
IV
 In

te
rn

at
io

na
l C

on
fe

re
nc

e 
on

 A
TM

O
SP

H
ER

IC
 D

U
ST

 -
 B

O
O

K
 O

F 
A

B
ST

R
A

CT
S

€ 35,00 
VAT inc.

Scientific Research
ABSTRACTS

Volume 11

IV International Conference on 
Atmospheric Dust

ISSN 2464-9147 ONLINE





IV InternatIonal ConferenCe on 
atmospherIC Dust

Dust 2021
Torre Cintola Conference Centre | MONOPOLI | Italy

October, 4-7, 2021

 

SCIENTIFIC RESEARCH 
ABSTRACTS

VOLUME 11



Copyright © 2021 by the Authors. Published by Digilabs (Italy) under request of Associazione Italiana Sulle 
Argille - APS. Selection by the Scientific Committee of DUST 2021.
The policy of Scientific Research Abstracts is to provide full access to the bibliographic contents if a correct 
citation to the original publication is given (rules as in CC 3.0). Therefore, the authors authorize to i) print the ab-
stracts; ii) redistribute or republish (e.g., display in repositories, web platforms, etc.) the abstracts; iii) translate the 
abstracts; iv) reuse portions of the abstracts (text, data, tables, figures) in other publications (articles, book, etc.).

IV International Conference on Atmospheric Dust - DUST 2021 (HYBRID MEETING)
MONOPOLI, Italy, October 4-7, 2021
Organized by
Italian Association of Clays (AISA - APS)
Institute of Methodologies for Environmental Analysis (IMAA) - CNR

Scientific Research Abstracts - Volume 11
Editor: Saverio Fiore
ISSN 2464-9147 (Online)
ISBN: 978-88-7522-049-5
Publisher: Digilabs - Bari, Italy
Cover: Digilabs - Bari, Italy
Printed in Italy

Citations of abstracts in this volume should be referenced as follows:
<Authors> (2021). <Title>. In: S. Fiore (Editor).
IV International Conference on Atmospheric Dust - DUST 2021
MONOPOLI, Italy. 
Digilabs Pub., Bari, Italy, pp. 69.



THE INFLUENCE OF ORGANIC COATINGS ON THE PHOTOCHEMICAL
UPTAKE OF OZONE BY TIO2

Maya Abou-Ghanem* (1), Sarah Styler (2, 1)
(1) Department of Chemistry, University of Alberta, (2) Department of Chemistry and Chemical Biology, McMaster
University

Each year, over a billion tons of mineral dust are emitted into the atmosphere from arid regions across the
globe.(1) Mineral dust can undergo long-range transport(2) and influence the chemical composition of the
troposphere by serving as a photoactive surface for the removal of pollutant species.(3) Field observations have
demonstrated that mineral dust is often internally mixed with organic pollutants, usually in the form of
coatings,(4) due to atmospheric aging during transport. Although laboratory studies have investigated the
influence of organic coatings on the inherent physical properties of mineral dust, including its cloud
condensation nuclei activity(5) and optical properties,(6) little is known about how these coatings influence
mineral dust photochemistry. Here, we use a custom-built aerosol flow tube to investigate the photochemical
uptake of ozone by organic-coated TiO2, which we use as a simple photoactive model system for aged mineral
dust. We find that the uptake of ozone by organic-coated TiO2 is suppressed compared to that by uncoated TiO2

. In addition, we find decreasing ozone uptake with increasing coating thickness. This work is the first to
demonstrate that atmospheric aging can influence the inherent photochemistry of mineral dust, which may
require us to re-evaluate the air quality impacts of dust–pollutant interactions. With emissions of mineral dust
expected to increase in the future due to climate change,(7) it is increasingly important to understand the
evolution of mineral dust photochemistry during atmospheric transport and its broader influence on urban air
quality.

[1] C. S. Zender et al., J. Geophys. Res. Atmos. 108(D14) (2003).
[2] K. D. Perry et al., J. Geophys. Res. Atmos. 102, 11225–11238 (1997).
[3] D. M. Cwiertny et al., Annu. Rev. Phys. Chem. 59, 27–51 (2008).
[4] A. H. Falkovich et al., J. Geophys. Res. Atmos. 109(D2) (2004).
[5] K. M. Gierlus et al., Atmos. Environ. 46, 125–130 (2012).
[6] J. M. Alexander et al., J. Geophys. Res. Atmos. 120, 2437-2452 (2015).
[7] P. Achakulwisut et al., GeoHealth. 3, 127–144 (2019).
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OPTICAL ABSORPTION PROPERTIES OF MINERAL DUST PARTICLES
GENERATED BY STORM EVENTS IN A DESERT ENVIRONMENT

Balint Alfoldy* (1), Mohamed Mahfouz (2), Matic Ivancic (1), Asta Gregoric (1), Martin Rigler (1)
(1) Aerosol d.o.o, (2) Qatar University

Mineral dust is a significant component of the atmospheric particulate matter that can persistently determine
the air quality especially in dry or desert environments (Querol et al., 2019). On the other hand, mineral dust
particles can be transported over a regional and even a global scale and affects the global radiation budget
(Schepanski, 2018). Moreover, high mineral dust exposure poses significant health risk (Karanasiou et al.,
2012).
Although mineral dust particles weakly absorb the light in the UV and short visible wavelength bands, it is
possible to detect them optically in high concentration cases, if the interference of other, stronger absorbing
particles (such as black carbon, BC) can be avoided. This can be achieved by an aerodynamic separation
between the coarse mode mineral particles and the fine mode black carbon particles using the virtual impactor
(VI) technique published by Drinovec et al. (2020). On the other hand, dust storms offer an alternative and
unique opportunity for the investigation of the optical properties of mineral dust particles, since among the high
concentration of dust none, or negligible contribution of combustion related particles can be assumed.
In this paper we present three dust storm cases from the Arabian desert, when the optical behavior of mineral
dust particles was recorded real-time using a multi wavelength Aethalometer (AE33, Aerosol d.o.o., Slovenia).
The instrument measures the light absorption of the aerosol sample collected on a Teflon filter tape at seven
wavelengths, from 370 to 950 nm with a minimum of 1 second time resolution (Drinovec et al., 2015). The PM
10 aerosol mass concentration was simultaneously measured so the mass absorption cross-section (MAC) could
be determined for 7 wavelengths. The obtained MAC value for 370 nm was 0.22 m2 g-1, which is in a good
agreement with Drinovec et al. (2020). The wavelength dependency of the MAC value was similar in the three
cases following a complex power-low relationship with the exponent of 1.03 in the 590-950 nm wavelength
interval that is characteristic for the uniform (wavelength independent) absorbers like BC particles. On the
other hand, in the 370-590 nm wavelength interval, where the mineral dust particles have specific absorbance,
the exponent increased to 3.02.
The determined MAC value at 880 nm wavelength can be used for correcting the measured black carbon
concentration during mixed cases, when the high mineral dust load interferes the BC measurement. Deeper
insight into the optical properties of mineral dust particles is crucial in terms of understanding their role in the
global radiation budget. This work provides more information about the absorption properties of the mineral
dust particles that can be further used for specifying the aerosol source apportionment by the VI technique.

[1] Drinovec et al. (2015) The "dual-spot" Aethalometer: an improved measurement of aerosol black carbon with real-time loading
compensation Atmos. Meas. Tech., 8 (2015), pp. 1965-1979.
[2] Drinovec et al. (2020) A new optical-based technique for real-time measurements of mineral dust concentration in PM10 using a virtual
impactor Atmos. Meas. Tech., 13 (2020), pp. 3799-3813
[3] Karanasiou et al. (2012) Health effects from Sahara dust episodes in Europe: literature review and research gaps. Environ Int . 2012 Oct
15;47:107-14. doi: 10.1016/j.envint.2012.06.012.
[4] Schepanski (2018) Transport of Mineral Dust and Its Impact on Climate. Geosciences 2018, 8(5), 151;
https://doi.org/10.3390/geosciences8050151.
[5] Querol et al. (2019) Monitoring the impact of desert dust outbreaks for air quality for health studies. Environ Int . 2019
Sep;130:104867. doi: 10.1016/j.envint.2019.05.061.
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DUST SENSOR / EXOMARS’22: IN-SITU MEASUREMENT OF DUST SIZE 
DISTRIBUTION ON MARS SURFACE

Russu Berlanga Andres* (1), Cortes Martinez Francisco (1), De Castro Antonio J. (1), López-Ongila 
Celia (1), Garcia Ares Ernesto (1), Lopez Martinez Fernando (1), Plaza Arenas Javier (1), Ramirez 
Barcenas Alberto (1), Paz Herrera Rolando (1), Serrano Gordo Angel (1), Fernandez Martin David 
(1), Lopez Bejar Alba (1)
(1) Universidad Carlos III de Madrid

The Dust Sensor (DS’20) is a system designed to measure different parameters that determine in situ the size 
distribution of suspended dust on the surface of Mars. This physical information is retrieved from the 
measurement of scattered infrared (IR) light by the dust particles inside a small volume of interaction. The Dust 
Sensor is one of the atmospheric devices of the METEO instrument that will be launched on the Exomars’21 
mission leaded by ESA and Roskosmos. The DS’20 has low size (120 x 35 x 40 mm3), low mass (around 100 
g) and low power (< 3W) therefore the sensor is easily adoptable for a Space mission.
The sensor module is composed by an IR source and two IR detectors. The source is a thermoresistive 
membrane that can reach up to 700°C radiating in a broad IR spectral region. Each detector is based on PbS and 
PbSe active elements where two spectral bands are defined by integration of two spectral filters. Band 1 
operates in the range 1.3-2.6 µm (PbS), and Band 2 operates in the range 3-5 µm (PbSe). The two detectors are 
located respectively in a near-forward scattering direction and a near-back scattering direction (referred to IR 
source location).
The data acquisition and processing has been configured to handle very low signal values and important 
radiative noise (solar scattering, reflections on metallic surfaces or emission of hot elements of the surface 
platform). The detection system is based on the modulation at 10 Hz of the emitted IR signal and the 
implementation of a digital Lock-In Amplifier tuned to the modulation frequency to reduce this radiative noise. 
This low operation frequency reduces the requirements on IR source and sampling electronics.
The DS is not thermal controlled and, therefore, the components and the unit has been validated for the extreme 
Mars environment during a Parts Qualification and Validation (PQV) campaign. In the same way, the DS has 
been qualified for a year mission on Mars.
The nominal operational cyclogram on Mars has been set for monitoring on sunrise and sunset and in 
coordination with the Solar Irradiance Sensor (SIS).
Finally, the data retrieval strategy is based on the computational model of the sensor device and testing results 
with standard dust samples and field tests campaigns.



ACTIVE ORIENTATION CONTROL OF OPTICALLY TRAPPED
AIRBORNE MICROPARTICLES

Jessica Arnold* (1), Aimable Kalume (1), Gorden Videen (1), Yong-Le Pan (1), Alycia Weinberger
(2)
(1) U.S. Army Research Laboratory, 2800 Powder Mill Road, Adelphi, MD 20783, USA, (2) Earth and Planets Laboratory,
Carnegie Institution for Science, 5241 Broad Branch Rd. NW, Washington, DC 20015, USA

Retrieval of dust properties from remote sensing data requires understanding the scattering phase function —
light scattering response as a function of the orientation of dust particles relative to the light source and
instrument detector — for a variety of materials. Knowing how this angular dependence varies as a function of
size, composition and shape is important for understanding measurements of μm-sized dust in a variety of
physical settings including atmospheric aerosols, cometary dust, regolith on planetary surfaces, and
circumstellar dust. However, laboratory measurement of light scattering from a single dust particle that is not in
contact with another surface and is in a known orientation is challenging.
We present a new mechanism for active, controlled circular and spin-rotational motion of an optically trapped
dust particle around the trapping beam propagation axis. The trapping and rotation apparatus consists of a
circular hollow beam deformed by a long focal length cylindrical lens into an elliptical shape. This hollow
beam is then focused into an elliptic cone that comes to a line at the focus rather than a circular point. This
creates an optical trap where the horizontal forces have bilateral symmetry but are stronger along one axis. As
the cylindrical lens is rotated the orientation of the stronger and weaker axes change, and the orientation of the
trapped dust particle follows. Using some examples of optically trapped JSC-1 Martian dust analog particles,
we experimentally demonstrate that the rotational behavior is correlated with the laser power and that the rate
and direction of the particle rotation is directly tied to that of the cylindrical lens. With this new technique, the
trapped dust particle can held at any desired orientation about the trapping beam axis for data collection over an
extended period of time. 
Our eventual goal is to be able to collect 2D elastic scattering measurements of the exact same dust particle
over several known orientations and to collect such measurements for a variety of particles relevant to
atmospheric aerosols, planetary regolith, and astronomical dust. This orientation control technique could also
be used to carry out targeted Raman spectroscopy of distinct portions of the dust particle surface, allowing
chemical and biological changes due to varying atmospheric conditions to be monitored.
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CHEMICAL AND OPTICAL PROPERTIES OF ICELANDIC DUST

Clarissa Baldo* (1), Paola Formenti  (2), Sophie Nowak (3), Servanne Chevaillier (2), Mathieu
Cazaunau (2), Edouard Pangui (2), Claudia Di Biagio (2), Jean-Francois Doussin (2),  Konstantin 
Ignatyev (4), Pavla Dagsson-Waldhauserova (5, 6), Olafur Arnalds (5), A. Robert MacKenzie (1),
Zongbo  Shi (1)
(1) School of Geography, Earth and Environmental Sciences, University of Birmingham, Birmingham, United Kingdom,
(2) LISA, UMR CNRS 7583, Université Paris-Est-Créteil, Université de Paris, Institut Pierre Simon Laplace (IPSL),
Créteil, France, (3) Plateforme RX - UFR de Chimie, Université de Paris, Paris, France, (4) Diamond Light Source, Didcot,
Oxfordshire, United Kingdom, (5) Agricultural University of Iceland, Keldnaholt, Reykjavik, Iceland, (6) Faculty of
Environmental Sciences, Czech University of Life Sciences Prague, Prague, Czech Republic

In this study, we determined the chemical composition, mineralogy, and optical properties of mineral dust from 
Iceland, which is a very active source of dust at high latitude. Surface sediments were collected from five major 
dust hotspots in Iceland. PM10 and PM20 were generated using atmospheric chambers. The aerosol samples 
showed a basaltic composition with relatively high total iron (Fe) content (10%-13%). Icelandic dust 
mineralogy was considerably different from that of Saharan dust. We found that the dust samples primarily 
consisted of amorphous basaltic material, ranging from 8% (Hagavatn hotspot) to 60%-90% (other hotspots). 
Sequential extraction of Fe to determine its chemical form showed that magnetite contributed to 7%-15% of the 
total Fe. Dithionite Fe (Fe oxides such as hematite and goethite) and ascorbate Fe (amorphous Fe 
oxyhydroxide) were 1%-6% and 0.3%-1.4% of the total Fe. About 80%-90% of total Fe was contained in other 
Fe phases primarily pyroxene and in the aluminium silicate glass. The distinct mineralogy and Fe speciation 
suggest that the optical properties of Icelandic dust may be also different from those of low-latitude dust. 
Magnetite is likely the main Fe oxyhydroxide in Icelandic dust contributing to its absorption properties in the 
solar spectrum. The volume-average refractive index of Icelandic dust was calculated based and its 
mineralogical composition. Our results suggest that the absorption properties of Icelandic dust may be higher 
than low-latitude dust in the solar spectrum, hence a potentially significant impact of Icelandic dust on the 
radiation balance in the sub-polar and polar regions. The volume-average refractive of Icelandic dust will be 
compared with the optical properties measured at the CESAM atmospheric simulation chamber. Our new 
dataset on chemical composition, mineralogy, and optical parameters of Icelandic dust can be used to estimate 
the radiative impact of Icelandic dust and its role on Arctic climate.

[1] https://doi.org/10.5194/acp-20-13521-2020
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STUDYING COARSE-MODE DUST AEROSOLS WITH DIGITAL
HOLOGRAPHY FROM A UAV

Matthew Berg* (1)
(1) Kansas State University, Department of Physics

Digital holography (DH) has proven a powerful method to study aerosol particles, particularly the relatively
large coarse-mode particles. Such particles are abundant in the atmosphere in agricultural, desert, and urban
environments. The accurate characterization of these particles’ morphology, especially for mineral dust, is an
important need in many scientific and applied contexts, such as to advance our understanding for how such
aerosols influence the solar radiative forcing of the atmosphere. In the DH method, a particle is illuminated by
an expanded laser beam and the interference pattern produced by unscattered and forward-scattered light from
the particle is recorded on a sensor, i.e. a CCD. This interference pattern is the hologram, and from it, an image
of the particle can be unambiguously rendered. Particles freely flowing in the atmosphere that are nominally 5
microns to several millimeters in size can be imaged this way. The relative simplicity of digital holography
makes it an ideal candidate for a portable instrument for aerosol science. In this presentation, we present the
design, construction, and application of such an instrument, the Holographic Aerosol-Particle Imager, or HAPI,
which is mounted to an unmanned aerial vehicle (UAV). We will then discuss our initial use of HAPI to
perform in situ observations of coarse-mode aerosol particles in the atmosphere.
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SELECTIVE DETECTION OF DUST OR ASH CLOUDS FROM
HYPERSPECTRAL (LEO) AND BROADBAND (GEO) SENSORS IN THE
CONTEXT OF THE SACS/ALARM EARLY WARNING SYSTEM

Hugues Brenot* (1), Nicolas Theys (1), Lieven Clarisse (2), Pierre De Buyl (3), Nicolas Clerbaux
(3), Michel Van Roozendael (1), Manuel Soler (4)
(1) Royal Belgian Institute for Space Aeronomy (BIRA-IASB), (2) Spectroscopy, Quantum Chemistry and Atmospheric
Remote Sensing service (SQUARES), Université Libre de Bruxelles (ULB), (3) Royal Meteorological Institute of Belgium
(RMI), (4) Bioengineering and Aerospace Department, Universidad Carlos III de Madrid (UC3M)

The use of satellite sensors is essential to detect and mitigate the risk of airborne hazards (i.e. volcanic plumes
or desert sandstorms) for aviation, as flying through them can have a strong impact on engines (abrasion and
damages caused by aerosols) and on the health of passengers (e.g. due to associated hazardous trace gases).
Near real-time satellite observations of aerosols can improve situational awareness for Air Traffic Management
(ATM).
We study volcanic plumes & desert dust clouds and the interest of combining geostationary and polar orbiting
satellite observations. On one hand, using Geostationary Equatorial Orbit (GEO) imagers, we consider
brightness temperatures/radiances of all the channels (e.g. the 11 channels from SEVIRI) and the ash & dust
RGB composite products, as defined by EUMETSAT on a global coverage (https://eumetview.eumetsat.int).
The inherent limitation of the broadband sensors onboard GEO satellites lies in a lack of discrimination
between volcanic, dust, smoke and convective clouds. The advantage of GEO is the high temporal and spatial
resolution of these observations. On the other hand, hyperspectral sensors onboard Low Earth Orbit (LEO)
platforms (e.g. IASI on board MetOp-A&-B&-C; see the Support to Aviation Control Service — SACS; 
http://sacs.aeronomie.be) can provide selective detection of ash and dust particles. The disadvantage is the
limited number of overpasses although this can be improved using several LEO satellite sensors and in the near
future hyperspectral GEO sensors (GEMS, TEMPO, Sentinel-4).
We plan to show the combined use of GEO and LEO satellite sensors to improve near real-time
quasi-continuous selective detection of natural hazardous clouds (ash and dust) from geostationary sensors, and
the implementation of NetCDF Alert products (NCAP data). Such tailored products are developed in the frame
of the ALARM H2020 project (https://alarm-project.eu).

Scientific Research Abstracts
Vol. 11, p. 7, 2021
ISSN 2464-9147 (Online)
Atmospheric Dust - DUST 2021
© Author(s) 2021. CC Attribution 3.0 License



CHEMICAL AND PHYSICAL CHARACTERIZATION OF THE SEASONAL
SNOWPACK (2017-2021) AT CALDERONE GLACIER (GRAN SASSO
D'ITALIA)

Federica Bruschi* (1, 2), Beatrice Moroni (1), Roberta Selvaggi (1), Paola Gravina (1), Chiara
Petroselli (1), Massimo Pecci (3), Pinuccio D'Aquila (4), Paolo Tuccella (5), Edoardo Raparelli (5),
Andrea Spolaor (2), Jacopo Gabrieli (2), Giulio Esposito (6), David Cappelletti (1, 3, 2)
(1) Dipartimento di Chimica, Biologia e Biotecnologie, Università degli Studi di Perugia, Perugia, Italy, (2) Istituto di
Scienze Polari, CNR-ISP, Venezia, (3) Comitato Glaciologico Italiano, (4) CNSAS CAI, Chieti, (5) Dipartimento di Fisica
e Chimica, Università degli Studi dell'Aquila, (6) Istituto di Inquinamento Atmosferico, CNR-IIA, Roma

The Calderone Glacier (Central Appennine, Gran Sasso d’Italia mountain group) is the southernmost glacial
apparatus in Europe, splitted in two glacierets since the end of the last millennium. Because of its location and
altitude, this site is exposed to long-range transport of air masses from different Mediterranean source areas. (1)
Therefore, the seasonal snowpack’s chemistry is strongly affected by the dry and wet deposition of
contaminants associated with anthropogenic and natural sources. The seasonal snowpack at this low-latitude
Mediterranean site is extraordinarily dynamic with the evolution of frequent melt-refreeze processes with
formation of ice layers that influence the chemical markers’ mobility.
 
The most frequent source of dust in this area is given by Saharan dust advections. Those events were often
recognized in distinct snow layers from concentration peaks of specific significant markers like alluminum and
iron. However, in these last 5 years other sources have been acknowledged by calculating air masses’
back-trajectories, such as a dust intrusion from the Caspian region in 2020.
 
