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which remain insufficiently characterized in the scientific literature. A Gaussian
dispersion model (ISC3-ST) was applied to obtain pollutant dispersion in the
vicinity of the airport. Dispersion models are widely used to simulate pollutant
concentrations at various airports with most studies dealing with criteria pollutants
(NOx, CO, PM). This study evaluated the impact from aviation activities including
an emerging pollutant like UFPs. Besides criteria pollutants, assessing the UFPs
concentrations at ground level and in the vicinity of airports is critical for evaluating
human exposure. Numerical simulations showed that elevated NOy concentrations
exceeded the regulated hourly values in the vicinity of the airport facilities. High
UFPs concentrations were also modelled close to the airport with daily average
values at 100,000 particles/cm® at the airfield area and values close to 10,000
particles/cm® at distances close to one kilometer downwind from the airport.
Contrary, reduced contribution from aircraft LTO cycles to the ground-level CO
and PM was found, with concentrations being lower than the air quality threshold
values. These results underline that NOy and UFPs are significant contributors to
exposure for both airport workers and residents living close to the airport while CO
and PM are more relevant only for the former.
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1. Introduction

Emissions of anthropogenic gaseous air pollutants and particles in urban areas have been associated with
human health effects [1-3]. The transport sector is a major contributor to air pollution including on-road and non-
road traffic. Emissions arising from airport activities pose a major concern to public health due to exposure to
gaseous pollutants (e.g., NO,, CO), airborne particle mass (PM), black carbon (BC), polycyclic aromatic
hydrocarbons (PAHs) and particle number (PN) [4-11]. Major aviation activities are related to main aircraft
engines, APU’s (Auxiliary Power Units) and handling equipment. Elevated levels of NO, and ultrafine particles
(UFP) have been measured in a number of airports [12—15] as well increased levels of hydrocarbons and CO [16].
Assessing the effects from aviation emissions on human health on a global scale has shown a considerable impact
of fine particles to mortality in an area within 20 km from the airports [17].
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Numerical studies using the American Meteorological Society/Environmental Protection Agency Regulatory
Model (AERMOD) model have been performed in a number of airports revealing high NO» concentrations in the
area close to the airport which exceeded the air quality limit values [7,18-20]. A Gaussian model was also used to
determine the dispersion of air pollutants from aircrafts [9] and the impact of future climatic scenarios on local air
quality [21]. Moreover, Voogt et al. [22] studied the use of ultrafine particle concentrations arising from aviation
emission for epidemiological analysis.

The current work, focuses on estimating airport emissions of gaseous pollutants and particles from the
Copenhagen airport, Denmark and their environmental impact to air pollutant concentrations at the vicinity of the
airport. Simulations were performed with the USEPA’s Industrial Source Complex Short Term (ISC3-ST) steady-
state Gaussian plume model using an emission inventory for the main aircraft engines during the Landing and
Take-Off (LTO) cycle, APU’s and handling equipment.

The innovative character of this study lies in the construction of a near real time (hourly) emission inventory
of Copenhagen airport with a simultaneous quantification of airport emissions of NOx, CO, PM and UFPs in the
nearby area. Evaluating human exposure arising from airport emissions is an important scientific result to highlight
the corresponding potential human health impact and possible mitigating measures.

2. Material and Methods
2.1. Study Area

The currrent study focuses on the estimation of CO, NOx, PM and PN emissions and corresponding ground
level concentrations at Copenhagen airport, Denmark. The Copenhagen airport (CPH) is located at Kastrup in
Denmark and flight traffic was recorded during a week in the cold period (March 2025). Average weekly traffic
(arrivals and departures) for this period was 4295 flights. Increased flight traffic (5283 flights) during a warm
period in July 2025 showed a 23% increase in comparison to the cold season. A detailed emission inventory was
produced for aircraft main engines, Auxiliary Power Units (APU’s) and handling equipment.

