Aermod 

 

In the initial phase of our study an in-depth research was carried out 

aimed at identifying a tool, which was freescource and available online, 

and which could satisfy our input data needs. That is a tool capable of 

being user-friendly and that, by inserting a few input data, could 

provide a scenario about the emission of fumes from a source into the 

atmosphere. It therefore had to provide a multidimensional scenario in 

which, through a territorial framework, it was possible to assign indices 

to the corresponding values of the scenario. 

The international reference model for our case study is HARP, the hot 

spots analysis and reporting program developed in California.  

The calculation of the concentration of pollutants in the air environment 

is an important element to characterize the exposure of the population, 

in general following the routes of inhalation. The concentrations of 

pollutants are therefore necessary for the evaluation of the HRA to 

estimate the potential risk of cancer or the danger indexes associated 

with pollutant emissions into the air. [G.Sacco ].  

For this purpose, atmospheric dispersion models are used, which have 

the advantage of being relatively inexpensive and fairly fast provided 

that the necessary input data are already available to run the model. In 

our case, the data available were sufficients to be processed by a 

calculation code. 
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In this case, an inventory of the emissions around the area examined 

was created, so all the point, area and volume sources were included in 

the database. As well as the meteorological data relating to the 

Camerano weather station (AN) were derived from the station itself.  

We mainly talk about data such as temperature, pressure, wind speed 

and direction calculated on an hourly basis.  

 

This analysis could not therefore be solved with instruments that were 

able to give a result about the propagation in the atmosphere of a 

certain concentration referring only to the worst case scenario.  

The worst case scenario represents the worst configuration obtainable 

when there is a discharge into the atmosphere, having as reference 

basis the data relating to the wind, the atmosphere and even the 

terrain. This configuration, however, is provided monodirectionally, i.e. 

Figure 29. Typical 2D representation of a dispersion analysis, in which we have the lines of iso-
concentrations and colours representing different values [vgengineering.com] 
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indicating at which angle with respect to the source and at what 

distance there would have been the greatest impact in terms of the 

planned ground concentration. 

Among our objectives, however, there was the desire to identify a tool 

that must outputs in two-dimensional form, in order to create maps of 

the territory related to the health risk arising from the installation of 

one or more sources, as shown in figure 16. 

In our research we came into contact with more freeware softwares, 

the first of which was SCREEN view, the view and user-friendly interface 

of the more complex American model SCREEN3, signed EPA. What 

follows is taken by the presentation of the software:  

“The SCREEN3 model can be used to estimate worst-case ground level 

concentrations for a single source as well as concentrations in the cavity 

zone, and concentrations due to inversion break-up and shoreline 

fumigation. SCREEN View can model scenarios with simple or complex 

terrain, with or without building downwash and give results at discrete 

or automated distances. SCREEN3 is the screening version of 

the ISC3 model “ [Webalakes.com, 2018]. In this way there was the 

possibility to have only the worst scenario, so we moved on. 

Another tested software was RDTM, an acronym of Rough Diffusion 

Terrain Model, developed by ERT (Environmental Research and 

Technology) as it was able to work with only a few input data available, 

but, since the release date of the latest version of software was 1989, it 

presented itself with a dated configuration, which discouraged its use at 

the present time. The same reason for which the software Valley wasn’t 

taken into account. 

https://www.epa.gov/scramdispersion_alt.htm#isc3
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Then we found the screen version of Aermod and, using this, some test 

cases were executed.  

 

 

 

 

 

 

 

 

 

 

The model produces estimates of "worst-case" 1-hour concentrations 

for a single source, without the need for hourly meteorological data, 

and also includes conversion factors to estimate "worst-case" 3-hour, 8-

hour, 24-hour, and annual concentrations.” AERSCREEN code including 

the latest MAKEMET code is provided below along with documentation 

and test cases. The MAKEMET program interfaces with AERSCREEN to 

generate a site-specific matrix of screening meteorological conditions 

based on inputs provided by the user in order to use them as inputs into 

AERMOD. In order to use AERSCREEN, users must have the 

latest AERMOD executable as well as the AERMAP terrain preprocessor 

and BPIPPRM executables.” [EPA.gov] 

Figure 30. Picture presentation of Aerscreen model [EPA.gov)] 

https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#aermod
https://www.epa.gov/scram/air-quality-dispersion-modeling-related-model-support-programs#aermap
https://www.epa.gov/scram/air-quality-dispersion-modeling-related-model-support-programs#bpipprm
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A test was done giving into AERSCREEN database the following inputs, 

as also shown in the picture 31: 

• Emission Rate [μg/m3] 

Figure 31. Aerscreen input data in the pilot test 
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• Stack Height [m] 

• Stack Diameter [m] 

• Stack Temperature [°K] 

• Exit Velocity [m/s] 

 

There wasn’t requirement for hour metereological data, that was one 

of our points of interest but, however, we move on. 