In the present study, the seasonal snowpack stratified on the Calderone glacier (2700 m asl) has been
characterized for five consecutive years (2017-2021) with the aim to observe the modifications in the chemical
and physical properties depending on local and external atmospheric contributions. The snowpack is
operatively defined as the snow on the ground at the beginning of the ablation season, typically in June.
Average snowpack depths ranged between 3 and 4 meters and sampling resolution was 10 cm. We determined
the concentration and fluxes of major inorganic ions by ion chromatography, of 31 trace elements and 14 rare
earth elements (REE) by triple quadrupole ICP-MS, and the snowpack’s standard crystallographic features and
physical properties, such as humidity, density, hardness, and temperature. Moreover, in order to establish a
correlation between the dust layers in the snowpack and the different aerosol sources, these data were
compared to the results collected analysing air samples (PM10 and PM2.5) obtained at the EMEP monitoring
site of Monte Martano (Central Italy), which is considered as representative of long-range advections in the
Central Mediterranean. (2)

[1] Pettinelli, E., Pecci, M., Marzano, F. S., Biscarini, M., Boccabella, P., Bruschi, F., Caira, T., Cappelletti, D., Cimini, D., D’Aquila, P.,
Di Fiore, T., Esposito, G., Lauro, S. E., Mattei, E., Monaco, A., Palermo, G., Pecci, M., Raparelli, E., Scozzafava, M., and Tuccella, P.:
Monitoring the last Apennine glacier: recent in situ campaigns and modelling of Calderone glacial apparatus, EGU General Assembly
2020, Online, 4–8 May 2020, EGU2020-22579, https://doi.org/10.5194/egusphere-egu2020-22579, 2020
[2] Moroni Beatrice, Castellini S., Crocchianti Stefano, Piazza-Lunga Andrea, Fermo Paola, Cappelletti David, 2014/11/26, volume 155,
"Ground-based measurements of long-range transported aerosol at the rural regional background site of Monte Martano (Central Italy)",
Atmospheric Research
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NATURAL AND ANTHROPOGENIC SOURCES OF TRACE ELEMENTS IN
THE ATMOSPHERE AND THEIR INFLUENCE ON HUMAN HEALTH

Roberto Buccione* (1), Giovanna Rizzo (1), Michele Paternoster (1)
(1) Dipartimento di Scienze, Università della Basilicata, Viale dell'Ateneo Lucano 10, 85100 Potenza, Italy

Trace elements are divided into essential elements for humans such as Co, Cu, Fe, Mn, Mo, Ni, Se, and Zn and
not essential elements such as Al, Sb, As, Be, Bi, Cd, Au, Pb, Hg, Pt, Ag, and W. These elements play a major
impact on natural environments and on human health and their origin can be associated with both natural and
anthropogenic sources. Furthermore trace elements can directly influence the quality of other critical natural
environments such as water and soils. The presence of trace elements such as Ag, Al, As, Br, Cd, Ce. Cl, Cr,
Fe, Hg, Ni, Pb, Sc, Se, Sm, V and Zn in urban centers and large cities heavily affects air quality and people’s
health. Another sources of harmful trace elements in the air are correlated with ore mining industries and its
waste products.
 On the other hand, several natural phenomena, such as the weathering of some rocks, soil erosion and volcanic
eruptions, are examples of natural sources of trace elements in the atmosphere. For example, volcanic ashes
generally can contain trace elements such as As, Cd, Cu, Co, Cr, V, Zn, Hf, Th and U and most of these
elements can be directly correlated with onset of several health diseases. Among the natural sources of trace
elements in the atmosphere, great attention were paid to the weathering of some particular types of rocks
containing trace elements rich minerals.
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IMPACT OF DUST OUTBREAKS ON PARTICLE MASS
CONCENTRATIONS AT THE SURFACE DURING THE COVID-19
LOCKDOWN MEASURES OVER SOUTH-EASTERN ITALY

Valentina Catanzaro* (1), Salvatore Romano (1), Maria Rita Perrone (1), Fabio Paladini (1)
(1) University of Salento

The COVID-19 lockdown (LD) measures have represented a unique opportunity to evaluate the impacts of
reduced anthropogenic activities on surface air-quality parameters during the year 2020. LD measures started
on 9th March and lasted up May 17th, 2020 all over Italy. The authors have investigated the impact of the LD
measures on air quality at several sites of south eastern Italy differently affected by pollution, by comparing the
PM10 and PM2.5 mass concentrations of the year 2020 with the corresponding ones of the 2017, 2018, and
2019 years, which have allowed determining the so called ref-year PM mass concentrations. Then, the monthly
averaged percent departure (APD%) from the 2020 and the ref-year PM mass concentrations was calculated to
quantify the lockdown impact on surface air quality parameters throughout the year 2020. The authors found
that the APD% of PM2.5 and PM10 particles at the surface started to be observed on average, at the end of
May, reached the peak value of about 60 and 50%, respectively, on June, and lasted up to August  2020. South
eastern Italy is quite affected by African dust outbreaks all year along, because of its geographical location in
the Central Mediterranean. The main goal of this study is to investigate the role of dust outbreaks on PM10 and
PM2.5 mass concentrations during the LD and post-LD periods and therefore determine the “effective” impact
of the LD measures on PM2.5 and PM10 mass concentrations if their respective dusty-day-mass-concentrations
are not taken into account. Analytical back-trajectories from the Hybrid Single Particle Lagrangian Integrated
Trajectories (HYSPLIT) Model, results from the BSC-DREAM8b model developed at the Barcelona
Supercomputing Centre (BSC, https://ess.bsc.es/bsc-dust-daily-forecast), and satellite true colour MODIS 
images (https://modis.gsfc.nasa.gov) have been used to detect dust outbreaks over south eastern Italy on the
2020 year since the LD measure start-time. A preliminary analysis has shown that south eastern Italy was
significantly affected by African Dust on 29, 30, and 31 March, on 3, 6, 17, 18, 19, 20, 21, and 29 April, and
15, 16, and 17 May. The data analysis referring to an urban site of south eastern Italy has shown that the
yearly-mean-mass-concentration, which was equal to 12.9 ± 0.58 µg m-3 and 21.7 ± 0.38 µg m-3, for PM2.5 and
PM10 particles, respectively, increased of 1.6% and 15.8% in March, -3% and 0.5% in April and 9.1% and
15.9% in May, respectively because of the dust events. Then, the APD% decrease which for PM10 particles
was equal to 9.8%, -24.1% and 12.9% on March, April, and May, respectively, became equal to -14.3%,
-24.6% and 4.9% when dusty-days have not been taken into account. Lower APD% decreases were observed
for PM2.5 particles compared to PM10, since PM2.5 particles are less influenced by dust events.
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MULTISPECTRAL SMALL-ANGLE LIGHT-SCATTERING BY VOLCANIC
ASH PARTICLES FROM POPOCATEPETL

Romain Ceolato* (1), Killian Aleau (1), Lucas Paulien (1), Edmundo Reynoso-Lara (2), Matthew J.
Berg (3)
(1) ONERA, (2) Benemérita Universidad Autónoma de Puebla, (3) Kansas State University, Department of Physics

A novel apparatus is presented to measure light-scattering patterns for a variety of individual micro-particles
including volcanic ash from Popocatepetl stratovolcano. The measurements were done at 14 wavelengths from
450-850 nm, including in the short-wave infrared at 1550 nm, where the absence of refractive optical elements
minimizes the effects of chromatic aberration. Qualitative particle-material sensitivity is demonstrated by
layering different-color patterns. Last, the multispectral capability of our device demonstrates the new
possibility to probe different scattering q-space regimes for a given particle in a single measurement.

[1]  Romain Ceolato, Killian Aleau, Lucas Paulien, Edmundo Reynoso-Lara, and Matthew J. Berg, "Multispectral small-angle light
scattering from particles," Opt. Lett. 46, 3155-3158 (2021) 
[2]  Romain Ceolato, Killian Aleau, Lucas Paulien, Frederic Fossard, Edmundo Reynoso-Lara, and Matthew J. Berg, "Two-dimensional
small-angle scattering from single particles in infrared with a lensless technique," Opt. Express 28, 25114-25122 (2020) 
[3] Kemppinen, O., Laning, J.C., Mersmann, R.D., Gorden Videen, and Matthew J. Berg, "Imaging atmospheric aerosol particles from a
UAV with digital holography", Sci Rep 10, 16085 (2020).
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EVALUATION OF LOW-COST DRYERS FOR LOW-COST OPTICAL
PARTICLE COUNTERS

Miriam Chacón-Mateos* (1), Clémence Aubert (1), Bernd Laquai (1), Ulrich Vogt (1), Cosima
Stubenrauch (1)
(1) University of Stuttgart

Low-Cost sensors are nowadays a hot topic in the field of particulate matter (PM). The use of these devices has
exponentially increased in the last decades and will continue to do so. They have proved to be a useful tool in
spreading people’s air quality awareness not only through citizen science projects [1] but also in scientific
research to increase the spatial distribution of traditional monitoring stations [2].
However, it is known that using laser-scattering sensors at relative humidity higher than 60% can overestimate
the real PM concentrations [3]. Researchers have used different methods to compensate the effect of the
hygroscopic growth like the Köhler theory or machine learning techniques although these methods still have
limitations. These limitations can be overcome with a simple thermal dryer for low-cost sensors. In this work
low-cost dryers were designed for low-cost optical particle counters from the company Alphasense (OPC-R1
and OPC-N3) to minimize the effect of the hygroscopic growth.
To perform the experiments a low-cost particle chamber was built. Different hygroscopic particles were
generated, namely sodium chloride, potassium chloride, ammonium sulphate and ammonium nitrate. After
constant concentrations were reached inside the chamber, the relative humidity was suddenly increased until
the deliquescent point of the different aerosols was reached. The effect of the dryer was then evaluated in each
of the bins of the sensors. To be able to compare the behaviour between sensors, a bin calibration was carried
out using a Fidas 200 from the company PALAS as a reference instrument.
The results clearly show that the low-cost dryers minimize the negative effect of the hygroscopic growth on the
PM concentration. The shift of the particle size towards upper bins is only seen in the sensors without dryers.
This shift, which is caused by the hygroscopic growth of the different aerosols, is partially or totally avoided in
the sensors with low-cost dryers. The overestimated number of particle concentration can be up to 20 times
higher in some of the smallest bins (less than 2 µm). This leads to an overestimation of the mass concentration.
The effect of the warm-up time of the dryer was also observed. When the dryer was switched on before the
beginning of the experiment, the hygroscopic growth was not observed and the increase in the PM
concentration was avoided.
In conclusion, thermal low-cost dryers are presented as a valid method to improve the performance of the
low-cost sensors for particulate matter. The dryers can minimize the hygroscopic growth independently of
particle size and composition. The warm-up time of the dryer can cause the positive effect to be only
observable with some delay, but this can be solved by switching the dryer on even at lower relative humidity
(e.g. 55%). This could be of special relevance on mobile applications due to the high time resolution needed
(usually less than 1 minute). Finally, the low-cost dryers can be further optimized in terms of temperature, heat
losses, power consumption and length of the tube.

[1] Benabbas A., Geißelbrecht M., Nikol G.M., Mahr L, Nähr D., Steuer S., Wiesemann G., Müller T., Nicklas D., Wieland T. (2019).
Measure particulate matter by yourself: data-quality monitoring in a citizen science project. Journal of Sensors and Sensor Systems 8,
317–328.
[2] Samad A., Maali A., Laquai B., Vogt U. (2021). Particulate Matter Profiles along the Rack Railway Route Using Low-Cost Sensor.
Atmosphere 12, 126.
[3] Crilley L.R., Singh A., Kramer L.J., Shaw M.D., Alam M.S., Apte J.S., Bloss W.J., Hildebrandt Ruiz L., Fu P., Fu W., Gani S., Gatari
M., Ilyinskaya E., Lewis A.C., Ng'ang'a D., Sun Y., Whitty R.C.W., Yue S., Young S., Pope F.D. (2020). Effect of aerosol composition on
the performance of low-cost optical particle counter correction factors. Atmospheric Measurement Techniques 13, 1181–1193.
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LIBS AND TXRF MEASUREMENTS FOR METALS CONCENTRATION
ANALYSIS IN AEROSOLS

Davide Ciniglia* (1, 2, 3), Laura Borgese (1), Roberto Dondè (2), Maria Grazia Perrone (3), Marco
Zonca (3), Paolo Lopinto (3), De Iuliis Silvana (2)
(1) Department of Mechanical and Industrial Engineering, University of Brescia, via Branze 38, 25123 Brescia, Italy, (2)
CNR-ICMATE, (3) TCR Tecora Srl

The great amount of pollutants produced by human activities have triggered the attention of the scientific
community especially for their impact on the environment and human health. In this context, the analysis of
metals is of great interest being one of the most dangerous pollutants in the atmospheric aerosol. Toxicological
studies, in fact, have shown their effects also under low doses exposure, because of combined action of
different metals as well as their accumulation in organic tissues.
The aim of environmental concentrations measurements is to have real time measurements of these pollutants.
For that, it is mandatory to apply diagnostic tools able to detect these concentrations with low detection limits.
Following this purpose in this work two different analytical techniques essentially focused on elemental
analysis are compared: Laser-Induced Breakdown Spectroscopy (LIBS) and Total X-Ray Fluorescence
spectroscopy (TXRF).
LIBS is a powerful technique which allow to carry out on-line measurements of metals emission concentrations
without sampling particles on filters and /or without sample pre-treatment. Using this technique all metals of
interest can be simultaneously analysed in order to retrieve quantitative measurements in air.
TXRF analysis, instead, gives the possibility to detect metals present in trace amounts in the sample with high
sensitivity, although a proper preparation of these samples is required especially for quantitative analysis.
In this study, the aerosol particles are generated by nebulizing in ultra-purified deionized water known
solutions of different salts containing the metals under analysis. The produced particles are transported into the
measurement chamber, in which the fundamental beam of a Nd:YAG laser (1064 nm, 10 Hz) is properly
focused to generate the plasma directly in the aerosol for LIBS measurements. Particles in the probe volume are
broken and the atomic components excited, resulting in typical lines emission. The particles are then collected
on a PTFE filter at the exhaust of the chamber. After different exposition times, the filter is analysed with the
TXRF technique in order to obtain concentration measurements of the deposited elements. The results obtained
with the two techniques are compared and discussed.
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DIRECT MEASUREMENT OF AIR PARTICULATE MATTER FILTER
ELEMENTAL COMPOSITION 

Paola Cirelli* (1), Fabjola Bilo (2, 3), Laura Borgese (2, 3)
(1) Department of Information Engineering, University of Brescia, Via Branze 38, 25123 Brescia, Italy, (2) Department of
Mechanical and Industrial Engineering, University of Brescia, via Branze 38, 25123 Brescia, Italy, (3) SMART
SOLUTIONS s.r.l, via Corfù 106, 25124 Brescia, Italy

Air pollution is a major cause of premature death and disease, causing heart disease, stroke, and lung diseases.
Among air pollutants, airborne particulate matter (PM) is a prominent secondary pollutant whose chemical
composition influences inflammatory processes. An increased awareness about air quality problem led the
European Union to establish limits for potentially toxic elements in air particulate matter (PM). Among the
techniques for elemental analysis X-ray fluorescence (XRF) presents some advantages for environmental
monitoring purposes.
At the DUST 2014 a new method for sample preparation and chemical analysis of atmospheric aerosol by total
reflection X-ray fluorescence (TXRF) was presented. During the last years lots of improvements were
introduced leading to the development of a dedicated automated device for sample preparation called SMART
STORE® and the complete calibration procedure for quantitative analysis. The handling procedure consists in
sandwiching the sample between two adhesive polypropylene thin foils, to avoid material loss and sample
damages. In this work we present results from environmental and reference aerosol samples. Direct
measurements of PM collected on membrane filters as prepared is performed by TXRF spectrometers [1,2],
being competitive with the other analytical techniques for elemental analysis. Indeed, they require time
consuming and not sustainable sample solubilization, leading to the loss of spatial information on particle
composition and distribution that can be used for source apportionment. Quantitative analysis of filters can be
reached using calibration curves, built for each element of interest. By analysing a set of reference samples
with known concentration, it is possible to define the detection limit and the linearity range between
fluorescence intensity and mass loading. This method successfully demonstrated for Pb [3] may be
implemented for other elements of environmental interest, such as Ni, Cd and As.

[1] Borgese L., Bilo F., Zacco A., et al. (2020). The assessment of a method for measurements and lead quantification in air particulate
matter using total reflection X-ray fluorescence spectrometers. Spectrochimica Acta Part B: Atomic Spectroscopy 167, 105840
[2] Bilo F., Borgese L., Wambui A. et al. (2018). Comparison of multiple X-ray fluorescence techniques for elemental analysis of
particulate matter collected on air filters. Journal of Aerosol Science 122, 1–10
[3] Cirelli P., Bilo F., Tsuji K., et. al. (2021). Exploring bottlenecks, challenges, and possibilities in the analysis of Pb loaded reference
samples with TXRF spectrometers. Spectrochimica Acta Part B: Atomic Spectroscopy (submitted)
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IMPACTS OF HIGH LATITUDE DUST ON ATMOSPHERE AND CLIMATE

Pavla Dagsson-Waldhauserova* (1), Members IceDust  (2)
(1) Agricultural Uni of Iceland/Czech Uni of Life Sciences, (2) Icelandic Aerosol and Dust Association (IceDust)

Polar Regions include large areas of High Latitude Dust (HLD) sources, from where dust is transported long
distances. The first estimates are that all HLD sources cover > 500,000 km2 and contribute to at least 5 % of
global dust budget. Almost one third of total dust load in the Arctic is estimated to originate from the HLD
sources, among Asian and Saharan dust. Local dust sources in Antarctica have shown high activity and daily
particulate matter (PM10) concentrations up to 40 µgm-3 have been measured since 2018. Iceland is the largest
Arctic as well as European desert with high dust event frequency (~135 dust days annually). Icelandic volcanic
dust travels distances > 3,000 km towards the Arctic to be deposited on snow, ice and sea ice. Vertical profiles
of Icelandic dust storms showed the presence of dust in altitudes of several kilometres. Icelandic dust is also
transported towards the Europe with volcanic dust fingerprints found in Serbia. Contrarily, first evidence shows
that Saharan dust and giant quartz particles have been deposited in Iceland on an annual basis since 2000.
Icelandic dust has impacts on atmosphere, cryosphere, marine and terrestrial environments, as well as
socio-economic sectors. Extreme dust storms in Iceland showed that air quality can be impaired, PM10

concentrations exceeding 50,000 µgm-3 (one-min mean) while aeolian transport of 11 tons m-1 during a single
storm measured. There is also an evidence that volcanic dust particles scavenge efficiently SO2 and NO2 to form
sulphites/sulfates and nitrous acid. High concentrations of volcanic dust and Eyjafjallajokull ash were
associated with up to 20% decline in ozone concentrations in 2010.
HLD was recognized as an important climate driver in Polar Regions in the IPCC Special Report on the Ocean
and Cryosphere in a Changing Climate in 2019. Volcanic dust has similar impacts on snow/ice as Black Carbon
in terms of albedo reduction and water retention capacity of snow. In atmosphere, Icelandic dust is an efficient
ice-nucleating particle (INP) having impacts on the mid- to high-latitude mixed phase clouds, exhibiting an
activity comparable or exceeding common desert dust. HLD providing increased INP concentrations can lead
to a reduction in supercooled water and a decrease in shortwave reflectivity of clouds to produce a positive
climate feedback. In marine environment, Icelandic dust with high total Fe content (10-13 wt%) and the initial
Fe solubility of 0.08-0.6%, can impact primary productivity and nitrogen fixation in the N Atlantic Ocean,
leading to additional carbon uptake.
Recently, first operational dust forecast for Icelandic dust is available at the World Meteorological
Organization Sand/Dust Storm Warning Advisory and Assessment System (WMO SDS-WAS) at 
https://sds-was.aemet.es/forecast-products/dust-forecasts/icelandic-dust-forecast. Detailed information on HLD
research and publications can be found through the Icelandic Aerosol and Dust Association (IceDust) on the
IceDust website: https://icedustblog.wordpress.com/.
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DETERMINATION OF SAHARAN DUST PROPERTIES OBSERVED IN
POTENZA BY THE MULTI-WAVELENGTH RAMAN LIDAR MUSA IN
JUNE 2021

Benedetto De Rosa* (1), Lucia Mona (1), Simone Lolli (2), Aldo Amodeo (1), Nikolaos
Papagiannopoulos (1), Michail Mytilinaios (1), Donato Summa (1)
(1) Instituto di Metodologie per l'Analisi Ambientale, Consiglio Nazionale delle Ricerche, Tito Scalo, Italy, (2) Istituto di
Metodologie per l’Analisi Ambientale, Consiglio Nazionale delle Ricerche (CNR-IMAA)

During the end of June 2021, southern Italy was affected by significant intrusions of Sharian aerosol.The
NOAA Lagrangian back-trajectory model HYSPLIT reveal intrusion of Sharan dust in Potenza from the 19
june to the 30 June 2021. With lidar MUSA it was possible to carry out a study of the optical properties of the
aerosols for several measurement days falling within this time interval. The optical properties of mineral dust
 are peculiar and  different from the other types of aerosol. For this reason their characterization is  easier.
Measurements made show significant high depolarization of the backscattered radiation  and  medium value of
lidar ratio  (Mona et al. 2014 ), due to the irregular shape and the large size of dust. Furthermore the values of
Ångström exponent  are low because these particles  are spectrally neutral to backscatter and extinction. . The
dust optical proprierties depend also from the source region. The values of lidar ratio observed during these
days are the typical of western Saharan dust particles (50–60 sr at 532 nm). For detecting airborne hazards for
aviation in near real time (NRT) these measures will be increasingly important in the coming years (Nikolaos et
al. 2020).
The CIMEL CE-318 sun photometer of CIAO operated in Potenza reveal high value of  aerosol optical depth
(AOD) at 340, 380, 440, 500, 675, 870, 1020 and 1640nm from 19 to 30 June 2021. Lidar and sun-photometer
coincident observation produce an improvement  of aerosol characterization ( Lopatin et al. 2013). Other
results will be reported to the conference.

