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Exhaust Pollutant Emissions From Heavy
Duty Road Traffic Along a Segment of the
Pan-European Corridor 10
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Abstract

Heavy duty vehicles (HDV) play a significant role in the urban and extra-urban pollution derived from mobile sources. Due to their
dynamic nature and complex pollution processes and mechanisms, quantifying such emissions is often lacking from national inventories.
This paper aims to provide an insight into the extra-urban exhaust pollutant emission quantities that are a direct result from HDVs
traversing the Pan-European Corridor 10. To achieve this, the paper uses publicly available and on-site testing data, and further it devises
two scenarios that take account of the border passing and pay-toll waiting period for these types of vehicles. The motive behind writing
this paper is that creating suitable and applicable scenarios may help in devising policies that will lead to decreasing the emission of
pollutants from mobile sources, which will also decrease the overall pollutant concentration and improve the overall air quality.

Keywords: Pollution Sources, International Transport, Impact, Scenarios, Policies.

Ozet

Agir yik tagitlari (AYT), hareketli kaynaklardan kaynaklanan kentsel ve kentsel digi kirlilikte 6nemli bir rol oynamaktadir. Dinamik
yapilar1 ve karmasik kirlilik siirecleri ve mekanizmalar1 nedeniyle, bu tiir emisyonlarin nicelendirilmesi genellikle ulusal envanterlerde
eksik kalmaktadir. Bu makale, Pan-Avrupa Koridor 10'u gegen AYT’lerin dogrudan bir sonucu olan kentsel dis1 egzoz kirletici emisyon
miktarlarina bir bakig sunmay1 amaglamaktadir. Bu amagla, makale kamuoyunda bulunan ve yerinde yapilan test verilerini kullanmaktadir
veayricabu tiir araglar igin sinir gegisi ve ticret bekleme siiresini dikkate alan iki senaryo gelistirmektedir. Bu makaleyi yazma nedeni, uygun
ve uygulanabilir senaryolar olugturmanin, hareketli kaynaklardan gelen kirletici emisyonlarini azaltacak politikalarin olusturulmasina
yardimer olabilecegidir, bu da genel kirletici konsantrasyonunu azaltacak ve genel hava kalitesini iyilegtirecektir.

Anahtar Kelimeler: Kirlilik Kaynaklari, Uluslararas: Tasimacilik, Etki, Senaryolar, Politikalar.
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1. INTRODUCTION

The degradation of air quality in urban regions to a
significant degree is associated with mobile sources of
emissions (Qu et al.,, 2021; Ventura et al.,, 2021). These
emissions adversely affect human health and lead to
respiratory, cardiovascular and neurodegenerative
diseases (Cassee et al., 2014). However, there is also
growing evidence of freshly emitted air pollutants in the
vicinity of major highways, motorways, and freeways that
include: particulate matter (PM), nitrogen oxides (NOx),

and carbon monoxide (CO) (Brugge et al., 2007).

Considerable attention has been paid in research toward
diesel vehicles since they traditionally have the highest
emission rates of these exhaust pollutants (Al-Thani et al.,
2020;). At the same time, diesel engines dominate heavy-
duty applications because of their greater fuel efficiency
and torque output. This means that the presence of the
abovementioned pollutants and their contribution to air
pollution, overall negative impact to the environment
and general quality of life have been exacerbated by the
presence of heavy freight vehicles, otherwise known as
heavy duty vehicles (HDVs) (Jin et al., 2021, Manev et al.,
2021).

Although HDVs play a significant role in the urban and
particularly extra-urban pollution from mobile sources due
to their dynamic nature and complex pollution processes
and mechanisms, quantifying such emissions has been
somewhat complicated and this data is often lacking from
national inventories. That is why, the aim of this paper is
through the collection of on-site testing data and publicly
available data on the number of vehicles to calculate the
air pollution impact of heavy-duty road traffic along the
road segment of the Pan-European Corridor 10, running
through North Macedonia. EMEP/EEA’s methodology
is the primary means for the calculation of the exhaust
pollutant emissions (EEA, 2019a; EEA, 2019b), however,
this paper provides a scenario-based insight into the
pollutant emissions quantities when taking into account
idling periods due to border processing and pay-toll

stoppage.

2. METHODOLOGY
2.1 EMEP/EEA models

This part will outline the different models that are put
forward by the European Environment Agency which are
suitable for calculating the HDV pollution across different
scenarios, traffic characteristics and conditions.

The EMEP/EEA models related to the mobile sources
of pollution consider different vehicles, different
technologies, different categories across different EURO
emission models. In essence, there are three different
models put forward by the EEA, based on the level of the
details they contain. In fact, these methods or approaches
are: Tier 1, Tier 2 and, Tier 3. The following part of this
paper will present these three distinctive approaches, with
their specific characteristics and calculation variables.

Tier 1 Approach

The Tier 1 approach of the EMEP/EEA model relates to
the fuel consumption and the specific vehicle category
when deriving the emission of pollutants. More generally,
the Tier 1 approach is based on the following equation:

E = 2_: (Zm(FCLm x Epf,,f,m))

Where:
E, = emission of pollutant I [g],

FC,,= fuel consumption of vehicle category j using fuel
m [kg],

EF,. = fuel consumption-specific emission factor of

ijm

pollutant i for vehicle category j and fuel m [g/kg].

The emission factors are derived from more complex
approaches and methodologies which enables an easier
calculation of the emission of different pollutants. In
fact, these factors are given in the form of a mean value
accompanied by the minimum and maximum values
retrieved from the more complex approaches. The
following tables 1 and 2 provide an overview of such
emission factors for HDV.
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Table 1. Tier 1 NOx and PM Emission Factors for HDVs

[g/kg fuell

Diesel | 33.37 | 2834|3829 | 094 |0.61| 157
CNG 13.00 | 550 |30.00 | 0.02 | 0.01 | 0.04

Table 2. Tier 1 CO and NMVOC Emission Factors for
HDVs

Diesel | 7.58 573 | 1057 | 192 | 1.33 | 3.77

[g/kg fuell

CNG 5.70 220 | 15.00 | 026 | 0.10 | 0.67

The Tier 1 approach also considers other pollutants,
providing the derived emission factors that relate not only
with the fuel combustion, but also with the combustion of
lubricant oil. Table 3 provides the emission coefficients for
the lubricant oil combustion.

Table 3 — Tier 1 Lubricant Oil Emission Factors for HDVs

CO, from lubricant oil

[g/kg fuell
Diesel 2.54 1.99 3.32
CNG 3.31 3.09 3.50

Aside of these emission factors, another important input
in the Tier 1 approach stands to be the fuel consumption
of vehicle categories and the related type of fuel. Table 4
provides the typical fuel consumption for HDVs.

Table 4 — Typical Fuel Consumption of HDVs (Tier 1)

Typical fuel consumption

Fuel Category lg/km]
Diesel 240
CNG (Buses) 500

Considering the characteristics of this approach, Tier 1
stands tobe most useful when applied for the determination
an conducting an aggregate analysis of pollution within a
certain area where the fuel consumption/sales along with
the number of vehicles from the analysed categories are
known.

Tier 2 Approach

The Tier 2 approach expands on the Tier 1 method, as
the vehicles’ emission standards are considered. More
specifically, for each vehicle category and type of fuel, the
Tier 2 approach considers the EURO emission standard
technology adopted, providing more specificities and
calculation elements. The following equation represents
the Tier 2 approach:

Ejx = Z;C(M'k X My, % EFy )
Where:

N;, = number of analysed vehicles of category j and

teéhnology k,

M, = average annual distance driver per vehicle of

category j and technology k [km/veh],

EF, = technology-specific emission factor of pollutant i
for vehicle category j and technology k [g/veh-km].

What stands to be the most important aspect of the Tier
2 approach is the fact that it extends the emission factors
of the category of analysed vehicles according to their
technology to include emission factors that are specific
to the emission standard. Table 5 provides the emission
factors for HDVs for different pollutants according to their
emission standard.
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Table 5 — Tier 2 CO, NMVOC, NOx and PM Emission Factors for HDVs

Type Technology (EURO Cco NMVOC NOx PM
Units Standard) g/km g/km g/km g/km
Conventional 1.85 1.07 4.70 0.333

Euro 1 0.657 0.193 3.37 0.129

Euro 2 0.537 0.123 3.49 0.061
Diesel <=7.5t Euro 3 0.584 0.115 2.63 0.0566
Euro 4 0.047 0.005 1.64 0.0106
Euro 5 0.047 0.005 0.933 0.0106
Euro 6 0.047 0.005 0.180 0.0005
Conventional 2.13 0.776 8.92 0.3344

Euro 1 1.02 0.326 5.31 0.201

Euro 2 0.902 0.207 5.50 0.104
Diesel <=7.5-16t Euro 3 0.972 0.189 4.30 0.0881
Euro 4 0.071 0.008 2.65 0.0161
Euro 5 0.071 0.008 1.51 0.0161
Euro 6 0.071 0.008 0.291 0.0008

Conventional 1.93 0.486 10.7 0.418

Euro 1 1.55 0.449 7.52 0.297

Euro 2 1.38 0.29 791 0.155

Diesel <=16-32t Euro 3 1.49 0.278 6.27 0.13
Euro 4 0.105 0.010 3.83 0.0239
Euro 5 0.105 0.010 2.18 0.0239
Euro 6 0.105 0.10 0.422 0.0012

Conventional 2.25 0.534 12.8 0.491

Euro 1 1.90 0.510 9.04 0.358

Euro 2 1.69 0.326 9.36 0.194

Diesel > 32 t Euro 3 1.79 0.308 7.43 0.151
Euro 4 0.121 0.012 4.61 0.0268
Euro 5 0.121 0.012 2.63 0.0268
Euro 6 0.121 0.012 0.507 0.0013

Moreover, the Tier 2 approach also considers the fuel Tier 3 Approach

consumption of the vehicles in question, providing

typical fuel consumption for HDVs as seen in table 6.