Results were written in a .txt file in which there was a prediction about 

ground concentration at 1 hour, 3 hours, 8 hours and the annual 

average, as showed in picture 15. Apart of these, still we hadn’t an 

“impact mapping” but only the worst-case scenario and the 

concentration at this point or concentrations along distances on that 

direction, as in this case. 

 

Figure 32. Results of Aerscreen pilot test 

 

As we can see there was reported the scaled annual concentration, that 

was the one we were interested in. So we tried to repeat the test into 
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the Aermod view software, available in computers of the Department 

of industrial engineering and mathematic science of Marche Polytecnic 

University and we found that, although the direction was the same 

predicted by AERSCREEN and the predicted concentration at 1 hour was 

comparable, speaking about the concentration as annual average the 

difference between the freeware software and the view version one, 

was an order of magnitude. 

From this, we deduce that probably having a software able to read the 

hour metereological data and with the possibility to put inside the 

terrain features, was indispensable. 

This was the reason why we rejected the idea of using Aerscreen and 

decided to go directly to the Aermod version in open-source mode. 

 

2.3.2) Aermod source code 

 

As anticipated in the previous chapter, at the end of our research we 

chose to opt for the open source version of Aermod. 

This is due to several reasons: first of all it is a reliable and well tested 

software for years, in fact the Environmental Protection Agency of the 

USA makes use of it, which were also the producers of the software 

itself, born through a collaboration with the scientists of the AMS- 

American Meteorological Society. 

Aermod is the result of a work that lasted 14 years, from 1991 to 2005 

in which there was the official release date [Aermod, Wikipedia (41)] 

In particular, Aermod allows us to enter the sources of pollution, in a 

single or even multiple way and in addition it allows the insertion of the 

hourly meteorological data that is preprocessed by a special form. 

This has proved to be a fundamental point for the correct analysis of the 

dispersion in a given context and often makes the difference between a 

software in a screening version, which accepts very little data as input, 
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and a refined software, whose calculation capacity and forecast is 

definitely better.  

Another reason that led us to the use of Aermod was the possibility of 

having as an output a 2D mapping (an example in figure 33) from which 

it is possible to obtain isolines of concentration and forecast values 

scattered over the territory surrounding the emission source; not only, 

therefore, in the direction of the worst case scenario as many other 

models do.  

As mentioned above what was interesting was the "period", the 

concentration one year from the issue and Aermod has no problem in 

being able to diagnose this data.  

Furthermore, Aermod is suitable for implementation over time, so if in 

the first phase of the study it was used in FLAT mode, in the future it 

could be updated and implemented by inserting the orographic and 

vegetation characteristics of the studied area. This is possible through 

the insertion of a land elevation file such as a digital elevation model 

(DEM) capable of being preprocessed and from which it is possible to 

Figure 33. Typical 2D results from Aermod use [encrypted.com ] 
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extrapolate the heights of the terrain and their respective 

characteristics.  

The use of the AERMOD code is divided into three distinct operational 

phases, as shown in figure 34, each of which is assigned a particular 

function performed by specific codes. The orographic and 

meteorological features of the scenarios covered by the dispersive 

study are prepared respectively from the AERMAP and AERMET codes 

which operate separately and calculate the orographic and 

meteorological parameters that contribute to the description of the 

planetary boundary layer in which the pollutants spread, which are then 

simulated with the AERMOD dispersion code. Figure 34 shows the flow 

of the operational phases in which the operation of the code is 

articulated. 

The AERMAP code, which represents the orographic preprocessor, after 

reading the orographic data and the characteristics of the horizontal 

receptors grid (xr, yr) assigned by the user for the subsequent calculation  

 

of concentrations, determines for each individual receptor the 

dimension zr and calculates a parameter hc, called "scale height" of the 

terrain, which represents the height within which the influence of the 

nearby orographic reliefs in the point is expressed (xr, yr, zr). 