[1] Mona, L., Papagiannopoulos, N., Basart, S., Baldasano, J., Binietoglou, I., Cornacchia, C., and Pappalardo, G.: EARLINET dust
observations vs. BSC-DREAM8b modeled profiles: 12-year-long systematic comparison at Potenza, Italy, Atmos. Chem. Phys., 14,
8781–8793, https://doi.org/10.5194/acp-14-8781-2014, 2014. a
[2] Nikolaos Papagiannopoulos1,2, Giuseppe D'Amico1, Anna Gialitaki3,4, Nicolae Ajtai5, Lucas Alados-Arboledas6, Aldo Amodeo1,
Vassilis Amiridis3, Holger Baars7, Dimitris Balis4, Ioannis Binietoglou8, Adolfo Comerón2, Davide Dionisi9, Alfredo Falconieri1, Patrick
Fréville10, Anna Kampouri3,4, Ina Mattis11, Zoran Mijić12, Francisco Molero13, Alex Papayannis14, Gelsomina Pappalardo1, Alejandro
Rodríguez-Gómez2, Stavros Solomos3, and Lucia Mona1An EARLINET early warning system for atmospheric aerosol aviation hazards
Atmos. Chem. Phys., 20, 10775–10789, 2020 https://doi.org/10.5194/acp-20-10775-2020 © Author(s) 2020. This work is distributed under
the Creative Commons Attribution 4.0 License.
[3] A. Lopatin1,2, O. Dubovik2 , A. Chaikovsky1 , Ph. Goloub2 , T. Lapyonok2 , D. Tanre´ 2 , and P. Litvinov2 Enhancement of aerosol
characterization using synergy of lidar and sun – photometer coincident observations: the GARRLiC Atmos. Meas. Tech. Discuss., 6,
2253–2325, 2013 www.atmos-meas-tech-discuss.net/6/2253/2013/ doi:10.5194/amtd-6-2253-2013 © Author(s) 2013. CC Attribution 3.0
License. 
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MINERAL DUST INFLUENCE ON THE BACKGROUND AEROSOL
CHEMICAL COMPOSITION IN NORTHERN AFRICA AT
HIGH-ALTITUDE

Nabil Deabji* (1), Fomba Khanneh Wadinga  (1), Dos Santos Souza Eduardo José  (1), Herrmann
Hartmut  (1)
(1) Leibniz Institute for Tropospheric Research, Leipzig, Germany

Atmospheric aerosol particles are considered important elements in the atmosphere due to their role in
controlling climate related processes and their impacts on the air quality make as well as human health them
important to study. However, the characterization and the identification of natural and anthropogenic
atmospheric particles can be challenging due to the complex mixture occurring during atmospheric transport.
High-altitude sites provide useful infrastructure for obtaining representative data for understanding changing
boundary layer heights and various pathways for aerosol interactions useful in assessing atmospheric
composition. However, little is known about aerosol characteristics at high-altitude in the African region due to
very few studies. In the present study, PM10 particulate matter was chemically characterized at the newly
established AM5 research station located in the Middle Atlas region (Morocco) at an altitude of 2100 m. The
goal was to determine the background concentrations of the chemical components, evaluate the role of Saharan
dust on the PM10 concentrations, and investigate the role of day and night-time emissions and regional
circulation on the aerosol chemical composition.
The results indicate that high-altitudes aerosol composition is influenced by both regional as well as
trans-regional transport. Despite the proximity of the site to the Sahara Desert, its influence on the atmospheric
composition at this high-altitude site was mainly seasonal and accounted for only 14% of the sampling period.
The influence of the desert is weaker during winter time, and the marine air masses are more dominant with a
mixture of sea salt and polluted aerosol from the coastal regions. Furthermore, the mineral dust contribution to
PM increased on summer by about 42% from the average background level because of road dust resuspension
during daytime.
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LIDAR STUDY OF TWO WINTER AND SPRING SAHARAN DUST
OUTBREAKS OVER SOFIA, BULGARIA, IN 2021 

Atanaska Deleva (1), Zahari Peshev* (1), Liliya Vulkova (1), Tanja Dreischuh (1)
(1) Institute of Electronics, Bulgarian Academy of Sciences, Sofia, Bulgaria

Sahara Desert is the largest natural source of dry mineral aerosols (dust) on Earth. Aerosols have a complex
impact on the climate, the physico-chemical processes in the atmosphere, the ecological state of the
environment, the human health, etc. Their significant effects are determined to a large extent by the optical,
microphysical, geometrical and dynamical properties of the aerosol particles and layers. LIDAR (Light
Detection and Ranging), which is an active optical remote sensing observational technique, has proven to be an
effective tool for determining these properties remotely, in real time and with high resolution. Due to Sahara’s
proximity to Europe, huge amounts of desert particulate matter are frequently transported to the continent.
Since the year 2000, Saharan dust outbreaks have been a key object of systematic scientific observations within
the European Aerosol Research Lidar Network (EARLINET) and now within the Aerosols, Clouds, and Trace
gases Research InfraStructure (ACTRIS). The transport of Saharan dust to Europe takes place through the
penetration of warm air masses from the south-southwest and, therefore, it is typical for spring and summer.
However, in recent years, aerosol layers in the troposphere, identified as Saharan dust, have also been
registered in winter by various EARLINET lidar stations, including the Bulgarian one in Sofia. Such Saharan
dust intrusions over the European continent are atypical for the cold season, indirectly revealing deviations in
the involved seasonal intercontinental air circulation patterns.
In this study, we analyze remote sensing observations of the troposphere in the presence of mineral dust
advected from the Sahara Desert. They were performed on 6 February and 12 April 2021, with the two aerosol
channels (at 532 nm and 1064 nm) of a Nd:YAG-laser-based lidar. Time-averaged vertical profiles of the
aerosol backscatter coefficient (a basic optical characteristic of the atmosphere), as well as backscatter-related
Ångström exponent ones were retrieved and analyzed. As a result, the integral aerosol/dust density distribution,
the geometric parameters of the aerosol layers registered (altitude of occurrence, borders, mass centers) and the
dominant aerosol size fractions were assessed. By means of the consecutive time-resolved lidar profiles
recorded, color-coded height-time diagrams of the vertical aerosol mass stratification and its temporal
dynamics were also obtained. The Sahara Desert origin of the aerosols detected were identified using DREAM
(Dust REgional Atmospheric Model) forecasts and HYSPLIT (HYbrid Single-Particle Lagrangian Integrated 
Trajectory) backward trajectories. Conclusions are drawn on the effects of dust events on local weather and
troposphere, in terms of seasonal specificity.
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KP-06-N28/10/2018) and the Bulgarian Ministry of Education and Science (support for ACTRIS BG, part of
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OPTICAL PROPERTIES OF GOBI DUST AND ITS PURE COMPOUNDS:
EXPERIMENTAL EXTINCTION SPECTRA AND COMPLEX REFRACTIVE
INDICES DETERMINATION.

Lise Deschutter* (1, 2), Hervé Herbin (2), Denis Petitprez (1)
(1) Univ. Lille, CNRS, UMR 8522 - PC2A - Physicochimie des Processus de Combustion et de l’Atmosphère, F-59000
Lille, France., (2) Univ. Lille, CNRS, UMR8518 - LOA – Laboratoire d’Optique Atmosphérique, F-59000 Lille, France.

Spectrometers are powerful instruments to detect atmospheric aerosols, especially on satellites since they allow
measurements at a global scale and over different spectral ranges with high spectral resolution. However, to
fully exploit their capabilities and to link optical properties, chemical composition and mass concentration, it is
essential to have reference optical properties of various particles and mainly the complex refractive indices
(CRI). The CRI of a natural aerosol source can be determined from a real sample of it or applying some
effective medium approximations using the CRI of the pure compounds present in the natural sample. But in
that case, it is necessary to know the mass fraction of each individual compound and above all their CRI.
Nevertheless, the literature and CRI databases provide only reflectance measurements on bulk materials or
pressed pellets and over a limited wavelength range [1].
In the present work, dust from the Gobi desert is studied as it is the second most active dust source, after the
Sahara desert, in terms of mass emissions [2]. For that extinction spectra have been recorded for natural Gobi
dust sample and for its major compounds (illite, calcite and quartz). Particles as a powder in a vessel are
generated thanks to a magnetic stirring and a flow of nitrogen [3]. The continuous flow of aerosols is directed
into a 10-meters multipass cell fitted to a Fourier transform infrared spectrometer and a 1-meter singlepass cell
within a UV-Visible spectrometer which cover a continuous spectral range from 650 cm-1 to 40000 cm-1.
Moreover, at the exit of the spectrometers the size distribution is recorded by an aerodynamic particle sizer and
a scanning mobility particle sizer which allow to measure size particles from 14 nm to 20 µm. An inversion
algorithm is carried out using experimental extinction spectra and the size distribution as input data [4].
Applying the Mie theory and the single subtractive Kramers-Kröning integral, the real and the imaginary part
of the CRI are retrieved at each wavelength with an optimal estimation method. In the case of quartz and
calcite, the Rayleigh theory assuming continuous distribution of ellipsoid (CDE) has to be used in the infrared
spectral range instead of the Mie theory [5]. Our methodology is combining CDE and Mie theories in order to
observe better fitting between experimental extinction spectra and the calculated one.
For the first time, CRI of illite, calcite and quartz has been retrieved with a high spectral resolution (1 cm-1) and
homogeneously over a wide spectral range for suspended particles. For calcite and quartz particles, the
crystalline phase has been considered by introducing the ordinary and extraordinary indices. These pure
compound sets of CRI will be used for testing some effective medium approximations on Gobi dust for which
effective CRI have been also retrieved.

[1] Querry M.R., (1987). Optical Constants of Minerals and Other Materials from the Millimeter to the Ultraviolet. Chemical Research,
Development and Engineering Center.
[2] Querol X., et al. (2019).  Monitoring the impact of desert dust outbreaks for air quality for health studies. Environment International,
130.
[3] Hubert P, et al. (2017).  New approach for the determination of aerosol refractive indices – Part II: Experimental set-up and application
to amorphous silica particles. JQSRT. 200;320-7.
[4] Herbin H, et al. (2017). New approach for the determination of aerosol refractive indices – Part I: Theoretical bases and numerical
methodology. JQSRT. 200;311-9.
[5] Reed B., et al. (2017). Mass extinction spectra and size distribution measurements of quartz and amorphous silica aerosol at 0.33–19
µm compared to modelled extinction using Mie, CDE, and T-matrix theories. JQSRT, 199;52–65. 
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A PRELIMINARY ANALYSIS OF URBAN DUST SAMPLES FROM THE
OHIO STATE UNIVERSITY CAMPUS, COLUMBUS, OH, USA

Ruixuan Ding (1), Susan Welch (1), Julia Sheets (1), W. Berry Lyons* (1)
(1) The Ohio State University

Dust samples were collected over a period of several months from three locations on the Ohio State University
main campus as part of a larger study investigating the composition of wet and dry deposition in the University
District/Clintonville region of Columbus, OH. Two sampling locations were inside large parking ramps
(locations R and U) that were open to the outside and the third (location C) was an outdoor parking lot. Due to
Covid-19 campus restrictions these areas were not in frequent use. Dust samples were collected weekly during
the academic year (~ Sept 2020 through March 2021) from an area of approximately 4 m2 using a handheld
Dyson™ vacuum. Samples were weighed and described, and then analyzed by X-ray diffraction (XRD), light
and electron microscopy to determine the contributions of anthropogenic, biogenic, and geogenic components.
 
The total mass of dust collected ranged from ~ 0.03 g to 2.23 g, though most samples fell within the range of ~
0.5 to 1.5 g.  The average mass collected at the outdoor site was substantially lower than those in the covered
parking garages with a mean of ~ 0.35g compared to ~ 0.9g. The mass of dust samples collected were analyzed
statistically with respect to various environmental parameters to determine processes that might impact the
distribution of dust.  Both of the covered locations exhibited a small mass increase in over time, while the
uncovered site exhibited a small decrease over time. There was no significant relationship between the mass of
dust and the timing of antecedent precipitation.
 
Several larger mass samples were analyzed by XRD to determine mineralogy.  Three samples from the R
location and one from the C location were composed primarily of quartz and calcite, with lessor amounts of
dolomite and Na-rich plagioclase feldspar. However, analysis of the materials by light and electron microscopy
showed that the composition of samples was more variable.  Dust samples were dominated by lithic particles
that ranged in size from sub-micron to several millimeters. Accumulation fluxes in the photographed samples
ranged from 94 mg/m2/d to 15 mg/m2/d. Two samples analyzed by scanning electron microscopy with EDX
spot analysis confirmed the mineralogical composition determined by XRD, with additional less abundant
mineral phases including Fe(OOH) (either as discrete grains or coatings), sheet silicates (either illitic clay or
finer grained muscovite), spherical glass-like particles that were ~10s to 100 micron size (presumably fly ash)
and gypsum.  In addition, organic matter as leaf litter or woody material, and elongated fibers that 1s mm wide
and 10s to 100s mm long was observed.  Analysis of the fibers in the light microscope revealed that many of
these long filaments were brightly colored suggesting that they were microplastics. These data suggest that the
input of dust onto parking lot surfaces is a mix of naturally occurring materials from nearby soils and
anthropogenic particles from nearby infrastructure, combustion products, as well as ubiquitous nano-plastic
substances. We plan to continue this work and compare results from non-quarantine conditions when the
parking areas are in more normal usage conditions.
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ASSESSMENT OF OXIDATIVE POTENTIAL ASSAYS ON MINERAL DUST
SAMPLES

Eduardo José Dos Santos Souza* (1), Khanneh Wadinga Fomba (1), Nabil Deabji  (1), Hartmut
Herrmann (1)
(1) Leibniz Institute for Tropospheric Research, Leipzig, Germany

Oxidative potential (OP) assays are feasible methods to comprehensively understand how exposure to
atmospheric chemical contaminants can influence the generation of reactive oxygen species (ROS) in the
human body (Shahpoury, et al., 2021). The increase of ROS concentration can lead to cell-damage and
mutations due to the oxidation of DNA, proteins, and lipids, which could result in respiratory illness (Daiber, et
al, 2020). According to available studies, the mechanisms of PM-related health effects are still incompletely
understood (Pietrogrande et al., 2019). The aim of the present study is to assess which available assays are
suitable for evaluating the OP of different Mineral dust (MD) samples and what limitations may apply to either
method. Different assays are assessed including methods based on the interaction of ascorbic acid (AA) and
dithiothreitol (DTT) with soluble aerosol chemical components (Chen, et al., 2018; Zhang, et al., 2021).
Oxidative potential experiments were carried out on both commercially available standard solutions, ultrapure
water (DTT) and buffer solution (AA), as well as on soluble extracts of one-quarter filter samples obtained
using both shaking and ultrasound procedures. Transition metals and quinoids were strongly correlated with
high values of OP on both methods. Most limitations were related to high concentrations of transition metals in
the buffer solution composition, which was treated using Chelex 100 sodium resin. The mineral dust OP values
were lower than the OP of particulate matter samples from urban metropolitan centers, which could be related
to the less metal and quinone concentrations in the MD samples in comparison to the urban sample. These
assays contribute to building an impact-evaluation model for assessing the variation of MD OP based on its
different chemical composition.

[1] Daiber A., Kuntic M., Hahad O., Delogu L. G., Rohrbach S., Di Lisa F., Schulz R., Münzel T. (2020). Effects of air pollution particles
(ultrafine and fine particulate matter) on mitochondrial function and oxidative stress – Implications for cardiovascular and
neurodegenerative diseases. Archives of Biochemistry and Biophysics 696, 108662. 
[2] Chen Q., Wang M., Sun H., Wang X., Wang Y., Li Y., Zhang L., Mu Z. (2018). Enhanced health risks from exposure to
environmentally persistent free radicals and the oxidative stress of PM2.5 from Asian dust storms in Erenhot, Zhangbei and Jinan, China.
Environment International 121, 260-268.
[3] Pietrogrande M. C., Dalpiaz C., Dell Anna R., Lazzeri P., Manarini F., Visentin M., Tonidandel G. (2018) Chemical composition and
oxidative potential of atmospheric coarse particles at an industrial and urban background site in the alpine region of northern Italy.
Atmospheric Environment 191, 340-350.
[4] Shahpoury P., Zhang Z. W., Arangio A., Celo V., Dabek-Zlotorzynska E., Harner T., Nenes A. (2021) The influence of chemical
composition, aerosol acidity, and metal dissolution on the oxidative potential of fine particulate matter and redox potential of the lung
lining fluid. Environment International 148, 106343.
[5] Zhang Y., Huang C., Lv Y., Ma S., Guo, Zeng E. Y. (2021) Polycyclic aromatic hydrocarbon exposure, oxidative potential in dust, and
their relationships to oxidative stress in human body: A case study in the indoor environment of Guangzhou, South China. Environment
International 149, 106405.
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PHOSPHORUS SPECIATION IN NAMIB DESERT DUST PARTICLES

Khanneh Wadinga Fomba* (1), Hartmut Herrmann (1)
(1) Leibniz Institute for Tropospheric Research, Leipzig, Germany

Mineral dust is a source of nutrients to the biota in the oceans, however, the bioavailability of the nutrients to
the marine organisms has been found to depend on the form in which these nutrients are present. Amongst
these nutrients, phosphorus like iron are amongst the most predominant mineral dust-associated nutrients but
their presence in the dust is often in mineral forms that are not highly soluble and readily available. Studies
have shown that the forms in which these nutrients exist may influence their solubility and bioavailability.
However, data in many mineral dust source regions are limited. In the current study, the different forms of
phosphorus including their inorganic, organic, and soluble forms are determined to quantify their levels in dust
samples collected for one year from the Namib Desert, a region highly understudied but an important dust
source in the South of Africa.
The results show that total phosphorus concentrations could be as high as 230 ng/m³ and are often dominated
by inorganic phosphorus with organic phosphorus content making less than 20% of the total phosphorus
concentration. The soluble phosphorus content of the dust was higher during periods of increased biomass
burning in the nearby region, indicating that combustion sources may influence the solubility of phosphorus in
this region. The solubility showed strong seasonal patterns with a strong correlation with aerosol composition
and properties such as conductivity and acidity. The obtain trends differ from those observed in other desert
regions in Africa and indicate a likely heterogeneity of dust impact on marine biogeochemistry.
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SAHARAN DUST IMPACT ON AIRBORNE BACTERIA, PLANTS AND
FUNGAL SPORES FROM A COASTAL SITE OF THE CENTRAL
MEDITERRANEAN

Mattia Fragola* (1), Maria Rita Perrone (1), Pietro Alifano (2), Adelfia Talà (2), Salvatore Romano
(1)
(1) University of Salento, (2) Department of environmental and biological sciences and technologies, University of Salento
(It), University of Salento

Dust storms can carry biological particles, such as plant debris, pollen, fungi and bacteria (bioaerosol), along
with soil and mineral particles, over big distances. Bioaerosol particles play an important role in the Earth
system, as they may affect human health, the functionality of microbial communities in various environments,
as well as climate by acting as cloud condensation nuclei [1]. Consequently, the microbiome characterization
during dust storms can provide valuable data to improve our understanding of the environmental and climatic
impacts.
The main goal of this study is to provide some results on the Eukaryotic and Prokaryotic community structure
monitored during dust events. The monitoring site of this study can be considered representative of the Central
Mediterranean coastal site, being located on a narrow peninsular area in the Central Mediterranean basin.
Consequently, it is affected by a large variety of aerosol sources from the surrounding areas and, in particular,
by mineral dust from the Sahara Desert and the enclosing arid regions, which are few hundred kilometres away.
Metagenomics approaches were applied to the PM10 samples collected on the roof of the Mathematics and
Physics Department of the University of Salento in Lecce, so as to characterize their Eukaryotic and
Prokaryotic community structure. In particular, the 18S rRNA gene metabarcoding approach was applied to the
DNA extracts of 37 PM10 samples collected from July 2018 to June 2019, for the airborne Eukaryotic structure
characterization. Viridiplantae and Fungi were further analyzed, both at the phylum and genus level, because
they represented the prevailing kingdoms in all the seasons, and the potential impact of long-range transported
air masses and local meteorological parameters on the Eukaryotic community structure was investigated. The
HYbrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) model version 4.8 from NOAA/ARL
(https://www.ready.noaa.gov/) was applied to calculate analytical back-trajectories and data from the
BSC-DREAM8b-Dust model (https://www.bsc.es/) were also used to detect the advection of dust particles at
the monitoring site. Dust-affected air masses from northern Africa and the Central Mediterranean sea were
advected at the study site on November 21-22, 2018 and we found that the Viridiplantae-Gossypium genus
reached an atypical high-relative abundance (RA>60%) in the corresponding PM10 sample collected on that
day. We believe that the advection of Gossypium from the northern African regions, where this crop is grown,
likely contributed to this result. Moreover, an atypical RA ( >70%) of the Fungi-Ustilago genus was detected in
the PM10 sample collected on May 9, 2019, which was also affected by a dust event.
The 16S rRNA gene metabarcoding approach was also applied to the DNA extracts of PM10 samples to
characterize the Prokaryotic community structure [2]. The samples collected during the advection of African
dust particles suggested that the dust events increased the diversity of the airborne bacteria. Interestingly, these
particular samples also proved to be on average the less enriched ones in human (opportunistic) pathogenic
species.

[1] Gat D., Mazar Y., Cytryn E., Rudich Y. (2017). Origin-Dependent Variations in the Atmospheric Microbiome Community in Eastern
Mediterranean Dust Storms. Environmental Science & Technology 51, 6709–6718. 
[2] Romano S., Di Salvo M., Rispoli G., Alifano P., Perrone M.R., Talà, A. (2019). Airborne bacteria in the Central Mediterranean:
Structure and role of meteorology and air mass transport. Science of the Total Environment 697, 134020. 
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SOURCE APPORTIONMENT SIMULATION OF WIND-BLOWN SAHARAN 
DUST OVER CENTRAL EUROPE USING HYSPLIT MODEL

Nadia Gammoudi* (1), Kovacs Janos (1), Varga Gyorgy (2)
(1) University of Pecs, (2) Research Centre of Astronomy and Earth Sciences

Mineral dust emitted from desert regions and transported into the atmosphere has a crucial impact on the 
earth’s climate system, the biogeochemical cycle and has serious adverse effects on human health. North Africa 
is one of the dustiest places in the world. Their contribution to global dust emission remains uncertain, as 
reliable tools to monitor the distribution of Saharan dust from sources to deposition points are rarely available. 
With a focus on desert regions of North Africa, this work aims to find the underlying causes of atmospheric 
dust dispersion throughout the year, by monitoring the atmospheric transport of African dust and its deposition 
in Central Europe.
In this work, the Hysplit (Hybrid Single-Particle Lagrangian Integrated Trajectory) model using GDAS (Global 
Data Assimilation System) archive meteorology database was run to compute and plot the forward trajectories 
and to configure the concentrations of the variation of the particles.
The results of the forward trajectories show the variability of the distribution of the wind-blown dust during the 
year. The most active period along the year appears at the end of the summer and all the autumn. Hence, the 
particles follow different paths according to the variation of the seasons and the meteorological conditions. 
Yearlong, the dust is blown away from the source areas to a very high atmospheric level into the troposphere. 
Afterwards, at the end of the dry season and during the fall, storms carry the dust from North Africa towards 
Central Europe. The concentrations of the particles configured by the model are in good agreement with the 
results of the trajectories, which shows that the concentration of the particles is more important in dry seasons. 
This study also confirmed the efficiency of the Hysplit model to simulate the atmospheric dust, after their 
comparison with the results of the annual simulation of aerosols concentration obtained by MODIS
(Moderate-Resolution Imaging Spectroradiometer) data.
Keywords: Wind-blown dust, Hysplit model 4, GDAS, Forward trajectories, Concentrations, MODIS.



PHOTOACOUSTIC SPECTROSCOPY FOR FILTER-FREE
MEASUREMENT OF AEROSOL PARTICLE LIGHT ABSORPTION

Wang Gaoxuan (1), Deboudt Karine (1), Flament Pascal (1), Petitprez Denis  (2), Crumeyrolle
Suzanne  (2), Sigrist Markus (3), Venables Dean (4), Chen Weidong* (1)
(1) université du littoral côte d'Opale, (2) Université de Lille 1, (3) ETH Zurich, (4) University College Cork

In the present work, microphone-based photoacoustic (PA) spectrophones were developed for filter-free direct
measurement of the optical absorption properties of aerosol particles, such as black carbon (BC), volcanic ash,
particulate matter (PM) and secondary organic aerosol (SOA) in the visible spectral region using diode lasers.
– measurement of BC mass absorption coefficients (MAC) was performed at first for validation of the optical
measurement using PA spectrophone in comparison with reference measurements.
– real-time optical monitoring of evolution of optical properties of the SOA produced from photolysis of
2-nitrophenol was carried out in an atmospheric simulation chamber. Simultaneous measurements of its
extinction (in conjunction with a IBBCEAS instrument) and absorption coefficients during the whole
production process highlighted significant atmospheric aging effect on the optical properties of the SOA in
study.
Measurements of wavelength-dependent MAC and AAC (Absorption Ångström coefficient ) of BC and
Eyjafjallajökull volcanic ash samples from the eruption in 2010 have been performed using a 3-color PA
Spectrophone. The results were in good agreement with the results from filter-based methods, but with higher
precision (~10%).
The developed 3-wavelength PA spectrophone has been deployed to a national campaign for field test via
inter-comparison measurement of ambient PM. In comparison with a reference aethalometer (Magee AE33),
good linear correlations are observed with regression coefficients of R > 0.90.
The experimental detail, the preliminary measurement results and the corresponding data analysis will be
presented.
Acknowledgments. This work is supported by the French national research agency (ANR) under the CaPPA
(ANR- 10-LABX-005), the MABCaM (ANR-16-CE04-0009) and the MULTIPAS (ANR-16-CE04-0012)
contracts. The authors thank the financial support from the CPER CLIMIBIO program.

