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PREFACE

This volume contains the abstract of the scientific contributions presented to 
DUST2014, the 1st International Conference on Atmospheric Dust, held in Castellaneta 
Marina (Italy) from 1 to 6 June 2014. The meeting was organized by the Associazione 
Italiana per lo Studio delle Argille - onlus (AISA, Italian Association for the Study 
of Clays) and the Istituto di Metodologie per l’Analisi Ambientale (IMAA, Institute 
of Methodologies for Environmental Analysis), National Research Council of Italy 
(CNR).

The scientific program of the meeting included 5 plenary lectures, 313 oral and 153 
poster contributions. All the contributions were revised by 72 international experts, 
many of them being the conveners of the 34 sessions dealing with the seven themes 
of the Conference: Chemical & Mineralogical Studies, Geological Records, Health 
& Environment, Instrumentations & Measurements, MF: Modelling & Field Studies, 
The Universe of Dust - General Session. Our sincere thanks go to these colleagues 
who devoted their time to the DUST2014.

Our heartfelt thanks go to the many people who worked hard to organize the scientific 
and social events as well as to the Institutions and business enterprises which supported 
the meeting. We owe a special thank-you to the delegates, more than 400 coming from 
52 Countries, who contributed to make this meeting a memorable event.

Saverio Fiore
Chair, DUST2014
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Plenary Lectures

Dissolution of Dust mineral particles in 
humans anD the environment.  

a geochemical perspective

F. Javier Huertas

Instituto Andaluz de Ciencias de la Tierra (CSIC-Univ. Granada), 18100 Armilla (Granada), Spain
*javierhuertas@ugr.es

Mineral dust is composed of variable amounts of quartz, feldspars, micas, clay 
minerals, carbonates, oxides and evaporite minerals. Their proportions are similar 
to the abundances of the upper continental crust, although the overall compositions 
vary amongst continents. The clay fraction eventually dominates composition, as the 
background dust has a mean diameter of less than 5 µm.
Mineralogy and geochemistry contribute to characterization of particulates and 
provide valuable information on dust source and pathways, as well as stability and 
potential release of toxic components. The reaction of mineral surfaces with aqueous 
solutions leads to dissolution and precipitation processes, which depend on a number 
of parameter of the mineral (e.g., chemical composition, crystal structure, particle size, 
surface area) and the solution (pH, chemical composition, temperature, ionic strength). 
Field studies and laboratory tests on pure minerals have been performed to estimate 
the mineral stability under several natural and anthropic conditions, revealing how 
dissolution rate varies with environmental parameters as pH, temperature or solution 
composition. Rate laws obtained from kinetic studies were then used to improve our 
understanding of the reaction mechanism, identify the reaction limiting-step, establish 
the relative alterability of a mineral under specific conditions, etc.
Mineral dust can be inhaled by humans and deposited in the respiratory tract. How 
deep can dust progress depends on particle size. Those particles that reach the 
pulmonary region and cannot be cleared will trigger a foreign-body response. Minerals 
will interact with pulmonary as well as cells fluids through the mineral surface area. 
Should we expect a specific dissolution mechanism? Is mineral dissolution in human 
body governed by the same rules that mineral/solution processes on the Earth surface? 
The differences between human body and the environment lay on the nature and 
composition of the fluids within the lungs and in the effect of a high solid/solution 
ratio (solution saturation). Another issue to consider is the fate of the elements release 
by dissolution and their potential toxicity for the organism.
Human body, and particularly pulmonary region, can be considered as a (bio)
geochemical environment. Mineralogy and geochemistry are disciplines that can 
assist health scientist to get a better understanding of the phenomena produced by 
minerals in the lungs, to derive mineral biodurability and to contribute to propose 
pathways to reduce risks derived form particle inhalation.
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Plenary Lectures

mineral Dust mapping from space with nasa 
earth observing system instruments

ralpH a. KaHn

NASA Goddard Space Flight Center, Greenbelt MD 2077 - USA
ralph.kahn@nasa.gov

Mineral dust represents the largest airborne particle component by mass of all aerosol 
types, and satellite instruments are essential tools for mapping dust sources, transports, 
and sinks globally. Among the NASA Earth Observing System (EOS) instruments, 
MODIS, MISR, TOMS/OMI, CALIPSO, and AIRS are among the instruments that 
can detect airborne dust. The capabilities and techniques involved vary greatly among 
these instruments. For example, MODIS, MISR, and TOMS provide imagery that can 
map aerosols over vast areas; MODIS distinguishes dust from other aerosol types over 
ocean, based on particle size constraints, TOMS and OMI depend on the UV absorption 
to detect dust, and MISR uses multi-spectral and multi-angle imaging to identify 
dust based on the unique scattering properties of non-spherical particles. AIRS and 
CALIPSO can each detect dust at night, the former based on dust infrared signature 
and the latter via depolarization of the light backscattered from the instrument’s active 
laser emissions. This talk will briefly review the capabilities, strengths, and limitations 
of each technique, and will summarize what we have learned about dust sources and 
transports during the EOS era with illustrative examples.
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Plenary Lectures

accelerator baseD techniques for 
aerosol analysis 

Franco lucarelli

Department of Physics and Astronomy University of Florence and I.N.F.N., Sesto Fiorentino, 50019, Italy
lucarelli@fi.infn.it

Particle Induced X-ray Emission (PIXE) technique has been widely used since its 
birth for the study of the aerosol composition. However, recently, other competitive 
techniques, such as those based on atomization by Induced Coupled Plasma and 
detection by Atomic Emission Spectroscopy (ICP-AES) or Mass Spectrometry (ICP-
MS), have been developed. Furthermore, traditional X-ray Fluorescence (XRF) 
systems have been replaced by more efficient modern devices and Synchrotron 
Radiation XRF has started to be used for elemental analysis. To remain competitive, 
a proper experimental set-up is important to fully exploit PIXE capabilities. PIXE 
has many advantages for elemental analysis of aerosols: only few minutes of 
bombardment are sufficient to detect up to 20 elements from Na to Pb, including 
important anthropogenic elements (S, V, Ni, Cu, Zn, As, Pb) and the typical crustal 
elements (Al, Si, K, Ca, Ti, Mn, Fe, Sr), and its high efficiency is very useful when 
hundreds/thousands of samples have to be analyzed, a quite common need in 
aerosol studies. The multi-elemental data set as a whole (which comprises data for 
various anthropogenic tracers) can be used for disentangling the contributions from 
different source categories by applying multivariate receptor modelling. Thanks to 
the capability of detecting the crustal elements, PIXE is very effective in the study of 
natural aerosols, like the Saharan dust intrusions and mineral dust archived in polar 
ice cores (for environmental and paleoclimatic studies). Compared to traditional 
Energy Dispersive XRF (ED-XRF), PIXE offers sensitivities that are typically at least 
one order of magnitude better and requires much less sample mass thus allowing the 
use of samplers with high size and time resolution (e.g. streakers and SDI cascade 
impactors). Source apportionment receptor models need a series of samples containing 
material from the same set of sources in differing proportions. Increasing the time 
resolution of the measurements typically provides samples that have greater between-
sample variability in the source contributions than samples integrated over longer 
time periods. Since PIXE is a non-destructive analysis, further measurements with 
other complementary techniques can be performed. Moreover, no sample preparation 
or extraction is necessary, thus reducing the contamination from chemical reagents 
and possible loss of volatile elements in the sample. Another advantage of PIXE over 
ED-XRF is that it can be complemented with other ion beam analysis techniques, so 
that the light elements (H, C, N and O) that make up most of the aerosol mass can be 
measured as well. Examples regarding recent monitoring campaigns, performed in 
urban and remote areas, both on a daily basis and with high time resolution, as well 
as with size selection, will be presented. It will be evidenced how PIXE can provide 
unique information in aerosol studies or can play a complementary role to traditional 
chemical analysis.
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Plenary Lectures

fifty years of african Dust stuDies on 
barbaDos: what have we learneD anD what 

must we Do next?

JosepH M. prospero

Rosenstiel School of Marine and Atmospheric Science, University of Miami, Miami, FL 33149 USA

There is currently great interest in dust because of its impact on climate and ocean 
biogeochemistry. Fifty years ago, there was little interest. Indeed, the original 
objective of the Barbados studies, begun in 1965 by D. Parkin and A. Delany, was 
to characterize the influx rate of meteoritic dust carried in the “pristine” trade winds. 
Instead they were surprised and overwhelmed with African dust. Even after half a 
century, African dust continues to surprise us and to present us with challenges to 
understanding this phenomenon. In 1966, the University of Miami took over the 
Barbados station which has since generated the world’s longest record of long-range 
dust transport. Dust concentrations have varied greatly over this period in response 
to changes in North Africa, a relationship which even today is not well understood. 
Consequently Barbados studies have yielded unique insights on the factors that affect 
emissions and transport. Most notable in the record was the huge increase observed 
in the early 1970s and 1980s, most likely in response to drought, perhaps exacerbated 
by population growth and land use. Here I present a brief history of the Barbados 
studies and discuss various aspects of that record along with those at two other long-
term sites in the western Atlantic, Bermuda and Miami. These measurements served 
to show a strong seasonal transport with the maximum in boreal summer and a steep 
latitudinal gradient. However there was relatively little quantitative information on 
low-latitude transport in winter and spring. Recently we have integrated our Barbados 
measurements with multi-year records of PM10 made at Cayenne, French Guiana, 
(F.X. Collard) and on Guadeloupe (J. Molinie) as a component of France’s air quality 
program. The Cayenne measurements are particularly interesting in that they show 
that during spring the transport of dust is comparable to (and usually somewhat 
greater than) that observed on Barbados in summer. Moreover evidence suggests that 
the Bodélé Depression in Chad is the dominant source of this dust. Comparisons of 
the Cayenne record with field programs in the Amazon Basin show the clear impact 
of individual events throughout the region with some dust “fronts” extending across 
a latitudinal span of over 2000km. Thus we conclude that Africa is emitting huge 
quantities of dust essentially all year long. It is notable that African dust has a great 
impact on air quality in the Caribbean region where PM10 frequently exceeds the 
WHO PM10 standard at rates comparable to those in major urban areas in Europe. 
In sum, there is a broad need to more fully understand the factors that modulate dust 
emissions in Africa, in particular the role of climate. To address this issue, we require 
coordinated programs that link measurements in and near African sources to those 
made at great distances so as to better link source processes with transport across this 
huge area and to assess the impact of climate change and the possible feedback on 
climate processes. The impacts on human health should be a part of should studies.
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Plenary Lectures

african Dust outbreaks anD air quality in 
southern europe: is it only Dust that matters?

Xavier Querol1*, andres alastuey1, Marco pandolFi1, Jorge pey2,
Fulvio aMato1, noeMí perez1, angeliKi Karanasiou1,

silvia alonso-pérez1,3,4, pedro salvador3

1Institute of Environmental Assessment and Water Research, IDAEA-CSIC, 08034 Barcelona, Spain
2Aix-Marseille Université, CNRS, LCE FRE 3416, 13331 Marseille, France

3Research Centre for Energy, Environment and Technology, CIEMAT, 28040 Madrid Spain
4Izana Atmospheric Research Center, AEMET, 38071 Santa Cruz de Tenerife, Spain

5Universidad Europea de Canarias, Laureate International Universities, 38300 La Orotava, 
Santa Cruz de Tenerife, Spain
*xavier.querol@idaea.csic.es

North African dust outbreaks may have a high influence on air quality in Europe, 
especially around the Mediterranean Basin (MB). During specific synoptic 
meteorological scenarios, the normal flow of African dust towards the western Atlantic 
is modified in such a way that large dust streams are transported towards Southern 
Europe, both over the Atlantic Ocean and the Mediterranean Sea. Since June 1995 we 
estimate and report daily mineral African dust contributions to ambient PM10 for the 
different air quality monitoring networks across Spain. Furthermore, we have expanded 
these studies to the whole MB based on PM10 and PM2.5 2001-2011 data collected 
from a number of regional background air quality monitoring sites across the MB.
We present in this talk, the method devised for quantitative determinations of daily 
African dust contributions, the mean annual statistics of daily dust contributions to 
ambient PM10, PM2.5 (and PM1 levels at a few sites), and their time and spatial 
variation across the MB. Subsequently, we highlight the importance of having 
information on the daily PM10 and PM2.5 African dust net contributions as well as 
on the forecast of the dust outbreaks a few days before they take place. This allows 
us, not only to evaluate the natural and anthropogenic contributions to air quality 
impairment, but also to alert the most susceptible population about the occurrence of 
these outbreaks, and to supply data to evaluate their health effects.
We discuss the conclusions of the existing studies on health impact of dust episodes 
over the MB and we also suggest some possible actions to reduce resuspension of 
deposited African dust from urban paved roads.
Finally, we describe our recent findings showing the decrease of the atmospheric 
boundary layer height (BLH) during African dust outbreaks due to a reduction of 
the mean solar radiation reaching the surface and to the different advection of air 
masses. The BLH is progressively reduced with the increasing intensity of dust 
episodes leading to a gradual accumulation of locally generated PM1, as well as of 
other atmospheric pollutants. We discuss the possible influence of this process on the 
studies dealing with the health outcomes related with African dust episodes.

Most results presented here were obtained under the project AIRUSE.LIFE+ LIFE 
11 ENV/ES/000584 and different projects from the Spanish Ministry of Agriculture, 
Food and the Environment.
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Dynamics of a saharan Dust event over the 
eastern meDiterranean; moDeling anD 

liDar observations

MoHaMed abdelKader1*, swen Metzger1, Klaus KlingMueller1,
rodantHi-elisavet MaMouri2, albert ansMann3, dioFantos HadJiMitsis2,

argyro nisantzi2, leonard barrie4, Jos lelieveld1,5, zev levin6

1The Cyprus Institute (CyI), Centre fro Energy Environment and Water, Nicosia, 2020, Cyprus
2Cyprus University of Technology (CUT), Dep. of Civil Engineering and Geomatics, Limassol, 3036, 

Cyprus
3Leibniz Institute for Tropospheric Research, Leipzig, 04318, Germany

4Department of Geological Sciences, Stockholm University, Stockholm, SE-106 91, Sweden
5Max Planck Institute for Chemistry, Mainz, 55128, Germany

6Tel Aviv University, Tel Aviv, 39040, Israel
*m.abdelkader@cyi.ac.cy

The Saharan and the Middle East deserts are the main sources of atmospheric dust 
particles in the Eastern Mediterranean (EM) region. Saharan dust is generally emitted 
from Libya, Egypt and the Bodele Depression during the period from October to April 
and then transported over the Mediterranean basin by Sahara cyclones, which are 
generated along polar fronts and subtropical jet streams. This contributes to ~36\% 
of total dust days over the EM usually associated with a cold front, accompanied by 
rain. In addition to the dust outflow from the Middle East deserts, an increasing trend 
of dust concentrations in eastern part of the Mediterranean basin is reported by many 
studies.
This study presents an assessment of the dynamics of a strong dust outbreak from the 
Sahara into the EM using a high-resolution version of the Atmospheric - Chemistry 
General Circulation model - EMAC - in addition to ground and space-borne LIDAR 
observations when available. The model is nudged to ERA-Interim reanalysis data. 
The dust emissions are calculated online at each model time step and a detailed 
chemistry mechanism is considered to account for the oxidation of the sulfur, nitrogen 
and chlorine compounds (from anthropogenic and biogenic sources) to produce acids 
(sulfuric, nitric and hydrochloric acid). This allows the hygroscopic activation of the 
dust particles into cloud condensation nuclei (CCN) and interactions with clouds 
and precipitation by both impaction and nucleation scavenging. The characteristics 
of different removal mechanisms (wet and dry) will be presented. In addition, the 
dust layer elevation, thickness and optical properties will be evaluated using both 
simulation results and AERONET, ground based LIDAR observations (located in 
Cyprus) and space-borne based LIDAR when available. The combined analysis gives 
a better understanding of the dynamics of the strong Saharan dust outflow over the EM.



7DUST2014 - 1st International Conference on Atmospheric Dust - Italy

evaluation of particulate pollution on the 
site of el-hajar steel

MoHaMed tayeb abedgHars*, KHédidJa bouHaMala, salaH bouHoucHe

Welding and NDT Research center (CSC) / Unit for Applied Steel and Metals . URASM /CSC-Annaba, BP 
196 Annaba, 23000, Algeria

*abedghars@yahoo.fr

The air we breathe today is a mixture more or less polluted based on where we are. 
This mixture of pollutants generates significant and lasting damage to human health, 
especially respiratory problems. Environmental concern is growing strongly, driven 
in particular by the current debate on sustainable development which are different 
echo international conferences. [1] A major concern for organizations protecting the 
environment and in particular the preservation of human health. Also the effects are 
global warming of the atmosphere and thus the earth, or the destruction of the ozone 
layer. The management of air quality contributes to the control of a better knowledge 
of the pollution generated by the steel industry activity. This investigation is the first 
approach taken at national level to support environmental problems on an industrial 
scale, particularly in the steel sector. The objectives of the establishment of dust 
collectors are:
Knowledge of the highest level of dust concentration inside and outside the workplace 
(exposure of personnel); Assessment against WHO limits [2] emissions (current 
situation 40μg/m3) values and Chemical analysis of these particles
results: The air emissions inventory is timely for us to acquire a real database on air 
quality in order to manage and derive the necessary resolutions for its purification. 
Suspended particles that contaminate the air are the main materials that convey in the 
wind various polluting compounds (SO2, Cu, Pb, H2SO4, NH3 ....) [3]. At PMA No. 
2, the calculations show that 4509 m3 of smoke is discharged per ton of sinter. The 
sampling method used is that of BERGHEROFF. The indicators are the total amount 
of deposited dust and chemical analysis of elements such as Cr, Cu, Zn ...... etc. [4]. 
The quantities of dust are weighed and analyzed analytically by atomic absorption 
analytical chemistry laboratory of URASM / CSC-Annaba. The results showed that 
the measurement sites (GSP coking plant No. 2), (blast furnace No. 3), (Preparation 
materials at Park No. 5), (Between the two steel oxygen and lime kiln 8) are large dust 
emission.
We see a high concentration of zinc in site No. 3 and a significant amount of lead in 
site No. 5 as well as a significant amount of Cr carcinogenic element.

Déclaration de RIO sur l’environnement et le développement, sommet planète terre, Conférence des 
Nations Unies sur l’environnement et le développement Rio de Janeiro, Brésil 3-14 juin 1992.

Lignes directrices OMS relatives à la qualité de l’air. Synthèse de l’évaluation des risques -2005.
Anhydride sulfureux et les poussières en suspension, le plomb et le dioxyde d’azote (directives 80/779/

CEE, 82/884/CEE, 85/203/CEE).
World Health Organization, Regional Office for Europe, Copenhagen, Air Quality Guidelines, Second 

Edition, WHO Regional Publications, European Series, No. 91.
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airborne particulate matter anD bacteria 
concentrations in battery cageD systems for 

laying hens: air Disinfection trials

elisa adell1, salvador calvet1, adriano pérez2, ana JiMénez-belenguer3, 
Julio garcía2, Jorge Herrera2, María caMbra-lópez1*

1Institute of Animal Science and Technology, Universitat Politècnica de València, Camino de Vera s/n, 
46022, Valencia, Spain

2El Canto Agroalimentaria, Carretera de Villasequilla, km 30.9, 45420, Almonacid de Toledo, 
Toledo, Spain

3Department of Biotechnology, Universitat Politècnica de València, Camino de Vera s/n, 46022, 
Valencia, Spain

*macamlo@upvnet.upv.es

We evaluated the application of thermonebulized disinfectant in the air of laying hen 
houses to reduce airborne bacteria. Previous disinfection trials, particulate matter 
(PM) in two size ranges (PM2.5 and PM210), and airborne microorganisms were 
characterized in terms of concentrations and sources. The study was conducted in two 
identical commercial houses for laying hens located in Toledo (Spain) during spring. 
Each house was tunnel ventilated and included 100,000 laying hens in an eight-
tier battery caged system. Two disinfection tests were conducted where one house 
was used for disinfection trials and the other served as control. Inside the houses, 
temperature, relative humidity, concentrations of PM10 and PM2.5, and airborne 
mesophilic aerobic bacteria were measured. The morphology of airborne PM was 
examined by scanning electron microscopy (SEM). Average PM concentration was 
0.024±0.025 mg/m3for PM2.5 and 0.546±0.377 mg/m3 for PM10. Particles observed 
with SEM were mainly from feathers, skin dander, manure, and encapsulated uric 
acid crystals. The concentration of airborne mesophilic aerobic bacteria ranged from 
4.1 to 5.7 log colony forming units/m3. No differences (P> 0.05) were detected in 
the concentration of airborne mesophilic aerobic bacteria during disinfection tests 
between the treatment and control house. In this study, air disinfection using a wide 
spectrum thermonebulized disinfectant was not effective in reducing the concentration 
of mesophilic aerobic bacteria in the air. Thus, it would be desirable to evaluate 
different products, doses, application frequency, and application methods to improve 
its efficiency in laying hen houses.
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the role of Dominant perennial native plant 
species in controlling the mobile sanD 

encroachment anD fallen Dust problem in 
kuwait

ModHi aHMed, noor al-dousari*, ali al-dousari

Kuwait Institute for Scientific Research, P.O.Box:24885, Kuwait
*ndosery@kisr.edu.kw

In arid and semi-arid regions, the dust storms are very common phenomena. Kuwait 
is an arid country. Most of the lands in Kuwait are desert areas with low density of 
vegetation cover; therefore they are exposed to dust most of the year. When the sand 
is blown, the sand grain jumps above the surface and reach height less than 5 cm, then 
the sand particle stick together causing small jumps or creep. Finally sand grains are 
suspended high into the air resulting in dust clouds. These suspended sand grains form 
may rise to a height of one kilometer or more. However, the surface winds are not able 
to carry sand grains higher than few meters above surface. This commonly form thick 
sand cloud across the country during sandstorm. The total numbers of dusty days in 
Kuwait are 255.4 days (Safar, 1980). It means that sandstorms and dust storms occur 
almost all the year. Most dominant plant species have the ability to trap sediments ( 
sand and fallen dust) and form sandy mound around it called nabkha. There are three 
types of nabkhas based on their sizes: small, medium and large nabkha. The efficiency 
of trapping sediment depends on the height of canopy and size of bush of nabkhas. 
Different perennial plant species can form nabkhas such as Haloxylon salicornicum, 
Cyperus conglomerates, Rbanterium epapposum, Astragallus spinosus, Halocnemum 
strobilaceu, Salicornia europaea, Tamarix aucheriana, Lycium shawii and Nitraria 
retusa. Each plant must reach 10-15 cm in height before they can effectively trap 
sand. Once trapped in a nabkha, these cemented particles do not readily become wind 
re-entrained. Individual plant can form nabkha with unique sedimentological and 
morphological characteristics. The efficiency of the plant species in trapping sand was 
measured by estimating the volume of trapped sand for each plant. Nitraria retusa, 
Haloxylon salicornicum and Lycium shawii are the most efficient plant species in 
Kuwait in trapping mobile sand. These species trapped an average of 2 m3, 1.3 m3 and 
1.2 m3 respectively, of mobile sand and fallen dust. Most surface sediments consisted 
of coarse, medium, fine and very fine sand and few mud. Native plant species plays a 
major role in minimizing, controlling and reducing fallen dust.

keywords: Fallen dust, nabkha, sediment.
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integrateD environmental assessment of Dust 
phenomenon in the state of kuwait

zaHraa alali*, asMa abaHussain, ali el battay 
Desert and Arid Zones Science Programme, Arabian Gulf University, 

Manama, 26671, Kingdom of Bahrain 
*Zahraa_m_alali@hotmail.com 

The State of Kuwait is located in the north western part of the Arabian Peninsula; it is 
characterized by arid climate, low annual rainfall, with very hot summers and frequent 
dust phenomena that increased in the last decade affecting both human wellbeing and 
sustainable development. This study aimed at conducting integrated environmental 
assessment (IEA) of dust phenomenon in the State of Kuwait using DPSIR framework 
and analysis of policies that have been taken to mitigate it. Main climate factors (air 
temperature, wind and precipitation) and dust (types, intensity) were statistically 
analyzed from 1982 to 2012, as well as PM10 (2008 to 2012) from two stations, 
Mutlaa in rural area and Jahra in urban area. Results revealed that the number of dusty 
days during the last 30 years was 4027 days, from which 47% was rising dust, 45% 
suspended dust and 8% dust storms. NW is the prevailing wind direction (77% of the 
recorded period and 94% in summer), with an average wind speed of 14 km/h (8 knots). 
The satellite images shows that the NW winds are linked with dust phenomena and it 
proves and confirms the regional sources of dust phenomena in the state of Kuwait. 
It is expected that climate change will aggravate this phenomenon due to increase of 
the possibility and intensity of drought. The statistical analysis of climatologically 
data shows that in 2008 the dusty days comprise 72% of the year(263 days), in which 
the recorded rainfall was only 51 mm, comparing with an annual average of 112 mm. 
Anthropogenic activities also play a major role as a direct and indirect drivers of dust 
phenomena. For instance in 2003, with the war of liberation of Iraq, dust was recorded 
in Kuwait for 234 days (64% of the year), although the recorded precipitation in 2003 
reached 152 mm. This increase of intensity and frequency of dust in Kuwait has 
adverse impacts on the economy, health and the environment. Many local responses 
that have been taken to mitigate such phenomena were local such as control of 
grazing and camping activities, cessation of gravel quarries, increasing protected 
areas especially near the N-NW boarder of Kuwait. The study recommended new 
responses directed to root causes of this phenomenon. It emphasizes the importance of 
the regional collaboration between the neighbor countries to mitigate deterioration of 
vegetation cover, and enhance the synergy between the programs of the conventions 
of combating desertification UNCCD, climate change UNFCCC and biodiversity 
CBD at local, regional and international levels.

keywords: Dust, Kuwait, DPSIR, IEA, Climate Change, Desertification, Drought.
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The European Monitoring and Evaluation Programme (EMEP) under the UN-ECE 
CLTRAP, periodically arrange intensive monitoring periods (IMP, Aas et al, 2012). 
The third EMEP IMP took place in spring-summer 2012 and winter 2013 and aim to 
measure chemical speciation in PM10 with special emphasis on mineral dust and trace 
metals. Mineral dust was simultaneously determined at 16 regional background sites 
in summer, and at 15 in winter, representative of different European regions by using 
the same methodology. Samples were analysed by Proton Induced X-ray Emission 
(PIXE) at the INFN LABEC laboratory in Florence. At selected sites, PM10 samples 
were also analysed by XRF, ICP-AES and ICP-MS.

PM10 mineral dust composition across Europe is described and element affinities 
interpreted. Spatial and temporal variations of mineral dust composition and 
concentrations of trace metals are interpreted as evidencing regional variation of 
background aerosol composition. Higher mineral load was measured in summer, with 
higher concentrations in southern and eastern countries. The mineral dust episodes 
may be attributed to different origins. Saharan dust outbreaks were the origin of the 
increase of the concentration of mineral matter in south and some central European 
sites in summer. However, high levels of mineral dust determined at eastern European 
sites should be attributed to regional or local sources. 

Load of mineral dust was lower in winter for most sites except for the Greek site 
owing to the impact of African dust outbreaks in eastern Mediterranean. A higher 
variability of the composition of the mineral dust has been evidenced in winter. This is 
partially attributed to the higher relative contribution of anthropogenic dust in winter. 
Also the relative contribution of K is obvious in winter at some central and eastern 
European sites, probably reflecting the higher impact from biomass combustion. 

The spatial distribution of metals permitted to trace the influence of specific 
anthropogenic sources at a regional scale: shipping emissions in the Mediterranean 
region (V, Ni, and SO4

2-), metallurgy (Cr, Ni, and Mn) in Central and Eastern Europe, 
and coal combustion sources (As, Se, and SO4

2-) in Eastern countries.
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Aerosol-climate interactions constitute one of the major sources of uncertainty in 
assessing anthropogenic and glacial radiative forcing. Here we focus on an improved 
representation of mineral dust in the Community Atmosphere Model and assessing 
the impacts of the improvements in terms of direct effects on the radiative balance of 
the atmosphere. 

We show improvements in the simulated the dust cycle while using different 
parameterization sets for dust emission, size distribution, and optical properties. We 
find that the magnitude of the dust cycle is sensitive to the observational datasets 
and size distribution chosen, and that the direct radiative forcing of dust is strongly 
sensitive to the optical properties and size distribution used. 

We present our results for simulations of different climates, including present-day and 
the Last Glacial Maximum.
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Paleodust archives have provided invaluable information on past climate variability 
in several regions on the planet, and their interpretation has led to the formulation 
of hypotheses concerning the factors controlling the variability of the dust cycle and 
possible feedback mechanisms of dust on the climate system. A synthesis effort to 
provide a picture of the global dust cycle, its controlling mechanisms, and its climate 
feedbacks is of paramount importance, as is a validation frame for climate models. 
So far the existing dust database (DIRTMAP) is limited to a time-slice approach and 
estimates of the dust mass accumulation rates.

Here we present our prototype for a next generation dust database, with focus on 
the Holocene period, which includes quality-checked, homogeneous and accessible 
estimates of dust flux and size distribution time series from a compilation of sites 
across the globe, including natural archives such as ice cores, marine and lake 
sediments, peat bogs and loess/paleosol sequences.

Acknowledgements - We would like to thank Dan Muhs (USGS, Denver CO) for his 
contribution.



14 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

biological pollution, from pollen to 
allergens

roberto albertini1,2, Manuela ugolotti3, MicHel tHibaudon4,
Hialine worKing teaM

1Department of Clinical and Experimental Medicine - University of Parma, Italy
2Unit of Medical Immunology - University Hospital of Parma, Italy

3Hygiene Unit - University Hospital of Parma, Italy
4Réseau National de Surveillance Aérobiologique, France

The prevalence and severity of allergic respiratory diseases have increased worldwide 
in the last decades. Exposure to airborne allergens causes allergic sensitization and 
respiratory symptoms. Pollen grain counts in ambient air have traditionally been 
assessed to estimate airborne allergen exposure. Over 400 pollen monitoring stations 
from different national and regional networks in Europe contribute to European 
Aeroallergen Network (EAN). The Italian Monitoring Network for Aerobiology 
(R.I.M.A.®) of the Italian Association for Aerobiology (AIA), was born almost 
30 years ago and carries out its activities through over 40 centers belonging to 
Universities, Local Health Authorities, Regional Environmental Protection Agencies 
and other public or private institutions. RNSA (French aerobiology Network) is the 
25 years old institution in charge of the pollen and molds exposure in air, the health 
impact measurement and the information about allergy risk for patients authorities and 
clinicians. In France there is about 80 pollen trap in all main cities. AIA and RNSA 
are members of EAS (European Aerobiology Society). However, the exact allergen 
content in ambient air is unknown. The HIALINE European 7FP project has addressed 
this issue at the European level, by monitoring Poaceae, Betula and Olea pollen types 
and their major allergens, i.e. Phl p5, Bet v1 and Ole e1. A Hirst type volumetric 
pollen traps and a high-volume Chemvol® cascade impactor have been used in this 
study. Some particles, PM between 2.5-10 µm, and >PM10 µm, have been collected, 
extracted, freeze-dryed and frozen until the immunoassay analysis. The project offered 
the opportunity to build an European network devoted to airborne allergens measurement 
by using an standardized methods. The results showed a correlation between the presence of 
airborne pollen and aeroallergens, showing that the Poaceae, Betula and Olea pollen types 
appears to be the main, if not the only, source of allergen. We have shown that exposure to 
aeroallergens does not only depend on the airborne pollen, but also on allergen emission 
from pollen, observing >10-fold differences in daily allergen release. Sometimes the 
results point out long-range transport of pollen with different allergenic potency that local 
populations. These results, will open new ways to understand the mechanism controlling 
sensitization and symptoms in patients with pollinosis. This information will be very useful 
to improve diagnostic procedures, clinical trials and specific immunotherapy. In addition, 
aerobiological data are very useful for authorities and individuals to the maintenance of 
public and private green urban spaces and for improving the biological quality of the air in 
our cities. Biological air quality is not often adequately assessed, as it is consider with the 
pollution in general so that there is no official support in many countries, in contrast with air 
pollution despite that part of PM 10, for example, is from biological source.
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Kuwait has one of the highest dust precipitation rates in the World. The annual 
average number of dusty days due to dust storms or rising dust or suspended dust in 
Kuwait is 255.4 (70% of the year). Some 67 dust collectors were installed in 47 sites 
all over Kuwait. Six of these sites contain 4 collectors for radionuclide collection. 
The monitoring of dust fallout and associated pollen was conducted for 2 years 
from September 2009 to August 2011. The sites were morphologically described 
and the locations were identified by the Global Positioning System (GPS). Also, 
minerals, trace elements, grain size and statistical parameters, surface area, pollen and 
radionuclide maps were produced. The highest dust depositional rates were detected 
within the Huwaimiliyah-Wafra Wind Corridor, Sabiya and Bubiyan Island. The 
annual amount of dust in Kuwait varies from 10 to 1065 unit with an average of 278 t/
km2. The year 2010-2011 was found more dusty compared to 2009-2010 by 43%. The 
socioeconomic effect of dust storms (visibility less than 1000m) shows an increase in 
car accidents and allergic diseases by 8.8% and 33.1% respectively.
The analyses lead to a conclusion that the northwestern, western, and northern winds 
play a key role in producing dust within Kuwait. Regional areas represent the dominant 
sources of dust fallout, while local sources contribute appreciable amounts. The very 
fine and fine sand particles originate from local sources as they move in the form of 
saltation for a short distance and represent 37% of the average dust fallout percentages 
in Kuwait. There is a trend of fining in mean size of dust particles towards the east 
and the northeast. Mineralogically, carbonates and quartz are the major components 
of dust in Kuwait, feldspars are found in considerable amounts. Other minerals in the 
dust are gypsum, anhydrite, bassonite and heavy minerals. Carbonates are more and 
quartz is less towards the coastal areas compared to desert areas. Natural 210Pb, man-
made (anthropogenic) 137Cs, and cosmogenic 7Be radionuclides were determined. The 
assessment gave low values compared to standards; but large values were observed 
in Um Umara area, west of Kuwait. Pollen originates predominantly from regional 
sources. However, the presence of a large amount of pollen from Haloxylon sp. 
Cyperus sp. indicates that close-by regional and local areas are also a source of fallen 
dust.

keywords: Dust fallout, saltation, suspension, radionuclide, pollen.
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Ombrotrophic peatlands are unique environmental archives of natural and 
anthropogenic atmospheric dust deposition. Their surface layers are exclusively fed 
by atmospheric inputs. A peat bog core from Misten in Eastern Belgium southern 
covering the last 7500 years (dated by 210Pb and 14C methods) was investigated to 
reconstruct dust deposition based on a combination of the Rare Earth Elements (REE) 
and lithogenic elements concentrations, as well as Nd and Pb isotopes data. Nd 
isotope signature was used to decipher between local and distal dust supplies, the Pb 
isotopes to trace the antropogenic influences. Peat humification was used to evaluate 
hydroclimatic conditions. Dust fluxes show pronounced increase at 3200-2800BC, 
600BC, AD600, 1000AD, 1200AD and from 1700 AD. Lead isotope signatures are 
consistent with local and regional contamination by coal combustion and smelting 
activities. The εNd values show large variability, between -5 and -13, identifying three 
major sources of dust: local soils, distal volcanic and desert particles. Our results 
are in agreement with atmospheric reconstructions from other continental archives, 
confirming that the Misten peat is a valid archive for dust deposition. The approach 
combining geochemical elementary content and isotope data in ombrotrophic peat 
allows to decipher between dust flux changes related to human and climate forcing.
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Atmospheric aerosols play an important role in several areas affecting everyday life, 
particularly air quality and climate. For climate studies purposes, aerosols affect 
directly and indirectly the energy balance received and emitted by the earth, which 
is known as radiative forcing. For this reason is necessary a good knowledge of the 
optical and microphysical properties of atmospheric aerosols. This is a challenging 
task because of high spatial and temporal variability of atmospheric aerosols. Remote 
sensing of aerosols is a very extended technique and is normally used to routinely 
monitor some optical properties such as aerosol optical depth (AOD), by means of 
ground based and satellite measurements. Currently there are extensive networks of 
sun photometers all over the world to monitoring aerosols. However, this type of 
instrumentation is relatively expensive and requires a high maintenance level and 
periodical time-consuming calibrations what make difficult its deployment in remote 
areas like deserts.

In this paper the new low-cost device with high automation and easy maintenance 
SIELTEC-DSCR (SIELTEC Digital Sky Color Radiometer) is presented. This 
instrument is a prototype developed jointly by the company SIELTEC Canarias S.L. 
and Izaña Atmospheric Research Center (IARC) AEMET, to measure the intensity of 
sky radiation in five different wavelengths in zenithal direction. A SIELTEC-DSCR 
prototype has been tested at the high mountain Izaña Atmospheric Observatory 
(2373 m a.s.l.) where we monitor aerosols in free troposphere conditions (very low 
AOD) and have the opportunity to observe relatively strong dust outbreaks from 
the Sahara (very high AOD). We were able to estimate AOD through comparison 
with an AERONET Cimel CE318 sunphotometer installed at Izaña station with this 
instrument, being data validated in subsequent periods of time against independent 
measurements. Preliminary results of the SIELTEC-DSCR prototype are very 
promising, indicating that this inexpensive instrument might be suitable to monitor 
atmospheric dust in remote desert locations with little maintenance allowing us to fill 
important observational gaps.



18 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

Dust storms in kuwait: sources of origin

saraH alMutairi1*, MoHaMMad F. yassin 2, Hassen dasHtti3, osaMa alMetHen4

1Ministry of Electricity and Water- AlDoha East Power and Water Distillation Plant, Kuwait city, PO Box 
12 Safat 13001, Kuwait

2kuwait university, Department of Environmental Technology Management, Kuwait City, P.O. Box 5969, 
Safat 13060, Kuwait

3Directorate General of Civil Aviation- Metrological Department, Kuwait city, PO Box 17 Safat 13001, 
Kuwait

4The Public Authority for Applied Education & Training- Institute of Communications and Navigation, 
Kuwait city, PO Box 23167 Safat13092, Kuwait

*sa.almutairi@yahoo.com

Dust storms are among the most severe environmental problems in certain regions 
of the World, such as Kuwait. This study presents estimation of the dust storms 
sources in Kuwait at various latitudes during different seasons: summer, winter, 
spring, and autumn over a 12-year period. The HYSPLIT model was used to create 
seasonal climatologies of air parcel trajectories. Satellite data was used to compare 
with HYSPLIT model result. Monitored visibility levels during the twelve years for 
each transport pattern were collected from the meteorological stations of Kuwait 
Civil Aviation Department. The analysis of the visibility levels were presented and 
discussed in chapter 4 of this thesis. Daily trajectories computed backward for five 
days from a selected central origin over Kuwait at 1000, 3000 and 5000 m above 
the ground surface. Furthermore, the results of this work it is expected to help in 
establishing guidelines to assist people to protect their self from the dust as well as 
officials to take the proper actions.
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The intercontinental transport of atmospheric particles in the free troposphere 
contributes remarkably to the climate changes in Central Asia and is related to the 
desertification of the Aral Sea area and other surrounding deserts. Especially Tajikistan 
is an affected country where disastrous consequences are recorded, for instance about 
1/3 of all glaciers are meanwhile melted there in the last decades.
So far, only few airborne measurements of lofted particle layers in the atmosphere are 
performed in Tajikistan. These experiments on some days showed high dust loading 
up to 3 and 5 km height above Dushanbe, respectively, but couldn’t be used for 
statistical analyses of the particle properties.
To overcome this lack of knowledge, the Central Asian Dust EXperiment will be 
performed in Tajikistan from October 2014 until September 2016.
Goal of this project is to provide means of vertical profiles of particle backscatter 
coefficient (at 3 wavelengths), particle extinction coefficient (at 2 wavelengths), and 
particle depolarization ratio (at 1 wavelength) as well as column-integrated values 
of the aerosol-optical thickness (AOT), water vapor, Ångström exponent, derived 
AOT modes, and derived AOT fine mode fraction. Collocated to these measurements 
meteorological measurements will performed to the fluctuation of the solar radiation 
(global, diffuse components of solar radiation), earth surface albedo, and statistical 
data to the change of meteorological parameters at dust storms (dust haze).
The AOT and meteorological measurements will be performed throughout the whole 
project time (2 years) by an AERONET-sun photometer (CIMEL) and a meteorological 
station in Dushanbe. A multiwavelength depolarization Raman lidar PollyXT will be 
used for the measurements of the vertical resolved aerosol profiles within 1 year. We 
will compare these data, investigate contradictory and synergetic findings, develop a 
data base from these measurements and prepare future cooperation.
The contribution will explain in more detail the status of knowledge about the dust 
events in Tajikistan and the proposed technique to be used within CADEX.
We would appreciate if colleagues interesting in dust research would join us with 
additional measurements (in-situ, aircraft-based, etc.) and/or with measurements at 
surrounding places/countries.
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The impact of road dust emissions on PM10 and PM2.5 mass concentrations recorded 
from 2003 to 2010 at 11 locations (rural, urban and industrial) in Southern Spain was 
estimated based on the chemical characterization of PM and a the use of a constrained 
Positive Matrix Factorization, where the chemical profile of local road dust samples 
is used as a priori knowledge. Results indicate that road dust increased PM10 levels 
on average by 21-35% at traffic sites, 29-34% at urban background sites, 17-22% at 
urban-industrial sites and 9-22% at rural sites. Road dust contributions to ambient PM 
levels show a marked seasonality with maxima in summer and minima in winter, likely 
due to the rainfall frequency. Decreasing concentrations trends over the sampling 
years where found at some traffic and urban sites but in most cases less significant 
than for vehicle exhaust emissions, while concentrations increased at industrial sites, 
probably due to local peculiarities. Concerning PM2.5, road dust contributions were 
lower than in PM10, as expected but still important (21-31%, 11-31%, 6-16% and 
7% for traffic, urban background, urban-industrial and rural sites respectively). In 
addition the three main sources of road dust (carbonaceous particles, brake wear and 
road wear/mineral) were identified and their contributions to road dust mass loadings 
estimated, supporting air quality managers to drive measures aimed at preventing the 
build-up of road dust particles on roads.
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Road dust emissions abatement is currently a major challenge for a sustainable 
transportation causing exceedances of PM limit values and high population exposure 
to brake and tire wear metals. Mitigation measures have been proposed such as 
improved street cleaning and the use of dust suppressants. This study evaluates for 
the first time the effectiveness of Ca-Mg acetate (CMA) and MgCl2 in reducing road 
dust emissions in a Mediterranean city. During a two-month campaign a typical 
trafficked street in the city of Barcelona was sprayed and changes in PMx levels and 
components were monitored at four traffic sites and one background monitoring sites. 
The integrated results indicate no clear effectiveness of dust suppressants. Episodic 
reductions of brake wear tracers were observed during CMA applications but they were 
not systematic over different stations and spreading days, with no reduction of PM10 
and PM2.5-10. MgCl2 coincided with lower PM10 concentrations at the test sites, but 
its effect was not confirmed by actual drops of mineral and brake-related species. In 
addition, an unexpected side effect of CMA was found, consisting in NH3 stripping 
from the road surface (induced by the formation of Mg(OH)2) and consequent marked 
increase of secondary inorganic aerosols as supported by laboratory experiments 
results.
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We present a new satellite product appropriate for dust model evaluation studiesbased 
on a new methodology applied on CALIPSO.We derive monthly mean dust extinction 
profiles of 1x1 degree spatial resolution over Europe and Sahara desertbased on a 
methodology that includes1) a lidar ratio correction, 2) a separationof the pure dust 
fraction from dust mixtures and 3) an optimized averaging scheme. The product is 
validated against ground-based AERONET and space-borne MODIS observations 
showing very good agreement under cloud-free conditions.The good performance of 
the proposed CALIPSO extinction product makes this dataset an ideal candidate for 
dust model validation studies over North Africa and Europe and can facilitate the 
provision of an accurate and robust multiyear dust climatology. A demonstration of 
the proposed model validation procedure is given here, including a first comparison 
with instantaneous and collocated dust extinction profiles simulated by the BSC-
DREAM8b dust model.

Amiridis, V., Wandinger, U., Marinou, E., Giannakaki, E., Tsekeri, A., Basart, S., Kazadzis, S., Gkikas, 
A., Taylor, M., Baldasano, J., and Ansmann, A.: Optimizing CALIPSO Saharan dust retrievals, Atmos. 
Chem. Phys., 13, 12089-12106, doi:10.5194/acp-13-12089-2013, 2013. 
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Quantitative mineralogical analysis of silt-sized sediments (e.g., eolian dust, 
suspended river load; Garzanti et al., 2011) involves considerable practical problems, 
including difficulties in physical separation in the laboratory and optical identification 
of tiny grains. Here we propose a new integrated methodology to determine the 
mineralogical composition of silt-sized sediments, which combines classical heavy-
mineral analysis under the polarizing microscope with the innovative user-friendly 
Raman spectroscopy technique (Raman counting; Andò et al., 2011). Modal data can 
thus be obtained with the same precision level achieved in traditional mineralogical 
analyses of sand-sized sediments. This technique can be applied to single detrital 
grains as small as a few microns, and is thus appropriate to study eolian dust and loess 
deposits (Stevens et al., 2013; Nie et al., 2013). Quantitative provenance information 
can be extracted also from mudrocks, which represent a very conspicuous part of 
the stratigraphical record and are prone to preserve original detrital assemblages 
from diagenetic dissolution better than interlayered permeable sandstones. Integrated 
grain-by-grain mineralogical analysis of silt-sized dust and eolian loess with such 
innovative integrated technique opens up new frontiers in provenance studies and in 
the reconstruction of climate changes in the geological past.

Andò S., Vignola P., Garzanti E. (2011). Raman counting: a new method to determine provenance of silt 
Rend. Fis. Acc. Lincei, 327-347.

Garzanti E., Andò S., France-Lanord C., Censi P., Vignola P., Galy V., Lupker M. (2011). Mineralogical 
and chemical variability of fluvial sediments 2. Suspended-load silt (Ganga-Brahmaputra, Bangladesh). 
Earth and Planetary Science Letters, 107-120.

Nie J., Peng W., Pfaff K., Möller A., Garzanti E., Andò S., Stevens T., Bird A., Chang H., Song Y., Liu 
S., Ji S., (2013). Controlling factors on heavy mineral assemblages in Chinese loess and Red Clay. 
Palaeogeography, Palaeoclimatology, Palaeoecology , 110-118. 

Stevens T., Carter A., Watson T.P., Vermeesch P., Andò S., Bird A.F., Lue H., Garzanti E., Cottam M.A., 
Sevastjanova I. (2013). Genetic linkage between the Yellow River, the Mu Us desert and the Chinese 
Loess Plateau. Quaternary Science Reviews, 1-14.
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In the framework of the Saharan Aerosol Long-Range Transport and Aerosol-
Cloud Interaction Experiment (SALTRACE) the long-range transport of mineral 
dust is studied in large detail. Main goal is the characterization of dust optical and 
microphysical properties with focus on changes in the dust characteristics after a 
travel of 5000-8000 km. Two field campaigns were conducted in June-July 2013 
and February-March 2014 at the Caribbean Institute for Meteorology and Hydrology 
(CIMH), Barbados. One further campaign at CIMH is planned for June-July 2014. 
Several multiwavelength Raman/polarization lidars and sun/sky photometers were 
deployed at CIMH in the summer of 2013. One photometer (AERONET-SALTRACE 
site) is running continuously from June 2013 to July 2014. As a new aspect, the lidar 
of our institute (TROPOS) measures, for the first time, dust linear depolarization ratios 
at 355, 532, and 1064 nm, simultaneously. The DLR Falcon aircraft performed more 
than 10 research flights during the SALTRACE summer 2013 campaign and took 
in-situ measurements of dust optical and microphysical properties. The RV Meteor 
cruise from Guadeloupe to Trinidad-Tobago and Barbados and then along 14.5°N 
from Barbados to 200 miles west of Senegal and back to Cape Verde complemented 
the SALTRACE activities on aged dust. Aboard the research vessel, a state-of-the-
art multiwavelength Raman/polarization lidar (Polly XT) continuously measured the 
vertical dust distribution during the travel over more than 4000 km from 29 April to 
23 May 2013. The lidar has two receiver field of views (RFOVs) to cover the height 
range of the dust-laden marine boundary layer as well as of the Saharan air layer in the 
free troposphere. This dual-RFOV lidar allowed us to study the downward mixing of 
dust (main dust removal process) in large detail. The Barbados and RV Meteor lidar 
observations are extensively compared with results of aerosol transport modelling. 
Our institute’s model (COSMO-MUSCAT) is designed for simulations of the regional 
Saharan dust transport. The model domain was extended to include the Caribbean. 
Good agreement is found concerning the dust transport pattern (horizontal plume 
extent and vertical distribution), less agreement is observed regarding the strength of 
the dust load (extinction coefficient, dust optical depth, mass concentration).
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Recent evidence indicates that an East Asian monsoon broadly similar to the present 
may have occurred in China as early as the late Oligocene or early Miocene, but its 
variability and possible driving forces prior to the Quaternary epoch remain poorly 
known, due to rare reconstructions of continuous long-term East Asian monsoon 
records extending to the earlier periods. Here we report a Late Miocene-Pliocene 
reconstruction of the East Asian summer monsoon based on magnetic property 
variations of an eolian red clay sequence on the eastern Chinese Loess Plateau. The 
high-resolution magnetic records, which are dated using magnetostratigraphy, indicate 
a long-term increasing trend in the East Asian summer monsoon intensity from ca 8.2 
to 2.6 Ma. We further find that this Late Miocene-Pliocene monsoon intensification is 
broadly correlated to the long-term increasing trend in the Southern Hemisphere ice 
volume, suggesting a possible linkage between them. Combing a numerical climate-
model experiment that simulates the East Asian summer monsoonal responses 
to the idealized stepwise increases of ice sheets from East to West Antarctic, we 
suggested that the Southern Hemisphere ice-sheet development is a driver of this late 
Miocene-Pliocene intensification of the East Asian summer monsoon. The Southern 
Hemisphere ice-sheet development could have intensified the East Asian monsoon 
mainly via enhancing the cross-equatorial pressure gradient between the high pressure 
over Australia and the low pressures over East Asia. This study shows that the Asian 
monsoon is sensitive to the interhemispheric pressure gradient modulated by Southern 
Hemisphere climate on long-term tectonic timescales.
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We started the long-term monitoring of aerosols optical properties since 1994, 
by using a sky radiometer (PREDE Co. Ltd., Tokyo, Japan) over the land and 
ocean (on-board Ship). Aerosol optical properties are studied using data from sky 
radiometer measurements (http://skyrad.sci.u-toyama.ac.jp/) in the world (Aoki and 
Fujiyoshi, 2003, Aoki, 2008, 2013). The sky radiometer is an automatic instrument 
that takes observations only in daytime under the clear sky condition without cloud 
contamination. Observation of direct and diffuse solar intensity of interval was made 
every ten minutes by once (direct measurement every one minute). There were used 
to analysis direct solar irradiance and diffuse solar radiance at fifth wavelength 
(0.4, 0.5, 0.675, 0.87, 1.02 µm). The aerosol optical characteristics were computed 
using the SKYRAD.pack version 4.2 developed by Nakajima et al. (1996). Global 
distributions of aerosol have been derived from satellite data (e.g. MODIS, GOSAT), 
and have been simulated in numerical model (e.g. SPRINTARS), which assume 
optical parameters. However, these distributions are difficult to derive because of 
variability in time and/or space. Therefore, a ground-based measurement of aerosol 
optical properties is necessary to validate satellite and numerical model. In this study, 
we present the temporal and spatial variation of dust aerosols and the relationship 
of Angsrom parameters (i.e., aerosol optical thickness and Ångström exponent) at 
Toyama (36.70N, 137.19E), Japan during 2002 to now, and other Japan site. The 
aerosol optical thickness at 0.5 µm has a clear seasonal cycle in Japan area, with a 
vernal maximum (dust) and an autumnal minimum. The Ångström exponent, a, has a 
clear seasonal cycle in Japan, where autumn to winter maxima and springtime minima 
(dust) are observed. We provide the information, in this presentation, on the optical 
properties of dust aerosol comparisons between ground observationswith respect to 
their temporal and spatial variability of dust.

Aoki, K, and Y. Fujiyoshi, (2003), Sky radiometer measurements of aerosol optical properties over Sapporo, 
Japan. J. Meteor. Soc. Japan, 81, 493-513.

Aoki, K., (2008), Aerosol and cloud optical properties by ground-based sky radiometer measurements, 
Proceedings of SPIE, 7027, doi: 10.1117/12.822504.

Aoki, K, T. Takemura, K. Kawamoto, and T. Hayasaka (2013), Aerosol climatology over Japan site 
measured by ground-based sky radiometer, AIP Conf. Proc. 1531, 284-287;doi: 10.1063/1.4804762.

Nakajima, T., Tonna, G., Rao, R., Boi, P., Kaufman, Y., Holben, B., (1996). Use of sky brightness 
measurements from ground for remote sensing of particulate polydispersions, Appl. Opt. 35, 2672-2686.
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Fly ash may be a major anthropogenic component in ambient particulate matter and 
is derived mainly from industrial sources, including biomass combustion. In the 
frame of the European INTEREG research project “BIOCOMBUST”, we explore a 
potential impact of particulate emissions from biomass combustions on human health 
in the Upper Rhine region. The investigated fly ash samples were obtained from two 
sources: a biomass power plant (burning wood chips) in St. Peter, Germany, and 
a laboratory boiler (burning miscanthus as fuel) in Mulhouse, France. The fly ash 
particles used in the exposure experiments were characterized by mineralogical and 
chemical techniques. Then three fractions of fly ashes (bulk, fine and ultrafine) were 
investigated for their in-vitro cytotoxic and genotoxic effects on human lung cells, 
namely, the human lung adenocarcinoma cell line A549 and the immortalized human 
bronchial epithelial cell line BEAS-2B. As controls, calcium carbonate (CaCO3) and 
potassium sulphate (K2SO4), identified as main components of the fly ash particles 
were used in the experiments. After 24 hours of exposure, the cytotoxicity of particles 
from the wood fly ash and of ultrafine particles of reference materials (diesel particulate 
matter (DPM) and silicon dioxide (SiO2)) appeared first at the high concentration of 
50 µg/ml. However, no cytotoxic effect was observed upon application of particles 
from the miscanthus fly ash on the lung cells, as assessed by WST-1 and the Alamar 
Blue assays. Genotoxic effects analysed by the DNA alkaline unwinding assay, were 
observed at high concentrations of studied DPM and SiO2 reference materials, but 
none of the studied fly ash fractions showed genotoxicity after 24 hrs of exposure.
Altogether, these experiments suggest that fly ash particles from wood combustion 
can cause cytotoxic effects at high concentrations, albeit no genotoxic effects were 
observed. They further suggest that miscanthus fly ash was neither cytotoxic nor 
genotoxic for human lung cells. Further experiments are needed to corroborate these 
results and to find out which components of the wood fly ash and which biological 
mechanisms are responsible for observed toxic effects.
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A transport of Sahara (northern Africa) dust above the Mediterranean Sea and Europe 
is widely studied throughout the literature. A plume of African dust may be the cause 
of an anomalous increase of aerosol optical depth (AOD), often accompanied by 
increases in surface particulate matter concentrations over the entire Mediterranean 
basin, including the Po valley domain in northern Italy. Therefore, it is an issue in air 
quality assessment and forecast to understand how the Sahara dust contributes to the 
increase of the AOD, since AOD is strongly correlated with an increment of the daily 
legal limit of particulate matter PM10 (50 μg/m3), set by the European Union on 2008 
(2008/50/CE).
The present work studies an intense African dust outbreak episode which affected 
the Po valley in early May, 2013. The approach proposed in this work includes 
the use of the International MODIS/AIRS Processing Package (IMAPP) Air 
Quality Applications software, IDEA-I (Infusing satellite Data into Environmental 
Applications-International) in order to evaluate the impact of the plume of Sahara 
dust on the air quality measurements of surface PM10 concentrations over the Po 
valley domain. IDEA-I is a globally configurable software package that uses Terra 
or Aqua MODerate resolution Imaging Spectro-radiometer (MODIS) AOD retrievals 
to identify local regions of high AOD. From these points trajectories are initialized 
and a trajectory model is then run which provides a forecast of the horizontal and 
vertical movement of the aerosols over the next 48 hours. The satellite (MODIS Terra/
Aqua) observations show the intense outbreaks of dust from north of Africa over Italy. 
They also show significant cloud cover over northern Italy during the dusty days. 
Even though significant dusty days occurred between the end of April and May 2013, 
the ground based concentrations do not show significant increases, with values of 
PM10 remaining within the daily legal limit. A further study, using meteorological and 
aerosol analyses from the Real-time Air Quality Modeling System (RAQMS), helps 
to understand the role of wet deposition on reducing surface PM10 concentrations 
during the episodes studied.



29DUST2014 - 1st International Conference on Atmospheric Dust - Italy

properties anD origin of fine seDiment within 
late-lying snowbanks in the uinta mountains, 

utah, usa

eMily attwood*, JeFFrey Munroe

Middlebury College, Middlebury, 05753,United States 
*attwoodem@gmail.com

Interest in modern dust deposition has risen as the effects of anthropogenic modification 
of the landscape have been brought to the forefront of climate change discussions. 
Increased atmospheric dust deposition is a key consequence of landscape disruption 
due to both human activities and transitions within climate regimes. In particular, 
deposition of atmospheric dust within alpine environments has strong implications for 
soil development, vegetation growth, nutrient cycling, surface water chemistry, and 
snowpack properties. In the Uinta Mountains of northeastern Utah, USA, over 60% 
of annual precipitation falls as snow, much of which persists into the summer season. 
Concentrations of dark, fine-grained sediment are commonly observed at the surface 
of snowbanks and typically assumed to be of eolian origin, however this interpretation 
has not previously been tested. In this study, we analysed dirty snow samples from 14 
late-lying snowbanks, along with 14 samples from the soil surface in the vicinity of 
these snowbanks. The primary objective was to determine whether the fine-grained 
sediment in the snow is exotic eolian dust or more locally sourced material. Grain size 
distributions are different between the two sets of samples, with abundant very fine 
sand and coarse silt in snow samples (mean GS of ~90 µm), and medium to fine sand 
in samples of soil near snowbanks (mean of ~150 µm). X-ray diffraction analysis of 
the fine-silt fraction from both sets of samples reveals that the sediment within the 
snow, and the surrounding soil, contain amphibole and plagioclase. Neither of these 
minerals are present in the local bedrock or in soil B horizons, yet both are present 
in modern dust samples collected directly from the air. Together these results suggest 
that the fine-grained sediment concentrated at the surface of late-lying snowbanks is 
modern eolian dust from an exotic source, and that long-term deposition of this dust 
has contributed to the formation of soil A horizons.
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Recent investigations carried out on the Talos Dome ICE core (TALDICE) revealed 
the presence of a local fraction of mineral dust entrapped in the ice [1-4]. Several 
evidences point to the ice-free areas of Victoria Land as possible sources. Here the 
elemental composition of 40 samples of mineral sediments collected in correspondence 
of ice-free areas of the Victoria Land is presented [5]. The geochemistry of samples 
was determined by Instrumental Neutron Activation Analyses (INAA), which allowed 
quantifying the concentration of 36 elements, spanning from major to trace elements. 
Two different sample irradiations and 5 data acquisitions were necessary to measure 
the maximum number of elements. Geochemical results and principal components 
analyses suggest that the most discriminating elements are the rare earth elements 
(REE) and incompatible/compatible ones in respect to iron, in accordance with the 
different lithological composition of the samples. Evidences of chemical weathering 
were also recognized despite the extremely cold and dry climate of these areas. The 
characterization of the Antarctic potential source areas of atmospheric dust is the 
first step in order to identify the active source areas in respect to Talos Dome and 
to reconstruct the atmospheric trajectories followed by air masses in the different 
climatic periods.

1. Delmonte, B., Baroni, C., Andersson, P.S., Shoberg, H., Hansson, M., Aciego, S., Petit, J.R., Albani, S., 
Mazzola, C., Maggi, V., Frezzotti, M. (2010). Aeolian dust in the Talos Dome ice core (East Antarctica, 
Pacific/Ross Sea sector): Victoria Land versus remote sources over the last two climatic cycles. Journal 
of Quaternary Science, 25:1327-1337.

2. Albani, S., Delmonte, B., Maggi, V., Baroni, C., Petit, J.R., Stenni, B., Mazzola, C., Frezzotti, M. (2012). 
Interpreting last glacial to Holocene dust changes at Talos Dome (East Antarctica): implications for 
atmospheric variations from regional to hemispheric scales. Climate of the Past, 8:741-750.

3. Delmonte, B., baroni, C., Andersson, P.S., Narcisi, B., Salvatore, M.C., Petit, J.R., Scarchilli, C., Frezzotti, 
M., Albani, S., Maggi, V. (2013). Modern and Holocene aeolian dust variabilità from Talos Dome (Northern 
Victoria Land) to the interior of the Antarctic ice sheet. Quaternary Science Review, 64:76-89

4. Lanci, L., Delmonte, B. (2013). Magnetic properties of aerosol dust in peripheral and inner Antarctic ice 
cores as a proxy for dust provenance. Global and Planetary Change, 110:414-419.

5. Baccolo, G., Baroni, C., Clemenza, M., Delmonte, B., Maggi, V., Motta, A., Nastasi, M., Previtali, E., 
Salvatore, M.C. (2013). Neutron activation analysis on sediments from Victoria Land, Antarctica: multi-
elemental characterization of potential atmospheric dust sources. Journal of Radioanalytical and Nuclear 
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31DUST2014 - 1st International Conference on Atmospheric Dust - Italy

on the characterization of size anD shape of 
irregular particles

gHolaMHossein bagHeri1*, costanza bonadonna1, irene Manzella1,
pierre vonlantHen2

1Section des sciences de la Terre et de l’environnement, Geneva, 1205, Switzerland
2Institut des sciences de la Terre, Lausanne, 1015, Switzerland

*Gholamhossein.Bagheri@unige.ch

The characterization of particle size and shape is crucial to many fields of science, but 
is often associated with large uncertainties. In this study, size and shape characteristics 
of 115 lapilli particles (11-37 mm) and 12 volcanic-ash particles (155-930 microns) 
were measured based on different techniques including calliper, image analysis, 
laser scanning (LS) and SEM micro-computed tomography (CT). A new strategy 
for measuring particle form dimensions (three-dimensional lengths of the particle) 
is suggested that is associated with the lowest operator-related errors. Corresponding 
form dimensions perform better for both the correlation and estimation of particle 
volume and surface area. A systematic approach was used to investigate the effects of 
particle orientation and number of particle projections on the characterization of size 
and shape of irregular particles through image analysis. It was found that using three 
perpendicular particle projections for measuring 2D quantities is the best comprise 
between analysis time and obtained accuracy. Various shape descriptors of our 
population of particles were measured and the variability and correlations between 
them are investigated. We also investigated how conventional methods that are used 
to characterize particle size and shape are differing from accurate 3D measurements. 
Finally, various methods for the evaluation of 3D factors, i.e. volume, surface area and 
sphericity, based on 1D and 2D factors were investigated. It was found that 1D factors 
could estimate particle volume with low average error, while estimating surface area 
and sphericity based on 1D factors is associated with a high uncertainty. Formulas 
that are based on 2D factors are associated with the lowest average errors between 
2.6 and 4.6%.
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Dusting from technological surfaces, e.g. tailing dumps, still remains a vital issue 
especially for areas with intensive mining and industrial activities.
Based on multi-years measurements and simulations of different dust storm events 
the intensity and conditions of dust blowing and emissions are analyzed. The study 
examines the following factors and conditions: wind velocity, humidity and other 
meteorological parameters, material moister content, size and shape of particles, 
efficiency of dust catching, height and geometry of tailing dumps, etc., as well as 
specific measures to reduce dusting, e.g. protecting fences. The study presents also 
results of numerical simulations of atmospheric flow and dust transport and influence 
of tailing dumps on potential contamination of the atmospheric environment in 
different conditions.

keywords: dusting, tailings impoundment, pollution, atmosphere, modeling.
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The World Meteorological Organization (WMO) has chosen Barcelona’s bid to 
host the first Regional Meteorological Center specialized on Atmospheric Sand and 
Dust Forecast (RSMC-ASDF). The experience acquired with the management in 
coordination of the WMO Sand and Dust Storm Warning Assessment and Advisory 
System (SDS-WAS) Northern Africa-Middle East-Europe (NA-ME-E) Regional 
Center managed by a consortium formed by the Spanish State Meteorological Agency 
(AEMET) and the Barcelona Supercomputing Center (BSC-CNS) will significantly 
contribute to the production of excellence research and creation of specialized 
products for the end-users. The new RSMC-ASDF center will run the NMMB/BSC-
Dust model and will provide operational forecasts for Northern Africa, Middle East 
and Europe.

The NMMB/BSC-Dust model (Pérez et al., 2011; Haustein et al., 2012; Spada et 
al., 2013) has been developed at the Barcelona Supercomputing Center (BSC) in 
collaboration with NOAA/National Centers for Environmental Prediction (NCEP) 
and the NASA Goddard Institute for Space Studies. In the present contribution, the 
dust forecasts of 3 different configurations (at 1ºx1.4º, 0.25º0.25º and 0.10ºx0.10º) 
will be evaluated using ground-based (AERONET) and satellite data (MIRS, MODIS 
and OMI) to quantify the limitations and their range of the agreement of with the 
observations as well as to determine the sensitivity of the dust emission fluxes to 
different spatial scales.

Haustein, K., C. Pérez, J.M. Baldasano, O. Jorba, S. Basart, R.L. Miller, Z. Janjic, T. Black, S. Nickovic, 
M.C. Todd, and R. Washington. (2012): Atmospheric dust modeling from meso to global scales with the 
online NMMB/BSC-Dust model - Part 2: Experimental campaigns in Northern Africa. Atmos. Chem. 
Phys., 12, 2933-2958, doi:10.5194/acp-12-2933-2012.

Pérez, C., Haustein, K., Janjic, Z., Jorba, O., Huneeus, N., Baldasano, J. M., Black, T., Basart, S., Nickovic, 
S., Miller, R. L., Perlwitz, J. P., Schulz, M., and Thomson, M. (2011). Atmospheric dust modeling from 
meso to global scales with the online NMMB/BSC-Dust model - Part 1: Model description, annual 
simulations and evaluation, Atmos. Chem. Phys., 11, 13001-13027, doi:10.5194/acp-11-13001-2011.