Figure 34. Aermod modeling approach [i.ytimg.com ] 
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The AERMET code, which represents the meteorological preprocessor, 

provides for the reading at a time level of a series of meteorological 

parameters, such as: 

 

• wind speed  

• direction 

• temperature  

• cloud cover 

 

These values measured in a ground station representative of the site 

under study are read daily wind speed and temperature profile and 

direction. The data read are then used to calculate the value of the 

parameters, such as: 

 

• the sensible heat flux, 

• the friction velocity u*, 

• the Monin Obukhov L length,  

• the convective speed of scale w *,  

• the mixing heights, both mechanical and convective Zim Zic, 

which define the boundary layer (PBL) in which pollutants 

spread. 

 

The algorithms used from the code are different depending on the 

conditions of stable or convective atmosphere. Finally, the AERMOD 

dispersion code, after integrating the characteristics of the mixing layer 

in the phase called "meteorological interface", calculates the 

concentrations at soil of pollutants emitted into the atmosphere 

assuming particular hypotheses. In the case of a stable atmosphere, the 

code assumes that the pollutant diffuses in space maintaining a shape 

both in the horizontal and vertical direction similar to a Gaussian 

distribution, while in the case of a convective atmosphere the form 
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adopted by the code to spread the plume reflects the non-Gaussian 

nature of the vertical component of wind speed [Renzi, Cordioli, 2015 

(27)] 

We find what we have spoken so far in next lines which are taken by the 

Aermod User's Guide for the AMS/EPA Regulatory Mode of April,2018: 

“One of the basic inputs to AERMOD is the runstream setup file which 

contains the selected modeling options, as well as source location and 

parameter data, receptor locations, meteorological data file 

specifications, and output options.  The runstream file is also commonly 

referred to as the control file.  Another type of basic type of input data 

needed to run the model is the meteorological data.  AERMOD requires 

two types of meteorological data files that are provided by the AERMET 

meteorological preprocessor program (EPA, 2018c).  One file consists of 

surface scalar parameters, and the other file consists of vertical profiles 

of meteorological data(...) 

The AERMOD model includes a wide range of options for modeling air 

quality impacts of pollution sources, making it a popular choice among 

the modeling community for a variety of applications(…) 

The model is capable of handling multiple sources, including point, 

volume, area, open pit, and both buoyant and non–buoyant line source 

types(…) 

The model contains algorithms for modeling the effects of aerodynamic 

downwash due to nearby buildings on point source emissions and 

depositional effects on particulate emissions.(…)  

The model contains algorithms for modeling the effects of aerodynamic 

downwash due to nearby buildings on point source emissions and 

depositional effects on particulate emissions.(…) 

The AERMOD model has considerable flexibility in the specification of 

receptor locations.  The user has the capability of specifying multiple 

receptor networks in a single run, and may also mix Cartesian grid 

receptor networks and polar grid receptor networks in the same run.  

This is useful for applications where the user may need a coarse grid over 
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the whole modeling domain, but a denser grid in the area of maximum 

expected impacts.  There is also flexibility in specifying the location of 

the origin for polar receptors, other than the default origin at (0,0) in x,y, 

coordinates. The user can input elevated receptor heights in order to 

model the effects of terrain above (or below) stack base, and may also 

specify receptor elevations above ground level to model flagpole 

receptors (…) 

The basic types of printed output available with AERMOD are: 

• Summaries of high values (highest, second highest, 

etc.) by receptor for each averaging period and 

source group combination; 

• Summaries of overall maximum values (e.g., the 

maximum 50) for each averaging period and source 

group combination;  

 • Tables of concurrent values summarized by receptor 

for each averaging period and source group combination 

for each day of data processed.   
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These "raw" concentration values may also be output to unformatted 

(binary) files, as described below. 

  

 

The tables by receptor and maximum value tables can be output for the 

source group values or for the individual source values, or both.  In 

addition, when maximum values for individual sources are output, the 

user has the option of specifying whether the maximum source values 

are to be the maximum values for each source independently, or the 

contribution of each source to the maximum group values, or both.” 

In the operational phase, as regards the flat mode, the Aermod module 

was then downloaded in open source code mode and, next to this 

module, also the indispensable AERMET and AERMAP preprocessors, 

were inserted in the same folder of the dispersive model. 