[1] G. Wang, P. Kulinski, P. Hubert, A. Deguine, D. Petitprez, S. Crumeyrolle, E. Fertein, K. Deboudt, P. Flament, M. W. Sigrist, H. Yi,
and W. Chen, "Filter-Free Light Absorption Measurement of 	Volcanic Ashes and Ambient Particulate Matter Using Multi-Wavelength
Photoacoustic Spectroscopy", Progress In Electromagnetics Research, 166 (2019) 59–74 
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AEROSOL-CLOUD INTERACTIONS AND TEMPERATURE INVERSIONS
DURING DUST AEROSOL EPISODES IN THE MEDITERRANEAN BASIN.
THE CASE STUDY OF 16-18 JUNE 2016

Maria Gavrouzou* (1), Nikos Hatzianastassiou (1), Antonis Gkikas  (2), Marios-Bruno 
Korras-Carraca (1, 3), Nikos Michalopoulos (4, 5)
(1) University of Ioannina, Laboratory of Meteorology, Department of Physics, University of Ioannina, Ioannina, Greece,
(2) Institute for Astronomy, Astrophysics, Space Applications and Remote Sensing, National Observatory of Athens,
Athens, Greece, (3) Department of Environment, University of the Aegean, 811 00 Mytilene, Greece, (4) Institute for
Environmental Research and Sustainable Development (IERSD), NOA, Athens, Greece, (5) Environmental Chemical
Processes Laboratory, Department of Chemistry, University of Crete, Greece

Under favorable synoptic conditions, Dust Aerosols (DA) are transported from N. Africa deserts to the
Mediterranean Basin (MB) and southern Europe. When such a transport (known as dust event or dust episode)
occurs, massive DD loadings are carried over the broader MB. Since DA aerosols strongly absorb solar, but
also terrestrial, radiation, Dust Aerosol Episodes (DAEs) modify the radiation and energy budget of the region,
as well as the atmospheric vertical temperature profile, which in turn affects the atmospheric stability,
convection and finally cloud formation and/or cloud properties. In addition, DA are effective Ice Nuclei (IN),
while mature DA can also act as Cloud Condensation Nuclei (CCN). Hence, it is clear that DA play a key role
in weather conditions and climate patterns, and this role is even more important under DAEs occurring over a
region receiving large amounts of solar radiation and hosting different cloud types. MB is such a region, while
being one of the most climatically sensitive regions of world.  Although DAEs over MB have been investigated
during the last few decades, most studies rely on ground-based data or model simulations and mainly focus on
aerosol optical properties and radiative effects. Very few studies, based on model simulations only, deal with
aerosol-cloud interactions, none of them addressing the effect of DA on temperature lapse rates. The present
study aims to do that following an observational approach, making use of a synergy of contemporary satellite
data and state-of-the-art reanalysis data, considering the vertical and horizontal distribution of aerosol and
cloud properties.
Αn extreme DAE that took place from 16 to 18 June 2016 over the central MB, identified with a satellite
algorithm, is studied in detail using a combination of MODIS (Moderate Resolution Imaging
Spectroradiometer) satellite data and MERRA-2 (Modern-Era Retrospective analysis for Research and
Applications) reanalysis data. Total aerosol and dust optical depth (AOD and DOD, respectively) maps are
produced using MODIS Aqua Level 3 Collection 6.1 and MERRA Version 2 (MERRA-2) data. The
atmospheric conditions before, during and after the DAE, at three atmospheric levels (surface, 850hPa and
700hPa) are examined based on MERRA2 Reanalysis. Information on Cloud Fraction (CF) and cloud top
properties, namely Cloud Top Temperature (CTT) and Cloud Top Height (CTH), both for mixed (liquid-ice)
and ice clouds are taken from MODIS. Finally, vertically resolved distributions of DOD, temperature wind are
produced using data from MERRA-2 Reanalysis. The possible effects of DA on cloud properties are
investigated making an extensive synergetic use of the above-mentioned data, analyzing either columnar or
vertically resolved data, and studying relevant  1-D and 2-D horizontal and vertical cross sections. According to
the obtained results, mixed phase clouds are systematically formed across the pathways of dust export into MB,
while temperature inversions or weakened temperature lapse rates are frequently observed below the dust
layers.
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ANTIBIOTIC-RESISTANT ESCHERICHIA COLI STRAINS ISOLATED
FROM URBAN ATMOSPHERIC DUST AEROSOLS: A POTENTIAL
IMPACT ON HUMAN HEALTH

Anna Glushakova (1, 2), Tatiana Prokofeva* (1), Ludmila Lysak (1)
(1) Lomonosow Moscow state university, (2) Research Institute of Vaccines and Serums them. I.I. Mechnikov

Antibiotic resistance (the ability of infectious strains of microorganisms to defeat the antibiotics designed to
kill them) is a major and growing concern for global human health.  Ever increasingly, there are less and less
options left available to us for fighting against the surrounding opportunistic, pathogenic and allergenic strains
of microorganisms. There are very high health risks to humans, primarily, people with a weak immune system
and children, who live in large cities and megacities. Potentially hazardous microorganisms are present in both
natural and man-made substrates in the urban environment, in particular, in urban dust aerosols circulating
within the lower layers of the atmosphere. In natural environments, inorganic components of atmospheric dust
are mostly represented by particles of pedogenic and lithogenic origin. In urban environments, such inorganic
components also include micro-fragments of man-made materials from roads, buildings, etc.. Atmospheric
particulate matter also contains living organisms that float and drift in the air – aeroplankton, which includes
cultivated bacterial strains, fungal spores and live cells of algae, lichens, mosses and protozoans.
We collected samples of atmospheric depositions of dust aerosols from two study sites within the city of
Moscow (Russia) in the summer of 2019. One site was located in the city centre and the other within the
campus of the Lomonosov Moscow State University. The samples were subjected to submicromorphological
and microbiological investigations.
Microparticles of dried faeces were detected in the atmospheric dust composition using a JEOL JSM-6610LV
scanning electron microscope with an INCAx-act energy dispersive detector (SEM-EDS elemental
microanalysis). Such microparticles are likely to be lifted up from the surface of city soils by wind currents,
because the practice of clearing up the faeces of domestic pets has only a very limited application in Moscow.
The taxonomic structure of bacterial communities isolated from atmospheric particulate matter from both study
sites was characterized by a relative abundance of species from the family Enterobacteriaceae including 
Escherichia coli (a total of 31 strains identified by modern molecular genetic techniques based on 16SрRNA
gene sequencing) – indicator of substrate contamination by faeces. Sensitivity to antibiotics was tested in 28
strains of E.coli by the disc diffusion method using nine antimicrobial drugs, which are well-known and used
extensively worldwide, as follows: Amoxicillin (10 mcg/disc), Ampicillin (10 mcg/disc), Meropenem (10
mcg/disc), Pefloxacin (5mcg/disc), Streptomycin (300 mcg/disc), Ticarcillin (75 mcg/disc), Fosfomycin (200
mcg/disc), Ceftibuten (30 mcg/disc) and Ciprofloxacin (10 mcg/disc).
The percentages of antibiotic-resistant strains of Escherichia coli varied from zero in the Fosfomycin-200 test
to 25% in the Ceftibuten-30 test. A relatively high proportion (14.3%) of resistant strains was also detected in
the Streptomycin-300 test.
Thus, the studied urban atmospheric dust aerosols were shown to transfer microbial pollution due to the
presence of faecal contamination as well as antibiotic-resistant strains of E.coli, which creates potential health
risks for the immunosuppressed population of Moscow city. The presence of particles contaminated with
antibiotic-resistant strains of E.coli in the air indicates an insufficient activity of urban soils as a bacterial filter.
The use of local screening with prospective testing of dust aerosols in any urban environment would be a
valuable tool in ecological and monitoring assessments and also in the development of recommendations
regarding the selection of antimicrobial drugs for the treatment of infections in city populations. The study
highlights the need for administrations of cities such as Moscow to encourage residents to dispose of dog
waste.
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SIMULATION FOR THE IDENTIFICATION OF OPTIMAL VEGETATION
COVERS TO IMPROVE THE CONDITIONS AT THE DESICCATED ARAL
SEABED AND REDUCE THE IMPACTS OF SAND AND DUST STORMS IN
UZBEKISTAN

Mira Haddad* (1), Akmal Akramkhanov (1), Stefan Strohmeier (1), Yigezu Yigezu (1), Timon
Smeets (2), Geert Sterk (2), Abduvokhid Zakhadullaev (3), Ioannis Chaniotis (4), Platon Patlakas (4),
Christos Stathopoulos (4), George Kallos (4)
(1) International Center for Agricultural Research in the Dry Areas (ICARDA), Beirut, Lebanon, (2) Department of
Physical Geography, Utrecht University, Utrecht, The Netherlands, (3) Department of International Relations and
Ecotourism Development of the State Committee on Forestry, Republic of Uzbekistan, (4) Department of Environmental
Physics and Meteorology, National and Kapodistrian University of Athens, Athens, Greece

Central Asia is known to have high frequency of Sand and Dust Storms (SDS) originating from the Kyzylkum
and Karakum deserts. The region suffered the most tragic environmental disaster of the 20th century where
drying out of the Aral Sea created the Aralkum desert, a relatively new addition to the global hotspots of SDS
sources, causing negative impacts on livelihoods, unemployment, malnutrition, poor health, and migration. To
reduce the harmful effects of the dried seabed, Uzbekistan launched campaigns on out-planting adapted shrub
and tree species to establish a robust rangeland ecosystem. By considering six vegetation cover scenarios
developed to represent a broad spectrum of potential vegetation cover and stages, ranging from a bare surface
(newly dried seabed) to good vegetation cover conditions, this study analyzes the effects of the different
scenarios and identify the optimal vegetation-based option for protecting the erodible sediments from
wind-induced movement and improving local conditions.
To assess the impacts of different covers on soil erosion and dust transport from Aralkum towards populated
areas, 20 years of 3-hourly wind speed data were obtained from a local weather station and were analyzed to
define erosive wind events. A physical saltation model capable of simulating for the impacts of vegetation
roughness and sediment transport was then developed and coupled to a large-scale atmospheric model
(RAMS-ICLAMS) to test various scenarios’ dust transport across the region.
Simulation results from the physical saltation model disclosed substantial erosion initiation occurred when
wind velocities exceeded around 10-15 m/s. The results reveal that dense vegetation covers of assorted trees,
shrubs, and grasses can decrease erosion by more than 75%, while lower vegetation covers reduce erosion by
up to around 40%. The study shows that dust, and its impacts will proportionally decrease and ecosystem
services enhance via soil carbon and vegetative biomass and diversity development.
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EFFECT OF DUST DEPOSITION ON PRIMARY PRODUCTIVITY IN THE
OFFSHORE WATER OF THE SE MEDITERRANEAN SEA

Barak Herut* (1), Eyal Rahav (1), Daniel Sher (2)
(1) Israel Oceanographic and Limnological Research, (2) University of Haifa

Atmospheric dust deposition is a known vector supplying nutrients for phytoplankton in the oceans. Here, we
followed the integrated primary production on a monthly basis at an offshore station (~50 km from coast) and
the coincide fluxes of atmospheric nutrients on a weekly basis. Monthly NO2+NO3 and PO4 deposition ranged
from 56-234 and 0.12-0.75 µmol m-2, respectively, resulting in an N:P ratio of 240-489. The monthly integrated
primary production was overall low throughout the year and ranged from 1.43-4.26 gC m-2, yielding among the
lowest annual primary production in the world’s oceans; ~31.7 gC m-2. Moreover, primary production rates
were positively coupled with NO2+NO3 (r2=0.55) and PO4 (r2=0.38) deposition, suggesting that dust
born-nutrients may relieve nutrient limitation for phytoplankton in the offshore water. These results somewhat
differ a recent study showing more ‘complex’ interactions between dust deposition and phytoplankton in
coastal environments (both in magnitude and direction). The predicted expansion of oligotrophic nutrient-poor
provinces in oceans and their stratification due to warming, and the projected increase in dust emission due to
desertification, may further stress the significance of aerosols as an external source of new nutrients in the SE
Mediterranean Sea.
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ADSORPTION/DESORPTION OF THREE ORGANIC SEMIVOLATILES ON
ARIZONA TEST DUST AND KAOLINITE: HETEROGENEOUS KINETICS
AND LANGMUIR CONSTANTS

Riccardo Iannarelli (1), Horst Pick (1), Christian Ludwig (1), Michel J. Rossi* (1)
(1) École Polytechnique Fédérale de Lausanne (EPFL), ENAC IIE GR-LUD, Station 6, CH B2 397, CH-1015 Lausanne,
Switzerland

The overwhelming mass of atmospheric aerosol particles on a global scale are whipped up from hot deserts that
make up to 20% of the surface of the earth. There are many unanswered questions regarding the molecular
interaction of biogenic organic compounds with suspended mineral dust particles including atmospheric
oxidation processes of adsorbed organics and other aging phenomena. We have embarked some time ago on a
laboratory program in order to understand the molecular interaction at the interface of a “typical” mineral dust
interface from a chemical kinetics or fundamental point of view. Three semivolatile organic compounds (SV),
namely menthol (one OH group on a cycloalkane frame, m.w. 156), applinate (ethyl-2-methylpentanoate, m.w.
144, an ester and a saturated hydrocarbon chain) and pipol acetate (cis-3-hexenylacetate, m.w. 142, an ester and
an unsaturated hydrocarbon chain) have been used as simple surrogates of semivolatile and partially oxidized
compounds interacting with Arizona Test Dust (ATD, Coarse and Medium size) and the clay mineral Kaolinite
LO. The multiphase chemical kinetics of adsorption and desorption processes of the SV compounds have been
measured at ambient temperature using a Knudsen flow reactor equipped with molecular beam sampled
phase-sensitive mass spectrometry. The emphasis of the measurements has been put on the simultaneous
observation of adsorption and desorption processes under experimental conditions consistent with the
troposphere in order to enable the equilibrium (Langmuir) constant of the SV vapor with the interface of
mineral dust. In part A of the study the chemical kinetics of the SV with the interface of the mineral substrate
has been determined. Kaolinite LO has 50% of active adsorption sites compared to ATD Coarse for all three
molecular probes (SV), and the coverage of pipol acetate on ATD is close to or exceeds a molecular monolayer
at saturation exposure on ATD Coarse, with all other cases having submonolayer coverage. Close examination
of desorption kinetics reveals a rapid phase (“prompt” on the time scale of minutes) followed by a much slower
(hour) process in all six examined cases thus revealing a distribution of active sites at the interface each
interconnected with its surface residence (lifetime) time. Molecular modeling has been applied to the initial
rapid phase of desorption using a simple chemical-kinetic scheme leading to an analytical rate law for
desorption whose recovery rate varies between 10 and 60% in terms of prompt desorption. In part B of the
study the interface of the two solid substrates have been characterized by the reactivity of several probe gases,
namely, O3, NO2, NH2OH (hydroxylamine), trimethylamine (TMA), trifluoroacetic acid (TFA) and HCl in
order to find the distribution of reactive sites. Every one of these probe gases examines a separate chemical
reactivity expressed as active sites per cm2 of the interface. Correlations will be reported between the
distribution of active sites at the interface and the chemical-kinetic properties of adsorption / desorption of the
SV compounds thus affording a molecular view on the organic-mineral interaction for the six investigated
cases. The question of whether or not a “typical” substrate of mineral dust for studies of atmospheric processes
may be found will be adressed at the end.
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DETERMINATION OF HIGH-TIME RESOLUTION MINERAL DUST 
CONCENTRATION IN REAL-TIME BY OPTICAL ABSORPTION 
MEASUREMENTS

Matic Ivančič* (1), Irena Ježek (1), Martin Rigler (1), Asta Gregorič (1, 2), Bálint Alföldy (1), Rok 
Podlipec (3), Luka Drinovec (2, 4), Michael Pikridas (5), Florin Unga (5), Jean Sciare (5), Jesus 
Yus-Díez (6), Marco Pandolfi (6), Andres Alastuey (6), Griša Močnik (2, 4)
(1) Aerosol d.o.o, (2) Center for Atmospheric Research, University of Nova Gorica, (3) Helmholtz-Zentrum
Dresden-Rossendorf e.V., Ion Beam Center, (4) Institute “Jožef Stefan”, (5) EEWRC, The Cyprus Institute, Nicosia, (6)
Institute of Environmental Assessment and Water Research (IDÆA) Spanish National Research Council (CSIC)

Mineral dust is an important natural source of aerosols and significantly influences air quality (Querol et al., 
Environ. Int., 2019) and the global radiation budget (Schepanski, Geosci., 2018). Frequent dust intrusions are 
observed in the Mediterranean region (Ealo et al., Atmos. Chem. Phys., 2016; Pikridas et al., Atmos. Environ., 
2018) and Central Europe (Collaud Coen et al., Atmos. Chem. Phys., 2004; Schauer et al., Aerosol Air Qual. 
Res., 2016), with high potential to cause exceedances of daily PM10 levels. To separate the influence of 
anthropogenic and natural contribution to the PM10 levels, the new method was developed within the DNAAP 
project (Detection of non-anthropogenic air pollution – http://www.aerosol.si/dnaap/).
Dust weakly absorbs light in the near ultra-violet and short wavelengths of the visible range, while the light 
absorption of dust in longer wavelengths from the visible and near infra-red range is negligible. We used 
filter-based photometer Aethalometer AE33 (Drinovec et al., Atmos. Meas. Tech., 2015) to measure the light 
absorption at seven wavelengths, from 370 to 950 nm. The mineral dust is not the only light-absorbing aerosol 
in the air. Black carbon (BC), a unique primary tracer for combustion emissions, strongly absorbs light across 
the entire visual, near infra-red and near ultra-violet spectral range. Since optical absorption of mineral dust is 
weaker than the optical absorption of black carbon, the coarse mode mineral particles have to be concentrated 
using the high-volume virtual impactor (VI).  The method is based on the optical absorption measurements of 
the two sample streams, sampling particle size below 1 µm and sample stream with the concentrated coarse 
mode particles, where mineral dust contribution is substantial. Experimental configuration includes two 
Aethalometers AE33 with different size selective inlets: VI inlet for sampling coarse aerosol mode (mostly 
mineral dust) and PM1 inlet for sampling fine mode of aerosols (mainly BC).  The optical absorption of mineral 
dust can be determined by subtracting the absorption of fine aerosol fraction (PM1) from the absorption of 
aerosol sampled by the VI, taking into account the enhancement factor of VI setup (Drinovec et al., Atmos. 
Meas. Tech., 2020). The mineral dust mass concentration is then calculated using mass absorption cross-section 
(MAC) for dust which could be site and source-region specific.
The results from the measurement campaigns performed at six locations in the Mediterranean region will be 
presented. The measurements took place in NE Spain (Barcelona – BCN, Montseny – MSY, Montsec – MSA), 
on Cyprus (Nicosia – NI, Agia Marina Xyliatou – AMX), and in Slovenia (Ljubljana – LJ). Two year-long 
datasets will be presented, focusing on the analyses of aerosol optical properties of PM1 and VI fractions. The 
results were validated using low time resolution chemical specification of offline filters and a statistical 
approach where dust was extracted from PM10 measurements for dust intrusions periods determined by models 
and back-trajectory studies. For better understanding, helium ion microscopy (HIM) was applied to study the 
microscopic differences between mineral dust and black carbon captured on the AE33 filter tapes.
This work was supported by SPIRIT Slovenia – Public Agency for Entrepreneurship, Internationalization, 
Foreign Investments and Technology, project DNAAP.
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HIGH-RESOLUTION MAGNETIC ARCHIVE OF THE DYNAMIC
INTERPLAY OF PAST CLIMATIC AND DUST SEDIMENTATION
CHANGES DURING THE MIDDLE AND LATE PLEISTOCENE IN
CENTRAL NORTH BULGARIA, LOWER DANUBE AREA  

Diana Jordanova* (1), Neli Jordanova (1), Christian Laag (2), France Lagroix (2), Yohan Guyodo
(2), Bozhurka Georgieva (1), Daniel Ishlyamski (1)
(1) National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences, (2) Université de Paris,
Institut de Physique du Globe de Paris

Loess paleosol sequences are among the most studied terrestrial archives of past climate changes in
mid-latitudes. Reliability and robustness of the obtained regional correlations and reconstructions depend
critically not only on the established chronostratigraphic markers, but also on the correct identification and
characterization of mineralogical carriers of the climate signal. We present here the results from mineral and
rock magnetic studies of 27m long loess-paleosol sequence, sampled in an open pit quarry for clay extraction
near the city of Pleven (central north Bulgaria). Continuously sampled with 2cm resolution sequence provides
an evidence for systematic shift in paleoenvironmental conditions in pace with glacial – interglacial cycles
during the last 800 ky. Magnetic mineralogy of the room temperature remanence-carrying fraction shows
systematically increasing share of hematite towards the top of the sequence, signifying a consistent trend of
climate aridization during both interglacial as well as glacial stages. The dominance of pedogenic maghemite at
the expense of magnetite in the second and third paleosol layers (corresponding to MIS 7 and MIS 9
respectively) signifies changing paleoclimate conditions, possibly in seasonality of precipitation, as compared
to younger MIS5 paleosol and the Holocene soil. Older paleosols in the Pleven sequence, correlated to MIS
13-15 and MIS 17-19 are characterized by low magnetic susceptibility enhancement but high content of stable
single domain fraction, which could be ascribed to higher mean annual temperature during interglacials. The
best magnetic proxy parameter of the wind intensity is found to be the ratio of saturation isothermal remanence
to magnetic susceptibility (SIRM/X) as it closely follows changes in цоарсе silt content. According to this
proxy, pulses of coarser dust sedimentation are typical for the two thickest loess horizons – L2 (MIS6) and L5
(MIS 12).  A number of cryptotephra layers with thicknesses varying between 2 to 6cm are identified by their
clearly different magnetic signature when compared to the behavior of bracketing loess/paleosol. A remarkable
visible tephra layer occurs in the second loess (L2) with a thickness of 30cm. The material exhibits anomalous
geochemical signature deduced by ICP-MS analysis. Juvenile clasts with characteristic morphology are
identified by SEM observations of single grains. Thus, complex interplay between variations in dust sources
(aeolian dusts from different locations, volcanic ashes), climate dynamics/parameters and resulting mineralogy
of iron oxides can be resolved by utilizing sensitive magnetic measurements and pilot geochemical and grain
size data for validation purposes.
This presentation is financially supported by Bulgarian National Science Fund through project No
KP-06-COST/2 – the national co-financing for COST Action CA17131 “The Soil Science &
Archaeo-Geophysics Alliance: going beyond prospection (SAGA)”.