Spada, M., O, Jorba, C. Pérez García-Pando, Z. Janjic, and J.M. Baldasano (2013) Modeling and evaluation 
of the global sea-salt aerosol distribution: sensitivity to size-resolved and sea-surface temperature 
dependent emission schemes. Atmos. Chem. Phys., 13, 11735-11755 www.atmos-chem-phys.
net/13/11735/2013/ doi:10.5194/acp-13-11735-2013

Corrigendum: Atmos. Chem. Phys., 13, 1, 2013 www.atmos-chem-phys.net/13/1/2013/ doi:10.5194/acp-
13-1-2013
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We gathered 594 descriptions of soil mineralogy from more than 120 references to 
create a global mineralogical database of soils at a 0.5°x0.5° resolution. The basic 
mineralogical information derived from the literature is then expanded following 
explicit rules in order to characterize as many soil units as possible. We separate the 
clay from the silt-sized fractions of global soil units in this description and end up for 
each 0.5°x0.5° cell size with the abundance of 12 minerals important for dust-climate 
interactions: quartz, feldspars, illite, montmorillonite, kaolinite, chlorite, vermiculite, 
mica, calcite, hematite and goethite (Journet et al., 2013).
Probably, the most desirable information for marine geochemistry comes from our 
assessment of the iron content in soils. Using global atmospheric dust cycle modeling, 
we transport this iron through the atmosphere and produce detailed maps of total iron 
fluxes to the ocean. We compare these maps with the deposition maps assuming a 
constant iron content in dust.
Furthermore, we use the soluble iron content of the individual minerals to infer the 
soluble iron delivered to the ocean surface. We will discuss the atmospheric processes 
that affect iron solubility that we would like to include in the integrated framework of 
the IPSL Earth System Model.

Journet E., Balkanski Y., Harrison N. (2013). A new data set of soil mineralogy for dust-cycle modeling, 
Atm. Chem. Disc., doi:10.5194/acpd-13-23943-2013.
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Mineral dust influences the climate system manifold in regions far away from the 
dust sources and is a critical link between the terrestrial and marine ecosystems. The 
arid and semi-arid regions of the Middle East are an important source of dust for the 
Indian Ocean. Here we show that the increased dust transport due to severe drought 
condition in the Middle East led to potential fertilization of the Arabian Sea (AS), the 
northwest part of the Indian Ocean. During the year 2008 Middle East was in the grip 
of one of the most severe droughts of the 21st century recording -3.7 in the Palmer 
Drought Severity Index (PDSI). The annual dust optical depth was 0.25, the highest 
recorded during the period 2003-2011 over AS. We combined satellite measurements, 
model data and published in situ nutrients data to examine the effect of increased 
dust on the primary productivity of the AS, focusing mainly on the winter monsoon 
(WM) period (December 2007 to March 2008). For this we compared the chlorophyll 
(Chl) concentrations obtained from Moderate Resolution Imaging Spectroradiometer 
(MODIS) onboard Aqua during the WM of 2007-2008 with that of the climatological 
values constructed for the period of 2002-2003 to 2010-2011. We could identify 7 dust 
storms following 5 of which there were compelling evidences of Chl enhancements. 
The Chl concentrations increased about 2 to 4 times the climatological values. 
Calculations using a mixed layer depth model and existing nutrients data (nitrate and 
dissolved iron) showed that oceanic supply of nutrients could not have resulted in the 
observed levels of Chl biomass. Although, northern AS experiences winter convection 
driven high primary productivity at this time of the year, the atmospheric deposition 
of nutrients seemed to extend the domain of high productivity much more southwards 
where the intensity of winter convection is considerably reduced. This resulted in 
high primary productivity in a region which rarely experiences phytoplankton blooms 
during WM. We simulated the dust deposition (dry+wet) employing a regional climate 
model for the year 2008. The average dust deposition in 2008 ranged from ~ 100 
mg/day/m2 in the northwestern AS to ~ 1 mg/day/m2 towards the south. The region 
where dust-induced Chl enhancements were observed had comparatively lower dust 
deposition. For the open ocean region of the AS, the dust deposited in the year 2008 
was 21 mg/day/m2 against a deposition of about 5 mg/day/m2 during WM. In the last 
decade there is evidence of prolonged drought in the Middle East. It is important to 
understand the implications of such events in the context of overall productivity of 
the AS and further how it will be impacted under the ensuing climate change scenario.
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Many studies have indicated the significance of atmospheric dust to the radiation 
budget over the Sahara. Here we combine satellite observations from the SEVIRI and 
GERB instruments on Meteosat-9 with ground based observations from the Bordj 
Badji Mokhtar (BBM) supersite in southern Algeria during the Fennec campaign in 
June 2011. From this combination we can estimate the direct, cloud-free radiative 
impact of Saharan dust at the top-of-the-atmosphere (TOA) and surface, and its impact 
on atmospheric radiative divergence, during sunlit hours. We find that the short-wave 
(SW) heating and cooling effects of dust tend to dominate the instantaneous direct 
radiative effect (DRE) at the TOA and surface, although there is more equivalence 
between the SW and the long-wave (LW) effects in the monthly mean DRE at TOA. 
The relative contributions of the SW and the LW fluxes vary through the day, with 
maximum atmospheric dust heating in both bands towards local noon, and a greater 
tendency for SW cooling at TOA shortly after dawn and before dusk. The potential 
impact of restricted sampling of the daily cycle on estimates of the DRE at TOA and 
the surface, and on the atmospheric radiative divergence due to dust, is also assessed.
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Explosive pyrotechnic devices are widely used for celebrating specific events. The 
quality and composition of these are strictly regulated by the law in Hungary. At the 
same time firework events are unusual sources of air pollutants since metal particles, 
different organic compounds and gases access the atmosphere during the explosions.
In the city of Debrecen the bank holiday of 20th August is celebrated by firework. 
The event is organized at the same time in two different locations. Our aim was 
to investigate the effect of the firework display on the quantity and the elemental 
concentration of dust particles collected from tree leaves. The collection of control 
samples took place a few days before the event from the individuals of the selected 
species (Tilia tomentosa), while the trees were indicated and the coordinates were 
registered. Sample collection from the same 41 individuals were replicated after 
the firework event. Deposited dust particles were removed from the surface of the 
collected leaves mechanically and their mass was determined. Dust samples were acid 
digested prior to analysis. The elemental analysis of dust particles was carried out by 
ICP-AES (Inductively coupled plasma atomic emission spectrometry) and MP-AES 
(Microwave plasma atomic emission spectrometry) methods.
Evaluation of the gained data were carried out by principal component analysis (PCA) 
for which the two sampling sites were further divided into 5-5 areas by the points of 
the compass. We studied the change in the amount of dust deposited on the surface of 
the leaves and in the determined Ca, Mg, K, Mn, Cu, Zn, Fe, Al, Ba, B, Li, As and Sr 
concentration of the samples collected before and after the firework event. According 
to the statistical analysis significant differences were observed in the concentration of 
the studied elements. 

keywords: firework, urban dust pollution, elemental analysis.
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Dust models used to estimate vertical fluxes of mineral dust aerosols over arid regions 
need accurate data on soil and surface properties. Recently, satellite-derived roughness 
length and high-resolution soil texture data sets at the global scale have emerged and 
provide the opportunity to use them in advanced emission schemes in global and 
regional models (i.e. Menut et al., 2013). 

The present contribution analyses the behaviour of the NMMB/BSC-Dust model 
(Pérez et al., 2011) when the ASCAT/PARASOL satellite-derived global roughness 
length and the State Soil Geographic database Food and Agriculture Organization of 
the United Nations (STATSGO-FAO) soil texture data set (based on wet techniques) 
is used.. We explore the sensitivity of the drag partition scheme (a critical component 
of the dust emission scheme) and the dust vertical fluxes (intensity and spatial 
patterns) to the roughness length. An annual evaluation of NMMB/BSC-Dust (for the 
year 2011) over North Africa and Middle East using observed aerosol optical depths 
(AODs) from Aerosol Robotic Network sites and aerosol satellite products (MODIS 
and MISR) will be discussed.

Menut, L., C. Pérez, K. Haustein, B. Bessagnet, C. Prigent, and S. Alfaro (2013), Impact of surface 
roughness and soil texture on mineral dust emission fluxes modeling, J. Geophys. Res. Atmos., 118, 
6505-6520, doi:10.1002/jgrd.50313. 

Pérez, C., Haustein, K., Janjic, Z., Jorba, O., Huneeus, N., Baldasano, J. M. and Thomson, M. (2011). 
Atmospheric dust modeling from meso to global scales with the online NMMB/BSC-Dust model-Part 
1: Model description, annual simulations and evaluation. Atmospheric Chemistry and Physics, 11(24), 
13001-13027.
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Theoretical studies and data analyzes indicate manifold interactions between 
mineral dust and the climate system during glacial-interglacial climate cycles. These 
interactions include the ice-albedo feedback by dust deposition on ice surfaces, 
biogeochemical processes connected with iron-fertilization of marine biota, and the 
scattering and absorpting capacity of aeolian dust particles affecting the atmospheric 
radiation fluxes. Here, new simulation results are presented on the radiative effects 
by aeolian dust using an Earth system model of intermediate complexity coupled to a 
dust cycle model (Bauer and Ganoplosky, 2010) and an ice sheet model (Ganoploski 
and Calov, 2011). This model is driven by orbital-varying insolation and greenhouse 
gas forcing. The dust radiative forcing is simulated in consideration of average dust 
characteristics and their uncertainties obtained from the AEROCOM studies (Kinne 
et al., 2006; Textor et al. 2006). A series of sensitivity experiments is analyzed which 
use lower and upper limits for the atmospheric dust load and for the optical parameter 
related to absorption by aeolian dust. 
The simulation results suggest that the strength of the dust radiative forcing can vary 
strongly in time and location due to the horizontally irregular distribution of dust 
load and the uncertainties in the complex refractive index. Further, the sign of the 
dust radiative forcing can vary depending on environmental conditions which control 
the critical value of the surface albedo. The application of the dust radiative forcing 
in transient simulations produce changes in temperature and precipitation fields 
which can in turn modify the aeolian dust cycle. The climate cools by a negative dust 
radiative forcing leading to increases in dust emission and thereby to a stronger dust 
radiative forcing and growing inland ice sheets, while a small or even positive dust 
radiative forcing can reduce the atmospheric dust load and further weaken the dust 
radiative forcing. These feedback processes in the climate system have the potential to 
either amplify or attenuate the glacial-interglacial cooling strength. Limitations of the 
current results due to simplified descriptions of micro-physical processes in long-term 
simulations need to be tested in future by glacial cycle studies with general circulation 
models of the Earth system.

Bauer E., Ganoploski A. (2010). Aeolian dust modeling over the past four glacial cycles with CLIMBER-2. 
Global and Planetary Change, 74, 49-60.

Ganopolski A., Calov, R. (2011). The role of orbital forcing, carbon dioxide and regolith in 100 kyr glacial 
cycles, Climate of the Past, 7, 1415-1425.

Kinne S., Schulz M. et al. (2006). An AeroCom initial assessment - optical properties in aerosol component 
modules of global models, Atmospheric Chemistry and Physics, 6, 1815-1834.

Textor C., Schulz, M. et al. (2006). Analysis and quantification of the diversities of aerosol life cycles 
within AeroCom, Atmospheric Chemistry and Physics, 6, 1777-1813.
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The evolution of dust properties is illustrated in this study through a case of long-range 
transport of Saharan dust over northwestern Europe during May 2008. This spread 
of dust over northwestern Europe is investigated by combining satellite, airborne, 
ground-based observations and the non-hydrostatic meso-scale model Meso-NH. The 
total dust amount emitted during the study period is estimated to 185 Tg. The analysis 
of the removal processes reveals that only 12.5 Tg is lost by dry deposition, and that 
wet deposition is the main process of dust removal (73 Tg).The observed aerosol 
optical thickness ranged from 0.1 to 0.5 at the wavelength of 440 nm, with a maximum 
value close to unity found over the Netherlands (51.97°N, 4.93°E). Over that site, the 
main dust layer is located between 1.8 and 5.2 km above sea level (asl), moreover 
dust was also present at 0.9 km asl. The nephelometer measurements on board the 
ATR-42 aircraft revealed a strong wavelength dependence of the scattering coefficient 
over the Netherlands. The Angström exponent is greater than 0.5, whereas usually it 
approaches zero in presence of Saharan dust. This specific behavior is attributed to 
high precipitation scavenging efficiency for the coarse mode.
Over the Netherlands, the observed CCN concentration significantly increased 
between the 29th and 31th May, with a maximum value close to 14000 particles per cm3 
at 0.45% supersaturation. The numerical simulations revealed the dust plume reached 
the Netherlands on the 30th May passing by Italy on the 28th May. Furthermore, the 
presence of mixing layers between dust plume and pollution aerosols are simulated 
over Italy and the Netherlands. The mixing layer is simulated between 1 and 4 km 
over Italy, whereas it is simulated between the surface and 3 km over the Netherlands. 
Our results reveal that this significant increase of the CCN concentration is due to 
an enhancement of the dust hygroscopic properties, by coating soluble materials 
during their transport to the Netherlands. Thus, this study reveals the two primary 
mechanisms of evolution of the Saharan dust properties are wet deposition and mixing 
processes with the European pollution aerosols.
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The analysis considers the quality of the air in Veneto and its trend in relation to 
particulate matter. We analysed the annual averages of PM10 concentration in the 
monitoring stations located in traffic areas, industrial areas and background areas. 
We examined data from ARPAV monitoring stations, placed in different contexts: 
10 in traffic areas and industrial areas and 19 in background areas. We can observe a 
decreasing trend from 2005 to 2010: the limit set by law is 40μg/m3 and this limit has 
been observed since 2007 in the background areas and since 2009 in the traffic areas 
and industrial areas. A worsening of the situation occurred in 2011 and then, in 2012, 
the annual average returned lower than 40μg/m3. There are two main factors that can 
modify the annual average PM10 concentration: the emissions level and the climatic 
conditions. The most critical issue linked to PM10 pollution is the violation of the 
daily 50μg/m3 limit, which, according to D.Lgs. 155/2010, should not be overcome 
more than 35 times per year. This trend presents a decrease until 2010 and then an 
increase in 2011.
Focusing on the Venice area, we considered the data registered by all the stations 
from 2003 to 2012. The PM10 concentration time series presents a decreasing trend: 
in 2010 and in 2012 (not in 2011) all the stations showed that the annual limit set by 
law had not been violated. In the period from 2003 to 2012, we can observe how the 
violations of the daily PM10 concentration limit are more frequent in 2005 and 2006. 
Subsequently, we can notice a dwindling trend until 2010, a worsening of the situation 
in 2011 and an improvement in 2012.
Because of the real health hazard caused by particulate matter, this issue deserves 
particular attention. The University of Padova (Department of Molecular Medicine), in 
cooperation with the ARPAV, conducted an epidemiologic survey to understand which 
are the effects of PM10 on the health of the population living nearby Mestre’s west 
bypass, which was the main source of traffic pollution in Veneto. The most frequently 
observed diseases concern the respiratory and circulatory systems, which are the most 
exposed to air pollution. Before the opening of the third lane of the bypass, in 2002, a 
survey pinpointed the fall-out areas of the PM10 concentration related to the vehicles 
driving through Mestre’s west bypass; the population we considered as exposed to 
pollution was the population living in these pinpointed areas. The data we analysed 
do not show a constant correlation between the exposition to PM10 and the number 
of death certificates and hospital admissions. The results observed by isolating each 
class of diseases are more significant. The population living nearby Mestre’s west 
bypass presents a higher incidence of diseases linked to the respiratory and circulatory 
systems, in particular chronic obstructive pulmonary diseases and coronary artery 
diseases. This higher incidence can be related to air pollution produced year by year 
by the bypass.
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Given the prevalence of health concerns due to airborne biological contaminants, 
Public Health Authorities set their sights on fitting out common strategies to reduce 
and monitor contamination. However addressing such problem means being able to 
assess human exposure to these agents beforehand. Furthermore this fundamental 
prerequisite cannot be undertaken without a better knowledge of aerosol composition.

In this overall context, we propose a methodology for the biological agents 
characterization using Pyrolysis-Gaz Chromatographic/Mass-Spectrometer (Py-GC/
MS) analyses. The study of the thermal decomposition of airborne biological pollutants 
at various temperatures and, with or without derivation agents results in the definition 
of specific biochemical markers for bioaerosols. Furthermore, by means of various 
analyses carried out on air-filter samples, ambient particulate noise is accounted.

A subsequent database based on a set of biochemical fingerprints enables to formulate 
an original index for the human exposure to major indoor pollen-/fungi-related 
particles.
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Facing growing health concerns posed by indoor bioaerosols, the development of low-
cost, portable monitors to assess human exposure is of greater interest. If technology 
breakthroughs allow Micro-ElectroMechanical-Systems (MEMS)-based instruments 
to unveil increasingly cutting-edge and/or shrink-sized alternative detection techniques, 
they are to guaranty higher sensitivity detection than conventional ones. However, to 
date, their design and conception should be optimized to ensure that performance 
enhancements match expectations for the monitoring of low concentration biological 
aerosols.

Thus in this work, we propose a new design and evaluation methodology of personal 
monitoring apparatus based on the trivial triptych: collection-detection-identification 
of the threat - herein inhalable bioaerosols.

With a limit of detection of a few microgram/m3, these instruments aim to be consistent 
with in-situ measurements of low concentration aerosols or fine particles.
Based on MEMS oscillating structures, developed sensors detect additional masses 
by recording all change in their resonance frequency. Subsequently, they are to 
exhibit both high quality factor and high uniform position-sensitivity to particles 
(defined in all points on the surface of the resonators and derived from Rayleigh-
Ritz theory). Hence, besides a selection by physicochemical properties, particle-
resonator interactions are moved to the centre stage of the discussion. In this way 
limiting rolling-detachment conditions (derived from the Johnson-Kendall-Roberts 
model) and ordinary damping factors (laterally- /squeeze-film damping… which 
affect quality factor) are considered in a single package. This kind of examination 
enables the determination of an operating frequency range of up to 10 MHz while 
providing geometrical features for an adequate design basis for the resonator. Finally, 
identification by chemical footprints is performed to address hazard concerns related 
to the biological nature of aerosols (Berthelot et al., 2013).

Berthelot B., Moularat S., Géhin É. and Robine E. (2013). Caractérisation chimique des bioaérosols : 
élaboration d’une base de données spectrale. Colloque National “Microbiologie Des Aérosols” 
(MicrobAERO 2013), 7-9 Octobre 2013. La Bourboule.
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Accurate measurements of the atmospheric dust load are necessary in near real-
time for the evaluation of dust models’ performance and for the improvement of 
dust forecasting by their assimilation. While several instruments, both ground and 
satellite based, can provide information about the columnar dust load, only a network 
of ground based lidar can currently provide vertical profiles of aerosol properties with 
sufficient spatial and vertical resolution for such applications. In this direction a set of 
dust-related products is being developed within the European Aerosol Research Lidar 
Network (EARLINET) together with the processing chain to provide them in the near 
real-time.
In this contribution we present the current state of the algorithms and the processing 
system to derive these products. The core of the EARLINET real-time processing 
system is the Single Calculus Chain (SCC) that has been developed as part of the 
quality assurance procedures of the network; the implemented system can analyze 
lidar measurements in near real-time and provide aerosol intensive and extensive 
optical properties. Based on these outputs, the volume and mass concentration - 
together with the algorithms uncertainties - are estimated taking into account the mean 
properties of the basic aerosol types. These estimates are based on the result of routine 
lidar climatological measurements and dedicated measurement campaigns. In this 
contribution we highlight the capabilities of this system using real dust measurement 
examples from European lidar stations.
The research leading to these results has received funding from the European Union 
Seventh Framework Programme (FP7/2007-2013)
ACTRIS under grant agreement no. 262254 and the EU-funded Marie Curie Initial 
Training Network ItaRS.
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The Chinese Loess Plateau in north central China covers an area of 640,000 km2 
and comprises windblown dust preserved as interbedded Quaternary loess and 
soil underlain by Pliocene-Miocene red clay and loess. Establishing the origin of 
this substantial accumulation of windblown dust is critical in the interpretation of 
sedimentary climate proxies from loess, atmospheric patterns and changing climatic/ 
tectonic controls on erosion over the last 22 Ma. This study uses a multi-disciplinary 
approach through zircon U-Pb dating and heavy mineral analysis to attempt to a) 
establish the sources of loess through the Quaternary and b) constrain their variation 
geographically across the plateau. The results point to northern Tibetan Plateau 
sources with some influence from local North China Craton derived material. Sources 
show significant variation across the loess plateau. Sites to the northeast show 
stronger affinities to deserts to the north, which in turn are influenced by North China 
Craton derived material, while western sites share a closer affinity to the Yellow River 
and the Tibetan Plateau. The sections through time show variation in zircon U-Pb 
and heavy minerals, however there is no relationship between these differences and 
glacial/ interglacial periods. This variation demonstrates highly dynamic and variable 
transport modes through time and implies Chinese loess cannot be considered to have 
a uniform source.
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“Air pollution” defines the presence of different kinds of substances or factors 
(physical, chemical or biological agents) in the air, which show a negative impact 
on the human health. The term “biological pollutant” indicates both organisms and/
or parts of them, like the pollens. The pollinosis is a pathology due to the airborne 
allergenic pollens. A definition of “pollen as biological pollutant” makes a distinction 
from simple “allergenic pollens” and “allergenic pollen biological pollutant”. The first, 
are produced by plants useful to humans and animals, but at the same time dangerous 
for their health and daily activities (i.e. Poaceae: cereal crop, forage). The second, are 
produced by plants useless to humans and animals and in addition dangerous for their 
health and daily activities (i.e. Betulaceae, like Betula Cupressaceae, like Cupressus; 
pest weed, like Ambrosia artemisiifolia).
Several evidences supporting this classification. Ambrosia artemisiifolia has its 
probable origin in North America bound for Europe, probably as a contaminant of 
seeds. Currently, in one of the most European infested zones (the North-Western Milan 
area, Lombardy, Italy), it is the main cause of pollinosis and a public health problem. 
A study, carried out during 2008-2010 in a Hospital located in this area, showed 
that 71% of the new patients suffering from pollinosis were allergic to ragweed. A 
recent epidemiological study showed that it involved at least 16.4% of the population 
sampled, with a high percentage of asthma (around 40%).
Birch is the major pollen allergen producing tree in Northern Europe. Betula airborne 
pollen in Europe originates from four native species and two non-native, often planted 
as ornamentals, causing the increasing prevalence of its related allergy, like in the area 
north of Milan (25-40% among the allergy department) while in the city of Milan (10-
15%), where birch is less present.
Cupressus is widely distributed in Europe and often planted as ornamental. A gradual 
increase in the annual amounts of Cupressaceae pollen in the Mediterranean was 
observed since the 1980s, attributed to the increase of its planting. In Europe, allergy 
to Cupressaceae pollen was considered a rarity until 1975. Since then, considerable 
increases in the number of cases has been observed (i.e. in the region of Montpellier, 
allergy to Cupressus is the main cause of respiratory allergy: 46.4% of allergy 
department’s patients), although other studies reported cypress as rarely responsible 
of allergy, despite the high pollen peaks.
Therefore, for the “pollen biological pollutant” our aim is a decrease of the pollution 
level, that is the reduction of the airborne pollen concentrations. 
This objective can be reached in different ways. For the trees and shrubs, it’s necessary to 
decrease and limit the new planting; avoid the new introduction in environments where 
these are not naturally present. For the pest weeds we must contain the widespread. The 
ultimate goal is obviously the protection of public health.
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A new method for chemical characterizations of atmospheric aerosols is proposed. 
Particulate matter (PM) is routinely collected on filters and following characterized 
with several analytical techniques. The most common techniques for compositional 
analysis include atomic absorption spectroscopy (AAS) and inductively coupled 
plasma spectroscopies (ICP). These analyses requires complete sample digestion, that 
may be expensive and time-consuming. Moreover sample contamination and material 
loss may occur.
This sample preparation method consist in sandwiching the filter in two polymeric 
foils, allowing to protect it from external contamination, to avoid any material loss 
and to store it for further investigations.
After preparation the samples can be directly analyzed by several non-destructive 
X-ray based techniques. For example micro XRF studies allow chemical mapping 
and identification of particles composition and micro X-ray diffraction (XRD) allow 
phase analysis. These kinds of information are useful for determination of emission 
sources.
In this context XRF is considered a useful technique, however it does not allow trace 
elements analysis. Total reflection X-ray fluorescence (TXRF) is an energy dispersive 
XRF with a different geometrical configuration which allows higher elemental 
intensities and lower limits of detection [1]. In suitable experimental conditions matrix 
effects can be neglected and TXRF may be competitive with other techniques such 
as AAS and ICP. TXRF appears particularly promising for environmental analysis, 
especially when heavy metals must be detected at very low concentrations.
Recently we demonstrated that TXRF measurements of samples prepared with the 
proposed method, allow the determination of trace elements and quantitative analysis 
by means of external calibration [2].
This method has been successfully applied in a Study of Mn environmental pollution 
assessment due to the presence of Mn-Fe alloy industries in the Brescia province 
[3], and other studies are still ongoing. A comparison with ICP mass spectroscopy of 
digested samples collected in the same sampling area was also performed.

1. Klockenkämper R. (1997). Total Reflection X - ray Flourescence Analysis, John Widely & Sons.
2. Borgese L.,Salmistraro M., Gianonceli A., Zacco A., Lucchini R., Zimmerman N., Pisani L., Siviero G., 

Depero L.E., Bontempi E. (2012). Airbone particulate matter (PM)filter analysis and modelling by total 
reflection X ray fluorescence (TXRF) and X-ray standing wave (XSW). Talanta 89, 99-104.

3. Borgese L., Zacco A., Pal S., Bontempi E., Lucchini R., Zimmerman N., Depero L.E., (2011). A new 
non-destructive method for chemical analysis of particulate matter filters: The case of manganese air 
pollution in Vallecamonica (Italy). Talanta 84, 192-198.
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Impurities contained in snow and ice layers in Greenland provide a record of the 
history of atmospheric dustiness and pollution in the Northern Hemisphere. The 
source of the particles deposited onto the ice cap may be investigated using specific 
intrinsic tracers. Provenance discrimination may then provide valuable constraints for 
the validation of atmospheric transport models as well as for the monitoring of natural 
and anthropogenic aerosols emissions at a global scale.
Clay mineralogy combined with the strontium and neodymium isotope composition 
of the insoluble particles extracted from recent snow deposits at NorthGRIP (75.1°N, 
042.3°W), for instance, enabled us to demonstrate that the Taklimakan desert of 
North-western China was the main source of mineral dust reaching central Greenland 
at present [Bory et al., 2002; 2003]. Here we report the lead isotopic signature of these 
snow-pit samples, covering the 1989-1995 and 1998-2001 time periods.
Unradiogenic lead isotopic composition of our Greenland samples, compared to Asian 
dust isotopic fingerprints, implies that most of the insoluble lead reaching the ice cap 
is of anthropogenic origin. Lead isotopes reveal likely contributions from European/
Canadian and, to a lesser extent, US sources, as well as a marked overprinted 
signature typical of Chinese anthropogenic lead sources. The relative contribution 
of the latter appears to have been increasing steadily over the last decade of the 20th 
century. Quantitative estimates suggest that, in addition to providing most of the dust, 
China may have already become the most important supplier of anthropogenic lead 
deposited in Greenland by the turn of the 20th to the 21st century [Bory et al., in 
press]. The close timing between dust and anthropogenic particles deposition onto 
the Greenland ice cap provides new insights for our understanding of intercontinental 
Chinese aerosols transport.

Bory, A., Abouchami, W., Galer, S.J.G., Svensson, A., Biscaye, P.E. (in press). A Chinese imprint in 
insoluble pollutants recently deposited in central Greenland as indicated by lead isotopes, Environmental 
Science and Technology, doi: 10.1021/es4035655.

Bory, A.J.-M., Biscaye, P.E., Grousset, F.E., (2003). Two distinct seasonal Asian source regions for 
mineral dust deposited in Greenland (NorthGRIP), Geophysical Research Letters 30 (4), 1167, 
doi:10.1029/2002GL016446.

Bory, A.J.-M., Biscaye, P.E., Svensson, A., Grousset, F.E., (2002). Seasonal variability in the origin of 
recent atmospheric mineral dust at NorthGRIP, Greenland, Earth and Planetary Science Letters 196 (3-
4), 123-134, doi: 10.1016/S0012-821X(01)00609-4.
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The interpretation of paleodust records relies largely on our understanding of the 
mineral dust cycle in the present-day climate context. Monitoring modern dust 
deposits is therefore of particular interest, considering that these deposits constitute 
what is ultimately recorded in environmental archives, in marine sediments in 
particular. Characterizing dust deposition fluxes, but also grain size, as well as the 
mineralogical and geochemical composition of the dust deposited at present, may 
in fact provide useful clues for our interpretation of past dust deposits, providing 
that information on provenance and transport systems can be obtained simultaneously 
using satellite images and tri-dimensional back-trajectories. There has been little 
effort, however, to carry out direct measurements of dust deposits, in general, and 
particularly where it might be most useful to do so: at sea, on islands or coastal areas. 
Even in the vicinity of major arid and semi-arid areas such as the Sahara-Sahel region, 
dust deposition data are scarce and isolated, and therefore of limited significance. 
This was the main rationale for launching a continuous sampling of dust deposition 
at Mbour (~80 km south of Dakar) on the Senegalese margin in 2006, as part of the 
African Multidisciplinary Monsoon Analysis (AMMA) framework. The sampling 
site, located under the major corridor for Saharan dust transport, is ideally situated for 
monitoring mineral dust as they reach the North-eastern Tropical Atlantic (NETAO). 
Dust deposits have been collected at a weekly (or better) resolution and we will report 
results obtained so far (part of which were recently published [Skonieczny et al. 
2011; 2013]), including mass fluxes, grain-size, and clay mineralogy measurements 
spanning the first few years of this unique time-series, as well as some additional Sr, 
Nd and Pb isotope ratio measurements obtained during some major dust outbreaks. 
We will then discuss some of the implications our results have on the paleo-dust 
archives retrieved from the NETAO.

Skonieczny, C., Bory, A., Bout Roumazeilles, et al. (2013). A three-year time series of mineral dust 
deposits on the West African margin: Sedimentological and geochemical signatures and implications for 
interpretation of marine paleo-dust records, Earth and Planetary Science Letters 364, 145-156.

Skonieczny, C., Bory, A., Bout Roumazeilles, et al. (2011). The 7-13 March 2006 major Saharan 
outbreak: Multiproxy characterization of mineral dust deposited on the West African margin, Journal of 
Geophysical Research 116, D18210.
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A new, versatile and portable Raman scanning lidar system has been designed and 
developed in the frame of the AMPLE (Aerosol Multi-wavelength Polarization 
Lidar Experiment) project, the first action of the recently founded China-Italy Laser 
Remote Sensing Joint Research Center between the National Consortium of Italian 
Universities for the Physical Science of the Matter (CNISM) and the Beijing Research 
Institute for Telemetry (BRIT).
The AMPLE system has been designed to perform volume scanning of the atmosphere 
and to retrieve high quality 3D map of particulate optical properties and their time 
evolution. The lidar apparatus is able to detect both the elastic lidar returns at 355nm 
and 532nm, and the N2 and H2O Raman lidar echoes at 386nm and 407nm. 
Each detected signal is acquired with a raw spatial resolution varying from 30cm 
to 30m. Moreover, polarization purity of laser line allows to perform polarization 
measurements at both 355 and 532nm.
A measurement campaign has been performed on August 2013 in Dunhuang, close to 
the Gobi desert and far away from the urban area, in order to study sand dust directly 
at source. Lidar measurements allowed to analyse dynamical effects of rising of 
mineral particles from the soil, giving rise to a stable layer at about 1.5km of altitude. 
Simultaneously a vertical oscillation of this “plume” and of the upper bound of the 
upper layer take places.The height of the dust layer is captured in the depolarization 
ratio profile indicating as the dust particles were transported from the surface and 
confined below 4 km of altitude.LR values obtained in the layers highlighted the 
different nature of the particles in each of them, which properties were influenced by 
the water vapour mixing ratio in the atmosphere.
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Due to the high vulnerability to climate change and temperature rise predictions higher 
than the global average, Mediterranean basin and Southern Europe are key areas in 
understanding long-term regional climate change. They are frequently interested by 
the presence of desert dust aerosol transported from North Africa which plays an 
important role in climate system, by affecting the radiation budget of the atmosphere 
and the surface albedo of snow and glaciers surface, also affecting their melting rate.
The variability of long-range dust transport events was observed at Mt. Cimone 
(2165 m a.s.l., 44°11’N, 10°42’E), which is the highest peak of the Italian northern 
Apennines and represents one of the first mountain ridges that Saharan air masses 
encounter during their northward displacement towards Europe and Alpine ranges. 
Dust transport events (DTEs) have been identified since August 2002 at the baseline 
global WMO/GAW (World Meteorological Organization/Global Atmosphere Watch) 
station of Mt. Cimone (CMN) thanks to the analysis of in-situ coarse particle (1 μm ≤ 
Dp≤ 20 μm) number concentrations and outputs from eulerian/lagrangian model (e.g. 
NAAPS, FLEXTRA).
A number of 380 DTEs were identified in the period 2002 -2012, corresponding to 
15% of the investigated. During those days the coarse particle number was 685% 
higher than with respect to rest of the time. It could be noted that 65% of DTEs occurs 
in spring and summer.
With the aim to investigate the impact of dust transport on aerosol optical properties at 
CMN and to study their seasonal variability, it has been observed that both scattering 
and absorption coefficients increased in presence of dust (27.5 ± 19.5 Mm-1 and 2.05 
± 1.41 Mm-1 respectively) compare to the absence of dust (20.9 ± 20.4 Mm-1 and 
1.57 ± 1.51 Mm-1 respectively), while the total aerosol particle number concentration 
decreased (from 2130 ± 1270 to 2530 ± 1690 # cm-3). It has also been observed a 
seasonal variability of all parameters with a summer maximum and a winter minimum.
In this work we will provide hints about long-term variability of DTE frequency and 
intensity (i.e. aerosol load) observed at CMN. The analysis of three-dimensional 
air-mass back-trajectories will allow to provide information about the variability of 
transport patterns and source regions for the mineral dust at CMN, also permitting 
to have a statistical climatology of the optical and microphysical properties of the 
aerosol according to the origin of the air masses.
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Seed treatment is the most modern, targeted and environmentally friendly crop 
protection method. It delivers benefits to the growers allowing them to protect 
their investments in high-value seeds against damages of diseases, insect pests and 
nematodes. Further, modern seed treatment technologies also have a positive effect 
on the environment through the precise placement of seed protectant compounds onto 
the seed and their delivery to the young seedling.
Noticeable bee mortality has been observed in Southern Germany in 2008, in the 
course of sowing insecticide treated corn seeds. While this specific incident could 
be attributed to poorly (below standard) treated seeds, it still revealed that under 
specific circumstances dust emitted from air-assisted planting or drilling equipment 
originating from insecticide treated seeds may pose an unacceptable risk to bees and 
other non-target organism. The crop protection industry and especially the inventors 
and manufacturers of seed treatment chemicals take this risk seriously as bees are 
important and critical for pollination of our food and feed crops.
The Global Seedcare Institute of Syngenta Crop Protection AG in Stein, Switzerland, 
was charged over the last couple of years with the task to get better insights into 
the origin, the physics and the dynamics of dust of raw and treated seeds. Based on 
these insights effective mitigation measures have been developed and implemented 
to secure the coexistence of modern crop protection and bee keeping as fundamental 
technologies for sustainable food and feed production.
The presentation will provide an overview of the key findings on each intervention 
step of dust reduction, the impact of different methods and processes, and map the 
way forward how to limit dust exposure to an acceptable level to secure the seed 
treatment technology as the most modern crop protection technology, fulfilling the 
highest possible safety standards for workers, consumers and the environment.
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The Met Office produces operational dust forecasts from both its global and a number 
of higher resolution regional Numerical Weather Prediction (NWP) models using a 
dust scheme based on that of Woodward (2001, 2011). The global model dust forecasts 
are disseminated over Africa and Europe as part of the WMO SDS-WAS.

The global model includes assimilation of dust observations alongside the standard 
meteorological observations. The dust data assimilation is based on Benedetti et 
al. (2009) using MODIS aerosol optical depth (AOD) observations from both the 
standard (Remer et al. (2002)) and Deep Blue (Ginoux et al. (2010)) retrievals over 
land.

This paper will present an overview of the Met Office dust forecasting capability as 
well as outlining recent developments to the system. These include changes to the 
global model resolution and dynamical core, the assimilation of MODIS observations 
of dust over ocean, and the assimilation of dust observations in a high resolution 
regional model.

Benedetti A, Morcrette JJ, Boucher O, Dethof A, Engelen RJ, Fisher M, Flentje H, Huneeus N, Jones L, 
Kaiser JW, Kinne S, Mangold A, Razinger M, Simmons AJ, Suttie M. (2009). Aerosol analysis and 
forecast in the european centre for medium-range weather forecasts integrated forecast system: 2. data 
assimilation. J. Geophys. Res. 114. doi:10.1029/2008JD011115.

Ginoux P, Garbuzov D, Hsu N. (2010). Identification of anthropogenic and natural dust sources using 
Moderate Resolution Imaging Spectroradiometer (MODIS) Deep Blue level 2 data. J. Geophys. Res. 
115. doi:10.1029/2009JD012398.

Remer L, Tanre D, Kaufman YJ, Ichoku C, Mattoo S, Levy R, Chu DA, Holben B, Dubovik O, Smirnov A, 
Martins J, Li RR, Ahmad Z. (2002). Validation of MODIS aerosol retrieval over ocean. Geophys. Res. 
Lett. 29: 8008. doi:10.1029/2001GL013204.

Woodward S. (2001). Modeling the atmospheric life cycle and radiative impact of mineral dust in the 
Hadley Centre climate model. J. Geophys. Res. 106. doi:10.1029/2000JD900795.

Woodward S. (2011). Mineral dust in HadGEM2. Met Office Hadley Centre for Climate Change, Hadley 
Centre Technical Note: http://www.metoffice.gov.uk/archive/science/climate-science/hctn87.
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This paper describes a preliminary investigation into relationships between sticky-
pad dust data and meteorological factors at two industrial sites. Site one is a large 
construction site near the coast of the Caspian Sea where dust problems are anticipated 
due to strong winds from the north, and was chosen due to the quantity and quality 
of data available. Site two is a small sand and gravel quarry in central England, 
where dust movements towards the north east are monitored due to the proximity of 
a sensitive receptor. It was chosen due to the flexibility available for dust monitoring 
and for contrast with site one. At both sites dust samples were collected on an array 
of sticky-pad directional dust monitors, at site boundaries and progressively closer 
to receptors. Samples were sealed and scanned for dust coverage (Absolute Area 
Coverage - AAC %) and dust soiling (Effective Area Coverage - EAC %). Each site 
also had a weather station, such that results could be examined in relation to antecedent 
rainfall, wind conditions and average temperatures. For this exercise, samples 
were selected on the basis of their exposure to background dust, in order to reduce 
influence from surrounding workings but allow for further work once basic principles 
are in place. Models were developed via a correlation matrix between all weather 
measurements and the relevant temporal dust level. The strongest correlations were 
established, and linear regression was used to explore potential coefficients. Rainfall 
parameters included daily & weekly rainfall, as well as factored rainfall based on 
immediacy. Temperature measurements were averaged over the dust monitoring 
periods and compared to monthly dust trends. Increases in dust were observed at site 
one when temperatures remained high, so a constant was created which reflected this. 
A unique ‘wind-risk’ constant was established with relation to wind direction, strength 
and frequency. Both site models rely heavily on wind speeds from the appropriate 
direction, but site one also had strong seasonal fluctuations based on temperature. The 
final models were made by incorporating all relevant constants to form an effective 
representation of the dusting patterns observed. Models were initially based on an 
original data set and then tested against supplementary data, with encouraging results. 
The model for site one was based on twelve months of data collected before model 
inception, with a further six months available for model evaluation. The model had 
a correlation value (R2) of 0.66 against the original data set and correlation of 0.78 
against the additional data. Site two’s model was based on six months of data with 
monitoring ongoing to date, with a correlation value of 0.69. Both models therefore 
demonstrate strong links between nuisance dust flux and specific weather parameters. 
Improvements being considered include refining dust predictions to daily risk levels 
and adaptation to additional sites.
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Particulate Matter (PM) sensing is important, as medical science has revealed severe 
health effects and society develops an increasing awareness. Around the world, the 
permitted PM mass concentration is regulated. Standard gravimetric measurement 
provides accurate 24-h-means (μg/m3), but stations are large, static and expensive. 
Enabling real-time capable, distributed dust sensing entails several challenges, chief 
among them Instrumentation, Coverage, Intelligence, Calibration and Incentivation. 
Additionally, while a technique may be suitable for a controlled sensor network, it 
may not work for other approaches, such as Participatory Sensing (PS), which by 
involving citizens in the data collection can enable sensing at a much larger scale.
Alternative PM instrumentation has become available, most of which uses laser 
scattering to enable mobile real-time measurements. Example projects using such 
devices are the tram-based OpenSense in Zurich, Switzerland, and the Aeroflex bicycles 
in Antwerp, Belgium. However, for large-scale scenarios, such devices are still too bulky 
and expensive. Low-cost commercial off-the-shelf (COTS) particle sensors are suitable 
for large distributed applications, provided they are frequently calibrated and their data is 
processed intelligently. Such intelligence is strongly related to the aspects of coverage 
and calibration. While not as large an issue in controlled scenarios, PS campaigns 
or vehicular networks require suitable algorithms to ensure data quality. CabSense in 
Shenzen, China e.g. employs a sparse signal reconstruction algorithm, which allows the 
creation of pollution maps from few noisy samples. We also propose cross-calibration 
to calibrate COTS sensors - both with or without reference equipment - for the use in 
volatile sensing scenarios. Finally, incentivation is an important aspect in scenarios 
involving participation. Within the first day of the recently started PiMi project in Beijing, 
China, over 500 people applied for a PiMi box (cheap, networked indoor air quality 
monitor). This shows both a large social attention and intrinsic motivation. To maintain 
high motivation, we propose adding extrinsic incentives using Gamification elements.
We expect that a system addressing the presented challenges in a combined, holistic 
approach would be most suitable for low-cost, distributed PM sensing: Motivated 
citizens traversing the smart city they live in operate cheap mobile instrumentation, 
the data of which is intelligently combined to ensure high data quality and coverage.

Budde M., Busse M., Beigl M. (2012) Investigating the Use of Commodity Dust Sensors for the Embedded 
Measurement of Particulate Matter, Proc. Int. Conf. on Networked Sensing Systems, p. 1-4.

Budde M., El Masri R., Riedel T., Beigl M. (2013) Enabling Low-Cost Particulate Matter Measurement for 
Participatory Sensing Scenarios. Proc. Int. Conference on Mobile and Ubiquitous Multimedia.

Carminati, M., Sampietro, M., Carminati, G. (2011) Analysis of instrumentation performance for distributed 
real-time air quality monitoring. EESMS Workshop 2011, p. 1-6.

Yu X., Fu Q., Zhang L., Zhang W., Li V. O. K., Guibas L. (2013) CabSense: Creating High-resolution 
Urban Pollution Maps with Taxi Fleets. ACM MobySys 2013.
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The west coast of India, in particular, south of Mumbai and the adjoining Western 
Ghat plateau mountains receive rainfall over 250 cm/yr. The Eastern Arabian Sea 
off these regions is one of the high primary productivity regions of the Arabian Sea 
due to high river runoff as well as upwelling. This region is also unique in terms of 
the prevalence of humid climate that would be ideal for distinguishing atmospheric 
pollution and long-range transport of aerosols/dusts.

The southern part of the west coast of India, particularly around Mangalore (13° 
N latitude) receives about 40% excess annual rainfall than the average of the west 
coast India which is under rapid urban development as well as industrialization. 
Therefore, an attempt has been made here to distinguish the sources of suspended 
particulate matter (SPM) in the rain, atmospheric aerosols/dusts based on geochemical 
characterization. Using bulk precipitation collector, atmospheric samples have been 
collected on terrace of tall buildings once in a fortnight covering almost seasons of the 
year. Samples were filtered immediately and spitted into two parts for measurements 
of physico-chemical parameters and, major and trace elements.

Generally, alkali and alkaline earth elements (Na, K, Ca and Mg) in the SPM are 
enriched by factors of 2 to 10, but depleted in Al, Fe, Mn and Co by almost similar 
factors compared the background soils around the area of investigation, suggesting the 
dominance of long-range transport of SPM rather than that entrained from the terrain. 
The SPM collected during the pre-monsoon (spring inter-monsoon) particularly 
enriched with former group of elements as a result of the decrease in rainfall. The 
hazardous trace metals (Ag, As, Cd, Cu, Zn, Ni, and Pb) are enriched by factors of 2 
to 50 as compared to their concentration levels in the background/local soils near the 
study area. This is due to impact of anthropogenic activities like automobile exhaust 
gases, biomass burning, as well as emission particles from ferrous and non-ferrous 
industries. The contamination levels of trace metals found to be maximum during the 
winter owing to dry weather condition. Though the computation of airmass trajectories 
suggest that the influence of long-range transport of aerosols/dust from arid regions 
surrounding the Arabian Sea to the study area, however, this study indicates that 
atmospheric particles from remote regions are diluted by the dominant emission of 
the local anthropogenic particles.
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Seed drilling machinery is as important an agricultural tool as pesticide application 
equipment and the use of seeds treated with pesticides is generally recognised as a 
comparatively efficient and environmentally acceptable method of crop protection. 
However, addressing the environmental effects of seed treatment active substances 
leaving the drilled field by any route other than surface-water run-off or drainage has 
not been considered until recently.

The potential for adverse environmental impacts of dust emissions from seed 
drills requires some estimates of environmental exposure to be available for risk 
assessments. Such exposure assessments are generally based on predictions from a 
model, either an empirical (e.g., data-based) or a mechanistic model, and it is possible 
that the approaches which have been developed for non-target exposures to spray drift 
could be adapted for risk assessment for dust exposures.

However, there are significant differences between the droplets in a drifting spray 
plume and the dust generated during seed drilling which add to modelling complexity. 
These include the density of dust particles which can vary with particle size, unlike 
conventional sprays; the varying amount of active ingredient associated with different 
particle sizes; the in-flight behaviour of particles which are not spherical; and to which 
can be added the difference in emission route of the dust from the various drilling 
machine types.

Exploring the effects of application practices and different seed treatment processes 
(e.g., pre-cleaning steps, stickers, waxes) which will influence the characteristics of 
the emitted dust as well as environmental parameters (e.g., climate, field structures) 
which in turn will influence the downwind dispersion, would require inordinate 
resources for field trials. Therefore, Silsoe Spray Applications Unit, supported by 
Bayer Crop Science AG are developing a dust drift model to be used initially to explore 
the above mentioned variables but with a more general aim of eventually developing 
a regulatory acceptable model as part of a tiered approach for the registration of seed 
treatments. This paper explores the principal hurdles to building such a model and 
outlines progress to date.
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Gran Canaria is located off the west coast of North Africa, and close to the Sahara 
Desert, a major source of natural mineral particles (NMP). The island is frequently 
impacted by Saharan dust (about 30% of the time each year, with an average duration 
of 3-5 days per event). The annual deposition rate is 15.6 g/m2, and the mean grain-
size is 15µm, with about 20% being <5 µm. In 2010, the Dr. Negrín Hospital in Gran 
Canaria served a population of approximately 330,000 individuals and 2,856 patients 
attended the Emergency Department (ED) for respiratory condition. That year we 
conducted an epidemiological survey together with an air quality study, the latter 
being the quarterly monitoring of a group of 24 adult outpatients at the hospital (12 
with mild asthma and rhinitis, and 12 with moderate to severe asthma and rhinitis). 
During each visit, a full medical examination was performed on each patient, including 
simple spirometry and bronchial inflammation tests (measurement of exhaled nitric 
oxide). Patients also completed validated standard and linguistic tests (quality of 
life in rhinitis and asthma, asthma control test and overall health status). Similarly, 
symptoms were recorded on a card by the patients at home, on a daily basis, including 
ocular, nasal and bronchial conditions and lung function (Peak Flow registration). 
The medications were reviewed in order to assess the clinical and functional status 
of each patient. Over the same period, the most frequently respiratory conditions 
diagnoses at ED of Dr. Negrín Hospital were asthma, chronic obstructive pulmonary 
disease and pneumonia; besides aerosol samples were collected on a weekly schedule, 
with Airmetrics MiniVol® filter samplers (5 l/min). The PM2.5 filters were analyzed 
for elemental composition, water soluble ions, carbon, mineralogical content, and 
individual particle morphology by Scanning Electron Microscopy. Analysis of 
variance (ANOVA) and Spearman correlation coefficients were applied to the air 
quality and clinical and emergency data. No statistically significant relation between 
the rate of emergency admissions, pulmonary conditions, consumption and elevated 
dust levels could be established from our data set.
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Volcanic emissions represent one of the most relevant natural sources of trace 
elements to the troposphere. Due to their potential toxicity they may have important 
environmental impacts from the local to the global scale. Etna volcano is known as 
one of the largest global contributors of magmatic gases (CO2, SO2, and halogens) 
and particulate matter, including some toxic trace elements (Calabrese et al., 2011).
Filter samples were collected at Etna volcano (Sicily) on summer 2010 and 2011. 
Three sampling points were chosen according to location of main volcanic activity 
and intensity. The sampling was performed by a high volume air sampler (Staplex 
Model TF-1A) using PTFE filters. The total particulate concentrations ranged from 
about 50 μg/m3 (local background) to more than 1000 μg/m3 close to the crater rim. 
Particle size and micromorphology of Etna particulates with size ranging from 0.5 to 
10 μm were investigated using a scanning electron microscope by secondary electron 
(SE) imaging. Qualitative EDS analyses were carried out to acquire elemental 
compositions. As a result, different clusters of particles can be discriminated on the 
basis of morphology and/or composition allowing to classify the aerosol particles 
into four groups: silicates, Fe/Ti oxide, sulfates, halides (chlorides and fluorides) 
and polygenic particles. In addition, the bulk chemical composition of aerosols was 
determined by using ICP-MS after total acid digestion (HNO3-HF-HClO4) of the 
filters and 46 elements were determined. The results show a significant enrichment 
in the filters collected in the summit area in contrast with the local background. In 
particular, the most abundant elements were Si, Al and Fe (up to 100-200 µg/m3), 
followed by Ca, Na, Mg, K, Ti (ranging from 10 to 50 µg/m3). Among with major 
constituents of aerosols, high concentrations of potentially toxic elements were found 
(As, B, Cu, Pb, Se and Tl, ranging from 0.2 to 2 µg/m3). Chemical and mineralogical 
results clearly allow to discriminate two main constituents of the particles: the former 
is mainly referable to the silicate component in the volcanic plume, like lithic and 
juvenile fragments, crystals (e.g. plagioclases, pyroxenes, oxides) and shards of 
volcanic glass; the second one is linked to the soluble component like sulfosalts or 
halide minerals (sulfates, chlorides and fluorides).

Calabrese S., Aiuppa A., Allard P., Bagnato E., Bellomo S., Brusca L., D’Alessandro W., Parello F. (2011) 
Atmospheric sources and sinks of volcanogenic elements in a basaltic volcano (Etna, Italy). Geochimica 
et Cosmochimica Acta, 75. pages 7401-7425
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Explosive eruptions and volcanic passive degassing inject large quantities of gas 
and particles into the atmosphere that are ultimately deposited at the Earth’s surface 
through wet or dry deposition processes, affecting the atmosphere, the hydrosphere and 
the biosphere. Mount Etna (Italy) is one of the most prodigious and persistent source 
of gases and particles to the troposphere (Calabrese et al., 2011). Volcanic emissions 
were studied at Etna volcano by using moss-bags technique. Mosses (Sphagnum 
species) were exposed around the volcano at different distances from the active vents 
to evaluate the impact of its emissions into the atmosphere and in the local surrounding. 
Chemistry, micromorphology and mineralogy of volcanic particulate intercepted by 
mosses were investigated using scanning electron microscopy (SEM) equipped with 
energy dispersive spectrometer (EDS). Concentrations of major and a large suite of 
trace elements were analysed by inductively coupled mass and optical spectrometry 
(ICP-MS and ICP-OES) after total acid digestion. The results confirmed the huge 
amount of silicates, sulfates and halides compounds emitted into the atmosphere from 
Mount Etna. X-ray microanalysis showed that chemical composition of the particles 
is mostly defined by silicate (from pure silica to metal-rich silicate composition) and 
sulfate/halide compounds. The contents of major and trace elements in the Sphagnum 
moss-bags significantly increased after their exposure to volcanic emissions, 
confirming mosses as efficient accumulators. Metals uptake rate rapidly decreases 
with the distance from the volcanic emission vents. The elements that showed the 
greatest accumulation after exposition were S, Na, Fe, Al, Cu, V, As, Cd, Li, Se, Sc, Th, 
Bi, Tl. This study confirmed the marked environmental impact of volcanic emissions 
in the eastern sector of Etna, leading to an intense “geochemical anomaly” of volatile 
major and trace elements due to the fumigation by the volcanic plume, in agreement 
with passive biomonitoring studies reported by previous authors. Finally, moss-bags 
techniques provide a cheap and efficient method to investigate quantitatively in space 
and time the environmental impact of volcanogenic atmospheric deposition.

Calabrese S., Aiuppa A., Allard P., Bagnato E., Bellomo S., Brusca L., D’Alessandro W., Parello F. (2011) 
Atmospheric sources and sinks of volcanogenic elements in a basaltic volcano (Etna, Italy). Geochimica 
et Cosmochimica Acta, 75. pages 7401-7425
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In this work we analyze air quality data applying a general spatio-temporal modeling 
approach for the handling of environmental phenomena characterized by spatial and 
temporal variability. By means of a hierarchical specification which binds an observed 
process to latent processes not directly observable, this approach allows an efficient 
interpretation of phenomena related to air pollution and is useful to suitably estimate 
and manage the several uncertainties related to environmental analysis (such as the 
spatio-temporal variation, the use of helpful meteorological information, accidental 
variability and so on) as proposed in Fassò and Finazzi (2011). The main purpose of 
the application of the hierarchical multivariate spatio-temporal model is to estimate 
daily dynamical maps of particulate matters (PM10) and nitrogen oxides (NO2) 
concentrations and of the related uncertainty regarding the Italian region of Apulia. 
For this aim, the official data of the air quality monitoring network of Apulia are used, 
together with the meteorological data contained in the database of the Meteorological 
Service of Apulia Region. The almost real-time mapping (the maps concern the 
previous day or the day which the most recent data are available for) is obtained 
through an implementing strategy consisting in the daily estimation of the spatio-
temporal model which takes in consideration only data related to the last n days. Such 
approach allows to neglect very old data and to update the parameters of the model 
day by day. The maximum likelihood estimation of the parameters of this model 
is based on the EM algorithm and is achieved by means of the D-STEM software 
(Distributed Space Time Expectation Maximization), a statistical tool for the analysis 
and mapping of environmental space-time variables (Finazzi and Fassò, 2013). The 
software is able to handle multiple variables with heterogeneous spatial supports, 
unbalanced sampling networks and missing data without needing data imputation 
or interpolation. Besides, in order to deal with the computational complexity of the 
estimation of multivariate hierarchical models, the Bari INFN high performance Grid 
computing infrastructure is used. Some main results, in terms of concentrations and 
related uncertainty maps, are shown in order to highlight potentiality and usefulness 
of the proposed approach in the context of official environmental communication 
especially in the case of violations of concentration limits.

Fassò A., Finazzi F. (2011). Maximum likelihood estimation of the dynamic coregionalization model with 
heterotropic data. Environmetrics, 22, 735 - 748.

Finazzi F., Fassò A. (2013). D-STEM: A software for the analysis and mapping of environmental space-
time variables. Submitted.
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Continuous measurements of PM10 and PM2.5, aerosol size distribution and 
meteorological parameters are performed at the CNR-ISAC Climatic Observatory of 
Lamezia Terme, located 500 m inland from the Tyrrhenian coastline, installed in the 
framework of I-AMICA project in summer 2013. These measurements, together with 
wind LiDAR observation, are available in near-real time on I-AMICA web site (http://
www.i-amica.it/i-amica/?page_id=1122).
The position of the Observatory allows investigating the variability of natural 
emissions, such as sea-spray aerosols, mineral dust (i.e., from Sahara desert), as well 
as of volcanic activities of Etna (about 170 km SSW from Lamezia) and Stromboli 
(about 85 km).
In this work we focus on the special event on 19 November 2013, when an increase of 
factor 10 of PM10 levels with respect to the previous average was recorded. The aerosol 
size distribution shows that the main increase was observed in the coarse fraction, 
generally ascribed to particles mechanically originated (sea spray, dust, volcanic 
ash). A SEM-EDX quantitative analysis of the daily filters was performed for the 
period 18-20th November. The first analysis allowed recognising on 19Th November 
many sulphur-rich minerals (e.g. gypsum) and particles with silicatic composition, in 
addition to halite, lime and organic particles also registered during the other days. The 
composition of analysed particles points to an origin from a volcanic plume, including 
ash fragments and salts formed by the condensation of plume gas. 
In the night between 16th and 17Th November an explosive eruption, which originated 
an eruptive column moving NE, occurred at Etna. The analysis of Hysplit three-
dimensional back-trajectories ending in Lamezia together with MOLOCH (MOdello 
LOCale in H coordinates) meteorological forecasts confirm the possible origin of the 
sampled aerosol from Etna volcanic plume. Additional analysis will be performed for 
the identification of aerosol sources.

Acknowledgements - The CNR Climatic Observatory of Lamezia Terme is funded 
within the Project “Infrastructure of High Technology for Environmental and Climate 
Monitoring” (I-AMICA, PON03-00363) by the Italian National Operative Program 
(PON) and European Regional Development Fund.
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This paper presents several pollution episodes with desert dust, over Timisoara city, 
originated from Africa during 2011 and 2012. Desert dust intrusions were observed over 
Romania by using ground-based measurements and air mass trajectory calculations. 
The study is relying on detailed physical, chemical and optical aerosol properties, data 
collected from the sun photometer located in Timisoara, Romania. These instruments 
have the advantage that they are able to monitored continuous aerosol optical depth 
(AOD), with high accuracy, fact that is essential for the measuring procedure. The 
type of aerosol particles was determined by means of AOD, Angstrom coefficient, 
single scattering albedo, volume size distribution and real part of refractive index. 
Dust desert dispersion was investigated by using HYSPLIT model.
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Measurements of aerosol size distribution is mandatory to validate compliance with 
environmental and industrial hygiene regulations in many countries. However, many 
of the instruments used to perform measurements of particulate size distribution are 
questionned with regard to their impact, or bias, on the real size distribution because 
part of the particulates adhere to surfaces of the sampling system before reaching 
the measuring area or collecting filters. Furthermore, many of the apparatus used do 
not allow measurements of liquid aerosols size distribution because their sampling 
method uses pumps and tubes that prevent the droplets to reach their measurement 
section. Finally, real-time in-situ measurements of dust without physical sampling of 
air, that has an impact on the dust size distribution itself, are not currently possible 
with affordable systems if any.

This new device, based on light scattering by aerosols, allows to perform measurements 
of the dust size distribution in open air without requiring physical sampling of the 
particulates. Its working distance is typically 1 to 5 meters but could be extended 
to few tens of meters. It is suited to work in most typical concentration range used 
for regulation purposes from few µg/m3 to more than mg/m3. The size distribution 
measurement possible typically ranges from 0.3 µm to more than 20 µm in diameter. 
This measuring system is weakly sensitive to the particulate composition making it 
capable to address a large spectrum of particulate composition having different optical 
properties ranging from silica to coal and even liquids. Its standoff operating principle 
also should make it adapted to work in difficult environment such as the monitoring 
of industrial processes as within plume stacks of power plants. It also makes it very 
undemanding in maintenance making its deployment on long period at large scale 
less demanding budget wise. Its real time measurements capability with few second 
response time will make it a perfect instrument for deployment of distributed arrays 
of it allowing large territory monitoring for smart cities.

Results demonstrating the device capability and limits will be presented as well as 
examples of possible deployments and uses for smart city monitoring applications.
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Dust input to the landscape plays an important ecological role on a global scale. 
Seminal work on the Hawaiian Islands has demonstrated that dust provides nutrients 
for ecosystem development and maintenance in volcanic terrains (e.g., Crews et al., 
1995; Vitousek et al., 1997). We review the bedrock geochemistry of volcanic islands 
(Galápagos, Azores, Canaries, South Shetlands) from different climatic regions with 
a variety of aeolian dust fluxes. We document fluvial chemical weathering fluxes, 
denudation rates, and soil geochemical profiles; using dust fluxes estimated from 
Duce et al. (1991), we also examine the role of dust input into soil and ecosystem 
development. Mean annual temperature from the South Shetlands and Canary Islands 
are used to predict Σcations from chemical weathering and atmospheric fluxes of P, 
based on the relationship developed by Dessert et al. (2003). Recent measurements 
from South Shetlands (Lyons et al., 2013) yield Σcations, corrected for precipitation 
inputs, of 6-10 mg L-1. Chemical weathering fluxes are computed using the first 
100 ka loss rates for the Hawaiian Islands (Chadwick et al., 1999); values for other 
locations were determined by comparing mean annual rainfall to Hawaiian mean 
annual rainfall. Furthermore, to assess the process of rock transformation into soil, 
we compare elemental losses or gains and the role of dust in ecosystem maintenance 
with estimates for Hawaii. Our calculated atmospheric phosphorus fluxes range from 
9 mg m-2 a-1 for South Shetland to 120 mg m-2 a-1 for the Galápagos. The Galápagos 
Islands have the lowest calculated P weathering flux (2.5 mg m-2 a-1). That estimate, 
along with the observation that most dust reaching the Galápagos originates from 
high nitrate soils of the Atacama Desert (Windom, 1975), suggests the Galápagos 
ecosystem may be extremely P-limited.

Chadwick O., Derry L., Vitousek P., Huebert B., Hedin L. (1999) Changing sources of nutrients during four 
million years of ecosystem development. Nature 397, 491-497.

Crews T., Fownes J., Kitayama K., Mueller-Dombois D., Riley R., Scowcroft P., Vitousek P. (1995) 
Changes in soil phosphorus and ecosystem dynamics across a long soil chronosequence in Hawaii. 
Ecology 76, 1407-1424.

Dessert C., Dupré B., Gaillardet J., François L., Allègre C. (2003) Basalt weathering laws and the impact of 
basalt weathering on the global carbon cycle. Chemical Geology 202, 257-273.

Duce R., Liss P., Merrill J. and 19 others (1991) The atmospheric input of trace species to the world ocean. 
Global Biogeochemical Cycles 5, 193-259.

Lyons W., Welch K., Welch S., Camacho A., Rochera C., Michaud L., Dewit R., Carey A. (2013) 
Geochemistry of streams from Byers Peninsula, Livingston Island. Antarctic Science, 25, 181-190.

Vitousek P., Chadwick O., Crews T., Fownes J., Hendrick D., Herbert D. (1997) Soil and ecosystem 
development across the Hawaiian Islands. GSA Today 7, 1-9.

Windom H. (1975) Eolian contributions to marine sediments. J. Sedimentary Petrology, 45(2), 520-52
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Although the awareness for the severe health risks (mainly cardiovascular and 
respiratory pathologies) caused by the exposure to particulate matter (PM) is growing 
worldwide, effective air pollution contrasting strategies are still to be identified. The 
development of better PM dispersion and exposure models (Lonati, 2011) would 
significantly benefit from the capillary diffusion of portable and low-cost single-
particle detectors providing unprecedented spatiotemporal resolution.
We propose a novel fine dust detection technique based on attoFarad-sensitivity 
measurements. We quantify the capacitance variation induced by the transit or deposition 
of a single PM particle over the coplanar electrodes (spaced by 4 μm) of a microcapacitor, 
where air is the top dielectric. The results of finite element simulations are presented 
and design guidelines for optimal electrode layout discussed. The numerical simulations 
are substantiated by experimental results. Initially, the feasibility of single particle 
detection is experimentally demonstrated using single 20 and 10 μm polystyrene beads. 
Subsequently, a more realistic testing is performed using well characterized powder 
samples (industrial talc and laser printer toner) having the same (8 μm) average size 
but different permittivity. The powders are suspended in air in a mixing chamber and 
pumped into a microfluidic detection chamber (realized in PDMS) with integrated 
microelectrodes. The deposition of single particles is tracked in real-time (with 10 
ms time resolution) by recording capacitance variations (with 2 aF resolution) with a 
customized low-noise electronic front-end and adopting a differential sensing scheme. 
Our approach offers single particle detection and particle size discrimination 
capabilities and, differently from mass sensitive microresonators (Paprotny, 2013), 
is suitable for a monolithic MEMS implementation. This step will enable a radical 
miniaturization of the detector, which could be embedded in portable personal 
devices, such as smartphones, for pervasive indoor and outdoor real-time air quality 
monitoring, personal dosimetry in workplaces and participatory air pollution mapping 
in smart cities. Furthermore, the integration of the readout electronics in a CMOS 
microtechnology will allow the finer (zeptoFarad) resolution (Carminati, 2011) 
necessary for the detection of PM1 and submicron PM.

Lonati G., Ozgen S., Ripamonti G., Cernuschi S., Giugliano M. (2011). Pedestrian exposure to size-
resolved particles in Milano. J. Air Waste Manage. Assoc., 1273-1280.

Paprotny I., et. al, (2013). Microfabricated air-microfluidic sensor for personal monitoring of airborne 
particulate matter: design, fabrication, and experimental results. Sensors and Actuators A, 506-516.