Figure 35. Example of Aermod code taken from the Guide 
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Another optional module has also been downloaded, called AERPLOT, 

which represents a useful interface for displaying results in open source 

mode since, in this mode, the outputs are in written form in a .txt file, 

therefore not very obvious with respect to a graphic representation 

provided by Aerplot. 

Actually, Aerplot plots the results at the emissive source and the 

territory involved in the dispersion through GoogleEarth. Aerplot only 

needs the coordinate data about the emissive source, after which it 

plots the results in terms of concentration and the precision about the 

plot of the results can be optimized by the operator. 

At first Aermod was installed on a “Linux” platform available within the 

Polytechnic University of Marche, while later it was also mounted on a 

device “windows. 

 

Below, in figure 36, we find the code used for a pilot version of the 

software, in which input data used in a previous study were entered. 

As we can see in table 6 only 5 parameters are needed for the 

elaboration: 

 

Qs – discharge into the atmosphere 0.5 [g/s] 

Hs – height of the chimney 10 [m] 

Ts – outer temperature 473 [°K] 

Vs – exit velocity 3.7 [m/s] 

Ds – chimney diameter 2.4 [m] 

Table 7. Data and unit measures used as inputs 
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Figure 36. Aermod code for pilot case 
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The modeling options are input to the model on the Control pathway.  

The mandatory keywords for the CO pathway are listed below taken 

from the Aermod user guidelines: 

 

• STARTING - Indicates the beginning of inputs for the pathway; 

this keyword is mandatory on each of the pathways.  

 

• TITLEONE -     A user-specified title line (up to 68 characters) that 

will appear on each page of the printed output file (an optional 

second title line is also available with the keyword TITLE TWO).  

 

• MODELOPT -  Controls the modeling options selected for a 

particular run through a series of secondary keywords.  

 

• AVERTIME - Identifies the averaging periods to be calculated for 

a particular run.   

 

• POLLUTID - Identifies the type of pollutant being modeled. At the 

present time, this option has no influence on the results.  

 

• RUNORNOT -  A special keyword that tells the model whether to 

run the full model executions or not.  If the user selects not to 

run, then the runstream setup file will be processed and any 

input errors reported, but no dispersion calculations will be 

made.  

 

• FINISHED - Indicates that the user is finished with the inputs for 

this pathway; this keyword is also mandatory on each of the 

other pathways. 
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Then in the SO STARTING section there is information about the source 

which in this case was placed at zero height above sea level and the data 

characterizing the emission, in particular: 

the Source pathway has the following mandatory keywords:  

• LOCATION - Identifies a particular source ID and specifies the 

source type and location of that source. 

 

In the third part ‘’RE STARTING’’ there are indications that we ask the 

program about the outputs and their speciation. In this example, 

concentration values (at one year) are requested for spatial values from 

100 to 1000m from the source and in all directions, with an angle of 10 

° between one datum and another. 

 

The meteorology pathway has the following four mandatory keywords 

in addition to the common STARTING and FINISHED keywords:  

SURFFILE - Specifies the filename and format for the input surface 

meteorological data file.  

  

• PROFFILE - Specifies the filename and format for the input 

profile meteorological data file.  

 

• SURFDATA -   Specifies information about the surface 

meteorological data which will be used in the modeling.  

 

• UAIRDATA -   Specifies information about the upper air 

meteorological data which will be used in the modeling.  

 

• PROFBASE - Specifies the base elevation above MSL for the 

potential temperature profile. 
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All of the keywords on the output pathway are optional, although the 

model will warn the user if no printed outputs are requested and will 

halt processing if no outputs (printed results or file outputs) are 

selected.  The user has considerable flexibility to select only the outputs 

that are needed for a particular application.  The printed table keywords 

are:  

 

• RECTABLE - Specifies the selection of high value by receptor table 

output options.   

 

• MAXTABLE Specifies the selection of overall maximum value table 

output options.  
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3) RESULTS 

3.1) Results from Aermod  

 

The following chapter discusses the results of the implementation of 

Aermod open source software. 

For ease of viewing, they will be screened using GoogleEarth, 

remembering that the flat mode has been assumed. 

Below, in picture 37, we report again the input data of the pilot case and 

then the relative results concerning weather and soil conditions. 

 

Figure 37. Input data parameters in terms of flow rate QS, stack height HS, temperature TS, exit velocity VS 
and stack diameter. Input data and unit measures are shown in table 6. 