Scientific Research Abstracts
Vol. 11, p. 32, 2021
ISSN 2464-9147 (Online)
Atmospheric Dust - DUST 2021
© Author(s) 2021. CC Attribution 3.0 License



ROAD DUST AS SINK FOR ANTHROPOGENIC POLLUTION IN TOWNS
NEAR THE LARGEST COPPER SMELTER IN SE EUROPE – COMBINED
MAGNETIC AND GEOCHEMICAL STUDY

Neli Jordanova* (1), Diana Jordanova (1), Emilia Tcherkezova (1), Bozhurka Georgieva (1), Daniel
Ishlyamski (1)
(1) National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences

Road dust is one of the major sinks of atmospheric urban and industrial pollution. It contains high amount of
particulate matter settled from the air. Very often copper smelters are located in a close neighborhood to urban
areas, thus the associated pollution is strongly elevated by the combination of traffic and industry. Strong
association between anthropogenic iron oxides and hazardous chemical elements provides a basis for effective
and sensitive assessment of anthropogenic pollution by magnetic mineral properties of road dust.  This study
aims to evaluate the urban pollution by combined magnetometric and geochemical analyses on road dusts from
three towns in the vicinity of Cu-smelter and ore mining from Bulgaria.  A collection of 117 road dust samples
was investigated for their magnetic characteristics (magnetic susceptibility (c), frequency dependent
susceptibility, anhysteretic and isothermal (IRM) remanences), IRM step-wise acquisition and thermal
demagnetization. Combined mineral magnetic and geochemical analyses of road dust from the copper smelting
and mining activities area allowed drawing the following conclusions: i) Magnetic properties of road dust from
the towns in the vicinity of a copper smelter are strongly influenced by iron oxides emitted together with the
potentially toxic elements (PTEs) during the industrial processes. Coarse multidomain to– pseudo-single
domain magnetite and hematite grains carry the anthropogenic magnetic signal. Coercivity analysis obtained by
unmixing the IRM acquisition curves for road dust discriminate magnetic components according to the
dominating pollution source. Three sources were supposed based on the relative intensity of the IRM
components: dust from copper smelter, dust from traffic emissions from transport; and dust spills from heavy
trucks transporting the ore from ore mining plant to the smelter. ii) Concentrations of the PTEs, including Cu,
As, Pb, Cd, Mo, Zn, are very high  in most locations studied, which is reflected in high values of the
geo-accumulation index (Igeo), the enhancement factors (EF) and PLI index. All pollution indexes indicate
very strong to extreme contamination of the urban environment. iii) Correlation analysis between the magnetic
parameters and PTEs content reveals significant positive correlation. Based on the regression equation between
PLI index and magnetic susceptibility, limit susceptibility values were defined. The limit susceptibility values
correspond to the contamination classification of PLI values. Therefore, magnetic susceptibility map could be
used as detailed proxy for PLI values across the study area.
This presentation is financially supported by the national co-financing for the Bulgarian team participating in
COST Action CA17131 “The Soil Science & Archaeo-Geophysics Alliance: going beyond prospection
(SAGA)”,  grant No  KP-06-COST/2, funded by the Bulgarian National Science Fund
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GEOCHEMISTRY AND SOURCES OF NORTH-AFRICAN DUST: RESULTS
FROM THE DONAIRE AEROSOL DEPOSITION NETWORK IN
SOUTH-WESTERN EUROPE

Pey Jorge* (1), Larrasoaña Juan Cruz (2), Reyes Jesús (2), Pérez Noemí (3), Cerro José Carlos (4),
Castillo Sonia (5), Mata María Pilar (2), Orellana-Macías José María  (2), Causapé Jesús (2),
Valero-Garcés Blas L. (6), Oliva-Urcia Belén (7), Santos-González Javier (8), González-Gutiérrez
Blanca (8)
(1) Aragonese Foundation for Research and Development; Pyrenean Institute of Ecology-CSIC, (2) Geological Survey of
Spain, (3) Institute of Environmental Assessment and Water Research (IDÆA) Spanish National Research Council (CSIC),
(4) University Balearic Islands; Regional Government Balearic Islands, (5) Andalusian Institute for Earth System Research
(IISTA-CEAMA); Department Applied Physics, University of Granada, (6) Pyrenean Institute of Ecology-CSIC, (7)
Autonomous University of Madrid, (8) Universidad de León

The DONAIRE network (Pey et al., 2020) monitors the phenomenology of geochemical, magnetic (Larrasoaña
et al., 2021) and mineralogical variations of bulk atmospheric deposition in the Iberian Peninsula- Balearic
Islands domain. In this work we focus on recent North African dust deposition with a double objective: 1) to
characterize the main geochemical fingerprints with respect to other sources of pollution; 2) to perform a
source apportionment study to identify different desert-dust source areas. We used one year of data (June
2016-July 2017) from 15 monitoring sites (regional and remote, urban, industrial, or agricultural). We focus
here on the impact caused by the main 4 North African dust deposition events recorded.
Dust deposition within the DONAIRE network is controlled by a number of factors including: i) the
meteorological scenario triggering dust transport, ii) the occurrence of wet deposition, and iii) the
local-to-regional surrounding topography. The largest dust-deposition events have been observed nearby
mountain barriers under low-pressure systems approaching the Iberian Peninsula by the Atlantic Ocean.
Dust composition during moderate and intense depositional events displays particular signatures. Fe/Ti, Na/Al,
K/Al or (Ca+Mg)/Fe ratios reveal a number of patterns across the network. For example, Fe/Ti ratio varies
from around 10-13 during warm-season events, increasing to 22-35 during cold season episodes, which could
point to different North-African dust sources.
To complement this analysis, a source apportionment study in which input samples are only those under
African dust influences have revealed up to 10 factors-sources, among which three are mineral in composition.
Two of these mineral sources are directly related to North African dust, while the third one corresponds to
regional dust particles. The overall contribution of such desert-dust sources may explain up to 90% of total
episodic deposition during the most intense events.
Our results could be used to infer the recent North African dust deposition history. Studies on lake and peatbog
sequences following a similar approach are in progress (see Valero-Garcés et al. in this conference) and
preliminary data show they be used to trace Saharan dust during the Holocene and reconstruct its relationship
with climate phases.
Acknowledgements: This study was funded by research projects POSAHPI (PID2019-108101RB-I00) and
DONAIRE (CGL2015-68993-R), both funded by the Agencia Estatal de Investigación.

[1] Larrasoña et al., (2021). Atm. Environ., https://doi.org/10.1016/j.atmosenv.2021.118568. 
[2] Pey J., et al. (2020). Sci. Tot. Environ., 140745, https://doi.org/10.1016/j.scitotenv.2020.140745.
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MAGNETIC CHARACTERIZATION OF NATURAL AND
ANTHROPOGENIC ATMOSPHERIC DEPOSITION OVER
SOUTHWESTERN EUROPE; RESULTS FROM THE DONAIRE NETWORK

Larrasoaña Juan Cruz* (1), Pey Jorge (2), Zhao Xiang (3), Heslop David (3), Mochales Tania (1),
Mata María Pilar (4), Beamud Elisabet (5), Reyes Jesús (4), Cerro José Carlos (6), Pérez Noemí (7),
Castillo Sonia (8)
(1) Instituto Geológico y Minero de España, CSIC, C/Manuel Lasala 44, 9B, 50006 Zaragoza, Spain, (2) Aragonese
Foundation for Research and Development; Pyrenean Institute of Ecology-CSIC, (3) Research School of Earth Sciences,
The Australian National University, Canberra, ACT 2601, Australia, (4) Instituto Geológico y Minero de España, CSIC,
C/La Calera 1, 28760 Tres Cantos, Spain, (5) Paleomagnetic Laboratory CCiTUB-Geo3Bcn, Geosciences Barcelona, CSIC,
08028 Barcelona, Spain, (6) University Balearic Islands; Regional Government Balearic Islands, (7) Institute of
Environmental Assessment and Water Research (IDÆA) Spanish National Research Council (CSIC), (8) Andalusian
Institute for Earth System Research (IISTA-CEAMA); Department Applied Physics, University of Granada

We present an environmental magnetic study of atmospheric deposition collected in the framework of
DONAIRE, a network deployed in Spain between June 2016 and June 2017 to characterize atmospheric
deposition at fourteen locations representative of urban, industrial, agricultural, and natural environments
across southwestern Europe. A combination of rock magnetic methods with scanning electron microscopy and
geochemical data has enabled us to characterize the magnetic mineral assemblages of particulate matter across
different types of sites and phenomenological scenarios, and to unravel their environmental significance in
terms of the most important anthropogenic and natural components of atmospheric deposition. Our results
indicate the presence of two magnetite/maghemite components of anthropogenic origin, derived mostly from
vehicular traffic, plus a hematite component associated with a baseline supply of north African dust, in all the
studied sites regardless of their type. The ubiquitous presence of anthropogenic magnetite/maghemite particles
in pristine natural environments, although in lower concentrations, point to their arrival from neighbouring
urban areas through atmospheric mixing processes. Particulate matter deposited during distinctively intense
periods of north African dust supply are characterized by a fourth component, represented also by
coarser-grained hematite, that is likely derived from a different source area within the Sahara Desert. The
simultaneous increase observed in these cases in the amounts of magnetite/maghemite particles suggests
strongly that part of the magnetite/maghemite load attributed to anthropogenic sources for the rest of the
phenomenological scenarios is aeolian in origin. This seems to explain the overall moderate correlation
observed between magnetite/maghemite contents and geochemical proxies for vehicular traffic (Cu and Sb),
and demonstrates the need for caution when interpreting environmental magnetic proxies for
magnetite/maghemite abundances in terms of anthropogenic loads. This is especially important in the case of
southern European cities, where a steady supply of north African dust occurs throughout most of the year. Our
results show a good correlation between hematite abundances and geochemical proxies for north African dust
(Ti, Al), which collectively delineate broad maxima during the summer and large peaks during distinctive dust
breakouts. Environmental magnetic proxies of hematite abundances can be confidently used to monitor the
contribution of north African dust to atmospheric deposition.
 
Acknowledgements: This study was funded by research projects POSAHPI (Agencia Estatal de Investigación,
PID2019-108101RB-I00) and DP2000100765 (Australian Council)
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ASSESSMENT OF PM2.5 AND PM10 POLLUTION AROUND A
SCRAP-METAL RECYCLING INDUSTRIAL AREA OF NIGERIA

Tesleem Olalekan Kolawole* (1), K. W Fomba (2), H. Herrmann (2), G. C Ezeh (3), A. S. Olatunji
(4)
(1) Osun State University, Osogbo, Nigeria, (2) Leibniz Institute for Tropospheric Research, Leipzig, Germany, (3) 3.
Atmospheric Research and Information Analysis Laboratory (ARIAL) , Centre for Energy Research and Development
(CERD) , Ile-Ife 22002 , Nigeria, (4) University of Ibadan, Nigeria

Abstract
Industrial emission of aerosol particles into the atmosphere is a global threat because its associated toxic
pollutants especially size-segregated particulate matter are harmful to human health and the ecosystem. A
typical scenario of such threat exists in most developing countries such as Nigeria where colonies of
scrap-metal recycling factories and other production factories are located in the proximity of residential and
commercial areas. This study assessed PM2.5 and PM10 particulate matter pollution in this scrap metal colony.
PM2.5 and PM10 samples were collected at the neighborhood of the scrap metal recycling factory using a
low-volume double staged Gent Stack sampler. The collection media was on polycarbonate nuclepore filters
with pore sizes of 0.4 and 8 µm for PM2.5 and PM10 respectively. The sampling duration was 24 h for a week
each during the Wet (October 2020) and Dry season (March 2021). Exposed filters were analyzed for their
soluble ions, sugar, and metals with ion chromatography (ICS3000, Dionex), and Total Reflection X-Ray
Fluorescence (TXRF) S2 PICOFOX (Bruker AXS, Berlin, Germany) respectively. Results indicated that mass
concentrations of PM2.5 and PM10 ranged from 5 to 16 µg m-3 and 16 to 76 µg m-3 respectively during the Wet
season. While in the Dry season,   12 to 36 µg m-3 (PM2.5) and 42.09 to158.11 µg m-3 (PM10) were recorded.
Daily PM2.5 average did not exceed the 24 h WHO air quality guideline (AQG) limit in the wet season,
however, it exceeded WHO AQG in over 33 % of the sampling days during the Dry season. PM10 exceeded
WHO AQG in most days in Wet and Dry seasons. Average chloride and sodium ions are the most abundant
anion (387 ng m-3) and cation (130 ng m-3) respectively. In addition, both showed a strong positive correlation
(r=0.96) with each other which could imply a similar source origin or same chemical affinity. The presence of
Levoglucosan (average of 38 µg m-3) in the air-shed of the study area and its strong positive correlation with K+

(r=0.84) indicated the presence of biomass burning emission which is predominantly used as an alternative
energy source for cooking in the study area. Based on the average concentration (ng m-3) of heavy metals in the
following order: Zn (713)>Pb (604) >Fe (221) > Ca (156) > K (106)>Mo (46)>Ti (11.5)>Mn (9.2)>Cu
(6.2)>Cr (3.5)>Sr (2.6)>Hf (2.1) > Rb (1.1) > Se (0.5). Higher values of the metals were observed in the Dry
season for PM10 compared to the Wet season values obtained for PM2.5. Principal component analysis (PCA)
employed resolved three PC loadings and total variability of 90.35 %. The first factor had high loadings of K,
Ca, Ti, Mn, Fe, Zn, Cu, Ni, Hf (0.66-0.94) and a weak load of Pb (0.56), which is attributed to alloying
materials and expended paints that will become volatile during the smelting process and also from fugitive dust
of soil from the local geology. The second factor had high loadings of Pb, Se, Rb, and Mo (0.80-0.90) could be
as a result of fossil fuel combustion. While the third component was only loaded with Sr, which is ascribed to
dust emitted from cement factories in the study area.
Keywords: Metal-scrap, fossil fuel combustion, biomass burning, cement factory
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HOW DOES IT AFFECT THE HEALTH STATUS OF THE POPULATION
ACCORDING TO THE PARTICLE SIZE CLASSES OF DUST PARTICLES
IN THE URBAN AREA OF AN AVERAGE CITY IN ROMANIA

Marius - Emilian Kovacs* (1), Angelica - Nicoleta Calamar (1), Lorand Toth (1), Alexandru - Florin
Simion (1)
(1) INCD INSEMEX Petrosani

This paper studies the distribution of particle size both in personal homes and on streets with moderate traffic,
highlighting how it affects our life. Also among the most important factors in dust pollution are car emissions
and traffic, as these emissions are much higher in urban areas and include all classes of respirable particles that
cause respiratory disease, especially vulnerable people.
Dust particles are divided into several classes, and particle size is a major determinant of where in the
respiratory tract the particle stops when inhaled.
To assess air pollution, small dust particles in the air <2.5 µm that can enter the lungs and blood were analyzed,
contributing to severe conditions such as cardiovascular disease, cancer, diabetes and kidney disease. Small
dust fractions are also found in the workplace, but due to higher concentrations and exposure time, fractions
below 4 µm are considered in the workplace. The worst effect due to air pollution is that people’s lifespan can
be shortened by more than a year.

[1] - Ghid privind aspecte generale de Toxicologie, Institutul National de Sanatate Publica – 2013
[2] Mediul și sănătatea, Institutul Român pentru drepturile omului
[3] Joshua Apte de la Cockrell School of Engineering din cadrul Universităţii din Texas publicată în Environmental Science & Technology
Letters  în numărul revistei din 22 august 2018
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ACTIVITY CONCENTRATION OF 210PB IN AEROSOL IN SERBIA IN THE 
PERIOD OF 2014-2020 AND THE COMPARISON BETWEEN RESULTS 
FROM URBAN AND RURAL SAMPLING STATIONS

Jelena Krneta Nikolic* (1), Milica Rajacic (1), Dragana Todorovic (1), Ivana Vukanac (1), Gordana 
Pantelic (1), Marija Jankovic (1)
(1) Vinča Institute of Nuclear Sciences, National Institute of the Republic of Serbia

Aerosol sampling and monitoring of naturally occurring and artificial radionuclides is readily performed within 
the frame of Environmental radioactivity monitoring in the Republic of Serbia. It provides information 
important for the preservation of the public health and the environment from the harmful effects of ionizing 
radiation.  This type of monitoring has been performed in Institute of Nuclear Sciences Vinča for more than 30 
years now. The radionuclides that are measured are: naturally occurring 210Pb, artificial radionuclide 137Cs and 
cosmogenic radionuclide 7Be. Particle reactive radionuclides such as 210Pb and 7Be have been used as 
atmospheric tracers for studying environmental processes such as cloud scavenging and precipitation [1], 
aerosol transit and residence times in the troposphere [2], and aerosol deposition velocities [3]. The fission 
product 137Cs is an indicator of anthropogenic pollution caused by nuclear weapon atmospheric tests and nuclear 
power plant accidents. Seasonal variation in 137Cs in air is an indicator of the stratosphere-troposphere exchange 
processes [4]. In most aerosol samples in later years, the activity concentration of 137Cs is below the minimal 
detectable activity and therefore it was not taken into the consideration in this paper. The activity concentration 
of 7Be is dependent on the movements of large air masses and vertical mixing in the atmosphere and also was 
not discussed in this paper.
In this paper, the activity concentration of 210Pb in aerosol samples, obtained over the period from 2014. to 
2020., was discussed. Sampling is performed using constant air flow pumps and Whatman filter papers on 6 
measuring stations distributed in various parts of the country. Three stations are in urban areas of cities of 
Belgrade, Vranje and Zaječar and other three are in rural areas (Palić and Zlatibor) or removed from the urban 
part of the city (Meteorological station in Vinča). The monthly composite sample from each sampling station 
was ashed at the temperature below 400oC. After ashing, the residue aerosol is measured on HPGe detectors 
using a standard gamma spectroscopy method [5].
The results for 210Pb are of the order of magnitude of 10-4 to 10-3 Bq/m3. The activity concentration in all 
investigated samples shows temporal dependence with the maxima in the winter months and minima observed 
during the spring and summer. Also, the comparison between the results obtained from the rural and urban 
locations was performed in order to investigate the influence of the air pollution present in the urban areas on 
the activity concentration of 210Pb. The values, obtained at stations located in rural parts, ranged from (0.056 –
3.3) mBq/m3, while for stations located in urban areas the range was from (0.125 – 2.9) mBq/m3. It can be seen 
that from all the data that the activity concentration of 210Pb was lower in rural areas. Two outliers were 
observed at Palic station, located in the plane and along the path of the prevailing south – east wind, possibly 
bringing aerosols from Deliblatska pescara (Deliblato Sands) [6].

[1] Koch D.M., Jacob D.J., Graustein W.C. (1996). Vertical transport of tropospheric aerosols as indicated by 7Be and 210Pb in a chemical
tracer model. Journal of Geophysical Research 101, 18651–18666
[2] Papastefanou C., Ioannidou A., Stoulos S., Manolopoulou M. (1995). Atmospheric deposition of cosmogenic 7Be and 137Cs from
fallout of the Chernobyl accident. Science of the Total Environment 170,  151–156
[3] Turekian K.K., Benninger L.K., Dioan E.P. (1983). 7 Be and 210Pb total deposition fluxes at New Haven, Connecticut and at Bermuda.
Journal of Geophysical Research 88, 5411–5415
[4] Janković M.M., Todorović D.J., Nikolić J.D., Rajačić M.M., Pantelić G.K., Sarap N.B. (2014). Temporal concentration changes of
beryllium-7 and lead-210 in ground level air in Serbia. Hemijska Industrija 68 (1), 83–88

[5] IAEA, 1989. Measurement of Radionuclides in Food and Environment, A Guidebook. Technical Reports Series No. 295, Vienna
[6] Tošić I., Gavrilov M.B., Marković S.B., Ruman A.,Putniković S. (2018). Seasonal prevailing surface winds in Northern Serbia. 
Theoretical and Applied Climatology 131, 1273–1284
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EFFECTS OF PARTICLE CHARGE AND ELECTROSTATIC FORCES ON
PARTICLE SIZE DISTRIBUTIONS IN LONG-RANGE DUST TRANSPORT

Daniel Lacks* (1), Joseph Toth (1), Siddharth Rajupet (1), Mohan Sankaran (1)
(1) Case Western Reserve University

A number of previous field studies, using LIDAR and the direct collection of dust transported over long
distances, led to the surprising result that large dust particles are transported higher and farther than expected.
Here, we use of combination of laboratory experiments and particle transport modeling to investigate the role
that particle charge and electrostatic forces might play regard to this issue. In our laboratory experiments, we
developed an apparatus where blown sand passes through a vertically oriented electric field; particles are
collected as a function of height, and we determine the size distributions of the collected particles. In our
modeling, we carry out particle dynamics simulations that consider the gravitational, drag, and electrostatic
forces on particles, and the presence of atmospheric electric fields. We show that electrostatic forces act to
enrich the concentration of larger particles at higher elevations, and keep larger particles suspended in the
atmosphere for longer distances.  Thus, particle charge and electrostatic forces can have a significant effect on
the particle size distribution of long-range transported dust.

[1] J. R. Toth, et al., Atmos. Chem. Phys., 20, 3181–3190, 2020
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UV-ENHANCED UPTAKE OF SO2 ON ICELANDIC VOLCANIC DUST:
PHOTOCHEMISTRY OR PHOTOCATALYSIS? 

Jerome Lasne* (1), Darya Urupina (1), Elena Maters (2), Pierre Delmelle (3), Manolis Romanias (1),
Frederic Thevenet (1)
(1) IMT Lille Douai, Institut Mines-Télécom, Univ. Lille, Centre for Energy and Environment, F-59000 Lille, France, (2)
Department of Chemistry, University of Cambridge, (3) Earth & Life Institute, Université Catholique de Louvain

Volcanic eruptions release large amounts of ash in the atmosphere, accounting for up to 10% of the total
primary aerosol emission. The accompanying outgassing emits mostly water, carbon dioxide and sulfur dioxide
(SO2). During eruptions, SO2 concentrations can reach 1 ppm locally [1]. Volcanic areas such as Iceland are
also very active aeolian regions; therefore, dust settled on the ground can later be re-suspended by winds. In
this environment, SO2 can interact with volcanic dust (v-dust) in the presence of water vapour and UV light.
Assessing the heterogeneous interaction of SO2 with the surface of v-dust under UV-irradiation is therefore of
crucial importance to comprehend its budget. Moreover, the quantification of SO2 uptake by v-dust is necessary
to understand the global SO2 cycle, and to implement models with laboratory data regarding heterogeneous
processes [2]. 
To this aim, we have investigated with laboratory experiments the heterogeneous interaction of SO2 with the
surface of natural Icelandic v-dust samples [3,4]. A Coated-Wall Flow Tube reactor was used to determine the
steady-state uptake (γSS) and the transient number (NS) of SO2 molecules taken up by v-dust in a broad range of
relative humidity (0.1% < RH < 72%) and irradiance (JNO2 = 0-4.5×10-3 s-1) values. γSS(SO2) values are overall
lower than 5×10-7, and do not change under UV-irradiation. Meanwhile, NS(SO2) values largely increase under
simulated sunlight, and with RH. Moreover, the amplification factor NS,light/NS,dark increases linearly with: (i) the
surface Ti concentration; (ii) the photon flux; and (iii) RH. These results show for the first time the importance
of the heterogeneous photo-enhanced reactivity of SO2 on natural v-dust samples, and advocates for a better
inclusion of these processes in atmospheric models. Finally, we discuss the photochemical or photocatalytic
nature of the UV-induced process.

[1] Hunton et al., J. Volcanol. Geotherm. Res. 145, 23 (2005)
[2] Maters et al., J. Geophys. Res. - Atmos. 122, 10077 (2017)
[3] Urupina et al., Atmos. Environ. 217, 116942 (2019)
[4] Lasne et al., submitted to ACS Earth and Space Chem.
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MORPHOLOGICAL FEATURES AND ELEMENTAL COMPOSITION OF
PM1 AEROSOL PARTICLES: INSIGHTS ON NATURAL AND ANTHROPIC
SOURCES

Antonio Lettino* (1), Rosa Caggiano (1), Serena Sabia (1), Rosa Sinisi (1), Antonio Speranza (1),
Vito Summa (1)
(1) Institute of Methodologies for Environmental Analysis (IMAA), National Research Council (CNR)

Atmospheric aerosols are one of the most challenging environmental issues mainly because of their adverse
effects on air quality and human health (Pateraki et al., 2014). In general, the adverse effects are more
pronounced with the decreasing of the aerodynamic diameter of aerosol particles (Kwon et al., 2020). This
study focuses on the geochemical and mineralogical characterization of atmospheric aerosol particles PM1

(aerosol particles with aerodynamic diameter less than 1 µm) with the aim to assess their possible natural
and/or anthropogenic sources. The PM1 mass concentrations were measured in the Agri Valley (Basilicata
Region, Southern Italy). The study area is of great national and international interest since hosts one of the
largest European on-shore reservoirs and associated oil/gas pre-treatment plant (i.e., Centro Olio Val d’Agri –
COVA) in anthropized area. The daily average levels of PM1 mass concentrations, measured from July 2017 to
January 2018, range from 3 to 19 μg m−3 with a median value of 6 μg m−3. Several samples with PM1 mass
concentration higher than 75 percentile and one sample with the lowest PM1 concentration, were chosen for the
microscopic observations that have included morphological and elemental analyses of single aerosol particles
performed by using a Field Emission Scanning Electron Microscope (FESEM) equipped with an Energy
Dispersive X-ray Spectrometer (EDX). Results pointed out the presence of different groups of particles, such as
aluminasilicates, quartz, Ca-Mg carbonates, S-rich particles, mixed particles, metal particles and particles with
low Z elements, the origin of which may be associate to anthropic and/or natural sources.