2.2. Emissions from Main Engines

Emissions from main engines were calculated for five discrete aircraft phases: taxi-out, take off, climb-out,
approach/landing and taxi-in. The aviation LTO emissions calculator provided by the European Environment
Agency (EEA) [23] was used for estimating CO, NOx and PM emissions. Specifically, an excel-based tool was
used for estimating the pollutant mass (kg) emitted by aircrafts during the LTO cycle. Input data included the
aircraft type, the airport and the study year [23]. Emission estimations were performed by coresponding each
aircraft type with the respective engine model following ICAO guidelines [24,25]. Since, the emission calculator
provided by EEA, which is based on ICAO database, did not account for PN emissions an alternative methodology
was used based on Kinsey et al. [26].

Emissions (E;) have been calculated incorporating the total activity of all different aircraft types in the airport
under study [24,25]:

m 14
Ei=ZAJ'XZT“V’J'RXFEI<XE1'UI<XN€1 M
j=1 k=1

where, E; is the total emission of pollutant i produced by all aircraft types [g], j is the aircraft type, m are the total
number of aircraft types operated in the airport, £ is the LTO mode (approach/landing, taxi-in, taxi-out, take-off,
climb out), p is the total number of LTO modes (i.e., five), 4; is the total activity of aircraft type j [LTO’s], TIM;;
is the time-in-mode for mode & for aircraft type j [s], FFj is the fuel flow for mode k for each engine used on
aircraft type j [kg/s], Eiy is the emission index for pollutant i in mode & for engine used on aircraft type j [g/kg of
fuel], Ne; is the number of engines used on aircraft type .

The emission rates have been evaluated using the whole LTO cycle, the duration and the source area of the
different LTO modes. The emission rates are given as:

;n:lA] X TIM]k X FF]k X Ell.]k X Ne]

Er =
n E, x E,

2

where Er; is the emission rate of pollutant i produced by all aircraft types during LTO mode & [g/(s-m?)], E; is the
total time of studied period [s] and E; is the emission source area [m?].

https://doi.org/10.53941/eccs.2026.100003 2 of 14



Lazaridis et al. Environ. Contam. Causes Solut. 2026, 2(1), 3

According to Kinsey et al. [26], the PN emission index decreases as fuel flow rate increases based on the
Engine Exhaust particle sizer (EEPS) data. The number of particles per kg of fuel burnt was estimated with
Equation (3) [7,26]:

El, =m X In(fuels,y) + b (3)

where fuels,,, is the engine fuel consumption (kg/h), the constants m and b were set equal to (=2) and (2 x
10"7), respectively.
The PN emissions (particles) was estimated by Equation (4):

PNemissions = Eln X Mgp 4

where my,, is the mass (kg) of fuel burnt and was derived from the aviation LTO emissions calculator provided
by the EEA (2023). Particles considered to be in the size range of 10-30 nm thus coagulation is the dominant
mechanism for the initial particle emissions [27]. The theory of particle coagulation states that the half time is
dependent on the initial particle number concentration and equal to 20 s for an initial number concentration of 103
particles/cm? [27].

In the current work all airplanes grouped into three size categories: small, medium, and large. A
representative aircraft model was selected for each category to serve as the basis for emission calculations: Small
aircraft: Learjet 45 (LJ45) equipped with TFE731-20AR-1B engines; Medium aircraft: Airbus A320neo; Large
aircraft: Airbus A330-300 (A333) equipped with Rolls-Royce Trent 772 engines. Moreover, engine technical
characteristics such as smoke number (SN), bypass ratio (BPR) [28] and air to fuel ratio (AFR) [25] were used for
the calculations [7]. A first order approximation version 3 (FOA3) method was used for estimating the PM
emission factors. Based on FOA3, the non-volatile PM is dependent on engine technical characteristics such as
SN, BPR and AFR. Specifically, the non-volatile PM (Elppmny01; mg/kg fuel) was estimated by [24]:

Elppnvor = CI X Q %)

where CI is the carbon index (mg/m?) and Q is the exhaust volumetric flow (m?/kg). The CI and Q were estimated
by the following equations [24]:

CI = 0.06949 x (SN)*23*  for SN < 30 (6)

CI = 0.0297 X (SN)? — 1.803 X (SN) +31.94 for SN > 30 7)
Q =0.776 x (AFR) + 0.877 for core engine 8)

Q = 0.7769 x (AFR) X (1 + BPR) + 0.877 for mixed flow )

The SN is dependent on the LTO mode and the type of aircraft engine, and ranged from 0.2 to 1.8 for Rolls-
Royce Trent 772 engines. The BPR is dependent on the type of aircraft engine and was equal to 5.2 for Rolls-
Royce Trent 772 engines. These values derived from ICAO engine exhaust emission data sheet from ICAO
Aircraft Engine Emissions Databank. The AFR is dependent on the LTO mode and ranged from 45 to 106 [24].