Table 6 — Typical Fuel Consumption of HDVs (Tier 2,

Euro 1 and later)

Weight Category Typical fuel consumption
[g/km]
<=75t 101
75-16t 155
16-32t 210
>32t 251

The Tier 3 method is the most complex approach for
calculating the pollution emission from mobile sources. The
approach includes a combination of technical data such as
emission factors and activity data, including total kilometres
travelled. The Tier 3 approach includes both hot (emissions
during stabilized or hot engine operation) and cold
(emissions during transient thermal engine operation, also
known as cold start). Moreover, this approach includes the
activity data and characteristics of the mobile sources in three
distinctive scenarios: i) the urban, ii) the rural and iii) the
highway driving profiles. This makes this approach suitable
for analysing these distinct driving conditions. Figure 1
presents the application of the baseline methodology.
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Fuel variables
Consumption
Specifications (RVP, contentin different species) per fuel

Activity data

MNumber of vehicles per vehicle category

Distribution of the vehicle fleet into different exhaust
emission legislaton classes

Mileage per vehicle class

Driving conditions
Average speed per vehicle type and per road

INPUT VARIABLES

Other variables
Climatic conditions

Mean trip distance
Evaporation distribution

Emission factors
Per type of emission (hot, cold, evaporation)
I « : i i
o= Per vehicle class
< O Per road class
o =
¥ 5
E = Cold mileage percentage
w =
E ﬁ Per month
= Per vehicle class
= =

Calculation of annual emissions of all pollutants for all road traffic source
categories at all defined territorial units and road classes

Figure 1 - Flow Chart of the Application of the Baseline Methodology

The application of the Tier 3 method for calculating the hot
emissions includes the following equation:

Eyoriper = N X My p X €xor,ijer

Where:

E, or, 1, = hot exhaust emissions of pollutant i [g] generated

by vehicles with technology k that are driven on roads
typer,

N, = number of vehicles [veh] of technology k

M, = mileage per vehicle [km/veh] driven on road type r
by vehicles with technology k,

e emission factor [g/km] for pollutant i, for

HOT,ikr

technology k, driven on road type r.

Moreover, the driving modes in the three distinctive
scenarios pose the challenge of determining the average
speed that corresponds to each of these scenarios. More
specifically, the driving modes that are velocity-dependent
yield different results in terms of pollution, as the specified
emission factors that are determined through different
approaches are in fact velocity-dependent.

As the Tier 3 approach is the most detailed way of
calculating emission pollution from mobile sources across
different scenarios and for different vehicle categories and
EURO emission standards, the EMEP/EEA guidebook
provides the emission factor function for each of these
different variables across different weight categories and
different EURO emission standards.
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2.2 Calculation models selection

The emission of pollutants from mobile sources includes
not only the two general aspects covered by the EMEP/
EEA’sTier 3approach, butalso otherrelevant determinants.
More specifically, mobile sources emissions are also
related with both the active driving cycle (that includes
the hot and cold emissions) and from the idling cycle
(where vehicles are stationary). Due to these complexities,
the approach taken within this research addresses both the
active emissions (hereinafter hot emissions) and the idling
emissions. To calculate the active emissions, the EMEP/
EEA model is considered. By following the decision tree
presented in figure 2, the appropriate Tier approach is
selected.

The calculation of the hot and the idling emissions from
heavy duty vehicles is performed by combining the
EMEP/EEA Tier 3 hot emissions methodology along
with the idling emission factors suggested by CAFEE and
adjusted according to the emissions’ decrease realised
through the implementation of higher EURO emission
standards.

When it comes to the EMEP/EEA methodology selection,
the approach considers all of the relevant input variables
for the purpose of achieving the detailed calculation
provided by the Tier 3 approach. Figure 3 outlines all
input variables needed to successfully apply the Tier 3
approach.

As seen from the figure, the hot emissions from HDV
according to EMEP/EEA’s Tier 3 methodology are both
vehicle and route specific. This means that aside of
the vehicle characteristics such as the EURO emission
standard, velocity, the curb weight and the load, the slope
of the terrain and consequently the length of the analysed
route also impacts the HDV’s hot emissions. Having
said this, it is important for the route to be analysed and
different height segments to be determined, which will
ease the calculation of hot emissions according to the
height and length segments of the analysed route, creating
a route profile that grasps the slope, the length, and the
average velocity of the HDVs in that segment.

On the other hand, the idling emissions calculation
approach is only time- and EURO emission standard
specific, as it provides the idling emissions of HDVs
per hour. In short, the only input variables of the idling
emission calculation approach stand to be the time spent
idling and the EURO emission standard of the HDVs, in
order to obtain the emission factors.

==

Are vehicle
Kar and mean Yas

velling speed available
per mode and vehicle

technology?

Use Tier 3 approach,
using vehicle activity
based model, e.g.
COFERT

No

'

Use Tier 2 Emissions

Are vehicle km per Yes Factors, based on vehicle
vehicle tecrmlogy km for different vehicle
Availahle?” tcchnologics

Collect data to apportion
fuel among different vehicle
Is this a Yes technologies for each
key category? NFR code, deriving
vehirle km for
vehicle sub-categories
No*
Apply Tier 1
default EFs
based on fuel
consumption

Figure 2 - EMEP/EEA Decision Tree for HDVs’ Exhaust
Emissions

Figure 3 — Input Variables of the EMEP/EEA’s HDV Tier
3 Approach

2.2.1. EMEP/EEA Tier 3 Hot Emission Calculation Functions

The applicability of the Tier 3 emission calculation approach
isfurtherjustified by thelower and upper velocity calculation
limits with which high coefficients of determinations are
guaranteed. In this case, the lower limit is 12 km/h while
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the upper velocity limit is 86 km/h, making these functions
highly applicable within this analysis. Moreover, the Tier
3 approach considers four pollutants which are mostly at
the centre of analysis in environmental and transportation
engineering. These four pollutants are carbon monoxide
(CO), nitrous oxides (NOx), hydrocarbons (HC) and
particulate matter (PM).

The calculation functions for different weight HDV
categories with different EURO emission standards were
taken from EMEP/EEA’s methodology and adjusted by
considering a 50% HDV load and a 0% terrain slope. The
emission functions are based on different models including
the Hoerl, the two power fits, the reciprocal quadratic, the
Harris as well as the reciprocal exponential model. All these
functions are velocity dependent and contain constants
provided in the methodology application manual.

2.2.2. Adjusted CAFEE Idling Emission Coefficients

The CAFEEidling emission coefficients provide the emission
of the hereinbefore mentioned pollutants according to the
EURO emission standard, but up to EURO 4. To satisfy the
requirements of calculating the idling emissions for the later
EURO emission standards, the following approach was
followed. Namely, the idling emission coefficients for EURO
5 and EURO 6 emission standards were decreased by the
same percentage as are the mean hot emission coefficients
compared to EURO 4. By doing this, the carbon monoxide
(CO) emissions remained the same, but decreases in the
idling emission coefficients was achieved in the following
pollutants:

e Nitrous oxides (NOx): 53% reduction for EURO 5 and
89% reduction for EURO 6 as compared to EURO 4,

*  Hydrocarbons (HC): no reduction for EURO 5 and 72%
reduction for EURO 6 as compared to EURO 4 and,

¢ Particulate matter (PM): no reduction for EURO 5 and
50% reduction for EURO 6 as compared to EURO 4.

By taking this approach, the following emission coefficients
were obtained as presented in table 7, expressed as grams
per hour according to the different EURO emission
standards for the same pollutants. The idling emission
coefficients presented in the table above provide for an easy
calculation of the idling emission of heavy-duty vehicles,
as the needed inputs are only the number of vehicles per
EURO emission standard and the waiting time in hours.

2.3. Route Specification

The HDV emission analysis is focused on a road segment
of the Pan-European Corridor 10 (the E-75 highway).

Specifically, the road segment starts from “Bogorodica”
border crossing on the border with Greece and ends north
at the “Petrovec” pay toll. This segment has a total length
of 136 kilometres and contains several pay tolls, which
are important points in terms of the velocity segment
characterization. To determine the altitude of the route
as well as determine the velocity profile, the route was
driven with a passenger car and the data was recorded by
using a GPS-enabled recording device with an integrated
speedometer. The results of this measurement approach
and the obtained crude data is presented in the following
figure.