[1] Kwon et al. (2020). Experimental & Molecular Medicine, 52, 318–328; https://doi.org/10.1038/s12276-020-0405-1
[2] Pateraki, St., Asimakopoulos, D.N., Bougiatioti, A., Maggos, Th., Vasilakos, Ch., and Mihalopoulos, N. (2014). Assessment of PM2.5
and PM1 chemical profile in a multiple-impacted Mediterranean urban area: origin, sources and meteorological dependence. Sci. Total
Environ., 479–480, 210–220.
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SMARTAQNET 2020: A NEW OPEN URBAN AIR QUALITY DATASET

Chaofan Li* (1), Matthias Budde (1, 2), Paul Tremper (1), Till  Riedel (1), Klaus Schäfer (3),
Johannes Riesterer (1), Johanna Redelstein (4), Erik Petersen (4), Mohamed Khedr (5), Xiangsheng
Liu (5), Marcel Köpke (1), Kowalski Michal (6), Markus Pesch (7), Johannes Werhahn (8), Markus
Hank (7), Andreas Philipp (4), Josef Cyrys (6), Jürgen Schnelle-Kreis (5), Hans Grimm (3), Volker
Ziegler (7), Anette Peters (6), Stefan Emeis (8), Michael Beigl (1)
(1) Karlsruhe Institute of Technology (KIT), Pervasive Computing Systems / TECO, (2) Disy Informationssysteme GmbH,
(3) Aerosol Akademie e.V., (4) University of Augsburg, Institute of Geography, Chair for Physical Geography and
Quantitative Methods, (5) Helmholtz Zentrum München, German Research Center for Environmental Health - Helmholtz
Zentrum München GmbH, Cooperation Group of Comprehensive Molecular Analytics, (6) Helmholtz Zentrum München,
German Research Center for Environmental Health - Helmholtz Zentrum München GmbH, Institute of Epidemiology II, (7)
GRIMM Aerosol Technik Ainring GmbH & Co. KG, (8) Karlsruhe Institute of Technology, Institute of Meteorology and
Climate Research, Department Atmospheric Environmental Research

According to the WHO, around 7 million people die every year from exposure to polluted air. Due to the large
concentration of human activities in urban areas, urban air pollution is one of the most important parts of air
pollution. However, fine-grained monitoring and forecasting of urban air pollution is still a major challenge.
The wide application of machine learning algorithms in the field of urban air quality monitoring has the
potential to make great benefits for the tasks of monitoring and forecasting. However, it also places higher
requirements on urban air quality datasets. Distributed measurement networks with heterogeneous sensors have
been investigated to deliver on the promise of high-resolution data, both in space and time [1,2]. The Smart Air
Quality Network (SmartAQnet) project [3] has realized such an intelligent, reproducible air quality
measurement network. It concentrates on recording urban meteorology and aerosol measurement data in fine
granularity using multiple measurement technologies. Since the year 2017, this project has collected over 300
million observations in the model region of the City of Augsburg, Germany, and this number is still growing.
In this paper, we are glad to share the data collected by SmartAQnet in the time interval from 2017 to 2020 as
“the SmartAQnet2020 dataset”. The dataset contains 269,261,359 observations recorded by over 180 individual
measurement devices, including ceilometers, Radio Acoustic Sounding Systems (RASS), mid- and low-cost
stationary measuring equipment equipped with meteorological sensors and particle counters, and low-weight
portable measuring equipment mounted on different platforms such as trolley, bike, and UAV.
In this way, the dataset offers unique opportunities for the investigation and comparison of air quality research
approaches, such as novel spatial analytics approaches [4], distributed calibration techniques [5, 6] or the
assessment of the quality of low-cost PM sensors [7]. In addition, we also selected some other commonly used
urban air quality datasets [8] and performed comparative research with the SmartAQnet2020 dataset.

[1] Snyder, E. et al. (2013). The changing paradigm of air pollution monitoring. Environmental science & technology, 47(20).
[2] Budde, M., et al. (2014). Distributed, low-cost particulate matter sensing: scenarios, challenges, approaches. DUST2014, pp 230-236.
[3] Budde, M., et al. (2017). SmartAQnet: remote and in-situ sensing of urban air quality. In Remote Sensing of Clouds and the
Atmosphere XXII (Vol. 10424, p. 104240C). Int. Soc. for Optics and Photonics.
[4] Schlund, R., et al. (2020). Calibration of Low-Cost Particulate Matter Sensors with Elastic Weight Consolidation (EWC) as an
Incremental Deep Learning Method. In International Summit Smart City 360° (pp. 596-614). Springer, Cham.
[5] Shen, Y., et al. (2019). Characterizing Air Quality in Urban Areas with Mobile Measurement and High Resolution Open Spatial Data:
Comparison of Different Machine-Learning Approaches Using a Visual Interface. Int. Smart City 360° Summit
[6] Markert, J.F. et al. (2017). Privacy-preserving collaborative blind macro-calibration of environmental sensors in participatory sensing.
EAI Endorsed Transactions on Internet of Things, 3(10).
[7] Budde, M., et al.(2018). Potential and limitations of the low-cost SDS011 particle sensor for monitoring urban air quality. ProScience 5.
[8] Li, J. J., et al. (2012). Sensing the air we breathe—the OpenSense Zurich dataset. 26th AAAI Conference on Artificial Intelligence.

Scientific Research Abstracts
Vol. 11, p. 42, 2021
ISSN 2464-9147 (Online)
Atmospheric Dust - DUST 2021
© Author(s) 2021. CC Attribution 3.0 License



AIR QUALITY AND POLLUTION IN APULIA REGION: AN ANALYSIS BY 
A MULTILEVEL APPROACH 

Sabrina Maggio* (1), Sandra De Iaco (1)
(1) Dipartimento di Scienze dell'Economia, Unisalento, Italy

Air pollution represents a critical problem in urban areas and their sustainable development, since it causes 
damage to human health and environment. The analysis of air pollution concentration has to consider that it can 
significantly vary across time and space and is transported in the atmosphere.
The aim of this paper is to implement a multilevel multivariate model to explore the prominent spatio-temporal 
factors which can influence air quality in Apulia region. For this purpose, the present study considers spatial 
and temporal variations of air quality by using a free public dataset, collected by the ARPA (Regional Agency 
for the Protection of the Environment) through an air quality monitoring network spread all over the Apulia 
region. Such network consists of both traffic stations, usually installed in urban or suburban areas, and 
background/industrial stations, located also in rural areas.
A thorough analysis of the diurnal and seasonal variation of some relevant air pollutants (such as particulate 
matter, nitrogen dioxide and ground-level ozone) considered by the World Health Organization as the most 
hazardous air pollutants, will be presented.
The empirical findings will demonstrate a significant relationship between air quality and the type of area 
where the monitoring stations are located (traffic/city center, residential, rural and industrial) as well as the 
contribution of meteorological variables (such as temperature and humidity).

[1] Goldstein H. (2011). Multilevel Statistical Models, Oxford University Press Inc., New York, 4th Edition, pp. 1–384
[2] Lindström J., Szpiro A.A., Sampson P.D., Oron A.P., Richards M., Larson T.V., Sheppard L. (2014). A flexible spatio-temporal model
for air pollution with spatial and spatio-temporal covariates. Environmental and Ecological Statistics, 21, pp. 411–433
[3] Rasbash J., Steele F., Browne W.J., Goldstein H. (2009). A User’s Guide to MLwiN Version 2.10, Centre for Multilevel Modelling,
University of Bristol, United Kingdom, 3rd Edition, pp. 1–314
[4] Syafei A.D., Fujiwara A., Zhang J. (2014). Spatial and Temporal Factors of Air Quality in Surabaya City: an Analysis Based on a
Multilevel Model. Procedia - Social and Behavioral Sciences, 138, pp. 612-622
[5] World Health Organization (2006). Health risks of particulate matter from long-range transboundary air pollution, WHO Regional
Office for Europe, Copenhagen, Denmark
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HYGROSCOPICITY OF FRESH AND AGED MINERAL DUST

Tang Mingjin* (1)
(1) Guangzhou Institute of Geochemistry, CAS

Hygroscopicity is one of the most important properties of mineral dust particles. In the last few years my group
has carried out a series of laboratpry studies to better understand hygroscopic properties of fresh and aged
mineral dust, and the presentation will discuss the following three aspects: 1) hygroscopic properties of mineral
dust particles and major minerals; 2) hygroscopic properties of saline mineral dust particles; 3) the impacts of
heterogeneous reactions with NO2 on hygroscopic properties of mineral dust particles.
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EVALUATION OF DUST MODEL REANALYSIS USING LIDAR DUST
EXTINCTION PROFILES

Michail Mytilinaios* (1), Lucia Mona (1), Sara Basart (2), Enza Di Tomaso (2), Oriol Jorba  (2),
Carlos Pérez García-Pando (2, 3), Emmanouil Proestakis (4), Eleni Marinou (4, 5), Vassilis Amiridis 
(4)
(1) Institute of Methodologies for Environmental Analysis (IMAA), National Research Council (CNR), (2) Earth Sciences
Department, Barcelona Supercomputing Center, BSC, Barcelona, Spain, (3) Catalan Institution for Research and Advanced
Studies (ICREA), (4) National Observatory of Athens, Institute for Astronomy, Astrophysics, Space Applications and
Remote Sensing (NOA-IAASARS), (5) German Aerospace Center, Institute of Atmospheric Physics (DLR)

The impact of atmospheric desert dust upon climate, ecosystems, air quality, transportation and solar energy
represents a major scientific and societal issue. There is an increasing need for dust transport accurate
information and predictions to support early warning systems, and preparedness and mitigation plans, leading
to the development and the improvement of dust modelling.
An advanced dust regional reanalysis has been recently released in the framework of the ERA4CS DustClim
project at high spatial and temporal resolution. The reanalysis has been produced by ingesting an innovative
dust optical depth data set, obtained from satellite observations over dust source regions, in the dust module of
the MONARCH atmospheric model [1]. The dust products generated by the reanalysis cover a wide range of
dust-related properties, both optical and physical, such as dust optical depth, dust PM10 mass concentration and
dust extinction coefficient profiles.
The quality and the reliability of DustClim reanalysis has been evaluated by using dust-related products,
retrieved from different measurement techniques. In particular, the vertical distribution of dust in the
atmosphere has been validated against ground-based and space-borne lidar measurements provided by
EARLINET network and LIVAS database respectively. A dust discrimination method has been applied to lidar
profiles in order to decouple pure-dust from the total aerosol profiles, based on lidar particle depolarization
measurements [2].
In this work we present the results obtained and we give a qualitative interpretation of the dust reanalysis
performance, regarding the simulations of the dust vertical structure.

[1] Di Tomaso E., Schutgens N.A.J., Jorba O., Pérez García-Pando C. (2017). Assimilation of MODIS Dark Target and Deep Blue
observations in the dust aerosol component of NMMB-MONARCH version 1.0. Geoscientific Model Development 10, 1107–1129.
[2] Tesche M., Ansmann A., Müller D., Althausen D., Engelmann R., Freudenthaler V., Groß, S. (2009). Vertically resolved separation of
dust and smoke over Cape Verde using multiwavelength Raman and polarization lidars during Saharan Mineral Dust Experiment 2008.
Journal of Geophysical Research 114, D13202.
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EVIDENCE OF FAST CHANGES IN DUST COMPOSITION AND MIXING 
STATE DURING A TYPICAL DUST POLLUTION EVENT IN A EUROPEAN 
COASTAL ENVIRONMENT
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(1, 2), Marc Fourmentin (1, 2), Elsa Dieudonne (1, 2), Hervé Delbarre (1, 2), Fabrice Cazier (1), 
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(1) université du littoral côte d'Opale, (2) Laboratoire de Physico-Chimie de l'Atmosphère
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MODELLING THE EFFECT OF WATER HARVESTING STRUCTURES ON
AEOLIAN EROSION IN THE JORDANIAN BADIA

Anneloes Noordhoff (1), Geert Sterk (1), Stefan Strohmeier (2), Mira Haddad* (2), Christos
Stathopoulos (3), Platon Patlakas (3), Ioannis Chaniotis (3), George Kallos (3)
(1) Department of Physical Geography, Utrecht University, Utrecht, The Netherlands, (2) International Center for
Agricultural Research in the Dry Areas (ICARDA), Beirut, Lebanon, (3) Department of Environmental Physics and
Meteorology, National and Kapodistrian University of Athens, Athens, Greece

Arid and semi-arid regions are prone to wind erosion due to scarce rainfall and low vegetation cover. In the
desert environments in the Middle East, such as the Jordanian Badia, frequent large-scale dust storms occur that
can lead to problems affecting soils, air quality and human health. Wind erosion control is needed to reduce
these negative impacts of dust storms. A potential wind erosion control measure is the use of water harvesting
structures that form barriers for surface runoff and collect water for vegetation growth. In the Jordanian Badia,
Vallerani water harvesting structures have been implemented on an experimental site and have proven to be
effective in water erosion reduction, but their effects on wind erosion remain unclear. This study aimed to
quantify the reduction in wind erosion and dust transport in the Jordanian Badia. The research comprised the
integration of a  small-scale cellular automaton saltation model with a large-scale dust transport model for the
Badia conditions with and without water harvesting structures. Field data of soil properties and vegetation
cover were collected in an experimental research area where Vallerani water harvesting structures are
implemented and tested. The field data were used to calibrate the saltation model and calculate the reductions
in wind speed and sediment transport by the Vallerani structures. The horizontal sediment flux was reduced by
~90% due to the water harvesting structures for the perpendicular wind direction, although the reduction
became less for oblique wind directions. The model output from the saltation model was subsequently used to
run the large-scale RAMS-ICLAMS dust model, with and without Vallerani structures implemented at suitable
places, which covered roughly 57% of the Jordanian Badia. The dust simulations were performed for one week
(22-28 October 2018) during which a large dust storm occurred on 25 and 26 October. Reductions in dust
concentrations in the areas with Vallerani structures ranged between 60 and 100%, while the reductions in dust
concentrations reached 35% for the entire simulated area. It is concluded that outscaling water harvesting
structures to suitable areas in the Jordanian desert can reduce dust concentrations in the atmosphere and thus
help to increase air quality and reduce health problems for the Jordanian population.
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GREEN METHOD FOR DETERMINATION OF METAL CONTENT IN PM
DEPOSITED ON QUARTZ FIBRE FILTER: LA-ICPMS

Monika Ogrizek* (1), Martin Šala (1), Ana Kroflič (1)
(1) Department of Analytical Chemistry, National Institute of Chemistry, Ljubljana, 1000, Slovenia

Monitoring of metal content of ambient PM is necessary for successful management of air pollution and
limitation of negative health effects. The standard method currently used for the determination of metals in
PM10 deposited on the filter is defined in standard SIST EN14902:2005 [1]. It specifies a method for the
determination of particulates lead (Pb), cadmium (Cd), arsenic (As) and nickel (Ni) in ambient air with
pre-treatment by microwave digestion (MW) and element analysis by graphite furnace atomic absorption
spectrometry (GFAAS) or by inductively coupled plasma mass spectrometry (ICPMS). Pre-treatment with
microwave digestion requires concentrated, high purity acids and is therefore environmentally unfriendly and
time consuming. Furthermore, since the prescribed digestion procedure does not assure total PM digestion,
total element quantification of deposited PM cannot be determined for all elements.
Laser ablation coupled to ICPMS (LA-ICPMS) enables element determination directly from a solid sample, as
is PM deposited on a filter. There have already been some attempts for ablation of ambient PM deposited on
filter samples [2,3], but to best of our knowledge only two on quartz filter [3,4].
In our work, we developed a new method for measuring PM on quartz-fibre filters by LA-ICPMS [5].
Measuring parameters (laser beam size, scanning speed, ablation pattern, fluency, repetition rate, and
acquisition time) were optimized to ensure the optimal ablation and accurate measurements. The homogeneity
of deposited PM was assessed and the smallest area that could represent the whole filter was set as the size of
the ablation area in the developed method. For calibration of the results, a matrix matched standard was needed
with the same properties as the sample. Currently, no commercially available standard (ambient PM deposited
on the quartz-fibre filter with certified element concentrations) is available, therefore, we analysed a few real
samples with Instrumental Neutron Activation Analysis (INAA), an absolute method for element
determination, and set them as standards. The developed method was tested on real-life samples collected at
different sites in Slovenia. The same samples were measured with LA-ICPMS, MW/ICPMS, and INAA. 10
elements (As, Fe, K, Mn, Sb, V, Zn, Pb, Ni, Cd) were compared between different measurement techniques
with a few exceptions: Pb, Ni, and Cd could not be determined by INAA and K was not measured with
MW/ICPMS. The statistical evaluation did not show any statistically significant difference between
concentrations measured with LA-ICPMS and INAA. However, there was a statistically significant difference
between MW/ICPMS and INAA and between MW/ICPMS and LA-ICPMS (for some elements). Our results
confirm that LA-ICPMS can be comparable or even more efficient in element determination compared to
standard MW/ICPMS method. LA-ICPMS has the potential for measuring more elements in a shorter time and
since producing less toxic waste, it is more ecofriendly than the currently used standard method.

[1] CEN (2005). SIST EN 14902:2005
[2] Robinson M.S., Grgić I., Šelih V.S., Šala M., Bitsui M., van Elteren J.T. (2017). Laser ablation ICP-MS of size-segregated atmospheric
particles collected with a MOUDI cascade impactor: a proof of concept. Atmospheric Measurement Techniques 10(5), 1823-1830
[3] Tang X.X., Qian Y., Guo Y.C., Wei N.N., Li Y.L., Yao J., Wang G.H., Ma J.F., Liu W. (2017). Analysis of atmospheric pollutant
metals by laser ablation inductively coupled plasma mass spectrometry with a radial line-scan dried-droplet approach. Spectrochimica Acta
Part B-Atomic Spectroscopy 138, 18-22
[4] Lüdke C., Hoffmann E., Skole J. (1994). Comparative studies on metal determination in airborne particulates by LA-ICP-MS and
furnace atomization non-thermal excitation spectrometry. Fresenius' Journal of Analytical Chemistry 350(4), 272-276.
[5] Ogrizek M., Jaćimović R., Šala M., Kroflič A. (2021). No more waste at the elemental analysis of airborne particulate matter on quartz
fibre filters. Talanta 226, 10

Scientific Research Abstracts
Vol. 11, p. 48, 2021
ISSN 2464-9147 (Online)
Atmospheric Dust - DUST 2021
© Author(s) 2021. CC Attribution 3.0 License



CHARACTERIZATION OF DYNAMIC AND THERMODYNAMIC
FEATURES OF AFRICAN DUST OUTBREAKS OVER THE IBERIAN
PENINSULA AND THE BALEARIC ISLANDS: TREND ANALYSIS FOR
THE 1948-2020 PERIOD

Salvador Pedro* (1), Pey Jorge (2), Pérez Noemí (3), Querol Xavier (3), Artíñano Begoña (1)
(1) CIEMAT, Department of Environment - Joint Research Unit Atmospheric Pollution CIEMAT-CSIC, Av. Complutense
40, 28040, Madrid, Spain, (2) Aragonese Foundation for Research and Development; Pyrenean Institute of Ecology-CSIC,
(3) Institute of Environmental Assessment and Water Research (IDÆA) Spanish National Research Council (CSIC)

In this study we have investigated the main distinctive synoptic dynamic and thermodynamic features
associated to the occurrence of African dust outbreaks (ADO) over regions of the of the Iberian Peninsula (IP)
and the Balearic Islands (BI), with the aim to evaluate their time evolution and seek for time trends in the last
70 years. This information will be useful to detect increasing trends in the occurrence of African dust outbreaks
that could exacerbate harmful effects on human health and ecosystems in this region.
First, we calculated from NCEP/NCAR global reanalysis dataset fields, daily values of geopotential thickness
in the 1000 – 500 hPa layer (GT), mean potential temperature between 925 and 700 hPa (TPOT) and
temperature anomalies at 850 hPa for the climatological period 1981-2010 (TANOM) for the BI and the SE,
SW, E, Central, NW, N and NE regions of the IP in the period 2001-2020. This period was selected due to the
availability of the dates when ADO happened on each of the 8 sub-domains and also of the data sets of daily
net dust load contributions to the regional background levels of PM10. Our results bring out that the occurrence
of ADO was accompanied by a significant increase in levels of TPOT, TANOM and GT throughout all the year
and in all regions in any season. Moreover, we have observed that higher values of TPOT, TANOM and GT
resulted in events with higher contributions of dust load to the regional background levels of PM10 in all
regions. That is, the higher the levels of the thermodynamic variables, the higher the intensity of the ADO.
Next, the main synoptic circulation patterns related to the occurrence of ADO in the period 2001-2020 over
each sub-domain were obtained, and their associated mean values of thermodynamic parameters were
evaluated. For this purpose a non-hierarchical k-means cluster analysis was applied for classifying the
geopotential height fields at the 850 hPa level at 12 UTC, into similar groups, each one representing a prevalent
circulation type (CT) over this region. As a result, 11 different synoptic CT were identified. ADO scenarios
were produced under 6 specific CT, whereas the other 5 CT did not favour the transport of air masses from
desert regions. In all cases, ADO CT were associated with above-average levels of the thermodynamic
variables TPOT, TANOM and GT registered over different areas of the IP-BI region in 2001-2020. Moreover,
depending on the period of the year, the type of ADO circulation pattern changed.
Finally, we investigated the time evolution of all the days under ADO CT that happened from 1948 to 2020 and
the associated daily mean values of thermodynamic parameters using the Theil-Sen method, to check the
occurrence of time trends. Our results showed that the monthly number of days under ADO CT displayed a
statistically significant upward trend in 1948-2020. Statistically significant positive trends were again obtained
for the summer, spring and winter periods and for the occurrence of individual ADO CT. Besides, positive
trends of TPOT, TANOM and GH, averaged over the IP-BI domain, were also obtained in summer, spring and
winter during specific ADO CT in the period 1948-2020.
In summary, the frequency of the dynamic (0.06 monthly days/year) and the levels of the thermodynamic (0.38
m/year for GH and 0.02 ºC/year for TPOT and TANOM) synoptic conditions favouring the development of
ADO over the IP-BI domain has increased over the last 70 years. These results are in line with the exacerbation
of warm conditions registered in southern Europe during the last decades.
 Acknowledgements: This study was funded by research project POSAHPI (Agencia Estatal de Investigación,
PID2019-108101RB-I00).
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SOLID ATMOSPHERIC FALLOUTS AS A SUBSTRATE FOR URBAN SOIL
FORMATION (A CASE STUDY IN MOSCOW, RUSSIA)

Tatiana Prokofeva* (1), Sergei Shoba (1), Vasiliy Shishkov (2)
(1) Lomonosow Moscow state university, (2) 2Institute of Geography, Russian Academy of Sciences

The process of airborne dust deposition connects soils with the atmosphere and other components of the city
environment. Solid atmospheric fallouts are usually mentioned in the context of pollution assessments.
However, such fallouts from the atmosphere actually include very diverse solid components that are deposited
on the surface of soils.
Our long-term study on the composition of solid atmospheric fallouts was conducted over several summer
seasons in the city of Moscow at the some places of soil studies. Airborne dust deposits within recreational and
roadside zones were sampled into plastic containers. Laboratory analyses of dust and soil samples included the
following: scanning electron microscopy (in conjunction with energy dispersive x-ray spectroscopy),
micromorphology (thin sections) and chemical tests.
It was revealed that dust deposition intensity significantly varied between different study sites. Low rates
within the urban environment were similar to the background (suburban) dust deposition rate of 2.5 g/m2/year,
but high rates within the city exceeded the background rate value by one or two orders of magnitude, with the
maximal observed rate of 1.7 g/m2/day. Mean dust deposition rates at our study sites varied from 10 to 50 g/m2

/year, which broadly corresponded to the overall mean of 33 g/m2/year in Moscow (Achkasov et al., 2008). The
studied dust samples were generally similar in their composition, with abundant quantities of microscopic
particles of building materials, especially in samples taken near buildings. Dust aggregates with salt
cementation, microplastics, textile fibres, fungal hyphae and fragments of faeces were common in samples
from different study sites. Roadside dust deposits also included asphalt concrete particles and thin films of
hydrocarbons. Dust deposits within recreational zones were enriched in organic residues, pollen grains and
aeroplankton organisms.
According to our previous study (Prokof’eva et al., 2014), diagnostic horizons of urban soils (Urbic horizons)
develop as a result of the pedogenic transformation of organogenic and mineral of natural and artificial
substrates, simultaneously with the surface deposition of these materials including airborne solids. Microscopic
artefacts found in dust samples in the present study were similar to common artefacts in Urbic horizons.
Thus, solid atmospheric fallouts contribute low quantities, but a high diversity of materials to the upper
horizons of urban soils. The composition of airborne dust includes aeroplankton, pollutants and alkaline
substances, e.g., particles of building materials. Deposition of airborne dust can result in such soil properties as
high contents of hydrocarbons, heavy metals and organic matter, neutral and alkaline pH, etc. Apparently, solid
atmospheric fallouts provide for a direction of evolving to geochemical uniformity of all modern urban soils
within the city.
This work was supported by the Russian Foundation for Basic Research (project no. 19-05-50093,
“micromir”»: field work and collection of samples, determination of soil properties and their interpretation) and
State task no. 0148-2019-0006: development of approaches to  the microscopy studies of fallouts and their
microanalysis).