2.3. Auxiliary Power Units (APUs) and Handling Emissions

The emissions from APUs were estimated following the methodology by the International Civil Aviation
Organization [25]. ICAO categorized the aircrafts into two operational groups: short-haul aircraft (which includes
small and medium aircrafts) and long-haul aircraft (large aircraft). The APU emissions for each aircraft operation
are presented in Table 1.

Table 1. APU emissions for each aircraft operation [25].

Short-Haul Long Haul
NOx (g) 700 2400
CO (g) 310 210
PM (g) 40 50
PN (#) 5.75 x 107 3.75 x 107

The handling emissions were also estimated using the methodology of the International Civil Aviation
Organization [25]. According to the ICAO [25], handling sources include ground support equipment (GSE) and
other sources such as aircraft fueling and airside vehicles. The Handling emissions are presented in Table 2.
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Table 2. Handling equipment emissions for narrow and wide-body aircraft [25].

Narrow-Body Aircraft Wide-Body Aircraft
NOx (kg/cycle) 0.260 0.510
CO (kg/cycle) 0.100 0.225
PM (kg/cycle) 0.015 0.030
PN (#cycle) 4.0 x 10" 1.1 x 10"

The emissions in Table 2 represent a full flight cycle (including both arrival and departure), the results divided
by two to avoid double counting and ensure that each operation was only accounted once. This approach allowed
to estimate the emissions generated by various ground support equipments, such as baggage loaders, pushback
tractors, and catering trucks, during aircraft turnaround operations.

The technical implementation of the airport emissions is presented in Figure 1. The aircraft activity (aircrafts
h™!) in the present study refers exclusively to civil aviation aircraft movements. The taxi-in, taxi-out, and take-off
phases were considered as ground-level operations. The approach and landing phases occur at horizontal distances
until the aircraft reduces its altitude from 3000 ft. to ground-level or reaches the altitude of 3000 ft. after take-off.
Overall, emissions from aircraft engines are closely tied to the airport’s busiest hours, particularly during morning
and midday flight activity. The aircraft main engines are the largest contributors to CO, NOy, and particle number
emissions. These emissions are primarily generated during phases such as taxiing, take-off, and climb-out.
However, the Auxiliary Power Units (APUs) is the dominant source to particle mass and contribute to the NOy
emissions.

Number of aircrafts per hour

! Voo

Main Engines APU Handling

|
| v ] ! !

Taxi out Take off Climb Approach Taxi in
out flanding

' v v ' ¥ v '

Emission Data

(CO, NOy, PM, PN)

INPUT DATA

Figure 1. Flow chart with technical implementation of the aircraft emission flow estimator.

2.4. Dispersion Model

The atmospheric dispersion ISC3-ST model [29] was used for the estimation of CO, NOy, PM and PN
concentrations. The ISC3-ST model was adopted due to the operational simplicity and the smaller amounts of
meteorological data required in comparison with the AERMOD model [30]. The ISC3-ST is a steady-state
Gaussian plume model for modelling air pollutants concentration from point, area, volume and open-pit sources.
In the ISC3-ST model line sources are not available and emissions are modeled as area or volume sources.
Although AERMOD includes line sources for on-road traffic sources, area sources are still recommended by
several studies as the preferred method for representing aircraft emissions [20]. The use of area sources to represent
the LTO cycle is a well-established approach and has been used in several other studies [7,18-20].
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Input data required for the implementation of the ISC3-ST model includes meteorological data and source
emission characteristics. The meteorological data were derived from a weather underground site [31] which has
historical data from Copenhagen Kastrup airport station. The hourly meteorological data are presented in Figure
2. The release height of emission sources which refer to take-off, taxi-in and taxi-out was set equal to 2 m while
the release height of emission sources which refer to climb out and approach/landing was set equal to 1500 ft
(457.2 m) [7]. The release height of APUs and handling equipments emissions were set equal to 0.5 m. Additional,
the receptor height was set equal to 1.5 m which corresponds to the typical human receptor breathing zone height.