Carminati M, Ferrari G., Guagliardo F., Sampietro M. (2011). ZeptoFarad capacitance detection with a 
miniaturized CMOS current front-end for nanoscale sensors. Sensors and Actuators A, 117-123.
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Hitherto, one of the crucial challenges of aerosol remote sensing is to ensure a 
continuous monitoring of dust plumes in Northern Africa. As a matter of fact, the 
capability of aerosol detection over bright targets like the Sahara region has been 
proved difficult by state-of-the-art algorithms such as MODIS-based. The solving of 
this issue represents a key objective of the present initiative AERUS owing to an 
enhanced separation of the top-of-atmosphere radiative flux arising from aerosol and 
surface components. This study demonstrates that a simultaneous retrieval of surface 
albedo and aerosol properties can be performed, leading to an accurate quantification 
of the aerosol load in the atmosphere. In contrast with the classical spectrally- 
and spatially-based retrieval methods, AERUS method is based on a directional 
and temporal inspection of the satellite signal. The proposed method carries out a 
discrimination between the directional signatures of the surface, on the one hand, and 
those of aerosol particles, on the other, using a semi-empirical kernel-driven model 
for the surface/atmosphere system. As a result, tracking rapid variations of surface 
properties or sudden aerosol episodes becomes possible even over desert areas.
The application of the proposed method to MSG/SEVIRI observations is carried out 
over Europe and Africa. The SEVIRI-derived AOD estimates compare favourably with 
measurements of several AERONET stations, MODIS-derived (Moderate Resolution 
Imaging Spectro-radiometer), and MISR-derived (Multi-angle Imaging Spectro-
Radiometer) products within a 20% of accuracy. Furthermore, the higher number 
of AOD products in time from SEVIRI provides the means to quantify the aerosol 
radiative forcing in a more accurate manner than using low-orbit satellite data. The 
method proves to be competitive, not only to track anthropogenic aerosol emissions 
in the troposphere but also to estimate dust events over bright targets. The AERUS 
algorithm is being implemented in the ICARE thematic centre based in France (http://
www.icare.univ-lille1.fr), which will disseminate an operational daily AOD product 
at 670 nm over the MSG disk starting in mid-2014.
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Although on deck and in situ fertilization studies in the last two decades confirmed the 
central role of iron as limiting the primary production in the Southern Ocean (Moore 
et al., 2013), the role of dust in delivering biologically significant amounts of iron 
to this system remains elusive (e.g., Cassar et. al., 2007; Johnson et al. 2011). Here, 
we approach the study of Patagonian dust fertilization employing two different tools: 
(1) an orbital remote sensing study on inter-annual scale; and (2) the first microcosm 
fertilization experiment with Patagonian dust, performed in November 2012 on the 
Drake Passage (59ºS/58ºW). The SCIAMACHY Absorbing Aerosol Index (AAI) was 
used as a proxy of annual dust activity within Patagonia source regions. The AAI 
series was correlated with SeaWiFS chlorophyll-a (Chl) and phytoplankton carbon 
(Cphyto) over the Atlantic Southern Ocean. The resulting correlation map shows a 
zonal area of strong positive correlation between the Subtropical Front (STF) and 
the southern boundary of the Antarctic Circumpolar Current (ACC-SB) for both Chl 
and Cphyto. This zone is generally restricted to the north of the Polar Front (PF), a 
region with seasonal depletion of silicate below average limiting levels for diatom 
growth. This suggests that the correlation could be related to the effect of iron on 
the diatom silicate resource ratio. To experimentally confirm the effect of modern 
dust flux on the phytoplankton, we performed a microcosm fertilization experiment 
using standard clean methods. Water was sampled with a vacuum pump, filtered in 
line with a 200 μm mesh to remove large herbivores, and distributed in eight acrylic 
recipients of twenty litters. The system was kept in deck for twelve days under reduced 
(30%) natural light and circulating sub-superficial water to control temperature. Dust 
additions were defined using compilations of mixed layer depth and several models of 
dust deposition to the Drake Passage. Duplicates for control (‘A’) and three different 
addition levels were used: minimum (1 μg L-1; ‘B’), average (10 μg L-1; ‘C’) and 
maximum (100 μg L-1; ‘D’). At the end of the incubation, all dust addition treatments 
shown above control increase of 665 nm absorbance (Chl) and cellular abundance, 
suggesting fertilization effects for all treatments. Combined, these results suggest the 
Patagonian dust deposition could exert biological influence on a wide spatial scale 
even at the low modern flux.

Cassar N. Bender M. Barnett B. Fan S. Moxim W. Levy H. Tilbrook B. (2007). The Southern Ocean 
biological response to aeolian iron deposition. Science, 317(5841), 1067-70.

Johnson M. Meskhidze N. Solmon F. Gassó S. Chuang P. et al. (2010). Modeling dust and soluble iron 
deposition to the South Atlantic Ocean. J. Geophys. Res., 115(D15), 1-13.

Moore M. Mills M. Arrigo K. Berman-Frank I. Bopp L. Boyd P. Galbraith E. Geider R. Guieu, C. et al. 
(2013), Processes and patterns of oceanic nutrient limitation, Nat. Geosci., 6(9), 701-710.
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Atmospheric particles originate from a variety of sources, both natural and 
anthropogenic. While aerosol pollutants such as NOx and SOx are mainly from 
industrial activities, airborne natural mineral dust has existed as long as there has 
been loose particles and wind on earth. The total aerosol load in the atmosphere, as 
well as their metal chemistry and microbiological composition, have been shown to 
be strongly influenced by presiding climate systems and presence of dry land areas 
(deserts) and industrialized areas. Hence, natural dust is a form of geologic emission, 
arising from arid land areas, or from any human activity disturbing the earth’s surface 
such as mining, agriculture, construction, etc.
Health effects from exposure to particulate matter have been widely described in the 
medical respiratory diseases literature. Direct contact with potentially harmful inhaled 
particles and the fine, fragile airways contributes to making the respiratory system a 
major target for dust and toxic agents. But toxic agents carried by dust can also exert 
adverse effects in other parts of the body as they are dissolved in the lung and absorbed 
into the blood stream. It is not only the inhalation pathway that needs to be considered, 
but also the increased exposure from dust deposition on edible crops and in drinking 
water sources. Thus, in order to set up preventive measures and regulations for dust 
levels to ensure public health, it is critical to gain knowledge about the potential health 
effects of environmental dust exposure. Geological information on dust sources, 
processes that affect mobilization, and transport of dust, as well as toxicological 
information on the effects and pathways of dust particles through respiratory organs 
are needed. In addition, careful studies on dust levels, chemical composition, and 
environmental pathology are required. Of relevance is the emerging field of Medical 
Geology, which is aimed at assessing the impacts of natural environmental risk factors 
and processes on animal and human health. This session stresses the global scale of 
the problem, in terms of its environmental, chemical, and human health implications.

Suggested reading:
1. Centeno JA. (2008). J. Environ. Monit.,10,266.
2. Centeno JA. (2008). Interciencia, 33,169-171.
3. Lettino A., Fiore S. (2013). Sci. Tot. Environ., 464, 404-413.
4. Selinus O., Alloway B., Centeno J.A., et al. (Eds) (2005). Essential in Medical Geology, Elsevier.
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The singular surface theory has been used to study different modes of wave propagation 
and its culmination into discontinuities at the wave fronts in a plane, cylindrically and 
spherically symmetric flow of a non ideal, dusty gas. The transport equation for the 
jump discontinuity has been obtained. The equation so obtained is of Bernoulli type. 
The effects of dust particles which enter through different parameters such as the 
mass fraction of the solid particles in the mixture, the ratio of specific heat of the solid 
particles to the specific heat of the gas, the ratio of the density of the solid particles 
to the species density of the gas are studied in detail. The effect of non ideality which 
enters through the Van der Waals excluded volume, on the formation of shocks has 
also been investigated. The present work is concerned with the cases when the mass 
concentration of the particles is comparable with that of the gas. 
The results show that the solution of this type of equation breaks down at some critical 
time. This indicates the formation of shock wave at that instant and a compression 
wave culminates into a shock at finite time only when the initial discontinuity 
associated with the wave exceeds a critical value.
It was observed that as time ‘t’ increases, the jump discontinuity decreases and tends 
to zero as ‘t’ becomes infinite. Also an increase in any of the parameters i.e. mass 
fraction of the solid particles in the mixture, the ratio of specific heat of the solid 
particles to the specific heat of the gas, the ratio of the density of the solid particles to 
the species density of the gas results in a decrease in the jump discontinuity, whereas 
an increase in the non ideal parameter ‘b’ leads to an increase in jump discontinuity.

Radha, Ch., Sharma, V.D, and Jeffrey A.,(2002). An approximate analytical method for describing the 
kinematics of a bore over a sloping beach, Application Analysis 81, 867-892.

Shyam R., Singh, L.P. and Sharma, V.D., Steepening of Waves in Radiative Magnetohydrodynamics(1986) 
Acta Astronautica 13, 95-100.
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Tephra ash from the Alaskan Mt. Redoubt 4 April 2009 eruption reached Prague in 
twelve days. In 2010, the multiproxy studies of the material collected during a rare 
dust deposition event of the 16th April 2009 confirmed that a significant proportion 
of the lithic-mineral particles emitted from the Redoubt Volcano occurred. The 
mineralogically, chemically and physically orientated analytical data represent real 
evidence that about 15 to 20 wt. % content of this unusual event sediment was of Mt. 
Redoubt provenance. The high tropospheric backward trajectories show a perfect match 
with the theoretical paths of the transport which had to be considered as jetstream-
mediated. With regard to composition of the dust particle mixtures, reloading of the 
particles between these high speed winds and turbulent mixing within the tropopause 
folds was a possible mechanism that significantly contributed to the mass and lifetime 
of these large but dynamically light particles. In spite of the general prevalence of 
dacitic-rhyolitic tephra fragments (few μm to 40-50 μm long), crystalloclasts, crystals 
and aggregates of pyroxenes, amphiboles, high-Na, Fe anthophyllite, bytownite-
labradorite, crystalline quartz, zeolites, and also titanomagnetite in small fragments 
of fresh volcanic microclasts were identified.The presence of aggregated dust 
particles together with sherd tephra covered by adhering clay-size particles provided 
a significant evidence of long survival and even further structural evolution of the 
respective porous and complex-shaped large lithic-mineral particles in the atmosphere. 
It is important because most of the recent models are constructed in that way that they 
are not compliant to specification of a long transport of such relatively coarse or in-air 
aggregated complex particles. The largest of the studied porous aggregate particles, 
being agglutinated from the smallest ash and dust components, crystallite-crystal 
needles and flakes, showed very flat prolate ellipsoid (surfboard-like) shapes where the 
major axes were 20-40 μm long. Particularly the mechanism of this event sedimentation 
itself was quite unusual, following a decrease of the transport velocities in a spiral, 
short period of vertical mixing of atmospheric layers and occurrence of calm weather 
conditions in the column between tropopause and lowermost troposphere. With the 
drawing on the dust portions to ground, the atmospheric boundary layer showed a 
centrifugal gentle wind pattern. The calculated shapes of the settling dust clouds were 
downward bent lenses, each several km large but only one or few of hundred metres 
thick, arranged in a belt crossing the Bohemia in the SW-NE direction, with dust-
matter depocentres more sharply limited on the SE than NW side of this belt. One of 
the most interesting aspects of this dust fall was the depletion of fine particles.
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The question of emissions of dust possibly containing plant protection products from 
the sowing machinery into the environment has gathered significant attention recently.

As a part of the activities aimed at further increase in the margin of safety of its seed 
treatment technologies, Bayer CropScience has designed two technical modifications 
for vacuum-based precision maize planters - AirWasher and SweepAir®. The former 
works on the principle of washing out of dust from the planter air exhaust, the latter 
is a cyclone-based filtering device coupled to an in-field dust disposal device. These 
technologies show very promising results with respect to the overall dust reduction 
efficiency.

In the first part of the presentation, the scientific and technical details of these solutions 
and their performance will be discussed. Part of this section will be dedicated to major 
technical challenges associated with safely and efficiently handling fine dusts.

Further, the transferability of these (and other existing) technologies to various types 
of sowing machinery will be addressed.

Finally, the question of industrial cooperation and regulatory acceptance, as well as 
real-world feasibility of such novel technological solutions will be discussed.
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The middle-level African Easterly Jet (AEJ) has great influence on the propagation 
of tropical cyclones (TCs) over the eastern Atlantic Ocean. In addition, the African 
Easterly Wave (AEW), which is induced by the instability of AEJ (Burpee 1972), 
has a strong correlation with tropical cyclogenesis (Landsea, 1993). The occurrence 
of AEJ is due to the strong vertical wind shear, resulting from the warm Saharan 
Air Layer (SAL) to the north (i.e., a strong meridional temperature gradient). Dust 
that emits from Saharan Desert can modify SAL and its environment by changing 
the energy budget through dust-radiative forcing (Chen et al 2010, Ma et al. 2012). 
From aforementioned, it is expected that dust propagating along with SAL can modify 
AEJ, AEW, and TC activities over Atlantic Ocean, indicating the importance of 
dust forecasts and dust physical processes. In this study, numerical experiments are 
conducted to assess the influence of the assimilation of aerosol optical depth (AOD) 
on dust forecasts and to explore the feedbacks of dust-radiation interaction on dust 
forecasts, AEJ, AEW, and TC activities. Conclusions from these experiments will be 
addressed and presented.

Burpee R. W. (1972). The origin and structure of easterly waves in the lower troposphere of North Africa. 
J. Atmos. Sci., 29, 77-90. 

Chen S.-H, Wang S.-H., and Waylonis M. (2010). Modification of Saharan air layer and environmental 
shear over the eastern Atlantic Ocean by dust-radiation effects. J. Geophys. Res., 115, D21202, 
doi:10.1029/2010JD014158.

Landsea, C.W. (1993). A climatology of intense (or major) Atlantic Hurricanes. Mon. Wea. Rev., 121, 
1703-1713.

Ma. P-L., Zhang K., Shi J. J., Matsui T., and Arking A. (2012). Direct radiative effect of mineral dust on the 
development of African easterly waves. J. App. Met. and Clim., 51, 2090-2104.
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The role of desert dust in radiative forcing and atmospheric processes strongly 
depends on a variety of physicochemical parameters as well as the spatial distribution 
and transformations during their atmospheric residence time. To this regard, single-
particle analysis techniques can provide detailed information on the size, morphology, 
chemical composition, and internal structure of mineral dust. Field campaigns were 
conducted in western Africa (M’Bour, Senegal) and a remote desert site in the Negev 
Desert (Sde Boker, Israel). Atmospheric aerosols were collected at the beginning, 
during, and at the end of dust events by means of cascade impactors. Particles were 
investigated by means of automated scanning electron microscopy coupled to energy-
dispersive X-ray spectroscopy (SEM/EDX), transmission electron microscopy (TEM), 
Raman and FTIR microspectrometry, and atomic force microscopy (AFM). The size 
distribution and elemental composition of several thousands of individual particles 
were examined using automated SEM/EDX to describe the mixing state of particles. 
Due to atmospheric processing, particles exhibiting core-shell structures were often 
observed. Special attention was paid to the chemistry of surface coatings onto reacted 
particles using molecular spectroscopy. The physical state of aerosol surface was 
examined at the nanometer scale by means of topographical and phase contrast images 
obtained by semi-contact AFM. Some physicochemical properties investigated further 
served as input parameters to run numerical simulations of radiative properties. This 
work was conducted in the framework of an interdisciplinary project on Chemical and 
Physical Properties of the Atmosphere (CaPPA).
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During the filtration process, particles deposit on the surface of filter medium to form 
a dust cake and increase pressure drop as gas permeates. For the continuous filtration 
process, filter element should be periodically cleaned effectively to remove the dust 
cake, a process called surface regeneration of filter media. One of the effective methods 
is to apply the high pressure into the filter cavity, called a pulse-jet cleaning. An 
additional momentum of the pulse gas over that of the process gas passing through the 
filter element is the main force to release the dust cake. In general, the pulse cleaning 
manifold of tubular type is used to supply the pulse gas of high pressure through 
the holes fitted with the filter element above for commercial filter unit using bags. A 
kind of Venturi type diffuser has been introduced recently for the cleaning system of 
group filter element of ceramic candle in the integrated gasification combined cycle 
(IGCC). The former is very effective for the cleaning of the filter element but needs 
very complicated arrangement of pulse cleaning system. And the last is also effective 
for the filter cleaning but requires the huge space for Venturi shape, which wastes the 
space of the filter unit. 
A cake-pie type diffuser has a simple structure which covers the filter element of 
hundred numbers above as the cake-pie shape. The pulse gas of high pressure is 
distributed above the filter elements during its propagation in the radial direction of 
the filter unit. So the pulse cleaning system is very compact and needs the least space. 
One of the important tasks of this system is how it achieved the uniform distribution 
of the pulse gas on the every element of group filter unit. The experimental and 
simulation study was carried out in order to investigate the pressure uniformity on 
the filter elements during the pulse jet injection of the pulse cleaning system using a 
cake-pie type diffusor in this study.
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Polycyclic aromatic hydrocarbons (PAHs) emission rubber wood combustion was 
studied in laboratory scale. The size distribution of particle was collected by a 
10-stage Andersen sampler with Inertial filter stage (ANIF) attached between 0.43 
µm stage and backup filter. The inertial filter has a cutoff size of ~70 nm. PAHs in 
gas phase were collected by using XAD-2. The sixteen PAH compounds in particle 
bound and gas phase were analyzed using a high performance liquid chromatography 
(HPLC). The results show that more than 30% of smoke particles from rubber wood 
burning were in nano-size range (<70 nm) on mass basis. The composition of PAHs 
in each phase varies upon the species of PAHs, Naphthalene (Nap) is a dominant 
component in gas phase and much more 4-6 ring PAHs are emitted in particulate 
phase, especially nano-size particles. The 4-6 ring PAHs in particulate phase is 
dominated by Fluoranthene (Flu) and Benzo[g,h,i]perylene (BghiPe). Moreover, the 
results of BaP Toxic Equivalence (BaP-TEQ) indicate that nanoparticles are the most 
important as PAHs carrier to the ambient. 

keywords: Gas-particle emission, PAHs, Rubber-wood, Combustion.
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The emission level and pollution characteristics of platinum (Pt) in dust, soils, and 
tree barks collected from Seoul, the capital of Korea, was published for the first 
time in Korea (1, 2). The total area of Seoul is about 605 km2 and its population was 
about 10.45 million and the number of registered motor vehicles was more than 3 
million in 2011. Road dust samples were collected from 31 sites of various traffic 
volumes in Seoul, and from 4 control suburb sites in satellite cities for comparison. 
Geology in Seoul area is mostly composed with acidic rocks such as Jurassic granite 
and Precambrian gneiss and schist. The previous study confirmed that the important 
source of Pt in roadside environment is automobile catalytic converter, and that it 
indicates a tendency to increase Pt levels in road dusts along with traffic volume. The 
study also suggested that not only traffic volume but also driving style have a great 
influence on Pt levels in road dusts, for example 176 ng/g Pt in dust at the toll gate.

In this study previous dust samples and new 8 dusts collected from Seoul were 
reanalyzed to determine PGEs (Pt, Pd, Ir) and traffic-related trace elements by ICP-
MS and ICP-OES. The concentration levels of Pt, Pd and Ir in reanalyzed 35 dusts 
were in the range of 0 - 444 (76) ng/g, 172 - 1,215 (609) ng/g, 0.8 - 7.4(2.9) ng/g, 
respectively. The level of Pt, Pd, and Ir in new 8 dusts ranged 25.6-98.5 (65.6) ng/g, 
30.6 - 147.9 (101.7) ng/g and 2.1- 5.5 (3.2) ng/g, respectively. The background of 
control site was 3.3 Pt ng/g, 220 Pd ng/g, and 1.6 Ir ng/g. Palladium also shows similar 
distribution trend with Pt, and remarkably high concentration of Pd and Pt in dust was 
found in the heavy traffic areas, whereas Ir shows no correlation with Pt and Pd. The 
traffic-related elements such as Cr,Cu,Mo,Ni,Pb,Sb, and Zn were enriched in road 
dusts with high Pt level as compared with samples from control suburb areas. Closely 
correlated elements with Pt and Pd in dust were Be, Cr, Cu, Fe, Mo, Ni, Au, Hg, and 
Bi (higher than r = 0.50).

1. Lee,H.Y.,Chon,H.T.,and Sager,M., 2006, Dispersion and pollution characteristics of platinum in urban 
environment of Seoul, Korea .Journal of the Korean Society for Geosystem Engineerin,v.43, p.84-90 (In 
Korean with English abstract).

2. Lee,H.Y.,Chon,H.T.,Sager, M. anf Marton,L. 2012, Platinum pollution in road dusts, roadside soils and 
tree barks in Seoul, Korea. Environmental Geochemistry and Health, 34, 5-12
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Atmospheric deposition of new nutrients to the ocean is known to be of great 
importance for both carbon dioxide (CO2) storage in the ocean and marine ecosystems 
life. The East Mediterranean Sea is of interest for both its marine and atmospheric 
environment. The Mediterranean atmosphere is a cross road for air masses of 
distinct origin, highly affected by both natural and anthropogenic emissions into the 
atmosphere that strongly interact chemically due to the high photochemical activity 
in the area, leading to the formation of nutrients such as nitrogen compounds. Dust 
aerosols from the African continent are also affecting the area acting as carriers of 
nutrients such as iron and phosphorus. Moreover, Mediterranean Sea is one of the 
world’s most oligotrophic ecosystems and presents an unusually high Nitrogen-to-
Phosphorus analogy (N:P) in the eastern basin (28:1). 
Τhe main goal of the present study, is to investigate the impact of an intense high 
atmospheric nitrogen and phosphorus deposition event on the marine ecosystem in 
the East Mediterranean Sea. This has been achieved by using a 1-D coupled physical/
biogeochemical model. The model is set-up for the Cretan Sea as a representative 
area of the Eastern Mediterranean Basin and is forced by observations of atmospheric 
deposition over Crete Island. Analysis of the underlying biogeochemical dynamics 
with emphasis on primary production and population distribution is performed. The 
results are presented and thoroughly discussed.
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Metal oxide semiconductors have been widely used as photoactive materials 
in reduction/oxidation reactions and charge-transfer processes. Among these 
heterogeneous semiconductors, titanium-based materials have been mostly used as 
photocatalytic materials due to their inherent properties, such as stability, low-cost, 
relatively high activity and non-toxicity1,2. In the present study, Ti-based materials 
of high surface area were prepared using the hydrothermal process and crystallized 
TiO2 as precursors. The as prepared nanomaterials were modified to produce sun-
light activated photo-catalysts through the single- and co-doping process. In the latter 
case, both anion and cation dopants were used3. All catalysts were fully characterized 
using a multi-technique approach, including surface, structural and morphological 
characterization. The catalysts were evaluated under artificial solar-light irradiation 
for the removal of Chemical Warfare Agents (CWA)4,5 and organic pollutants in the 
gas-phase. Dimethyl-methylphosphonate (DMMP) and diethylsulfide (DES) were 
used as simulants of CWA. The catalytic tests were contacted following the NATO 
procedure tests. The prepared materials have shown improved photocatalytic activity. 
Based on the combined spectroscopic and catalytic analysis, a correlation between 
structure and activity was established. 

1. Kubacka A., Fernandez-Garcia M., Colon G. (2012). Advanced Nanoarchitectures for Solar Photocatalytic 
Applications. Chem. Rev. 112, 1555-1614.

2. Chen X., Mao S.S. (2007). Titanium dioxide nanomaterials: synthesis, properties, modifications, and 
applications. Chem. Rev., 107, 2891-2959.

3. Christoforidis K.C., Figueroa S.J.A., Fernandez-Garcia M. (2012). Iron-sulfur codoped TiO2 anatase 
nano-materials: UV and sunlight activity for toluene degradation. Appl. Catal. B, 117-118, 310-316.

4. Grandcolas M., Louvet A., Keller N., Keller V. (2009). Layer-by-Layer deposited titanate-based 
nanotubes for solar photocatalytic removal of chemical warfare agents from textiles. Angewandte, 48, 
161-164.

5. Grandcolas M., Cottineau T., Louvet A., Keller N., Keller V. (2013). Solar light-activated photocatalytic 
degradation of gas phase diethylsulfide on WO3-modified TiO2 nanotubes. Appl. Catal. B, 138-139, 128-
140.
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There are several collaborative activities in Northeast Asia to cope with Asian 
Dust. Korea Meteorological Administration (KMA) and Chinese Meteorological 
Administration (CMA) have been operating 10 of joint dust monitoring stations with 
PM10 monitoring instrument and visibility meter since 2005. Data from 10 joint 
stations are shared between KMA and CMA in real time and mainly used to monitor 
Asian dust outbreak and transportation. KMA constructed three Asian Dust Monitoring 
Towers in dust origin areas; Erdene and Nomgon in Mongolia, and Naiman in China. 
Their objective is to investigate meteorological conditions of dust outbreak in order 
to develop and improve Asian dust forecast model. The Tripartite Environment 
Ministers Meeting (TEMM) among China, Korea and Japan initiated a joint research 
among three countries in 2008. Three countries conduct joint research to improve 
accuracy of dust forecast model and share data for selected dust cases. Mongolia is an 
important additional participant in this activity. The sharing and accumulation of data 
can contribute to the validation of dust forecast or transport model.

In this study, meteorological, physical, chemical and optical properties of Asian dust 
case were analyzed, which occurred during 29 April ~ 4 May, 2011. It was originated 
in south Gobi (Mongolia) and Inner Mongolia Plateau (China), and transported over 
Loess Plateau and Shandong peninsula and affected Korea and Japan. The observed 
maximum concentration was 9,428 µm3at Wulatezhongqi station in Inner Mongolia on 
30 April. In Korea, maximum concentration of 1,025 µm3 was observed in Heuksando 
(island at southwest end of Korean peninsula) on 2 May. PM10 mass concentration 
increased by 12 times compared to annual average in Seoul. Especially, coarse mode 
particle concentration increased during 1 ~ 5 May. Size-segregated ion composition 
analysis showed that concentration of soil-originated component (calcium ion) 
increased in 1 ~ 5.6 ~ size range.
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Coarse particulate matter (PM10-2.5) is a known public health threat; in multiple 
recent epidemiological studies, increased PM10-2.5 mass concentrations were shown 
to negatively impact respiratory health and increase incidents of asthma. In 2006, 
the United States EPA funded multiple projects with wide scope, including field 
monitoring, epidemiological, and toxicological studies, to further the scientific 
understanding of PM10-2.5. One such study, The Colorado Coarse Rural-Urban Sources 
and Health (CCRUSH) study, assessed the spatiotemporal variability of three years 
of PM10-2.5 and PM2.5 mass concentrations and analyzed a year of filter samples 
collected every sixth-day for measuring the composition of PM10-2.5 and PM2.5. Field 
monitoring was conducted at four monitoring sites in urban Denver, Colorado and 
at two monitoring sites in comparatively rural Greeley, Colorado. A summary of 
the CCRUSH study will be presented, highlighting both the complex interactions 
between traffic, meteorological conditions, and particulate mass concentrations and 
the relationship between sources and particulate matter composition.
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A plasmonic metal film with a subwavelength array of holes (a mesh) is used to 
capture an individual subwavelength particle, like an airborne dust particle, and an 
imaging infrared (IR) microscope, records a scatter-free, IR absorption spectrum 
of the particle. While single particle spectra of wavelength-scale particles usually 
suffer from large scattering effects, the plasmonic relief from scattering effects has 
enabled the development of a spectroscopic model to determine the volume fractions 
of various components in dust samples. Libraries of infrared spectra of individual 
particles have been collected and analyzed. Work will be presented on single airborne 
particles from our laboratory air, from a household filter, and from the 9/11/ 2001 
World Trade Center event. 
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The radiative effects of Saharan dust aerosols are investigated in the NASA GEOS-
5 atmospheric general circulation model. A sectional aerosol microphysics model 
(CARMA) is run online in GEOS-5. CARMA treats the dust aerosol lifecycle, and 
its tracers are radiatively coupled to GEOS-5. A series of AMIP-style simulations 
are performed, in which input dust optical properties (particle shape and refractive 
index) are varied. Simulated dust distributions for summertime Saharan dust compare 
well to observations, with best results found when the most absorbing dust optical 
properties are assumed. Dust absorption leads to a strengthening of the summertime 
Hadley cell circulation, increased dust lofting to higher altitudes, and a strengthening 
of the African Easterly Jet, resulting in increased dust atmospheric lifetime and further 
northward and westward transport. We find a positive feedback of dust radiative 
forcing on emissions, in contrast with previous studies, which we attribute to our 
having a relatively strong longwave forcing caused by our simulating larger effective 
particle sizes. This longwave forcing reduces the magnitude of mid-day net surface 
cooling relative to other studies, and leads to a nighttime warming that results in 
higher nighttime wind speeds and dust emissions. The radiative effects of dust particle 
shape have only minor impact on transport and emissions, with small (~5%) impact 
on top of atmosphere shortwave forcing, in line with previous studies, but relatively 
more pronounced effects on shortwave atmospheric heating and surface forcing 
(~20% increase in atmospheric forcing for spheroids). Shape effects on longwave 
heating terms are of order ~10%.
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Atmospheric aerosol particles have a significant influence on global climate due to 
their ability to absorb and scatter incoming solar radiation. Size, composition, and 
morphology affect a particle’s radiative properties and these can be characterized by 
electron microscopy. Located in the remote marine free troposphere, the Mauna Loa 
Observatory (MLO) represents a clean airshed that can be used to study anthropogenic 
pollution influences and long-range transport of aerosol particles from the Asian 
mainland. The trans-Pacific transport of Asian dust, typically peaking in March, has 
been well documented. It has been proposed that aerosols transported to the Mauna 
Loa Observatory during upslope wind conditions (typically daytime) are local in 
origin while aerosols transported during downslope conditions (typically nighttime) 
represent long-range transport in the free troposphere. Because of the global nature of 
Asian dust storms, the radiative properties of these long-range transported particles 
can significantly impact global climate and are therefore of interest to aerosol scientists 
and climate researchers. The goal of this study is an improved understanding, obtained 
through high-resolution electron microscopy, of the sources and radiative properties 
of natural and anthropogenic particles that influence global climate change.
Twelve PM10 samples (six daytime/nightime pairs) were collected on polycarbonate 
filters for 72 hours each between March 15 and April 26, 2011. Bulk samples of dust 
from local sources (road dust, parking lot, lava fields) were collected as well in order to 
assess the PM10 contribution from local dusts. On March 19-20 the Korea Meteorological 
Administration documented a significant dust event over the Korean peninsula. Back-
trajectory analyses from MLO coupled with local wind speed and wind direction data 
suggest that this dust event may have been captured during the MLO sampling campaign. 
MLO samples were analyzed by computer-controlled scanning electron microscopy 
(CCSEM) coupled with energy-dispersive X-ray spectrometry (EDX) and particles 
were sorted into compositionally-distinct particle types which were then compared 
across the sample set. Concentrations of particle types expected to be associated with 
Asian dust were observed to peak in one pair of daytime/nighttime samples collected 
between March 22 and March 28. Manual microscopy characterization of suspected 
Asian dust particles and local dust particles was carried out using electron backscatter 
diffraction (EBSD) in conjunction with EDX and focussed ion-beam SEM (FIB-SEM) 
in an effort to characterize differences in physicochemical or radiative properties of local 
versus long-range transported particles. FIB-SEM analysis allows for the 3-dimensional 
reconstruction of the composition of selected particles. Particle optical properties are 
then calculated from the 3-D reconstructions.
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The study and monitoring of absorbing aerosol and greenhouses gas variability due 
to natural and anthropic emissions capture great attention in the scientific community 
to predict and study implication according different climate scenarios, in particular 
in the Mediterranean Basin, an hot spot of climate change. In order to strengthen 
the environmental observation system in the Southern Italian Convergence Regions 
I-AMICA (Infrastructure of High Technology for Environmental and Climate 
Monitoring - Infrastruttura di Alta tecnologia per il Monitoraggio Climatico 
Ambientale), a three year Italian National Operative Program (PON) co-founded by 
the European Regional Development Fund, is being developed. 

The project also aim to strengthen the environmental monitoring in the South of Italy 
adopting both stationary and mobile in-situ stations for aerosols and greenhouses 
gases and remote sensors, such as Raman lidars and wind lidars for atmospheric 
profiling. In order to improve modelling activity also for obtaining better air quality 
forecasts, atmospheric observation activities are going to be implemented at 4 
supersites in Apulia, Calabria and Sicily. The selected supersites are representative of 
rural, suburban and marine sites, providing an almost complete characterization of the 
atmospheric processes affecting the meteorology and atmospheric composition in the 
Mediterranean basin.
In two companion abstracts first results of observations of an episode of Etna Volcano 
eruption and an experiment on natural PM10 contribution to exceedances in southern 
Italy are shown.
Although the measurement activities will be fully operative by the end of 2014, 
preliminary aerosol measurements carried out at the coastal supersite of Lamezia 
Terme (Calabria) and at the suburban supersite of Lecce (Apulia) will be discussed. 
Information about I-AMICA project end real-time data are show on http://www.i-
amica.it/i-amica/?page_id=1122.
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The extinction-to-backscattering coefficient ratio (Lidar Ratio, LR) is an aerosol-type 
dependent parameter associated to the chemical composition, particle shape and size 
distribution of aerosols. Hence, the LR estimation from lidar measurements is a crucial 
task in aerosol research. A height-resolved LR can be retrieved from raman/inelastic 
lidars, unlike elastic ones, where an a-priori constant LR value must be introduced in 
the elastic inversion algorithm to obtain the aerosol extinction. However, the elastic 
approach for LR data inversion must be carefully applied in realistic aerosol conditions 
when a multiple contribution of different types of aerosols can coexist. This is the case for 
aerosols present in the Atmospheric Boundary Layer (ABL), where a mixing of different 
particles can be expected. Ansmann (2006) already addressed this question on satellite 
lidar observations, finding a significant LR underestimation when a two-layer aerosol 
system was observed from space. In this work, we present a new LR discrimination 
elastic inversion procedure different from that shown in Córdoba-Jabonero et al. (2010), 
and focused on the LR estimation for BL aerosols in a dust-influenced area. In that 
previous work, we obtained the LR for dust particles by fixing the LR at ABL altitudes, 
highlighting thus the importance of the selected aerosol scenario (“pure dust”, PDS, vs. 
“mixed dust”, MDS) applied for elastic dust LR retrievals in a well differentiated two-
layer atmosphere: the ABL and the Free Troposphere (FT). In this new methodology, a 
modified version of the MDS procedure is used together to additional sun-photometry 
data. Measurements carried out in two AEMET (Spanish Meteorological Agency) 
stations in the Tenerife Island, relatively close to Saharan dust sources: Sta. Cruz de 
Tenerife (SCO, 28.5ºN 16.2ºW, 52 m a.s.l.) and Izaña (IZO, 28.3ºN 16.5ºW, 2400 m 
a.sl.) observatories, both NASA/AERONET sites, are used for that propose. The elastic 
Micro Pulse Lidar v.3 (MPL-3) located at SCO within NASA/MPLNET is used for 
lidar measurements. Dusty cases observed during 2009 with simultaneous lidar/sun-
photometry data are examined and a seasonal LR variability is obtained.

Ansmann, A. (2006). Ground-truth aerosol lidar observations: can the Klett solutions obtained from ground 
and space be equal for the same aerosol case? Appl. Opt., 45 (14) 3367-3371. 

Córdoba-Jabonero C., Hernandez Y., Gil M., Cuevas E. (2010). Aerosol scenario effect in elastic lidar data 
inversion for Lidar Ratio estimation: A case study over a coastal dust-influenced area. Proceedings of 
the IV Aerosol Science and Technology Meeting RECTA 2010 (ISBN: 978-84-693-4839-0), 28-30 June 
2010, Granada, Spain.
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Livestock buildings are characterized by remarkable concentrations of pollutants 
emitted into the environment by the ventilation systems. For this reason, the 
control of the environmental conditions is crucial, in a particular way, in swine and 
poultry houses, where particulate matter and gaseous ammonia are the predominant 
pollutants. Dust, or particulate matter, is an important aerial contaminant of animal 
houses, since it is often coupled to inorganic compounds, gases, bacteria and viable 
endotoxins, becoming a potentially hazardous agent. The IPPC Directive EU96/ 61/
EC which stands for intensive animal-farming rules about emissions into atmosphere, 
soils and waters, compels the application of an Environmental Integrated Permit that 
will cover all forms of emission into the environment. This rule must be followed by 
farms larger than 40 000 poultry, 2000 fattening pigs heavier than 30 kg or 750 sows 
and it is based on BAT concept, according to which farmers must prevent or limit 
ammonia emissions using sustainable and economic technologies. The term ‘best 
available techniques’ is defined in the Directive to provide the basis for emission 
limit values designed to prevent and, where that is not practicable, generally to reduce 
emissions and the impact on the environment as a whole’: ‘best’ means those most 
effective in achieving a high general level of protection of the environment as a whole; 
‘available’ refers to those techniques that have been developed on a scale that allows 
implementation in the relevant industrial sector, under economically and technically 
viable conditions, taking into consideration the costs and advantages; ‘techniques’ 
includes both the technology used and the way in which the installation is designed, 
built, maintained, operated and decommissioned. The systems classified as BAT for 
laying hens and broilers admits, for example, the use of manure belts removal for 
the cage system and for non-cage housing systems, the aviary system is allowed. For 
pig production, the most spread BAT consist in the presence of the vacuum system 
to remove manure as fast as possible and so to reduce ammonia concentration and 
emission in the piggery. The studies published in the last decade showed how the BAT 
system can guarantee the reduction of ammonia emission from the barns, up to 65 
% but often can increase the dust emission: most of the recent literature showed that 
BAT systems, moreover endorsed by EU Rules on Animal Welfare, cannot guarantee 
a healthy working environment for operators when taking into account the cumulative 
effects of noxious compounds such as dust and NH3 in living organisms, and their 
emission into atmosphere.
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Field observations, laboratory experiments, and theoretical models all indicate that 
aggregation of volcanic ash plays a pivotal role in the atmospheric transport of volcanic 
particles. Aggregates form from the combination of ash particle collision and sticking. 
Collision occurs where particles contact each other because of several processes such 
as differential sedimentation, Brownian motion, ambient fluid shear, turbulence. 
Electrostatic forces, especially in the proximal region before atmospheric processes 
have acted to reduce charge separation back to the molecular scale, can influence 
collision. Following collision, sticking is strongly enhanced by the presence of a 
liquid layer on the particle surface as well as electrostatic attraction under conditions 
of high surface resistivity. The combined collision and sticking probabilities give the 
aggregation probability, which varies with the sizes of the interacting particles and 
their local environment. It is known that ash particles have an increasing probability 
of being transported in aggregated form in both wet and dry environments as particle 
collision energies decline.
The effect of aggregation can enhance sedimentation by an order of magnitude or 
even more. Recent studies showed that fine ash particles can comprise up to half, 
or even more of, the erupted mass of explosively volcanism. For this reason the 
change in aerodynamic behaviour caused by aggregation with respect to that of 
single component particles, can have a crucial impact on the subsequent atmospheric 
transport and ground deposition of ash ejected during explosive eruptions.
Modelling particle aggregation in volcanic plumes in a quantitative way is extremely 
challenging. Several approaches, ranging from purely empirical parameterizations to 
the full solution of the Smoluchowsky equation, have been proposed. Here they will 
be discussed and reviewed.



89DUST2014 - 1st International Conference on Atmospheric Dust - Italy

a climatology of Dust emission in northern 
africa using surface observations from 1984-2012

sopHie cowie1*, peter Knippertz2, JoHn MarsHaM1

1Institute of Climate and Atmospheric Science, University of Leeds, Leeds, LS6 4AQ, UK
2Institute for Meteorology and Climate Research, 76128 Karlsruhe, Germany

*eesc@see.leeds.ac.uk

The huge quantity of mineral dust emitted annually from northern Africa makes this 
area crucial to the global dust cycle. Once in the atmosphere, dust aerosols have a 
significant impact on the global radiation budget, clouds, the carbon cycle and can 
even act as a fertilizer to rain forests in South America. Current model estimates of 
dust production from northern Africa are uncertain. At the heart of this problem is 
insufficient understanding of key dust emitting processes such as haboobs (cold pools 
generated through evaporation of convective precipitation), low-level jets (LLJs) and 
dry convection (dust devils and dust plumes). Scarce observations in this region, in 
particular in the Sahara, make model evaluation difficult.
This work uses long-term surface observations from 70 stations situated in the Sahara 
and Sahel to explore the diurnal, seasonal and geographical variations in dust emission 
events and thresholds. Quality flags are applied to each station to indicate a day-time 
bias or gaps in the time period 1984-2012. The frequency of dust emission (FDE) is 
calculated using the present weather codes (WW) of SYNOP reports, where WW = 
07,08,09,30-35 and 98. Thresholds are investigated by estimating the wind speeds for 
which there is a 25%, 50% and 75% probability of dust emission. The 50% threshold 
is used to calculate strong wind frequency (SWF) and the diagnostic parameter dust 
uplift potential (DUP); a thresholded cubic function of wind-speed which quantifies 
the dust generating power of winds. Stations are grouped into 6 areas (North Algeria, 
Central Sahara, Egypt, West Sahel, Central Sahel and Sudan) for more in-depth 
analysis of these parameters.
Spatially, thresholds are highest in northern Algeria and lowest in the Sahel around 
the latitude band 16N-21N. Annual mean FDE is anti-correlated with the threshold, 
showing the importance of spatial variations in thresholds for mean dust emission. 
The annual cycles of FDE and SWF for the 6 grouped areas are highly correlated 
(0.95 to 0.99). These correlations are barely reduced when annual-mean thresholds 
are used, showing that seasonal variations in thresholds are not the main control on the 
seasonal variations in FDE. Relationships between annual cycles in FDE and DUP are 
more complex than between FDE and SWF, reflecting the seasonal variations in the 
types and intensities of dust events. FDE is highest in spring north of 23N. South of 
this, where stations are directly influenced by the summer monsoon, the annual cycle 
in FDE is much more variable. Half of the total DUP occurs at wind-speeds greater 
than around 28 m/s, which highlights the importance of rare high-energy wind events. 
The likely meteorological mechanisms generating these patterns are discussed. This 
new climatology is an exciting new resource which contributes to process research 
and could help improve model evaluation studies.
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Dust emissions from the hyper-arid Sahara and semi-arid Sahel are crucial to the 
global dust cycle not only due to the magnitude of emitted dust, but also for year-to-
year variability. Once in the atmosphere, dust aerosols have a significant impact on the 
global energy and carbon budgets and on air quality. Previous studies have documented 
changes in the dust output from northern Africa on inter-annual to decadal time scales, 
though the exact reasons for this variability are still a matter of debate.

This work uses long-term observations from the seven Sahelian surface stations with 
almost continuous records and frequent dust events between 1984 and 2012 to explore 
the trends in mean wind, dust uplift potential (DUP) and frequency of dust emission 
(FDE). FDE is inferred from the present weather codes (WW) of SYNOP reports. The 
synchronous measurement of wind allows an estimate of a local dust-uplift threshold 
velocity. DUP is a novel diagnostic that takes into account the non-linear relationship 
between wind-speed and dust uplift assuming a constant threshold velocity. ERA-
Interim 10m winds are also used for comparison.

Averaged over the seven stations, there is a significant decreasing trend in mean wind 
over the study period for all seasons, and even more so for DUP and FDE, which are 
highly correlated. ERA-Interim mean wind, analysed over an area encompassing the 
seven stations, shows a much weaker downward trend, largely confined to the cooler 
half of the year. It is hypothesized that this signal is caused by a downward trend in the 
North Atlantic Oscillation, which is correlated to wind and dust activity on an inter-
annual basis during this time of year. The remaining discrepancies are unexpected 
and thought to be related to wetter conditions in the Sahel through the following 
mechanisms: (A) Changes in Bowen ratio due to higher soil moisture levels decrease 
atmospheric turbulence, which has a larger impact on local wind-speed measurements 
than on grid box vector winds. (B) Increases in vegetation lead to increased surface 
roughness, which is not accounted for by ECMWF. This effect might have been 
enhanced by population increase around the measurement sites. Interestingly, there 
is little evidence in the station data that the increase in vegetation has significantly 
increased the threshold velocity for dust uplift.
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There are obvious and well known links between air quality and acute respiratory 
illnesses that are common in Qatar and other Middle Eastern countries. For example, 
recent studies have documented a number of respiratory problems associated with 
inhalation of dust during dry, windy periods. In Qatar, exposure to dust and sand 
are anecdotally associated with a variety of respiratory issues including asthma and 
chronic obstructive pulmonary disease (COPD). These illnesses may be brought about 
by physical damage caused by the particles themselves, or by microorganisms that can 
be associated with these particles. In this study we examine the relationship between 
different climatic variables, daily airborne particulate matter, and hospital admissions 
for respiratory problems over a six month period to establish possible relationships. 
The results of the study will shed light on the importance of weather phenomena, 
particularly windy conditions, in impacting respiratory health in Qatar. These data 
are particularly important as respiratory problems are expected to increase as climate 
change results in hotter, drier conditions over the next few decades.
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The new rural regional background monitoring station installed at the center of the 
Umbrian region[1] (Monte Martano, 1100 m asl) is capable of measuring a number 
of atmospheric (e.g. temperature, wind speed and directions, etc.) and environmental 
(e.g. O3, NOx, etc) parameters. Measured hourly PM10 and PM2.5 mass concentration 
are accessible on line. For this reason the station recently joined the Sand and Dust 
Storm - Warning Advisory and Assessment System (SDS-WAS) program[2].

This study focuses on the comparison between measured and ground dust concentrations 
calculated by several models (including those run at the SDS-WAS and the Chimere 
chemistry and transport model run at Prevair[3]), all having comparable horizontal 
resolutions, over one year of monitoring activity of the site. Preliminary results over 
a shorter period of few months show an apparent overestimation of the mean dust 
concentrations by some of the SDS-WAS models, whereas others (for example the 
Chimere model) seem better reproduce the PM10 mean values with lower average 
error.
A comparison during selected dust episodes will also be shown.

1. Moroni B, Cappelletti D, Marmottini F, Scardazza F, Ferrero L, Bolzacchini E,(2012). Integrated single 
particle-bulk chemical approach for the characterization of local and long range sources of particulate 
pollutants. Atmos. Environ., 50:267-277

2. http://sds-was.aemet.es
3. http://www.prevair.org/en/donneesentrees.php
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In this work are shown preliminary results about a tephrostratigraphic study carried 
out in marine cores sampled in Ionian and Tyrrhenian seas.
Twelve gravity cores were collected offshore the eastern margin of southern 
Tyrrhenian coast and the Taranto Gulf in the Ionian Sea during a cruise of the R/V 
Urania (sponsored by CNR of Italy). The cores were drilled at water depths between 
76m (CD02) and 995m (GT2) and are between 0,80 to 5,30 m long. The sampled 
hemipelagic deposits contains several cryptotephras and, at present, five cores were 
sampled for tephra layers: GT2 and GT4 (Taranto Gulf), D1 and P1 (Policastro Gulf) 
and GS1 (Salerno Bay). EDS analyses were carried out on fresh volcanic glasses and 
mineral phases at Dipartimento di Scienze della Terra of University of Pisa and at 
Dipartimento di Biologia, Ecologia e Scienze della Terra of University of Calabria. 
Chemical compositions of deposits were compared with those of the main Holocene 
eruptions of Campanian volcanoes and Mt. Etna and with similar tephras recently 
recognized in both continental and marine archives (Lago Grande di Monticchio, 
Sulmona Basin, Ionian Sea and Balkans). Most of analysed cryptotephras, when 
plotted on Total Alkali vs. Silica diagram, show a phonolitic composition, while the 
remaining tephra layers have variable compositions. In most cases analyzed tephras 
were correlated with the Holocene activity of Somma-Vesuvius, Campi Flegrei and 
Mt. Etna. These preliminary correlations confirm and improve the previous assessed 
dispersal areas of the pyroclastic products of recognized eruptions allowing us to 
define new hazard evaluations about these important volcanic centres of central 
Mediterranean area. The correlation of a minor number of tephra layers remains 
doubtful. These data highlights how the dispersal of ash in the atmosphere, in the 
form of dusty particulate, allows the correlation of geologic archives sometimes over 
distances up to several hundreds of kilometres.
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Sources of both fine (<10µm) and coarse (20-80µm) dust grains have been debated 
for decades. Fine dust plays multiple roles in mediating physical and biogeochemical 
exchanges among the atmosphere, land and ocean, and thus is an active component of 
the global climate.Coarse dust sequences (loess) archives Quaternary climate changes. 
Thus, to better estimate past, current, and future impacts of dust on the climate and 
the environment, and to better reconstruct climatic information from loess sequences, 
we address the questions regarding sources of dust and the mechanisms that generate 
dust grains.We present our recent findings on the sources of both atmospheric dust 
and loess in Africa and Arabia. We conclude: (1) Sand seas are an important source 
for desert loess;all examined loess regions are located downwind of adjacent sand 
seas, present mineralogical similarity, and their activity is coeval with the sand dunes. 
(2) Multiple sources of current atmospheric dust exist in the Sahara, but ~30% of the 
examined dust storms originated from active sand dunes (and additional ~20% from 
leptosols and calcisols, each, ~15% from arenosols). Moreover, the wind erodibility of 
sand dunes is the highest of all examined geomorphic units and soil types. Since only 
limited silt and clay grainsare stored in the active dunes, we postulate that the fine and 
coarse dust grains were/are generated through active eolian abrasion of sand grains in 
the dunes. Past laboratory and field experiments showed that abrasion of natural sand 
grains generate finer grains by either:(1) spalling, chipping or breakage of grains, 
forming silt-size quartz grains, and (2) removal of grain surface coatings composed 
mainly of clay minerals. Our results explain the concurrent loess accumulation and 
increased dustiness during the last glacial period, when sand dunes covered large 
portion of the Sahara, and their activity has been more common than during the 
Holocene. The distinctly negligible formation of Holocene loess (in comparison to the 
last glacial), in general, and in desert margins in particular is probably resulted from 
(1) the limited activity of dunes in the Holocene as a result of much reduced gustiness, 
and (2) reduced wetness exactly at the desert margin. This study has the potential to 
improve regional scale dust-transport models that aim to assess future effects of dust 
on the climate.
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Mineral dust is the second largest source of particles in the atmosphere after the sea salt. 
For countries in and downwind of arid regions, airborne sand and dust presents serious 
risks to the environment, property and human health. Dust impacts include negative 
effects on the ground transportation, aviation and agriculture. The Intergovernmental 
Panel on Climate Change recognizes that dust, as a major component of atmospheric 
aerosol, is an essential climate variable. However, the observation and prediction of 
atmospheric dust is today a challenge mainly due to the almost total absence of dust 
observations in areas close to source regions, the difficulty of obtaining accurate dust 
parameters from satellite over areas of high reflectivity, such as deserts, and to the still 
limited development of dust forecast models.
For this reason the World Meteorological Organization (WMO) has taken the lead to 
develop and implement a Sand and Dust Storm Warning Advisory and Assessment 
System (SDS-WAS) with the mission to enhance the ability of countries to deliver 
timely and quality sand and dust storm forecasts, observations, information and 
knowledge to end users through an international partnership of research and operational 
communities (WMO, 2012). The Regional Centre (RC) for Northern Africa, Middle 
East and Europe, hosted by the Meteorological State Agency of Spain (AEMET), 
and the Barcelona Supercomputing Centre (BSC), supports a node of research and 
operational partners implementing the objectives of the SDS-WAS program in the 
region. The RC web portal (http://sds-was.aemet.es) has been designed to allow the 
user access to observational and forecast products. The web portal offers side-by-side 
dust forecasts (dust surface concentration and dust optical depth at 550 nm) issued 
by seven modelling systems (BSC-DREAM8b_v2, MACC-ECMWF, DREAM8-
NMME-MACC, NMMB/BSC-Dust, MetUM, GEOS-5 and NGAC) as well as the 
multi-model median. An important activity of the RC is the evaluation of the output 
models. Finally, the RC coordinates with partners and National Meteorological 
Services in the region different actions aimed to strengthen the capacity of countries 
to use the observational and forecast products distributed in the framework of the 
WMO SDS-WAS programme.

WMO, WMO Sand and Dust Storm Warning Advisory and Assessment System (SDS-WAS), Science 
and Implementation Plan 2011-2015, World Meteorology Organization, Atmospheric Research and 
Environment Branch, April 2012.
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Generation and dispersal of volcanic ash during explosive eruptions can impact the 
environment at a serious level. Ashfall on natural waters and water supplies produces 
turbidity, induces pH variations and alters the natural concentrations of chemical 
elements. Several eruptions have resulted in contamination of pasture, sometimes 
with serious impacts on livestock.
The study was carried out on different samples ash leachates of different samples of 
volcanic ash, in order to evaluate the different release of chemical compounds in the 
environment. Samples from the eruptions of Mt. Etna (Sicily) of April 24, 2011 and 
August 12, 2012 and Popocatépetl 2012 (Mexico) represent an opportunity to study 
leachates on fresh and not yet rain-washed samples.
Fresh samples have been characterised by XRF and XRD on bulk rock and SEM-EDS 
on glass and mineral phases.
Leaching experiments were carried out using mQ-water and water samples from Lake 
Ohrid (Macedonia-Albania). Both waters were previously characterised using surface 
electrode, gas electrode, ion-chromatography and ICP-MS. During the experiments 
the pH variation, the concentration of chemical compounds and saturation index were 
determined. It was observed alkalinisation in Etna leachates samples and acidification 
in Popo leachates samples with different release of anions and cations; in particular 
Etna leachates are rich in F- and Popo leachates are rich in SO4

-2. Many of the elements 
that have been measured are included in the drinking water guidelines due to their 
potential toxicity. In many of the analysed ash leachates F-, Mn+2, SO4

-2 and Fe+2 
concentrations exceed the maximum values defined by Italian law (for examples the 
maximum value of F is 1.5 mg/l, while F concentration in Etna ash leachates reaches 
the value of 20 mg/l),. Ash leachates were also used as living culture for tadpoles, 
and the stages of growth observed at different time intervals. The results highlight the 
potential impact of volcanic ash deposition on environment and human health.
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Iceland is an active dust source where volcanic sandy deserts and glacially derived 
sediments cover over 21% of the country (Arnalds, 2010). The frequency of dust days 
exceeds 34 dust days annually (Dagsson-Waldhauserova et al., 2013). Dust events in 
NE Iceland occurred mostly in May-September, while almost half of all dust events in 
SW Iceland were at sub-zero temperatures or in winter.
Surface transport during severe dust storms reached >11,000 kg m-1 over one m wide 
transect with wind gusts up to 38.7 m s-1 (Arnalds et al., 2013). Dust events are also 
observed during wet and low wind/windless conditions as result of surface heating 
of the dust source. Maximum particle number concentration (PM~0.3-10 µm) during 
such events counted up to 150,000 particles cm-3 min-1 because the highest number 
of mobilized dust particles was in size range 0.3-0.337 µm, followed by particles 
1.5-5 µm in diameter. The mineralogy and geochemical compositions showed that 
glaciogenic dust contains sharp-tipped shards with bubbles and 80 % of the particulate 
matter is volcanic glass rich in heavy metals. Wet particles of such morpho-textural 
characteristics were mobilized within < 4 hours. 
The main objectives of this study were to explore the long-term (63 years) variability 
in dust activity in Iceland and to give an overview on physical properties of Icelandic 
dust. Possible risk of Icelandic dust to human health is discussed. 

Arnalds O. (2010). Dust sources and deposition of aeolian materials in Iceland. Icelandic
Agricultural Sciences 23, 3-21.
Arnalds O., Thorarinsdottir E.F., Thorsson J. Dagsson-Waldhauserova P. Agustsdottir A.M. (2013). An 

extreme wind erosion event of the fresh Eyjafjallajökull 2010 volcanic ash. Nature Scientific Reports 
3, 1257.

Dagsson-Waldhauserova P., Olafsson H., Arnalds O. (2013). Long-term variability of dust-storms
in Iceland. Geophysical Research Abstracts Vol. 15, EGU2013-11578-1. 
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Jog on busy streets, in the presence of pollutants and high temperatures can harm 
athletes and amateurs. The ozone pollution associated with the heat and humidity, 
leads to a drop in performance of runners, and result in damage early in the mucous 
lining the entire respiratory tract. When the person doing the exercise, inspires a 
greater volume of air. Thus, inspires more pollutants that reach deeper levels of the 
lung (Peres, 2005).
We studied 16 literatures that conducted research on physical exercise and running in 
local pollutants considered unfit for physical exercise and others. One of the largest 
cities in Brazil (São Paulo), is common to find people running and doing some kind of 
exercise rather heavily polluted.
The polls showed the race in hot, humid and polluted by ozone worsens brought in 
time athletes - an average of 10% compared to those who did the exercise in ideal 
conditions. The heartbeat also increased under the influence of pollution. Additionally, 
blood tests and tests in nasal secretions of the participants showed inflammatory 
damage in the lining of the respiratory and oxidative stress markers. For hypertension, 
the gases in pollution compete with the oxygen in the blood. This makes the athlete 
more prone to hypertension, to heart attacks and stroke (CVA). Some studies have 
also evaluated the possibility of ozone worsen the deposit of cholesterol in the 
arteries, further compromising cardiac health. The pollution also increases the risk 
of lung problems and also states that the major problem with the race in polluted 
environments is not the acute effect in a single day, but the repetition of practice that 
can make the athlete more susceptible to problems mainly respiratory because of the 
dryness of the airways.
The physical exercise and running in polluted places in the literatures compiled show:
- Reduction performance.
- Health effects, both arising from the implications that this pollutant provides.
- The CO adversely influence the performance, since it has properties that alter 
physiological aspects.
- The main effects of CO exposure are due to its great potential to change the oxygen 
transport, this is in haemoglobin, myoglobin and mitochondria, thereby causing tissue 
hypoxia and consequent reduction of oxidative reactions.

Peres F De Faria, (2005). Meio Ambiente e Saúde: os efeitos fisiológicos da poluição do ar no desempenho 
físico - o caso do monóxido de carbono (CO). Arquivos em Movimento, Rio de Janeiro, 1, 1, 55-63

Armstrong, L.E. (2000). Performing in extreme environments. Champaign: Human Kinetics.
Wilmore, J.H., Costill, D.L. (1994). Physiology of sport and exercise. Champaign: Human Kinetics.
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The paper presents results of investigations concerning evaluation of physic-chemical 
properties of after reclamation dust, generated in foundry industry. Mechanical 
reclamation processes of used moulding sands generate large amounts of after 
reclamation dusts containing mainly rubbed spent binding agents and quartz dusts. 
An amount of after reclamation dusts - in dependence of the reclamation system 
efficiency and the reclaim dedusting system - can reach 5-10% in relation to the total 
reclaimed spent moulding sand. The proper utilization of such a material is a big 
problem facing foundries these days.
Different dusts generated in mechanical reclamation process of used organic sands, 
delivered from foundries, were tested in respect of determination of its chemical 
composition, granular characterization and physicochemical properties. As a result of 
investigations the possible ways to utilise that dusts are also presented.
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Recent sampling of the Australian regolith in regions which are considered to be 
sources of airborne dust has provided new information for comparison with dust 
recovered from ice cores in Antarctica. Three basic sources of dust in Australian have 
been identified: (1) dune fields, (2) large playa lake floors, and (3) the margins of those 
playa where commonly groundwater pumping and evaporation force extremely fine 
grained sediments and salts reach the surface. The zone where the material reaches the 
surface often has a ‘puffy’ and ‘floury’ and hummocky appearance. Extensive areas 
on the margins of lakes can then be easily deflated, and also will regenerate as more 
evaporative pumping occurs, especially in late Spring to Summer when temperatures 
are very high and conducive to evaporative transpiration, and formation of the ‘fluffy’ 
sediments. 
Regions we targeted in Australia, apart from the previously sampled and documented 
Murray Darling Basin in southeastern Australia and Lake Eyre in central South 
Australia, were (1) northern Western Australia fringing the Great Sandy Desert, (2) 
south central South Australia west of the Flinders Ranges where Archean formations 
are found, as well as (3) the western part of South Australia and western New South 
Wales. We also extensively sampled the Lake Eyre Basin and the fringes of the northern 
part of the River Darling located in the arid zone of New South Wales.
Strontium and neodymium isotopes were analysed for all our regolith samples from 
the regions listed above. We paid particular attention to analyzing material from the 
clay fraction (<2 µm) as it is now demonstrated that different size fractions can bear 
different isotopic signals, and also all the samples extracted from ice cores belong to 
that size fraction.
Our database has now been used for comparison with the ice core dust results, 
principally documented by Delmonte, and we can clearly eliminate some regions 
of Australia that have isotopic values not seen in Antarctic samples. It appears also 
that different periods of time represented in the ice cores contain dust from different 
sources in Australia.
It will be argued that it is principally when the landscape is inundated during very wet 
periods [such as during interglacials as well as today] that dust is also produced during 
large river flooding the playa lakes and extensive river banks. When water recedes and 
the landscape dries up that a new supply of fine grained material becomes available for 
deflation. This follows the important sentence which Jo Prospero stated: “to produce 
dust you need water”, implying that extensive flooding is conducive to fine grained 
sediment deposition on the landscape in arid to semi-arid regions in Australia, and 
eventually this turns to dust that can eventually become airborne. 
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Box-Jenkins methodology (1976) is commonly applied for time series analysis. 
Using this approach, sample autocorrelation and partial functions (ACF and PACF, 
respectively) are conventionally inspected in order to identify the most appropriate 
model which describes the temporal evolution of the process under study. The fitted 
model is subsequently used for prediction purposes.
Opposite to the above ACF and PACF based-method, the variogram represents the 
basic tool in Linear Geostatistics to face a variety of inferential problems (Chilés 
and Delfiner, 1999; Journel and Huijbregts, 1981; Matheron, 1963). In this context, 
detection of a parametric model for the process under study gives way to the estimation 
and modeling of the variogram in order to perform predictions of the analyzed variable 
at unsampled points.
This paper aims to illustrate the importance and convenience of variogram-based 
exploratory and prediction techniques to perform a complete analysis of a time 
series, even in presence of a periodic behaviour. In particular an extensive case study 
regarding the time series of PM10 daily concentrations registered at a monitoring 
station located in an area with high risk of particle pollution, is faced through the 
following steps:
a) identification of trends and periodicity exhibited by data, b) estimation of missing 
values, c) predictions of the PM10 concentrations at time points following the last 
available observation, d) estimation of the distribution function. 
Regarding the computational aspects, a modified version of the GSLib kriging routine 
(Deutsch and Journel, 1998) has been used to define appropriate temporal search 
neighborhoods for interpolation and prediction purposes.

Box G.E.P., Jenkins G.M. (1976). Time series analysis: forecasting and control. Holden Day, San Francisco. 
Chilés J.P., Delfiner P. (1999). Geostatistics: modeling spatial uncertainty. John Wiley & Sons, New York, 

USA. 
Deutsch C.V., Journel A.G. (1998). GSLib: Geostatistical Software Library and User’s Guide. Oxford 

University Press, New York.
Journel A.G., Huijbregts C.J. (1981). Mining Geostatistics. Academic Press, London.
Matheron G. (1963) Principles of geostatistics. Econ. Geol. 58(8), 1246-1266.
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More than 50% of the global dust emitted into the atmosphere comes from the Sahara. 
About 60% of the Saharan dust move southwards to the Gulf of Guinea (Engelstaedter 
et al., 2006). Once in the air, these dust contribute to increase the concentrations of 
particles smaller than 10 microns (PM10), which are respirable particles (Ozer et al. 
2005). A number of adverse health effects have been associated with desert dust, 
including respiratory diseases (Goudie, 2014). Quantitative studies on health impacts 
of desert dust generally focus on Asia and in recent years, many authors have identified 
significant health impacts of Saharan dust events in Southern Europe (de Longueville et 
al., 2013b), although PM10 concentrations were well below those recorded in West Africa. 
The scarcity of information about air quality relating to the African continent is a reality 
and consequently, no study about dust impacts on air quality and human health have 
been conducted in West Africa (de Longueville et al., 2010). Based on the combination 
of two information sources, it was possible to determine the dust events having affected 
the region of Kandi (northern Benin) over the period 2003-2007 during dry seasons. On 
the whole study period, 61 days with dust events were noted in this region. The daily 
PM10 concentrations were multiplied by 18.5 during these dust events, what contributes 
to strongly exceed the WHO standards. From health data (consultations of children 
for acute lower respiratory infections (ALRI)), we calculated a 12.5% increase of the 
monthly rates of ALRI during months having recorded dust event on the same period. 
Even if this increase is far from being unimportant, it seems relatively limited compared 
with the impacts which we could expect considering reached PM10 concentrations (de 
Longueville et al., 2013a). So, it is necessary to multiply such researches in West Africa 
to better quantify the impacts of Saharan dust on the health of its populations.

de Longueville F., Hountondji YC., Henry S., Ozer P. (2010). What do we know about effects of desert 
dust on air quality and human health in West Africa compared to other regions? Science of the Total 
Environment 409(1), 1-8.

de Longueville F., Hountondji YC., Ozer P., Marticorena B., Chatenet B., Henry S. (2013a). Saharan dust 
impacts on air quality: what are the potential health risks in West Africa? Human and Ecological Risk 
Assessement 19, 1595-1617.

de Longueville F., Ozer P., Doumbia S., Henry S. (2013b). Desert dust impacts on human health: an alarming 
worldwide reality and a need for studies in West Africa. International Journal of Biometeorology 57, 
1-19.

Engelstaedter S., Tegen I., Washington R. (2006).North African dust emissions and transport. Earth 
Sciences Review 79, 73-100.

Goudie AS. (2014). Desert dust and human health disorders. Environment International 63, 101-113.
Ozer P. (2005). Estimation de la pollution particulaire naturelle de l’air en 2003 à Niamey (Niger) à partir 

de données de visibilité horizontale. Environnement, Risque et Santé 4, 43-49.
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Charcoal records from lake sediments are an important proxy to reconstruct long-term 
variations in history of fires. Charcoal analysis are based on the quantification of the 
charcoal particles found in sediments during and following a fire event. Stratigraphic 
levels with abundant charcoal are inferred to be evidences of past fires and hence a 
drought climate condition. We compiled charcoal records from 6 lakes located in the 
Amazon basin (spatial distribution from 05°N to 10°S and from 50°W to 70°W) and 
constructed an Amazon charcoal index (based on Z-scores) for the Holocene (0-10.400 
years BP) for each site at a 200 years interval. The records in the database are at least 
7.800-years long. We found higher charcoal index values for the mid-Holocene (MH, ~6 
ka). This result indicates an increased fire activity and hence a drought climate condition 
in the Amazon basin during this period compared to the late-Holocene (LH). During 
the MH, the Earth’s orbit was different then today, resulting in a decreased summer 
insulation in the Southern Hemisphere and an increased insulation for the Northern 
Hemisphere. Although the Earth’s obliquity was larger and the orbit was slightly more 
eccentric, the differences in insulation were mostly due to precession[1]. The perihelion 
occurred at the austral spring equinox during the MH, whereas today it is reached at 
the austral summer solstice. This caused a smaller seasonal cycle of insulation on the 
Southern Hemisphere[1]. The effects of the decreased austral summer insulation over 
South American climate have recently been examined[2] through 28 general circulation 
models and discussed through a multiproxy analysis of MH paleoclimate data[3]. When 
compared to modern climate, their compilation indicates deficit in the water balance in 
eastern South America during the MH. Eastern South America was characterized by 
diminished precipitation, lake levels below modern levels and air temperatures above 
modern values[3]. It has been suggested[2,3] that the reduced summer insulation at 6 
ka weakened the Southern America monsoon system (SAMS) circulation, leading to 
decreased precipitation in eastern South America. Although a large portion of the inter-
annual variability of the SAMS can be explained by El Niño-Southern Oscillation[4] 
(ENSO), it does not appear that ENSO was responsible for changes in the SAMS, since 
it was weak during the mid-Holocene[5] and hence the tele-connection should have been 
weaker. Our results extend the climate reconstructions previously provided3 showing 
evidences from lake sediment profiles that fire activity increased due to a dry conditions 
in the Amazon basin during the MH.