Figure 38. The first 24 hours of meteorological data 



Marche Polytechnic University - Department of Industrial Engineering and Mathematical Sciences 
 

87 
 

In picture 38 Aermod processes the first 24 hours of meteorological data 

and different parameters, such as friction velocities U*, W* and the values 

characterizing the surface, the bowen ratio and the albedo. 

 

 

 

In figure 39 we can see predicted concentrations at 1 year after the 

release. 

Figures 39 and 40 show results at 100,150,200,250,300,350,450,500 

and 750 m far from the emission source, further we can find the 

concentration characterization every 10° in a radial way. 

Maximum predicted concentration is found at a distance of about 150m 

with a radial angle with respect to the emission source of 210° and a 

concentration of 0.42 µg /m3, as shown is picture 40. 

Figure 39. The period (1year-8760 hours) concentration 

Figure 40. Highlighted the highest predicted period concentration 
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Figure 41. First highest 1hour concentration 

Figure 42.First highest 1hour concentration 
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In figure 41 and 42 we can see predicted concentrations regarding the 

highest 1-hour concentration predicted at 100, 150, 200, 250, 300, 350, 

450, 500, 750 and 1000 m from the emission source spacing around 

360°. 

We found the highest value of about 19 µg /m3 at 100 m far from the 

source with an angle of 230°, confirming the trend of the predicted 

period concentrations. 

 

 

 

 

 

 

 

 

 

 

Figure 43. Second highest 1 hour predicted concentrations 
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In figure 43 and 44 we can see predicted concentrations regarding the 

second highest 1-hour concentration predicted at 100, 150, 200, 250, 

300, 350, 450, 500, 750 and 1000 m from the emission source spacing 

around 360°. 

We found the highest value of about 18 µg /m3 at 100 m far from the 

source with an angle of 220-230°. 

 

 

 

 

 

 

 

 

Figure 44. Second highest 1 hour predicted concentrations 
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Figure 45. First highest 24hour concentrations 

Figure 46. First highest 24hour concentrations 
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In figure 45 and 46 we can see predicted concentrations regarding the 

highest 24-hour concentration predicted at 100, 150, 200, 250, 300, 

350, 450, 500, 750 and 1000 m from the emission source spacing around 

360°. 

We found the highest value of about 5.7 µg /m3 at 150 m far from the 

source with an angle of 230°. 

 

 

 

 

 

 

 

  

 

 

 

Figure 47. Second highest 24-hour concentrations 
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Figure 48. Second highest 24-hour concentrations 

 

In figure 47 and 48 we can see predicted concentrations regarding the 

second highest 24-hour concentration predicted at 100, 150, 200, 250, 

300, 350, 450, 500, 750 and 1000 m from the emission source spacing 

around 360°. 

We found the highest value of about 3.9 µg /m3 at 150 m far from the 

source with an angle of 220°. 

 

In figure 49 we can see the summarizing of period predicted 

concentrations with respect to the highest values and their position 

with respect to the emission source, expressed in meters. 

The emission source is placed with UTM coordinates 43.61 east and 

13.61 north, so placed over the city of Ancona, for simplicity sake.  

In figure 50 we find the plot over GoogleEarth of the predicted period 

concentrations , reminding we are assuming terrain as flat. 
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Figure 49. Summarizing of highest predicted period concentrations 

Figure 50. Plot of period concentrations around the emission source 

PERIOD CONCENTRATIONS , 

expressed in µg /m3 
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3.2) Results from HARP 

 

During our study, we used also the HARP software provided by 

California. Although the emission inventory is different, we assumed 

the same input data we used for Aermod opensource in order to have 

a comparison between the two tools. 

While our software is in a preliminary step and many information miss 

in the database, HARP is a full-working tool largely used in USA so we 

expect some differences between the two. 

  

Also HARP is run assuming flat terrain, but there isn’t the possibility to 

plot results over GoogleEarth 

 

 

 

Figure 51. Period concentrations provided by HARP 
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In figure 51 we can see predicted concentrations regarding the period 

concentration predicted at 100, 150, 200, 250, 300, 350, 400, 500 and 

750m from the emission source spacing around 360°. 

We found the highest value of about 0.42 µg /m3 at 150 m far from the 

source with an angle of 210°. 

More in general we can see that values are exactly that provided by our 

software. 