A limitation of the current study is that using a model such as the ISC3-ST may lead to different
concentrations predictions and may overestimate the air pollutants concentrations compared to AERMOD model.
Another limitation of the current work is that area sources in ISC3-ST model assume that the pollutants are released
at a fixed height and ignore plume rise from buoyant exhausts. The Gaussian dispersion models are highly sensitive
to meteorological inputs. Rao et al. [32] asserted that air pollutant concentrations cannot be predicted accurately
with meteorological data uncertainties affecting the precision of estimated concentrations levels.
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Figure 2. Hourly meteorological data ((a) temperature (Kelvin), (b) wind speed (m/s), (¢) wind direction(degrees),
(d) stability class) in the Copenhagen airport during cold (3—9 March 2025) and warm (7—13 July 2025) period.

2.5. Traffic Data

The average aircraft activity (aircrafts h™!) for a week at CPH during the cold period of 2025 is shown in
Figure 3. Overall, flight activity was higher on Monday, especially during the morning hours. There is a clear
morning peak around 8:00 a.m. on Monday, particularly for departures, reflecting typical weekday business travel
patterns. In contrast, Saturday shows a more balanced and steady flight distribution throughout the day, with a less
pronounced morning peak. Moreover, a general pattern of increased activity during the daytime and reduced
activity at night was observed during the whole week. Private aircrafts have not been included in this study. The
commercial aircraft activity has been analyzed according to the Landing and Take-Off (LTO) cycle which includes
five discrete aircraft phases: (1) approach below 3000 ft. and landing, (2) arrival (taxi-in) to the parking area, (3)
departure (taxi-out) from the parking area, (4) take-off, and (5) climb out up to 3000 ft. [25,28].
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Figure 3. Number (#) of aircrafts per hour during a week in the cold period of 2025 at Copenhagen airport.

3. Results and Discussion
3.1. Air Pollutant (CO, NO,, PM and PN) Emissions at the Copenhagen Airport

Figure 4 shows the average hourly CO emissions (kg) during the cold period from different sources. CO has
been mostly released during taxi-in and taxi-out phases. CO emissions are highest during the early morning hours,
with a sharp peak around 08:00. This increase is primarily driven by the taxi-out phase, which is the dominant
contributor to the total CO output. APUs have also a contribution to the overall CO emissions with a smaller
contribution from landing [33].

NOx emissions (Figure 5) follow a similar time pattern but differ in their source since the climb-out phase is
the main contributor to overall NOx emissions [33]. The NOx levels show two clear peaks, one in the morning and
another around early afternoon, reflecting the airport’s peak operational periods. The NOy emissions are higher
during approach/landing, take-off and climb out compared to those during taxi-in and taxi-out. During take-off
and above-the-ground phases, engines receive larger amounts of air which results to increased AFR and higher
amounts of nitrogen (N») during combustion [33].

PM and PN emissions (Figures 6 and 7) show a similar daily distribution. The climb-out and taxi-out phases
account for the majority of emissions. Overall, emissions from aircraft engines are closely tied to the airport’s
busiest hours, particularly during morning and midday flight activity. The aircraft main engines are the largest
contributors to CO, NOy, and particle number emissions. These emissions are primarily generated during phases
such as taxiing, take-off, and climb-out. However, the Auxiliary Power Units (APUs) is the dominant source to
particle mass (Figure 6) and contribute to the NOy emissions (Figure 5).
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Figure 4. Hourly CO emissions (kg) during a week of the cold period and under different sources ((a) taxi out, (b)
take off, (¢) climb out, (d) approach/landing, (e) taxi in, (f) APU, (g) handling) at Copenhagen airport.

https://doi.org/10.53941/eccs.2026.100003

6 of 14



Lazaridis et al.