1. Bosmans J. H. C., Drijfhout S. S., Tuenter E., Lourens L. J., Hilgen F. J., Weber S. L. (2012). Clim. Past, 8, 723-740.
2. Zhao Y., Harrison S. P. (2012). Clim. Dyn. 39,1457-1487.
3. Prado L.F., Wainer L., Chiessi, C. M., Ledru, M.-P., Turcq, B. (2012) Clim. Past Discuss: 8, 5925-5961.
4. Trenberth K. E. (1997) The definition of El Niño, Am. Meteor. Soc., 78, 2771-2777.
5. Moy C.M., Seltzer G.O., Rodbell D.T., Anderson, D.M. (2002). Nature, 420, p. 162-165.
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Little attention has been given to Holcene pre-anthropogenic dust records in terrestrial 
environments, especially in the Southern Hemisphere. Yet they are important to 1/ 
better understand the different particle sources during the Holocene and 2/ to tackle 
the linkage between atmospheric dust loads and climate change and 3/ to better 
understand the impact of dust on Holocene palaeoclimate and palaeoenvironments 
in a critical area for ocean productivity. In the PARAD project, we explore the use of 
a broad range of trace elements and radiogenic isotopes (Pb, Nd) as dust proxies. By 
coupling these findings with biological proxies (plant macrofossils) and detailed age-
depth modelling, we expect to identify and interpret new links between atmospheric 
dust chemistry and climate change. 

Two ombrotrophic peat bogs, located southwest (Karukinka) and southeast (Harberton) 
on Isla Grande de Tierra del Fuego, were sampled to investigate dust palaeoclimatic 
interactions in southern South America since the last deglaciation. Here we present 
a detailed geochemical (major, trace elements and Nd isotopes) record for both sites. 
The base of the peat sequences in Karukinka and Harberton were dated by 14C at 
ca. 8,000 cal yr BP and ca. 16,500 cal yr BP, respectively. The distribution of trace 
elemental (Sc, REE) concentrations within the cores indicates, besides tephra layers, 
episodes of increased mineral dust deposition at Harberton and Karukinka. The 
glacial-interglacial transition can be observed in the Harberton record (at ca. 11,500 
cal yr BP), marked by a drop in the dust flux from 102 g/m2/yr to 10 g/m2/yr. The 
most significant episode of mineral dust deposition at Karukinka is concentrated 
around 1,600 cal yr BP with a maximum dust flux of 108 g/m2/yr. Its neodymium 
isotopic signature of -1 suggests crustal admixing, compared to the εNd values of ~2, 
for both tephra layers.
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Scanning Electron Microscopy (SEM) combined with Energy-Dispersive X-ray 
(EDX) spectrometry is particularly suited to study the mixing state of atmospheric 
particles. Automation of the measurement process enables examination of a statistically 
meaningful number of particles in a relatively short period of time and can provide 
information on their microphysical and microchemical properties (Choël et al., 2010). 
The easiness of sampling air masses with light material gives great advantages to 
this off-line technique, when the accessibility of sampled environments is difficult (in 
industrial chimneys as an example) or when the studies need simultaneous samplings 
(Marris et al., 2012). 
In parallel, Aerosol Time-of-Flight Mass Spectrometry (ATOFMS) is a powerful 
technique for the in-situ characterization (size and chemical composition) of 
individual particles. It is notably a useful tool to determine the internal mixing state 
of ambient particles, allowing simultaneous detection of organic carbon, ionic species 
and refractory material (Dall’Osto et al., 2013). Moreover, this technique can provide 
individual particle positive and negative mass spectra in real time for long periods, 
thus allowing investigations of the temporal variability of emissions.
Therefore SEM-EDX and ATOFMS are complementary tools, but they do not operate 
on the same physical principles and their joint use in atmospheric studies needs an inter-
comparison, which is the goal of this study. For that firstly, three powdered samples 
collected in industrial filters (Fe-Mn alloy making plant stacks) were re-suspended and 
characterized by these techniques. Furthermore, in-situ characterization of industrial 
aerosols by ATOFMS is compared with off-line characterization by SEM-EDX. The 
relative strengths and weaknesses of the two techniques are discussed.

M. Choel, K. Deboudt, P. Flament (2010). Development of Time-Resolved description of aerosol properties 
at the particle scale during an episode of industrial pollution plume, Water Air and Soil Pollution, 209, 
93-107.

H. Marris, K. Deboudt, P. Augustin, P. Flament, F. Blond, E. Fiani, M. Fourmentin, H. Delbarre (2012). 
Fast changes in chemical composition and size distribution of fine particles during the near-field 
transport of industrial plumes. Science of the Total Environment, 427-428, 126-138, doi:10.1016/j.
scitotenv.2012.03.068.

M. Dall’Osto, J. Ovadnevaite, D. Ceburnis, D. Martin, R.M. Healy, I.P. O’Connor, I. Kourtchev, J.R. 
Sodeau, J.C. Wenger, C. O’Dowd (2013). Characterization of urban aerosol in Cork city (Ireland) using 
aerosol mass spectrometry. Atmospheric Chemistry and Physics, 13(9), 4997-5015, DOI: 10.5194/acp-
13-4997-2013.
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Steelworks activities are important sources of metallic fine particles which may affect 
air quality in urban areas close to industrial plants (Menad et al., 2006). Industrial fine 
particles are most of the time emitted in the lower troposphere by “high-temperature” 
processes and can evolve very quickly in the plume before dispersion (Marris et al., 
2012).
In this context, the goal of the “Nano-Indus” project is to study the evolution of the 
plume between the chimneys of a Fe-Mn alloy making plant and the surrounding 
areas. Sampling and measurements were performed directly at the main stacks of the 
plant and in the emitted plume, during its near-field transport (i.e., < 1 km from the 
chimneys). Bulk concentrations of the refractory metallic fractions were measured by 
mass spectrometry and the elemental composition of individual particles was obtained 
by electron microanalysis (SEM-EDX, TEM-EELS). The particle size distribution, 
measured with a Scanning Mobility Particle Sizer (SMPS), indicates an increase 
of the relative abundance of ultra fine particles (10-100nm) inside the plume. They 
are composed both from secondary volatile and primary refractory nanoparticles. 
Individual particle analyses (by automated SEM-EDX) of aerosols collected inside 
the plume show a high proportion of metal bearing particles (Mn-/Fe-), constituted 
of internally mixed aluminosilicates with metallic compounds. The comparison of 
physicochemical characteristics of fine particles collected at the stacks and in the local 
environment is here considered to assess the evolution of industrial fine particles over 
a short-range distance and to identify the physicochemical processes of formation/
evolution for these particles.

Marris H., Deboudt K., Augustin P., Flament P., Blond F., Fiani E., Fourmentin M., Delbarre H. (2012). 
Fast changes in chemical composition and size distribution of fine particles during the near-field 
transport of industrial plumes. Science of the Total Environment, 427-428, 126-138, doi:10.1016/j.
scitotenv.2012.03.068.

Menad, N., Tayibi, H., Garcia Carcedo, F.,Hernandez, A. (2006). Minimization methods for emissions 
generated from sinter strands: a review. Journal of cleaner production 14, 740-747.
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Urban dust quality and the implication on human health has become matter of great 
importance in the last decades. Anthropogenic activitiescertainly have negative impact 
on human health, especially when polluted dust is incorporated into the environment 
and enter human body via dermal, ingestion, and inhalation.Arid zones are of special 
interest to environmental studies since extreme temperatures, low precipitation and 
humidity conditions may allow the re-suspension, translation, and re-deposition of 
dust in urban zones.These conditions are ultimately aggravated by topography, wind 
directions, and finally by the urban infrastructure and the intrinsicanthropogenic 
activity.The potential of neurological damage may be present in children exposed to 
environmental lead.Considering the negative effects to development and behavior of 
children that underwent lead exposure, an evaluation of learning skills in children is 
considered. ENLACE test is a Mexican evaluation of academic performance applied 
each year to students from elementary education from private and public schools. 
The study site is Hermosillo, a city located within the Sonoran desert in northwestern 
Mexico, has experienced a noticeable population and industrial growth for the past 
three decades. Lead isotope data in urban dust clearly demonstrate the presence of 
anthropogenic and geogenic end-members. The ENLACE test results from elementary 
schools from Hermosillo are shown in three categories according to the percentages 
of insufficient grades of students from third grade. The first category corresponds to 
students with good academic performance, whereas the third category corresponds to 
students with concerning academic performance. In addition, lead concentration in 
urban dust collected from road, playground, airborne, and dust deposited on elementary 
schools roofs were analyzed in order to correlate the distribution of lead concentration 
in the city with the academic performance. Also, geo-accumulation and integrated 
pollution indexes were used in order to assess metal contamination. The results suggest 
a relationship between poor academic performance, lead concentrations, heavy traffic, 
and the well-defined zones by lead isotopes with remarkable anthropogenic influence 
in the city. The data also correlate with the spatial distribution of chronic diseases. 
Moreover an interesting vertical variation of lead concentration and pollution index is 
found, suggesting higher lead concentration and pollution indexes between 1 and 4 m 
height, which highlight the risk to human health, and the exposure route related most 
likely to vehicular activity.
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This paper examines the effect of dust storm on the tendency to migration in Ahvaz, 
the capital city of Khuzestan province (Iran). Ahvaz is located in southwest of 
Iran with a population of approximately one million people. In 2010, the level of 
suspended dust particulates reached 6900 µg/m3 and the city suffered for 136 days 
throughout the year. It was selected to investigate the effect of heavy dust storm on 
people’s tendency toward migration based on a public survey. Most of the people 
know that this constraint is a new circumstance and can be mitigated .They are not 
satisfied with the reactions of responsible officials against the dust. Our study shows 
that the tendency to migration is extremely high and if people be able to overcome 
the financial risks, large-number migration is expected. Our findings clarify reasons 
which authorities must consider and implement preventive measures.

Abu-Sahlieh, S.A.A. 1996. The Islamic conception of migration. International Migration Review, 37-57.
Alexander, D.E. 2000. Confronting catastrophe: new perspecitives on natural disasters. Oxford University 

Press, USA.
Altinbilek, D. 2004. Development and management of the Euphrates-Tigris basin. International Journal of 

Water Resources Development, 20(1), 15-33.
Bates, D.C. 2002. Environmental refugees? Classifying human migrations caused by environmental 

change. Population & Environment, 23(5), 465-477.
Berkowitz, L. 1972. Frustrations, comparisons, and other sources of emotion arousal as contributors to 

social unrest. Journal of Social Issues, 28(1), 77-91.
Brook, R.D., Rajagopalan, S., Pope, C.A., Brook, J.R., Bhatnagar, A., Diez-Roux, A.V., Holguin, F., Hong, 

Y., Luepker, R.V., Mittleman, M.A. 2010. Particulate matter air pollution and cardiovascular disease. 
Circulation, 121(21), 2331-2378.
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Dun, O., Gemenne, F. 2008. Defining ‘environmental migration’. Forced Migration Review, 31, 10-11.
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introduction. The industrial use of aluminium (Al) has increased because of its 
advantageous material properties like light, weight, high durability and high electric 
and thermal conductivity. In case of occupational Al exposure, inhalation is the main 
route of uptake. Certain studies on the health of workers in the Al production industry 
have identified several adverse effects.
The aim of the study is to follow up a population of workers exposed to Al dust.

methodology. The study was conducted between 2007 and 2012. The group of 
exposed people was composed of Al dust exposed workers with long term exposure 
to the metal, from an Al salvage plant. A control group of workers was recruited 
from different factories without previous Al exposure. The investigation included 
a standardized medical history, environmental and biological monitoring. External 
occupational exposure to total dust was measured by “personal” air sampling at 
selected workplaces (stationary). “Stationary” refers to fixed points on selected 
places, while “personal” indicates sample taken in the breathing zone of the worker. 

results. During 2007, the mean exposure levels of Al in the respirable fraction were 
2.23 mg/m3, with a range of 0.12 mg/m3 to 10.86 mg/m3 corresponding to the French 
threshold limit value (10 mg/m3). Between 2007 and before 2012, the firm used a new 
building. The values of the Al sample (respirable fraction) obtained during 2012 were 
1.99 mg/m3 with a range of 0.13 to 5.04 mg/m3.
The remaining symptom of Al exposed workers was irritability in 2007, and lung 
impairment (cough) in 2012, unlike what can be found towards the control population.
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The transport and deposition of windblown materials are major processes in the ice-
free areas of polar regions. The deposition of aeolian material provides connectivity 
within the ecosystems of these regions and is integral in understanding geochemical 
balances and exchanges between landscape units. We have analyzed materials 
deposited on glacier and permanent lake-ice surfaces as well as geomorphological 
features formed by aeolian processes in the largest ice-free area in Antarctica, the 
McMurdo Dry Valleys (~78°S) in order to determine the source of this sediment. This 
presentation will focus on the materials collected from the glacier and lake surfaces. 
The bulk of sediment movement occurs during foehn events in the austral winter that 
redistribute material throughout the region. The majority of these samples were sand 
size (>80%) by weight. Samples containing the highest silt size were from the glaciers 
in the eastern portion of the Taylor Valley which is the most downwind position. Major 
rock-forming elements were analyzed using Standard XRF techniques. The alkali 
metals were depleted with respect to the Upper Continental Crust (UCC), in both 
the sand and silt fractions, while the alkaline earths were enriched. The TiO2, Fe2O3 
and Al2O3 in the sands are similar to UCC values. The major element geochemistry 
of the aeolian material suggests that it is a mix of the four major rock types in the 
Valley itself: PreCambrian basement complex, Beacon Sandstone, Ferrar Dolerite and 
McMurdo Volcanics. Sr isotopic measurements of the fine grained materials from 
the glacier surfaces indicate the material is similar to the soils from their respective 
glacier/lake basins. Nd isotope values of this material lie intermediate to the rock 
values, indicating multiple sources of the aeolian material. The Sr and Nd isotopic 
data do not plot within the fields of dust from either Vostok or Dome C ice cores which 
has been interpreted as coming primarily from South America. All of our data suggest 
a local source of the majority of aeolian material deposited with Taylor Valley.
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The emission of abraded seed treatment particles by pneumatic seed drills into the 
environment has been linked with honey bee poisoning incidents in several countries 
in recent years (Nuyttens et al., 2013). The problem of dust drift has since received 
significant scientific interest (Nikolakis et al., 2009). In an effort to better understand 
this problem and to propose dust drift mitigation measures, a computational fluid 
dynamics model is developed.
If a Lagrangian particle tracking approach is adopted, the physical properties of the 
dust particles need to be measured accurately in order to predict the particle trajectories. 
Specifically, the size distribution, the density and the shape of the particles need to 
be determined. Indeed, a particle’s drag coefficient in an air flow is highly dependent 
on its shape (Hölzer and Sommerfeld, 2008). The shape was characterized by means 
of X-ray microtomography. Five micropipette tips were filled with dust samples of 
different size fractions from treated maize seeds and scanned in a Skyscan 1172 device. 
Also, dust samples of all sizes from various treated crops (maize, wheat, barley, rye, 
rapeseed) were scanned. The image resolution was 1,92 µm for all but the largest 
dust sample (4,87 µ). Image processing was performed using Avizo software (Fire 
edition 8.0.0). The data processing protocol was optimized in terms of image filtering, 
histogram equalization, image binarization and noise removal. To guarantee accuracy, 
object segmentation was carried out manually. After segmentation, all relevant shape 
parameters (including equivalent diameter, surface area, volume, sphericity, length 
and width) were calculated. The shape parameters were implemented in the CFD 
model by means of correlation formula to account for particle non-sphericity.
Results showed a high variability of particle size, shape, density and porosity for 
the different crops and for the different size fractions within a single dust sample. 
Indeed, particle shape ranged from mostly spherical (rapeseed) to rod-shaped (wheat) 
and disk-shaped (maize, rye). Porosity was very high in some samples (barley) 
and intermediate or low in others (rapeseed, wheat). In general, particle sphericity 
decreased with size.

Hölzer A., SommerfeldM. (2008). New simple correlation formula for the drag coefficient of non-spherical 
particles. Powder Technology, 184(3), 361-365.

Nikolakis A., Chapple A., Friessleben R. Neumann P.Schad T. Schmuck R. Schnier H. et al. (2009). An 
effective risk management approach to prevent bee damage due to the emission of abraded seed treatment 
particles during sowing of seeds treated with bee toxic insecticides. Julius-Kühn-Archiv 423, 132-148.
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treated seeds during seed drilling: a review. Pest management science, 69(5), 564-75.
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It is recently understood that aeolian transported light absorbing impurities such as 
Black Carbon (BC) and Mineral Dust (MD) have a positive radiative forcing when 
deposited on snow and ice covered areas accelerating the melt. This process is 
involved in complex mechanism known as snow-albedo feedback. Current challenge 
involves estimation of the concentration of externally and internally mixed impurities 
in snow from medium and high resolution optical measurements (a.k.a. multi and 
hyperspectral systems).
Ice crystals show different geometric shape, strictly depending on temperature and 
pressure gradient during their formation. When deposited on Earth surface they 
constitute snow pack and show typical optical features: they reflect radiation in the 
near-UV and visible wavelengths (VIS, 0.3 to 0.7 µm) and absorb radiation in the near 
infra-red (NIR, 0.8 to 1.5 µm) and short wave infra-red (SWIR, 1.5 to 3 µm).
Radiative transfer (RT) models simulate the interaction between electromagnetic 
radiation and matter in dispersed medium, mathematically describing interactions like 
scattering, absorption and transmission. Based on RT simulation of the hemispherical 
albedo with the SNow ICe and Aerosol Radiation (SNICAR) model we define a 
novel spectral index: the Snow Blackening Index (SBI), which combine reflectance at 
visible and near infra-red wavelengths in order to maximize the correlation with BC 
and MD concentrations.
Model sensitivity to parameters is assessed through a set of simulations performed 
varying parameter such as: solar zenith angle, grain size, snowpack density/thickness, 
BC and MD impurities concentrations and MD diameter. Physical parameters were 
selected from a review of the scientific literature; BC and MD concentrations in snow 
were chosen similar to those found in the Alpine chain.
Finally we design an experiment in a cold room (-20˚C) in order to simulate the 
deposition of impurities on snowpack collected in high altitude mountain areas. Optical 
measurements are acquired on samples with a VIS-NIR hyperspectral radiometer and 
compared with model results. Performances of the SBI are evaluated on simulated 
data and then applied to observed data.
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Long range transport of Saharan dust is a major natural source of particulate matter 
(PM), especially for the countries of Southern Europe. Acknowledging that this source 
may affect compliance with air quality standards, the EC has provided a method for 
member states to subtract concentrations related to dust transport when reporting PM 
levels (Directive 2008/50/EC). In this framework, AIRUSE project (www.airuse.eu) 
aims, among others, to characterize the contribution of Saharan dust episodes to PM 
concentration levels for four Southern European countries, where this phenomenon 
is frequent and may potentially have large impact on local and regional air quality. 
A year-long campaign for the collection of PM10 and PM2.5 samples was planned during 
2013, at urban background sites in Porto (Portugal), Barcelona (Spain), Florence (Italy) 
and Athens (Greece). PM concentrations were determined gravimetrically on a 24-hr 
basis (midnight - midnight). In addition, information regarding the expectancy of dust 
episodes was collected from HYSPLIT, DREAM8b-v2.0 and SKIRON models. PM 
samples were collected once every 3 days but also during days when dust episodes 
were expected in each city.
Potential effect from Saharan dust was identified for 14%, 10%, 25% and 23% of the 
measurement days in Porto, Barcelona, Florence and Athens respectively. Study of 
the measured PM levels revealed that the highest coarse particle concentrations were 
indeed related with long-range dust transport. Mean 24-hr PM10 concentration was 
generally below the respective EC limit value of 50 μg m-3, except for seven days, 
all during a strong dust transport episode on May 2013 in Athens. Coarse particles’ 
(PM2.5-10) levels during this episode were the highest measured at all sites, with mean 
24-hr values reaching up 48 μg m-3. Mean PM2.5-10 concentration during dust events 
was significantly higher than the respective concentration during the remaining period 
for all sites: 11.3 ± 4.7 μg m-3 versus 8.8 ± 3.4 μg m-3 in Porto; 11.2 ± 6.8 μg m-3 versus 
8.3 ± 4.2 μg m-3 in Barcelona; 9.5 ± 4.5 μg m-3 versus 4.8 ± 2.8 μg m-3 in Florence; 
17.0 ± 13.1 μg m-3 versus 7.5 ± 4.2 μg m-3 in Athens.

This work was supported by the European Commission LIFE + Environment Policy 
and Governance programme (LIFE11 ENV/ES/584).
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Iberulites are cases of aggregation of tropospheric particles (Díaz-Hernández, 2000, 
Díaz-Hernández and Paraga, 2008, Diaz-Hernández, 2010). To date, they have only 
been detected in the south-western Mediterranean, which is one of the areas of the 
world most affected by Saharan dust additions.
The present study shows the annual formation periods of iberulites in south-eastern 
Spain, where they have been continuously sampled from 1999 to 2013. The resulting 
record shows 104 iberulite episodes representing around 570 days activity of these 
processes.
Several conclusions can be drawn:

Iberulite production is closely linked to Saharan dust plumes, which are both discrete 
phenomena, unlike atmospheric moisture and aerosol content.
The number of iberulite episodes per year is variable, ranging from a maximum of 15 
(2004) to a minimum of 3 (2013).
The number of iberulite episodes recorded per month has a bimodal distribution; 
August has the highest activity (23%), and March the second highest (9%).
Monthly minima are reached during the winter months (0% in January, November 
and December).
Over the period examined, the number of episodes per year has a constant overall 
pattern, with neither highs nor lows.
Iberulites were detected under both dry and wet deposition (red rain).
The number of iberulites collected ranged from several tens, mainly under dry 
deposition (e.g., 26 July - 3 August 2010), to tens of thousands, as during the red rain 
event of 13-20 August 2012.

Díaz-Hernández J.L. (2000). Aportaciones sólidas a la atmósfera originadas por un incendio forestal en el 
ámbito mediterráneo. Estudios Geológicos 56, 153-161.

Díaz-Hernández J.L., Paraga, J. (2008). The nature and tropospheric formation of iberulites: Pinkish 
mineral microspherulites. Geochimica et Cosmochimica Acta 72, 3883-3906.

Díaz-Hernández J.L. (2010). Iberulites and meteorological formation conditions. Geophysical Research 
Abstracts 12, EGU2010-11630, EGU General Assembly 2010.
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Iberulites are the result of particle aggregation occurring in the troposphere (Díaz-
Hernández and Paraga, 2008). Numerous spatio-temporal factors determine a wide 
range of sizes, in a general context of microspherical shapes. Accordingly, a basic 
study of iberulites must characterize its sizes and shapes with accuracy.
The number of iberulites sampled during a productive event varies at the monitoring 
station (SE Spain) between tens and tens of thousands of microscopic specimens 
(Díaz-Hernández, 2014). The former case may be easily analysed, but the latter 
requires the laborious obtaining of subsamples from an iberulite concentrate. The 
question is how the required subsampling can be carried out to obtain accurate and 
reliable morphometric results from any particular episode.
The present study is based on the analysis of over 21,000 iberulites sampled from a 
single episode. Different subsamples were separated by gravity, dumping the container 
(a single vial) onto twelve glass slides, and not returning the specimens selected. Each 
subsample had between 289 and 4979 iberulites. Morphological parameters were 
acquired by analysis of optical microscope images and using image software under 
identical conditions. Statistical analysis was performed with open-source software 
R-3.0.2 (Development Core Team, 2013) applying robust methods.
Generally speaking, extraction by dumping (the most immediate subsampling method) 
does not represent a random selection of specimens. The linear parameters of the 
iberulites (as major and minor axes, perimeter and feret) show significant differences 
regarding sample size, while morphometric indices (such as roundness, circularity and 
solidity) are independent of sample size. These differences are probably determined 
by the compositional and structural features of the iberulites.

Díaz-Hernández J.L., Paraga, J. (2008). The nature and tropospheric formation of iberulites: Pinkish 
mineral microspherulites. Geochimica et Cosmochimica Acta 72, 3883-3906.

Díaz-Hernández, J.L. (2014). Iberulites of the Iberian Peninsula: fifteen years of monitoring. Dust 2014, 
Session

R Development Core Team (2013). R: A Language and Environment for Statistical Computing. R 
Foundation for Statistical Computing, Vienna. http://www.R-project.org/ (accessed December 2013).



116 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

Dilution methoD to caracterize fine anD 
ultrafine particle at high concentration

abdelHaKiM dJebara1*, ali baHloul1, victor songMene2

1Chemical and Biological Hazard Prevention, IRSST, Montreal, H3A 3C2, Canada
2Department of Mechanical Engineering, ÉTS, Montreal, H3C 1K3, Canada)

*abdelhakim.djebara@irsst.qc.ca 

Industrial transformation processes of material often produce dust at high 
concentration. In order to investigate particle properties, a proper conditioning of an 
aerosol sample is required in many applications of aerosol measurements. Mostly, 
aerosol conditioning means a constant and well defined dilution with a particle 
free gas. Reasons for the necessity of aerosol dilution could be the prevention of 
condensation of volatile compounds onto the particle surface, the suppression of 
chemical reactions, or simply to bring the particle concentration below the maximum 
tolerable value of the instruments. A number of different approaches are taken to 
dilute aerosol samples. These include for example a capillary diluter which uses an 
aerosol capillary to dilute with filtered air from the original air sample. These systems 
have been tested by Hueglin, Scherrer, and Burtscher (1997) and were all found to 
perform well. However, some of the more typical capillary systems suffer from high 
diffusion losses for the nanometer sized particles and thus are not suitable for studies 
in the nanometer sized particles. We describe a new sampling of dilution is based 
on a capillary/filter technique. Small capillary transport a portion of the aerosol and 
the greater part will be filtered and used as diluting gas. The shuffling between the 
two parts takes place inside a filter. Therefore, the dilution ratio is determined by the 
diameter of the capillary and the flow rate. With this principle, the dilution process 
is realized in a single step and on a fast time scale. The dilution ratio scan is varied 
continuously from moderate to very high dilutions (from 1:10 to 1:103). The described 
dilution system opens a wide range of applications. This study investigates a dilution 
system which can operate with minimal losses, particularly for ultrafine particles. 
The results using sodium chloride (NaCl) particles show no discernible difference in 
the particle size and the diameter size standard deviation of particles passing through 
the capillary. In other words, there were no apparent changes on the particle size 
distributions for fine and ultrafine aerosols.

Hueglin C., Scherrer L., Burtscher H. (1997). An accurate, continuously adjustable dilution system (1:10 to 
1:104) for submicron aerosols. Journal of Aerosol Science, 28, 1049-1055.
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How biodiversity response, increases or losses, to climate warming is one of the 
most controversial scientific issues in the global change research. Terrestrial mollusk 
is a key food chain connecting from plants to animals, and so any change in their 
community structure is likely to have profound effects on the entire terrestrial 
ecosystem. Presently, they are one of the most threatened species due to climate 
change. Therefore, response of terrestrial mollusks to rising temperature and the 
relationship between terretrial mollusk diversity and climate change remain urgently 
to be investigated, because of its diversity, abundance and vital role in ecosystem. 
Here we analyze terrestrial mollusk fossils and their diversity variations since the 
last 25 ka from the loess deposition in the center of Chinese Loess Plateau. A total of 
147 mollusk assemblages were taken from L1-1 to the Holocene strata in the Yaoxian 
loess sequence, with a sampling interval of 3 cm. A total of 26525 mollusk individuals 
have been analyzed and identified to 10 genera and 17 species, which can be gathered 
into cold-aridiphilous and thermo-humidiphilous ecological groups. Results show that 
there are not significant changes in total species diversity at the Yaoxian locality since 
the last 25 ka. However, mollusks of different ecological groups display different 
manners in response to climate warming at the period of the last deglacial period. 
The diversity and abundance of thermo-humidiphilous species clearly increased 
while cold-aridiphilous species decreased during this stage. The variations of mollusk 
species diversity of the Yaoxian loess sequence indicate that diversity of specific 
community in a given region is related to its geographical location and environmental 
conditions such as temperature and humidity.
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This paper presents a new method for the analysis of dust generation through conveyor 
belt transfer chutes. The first step of this analysis method involves the direct simulation 
of the breakage of non-round particles in which both mass and volume is conserved. 
The breakage of the particles is based on bench-top calibration tests performed in the 
laboratory. Using this method, breakage zones and breakages rates can be highlighted 
in an arbitrarily designed transfer chute. This data is then translated into the CFD 
environment where particle flow information is input with the geometry of the transfer 
chute to allow calculation of the air flow. The last step is to assign the breakage zones 
in the transfer chute within the CFD simulation, with the fines generation rate and the 
location of the breakage zones coming from the DEM simulation, and solve for the 
fluid flow field to assess the behaviour of the generated dust particles. This analysis 
method will be illustrated with two case studies in this paper.
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Studies in aerosol particles provide a means for evaluating the integrated effects of 
transport and meteorology on the atmospheric loadings of substances with different 
sources in little industrialised area in South Spain.
Weekly samples of aerosols in air were continuously monitored between 2009 and 
2011 in Malaga (Spain) with a high-volume air sampler (ASS-500C). Additionally, 
levels of particulate matter fraction PM10 were monitored in one of the Atmospheric 
Pollution Monitoring network managed by the Environmental Health Service of the 
Andalusian Government. The sampling point (4º 28’ 4” W; 36º 43’ 40”N) was located 
approximately 5 km from the coastline, near the airport and surrounded by roads with 
traffic exhaust.
The high-volume sampler uses polypropylene square filters (44 x 44 cm2) with a 
collection efficiency of 93-99%, at a flow rate of 90,000 L min-1. This system was 
configured to filter a discharge average of 600 m3/h of air. The average weekly 
volume ranged from 65000 to 90000 m3. The dust content in the filters was calculated 
gravimetrically by weighing the filters before and after and were analysed for the 
major elements Ca, Fe, Na, Mg, K, Cu, Ni, Cr, Zn and Pb by ICP-MS (NexION).
The relationship between PM10 and dust content is clearly evident. After analysing 
daily variations, attention was focused on the detection of high dust content and PM10 
events and on the identification of their natural or anthropogenic origins. The PCA 
(varimax normalized) method was applied to the concentrations of metals and PM10 
and explain 70% of the variance. Three factor groups were obtained. In the first factor 
(PC1) Ca, Fe, Na, Mg, K and PM10 were high loaded, with crustal and marine sources, 
and were the major component with 44% of the total variance. In the second factor, 
Cu had the highest load, followed by Zn and Pb. Important sources of these metals 
in Málaga are traffic emissions. A 15% of the variance was observed in this second 
factor (PC2). In the third factor the highest loading corresponded to Cr, followed by 
Ni and Zn. Their principal sources are industrial emissions and the variance in this 
factor was 11%.
The relevance of natural events and the variations in PM10 concentrations and 
composition of the filters during the studied period are discussed. In general, traffic 
emissions and industrial aerosol events did not cause exceedance of the daily European 
limit value for PM10. Saharan dust events, instead, were in most cases responsible for 
the exceedance of the limit value at this sampling station.
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Bulk depositions play an important role in scavenging soluble components from the 
atmosphere and enable the understanding of the relative contributions of different 
sources of atmospheric pollutants..Measurements of the chemical composition 
of atmospheric depositions are needed to establish depositional fluxes through the 
atmosphere in specific regions. These data are also very useful for validating global 
scale model simulations.
The bulk deposition was collected monthly over a 9 years period (January 
2005-December 2013) at a site located 30 m.a.l. in Málaga (4 º28´8²W; 36º 43´40²N). 
Samples were collected monthly in an area of 1 m2 using a collector that is a slightly 
tilted stainless steel tray and filling 25 or 50 L polyethylene vessels with bulk 
deposition. All samples were analysed for pH, major ions and gamma radionuclides. 
The average pH of bulk deposition was 6.4. Cl- and SO4

2- were the main anions, while 
Ca+ and Na+ were the main cations. The mean concentration of anions can be ordered 
in a descending order as follows: Cl- > SO4

2-> NO3
-. The mean values of these anions 

were obtained as 397, 246 and 170 µeq l-1 respectively. Mean concentrations of cations 
(Ca2+ > Na+ > Mg2+ > K+) were found to be 455, 203, 109 and 29 µeq l-1 respectively.
The radionuclides present in all samples are 7Be and 210Pb. The 40K appears 
approximately in 50% of the samples. The specific activities of 7Be, 210Pb and 40K 
varied from 0,6 to 8,3 Bq l-1 (mean = 2,6 Bq l-1), from 0,05 to 1,3 Bq l-1 (mean = 0,41 
Bq l-1) and from 0,02 to 0,84 Bq l-1 (mean= 0,23 Bq l-1), respectively. To determine 
the concentrations of 7Be, 210Pb and 40K from the collector, a volume of 6 litres was 
evaporated at 80ºC down to approximately 1 litre and then transported to a Marinelli 
geometry container. This large sample size was required due to the low activity of the 
samples. The Marinelli containers were counted using an intrinsic germanium coaxial 
detector, RE Ge-type made by CANBERRA.
The temporal variations of major ions and radionuclides exhibit similar seasonal 
behaviour with low values in winter-autumn months and maximum values in spring-
summer months .Additionally, principal component analysis method were performed 
to identify possible common sources of major ions and gamma radionuclides in bulk 
deposition.
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This paper reports on Scanning Electron Microscopic (SEM) studies of individual 
aerosol particles from global dust sources, collected on Nuclepore® membrane filters. 
These include approximately 243 TSP, PM10 and PM2.5 filter samples collected at 15 
sites throughout the Middle East (Engelbrecht et al., 2008) as well as 65 re-suspended 
dust samples from global dust sources, including from the southwestern USA, (12), 
Mali (3), Chad (3), Morocco (1), Canary Islands (8), Cape Verde (1), Djibouti (1), 
Afghanistan (3), Iraq (6), Kuwait (5), Qatar (1), UAE (1), Serbia (3), China (5), 
Namibia (3), Botswana (4), Australia (3), and Chile (1). 

Approximately 1000 individual particles from each of the ambient and re-suspended 
Nuclepore® filters were analyzed for their chemical composition (approx. 28 chemical 
species), particle size and morphology, by computer controlled scanning electron 
microscopy (CCSEM). In addition, approximately 5 secondary electron images 
(SEI’s) with energy dispersive spectra (EDS) were collected from each filter sample.

CCSEM results clearly show differences in chemical and mineralogical compositions 
from different sampling sites, depending on the local geology and anthropogenic 
sources. For example, aerosols from United Arab Emirates (UAE) contain above 
average amounts of calcite, while those from Al Asad, Iraq contain above average 
amounts of dolomite. Silicate minerals, including quartz and feldspars are often coated 
by thin clay layers, including iron-bearing montmorillonite, illite, and palygorskite, 
while dusts from Mali also contain coatings of kaolinite with individual particles of 
hematite and goethite. Minerals in airborne dust and their interrelationships determine 
their optical (scattering, absorption) and other properties. 

We intend establishing a data base of the mineralogical, chemical, physical and 
optical properties for airborne dust from global sources dust or applications in climate 
modeling, remote sensing, visibility, health (medical geology), ocean fertilization, 
and damage to equipment. 

Engelbrecht, J.P., McDonald, E.V., Gillies, J.A., Gertler, A.W., 2008. Department of Defense Enhanced 
Particulate Matter Surveillance Program (EPMSP). Contract Number: W9124R-05-C-0135/SUBCLIN 
000101-ACRN-AB, Desert Research Institute.
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The purpose of the project was to provide information on the mineralogical, chemical 
and physical interrelationships of re-suspended mineral dust samples collected as grab 
samples from global dust sources. Surface soil samples were collected from about 65 
desert sites, including the southwestern USA (12), Mali (3), Chad (3), Morocco (1), 
Canary Islands (8), Cape Verde (1), Djibouti (1), Afghanistan (3), Iraq (6), Kuwait 
(5), Qatar (1), UAE (1), Serbia (3), China (5), Namibia (3), Botswana (4), Australia 
(3), and Chile (1).
The < 38 µm sieved fraction of each sample was re-suspended in an entrainment 
chamber, from which the airborne mineral dust could be monitored, sampled and 
analyzed. Instruments integrated into the entrainment facility included two PM10 and 
two PM2.5 filter samplers, a beta attenuation gauge for the continuous measurement of 
PM10 and PM2.5 particulate mass fractions, an aerodynamic particle size (APS) analyzer, 
and a three wavelength (405, 532, 781nm) photoacoustic resonator with integrating 
reciprocal nephelometer for monitoring absorption and scattering coefficients during 
the dust re-suspension process. Filter sample media included Teflon® membrane 
and quartz fiber filters for chemical analysis (71 species), and Nuclepore® filters for 
individual particle analysis by Scanning Electron Microscopy (SEM). The < 38 µm 
sieved fractions were also analyzed by X-ray diffraction for their mineral content 
while the > 38 µm, < 125 µm soil fractions were mineralogically characterized by 
optical microscopy.
We will be presenting results on the optical measurements, also showing the relationship 
between single scattering albedo (SSA) at three different wavelengths, and chemical 
as well as mineralogical content and interdependencies of the entrained dust samples. 
Examples showing the relationships between the single scattering albedos of airborne 
dusts, and iron (Fe) in hematite, goethite, and clay minerals (montmorillonite, illite, 
palygorskite), will be discussed. Differences between the clay minerals in samples 
from Mali and those from other localities will be demonstrated.
We intend establishing a data base for applications in climate modeling, remote 
sensing, visibility, health (medical geology), ocean fertilization, and damage to 
equipment.



123DUST2014 - 1st International Conference on Atmospheric Dust - Italy

spatio temporal moDeling baseD on artificial 
neural network-markov for prioritize 

controlling policies in Dust sources

oMid erFanizadeH1*, aliaKbar MatKaan1, ali darvisHi boloorani2,
babaK MirbagHeri1, aso veysi3

1Faculty of Earth Science, Shahid Behshti University, Tehran, Iran
2Faculty of Geography, Tehran University, Tehran, Iran

3Department of Engineering, Yazd Science and Research Branch, Azad University, Yazd, Iran
*Erfanizadeh.1988@yahoo.com

One of the main problems of Iran is dust storms which encompass the country in 
recent years. Increasing in spatial extent of this phenomenon, its frequency and its 
Undesirable environmental effects have encouraged many scientists and officials to 
study on identifying the nature of dust storms and providing effective strategies for 
reducing the negative effects of this phenomenon. Previous studies have identified 
active dust sources in neighboring countries which Proves that Iraq’s share in 
production of dust is higher than the other countries. Detected sources are general 
and it seems that dust storms are raising above some parts of these sources not all 
of them. Using these findings in more operational steps like stabilize erosion-prone 
sediments is a great challenge. It seems that vast Land use changes and Degradation of 
rangelands which are large parts of regions vegetation cover play an intensification role 
in dust sources activity. So modeling the pattern of Rangelands degradation provide 
Useful information to identifying vulnerable areas, for better management of dust 
sources in the study area. In this study we achieved this aim by combining artificial 
neural network with Markov chain for modeling the changes. So by using Landsat 
satellite images and image processing techniques, changes of Rangelands cover in 
last two decades were derived and considering the factors affecting this changes the 
modeling of rangelands degradation was performed then, by using the results, active 
dust sources Were Prioritize for controlling policies and finally maps of Rangelands 
degradation potential were extracted for future.

keywords: Dust sources, Rangelands, Modeling, Artificial Neural Network-Markov.
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We present the preliminary results of an extensive field test campaign devoted to the 
study of dust lifting mechanisms and their effect on atmospheric electric field. The 
main objective is to quantify the effect of fresh lifted dust on the atmospheric electric 
field and its feedback on the lifting process. An enhancement of the atmospheric 
electric field is expected during dust events such as sand saltation process, dust devils, 
dust storms (e.g Schmidt et al., 1998; Kok and Renno, 2006; 2008). This is due to 
charge transfer among particles during sand-dust-soil collisions. This mechanism is 
poorly understood but from some laboratory and field experiments, we expect that 
saltating sand particles charge negatively while the soil surface charges positively, 
so that the resulting electric field is expected to be reversed in sign with respect to 
fair weather. Moreover, some studies show also evidences of the role of electric field 
in reducing the wind stress needed to start sand saltation process (Kok and Renno, 
2008; Zheng et al., 2003; 2006). We acquired synchronized measurements of wind 
speed and direction, atmospheric pressure, solar radiation, air and soil humidity and 
temperature, wind erosion using impact sensors and sand catchers, dust lifting and 
electric field for about two months in the Moroccan desert. Preliminary data analysis 
shows a strict correlation between the abundance of the fresh lifted dust and the 
enhancement of atmospheric electric field. This study provides new evidences in the 
relation of aeolian processes and electric properties of the atmosphere and will prepare 
the analysis of the data that will be acquired on Mars by the instrument DREAMS 
onboard the ExoMars 2016 space mission. DREAMS is a meteorological station with 
the additional capability to perform measurements of the electric field close to the 
surface of Mars. 

Kok J. F. and Renno N. O. (2006) Enhancement of the emission of mineral dust aerosols by electric forces. 
Geophys. Res. Lett. 33 L19s10

Kok J. F. and Renno N. O. (2008). Electrostatics in wind-blown sand. Phys. Rev. Lett. 100 014501
Schmidt D. S., Schmidt R. A. and Dent J. D. (1998) Electrostatic force on saltating sand. J. Geophys. Res. 

103 8997-9001.
Zheng X. J., Huang N. and Zhou Y. H. (2003). Laboratory measurement of electrification of wind-blown 

sands and simulation of its effect on sand saltation movement. J. Geophys. Res. 108 4322.
Zheng X. J., Huang N. and Zhou Y. H. (2006). The effect of electrostatic force on the evolution of sand 

saltation cloud. Eur. Phys. J. E 19 129-38.
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The Wider Caribbean is affected every year by Saharan dust events generated on 
Sahara and Sahel region at north of African continent. These large amounts of aerosol 
have been detected by a sunphotometer CIMEL CE-318 installed on the proximity 
of Camagüey city (21.422° N, 77.850° W), since October 2008. This sunphotometer, 
operated by the Atmospheric Optics Group of Camagüey (GOAC), belong to the 
Iberian Aerosol Measurement Network (RIMA), federated to AERONET. Six events 
has been recorded during July 2009, the more intense during July 6 with AOD = 0.696 
and the longest event among July 15 and 20 with a maximum AOD value of 0.615 
on July 17. A coincident CALIPSO overpass has been selected into the longest event 
corresponding to July 19. Taken into account only the spatial criteria, the nearest point 
was located to west northwest at a distance of 22.6 km of CIMEL site, constituting 
the case study. The AOD registered values of 0.35 and 0.32 for both, CALIPSO and 
MODIS, respectively, have equal magnitude than CIMEL measurement for the same 
day. The Camagüey sunphotometer measurements was compared with La Parguera 
site, Puerto Rico, located at 1195 km to the east southeast where almost the same 
quantity of Saharan dust was registered with a time gap of one to two days. During 
the same period, Europe was affected by Saharan dust events as well, fundamentally 
the south of Spain whereGranada, an EARLINET site, is located. CALIPSO, MODIS 
and AERONET data available at global scale are used, in conjunction with transport 
models and backtrajectories, for investigating the Saharan dust plume dispersion.

Acknowledgments - The financial support by the European Community through the 
ACTRIS Research Infrastructure Action under the 7th Framework Programme under 
ACTRIS Grant Agreement n° 262254 is gratefully acknowledged.
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Soils in the vicinity of non-ferrous metal smelters are often highly polluted by inorganic 
contaminants released from particulate emissions, which undergo weathering 
processes and release contaminants when deposited in soils (Ettler et al. 2005). In this 
paper we present the results on mineralogy and alteration of smelter-derived particles 
in soils near active Cu and Pb metallurgical operations.
The topmost soil layers are often highly enriched in inorganic contaminants, e.g. up to 
8980 ppm Cu near Cu smelters (Ettler et al. 2014) and 35 000 ppm Pb near Pb smelters 
(Ettler et al. 2005). Heavy mineral fraction of these soils contains numerous spherical 
particles smaller than < 80 µm with mineralogy corresponding to particles formed by 
the processes in the furnace or in the flue gas cleaning system of each smelter. Copper 
smelter-affected soils commonly contain spherical particles were mainly composed 
of covellite (CuS), chalcocite (Cu2S) and Fe-Cu oxide particles predominantly 
corresponding to tenorite (CuO) and delafossite (Cu1+Fe3+O2). Secondary weathering 
rims on Cu-Fe sulphides are often composed of Cu sulphates and/or Cu oxysulfates 
along with hydrated Fe-oxides (Ettler et al. 2014). In contrast, Pb smelter-affected soils 
contain predominantly anglesite (PbSO4) particles corresponding final weathering 
product of the dust exposed in the soil system (Ettler et al. 2005).
We used a technique with double polyamide experimental bags (1-µm mesh) to study 
the in situ transformation of dust from a secondary Pb smelter in soils (Ettler et al., 
2012). Between 62 - 66% of the dust dissolved after one year’s exposure in the soils, 
leading to complete dissolution of primary caracolite [Na3Pb2(SO4)3Cl] and KPb2Cl5, 
with formation of secondary anglesite. Release of Pb was pH-dependent, whereas not 
for Cd and Zn. Significant amounts of metals (mainly Cd and Zn) partitioned into 
labile soil fractions and became highly mobile in the soil profiles.
This study was supported by the Czech Science Foundation (GAČR 210/12/1413 and 
13-17501S) and IGCP Project No. 594 (“Assessment of impact of mining and mineral 
processing on the environment and human health in Africa”).

Ettler V., Vanek A., Mihaljevic M., Bezdicka P. (2005). Contrasting lead speciation in forest and tilled soils 
heavily polluted by lead metallurgy, Chemosphere 58, 1449-1459.

Ettler V., Mihaljevic M., Sebek O., Matys Grygar T., Klementova M. (2012). Experimental in situ 
transformation of Pb smelter fly ash in acidic soils, Environmental Science & Technology 46, 10539-
10548.

Ettler V., Konecny L., Kovarova L., Mihaljevic M., Sebek O., Kribek B., Majer V., Veselovsky F., Penizek 
V., Vanek A., Nyambe I. (2014). Surprisingly contrasting metal distribution and fractionation patterns in 
copper smelter-affected tropical soils in forested and grassland areas (Mufulira, Zambian Copperbelt), 
Science of the Total Environment (in press, doi: 10.1016/j.scototenv.2013.11.146) 
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In the framework of the NIBS (Networking and Internationalization of Basilicata 
Space Technologies) project, funded by the Basilicata Region within the ERDF 2007-
2013 program, the School of Engineering of University of Basilicata, the Institute of 
Methodologies for Environmental Analysis of National Research Council (IMAA-
CNR) and the Regional Agency for the Protection of the Environment of Basilicata 
Region (ARPAB) have started a new collaboration, devoted to assess the potential 
of an advanced satellite technique for Saharan dust events investigation. In such a 
joint activity, advanced satellite products, based on the Robust Satellite Technique 
(RST) approach, are assessed and tested as a decision support system for monitoring 
and evaluating air quality at local and regional level. In particular, satellite products, 
derived by processing high temporal resolution data provided by SEVIRI (Spinning 
Enhanced Visible and Infrared Imager) sensor onboard Meteosat Second Generation 
platforms, are analysed together with PM10 measurements performed by the ground-
based stations operated by ARPAB. Such an inter-comparison is devoted to better 
investigate possible PM10 over-threshold occurrences as well as to better evaluate 
their causes (i.e. anthropogenic and/or natural sources). The analysis will potentially 
provide to ARPAB an independent, automatic and unsupervised observing system 
capable of supporting them in discriminating over-threshold PM10 data produced by 
natural source from the ones occurred because of anthropogenic causes. Multi-annual 
data set of ground-based and satellite time series are processed, firstly on a restricted 
area (the province of Potenza), and then at a regional scale (Basilicata Region), with 
the aim of developing a reliable and integrated monitoring system, capable of better 
supporting activities devoted to assess air quality.
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Lawrence Livermore has developed a safe food based aerosol material for transport 
studies. LLNL’s DNA Tagged Reagents for Aerosol eXperiments (DNATrax), 
a safe simulant material made with sugar and non-biological DNA, can track and 
quantify indoor and outdoor air transport. DNATrax combines FDA-approved food 
additives and a unique DNA bar code to produce a microparticle that simulates the 
aerosols comprising the air around us. The potential for creating unique bar codes 
is virtually unlimited, thus allowing for simultaneous and repeated releases, which 
dramatically reduces the costs associated with conducting source attribution testing for 
contaminants. The ability to rapidly conduct aerosol testing allows for the validation 
of models and detector locations that has previously been unobtainable. 
Computational modeling methods can provide a theoretical understanding of particle 
deposition in turbulent airflow patterns but still require experimental validation using 
simulant aerosols (King, et al., 2013). Considerations that complicate experimental 
designs for model validation include high background aerosol levels, reproducing 
environmental conditions for multiple experiments, and detecting the simulant with 
disruption of natural airflow. Use of DNATrax as an aerosol simulant can solve these 
concerns. 
The presentation will discuss the development of DNATrax and the most recent 
aerosol release studies. In addition, the regulatory, safety aspects and low burden for 
approval will be presented. 

This work was performed under the auspices of the U.S. Department of Energy by 
Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344

King, M. F., Noakes, C. J., Sleigh, P. A., Camargo-Valero, M. A. (2013). Building and Environment. 59, 
436-447.
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The exposure to airborne pollutants is usually assessed considering the concentration 
of the related pollutant measured at some monitoring stations, possibly averaged over 
different stations, and referred e.g. to a city or a region or a country.
This approach has big limitations, giving rise serious ecological fallacy because neither 
the spatial distribution of the pollutants neither the population spatial distribution are 
considered at sensible meteorological and anthropic scales.
In this paper we consider a statistical approach based on dynamical kriging and spatio-
temporal simulation which allows the computation of the exposure distribution giving 
the number of people exposed to the each pollutant concentration. Since this approach 
is capable of reconstructing the concentration fields at high spatial resolution for daily 
data, the exposure distribution can be assessed, uncertainty included, at various spatial 
and temporal scales from the city to country level and from daily to yearly level. 
Results are given for European exposure to particulate matters.
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This study deals with the analysis of 8 years long time series of PM10 and meteorological 
data collected in the city of Taranto - Italy, which is characterized by the extreme 
proximity to a large industrial area which includes the largest European integrated steel 
plant, an oil refinery and a cement plant. In particular we focus on a small neighbourhood 
called Tamburi characterized by several exceedances of regulatory limits with respect to 
PM10. This neighbourhood is located less than 1 Km away from the steel plant mineral 
stockyard, downwind with wind direction from North-West quadrant. The aim of the 
study is to identify specific wind conditions leading to deterioration of air quality with 
respect to PM10 concentrations. We chose two sampling sites of PM10 from ARPA 
Puglia Air Quality Monitoring Network, one located in Tamburi and the other in a 
Taranto neighbourhood called Talsano, similar to the first in population density and 
urban morphology but much farther from the mineral stockyard. Meteorological data are 
obtained from a station located in Taranto from the same Air Quality Monitoring Network. 
To identify the specific wind conditions, we looked for critical wind speed thresholds and 
wind speed permanence in terms of consecutive hours over the threshold. Combining 
thresholds and permanence we defined some meteorological criteria and applying them 
we divided into two classes every day of the observation period naming them “Wind 
Day” and “No Wind Day”. According to this classification we performed a statistical 
analysis [1] on the two PM10 data sets; we also performed a statistical hypothesis testing 
building two different distributions, one obtained from PM10 concentration and the 
other from the difference between the PM10 concentrations in two sites, and for each 
meteorological criterion we build a ROC curve. Days of Saharian advection, identified 
using a canonic method [2], were eliminated from the dataset. The study shows that 
Talsano site exhibits a constant behaviour, that is a decrease of PM10 concentrations 
in the days classified as “Wind Day” with respect to the “No Wind Day” class, due to 
dilution effect of strong winds. Tamburi site shows an opposite behavior. This anomaly is 
due to the extreme proximity of emission source. Furthermore we found that the value of 
the area under the ROC curves obtained for each meteorological criterion is in the range 
0.69 - 0.89 meaning that all classifiers give a sufficiently good separation.

1. Wilks D.S. (2006) Statistical Methods in the Atmospheric Sciences. Academic Press Elvesier , 649 pp
2. EC (2011). Commission staff working paper establishing guidelines for demonstration and subtraction of 

exceedances attributable to natural sources under the Directive 2008/50/EC on ambient air quality and 
cleaner air for Europe, 38 pp.
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Globally, particulate matter (PM) concentrations in urban centers cause significant 
adverse effects on human health. Urban traffic, industry and heating systems are the 
major source of urban PM. The meteorological conditions, topographical structures 
of cities and urban settlements are the major factors affecting the air pollutants’ 
dispersion, deposition and chemical conversion processes dramatically. The aim of 
this study is to determine and forecast of daily, monthly and seasonal PM10 mass 
concentrations based on meteorological parameters in Ergene Basin, covering a wide 
area of the province consists of three cities named Tekirdag, Edirne and Kırklareli. 
The population of this area approximately is 3 million people and this population is 
under risk of different environmental pollution such as atmospheric PM. At Ergene 
basin, during 2005 - 2013 study period, the differences between PM10 episode and 
meteorological parameters have been determined utilizing classification and ANOVA 
techniques. PM forecasting models have been developed to determine the temporal 
variation of particulate matter using multiple regression on the basis of meteorological 
parameters. During the working period, the average concentrations of PM10 is 68,97 
µg/m3 in Ergene Basin. The concentrations of PM10 are higher in winter season than 
the other months because of combustion of fossil fuel for heating. As expected, the 
temperature and wind speeds have a significant effect on the occurrence of episodic 
events. Accordingly, the increase of relative humidity and cloudiness is associated 
with an increase in high values of PM10 in each city. Forecasting models could be 
explained adequately daily and seasonal variation of particulate matter concentrations. 
Determination coefficient (R2) of each prediction model developed for the cities varied 
from 0.69 - 0.79 values. The level of the previous days pollution and meteorological 
parameters including wind speed, temperature and pressure were found to be an 
important variables in the forecasting models. The air quality projections have been 
determined by using model equations developed for Ergene basin depending on 
meteorological conditions.

keywords: Atmospheric PM10 episodes, meteorological parameters, ANOVA, 
multiply linear regression, Ergene Basin.
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Different meteorological processes are known to generate dust emission in North 
Africa, but their relative importance is poorly quantified. This study presents the 
first quantitative estimate of the North African dust emission amount associated with 
atmospheric depressions and migrating, long-lived cyclones (Fiedler et al, 2013a) 
as well as the breakdown of nocturnal low-level jets (NLLJs, Fiedler et al, 2013b). 
The work uses the ERA-Interim data from the European Centre for Medium-Range 
Weather Forecasts. An algorithm is applied for identifying tracks of minima in the 
geopotential height at 925 hPa. NLLJs are detected with a new automated detection. 
The results of these techniques are combined with dust emission calculations from a 
dust model which is driven by meteorological fields from ERA-Interim.
The results highlight large contributions of atmospheric depressions to dust emission of 
55% annually and spatially averaged and up to 90% in specific regions and seasons. 
Cyclones that migrate and live for more than 48 hours are rare and are associated with 
4 % of the dust emission annually and spatially averaged. Maxima of dust emission 
associated to cyclones of 25 % are found over eastern North Africa during spring. 
Despite the overall small contribution of cyclones to dust emission, the intensity of 
the emission is particularly large with values exceeding the climatological mean by 
a factor of four to eight. Daytime fluxes associated with cyclones are three to five 
times larger than those during the night. Moisture in the top soil suppresses 10 % of 
the dust emission associated to cyclones. These results underline the importance of 
depressions and migrating cyclone for dust emission.
NLLJs are nocturnal wind speed maxima at a few 100 m above the ground. In the 
annual and spatial mean, NLLJs occur in 29 % of the nights and up to 80 % in 
regionally and seasonally varying hotspots. The contribution of NLLJs to the dust 
emission amount is 15 % in the annual and spatial mean. Seasonally and regionally, 
up to 60 % of the dust emission amount is associated with NLLJs. Based on this 
knowledge dust emission from these meteorological processes can be evaluated in 
weather and climate models for dust applications that helps reducing uncertainty.

S. Fiedler, Schepanski, K., Knippertz, P, Heinold, B., Tegen, I. (2013a) How important are cyclones 
for emitting mineral dust aerosol in North Africa?, Atmos. Chem. Phys. Discuss., 13, 32483-32528, 
doi:10.5194/acpd-13-32483-2013.

S. Fiedler, Schepanski, K., Heinold, B., Knippertz, P., Tegen, I. (2013b), Climatology of nocturnal low-
level jets over North Africa and implications for modeling mineral dust emission, J. Geophys. Res. 
Atmos., 118, 6100-6121, doi:10.1002/jgrd.50394.
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Iron is required by phytoplankton for a range of important biochemical functions 
and therefore, its availability is important for supporting ocean ecosystems. A major 
pathway for new supply of iron to the open ocean is atmospheric deposition of aerosols. 
The proportion of total iron contained within aerosols that dissolves in seawater (i.e. 
fractional solubility), varies greatly and is dependent on aerosol composition and the 
physicochemical conditions of the seawater. As iron is most biologically available in 
the dissolved form, it is important to understand how these factors affect dissolution 
of aerosol iron in seawater.

In this study, the effects of key physicochemical factors on aerosol iron dissolution 
into seawater were investigated. These factors were seawater temperature, pH and 
chelating ligands. Aerosol samples were collected from Tudor Hill atmospheric 
observatory (Bermuda) over four different seasonal time periods (ca. 1 - 2 month) 
over 2009 and 2010 and replicate subsamples of these were used in aerosol leach 
experiments along with filtered low iron seawater collected from the Bermuda Atlantic 
Time-series Study region. Filtration of seawater leachate through 0.4 µm and 0.02 µm 
pore size filters allowed colloidal (> 0.02 µm - < 0.4 µm) and soluble (< 0.02 µm) size 
fractions of the dissolved (< 0.4 µm) iron pool to be determined.

Initial results for iron showed that seawater temperature (4 - 25 ˚C) and pH (7.7 - 
8.1), had no significant effect on the dissolution of aerosol iron within the range of 
values tested. However, the source and composition of aerosols affected the fractional 
solubility of iron by up to one order of magnitude, with the most anthropogenically 
influenced samples having the highest fractional solubility. Supporting data 
showing the influence of aerosol source and seawater temperature and pH on a 
suite of biologically active trace metals (e.g. Cu, Mn, Co) will also be presented. In 
addition, results have shown the majority of iron deposited by aerosols into ambient 
seawater existed in the colloidal size fraction. However, in the presence a sufficient 
concentration of strong iron-binding organic ligands, a shift in the size speciation was 
observed whereby most colloidal iron was converted to soluble iron. The conclusions 
of this study have been used to develop a conceptual model for iron dissolution from 
aerosols in the surface ocean that illustrates the role played by organic ligands in this 
process. This has important implications for aerosol iron residence times in surface 
waters and biological availability. Further analysis will allow other biologically active 
trace metals to be included in this model.
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In contrast to the North Atlantic where marked declines in aeolian inputs of industrial 
lead over the past four decades have been correlated with the elimination of leaded 
gasoline in North America and Europe, there has not appeared to be a comparable 
decline in industrial lead depositions in the North Pacific - in spite of the elimination 
of leaded gasoline in countries bordering that ocean. This disparity may be (1) an 
artifact of the relative absence of lead measurements in North Pacific aerosols and 
surface waters, (2) due to the slower elimination of leaded gasoline in much of Asia, 
and/or (3) a consequence of the rapid industrialization of Asia in recent decades. The 
latter possibility is evidenced by limited measurements of lead concentrations and 
isotopic compositions in North Pacific aerosols and surface waters, which indicate 
that increasing atmospheric emissions of lead from fossil fuel combustion in Asia 
now account for most of the lead in eastern North Pacific surface waters. Moreover, 
those anthropogenic inputs are projected to continue for decades as a consequence 
of expanding industrialization in Asia and limited - to date - controls on associated 
atmospheric lead emissions.
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The DWD network of about 60 Jenoptik CHM15K laser-ceilometers (http://www.
dwd.de/ceilomap) is applied to estimate the mass-load of Saharan dust transported 
to southern Germany in the year 2011. The assumptions on which our approach is 
based are explained, and uncertainties and limitations of mass-load estimates from 
ceilometer elastic backscatter profiles are discussed in the context of the information 
content of advanced lidars’ data. The capability of a dense profiling network to 
study the dispersion, coherence and boundary layer entrainment of dust layers is 
demonstrated.

Six periods with strong Saharan dust transport to central Europe occurred in 2011 
covering in total 23 days, namely on 15/16 Mar, 9-12 Apr, 21/22 Jun, 3-5 Aug, 18-26 
Aug, and 3-5 Sep. The weaker events are ignored because they cannot unambiguously 
be identified and contribute in total much less mass than the strong ones. For the main 
periods, time-height sections of extinction coefficients at 6 south German ceilometer 
stations have been calculated using Rayleigh calibration and a fixed lidar ratio of 
55 sr. Errors due to insensitivity to the molecular signal are reduced by scaling to 
AOD. In each period the results are confirmed by another retrieval based on absolute 
calibration (Wiegner et al, 2012). Following the anchor approach, the calibration of 
this station is transferred to the surrounding network CHM15k (distance <100 km) 
which, at that time, had no absolute calibration capability. The extinction-to-mass 
conversion is performed with an average literature mass-extinction-coefficient of σ*= 
0.6 m²/g for Saharan dust (Ansmann et al., 2012).

The resulting dust mass load is discussed with respect to its relevance as a fertilizing 
and (acidic soil) buffering agent (mainly by Ca2+).

Ansmann et al., Profiling of fine and coarse particle mass: case studies of Saharan dust and Eyjafjallajökull/
Grimsvötn volcanic plumes, Atmos. Chem. Phys., 12, 9399-9415, 2012.

Flentje et al., The Eyjafjallajökull eruption in April 2010 - detection of volcanic plume using in-situ 
measurements, ozone sondes and lidar-ceilometer profiles, Atmos. Chem. Phys., 10, 10085-10092, 2010.

Wiegner et al., Aerosol profiling with the Jenoptik ceilometer CHM15kx, Atmos. Meas. Tech., 5, 1953-
1964,doi: 10.5194/amt-5-1953-2012, 2012.
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Like mineral dust, volcanic ash can be dispersed by dominant winds thousands of 
km from the source jeopardizing civil aviation and communities. Ash fallout triggers 
an array of impacts including, for example, disruption of road and communication 
networks, damage to livestock and agriculture, or contamination of water supply 
systems. On the other hand, the presence of volcanic ash and aerosols in the atmosphere 
disrupts civil aviation and deteriorates the air quality. Volcanic Ash Transport and 
Dispersal Models (VATDMs) simulate atmospheric dispersion and sedimentation 
of ash depending on meteorological fields and eruption characteristics, defined by 
the so-called Eruption Source Parameters (column height, eruption rate and vertical 
distribution of mass) and particle properties. VATDMs are used for multiple purposes, 
including forecasting of ash clouds and deposition, long-term hazard assessment, 
or characterization of past eruptions. In the context of civil aviation operations, 
VATDMs have been long used by Volcanic Ash Advisory Centres (VAACs) and other 
institutions to forecast ash cloud trajectories and prevent encounters with aircrafts. 
More recently, VATDMs are also being used for long-term hazard assessment and 
evaluation of impact of volcanic clouds on aerial transportation. New perspectives and 
modelling strategies including data assimilation and ensemble forecast are emerging 
in the aftermath of recent high-impact events in order to improve the accuracy of 
forecasts. Here the use of VATDMs is overviewed and the emerging perspectives 
discussed and compared with those adopted by the mineral dust community.
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The tropical North Atlantic is a region with large annual rates of dust deposition (~140-
200 Tg) and large uncertainties in seasonal variations of deposition and transport 
(Kaufman et al. 2005). Dust transported westward from Africa affects biogeochemistry 
in the tropical Atlantic Ocean, climate variability in the tropical Atlantic, soil 
composition in the Amazon, and air quality in the Caribbean and southeastern United 
States (Swap et al. 1992, Prospero 1999, Evan et al. 2011, Schlosser et al. 2014). In 
this study, dust deposition in the tropical North Atlantic is estimated during 2000-2013 
from satellite retrievals of dust aerosol optical thickness and reanalysis winds, and 
from dust accumulation biases from surface radiation sensors on several moorings of 
the Prediction and Research Moored Array in the Tropical Atlantic (PIRATA) (Foltz 
et al. 2013). The emphasis is on annual mean, seasonal, and interannual fluctuations 
of dust deposition, and their spatial variations.

Results from the satellite/reanalysis portion of the study show a maximum in annual 
mean deposition rate of 3-4 μg m-2 s-1 between 10°N-18°N along 25°W. Deposition 
rates decrease to less than 2 μg m-2 s-1 at 45°W. The largest deposition rates (4-8 
μg m-2 s-1) occur during boreal summer between 12°N-20°N and east of 35°W. In 
contrast, the tropical North Atlantic experiences the smallest deposition rates (less 
than 2 μg m-2 s-1 throughout the basin) in boreal winter. In situ estimates from four 
PIRATA moorings, located between 12°N-20°N along 23°W and 38°W, reveal strong 
interannual variations in dust deposition, with the highest rates in 2007 and 2012, 
consistent with satellite/reanalysis estimates. Connections to large-scale atmospheric 
forcing and implications for modelling of dust transport and deposition will be 
discussed.

Evan A. T., Foltz G. R., Zhang D., Vimont D. J. (2011). Influence of African dust on ocean-atmosphere 
variability in the tropical Atlantic, Nature Geosci., 4, 762- 765, doi:10.1038/ngeo1276.

Foltz G. R., Evan A. T., Freitag H. P., Brown S., McPhaden M. J. ( 2013). Dust accumulation biases in 
PIRATA shortwave radiation records, J. Atmos. Ocean. Tech., 30, 1414-1432.

Kaufman Y. J., Koren I., Remer L. A., Tanre D., Ginoux P., Fan S. (2005). Dust transport and deposition 
observed from the Terra-MODIS spacecraft over the Atlantic Ocean, J. Geophys. Res., 110, D10S12, 
doi:10.1029/2003JD004436. 

Prospero J. M. (1999). Long-range transport of mineral dust in the global atmosphere: Impact of African 
dust on the environment of the southeastern United States, Proc. Nat. Acad. Sci. USA, 96, 3396-3403.

Schlosser C., et al. (2014). Seasonal ITCZ migration dynamically controls the location of the (sub)tropical 
Atlantic biogeochemical divide, Proc. Nat. Acad. Sci. USA, doi: 10.1073/pnas.1318670111, in press.

Swap R., Garstang M., Greco S., Talbot R., Kallberg P. (1992). Saharan dust in the Amazon basin, Tellus 
B, 44, 133-149.
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As the greatest single dust source, Saharan dust is constantly being long ranged 
transported and deposited into the Atlantic where it is known to influence the ocean 
biogeochemistry. One region for suitable monitoring of such activities is the Cape 
Verde Atmospheric Observatory (CVAO), situated in the Northern tropical Atlantic. 
Here we present observations of long term chemical characterisation of Saharan dust 
performed at the CVAO over a period of 5 years from 2007 to 2012. Sampling was 
done throughout the year in a 72 h period and during intensive field campaigns in a 
24 h. PM10 samples were collected using a 5-stage Berner impactor for size-resolved 
measurements and a high volume DIGITEL DHA-80 sampler for bulk analysis. The 
filters were analyzed for inorganic ions, soluble and non-soluble trace metals and 
organic and elemental carbon (OC/EC).