Table 7 — Idling Emission Coefficients per EURO
Emission Standard

Pollutant
Emission EURO 4 EURO 5 EURO 6
[g/h]
CcO 27 27 27
NOx 60 28.2 6.6
HC 4 4 1.12
PM 1 1 0.5

The recorded data were afterwards cleaned, removing
any outliers in both the velocity and altitude profiles due
to route-specific elements such as tunnels, elements that
negatively influence the measuring and the recording of the
needed data. Moreover, the changes in the altitude within
the identified segments will enable the determination of
terrain slopes, as one of the main input variables in the
HDVs’ hot emission calculation. The results obtained
across 80,000 measuring points from the crude data in
figure 4 resulted in the following speed and altitude
profiles, shown in figure 5. These profiles are related to
the passenger vehicle with which the measurements
were made, considering the speed limits on the different
segments on the route.

2.3.1. Characteristic Segments

The determination of the characteristic segments with their
corresponding terrain slope, velocity and length was done
based upon the recorded GPS and velocity data presented
in figure 3 and adjusted according to the country’s upper
velocity limitations for HDVs on highways. The identified
characteristic segments for HDVs are presented in table 8
and figure 5 below, including their average velocity, slope
and length. These results provide the needed route specific
inputs for determining the hot emissions from HDVs
according to the Tier 3 approach. As there are no positive/
negative slope variations, the calculation of the hot and
the idling emissions are independent from the direction.
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Figure 5 — Characteristic Segments for HDVs
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Table 8 — Characteristic Segments Data

Segment é:le;:i%)ef Lﬁ?n‘(i;h
[km/h]
1 60 17 0.1
2 80 24 -0.6
3 70 20 0.75
4 60 29 0
5 70 46 -0.2

2.4. HDV Characteristics

The required HDV characteristics as inputs in the Tier 3
approach relate to the number of such vehicles according
to their EURO emission standard, curb weight and load.
The load is defined to be 50%, while the main HDVs
characteristics are derived from the Public enterprise for
state roads data on the number of HDVs across various
segments on the selected route. The selection of HDVs
to be considered in this research was performed by
comparing the number of HDVs in two segments (the
Gevgelija - “Bogorodica” border crossing and the Petrovec
- Veles segment) and selecting the smaller number. When
this approach is applied on the data obtained from the
Public enterprise for state roads by different segments,
the following average daily traffic per vehicle category
per year is obtained, as presented in figure 7. The vehicle
category designations used by the Public enterprise for
state roads corresponds to the Tier 3 categorization of
HDVs according to the curb weight, resulting in K4 (14-20
tonnes), K5 (20-28 tonnes) and K6 (28-34 tonnes).

450 I

400
350

i of HDVs
= e R R
B8 8E
%

2010 2011 2012 2013 2014 2015 2016 2017 2018
Year

— ] — T —

Figure 7 — Average Daily Traffic per Vehicle Category

After obtaining the number of HDVs according to their
curb weight category, the EURO emission standard should
be derived to fulfil all of the input data requirements
for the Tier 3 approach. Due to the lack of such data,

the following assumption is made in terms of dividing
the selected number of HDVs according to an emission
standard:

*  20% of the HDVs satisfy the EURO 4 emission
standard,

*  50% of the HDVs satisfy the EURO 5 emission
standard and,

* 30% of the HDVs satisfy the EURO 6 emission
standard.

In order to apply this assumption to a specific year, the
data from the year 2018 is taken into account in order to
avoid the implemented vehicle categorization changes
adopted by the Public enterprise for state roads. When the
EURO emission standards assumptions are applied to the
2018 data, the following results are obtained, as presented
in table 9.

The analysis shows that in 2018, most of the HDVs that
used the selected route belonged to the K6 category and
satisfied the EURO 5 emission standard, followed by the
same category with EURO 6 emission standard.

Table 9 — Average Daily Traffic per Vehicle Category and
EURO Emission Standard

Vehicle category/

EURO emission EURO4 | EUROS5 EURO 6

standard
K4 31 77 46
K5 31 76 46
K6 99 246 148

2.5. Scenarios - Idling Periods

To grasp the importance of decreasing the idling times of
HDVs and outline the difference between short and long
idling times on the production of pollutants, the following
two scenarios are developed taking into account the
border processing or layover times at the “Bogorodica”
border crossing and the waiting times at the five pay-tolls
in the analysed segment.

*  Scenario 1: 50 minutes waiting at the border crossing
and 5 minutes waiting at each pay toll in the specified
segment, resulting in 75 minutes idling periods and,

*  Scenario 2: 20 minutes waiting at the border crossing
and no waiting times at pay tolls in the specified
segment, resulting in 20 minutes idling periods.
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3. RESULTS
3.1. Hot Emissions

These emissions constitute the larger of the two parts
of the total emissions from HDV on the analysed route.
Aside of the specific results per the vehicle category and
the EURO emission standard, an important aspect must
be drawn in terms of the total pollution per the analysed
pollutants. In order to provide these findings, table 10
below shows the total hot emissions of CO, NOx, HC and
PM from the HDVs on the selected route.

Table 10 — Total Hot Emissions from HDVs

Pollutant Emission Emission
[kg/year] [ton/year]
co 25682.34 25.68
NOx 79231.75 79.23
HC 1239.44 1.24
PM 820.73 0.82

The results show that nitrous oxides (NOXx) are the largest
emitted pollutants from HDVs on this route, when the
driving (hot) emissions are considered, with more than
79 tonnes per year. These emissions are followed by
the carbon monoxide emissions (CO), with more than
25 tonnes per year. The hydrocarbons (HC) and the
particulate matter (PM) emissions, despite being vastly
lower, are still present as pollutants on the route, with 1.24
and 0.82 tonnes per year respectively.

3.2. Idling Emissions

When it comes to the idling emissions, two different results
were obtained depending on the selected scenario. For
example, the difference between the two scenarios is 55
minutes, from which it becomes immediately evident that
the longer idling times will have higher idling emissions.
The results from Scenario 1 are provided in table 11 while
the results from Scenario 2 are provided in table 12 below.
The results show that the idling emissions are only a small
part of the total emissions from HDVs on the selected
route.

The idling emission results suggest that by decreasing
the idling periods of HDVs on the selected route, the
decrease of more than 6 tonnes of carbon monoxide (CO)
emissions may be achieved, as well as the decrease of
more than 7 tonnes of nitrous oxides (NOx) emissions.
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The decrease of the idling periods also leads to a decrease
in the hydrocarbon (HC) and the particulate matter (PM)
emissions.

Table 11 — Idling Emissions from Scenario 1 (75 minutes

idling period)
Pollutant I[Eli;};sel::]l []i::/s;ig:;
co 9263.70 9.26
NOx 10119.17 10.12
HC 1120.11 1.12
PM 299.30 030

Table 12 — Idling Emissions from Scenario 2 (20 minutes

idling period)
Pollutant Fl?;};sel::]l []i(r::li;;ig:;
Cco 2628.00 2.63
NOx 2736.99 274
HC 305.24 031
PM 82.73 0.08

These results also point to the need of adopting different
practices and systems for decreasing the idling periods
of HDVs. Aside of the vehicle-specific technologies that
control these idling emissions, certain modifications and
innovations along the route may be adopted in order to
decrease the idling periods and thus the idling emissions.
Such innovations are suitable to be adopted in the border
crossing and across the different pay tolls on the route.

3.3. Total Emissions

The total emissions from HDVs on the analysed route
include both the hot and the idling emissions. Moreover,
the calculation of the total emissions according to this
methodology also addresses the route reversibility issue,
and as there are no slope variations, the route with its
segments should not be altered to grasp such variations.

In other words, the summation of the hot and idling
emissions will provide the result of the emission of
pollutants on the route from heavy duty vehicles according
to the data from 2018. The results from the two analysed
scenarios that are idling period dependent are presented
in the following table 13 and table 14.
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Table 13 — Total Yearly Emissions for Scenario 1

Pollutant Emisys::;; (kg/ Emis;ie(;rrl) (ton/
coO 34946.04 34.95
NOx 89350.92 89.35
HC 2359.56 2.36
PM 1120.03 1.12

Table 14 — Total Yearly Emissions for Scenario 2

Pollutant Emission (kg/ Emission (ton/
year) year)
CcO 28310.34 28.31
NOx 81968.74 81.97
HC 1544.68 1.54
PM 903.46 0.90
4. CONCLUSION

Increasing awareness of the urban air pollution impacts
from mobile sources has slowly, but surely been shifting
to include extra-urban sources as well.

Due to the emphasis being primarily put on urban air
pollution however, national inventories often lack the data
that considers the impact of exhaust pollutants emissions
in the vicinity of major highways. The aim of this paper
was a thorough scenario-based analysis of the quantities
of pollutant emissions resulting from diesel HDVs
traversing a road segment of the Pan-European Corridor
10, crossing North Macedonia. Furthermore, on-site data
measurements and publicly available data on the number
of vehicles crossing multiple counting points along the
E-75 highway provided by the Public enterprise for state
roads added to the credibility of this study.