[1] Аchkаsоv А.I., Bаshаrkеvich I.L., Varavа К.V., Sамаyеv S.B. (2006). Snow cover pollution by icing-reducing reagents. Prospect of
Geological Environment Control 9-10,132–137 in Russian
[2] Prokof’eva T.V., Gerasimova M.I., Bezuglova O.S., Bakhmatova K.A., Gol’eva A.A., Gorbov S.N., Zharikova E.A., Matinyan N.N.,
Nakvasina E.N., Sivtseva N.E. (2014). Inclusion of soils and soil-like bodies of urban territories into the Russian soil classification system.
Eurasian Soil Science 47-10, 959–967
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RESPONSE OF BACTERIAL COMMUNITIES TO RAINWATER
ADDITIONS IN THE OLIGOTROPHIC SE MEDITERRANEAN COAST;
EXPERIMENTAL AND IN-SITU OBSERVATIONS

Eyal Rahav* (1), Barak Herut (1)
(1) Israel Oceanographic and Limnological Research

Wet deposition may serve as a source of external nutrients for phytoplankton and heterotrophic bacteria in low
nutrients low chlorophyll (LNLC) marine systems. Here, we examined the effects of rainwater deposition on
phytoplankton and bacterial abundance and activity in the LNLC SE Mediterranean coast. In-situ observations
and experimentally controlled incubations show enhanced abundance and productivity of the bacterioplankton
communities attributed to the addition of rainwater-born nutrients. While rainwater relieved N limitation to
phytoplankton resulting in enhanced abundance and primary production of autotrophic microbial communities
(mostly pico-eukaryotes), no single nutrient (N or P) could be identified as a sole limiting factor of the
stimulated heterotrophic bacteria. In both the experimental and in-situ observations, the changes in
phytoplankton biomass following rainwater deposition/addition were observed only after 24-48 h. Contrary, an
increase in primary and bacterial productions was visible within a few hours, suggesting high nutrients turnover
rates by bacterioplankton communities following rain deposition. These results emphasize the importance of
short-term wet deposition events to new N production and phytoplankton temporal variability in the LNLC SE
Mediterranean coast.
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IMPACTS OF SNOW-DARKENING DUE TO SAHARAN DUST DURING AN
INTENSE DUST DEPOSITION EVENT ACROSS EURASIA

Anika Rohde* (1), Vogel Heike  (1), Sven Werchner (1), Gholamali Hoshyaripour (1), Julia Bruckert
(1), Bernhard Vogel (1)
(1) Institute of Meteorology and Climate Research, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

The snow albedo plays a significant role in the energy budget of the earth. Snow covered surfaces are
characterized by exceptionally high albedo and therefore reduce absorption and heating. In the visible
spectrum, the albedo of pure snow can reach up to 99 %. It is known that the snow albedo can be affected by a
variety of influences. Aerosols play an important role in this phenomenon. While the deposition of black
carbon has received more attention in this context, the effects of mineral dust are still relatively little
considered. However, dust transport events are common in Europe, especially in spring, where Saharan dust is
frequently deposited on snow-covered surfaces. Recent studies involving one-dimensional snow models have
shown that mineral dust can accelerate melting of the snowpack, especially during spring time.
In order to investigate the impact in a fully coupled atmospheric and land model, ICON-ART was extended by
a parametrization of a spectral snow albedo that accounts for snow aging processes and the snow-darkening
effect of mineral dust. The short-term snowpack and atmospheric feedback to dust deposition was investigated
in a simulation of a real case of an extreme dust deposition event in 2018. Emission, transport, deposition and
interactions of the mineral dust are computed online during the simulation. To obtain a more robust result, a
total of eighty simulations were carried out in an ensemble to investigate the event including the radiative
interaction of dust and snow. Europe and western parts of Asia were simulated at a horizontal resolution of 10
km, including ten days from March 22.
The study indicates that mainly mountainous terrain is affected by the feedbacks to the dust deposition.
Another highly vulnerable region is found along the latitude where the boundary between snow-covered and
snow-free surfaces is located. A significance test was performed to include only robust results in the analysis of
the feedbacks. The results of the analysis show that strong divergences can occur in high-resolution simulations
due to nonlinearity in the atmospheric model. The major interfering factor in studying the change in snow depth
due to aerosol deposition is the variation in the patterns of precipitation. In addition, the change in cloud
patterns has proven to be the largest disrupting element when examining the shortwave net radiation flux.
Regarding surface and 2m-temperature, large scale weather dynamics interfere with the responses to the
snow-darkening.
Considering the statistically significant differences, a spatially averaged radiative forcing of 19.15 W/m² was
found after about one week with a mean decrease in surface albedo of 2.93 %. However, the feedbacks depend
on the particular region and show an altitude dependence. In complex terrain, the additional solar radiation
absorbed by the surface is mainly reflected in a decrease of snow depth. In the area of the Caucasus Mountains,
where the event was particularly severe, the snow depth is reduced by an average of 1.36 cm at a reduction of
the albedo by 2.83 %. In contrast, in the flat terrain along the snowline, the snow cover is particularly thin and
melting leads to the exposure of the darker ground surface. This leads to an average warming of the surface
temperature of 0.92 K at a reduction of the surface albedo of -4.5 %. In conclusion, the feedbacks to dust
deposition on snow are region-specific. Not only the amount of dust deposition determines the magnitude, but
in particular the snow cover fraction and the snow depth.
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GLYOXAL UPTAKE ON VARIOUS MINERAL SURROGATES. A
KNUDSEN FLOW REACTOR STUDY.

Manolis Romanias* (1), Antonia Zogka (1), Vassileios Papadimitriou (2, 3, 4), Frederic Thevenet
(1), Michel Rossi (5)
(1) IMT Lille Douai, Institut Mines-Télécom, Univ. Lille, Centre for Energy and Environment, F-59000 Lille, France, (2)
Laboratory of Photochemistry and Chemical Kinetics, Department of Chemistry, University of Crete, Heraklion, Crete,
Greece, (3) Chemical Sciences Laboratory, National Oceanic and Atmospheric Administration, 325 Broadway, Boulder,
CO, USA 80305 3328, (4) Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder,
CO, USA 80309, (5) École Polytechnique Fédérale de Lausanne (EPFL), ENAC IIE GR-LUD, Station 6, CH B2 397,
CH-1015 Lausanne, Switzerland

Atmospheric aerosols, play a key role in the Earth’s climate, regulating the energy budget of the atmosphere by
interacting directly with solar radiation (scattering and absorption) and indirectly acting as nuclei in clouds and
ice particles formation. Aerosols can also alter the chemical composition of the atmosphere by providing active
surfaces for organic or inorganic pollutants uptake or scavenging. This is also known as aerosol aging. Among
the various types of atmospheric particles, mineral dust is the largest single component of the global aerosol
mass budget, making up nearly half of annual particle emissions. Once emitted into the atmosphere, dust
particles can travel thousands of kilometers away from their original source and be transported even to remote
regions. Despite the importance of mineral dust aerosols, our ability to assess their impact on air quality and
climate is still limited. This mainly stems from our poor understanding of the evolution of dust composition and
properties as they age in the atmosphere. The latter has been also noted by the Intergovernmental Panel on
Climate Change (IPCC) in their latest report.
The objective of this study is to investigate the uptake of glyoxal (GL), one of the most important precursor
component of SOA in the atmosphere, with 20 different synthetic or natural dust substrates, such as clays,
mineral oxides, and Saharan/Asian natural samples.  Room temperature uptake experiments were performed
inside a Knudsen flow reactor, operated in the molecular flow regime, and coupled with a modulated molecular
beam quadrupole mass spectrometer for the real-time monitoring of the gas-phase reactants and products. To
characterize the heterogeneous interaction of GL with the mineral surrogates, we determined the initial uptake
coefficients (γ0) and the surface coverage (Ns). Results evidenced a massive uptake of GL on the minerals, with
uptake coefficients ranging from 0.01 for CaCO3, up to 0.47 for TiO2. Similarly, the surface coverage of GL
was in the range of 0.1 – 6.4 × 1014 molecules cm-2, i.e. close to the theoretical monolayer surface coverage of
5.2 x 1014 molecules cm-2. Furthermore, the desorption of GL was also investigated at room temperature, and
results revealed that only a small fraction (< 10%) is removed back to the gas phase. Thus, the uptake of GL on
mineral dust under tropospheric relevant temperature is anticipated to be irreversible. Finally, the absence of
gas-phase products, investigated in a limited number of GL-natural dust experiments, and the high Ns values
observed, indicate the possible formation of GL clusters on the dust particles.
The screening approach used allowed us to obtain the overall picture of GL uptake towards the most
sorptive/reactive minerals and to classify the samples based on their uptake efficiency. In a short term,
combining the results of the current study with a thorough bulk and elemental characterization of natural
samples (work in progress) will provide original insights linking dust chemical composition with uptake
efficiency.
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UNDERSTANDING THE ATMOSPHERIC AGEING OF MINERAL DUST
DURING TRANSPORT: A LABORATORY APPROACH DEPLOYING
CESAM ATMOSPHERIC SIMULATION CHAMBER

Manolis Romanias* (1), Joel Brito (1), Mathieu  Cazaunau (2), Edouard  Pangui (3), Paola Formenti
(2), Claudia  Di Biagio (2), Véronique Riffault (1), Frederic Thevenet (1), Jean-François  Doussin (2)
(1) IMT Lille Douai, Institut Mines-Télécom, Univ. Lille, Centre for Energy and Environment, F-59000 Lille, France, (2)
Université de Paris and Univ Paris Est Creteil, CNRS, LISA, F-75013 Paris, France, (3) Univ Paris Est Creteil and
Université de Paris, CNRS, LISA, F-94010 Créteil, France

Mineral dust is a significant component of atmospheric aerosols. According to recent estimations, about 1600
Tg yr-1 of mineral dust are released into the atmosphere, representing a large source of aerosol particles on a
global scale. Although the primary sources are arid regions, because of global air circulation and due to their
long tropospheric lifetime, up to several days, mineral particles undergo long-range transport to both remote
regions and populated urban areas. The environmental impact of mineral dust is manifold. Dust particles
influence Earth’s climate directly by scattering and absorbing solar and terrestrial radiation and indirectly by
influencing cloud formation and lifetime. Besides their climatic impact, mineral aerosols act as efficient
platforms for the scavenging or conversion of gases, thus providing a medium to transport atmospheric
compounds over long distances.
Despite the importance of mineral dust aerosols in atmospheric chemistry, our ability to assess their impact on
air quality and climate is still limited. This mainly stems from our poor understanding of the evolution of their
composition and properties as they age in the atmosphere.
In the framework of the INVOC-Dust project (Heterogeneous interaction of volatile organic compounds with
natural mineral dust under simulated atmospheric conditions) supported by CNRS- INSU we aim to tackle the
atmospheric aging of mineral dust performing advanced laboratory approaches. In particular, the atmospheric
aging of natural Saharan dust, and model clay dust (kaolinite), was investigated inside the 4.2 m3 stainless-steel
multiphase atmospheric Simulation Chamber CESAM at LISA (https://cesam.cnrs.fr/). The chamber was
coupled with state-of-the-art instrumentation, including PTR-MS, NOx/O3 analyzers for the real-time
monitoring of the gas phase and HR-ToF-AMS, ToF-ACSM, HTDMA, SMPS, GRIMM OPC, and CAPS
cavities, to monitor the aerosol concentration in the chamber and address the real-time evolution of its chemical
composition, hygroscopic and optical properties.
Two different approaches were considered. The first one mimics the atmospheric aging of mineral dust by a
biogenic plume under daytime (i.e. in the presence of ozone) and nighttime (in the presence of NO3 radicals)
conditions using limonene as model VOC. The second case deals with the aging of dust aerosols by an
anthropogenic plume during daytime (in the presence of OH radicals), using toluene as model organic species.
The long aging experiments carried out evidenced that the low volatility oxidation products of the model VOCs
are strongly adsorbed onto dust particles. The organic coating created impacts the optical properties (scattering
and extinction profiles) of dust aerosols, as well as their hygroscopicity. The results of the current study are a
step forward to understand the processing of atmospheric aerosols and highlight the potential of laboratory
studies to simulate atmospheric processes and provide high-quality atmospheric data for modelers.
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DETERMINING DUST RADIATIVE EFFECTS IN THE MEDITERRANEAN
AND SAHARAN REGIONS BY SATELLITE LIDAR MEANS

Lolli Simone* (1), Landi Tony C. (2), Bonasoni Paolo (2)
(1) CNR-IMAA, (2) CNR-ISAC

This study investigates changes in aerosol radiative effects on two highly urbanized regions across the
Euro-Mediterranean basin with respect to a natural desert region as Sahara over a decade through space-based
lidar observations. The research consists in evaluating the monthly-averaged vertically-resolved aerosol optical
depth (AOD) atmospheric profiles along a 1×1 horizontal grid, obtained from the Cloud-Aerosol Lidar with
Orthogonal Polarization (CALIOP) instrument measurements aboard the Cloud-Aerosol lidar and Infrared
Pathfinder Satellite Observation (CALIPSO). The analysis, performed over the decade 2007 – 2016, put in
evidence an increase of solar irradiation at surface of + 3.6% and + 16.6% for the Po Valley and Benelux
respectively, and a reduction of – 9.0 % for the Sahara Desert.

[1] Lolli, S.; Khor, W.Y.; Matjafri, M.Z.; Lim, H.S.  Monsoon Season Quantitative Assessment of Biomass361Burning Clear-Sky Aerosol
Radiative Effect at Surface by Ground-Based Lidar Observations in Pulau Pinang, Malaysia in 2014.Remote Sensing2019,11, 2660.
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QUANTIFYING DEPOSITION FLUXES IN TWO NATIONAL PARKS WITH
CONTRASTING AFRICAN DUST INFLUENCE: THE NORTH AND THE
SOUTH OF THE IBERIAN PENINSULA

Castillo Sonia* (1), Cazorla Alberto (1), Alados-Arboledas Lucas (1), Pey Jorge (2)
(1) Andalusian Institute for Earth System Research (IISTA-CEAMA); Department Applied Physics, University of Granada,
(2) Aragonese Foundation for Research and Development; Pyrenean Institute of Ecology-CSIC

National Parks (PPNN) are usually areas with unique ecosystems, which are protected by regulations due to
their high geological/biological richness. Sierra Nevada (SNS), in the southeast, and Ordesa and Monte Perdido
(OMP), in the northeast of the Iberian Peninsula, are two of the high-altitude PPNN of the Spanish network.
Due to their geographical position, these areas register different climatic contexts, with different predominance
of air-masses, humid-Atlantic air-masses in OMP, and sub-tropical in SNS.
Bulk atmospheric deposition is recorded in OMP since 2017, following the methodologies defined in Pey et al.
(2020), whereas dry/wet and bulk deposition samples are obtained in SNS. The aim of this study is to discern
the impact of African dust in the overall deposition flux at both PPNN, considering the role of the distance to
the African dust source, from November 2017 to October 2019. To this end, North African events (NAF) have
been identified and their contributions have been quantified, discriminating the fluxes for the NAF events and
those to other provenances (no-NAF) at both sites.
Notable differences in the deposition fluxes occur in these two PPNNs. Total deposition fluxes in OMP were
significantly higher (29 and 21 g m-2, in 2017-2018 and 2018-2019, respectively) than those in SNS (18 and 12
g m-2). The annual differences between total fluxes maintain, however, the same relation (SNS/OMP flux =
0.6). Important differences are also detected in the insoluble/soluble fractions. At OMP, soluble aerosols are the
dominant fraction, 53 and 68% of the total flux in first and second year respectively, whereas in SNS the
soluble fraction account for 35 and 37%, respectively. These differences are mainly related to the number of
wet-deposition events, which are relatively frequent in OMP (annual precipitation around 1200 mm) and scarce
in SNS (around 500 mm). Secondly, the high number of dry periods in SNS compared to OMP enhances the
magnitude of dry deposition processes. The recurrence of dry-fall in SNS increases the deposition of coarse
aerosols. This affects especially mineral dust, which is the prevailing component in the insoluble fraction
(Castillo et al., 2017). In the case of OMP, the occurrence of dusty conditions is considerably less frequent than
in SNS, but the magnitude of dust deposition by wet events is very significant. The high number of NAF events
in SNS (35 % of annual days) when compared to OMP (around 15%) and the phenomenology of dust
deposition, explain the observed differences in the annual dust load: several events in SNS account for less
amount of dust than the observed in OMP, which is controlled by one or two severe dust-deposition episodes.
Acknowledgements: This study was funded by research projects POSAHPI (Agencia Estatal de Investigación,
PID2019-108101RB-I00), DP2000100765 (Australian Council), INPARK (B-RNM-474-UGR18 and
Andalusia FEDER I+D+I Projects 2014-2020

[1] Castillo et al., (2017). Atmosphere 8, 86, https://doi.org/10.3390/atmos8050086. 
[2] Pey J., et al. (2020). Sci. Tot. Environ., 140745, https://doi.org/10.1016/j.scitotenv.2020.140745.
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SINGLET OXYGEN PRODUCTION BY URBAN ROAD DUST:
IMPLICATIONS FOR POLLUTANT FATE

Sarah A. Styler* (1, 2), Alexandra I. Burnett (1), Clare L. S. Wiseman (3)
(1) Department of Chemistry and Chemical Biology, McMaster University, (2) Department of Chemistry, University of
Alberta, (3) School of the Environment, University of Toronto

Road dust is the largest anthropogenic source of fine particulate matter in Canada and the United States.
Although its composition and health effects are relatively well-studied, little is known regarding its
environmental reactivity. We have recently shown that road dust is a photochemical source of singlet oxygen,
an important environmental oxidant. Building on these results, we report singlet oxygen production by aqueous
suspensions of pooled road dust samples collected from three road types (residential, arterial, and expressway)
in Toronto, Canada. In addition, we report quantum yields for singlet oxygen production by the water-soluble
fraction of these samples and compare these values to those reported for other types of dissolved organic
matter. These results highlight the unique photochemical environment provided by road dust as well as its
potential role in mediating the lifetime of urban pollutants. 
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IMPACT OF DUST AEROSOLS ON AIR QUALITY DURING COVID-19
LOCKDOWN IN ABU DHABI (UNITED ARAB EMIRATES)

Oriol Teixido* (1), Diana Francis (2), Hussein Hamed (1), Ruqaya Mohamed (1)
(1) Environment Agency - Abu Dhabi (EAD), (2) Khalifa University

The preventive and precautionary measures taken by the UAE and Abu Dhabi governments to reduce the
spread of the coronavirus disease (COVID-19) and promote social distancing have led to a reduction of
mobility and a modification of economic and social activities. A scientific research using ground monitors from
Environment Agency – Abu Dhabi (EAD) and satellite information showed a drastic decrease during lockdown
in the concentration of the gaseous pollutants analysed (NO2, SO2, CO and C6H6) [1]. However, particulate
matter (PM10 and PM2.5) averaged concentrations followed a markedly different trend from the gaseous
pollutants. PM10 averaged concentrations monitored during the lockdown in 2020 were higher than for the same
period in 2019 (+26 %), however PM2.5 concentrations were -9% lower.
The recorded decrease of the gaseous pollutants aligns with the results reported in other international cities and
metropolitan areas (Barcelona, Rio de Janeiro, Eastern Province of Saudi Arabia, among others [2], [3], [4]).
However, the large increase in PM10 during lockdown in Abu Dhabi is not common and may be attributed to a
higher number and/or frequency of sand and dust events during the 2020 period.
The reduction of anthropogenic emissions due to the lockdown and preventive measures is a unique
opportunity to assess the influence of natural aerosols such as dust aerosols on the atmospheric circulation and
more particularly on  PM10 and PM2.5. This research evaluates and compares the key parameters (PM10

concentrations, PM2.5 concentrations, visibility, PM2.5/PM10 ratio, temperature, humidity, wind patterns and
radiative fluxes at the surface) between the same time periods in 2020 and 2019 to understand the variation in
PM10 and PM2.5 and assess the influence of sand and dust storms during the 2020 lockdown period.

[1] Teixido O., Tobías A., Massagué J., Mohamed R., Ekaabi R., Hamed H., Perry R., Querol X., Al Hosani S. (2021). The influence of
COVID-19 preventive measures on the air quality in Abu Dhabi (United Arab Emirates). Air Quality, Atmosphere & Health.
https://doi.org/10.1007/s11869-021-01000-2
[2] Tobías A., Carnerero C., Reche C., Massagué J., Via M., Minguillón M., Alastuey A., Querol X. (2020). Changes in air quality during
the lockdown in Barcelona (Spain) one month into the SARS-CoV-2 epidemic. Sci Total Environ 326:138540.
https://doi.org/10.1016/j.scitotenv.2020.138540
[3] Dantas G, Siciliano B, França B, da Silva C, Arbilla G (2020) The impact of COVID-19 partial lockdown on the air quality of the city
of Rio de Janeiro, Brazil. Sci Total Environ 729:139085. https://doi.org/10.1016/j.scitotenv.2020.139085
[4] Anil I., Alagha O. (2020) The impact of COVID-19 lockdown on the air quality of Eastern Province, Saudi Arabia. Air Qual Atmos
Health 29:1–12. https://doi.org/10.1007/s11869-020-00918-3
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INTERACTION OF VOLCANIC ASH WITH ANTHROPOGENIC
POLLUTION: SCREENING FOR PRESENCE OF DELETERIOUS
ORGANIC COMPOUNDS ON ASH USING THE CALUX BIOASSAY
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Exposure to volcanic ash is a long-standing health concern for people living near active volcanoes but also in
distal urban areas. During transport and deposition, ash can interact with anthropogenic pollution (e.g.,
industrial and vehicle emissions) which may change its surface composition and, consequently, bioreactivity.
However, very little is known about the concentrations and potency of deleterious organic compounds on
volcanic ash and their implications for human health.
We used an in vitro bioanalytical approach to screen for the presence of organic compounds of toxicological
concern on ash surfaces and assess their biological reactivity [1]. These compounds include polycyclic
aromatic hydrocarbons (PAHs), polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and
dioxin-like polychlorinated biphenyls (dlPCBs), all pertinent to urban environments. We analysed ash collected
in or near urbanised areas at five active volcanoes across the world (Etna, Italy; Fuego, Guatemala; Kelud,
Indonesia; Sakurajima, Japan; Tungurahua, Ecuador).
Our study is the first to demonstrate the biological potency of organic pollutants associated with volcanic ash
particles. The results indicated the presence of organic compounds on all analysed ash samples. We found that
the measured activity is dominated by PAHs and PAH-like compounds as suggested by a relatively low
response to PCDD/Fs and the absence of a dlPCBs response in the bioassay. Based on our estimations, these
compounds are present in low quantities and likely do not pose a direct concern for human health.
 