Our observations show that continental and Saharan dust air masses strongly influence 
the particulate matter in this region for about 55% of the year with strong seasonality 
observed with higher concentrations observed during the winter months. During dust 
events, sea salt contribution to the total PM10 mass was low. In general, sea salt 
and mineral dust were found in the coarse mode PM while the organics and non-sea 
salt components were observed mostly in the submicron fraction. Inter annual and 
seasonal variability were observed for nearly all aerosol constituents. Strong seasonal 
trends were observed for ammonia and non-sea salt sulfate with peaks observed in the 
spring and summer, respectively.

Significant differences were observed in the trace metal concentration (especially 
iron) between days of dust outbreaks (about 20.0 Fe, 16.4 Ca, 2.3 Ti, and 0.3Mn µg/
m3) and days without (less than 10.0 ng/m³). Mn was found to be the most soluble 
heavy metal followed by Zn and iron. Soluble iron was mostly present in Fe(III) form 
with Fe(II) often found only at lower pH. Dissolution experiments at varying pH 
(from 5.5 to 2) showed significant increase in trace metal solubility at lower pH with 
an increase of over 3 orders of magnitude for both Fe (II) and Fe(III) and about two 
orders of magnitude for Cu and Mn.
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The use of seeds dressed with pesticides is widespread and has important advantages. 
The most important disadvantage of this technique is that there is a possible emission 
of pesticide laden dust particles during sowing. The main factors affecting the emission 
of pesticide-laden dust are seed treatment quality, the environmental conditions and the 
seed drill technology used (Nuyttens et al. 2013).
Due to the bee killing incidents observed in several European countries, the crop 
protection industry and the coating and seed technology companies have made 
important improvements with regard to seed treatment quality. In several countries, 
the use of air deflectors on sowing machines was made mandatory. In some cases, like 
in Belgium, air deflectors are only required with certain products. Furthermore there 
is some evidence that they are not always used in practice. In addition, there are still 
questions about the efficiency and the optimal machine settings, the drift reducing effect 
of deflectors, the effect of environmental and soil conditions, the relevance of dust drift 
and its impact, etc. Therefore, a 4 year research project ‘MASTER’ was started end of 
2011. An overview and the status of the project will be presented.
The MASTER-project aims at quantifying the risk of dust drift and developing dust 
drift reducing measures and innovations in sowing techniques using an integrated 
experimental and modelling approach. In a first step, the dust drift potential of several 
treated seed batches was assessed using the Heubach method and information about 
the chemical and physical characteristics of abraded pesticide-coated seed particles 
was gathered (Foqué et al. 2014). Then the air flow pattern and dust emission of two 
pneumatic sowing machines, a precision drill (Gaspardo Stella ST 300) and a bulk drill 
(Kuhn Venta nc 3000) at different settings, is measured under controlled conditions. 
Using this information, a CFD sowing machine model will be developed to simulate 
the dust behaviour in and around the machine in order to evaluate the effect of machine 
design and settings on dust emission (Devarrewaere et al. 2014). A CFD dust drift 
emission model will simulate the behaviour of dust in the environment. Dust drift field 
experiments will be done to evaluate the effect of machine, seed treatment quality and 
environmental conditions on dust drift and to validate the CFD dust drift emission model.

Devarrewaere W, Foqué D, Nuyttens D, Verboven P. (2014). Modelling dust distribution from static pneumatic 
sowing machines. Aspects of Applied Biology 121, International Advances in Pesticide 122: 95-102.

Foqué D., Devarrewaere W., Verboven P., Nuyttens D. (2014). Physical and chemical characteristics of abraded 
seed coating particles. Aspects of Applied Biology 121, Int. Adv. Pesticide Appl., 22, 85-94.

Nuyttens D, Devarrewaere W, Verboven P, Foqué D. 2013. Pesticide-laden dust emission and drift from treated 
seeds during seed drilling: a review. Pest Management Science 69:564-575.
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The Moon is the closest planetary body to Earth without atmosphere, where direct 
geological soil was sampled and where new manned space missions will be planned 
in the perspective to use the Moon as a test bed for Mars or other airless planetary 
bodies, as well as to test remote sensing instrumentations. The Moon’s surface, such as 
all airless planetary bodies, is covered by a thick blanket of regolith, a heterogeneous 
and disaggregate material, which is the result of space weathering processes and 
micrometeorites/meteorite bombardments. Lunar soil is extremely powdery with 
considerably respirable fraction (< 10 µm) and contains glass bonded aggregates, 
called agglutinates, with embedded plentiful metallic nanoscale iron particles. The 
latter characteristics confer special properties on lunar dust, e.g. electrostatic and 
magnetic features and high reactive surface, which can create enormous difficulties 
both to the space ship and mechanical/electrical devices and to the crew, by generating 
cardiovascular and respiratory systems diseases. Therefore, further studies are still 
necessary for developing technologies to support future human habitat on lunar 
surface. NASA and Orbitec developed JSC-1A lunar dust simulant for these purposes. 
With respect to actual lunar dust, however, JSC-1A lacks both the finest particles (< 
1 µm) and the agglutinic glasses fractions. In order to overcome these limitations, we 
modified the as-received JSC-1A according to: i) improve the amount of the finest 
fraction by ball milling processes and ii) introduce an agglutinic fraction synthesized 
by sol-gel method.
JSC-1A particles morphology before and after implementation was studied by either 
Optical or Electronic (FESEM and TEM) microscope investigations, which reported 
the presence of big grains and a heterogeneous particles size distribution (PSD), also 
confirmed by Static Light Scattering (SLS) and Acoustic Spectroscopy with Zeta 
Potential (ζ) analysis. The X-Ray Diffraction (XRD) and EDS microanalysis were 
applied for the mineral characterization. To improve the amount of finest fraction, a 
two steps ball milling process was carried out on as-received JSC-1A powder, sieved 
100 mesh. The ball-milled powder reached nanoscale dimensions (~0.3 μm) and a 
specific surface area of 14 m2g-1, almost ten times higher than that of pristine simulant. 
Nanoscale iron particles embedded in an agglutinitic matrix were synthesized by a 
sol-gel method performed in two separate steps.
Such a procedure allows accurately controlling the iron amount into glassy matrix, the 
crystallinity of iron particles and the specific surface area of the powder, in order to 
better and easier mimic the actual lunar dust.

Belluco M, Destefanis R, Bonelli B, Maggiore P, Manis E, Freyria FS, Cazzolato C, Costa S, Derosa L 
(2011) Human Exploration of the Moon: Multi-stage lunar Dust Removal System. 41st International 
Conference on Environmental Systems. American Institute of Aeronautics and Astronautics
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Airborne mineral dust aerosol can interact with the global climate system by altering 
atmospheric radiative balance through direct absorption and scattering and also 
by acting as heterogeneous ice nuclei (IN) for cirrus cloud formation. We present 
a summary of single-particle measurements in the free troposphere from more 
than 10 years of airborne field campaigns, highlighting the geographic and vertical 
distributions of mineral dust, source attribution, and dust’s role in cirrus formation.

Clear sky aerosol measurements from 7 flight campaigns show that mineral dust is 
ubiquitous in the background upper troposphere at levels from ~1 to 1000’s per liter 
and typically accounted for 5-40% of the particulate mass. Principal sources of upper 
tropospheric mineral dust include strong biomass burning events and deep convection, 
although some evidence suggests that dust particles are preferentially scavenged in 
convective systems. During transport mineral dust particles accumulate secondary 
sulfate, nitrate, and organic material that can reduce their efficiency as heterogeneous 
IN. Most upper tropospheric dust particles contain secondary material, and coating 
type and thickness depend on co-emissions and the vertical transport mechanism.

Composition, size, and phase are key properties that define the ability of an aerosol 
particle to initiate ice in cirrus clouds. Properties of cirrus IN have not been well 
constrained due to a lack of systematic measurements in the upper troposphere. In 
a recent study of several northern hemisphere regions (Cziczo et al., Science 2013) 
we report the size and composition of sublimated cirrus particles sampled from a 
high altitude research aircraft using both in situ and offline techniques. Mineral dust 
is consistently the most abundant particle type in cirrus residuals, suggesting that 
heterogeneous nucleation is a dominant cirrus formation mechanism in these study 
regions. Other proposed heterogeneous IN, including biomass burning particles, 
elemental carbon, and biological material, are not abundant in cirrus residuals.

Cziczo D.J., Froyd K.D., Hoose C., Jensen E.J., Diao M., Zondlo M.A., Smith J.B., Twohy C.H., Murphy 
D.M. (2013). Clarifying the Dominant Sources and Mechanisms of Cirrus Cloud Formation. Science, 
1320-1324.
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Temporal and spatial variations of floating-dust weather occurred in North China have 
been investigated by using the observed records at 65 stations for the period from 1954 
to 2007. The frequency of the floating-dust weather events displays a declining trend 
in the past 54 years, though differences exist among the decadal mean frequencies. 
The most frequent period was the springs of 1954-1960 with a value of 17.7 events. 
In comparison, the decade of 1990s has the lowest frequency with 4.4 occurrences. 
In addition, a slight increase appeared during 2001-2007. The decadal mean spatial 
distributions indicate dissimilar characters for annual, spring and winter floating-
dust frequencies. On the whole, severe floating-dust attacked areas include the mid-
western region of Inner Mongolia, Gansu, Ningxia and northern part of Shaanxi 
Province from 1950s to 1970s. During the 1980s, 1990s and 2000s, comparatively, 
the influenced areas were relative small. The floating-dust weather still happened in 
the wintertime, but the frequency is clearly lower than that of the springtime. Further 
investigations in the floating-dust dynamic power have been conducted for the period 
of 1971-2007. The dynamic power is presented by the gales with a velocity equals to 
or above 12 ms-1 at the same 65 stations. A significant correlation with a coefficient of 
0.85 (at 0.01 significant levels) exists between the series of the floating-dusts and the 
gale events. The frequency of the gale is controlled by the dissimilar patterns of the 
atmospheric circulations in different years. About half of the gales directly correlate 
to the floating-dust weathers in northern China. Analyses indicate that the frequency 
of the gale is closely connected to the major atmospheric circulation components 
over the Eurasian continent. There is 10 and 9 frequent and infrequent gale springs 
have been identified among the 37 years in regarding of their frequencies above or 
equals to 30 and below or equals to 10. Mean weather charts at 500 hPa and the sea 
level pressure were conducted for both the frequent and infrequent gale groups. For 
the frequent gale group, the subtropical high over the western Pacific and the North 
America-Atlantic is weak and small. The north polar vortex is strong and expanding. 
The geopotential height over the Xizang Plateau accompanied by a weak India-
Burma trough is lower than normal. This kind of the atmospheric circulation system 
composition is helpful for the gales therefore favorable for developing floating-dust 
weathers. On the contrary, the atmospheric circulation presents an opposite pattern for 
the infrequent gale group which corresponds to the infrequent floating-dust events.
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Dust deposition has been considered an important source of bio-available nutrients 
such as N, P, Si and trace metals to phytoplankton. In this study, the intrusion of 
Asian dust into the downwind seas, including the China seas, the Sea of Japan, the 
subarctic North Pacific, has been shown to enhance their biological activities. To 
explore the relationship between the transported dust from various sources to the 
oceanic biological activities with different nutrient conditions, the correlation between 
monthly chlorophyll a concentration and monthly dust storm occurrence frequencies 
during 1997-2007 was examined. Here we also report a phytoplankton bloom that 
developed in the Yellow Sea in the spring of 2007 following a dust storm accompanied 
by precipitation. Our data indicate that atmospheric deposition dominated the supply 
of new nutrients to the surface water in the central Yellow Sea during the dust event. 
Dust-derived nitrogen (N) supply was sufficient to support the observed phytoplankton 
growth, while, dust-derived iron (Fe) supply far exceeded that required by the biota. 
At last, on-board incubation experiments were performed in the Southern Yellow 
Sea in the spring of 2011 and summer of 2013 respectively, to explore the responses 
of micro-, nano- and pico-phytoplankton to various combinations of Asian dust and 
nutrients.
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Air quality plays an important role in occupational and environmental medicine 
and many airborne factor negatively influence human health1,2. Circulation or air 
conditioning (AC) system was proven to improve the air quality inside the vehicles; 
however, its impact on the number of particles and microorganisms inside the vehicle 
- and by this its impact on the risk of an allergic reaction - is yet unknown3. Aim of 
the present study was to evaluate bacteria and fungi present in the air-conditioned 
car filter. The quality of air was investigated in twenty-two cars of different brands 
that were all equipped with an automatic air conditioning system. Based on the 
recommendation of the American Public Health Association - APHA - held the 
collection of material in a square centimeter of the surface of each of the 22 filters 
of equipment automotive air conditioning. The material was collected using sterile 
swabs containing transport medium “Stuart”. In this research, fungal and bacteria 
genera were studied. Differentiation of fungi and bacteria was performed in the 
Federal University of Mato Grosso do Sul, Brazil. The genera of bacteria found in 
the cars were: Staphylococcus spp, Streptococcus spp, Bacillus spp, Escherichia spp, 
Enterobacter spp, Klebsiella spp, Proteus spp, Legionella spp. The bacteria identified 
more frequently were Bacillus (100%, n = 22), Staphylococcus (95%, n = 21) and 
Proteus (95%, n = 21). The presence of Legionella indicates poor air quality inside 
cars. This bacterium was found in 82% of cars (n = 18). Our study identified several 
types of fungi, which are considered contaminants from the usual internal and external 
environment, such as Penicillium, Aspergillus, Cladosporium, Rhodotorulla, Candida 
and other yeasts or filamentous fungi. The most common fungi were Aspergillus, 
Penicillium and Candida, present in 95% of samples. Only two cars had a good air 
quality because their owners realized the cleaning of air conditioning and filter change 
a week before the survey. Nevertheless, we recommend regular maintenance of the 
system and replacement of older filters after defined changing intervals aiming to 
reduce allergic reactions by users of vehicles with air conditioning.

1. Müller D., Klingelhöfer D., Uibel S., Groneberg D.A. (2011). Car indoor air pollution - analysis of 
potential sources. Journal of Occupational Medicine and Toxicology, vol. 6, p. 33-38.

2. Groneberg D.A, Fischer A. (2006). Occupational medicine and toxicology. Journal of Occupational 
Medicine and Toxicology, vol. 1, p. 1-2.

3. Vonberg R.P.P., Gastmeier P., Kenneweg B., Holdack-Janssen H., Sohr D., Chaberny I.F. (2010). The 
microbiological quality of air improves using air conditioning systems in cars. BMC Infectious Diseases, 
vol. 10, p. 146-151.
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Renewable energies are destined to play a very important role in the future world 
energy balance. Among these energies, biomass production and utilization is growing 
considerably since it offers the possibility to provide partial substitution of fossil 
fuels. If health impacts of fines particles (PM2.5) from diesel combustion are well 
documented (Gangwar et al., 2012), those from biomass combustion need substantial 
information and improvements. Size fractionations of PM2.5 have to be performed in 
order to both determine morphological and chemical characteristics, these properties 
being essential for biological effects. 
Particulate matter was sampled during combustion of Miscanthus and Forest residues 
in medium and small scale biomass boilers (400 kW from Köb Pyrot and 40 kW from 
REKA). Fly ashes from medium scale boiler were sampled with a cyclone device and 
their granulometry was studied with both white light microscope and Malvern laser 
granulometer. PM2.5 (sized in the range of 0.4 µm to 2.07 µm) from low scale boiler 
were sampled using a DEKATI DGI impactor modified for substantial PM collection. 
A quick overview of setup modifications for manual impactor will be developed. 
Particles were observed using fluorescence microscopy. A semi-quantitative method 
to compare fly ashes fluorescence was developed using ImageJ (Schneider et al., 
2012). Speciation of organic compounds Polycyclic Aromatic Hydrocarbon (PAH) 
and Humic Like Substances (HULIS) was determined on PM2.5 and fly ashes. A 
correlation between observed fluorescence and concentration was attempted.

Gangwar, J.N., Gupta, T., Agarwal, A.K., (2012). Composition and comparative toxicity of particulate 
matter emitted from a diesel and biodiesel fuelled CRDI engine. Atmos. Environ. 46, 472-481.

Schneider, C.A., Rasband, W.S., Eliceiri, K.W., (2012). NIH Image to ImageJ: 25 years of image analysis. 
Nat. Methods 9, 671-675.



146 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

fluorescence microscopy analysis of Dust from 
biomass burning

patXi garra1,2*, c. MascHowsKi3, a. dieterlen2, g. leyssens1, 
c. scHönnenbecK1, s. KoHler2, g. trouve1, r. giere3

1GRE Laboratory-UHA, Mulhouse, 68200, France 
2MIPS Laboratory-UHA, Mulhouse, 68200, France 

3Institut für Geo- und Umweltnaturwissenschaften (GEO), Freiburg, 79104, Deutschland
*patxi.garra@uha.fr 

During the last century, there has been a growing interest for renewable energy. 
Biomass combustion is a possible way to deal with fossil fuel scarcity and to reduce 
CO2 emissions, but some pollutants (e.g., dust) are emitted nevertheless. New efficient 
approaches of dust characterization have to be developed in order to know better the 
impacts of dust on global environment and health. Fluorescence microscopy is a fast 
and relatively cheap method that could, if related to chemical content or toxicological 
data, characterize dust.
In a first attempt, fluorescence spectroscopy was applied to two dust samples, which 
were collected in a multicyclone and resulted from combustion of miscanthus 
(an energy crop) and wood chips. The collected particles were mounted between a 
standard slide and a coverslip. On a confocal microscope equipped for fluorescence 
spectroscopy, 32 images are acquired on the same field of observation corresponding to 
different fluorescent emission wavelengths (excitation at 405 nm; emission from 413.9 
nm to 689.8 nm with steps of 8.9 nm). The ImageJ software was used to analyze single-
particle and whole-sample fluorescence spectra. These plots are related to fluorescence 
of some components of dust, as found in the literature (Carletti et al., 2010).
These results allow the choice of the set of filters and then wide-field fluorescence 
microscopy can be useful to characterize dust. On the same field of observation, 
white light collected and processed images allowed us to define the equivalent surface 
of particles. Meanwhile, on fluorescence images the surface and the fluorescence 
intensity were quantified. Both the percentages and densities of fluorescence (per 
particle surface) were measured. To ensure dust sample representativeness many 
fields per sample were collected.
Subsequently, twelve different samples resulting from biomass combustion were 
investigated using this protocol. The dust samples were collected either with flue gas 
treatment devices (Multicyclone, Bag House filter, Electrostatic Precipitator) or with 
a DEKATI DGI impactor (PM2.5). The biomass boilers had the following nominal 
outputs: 40 kW, 400 kW, 3.8 MW, 8MW, 17.3 MW. They combusted wood chip 
mixtures and miscanthus. In order to make sense of this information on fluorescence, 
it will be attempted to correlate the measurements to chemical components of 
dust: PolyAromatic Hydrocarbons (PAH), Humic-Like Substances (HULIS), non-
combusted matter, and fluorescent minerals.

Carletti, P., Roldán, M.L., Francioso, O., Nardi, S., Sanchez-Cortes, S., 2010. Structural characterization of 
humic-like substances with conventional and surface-enhanced spectroscopic techniques. J. Mol. Struct. 
982, 169-175.
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Since the mid-Pliocene, East Asian climates have experienced significant changes, 
including the significant intensification of Asian interior aridity and strengthening of 
the East Asian monsoon circulation at ~3.6 Ma ago. Meanwhile, the mid-Pliocene was 
also considered to be a period with strong tectonic activity over the Tibetan Plateau. 
One view suggests that significant uplift of the Tibetan Plateau during this period 
could have been responsible for these dramatic changes in the strength of the East 
Asian monsoon and for Asian interior aridification, while some other authors attribute 
these changes to the ongoing global cooling and rapid growth of the Arctic ice-sheet. 
Up to the present, which factor dominates the major changes of East Asian climate in 
the mid-Pliocene is still a contentious issue.
This study presents an analysis of several climate proxies including grain-size, 
(CaO*+Na2O+MgO)/TiO2 ratio, Na/K ratio and dust accumulation rates of the Xifeng 
Red Clay sequence in the eastern Chinese Loess Plateau and the Xihe Pliocene loess-
soil sequence in West Qinling. They reveal that aridity in the continental interior and 
winter monsoon circulation both intensified, whereas the East Asian summer monsoon 
showed a weakening rather than intensifying trend since the mid-Pliocene. These 
changes are also supported by the other multi-proxy records from various regions in 
East Asia.
Previous numerical modeling studies have demonstrated that uplift of the Tibetan 
Plateau would have simultaneously enhanced continental-scale summer and winter 
monsoon strength as well as central Asian aridity. The mid-Pliocene climate changes 
in East Asia are therefore unlikely to be a response to Plateau uplift. On the contrary, 
our recent modeling results give support to the view that ongoing cooling could have 
intensified both the aridity of the interior and the strength of the winter monsoon, but 
weakened the summer monsoon in East Asia.
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A significant portion of soot aerosols in the atmosphere is emitted from engines used 
in land, air and sea transportation. Soot particles released to atmosphere not only 
pollute the environment and cause a number of health problems, but also alter the 
thermal balance of the planet. In fact, soot particle deposition on polar regions and 
suspension in the atmosphere may be one of the leading causes of the anthropogenic 
global warming, its effect estimated to be second only to that of carbon dioxide.

Most combustion based energy conversion systems in transportation devices 
operate at high pressure conditions due to size constraints and thermal efficiency 
considerations. Although research has shown that soot formation is greatly influenced 
by the operating pressure, there is a lack of reliable combustion and soot models that 
are aimed for practical applications. It is therefore of interest to understand the effects 
of pressure on soot formation and destruction pathways. Our current understanding of 
pressure influence on soot inception, growth, and oxidation is limited, and tractable 
measurements of flames at elevated pressures are desirable for a better understanding.

In this work we investigated the influence of combustion pressure on soot production 
and size in fossil fuel flames under tractable conditions. Experiments were conducted 
in co-flow laminar diffusion flames of various fuels in a high-pressure combustion 
chamber. Soot concentrations and temperatures were determined from measuring 
spectrally resolved radiation emitted by soot particles. Soot primary particle sizes were 
measured by laser-induced incandescence. Our findings indicate that soot production 
rate shows a very strong sensitivity to pressure at relatively lower pressures, but this 
dependence on pressure disappears around 40-50 atm. The size of the soot primary 
particles increases with increasing pressure. The dependence of pressure sensitivity of 
soot formation to fuel type will be discussed in the light of obtained results.
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The Arabian Peninsula is the second largest dust source in the world only after the 
Sahara Desert (Tegen and Fung, 1994; Ginoux et al., 2001; Prospero et al., 2002; 
Tanaka and Chiba, 2006; De Longueville et al., 2010). Every year dust storms affect 
various parts of the Arabian Peninsula with destructive effects in air quality and 
human health. In Saudi Arabia, dust storms are considered to be one of the most severe 
environmental problems (Pease et al., 1998; Alharbi, 2009; Badarinath et al., 2010). 
Immediate impacts of dust storms include: (a) reduction of visibility, (b) degradation 
of air quality, (c) increase in respiratory illness in people and livestock, (d) reduction 
of solar radiation and the efficiency of solar devices, (e) reduction of soil fertility, 
(f) damage to telecommunication and mechanical systems, (g) widespread dust 
deposition, and (h) damage to buildings, vehicles, and trees. Dust aerosols also play 
an important role in radiation budget by scattering and absorbing solar and terrestrial 
radiation and interacting with clouds, thereby impacting weather and climate at local 
and regional scales.

The Presidency of Meteorology and Environment (PME) in Saudi Arabia in 
collaboration with the National Center for Atmospheric Research (NCAR) has 
developed a high resolution dust prediction system with the goal of providing improved 
early warning forecasts in an effort to reduce the risk of these dangerous conditions. 
The dust prediction system is based on the Weather Research and Forecasting - 
Chemistry (WRF-Chem) modeling system. WRF-Chem is a fully coupled chemistry 
- forecast system based on the WRF model (Grell et al., 2005). WRF-Chem has been 
successfully used for a variety of research and applications for the prediction of 
weather, climate, air quality, dispersion of pollutants, and the prediction of dust.

The dust forecast system has been integrated into the operational WRF-data 
assimilation forecast system at PME. The model has been evaluated for several 
significant dust storm events. The evaluation of the case studies have demonstrated 
that WRF-Chem model is capable of simulating dust storms events in the region. 
The system will be useful for providing dust forecast guidance for PME operational 
forecasting activities. This presentation will provide an overview of the dust forecast 
system, highlight results from the case study analysis, and summarize future dust 
forecast development in Saudi Arabia.
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Respirable dust is a continuing problem in the mine environment where it adversely 
affects the safety and productivity of a mine. Control of respirable dust is an important 
consideration in the design of the production cycle of an underground coalmine. When 
identifying and attempting to control a longwall dust sources four primary sources 
of dust generation are of importance. Dust is generated from intake airways, coal 
transportation and the stage loader, the shearer during the cutting, and movement of 
supports.

Although in most instances the shearer is the major primary dust source, secondary 
sources and in particular the stage loader and support movement also contribute a 
significant proportion of the total respirable dust. Additionally, in Longwall Top 
Coal Caving (LTCC), face ventilation requirements needed for dilution of dust will 
be more onerous especially along the rear Armored Face Conveyor (AFC). Under 
LTCC the face has two production locations (the shearer and the current caving draw 
point behind the supports) and there are at least two zones of potentially major dust 
production. Unless the two processes are separated (i.e. shear first, then stop shearing 
and draw the caved coal for the full length of the face), some personnel will be 
forced to work in dusty conditions at various location for considerable periods. With 
continued application of various dust control methods, respirable dust levels can be 
maintained at acceptable limits.

The personal dust monitor (PDM) gives realtime respirable dust readings. It is 
mounted within the miner’s cap lamp battery and internally measures the true particle 
mass of dust collected on the units filter. This technique achieves microgram-level 
mass resolution and reports dust loading data on a continuous basis even in the hostile 
mine environment. It has particular application for determining high source locations 
and efficiency of engineering means of suppression and other approaches to handling 
the problem.
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The linkage between high atmospheric particulate matter (PM) concentrations and 
respiratory and cardiovascular diseases is extensively studied from an epidemiological 
point of view. In particular, respiratory diseases appear to be increasing worldwide, 
affecting in particular subjects living in urban areas. Respirable particulate matter 
could induce adverse effects on airways both directly, causing inflammation and 
airway hyperresponsiveness, and indirectly, acting as a carrier of other pollutants or 
allergens. These characteristics could contribute to explain the increase of cases of 
sensitization to pollen allergens in urban areas. [1-3].
Here we present the application of a multivariate statistical procedure aimed to 
investigating the relationships between outdoor concentrations of PM10 and 
occurrence of a particular respiratory disease: the Obstructive Sleep Apnea Syndrome 
(OSAS). Our database includes daily atmospheric concentrations of PM10 measured in 
eleven sampling stations displaced in Rome urban area from 2008 to 2011 (ArpaLazio 
data) and the results of the diagnostic test called PolySomnoGraphy (PSG) performed 
on about 400 patients by Department of Pulmonary Medicine of Gemelli University 
Polyclinic in Rome. We applied a multivariate procedure based on cluster analysis 
and PCA [4] in order to put in evidence the correlation structure of our database. For 
performing our analysis we also took into account qualitative variables related to risk 
factors.

1. Karanasiou A., Moreno N., Moreno T., Viana M., de Leeuw F., Querol X. (2012). Health effects from 
Sahara dust episodes in Europe: literature review and research gap. Environment International 47, 107-
114.

2. Ostro B., Tobias A., Querol X., Alastuey A., Amato F., Pey J., Pérez N., Sunyer J. (2011). The effects of 
particulate matter sources on daily mortality: a case-crossover study of Barcelona, Spain Environmental 
Health Perspectives 119, 1781-1787 (2011)

3. D’Amato G., Baena-Cagnani C. E., Cecchi L., Annesi-Maesano I., Nunes C., Ansotegui I., D’Amato M., 
Liccardi G., Sofia M., Canonica W. G. (2013). Climate change, air pollution and extreme events leading 
to increasing prevalence of allergic respiratory diseases Multidisciplinary Respiratory Medicine, 
doi:10.1186/2049-6958-8-12.

4. Ragosta M., Di Leo S. (2011). Multivariate indices for analysing correlation structures in environmental 
datasets. Proceeding of 58th World Statistics Congress of the International Statistical Institute (ISI), 
Dublin, Ireland, CPS008:2-01.
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The ablation of the space bodies due to their breaking up onto a large number of the 
tiny particles is one of the mechanisms of a dust generation in the high atmosphere. 
These particles may have noticeable impact on a high atmosphere state. The similarity 
of hydrodynamic conditions of a meteoroid fusion film in a flow past meteor body to 
the conditions of a liquid drop breakup in a high-speed gas stream was shown in [1]. 
Namely, values of the main breakup necessary criteria - Weber number, criterion of 
gradient instability existence and the parameter, which identifies the gradient instability 
mechanism, are close for meteoroid and drop. The hydrodynamic instability of a fusion 
film in a high-speed air stream past meteoroid was considered in [2] as the mechanism 
of liquid quasi-continuous dispersion, and the estimations of particle sizes and their 
separation frequency were obtained. However, the finding of spatial and temporal 
distribution of torn-off particles by sizes, the law of mass reduction and the deceleration 
law wasn’t carried out. The results obtained in [2] are valid for the case of overtaking 
ablation, when the rate of meteoroid melting is not greater than its mass loss rate, and 
the wavelength of dominant unstable disturbance is limited by the fusion film thickness. 
In the opposite case of the overtaking melting the fusion film is much thicker than 
the liquid boundary layer, which is involved in the motion by the air viscous stresses 
of the flow past meteoroid body, and the instability mechanism becomes altered. The 
problem of the dispersion parameters determination is reduced then to the study of 
hydrodynamic stability of gradient flow in the conjugated gas-liquid boundary layers. 
In the present paper the mechanism of dust generation in the upper atmosphere (but 
still within the frames of continuous fluid mechanics) is considered as that, caused 
by the quasi-continuous dispersion of the meteoroid unstable fusion film in the case 
of overtaking melting. For the flight conditions along a slightly sloping trajectory the 
differential equation of the ablation is derived. The system of the equations of ablation 
and the ablating meteoroid motion are integrated in the approximation of a spherical 
meteor body. The law of the ablating meteoroid motion and the law of its mass loss 
are found, as well as the full breakup time. 
In the present paper the differential equation of the quantity of torn-off particles is 
derived. The distribution function of torn-off particles by sizes is found analytically 
on the basis of approximate solution, as well as the formula for total particle amount. 
The intermediate and final distributions of torn-off particles by sizes are calculated in 
accordance with the obtained formulas for various values of determinant parameters. 
Some general features of the dispersion kinetics are described. 
The obtained relations allow elaborating mathematical model of the meteor spray.

1. Girin A.G. (1990). Drop shattering in a high-speed gas flow. Jour. Eng. Phys. & Thermoph., v.58, p. 518. 
2. Girin A.G., Kopyt N. Kh (1994). Generation of fine aerosol as a dispersion of unstable fusion film of 

ablating meteoroid. Jour. Aerosol Sci. v. 25, № 7, pp. 1353-1357.
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The problem sometimes arises in motions of dispersed mixtures, which is connected 
with a character of their interaction with an outer homogeneous medium when 
the conditions exist for development of hydrodynamic instability at the surface of 
separation. This mechanism is in work in the process of explosion powder dispersing; 
it can influence the dust motion in atmosphere leading up to the dynamic aerosol 
coagulation. Such problems in practice call forth the necessity to investigate the 
general properties of governing equations of two-phase media motion. In order to 
determine the heterogeneity influence on the flow it is insufficient to use the models 
of homogeneous fluid mechanics and two-phase models are required.
Linear instability problem is solved in present paper for the case when the plane 
accelerating surface separates two-phase monodisperse suspension of solid particles 
and homogeneous incompressible fluid. It is found that the system of equations 
of two-phase medium motion has three types of disturbances, in contrary to the 
homogeneous medium: 1) two acoustic ones, for which the volume densities of 
phases are unchangeable and the disturbed motion remains non-vortex. The character 
of these disturbances in two-phase medium is the same as in the homogeneous one, 
in particular, when the volume density of discreet phase tends to zero they turn 
into acoustic disturbances for incompressible fluid; 2) disturbances of the entropy-
vorticity type, when the disturbances of vortex and entropy are non-zero. By 
solving the dispersion relation of the boundary-value problem for disturbances, the 
existence of the aperiodic unstable root was found which is inherent to behavior of 
the accelerating heterogeneous medium since it disappears when the dispersive phase 
density disappears. This root simultaneously exists with classic Rayleigh-Taylor root. 
The found type of instability is caused by the inertial force since it disappears when 
the acceleration vanishes. Action of the interphase friction is the natural stabilizing 
mechanism since when the carrying phase viscosity increases, the root disappears too. 
When the surface tension is absent, the ratio of the amplitude growth for two mentioned 
roots is determined by the criterion, which includes the carrying phase kinematic 
viscosity, particle size, wavenumber and ratio of the true densities of phases. When 
the particle size (or acceleration) decreases, or wavelength (or viscosity) increases, 
the action of the classic Rayleigh-Taylor instability mechanism becomes dominant. 
When the parameters change in the opposite direction, the ratio of increments of the 
two roots goes to the finite limit.
For the found mechanism the increment of the fastest unstable wave amplitude growth 
tends to infinity as wavelength tends to zero. Naturally, the disturbance wavelength 
must be limited from below by such values, at which it becomes comparable with the 
particle size a, when the equations of two-phase fluid motion become invalid. Thus, 
such values of wavenumber h may be adopted, for which ha<0.1. The estimations 
show that the value of the characteristic time of e-fold amplitude growth for the fastest 
unstable wave is sufficient for the realization of the found instability mechanism.
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Forest fires, slash and burn agriculture and residential wood combustion have a significant 
impact on natural and man-made environments at local and global scales. Although 
rapid progress has reduced emissions in some types of modern wood heaters, “older” 
conventional wood stoves and fireplace inserts are still the predominant appliance in 
use today. Wood combustion affects winter local air quality owing to the emissions 
of a wide variety of air pollutants such as fine particles, volatile organic compounds 
and carbon monoxide. The present work aims at showing that biomass combustion 
emissions, due to agricultural activities and residential heating by fireplaces, are the 
main cause for high daily PM10 and monthly BaP concentrations, measured during 
the wintertime by the regional air quality monitoring station placed at Torchiarolo, a 
small agricultural town located close to a large coal energy plant (2640Mwe). PM10, 
monoxide carbon, nitrogen oxides, PAH and benzene concentrations, measured at 
Torchiarolo, show a strong seasonal trend with much higher values during winter 
months, when the meteorological conditions are characterized by weak winds with 
directions downwind to the town. The monitoring campaigns, carried out by a wind 
select sampler, show during winter a marked directionality from the town also for 
organic micropollutants (PCDD, PCDF, PCB and PAH), pointing out that the pollution 
source is mainly local.
In order to identify wood combustion as the most important pollution source, we 
determined concentrations of levoglucosan, which is known as a specific tracer 
for biomass burning, on daily PM10 samples collected at Torchiarolo (BR) and 
SM Cerrate (LE) monitoring stations. The average concentration of levoglucosan, 
measured at Torchiarolo, was an order of magnitude higher than at the SM Cerrate 
(background site). A detailed PM10 characterization conducted in two winter weeks 
of 2009 showed also high concentrations of K+ and PAH, markers of combustion. 
A modeling study, carried out by a lagrangian model, evaluated as substantially 
negligible the contribution of primary PM10 emissions from the coal power plant. 
Following the results of our study, the Regional Environmental Authority adopted an 
Air Quality Recovery Plan aimed at resolving the evidenced critical issues in the area 
of Torchiarolo and in the entire Province of Brindisi.

Regional Air Quality Recovery Plan, Apulia Regional Resolution n. 1093, 2013/06/11
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Recently the European Environment Agency reported the influence of maritime 
sector on air quality in European ports (EEA, 2013). According to recent scientific 
literature (Contini et al., 2011; Lee et al., 2013) and following EU projects related to 
the assessment of harbour activities effects on air pollution, especially in areas with 
the simultaneous presence of different emission sources (i.e. vehicle emissions, coal 
and/or industry combustion, crustal and sea-salt, etc.), the CESAPO Project (Interreg, 
Greece-Italy, 2007-2013), aimed at quantifying the impact of maritime activities in 
the ports of Patras (Greece) and Brindisi (Italy) on air quality, is presently in progress. 
As part of the Project, during the period July-October 2012, ARPA Puglia carried out 
a specific monitoring campaign in Brindisi port area, using dual-channel samplers/
analyzers installed at the monitoring station named “Passenger Terminal”. This 
station is part of a specific network aimed at monitoring air pollution connected to 
ship traffic inside port area, with respect to dusty materials transport. The analysis 
of daily samples, performed by ARPA Puglia laboratories, allowed to determine 
PM10 and PM2.5 concentrations, metals and polycyclic aromatic hydrocarbons (PAHs) 
content and to identify, in some cases, the footprint related to source. This study 
contributed to the assessment of ship traffic and related port activities influence on 
the daily average concentrations of PM10 and PM2.5, PAHs and metals in Brindisi port 
area. Regarding PM10 fraction, nickel concentrations were found higher than those 
measured in Brindisi and surroundings monitoring sites, probably owing to port and 
industrial activities close to the sampling site. The data showed, in general, a slight 
increase of PM values during summer period, in accordance with seasonal traffic 
increase; a similar behaviour was observed for Ni and selected PAHs (i.e BaP).

CESAPO. (2012-2014). www.cesapo.upatras.gr
D. Contini, A. Gambaro, F. Belosi, S. De Pieri, W.R.L. Cairns, A. Donateo, E. Zanotto, M. Citron. The 

direct influence of ship traffic on atmospheric PM2.5, PM10 and PAH in Venice. (2011). Journal of 
Environmental Management, 92, 2119-2129.

EEA (2013). The impact of international shipping on European air quality and climate forcing. Technical 
report No. 4/2013.

Lee S.C. et al. (2013). Contribution of ship emissions to the fine particulate in the community near an 
international port in Hong Kong. Atmospheric Research, 124, 61-72.
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In proximity to Taranto town, in Apulia, a south-eastern Region of Italy, a large 
industrial site is located, consisting of an integrated steel plant (one of the largest 
in Europe), with extended stockyards which cover an area of 311,505 m2. During 
last years, several PM10 and Benzo(a)pyrene limit value exceedances were recorded 
at air monitoring sites located in the densely populated neighbourhood close to 
this industrial area. The analysis of these critical pollution events showed a close 
correlation with wind conditions, favourable to pollutants transport from the industrial 
site to the adjacent urban area. A criterion based on meteorological measurements 
was consequently defined for the daily identification of these events, named “wind 
days” (RAQRP, 2012). The aim of this study was to evaluate the contribution of 
dust emissions of primary materials stockyards, belonging to the steelwork, to the 
measured PM10 mean concentration for the 2007 year and during the “wind days”, 
occurred in the same year. The modelling system included three models: the SWIFT 
meteorological model, the SURFPRO turbulence pre-processor and the SPRAY 
Lagrangian particles dispersion model (Tinarelli et al, 1999). SPRAY is a 3D model 
particularly suited to provide an accurate local distribution of atmospheric primary 
pollutants in non-homogeneus and non-stationary conditions. The simulation grid was 
centred on the industrial area with an horizontal spatial resolution of 500m x 500 
m and 71 x 71 grid points. The meteorology in the studied area was reconstructed 
by SWIFT model from the tridimensional meteorological products supplied, for the 
year 2007, by the MINNI project (www.minni.org). Dust emissions, generated by 
the wind erosion of mineral deposits, were calculated hourly as a function of wind 
gusts magnitude on mineral storage piles (EPA, 1997). The results showed that PM10 
emissions from the stockyards, belonging to the steelwork, significantly affect the air 
quality, mostly during the “wind days”.

Regional Air Quality Recovery Plan, resolution of Apulia Region n. 1093, 2013/06/11
Tinarelli G., Anfossi D., Bider M., Ferrero E., Trini Castelli S. (1999) ‘A new high performance version of 

the Lagrangian particle dispersion model SPRAY, some case studies’, Air Pollution Modelling and its 
Applications XIII.

EPA, U. S. (1997). Compilation of air pollution emission factors, AP-42. Available at: 
www.epa.gov/ttnchie1/ap42. 
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In Southern Europe the transport of mineral dust from the nearby Sahara desert 
can significantly affect PM10 concentrations. Under the Directive 2008/50/EC, the 
European Commission (EC) has released specific Guidelines to quantify and subtract 
the contribution of Saharan dust to PM10. The EC LIFE+2010 DIAPASON Project 
(Desert dust Impact on Air quality through model-Predictions and Advanced Sensors 
ObservatioNs), is a user-tailored project intended to explore possible improvements 
tothese Guidelines taking advantage of remote sensing devices. To this end, affordable 
Polarization Lidar-Ceilometers (PLCs) were prototyped within DIAPASON to 
certify the presence of dust plumes and thus evaluate their loading in the lowermost 
atmosphere. The Project is implemented in the Pilot Region of Rome (Central Italy) 
where 3 networked DIAPASON PLCs started in October 2013 a one-year, 24h/day 
monitoring of the altitude-resolved aerosol loads within the framework of standard air 
quality observations. The initial phase of the Project was also devoted to: 1) develop 
an effective, user-oriented tool to operatively implement the EC-Guidelines, and 2) 
investigate other potential improvements to the EC-Guidelines. 
To the first purpose, DIAPASON implemented a software which allows an easy 
application of the EC-Guidelines by Air Quality Agencies. This tool, adaptable to any 
European site/region/area and freely available upon request, is since 2012 routinely 
used by ARPA-Lazio, the Italian Regional Agency in charge of air quality monitoring 
in the Rome and Lazio region, and is currently in a test phase by other Italian Regional 
Agencies (e.g., www.diapason-life.it).
To the second purpose, DIAPASON is exploring the advantage of overcoming the 
selection of a Regional Background site (RB), as prescribed by the EC-Guidelines 
to quantify the Saharan contribution to PM10. In fact, in Italy PM10 monitoring sites 
purely representative of rural background conditions are often difficult to find and the 
choice of the RB was found to be critical. DIAPASON is therefore investigating the 
use of the out-of-dust record in each single PM10 monitoring site as a ‘background 
reference’ for the evaluation of the Saharan dust load at the same site (self-calibration 
method). To this goal intensive campaigns involving chemical analysis and detailed 
physical characterization of aerosol samples are carried out.
All these data will help finalizing the DIAPASON recommendations to improve/
reinforce the performances of the current EC Guidelines. An overview of the project 
progress will be presented at the conference.
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Water-insoluble micro-particles in ice cores have been extensively analysed to 
investigate the past climatic and environmental changes. Temporal and spatial 
variations of size distribution and flux have been discussed in many papers. Definition 
of particle size, however, is not always straightforward. Flux of particles is calculated 
from particle volume, particle density and snow accumulation rate, thus affected by the 
definition of particle size, which depends on the measurement technique. Comparison 
of the size distribution and flux data from different measurement techniques requires 
caution.  Here we compare traditionally used three techniques and also introduce a 
new technique.

Coulter Counter and laser sensing particle detectors are the most commonly used 
methods to measure size and number of insoluble micro-particles in melted ice cores. 
Coulter Counter directly measures volume of each particle and the total counts of 
particles in a given sample volume. Among the laser sensing detectors, Abakus 
(Klotz) is most widely used in the ice core community. Abakus detects shading of 
laser light caused by each particle, which is converted to volume assuming spherical 
shape. Another type of laser sensing detector (Met One Model 211) has been used 
by the Japanese ice core community. Met One Model 211 detects  scattered laser 
light, which is also converted to volume assuming spherical shape. Both types of laser 
sensing detectors give total counts of particles in a given sample volume. 

We analysed same snow and ice samples with Coulter Multsizer 4 (Coulter Counter) 
and Met One Model 211. We analysed some of the samples additionally with Abakus. 
Coulter Multisizer 4 and Met One Model 211 gave similar results for glacial ice 
from the Dome Fuji ice core drilled in East Antarctica. But they show different size 
distributions for Greenland snow, seasonal snow cover in Alaska, and interglacial ice 
from the Dome Fuji ice core. Abakus also showed size distribution different from 
the other two detectors for Greenland snow. Since the determination of particle 
size is affected by particle shape, we used a new particle detector based on image 
processing technique (JASCO IF-200nano), which enabled us to gain information on 
particle shape. The new detector showed that Abakus and Met One Model 211 gave 
size distribution different from Coulter Multisizer 4 when the particle shape departed 
greatly from spherical shape. The new detector would be a useful tool to analyse 
micro-particles in ice cores.
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Ahvaz city has encountered many environmental concerns such as salinity of potable 
water, failure in wastewater collection system, old infrastructure as well as dust storm. 
The Middle East Dust (MED) storms have greatly affected the south and west parts 
of Iran during the last decade. The main purpose of this study was to examine and 
compare culturable airborne bacteria concentration in particulate matters during 
normal, semi-dust and dust event days in different places and seasons in Ahvaz 
from November 2011 to May 2012. Sampling was performed every 6 days and on 
dust-event days at different sampling stations. The overall mean concentrations of 
PM10, PM2.5, and PM1 for the entire study period were 598.92, 114.8, and 34.5 µg/
m3, respectively. The PM concentrations during the dust-event days were much 
higher than those values for normal and semi-dust event days. The highest mean PM 
concentrations were observed in March 2011. The low PM2.5/PM10 ratios indicate that 
these PM are mostly originating from natural sources such as dust storms. The overall 
mean concentration of total bacteria during the study period was 620.66 CFU/m3. 
The greatest bacterial concentrations were observed during the dust-event days and 
at the areas with high traffic and more human activities compared to the normal days 
and greener areas. The percentage of Gram-positive bacteria was significantly higher 
than Gram-negative bacteria during the study period (89% versus 11%). During this 
study, 26 genera of culturable bacteria were identified from all the sampling stations. 
The most dominant genera in all the sampling stations were Streptomyces, Bacillus, 
Kocuria, Corynebacterium, and Paenibacillus. The results also showed that there 
were positive correlations between PM and bacterial concentrations during the study 
period (p <0.05).
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The aim of the study is to examine the impact of metal dust collected at the EL-Hadjar 
(Algeria) steel complex on Helix aspersa, a gastropod that serves as a bioindicator and 
bioaccumulator of environmental pollution. On the metabolic level, metal dust causes 
a significant increase in proteins with a significant reduction in the carbohydrates and 
lipids on the level of the two studied bodies (hepatopancreas and kidney).
The examination histopathology showed very significant tissue deteriorations clearly, 
in particular on the level of the hepatopancreas and kidney.

keywords: Helix aspersa, Hepatopancreas, Kidney, heavy metals, metabolites, 
histology.
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Lidar and sunphotometer measurements were performed during the Saharan Aerosol 
Long-range Transport and Aerosol-Cloud-Interaction Experiment (SALTRACE: 
http://www.pa.op.dlr.de/saltrace) in June and July 2013 at Barbados to characterize 
Saharan dust over the Caribbean and to investigate possible changes of optical 
properties of Saharan Dust during its long-range transport across the Atlantic Ocean. 
Measurements of the particle linear depolarization ratio (PLDR) at 355 nm and 
532 nm, and of the vibrational Raman signals at 387 nm and 607 nm were conducted 
with the small portable 6-channel depolarization and Raman lidar system POLIS of the 
Meteorological Institute (MIM) of the Ludwig-Maximilians-Universität München in 
cooperation with the Institute of Atmospheric Physics (IPA) of the German Aerospace 
Centre (DLR). The sunphotometer measurements were conducted by the University 
of Valladolid (in cooperation with MIM and the Institute of Tropospheric Research, 
Leipzig). Routine POLIS measurements were performed every day for 3 hours 
starting at sunrise (only PLDR) and at night for another 3 hours starting at sunset 
(combined PLDR and Raman). During special situations like heavy dust outbreaks or 
the formation of tropical storm Chantal in a dusty airmass, POLIS measurements were 
made continuously for up to 48 hours. 

The vertical aerosol distribution found during the SALTRACE campaign was 
dominated by a three layer structure showing a marine influenced boundary layer 
in the lowest 0.5 to 1.0 km, topped by a layer of highly variable aerosol properties 
up to 1.5 - 2.0 km, and a distinct pure Saharan dust layer with upper boundaries of 
about 3.5 to 5 km. Comparisons of the lidar derived aerosol optical depth with co-
located sunphotometer measurements at 532/500 nm agreed very well confirming the 
good coverage of the atmospheric column by the lidar. Four dust events during the 
measurement period could be studied in detail with an optical depth of the pure dust 
layer ranging from about 0.2 to 0.3.

In our presentation we will give a general overview of the measurement situation and 
the POLIS measurements during SALTRACE. We will show first results of the lidar 
measurements and comparisons with results found during former field experiments 
over the Cape Verde and over Morocco, in particular with findings during the SAMUM 
(Saharan Mineral Dust Experiment) field campaigns. These studies give insight in the 
aging of Saharan dust during its transport over several days.
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Giant and ultragiant aerosols can expedite warm rain processes by acting as giant 
cloud condensation nuclei (GCCN) and are efficient Ice Nuclei (IN). However, the 
effects of these particles on meteorology and climate are not fully understood yet.
Typically, aerosol microphysical properties can be retrieved in a size range from 
100 nm to a few microns, due to the limits on the observation wavelengths used in 
measuring aerosol by the main instruments used nowadays: lidar and sun photometer. 
Recently, it was demonstrated that millimiter-wavelength cloud radars are able to 
detect giant and ultragiant volcanic aerosols also at long distances from the source 
(Madonna et al., 2010).
The aim of this study is to use a millimetre wavelength radar for the characterization 
of aerosols in an enlarged size range, including the giant fraction of volcanic aerosol, 
mineral dust and pollen. Cloud radar observations performed at the CNR-IMAA 
Atmospheric Observatory (CIAO), located in Potenza, South Italy, within the period 
from March 2009 to December 2012 were inspected for the presence of aerosol 
layers. The outcome dataset consists of 68 aerosol lofted layers, 28 during night-time 
and 40 during day-time, with a maximum occurrence during summer. Statistic and 
classification schemes will be discussed.

Madonna F., Amodeo A, D’Amico G, Mona L, Pappalardo G. (2010). Observation of non-spherical 
ultragiant aerosol using a microwave radar. Geophys. Res. Lett. 37, L21814.
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Studies of subjective assessment of environmental risk demonstrate that people 
focus on particular risks because of their attachment to place, beliefs, values, social 
institutions, and moral behaviour, not necessarily on the amount of danger actual or 
perceived (Douglas and Wildavsky, 1982). Communities living nearby municipal 
landfill site are exposed to various pollutants at their homes since airborne emissions 
are carried to the surroundings communities by wind currents (Patil, 2001). It is not 
different in South Africa since there are communities that reside very close to landfill 
site. This paper examines residents’ responses with regards to the impact of dust in 
children within 2 km radius of the Bisasar Road landfill site in Durban, South Africa.

To assess the reported respiratory health impact of dust in children living near the 
landfill site.

This is a cross-sectional study using a quantitative approach to determine the 
respiratory health effects in children aged between 8 and 12 years. House to house 
visits were done by fieldworkers to gather the views of the Clare Estate community 
members who were living with children between the ages of 6 and 12. A modification 
and integration of the American Thoracic Society and the British Medical Research 
Council questionnaires was used to collect data on respiratory impact.

Symptoms in children were measured in a period of a year, months and days. In 132 
children, 34% did not have a cough that won’t go away in a year; 22% had more than 2 
times per month; 13% had between 1 to 12; and 7% had cough everyday in the whole 
year respectively. In 123 children, 22% had wheeze with a cold more than 2 time per 
month whilst 13% had between 3 to 12 times; and 58% had none in the whole year. 
About 28% of children reported having diagnosed with respiratory conditions by a 
doctor in their lifetime. In conclusion, the study indicates that children are affected by 
dust due to the close proximity to the landfill site.

Douglas M.,Wildavsky A. (1982). Risk and Culture: an Essay on the Selection of Technologic al and 
Environmental Dangers. University of California Press, 222.

Patil MA. (2001). Environmental management scenario in stone crusher industry sector and cleaner 
production possibilities. Teri information Monitor on Environmental Science, 83-92.
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Quaternary loess-soil sequence in northern China is well-known, providing a near 
continuous terrestrial record of paleoclimate for the past 2.6 million years. This record 
was extended in the early 2000s to 22 million years ago. Up to date, ten Neogene 
eolian sequences with detailed magnetostratigraphy have been reported from various 
geomorphic units, ranging from the Yangtze River Basin to the northeastern margins 
of Tibetan Plateau. They contain more than 400 pairs of alternating soil and loess 
layers with the occurrences corresponding to the Earth’s orbital cycles. The spatially 
correlative stratigraphy and climate proxies offered parallel controls for paleoclimate 
reconstructions. Sedimentological, pedological and geochemical studies confirmed 
that the formation of the paleosols were closely linked with the rainfall brought by 
summer monsoon while eolian dust was transported by winter monsoon from the 
inland deserts in Asia. Several lines of proxies show that summer monsoon reached its 
strong maximum in the early Miocene, followed by an overall weakening trend during 
the Neogene. Despite of the sub-order fluctuations, winter monsoon and inland aridity 
roughly co-varied and remained at moderate levels until 3.6 Ma lacking one-way step 
reinforcements during this interval. These long-term climate trends are incoherent 
with the suggested Neogene major uplifts of Tibetan Plateau if the results of climate 
models are admitted. Instead, many aspects are congruent with the Neogene climate 
changes at the global or hemispheric scales. We also suggest that Tibetan Plateau would 
have reached to a threshold by the early Miocene, leading to the onsets of monsoon-
dominated climate and inland desertification in Asia, whereas the subsequent climate 
evolution were primarily controlled by the global and hemispheric climate changes.
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Dust is considered as one of the most widespread air pollutants predominantly found in 
African and Asian regions (Tegen and Fung, 1995). Very high loadings of atmospheric 
dust in Indian region contribute to remarkably higher levels of particulate matter. The dust 
is primarily a mixture of suspended soil, road dust and other particulate matter. During 
prevailing dry weather conditions, the dust is deposited onto the foliar surfaces affecting 
their morphology, stomata and biochemical constituents. Despite the importance of dust 
affecting foliar properties and biochemical constituents of plant, very limited studies 
have been reported on this topic in Indian region. Soil-dust is highly rich in CaCO3 in 
India which has been found a significant scavenger of atmospheric SO2 (Kulshrestha et 
al., 2003). In the presence of sufficient moisture, SO2 is adsorbed onto the dust particles 
in air forming CaSO4 (Kulshrestha, 2013). Hence, during this study, elevated dustfall 
fluxes of SO4

-- at industrial site (Sahibabad) as compared to residential site (Jawaharlal 
Nehru University campus) have been recorded on various surfaces (foliars, petridish 
and filters). These higher fluxes of SO4

-- have been attributed to the oxidation of SO2 due 
to which remarkable changes have been observed in foliar morphology and biochemical 
constituents of an economically important plant species (Morus alba). It is interesting 
to note that around 3-4 times higher fluxes of SO4

-- were recorded on both foliar and 
artificial surfaces at industrial site as compared to residential site. Industrialization 
and high density of diesel driven vehicular traffic are the major sources of SO2 in the 
industrial area. Atmospheric dust was also characterized for other major ions (F-, Cl-, 
NO3

-, Na+, NH4
+, K+, Mg++, and Ca++). While the biochemical parameters of foliar 

included total chlorophyll, total soluble sugars and ascorbic acid. On the foliar surface 
at residential site, Ca++ had the highest fluxes followed by SO4

-- >NO3
-> Cl-> Mg++> 

K+> Na+> F-> NH4
+ while at the industrial site, this order has been as- SO4

-- > Ca++ 
> Cl->K+> Mg++> Na+> NH4

+> F-> NO3
-. The morphology of foliar through Scanning 

Electron Microscope (SEM) indicated a remarkable difference in size of the stomatal 
pores and raptured guard cells at industrial site as compared to residential site. Results 
of biochemical analysis showed that plant foliars at the industrial site had relatively 
higher values of ascorbic acid and lower values of total chlorophyll and soluble sugars 
indicating stressful conditions due to industrial and vehicular emissions.

Kulshrestha U. (2013). Acid rain. Encyclopedia of Environmental Management, Taylor and Francis, 
8-22.

Kulshrestha M.J., Kulshrestha U. C., Parashar D. C., Vairamani M. (2003). Estimation of SO4 contribution 
by dry deposition of SO2 onto the dust particles in India. Atmospheric Environment, 37 (22), 3057-3063.

Tegen I., Fung I. (1995). Contribution to the mineral aerosol load from land surface modification. J. 
Geophys. Res., 100, D9, 18707-18726.
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Sweden is prosecuted in the EU court for not meeting the limit values for PM10. The 
main problem is the high production of dust from pavement wear caused by studded 
tyres and winter operation measures resulting in high PM10 emissions during spring as 
streets dry up. The exceedances are concentrated to highly trafficked city streets and 
Stockholm is the city with the largest air quality problems. During the winter seasons 
of 2011-2013, the City of Stockholm has financed an evaluation of operational 
measures to reduce PM10 concentrations. The abatement methods used has been dust 
binding using CMA (calcium magnesium acetate) as well as testing of advanced street 
sweepers. Unique follow-up measurements has been made both regarding the temporal 
and spatial variation in road dust depot on the streets and its size distributions as well 
as regarding the PM10

 concentration. The road dust load (DL180 = dust<180 µm) 
varies between 5-80 g/m2, while DL10 (dust < 10 µm) is calculated to 0-20 g/m2. Both 
DL180 and DL10 show a seasonal pattern with maximum in late winter, early spring. 
The main findings also confirm previous results (Norman & Johansson, 2006) that 
dust binding using CMA can reduce PM10 concentrations with 20-40% the day after 
treatment, while street sweeping has little or no obvious effect (Amato et al, 2010). 
Ions from winter time salting and CMA treatment has been studied on the road surface 
and in PM10. It is concluded that salt (NaCl) contributes to up to 5% of PM10 mass, 
while the contribution from CMA is negligible. Despite the positive effect of dust 
binding on PM10 concentrations, Stockholm still relies on favourable meteorological 
conditions during winter and spring for complying with the PM10 limit values, why 
more elaborate and expanded PM10 abatement is needed.

Amato F, Querol X, Johansson C, Nagl C, Alastuey A. (2010). A review on the effectiveness of street 
sweeping, washing and dust suppressants as urban PM control methods. Science of the Total 
Environment; 408: 3070-3084.

Norman M, Johansson C. (2006). Studies of some measures to reduce road dust emissions from paved roads 
in Scandinavia. Atmospheric Environment; 40: 6154-6164.



167DUST2014 - 1st International Conference on Atmospheric Dust - Italy

electric trains at a tunnel stationas sources 
to pm10 anD ultrafine particle emissions

Mats gustaFsson1*, saeed abbasi2, göran bloMQvist1,
anders gudMundsson3, sara JanHäll1, cHrister JoHansson4,5,

 MicHael norMan5, ulF oloFsson2, billy sJövall5, HåKan wilHelMsson1

1Swedish National Road and Transport Research Institute, Linköping, SE-58195, Sweden
2KTH Machine Design, SE 100 44, Stockholm, Sweden

3Division of Ergonomics and Aerosol Technology, Lund University, SE 221 00, Lund, Sweden
4Department of Applied Environmental Science, Stockholm University, SE 106 91, Stockholm, Sweden

5Stockholm Environment and Health Administration, SLB-analysis, SE 104 20, Stockholm, Sweden
*mats.gustafsson@vti.se

Subway and railroad subterranean environments have been shown to suffer from high 
particle concentrations (e.g., Gustafsson et al.,2012) and health concerns related to 
metal content has been raised (e.g., Kam et al., 2011). As opposed to road tunnels, the 
particle sources have been identified as mainly wear from wheels, brakes and rails (e.g. 
Abbasi et al., 2011).In an on-going research project, airborne particles in a railroad 
and a road tunnel are characterized regarding concentrations, size distributions and 
elemental composition in relation to traffic. The aim is to characterise and identify the 
main particle sources to be able to suggest abatement measures regarding material and 
system use as well as measures regarding traffic. This abstract focuses on studies of 
particle properties and traffic during a campaign on the platform of Arlanda Central 
station (railroad tunnel below Arlanda airport, Stockholm) during the project. A new 
photo cell based system for detecting train traffic was used. From the measurements 
at Arlanda C it is clear that electric trains emit both the expected PM10 from worn 
components, but also occasionally ultrafines. It is also clear that different train types 
and/or train individuals affect mass and number concentration of particles very 
differently. While some trains do not seem to contributeto increased concentrations, 
others result in mass concentration increases and some also to obvious particle number 
concentration increases in the ultrafine range, without NOX concentrations rising (no 
exhaust contribution). Ongoing analyses indicate that older train types, with disc 
brakes as the only braking system, might play an important role as a source for both 
PM10 and ultrafines, even though also modern train types are occasionally associated 
with high emissions. Further work will describe differences between road and railroad 
tunnel particle emissions, size resolved particle composition and abatement strategies. 
This work was supported by the BVFF; a research program financed by the Swedish 
Transport Administration, The Royal Institute of Technology, KTH, and the Swedish 
National Road and Transport Research Institute, VTI.

Abbasi, S., Wahlström, J., Olander, L., Larsson, C., Olofsson, U. and Sellgren, U. (2011). Wear; 273: 93-99.
Gustafsson, M., Blomqvist, G., Swietlicki, E., Dahl, A.and Gudmundsson, A. (2012). Transportation 

Research Part D: Transport and Environment; 17:277-285.
Kam W., Ning Z, Shafer M.M., Schauer J.J., Sioutas C. (2011). Chemical characterization and redox 

potential of coarse and fine particulate matter (PM) in underground and ground-level rail systems of the 
Los Angeles metro. Environmental Science and Technology; 45: 6769-6776.
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The Sahara is the most powerful source of mineral dust on Earth and spreads its dust 
globally. The trade winds transport the Saharan dust over 5000 - 8000 km towards the 
Caribbean. As it is transported over the ocean there are neither continental dust sources, 
nor anthropogenic influences on the transport way. This makes the island of Barbados 
(13°N, 59°W) an ideal site to investigate the long range transport of mineral dust. The 
Saharan Aerosol Long-Range Transport and Aerosol-Cloud Interaction Experiment 
(SALTRACE) is designed to observe the optical and microphysical properties of 
the mineral dust aged during transport in the atmosphere. In the framework of this 
experiment we use a complex lidar system equipped with Raman channels and a 532 
nm high spectral resolution lidar (HSRL) channel to receive day time (HSRL) and night 
time (Raman) extinction profiles. For the first time the dust linear depolarization ratios 
at 355, 532 and 1064 nm are measured simultaneously. The linear depolarization ratio 
provides information about the shape of the particles and therefore let us distinguish 
between mineral dust, biomass burning smoke and maritime aerosols. The incidence 
of biomass burning smoke depends on the agricultural activities, which differ between 
summer and winter. In summer the pure Saharan dust dominates whereas in winter it 
is mixed with biomass burning smoke. The region is mainly influenced by the smoke 
of western Africa, but Caribbean and Central American smoke from the west could 
also be detected depending on the wind direction. To analyse the seasonal difference 
in the aerosol composition, we perform a summer and a winter campaign in June-July 
2013 and February-March 2014, respectively. Another campaign is planned for June-
July 2014. Our measurements lead to a characterization of long-range transported 
dust and provide insight into the aerosol composition over the western Atlantic. The 
three-wavelength depolarization observations allow us to perform a detailed aerosol 
separation (fine-mode dust, coarse-mode dust, marine, smoke). We started to compare 
our field observations of dust and smoke with the model calculations.
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The dust concentrations in an underground mining operation may create problems for 
health and safety of the workforce. Reliable and continuous dust sampling using high 
end monitoring devices, various techniques and statistical analysis would enhance the 
engineer’s ability to design and implement good engineering interventions.
The objectives of this work was to: (i) reliably monitor spatio-temporal dust emissions 
in an underground mine; and (ii) use discrete event simulation (DES) to evaluate 
engineering interventions for dust control in the presence of input uncertainty. The goal 
is to use simulation to cheaply evaluate multiple engineering interventions to select the 
most promising solutions for experimental trials. The study site is an underground trona 
mine that operates with a longwall (LW). The ore is transported over 10km on a belt 
conveyor system before being hoisted to surface. The belt entry is considered intake air.
The first objective was achieved by conducting a comprehensive dust survey to 
monitor dust generation, spread rate and exposure rate at the study site. Several dust 
monitoring techniques were used to measure the real time and time weighted average 
(TWA) concentrations. Multiple elf pumps were used to measure the TWA silica and 
respirable dust concentrations using NIOSH 7600 and 0600 approaches, respectively. 
The real time monitors, were placed in stations including the belt drift (tunnel). The 
belt status was monitored to analyze the correlation between belt motion and dust 
generation and dust reduction approaches.
The second objective was achieved by building a discrete-continuous DES model 
in Arena (Rockwell Software). The model assumes the ore generation times are 
independent and identically distributed. The model uses the Euler method to solve the 
ordinary differential equations and Monte Carlo simulation for stochastic simulation 
of discrete events. The DES Arena model was validated with the real time and TWA 
data. Various experiments were conducted with the DES model. 
The data from both TWA and real time dust monitoring methods were analyzed using 
several statistical methods. 
Transfer points and bunkers have been selected as the major dust generation sources, 
which contribute to increase dust concentrations by 45 percent. A wet scrubber was 
installed at a transfer point for dust concentration reduction. The wash boxes reduced 
the dust generation by 35 percent. However, it was determined that the scrubber 
and wash boxes require labor intensive maintenance work to be effective. Higher 
visibility and better air quality throughout the mine have been accomplished. This 
study shows the potential benefits of using DES to model particle concentration of 
mining operations.
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Ambient air quality monitoring in Indonesia was conducted since 1985. The 
concentrations of TSP, NO2, and SO2 were measured at five sampling points in the city 
of Jakarta that represented the industrial areas, the business district, and residential 
areas. High volume air samplers (HVAS) were used to measure the TSP and gas 
analyzers for concentrations of NO2 and SO2. Sampling points were selected near 
traffic highways and the TSP concentrations were high for all points measured.
In 1993 the Japan International Cooperation Agency (JICA) and the Environmental 
Management Center (EMC) of the Ministry of Environment installed Continuous 
Monitoring Stations for TSP, NO2, and SO2 at five points in the city. In this project 
the chemical component of TSP was analysed and the rate of contribution from an 
emission source was estimated using the Chemical Mass Balance (CMB) model. It 
was estimated that contribution of Diesel exhaust gas containing solid particles were 
high for TSP concentrations in Jakarta city.
In 1999 an Integrated Air Quality Monitoring System (AQMS) was donated by the 
Government of Austria through soft loans. The parameters measured were SO2, NO2, 
CO, Ozone, PM-10 and Meteorological data. Monitoring was carried out at 33 points 
in 10 cities. The cities were Jakarta, Bandung, Semarang, Surabaya, Denpasar, Medan, 
Jambi, Pekanbaru, Palangkaraya and Pontianak. Data obtained were at intervals of 1 
hour averages. Due to wear and tear these systems have been scheduled for upgraded 
over the next three years.
Data of air quality monitoring, conducted since 1985 were mostly based on TSP and it 
was found that the monitoring of particulate matter, especially for PM-10 and PM-2.5 
were lacking. Epidemiological studies explain that particulate matter, with diameters 
of less than 2.5 microns (PM 2.5), are classified as fine particulate. These particulates 
are now known to be very dangerous, as they can penetrate to the deepest part of the 
lungs and cause health problems such as acute respiratory infections, lung cancer, and 
pulmonary cardiovascular diseases. It has been medically proven that fine particulate 
matter contributes substantially to mortality caused by air pollution-related health 
problems. To enhance the air monitoring standards for Indonesia, the Indonesian 
Government in 2013 amended our National Standards for Ambient Air Monitoring 
and implemented the standards for monitoring of PM 10 and PM-2.5. This is currently 
being carried out at 3 monitoring points in the special area provincial of Jakarta or 
DKI-Jakarta. We are now waiting for the results of these data from DKI-Jakarta.

