World Multidisciplinary Earth Sciences Symposium (WMESS 2016) IOP Publishing
IOP Conf. Series: Earth and Environmental Science 44 (2016) 052017 doi:10.1088/1755-1315/44/5/052017

Aerosol Distribution in The Planetary Boundary Layer Aloft a
Residential Area

Jan Hovorka !, Cecilia Leoni ', Veronika Docekalova !, Jakub Ondradek 2,
Nadé&Zzda Zikova !

! Institute for Environmental Studies, Faculty of Science, Charles University in
Prague, Benatska 2, 128 01 Prague 2, Czech Republic

? Laboratory of Aerosol Chemistry and Physics, Institute of Chemical Process
Fundamentals of the CAS, v. v. i., Rozvojova 2/135, 165 02 Prague 6, Czech Republic

E-mail: leonic@natur.cuni.cz

Abstract. Atmospheric aerosol is an omnipresent component of the Earth atmosphere. Aerosol
particle of diameters < 100 nm or > 1 pum defines ultrafine or coarse aerosol particles,
respectively. Aerosol particle concentrations within the planetary boundary layer - PBL are
measured at the ground level while their vertical profiles in the PBL are usually estimated by
modelling. The aim of this study was to construct vertical concentration profiles of ultrafine
and coarse aerosol particles from airborne and ground measurements conducted in an urban
airshed. Airborne measurements were done by an unmanned airship, remotely controlled with
GPS 10 Hz position tracking, and electrically powered with propulsion vectoring, which allows
average cruising speed of 6 m.s"!. The airship carried three acrosol monitors and a temperature
sensor. The monitors acquired 1 Hz data on mass concentration of coarse and number
concentration of ultrafine particles. Four flight sequences were conducted on the 2™ of March
2014 above Plesna village, up-wind suburb of Ostrava in the Moravian-Silesian region of the
Czech Republic. The region is a European air pollution hot-spot. Repeated flights were carried
out in several height levels up to 570 m above ground level - a.g.l. Early morning flight
revealed a temperature inversion in the PBL up to 70 m a.g.l. This lead to coarse particle
concentrations of 50 ugm= below the inversion layer and 10 pgm™ above it. Concurrently, air
masses at 90-120 m a.g.l. were enriched with ultrafine particles up to 2.5x10* cm™, which may
indicate a fanning plume from a distant emission source with high emission height. During the
course of the day, concentrations of ultrafine and coarse particle gradually decreased.
Nevertheless, a sudden increase of ultrafine particle concentrations up to 3.7x10* cm was
registered at 400 m a.g.l. at noon and also after a lag of 20 min at the ground. This may
indicate formation of new aerosol particles at higher altitudes, which are then transported
downward by evolved convective mixing. Detailed information acquired by the airship
measurements allow us to better understand processes resulting in the increase of aerosol
particle concentrations at ground level in urban air.

1. Introduction

The planetary boundary layer - PBL, the lowest part of the troposphere, is influenced by the exchange
of heat, water vapour, trace gases and aerosol particles with the Earth surface [1]. Surface heating
produces a turbulent, well-mixed PBL during the day, while surface cooling after sunset may lead to a
temperature inversion which causes the PBL stratification. Key constituent of the PBL is atmospheric
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aerosol, a colloid originating from natural and anthropogenic sources. While natural aerosol sources
prevail over the anthropogenic ones at remote locations or open troposphere [2], anthropogenic
sources dominate in urban environment. Additionally, temperature inversion in the PBL prevents
mixing of the anthropogenic aerosol with the free troposphere. Therefore, knowing the atmospheric
aerosol distribution within the PBL at urban microscale is important for human exposure assessment.
Unmanned aerial systems offer advantages as research platforms because of the possibility to
investigate atmospheric parameters at small scale and low altitudes. Airships have the possibility to fly
with low cruising speed at constant heights, with minimal logistic requirements and lower costs
compared to the aircrafts [3, 4, 5, 6]. Also, compared to drones, airships can carry heavier payload [7].
This work presents and discusses airborne and ground-based measurement of the aerosol particles
concentration, performed in March 2014 in a suburb of Ostrava, Czech Republic. This city is known
as a European air pollution hot-spot [8, 9, 10]. The aim of this study was to construct vertical
concentration profiles of size-segregated aerosol particles from airborne and ground measurements
conducted in this urban air pollution hot-spot.

2. Methods

The measurements were performed in Ostrava city suburb Plesna (Figure 1) mainly composed of
family houses. The suburb is relatively far from any direct industrial and/or traffic pollution. The
airborne measurements were realized with an unmanned airship, remotely controlled with GPS 10 Hz
position tracking and electrically powered with propulsion vectoring, which allows average cruising
speed of 6 m.s'. The precision of the airship position tracking was 5 — 10 m vertically and 5-8 m
horizontally. The scientific payload was composed of a laser nephelometer (DustTrak DRX-8533, TSI
Inc.), two condensation nuclei counters (P-track 8525, TSI Inc.), and temperature sensor (111DL,
Voltcraft). The nephelometer measured the mass concentration of coarse aerosol particles. Each of the
counters was equipped with Particle Size Selector - PSS (model 376060. TSI Inc.) at the aerosol inlet
but with different adjustments. The first PSS housing holds 7 screens, which raises the smallest
detectable particle size limits to about 100 nm while there were no screens at the second PSS housing.