Environ. Contam. Causes Solut. 2026, 2(1), 3

24

48

NOX emissions (kg/h)

72 96
Hour of week

120 144 168

= -
D 40 _‘ ! ! ! . . 5 150 T
b 20 (a) Taxi out < (b) Take off
@ 20 K]
2 8
8 5o 1
5 1of 5
g 0 ‘ A g o h \
z 24 48 72 % 120 144 168 2 24 48 72 % 120 144 168
5 200 Hour of week —_ Hour of week
El s - - . - T £ &0 . . - . T T
% (c) Climb out g (d) Approach/landing
g g o 1
a S
H 8 20
H £
H
g x 0
z 24 48 72 % 120 144 168 o 24 8 72 % 120 144 168
5 1 Hour of week Hour of week
2 lle)Taxiin ' ' ' ' ' £ SOmapy T " " " " "
w12t g
H "
A A 2
E 4t 4
£
ol o s | !
= 24 48 72 96 120 144 168 < 24 48 72 96 120 144 168
2 Hour of week z Hour of week
(9) Handling " " " " "

Figure 5. Hourly NOx emissions (kg) during a week of the cold period and under different sources ((a) taxi out, (b)
take off, (c) climb out, (d) approach/landing, (e) taxi in, (f) APU, (g) handling) at Copenhagen airport.

Hour of week

Z o5 — £ : ‘ ‘ . ‘ ‘

2 ., @ Taxiou |1 2 (b) Take off

= % 03 1
2 o3| B 2

L] 2 o2t B
3 oz 1 £

E 01} £ O1f |
5 s

= 0 | ! = 9 |

& 24 48 72 %6 120 144 168 @ 24 48 72 96 120 144 168
= Hour of week —_ Hour of week

5

£ — - - ! - - £ 04

k) L (c) Climb out 2 (d) Approach/landing j j j j

2 2

S

5 5

= = 0

a 24 a8 72 96 120 144 168 o 24 8 72 % 120 144 168
—- Hour of week — Hour of week

£ 02 — T T T T T £ 3

g (e) Taxiin k] TAPU T T T T T

@ "

c 2+ b
S oAl H

K 2l

£ €

o o

s o0 = o0 ) ! h

o 24 48 72 9% 120 144 168 24 48 72 % 120 144 168
g 4 e ‘ H‘our of weelk ‘ ‘ Hour of week
2 s 9

@

£ 06

E o02f

@
= o0 ! | )
o 24 48 72 9% 120 144 168

Figure 6. Hourly PM emissions (kg) during a week of the cold period and under different sources ((a) taxi out, (b)
take off, (c) climb out, (d) approach/landing, (e) taxi in, (f) APU, (g) handling) at Copenhagen airport.

— x10”

= — T T T T T

# (a) Taxi out

@

s

2 1t 4

2

E

<

P !

o 24 48 72 96 120 144 168
21 Hour of week

T 2 x 10

g © Clmbout T T T T

@

s

2 1} 4

2

£

<

P | h

o 24 48 72 96 120 144 168

— x10® Hour of week

£ 6 — T T : T T

# (e) Taxiin

2 4 1

S

2

@2 ol

E

<

z 0 |

o 24 48 72 96 120 144 168

= ar 10" Hour of week

& (g) Handling

@

s

2 2 i

k4

E

@

z 0 h h h

o 24 48 72 96 120 144 168

Hour of week

PN emissions (#/h) PN emissions (#/h)

PN emissions (#/h)

20
10
108 . : : : : :
(b) Take off
5 4
0 h |
24 48 72 96 120 144 168
x 102 Hour of week
10

24 48 72 96 120 168
x10" Hour of week
4 T T T T T T
(f) APU
ol .
0 h h
24 48 72 96 120 144 168

Hour of week

Figure 7. Hourly PN emissions (#/h) during a week of the cold period and under different sources ((a) taxi out, (b)
take off, (c) climb out, (d) approach/landing, (e) taxi in, (f) APU, (g) handling at Copenhagen airport.
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Table 3 summarizes the weekly emissions of air pollutants from the Copenhagen airport during different
airport activities during the cold period of 2025. The LTO cycle is contributing mainly to PN, NOx and CO
emissions. Contrary APU emissions contribute mainly to PM and NOyx emissions. Figure 8 shows also the
contribution percentage of the different airport activities to air pollutant emissions. Taxi out is a main contributor
to CO and PN emissions and emits close to 53% of CO and 22% of PN. Climb out and landing are also main
contributors to PN (53%) and NOy (45%). APU also contributes to 53% of PM mass and 10% of NOy emissions.
Taxi in is also responsible for 11% of PN and 26% of CO emissions.