Bapedal, Nippon Koei, Suuri Keikaku (1997). The Study On The Integrated Air Quality Management For 
Jakarta Metropolitan Area.
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Data assimilation methods coupled with a dust transport model brings great precision of 
dust prediction (Yumimoto et al., 2008). We optimized Asian dust emission using a data-
assimilated version of a dust transport model (RC4) based on a ground-based NIES lidar 
network for many dust events in East Asia in the past studies (Sugimoto et al., 2011). 
Intensive validation had been conducted using space-borne lidar CALIOP, MODIS 
satellite data and surface PM2.5/SPM data as the independent observation. However, 
it is well known that dust extinction coefficients have large sensitivity especially for 
the fine mode dust particle. Therefore we need further validation including coarse dust 
particle observation such as deposition to confirm adequacy of dust size distribution in 
the dust emission process or deposition process. 
A continuous measurements of dust wet and dry deposition fluxes had accomplished 
at six stations in Japan from October 2008 to December 2010 (Osada et al., 2013). In 
this study, we adapted RC4 using ground-based lidar data for the 3 remarkable dust 
events (E1:14-17 March, E2:19-22 March, E3:11-14 November) during 2010. We 
inversely optimized total dust emission amounts, however we did not optimize the size 
distribution of emitted dust. PM2.5/SPM ratio in Japan was derived to characterize 
size distribution of transported dust for 3 events based on surface observation. High 
PM2.5/SPM ratio suggests that size distribution of atmospheric aerosols distributes 
in fine mode, while low PM2.5/SPM ratio means that more coarse mode particles are 
included in the aerosol mass. PM2.5/SPM ratio at Fukuoka in Japan were 0.37 for E1, 
0.33 for E2 and 0.42 for E3. The results suggests that size distribution of dust particles 
for E2 was biased in coarse mode particles. Dry deposition fluxes estimated from RC4 
were validated with the observations. RC4 underestimated dry deposition flux for E2, 
nevertheless high reproducibility of lidar dust aerosol optical depth was confirmed. 
These results suggested that we need to optimize size distribution of emitted dust using 
the observation includes size information of fine and coarse particles.

Yumimoto K., Uno, I., Sugimoto, N., Shimizu, A., Liu, Z., and Winker, D. M. (2008). Adjoint inversion 
modeling of Asian dust emission using lidar observations, Atmos. Chem. Phys., 8, 2869-2884.

Sugimoto, N., Hara, Y., Shimizu, A., Yumimoto K., Uno, I., and Nishikawa, M. (2011). Comparison of 
surface observations and a regional dust transport model assimilated with Lidar network data in Asian 
dust event of March 29 to April 2, 2007, SOLA, Vol. 7A, 13-16

Osada, K., Ura, S., Kagawa, M., Mikami M., Tanaka, T. Y., Matoba, S., Aoki, K., Shinoda, M., Kurosaki, Y., 
Hayashi, M., Shimizu, A., and Uematsu, M. (2013). Wet and dry deposition of mineral dust particles in Japan: 
factors related to temporal variation and spatial distribution, Atmos. Chem. Phys. Discuss, 13, 21801-21835.
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The use of seed treatments to replace post-emergent applications of pesticides has 
become increasingly prevalent. However the concentrations of pesticide active 
substances present in seed dressings can cause significant environmental effects to 
flora and fauna if these do not remain tightly bound to the seed body and escape in dusts 
generated during drilling. A neonicotinoid pesticide dressing that was inadequately 
bound to maize seed and so ejected as dust from the vent on the drilling machine 
caused a major incident, with tens of thousands of bee colonies affected in Germany(1).
This incident heightened the awareness of the potential toxicity of neonicotinoids 
with respect to bees. Significant restrictions on the use of certain neonicotinoids 
have been introduced in the EU. Neonicotinoid data will be reviewed in two years 
following further studies into the effects on pollinators from exposure to these 
systemic pesticides.
Scientists at Fera were commissioned in late Summer 2013, under Defra’s pesticides 
R&D programme managed by the Chemicals Regulation Directorate (CRD), 
to conduct a pilot study to compare methods for dust collection from crops that 
would typically be drilled with a neonicotinoid dressing in UK field situations. The 
sowing period studied only covered the time period and conditions during which 
neonicotinoid treated crops would normally be sown. We have compared a technique 
used previously for sampling dust from broadcast pesticide granules(2) with a more 
recent, widely publicised, technique(3).
A review of the capture efficiency of these techniques will be presented based on 
the relative efficacy of each technique in capturing dust containing the seed dressing 
active substance. This information should help in the design of future studies which 
may be required to determine whether rates of active ingredient deposition on field 
margin flowers could contribute to the potential exposure of pollinators during the 
following year.

1. Pistorius J., Bischoff G., Heimbach U., Stähler M. (2009). Bee poisoning incidents in Germany in spring 
2008 caused by abrasion of active substance from treated seeds during sowing of maize. 10th International 
Symposium Hazards of Pesticides to Bees: Bucharest, Romania, ISSN/ISBN: 978-3-930037-58-2.

2. Harrington P., Mathers J.J., Smith S, Glass C.R. (2004). Methods for the Evaluation of Granular Drift. 
International Advances in Pesticide Application: Aspects of Applied Biology 71, 2004, pp 197 -200.

3. Heimbach U., Pistorius J., Georgiadis P.-Th., Stähler M., Schenke D. (2013). Dust drift during drilling 
into adjacent crops - Where are we now? AAB Dust Emissions from Seed Drills Workshop : March 2013 
Julius-Kuhn Institute (JKI), Berlin-Dahlem, Germany 



173DUST2014 - 1st International Conference on Atmospheric Dust - Italy

influence of autralian Desert Dust on 
marine iron chemistry anD bioavailability to 

phytoplankton

cHristel Hassler1,2*, louiza norMan2, veroniQue scHoeMann3

1Institute F.-A. Forel, University of Geneva, Geneva, 1290, Switzerland
2University of Technology Sydney, Sydney, 2007, Australia

3Free University of Brussels, Brussels, 1050, Belgium
*Christel.Hassler@unige.ch

Atmospheric dusts are globally the largest input of iron into the ocean. In up to 40% 
of the ocean, iron caps the rate of primary productivity with impact for biodiversity, 
ecosystem functioning and climate. In iron-limited regions, dust input could 
potentially relieve iron limitation and enhance phytoplankton growth. This work 
explores this hypothesis by quantifying the impact of two Australian desert dusts on 
iron chemistry, bioavailability and the growth of phytoplankton. For that purpose, 
experiments with pure cultures of an Antarctic diatom (Chaetoceros simplex) and two 
natural assemblages from the Tasman Sea and the Sub-Antarctic Zone were carried 
out. Although less bioavailable than inorganic iron, iron associated with atmospheric 
dust was significantly bioavailable (20-40 %), representing an iron source able to 
sustain phytoplankton growth. Measurement of iron chemistry following wet dust 
deposition simulation using rainwater demonstrated that just 0.6 to 1.1 % of the 
iron associated to the dust was released in solution (< 0.2 µm), of which - 0.2 to 0.5 
% were soluble (< 0.02 µm). Most of the organic ligands detected by competitive 
ligands exchange adsorptive voltammetry were in the soluble fraction, whereas most 
of the electrochemically humic-like material was in the colloidal fraction. Exposure 
to UV light, slightly decreased ligand concentration as well as their conditional 
stability constant for iron binding, suggesting that photochemistry occurring during 
atmospheric transport might be important to determine the fate of iron associated to 
dust. Results are discussed considering the seasonality and average dust input to the 
Tasman Sea.
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Dust emission schemes in climate models are relatively simple and are tuned to 
represent observed background aerosol concentrations many of which are many 
thousands of kilometres from source regions. Representations of dust emission in 
the models were developed from idealised experiments such as those conducted in 
wind tunnels. Improvement of current model dust emission schemes has been difficult 
to achieve because of the paucity of observations from key dust sources. The Dust 
Observations for Models project (DO4Models) was aiming on gathering data from 
source regions at a scale appropriate to climate model grid box resolution (12x12km 
grid setup).

Here we present (1) the results of 1D box model simulations using three commonly 
used parameterizations for the horizontal and vertical dust emission flux, and (2) 
HadGEM3 regional climate model simulations using the current model setup for 
dust emissions. We are comparing both models with Do4Model field campaign data 
retrieved over a fairly typical dust source.

The box model performance is tested using observed soil moisture content, 
aerodynamic surface roughness, shear velocity, and soil properties. Results for the 
first part of the field campaign suggest that all current dust emission schemes do not 
capture the observed emission flux well. The saltation flux is hugely overestimated, 
whereas the vertical flux is moderately overestimated. The choice of the sand transport, 
soil moisture correction and roughness correction scheme is important but insufficient 
to bring modeled fluxes into agreement with observed dust fluxes. Potential reasons 
for the diagnosed mismatch are discussed and the impact of spatial averaging over the 
11 field sites within the g12x12km grid is evaluated. Furthermore, it is tried to answer 
the question whether the application of the dispersed soil size distribution increases 
the performance of the emission schemes over the typically used undisturbed soil size 
distribution provided from soil database.

HadGEM3 is tested with regard to its capability to reproduce the observed 
meteorological conditions. Very good agreement with regard to the magnitude of the 
diurnal cycle in 10m wind speed, wind gusts and surface shear stress is found. The 
onset of the breakdown of the nocturnal low-level-jet is out of phase by an hour, 
but overall the model performance is sufficient to focus on the shortcomings of the 
deployed dust emission scheme which is found to be the largest source of uncertainty 
with regard to the simulated dust emission flux. Given the multiple tuning choices, 
box and climate model emission fluxes differ considerably.
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Recent field observations have confirmed the role of convective cold pools and the 
breakdown of low-level jets (LLJs) as key meteorological drivers of dust emission 
over summertime West Africa, the world’s largest source of airborne mineral dust.

This study uses 40-day convection-permitting simulations from the Met Office 
Unified Model to drive offline dust emission computations with three different source 
descriptions. Physically-based algorithms are used to detect cold-pool and LLJ-
generated dust events and quantify their relative importance. Approximately 40% of 
the modelled dust emission originates from cold pools and 40% from LLJs, confirming 
the importance of these mechanisms. About half of the cold pool emission is linked to 
a newly identified mechanism where aged cold pools form a jet above the nocturnal 
stable layer. Models with parameterised convection largely fail to capture the cold-
pool based emission and whether convection is parameterised or explicit is much 
more important than which source description is used. The absence of dust emission 
by cold pools in models with parameterised convection will cause major biases in all 
global dust models. Approximately 20% of the modelled dust emission is potentially 
related to other meteorological mechanisms. These fractions are consistent with new 
observations from the central Sahara.

LLJ emission tends to occur in the morning and cold-pool emission in the afternoon, 
evening and night. 60% of the morning-to-noon but only 10% of the afternoon-to-
nighttime emission occurring under clear-sky conditions will result in potentially 
large biases in satellite-based studies of dust emission. For regional and global 
dust modelling, the results demonstrate the need of realistically representing moist 
convection and nocturnal stable stratification.

Heinold B., Knippertz P., Marsham J. H., Fiedler S., Dixon N. S., Schepanski K., Laurent B., Tegen, I. 
(2013). The role of deep convection and nocturnal low-level jets for dust emission in summertime West 
Africa: Estimates from convection-permitting simulations, J. Geophys. Res.-Atmos., 118(10), 4385-
4400, doi:10.1002/jgrd.50402.
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Nocturnal low-level jets (NLLJ) are commonly found above the stable boundary 
layer over land, forming due to frictional decoupling of air layers above the nighttime 
inversion. The morning breakdown of NLLJs by dry convection can lead to strong 
near-surface winds. Over the Sahara, the world’s largest source of airborne mineral 
dust, this phenomenon is particularly important for dust emission and transport. 

We present the first detailed large-eddy simulations of dust-generating NLLJs using the 
UK Met Office Large-Eddy Model (LEM). Sensitivity studies are used to investigate 
two of the key controls of the NLLJ: surface roughness and Coriolis force. Functional 
relationships derived from the LEM results help to identify optimal latitude-roughness 
configurations for a maximum NLLJ enhancement (difference between evening and 
morning wind speeds). Ideal conditions are found in regions between 20°N and 30°N 
with roughness lengths >0.01 cm providing long oscillation periods and strong jet 
amplitudes. NLLJ enhancements reach up to 3.5 m s1 for typical surface temperature 
evolutions and geostrophic winds of 10 m s-1. The findings are largely consistent 
with results from a theoretical NLLJ model applied for comparison. The results 
demonstrate the important role of latitude and roughness in creating regional patterns 
of the NLLJ influence. Combining the functional relationships and high-resolution 
roughness data over the Sahara gives good agreement with the location of morning 
dust uplift in satellite observations. The large-eddy simulations show the importance 
of wind shear for the NLLJ evolution and generation of peak near-surface winds. It is 
shown that with decreasing latitude the NLLJ evolution is slower and, therefore, shear-
induced mixing is weaker. This allows a more stable nocturnal stratification to develop 
and therefore a later, more abrupt and more intense NLLJ breakdown in the morning 
with stronger gusts, which can compensate for the shorter NLLJ oscillation period that 
leads to a weaker jet maximum.

Recent global and regional dust models still largely fail to reproduce the typical peak 
in near-surface wind speeds caused by the morning breakdown of the nocturnal LLJ 
due to insufficiencies in the turbulence parameterization, vertical resolution, and the 
representation of surface roughness. The findings presented here can serve as first step 
towards a parameterization to improve the representation of LLJ effects in coarser-
resolution models.



177DUST2014 - 1st International Conference on Atmospheric Dust - Italy

Downtown ultrafine particles relateD to 
meteorological anD Dispersion conDitions

libor HeJKrlíK*, Helena placHá, pavel Jůza

Czech Hydrometeorological Institute, Ústí nad Labem, 400 01, Czech Republic
*hejkrlik@chmi.cz

The project “UltraSchwarz” (Ultrafine Particles and Health in the Erzgebirgskreis and 
Ústí Region) is a cross-border cooperation between the Free State of Saxony and the 
Czech Republic supported by the EU program Ziel 3. It aims to measure ultrafine 
particles (UFP) at Annaberg-Buchholz (D) and Ústí nad Labem (CZ) in order to 
analyse the association between UFP, other air pollutants, meteorological parameters 
and human health.
Regional background monitoring station Ústí nad Labem is run by the Czech 
Hydrometeorological Institute (CHMI) within the national Air Quality monitoring 
network. It is localized in the Elbe river valley on the plain terrain in the very centre of 
a city of ca 100.000 inhabitants, surrounded by administrative and commercial built-up 
area, including housing units. The measurement of UFP is an extra program planned until 
2014. Meteorological data for this study were obtained at an automated meteorological 
station of CHMI in the same valley some 5 km up the river, except of sunshine duration, 
measured at a professional meteorological station of CHMI ca 4 km uphill.
A scanning mobility particle sizer (SMPS) developed by TROPOS Leipzig has been 
deployed for measuring UJP in seven uneven particle size classes between 10 and 800 
nm. For every day in period June 2012 to August 2013 five simple statistical moments 
were calculated on the conditions that at least 16 hourly measurements of UJC existed 
per day. At the monitoring station there were available daily values of nine other 
pollutants including soot (PM1 BC). The set of daily meteorological characteristics 
consisted of ten parameters. As a description of the dispersion conditions in the surface 
layer of the atmosphere was used semiempirical index DI that has been routinely 
issued by the branch of CHMI in Ústí nad Labem since 1988.
The preliminary prospection of data by linear correlation matrix showed that there 
was no apparent difference in behaviour of the statistical moments. Mean, median, 
maximum, variance and geometric mean were in respective size modes highly 
intercorrelated. Fractions of UFP greater than 100 nm behaved similarly to classic 
pollutants related to combustion and to traffic - PM, CO, NO, NOX, NO2 and SO2, 
their high concentrations were associated with low temperature, high humidity and 
unfavourable dispersion conditions. Low values were registered in occurrence of high 
winds both in average and maximal sense. The nucleation mode was not surprisingly 
elevated in parallel with high O3, high air temperature, long sunshine and low mean 
wind speed, showing no relation to dispersion conditions.

Birmili, W., Wiedensohler, A., Heintzenberg, J., and Lehmann, K. (2001): Atmospheric particle number 
size distribution in central Europe: statistical relations to air masses and meteorology, J. Geophys. Res., 
106, 32005-32018

Woo, K. S., Chen, D. R., Pui, D. Y. H. and McMurry, P. H. (2001): Measurement of Atlanta aerosol size 
distributions: Observations of ultrafine particle events, Aerosol Sci. Tech., 34, 75-87
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In 2007 the Western corn rootworm (Diabrotica v. virgifera) appeared in maize 
crops in southern Germany. Since this beetle is classified as a quarantine pest in the 
EU member states, several control measures are stipulated, amongst them the seed 
treatment with insecticides. When the seeds were planted in spring 2008, thousands 
of honey bees were killed by residues of those insecticides. This was caused by the 
sedimentation of abrasion dust blown out from the fan outlet of sowing machines with 
vacuum singling. The dust drifted toward adjacent areas and contaminated flowering 
plants visited by the bees. In order to mitigate this environmental impact, German 
authorities decided to reduce the risk of drift from this kind of machines significantly.
A drift test method was developed by Julius-Kühn-Institut (JKI) to determine the dust 
drift potential from sowing machines. The core of that method is the metering of a 
fluorescent tracer dye into the fan of the seeder in order to represent the abrasion dust. 
The quantification of drift sediment is similar to spray drift measurements.
A number of sowing machines was tested by JKI with this method. It was shown that 
it is possible to modify this kind of sowing machines so that the total drift sediment 
can be reduced to an acceptable limit. A drift reduction of at least 90% compared to 
conventional maize seeders with vacuum singling is required to be registered in an 
official JKI list “Drift reducing maize seeders”.
The experiences with the measurements show that the presence of waste air deflectors 
only does not allow assuming of sufficient drift reduction. Tests are essential.
A new test method for measuring dust drift potential based on a test bench was 
developed by. Fist studies are presented comparing this method with field test results.
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The use of most polybrominated diphenyl ether (PBDEs) flame retardants (FRs) 
in consumer products and construction materials was banned by the European 
Union and phased out in the United States by 2008. PBDEs are now listed by the 
Stockholm Convention on Persistent Organic Pollutants in Annex A, which calls for 
elimination of their production and use. However, there is a continuing need for FRs 
due to stringent flammability standards both in the USA and Europe and, as a result, 
there may be a shift to using non-regulated FRs. Several replacement FRs have been 
recently detected in the environment, including brominated benzoate and phthalate 
esters and organophosphorus esters.

We collected high-volume air particle samples at a site in the high Arctic (78.22oN, 
15.65oE, on Svalbard) during 2012-2013 for analysis of brominated FRs (BFRs) 
and organophosphorus FRs. Sample volumes typically ranged from 600 - 750 m3. 
Some BDEs and other BFRs have been observed in this region in earlier research. 
The BFRs found most often and in greatest average abundance include BDE congeners 
47 (0.69 pg m-3), 99 (0.56 pg m-3) and 209 (1.10 pg m-3), collectively representing 
~44% of total BDE; other chlorinated or brominated FRs found included 2-ethylhexyl-
2,3,4,5-tetrabromobenzoate (TBB), bis(2-ethylhexyl)-tetrabromophthalate (TBPH), 
decabromodiphenyl ethane (DBDPE) and Dechlorane plus (DP). The concentrations 
ranged from 0.3 pg m-3 for DBDPE to 6 pg m-3 for TBB. The organophosphorus FRs found 
most often and in greatest abundance include tris(2-chloroethyl)phosphate (TCEP), tris(1-
chloro-2-propyl)-phosphate (TCPP), tris(1,3-dichloro-2-propyl)phosphate (TDCPP), 
triphenyl phosphate (TPP), tri-n-butyl phosphate (TnBP), tri(butoxyethyl)-phosphate 
(TBEP), tris(2-ethyl-hexyl)phosphate (TEHP), and 2-ethylhexyl diphenyl phosphate 
(EHDPP). The concentrations of the OPFRs were often about 10 times or greater than 
any of the halogenated FRs. The most abundant OPFR average concentration was 
TnBP (145 pg m-3 ) and ranged from 9 pg m-3 to 788 pg m-3.

The BDEs with low concentration (< 0.05 pg m-3) were congeners 10, 7, 30, 71, 85, 
126, 154, 153, 138, 184, 181, 201, 204, 203, 196, 205, 208, 207; non-BDE BFRs 
with low concentrations included tetrabromo-p-xylene (pTBX) and pentabromo ethyl 
benzene (PBEB).
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what is the issue that the heubach Dustmeter addresses?
As seed coating has greatly increased efficiency and decreased pesticide needs for 
the agricultural industry, it has also come under scrutiny from various stakeholders. 
Most prominently the topic of bee mortality and dust abrasion from coated seed has 
been at the focus of discussions among seed producers, seed coaters, planters and 
governments. The scale of this discussion has rippled through to the consumer, making 
the topic a hot item for the major producers of seed coatings in terms of product safety 
and corporate image, and as a result also corporate profitability.

why is the heubach Dustmeter unique and optimal for the seed coating industry?
Aside from being formulated into the German Industry Norm for measuring general 
dust emissions (DIN55992-T1), the Dustmeter is unique in that it is the only dust 
measurement technology on the market for realistically determining the free-floating 
dust and abrasion particles caused by seed handling. It is the only dust measuring 
system that can consistently mimic the mechanical stress applied by seed handling 
scenarios, from the coating phase to the on-field application. Because of its precise 
reproducibility, reliability, and realistic simulation the Dustmeter has become the 
standard in dust measurement for the seed industry.

how does the heubach Dustmeter work?
Precisely pre-defined mechanical stress conditions are applied to the sample through 
a rotating drum, which is subject to a constant airflow created by a vacuum pump. The 
vacuum causes abraded airborne particles to pass through a horizontally positioned 
glass bottle, which separates and collects coarse particles via gravity. Only airborne 
floating particles pass through this device to be collected by a filter and evaluated 
gravimetrically. A sophisticated mass flow controller allows user defined airflow 
speeds (measured in l/min) with outstanding precision. The drum rotation speeds and 
test duration, which are controlled via CPU, are variable as well.

conclusion - heubach Dustmeter creates value for the seed coating industry
The Dustmeter is a crucial tool for testing, developing, and optimizing high 
performance low dusting seed coating formulations - a key factor for the market 
success of a seed coating system. Heubach is proud to have become the standard 
reference in dust measurement for the industry, thus helping to ensure that the applied 
chemicals stay where they are intended to be, and where they can unfold their highest 
efficiency: on the seed.
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Airborne dust falling to earth has a chemical composition that, for major components, 
must reflect compositions of the common minerals of the crust of the earth1 from 
which the dust originates. However, the amounts of trace elements in dust are greater, 
especially for fine, far-transported dust, and this has been true in pre-industrial as 
well as modern times, as evidenced in ice cores2,3 and peat bogs4. We show that in 
a wide area of the U.S. southwest mineral dust deposited from the atmosphere has 
abundances of trace elements that are substantially larger than in average crustal 
material. “Enrichment factors” for trace elements may be up to 10 or more for coarse 
dust, and much larger than 10 for fine, far-transported dust. This apparently results 
in deposition of large masses of excess trace elements to the land surface. Times 
on the order of 50 Ky would apparently be required to double the typical bulk trace 
element concentration (masses) in a 10 cm thickness of surface soil (assumed to 
have the approximate composition of the upper crust).  But because fine particles are 
dislodged from soil surfaces and re-suspended into the atmosphere5, there is extensive 
recycling of trace elements, and some particles are exported to the ocean6. Therefore, 
trace element enrichment of soils would take longer. Although data are few, soils of 
the region are in fact only slightly enriched in trace elements7. The present rate of 
apparent deposition of excess trace elements by dust in the southwest is about 10-100 
times the present rate at which they are emitted to the atmosphere through degassing 
by volcanoes8, which are the only documented natural source of trace elements to 
the atmosphere and the surficial environment, and may be a main ultimate supply of 
trace elements to the recycling dusts. Allowing for the recycling of the trace element-
rich atmospheric material that is deposited, the volcanic emission rate may point to a 
more realistic trace element doubling time for upper soil layers, of 500 to 5,000 Ky, 
beginning long before modern industrial times.

1. Bowen, H.J.M., (1979) Environmental Chemistry of the Elements, Academic Press, London, 333 pp.
2. Vallelonga, P., Gabrielli, P., Rosman, K.J.R., Barbante, C., Boutron, C., (2005). Earth Plan. Sci. Lett., 32, 

L01706, doi:10. 1029/2004GL021449.
3. Matsumoto A., Hinkley T. K. (2001). Earth Plan. Sci. Lett., 186, 33-43.
4. Kylander M.E., Weiss D.J., Martinez-Cortizas B., Spiro R., Garcia-Sanchez, B.J., Coles (2005). Earth 

Plan. Sci. Lett., 240 467-485.
5. Lal, D., (2007). Earth Plan. Sci. Lett. 264, 177-187.
6. Muhs, D.R., Budahn, J., Reheis, M., Beann, J., Skipp, G. Fisher, E., (2007). J. Geophys. Res. 112, 

D13203, doi: 10.1029/2006JD007577.
7. Goldstein, H., Reynolds, R., Reheis, M. Yount, J. Lamothe P., Roberts, H. McGeehin, J., (2005). Particle 
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Lett. 170, 315-325.
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Urban street dust (SD) is able to generate mineral floating particles (MFP) into the air 
(Giugliano et.al. 2005, Hosu-Prack et.al. 2010). MFP particles have usually a wide 
range of sizes (Joshi et.al. 2009). MFP were monitored and collected by automatic 
stations in Cluj-Napoca, Romania. The air induced nano-structural features were 
investigated by XRD and SEM - EDX analysis. Results prove that both, SD and 
MFP, have a similar composition, namely quartz, clay particles (e.g. muscovite and 
kaolinite), calcite and trace of lepidocrocite. Fine micro scaled particles are observed 
in Figure 1a. Quartz and clay nanoparticles were found in SD sample as well as in 
MFP, Figure 1b and 1c. The AFM investigation reveals a nano- size range for quartz 
particles between 80-90 nm diameter, and 40-60 nm diameter for clay particles 
(Figure 1b). Similar values were obtained by TEM microscopy (Figure 1c). The high 
resolution microscopy results were confirmed by the values obtained by Scherrer 
formula applied to the XRD patterns. Nano-minerals found in MFP were induced in 
air by the street dust.

a b c
Fig. 1. MFP microscopic aspect: a) SEM image of fine micro-particles and b) AFM topography image of 
nano-particles, and c) TEM image of nano-particles.

Giugliano M., Lonati G., Butelli P., Romele L., Tardivo R., Grosso M. (2005). Fine particulate (PM2.5-
PM1) at urban sites with different traffic exposure. Atmospheric Environment, 2421-2431.

Hosu-Prack A.G., Petean I., Arghir G., Bobos L.D., Tomoaia-Cotisel M. (2010). Particulate matter found in 
urban street dust. Studia Chemia, 93-104.

Joshi U.M., Vijayaraghavan K., Balasubramanian R. (2009). Elemental composition of urban street dusts 
and their dissolution characteristics in various aqueous media. Chemosphere, 526-533.
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Long-range transport of eolian dust were continuously monitored in 2010 at two 
background sites around Taiwan by collecting aerosol samples with Hi-volume TSP 
samplers. One site is on an offshore island, Pengchiayu (PCY; 25.62°N, 122.07°E; 100 
m above sea level) in the southern East China Sea, which facilitates the observation 
of East Asian dust from North China and Mongolia. The other site is at Mt. Lulin 
(MLL; 23.47°N, 120.87°E; 2862 m a.s.l.) in central Taiwan, which facilitates the 
observation of dust transported from regions further beyond East Asia. In this study, 
all samples were analyzed for elemental composition, 7Be and 210Pb, while selected 
samples were also analyzed for isotopic compositions of Sr, Nd and Pb.  
During March 20-23, 2010, East Asia witnessed the largest dust storm ever recorded 
in the region, resulting in Al concentrations up to 50 μg/m3 at PCY on March 21 
and 22 (Hsu et al., 2013). However, this dust event was not eminent at MLL where 
the time series of Al showed more pronounced peaks on March 10-11 and 26-27 
instead (Hsu et al., 2012). It is noteworthy that Al concentration at MLL correlated 
strongly with 7Be, a cosmogenic radionuclide that is often used as a tracer for air 
masses downwelled from lower stratosphere-upper troposphere. The source and 
transport pathway of the dust observed at MLL were investigated with a multitude 
of approaches including trajectory clustering, CALIPSO lidar, model simulation and 
isotope analyses for aerosol provenance. All results support that eolian dust collected 
at MLL primarily originated from North Africa and Middle East, rather than East 
Asia, and was transported mainly in the free troposphere by the Westerlies. Source 
apportionment by the MATCH model showed that East Asian dust is significant only 
in a very restricted area in the northwestern Pacific but it contributes little to the 
North Pacific dust deposition. Our 87Sr/86Sr and εNd(0) data clearly indicate that the 
MLL and PCY dust samples have vastly different provenances, with the MLL samples 
resembling those measured in northeast Africa (Scheuvens et al., 2013) and the PCY 
samples carrying isotopic signatures of East Asian dusts.

Hsu, S.C., et al., (2012). Dust transport from non-East Asian sources to the North Pacific. Geophys. Res. 
Lett. 39, L12804, doi:10.1029/2012GL051962.

Hsu et al., et al. (2013). A super Asian dust storm over the East and South China Seas: Disproportionate dust 
deposition. J. Geophys. Res. 118, 7169-7181, doi:10.1002/jgrd.50405.

Scheuvens D., et al., (2013). Bulk composition of northern African dust and its source sediments - A 
compilation. Earth-Sci. Rev. 116, 170-194.
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The collected masses on filters in aerosol sampling at workplace becomes smaller, 
and it is a challenge to the gravimetric assessment. Therefore, mass gain and low limit 
of detection (LOD) were studied through a field investigation of particle sampling in 
two shipyards and by the analysis of dust sampling data in the industry of mines and 
factories. German, USA and Chinese respirable and total dust samples were gathered 
at the same time and workplaces in the different industries. In the shipyard survey 
a parallel sampling with normal and high flow rate cyclone FSP-2 and FSP-10 was 
conducted.
The mean mass gain of samples of AR (American respirable dust), AT (American 
total dust), GR (German respirable dust) and CT (Chinese total dust) from the mine/
factory data was located at the microgram level with only the exception of GT, whose 
mean value reached to milligram. Original mass gain values of all the samples were in 
positive skewed distribution, still not in normal distribution but approached it after data 
log-transformation. Their standard deviations (SD) were larger when mass gain values 
were at the extreme of both smallest and largest, and became the lowest when mass 
gains were at the middle level, suggesting an optimal range.
As the shipyard survey showed, LOD values ranged from 0.36 to 0.78 mg for different 
filters. Taking 0.5 mg as an example, the coincidence rate with LOD was only 17.3% 
for American respirable dust from 269 samples in different industries and 12.2% for 
respirable fumes by normal flow cyclone FSP-2 in the shipyard. It became relatively 
higher for total dust, 91.4%, 69.9% and 62.1% for German, American and Chinese 
total dust in the industry samples. From the total particle samples of CT and GT in 
shipyard survey it was found to be 77.1% and 96.9%, respectively. To prolongate the 
sampling time to resolve the problem of smaller mass gain was difficult in practice, 
as the sampling time for GR and AR dust in the industry investigation were already 
265 and 251 min. As showed by the sampling in shipyard A and B, the mass gain 
(0.97±0.40 mg, 1.61±0.86 mg) by FSP-10 was significantly larger than that (0.29±0.12 
mg, 0.51±0.27 mg) by FSP-2, thereby the LOD coincidence rate increased to 73.9%. 
The amount of dust collected by high flow samplers was found to be above the LOD of 
silica analyses by infrared and X-ray diffraction. However, the high flow rate sampler 
FSP-10, with 50% cut-off size (50dae) at 4.8 mm, was confirmed to overestimate 
the exposure to respirable fraction up to 40%, compared to the ISO/CEN/ACGIH 
convention. Its sampling efficiency needs to be studied further, as an alternative in the 
modern workplace aerosol sampling.
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Particulate matter is the main air pollutant in open pit mining areas. To assess the 
environmental impact of the mining activities well accepted models that simulate the 
dispersion of the particles are used. These models report the particle concentration 
as function of the measured meteorology and the estimated particle emissions. When 
the results obtained through simulation are compared with the particle concentration 
measured in several sites, a coefficient of determination R2 < 0.75 has been obtained. 
This result indicates that in the open pit mining areas could exist additional sources of 
particulate matter that has not been considered in the modelling process. 

This work proposes that the unconsidered sources of emissions are of natural origin 
such as the resuspensión particulate matter due to the wind action over uncovered 
surfaces. Furthermore, this work proposes to estimate such emissions as function of 
the present and past meteorological conditions. 

A multiple regression model was implemented in one of the world largest open pit 
coal mining region which it is located at northern of Colombia. Data from nine particle 
concentrations monitoring stations and 3 meteorological stations obtained from 2009 
to 2012 were statistically compared. Additionally, it was implemented a statistical 
method to identify the meteorological variables that most contribute to estimate the 
measurements of particle concentration.

Results confirm the existences of a linear relation (R2 > 0.9) between meteorological 
variables and particulate matter concentration being temperature and humidity the 
meteorological variables that contribute most significantly in the variance of the 
particulate matter concentration. 
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Wind action and vehicles that travel through uncovered surface are the main causes 
of air pollution by particulate matter around unpaved roads. There are multiple 
applications where it is needed to determine the impact area; this is the case of 
open pit mining regions and exploitation of oil where environment authorities force 
companies to compensate the environmental damage. This work describe a simplify 
methodology to determine the area of impact using data input related to meteorology 
of the region, traffic flow and fines content. The methodology was developed based 
on obtained results from the air quality model AERMOD under different scenarios 
applied in unpaved roads of oil extraction companies in Colombia. The particulate 
matter concentration profile (C) were adjusted to the function C=Z Γ(α, β) where β 
is a parameter proportional to the annual wind speed, α = 0.1 and Z is proportional 
to the emission of particulate matter. Results were compared with experimental 
measurements and the air quality standard to determine the area of impact.
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Aerosol transport paths and their seasonal variability are primarily determined by two 
independent factors: (a) geographical distribution of dust sources and their strength 
seasonal dependence, and (b) seasonal changes in the atmospheric circulation. 
However, the terrain relief may also affect the aerosol propagation. First, some places 
may play role of certain traps where the aerosol arrived from distant regions can be 
accumulated. This, for example, can happen in valleys when the dust-carrying air 
flow reaches them. Second, the relief can channelize the dust-loaded air mass flow 
resulting in appearance of predominant transport path.

In this paper, we will consider both the examples of aerosol traps and aerosol transport 
channels associated with relief. Accumulation of the desert dust occurs in Po valley in 
front of Alps as the dust-carrying air flow from North Africa reaches them and slows. 
Red Sea also represent a trap for dust aerosol. Atlas, Ahaggar and Tibesti mountain 
chains are located on the way of northward flow of dust containing air masses from 
the major sources of Saharan desert aerosols. This constrain results in two enhances 
transport channels - one through the passage between Atlas and Ahaggar mountains, 
and another between Ahaggar and Tibesti.
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East Liverpool, Ohio, a town along the Ohio River in northeastern U.S., is the site 
of two main sources of air pollution: the WTI hazardous waste incinerator and the 
SH Bell Company terminal, a raw products storage and packaging operation that 
warehouses crushed metals. Air monitoring stations in the town set up by the Ohio 
Environmental Protections Agency (OEPA) to monitor stack emissions from the 
incinerator, recognized that the SH Bell facility, rather than the waste incinerator, was 
the dominant source of metallic particulates. The fear was the possibility of adverse 
health impacts from chromium, lead, arsenic, and cadmium. Those metals, however, 
are present in ambient air at acceptable levels. What is a concern is the presence of 
manganese.

Manganese is an essential micronutrient. Healthy adults ingest daily 3,800 micrograms 
(µg) in food and another 8 µg in water [1]. Inhaled magnesium particulates of 2,000 
and above micrograms per day (0.1 mg/m3 x 20 m3/day), however, can produce 
adverse health effects (exceeding the NOAEL of 0.1 mg/m3).

The U.S. Agency for Toxic Substances and Disease Registry (ATSDR) summarized 
average human exposure to manganese in air1. An adult has an inhalation daily intake 
of manganese of 0.46 µg from “unpolluted” air. Workers in metal working industries 
are normally subject to higher intakes and in the metals mining industries even higher.

ATSDR also summarizes the health risks to humans of inhaled magnesium particulates 
with chronic exposure1: NOAEL with ≤ 0.1mg/m3; 0.1 to 1.0 mg/m3 with less serious 
LOAEL, producing mostly neurologic disorders; and 1.0 to 10.0 mg/m3 with more 
serious LOAEL, producing mostly reproductive disorders.

Samples provided by the OEPA to the author collected from April 2009 to September 
2012 at one outdoor station in East Liverpool showed manganese concentrations of 
1.0 to 8.7 μg/m3, or 0.0010 to 0.0087 mg/m3 (significantly below the NOAEL). OEPA 
samples were measured spectroscopically by Inductively Coupled Plasma (ICP-
AES) and used to develop correlation files for x-ray fluorescence (XRF) on duplicate 
samples for additional testing.

1. US Dept of Health and Human Services, Public Health Service, ATSDR (2012). Toxicological Profile for 
Manganese, 556 pp plus appendices.



189DUST2014 - 1st International Conference on Atmospheric Dust - Italy

saharan Dust: a source of bioavailable iron 
for the marine unicellular Diazotrophic 

cyanobacterium C.watsonii.

violaine JacQ1,2*, céline ridaMe1,2, Fanny KaczMar1,2, 
stépHane l’Helguen3, saliot alain1,2 

1CNRS/IRD/MNHN/UPMC, LOCEAN : Laboratoire d’Océanographie et du climat : Expérimentation et 
approche numériques, UMR 7159, Paris, 75005, France 

2Sorbonne Universités, UPMC Univ Paris 06, UMR 7159, LOCEAN, Paris, 75005, France
3Université de Brest, CNRS/IRD, UMR 6539, LEMAR, OSU-IUEM, Plouzané, 29280, France

*violaine.jacq@locean-ipsl.upmc.fr

Marine diazotrophic cyanobacteria are able to use dissolved dinitrogen (N2) as nitrogen 
source for primary production. These cyanobacteria play a key role in the global carbon 
and nitrogen cycles as they contribute to significantly increase the oceanic N pool and 
thus primary production and carbon export to the deep ocean. We have recently shown 
than Fe bioavailability can control the growth and N2 fixing activity of the open ocean 
unicellular diazotrophic cyanobacteria (UCYN) Crocosphaera watsonii (Jacq et al., 
2014). As the main source of Fe to ocean surface waters is provided by aeolian dust 
deposition, we are wondering if Fe released by Saharan dust is bioavailable for C. 
watsonii. To address this issue, batch cultures of C. watsonii acclimated to low Fe 
concentration (2nM chelated with 200 nM of oxalate) were amended with simulated 
Saharan rainwater (250 mg.L-1 of non-processed Saharan dust with 1µM of oxalate). 
The percentage of Fe released from dust was 0.1 ± 0.02 % after 1 hour of contact 
time. 2% of the filtered (<0.2 µm) rainwater were added to triplicate cultures of C. 
watsonii, corresponding to an addition of 2.7 nM dFe. Cellular abundance increased 
quickly after dust addition (3 days) leading to a significant increase in the growth 
rate (0.43 d-1) relative the unamended cultures (0.35 d-1). N2 and CO2 fixing activities 
were also rapidly increased (1.4 and 1.2-fold respectively), probably due to an up-
regulation of nitrogenase and photosynthetic Fe-containing enzymes. So, Fe-limited 
C. watsonii are able to take-up and rapidly use Fe released from Saharan dust. This 
supports previous observation of an increase in the abundance of UCYN-B, as C. 
watsonii, after addition of 2mg.L-1 of Saharan dust during bioassay experiments in 
tropical North Atlantic (Langlois et al., 2012). Based on our results, we could argue 
that atmospheric dust deposition in N-depleted surface oceanic waters could result 
in an increase in bioavailable N via the stimulation of UCYN growth and N2 fixing 
activity.

Jacq V., Ridame C., L’Helguen S., Kaczmar F., Saliot A. (2014). Response of the unicellular diazotrophic 
cyanobacterium Crocosphaera watsonii to iron limitation. Plos one, In press.

Langlois R.J., Mills M.M., Ridame C., Croot P., LaRoche J. (2012). Diazotrophic cyanobacteria respond to 
Saharan dust addition. Mar Ecol Prog Ser, 1-14.
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Size of ambient aerosol plays a critical role in its function and transmission, where 
small particles are considered of a greater risk for human health and travel for far 
distances. In this study, size distributions and mass concentrations of ambient aerosol 
were measured and investigated using two instruments; aerosol spectrometer (GRIMM 
Aerosol Technik, Germany, EDM 365) and beta attenuation monitor (Environment 
S.A., France, model MP101M).

Al Samha is a rural town located in the northeast part of Abu Dhabi Emirate, 
approximately 40 km from Abu Dhabi Island and it is generally characterized by 
an arid, hot and humid climate. In addition to the natural desert dust, three major 
anthropogenic sources are contributing to the ambient particulate matter in the study 
area, thermal power plants, traffic emissions and construction activities. 

The study was conducted in two stages. The first stage was started in September 
2010 and continued for three months to measure the counts of ambient aerosols of 31 
different sizes (0.25 to 32 μm) in addition to the concentrations of particulate matter 
(PM10). Whereas, the second stage was started on May 2011 and lasted for a period of 
eight months to monitor the mass concentrations of suspended particulate (TSP, PM10 
and PM2.5) and total counts of aerosols in ambient air. 

The obtained data were analyzed to determine size distributions, concentration levels 
and mass fractions. Furthermore, temporal variation patterns of ambient aerosol and 
the correlation between the monitoring results of the two techniques were investigated.

The results of this study indicate that the study area is characterized by elevated levels 
of ambient particulate matter with a high proportion of ultrafine particles. Peak levels 
of particulate matter were observed during traffic rush hours, weekend days and hotter 
seasons. Pearson’s analysis showed that there is strong positive correlation between the 
results of PM10 monitoring using aerosol spectrometer and beta attenuation monitor.
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Urban air quality is severely affected by traffic related particulate matter, including 
direct emissions from exhaust, brake pad, tire wear and road dust. Deposited road dust 
can be resuspended by moving vehicles or wind. Urban PM10 is identified as one of 
the most hazardous air pollutants on human health because it has no threshold limit 
for health effect. Prolonged exposure to respirable urban PM10 has been associated 
with adverse health effects and linked to an increased risk of respiratory illnesses 
(Pope, 1996). Resuspension of road dust have recently become an established source 
of urban PM (Chow and Watson, 2002). Insofar, sampling of resuspended road 
dust was usually performed by sweeping and sieving deposited road dust and the 
collected bulk samples were resuspended in the laboratory (Zhao et al, 2006). But 
these procedures were affected by the loss of fine particles. A recent study has shown 
that aerosol particles can be quantitatively resuspended from road surfaces using a 
specific sampling device (Amato et al, 2009). The objective of our research was to 
develop and construct a mobile resuspended road dust PM10 sampler which induced 
resuspension and collected particles on-line directly above road surfaces (Jancsek-
Turóczi et al, 2013). A PARTISOL-FRM MODEL 2000 sampler was mounted on 
a mobile sampling cart which collected PM1−10 fraction in a cyclone separator and 
PM1 samples on filters. The collection of bulk PM1−10 samples made it possible to 
deploy analytical methods which were not suited for the analysis of filter samples. The 
sampling unit was applied at several locations and seasons in Budapest, Hungary. The 
elemental and phase composition of resuspended dust samples were determined and 
potential source contributions were assessed, which facilitate source apportionment of 
urban PM10 that poses a potential health risk for the population.

Acknowledgements - The authors are grateful for the financial support of the grants of 
the Hungarian Research Fund OTKA K 101484.
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The shape and composition of aerosol particles influence their scattering properties 
and thus their radiative impact on climate. The polarization lidar technique is a 
well-established method to study the composition and structure of different cloud 
types (e.g. Sassen, 1991). In order to retrieve information of the composition and 
microphysical properties of the aerosol particles measured with lidar techniques, an 
accurate knowledge of the depolarisation properties of different particle types must 
be known. This is achieved by performing numerical simulations or alternatively by 
performing laboratory measurements.

In our work we present a comprehensive dataset of depolarisation measurements of 
natural and synthetic soil dusts from different locations. The experimental results 
presented here were conducted at the AIDA (Aerosol Interaction and Dynamics in the 
Atmosphere) cloud chamber during several measurement campaigns between 2006 
and 2013. A scattering and depolarisation instrument (Schnaiter et al., 2012) was 
used to measure the linear depolarisation ratio of soil samples at near exact backward 
scattering angle (178°). Additionally the samples were characterised using electron 
microscope images and by determining the mineralogical composition. 

The different soil and dust samples showed different linear depolarisation ratios. 
Highest depolarisation ratio of more than 0.3 was measured with volcanic ash 
originated from Eyjafjallajokull-volcano. The dust samples from Asia had slightly 
lower depolarisation ratio of 0.25. Similar depolarisation values have been measured 
from Saharan dust layers (Freudenthaler et al. 2009). The synthetic soil samples of 
Arizona test dust and cubic hematite were weakly depolarising. Depolarisation ratios 
smaller than 0.1 were measured for both cases. In future work, we will combine 
the shape and surface properties measured with electron microscope with the 
depolarisation information. We also show how activation of the soil dust samples 
to cloud droplets and the resulting change in size distribution affect the measured 
depolarisation ratio.

Freudenthaler, V., Esselborn, M., Wiegner, M., Heese, B., Tesche, M., Ansmann, A., Müller, D., Althausen, 
D., Wirth, M., Fix, A., Ehret, G., Knipperzt, P., Toledano, C., Gasteiger, J., Garhammer, M. and 
Seefeldner, M. (2009).Depolarization ratio profilingatseveralwavelengths in pure Saharandustduring 
SAMUM 2006. Tellus B, 165-179. 

SassenK. (1991). The Polarization Lidar Technique for Cloud Research: A Review and Current Assessment. 
AMS, 1848-1866.

Schnaiter, M., Büttner, S., Möhler, O., Skrotzki, J., Vragel, M., and Wagner, R. (2012) Influence 
of particle size and shape on the backscatteringlineardepolarisation ratio of smallicecrystals - 
cloudchambermeasurements in the context of contrail and cirrus microphysics, Atmos. Chem. Phys., 
12, 10465-10484.
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Mineral dust is a key constituent in the climate system. Airborne mineral dust forms 
the largest component of the global aerosol budget by mass and subsequently affects 
climate, weather and biogeochemical processes. There remains large uncertainty in 
the quantitative estimates of the dust cycle. 

Dry boundary-layer convection serves as an effective mechanism for dust uplift, 
typically through a combination of rotating dust devils and non-rotating larger and 
longer-lived convective plumes. These microscale dry-convective processes occur 
over length scales of several hundred metres or less. They are difficult to observe and 
model, and therefore their contribution to the global dust budget is highly uncertain. 
Using an analytical approach to extrapolate limited observations, Koch and Renno 
(2006) suggest that dust devils and plumes could contribute as much as 35%. Here, 
we use a new method for quantifying the potential of dust devil occurrence to provide 
an alternative perspective on this estimate.

Observations have shown that dust devil and convective plume occurrence is 
favoured in hot arid regions under relatively weak background winds, large ground-
to-air temperature gradients and deep dry convection. By applying such known 
constraints to operational analyses from the European Centre for Medium Range 
Weather Forecasts (ECMWF), we provide, to the best of the authors’ knowledge, the 
first hourly estimates of dust devil occurrence including an analysis of sensitivity to 
chosen threshold uplift. 

The results show the expected diurnal variation and allow an examination of the 
seasonal cycle and day-to-day variations in the conditions required for dust devil 
formation. They confirm that desert regions are expected to have by far the highest 
frequency of dry convective vortices, with winds capable of dust uplift. This approach 
is used to test the findings of Koch and Renno (2006).

Koch J., Renno N. (2006). The role of convective plumes and vortices on the global aerosol budget. 
Geophys. Res. Lett., L18806.
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The problem of dust generation is widely present in steel and foundry plants around 
the world. All of the melting furnaces generate thousands of tons of dust every year. 
The dust itself still contains a lot of chemical elements (mostly iron and zinc) which 
can be returned back into the furnace increasing their content in metal bath or in final 
dust which then can be used as a raw material for zinc metallurgy industry. One of 
the method to do that is pneumatic powder injection with use of pneumatic feeder 
and injection lance at the end of the installation. The paper presents the theoretical 
approach as well as some industrial experiences of the authors on this field of 
pneumatic conveying applications. The benefits of the dust reuse have been presented 
as well as some limits. It has been stated that the pneumatic injection can be used to 
blow-in cupola dust again into the cupola, the electric arc furnace into it together with 
some carburizer and ferroalloy and slag foaming process with use of dust blown-in 
through injection lances.. The literature overview of this problem has been shortly 
presented, too. Along with the industrial examples, the theory of the gas-solids jet has 
been developed. The results show the importance of the critical jet radius to achieve 
the proper jet penetration inside the liquid metal. The literature and own authors’ 
formulas have been validated by some model and real injection experiments. This 
complex approach has proven the potential of pneumatic powder injection method to 
utilize dust wastes in melting furnaces.

JezierskiJ., JanerkaK. (2011). Selected aspects of metallurgical and foundry furnace dust utilization. Polish 
Journal of Environmental Studies 20 (1), 101-105.

Jezierski J., Janerka K. (2011). Wastes utilization in foundries and metallurgical plants - selected aspects. 
20th Anniversary International Conference on Metallurgy and Materials METAL 2011, 18. - 20. 5. 2011, 
Brno, Czech Republic.

Jezierski J., Janerka K. (2011). Wastes utilization in foundries and metallurgical plants with pneumatic 
conveying techniques - selected aspects. Interdisciplinary Environmental Review 12 (2), 154-165.

Jezierski J., Janerka K. (2008). Pneumatic powder injection technique as a tool for waste utilization. 
International Journal of Environment and Waste Management 2 (6), 636-646.
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By using CAILPSO (Cloud-Aerosol Lidar and Infrared Pathfinder Satellite 
Observations) data and MM5 numerical simulation output data, the characteristics of 
dusty layers vertical structure and its accompanying dynamic and thermal structure in 
a severe dust storm occurred from 19 to 22, March, 2010 in North China were studied. 
The result shown: In the mature period of dust storm, the dusty layer distributed 
almost in the whole troposphere from 2 to 9 km. The vertical mixture caused by the 
cold frontal uplifting and the sinking after the front induced a uniform distribution 
of dust particles. After that, in the long distance transportation period of dust, the 
dusty layer separated to two layers clearly, located at the lower troposphere (below 
700hPa) and the middle upper troposphere (from 600 to 300hPa) respectively. In the 
mature, sustain and vanishing periods of the dust storm process, the weak vertical 
change of wind speed, potential temperature and equivalent potential temperature 
closely coordinated with the dusty layers. It indicates that the neutral mixed layer 
maintained in the dusty layer. Meanwhile, in the mature, sustain periods of the dust 
storm process, the evident tropopause fold and obvious declining of large potential 
vorticity appeared. It also was confirmed by the vertical distribution of the upper 
level jet stream, potential vorticity and specific humidity. According with it, when the 
tropopause sustained at a higher altitude, the dusty layers were expanded to a higher 
altitude also. Otherwise, the dusty layers were lower. It should noted that in the mature 
and sustain periods of the dust storm process, a banding area located at 40ºN from 
7km to 9km appeared in the stratosphere. It indicates that in this dust storm process, 
parts of the dust particles were transported from troposphere to stratosphere. And it 
also formed a continued dust transportation belt in the stratosphere. It can be regarded 
as a straightforward and observational evidence to prove the troposphere-stratosphere 
transportation of dust aerosol and the transmission of dust aerosol in stratosphere.

key wards: dust storm, dust particles, vertical structure, CAILPSO data.



196 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

assessing the Dust raDiative effects anD 
feeDbacks by using coupleD regional moDels

pedro JiMénez-guerrero*, rocío baro, Juan p. Montávez

Physics Department, University of Murcia, 30100, Spain 
*pedro.jimenezguerrero@um.es

The study of the response of the aerosol levels in the atmosphere to a changing climate 
and how this affects the radiative budget of the Earth (direct, semi-direct and indirect 
effects) is an essential topic to build confidence on climate science, since these 
feedbacks involve the largest uncertainties nowadays. Air quality-climate interactions 
(AQCI) are, therefore, a key, but uncertain contributor to the anthropogenic forcing 
that remains poorly understood. To build confidence in the AQCI studies, regional-
scale integrated meteorology-atmospheric chemistry models (i.e., models with on-line 
chemistry) that include detailed treatment of aerosol life cycle and aerosol impacts on 
radiation (direct effects) and clouds (indirect effects) are in demand.

In this context, the main objective of this contribution is the study and definition of the 
feedbacks in the meteorology-chemistry-aerosol-cloud-radiation system associated to 
the direct radiative forcing and the indirect effect caused by dust over Europe, using 
fully-coupled meteorology-chemistry model simulations with the WRF-Chem model 
run under the umbrella of AQMEII-Phase 2 international initiative. Simulations were 
performed for North Africa and Europe for the entire year 2010. A grid spacing of 23 
km has been applied, with 30 vertical levels.

For analysing the direct radiative forcing (DRF), two different model setups have 
been considered: (a) simulations which do not account for any dust feedbacks (it 
will be the baseline case) and (b) simulations differing from the baseline case by the 
inclusion of the effect of dust on the radiation fluxes without, including effects of 
changed atmospheric dynamics (this will be defined as the DRF case). The differences 
in the surface level (DRF_srf) and TOA (DRF_TOA) radiation for a large dust episode 
covering Europe (2-15 October 2010) have been assessed. Also, for the indirect effect, 
we have compared the precipitation efficiency among the simulations in order to see 
the effect on the cloud condensation nuclei (CCN). The results indicate that areas with 
low dust concentrations present more than 50 W m-2 higher global radiation than those 
areas with a large dust load.

The simulations have been evaluated by comparing the aerosol optical depth (AOD) 
at different wavelengths against AERONET data (85 sites over the domain of 
study). AOD depends on particle size distribution, composition, mixing state, and 
hygroscopicity; therefore a comparison of modelled AOD with observations that have 
large spatial coverage and long duration can help to assess the ability of the model in 
capturing important dust properties.
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Aerosols scatter and absorb solar radiation, thereby reducing its flux reaching the 
Earth’s surface1,2. These processes not only affect temperature and pressure in the 
low troposphere, but also alter local and regional atmospheric circulations and 
precipitation3-7. Such aerosol effects depend on the spatial distribution of aerosols 
and their interactions with meteorological factors. Here, we study the impact of 
Arabian dust aerosols on the Indian summer monsoon (ISM) rainfall, employing 
13-year datasets of satellite observations and meteorological reanalyses. Satellite-
retrieved aerosol optical depth (AOD) shows the Arabian Sea (AS) experiences 
the highest aerosol loadings in the ISM season in each year. Correlation analyses 
and back-trajectory simulations indicate that high AOD over the AS is mainly due 
to the dust aerosols transported from the Arabian Peninsula (AP) by strong summer 
northwesterly winds (namely “Shamal”). Using AOD and surface-based rainfall 
observations datasets, we find for the first time that these aerosols over the AS and 
the southern AP are significantly correlated (R=0.5) with rainfall over central and 
eastern India during the ISM season. This correlation is attributed to aerosol-induced 
enhancement of the meridional thermal contrast, which in turn strengthens the ISM 
circulation and moisture transport from the AS to the Indian subcontinent. We further 
show that the interaction timescale between aerosols and the ISM rainfall is within 
one to two weeks. Our findings highlight the radiative effect of Arabian dust on the 
ISM large-scale circulation and rainfall on weekly timescales, and motivate more 
studies focusing on the contribution of Arabian dust aerosols to the observed ISM 
rainfall trend on longer (e.g. interannual and decadal) timescales.

Zhao C., Liu X., Leung L.R., Johnson B., McFarlane S.A., Gustafson W.I., et al. (2010). The spatial 
distribution of mineral dust and its shortwave radiative forcing over North Africa: modeling sensitivities 
to dust emissions and aerosol size treatments. Atmospheric Chemistry and Physics, 10(18): 8821-8838.

Chen S.Y., Huang J.P., Zhao C., Qian Y., Leung L.R., Yang B. (2013). Modeling the transport and radiative 
forcing of Taklimakan dust over the Tibetan Plateau: A case study in the summer of 2006. J Geophys 
Res-Atmos, 118(2): 797-812.

Ramanathan V., Crutzen P.J., Kiehl J.T., Rosenfeld D. (2001). Atmosphere - Aerosols, climate, and the 
hydrological cycle. Science, 294(5549): 2119-2124.

Ramanathan V., Chung C., Kim D., Bettge T., Buja L., Kiehl J.T., et al. (2005). Atmospheric brown clouds: 
Impacts on South Asian climate and hydrological cycle. Proceedings of the National Academy of 
Sciences of the United States of America, 102(15): 5326-5333.

Lau KM, Kim MK, Kim KM (2006). Asian summer monsoon anomalies induced by aerosol direct forcing: 
the role of the Tibetan Plateau. Climate Dynamics, 26(7-8): 855-864.

Bollasina M.A., Ming Y., Ramaswamy V. (2011). Anthropogenic Aerosols and the Weakening of the South 
Asian Summer Monsoon. Science, 334(6055): 502-505.

Zhao C., Liu X., Leung L.R. (2012). Impact of the Desert dust on the summer monsoon system over 
Southwestern North America. Atmospheric Chemistry and Physics, 12(8): 3717-3731.
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The natural and anthropogenic aerosols can modulate Earth’s weather and climate 
system by the radiative and microphysical effects1-3. Their long-term tendencies have 
great impacts on climate change4,5. However, significant discrepancies among different 
satellites, such as observing channels, spatial resolutions, and retrieval algorithms, 
result in contrasting trends on both regional and global scales6,7. Therefore, it is of 
great importance to employ multiple satellite-retrieved aerosol optical depth (AOD) 
products to get more robust trends. Here, three satellite sensors are used to detect the 
long-term aerosol trend from 2003 to 2012, and these three sensors are the Sea-viewing 
Wide Field-of-view Sensor (SeaWiFS), the Multi-angle Imaging SpectroRadiometer 
(MISR), and the Moderate Resolution Imaging Spectroradiometer (MODIS) aboard 
Aqua. First, we investigate the global distribution of AOD samples size, which is 
a main source of discrepancies among these satellites. Second, the global AOD 
climatology is examined, showing consistent global AOD distribution. Finally, 
using monthly and daily AOD anomalies, all three datasets indicate the strongest 
consistent increasing AOD trends (0.01 AOD year-1) in the Arabian Peninsula (AP), 
the Arabian Sea (AS), the Indian subcontinent, and south China, but decreasing trends 
in Europe, North America, northeast Asia, and the Sahel region with significance 
at 95% confidence level. We further show that the increasing trend in the AP, AS, 
and the Indian subcontinent can be attributed to high AOD “events”, such as dust 
storms and biomass burning. However, the decreasing trend is due to “background” 
AOD changes in North America and Europe. Our findings address the consistent 
AOD trends detected by multiple satellite sensors on both global and regional scales, 
motivating additional studies of aerosols’ impact on climate system on long-term (e.g. 
decadal) scales.

Wild M, Gilgen H, Roesch A, Ohmura A, Long CN, Dutton EG, et al. From dimming to brightening: 
Decadal changes in solar radiation at Earth’s surface. Science 2005, 308(5723): 847-850.

Li ZQ, Niu F, Fan JW, Liu YG, Rosenfeld D, Ding YN. Long-term impacts of aerosols on the vertical 
development of clouds and precipitation. Nat Geosci 2011, 4(12): 888-894.

Fadnavis S, Semeniuk K, Pozzoli L, Schultz MG, Ghude SD, Das S, et al. Transport of aerosols into the 
UTLS and their impact on the Asian monsoon region as seen in a global model simulation. Atmos Chem 
Phys 2013, 13(17): 8771-8786.

Wang KC, Dickinson RE, Liang SL. Clear Sky Visibility Has Decreased over Land Globally from 1973 to 
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Evan AT, Kossin JP, Chung C, Ramanathan V. Arabian Sea tropical cyclones intensified by emissions of 
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record reveals likely recent aerosol trend. Science 2007, 315(5818): 1543-1543
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PMetro (www.pmetro.it) is a project that studies urban pollution dynamics in the town 
of Perugia (Central Italy) by exploiting a mobile platform. The innovative instrumental 
core of the project is based on an OPC (Optical Particle Counter) integrated on a 
cabin of Minimetro, a public transport system, that moves on a monorail on a line 
transect of the town. The OPC takes a sample of air every 6 seconds (~30 m spatial 
resolution) and counts the concentration of urban aerosols under 10 µm, classified into 
22 dimensional size bins. The OPC records also the position and speed of the cabin, 
transmitted by the central control system. We propose a data exploration protocol that 
deals with the large amount of available data highlighting the specific features of each 
size channel. We adopt a functional data representation (Ramsay, Silverman 2005) of 
the spatio-temporal series combined with a cluster analysis to search for similarities 
among channels. The functional representation is based on a tensor product based 
spline and the cluster algorithm is the Partitioning around medoids (PAM) proposed 
by Kaufman and Rousseuw (1990). In this study we use three different sets of data 
from the PMetro project, each one related to a different time of the year: the first one 
from September 15th to 28th, 2012 (SEP), the second from January 3rd to 16th, 2013 
(JAN) and the third one from May 1st to 13th, 2013 (MAY). The three time intervals 
are chosen as they are the longest consecutive periods available and because they 
relate to different seasons. After model selection, all space-time series (one for each 
size bin) are represented using a bivariate spline with 70 knots in time by 7 knots in 
space (one for each Minimetro station). These low rank representations of the space-
time series produce maps that are sought to be classified in order to cluster the most 
similar ones. We find that the best number of clusters (choice based on silhouette 
statistic) for SEP is 3, while both JAN and MAY datasets are better classified in 4 
clusters. An interesting pattern of all clusters is that they are all made of consecutive 
channels. For example, the first cluster for September includes channels from 0.28 to 
0.70 µm, the second from 0.80 to 4.00 µm and the third from 5.00 to 9.00 µm. 

Kaufman L., Rousseuw P.J. (1990) Finding Groups in data: An Introduction to Cluster Analysis. Wiley 
New York.

Ramsay J.O., Silverman B.W. (2005) Functional Data Analysis. Springer .New York.
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Road deposited sediments represent a sink for particulate anthropogenic hazardous 
compounds, which can be re-entrained in the air and severely increase the level of 
air pollution. Knowledge on the spatial distribution, amount, mineralogy and grain 
size of road deposited sediments in urban areas is essential for better environmental 
management and control of pollution related health risks. An economically effective and 
fast proxy method for spatial mapping and monitoring of the degree of anthropogenic 
pollution is magnetometry, which uses magnetic signature of solid matter to delineate hot 
spots with increased anthropogenic load. Temporal variations of mass specific magnetic 
susceptibility (X) of road deposited sediments from six cities in Bulgaria are obtained. 
No significant seasonal changes in X are revealed. The main magnetic mineral, identified 
through thermomagnetic analysis of magnetic susceptibility, is magnetite, except for dust 
samples from the city of Burgas, which contains also lithogenic titanomagnetite. There 
is good linear correlation (R2 = 0.5 - 0.7) at p<0.05 level between mass specific magnetic 
susceptibility and the contents of Fe, Mn and PLI index of the fine mechanical fraction 
(d<63microns) of road dusts from all cities except Burgas. Higher negative correlation 
coefficient (R2 = - 0.71) is observed between ARM and the contents of Cd and Pb, while 
the ratio ARM/X and Pb content shows R2 = -0.84. It suggests that larger magnetic 
particles are emitted together with higher amounts of lead. It corresponds to the case 
of break/tire wear emission source of Pb, which is characterized by larger particle sizes 
for slow driving - braking conditions and vice versa. Factor analysis of the heavy metal 
and magnetic data reveal that the variability could be explained by four factors. The 
first one accounts for 31% of the total variance and is identified as break and tire wear 
emission source. The second factor explains 25% of the variance, non-uniquely identified 
as traffic-related, industrial or lithogenic source. The third factor (15% variability 
explained) has main loading for As, probably originating from fuel combustion and/or 
petrochemical industry. Statistically significant power law correlation is found between 
log-normally transformed values of mean magnetic susceptibility of road dusts and 
population size for urban areas with population between 680 and 1 420 000 inhabitants. 
The same relationship follow available published data for traffic-affected road dusts from 
Europe and China. The relationship proves that the magnetic signal of road deposited 
sediments is primarily related to traffic emissions. Further support for this statement is 
the correlation observed between mean annual NO2 concentrations in big cities from 
Bulgaria and road dust susceptibility.
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The World Health Organization (WHO)[1] recorded the contribution of a variety 
of disease risk factors and determined that indoor air pollution is the eighth most 
important risk factor, accounting for 2.7% of cases of diseases worldwide. A number 
of studies have indicated that indoor air pollutants with chemical[2] and biological[3,4] 
natures pose potential hazards to patients, medical staffs, and visitors in hospitals. 
This work aimed to evaluate the indoor air quality in the Intensive Care Unit (ICU) 
in five cities in the state of Mato Grosso do Sul, Brazil. Parameters of interest were 
indoor and outdoor temperature, relative humidity (RH), air speed, viable fungi, and 
indoor particulate matter (PM). The bacterium Staphylococcus haemolyticus was 
the most prevalent species, being found in ICU of all hospitals studied, followed by 
Staphylococcus simulans, which was positive in cultures of five hospitals. Regarding 
the analysis of fungi in indoor environments in ICUs, the most prevalent species was 
Penicillium spp, positive in six of the institutions studied, followed by Curvularia spp 
and Mycelia spp present in three institutions each. The air speed inside the ICU was 
zero in six of the seven institutions, demonstrating a very low turnover rate of indoor 
air. The RH of the indoor air of ICUs had an average of 14.3%, the recommended 
value ranges from 40% to 65%[5]. The average particulate matter in ICUs was 3.142 
µg/m3. For PM from the air as an indicator of the degree of air purity and cleanliness 
of the air-conditioned environment should be less than or equal to 80 µg/m³[5], so 
the values found for the ICUs were almost 40 times higher than the recommended 
values. Evaluated environments did not comply with recommended values by current 
Brazilian law. The results allowed us to critically assess this legislation and put forward 
suggestions for establishing a specific resolution for hospital environments in Brazil.