Devising the two scenarios (despite their simplicity) had a
purpose of quantifying the impact of “waiting” or idling
periods from trucks and considers border layover and
processing times and pay-toll waiting times. The analysis
of the results from both scenarios shows that the decrease
of the idling period for 55 minutes on the selected route
will result in a yearly decrease of HDVs’ carbon monoxide
(CO) emissions for more than 6 tonnes, the nitrous oxides
(NOx) emissions for more than 7 tonnes, the hydrocarbon
(HC) emissions for more than 500 kilograms and the
particulate matter (PM) emissions for more than 200
kilograms. As such, the decrease of the waiting times
across the border crossing and the pay tolls for heavy

duty vehicles is justified by the vast decrease of the related
pollution emissions.

A major point of discussion as well as a point for future
work is to analyse the impact of the automated pass by
“M-card” or “M-TAG” on reducing pay-toll waiting
times especially for HDVs. This system was set up
during 2019 and had a test period on the existing 5 pay-
toll locations, while by the end of 2019, 2 more pay-toll
locations were put in function. The automatization of the
pay-tolls strongly relates to the second scenario, so future
research should be aimed at proving or disproving if the
automatization reduces waiting times, and how does this
affect the exhaust emissions pollutant quantities along the
Pan-European Corridor 10.
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Abstract

In Macedonia, the recycling rate is extremely low, representing only 1% of the total generated waste, leading to large amounts of waste
being landfilled. A solution in line with the waste management hierarchy regarding waste disposal is waste recovery represented through
energy valorization by utilizing the remaining valuable components of waste. In order to avoid throwing waste into landfills, there is a
possibility to use it as an energy source for clinker production. In the paper, the energy potential of different fossil fuels is analyzed and the
environmental aspect from pairing fossil fuels with refuse-derived fuel (RDF) in the cement production process. According to the national
legal framework, the cement industry is permitted to use different waste types as alternative fuels, including RDF. The considered cement
industry can implement alternative fuels in the production process with amounts up to 30,000 - 35,000 tons per year. The calculations
regarding CO2 emissions were performed for 5 different scenarios with various shares of alternative fuels in the fuel mix composition,
starting with 0%, continuing with 25%, 50%, 75%, and 100%. Also, an economic effect achieved due to the replaced thermal energy source
was calculated, expressed as mass saving of fossil fuel and financial saving derived. The performed calculations showed when RDF is
used in the fuel mix with 75% the CO2 emission reduction is 2.9% when used with coal, 7.3% when combined with lignite, and around 2%
when combusted with petrol coke. Economic benefits are generated from the mass reduction of fossil fuels by their substitution with RDE.
The maximal, theoretical substitution rate was 100% RDF where the financial savings from the reduced coal consumption were calculated
to be above 12 million euro, from heavy fuel oil (HFO) saved were below 23,5 million euro, from reduced lignite usage were above 37
million, and from petrol coke saved were 15,4 million euro.
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INTRODUCTION

In the city of Skopje in the Republic of North Macedonia,
there is one cement plant producing cement and cement
materials with maximal annual production capacity
of 1,750,000 tons. Different fossil fuel types can be
used as primary fuel in the burners, including petrol
coke, coal, lignite, fuel oil []. The process of excavation,
transport, and combustion of fossil fuels is related with
negative environmental impact [, ]. In order to mitigate
the influence on the environment the cement company
started implementing alternative fuels in the year 2018
[I. According to the national legal framework, the cement
industry is permitted to use different waste types as
alternative fuels, including biomass, wood, textile,
refuse-derived fuel (RDF), plastics, paper, and packaging
waste. The considered cement industry can implement
alternative fuels in the production process with amounts
up to 30,000 - 35,000 tons per year for each waste type [].
This paper analyzes how substitution of different fossil
fuels with RDF impacts the environment expressed
through CO, emissions []. The fossil fuels included in the
calculations are coal, petrol coke, lignite, and heavy fuel
oil (HFO). The calculations regarding CO, emissions were
performed for 5 different scenarios with various shares of
RDF in the fuel mix composition, starting with 0%, then
25%, 50%, 75% and finally 100%. Also, an economic effect
achieved due to the replaced thermal energy source was
calculated, expressed as mass saving of fossil fuel and
financial savings derived. The RDF quantities used were
calculated based on the amount of municipal solid waste
(MSW) landfilled at Drisla landfill. The Public utility
Drisla — Skopje DOO is a public company and is the only
legal landfill in the country. Drisla Landfill is registered
for collection, processing, and disposal of non-hazardous
and hazardous waste. Additional activities realized at
the plant are treatment (crushing and sterilization) and
incineration of medical waste, and disposal of asbestos
waste. The amount of disposed municipal waste on the
landfill is continuously growing and the numbers for the
last 10 years are presented in Table 1 below. According to
the analysis done by Dong, around 50% of the combustible
MSW can be used to produce RDFE. However, due to the
high moisture content in the MSW in Drisla the adopted
conversion rate from MSW to RDF in this paper is 40% []
and the amount of RDF generated from the total amount
of MSW landfilled in Drisla in 2021 presents 103,483 tons.

Table 1. Municipal waste landfilled in Drisla []

2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
Total

Municipal
waste
[tons/
year]

151,791
155,732
167,639
172,679
196,003
227,236
219,699
226,187
233,686
258,770
1,980,000

Analysis of the composition of municipal waste landfilled
in Drisla together with the calculated amounts of waste
generated on annual level are given in Table 2 below.
According to the table, organic waste represents around 2%
of the total municipal waste landfilled, textile represents
5.8%, plastics are around 12.4%, paper is included with
15.3% and packaging waste represents 2% from the total
municipal waste landfilled. However, apart from the
quantity, additional parameters important for defining
the thermal potential of waste for use as alternative fuel
in cement production plant are heating value (energy
content) and waste composition, such as moisture and
volatile contents.

Table 2. Percentual representation of waste types in total

municipal waste []

Waste type Quantity [tons/
Content [% by year]
x;’t‘idpal weightl 258,770
?:;’i‘gjef:"d 152 3,933
Organic waste 2.0 518
Glass 5.5 1,423
Plastics 124 3,209
Paper/ Carton 15.3 3,959
Packaging waste 2.0 518
Metal 1.2 31
Textile 5.8 1,501
Electronic waste 0.2 52
Other 11.9 3,079
ulomaler | aus
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METHODOLOGY

Waste is delivered to the cement plant from factories
throughout the country that perform different business
activities. The waste is placed in a designated area for
waste storage and preparation. The process of RDF
preparation is described further. First the waste is inserted
into the shredder Lindner Komet with power of 2 x 160

kW, which is shown in Figures 1 and 2. The cutting system
is a single-shaft system with screwed knife rows with
rotor speed of 355 min™ and two rows of stator knives. The
drive is an electromagnetic belt drive []. The particle sizes
at the outlet are around 10-90 mm as shown in Figure 3.
As such, samples can be taken for laboratory analysis for
defining heating value, elementary and technical analysis.

Figure 1. Front view of Lindner
Komet waste shredder

Figure 2. Back view of Lindner Komet
waste shredder

Figure 3. Shredded waste

The prepared RDF is ready to be inserted in the burner. The burner is produced by Unitherm Cemcon. It has four inlets,
each for different input material, including; fossil fuels, alternative fuels, primary air, and fuel oil for auxiliary ignition.
Figure 4 shows the inlet pipes to the burner and Figure 5 the cross-section of the burner. The multifuel mono airduct system
(M.A.S.) enables the complete primary air flow to be brought using one single channel which is directly guided into the
required swirl. The swirl is adjustable offering maximum flame control and accuracy in flame setting [].

Figure 4. Inlet pipes to the burner

Figure 5. Multifuel M.A.S. burner
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Five different scenarios were analyzed to investigate how
implementing RDF as substitution for fossil fuel in the
cement kiln will affect the final amount of CO, emitted. All
calculations described below were performed based on the
thermal energy necessary for annual clinker production.
The average annual clinker production from two rotary
cement kilns (for the last three years) is 770,000 ton/year.
The annual necessary thermal energy equals 2,675,750 x
10% GJ. The share of energy in different scenarios coming
from conventional fuels and RDF is given in Table 3.
There numbers for the fuel mix will be used further in the
presentation of the results.

Table 3. Fuel mix composition data

Fuel mix 1 2 3 4 5
Fossil fuel 100% | 75% | 50% | 25% 0%
RDF 0% 25% | 50% | 75% | 100%

The quantity of fuel necessary for achieving the heat input
is given in Table 4.