Moreover, calculations for the whole year 2025 were estimated by summing the daily emissions during both
periods (cold and warm) and where equal to 759,393 kg for CO, 1,285,387 kg for NOy, 19,013 kg total for PM
and 1.6 x 10% for fine particles.

Table 3. Weekly emissions of air pollutants (CO, NOx, PM, PN) at Copenhagen airport during the cold period.

CO kg/Week NOx kg/Week PM kg/Week PN #/Week
Taxi out 6970 1411 18 6.1 x 10%
Take off 44 5514 13 3.5 x 10%
Climb out 153 7421 35 9.0 x 10%
Approach/landing 765 2570 17 5.7 x 102
Taxi in 3407 689 9 3.0 x 10%
APU 1299 3554 175 2.4 x10%
Handling 459 1047 62 2.2 x 10"
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Figure 8. Contribution of each aircraft activity to CO, NOx, PM and PN emissions at Copenhagen airport.

3.2. Daily CO and NO, Concentration Distribution

Simulations were performed for a day characterized by highest aircraft activity and meteorological conditions
that favored transport of air masses to the direction towards the city. Ground based daily CO concentration levels
arising from the airport activities during Friday 7 March are presented in Figure 9. Friday was a day with the
highest aircraft activity during the week both during the cold and warm period. Concerning CO, simulations
indicated accumulation at the northern area of the airport around the aircraft’s parking area and at the end of
runway with highest value close to 3000 ug/m?. Concentrations of 20 pg/m?® can reach neighboring residential
areas at distances of 5 km north following the wind profile (see Figure 9b). CO concentrations were found
considerably lower than the maximum regulated 8-hour average value of 10,000 pg/m?. Although CO emissions
are below health risk thresholds, the chronic low-level exospore can lead to significant health effects for workers
at airports. Savioli et al. [34] reported that chronic low-level exposure to CO in professional setting causes
neurological syndromes (headache, dizziness, nausea). Herein, CO concentrations reached 3000 pug/m? at the
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parking area of Copenhagen airport while Kuzu [19] found CO concentration at the parking area of Ataturk
international airport (Turkey) much higher at 19,839 pug/m?.

Figure 9. Daily ground based concentration of CO (ug/m?) on Friday March 7 at Copenhagen airport: (a) 200 pg/m’
to 3000 pg/m? with level step 200 pg/m? and (b) 20 ug/m? to 200 pg/m? with level step 20 pg/m?.

The ground level daily concentrations of NOy for Friday 7 March showed elevated concentrations which
exceeded the regulated hourly value of 200 pug/m? near the airfields and the airport area (Figure 10). Nevertheless,
NOx concentration in a zone that expands close to 2 km at the North East of the airport was close to 20 pg/m>.
Inside the airport area, especially at the aircraft parking area and the runway, NOy concentrations reached daily
values close to 1000 ug/m? with a maximum daily value of 7000 ug/m>. The high levels of NOy concentrations are
partly associated with the omission of plume rise, thereby leading to an overestimation of ground-levels
concentrations.

Figure 10. Daily ground based concentration of NOx (ug/m?®) on Friday 7 March at Copenhagen airport: (a) 150
pg/m? to 7000 ug/m? with level step 150 pug/m?® and (b) 15 pg/m?3 to 150 pg/m? with level step 15 pg/m?.

Targeted simulation for NOy on Friday 7 of March at 18:00 where aircraft activity was the maximum, shows
that the hourly threshold was exceeded mainly in the vicinity and inside the airport area (Figure 11). Although
NOx concentrations outside the airport boundary are below health risks threshold, NOx levels at 20 pg/m? at the
neighboring residential areas is critical and highlight that the airport activities affect the broader regional air quality.
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Figure 11. Hourly concentration of NOx (ug/m?) on Friday 7 March at Copenhagen airport (18:00): (a) 200 pg/m?
to 11,000 pug/m?® with level step 200 pg/m? and (b) 20 ug/m? to 200 pg/m? with level step 20 pg/m?.