1. World Health Organization (2008). Programmes and Projects: Indoor Air Pollution. Available from: http://
www.who.int/indoorair/en. Accessed January 12, 2014.
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There is increasing concern about pollution all around and hence it becomes necessary 
to combat and analyze such polluting gas emissions. A multilayered gas sensor 
for detecting the presence of gases-hydrocarbons, nitrogen compounds, ,carbon 
monoxide in air is one such attempt. Hence the multilayer sensitivity of TiO2/VO2 
to gas at various operating temperature and the effect of other process parameters 
(of reactive magnetron sputtering) like pressure, film thickness, etc is studied and 
optimized. The properties studied in the present research are gas sensitivity on 
the basis of temperature, film thickness and consequent properties like crystalline 
structure, grain size or amount of defects and impurities, thermochromic behaviour 
for gas detection and photocatalytic activity of the multilayer. Titanium dioxide thin 
films find applications in solid state gas sensor devices. Present study involves the 
study of gas sensing properties of Titanium dioxide deposited on VO2. TiO2 and VO2 
thin films are prepared by reactive magnetron sputtering technique with different 
doping concentrations. Vanadium dioxide (VO2) nanowires are known as H2 sensor 
by taking advantage of the metal-insulator transition phenomena of the material. Also 
Vanadium oxide thin films can be used for NO detection. Whereas VO2 films are 
relatively soft and have lesser mechanical strength. But TiO2/VO2 would successfully 
act as a protective layer for VO2.
Structural and morphological characterization studies are carried out by means of 
SEM, XRD and EDX in order to correlate structural properties with gas sensing 
behavior. This multilayer also has a high photoactivity that can be applied for biosensor. 
Gas-sensing characterizations towards hydrocarbons, CO and NO2 would highlight 
interesting behavior of these TiO2/VO2 multilayers. The combination of TiO2/VO2 
will lead to a multifunctional film deposition for thermochromic gas detection also.
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Despite its well-recognized importance, the impact of mineral aerosol (dust) on 
the environment and its relation to global climate factors and mesoscale systems 
remains difficult to quantify. The 13+ years of data from Multi-angle Imaging 
SpectroRadiometer (MISR) instrument on the polar-orbiting Terra satellite provide 
a unique, independent source of data for studying dust emissions. MISR’s multiple 
view angles allow the simultaneous retrieval of dust plume top height and dust motion 
winds during the seven minutes a scene is in view. In addition, MISR retrieves aerosol 
properties over bright surfaces, and such retrievals have been shown to be sensitive to 
the non-sphericity of dust aerosols.

We perform joint analysis of MISR operational plume stereo products, MISR aerosol 
optical depth (AOD), and AOD nonspherical fraction (dust AOD) products globally. 
We evaluate the realism of the MISR characterization of dust source-specific emissions 
against AERONET and meteorological data. Utilizing the strengths and accounting 
for biases in MISR aerosol and stereo products over the desert areas, we investigate 
multi-year spatial and temporal behavior of dust in terms of frequency of plume 
occurrence, plume heights, dust moving winds, and AOD/dust AOD. In particular, we 
examine the multi-annual mean pattern, seasonal cycle, inter-annual variability, and 
trends in dust emissions.
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Extinction of radiation in the marine boundary layer is dominated by scattering and 
absorption due to atmospheric aerosol include the continental dust. This is important 
to optical retrievals from satellite, remote sensing, backscatter of light to space 
(including climate forcing), cloud properties etc. In unpolluted regions the greatest 
effects on near shore scattering extinction will be a result of sea-salt from breaking 
waves and variations in relative humidity. The role of breaking waves appears to be 
modulated by wind, tide, swell, wave spectra and coastal conditions. These influences 
will be superimposed upon aerosol generated by open ocean sea-salt aerosol that 
varies with wind speed.
The focus of our study is the extinction and optical effects due to aerosol in a specific 
coastal region. This involves linking coastal physical properties to oceanic and 
meteorological parameters in order to develop predictive algorithms that describe 3-D 
aerosol structure and variability.
The aerosol microphysical model of the marine and coastal atmosphere surface 
layer is considered. The model based on the long-term experimental data received at 
researches of aerosol sizes distribution function (dN/dr) in the band particles sizes in 
0.01 - 100 µk. Bands of wind speed is 3 - 18 km/s, sizes fetch is up to 120 km, RH = 
40 - 98 %.. The aerosol matter is represented as a combination of four materials: dry 
substance (continental dust), sea salt, and water. dN/dr of the model is characterized 
by the four modified lognormal functions with modal radiuses, equal r1 = 0,03; r2 = 
0,24; r3 = 2; r4 = 10 µk
The model distinctive feature is parameterization of amplitude and width of the modes 
as functions of fetch and wind speed. In the paper the dN/dr behavior depending at 
change meteorological parameters, heights above sea level, fetch (X), wind speed (U) 
and RH is show. The received results are compared to available microphysical models 
NAN, ANAM and available experimental results.
On the basis of the developed model with usage of Mie theory for spheres the 
description of last version of developed code MaexPro (Marine Aerosol Extinction 
Profiles) for spectral profiles of aerosol extinction coefficients α(l) calculations in 
the wavelength band, equal λ = 0.2 - 12 µm is presented. The received results are 
compared models NAN and ANAM.
Also α(l) profiles for various wind modes (combinations X and U) calculated by 
the model are given. The calculated spectrums of α(l) profiles are compared with 
experimental data of α(l) received by a transmission method in various geographical 
areas.
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Mineral dust is frequently transport during summer time from the Saharan desert across 
the Atlantic Ocean to the Caribbean (Trapp et al., 2010). On its way, dust particles 
may undergo ageing and acquire secondary materials like sulphate or organics or may 
mix with sea-salt particles. This ageing might be relevant for deposition velocities as 
well as bio-availability of nutrients (marine ecosystems).
From June to July 2013, in parallel at Ragged Point, Barbados (N 13.165, W 59.432) 
and at Cape Verde Atmospheric Observatory (N 16.864, W 24.867) dust dry deposition 
and aerosol samples were collected. Dry deposition was collected with modified ‘flat 
plate’ samplers (Ott et al., 2008), aerosol particles with different impactors. The 
samples were analysed by electron microscopy with X-ray fluorescence detection 
(Kandler et al., 2009). As result, for each particle chemical composition, size and 
shape descriptors are available. Approximately 30,000 particles in the size range 
between 0.5 µm and 50 µm were analysed.
The dry deposition number and volume size distributions on Barbados and Cape 
Verde were not significantly different, both showing a maximum between 3 and 4 
µm particle diameter (number) and 5 and 6 µm (volume). The total deposition rates 
were about twice as high at Barbados, while in average the pure sea-salt deposition 
rates were very similar. Dust and dust/sea-salt mixtures were more abundant on 
Barbados. Dust occurred more persistently at Barbados than at Cape Verde, pointing 
to the intermittent transport at low altitudes during summer west of Africa. The ratio 
of internally mixed particle to pure dust particles was showing only low variability 
on Barbados, whereas on Cape Verde pure dust events and events with more mixed 
particles could be distinguished. Dust deposition rates could not directly be linked to 
dust events on Barbados (identified by online measurements), but were instead rather 
connected to variation in total deposition, indicating a well-mixed aerosol, where 
deposition rates may depend rather on meteorological variables (e. g., previous wash-
out, wind speed).

Kandler K. et al. (2009): Size distribution, mass concentration, chemical and mineralogical composition, 
and derived optical parameters of the boundary layer aerosol at Tinfou, Morocco, during SAMUM 2006. 
doi: 10.1111/j.1600-0889.2008.00385.x

Ott,D. K. et al. (2008): A Shelter to Protect a Passive Sampler for Coarse Particulate Matter, PM10-2.5. doi: 
10.1080/02786820802054236

Trapp J. M. et al. (2010): Temporal variability of the elemental composition of African dust measured in 
trade wind aerosols at Barbados and Miami. doi: 10.1016/j.marchem.2008.10.004
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A novel paradigm for hydrostatic scale dust storm/dust front genesis will be described 
in this study, that has been successfully verified to a wide variety of dust storms in 
the southern High plains and in the western part of the United States of America. This 
paradigm stems from the fact that highly unbalanced (ageostrophic; higher Rossby 
number regime) adjustments quickly organize/generate the high momentum air 
parcels that represent the low-level turbulence kinetic energy that ablate surface dust 
resulting in the dust storm - which is very different from the conventionally accepted 
paradigm espoused by Danielsen that relies on balanced (quasi-geostrophic; lower 
Rossby number regime) jet streak adjustments and the slow descent of stratospheric 
high momentum air parcels from a tropopause fold to the planetary boundary layer.
The organizational process commences with the establishment of thermal wind 
imbalance in the exit region of a deep tropospheric jet streak. This typically occurs 
when the primary jet streak exit region encounters a secondary jetlet/jet streak or 
sub-synoptic baroclinic zone, i.e., one that arises from previously existing baroclinic 
forcing by a mountain or any other physical entity. Substantial mid-tropospheric 
cooling is necessary within the entire exit region of the primary jet streak in order 
to achieve thermal wind balance. The cooling results from a thermally direct a 
geostrophic ascending circulation ahead of and on the right side of the jet streak. 
This circulation is contrary to thermal wind balance in quasi-geostrophically balanced 
jet streaks as it occurs during accelerative and large Rossby number flow. Upon the 
formation of the cold pool, the low-level response to this cooling includes hydrostatic 
pressure rises on the forward and right side of the exit region which accelerates the 
low-level winds via an isallobaric/ageostrophic response. Pressure rises drive surface 
winds and in concert with the advection of the cold air generate turbulence kinetic 
energy within the planetary boundary layer. The resulting turbulent motions ablate 
surface dust in the appropriate desert playa regions resulting in a strong “dust front” 
or discontinuity in surface dust.



207DUST2014 - 1st International Conference on Atmospheric Dust - Italy

Dust emission in semi-ariD soils Due to surface 
variability by aeolian experiments

itzHaK Katra1*, Joel rosKin2, sMadar tanner3, avraHaM edri1, eli zaady4

1Department of Geography and Environmental Development, Ben-Gurion University, Israel
2Department of Maritime Civilizations, Haifa University, Israel

3Department of Natural Resources & Environmental Management, University of Haifa, Israel
4Natural Resources and Agronomy Department, Agricultural Research Organization, Israel

*katra@bgu.ac.il

Aeolian dust emissions have significant impacts on the natural soil and air resources. 
The emissions of fine particles from soils lead to reduction in soil fertility and erosion 
stability, while the emitted dust loading into the atmosphere increases air pollution 
of particulate matter (PM). The contribution of anthropogenic soils to the global dust 
emissions has become increasingly apparent particularly in semi-arid zones that are 
subjected to droughts. The research focuses on dust emission in semi-arid loess soils, 
Northern Negev, Israel, characterized by variability of surface composition due to 
anthropogenic activities. A portable wind tunnel has been designed to study dust 
emission by simulation and quantification of high-resolution aeolian processes. Field 
experiments were conducted under wind speeds (u) representative of dust storms. The 
various surface types (12 experimental plots) of dry loess soils represent three major 
groups: pasture-grazing, agricultural tills (conventional and organic), natural surfaces. 
Experiments in each plot were related to non-disturbed and artificially disturbed 
surfaces. Total aeolian dust (TAD) and particulate matter > 10 µm (PM10) fluxes 
were measured simultaneously during the experiments. Collected dust samples were 
analyzed in the laboratory for chemical composition and particle size distribution. 
Topsoil samples extracted from the experimental plots were analyzed for particle size 
and aggregation. The results showed variations in aeolian dust and PM10 emissions 
in response to surface types and wind speeds. TAD fluxes range from low value of 
500 mg m-2 min-1 in natural-vegetated soils under wind speed of 6 m s-1 to more than 
4000 mg m-2 min-1 in overgrazed soils (u = 12 m s-1). PM10 fluxes range from 3 to 850 
mg m-2 min-1 with highest cumulative values per experiment of > 2000 (mg m-2) in 
disturbed bare-soils (u = 12 m s-1). In agricultural fields, higher TAD and PM10 fluxes 
over time were recorded in the tilled plots compared with the no-till practice. Disk 
operation (conventional practice) and overgrazing (organic practice) resulted in the 
highest rates of dust emissions from agricultural fields. It revealed that changes in the 
surface composition of grazing and natural plot types may resulted in considerably 
lower threshold velocities. Size analysis of TAD showed bi-modal distributions with 
variations in course sediment (> 63 µm), PM10 and PM2.5 mass fractions. The results 
demonstrate a field-scale variability of aeolian soil erosion and dust emission in semi-
arid loess soils.
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There are numerous well-established commercial optical particle monitoring 
instruments for measuring ambient particle concentrations and size spectra. However, 
these have traditionally tended to be of a unit cost that prohibits their deployment in 
widespread networks. In contrast, multiple low-cost instruments, while perhaps not 
individually providing the same levels of traceability as high quality units could, when 
deployed in such networks, provide unique information about aerosol dynamics and 
spatial behaviour that is unobtainable from a single monitoring unit. The advantages 
of using such sensor networks for monitoring gaseous pollutants are already evident. 
Centre for Atmospheric and Instrumentation Research at University of Hertfordshire 
develops light-scattering instruments for the characterization of aerosols and cloud 
particles. Recently a range of low-cost, miniature particle counters has been created, 
intended for use with systems such as disposable balloon-borne radiosondes, 
dropsondes, or in dense ground-based sensor networks. Versions for different particle 
size ranges exist. They have been used for vertical profiling of mineral dust using 
radiosondes (Nicoll et al. 2011) and dropsondes (Ulanowski et al. 2014a), and of 
volcanic ash using radiosondes (Harrison et al. 2010, Ulanowski et al. 2014b). 
The objective of the present work was to provide a capability for ground-based 
particulate monitoring by developing low-cost Optical Particle Counters (OPC) 
suitable for networked deployment. Up to 50 of these OPCs have been deployed at 
and around Heathrow Airport near London as part of the SNAQ-Heathrow monitoring 
campaign (http://www.snaq.org). A key attribute of the OPCs is the absence of an air-
pump and particle filters (used to protect the pump). The sample airflow of ~1.5 litres/
min is instead generated by a low-cost microfan typically used for cooling computer 
chips. This allows continuous unattended operation of the OPCs for many months. 
Results from these OPCs will be presented together with the recent development of 
low-cost ‘mini-OPCs’ due to go into production in 2014.

Harrison R.G., Nicoll K.A., Ulanowski Z., Mather T.A. (2010). Self-charging of the Eyjafjallajökull 
volcanic ash plume, Env. Res. Lett. 5, 024004.

Mead M.I., Popoola O.A., Stewart G., Bright V., Kaye P.H., Saffell J. (2012). High-density, high-resolution, 
low-cost air quality sensor networks for urban air monitoring, AGU Fall Meeting, San Francisco. 

Nicoll K.A., Harrison R.G., Ulanowski Z. (2011). Observations of Saharan dust layer electrification, Env. 
Res. Lett. 6, 014001.

Ulanowski Z., Kaye P. H., Hirst E., Wieser A., Stanley W. R. (2014a) Dust layer profiling using an aerosol 
dropsonde. This conference.

Ulanowski Z., Harrison R. G., Nicoll K. A., Burton R., Kaye P. H., Hirst E., Mobbs S. D., Gadian A. 
(2014b) Profiling of atmospheric volcanic ash layers using an aerosol radiosonde. This conference.
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Scanning-electron microscopic (SEM) study of silt-sized particles combined with 
energy-dispersive micro analyses (EDS) is part of a long-term dust monitoring 
programme at the northern slopes of the Tien Shan on an altitude of 1740 m. The 
particle fraction > 2.5 µm has been collected at 3-days sampling intervals using a 
high-volume slit-impactor. Previous particle analyses cover more than two seasonal 
periods beginning in June 2010 and ending in spring 2013. We use the ZEISS ULTRA 
55 Plus Schottky-type field emission SEM which is equipped with a silicon-drift 
detector (UltraDry SDD, Thermo Fisher Scientific) for semi-quantitative analysis of 
the collected dust particles. Identification of different phases from composite spectra 
particularly benefits from applying non-automated analyses. SEM-EDS analyses 
complement the quantitative determination of water leachable salts, determination of 
the grain-size distribution, isotope, and bulk chemical and XRD analysis of the non-
soluble residues. Based on SEM-EDS analyses we determine (i) changes in the dust 
composition relating to component frequencies, (ii) the grain-size range for single 
mineral components, and (iii) morphological and growth features of particles which 
helps to identify their provenance.
The average and variation of the particle frequency of the major natural silicate 
minerals collected from June 2011 to January 2013 were: phyllosilicates 41.3% 
(16-65), quartz 8.9% (1-30), feldspars 5.8% (1-24). The silt-sized particle fraction 
is characterised by an average calcite content of 15%; dolomite was occasionally 
detectable as a minor carbonate constituent. SEM-EDS analyses help to distinguish 
between different origins of gypsum which accounts for approximately 5% of the 
identified particles. Spores and pollen represented up to 10% of the collected dust. 
A significant increase in the frequency of soot particle was observed in winter 
2010/2011. Fly ash spheres of variable aluminium silicate composition represent an 
anthropogenic component continuously present in all samples (average 5%). They are 
easy to distinguish by their morphology from natural minerals and volcanic shards 
of similar chemical composition. A challenging object of the ongoing research is to 
find out source regions of the spheres and their relationship to industrial processes 
on the basis of SEM-EDS, bulk chemical and isotope analysis of the non-soluble 
solid residues, and backward trajectory calculations of the air parcels that passed the 
monitoring site during the sampling intervals.

Schettler, G., Shabunin, A., Kemnitz, K., Knoeller, K., Imashev, S., Rybin, A., Wetzel, U. Seasonal and 
diurnal variations in dust characteristics at the northern slopes of the Tienshan - Grain-size, mineralogy, 
chemical signatures and isotope composition of attached nitrate. J. of Asian Earth Sciences (in review).
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Only dust particles entrained above East Asian deserts have been identified in glacial 
ice from Greenlandic cores. However, samples of recent deposits, back trajectories 
covering the past decades and aerosol sampling programs conducted at Summit, 
suggest a contribution of at least one additional source during the last two centuries. 
Our results add to that evidence.
Source regions are identified experimentally by analysing the dust grains’ mineralogical, 
chemical and|or isotopical composition. Here we propose the mode of the deposit’s 
grain size frequency histogram or its coarse particle percentage to distinguish between 
sources. It is found that maxima in particle concentration coincide with minima in the 
size distribution’s mode and vice versa. 
This verifies this method as it mirrors known seasonal patterns in the dust’s isotopic 
composition. Since the amount of sample needed is significantly reduced relative 
to analyses conducted directly on dust grains, the method proposed allows for the 
acquisition of records in enhanced resolution.
Analysing the recently obtained insoluble aerosol record utilising Continuous Flow 
Analysis on the NEEM ice core, we were able to show that multiple sources are 
likely to have been contributing to the dust input to Greenland throughout the entire 
Holocene. Concerning the debate around the provenance of the secondary dust input 
to Greenland, our results suggest a source not in the primary source’s proximity
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The Annaba region is particularly affected by air pollution. Therefore, it was important 
to address this issue through the plant bio- indication and not only by the sensor 
measurements. The detection and estimation of atmospheric pollution with lichens 
are possible insofar as these plants meet the conditions of biological indicators is 
expected.
For some time, lichens are used as bio- indicators and bio- integrators efficient in 
detecting air pollution. Lichens do not have the structures to limit the consequences of 
air pollution, their disappearance is considered a sign of pollution.
We therefore propose, in this work, to test this toxicity through these plants, with 
the aim of trying to understand the mechanisms by which air pollutants (NOx and 
dust) could have deleterious effects on the behaviour of these plants when exposed 
medium term or to dose / effect relationship on bioindicator species by measuring 
biochemical and enzymatic biomarkers of oxidative stress, which may indicate 
damage or physiological dysfunction.
Space monitoring of NOx accumulation by lichens revealed that the plant FERTIAL 
was a polluting source detected by lichens. Thus, it appears that the two species 
of lichens: Xanthoria parietina and Ramalina farinacea adapt perfectly to the most 
extreme conditions by triggering appropriate metabolic processes (photosynthesis and 
respiration).

keywords: air pollution, dust, NOx, lichens, respiration and photosynthesis.
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The problem of air pollution date of the same appearance of life on our planet. 
But this pollution reaches a character of true gravity for a few years, by industrial 
development, which has as its corollary the excessive and uncontrolled growth of 
urban agglomerations.
The air pollution by emissions of gas, dust, odors is a form of perturbation of our 
environment to which the opinion is rightly the most sensitive. Everyone is now 
aware that it is essential to safeguard the natural heritage and the terms pollution, 
environment, ecology are widely spoken.
The complex of phosphate and nitrogen fertilizer of Annaba-Algeria- (FERTIAL) 
was built in the seventies by the company SONATRACH in order to meet the 
country’s needs in fertilizers. The realization of Annaba Complex is part of the policy 
development of the chemical industry, mainly the promotion of Algerian agriculture 
represents an essential tool for the country’s independence in terms of food self-
sufficiency.
Direct measurement of NOx in the atmosphere of Annaba been attempted by a number 
of studies. Approach to our study , the concentrations of NOx during the two years 
2008 and 2009 are sometimes brought up 416.67mg/m3 is highest in January 2008 
concentration, while the two highest concentrations are recorded during the months of 
August and September 2009 respectively: 521 and 522 mg/m3.
Comparing with the Algerian and World standards and according to the results obtained 
for the determination of air emissions (NOx, NH3 and dust) during the two years of our 
experiment (2008 and 2009), we can conclude that this is rarely meet these releases 
standards because they are still higher than normal which affects subsequently not only 
the inhabitants of the cities of these near emission sources (2 km) but also upon the 
vegetation of the region and even on human health (city Annaba).

keywords: Dust,NOx,NH3, FERTIAL, atmospheric pollution, human health.
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The atmosphere is an important pathway of delivering nutrients and other major 
and trace elements to ocean surface waters, which can play a vital role in marine 
biogeochemical processes and ultimately the global carbon cycle. However, the 
dynamics of atmospheric inputs (sources, fluxes) and their solubility in seawater 
remain little constrained, especially in the South Atlantic Ocean, a region where 
models predict widely variable atmospheric dust fluxes. Moreover, in recent years 
it has become clear that anthropogenic sources are potentially more important for 
certain elements than natural sources. Air quality studies have been carried out for 
some cities bordering the South Atlantic, including São Paulo and Buenos Aires, but 
the impact of emissions from such cities on marine elemental budgets has not been 
studied in detail.
In a first step, we present results on rare earth elements, select trace elements, as 
well as Pb and Nd isotopic compositions for sediments, volcanic ash, road dusts, 
aerosol filters and lichens from rural and urban areas in South America and South 
Africa, which potentially serve as aerosol source regions to the South Atlantic. Using 
bivariate plots of 208Pb/207Pb vs Pb/Al, 208Pb/207Pb vs La/Yb, and 208Pb/207Pb vs εNd 
we can distinguish between South American and Southern African sources, and also 
between rural and urban areas on each side of the South Atlantic Ocean.
In a second step, we apply the new provenance information to interpreting the 
first comprehensive geochemical data set for aerosol filters collected in the South 
Atlantic along 40° S during the UK GEOTRACES cruises D357 and JC068 (GA10) 
in 2010 and 2011/2012. Atmospheric processing conditions were experimentally 
constrained to evaluate their affect on aerosol geochemistry. The results suggest that 
long-range aerosol transport across the South Atlantic is dominated by the westerlies 
and comprises a mixture of South American rural and urban sources. Atmospheric 
processing conditions partially dissolve the aerosols and show a less radiogenic Pb 
isotopic composition than total digested aerosols, indicating that the urban phase is 
more susceptible to dissolution than the rural phase.



214 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

contribution of saharan Dust particles to 
total aot over the meDiterranean region on 

the basis of merraero Data (2002 - 2012)

pavel KisHcHa1*, boris starobinets1, arlindo M. da silva2, pinHas alpert1

1Tel-Aviv University, Tel-Aviv 69978, Israel
2Global Modeling and Assimilation Office, NASA/GSFC, Greenbelt, MD 20771, USA

*pavel@cyclone.tau.ac.il

The Sahara desert is the major source of dust particles emitted into the atmosphere 
all year round. A significant part of Saharan dust aerosols are transported over the 
Mediterranean region. Changes in dust aerosol optical thickness (AOT) may impact 
regional climate, the hydrological cycle, and human environments. As known, in 
addition to desert dust, over the Mediterranean region there is some significant amount 
of anthropogenic aerosol pollution, as well as marine aerosols from the Mediterranean 
Sea. Space-born and ground-based remote sensing aerosol measurements can not 
distinguish between various aerosol species. As a result, relative contribution of 
different aerosol species to total AOT is not enough understood. The current study is 
aimed at investigating what desert dust particles contribute to total AOT, as compared 
with other aerosol species. This was carried out by using the state-of-the-art data-
assimilated NASA GEOS- 5 model radiatively coupled with GOCART aerosols. The 
GEOS- 5 model was used to extend the MERRA reanalysis with five atmospheric 
aerosol components (desert dust, sulfates, organic carbon, black carbon, and sea-salt). 
GEOS-5 also included assimilation of aerosol optical thickness observations from 
the MODIS sensors on both Terra and Aqua satellites. The obtained ten-year (2002 
- 2012) MERRA-driven aerosol reanalysis (MERRAero) dataset provides us with an 
opportunity to estimate the contribution of the aforementioned five aerosol species to 
total AOT over the Mediterranean basin. The seasonal variability of the contribution 
of various aerosol species to total AOT, as well as their contribution to decadal AOT 
trends during the ten-year study period 2002 - 2012 are analyzed over specified zones 
in the western, central, and eastern parts of the Mediterranean Sea.
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Phosphorus is believed to have been the limiting nutrient for the ocean primary 
production in the past. Not much is known, however, about the atmospheric delivery 
of phosphorus to the oceans over time (Filippelli (2008)).

In this study phosphate concentrations have been measured in the North Greenland 
Eemian Ice Drilling (NEEM) ice core for the period 35.6 to 25.2 kyr b2k . Phosphate 
was determined continuously in selected ice core sections using a molybdenum blue 
method (Zhang (2002), Kjær (2013)) and discretely by ion chromatography (IC). 20th 
century phosphate concentrations have recently been reported for a firn core from the 
North East Greenland Ice Stream (NEGIS) (Kjær (2013)), showing a fairly constant 
level, with a mean value of 2.7 nM.

For the last glacial period, the molybdenum blue method indicated concentrations 
between 3 and 32 nM, whereas the IC method indicated higher concentrations. The 
deviation between the methods is strongly correlated (corr=0.9) to the dust content 
in the sample, suggesting that part of the phosphorus attached to dust particles does 
not instantly become labile after melting, but slowly (within hours) dissolves in the 
water. Both methods show higher concentrations during colder periods (stadials). The 
concentration differences between glacial mild and cold periods correlate positively 
to the dust variability suggesting that changes are linked to transport, however for 
very high phosphate loads (last glacial maximum) the relationship between phosphate 
and dust is weaker, suggesting secondary phosphate sources.

For the recent century we find that between 4 and 100 % of the dissolved reactive 
phosphorus has a dust source, and between 4 and 38 % is of biogenic origin. We find 
no correlation with sea salt and no evidence of recent anthropogenic changes of the 
phosphate concentration (Kjær (2013)).

We estimate that glacial atmospheric fluxes of phosphorus to the northern Hemisphere 
high latitude open oceans were 4 to 11times higher during the glacial period as 
compared to recent Holocene, with the highest input during the stadials.

Filippelli, G. M. (2008). “The global phosphorus cycle: past, present, and future” Elements,4, pp 89-95.
Kjær et al. (2013). “Continuous Flow Analysis Method for Determination of Dissolved Reactive Phosphorus 

in Ice Cores”, Environmental science & technology 47 (21), pp 12325-12332.
Zhang, Jia-Zhong, and J. I. E. Chi. (2002) “Automated analysis of nanomolar concentrations of phosphate 

in natural waters with liquid waveguide”, Environmental science & technology 36 (5), pp 1048-1053.
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Observations of the IASI instrument onboard the Metop spacecraft are used for 
inferring dust properties from infrared observations twice daily at a spatial resolution 
of 12km at nadir over land and ocean. The observations provide dust AOD (at 0.55µm 
and 10µm), dust particle size, information about dust composition, mass columns, 
dust layer effective emission temperature and retrieval uncertainty. 
Validation with AERONET shows that the method is well suited for dust monitoring 
also inland in arid environments (correlation=0.73; RMSD=0.18; bias=-0.07; 85% of 
IASI AOD within AERONET AOD ±0.2).Using numerical weather prediction dust 
layer height is estimated from retrieved dust layer temperature.
It is shown how the IASI observations can be used for supporting the interpretation of 
campaign data (like from the Fennec and the ChaRMEx campaigns), for comparison 
with model simulations and for nowcasting applications in solar energy forecast. 
Moreover the effective monitoring of dust events is presented for several episodes 
of dust outbreaks from desert areas in Northern Africa, the Arabian Peninsula and 
East Asia. The monitoring capability is strongly increased from IASI observations 
due to the independence from sunlight and consequently the twice daily sampling 
from the polar orbit. Analysis of spatial and temporal correlation lengths is used for 
providing spatially and temporally homogeneous information about airborne dust. 
The correlation lengths can be used for assessing the nowcasting (i.e. monitoring) 
capabilities in cases of retrieval failure or missing observations using weighted 
interpolation in space and time as well as higher-order statistical methods.
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Hyperspectral infrared sounders like IASI offer the possibility to retrieve dust AOD 
and properties simultaneously. Using from a compilation of “typical” mineral dust 
particle size distributions and mineralogical compositions, the degrees of freedom 
for signal and information content of dust spectra from Mie simulations and from 
FTIR measurements are analyzed. With this analysis it can be quantified that the 
spectra provide information on particle size and composition, but that also not all 
information can be extracted owing to the correlations between the different spectra. 
Mie and FTIR spectra are applied in a dust retrieval approach for IASI probing the 
spectral shape of dust infrared extinction. Spectral patterns related to dust properties 
are analyzed in terms of principal components and are detected in IASI spectra of 
“equivalent optical depth”. From the loads of the principal components the dust 
properties are retrieved. The dust properties provided by the retrieval algorithm are 
AOD (at 0.55µm and 10µm), effective radius and mass-weighted mean diameter, 
weight-fractions of mineralogical components, IR single scattering albedo, retrieval 
uncertainty and dust layer effective emission temperature. From the latter dust layer 
altitude is inferred using temperature profiles from numerical weather prediction. 
The retrieval results of both versions (Mie and FTIR) are compared to AERONET 
as well as to SEVIRI dust observations. It is shown that both versions are well suited 
for dust remote sensing with hyperspectral IR sounders like IASI. The evaluation 
moreover suggests that the overall performance of the retrieval is better for the FTIR 
version then for using Mie calculations as spectral dust information. The quantitative 
impact of variable dust mineralogical composition on retrieval results is highlighted 
by the information content analysis as well as by the evaluation results. Further inter-
comparison to other IASI retrievals and other dust AOD retrievals as planned in Phase 
2 of the ESA Aerosol_cci project will be outlined.
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An overview over different methods of observing desert dust from satellite is 
presented.
Desert dust is characterized by high reflection of solar radiation as well as by 
pronounced SiO2 resonance absorption in the thermal infrared, consequently a wide 
range of dust observation methods has evolved since the launch of the first spaceborne 
earth observing instruments. A compilation of these methods will be presented 
alongside their typical characteristics and sensitivities.
First graphical (RGB composite images) and indirect / semi-quantitative (e.g. 
Absorbing Aerosol Index, Infrared Difference Dust Index) methods are discussed, 
which are widely used in the scientific community and for dust assessment services. 
With respect to more quantitative methods the overview includes Solar approaches 
(MODIS Dark Target, Deep Blue, ESA-CCI) as examples for different techniques of 
retrieving Aerosol Optical Depth. 
Thermal infrared dust remote sensing is possible from narrowband imagers (like 
MODIS, SEVIRI) as well as from hyperspectral sounders (AIRS, IASI). Different 
methods are necessary for these instrument families. Generally IR sounders offer the 
possibility of retrieving more information about airborne dust than AOD (e.g. particle 
size, dust altitude). Different methods for both (narrowband imagers and hyperspectral 
sounders) will be described exemplarily.
Wherever available the compilation will also show validation results of the approaches 
(quantitative methods) and will outline the respective strengths and sensitivities.
Nevertheless the presentation does not aim at judging on the quality of the different 
methods of dust remote sensing. Its primary goal is to provide an overview what is 
possible from spaceborne observations with respect to the observation of airborne 
desert dust.
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The production of steel from iron scrap in electric furnace generates airborne particles 
which are potentially hazardous to human health. Mineralogical and geochemical 
studies were carried out to uncover the pollutants released into the suburban 
environment of Osogbo Southwestern Nigeria by cluster indigenous Metal Smelting 
Company. The mass load of the dust generated in and around the industrial facilities 
was established gravimetrically and scanning electron microscopy energy dispersive 
x-ray (SEM/EDX) was employed to deduce the mineralogical components of the dust 
while trace metal in the airborne dust was determined by inductively coupled plasma 
optical emission spectroscopy (ICP-OES). The mass load arithmetic mean (190.26µg/
m3) and the maximum value (370.37µg/m3) are 1.26 and 2.46 higher than national 
recommended standard (150µg/m3) respectively. Mineralogically, the study revealed 
that the dust has compositions sourced from the melted scrap. Therefore, they are 
dominated by Zn-rich (82.78±23.15%) particles as observed close to the facility, 85% 
are in fine mode and mostly rounded in shape. Also, Fe-rich and Pb-rich particles were 
also observed in varying proportion and they are mostly coarse and fine respectively 
and often irregular in shape. Aluminosilicate particles (which are mostly clay minerals) 
were also observed in this vicinity in lesser proportion, coarse and irregular in shape. 
Farther away from this facility the Zn-rich particles were less visible and the dominant 
particles in this area were aluminosilicate, which to some extent aggregated with the 
former particles. The presence of sulphur-containing particles is as a result of fuel 
combustion sourced from road traffic emission. Al, Ca, Fe, Mg, Na, Si, Ti, Ba, Mn, 
Mo, Pb and Zn were the dominant trace metals in higher concentration in the study 
area. They show five Principal Components (PC) and three significant clusters. PC1 
is loaded with Al, Si, Na and Fe which are basically sourced from crustal material 
while PC2 contain Cu, Mo and Ti. However, PC3 is loaded with Pb, Zn and Fe which 
could be attributed to the industrial emission. PC4 (Ba and Mn) and PC5 (Ca and Mg) 
explain other minor sources in the area which include wood burning. These elemental 
associations in PC are also confirmed in cluster analysis, especially the association of 
Fe with both crustal and industrial emission. 

keywords: Scanning electron microscopy, energy dispersive x-ray, principal 
component analysis, cluster analysis
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One from nature dust sources in the Earth atmosphere is meteor matter. The terms 
“meteor matter” and “cosmic dust” are interrelated and are included in the list of 
space agents who could and may affect the ecology of the past, present and future 
of the Earth. Meteor matter in the Earth atmosphere in some cases may fall to the 
Earth as meteorites and micrometeorites, and in other cases meteor particles can burn 
(causing the meteoric phenomenon - a meteor, a falling star) and affect the chemical 
composition of the atmosphere. Scientists estimate that each day in the atmosphere 
can be visually observed to 200 million meteors. Influx of meteor dust per year is 
variously estimated from 90,000 -50,000 tons (Bronshten, 1981). Meteor matter in the 
Earth atmosphere and near-the Earth space is investigated by different remote sensing 
methods, one of which is the radar method. This method allows you to register as the 
average characteristics of the inflow of dust (e.g., the hour number of meteors), and 
the individual characteristics of a single meteor particle (e.g., the speed of the particle 
and its heliocentric orbit). Knowledge of the heliocentric orbit of the meteor particle 
gives an indication of the mechanisms of its origin (comet, asteroid, interstellar, 
other). Actual explore influx of meteor particles in the Earth atmosphere and features 
of the distribution of meteoric matter in the Solar system (Kolomiyets, 2011). There is 
a problem of transition from observational data distributions in the Earth atmosphere 
to the true distribution of orbits in the Solar system. To determine the orbit of the 
meteor body uses radar reflections from the ionized meteor trail, which is formed 
in the Earth atmosphere over the meteor particle moving at the speed of 11-72 km/s 
(Davies and Gill, 1956). This method registers the radio meteors at altitudes of 70-120 
km. The author analyzes the meteor orbital data obtained by radar in Kharkiv in terms 
of constructing the model of inflow to the Earth atmosphere meteoroids on strongly 
elongated heliocentric orbits (with large values of eccentricity).

Davies J.G., Gill J.G. (1956). Radio echo measurements of the orbits of faint sporadic meteors. Monthly. 
Not. Roy. Astron. Soc. 116, N1, 105-113.

Bronshten V.A. (1981). Physics of meteoric phenomena. Moscow: Nauka. 416 p.
Kolomiyets S.V. (2011). Disribution of orbital elements for meteoroids on near parabolic orbits according 

to radar observation data. NASA/CP-2011-216469, 88-100.
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Saharan dust is one of the largest carriers of nutrients and metals into the North Atlantic 
Ocean. Its input is potentially a major influence on the stimulation of phytoplankton 
growth. Particularly iron, nitrogen, phosphorus and silicon, are limiting constituents 
of phytoplankton primary production in the global ocean. The consumption of these 
nutrients during photosynthesis converts the inorganic greenhouse gas CO2 into 
organic matter. Once the organic matter is exported and buried at the ocean floor, the 
CO2 is sequestered from the atmosphere and can play a role in the global carbon cycle.
We deployed three dust collecting floating buoys and six marine sediment traps along 
a transect in the Atlantic Ocean at 12°N during the RV Pelagia cruise “64PE 378” in 
November 2013. Together with on land dust collectors placed in Iwik, Mauretania, 
and on St. Eustatius we focus on the temporal and spatial variability of Saharan dust 
dispersal and deposition and the effect on the phytoplankton community over a time 
series of one year with a two-weekly to monthly resolution.
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Air quality of stables in Europe is a critical issue, as many horses are kept in stables 
quite often even for 23 hours per day. Inhalation of airborne dust and aeroallergens in 
stables is supposed to directly cause or exacerbate several respiratory disorders, the 
most often recognized problem being recurrent airway obstruction (RAO), previously 
termed chronic obstructive pulmonary disease (COPD). Monitoring studies have 
covered mainly the determination of the concentration of particles with diameter 
of 0.5−5 μm (particles of that size may interfere with lower parts of the airway). 
Also, as RAO is associated with the presence of aeroallergens, many studies have 
been targeted to determine the concentration of culturable fungi and their toxins. 
However, the PM0.5−5 fraction (particles with the diameter of 0.5−5 μm) does not only 
cause direct effect on the respiratory tract, but these particles might act as carrier, 
conveying toxic contaminants and biological agents such as bacteria. As part of a 
large-scale study, microbial community of respirable fraction of resuspended dust 
has been characterised by culture-independent next generation sequencing (NGS) of 
variable 16S rRNA gene regions. Sample was collected in a typical Hungarian stable, 
using a mobile resuspended road dust PM10 sampling unit which induces resuspension 
and collects particles on-line directly from surfaces. The sampling unit includes a 
PARTISOL-FRM MODEL 2000 sampler which collects resuspended PM1−10 samples 
in a cyclone separator and PM1 samples on filters. Apart from common, mostly 
ubiquitous soil and organic material-dwelling bacteria, rare airborne species have 
been identified, such as Variovorax ginsengisoli, previously isolated from Korean 
ginseng fields or Exiguobacterium sibiricum, isolated from the Siberian permafrost. 
Their potential source and transport are discussed.
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Desert dust storms are a common phenomenon in arid and semi-arid areas. Their 
impact is of a great interest to the physical and the human environments. Only a 
few studies have associated atmospheric PM pollution in urban environments with 
origin in natural soil/dust, and even less evaluated the dust spatial patterns over a city. 
The objective of this study is to analyze the spatial distributions of PM (particulate 
matter) related to dust episodes in an urban environment (Beer Sheva, Negev, Israel) 
located at the margin of the global dust belt. PM data were recorded during the 
peak of each dust episode simultaneously in 20 predetermined fixed points around 
the city. Data were analyzed for both dust days and non-dust days (background) to 
determine exceedances of PM concentrations and pollution thresholds. The database 
was constructed using Geographic Information System and includes characteristics 
of the physical environment and meteorological variables. Distributions of PM were 
derived using Kriging. The results show that the daily averages of atmospheric PM10 
concentrations during the background period are at a narrow range of 48 µg m-3 to 
77 µg m-3 with low variations. During dust days however, the temporal variations 
are significant and can range from an hourly PM10 concentration of 100 µg m-3 to 
more than 2620 µg m-3 during strong storms. Daily PM concentration during a dust 
storm can increase by 2 to 9 compared to the WHO daily guideline. Kriging analysis 
demonstrates that during the peak time the spatial variations in PM can reach 400 µg 
m-3 between point locations in the city. Several factors in the city structure (height 
above sea level, building types) affect the PM distribution. During the dust event, 
higher concentrations were found in parts that are proximal to dust sources - located 
at a specific direction at which the air-mass is entering the city. The results improve 
the understanding on the dynamics of natural PM and may have implications for 
environmental and health outcomes.
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Radiogenic isotopes have been efficiently used for tracing Saharan dust provenance and 
its transport across the tropical Atlantic to South America [1, 2]. Recent isotopic studies 
have shown significant heterogeneity in dust characteristics within small source regions 
(e.g., Bodélé Depression [3]), as well as temporal variability at the receptor regions [2]. 
It is thus very important to understand the seasonality in the dust outflow from the source 
region at high temporalresolution. With this rationale, aeolian dust has been collected in 
different seasons along the pathway of the North African dust outflow, and Sr, Nd and 
Pb isotopic compositions were measured to pinpoint the active dust emission sources. 
The samples were collected during two campaigns in winter (1 - 20 February 2012) and 
summer (19 June - 06 July 2013), at the Cape Verde Atmospheric Observatory (CVAO) 
on the island of São Vicente (16.9°N, 24.9°W).
Total suspended particulate (TSP) and PM10 (particulate matter less than 10 µm 
aerodynamic diameter) were collected on acid-cleaned cellulose filters on a daily 
basis (~24h) with a higher frequency during a dust storm event (6-8 February 2012). 
All aerosols samples were processed following the procedure described in [3] and 
isotopic compositions were measured on both the labile anthropogenic fraction (0.5 
N HBr leachate) and the residual silicate fraction by TIMS; Pb isotope ratios were 
corrected for mass fractionation using a triple spike technique.
The silicate fractions show consistently more radiogenic Pb and Sr isotopic compositions 
compared to those of the leachates during both seasons and range from 0.710 to 0.729 and 
18.12 to 19.58, respectively. In contrast, Nd isotopic compositions are more radiogenic 
(εNd= -12.0 to -13.3) inbothfractions during the summer and relatively homogeneous 
compared to winter values (εNd= -11 to -16). A shift towards highly radiogenic Pb and 
Sr associated with unradiogenic Nd is observed during the dust event, followed by a 
continual decrease as the dust storm is waning. The CVAO isotopic time series records 
activation of distinct dust emission sources with a predominant contribution from 
Mauritania during the dust peak winter event, a permanent, baseline, source represented 
by mixed contributions from Northwest Sahara and sub-Sahara/Sahel sources during 
both seasons, and an additional European source whose signal increasestoward the end 
of the winter campaign. These results are fully corroborated by satellite images and 
back-trajectory analyses and show thus far no evidence for a significant dust contribution 
from the Bodélé Depression, in contrast to previous observations [4].

1. Skonieczny et al. (2013) Earth Planet. Sci. Lett.364, 145-156.-2. Kumar et al.(2014). Atmos. Env.82, 
130-143.-3. Abouchami et al. (2013) Earth Planet. Sci. Lett.380, 112-123.-4. Schepanskiet al. (2009) 
Atmos. Chem. Phys.9, 1173-1189.
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Integrated assessment models (IAMs) are an established tool to assess the impacts 
of air pollutants on people and the environment. IAMs couple emission estimates 
(emission inventories or emission models) with dispersion and human exposure 
models to study, e.g., emission reductions for optimal health benefits. To be able to 
reach this endpoint the emission models should cover the important emissions sources 
as accurately as possible. 

IAM calculations show that road traffic is currently one of the most important emission 
sources of particulate matter all over the globe. The particle emission estimates 
from vehicle exhaust have currently relatively established parameterization in the 
integrated assessment models but the inclusion of the non-exhaust sources (road dust) 
is a challenge. This is especially the case in the Nordic countries, which experience 
enhanced particle formation during winter due to traction control by studded tyres and 
traction sanding. These sources result in high amounts of deposited wear particles in 
the street environment, major part of which become suspended in spring. 

This paper presents the methodology and an estimation of the non-exhaust particle 
emissions from on-road traffic in Nordic conditions with a Finnish national integrated 
assessment modelling tool of air pollutants. We discuss two distinct computation 
approaches: (1) based on the formation of wear products from road surface and 
vehicle, and (2) based on the estimation of the amount of dust resuspension from road 
surface. Analysis of the resuspension emissions (approach 2) shows that the use of 
emission factors that have been estimated for dry road surface conditions can lead to 
significant overestimations for total emissions and a reducing factor due to moisture 
should be included in the emission calculations as done in this work. 

We argue that both wear and suspension based approaches are helpful for planning 
efficient mitigation strategies for Nordic conditions. The wear based estimation gives 
important insight into formation processes and helps pinpointing the measures that 
lower dust formation (later suspended) and emissions. The suspension based approach 
in turn helps to find out important mitigation measures to reduce emissions of dust 
that has been formed earlier. It also helps to estimate PM concentrations and human 
exposure more accurately.
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The vertical transport of dust (aerosol) into the atmosphere is extremely important for 
the arid and semi-arid zones of the Earth, and is crucial to the Martian environment. 
Hereafter, a model is proposed that explains the functional dependence of the 
vertical mass flux of sand (dust) Q in the convective atmospheric boundary layer 
on the number density N of convective elements (including vortices), the friction 
velocity u∗ and the vertical (turbulent) buoyancy flux B. It is shown that the flux Q 
is proportional to the product of the square root of B and the sixth power of u∗. This 
does not contradict empirically found dependencies Q(u∗) reported in the literature. 
Two practical methods of determination of the number density N are discussed when 
the dust lifting is mainly due to (terrestrial and Martian) dust devils. The first method 
is based on optical observations of dust devils produced from a point on the ground, 
just as in Mars Exploration Rover (MER) Spirit optical observations, and on analysis 
of dust devil (apparent) angular size-frequency distribution (Kurgansky, 2012). The 
second method uses dust devil close encounters with a fixed array of meteorological 
stations.

Kurgansky M.V. (2012). Statistical distribution of atmospheric dust devils. Icarus, 219, 556-560.
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The Asian dust (called “Yellow sand dust”) often covers over the East Asia in the late 
winter and spring seasons. Fine dust particles in the air will have harmful influence on 
our health on the local and global scales. It is, therefore, very important to investigate 
the spatial and temporal variation of the concentration of Asian dust transported from 
desert areas in the northern part of China to the East Asian region.
The concentration of Suspended Particulate Matter (SPM) in the air is measured every 
an hour at more than 2000 measurement stations in Japan. It is known that values of 
SPM become high when Asian dust was recognized in Japan. However, it is difficult 
to determine how much Asian dust particles are contained in the SPM when Asian 
dust was observed, because the SPM contains air pollutants different from Asian dust. 
We determined the threshold value for the concentration of SPM by the statistical 
analysis of SPM data as follows: 1) We acquired SPM data (noDUST-SPM) for 5 days 
when Asian dust was not observed at the measurement stations in March, 2010 and 
SPM data (DUST- SPM) at all dates when Asian dust was recognized in March, 2010, 
and then made histograms for the concentration of SPM. 2) Since each histogram of 
noDUST-SPM and DUST-SPM fits to the gamma distribution, the SPM value at the 
intersection between two gamma distributions was chosen as the threshold value (TS). 
As a result, it is shown that time intervals during which the dust event continued in 
Japan are estimated accurately, by analysing the time when the concentration of SPM 
exceeds the value of TS. We also investigated the time variation of the temperature 
averaged over one day (M_TEM) and the concentration of SPM averaged over a day 
(M_SPM) before and after Asian dust events observed in Japan in the early spring in 
2010 and 2011, because we have the great similarity between the movement of cold 
front over East Asia and that of the concentration of Asian dust obtained from the 
long-range transport simulation of Asian dust [1]. Consequently, it is shown that when 
the Asian dust is transported to Japan, we have the peak value of M_SPM immediately 
after M_TEM reached maximum at measurement stations in Japan. This indicates 
that when we had dust storms caused by the strong wind in Gobi desert areas, highly 
concentrated Asian dust clouds were carried to Japan soon after the cold front was 
passing.

Kusaka, T, Kono, T, Okuda, W, (2011). Ransport Animation Of Asian Dust Clouds In The Google Earth, 
Ieee Proc. of Igarss2011, Cd-Rom.
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Records of dust stored in glaciers provide information on frequency of deposition 
events, source regions and atmospheric pathways of mineral dust. We present and 
discuss a record of dust in ice cores extracted on the Western Plateau, Mt. Elbrus 
(5150 m a.s.l.), Caucasus Mountains, Russia in 2009-2013. The data set includes 
shallow ice-cores which corresponded to 2007-2013 period as well as a deep core 
record of 2009 which covered more than 100 years. Particle size distribution and 
chemical analysis (major ions, trace elements) were completed using Coulter Counter 
Multisizer III, Abacus particle counter, IC analysis. Sampling was performed using 
continuous flow analysis (CFA) system. Annual average dust flux (264 µg/cm2 a-1) 
and average mass concentration (1.7 mg/kg) were calculated for the first time for this 
region. A combination of satellite imagery (SEVIRI), trajectory models (FLEXTA, 
HYSPLIT) and meteorological data were used to accurately date each of the dust 
layers observed in shallow ice cores and investigate provenance of the dust clouds 
and its transport pathways. It was shown that desert dust is deposited on Caucasus 
glaciers 3-6 times a year and originates from the deserts of the Middle East and less 
frequent from the Northern Sahara over the period of SEVIRI satellite operation 
2004-2013. Using these results the high resolution (1 cm) deep ice core record of dust 
was investigated for changes and trends in frequency and intensity of dust deposition 
events, dust fluxes and particle size distribution over the past 100 years. 

The research leading to these results has received funding from the European Union 
Seventh Framework Programme FP7-PEOPLE-2010-IIF under grant agreement PIIF-
GA-2010-275071 Russian Foundation for Basic Research (grants 11-05-00304 and 
13-05-10069).
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Store Mosse is the largest mire complex in the boreo-nemoral region of southern 
Sweden and its development and paleoenvironmental history is well studied. A 
recently published study by the authors linked bog surface wetness and atmospheric 
dust deposition at this site over the last 8500 years (Kylander et al., 2013). This high-
resolution (~15 yr/sample) paleoclimate record was based on a combination of bog 
development, colorimetric humification, bulk density and inorganic geochemistry 
data and interpreted using Principal Component Analyses (PCA) and changepoint 
modelling. Significant changes in dust deposition as expressed by the first principal 
component were linked to changes in precipitation and temperature reconstructed 
from the same record as well as regionally relevant records.
With this paleoclimate framework in place, the aim of the second phase of this project 
is to examine the dust signal archived at Store Mosse in terms of net accumulation 
rates and sources. During the major dust event captured at Store Mosse spanning from 
6.5 to 5.5 cal kyr BP dust deposition rates vary by an order of magnitude depending on 
which element is selected to represent mineral dusts. Clear signals of changes in dust 
source and character are expressed by the Eu anomaly which diverges from baseline 
values between 5.6 to 4.2 cal kyr BP; this may represent the addition of less weathered 
material to the bog. In general the geochemistry shows that changes in the mineral 
dust composition are driven by shifts in source area, the degree of mineral weathering, 
intensity of soil erosion and human activities.

Kylander M., Bindler R., Martínez Cortizas A., Gallagher K., Mörth C.-M., Rauch S. (2013). A novel 
geochemical approach to paleorecords of dust deposition and effective humidity: 8500 Years of peat 
accumulation at Store Mosse (The “Great Bog”), Sweden. Quaternary Science Reviews 69, 69-82.



230 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

characteristics of a major saharan Dust event 
During may 2013 at magurele, romania

lev labzovsKii1,2, Florica toanca1,2, anca neMuc2

1University of Bucharest, Faculty of Physics, P.O.BOX MG-11, Magurele - Bucharest, 077125, Romania
2National Institute of Research and Development for Optoelectronics, 409 Atomistilor Street, Magurele, Romania

*labzowsky@gmail.com

This paper studies a special case of strong dust intrusion on May 20, 2013 at Magurele 
(44.35 N, 26.03 E) measured by the multiwavelength Raman Lidar. Optical properties 
of the aerosol layers for this particular day showed a significant increase of the 
linear particle depolarization. In order to specify the aerosol type we used measured 
AERONET (Aerosol Robotic Network) data and HYSPLIT (HYbrid Single-Particle 
Lagrangian Integrated Trajectory) model data. Also POLIPHON (Polarization Lidar 
Photometer Networking)(Ansmann et al. 2012) and LIRIC (Lidar/Radiometer 
Inversion Code)(Wagner et al. 2012) algorithms were used to separately assess 
spherical and aspherical particles for this particular day.
The study area is characterized by a lot of mixed-dust intrusions (Nemuc et al., 2013) 
but the cases of almost pure dust are quite rare. Typical measured volume depolarization 
ratio for mixed dust in Magurele varies from 0.15 to 0.20, while in our study case we 
observed volume depolarization ratio not lower than 0.2 but starting at 3.7 km the ratio 
exceeded 0.30. These values of depolarization are typical for pure dust as showed by 
other measurements (Sassen, 1992; Mona et al., 2012). Angstrom Exponent had values 
between 0.25 and 0.5 on May 20, typical for dust aerosol particles (Mona et al., 2012) 
and values constantly higher than 1.0 on May 19 and May 21, according to AERONET 
sunphotometer data. Also the size distribution looks significantly different from 19 and 
21 May. On 20 May there were only coarse mode particles, typical for pure dust, while 
on 19 and 21 May the sunphotometer measured high amount of fine fraction particles, 
typical for urban aerosol pollution. 
In order to define the origin of air masses we investigated HYSPLIT backtrajectories 
including information about humidity. This showed the direct transportation of dust 
from Sahara region to Magurele site on May 20. Relative humidity was increasing on 
the path from very dry conditions up to 40%.

Ansmann, A., Seifert, P., Tesche, M. and Wandinger, U., Profiling of fine and coarse particle mass: case 
studies of Saharan dust and Eyjafjallajokull/Grimsvotn volcanic plumes, Atmos. Chem. Phys., 12, 9399-
9415, doi:10.5194/acp-12-9399-2012, 2012. 912, 914, 921, 923, 924, 925, 929, 931, 941, 942, 946, 947.

Sassen K. (1991). The polarization lidar technique for cloud research: a review and current assessment, 
Bulletin of American Meteorological Society, vol. 72, no. 12, pp. 1848-1866.

Mona L., Liu Z., Müller D., Omar A., Papayannis A., Pappalardo G., Sugimoto N, Vaughan M. (2012). 
Lidar Measurements for Desert Dust Characterization: An Overview, Advances in Meteorology, Article 
ID 356265, 36 pages, http://dx.doi.org/10.1155/2012/356265.

Nemuc A., Vasilescu J., Talianu C., Belegante L., Nicolae D. (2013). Assessment of aerosol’s mass 
concentrations from measured linear particle depolarization ratio (vertically resolved) and simulations, 
Atmos. Meas. Tech., 6, 3243-3255, doi: 10.5194/amt-6-3243-2013.

Wagner J., Ansmann A., Wandinger U., Seifert P., Schwarz A., Tesche M., Chaikovsky A., Dubovik O. 
(2013). Evaluation of the Lidar/Radiometer Inversion Code (LIRIC) to determine microphysical 
properties of volcanic and desert dust. Atmos. Meas. Tech. Discuss., 6, 911-948, amtd/2013-6-911.
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The land cover following a large wildland fire is in a significantly disturbed state and 
one that can be very susceptible to wind erosion. Strong wind events in the weeks 
and months following a fire can lead to extremely high PM emissions from the burn 
scar with transport far downwind of the source. Such ash and dust storms can cause 
significant visibility impairment on downwind highways and produce elevated PM 
levels and related health concerns far from the source. However, little is known 
about the emissions or nature of such post-fire wind erosion events. In this paper, we 
describe a case study for an event that occurred during July, 2012 where strong winds 
carried a large dust cloud or haboob from the burn scar of a 227,000 ha fire in eastern 
Oregon downwind into Boise, ID and the surrounding metropolitan area. For this 
case study, we employ a dust and ash empirical emission algorithm based on previous 
post-fire PM emission measurements along with our regional air quality modeling 
system, AIRPACT (http://lar.wsu.edu/airpact). This system, normally used for air 
quality forecasting, incorporates meteorological fields from the Weather Research and 
Forecasting (WRF) model to drive the Community Multi-scale Air Quality (CMAQ) 
model and produce gridded hourly fields of gas and aerosol pollutant concentrations. 
Results are presented for this case study which demonstrate the impacts of post-fire 
wind erosion and also show the feasibility of using the AIRPACT system to forecast 
these large wind driven post fire events.
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Recent scientific evidence indicates that the Andean and Patagonian glacial regions 
have already shown the impacts of rapid climate change with receding glaciers 
and snow cover. Since ground-water is relatively rare in the Andean region, this 
could have potentially large implications for water resources and local agriculture, 
especially for local indigenous populations living in high altitude communities as well 
as for large urban centers at relatively lower surrounding altitudes. Similar to other 
cryosphere regions such as the Arctic and the Himalayas, the Andean cryosphere is 
almost certainly impacted by short-lived climate pollutants (SLCP), and especially 
black carbon. However, unlike the Arctic or the Himalayas, there has been relatively 
little information about the sources and the extent of SLCP emissions impacting the 
Andean cryosphere.
Here we present the PISAC initiative whose members include natural and social 
scientists from all the countries that border the Andes as well as experts from other 
regions. The main aim of this initiative is to design research activities that close 
knowledge gaps and to address mitigation measures for climate protection and air 
quality improvement.
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Mineral dust flux in Antarctic ice cores depends on dust source strength, wind 
conditions, and the atmospheric washout efficiency (hydrological cycle). These three 
factors are all subject to atmospheric climatic conditions. Although one cannot isolate 
one factor from the others based on the mineral dust data alone, dust flux is a good 
indicator of atmospheric changes that take place during large-scale climatic changes. 
There are currently several well-known climatic modes influence atmospheric 
circulation and the dust cycle (ENSO, NAO, SAM, PDO,...). Some of them are known 
to have perdured during past glacial and interglacial times. It is therefore reasonable 
to assume that certain stable climatic modes were present during past glacial periods.
Here we look at the non-stationarity of signals in the EPICA Dome C (Antarctica) 
and NGRIP (Greenland) high-resolution dust proxies. We show that during major 
warming events (e.g. Dansgaard-Oeschger (D/O) events, Antarctic Isotopic Maxima 
(AIM), glacial terminations) the stationarity of the signal breaks down. We interpret 
this as occurrences of large-scale atmospheric reorganizations and the temporary 
break-down of major climatic modes. We compare the timing of maximum non-
stationarity between separate D/O, AIMs, and terminations to pinpoint the moment 
when the atmospheric reorganization occurred during warming events.
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Aerosols are the second most potent agent affecting anthropogenic radiative forcing 
after greenhouse gases. However, despite some progress in the field, the uncertainty 
of mineral dust impact on present and past climate remains much larger than for 
other species. The total atmospheric dust load is an important factor for the radiative 
budget of the atmosphere, and for the micronutrient supply to terrestrial and marine 
ecosystems.
We have collected published dust flux (mass accumulation rate) measurements from 
marine sediment cores, ice cores, loess fields, and peat bogs. These measurements 
are interpolated to two global grids of average Holocene and Last Glacial Maximum 
(LGM) climatic conditions. The interpolation is performed using a kriging algorithm 
and its uncertainty shows regions where new measurements are most needed. We have 
developed a new method that combines observational dust flux measurements with dust 
depositional variables from climate models to reconstruct average Holocene and LGM 
atmospheric dust concentrations. Here we use dust simulations from several different 
coupled GCMs as a small ensemble. Our reconstructions give a different perspective 
on Holocene and LGM atmospheric dust loads from pure model simulations. The 
discrepancies between modeled and reconstructed dust concentrations and radiative 
forcing gives insights on regions and variables that may be improved in the models. 
Although the global average dust radiative forcing is not markedly different from the 
model results, significant regional differences are apparent, especially in non-tropical 
latitudes.
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Dust deposition across the Southern Ocean plays a critical role for marine biological 
production through iron fertilization and is supposed to control a significant fraction 
of glacial-interglacial atmospheric CO2 changes. However, in the Pacific, the largest 
Southern Ocean sector, reliable sediment records are sparse and climate models 
indicate low dust deposition both for modern times and the last glacial maximum. 
Here, we present the comprehensive data-sets of dust supply based on the analysis 
of sediment records recently retrieved across the Pacific Southern Ocean. The shape 
and glacial/interglacial pattern of lithogenic sediment input records in the western and 
central sector reveals strong similarities to dust records from Antarctica and the South 
Atlantic. Though our new data document substantial sediment redistribution, glacial 
dust mass accumulation rates corrected for sediment focusing exceed interglacial 
values by a factor of ~3. The first-order changes in Subantarctic biological productivity 
largely follow increased dust supply during glacials. 
Taken together our new sediment records document a substantial glacial dust supply 
from Australian and New Zealand sources to the Pacific SO sector eastward to at 
least 125°W. Such enhancement of dust supply is consistent with stronger aridity in 
Australia and a glacial dust source in New Zealand. Although the most likely dust 
source for the South Pacific is Australia/New Zealand, the glacial/interglacial pattern 
and timing of lithogenic sediment deposition is similar to dust records from Antarctica 
and the South Atlantic dominated by Patagonian sources. These similarities imply 
large-scale common climate forcings such as latitudinal shifts of the southern 
westerlies and regionally enhanced glaciogenic dust mobilization in New Zealand 
and Patagonia.
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Results concerning an assessment of the contribution of natural sources (i.e. mineral 
dust and sea spray) on PM10 exceedances in Southern Italy are presented. This study 
has been carried out for the Convergence Regions (i.e., Campania, Puglia, Calabria 
and Sicilia) in the framework of the I-AMICA (Infrastruttura di Alta Tecnologia per 
il Monitoraggio Integrato Climatico - Ambientale) project, as part of the National 
Operative Programme (PON) funded by MIUR and by the European Union. Up 
to now, in the Convergence Regions only short-term experiments based on PM10 
measurements have been performed for single sites. There are no multi-year 
experiments in which synchronous observations have been compared and analysed 
in different regions of Southern Italy. Thus, a work about the characterization of 
such phenomena over the entire Southern part of Italian peninsula is still lacking. 
In this work, (i) ground based observations i.e., PM10, PM2.5, chemical composition 
of particulate matter for the urban areas of Lecce (40.30 N - 18.01 E) and Naples 
(40.84N - 14.25E), (ii) satellite measurements, i.e., MODIS and CALIPSO, and (iii) 
deterministic modelling, i.e., WRF/CHIMERE/AODEM, were used to quantify the 
impact of natural sources, such as mineral dust from Northern Africa and sea salt from 
Mediterranean sea surface, on the PM10 concentrations at ground level. Basically, the 
adopted method includes not only the data collected at the rural background sampling 
sites but also those registered at all other classes of measurement stations (i.e., urban, 
suburban, sub-rural). By using advanced optimization statistical tools (i.e., best fit of 
extreme value distribution, analysis of variances - ANOVA) the fraction of the two 
most abundant natural aerosols on the PM10 levels observed on daily, monthly, and 
annual basis has been determined.
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Recent studies on the iron fertilisation of the surface ocean with volcanic ash are 
all focused on the immediate time after a volcanic eruption. Here we investigate a 
post-eruptive effect: volcanic ash may be re-mobilised into the atmosphere from ash 
deposits on land by wind (Langmann, 2013). Therefore it may fertilise the surface 
ocean during periods of months to years and not only during a volcanic eruption. 
Observations confirm such re-mobilisation events, e.g. after the volcanic eruptions 
of Katmai, Alaska (1912), Mt. Hudson, Chile (1991) and Eyjafjallajökull, Iceland 
(2010). Even though the Katmai eruption is more than 100 years ago, volcanic ash 
re-mobilisation events occur until today. Here we report first model simulation results 
after the volcanic eruption of Mt. Hudson, Chile (1991) focusing on the deposition of 
volcanic ash into the Atlantic sector of the Antarctic Ocean and its potential to iron-
fertilise surface ocean waters.

Langmann, B., Volcanic ash versus mineral dust: Atmospheric processing and environmental and climate 
impacts, ISRN Atmospheric Sciences 2013, 245076, doi:10.1155/2013/245076, 2013.
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The sources of dustdeposited in Central Europe have changed abruptly during the 
Early-Middle Holocene Transition (EMHT) because of volcanic eruptions in the 
Massif Central and because of distal transport of Saharan dust (Le Roux et al., 2012). 
However, the timing of these abrupt changes as well as the dust sources remain poorly 
constrained, principally because of the lack of records across Europe. In an effort to 
refine the timing of dust events during the EMHT, we have investigated a peat core 
from the Pyrenees using trace elements, Nd isotopes and radiocarbon dating. We focus 
our study on the Early-Middle Holocene transition where our previous study (Le Roux 
et al., 2012) has shown that dramatic increases of dust occurred because of volcanic 
eruptions in the Chaîne des Puys (Massif Central) and because of distal transport of 
Saharan dust. Based on our new record, we can evidence that a Saharan dust pulse also 
occurred in the Pyrenees during the Early-Middle Holocene Transition. Its timing is 
similar tothe one recorded in Central Europe. However because of the proximity with 
Northern Africa, Saharan dust pulses are more frequent in the Pyrenean site, which 
also displays a more radiogenic Nd background than the Swiss bog. No clear volcanic 
inputs were recorded. Our work has important implications in terms of relationships 
between inputs of desertdust in Europe, atmospheric transport and the rapid evolution 
of Sahara at the beginning of the Holocene.