Table 4. Necessary fuel quantity for achieving thermal

input

Fuel Coal | Heavy fuel | Lignite Petrol

mix [t/y] oil [t/y] [t/y] coke [t/y]
1 100,782 65,262 132,792 77,000
2 75,586 48,947 99,594 57,750
3 50,391 32,631 66,396 38,500
4 25,195 16,316 33,198 19,250
5 0 0 0 0

The fuel quantity was calculated based on the lower
heating values (LHV) of each fuel and the required
thermal energy for cement production. The LHVs of all
fossil fuels and RDF used for the calculations are given
in Graph 1. The CO, emissions factors of the same fuels
which represent a basis for the calculations are presented
in Graph 2. The parameters regarding fossil fuels are given
as stacked columns with gray color, whereas with black
line are shown the values for RDF for easier comparison.
The parameters of the fossil fuels and RDF considered in
the calculations were not changed.

g9

€O, emission factor
[kgCO'GI

96 713 101 92.8
Coal Heavy fuel oil Lignite Petrol coke
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40,000
35,000
— 30,000
g
< 25,000
3
= 20,000
= 16,730
= 15000
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Coal Heavy fuel il Lignite Petrol coke
Fossil fugls =R DF
Graph 1. Lower heating values of fossil fuels and RDF

Graph 2. CO, emissions factors of fossil fuels and RDF

The highest calorific value of all fossil fuels has heavy
fuel oil, followed by petrol coke, then coal and ending
with lignite. Compared to fossil fuels, RDF has the
lowest heating value with 16,730 MJ/ton. Meaning that
greater quantities of RDF will be needed for achieving
the necessary thermal energy for clinker production
compared to the other fossil fuels.

The total CO, emissions from co-combustion of coal, petrol
coke, heavy fuel oil or lignite with RDE, represented as in
[tonCO, /year] are calculated as a product between the
CO, emission factor for different fuel in [kgCO,/GJ] and

the thermal input with different fuel in [G]/year]. The CO,
emission factors of all considered fuels are given in Graph
2. The highest emission factor has lignite, followed by coal,
then petrol coke and heavy fuel oil. Heavy fuel oil has the
lowest CO, emissions factor from all fuels, including RDF.
Whereas, the emissions factor of RDF is lower compared
to coal, petrol coke and lignite. The quantity of fuel saved
due to replacement with RDF, expressed as in [ton/year],
is delivered as quotient between the thermal input with
fossil fuel in [G]/year] and the lower heating value of
fossil fuel in [G]/ton].
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The quantity of saved fuel on annual level is obtained by
dividing the energy input with fossil fuel depending on
the fuel mix with the LHV of respective fossil fuel. The fuel
savings are calculated and expressed as financial savings
taking into consideration the current fossil fuel prices. The
financial savings from fossil fuel saved in [euro/year] are
calculated by dividing the mass fossil fuel saving due to
replacement with alternative fuel in [ton/year] with the
price of fossil fuels in [euro/ton] [, ].

FINDINGS

The results from the calculations are given in Graph 3
and Graph 4. Graph 3 presents the CO, emissions from
each fossil fuel compared with RDF. When no RDF is
used in the combustion process the CO, emissions from
the conventional fuels are highest for lignite with 268,239
tCO, /y, followed by coal with 251,551 tCO,/y, then petrol
coke with 248,310 tCO,/y, and lowest for heavy fuel oil
with 206,331 tCO,/y. The most polluting fuel regarding
CO, emissions is lignite, and the least is heavy fuel oil.
When RDF is used for total substitution of the fossil fuel
in the cement kiln the CO, emissions are 241,985 tCO,/y.
This leads to the conclusion that the emissions from RDF
combusted in cement kilns are lower compared to lignite,
coal, and petrol coke. The same trend applies for the rest
of the fuel mixes, with 75% RDE, 50% RDF and 25% RDE.
The difference in the CO, emissions between 50% RDF and
50% lignite is around 13,000 tCO, !y, 50% RDF and 50% coal
is bit above 4,700 tCO,/y, 50% RDF and 50% petrol coke
is somewhere above 3,100 tCO,/y. The differences in the
CO, emissions are greater as the substitution rate is greater.
Heavy fuel oil has lower emissions than RDF when used
with 25%, 50%, 75% and 100% fuel in the burner. However,
considering that using RDF as fuel in the cement production
process leads to lower MWS being landfilled and methane
emissions saved, it can be considered that the impact is less
environmentally harmful compared to heavy fuel oil.

241,985
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Graph 3. CO2 emissions from fossil fuels compared with
RDF
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Graph 4 presents the total CO, emissions from different
fuel ratios when conventional and alternative fuels are
mixed. It can be noted that when RDF is used in the fuel
mix with 75% the CO, emission reduction is 2.9% when
used with coal, 7.3% when combined with lignite, and
around 2% when combusted with petrol coke.

310

251,551
268,233
248,
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Graph 4. Total CO2 emissions form fossil fuels and
RDF

The mass savings of fossil fuels achieved due to their
partial replacement with RDF are presented in Table 5. By
replacing 25% of the heat generated from fossil fuels with
RDF the saved fuel quantities are highest for lignite with
33,198 t/y, followed by coal with 25,195 t/y, then petrol
coke with 19,250 t/y and heavy fuel oil with 16,316 t/y.
The maximal amount of fossil fuel saved is when RDF
is the only fuel in the burners, where the biggest saving
with 132,792 t/y is for lignite, 100,782 t/y for coal, 77,000
t/y for petrol coke and 65,262 t/y for heavy fuel oil. The
amount of fuel saved does not reflect proportionally the
cost savings for the company due to the price difference of
the fossil fuels. The greatest financial saving derived from
the fuel saved and the price of the fuel is from lignite with
above 37 million euro, followed by heavy fuel with almost
23,5 million euro, then petrol coke with 15,4 million euro
and coal with around 12 million euro per year. However,
realistically feasible is to replace 25% of the thermal input
with RDF instead of fossil fuel. This substitution rate
will also have financial benefits for the cement company
considering that the costs for RDF are taken to be zero. The
waste producers do not pay to hand over the waste to the
cement plant. Considering that there are no CO, emission
fees in Macedonia there are no financial benefits for the
company for reducing CO, emissions.



Chj 2023; 4(1):12-17

Table 5. Mass and financial savings from substituting
fossil fuels with RDF

Share of heat
from RDF 25% 50% 75% 100%
Coal
Fuel saved 25,195 | 50,391 75,586 | 100,782
[t/y]
Cost savings 3,023 6,047 9,070 12,094
[keuro/y]
Heavy fuel oil
Fuel saved 16,316 | 32,631 48,947 65,262
[t/y]
Cost savings 5,874 11,747 17,621 23,494
[keuro/y]
Lignite
Fuel saved 33,198 | 66,396 99,594 | 132,792
[t/y]
Cost savings 9,295 18,591 27,886 37,182
[keuro/y]
Petrol coke
Petrol coke 19,250 | 38,500 57,750 77,000
saved [t/y]
Cost savings 3,850 7,700 11,550 15,400
[keuro/y]
DISSCUSIONS

In this paper it is analyzed how using RDF in the cement
production process will impact the environment and the
financial status of the cement company. The conclusions
are that implementing RDF as substitution for fossil fuels
in the cement kilns leads to CO, emissions reduction, thus
positive environmental impact. The only deviation from
this trend is for heavy fuel oil, because according to the
CO, emissions factor, it has lower emissions compared
to RDF. However, considering the production process of
heavy fuel oil and the methane emissions saved from the
reduced amount of MSW landfilled, it can be assumed
that using RDF as fuel instead of heavy fuel oil does
not lead to negative environmental impact. Regarding
CO, emissions, the most environmentally friendly is to
use heavy fuel oil instead of coal, petrol coke or lignite,
combined with RDF in any in any ratio. Apart from the
CO, emissions reduction this option leads to big financial
savings for the cement company. Whereas, considering
the solid fuels which are more commonly used in the
cement industry, environmental benefits will be generated
by using petrol coke and coal combined with RDE. The
least environmentally beneficial is using lignite where

apart from the high CO, emissions it has a high price. One
ton of lignite is more expensive than a ton of coal or petrol
coke. However, due to the price and amount of lignite
saved if it is substituted by RDF will lead to the biggest
financial benefits for the cement company. According to
the analyses made it can be concluded that the type of fuel
used for cement production and the substitution rate with
RDF depends on the longtime goals of the company.
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Ozet