 

  

 

 

 

 

 

 

Figure 52. First highest 1-hour average concentration 
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 Figure 53. First highest 1-hour average concentration 

 

In figure 52 and 53 we can see predicted concentrations regarding the 

highest 1-hour avarage concentration predicted at 100, 150, 200, 250, 

300, 350, 450, 500, 750 and 1000 m from the emission source spacing 

around 360°. 

We found the highest value of about 19.4 µg /m3 at 100 m far from the 

source with an angle of 220°, as predicted by our tool. 

  Moreover, in figure 54 we find the summarizing of all highest predicted 

period concentrations. 

Figure 54. Highest predicted period concentrations 
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If we compare results provided by Aermod and those provided by HARP 

we can as they as exactly the same. 

 

       AERMOD OPENSOURCE                                         HARP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8. Period concentration values [μg/m3] obtained by Aermod in the first columns and 
HARP in second columns 

  100m 150m 200m 
  

100m 150m 200m 

10° 0.153 0.144 0.126 
  

0.153 0.144 0.126 

20° 0.169 0.162 0.142 
  

0.169 0.162 0.142 

30° 0.185 0.179 0.159 
  

0.185 0.179 0.159 

40° 0.194 0.190 0.169 
  

0.194 0.190 0.169 

50° 0.197 0.192 0.171 
  

0.197 0.192 0.171 

60° 0.198 0.194 0.173 
  

0.198 0.194 0.173 

70° 0.200 0.196 0.174 
  

0.200 0.196 0.174 

80° 0.195 0.190 0.169 
  

0.195 0.190 0.169 

90° 0.186 0.179 0.158 
  

0.186 0.179 0.158 

100° 0.184 0.176 0.154 
  

0.184 0.176 0.154 

110° 0.195 0.188 0.166 
  

0.195 0.188 0.166 

120° 0.211 0.208 0.185 
  

0.211 0.208 0.185 

130° 0.224 0.224 0.201 
  

0.224 0.224 0.201 

140° 0.230 0.232 0.209 
  

0.230 0.232 0.209 

150° 0.233 0.237 0.215 
  

0.233 0.237 0.215 

160° 0.240 0.247 0.225 
  

0.240 0.247 0.225 

170° 0.253 0.264 0.242 
  

0.253 0.264 0.242 

180° 0.275 0.291 0.270 
  

0.275 0.291 0.270 

190° 0.309 0.334 0.312 
  

0.309 0.334 0.312 

200° 0.347 0.382 0.360 
  

0.347 0.382 0.360 

210° 0.376 0.417 0.392 
  

0.376 0.417 0.392 

220° 0.376 0.414 0.388 
  

0.376 0.414 0.388 

230° 0.338 0.369 0.345 
  

0.338 0.369 0.345 

240° 0.285 0.308 0.288 
  

0.285 0.308 0.288 

250° 0.247 0.265 0.248 
  

0.247 0.265 0.248 

260° 0.230 0.247 0.232 
  

0.230 0.247 0.232 

270° 0.225 0.242 0.229 
  

0.225 0.242 0.229 

280° 0.219 0.236 0.223 
  

0.219 0.236 0.223 

290° 0.203 0.217 0.204 
  

0.203 0.217 0.204 

300° 0.179 0.187 0.174 
  

0.179 0.187 0.174 

310° 0.155 0.156 0.143 
  

0.155 0.156 0.143 

320° 0.139 0.135 0.120 
  

0.139 0.135 0.120 

330° 0.131 0.125 0.110 
  

0.131 0.125 0.110 

340° 0.130 0.122 0.107 
  

0.130 0.122 0.107 

350° 0.134 0.125 0.109 
  

0.134 0.125 0.109 

360° 0.141 0.132 0.115 
  

0.141 0.132 0.115 
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In table 8 we find a summary of values obtained focusing on the range 

100m/200m, in which we find the highest concentrations.     

As we expected, results provided by two software are the same 

concerning both the intensity and the direction (almost 0.42 µg /m3 

predicted at 210° with respect to emission source). 

This is confirmed also in the results, so we can deduce that our input 

data file is written in a correct way. 

 

Figure 55-56 shows results from the third module of HARP, regarding 

the  cancer risk assessment. 