* T

Figure 1. Aerial view of Plesna village, Ostrava city suburb, indicating the fixed site and the
airship launch site; the scale bar shows the distances in meters of the airship-flying track
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Therefore, the first counter detects particles within the size range of 100 — 1000 nm while the
second within the size range of 20 - 1000 nm. The particle number concentrations - PNC within the
ultrafine size range 20 — 100 nm are obtained by the difference of the first and second counter. The
temperature sensor and also aerosol monitors acquired 1 Hz data. Concurrent ground measurements
were conducted at fixed site (49°51'57.31"N, 18° 7'55.52"E, 290 m altitude), approximately 300 m far
from the airship launch site (Figure 1). Five minute integrates of particle number concentrations and
size distribution in size range 14 — 10000 nm were measured by a Scanning Mobility Particle Sizer
(SMPS model 3936L75, TSI Inc.) and an Aerodynamic Particle Sizer (APS-3321, TSI Inc.).
Meteorological parameters (wind speed, wind direction, relative humidity and temperature) were also
recorded.

3. Results and discussions

Four flights were conducted: 1st at 06:40-7:50, 2nd at 8:13-9:40, 3rd at 9:55-11:11 and 4th at 11:25-
12:19. During the first flight in the early morning, two temperature inversion layers were observed
(Figure 2, left). The first was formed up to 70 m a.g.l. while the second reached heights 180-230 m
a.g.l. Coarse aerosol mass concentrations 20-50 ugm™ below the first inversion layer reflected coarse
aerosol sources on the ground, also indicated by the elevated coarse particle concentration recorded at
the fixed site on the ground (Figure 5, top). Above the first inversion layer, the concentration dropped
to less than 10 pgm™ (Figure 2, right). In contrast to coarse particles, ultrafine particle number
concentrations were very high, up to 2.5x10* cm?, at heights 90-120 m a.g.l., which may indicate a
fanning plume from a distant emission source with a high emission height (Figure 3, right).
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Figure 2. The PBL vertical profile of temperature (left) and coarse particle concentrations at the scale
distances above Plesna village (right) during the 1st flight, 06:40-7:50
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Figure 3. The PBL vertical profile of temperature (left) and ultrafine particle concentrations (right) at
the scale distances above Plesna village during the 1st flight, 06:40-7:50
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Figure 4. The PBL vertical profile of temperature (left) and ultrafine particle concentrations (right)
at the scale distances above Plesna village. 4. Flight, 11:25-12:19

During the second flight, temperature inversion layer was observed only at heights 150-280 m a.g.1.
as a consequence of surface heating. There were concentrations of coarse particle mass up to 39 ugm
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and number of ultrafine particles up to 20x10* cm™ recorded in this layer. During the third and fourth
flights, the inversion disappeared due to the heating of the Earth’s surface. Air masses can vertically
mix and the concentration of both coarse and nanoparticles in the PBL decreased. Nevertheless, sharp
increase in number concentrations of ultrafine particles up to 3.7x10* cm™ was recorded at heights of
380-400 meters a.g.l. (Figure 4, right) during the descending flight of the airship at 12:00:23-12:00:47.
After a delay of 20 minutes, at 12:20-12:50, there was also a sudden increase of ultrafine particles
concentration 1.5-2x10* ¢cm™ observed at fixed site on the ground (Figure 5, bottom). This may
indicate the process of formation of new particles occurring at higher altitude, which are subsequently
transported downward by enhanced convective mixing and registered on the ground. Similar
spatial/temporal dynamic of the PBL were observed in Melpitz, Germany [11].

10 ¢

o

aw/dlogDae pugm?
. 0001
N oot
- 0
:E_g, 3 1|0
s 2 . 100
(=]
1
= 50000
dN/dlogDp #em
440000
200
~3 ?
30000 §
E 100 d Q
o Sk 420000 *
3 ﬂ v 10000
20 '\
: U
)
o
S
o
g

06:00:00
07:00:00
08:00:00
09:00:00
10:00:00
11:00:00 |
12:00:00
13:00:00 41/
15:00:00

Figure 5. Contour graphs of the temporal variation of aerosol size distribution for mass (top, size
range 0.5-10 um) and for number (bottom, size range 14-732 nm), and ultrafine particle number
concentration registered at the fixed site

4. Conclusions

Dynamics of vertical profiles for temperature, coarse and ultrafine aerosol particle concentration in the
PBL in microenvironment of urban airshed was revealed by measurements with an unmanned airship.
Early morning, temperature stratification of the PBL caused coarse particles to be accumulated below
the inversion layer while ultrafine particles, emitted from distant source with high emission height,
were trapped at heights 90-120 m a.g.l. During the course of day, the PBL stratification ceased and
gradually evolved turbulent mixing led to a downward transport of ultrafine particles newly formed in
higher elevations. Detailed information allows us to understand processes and apportion sources of
aerosol particles in ground level in the urban micro environment and unmanned airship seems to be an
optimal platform for airborne measurements.
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