Otizm spektrum bozuklugu (OSB), insan hayatinin erken dénemlerinde ortaya ¢ikan, sosyal iletisim-etkilesim bozukluguyla ilgi ve
etkinliklerin belli stirlilig: gibi 6zellikler ile kendisini gosteren, etiyolojisi bilinmeyen noéro-gelisimsel bir durumdur. Otizm spektrum
bozukluguna yonelik ¢ok sayida etiyolojik ¢alisma olmasina ragmen, heniiz kesin bir sebebi bulunamamug olmakla beraber, genetik
yatkinliklarin yaru sira, bir takim gevresel faktorlerinde etkili olabilecegi yoniindedir. Bu gevresel faktorlerin baginda, canlilarin hava
kirliligine maruz kalmalari gelmektedir. Hava kirliligi, canlilarin sagligim olumsuz yonde etkileyen bir halk saghigi sorunudur. Kalp
damar hastaliklarindan akciger hastaliklarma, psikolojik rahatsizliklardan kansere kadar pek ¢ok agidan insan sagligini etkilemektedir.
Hava kirliligi ile saghgimiz arasindaki iligkisi inceleyen aragtirmalar her gecen giin artmakla birlikte, bu iliskiye yonelik aragtirmalardan
biri de, otizm spektrum bozuklugu (OSB) dur. Nitekim annenin gebelik siiresince, hava kirligi gibi cevresel faktorlere maruz kalmasi
sonucu, heniiz anne karninda olan bebekler de bu kirlilikten kaynakli saglik sorunlar1 yasayabilmektedir. 2021 yil1 Diinya Hava Kalitesi
Raporu'na gore, Tiirkiye Avrupa bolgesindeki diger tilkeler arasinda havasi en kirli 6'nc1 iilke oldugu, hava kirleticileri arasinda yer alan
PM2.5 uq/m3 yogunlugunun 2020 yilinda 18,7 uq/m3 iken, bu oramn 2021 yilinda %3,74’liik bir artigla 20.0 uq/ma3 olarak ol¢ildiigii
goriilmiistiir. Avrupa bolgesindeki en kirli 15 gehir arasinda Igdir ilinin 66.2 pg/m3 yogunluguyla ilk sirada oldugu goriilmiis olup,
WHO standartlarma (en fazla 5 pg/m3) gore Igdir ilinin 13.24 pg/m3 kat daha fazla kirli hava soludugu anlagilmigtir. ABD’deki yillar
itibariyle otizmli birey sayisindaki artista dikkat gekicidir. ABD’de 1970 yilinda 2.500 ¢ocuktan 1’i otizmli olarak diinyaya gelirken, yillar
icerisinde hizh bir ivmelenme ile artig yasanmig ve 2021 y1ili i¢in bu oran 44 ¢ocukta 1’e kadar yiikselmistir. ABD'de 1970 yilindan 2021
yilina kadar olan siirede otizmli ¢ocuk sayisindaki artig orant %5.680"dir. Bu ¢alismanin amaci, hava kirliligine maruziyetin daha 6nce
farkinda olmadigimiz saglik sorunlari ile iligkili olabilecegi ve bu dogrultuda bu maruziyetin otizm spektrum bozuklugu ile bir iliskisinin
olup olmadig1 yoniindeki aragtirmalardir. Hava kirliligi ile otizm spektrum bozuklugu arasindaki iliskinin varligina y6nelik kanita dayalt
daha cok bilimsel ¢aligmalara ihtiya¢ bulunmaktadir.

Anahtar Kelimeler: Hava Kirliligi, Cevre Saghgi, Otizm Spektrum Bozuklugu.
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Abstract

Autism spectrum disorder (OSB) is a neuro-developmental condition of unknown etiology that emerges in the early stages of human life
and manifests itself with features such as social communication-interaction disorder and certain limitations in interests and activities.
Although there are many etiological studies on autism spectrum disorder, a definitive cause has not been found yet, but it is thought
that some environmental factors may be effective as well as genetic predispositions. The most important of these environmental factors
is the exposure of living things to air pollution. Air pollution is a public health problem that negatively affects the health of living things.
It affects human health in many ways, from cardiovascular diseases to lung diseases, from psychological disorders to cancer. Although
research examining the relationship between air pollution and our health is increasing day by day, one of the studies on this relationship
is autism spectrum disorder (OSB). As a matter of fact, as a result of the mother’s exposure to environmental factors such as air pollution
during pregnancy, babies still in the womb may also experience health problems due to this pollution. According to the 2021 World Air
Quality Report, Turkey is the 6th country with the most polluted air among other countries in the European region, and the density of
PM2.5 uq/m3, which is among air pollutants, was 18.7 uq/ma3 in 2020, while this rate is expected to increase in 2021. It was observed that
it was measured as 20.0 uq/m3, with an increase of 3.74%. Among the 15 most polluted cities in the European region, Igdir province ranks
first with a density of 66.2 ug/ma3, and according to WHO standards (maximum 5 pg/m3), it was understood that Igdir province breathes
13.24 pg/m3 times more polluted air. It is noteworthy that the number of individuals with autism has increased over the years in the
USA. While 1 in 2,500 children was born with autism in the USA in 1970, there has been a rapid increase over the years and this rate has
increased to 1 in 44 children by 2021. The increase in the number of children with autism in the USA from 1970 to 2021 is 5,680%. The aim
of this study is to investigate whether exposure to air pollution may be associated with health problems that we were not aware of before
and whether this exposure has a relationship with autism spectrum disorder. There is a need for more evidence-based scientific studies on

the existence of a relationship between air pollution and autism spectrum disorder..

Keywords: Air Pollution, Environmental Health, Autism Spectrum Disorder.

GIRIS

Yasadigimiz diinya insan miidahalesi olmadan canlilar
i¢in son derece uygun yagam kogullarina sahiptir. Canlilar
yasamlarini saglikli bir sekilde siirdiirebilmek igin temiz
icilebilir su, gida ve havaya ihtiya¢ duyarlar. Sanayilesme
ile birlikte bu ihtiya¢ duyulan hayati maddeler giderek
kirlenmeye baglamistir. Dolayisiyla da basta insanlar
olmak tizere pek ¢ok canli bu kirliliklerden olumsuz
yonde etkilenmektedir. Toplum sagliginin korunmasi igin,
oncelikle gevre sagliginin korunmas: gerekir. Dolayisiyla
toprak, su, gida ve havanin canlhlarin saghgim tehdit
etmemesi saglanmalidir. Solunan hava kalitesi, saglik
agisindan  biiytik 6nem tagimaktadir. Havanin kirli
olmasi demek, igerisinde olmamasi gereken ve canlilarin
saghgini olumsuz olarak etkileyen solunabilen zararli
maddelerin bulunmasi anlamina gelmektedir (Kardesoglu
vd., 2011). Hava kirliligi 6nlenmesi gereken ve insanlarin
saghig1 acisindan son derece 6nemli bir olaydir. Gebelik
siiresince gegirilen materyal enfeksiyonlar, tarim ilaclars,
ava gibi etkenlere maruziyetin yam sira, hava kirligi
gibi cevresel faktorlerin otizm spektrum bozuklugu
(OSB) duyarlilik genleri ile etkilesime girerek bir takim
epigenetik degisikliklere yol acabilecegi belirtilmistir
(Bodur & Usta 2023). OSB, sosyal iletisimlerde ve
etkilesimlerde yetersizlik, tekrarlanan davranis ve normal
olmayan hareketler gosterme seklinde belirtileri olan
gelisimsel bozukluktur (Giirsoy & Andag Oztiirk, 2019).
OSB insanlarin yagsam kalitelerinin standartlarin altinda
kalmasimna neden olmaktadir. Bu durumda olan pek ¢ok
insan yasamlarini kendi baslarina stirdtirememektedir.

Hava kirliliginin, insan saghgim tehdit ettigi bilinmektedir.
Oyle ki Temiz Hava Hakki Platformunun hazirladig:
“Kara Rapor 2022: Hava Kirliligi ve Saglik Etkileri” isimli
raporuna goére, 2021 yilinda Tiirkiye genelinde 42.067
kisi hava kirliligine bagli hastaliklar sebebiyle hayatim
kaybetmigtir. Hava kirliligine bagh hastaliklar nedeniyle
hayatim kaybedenlerin en ¢ok Istanbul ve Ankara’da
oldugu da raporda belirtilmistir. Buna gore Istanbul’da
4.848, Ankara’da 2.853 kisi hava kirliligine bagl hastaliklar
Hava Hakki

nedeniyle yasamini (Temiz

Platformu, 2022).

yitirmigtir

Bu calismanin amaci, hava kirliligine maruziyetin daha 6nce
farkinda olmadigimiz saglik sorunlari ile iligkili olabilecegi
vebu dogrultudabu maruziyetin otizm spektrum bozuklugu
ile bir iligskisinin olup olmadig1 yoniindeki arastirmalardir.

1. HAVA KiRLiLiGi VE OTizM iLiSKisi
Otizm

Otizm spektrum bozuklugu (OSB), insan hayatinin erken

donemlerinde ortaya ¢ikan, sosyal iletisim-etkilesim
bozukluguyla ilgi ve etkinliklerin belli smirliigr gibi
ozellikler ile kendisini gosteren, etiyolojisi bilinmeyen néro-
gelisimsel bir durumdur. Erkeklerde kizlara gore 4 kat daha
fazla goriiliir ve sosyo-ekonomik durum, aile yapist ve irk
ile iligkisi bulunmamaktadir (Murat, 2020; Bryant, 2017).
Yapilan arastirmalar beyin gelisiminde genetik faktorlerin ve
cevresel faktorlerin etkisi ile ortaya ciktiginin diistintildtigii
anormalliklerin OBS’ye neden olduguyla ilgili gticlii

gortigler vardir (Usta & Yazici, 2020).


http://www.temizhavahakki.org
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Diinya Saghk Orgiitii (DSO) tarafindan 2012’de yapilan
bir arastirmada, OSB’nin kiiresel prevalansiin %1
civarinda oldugu ve yakin tarihli bir bagka aragtirmadaysa
gelismis tilkelerdeki prevelansin %1.5 civarinda oldugu
tahmin edilmistir (Lord et al., 2018). Hastalik Kontrol
ve Onleme Merkezi'nin (CDC) aracithigr ile Otizm ve
Gelisimsel Engelleri Izleme Ag (ADDM) tarafindan
gerceklestirilen bir arastirmanin sonucuna gore Amerika
Birlesik Devletleri'nde (ABD) her 44 cocuktan birinin
otizmli oldugu bildirilmistir (CDC, 2018). Bu sonuca gore
OSB prevalansi, 8 yagindaki her 1000 gocukta 23’tiir ve
OSB, erkeklerde kizlara gore 4.2 kat daha fazla oldugu
gorilmektedir (CDC, 2021). Bunun yamnda otizm
tablosunun kizlarda daha agir seyrettigi tespit edilmistir.
OSB olanlarin %401 s6zel iletisimi kullanamamakta, %25-
40'inda epilepsi de OSB’ye eslik etmektedir. OSB olanlarin
%50’sinden fazlasinda uyku sorunlari goriilmekte, sz
konusu uyku sorunlarinin basinda da uykuya dalmakta
giicliikler yasanmaktadir (Kircaali Iftar, 2019).