We remind that as input data we used the resulting predicted 

concentration provided by the first module, that are the same provided 

by our software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 55.Results from HARP risk assessment 
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For simplicity sake, we focused on the worst case scenario distance, 

corresponding to 150 m and the relative values found at 360° around 

the emission source at that distance, spacing with an angle of 10°. 

Maximum value is found corresponding to the point of maximum 

exposure, at 210° with respect to emission source and a health risk of 

4.14 x 10-4. 

By setting an exposure time at 70 years, results show a cancer risk that 

is in the range 1-4 x 10-4, indicating values with relatively high risk.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 56. Results from HARP risk assessment 
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3.3) Comparison between flat and elevated Aermod 

model setup 

 

During our study, we compared results provided by Aermod in flat mode 

with that obtained by applying elevation mode. 

To do this, we use the software “Aermod View version 9.7.0” of Lakes 

Environment, available at the Department of Industrial Engineering and 

Mathematical Science of Marche Polytechnic University. 

Since Aermod view is the complete version of the software, it is possible 

through it to have a scenario for which also the elevation in included. 

The elevation model used was in the form of a DEM file, with a 

resolution of 3 arcsecond, corresponding to 90 m. 

Obviously, the input data are the same and are that shown in table 6. 

 

  

Figure 57.Output of period concentration from Aerplot, using flat model setup 
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Figures 57-58 show the plots of the two different scenarios, the first by 

using flat setup with Aermod opensource and the second using elevated 

setup using Aermod view. 

The trend is quite respected, both speaking about intensity and 

location. 

The peak concentration, trough the elevation model setup, in estimated 

around 0.50 µg /m3 against a values for the flat setup of 0.42 µg /m3, so 

in the same order of magnitude. 

Moreover, the locations of the predicted maximum concentration are 

almost the same, in fact, Aermodview predicts a peak concentration at 

a distance within a range of 150-200m, instead of the one predicted by 

our software (150m). 

Apart of the peak concentration, both softwares estimate a period 

concentration in a range 0.1-0.3 µg /m3 in a radius range of 500 m 

around the emission source. 

A notable difference stays in the southern east part of the considered 

area, where Aermodview estimates an area with concentration over 0.3 

Figure 58. Output from Aermodview, using elevated set up 
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µg /m3, while our software around 0.05 µg /m3. This is probably due to 

of the orography of the area. The orography of the studied area, the city 

centre of Ancona, is quite complex with relatively high elevation 

gradients.  

In the scenario proposed by AermodView there is area where pollutants 

are concentrated, represented by the yellow colour in the southern east 

part of the map. 

Based on the comparison between figures 45 and 46, we observe that 

the orography plays a role in the deposition of pollutants in the area 

under study. Therefore, considering the flat scenario introduces 

limitations to our study. 

Furthermore, it is important to underline that the elevation model has 

a resolution of 90 m and the peak concentrations found in a range 

between 100-250 m. This brings to some uncertainties related to the 

exact evaluation of the orography of the area, the resolution of the 

elevation model file should be surely lesser (at least at 30m) to have a 

precise characterization of the area and to relate it with the dispersion 

of pollutants. 

Further, in the considered area, that is an urban area, there is a strong 

presence of buildings that affect a lot the dispersion of pollutants but it 

is not considered. 

This last should be considered in a scenario similar to that of our study 

because, more than the orography, it is the building downwash that 

affect the dispersion. 

We remind that the chimney height considered is 10m and also this data 

is to be related with the results. 

Concentrations found are almost near the emission source because of 

the limited height of the chimney, but surely, if we have been 

considered a higher release height, the peak concentration would have 

been found farther and also the orography would have been had a 

stronger influence. 
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3.4) Risk analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 59 shows results of the risk assessment. 

We used an excel paper in which per each concentration found around 

the emission source is calculated the corresponding hazard quotient, so 

the toxic risk for exposure population. 

In this way we calculated the risk for 324 values, corresponding to 

predicted concentrations at 9 different distances (100-150-200-250-

300-350-400-500-750 m) and every 10°. 

In figure 55 are show results by using a plot over the studied area. 

Figure 59. Results of the risk assessment analysed through an excel paper 
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Figure 60 show results of the toxic risk analysis obtained by use of 

Aermap. The input file PLT was modified in order to be read by software 

and to have a visual view of the results. 

Results are in a range of 750 m around the emission source, where is 

concentrated the maximum exposure. 

Peak values, corresponding to the area in which there is the peak 

predicted concentrations, are around 8x10-2. 