3.3. Daily PM and PN Concentration Distribution

Daily PM concentration (ug/m3) are affected mainly from APUs and as shown in Figure 12 elevated
concentrations occur very close to the sources inside the airport area. This indicates that impact from exposure to
PM is primary an on-site occupational/worker concern rather than a long-range dispersion issue. Herein, PM
concentrations were higher (=350 pg/m?) than those found in an airport in Italy where the maximum daily
concentration was less than 12.5 pug/m? [18]. Daily concentrations up to 1 pg/m> may occur at distances 2 km north
from the airport.

Figure 12. Daily concentration of PM (ug/m?) on Friday 7 March at Copenhagen airport: (a) 10 pg/m? to 350 pg/m’

with level step 10 ug/m? and (b) 1 pg/m? to 10 ug/m? with level step 1 pg/ m>.

Daily average PN concentration as high as 100,000 particles/cm® were estimated at the parking area and the
main runway whereas values close to 10,000 particles/cm® were estimated overall at the airport (Figure 13a). The
great variation in the levels of PN within the airport reflects the rapid dilution and decay of UFPs, which is
significantly driven by coagulation. Average daily average concentrations of 1000 particles/cm? at distances close
to 1 km from emissions sources indicated particles transport in the vicinity of the airport (Figure 13b).

Aircraft takeoffs contributed to elevated concentrations of ultrafine particles up to 107 particles per cm? [15]
at the Los Angeles International airport. Concentrations of ultrafine particles up to 800,000 particles per cm® were
also observed at the Mytilini airport [35].
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Figure 13. Daily concentration of PN (#/cm?) on Friday 7 March 2025 at Copenhagen airport: (a) 10,000 #/cm? to
100,000 #/cm? with level step 10,000 #/cm? (cold period, Friday 7 March 2025), (b) 1000 #/cm? to 10,000 #/cm?
with level step 1000 #/cm? (cold period, Friday 7 March 2025), (¢) 10,000 #/cm? to 100,000 #/cm? with level step
10,000 #/cm?® (warm period, Friday 11 July 2025) and (d) 1000 #/cm? to 10,000 #/cm? with level step 1000 #/cm?
(warm period, Friday 11 July 2025).

A comparison between the cold and warm period for the day with the maximum number of flight is shown
in Figure 13. A specific day was chosen due to the meteorological conditions that favored transport of air masses
towards the city. Accordingly, PN emissions during the warm period were higher by 23% than during the cold
period. Daily number concentration was equal to 1640 particles/cm? during the cold period and 2282 particles/cm?
during the warm period as estimated at a distance of 1 km in the east and 2.5 km in the north from the Copenhagen
airport (55.607893, 12.635043). Lower concentrations were observed on Saturdays.

Weather stability class under different seasons may also affect pollutant concentration levels since stable
conditions prevail during the cold period, while neutral conditions occur more often during the warm period. Air
pollutant concentration under stable conditions are higher compared to neutral conditions [36].

4. Conclusions

Emissions and dispersion of air pollutants from LTO cycle of aircrafts, APUs and handling equipment at the
Copenhagen airport were simulated using the ISC3-ST model on selected weeks during 2025. Two periods, a cold
and a warm one were evaluated with increased traffic by 23% during the warm period. Emissions followed the
daily flight activity, with distinct peaks during morning and midday hours, particularly on weekdays. Aircraft main
engines were the largest contributors to CO, NOy, and PN emissions within the airport area. Auxiliary Power Units
(APUs) and ground handling equipment contributed mainly to PM emissions. Model simulations revealed that the
contribution from airport activities to the ground level concentration of CO and PM was not significant in the
vicinity of the airport. However, aircraft main engines contributed significantly to the local air quality levels of
NOy and PN at the airport facilities and in the vicinity of the airport.

The aircraft LTO cycle contributed largely to ambient NOx and PN concentrations inside the airport a finding
that constitutes exposure particularly important for the personnel and travelers. In addition, dispersion simulations
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underlined pollutant transport to nearby areas, therefore affecting directly human exposure and populations living
close to the airport.

This work highlights the need for emissions reduction at airport facilities by adopting targeted and
environmentally friendly measures. Detailed emission profiling is necessary for more effective airport
environmental management. Reducing emissions from APUs and ground handling vehicles presents a tangible
opportunity to improve air quality in respect to particle mass without compromising operations.
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