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Abstract— Air pollution has emerged as one of the most
significant environmental issues in recent years, both globally
and in Serbia. The high levels of pollutants in the air have been
strongly linked to various adverse health outcomes, including
increased mortality rates. One of the key factors in addressing
this issue is the ability to assess and predict pollutant
concentrations, especially when they exceed permissible limits
for extended periods. These elevated concentrations can cause a
range of health problems, particularly related to the respiratory
system. This paper presents modeling approaches used to assess
air pollution and its impact on human health. By utilizing
different models and methods, we can simulate the emission,
dispersion, and transport of pollutants. These models also help
to evaluate the health risks associated with specific pollutants by
estimating pollutant deposition in the human respiratory
system. This study provides an overview of the modeling process
in understanding air pollution patterns and their correlation
with public health. The results highlight the importance of air
quality models in identifying areas with elevated pollution levels
and forecasting pollutant behavior under varying
meteorological conditions. The insights gained from such
research can inform policy decisions and contribute to the
development of mitigation strategies aimed at reducing the
environmental and health impacts of air pollution in Serbia.
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I INTRODUCTION

Air pollution has been a persistent issue throughout human
history. Over time, the sources of air pollution evolved,
expanding from fire to agriculture, and later to industrial
processes and the widespread use of fossil fuels [1].

Air pollution is a major global concern, ranked as the
fourth leading risk factor for death in 2019, according to
global health data [2]. However, air pollution is now the
second leading risk factor for death globally, as it was
responsible for approximately 8.1 million deaths worldwide in
2021. This marks a rise in its impact, surpassing even tobacco
and poor diet as causes of death [3]. The health effects of air
pollution, particularly exposure to fine particulate matter
(PM2.5), include increased risks of cardiovascular diseases,
respiratory conditions like chronic obstructive pulmonary
disease (COPD), and various cancers [4-6].

Modern environmental challenges include increasing
levels of pollutants released into the atmosphere from
industrial chimneys, power plants, and transportation systems.
Of particular concern is the dispersion of toxic gases not only
from high emission sources but also from low and ground-
level sources, especially under varying meteorological
conditions. Such conditions are relevant both during
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accidental releases, such as pipeline failures, and in scenarios
involving deliberate releases, such as the use of chemical
agents in warfare or hazardous industrial applications.

Air pollutants, of natural or anthropogenic origin, are
constantly present in the air. A hundred to a thousand different
pollutants can be found in the air at any given time. Natural
sources of particulate matter (PM) include dust, created by
winds, fires and volcanoes, plant pollen, plants, fungi...
Anthropogenic sources of PM are usually classified as mobile
(cars, trucks, planes, ships, trains, construction and
agricultural equipment) or stationary (power plants, factories,
mines, farms, dairies and waste disposal sites).

What we consider clean air can contain tens of thousands
of particles per liter and for most people will not have any
negative health effect. The presence of pollutants in the air is
measured by the concentration, which can be below or above
the limit values. Air quality is determined based on these limit
values. The presence of pollutants in concentrations above the
limit values can lead to certain health problems.
Meteorological factors such as wind direction, wind speed,
and atmospheric stability play critical roles in the dispersion
and concentration of pollutants. Understanding these
meteorological factors is key to improving models that predict
pollutant behavior, helping policymakers design better
strategies for monitoring and mitigating air pollution risks [7].

The aim of this paper is to compare various modeling
approaches for assessing the impact of air pollution on human
health in Serbia. This paper aims to support the development
of more accurate tools for monitoring and mitigating the
adverse health effects of air pollution in Serbia, through
analysis of pollutant dispersion, meteorological factors, and
population health data.

II. AIR POLLUTION MODELING

Pollution measurements at control points determine the
concentration of pollutants at a specific location and time
point. Based on the obtained data, it is not possible to conclude
what concentrations will be in other locations, or how
pollutant concentrations will change in the future. In order to
assess air pollution at different locations or time points, air
dispersion models are used. These models can help to estimate
the concentration of pollutants emitted from various sources
of pollution, such as industrial facilities and regional public
transport.

The goal of pollutant dispersion modeling is to determine
the concentration of the polluting substance at certain location.
The models, which describe the dispersion of pollutants, are
based on knowledge of chemical, physical and dynamic
processes in the atmosphere [8]. The advantage that these



models have is the ability to predict the concentration of the
pollutant at any time and at any point, based on the appropriate

input parameters. To successfully analyze pollutant
dispersion, it is necessary to know the following data [9]:
e meteorological conditions - wind speed, wind
direction, stability class, temperature, and mixing
height;

e cmission parameters - source location, source height,
chimney diameter, gas outlet velocity, gas outlet
temperature, and emission rate;

e topography of the terrain and building parameters -
location, height, and width;

e chemical processes, if applicable.