 

[1] Tomašek et al. 2021, Bulletin of Volcanology 83: 30; https://doi.org/10.1007/s00445-021-01453-4
[2] 
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INVESTIGATION OF A LUNG FLUID LEACHATE METHOD TO ASSESS
INHALATION HAZARDS OF VOLCANIC ASH
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Geography, Vrije Universiteit Brussel, Belgium

Like particulate matter, in general, freshly erupted volcanic ash contains a range of soluble elements [1],
including Al, Cd, Fe, Ni, Pb and V, which can generate harmful effects in living cells and are considered
potentially toxic elements (PTEs). Characterising the presence of these soluble species is thus a primary
concern when assessing respiratory health hazards of particles.
We investigated the leaching dynamics of ash-associated PTEs in simulated lung fluid (SLF), a solution
mimicking the composition of the human lung lining fluid, in order to optimize a method for volcanic ash
respiratory hazard assessment [2]. Using three pristine (un-rained on) ash samples collected at Ambae, Kīlauea
and Whakaari/White Island volcanoes, we quantified the release of PTEs (Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb,
V, Zn) and major cations typical of ash leachates (Mg, Na, Ca, K) in multiple SLF preparations and under
varying experimental parameters (contact time and solid to liquid ratio).
We found that PTE concentrations reach steady-state dissolution by 24 h, and a relatively short contact time (10
min) approximates maximum dissolution, while PTE dissolution is comparatively stable at low solid to liquid
ratios (1:100 to 1:1000). The inclusion of commonly used macromolecules was shown to have element-specific
effects, and the addition of a lung surfactant had little impact on extraction efficiency. Data comparison with a
standard water leach indicated that a water leach can be used as a simple proxy for SLF leaching in an eruption
response situation.

[1] Stewart et al. JVGR 392 (2020) 106756; DOI: 10.1016/j.jvolgeores.2019.106756
[2] Tomašek et al. Chemosphere 278 (2021) 130303; DOI: 10.1016/j.chemosphere.2021.130303
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ESTIMATING INTRA-DAILY PM10 CONCENTRATIONS OVER THE
NORTH-WESTERN REGION OF TURKEY BASED ON MODIS AOD USING
RANDOM FOREST APPROACH 

Gizem Tuna Tuygun* (1), Tolga Elbir (1)
(1) Dokuz Eylul University Department of Environmental Engineering Buca-İZMİR

Aerosol optical depth (AOD) is a significant predictor that can provide PM concentrations in a region without
ground-based monitoring. Estimation of intra-daily ground-level PM10 concentrations based on satellite AOD
products has been widely used over large regions with the help of machine learning models. This study was the
first attempt in the north-western part of Turkey to estimate daily PM10 concentrations based on Collection 6.1
(C6.1) Moderate Resolution Imaging Spectroradiometer (MODIS) DTB AOD products from Terra and Aqua
satellites. A space-time random forest (STRF) model that outperformed most models with strong predictive
power to evaluate the differences between the time windows representing the mean PM10 around the overpass
times of the satellites with the synergetic use of space-time information over Turkey were developed in this
study. Several spatiotemporal parameters such as MODIS AOD, meteorological, and land-related data were
used as input to improve the overall accuracy of PM10 estimation for 2008-2019. The most critical 13 variables
were used to estimate PM10 in the final RF model. The STRF model performed moderately well, with moderate
cross-validation (CV) correlation coefficient (R) of 0.71 (0.73). The model relatively better estimated PM10 

concentrations over Aqua overpass time (R⁓0.73 and RMSE ⁓27.3 µg/m3). Moreover, the STRF model developed
in this study is a first step to construct a high-quality PM10 dataset over the region that is important for air
pollution studies due to the improving industrialization and rapid growth of the regional population, with
increased pollution levels.
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ESTIMATION OF GROUND-LEVEL PM2.5 CONCENTRATIONS WITH
MERRA-2 AEROSOL DIAGNOSTICS OVER THE NORTHWESTERN
REGION OF TURKEY

Gizem Tuna Tuygun* (1), Serdar Gündoğdu (2), Tolga Elbir  (1)
(1) Dokuz Eylul University Department of Environmental Engineering Buca-İZMİR, (2) Computer Technology Program,
Bergama Vocational High School, Dokuz Eylul University, Bergama-Izmir

Atmospheric aerosols with an aerodynamic diameter of less than 2.5 micrometers (PM2.5) are the most widely
studied component of air pollution. Due to the lack of ground-level monitoring stations, research on PM2.5

concentrations is limited over Turkey. The Version 2 Modern-Era Retrospective analysis for Research and
Applications (MERRA-2) provides spatially and temporally continuous a variety of aerosol diagnostic products
from MERRA-2 including surface mass concentrations of dust (DUSMASS25), sea salt (SSSMASS25), black
carbon (BCSMASS), organic carbon (OCSMASS), and sulfate (SO4MASS). With these parameters
ground-level PM2.5 concentrations were estimated by using the Extreme Gradient Boosting (XGBoost) model at
29 air quality monitoring stations in the Marmara region, which is the most populated and industrialized region
in Turkey. Several meteorological parameters from MERRA-2 were also used as inputs to the estimation
model. Temporal variables (i.e., Year, Month, Season, and DOY) were also incorporated as covariates. The
integration of these parameters directly affects the prediction accuracy in the model. Ten-fold cross-validation
(10-CV) was used to evaluate model performance. Dataset was randomly divided into ten subsets. The process
was repeated ten times until every subset had been treated as the test dataset. Finally, prediction results from
ten folds were combined and compared with PM2.5 concentrations from the ground-level monitoring station.
The correlation coefficient (R values) and root mean square error (RMSE) were calculated as the indicators of
model performance. No study has investigated the PM2.5 components from MERRA-2 and estimated PM2.5 

concentrations in Turkey.
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HOW RELEVANT IS TO USE MINERAL PROXIES TO MIMIC THE
ATMOSPHERIC REACTIVITY OF NATURAL DUST SAMPLES? A
REACTIVITY STUDY USING SO2 AS PROBE MOLECULE. 

Darya Urupina* (1, 2, 3)
(1) IMT Lille Douai - Département Sciences de l'Atmosphère et Génie de l'Environnement, (2) Manolis N. Romanias, (3)
Frederic Thevenet

The uptake and the possible heterogeneous reactions between atmospheric trace gases and natural dusts are an
important field of study as they can affect the composition of the atmosphere and the properties of dust itself.
To simplify the system the experimental investigation of heterogeneous atmospheric processes involving
mineral aerosols is extensively performed in the literature using proxy materials. In this work we questioned
the validity of using proxies such as Fe2O3, FeOOH, Al2O3, MgO, CaO, TiO2, MnO2, SiO2, and CaCO3 to
represent the behavior of complex mixtures of minerals, such as natural desert and volcanic dusts. Five
volcanic dusts and three desert dusts were compared to a number of metal oxides, commonly used in the
literature to mimic the behavior of desert dusts in the ability to form sulfites and sulfates on the surface exposed
to SO2 gas. In order to be able to quantify sulfites and sulfates an HPLC method was developed and validated.
The specifics of the method are discussed. All samples were aged at room temperature, atmospheric pressure,
under controlled experimental conditions of 175 ppm SO2 for 1 hour under 30% of relative humidity. It was
evidenced that under the experimental conditions of this study neither one selected pure oxide nor a mixture of
oxides can adequately typify the behavior of complex mixtures of natural minerals. Therefore, to evaluate the
real-life impact of natural dust on atmospheric processes it is of vital importance to work directly with the
natural samples both to observe the real effects of desert and volcanic dusts and to evaluate the relevance of
proposed proxies.
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 POSSIBLE  INDIRECT EFFECT OF DUST AEROSOLS DURING 
MONSOON BREAKS OVER INDIA

Arya V B * (1), Sajani Surendran (2), Rajendran K Avirajan (2, 1)
(1) Academy of Scientific and Innovative Research, (2) Multi-Scale Modelling Programme (MSMP), CSIR-Fourth 
Paradigm Institute, Bangalore, India.

Over India, low rainfall amounts during the droughts are found to be associated with high Aerosol Optical 
Depth (AOD) as compared to decreased AOD in excess monsoon years. This is consistent with the 
understanding that increased washout (build-up) and shorter (longer) lifetime of aerosols occur in wetter (drier) 
conditions. Given the rather short lifetime of aerosols, it is imperative to examine how aerosols impact the 
active-break spells, the prominent component of intraseasonal variability (ISV) of Indian summer monsoon
(ISM), through their composite analysis of recent ground-based and satellite observations of rainfall, aerosol 
and cloud properties, and reanalysis based circulation fields. During active phase, the impact of dust aerosols 
on clouds is that they act as cloud condensation (CCN) and participates more efficiently in cloud processes. 
During breaks, significant buildup of dust aerosols over India, which are transported from Africa, west Asia, 
and Thar desert by the large-scale circulation, is associated with lower cloud effective radius (CER) implying 
aerosols’ indirect effect where they can inhibit cloud growth (low cloud optical thickness) in the presence of 
reduced moisture and decrease precipitation efficiency/rainfall. For breaks, there is a clear inverse relationship 
between AOD and rainfall which appears to imply the possibility of the aerosols reinforcing the breaks under 
increased loading. In validation, the correlation between intraseasonal, 20-100-day band pass filtered anomalies 
of AOD and rainfall during monsoon, shows significant negative correlation when AOD leads rainfall by 3-5 
days, over most parts of India. The magnitude of correlation implies that the indirect impact of aerosols on 
rainfall through clouds is effective during the break spells, albeit they are not the primary factor responsible for 
the breaks. Shortwave flux (SWF) at top of the atomosphere (TOA) is found to be less during composite break 
spells indicating the interaction of the long range transported dust aerosols with SWF which in turn implies its 
semi-direct effect. This also reveals that during long breaks, dust induced semi-direct effect could also be 
effective in addition to the indirect effect. These results are crucial as breaks are permanent features of ISM and 
it is essential to incorporate dust-induced feedbacks in models for proper simulation of ISV and thereby 
improved prediction of ISM.



LOOKING FOR HOLOCENE PYRENEAN ARCHIVES OF SAHARAN DUST
DEPOSITION:  THE ARXURI PEATBOG AND THE MARBORE LAKE

Blas Valero Garcés* (1), Juan Pablo Corella (2), David Elustondo (3), Maria Pilar Mata Campo (4),
Marcel Galofré (1), Francisco Javier  Martín Rodríguez  (5), Jorge Pey (6)
(1) Instituto Pirenaico de Ecología (CSIC) Av. Montañana 1005, 50059 Zaragoza, Spain, (2) CIEMAT, Departamento de
Medio Ambiente, Av. Complutense 40, 28040, Madrid, Spain, (3) Instituto de Biodiversidad y Medio Ambiente,
Universidad de Navarra, Irunlarrea 1, 31080, Pamplona, Spain, (4) Instituto Geológico y Minero, CSIC, C/ La Calera, 1,
28760 Tres Cantos, Madrid, Spain, (5) Facultad de Ciencias , Campus Fuentenueva s/n, Universidad de Granada 18071-
Granada, Spain, (6) 1Aragonese Foundation for Research and Development; 2Pyrenean Institute of Ecology-CSIC

We investigate the input of Saharan dust in the western and central Pyrenees with multiproxy analyses of a 4 m
long sediment sequence from the Arxuri peatbog (western Pyrenees, 43° 15´ 06.35” N; 1° 33´ 18.86” W; 497 m
asl)) and a 7 m long sediment sequence from Marboré Lake (central Pyrenees, (42° 41´ 44.27” N; 0° 2´ 24.07”
E; 2612 m asl)). Recent episodes of Saharan dust in the Iberian Peninsula have yielded high dust deposition
even in the western and central Pyrenees and available results from the DONAIRE project have evidenced that
most of African dust input occurs as wet deposition and that in spite of the long distance from the source, the
highest dust deposition in the Iberian Peninsula occurs in the Pyrenees. One of the aims of the POSAHPI
project is to identify Holocene records of dust deposition in the Iberian Peninsula and to test geochemical
techniques to characterize periods of higher dust input to lakes and peatbogs. Using these natural archives we
would like to evaluate if Holocene warmer periods as the current one were characterized by increased dust
input and, consequently, we can expect more African dust in our atmosphere in the next future.
The Arxuri sequence is composed of a top unit of peat, an intermediate unit of lacustrine silt and a basal unit of
coarse sand and silt. The preliminary 14C-based age model indicates that the two older lacustrine units are early
to mid Holocene (< 9.5 ka BP) and the upper peat unit spans the last 3500 years. The Marboré sequence is
composed of finely laminated silts and spans the last 14.6 ka. We use scanner XRF ratios to identify periods
with higher Fe deposition that could be related to higher Saharan dust input. Although variable terrigenous
input from the watershed and changing diagenetic conditions in the peatbog and the lake may have affected Fe
fixation in the sediments we hypothesize that Fe/Ti ratios may serve as an indicator of excess Fe brought by
Saharan dust. The Arxuri Fe/Ti record shows relatively lower values during the lacustrine phase (10- 4 ka BP)
and higher and increasing during the peatbog phase (last 4 ka). The Marboré sequence has higher Fe/Ti values
than Arxuri, but and with a smaller range; Early Holocene values are also relatively lower than late Holocene
values and intervals with values higher than 6 are more frequent during the last 4000 years.
In Arxuri there are two main intervals with Fe/Ti >6 located at 1 m and 0.5 m depth. According to the
preliminary age model, the top one could correspond to the arid Medieval Climate Anomaly (MCA) and the
lower one to the Roman Period, both warmer and with some arid phases when higher dust influx was expected.
The Marboré sequence shows several high Fe/Ti intervals during the last centuries of the Little Ice Age, around
the MCA, the Roman Period and ca. 3 ka BP. The preliminary data from Arxuri and Marboré are coherent with
available dust records in central Europe and the western Mediterranean pointing to an Early Holocene stability
followed by several periods of enhanced dustiness punctuating a general increasing trend during the mid and
late Holocene after the end of the African Humid Period (ca. 7 – 4.5 ka BP) The relationship between warmer
periods and higher dust input from Saharan sources will be explored with more geochemical and biological
proxies at higher resolution and isotope proxies to better identify dusty periods. The comparison of the western
and central Pyrenean dataset with other sequences from the Eastern Pyrenees, the Balearic Islands and the
Sierra Nevada Range will allow us to draw a full picture of Holocene Saharan dust outbreaks affecting the
Western Mediterranean.
Acknowledgements: This study was funded by research project POSAHPI (Agencia Estatal de Investigación,
PID2019-108101RB-I00).
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USING MODELS TO RETRIEVE DUST PROPERTIES

Gorden Videen* (1, 2), Jessica Arnold (3), Alycia Weinberger (4), Evgenij Zubko (2)
(1) Space Science Institute, 4750 Walnut Street, Boulder Suite 205, CO 80301, USA, (2) Humanitas College, Kyung Hee
University, 1732, Deogyeong-daero, Giheung-gu, Yongin-si, Gyeonggi-do 17104, South Korea, (3) U.S. Army Research
Laboratory, 2800 Powder Mill Road, Adelphi, MD 20783, USA, (4) Earth and Planets Laboratory, Carnegie Institution for
Science, 5241 Broad Branch Rd. NW, Washington, DC 20015, USA

Remote sensing is the art of obtaining information from objects at a distance. In many cases, this involves
interpreting the light scattering from an object or particle system. The way that light is scattered and absorbed
is determined by the composition and morphology of the particles with which the light has interacted. This is
an inverse problem, and it has long been recognized that such problems can have multiple solutions. The
accuracy of the solution often depends on the accuracy of the models used to replicate such systems. Recent
advances in modeling dust particles have allowed us to place material constraints on remote systems, and
allowed us to obtain information from comets, debris disks surrounding distant stars, and dust in our own
atmosphere. In this talk, I will illustrate the techniques we are using to obtain this information and the
limitations of the technique.

Scientific Research Abstracts
Vol. 11, p. 66, 2021
ISSN 2464-9147 (Online)
Atmospheric Dust - DUST 2021
© Author(s) 2021. CC Attribution 3.0 License



GOBI DUST AND ACETIC ACID : UPTAKE MECHANISM UNDER
ENVIRONMENTAL CONDITIONS

Xianjie WANG (1), Manolis ROMANIAS (2), Frédéric THEVENET* (2), Antoine ROUSSEAU (1)
(1) LPP, Ecole Polytechnique, UPMC, CNRS, Université Paris-Sud, Palaiseau Cedex, France, (2) IMT Lille Douai,
Université de Lille, CERI EE, F-59000 Lille, France

The fate of atmospheric organic acids is evidenced to be contributed by heterogeneous processes involving
aerosols. However, these aspects have been mostly explored using either low pressure experimental devices
and/or surrogate mineral aerosols such as single metal oxides or carbonates. A challenge for elucidating the
interaction of organic acids with atmospheric aerosols is to address the uptake process on natural mineral
sample and under typical environmental conditions.
In this work, we investigated the uptake of acetic acid (AcA) onto a natural mineral dust sample originating
from Gobi Desert. The experimental approach used to explore the uptake of AcA onto Gobi dust combines gas
phase analytical instrumentation with adsorbed phase charaterization of the mineral aerosol. Experimental
investigation, carried out under ambient temperature and pressure, provide a specific insight on the impact of
moisture on the uptake mechanism. This study aims at providing original data on the environmental fate of
acetic acid undergoing heterogeneous interactions with mineral aerosols.
The uptake of AcA onto Gobi dust is evidenced to be contributed by reversible and irreversible adsorbed
fractions under dry as well as humid conditions. More precisely, addressing the impact of moisture on the
uptake, the reversibly adsorbed fraction of AcA is evidenced to be promoted on minerals. The use of diffuse
reflectance infrared Fourier transform spectroscopy (DRIFTS) allows charaterizing the real-time surface
dynamic of physisorbed AcA monomer, dimer, and chemisorbed acetate. Combining gas phase and adsorbed
phase monitoring allows building and proposing a complete and visual mechanisms for a comprehensive
understanding of the involved surface reactions. This study initiates the exploration of the heterogeneous
kinetics of the fractions of reversibly and irreversibly adsorbed AcA on natural mineral dust under atmospheric
conditions.
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SULFATE IN ASIAN DUST PARTICLES AT DESERT AND DOWNWIND
AREAS: COMPARISONS OF PAST AND RECENT RESULTS

Daizhou Zhang* (1), Feng Wu (2), Tafeng Hu (2), Wenshuai Li (3), Yang Zhou (3), Junji Cao (2)
(1) Prefectural University of Kumamoto, Japan, (2) Institute of Earth Environment, CAS, China, (3) Ocean University of
China, China

Sulfate is a key species which is able to significantly alter the physical and chemical properties of dust particles
in the atmosphere. Its occurrence in aerosol particles has usually been considered the consequence of chemical
reactions in the air. Our observations at two big deserts in northwestern China, Taklimakan desert and Tengger
desert, revealed substantial soil-derived sulfate in dusty air. Moreover, sulfate was rarely produced on dust
particles when air parcels loading the particles moved adiabatically to distant populated inland and coast cities.
Further comparisons with the results at remote downstream mountain sites also indicated rare formation of
sulfate on dust particles during their inter-continent long-distance movement in elevated layers. In contrast,
remarkable sulfate was encountered in dusty air at Qingdao, a populated city at coastal areas of East China,
when dust-loading air approached and arrived at the city from the southwest after relevant dust plumes could
not keep an adiabatic state anymore in the south and turned to move northeastward. The sulfate could not be
accounted for only by dust origin but was largely produced via chemical reactions in the air or from other
sources.

[1] Wu F., Zhang D., Cao J., Xu H., An Z. (2012) Soil-derived sulfate in atmospheric dust particles at Taklimakan desert. Geophysical
Research Letters 39, L24803.
[2] Zhang D., Iwasaka Y., Shi G., Zang J., Hu M., Li C. (2005) Separated status of the natural dust plume and polluted air masses in an
Asian dust storm event at coastal areas of China. Journal of Geophysical Research - Atmosphere 110, D06302.
[3] Wu F., Zhang D., Cao J., Guo X., Xia Y., Zhang T., Lu H., Cheng Y. (2017) Limited production of sulfate and nitrate on
front-associated dust storm particles moving from desert to distant populated areas in northwestern China. Atmospheric Chemistry and
Physics 17, 14473-14484.
[4] Li W., Wang W., Zhou Y., Ma Y., Zhang D., Sheng L. (2019) Occurrence and reverse transport of severe dust storms associated with
synoptic weather in East Asia. Atmosphere 10, 4.
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HETEROGENEOUS INTERACTION OF GLYOXAL WITH GOBI DESERT
DUST UNDER SIMULATED ATMOSPHERIC CONDITIONS 

Antonia Zogka* (1), Emmanouil Romanias (1), Frederic Thevenet (1), Paola Formenti (2), Yves
Balkanski (3)
(1) IMT Lille Douai, CERI EE, (2) LISA UMR CNRS 7583, (3) LSCE-IPSL-CEA-UVSQ

Mineral dust represents the highest emission source of particles in the atmosphere. Saharan and Gobi deserts
contribute around 70% of global annual emissions. Once emitted, dust particles can travel thousands of
kilometers, and provide active surface area for adsorption and transport of atmospheric pollutants.
Glyoxal (GL) is a key atmospheric pollutant of anthropogenic and biogenic origin. It is a ubiquitous
atmospheric compound and important precursor of Secondary Organic Aerosols (SOA). GL participates in a
series of homogeneous and heterogeneous photochemical reactions that affect air quality and climate.
Interestingly, once adsorbed, GL can undergo oligomerization, hydration, and hemi-/acetal formation and thus
it can drastically alter the physical (size, shape, viscosity) and chemical (hygroscopicity, oxidation state)
properties of the particles on which it is taken-up. Therefore, the adsorption of GL and these subsequent
reactions will likely alter the interactions of mineral dust with radiation and clouds. As a result, dust/organic
interactions will likely affect both the global SOA budget and global/regional cloud formation potential.
This investigation is conducted in the framework of the CLIMDO project (Climate relevant processing of
Mineral Dust by volatile Organic compounds) and aims to characterize the heterogeneous interaction of glyoxal
onto natural Gobi desert dust under simulated atmospheric conditions of pressure, relative humidity (RH), GL
concentration, light radiation, and temperature (T). Laboratory experiments are performed in a photochemical
reactor coupled to a chemical ionization mass spectrometer (SIFT-MS) for real time monitoring of the gas
phase. To quantify the GL-dust interaction, the uptake coefficients (γ) and the surface coverages (Ns) of GL
were measured versus GL concentration, RH (dry to 50%) and T (263-308 K). Besides uptake, the desorption
of GL from mineral particles was evaluated. Laboratory results evidence that at 298 K, around 80% of GL is
irreversibly taken up. At temperatures below 278 K, the uptake is completely irreversible.
To evaluate the impact of GL-mineral dust interaction in the atmosphere, the laboratory results will be applied
to INCA chemical transport model.
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