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ABSTRACT

Emission inventories of airports are not well known generally because a lot of different
emission sources exist. A database is required to characterise real-world emission source
strengths as well as air quality and meteorological data at airports that will serve as an input
and as validation data for modelling work.

To develop a database of air quality and meteorological data a measurement campaign was
carried out at the Athens International Airport (AIA). The campaign from 13 until 25
September 2007 was realised with the aid of existing monitoring equipment at the AIA as well
as at the participant partners that was transferred to the AIA, allowing the sharing of
knowledge and infrastructure.

The concept of this measurement campaign will be presented. The first results of
interpretation of measured data will be discussed such as aircraft emission indices during
take-off, influence of aircraft emissions upon airport air quality, possibility of estimation of
the airport emission source strengths and influence of airport emissions upon air quality in
the surroundings. The future tasks of data use will be discussed as further investigation of
aircraft plume processes, modelling of the representative daily course of air quality
parameters and meso-scale air pollution studies.
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1. INTRODUCTION

The impact of air traffic on the atmosphere was subject to several works in the last years
(Rogers et al., 2002; EEA, 2001). But little scientific work has been done concerning airport
air quality. Airports themselves often measure concentrations of the main pollutants and use
dispersion models to assess the air quality situation.

The objective of this study is to develop a database of air quality and meteorological
measurements in an airport that will serve as an input and validation data set for modelling
work. For this purpose a measurement campaign was carried out at the Athens International
Airport (AIA) investigated from Moussioupolos et al. (2002) by FZK, NKUA and BUW from
13 until 26 September 2007. The campaign was realised with the aid of existing equipment
available by the participant partners that was transferred to the AIA, allowing the sharing of
knowledge and infrastructure.
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The basic characteristics of these investigations are:

e Sample points are spread at different representative locations to collect sufficient data

allowing an air quality analysis with respect to European regulation implementation
procedures relevant to measurements.

e Different analyzers or remote sensors are placed around the airport, further to

background atmosphere and at the edge of the airport domain in order to follow and
measure import/export of pollutants and exhaust emissions. This will yield information
on different airport activities since they have not equivalent contributions on these
specific sites.

e During the experimental period, routine ongoing existing airport air quality

measurements were augmented with special measurements provided by additional
equipment, according to the needs of the campaign.

e Meteorological stations run continuously at airports and are operated either by the

airport authority or the National Meteorological Service to deliver routine observations
for management and regulation of air traffic. However, vertical profiles of wind and
turbulence are available from radiosonde measurements four times per day only.
Sophisticated meteorological equipment (remote sensing and in situ) was installed also
to determine continuous information about vertical profiles of wind and turbulence.

The identified scientific objectives for the measurement campaign were:

Determination of the influence of airport emissions upon air quality in the
surroundings (Yu etal., 2004; Unal et al., 2005),

Estimation of the airport emission source strengths for numerical simulation of airport
air quality (Schiirmann et al., 2007),

Determination of the influence of aircraft emissions upon airport air quality (Spicer et
al., 1994),

Determination of the aircraft emission indices during take-off (ICAO, 1993; Popp et
al., 1999; Schiéfer et al., 2003; Herndon et al., 2004),

Investigation of the representativeness of airport air quality monitoring sites for the
characterisation of airport air quality.

2. STATE OF THE ART

The routine measurements at AIA include (see Figure 1):

1.

One continuous air quality monitoring mobile station at the airport (NOx, NO,, NO,
SO,, CO, O3, PM10, total hydrocarbons)

Five stations (SPA, PAL, MAR, GLY, KOR) consisting the Air Quality Monitoring
Network (AQMN) of the AIA monitoring the air pollution levels in the neighbouring
area around the airport (NOx, NO,, NO, SO,, CO, O3, PM10, total hydrocarbons),
along with the prevailing wind direction and wind speed. Four of these stations record
BTX (benzene, toluene, xylene) as well.

One meteorological station at the airport providing continuous observations of wind
speed and direction, air temperature, relative humidity. Rainfall is recorded at the
above mentioned 5 AQMN stations in the periphery of the airport, solar radiation at
two of them (MAR and PAL) while atmospheric pressure data are collected at one
AQMN station (SPA).
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4. One SODAR/RASS system for continuous, remote measurements of the three-
dimensional wind and temperature profile as well as turbulence characteristics in the
lower atmosphere. The SODAR/RASS is located next to the meteorological station.

5. One DOAS System is located at the beginning of a runway (next to the current
position of the AQMN mobile station) to contribute not only to the assessment of air
quality on the Airport premises, but also to the monitoring of aircraft emissions.

o .
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g

Figure 1: Air Quality Monitoring Network (AQMN) of the
Athens International Airport (AIA)

3. METHODOLOGY

In order to get detailed insight in airport air quality at the airport, all available information are
analysed together. The measurement sites were chosen in such a way that the influence of
runways can be identified in the concentration measurements. This implies an upwind and
downwind measurement with respect to the taxiways and runways. Due to the careful choice
of the measurement locations according to the main wind directions, it was guaranteed, that
for all main wind directions the influence of the airport or parts of the airport can be derived
from the measurements. To get insight in chemical processes, detailed measurements of
chemical species at different distances downwind of the runway were performed.