When modeling, it is very important to take into account
the duration of chemical reactions, as well as the distance to
which particles can be transported. It is very important to
know whether the particles have a short lifetime (minutes or
hours) or a long lifetime (hours, days). In the case of short-
lived particles, their range is short, so the effects will be
noticeable only at the local level. In the case of particles with
a longer lifetime, the range will be greater, so different models
will be used, compared to particles with a shorter lifetime.

Air pollution models are generally divided into three
categories [10]:

e Deterministic models: These models employ
numerical methods to solve partial differential
equations that represent atmospheric dispersion
processes. To implement these models, an emissions
inventory is required along with independent
variables, often meteorological in  nature.
Deterministic models are particularly useful for long-
term planning, as they provide detailed insights into
how pollutants disperse over time and space.

e  Statistical models: These models estimate air
pollutant concentrations by establishing empirical
relationships between meteorological factors and
other relevant parameters. While they are not as
precise as deterministic models, they are highly
effective for short-term concentration forecasting due
to their low computational demands. Statistical
models can also be integrated with deterministic
models to account for background concentrations,
providing a hybrid approach to air quality assessment.

e  Physical models: These models replicate real-world
atmospheric processes at a reduced scale in a
controlled laboratory environment. When field
measurements or detailed deterministic simulations
become costly, physical modeling, such as using wind
tunnels or water channels, offers a more feasible
alternative. Physical models allow for easy
manipulation of variables like flow rates and
geometry, making them ideal for investigating
specific atmospheric conditions, especially when high
accuracy is required in studying small-scale
processes.

Deterministic models include the Lagrangian, Euler and
Gaussian models [11]. They provide analytical solutions to the
advective diffusion equation, which is the basic equation
describing the transport of pollutants through the atmosphere.
The Gaussian method is the simplest method that observes the
instantaneous release of pollutants from a point source. It is
used for a local dispersion, for the range up to 100 km. For
modeling the regional dispersion, the Euler or Lagrange
model are used (for a range of up to 1000 km). Euler's model
is based on the idea of a fixed reference point through which
air flows, while Langrange's model is based on a reference
point, which moves downwind.

The pollutant dispersion models consist of four elements,
presented in Figure 1.
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Fig. 1. Elements of pollutant dispersion models

III.  GAUSSIAN MODEL

Regardless of the importance that Lagrangian and Euler
models have for analyzing air pollution, a simpler Gaussian
model is still widely used as it is accepted by regulatory
agencies [12].

At the base of that model lies the expression for the
distribution of pollutants, which is obtained from the
analytical solution for the dispersion of pollutants, when the
wind speed u and the turbulent diffusion coefficients k,, and
k, are constant. The distribution of pollutants from a
continuous point source, without the influence of the earth's
surface and with an average wind speed, is:
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Where g, —— are dispersions of

pollutants along the correspondmg coordinate axes.

calculate the concentration of pollutants, it is necessary to
determine the values of the parameters o), and g,as a function
of the distance from the source along the wind direction (as a
rule along the x axis) and as a function of the stability of the
atmosphere. There are several ways to estimate the value of
these parameters, but there is no universal approach for their



determination. Also, appropriate classification systems of
atmospheric stability are used according to the weather
conditions for which the calculations are made.

There are a number of tools that are used to assess air
pollution. One of the commonly used is ADMS 6 which is
used to assess industrial installations using Gaussian plume air
dispersion model. The steps for using ADMS 6 are presented
in Figure 2.

to boundary conditions. The technological progress of the
previous decades made it possible to create realistic 3D
models of the respiratory tract. These models greatly assist in
the assessment of health risks. The goal of geometry
reconstruction is to create a realistic anatomical 3D geometry,
based on the patient’s 2D scans. The development of the
model starts with the segmentation of the lower respiratory
tract. Information about used scans are presented in Table 1.
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model whose surface mesh follows the anatomical shape of
Adtionalinput e the lower respiratory tract (Fi . The lower respirat
" piratory tract (Figure 3). The lower respiratory

Fig. 2. Steps for analysis using ADMS 6 tool

LEnter the site name or othe title (printed in output files)

All data that needs to be input in order to analyze a
problems can be divided into following groups:

e Setup where general information about site and
model options are defined

e  Source where information about source location,
emission, dimensions and release conditions are
defined

e Meteorology where information regarding site
and meteorological data are added

e Background  where information  about

concentration data needs to be defined

e Grids where grid or specific point location for
output are defined and

e  QOutput where sources that need to be included in
the calculation are defined.