Otizmin muhtemel sebeplerine ailesel, genetik, gevresel
faktorler ve noroanatomik-nérokimyasal farkliliklar
agisindan bakildigindaysa bunlardan hangisinin etkileme
orammmn daha fazla oldugu belirsizligini korumaktadir
(Kircaali Iftar, 2019). Otizmle ilgili yapilan galismalarin
sayilar: arttik¢a insan saghgini etkileyen faktorlere iligkin
daha belirgin sonuglara ulagilacag: diigtintilmektedir.

Giintimiizde yiritiilen aragtirmalarda da elde edilen
bulgularda da dile getirildigi gibi OBS ile ilgili gevre
faktorleri arasinda beyinsel gelisim {izerine etkisinin
oldugu distiniilen beslenme, anne stresi, asilar, tibbi
miidahaleler, kimyasallar, kullanilan ilaglar, hava kirliligi,
toksik maddeler ve sanayilesme, agir metaller, artan
petrol tiirevleri kullanimi gibi pek ¢ok unsur sayilabilir

(Kar vd., 2019). Bunun yaninda D vitaminin noksanlig:
da otizm etiyolojisinde etkili oldugu distiniilen, tizerinde
caligmalar yiiriitillen konulardandir. Wang vd. (2020)
D vitamini noksanlig1 konusunda yapmis oldugu meta
analiz c¢alismasinin neticesinde; D vitamininin otizmle
iligkisinin oldugu goriilmustiir (Wang vd., 2020). Cevresel
faktorlere duyarli ve genetik yatkinligi olan kisiler igin
otizm, prognozu bakimindan daha kolay oldugu tahmin
edilmektedir (Ozbaran, 2014).

Bunun yaninda gebelik doénemiyle ilgili galismalarin
gebelikte
hipertansiyon, diyabet ve obezite gibi durumlarin

stirdiigli maternal stres, yiiksek ates,
gelisimsel gerilikle ve otizm riskiyle iligkilendirilebilecegi
tizerinde siklikla durulan konular arasinda yer almaktadir

(Ozbaran, 2014).

Otizm ve Hava Kirliligi iligskisine Dair Yapilan
Calismalar

Tiirkiye, Avrupa’da havasi en kirli tilkeler arasinda 6.
sirada yer almaktadir (Sekil 1). Diinya Saglik Orgiitii'niin
(WHO) 2021 yilinda yayinlamis oldugu Kiiresel Hava
Kalitesi Rehberindeki standartlara gore bir bolgede
temiz havanin solunabilmesi igin PM2.5 degerinin en
¢ok 5 pg/m3 olmasi gerekmektedir (WHO, 2021). Sekil
1l'de goriildiigii tizere, 2021 yii Diinya Hava Kalitesi
Raporu’na gore Avrupa bolgesinde havasi en kirli tilkeler
stralanmugtir (IQAir, 2021). Rapora gore Avrupa bolgesinde
hava kirliliginin en fazla oldugu iilkenin Montenegro
(Karadag), en az gorildiigi tilkenin ise Finlandiya
oldugu goriilmektedir. Tiirkiye ise raporda hava kirliligi
bakimindan PM2.5 uq/m3 yogunlugu 20.0 uq/ma3 olarak
Olgiilmiis olup, 6. siradadir. Tiirkiye'nin 2020 yilindaki
PM2.5 uq/m3 yogunlugu ise 18,7 uq/m3’tiir (BBC, 2022).

Sekil 1. Avrupa Bolgesinde Havasi En Kirli Ulkeler Siralamast

E Avrupa Bilgesinde Havas: En Kirli Tlkeler Siralamasi (2021 wili) / PM2.5 yilhik ortalama (ug/m®)

Holland
Lihtenstayn
Part

Kaynak: IQAir (2021)
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IQAIR-21"e gore Avrupa Bélgesindeki havasi en kirli kent
siralamasinda ise Tirkiye’den Igdir ilinin 66.2 pg/m?
yogunluguylailk sirada oldugu Sekil 2’den anlagilmaktadir
(IQAir, 2021). Igdir'1 49.8 ug/m® yogunluguyla Rusya’nin

Krasnoyarsk kenti izlemekte olup, Diizce ilinin ise 44.4
pg/m® yogunluguyla havasi kirligi olan gehirler arasinda
besinci sirada oldugu gorilmiistiir.

Sekil 2. Avrupa Bolgesinde Havas1 En Kirli Bélge Sehirleri Siralamasi

Avrupa Bilgesinde Havasi En Kirli Bolge Sehirler Siralamasi (2021 sili)
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Kaynak: IQAir (2021)

Igdir ili, 800 metrelik bir rakima sahip oldugundan
etrafindaki bolgelere gore gukurda kalmaktadir. Etrafinin
saran daglarinda hava sirkiilasyonunu engellemesi hava
kirliginin en bagh sebepleri arasinda gosterilebilir (Iklim
Haber, 2022). IQAIR-21’e gore raporda dikkat ¢eken bir
sonug ise; 2021 yilinda 5 yas altindaki yaklasik 40.000
¢ocugun Oliimiiyle hava kirliliginin iligkilendirilmis

olmasidir.

Tiirkiye’de yaklasik 600.000 otizmli bireyin oldugu tahmin
edilirken, giintimiizde ise diinyaya gelen her 68 ¢cocuktan

415
L

& £

e"f@f

e

f

7/

oS

s
s &

biri otizmli olarak diinyaya gelmektedir (Ekici, 2015). Bu
oldukga ytiksek bir oran olarak karsimiza ¢ikmaktadir.

ABD’de iilkemizdekine benzer sekilde otizmli olarak
diinyaya gelen bebek sayisinda artis gortilmektedir.
ABD Hastalik Koruma ve Onleme Merkezi tarafindan
yapilan Sekil 3'teki calismaya gore, ABD’de 1970 yilinda
2.500 cocuktan 1’i otizmli olarak diinyaya gelirken,
yillar igerisinde hizli bir ivmelenme ile artig yasanmis ve
2021 yili igin bu oran 44 ¢ocukta 1’e kadar yiikselmistir
(Anadolu Ajansi, 2022).

Sekil 3. ABD’de Yillara Gore Otizm Tanis1 Almis Cocuklarin Orani (1970-2021)
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Kaynak: ABD Hastalik Koruma ve Onleme Merkezi; Anadolu Ajansi (2022)
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Hava kirliligi ve otizme yonelik akademik arastirmalar
2013-2023 yillar1 arasinda,
Google Scholar arama motorundan “Hava Kirliligi ve

literattirde yerini almigtir.