More in general, we found a range value between 0.005-0.08. 

Therefore, based on the input data referring to diesel particulate matter 

and hypothesizing the emission source placed in the centre of the city 

of Ancona, risk assessment shows values always much lesser than 1, 

from which we can observe that there is no probability of toxic risk. 

  

Figure 60. Risk assessment concerning the hazard quotient for the considered pollutant 
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Conclusions 

 

The goals of our study were to implement a software for the airborne 

pollutants dispersion analysis and the consequent association between 

the results and the health risks, building on the experience of the HARP 

project of California.  

Our first aim was to find a software able to evaluate the dispersion of 

pollutants into the atmosphere through the definition of few input data. 

We tested some tools such as AERSCREEN. This software is a screening 

model, so there is not the possibility input specific meteorological data. 

For this reason, we choose the Aermod open source code. 

By using Aermod, there is the possibility of managing the code regarding 

the hourly weather conditions and the orography. However, we 

considered a flat scenario. 

Based on the results and on the comparisons between our model and 

HARP, it is possible to state that our software gives reliable exposure 

scenario concerning a preliminary simulation about the ambient level of 

airborne pollutants. 

We found the same values between our software and HARP (with a peak 

value of 0.41 µg /m3 of PM10), confirming that the input file was written 

in a correct way.  

Further, we evaluated the hazard quotient and the cancer risk 

considering the above exposure scenario. We considered the reference 

concentration value and inhalation unit risk of diesel engine exhaust.  

The input file PLT was modified in order to be read by AERMAP to have 

a graphical representation of the results. The hazard quotient was 

plotted in the studied area. This enables to assess the potential health 

risk for the considered emission scenario. 

Based on the hazard quotient we found that there is no concern (HQ<1) 

for toxic risk in the studied area. The preliminary analysis of the risk 
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assessment shows a range value for HQ between 0.005-0.08 in the 

studied area. 

Based on risk assessment standalone tool by HARP, the inhalation 

cancer risk is up to 10-4. 

Moreover, we compared the flat setup of Aermod opensource and a 

setup with the orography data using AermodView.  This comparison 

confirmed the importance of the presence of the elevation model file 

into the database when dealing with an area characterized by a complex 

orography. In particular, this is the case of Marche region. 

Although, we found peak concentration with the same order of 

magnitude between the flat setup (about 0.41 µg /m3 ) and the elevated 

setup (about 0.52 µg /m3). 

Considering particulate matter, this difference is almost negligible 

because the annual limit for ambient concentration is 40 µg /m3. For 

other pollutants, whose limit is in the order of ng /m3, difference could 

be relevant. 

The greatest strength in the use of this software is that through only 5 

input data it is possible to create a plausible exposure scenario, with low 

computational resources. 
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Limitations and future perspectives of the 

present study  

 

Our study is still at a preliminary stage in which some aspects still need 

to be improved. 

First of all, it is necessary to insert within the database the territorial 

component, that is a digital elevation file thanks to which it will be 

possible to refine the simulations. 

This is because, especially in the Marche region, orography plays an 

important role in that because of its no-homogeneity, made of 

considerable height differences even at short distances. 

This fact will surely have an impact on the exposure assessment and  will 

be the first next step in our study. 

The type of file that will be given to our software database will be in 

SRTM format, an acronym for shuttle radar topography mission, which 

is a type of file compatible with the software, and this is in a elaboration 

phase. Moreover, from results we exposed it is possible to state that the 

elevation model file should have a small resolution, at least at 30m to 

have a satisfactory characterization of the orography. 

A subsequent step will be the assessment of the actual risk to human 

health. 

To do this, for health impact assessment, different information 

components need to be acquired regarding the exposed population, 

such as the exact number of deaths or hospital admissions that have 

occurred in a given area, for a given year. 

Subsequently this data will be interpolated with the expected exposure 

for the area under study and therefore the result will be risk values 

relative to a given pollutant and a precise geographical area of 

reference. 

However, this is not possible yet, because information on the adverse 

health outcomes are often considered sensitive or even missing. 
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Finally, an important step will be the creation of a user-friendly interface 

to ensure that our tool is going to be very useful in risk analysis. At the 

moment, it can only be used having some computer skills. 

In conclusion, it is possible to state again the validity of the software 

developed with regard to a preliminary estimation of the exposure. 
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