Tools such as ADMS 6 are useful for the analysis of
pollution transport as the obtained results can be used as one
of the parameters, when assessing human health risks. These
tools, can help wus determine areas with increased
concentrations of pollution, during different weather
conditions. Also, these results are useful for analysis of effect
that air pollution has on human health using numerical
models, such as lower respiratory tract model that will be
presented in the next segment of this paper.

IV. NUMERICAL MODELS

Mathematical problems described by partial differential
equations (PDEs) are very present in science and engineering.
Solving PDEs with numerical methods is affected by many
aspects, such as the dimensionality and geometry of the
independent variables, nonlinearities in the system, sensitivity

tract was analyzed using the finite element method software -
PAK-F. PAK-F is a tool developed at the Faculty of
Engineering, University of Kragujevac, which enables the
analysis of fluid mechanics with heat transfer. The program is
based on the application of the finite element method and the
basic equations of viscous fluid flow, such as the Navier-
Stokes equation. The presented model had 123304 3D linear
elements with 4 nodes.

Fig. 3. Lower respiratory tract model

The characteristics of air flow in the lower respiratory tract
are very complex, due to the anatomy. One of the main
problems when analyzing the lower respiratory tract is that the
boundary conditions are not fully defined, and as a result
different approaches are used to analyze it [13-15]. When
defining the boundary conditions, very often a constant zero
pressure is defined at the exits of the model, because it has
been shown that this condition is accurate enough to calculate
the air flow characteristics [16]. Although airway stretching
occurs during breathing, this process is rarely modeled [17].
Walls are generally considered to be rigid. This, of course, has
a great influence on the obtained results of the air flow
characteristics, but it also has an effect on the particle
deposition process. For the analysis of the lower respiratory



tract model, the airflow was assumed to be laminar. Also,
stationary air flow was analyzed.

The characteristics of air flow in the lower respiratory tract
were calculated for the inhalation phase, at the moment when
the velocity is the highest. The distribution of air velocity in
the lower respiratory tract, is shown in Figure 4. The
maximum value was 15 m/s, and it was located at the end of
the third generation branch. Based on this, we can conclude
that the largest deposition of particles would be in the places
of the highest velocity.
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Fig. 4. Velocity distribution in the lower respiratory tract

The shear stress distributions are presented in Figure 5.
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Fig. 5. Shear stress distributions in the lower respiratory tract

The maximum shear stress value was 0.86 Pa. As for the
velocity distribution, the location of the maximum value was
in the same location as where maximum shear stress was
calculated.

Particles deposited in the respiratory system can cause
health problems, as a result of inflammation of the tissue in

which the particles are deposited. Inflammation of the airways
leads to increased sensitivity of the airways to irritants, such
as particulate pollutants. Also, inflammation leads to damage
to the cells of the respiratory tract and thus threatens the
integrity of the respiratory system. Inhalation of particulate
pollutants affects the development of diseases of the
respiratory system, due to the emergence of new inflammatory
processes in the tissue of the respiratory system. Frequent
exposure to particulate pollutants leads to chronic tissue
inflammation, which reduces the effectiveness of our body's
defense mechanism and can lead to the progression of
inflammatory respiratory diseases, including asthma.

V. CONCLUSION

The issue of air pollution is one of the most pressing
environmental challenges of today, as the air we breathe is
contaminated by particles and vapors from both natural and
anthropogenic sources. These pollutants can travel great
distances, often contaminating water and soil far from their
origin. To ensure that air quality in the future meets
established standards, it is essential to predict how pollutant
concentrations will change over time. Air quality models,
which use input data on emissions, topography, and
meteorological conditions, are crucial tools in this process.

This paper has given overview of different approaches
used to assess pollution transport and capture the relationship
between air pollution and human health. These types of
models contribute to a deeper understanding of pollutant
behavior and play a critical role in both industrial and
regulatory contexts. The paper highlights how air pollution
models can describe the origins of pollution, analyze cause-
and-effect relationships between emissions and environmental
factors, and propose measures to mitigate pollution’s adverse
effects.

The ability of numerical simulations to model a wide range
of pollution sources and conditions provides an opportunity to
enhance our understanding of particulate matter transport and
deposition. This, in turn, allows for the development of more
effective strategies to control pollution sources, helping to
minimize their environmental impact. The results can be used
to improve numerical simulations of particle movement in the
respiratory system, offering valuable information on how
pollution exposure affects human health based on proximity
to pollution sources. By determining how pollutants are
distributed in the respiratory tract, these findings can be
applied to improve health outcomes and inform the design of
industrial facilities to reduce their harmful effects.
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