Otizm Arasindaki Iligki” anahtar kelimeleri yazilarak
toplamda 363 akademik makale calismasinin yapildig:
gorilmiistiir  (https:/ /scholar.google.com,2023). Bazi
caligmalar incelendiginde; Daharli vd., (2021)'nin “Otizm
ve Cevresel iligkiler” bashkli derleme calismasinda, bircok
etiyolojik ¢alisma olmasina ragmen ve heniiz kesin bir
sebep bulunamazken otizme yonelik ¢evresel faktorlerin
genetik yatkinlikla beraber en ¢ok suglanan ajanlarin
baginda geldigi belirtilmistir (Daharli vd., 2021). Sahin vd.
(2019)'nin “Otizm Spektrum Bozuklugu Olan Olgularda
Anne Siitii Ahm Siireleri ve Otizm Siddetiyle Iligkisi”
basglikli makale ¢alismasinda, son yillarda OSB etiyolojisine
yonelik yapilan calismalarin, hamilelik sirasinda ve
gebelik déneminde hava kirliliginde aralarinda oldugu
cevresel faktorlerin 6nemli rol oynadigint gostermektedir
(Sahin vd. 2019). Dinure M., (2022)'nin “Otizm Spektrum
Bozuklugu ve Beslenme” baglikli derleme calismasinda,
giderek artan OSB prevalansinin yalnizca genetik
faktorlerden kaynaklanmadigini, ¢evresel faktorlerinde
bu bozukluk {iizerinde etkili oldugunu, baslica gevresel
faktorlerin ise sigara, alkol, agir metaller ve hava kirligi
gibi etkenlerin etkili oldugunu gostermektedir (Dinure
M., 2022). Turk & Gokeen, (2022)'nin “Otizm Spektrum
Bozukluklarinda Diizenli Fiziksel Egzersizlerin Bedensel
ve Ruhsal Gelisim ile Yasam Kalitesi Uzerine Etkileri”
baglikli derleme caligmasinda, OSB ile hava kirliligi,
pestisitler vb. ¢evresel faktorlerin iligkili olabilecegi
belirtilmistir (Tiirk&Gokeen,2022). Bu alanda yapilmig
bazi uluslararasi ¢aligmalar ise incelendiginde; Roberts
vd./nin (2013) yapmis olduklar1 c¢alismada ¢ocuklarda
hava kirleticilerine dogum 6ncesi ve dogumdan sonraki
ilk 4 hafta maruz kalma durumu ile OSB arasinda bir
iliskinin olabilecegi belirtilmistir (Roberts vd., 2013). Volk
vd.’nin (2013) yaptiklar1 aragtirmada ise trafik kaynakl
hava kirliligi ve otizm iligkisi incelenmigtir. Aragtirmada,
annenin dogum yaptigi yerdeki ikametgah adresi,
hamileligin her ii¢ aylik dénemi ve trafik ile ilgili hava
kirliligine maruz kalma durumu aragtirilmig ve hamilelikte
ve yagamin ilk yilinda trafik ile ilgili hava kirliligi, nitrojen
dioksit, PM 2.5 ve PM10’a maruziyetin otizm ile baglantilh
olabilecegi belirtilmistir (Volk vd., 2013).

Kerin vd.’nin (2018) yapmus olduklar: ¢calismada dogum
6ncesinde hava kirliligine maruz kalma, OSB riskiyle ile
iliskilendirilmistir (Kerin vd., 2018). Ren vd.nin (2019)
Cin'in Wuhan kentinde yapmug olduklari ¢aligmadaysa,
annelerin hamilelik doénemlerinde hava kirliligine
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maruz kalmalarinin sonucunda, dogan g¢ocuklarin sinir
gelisimlerinin etkiledigi bulgulanmgtir (Ren vd., 2019).

Hava kirliligi ve OSB arasindaki baglantiy1 arastiran bir
bagka calisma ise, Harvard Universitesi Epidemiyoloji
Uzmani  Weisskopf'un yapmis oldugu calismadir.
ABD’de 116 bin anneden ve ¢ocuktan elde edilen veriler
kapsaminda, hamilelerin son ii¢ aylik dénemlerinde
hava kirliligine maruziyetleri durumunda otistik ¢ocuk
sahibi olma olasiliginin, hava kirliliginin dutsiik oldugu
bolgelerde yasayan hamilelere gore iki kat daha fazla
olduguna yonelik calismadir (VOA Tiirkge, 2014).

TARTISMA, SONUC VE ONERILER

Sanayilesme ile birlikte hava kirlilii yasanmaya
baglamus ve her gecgen giin artarak devam etmistir. Fosil
yakitlarin kullanilmaya baslanmasiyla ivme kazanmis
ve atmosferdeki miktar1 artarak iklim degisikliklerine
neden olmustur. Diinyanin 1s1 dengeleri degismis ve sera
etkisi nedeniyle buzullar erimeye baglamistir. Ancak hava
kirliliginin tek etkisi kiiresel 1stnma ile sinirl kalmamusgtr.
Hava kirliligi, insan saghgim da olumsuz yo6nde
etkileyen 6nemli bir halk saglig1 sorunu haline gelmistir.
Hava kirliligi ile saghk arasindaki iligkiyi inceleyen
aragtirmalar her gegen giin artarken, daha 6nce farkinda
olmadigimiz bazi1 saglik sorunlar ile hava kirliliginin
iligkili olabilecegine yonelik akademik ¢alismalarda hiz
kazanmigtir. Bu arastirmalardan biri de Otizm spektrum
bozuklugunun hava kirliligine maruz kalma ile iligkili
olabilecegine yonelik ¢alismalardir. $ekil 1'de gortildugi
tizere, 2021 yilinda Avrupa bolgesindeki havasi en kirliligi
diger tilkeler arasinda Tiirkiye 6.sirada olup, PM2.5 uq/
m?® yogunlugu 20.0 uq/m?® ‘diir. Bu oran 2020 yilinda
18,7 uq/m¥tiir. 2020 yilindan 2021 yilina %3,74'liikk bir
hava kirliligi artisinin goriilmesi, 6zellikle hamilelerde ve
gebelik donemindeki anne karnindaki bebeklerin hava
kirliligine maruz kalma riskini arttirabilecegi yontindedir.
Tiirkiye’deki PM2.5 yogunlugu diger Avrupa bolgesindeki
tilkelerin  seviyelerinden diistik olsa da birtakim
tedbirlerin alinmasi kaginilmazdir. Hava kirliligine neden
olan sektorler detayl bir sekilde aragtirilmali, endtistri
ve sanayi sektoriinde karbon yakalama teknolojileri
gelistirilmeli ve kullanilmali, alinacak olan o6nlemler
kanunla desteklenmelidir.

Sekil 2'de ise Avrupa Bolgesindeki havas: en kirli 15 sehir
arasinda Tiirkiye’den Igdir ilinin 66.2 pg/ m?° ile ilk sirada
oldugu, Igdir't 49.8 pg/m® yogunluguyla Rusya’nm
Krasnoyarsk kentinin izledigi, Diizce ilinin ise 44.4 pug/m?
yogunluguyla havasi kirligi olan sehirler arasinda beginci
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sirada oldugu goriilmiistiir. Avrupa bolgesi sehirleri
arasinda Turkiye’den iki sehrin ilk siralarda yer almasi
digtndiriciudiir. Igdir ve Diizce’deki hava kirliliginin
iist seviyelerde olmasinin yogun endiistriyel sektorlerden
mi, 1sinma veya sanayide kullanilan kémiirden mi veya
trafikteki ulagim araglardan g¢ikan egzoz emisyonlarinda
m1 veya farkli bir sebepten dolaymmi yogun oldugu
tartisilmalidir. Igdir'mn cografi konumu itibariyle etrafini
saran daglarin hava sirkiilasyonunu yavaglatabilecegi g6z
Ontine alindiginda, hava sirkiilasyonunu saglayabilecek
yapay teknolojilerinin gelistirilmesi isabetli olacaktir.
Igdir'da sanayide ve i1sinmada kullanilan koémiirtin
kalitesine dikkat edilmelidir. Diizce ilinde ise hava
kirligine neden olabilecek sayilari her gegen giin
artan enddistriyel tesislere yonelik karbon yakalama
tiniteleri kullanilmalidir. Diizce’de halen kullanilmakta
olan komdiirtin kademeli olarak kaldirilarak dogalgaz
kullanimmin yayginlagtirilmas: ve yerel yonetimim bu
konuda gerekli 6nlemleri almasi gerekmektedir.

Sekil 3'teki galismaya gore, ABD’de 1970°li yillarda
2.500 kiside bir goriilen otizm, gilintimiizde 44 kiside
bir goriilmeye baglanmigtir. Son 50 yilda bu derece bir
atisin oldugunu goérmek olaganiistii bir duruma isaret
etmektedir Dogum Oncesi annenin maruz kalabilecegi
stresli yagam ve hava kirlilifine maruz kalma seviyesi
aragtirilmalidir. Merkezi ve yerel yonetim hava kirliginin
Onlenmesi konusunda her tiirlii tedbirleri almalidir.
Yapilan aragtirmalarin sonuglarina dayanarak sdylemek
miimkiindiir ki, bebekler heniiz anne karnindayken
bile hava kirlilifinden etkilemekte ve merkezi sinir
etkilemektedir.
olarak, hava kirliliginin en kisa siirede 6niine gecilmesini

sistemlerini olumsuz yo6nde Sonug
saglayacak ulusal ve uluslararas: politik diizenlemelerin
yapilmasi, bu konudaki devlet politikalarinin gézden
gecirilerek giiclendirilmesi, havay: kirleten unsurlarin
en aza indirilmesi ve Kkirletenlerin cezai yaptirimlarla
engellenmesi gelecek nesillerin sagliklar1 agisindan son
derece onemlidir. Bunun yaninda bu alanda yapilan
calismalarinsinirlioldugu goriildiigiinden, havakirliligiile
otizm spektrum bozuklugu arasindaki iliskinin varligina
yonelik kamita dayali daha ¢ok bilimsel caligmalarin
yapimasi, yeni ve bolgesel olarak hava kirliligi ve
saghk arasindaki iligkilerin incelendigi calismalarin ve
istatistiklerin ivedilikle yapilmasi, halkin hava kirliligine
maruz kalmalart sonucunda, yasayabilecekleri saglik
sorunlarina yonelik olarak biling diizeylerinin artirilmasi
onerilmektedir.
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