The following special measurements were performed according to the needs of the
development of a data base for airport air quality within the frame of this measurement
campaign by FZK and BUW at site A; see Figure 2a:

e In situ instruments for CO (Al15001, Aerolaser), NOx (TE42CL, Thermo Electron and
CLD AL, ECO-Physics), Os (APOA-350E, Horiba), total hydrocarbons (APHA-350-
E, Horiba) CO, (Carbondio 1000 ppmV, Pewatron), HCHO (Al4001, Aerolaser),
particlenumber size distribution (SMPS, TSI) and an automatic VOC sample system
(VOC C,-Cyp) within a measurement van,

e A PMIO instrument (FH62I-R, Thermo Electron), stand alone,
e A ceilometer for mixing layer height (LD40, Vaisala), stand alone,
e Ultrasonic anemometer for wind and temperature (USA-1, Metek), stand alone,

e An open-path DOAS system for NO and NO, (emitter/receiver unit ER130, analysator
ARS500, OPSIS) with one retro-reflector (RR090, OPSIS), stand alone (see Figure 2b),

e An open-path FTIR system for CO and CO, (spectrometer K300, Kayser-Threde) with
globar in parallel to the DOAS (Kayser-Threde), stand alone (see Figure 2b).
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Figure 2: (a) Location of all air pollution and meteorological measurement equipment at
AIA together with site A and B for additional equipment by FZK, BUW and
NKUA (left) and (b) location of open-path measurements by FTIR and DOAS at
site A (right)

A picture of the actual installation at site A is given in Figure 3.

Figure 3: Measurement site A with all installations

The following instrumentation of NKUA was operated at site B (where the AIA SODAR
system is operating, see Figure 2a):

e 10 m mast equipped with sonic anemometers and fast hydrometers at 2 levels,

e Air quality monitoring mobile station equipped with NOy, SO,, O3, PM10, PM2.5 in
situ analyzers,

e 1 in situ instruments for NOy (TE42CL, Thermo Electron), for intercomparison,

e PMI10, PM2.5, PMI airborne particle monitors.

4. RESULTS

The NO and NO, concentrations at site A and B as well as movements of aircraft at both
runways are shown in Figure 4 and together with wind speed and wind direction in Figure 5.
There is no clear correlation between the air pollution and the aircraft movements at the
runway nearby. During the afternoon hours with aircraft departures at the runway the NO and
NO; concentrations are enhanced in comparison to the time periods before and after. It is
obvious that the change from westerly wind direction to easterly ones during the day is
followed by the pollution concentrations at both sites. During easterly winds site A is
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downwind of the airport and correspondingly the NO, concentrations at site A are higher than
at site B. The same relation holds for most of the time periods with westerly winds so that
emission sources westerly of the airport seem to be important. The pronounced peak
concentration of NO and NO; in the morning can be caused by road traffic. The influence of
the mixing layer height can be important also.

NO, NO2 and aircraft movements dirnual variation b at site Ain parison with site B at
15 Sept. 2007
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Figure 4: NO and NO; concentrations at sitec A and B as well as movements
of aircraft at both runways on 15 September 2007
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Figure 5: NO and NO; concentrations at site A and B as well as movements of aircraft at
both runways together with wind speed and wind direction on 15 September 2007

The influence of departing aircraft at the runway nearby site A in the afternoon upon NO,
concentrations (see Figure 2, 4 and 5 also) is shown in Figure 6. A lot of peak concentrations
are clearly correlated with aircraft plumes.
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NO2 dirnual variation and aircraft departure time at site A at 15 Sept. 2007
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Figure 6: NO, concentrations measured by DOAS and departing aircraft at the runway
nearby site A on 15 September 2007

Unfortunately, only some CO, peak concentrations are correlated with aircraft departures at
the runway nearby.

The particle number size distribution in a single aircraft plume is shown in Figure 7. It peaks
at particle diameters of 22 nm. Exactly the sizes up to about 30 nm are not present in ambient
air so that these are originated by the aircraft engines.
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Figure 7: Particle number density distribution in an aircraft exhaust plume as well as in
ambient air some minutes earlier on 20 September 2007

The temporal variation of NO,, O; and NMHC concentrations at site A on 20 September 2007
is shown in Figure 8. The clear anti-correlation between NO, and Oj; is giving information
about NOy chemistry within aircraft exhaust plumes, i.e. the formation of NO, by means of
O;. Some enhanced NMHC concentrations in exhaust plumes can be observed also.

16" International Conference *Transport and Air Pollution’ 2008, Graz



243 -

NO,, O; and NMHC dirnual variation at site A at 20.09.07
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Figure 8: Temporal variation of NO2, O3 and NMHC concentrations at site A on
20 September 2007

In Figure 9 the Oy (O3 + NO,) mixing ratio in dependence from NOy (NO + NO,) mixing ratio
on 14 September from 13:00 until 16:00 is given. Using the determined linear relationship of
Oy from NOy the primary NO,/NOy ratio (0.22 + 0.06) and the O3 background mixing ratio
(53 £ 3 ppbV) are calculated.

Ox vs NO, correlation at site A; 13:00-16:00 at 14.09.2007
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Figure 9: Ox (O3 + NO2) mixing ratio in dependence from NOx (NO + NO,) mixing ratio
on 14 September from 13:00 until 16:00. The primary NO2/NOx ratio and the O3
background mixing ratio are given also

5. CONCLUSIONS

Site A is representative for an airport area of about 1 km x 1 km. But during certain
meteorological conditions short-time aircraft emissions as well as enhanced mean air
pollution concentrations (NO,, NO, NMHC, PM) from the nearby runway can be detected
also.

The influence of airport emissions upon air quality in the surroundings is important in relation
to other sources as road traffic. Other sources can be more important as e.g. in the morning
the road traffic peak.
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The estimation of the airport emission source strengths can be detected due to different wind
directions and the determination of mixing layer height. The upwind and downwind situations
for site A and B can be analyzed.

The influence of aircraft emissions upon airport air quality is detected (NO,, NO, CO, VOC,
PM) by taking into account the chemistry. These are short-time influences in the order of 1
minute.

The future tasks of data interpretation are further investigation of aircraft plume processes,
modelling of representative daily curse of air quality and meso-scale air pollution studies.
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