Le Roux G., Fagel N., De Vleeschouwer F.,Krachler M.,Debaille V.,Stille P., Mattielli N., van der Knaap 
W.O., van Leeuwen J.F.N., Shotyk W. (2012), Volcano- and climate-driven changes in atmospheric dust 
sources and fluxes since the Late Glacial in Central Europe, Geology, v. 40, p. 335-338
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Modelling dust emissions and transport depend critically on the accurate 
parameterisation of land surface characteristics as well as accurate modelling of 
meteorological conditions, particularly wind speed and precipitation. In this study we 
first investigated the sensitivity of dust emissions and transport to different numerical 
weather prediction (NWP) systems and their vertical and horizontal resolutions. 
We then investigated the impact on dust loading and transport of two different 
representations of the dust size distributions - the bin and mode schemes.

The NWP systems included in the study were the CSIRO-conformal cubic atmospheric 
model (CCAM, McGregor and Dix, 2001) and the Australian Bureau of Meteorology’s 
Operational Unified Model (UM, NMOC 2010). These were combined with CSIRO’s 
Chemical Transport Model (CTM, Cope et.al, 2004), which employs a saltation-based 
dust emission scheme (Lu and Shao, 2001) as used for the Australian Air Quality 
Forecasting System. Both CCAM-CTM and UM-CTM were used to model an extreme 
dust event of 22-23 Sept, 2009 over Sydney, Australia with a nested grid with horizontal 
grid spacings of 0.25° and 0.05°. Land surface characteristics such as leaf area index 
and soil type were the same for both runs. For the 0.25° simulation, aggregated land 
surface information was employed in a tiled approach to closely match with the inner 
nest grid. The results were compared with PM measurements at monitoring stations and 
AOD from satellite observation. Simulations with finer resolution for each NWP model 
showed far better agreement with observations. The differences in dust loading and 
transport from the two NWP systems are also compared and found to be comparable or 
smaller than then effects of model resolution.

In comparing thee bin and mode approaches, 25 bins for dust particle diameters up to 
60 µm were used and 3 modes were employed. Possible causes of differences in dust 
loading and transport between two size distribution schemes are discussed.

Cope M., Hess G. D., Lee S., et al (2004) The Australian air quality forecasting system Part1: Project 
description and early outcomes. J. Appl Meteorol., 42, 649-662.

Lu H. and Shao Y. (2001), Toward quantitative prediction of dust storms: an integrated wind erosion 
modelling system and its applications, Env. Modelling & Software, 16, 233-249.

McGregor J., and Dix M. (2001) The CSIRO conformal-cubic atmospheric GCM. In IUTAM Symposium 
on Advances in Mathematical Modelling of Atmosphere and Ocean Dynamics, P. F. Hodnett (Ed.), 
Kluwer, Dordrecht, 197-202.

National Meteorological Oceanographic Centre (2010) Operational implementation of the ACCESS 
numerical weather prediction systems, NMOC Operations Bulletine 38, 34p.
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Atmospheric aerosols play an important role in climate change and visibility 
impairment. The evidence of the role in climate change is required for monitoring the 
extinction, absorption, scattering coefficient and single scattering albedo in different 
sites around world. In the southern China public attention are focusing on severe 
regional visibility problem and its connection to regional air pollution. Black carbon 
(BC) is a form of atmospheric aerosol and can reduce visibility through absorption of 
solar radiation and it is an important primary aerosol cause global warming. Here, we 
presented the 2-year measurements (2011-2013) of aerosol optical properties, using 
aethalometer to measure absorption coefficient (Bab) in Hong Kong rural area (Hok 
Tsui) and determine the Hong Kong regional pollution status. The mean Bab during the 
sampling period is 15.09±9.85 Mm-1. Absorption coefficient are both ~22% higher than 
the median. The significant seasonal variation of absorption coefficient is observed, 
which was lower in spring (12.87±7.5) and summer (10.84±10.1) seasons but has 
higher value in autumn (16.79±8.9) and winter (18.74±10.3) seasons. Compared to 
scattering and absorption coefficient data reported by Man and Shi (2001) in HT, 14 
years ago, absorption coefficient decreased ~11%.
Acknowledgements - Financial support from the Hong Kong Environmental 
Protection Department (HKEPD) is gratefully acknowledged. 

Man C. K. and Shih, M. Y. (2001). Light scattering and absorption properties of aerosol particles in Hong 
Kong. Journal of Aerosol and Science, 32,795-804. 

keywords: Aerosol optical property, Black carbon.
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The Asian dust forecasting model, UM-ADAM2 (Asian Dust Aerosol Model 2) has 
been developed in 2010 and operated thereafter by NIMR, for the forecast of Asian 
dust storms over Korean peninsula. The meteorological forecasts are based on the 
Unified Model. In order to evaluate the performance of the dust prediction model 
quantitatively, the model simulation has been tested with 72-hour forecasts for the 
period from March 1 to May 31, 2013. Two types of time intervals of simulation 
starting-time were tested and compared; 12-hour and 6-hour intervals. 
The simulation results were compared to PM10 concentrations observed at surface 
stations in Korea. Compared to observations, the results showed that the model 
simulated the maximum concentrations as well as the starting and ending times of 
major dust events accurately overall. 
When the simulation was started at every 12-hr, the mean bias and RMSE are -25.3, 
68.5 µg/m3, respectively. Meanwhile for the case of 6-hr interval of starting time, the 
mean bias and RMSE are -21.5 and 66.3 µg/m3. That is, the mean bias and RMSE 
both were decreased compared to the case of 12-hr interval of starting time. So we will 
run the model 4 times a day in the operation mode next year and expect improvements 
on the forecasting of Asian dust storms in region of Northeast Asia.
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Mantles of silt are widespread deposition of aeolian dust in the mountains of Tibet 
and Mongolia (Lehmkuhl 1997). Up to now, little is known about the distribution 
and timing of such late Quaternary sediments in high mountain environments. They 
represent valuable archives about environmental change during the late Quaternary. 
Luminescence and radiocarbon dating provide information concerning their timing 
to end of the last glacial cycle and especially to the Holocene. Sand some of them 
include loess-paleosol sequences. In addition, valuable information concerning 
paleoenvironmental conditions can acquired by grain-size distribution and 
geochemical analyses (e.g. Lehmkuhl et al. 2011, Lehmkuhl et al. 2013).

Lehmkuhl, F. (1997d): The spatial distribution of loess and loess-like sediments in the mountain areas of 
Central and High Asia. - Zeitschrift f. Geomorphologie, N.F., Suppl.-Bd. 111:97-116. 

Lehmkuhl, F., Hilgers, A., Fries, S., Hülle, D., Schlütz, F., Shumuilovskikh, L., Felauer, T., & J. Protze 
(2011): Holocene geomorphological processes and soil development as indicators for environmental 
change around Karakorum, Upper Orkhon Valley (Central Mongolia). - Catena 87: 31-44.

Lehmkuhl, F., Schulte, P., Zhao, H., Hülle, D., Protze, J., Stauch, G. (2013): Timing and spatial distribution 
of loess and loess-like sediments in the mountain areas of the northeastern Tibetan Plateau. Catena, doi: 
10.1016/j.catena.2013.06.008
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The recently discovered loess section of Doroshivtsy became famous due to 
archeological findings of the Gravettian. The profile represents a ~9 m sequence of 
sandy loess, intercalated by more humic horizons. It is situated in a flat gully and at 
an undercut slope of the Dniester River close to the village Doroshivtsy in the south-
western Ukraine. The loess section is composed mainly of sandy silt and covers the 
time span from about 26 to 16 ka. This is one of the very few sections in Europe 
which provides a high resolution sedimentary record including prehistoric finds of 
the cooling maximum of the last glacial cycle. Based on the field description and the 
grain size distribution obtained by Laser Diffraction Particle Size Analyzer (Beckman 
Coulter LS 13 320 PIDS), the profile can be divided into three main genetic units 
representing changes during the deposition. As the sediment is rather homogeneous 
sandy silt U-ratio and GSI did not show any distinct variations. However, calculations 
with different grain-size ratios show that a fine silt to fine sand ratio (SiS-ratio) of 
3.5 to 8.1 µm and 69.6 to 161.1 µm provide clear peaks. These variations of the 
SiS-ratio represent environmental changes which are also observed by structures and 
weak soil formations in the section during field work and fit also to the different 
archeological layers. In addition, geochemical analysis show comparable results to 
the SiS-ratio and provide further evidence for the differentiation of the stratigraphic 
units. Summarizing we can detect 3 different main units and 11 sub-units which are 
related to palaeoclimatic and environmental conditions. This high resolution section 
of homogenous sandy-silt for the last glacial cycle is compared with a “classical” 
loess section from Semlac, which is regarded as a key section for Western Romania 
and is composed of loess and paleosol sequences since the mid-Pleistocene. 
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In recent years, there has been an increasing scientific interest in atmospheric pollution, 
due to its effects on human health. In order to obtain complete characterization of 
atmospheric aerosols and to assess its role playing in the environment, measurement 
and characterization methods integrating conventional techniques are needed. 
The Scanning Electron Microscopy with Energy Dispersive X-ray Spectrometer 
SEM/EDX plays a very important role in providing chemical, morphological and 
mineralogical data, fundamental for understanding the formation mechanisms of 
aerosols, discriminating between natural and anthropogenic sources.
In this study a geochemical and mineralogical characterization of the PM1 have 
been performed using a Field Emission SEM in the Agri Valley (Basilicata Region 
- Southern Italy), an area of great environmental concern due to the presence of the 
largest European on-shore oil reservoir and oil pre-treatment plant. The observations 
have been focused on a period of days before, during and immediately after the 
activation of an emergency procedure at the oil pre-treatment plant on September 
28, 2012, to identify any anomalies in the chemical and mineralogical characters of 
the particles. Attention has been focused on the fine mode PM1 because it is widely 
recognized as a primarily anthropogenic combustion-related aerosol.
Analyses have been performed both in automatic and manual mode. The Feret 
Diameter of 0.7 µm is a significant threshold value separating larger and smaller 
particles, because the BSE images, below this value, provided very weak pictures. 
In the ≥ 0.7 µm fraction, the natural and anthropogenic components of the aerosol are 
represented respectively by a predominance of soot and crustal particles. However, the 
observations allowed us to identify seven main types of particulate: silica particles, 
silicate and alumosilicates, carbonates, vegetable particles, C-rich particles, metallic 
particles and S-rich particles. The S-rich aerosol is composed mainly of calcium 
sulphates, as residual gypsum or secondary regular crystals often grew directly onto 
the carbonate particles to form polimineralic aggregates. On September 28, 2012 the 
greatest amounts of geogenic particles and S-rich particles were observed.
In the < 0.7 µm fraction, particles with low-Z elements (i.e. C, N, O) are prevalent, 
commonly carbon-rich particles and secondary particles of ammonium sulphate 
and ammonium nitrate. S-rich mixed particles and sodium sulphates are common 
as well. Therefore, most of the particle composing this fraction can be attributed to 
anthropogenic or mixed source mechanisms.
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To research the factors of humidity influencing fine particles smaller than 1 μm 
distribution in indoor, a test was conducted at a room with constant temperature 
condition, the smoke of a burning incense stick an used as an stable particles resource, 
and steam humidifier was used change the indoor relative humidity. The inhaled 
particles size distribution was test at different humidity. By the meantime, particles 
samples were trapped by inertial force, then samples were observed by FESEM (field 
emission scanning electron microscopy). Test results show when relative humidity up 
to 80% the size distribution of particles change significantly among these particles, 
the fine particles smaller than 1 μm decrease apparently and the coarse particles larger 
than 1μm increase apparently. Otherwise, FESEM observed that the particles are easy 
to coagulate after resource emission, performance enhance at RH 65% , especially 
at 80%. It is illustrated that increasing relative humidity induce hygroscopic aerosol 
particles absorb moisture and growth or promote particles coagulation from fine 
particles, and the particle-size spectra change to larger size.

keywords: fine particle; particle size distribution; coagulation; relative humidity; 
hygroscopic growth
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The East Asian monsoon probably existed as early as at the Palaeogene/Neogene 
boundary. However, its evolutionary process is still less well known owing mainly 
to the lack of long, continuous palaeoenvironmental records. The recently reported 
Miocene (22-6.2 Ma) and late Miocene-Pliocene (7.1-3.5 Ma) loess-palaeosol 
sequences from the western Chinese Loess Plateau (CLP) provides new insights into 
the evolution of the monsoon system. However, reports on the bioclimatic indicators 
from these deposits and the subsequent reconstruction of the palaeomonsoon are 
rare. Here we present a Pliocene terrestrial mollusk record from the western CLP and 
discuss the possible impact of isolation gradients on the East Asian summer monsoon. 
Our results show that most peak values of the dominant thermo-humidiphilous 
mollusk taxa, Metodontia and Punctum, a proxy of the East Asian summer monsoon, 
approximately correspond to maxima of mean summer insolation gradient between 
middle and low latitudes as well as some maximum values of the 35° N insolation, 
suggesting a possible causal link between the summer monsoon and the insolation 
parameters. The major frequencies from spectrum analysis of the sum of the two 
warmth- and moisture-loving taxa through the loess-palaeosol succession match those 
obtained from the mean summer insolation gradient variations between middle and 
low latitudes over this geological period, providing further evidence for such a causal 
relationship. Mean summer insolation gradient between middle and low latitudes 
could influence atmospheric circulation (in the present condition the East Asian 
summer monsoon). Any elevated mean summer insolation gradients between middle 
and low latitudes would have intensified the East Asian summer monsoon and the flux 
of moisture and heat over the oceans to the interior region including the CLP, creating 
favourable conditions for the expansion of the mollusk fauna. As such, the mollusk 
record from the loess-palaeosol deposits in the western CLP provides evidence for 
insolation-gradient impacts on the development of the East Asian monsoon system in 
the Pliocene.
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This presentation will show the geochemical tools that we used to trace the eolian 
source of Asian dust in the recent years. We will start with the investigation on the 
potential source regions in the arid Asian Interior. The investigation shows that the 
radiogenic isotopes of Nd and Sr could efficiently discriminate the potential source 
regions. Content of carbonate minerals, especially content of dolomite, and the trace 
metal concentrations of detrital carbonate also help to differentiate the potential 
source regions.

Application of these source tracers to the loess deposits in North China indicate 
proximal source of the eolian dust that are predominantly transported by the prevailing 
surface wind. We identified two geochemically distinct sources of Asian dust that 
are produced in the mountainous regions of North Tibetan Plateau and Central Asia 
Orogen respectively. The finding of binary sources could successfully explain the Nd 
and Sr isotopic evolution of Asian dust that is preserved in Chinese loess and North 
Pacific sediment. Both records show progressive increasing material contribution 
from North Tibetan Plateau since the early Miocene, which may reflect the tectonic 
uplift of the region.

Detailed investigation on the eolian deposits in North Pacific show that Taklimakan 
Desert may not be the only source region for the long-range transported Asian dust. 
Contribution of Gobi dust by monsoonal circulation is significant, at least for the 
Northwest Pacific. The relative contribution between Taklimakan dust and Gobi dust 
seems to be related to the changes of atmospheric circulation on both the orbital and 
tectonic time scales.

The same geochemical tools are also applied to identify the source of modern dust 
in East Asia. We found that the modern dust in Beijing has very different isotopic 
signature compared to the loess of purely natural origin in the geological past. 
Desertification of adjacent arid lands could explain the discrepancy. 

The presentation will end with the U-Pb ages of zircon. With more data, our recent 
studies show homogenous U-Pb ages of zircon for the loess on Chinese Loess Plateau, 
which indicate the same source region as identified by other geochemical tracers. The 
U-Pb ages of zircon also show that the loess in South China is mainly derived from 
local source rather than a distal source from the arid North China.

Chen J., Li G., Yang J., et al. (2007). Nd and Sr isotopic characteristics of Chinese deserts: Implications for 
the provenances of Asian dust. Geochimica et Cosmochimica Acta, 3904-3914.

Li G., Chen J., Ji J., Yang J., T. M. Conway. (2009). Natural and anthropogenic sources of East Asian dust. 
Geology, 727-730.
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The input of trace metals from the atmosphere to the water column plays a key role in 
ocean biogeochemical processes and is particularly important in a semi-enclosed sea 
like the Mediterranean. The atmospheric deposition over the whole Mediterranean is 
poorly constrained and hinders a clear assessment of the extent to which atmospheric 
elements of various anthropogenic and natural origins affect its biogeochemistry. 
Available data show poor spatial representation, as most of the deposition data refer to 
the northwestern zone. The Alboran Sea, in particular, is a very interesting case study 
as regards the atmospheric input because the atmospheric chemistry is dominated by 
antagonistic influences of natural (mainly from the Sahara) and human activity due 
to the relative proximity of land-based sources and densely populated shores. The 
biogeochemical impact of desert dust also remains a matter of discussion regarding its 
contribution for different major and minor elements to terrestrial and marine systems 
and especially its potential fertilizing role by supplying micronutrients as iron.
Atmospheric fluxes of eight trace metals (Cd, Cr, Cu, Ni, Mn, Pb, V and Zn) with 
Al as a crustal reference and Fe for its potential role in marine productivity, were 
measured by ICP-MS. In order to evaluate the presence of these elements in their 
differently bio-available forms, contents in the soluble and non-soluble fractions were 
determined. Sampling presented for this study was performed from October 2012 to 
March 2013 during the peak of the raining season (autumn and winter months) in 
Malaga (southeast of Spain, 36° 43′ 40″ N; 4° 28′ 8″ W) in an open bulk deposition 
collector placed 10 m above the ground. PCA analysis and the following Varimax 
rotation were conducted in order to obtain some information about the sources. The 
Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model was used 
to calculate the backward trajectories of air masses reaching the study region. 
The atmospheric deposition fluxes were marked by the meteorological conditions, the 
industrial activity and the external influence of other emissions on a regional scale, 
principally African dust intrusions. Three intense African dust episodes, one from 
October, other from November and another one from March, had occurred during 
this campaign affecting the PM levels suspended and deposited in the south of Spain.
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The Seven South East Asian Studies (7-SEAS) seeks to perform interdisciplinary 
research in the field of aerosol-meteorology and climate interaction in the Southeast 
Asian region, particularly for the impact of biomass burning on cloud, atmospheric 
radiation, hydrological cycle, and regional climate. Participating countries include 
Indonesia, Malaysia, Philippines, Singapore, Thailand, Taiwan, Vietnam, and USA. A 
series of field experiments have been conducted during springtime biomass-burning 
seasons in northern Southeast Asia, i.e., Dongsha Experiment in 2010, Son La Campaigns 
in 2011 and 2012, and BASELInE (Biomass-burning Aerosols & Stratocumulus 
Environment: Lifecycles and Interactions Experiment) in 2013, respectively. Given an 
example, during 2010 Dongsha Experiment, a monitoring network for ground-based 
measurements was established, including five stations from northern Thailand and 
central Vietnam to Taiwan, with a supersite at the Dongsha Island (i.e. Pratas Island) 
in South China Sea (or East Sea). Aerosol chemistry sampling was performed for each 
station for characterizing the compositions of PM2.5/PM10 (some for TSP) including 
water-soluble ions, metal elements, BC/OC, Hg and dioxins. This experiment provides 
a relatively complete and first dataset of aerosol chemistry and physical observations 
conducted in the source/sink region for below marine boundary layer and lower free 
troposphere of biomass burning/air pollutants in the northern SE Asia. This presentation 
will give an overview of these 7-SEAS activities and their results, particularly for the 
characterization of biomass-burning aerosol at source regions in northern Thailand and 
northern Vietnam, and receptor stations in Taiwan, which is rarely studied.
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Mineral dust particles are important atmospheric constituents with a wide variety 
of impacts. Their radiative impacts derive from the single-scattering properties of 
individual dust particles, which are poorly known and quite challenging to compute 
accurately. These uncertainties impact considerably the accuracy of atmospheric 
remote sensing and impede the assessment of climate forcing by dust. 
In the present work, a new approach to modeling light scattering by dust is proposed. 
Instead of using artificial particle shapes based on mathematical geometries, single, 
inhomogeneous mineral dust particles are modeled using shape and composition 
derived directly from measurements of real dust particles. We demonstrate the use of a 
stereogrammetric shape retrieval method in the context of single-scattering modeling 
of mineral dust for four different dust particle types - all of them inhomogeneous 
- ranging from compact, equidimensional shapes to very elongated and aggregate 
shapes. The three-dimensional particle shapes were derived from stereo pairs of 
scanning-electron microscope images, and inhomogeneous compositions were 
determined by mineralogical interpretation of localized elemental information 
obtained by energy-dispersive spectroscopy. Scattering computations were performed 
for particle equal-volume diameters from 0.08 µm up to 2.8 µm at 550 nm wavelength 
using discrete-dipole approximation. Different dust particles were found to scatter 
light considerably differently, a variation which could not be well reproduced using 
simplified shapes of homogeneous spheres, spheroids, or Gaussian random spheres. 
Effective-medium approximation results revealed that particle inhomogeneity may be 
important to be explicitly accounted for, even for small amounts of absorbing media 
(here up to 2% of the volume). When integrated over a lognormal size distribution, the 
linear depolarization ratio and single-scattering albedo were also found to be sensitive 
to inhomogeneity. 
The methodology applied is work-intensive and the light-scattering method used quite 
limited in terms of size parameter coverage. It would therefore be desirable to find 
sufficiently accurate but simpler approach with fewer limitations for single-scattering 
modeling of dust. For validation of such a method, the approach presented here can 
be used for producing reference data when applied to a suitable set of target particles.
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The Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) onboard the Cloud-
Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO) satellite 
offers many new observational capabilities to the international scientific community. 
CALIOP measures two polarization components at 532 nm, which can be used to 
effectively identify non-spherical particles from spherical particles, and therefore 
provides a unique vertical-resolved measurement of airborne dust on a global scale. In 
this paper we use a constrained retrieval technique, developed by the CALIPSO team 
(Hu et al., 2007), to derive dust aerosol optical properties over opaque water clouds. 
This technique derives direct estimates of aerosol optical depths (AODs) of dust layers 
from the integral of the backscatter signals of underlying opaque water clouds. This 
AOD estimate allows the retrieval of lidar ratio as well as extinction and backscatter 
of dust layers overlying opaque water clouds. Lidar ratio is a key parameter in the lidar 
signal inversion and can be a source of uncertainty in the CALIOP aerosol retrievals 
(Winker et al., 2009). In the standard CALIOP aerosol retrieval, this parameter is 
selected on a layer-by-layer basis by a scene classification algorithm using aerosol 
models developed from AERONET measurements (Omar et al., 2009). Lidar ratio 
estimated from opaque-cloud constrained (OWC) retrievals allows evaluation and 
improvement of the standard CALIOP aerosol retrieval. We examine multiple years 
of CALIPSO data and focus on the dust transport regions over North Atlantic where 
transatlantic African dust transport occurs most extensively during the summer months 
and over North Pacific where transpacific Asian dust transport occurs frequently in 
spring. The lidar ratio derived in the African dust transport region over the North 
Atlantic has a distribution that peaks at ~43 sr with a mean value of ~45 sr and a half 
width of half maximum (HWFM) of 8 sr. This indicates that the modelled lidar ratio 
(40 sr) is representative of dust transported to the North Atlantic. For this reason, the 
dust AOD derived from the standard retrieval has a good correlation to that from the 
OWC retrieval but is biased low by ~26% in the mean AOD.

Hu Y., Vaughan M., Liu Z., Powell K., and Rodier S. (2007). Retrieving Optical Depths and Lidar Ratios for 
Transparent Layers Above Opaque Water Clouds From CALIPSO Lidar Measurements, IEEE Geosci. 
Remote Sens. Lett., 4, 523-526.

Omar A., Winker D., Kittaka C., et al., (2009), The CALIPSO Automated Aerosol Classification and Lidar 
Ratio Selection Algorithm, J. Atmos. Oceanic Technol., 26, 1994-2014.

Winker, D. M., Vaughan M. A., Omar A. H., Yet al., (2009), Overview of the CALIPSO Mission and 
CALIOP Data Processing Algorithms, J. Atmos. Oceanic Technol., 26, 2310-2323.
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The LIFE ENvironement project DIAPASON (Desert-dust Impact on Air 
quality through model-Predictions and Advanced Sensors ObservatioNs) aims at 
demonstrating the benefits of innovative technologies to assess the effects of advection 
of Saharan dust on the European levels of particulate matter (PM10 and PM2.5). 
The EU Air Quality Directive allows Member States to subtract contributions from 
natural sources before comparing concentrations of PM in air to the relevant limit 
values. Currently, Saharan dust events are established indirectly on the basis of model 
predictions and satellite observations.

In the framework of this project, LEOSPHERE has deployed two aerosol lidar-
ceilometer systems around Roma in September 2013. The lidar-ceilometer will 
help to determine the types of particles observed in the atmosphere (Saharan dust, 
pollution, wild fire, sea salts or volcanic plumes) and validate the horizontal and 
vertical position of dust aerosol layers in air pollution models. In fact, Saharan dusts 
are mainly composed of non-spherical mineral particles which can be distinguished 
from spherical aerosols (pollution, sea salts, forest fires) using depolarization 
measurements from the lidar-ceilometer. 

Dust aerosol events observed with lidar-ceilometer will be presented here and 
compared with model forecasts.

keywords: DIAPASON, Aerosols, Lidar-ceilometer, Dust, Air Pollution, Air quality 
models
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A 30 years survey (1984-2013) of the Saharan dust input was performed in Corsica, 
on an event basis. Dry deposition was collected separately manually since 1985. Wet 
deposition of dust particles is independent of the amount of rainfall. Dry deposition 
is of minor importance in Corsica, which could be related to the high altitude of dust 
routes above the Mediterranean, the efficiency of dust particles acting as condensation 
nuclei, among other parameters. Dust fallout events are very brief (less than 3 days 
long) and irregular in intensity. A seasonal pattern appears in the frequency and 
magnitude of events (spring and autumn maxima) but with a very high variability. 
The high magnitude events drive the variability of the dust fallout at the intra- and 
inter-annual scales. The annual input of Saharan dust varies between 3.5 and 51.2 g/
m², depending on the occurrence of high magnitude events. The annual average value 
for the period studied is 10.8 g/m². The annual input was the highest in the 1980’s 
and begins to decrease in the 1990’s; it is keeping low after a short period of high 
deposition in the beginning of the 2000’s.
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The Last Glacial Maximum (LGM) and the Holocene Optimum (HO) were 
characterized by cold-dry and warm-wet climates respectively in the recently 
geological Earth. How dust emission from Chinese deserts and sand fields responded 
to these distinctive climatic changes, and the dust emissions compared with that of 
the present are still not clear, however. Through our long-term field and laboratory 
investigations, 400 optically stimulated luminescence (OSL) ages and more than 100 
depositional records in the Chinese deserts and sand fields were obtained; on the basis 
of these data, we reconstruct spatial distributions of the deserts and sand fields during 
the LGM and HO. Our results show that the sand fields of Mu Us, Hunshandake, Horqin 
and Hulun Buir in northern and northeastern China had expanded 25%, 37%, 38% and 
270%, respectively, during the LGM; the sand fields of Gonghe in the northeastern 
Qinghai-Tibetan Plateau had expanded 20%, and the deserts of Badain Jaran, Tengger 
in central northern China had expanded 39% and 29% separately during the LGM; 
the deserts of Taklimakan, Gurbantünggüt and Kumtag in northwestern China had 
expanded 10%-20% respectively, compared to their modern areas. On the other hand, 
all of the sand fields were nearly completely covered by vegetation during the HO; the 
deserts in northwestern and central northern China were reduced by around 5%-20% 
in area during this time. We use a model of present as an analogue to calculate dust 
emission in the LGM and HO, the results show a significantly change of dust emission 
under the natural climatic changes.
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Particle Induced X-ray Emission (PIXE) technique has been widely used since its 
birth for the study of the aerosol composition, and for a long time it has been the 
dominating technique for its elemental analysis. However now it has to compete with 
other techniques, like Induced Coupled Plasma and detection by Atomic Emission 
Spectroscopy (ICP-AES) or Mass Spectrometry (ICP-MS) or Syncrotron Radiation 
XRF (SR-XRF). To remain competitive, a proper experimental set-up is important to 
fully exploit PIXE capabilities. At LABEC, an external beam line is fully dedicated 
to PIXE-PIGE measurements of atmospheric aerosols. Recently SDD (Silicon Drift 
Detectors) have been introduced for X-ray detection thanks to their better resolution 
with respect to Si(Li) detectors and the possibility of managing high counting rates (up 
to 50 kHz at 0.5 sec shaping time). This implies, in turn, the possibility of using very 
high beam currents thus drastically reducing the measurement time. However their 
use for a complete characterization of X-rays was limited by the small thickness and 
surface areas available. Now SDD with a thickness of 500 µm and 80 mm2 area have 
been introduced in the market. We have therefore replaced the Si(Li) detector used so 
far for the detection of both light and medium-high Z elements with such a SDD. 
PIXE minimum detection limits (MDLs) at different proton beam energies have 
been studied to find out the best energy for PIXE measurements on aerosol samples 
collected on different substrata, namely Teflon, Kapton, Nuclepore and Kimfol, 
used for daily or hourly sampling or for cascade impactors. In particular in the case 
of Teflon filters, the production of γ-rays by F in the Teflon filter limits the current 
which may be used and the Compton γ-ray background worsens the MDLs. Due to 
the lower thickness of the SDD detector with respect to a typical Si(Li) detector , 
these problems are reduced; therefore beam currents 10 times higher or more may be 
used and consequently measuring time as low as 1 minute per sample can be attained 
and MDLs are improved. Similar improvements are obtained in the analysis of filters 
collected with the streaker sampler, with measuring times which become comparable 
to the ones used with SR-XRF(every hourly spot can be analyzed in times down to 
the minute).
Some example of applications with this upgraded set-up will be presented.



256 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

the use of hourly elemental concentrations  
for a clear iDentification of aerosol sources

Franco lucarelli*, giulia calzolai, MassiMo cHiari, 
silvia nava, Martina giannoni 

Department of Physics and Astronomy, University of Florence and INFN, Sesto Fiorentino, 50019, Italy
*lucarelli@fi.infn.it

The identification of the sources is one of the most important issues in aerosol 
studies and several “source apportionment” strategies have been developed; receptor 
models are presently one of the most used approaches and, among these, Positive 
Matrix Factorization (PMF) has been recently asserted to international level as a very 
reliable tool. Many studies have been devoted to PM source apportionment using 
24-h averaged data. However, most particulate emissions as well as their atmospheric 
dilution processes change within a few hours. Daily samples are not capable of 
tracking these rapid changes. Furthermore, source apportionment receptor models 
need a series of samples containing material from the same set of sources in differing 
proportions. Increasing the measurement time resolution typically provides samples 
that have greater between-sample variability in the source contributions than samples 
integrated over longer time periods. The time-resolved measurement requires a 
suitable technique both for particle sampling and analysis. For time-resolved sampling 
we use the “streaker” sampler by PIXE International Corporation, which is designed 
to separate the fine (<2.5 μm) and the coarse (2.5-10 μm) size fractions of aerosol with 
1 hour resolution. The resolution in time and size leads to a large number of collected 
samples with low mass to be analysed. The Particle Induced X-ray Emission (PIXE) 
technique is a powerful tool to investigate environmental problems and it has been 
widely used since its birth for the study of the aerosol composition. PIXE is a non-
destructive, fast, with a high sensitivity also for small amount of matter and multi-
elemental technique (it allows the detection of all the elements with Z>10). Among 
PIXE detectable elements there are markers of specific components such as marine 
aerosol (Na, Cl), mineral dust (Al, Si, Ca, Ti, Sr), sulphates (S), biomass burning 
(K), heavy oil combustion (V, Ni), traffic and industrial emission (Mn, Ni, Cu, Zn, 
Pb), etc. As concerns the use of K as biomass burning tracer, the main advantage is 
due to the fact that it is stable, it does not go into chemical reactions or degradation 
as other chemical tracers. At the INFN LABEC Laboratory in Florence elemental 
mass concentrations are obtained by PIXE analyses performed with 3MeV proton 
beam from the 3MV Tandetron accelerator with the external beam set-up specifically 
designed for aerosol studies. 
Results concerning the identification of the aerosol sources in different areas (e.g. 
Taranto industrial area) by the application of Positive Matrix Factorisation (PMF), 
will be shown.
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In Europe, the current policy efforts have not fully delivered the expected results 
and many urban areas still do not meet the air quality standards (2008/50/EC 
Directive). This is especially true for Southern Europe, which is affected by important 
contributions of particulate matter from both anthropogenic and natural (Saharan 
dust, marine aerosols, etc.) origin.
Within this framework, the AIRUSE project aims at testing existing and future 
mitigation measures and developing new strategies for the improvement of air quality 
in Southern European countries (www.airuse.eu). For the project, involving public 
and private institutions of Spain, UK, Portugal, Italy and Greece, PM10 and PM2.5 
daily samplings have been scheduled for one year (from January 2013) in four urban 
sites, Barcelona (Spain), Porto (Portugal), Athens (Greece), and Florence (Italy). 
Further, the project includes samplings with hourly resolution and coarse/fine particles 
segregation for limited periods (a couple of weeks in wintertime and summertime). 
The time-extensive daily data set gives an overall representative picture of the PM 
composition in these urban sites, while hourly samples may help in disentangling the 
contributions from different aerosol sources and give better source profiles due to the 
capability of tracking rapid changes as the ones occurring in most particulate emissions 
as well as in atmospheric transport and dilution processes.
Both daily and hourly samples have been analyzed by PIXE (Particle Induced X-ray 
Emission) for the simultaneous assessment of the concentration of all the elements 
with Z>10. 
First results on elemental composition on both daily and hourly samples will be 
presented. PIXE data give important information on re-suspended or African dust, 
as PIXE is highly sensitive to most of the crustal markers (e.g. Al, Si, K, Ca, Ti, 
Fe, Sr...), and on biomass burning. Furthermore, preliminary results on the source 
apportionment by PMF (Positive Matrix Factorization) based on hourly data will be 
also shown.

This work was supported by the European Commission (LIFE + Environment Policy 
and Governance, LIFE11 ENV/ES/584).
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A field experiment was laid out in 1997 in the background a pine forest (67°51’00’’ N, 
31°24’30’’ E). Industrial dust sampled from electric filters of ore smelting department 
of copper-nickel plant was scattered on the surface of the snow cover. Scattering of 
industrial dust manually led to spatially very uneven pollution of Al-Fe-podzolic 
soil and destruction of ground cover. In 2011, the projective cover and height of all 
species of grass-shrub and moss-lichen layers were measured in 50 sites, also there 
were sampled leaves of Vaccinium vitis-idaea, live parts of lichens Cladina mitis, Cl. 
rangiferina, Cl. stellaris, Cladonia uncialis and forest litter as well. Litter samples 
were analyzed by scanning electron microscopy with X-ray microanalysis (REM/
RXMA), X-ray fluorescence (RXFS) and atomic absorption spectrometry (AAS). The 
plant material was analyzed by AAS.
According to the REM/RXMA, particles of ashing samples of litter are mainly 
represented by various soil-forming minerals and iron oxides; about 10-15% of the 
particles have a spherical shape. They are often mounted by smaller particles consisted 
of salts and oxides of heavy metals, arsenic and selenium. The shape and surface 
morphology of spherical particles and their chemical composition are typical for melt 
drops, entrained by gas discharging flows from smelters. According RXFS, the litter’s 
ash is mainly consist of SiO2, Al2O3, CaO, MgO, K2O and enriched by Ni, Cu, Zn, Pb, 
Sn, As, Sb, Se. The total content of Co, Ru, Rh, Pd, Ag, Cd, Te, Os, Ir, Pt, Au in all 
samples was below the detection limit of the RXFS method. In samples of litter only 
12-24% and 29-39% of the total content of Ni and Cu were in mobile forms.
As a criterion for assessing the level of pollution of habitats the technogenic load 
index (Il) was adopted. It reflects the excess of the total content of mobile forms of Ni 
and Cu in the litter over their content in the background. State of the grass-shrub layer 
of experimental Pine forest was not disturbed in the interval Il=2.3-86 rel. un. At Il²10 
rel. un. moss-lichen layer was normally developed; in the interval Il=10-30 rel. un. it 
was disrupted to varying degrees; and completely destroyed at Il>30 rel. un. Between 
Il and the projective cover of each lichen species and their total cover was a significant 
negative correlation [r=-(0.56-0.73), p<0.05]. No correlation was found between the 
content of heavy metals in the leaves of dwarf-shrubs or live parts of lichens and the 
projective cover or height of all species.

Financial support is RFBR (№ 14-05-00472).
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Quantitative reconstruction of the climatic history of the Chinese Loess Plateau is 
important for understanding present and past environment and climate changes in the 
Northern Hemisphere. Here, we reconstructed mean annual temperature (MAT) and 
mean annual precipitation (MAP) trends during the last 136 ka based on the analysis 
of phytoliths from the Weinan loess section (34°24′N, 109°30′E) near the southern 
part of the Loess Plateau in northern China. The reconstructions have been carried 
out using a Chinese phytolith-climate calibration model based on weighted averaging 
partial least-squares regression. A series of cold and dry events, as indicated by the 
reconstructed MAT and MAP, are documented in the loess during the last glacial 
periods, which can be temporally correlated with the North Atlantic Heinrich events. 
Our MAT and MAP estimations show that the coldest and/or driest period occurred 
at the upper part of L2 unit (Late MIS 6), where MAT dropped to ca 4.4°C and MAP 
to ca 100 mm. Two other prominent cold-dry periods occurred at lower Ll-5 (ca 77-
62 ka) and L1-1 (ca 23-10.5 ka) where the MAT and MAP decreased to about 6.1-
6.5°C and 150-370 mm, respectively, ca 6.6-6.2°C and 400-200 mm lower than today. 
However, the highest MAT (average 14.6°C, max. 18.1°C) and MAP (average 757 
mm, max. 1000 mm) occurred at Sl interval (MIS 5). During the interstadial of L1-
4-L1-2 (MIS 3) and during the Holocene warm-wet period, the MAT was about 1-2°C 
and MAP 100-150 mm higher than today in the Weinan region. The well-dated MAT 
and MAP reconstructions from the Chinese Loess Plateau presented in this paper are 
the first quantitatively reconstructed proxy record of climatic changes at the glacial-
interglacial timescale that is based on phytolith data. This study also reveals a causal 
link between climatic instability in the Atlantic Ocean and climate variability in the 
Chinese Loess Plateau.
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The World Health Organization (WHO) defines health as a state of complete physical, 
mental and social well-being and not merely the absence of disease or infirmity. 
According to this, annoyance caused by air pollution is a public health problem, as 
it can be an ambient stressor causing stress, diseases and affect the quality of life. 
Many studies show that people complain about being annoyed by air pollution, like 
oil, wood burning, odor, settled dust and vehicular pollution (Jacquemin et al., 2007; 
Klæboe, 2008; Amundsen et al., 2008; Blanes-Vidal, 2012). But, few studies have 
detailed how people perceive different types of air pollutants and why they react 
adversely to then (Amundsen et al., 2008). The main of this study is to evaluate the 
annoyance, examining its associations with variables of interest and correlating the 
levels of annoyance with deposition rate of settled dust.
This study was performed at the metropolitan region of Greater Vitória (RMGV), in 
Brazil, which is densely inhabited and industrialized. The pollution from settled dust 
is significant, and the population constantly reports annoyance (approximately 25% of 
the complaints to the local environmental agency from 2008-2012 were related to air 
pollution). The annoyance data was collected by surveys, from July 2011 to January 
2012, and 1028 inhabitants were interviewed by using a questionnaire face to face. 
Monthly data on the deposition rate of settled dust was measured at the monitoring 
stations at different geographical locations spread around the RMGV. 
The results showed that more than 80% of the population feels annoyed with the presence 
of settled dust. There was a strong correlation between annoyance and the following 
variables: gender, perception of dust, perception of health risk and personal assessment 
of air quality. Levels of annoyance were associated with deposition rates of settled dust. 
From the results, it was possible to conclude that the population is severely annoyed, 
and the correlations observed between deposition rate and annoyance levels can be used 
as guidance for the implementation of deposition rate standards for the region.

Amundsen A.H., Klaeboe R., Fyhri A. (2008) Annoyance from vehicular air pollution: Exposure-response 
relationships for Norway. Atmospheric Environment. Vol. 42 p. 679-7688. 
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Residential exposure to outdoor air pollution from livestock operations and perceived annoyance among 
citizens. Environment International, 40 44-50.

Jacquemin, B., Sunyer, J., Forsberg, B., Gotschi, T., Oglesby, L., Ackermann-Liebrich, U., De Marco, 
R., Heinrich, J., Jarvis, D., Toren, K., Kunzli, N. (2007) Annoyance due to air pollution in Europe. 
International Journal of Epidemiology, 809-820.

Klæboe, R., Amundsen A.H. , Fyhri A. (2008). Annoyance from vehicular air pollution: A comparison of 
European exposure-response relationships. Atmospheric Environment, 42, 7689-7694.
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Particulate matter is an air pollutant and may cause damages to human health 
(WHO, 2006) effects in animals and plants, affecting the climate and the quality of 
life (Jacquemin et Al.,2007; Nikolopoulou, 2011). According to Hislop (2009) the 
annoyance caused by air pollution is related mainly to the increase of settled dust 
in urban and residential environments. In addition, seasonal fluctuations impacted 
by traffic, weekdays, holidays and proximity of industries can interfere in the 
concentration, size and composition of particles. Besides, meteorological variables 
such as temperature, relative humidity, wind speed and direction can also be related to 
the dispersion of particulate in the atmosphere and amount of deposition (Albuquerque 
et al, 2011). The aim of this study is to analyze the behavior of particulate material 
(PM10, PTS and settled dust) at the metropolitan region of Greater Vitória (RMGV) 
and its impacts on the annoyance of the local population. The particulate material data 
were obtained from the eight air quality monitoring stations strategically located in 
Vitoria urban area. 
Through statistical technics, the results have shown that the time series analyzed are 
seasonal and exhibits a weak stationarity. This is confirmed by the graphs of sample 
auto-correlation functions and partial correlation of each pollutant. Correlation 
between pollutants and meteorological data was also observed. In summary, this study 
suggest the analysis the behaviour of particulate material and meteorological factors 
can explained the annoyance related to air pollution in RMGV.

Albuquerque T.T.A.; Andrade M.F.; Ynoue R.Y (2011). Caracterization of atmospheric aerosols in the city 
of São Paulo, Brazil: comparisons between polluted and unpolluted periods. Environ Monit Assess.
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R., Heinrich, J., Jarvis, D., Toren, K., Kunzli, N., (2007). Annoyance due to air pollution in Europe. 
International Journal of Epidemiology. p. 809-820.
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The study of the techniques for using solar energy implies the knowledge of nature, 
ecosystem, biological factors and local climate. Clouds, fog, water vapor, and the 
presence of large concentrations of dust can significantly affect the way to exploit 
the solar energy. Therefore, a quantitative characterization of the impact of climate 
variability at the regional scale is needed to increase the efficiency and sustainability 
of the energy system.
OSCAR (Observation System for Climate Application at Regional scale) project aims 
at the design of a portable prototype system for the study of correlations among the 
trends of several Essential Climate Variables (ECVs) and the change in the amount of 
solar radiation incident at the ground level. The final goal of this project is to provide a 
user-friendly low cost solution for the quantification of the impact of regional climate 
variability on the device efficiency for the exploitation of natural sources (i.e. solar 
energy), including the effect of huge dust outbreaks over the Mediterranean Basin.
The system prototype will be implemented along with a software able to retrieve 
correlations between the investigated variables and to quantify the impact of regional 
climate on radiation as well as to assess potential trends over long term.
Requirements for the measurements of ECVs will agree with those recommended 
in the frame of international climate observing programmes (Thorne et al., 2013), 
while other quantities will be measured with high quality sensors using metrological 
calibrations standards.
The prototype design will be performed on the basis of historical measurements 
performed at CNR-IMAA Atmospheric Observatory (CIAO). Measurements from 
satellite and data from models will be also considered as ancillary to the study, above 
all, to fill in the gaps of existing datasets (Madonna et al., 2011). 
An overview of the system design, processing software along with first results about 
correlation between regional climate variability and surface radiation will be presented 
and discussed.

Madonna F., Amodeo A., Boselli A., Cornacchia C., Cuomo V., D’Amico G., Giunta A., Mona L., 
Pappalardo, G. (2011). CIAO: the CNR-IMAA advanced observatory for atmospheric research, Atmos. 
Meas. Tech., 4, 1191-1208, doi:10.5194/amt-4-1191-2011.

Thorne P. W., Vömel H., Bodeker G., Sommer M., Apituley A., Berger F., Bojinski S., Braathen G., Calpini 
B., Demoz B., Diamond H.J., Dykema J., Fassò A., Fujiwara M., Gardiner T., et al. (2013): GCOS 
reference upper air network (GRUAN): Steps towards assuring future climate records. AIP Conf. Proc. 
1552, pp. 1042-1047; doi:10.1063/1.4821421.
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Dust particles play an important role in air quality and environmental health. They 
affect both solar and terrestrial radiation by scattering and absorption and are therefore 
considered to be a significant climate-forcing factor. Dust storms are a very frequent 
phenomenon in Saudi Arabia, especially in the pre-monsoon season. Several dust 
storm events occurred in Riydah, the central region of Saudi Arabia during the period 
between 2001-2002. Thirteen dust events were identified and selected. In this study, 
theoretical, simulations using SMART model, were conducted to investigate how the 
dusty conditions affecting the solar radiation components. The Atmospheric Optical 
Depth (AOD) measurements at (500 nm), made with a CIMEL sunphotometer, and 
the metrological parameters were used as an input into SMART. The analysis showed 
that the turbid conditions during the dust storm significantly decrease the background 
global and direct-beam irradiances and increase the diffuse component compared with 
non dusty days.
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Pure fine-mode dust layers mostly from central and eastern Turkey and desert dust 
plumes (fine mode + coarse mode) originating from desert dust outbreaks in North 
Africa and the Middle East (western Asia) are frequently observed in the lower free 
troposphere over the EARLINET/AERONET station of Limassol (34°N, 33°E), 
Cyprus. We developed a new approach (extended version of the Polarization Lidar 
Photometer Networking method POLIPHON, Tesche et al., 2009, Ansmann et al., 
2012) to separately determine the fine-mode and coarse-mode dust profiles in terms of 
532 nm backscatter and extinction coefficients and volume and mass concentrations. 
The new approach makes use of laboratory studies of the depolarization ratio of fine-
mode dust (0.16±0.04) and coarse-mode dust (0.39±0.04) (Sakai et al., 2010). The 
method is applied to observations of complex aerosol layering of background dust 
from Turkey and desert dust from Syria in September 2011. In the framework of lidar/
photometer consistency checks the lidar-based profiles of dust optical properties are 
compared with AERONET sun/sky photometer observations (particle optical depth, 
Angstrom exponent, fine mode fraction). A statistical analysis based on HYSPLIT 
backward trajectory, MODIS fire maps, and the lidar/photometer observations (May 
2010-October 2013) reveals that enhanced levels of fine-mode background dust from 
Turkey are often correlated with air mass transport across fire areas. This points to 
enhanced emissions (hot convection) of soil dust during fire events. Regarding desert 
dust, we found significant differences in the optical properties of Saharan and Arabian 
dust (Mamouri et al., 2013).

Acknowledgements - AN and REM thank the Cyprus Research Promotion Foundation 
(PENEK/0311/05 and EUREKA/WEBAIR2). Thanks are given to the Remote 
Sensing Laboratory of the Department of Civil Engineering & Geomatics at the CUT 
for the support (http://www.cut.ac.cy).

Ansmann, A., et al., Atmos. Chem. Phys., 12, doi:10.5194/acp-12-9399-2012, 2012.
Mamouri, R. E., et al., Geophys. Res. Lett., 40, doi:10.1002/grl.50898, 2013.
Sakai, T., et al., Appl. Opt., 49, 4441-4449, 2010.
Tesche, M., et al., J. Geophys. Res., 114, doi:10.1029/2009JD011862,2009.
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Concentrated Solar Power (CSP) systems are influenced by atmospheric constituents 
including aerosols. Particulate matter affects site assessment, operational and 
maintenance processes. A global general depiction of aerosols in the lowest 200-
300m would provide potentially a new criterion for site comparisons especially 
for solar-tower plants. This type of plant is likely more sensitive to the presence of 
aerosols compared to other technologies because of the distance that the light has to 
travel between the heliostats (mirrors) and the central receiver. This global portrait 
could only be produced by satellite or model based data. Regarding operational 
concerns, nowadays calculations of energy losses due to atmospheric extinction are 
done by ray tracing software under certain assumptions, including in some of them 
an exponentially decreasing with altitude aerosol structure. The latter is presumably 
not true for every location. The more information of vertical structure and temporal 
evolution of aerosols in certain site, the more accuracy gained in the calculations 
of energy yield. CALIPSO datasets allow the required vertical segmented retrievals 
to depict the attenuation in the altitude of interest. However the fine time-resolved 
values required for operational purposes are beyond the capability of CALIPSO’s 
time resolution. In this case a comparison between CALIPSO and a numerical 
model may give signs about the correspondence between them. If a good agreement 
is determined, the model might be taken as the source of the higher-resolved time 
scale data required for operational forecasting. Determining the level of accuracy of 
these datasets against ground-based measurements on certain locations is important to 
validate the appropriateness of this approach for the described application.

As first part of the mentioned approach, this study presents regional maps for 2007 and 
2008 of particulate matter in the lowest troposphere. AOD is used as indicator of aerosol 
presence from ground to 120m-180m, and in the total column of air. The share of aerosols 
in the lowest segment for each grid’s cell is reflected throughout the ratio between the 
aerosol account in the lower part and the total assessed along the entire column. Datasets 
were processed from level II CALIPSO-CALIOP data (532nm channel). Although all 
possible aerosols were included in the assessment a noticeable contribution seems to 
come from dust according to the coincidences with regions indicated by other authors 
as dust sources. A relatively constant pattern can be observed from one year to another 
with the exception of certain cells that exhibit slight variations.

Ongoing retrieval of values from modelled datasets intends complementing and 
continuing these preliminary results to clarify, as much as the available tools allow, 
the vertical structure of aerosols in the lower planet boundary layer.
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Thermal power plants are significant sources of sulphur dioxide (SO2) and nitrogen 
dioxides (NOX) which are precursor gases of fine particulate matter (PM). Modelling 
the formation of secondary PM by a single point source with physical-chemical 
reactions , would require the implementation of complex photochemical grid models 
that should include all the emissions of the area and contributions from sources outside 
from the domain, which are very often not available. As a consequence, the impact 
of a single point source in originating secondary PM is neglected. The objectives 
of this work are two-fold: firstly, to estimate the contribution of particulate primary 
and secondary from a thermal power plant coal by using the lagrangian dispersion 
model CALPUFF model; secondly, to perform a sensitivity analysis of the model 
results with respect to the model key assumptions . The source is a coal power plant 
located in the coastal site of Brindisi (Italy). The simulation domain considered is 
about 100 km x 100 km and simulations were conducted in a meteorological year 
with the modelling system MM5/CALMET/CALPUFF. We tested how sensitive the 
results were to key variables of the chemical mechanism implemented as the ammonia 
and ozone background concentrations, as well as to some meteorological parameters. 
Results confirm how in some areas of the domain the contribution of the secondary 
PM10 precursor gases to total ambient PM10 is substantially larger than the contribution 
of primary particulate matter. The background ozone has a moderate impact on the 
formation of particulates. The use of measured ozone data instead of a background 
value leads to a 50% increase in secondary particulate.

Scire, J.S., F.R. Robe, M.E. Fernau and R.J. Yamartino. (2000a) A user’s guide for the CALMET 
meteorological Model. Earth Tech, Inc., Concord, MA. Available at http://www.src.com/calpuff/
download/CALMET_UsersGuide.pdf (last access 07/10/10)

Scire, J.S, Stimatis D.G., Yamartino R. (2000b). A user’s guide for the CALPUFF dispersion Model. Earth 
Tech, Inc., Concord, MA. Available at http://www.src.com/calpuff/download/ CALPUFF_UsersGuide.
pdf (last access 07/10/10)
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The air stream generated by the fan of pneumatic seeders necessary to create the 
depression in the sowing element of the machine, is considered responsible for 
blowing some solid dust particles detached from treated seeds towards the areas 
adjacent to the field. To try to solve this problem several technical solutions applicable 
to pneumatic seeders have been developed in the last years, but none of them was able 
to completely eliminate the dust dispersion.
This paper reports experimental tests to study the constructive and operative 
parameters of an innovative device. The capability to eliminate dust dispersion during 
maize sowing operations has been studied as well.
In this prototype, a cyclone is used to clean the air coming from the sowing elements. 
The collected solid dust particles are then discharged into the soil by mean of a specific 
controlled valve. To test this new solution, the device has been mounted on a maize 
pnaumatic seeder equipped with 6 seeding elements and set to seed 75,000 seed ha-1.
The main targets of these tests, were first to evaluate the influence of the device on the 
seeder’s performances andthen the determination of the amount of dispersed dust.
The results showed that the use of this new device was able to reduce the drift of solid 
dust particles up to 100% and did not influence the performances of the seeder.
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During the eruption of Eyjafjallajokull in 2010, a detailed dataset of volcanic ash 
observations has been compiled by airborne lidar during six research flights over the 
United Kingdom and surrounding seas using the Facility for Airborne Atmospheric 
Measurements (Marenco et al, 2011). 
Aircraft in situ measurements of the particle size-distribution obtained during ash 
layer penetrations permitted the evaluation of a coarse extinction fraction (ranging 
0.5-1) and a coarse mode specific extinction (0.6-0.9 m2 /g). These quantities 
were then used to convert the lidar-derived aerosol extinction coefficient to ash 
concentration. The combination of lidar and in-situ sampling has thus offered us the 
opportunity to compile a dataset of the airborne Eyjafjallajökull ash: whereas the in-
situ instrumentation provided a good insight into the microphysics, the lidar permitted 
mapping the ash layers with excellent detail.
The data highlight the very variable nature of the ash plume in both time and space, 
with observed concentrations up to 1900 µg/m3 in small high density patches (due to 
safety restrictions, flights were only done in areas where forecasted concentrations 
were smaller than 2000 µg/m3).
As data of airborne volcanic ash concentrations are rather limited, these results are 
considered invaluable for validation of dispersion models and satellite products. 
We will show how the dataset has been successfully used for the improvement of 
dispersion models (Kristiansen et al, 2012, Webster et al, 2012, Grant et al, 2012) and 
for the validation of satellite products based on IASI and SEVIRI (Francis et al, 2012, 
Newman et al, 2012).

Francis, P.N., M.C. Cooke, and R.W. Saunders (2012), J. Geophys. Res. 117, 10.1029/2011JD016788.
Grant, A.L.M., H.F. Dacre, D.J. Thomson, and F. Marenco (2012), Atmos. Chem. Phys. 12, 10145.
Kristiansen, N.I., A. Stohl, A.J. Prata, N. Bukowiecki, H. Dacre, S. Eckhardt, S. Henne, M.C. Hort, B.T. 

Johnson, F. Marenco, B. Neininger, O. Reitebuch, P. Seibert, D.J. Thomson, H.N. Webster, and B. 
Weinzierl (2012), J. Geophys. Res. 117, 10.1029/2011JD016844.

Marenco, F., B.T. Johnson, K.F. Turnbull, S. Newman, J.M. Haywood, H. Webster, and H. Ricketts (2011), 
J. Geophys. Res. 116, 10.1029/2011JD016396.

Newman, S.M., L. Clarisse, D. Hurtmans, F. Marenco, B. Johnson, K. Turnbull, S. Havemann, A.J. Baran, 
D. O’Sullivan, and J. Haywood (2012), J. Geophys. Res. 117,  10.1029/2011JD016780.
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J. Dorsey, A. Minikin, B. Weinzierl, U. Schumann, R. S. J. Sparks, S.C. Loughlin, M.C. Hort, S.J. 
Leadbetter, B.J. Devenish, A.J. Manning, C.S. Witham, J.M. Haywood, and B.W. Golding (2012), J. 
Geophys. Res. 117, 10.1029/2011JD016790.
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During the Fennec campaign (June 2011 and June 2012), the Facility for Airborne 
Atmospheric Measurements observed boundary layer and aerosol processes in detail 
over the Saharan “heat low” region (Ryder et al, 2013, Hobby et al, 2013). The 
intense daytime heating and dry atmosphere in the Sahara typically leads to a deep dry 
convective boundary layer growing intro a residual layer, with the free troposphere 
above. In this presentation, we characterise these air layers using data collected with 
the on-board lidar together with other available instrumentation. The interpretation of 
lidar signals in this particular geometry is possible under certain assumptions, using a 
novel data inversion framework, based on the possibility of identifying a well-mixed 
layer near the surface (Marenco, 2013).
Dust aerosol has been observed in most cases, but a thin polluted non-dusty layer has 
been observed during one flight near Zouerate (Mauritania). The optical thickness of 
the dust layers is variable in time and space, and sometimes very hazy atmospheres 
(AOD > 2) are observed. The analysis of temperature and dewpoint profiles are used 
to identify the boundary layer and residual layer tops, and in conjunction with lidar 
observations this serves to quantify the dust content of both layers. An aerosol-laden 
residual layer is usually found during the campaign at an altitude of 2-6 km in the 
morning hours, with little aerosol below. The aerosol in the boundary layer is seen 
to develop later when solar heating of the surface induces turbulence until in the late 
afternoon the top of the boundary layer reaches up to ~ 6 km. The likely role of dust 
uplift, transport and boundary-layer entrainment in producing this typical profile are 
discussed. 
Clouds embedded in the dust, revealed near the top of the aerosol layer, have been 
observed frequently. A robust cloud detection product has been set up using two 
on-board remote sensing instruments: the lidar and the Heimann passive infrared 
radiometer. These observations will be precious for the characterisation of model and 
satellite products, the quantification of climate forcing in this remote area, and the 
study of aerosol-cloud interactions.

Marenco, F., Nadir airborne lidar observations of deep aerosol layers, Atmos. Meas. Tech. 6, 2055, 2013.
Ryder, C.L., E.J. Highwood, P.D. Rosenberg, J. Trembath, J.K. Brooke, M. Bart, A. Dean, J. Crosier, J. 

Dorsey, H. Brindley, J. Banks, J.H. Marsham, J.B. McQuaid, H. Sodemann, and R. Washington (2013), 
Optical properties of Saharan dust aerosol and contribution from the coarse mode as measured during the 
Fennec 2011 aircraft campaign, Atmos. Chem. Phys. 13, 303.

Hobby, M, M. Gascoyne, J.H. Marsham, M. Bart, C. Allen, S. Engelstaedter, D.M. Fadel, A. Gandega, R. 
Lane, J.B. McQuaid, B. Ouchene, A. Ouladichir, D.J. Parker, P. Rosenberg, M.S. Ferroudj, A. Saci, F. 
Seddik, M. Todd, D. Walker, and R. Washington (2013), The Fennec Automatic Weather Station (AWS) 
Network: Monitoring the Saharan Climate System, J. Atmos. Oceanic Technol. 30, 709.
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Terrestrial sedimentary records are characterized by unconformities and discontinuities 
of accumulation which frequently place them at a disadvantage when compared 
with the more continuous ice, marine and lacustrine archives. Nevertheless, despite 
being subject to complexities such as variable accumulation rates and more dynamic 
environmental thresholds, loess-palaeosol sequences represent some of the longest and 
most continuous records of environmental change on land.
The general synchronicity between loess and other major global paleoclimatic records 
is well known on the level of glacial and interglacial climatic fluctuations. However, 
if analyzed at greater chronological resolution potential time-lags between climatic 
terminations of glacial/interglacial phases and loess and paleosol units formation can 
be recognized. If these major global climatic shifts did not lead to uniform responses 
of terrestrial ecosystems, it is hard to imagine that climatic fluctuations of smaller 
magnitude could be expressed synchronously worldwide. Due to the exceptional 
potential biological fertility of loess sediment, under favorable conditions loess can 
very rapidly transform to an initial soil structure or even to a pure soil. In this study we 
provide some examples of surprising results of pedogenic imprint on to the Danuben 
loess matrix. These results open a number of questions regarding the possibilities for 
reliable correlation between Danube loess and other important global paleoclimatic 
records.
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Volcanism is a potential agent for fertilizing the oceans, despite little evidence 
reported (e.g. Duggen et al., 2007; Langmann et al., 2010). This work investigates 
the biological response resulting from the deposition of ash on the southern portion of 
the Atlantic Ocean spewed during the eruptive process of Andean volcanic complex 
Puyehue-Cordón Caulle (40.59°S/72.12°W) started on June 4, 2011. The area 
under greater influence of the ash plume was set over the Atlantic Ocean using the 
Dispersion Model of Particles and Gases HYSPLIT/NOAA. The research, carried out 
by means of remote sensing, used the satellite parameters Aerosol Optical Thickness 
(AOT), Concentration of Chlorophyll-a (CHL-a) and Sea Surface Temperature (SST), 
acquired by MODIS/Aqua. The post-eruption context was assessed by comparing the 
values of the parameters for 2011 with the values of climatology created from 2002 
to 2010. Time series obtained for AOT showed an increase right after eruption as 
a result of a large input of volcanic material suspended in the atmosphere. Smaller 
peaks above Climatology occur in higher frequency at the subsequent Spring/
Summer. Two calculation methods were employed in the assembly of CHL-a time 
series: arithmetic and geometric mean. The peak of CHL-a right after the eruption is 
only noticeable in the arithmetic time series. That is because it is highly influenced 
by extreme values and, as could be seen in georeferenced matrices plotted, the main 
response of CHL-a is only a coastal signal. However, in both methods it is quite clear 
a peak far beyond Climatology in the 38th week of the year. The curve of SST did not 
show any unusual behaviour if compared to Climatology. The proposed explanation 
for the changes in the surface CHL-a is that, even with the micronutrients essentials 
for phytoplankton development added after the beginning of the eruptive event, the 
winter community, also limited by the availability of light, temperature and predation, 
did not reached a development level that could surpass predation rates and mortality. 
A possible mechanism for the occurrence of the CHL-a peak in the 38th week - 
Spring/Summer - is that the volcanic material deposited on the continent, resuspended 
with the beginning of stronger winds season, along with those who continued to be 
expelled by the volcanic complex, were potentially capable of fertilizing and raise the 
levels of CHL-a in surface waters, once luminosity and SST conditions already favors 
planktonic development.

Duggen S., Croot P., Schacht U., Hoffmann L. (2007). Subduction zone volcanic ash can fertilize the 
surface ocean and stimulate phytoplankton growth: Evidence from biogeochemical experiments and 
satellite data. Geophysical Research Letters, v. 34, p. 1-5.

Langmann B., Zaksek K., Hort M., Duggen S. (2010). Volcanic ash as fertilizer for the surface ocean. 
Atmospheric Chemistry and Physics, v. 10, p. 3891-3899.
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Dust-related problems such as deposit formation, corrosion and particulate emissions 
are of great relevance regarding wood combustion facilities. Investigations focusing 
on the physico-chemical composition and formation of fly ashes, especially fine 
particles PM2.5 (<2.5 µm), are thus of particular interest for the conception, design and 
operation of wood biomass boilers. 
Among the chemical constituents of wood-combustion dust, inorganic species may be 
largely released [Frandsen et al., 2007]. The aim of this work was therefore to study the 
submicronic (PM0.1-1, corresponding to the accumulation mode) and ultrafine (PM0.1, 
encompassing the nucleation mode) fractions of dust emitted above the flame zone 
during wood combustion, especially the size distribution and chemical composition 
of inorganic species, particularly water-soluble ions. Combustion experiments were 
conducted on a laboratory-scale wood combustion tube reactor. The influence of the 
fuel size distribution and moisture on the fine particle formation and composition 
was studied for two reactor configurations: fluidized bed and grate-fired. For each 
combustion run, high temperature (600 °C) size-segregated fine particle samplings 
were carried out above the flame zone by cascade impaction with subsequent off-line 
chemical particle analyses by ion chromatography and ICP-AES. Potassium, sulphate 
and chloride account for more than 95% of the total mass of detected ions, mainly as 
K2SO4 and KCl. The potassium mass proportion in the PM0.1 fraction varies from 35% 
to 73%, depending on runs.

Frandsen F.J., van Lith S.C., Korbee R. Yrjas P., Backman R., Obernberger I., Brunner T., Jöller M. (2007). 
Quantification of the release of inorganic elements from biofuels. Fuel Processing Technology, Volume 
88, Issues 11-12, 1118-1128.
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Meningoccocal meningitis (mainly bacteria: Neisseria meningitidis) outbreaks 
are still a major public health problem in Africa, and specifically in the 10-15°N 
latitudinal band referred to as the “Meningitis Belt”. The target population is young 
(between 1 and 29) and brings together more than 300 millions of people. The cases 
can be fatal or dramatic because of severe neurological sequelae. Moreover, even if 
a conjugate vaccine against serogroupA, dominant in the Belt, was introduced by the 
WHO in 2010, outbreaks due to other serogroups (e.g., W135) have occurred since. 
The outbreaks, which occur from the end of January to the middle of April, have been 
supposed to be related to the Harmattan conditions of the dry season (low humidity, 
dust in the atmosphere) since the 60’s. Quite recently this assumption has been 
reinforced, and quantified, notably thanks to the use of long-term spatialised climate 
and dust products (from reanalyses and remote sensing), and WHO epidemiological 
data sets. By now, the meningitis outbreaks in the Belt are considered as climate-
sensitive by both the climatologists and the epidemiologists. 
This paper focuses on dust as a key determinant among other climate variables in 
the onset and development of the disease. We first present the results in Niger and 
Mali, based on long-term AERONET measurements. We show that the onset of the 
meningitis season is tightly related to mineral dust flowing close to the surface at 
the very beginning of the year. Then, during the development of the disease, each 
meningitis peak is preceded by a dust peak, with a 0-2 week lead-time. This is in 
agreement with the incubation time period of the bacteria. This is not the case for 
humidity, confirming the special contribution of dust at this period of the year. These 
results have been confirmed in Niger at a finer spatial scale (district) based on long-
term remote sensed AI from TOMS and OMI. We finally present two case studies 
in Burkina Faso in order to underline the importance of dust, step by step, since 
the onset of the outbreak until its maximum. These results, based on a modelling 
approach (WRF/CHIMERE), are encouraging as they constitute one more step 
towards the understanding of the dust/meningitis relationships, and pave the way to 
the previsibility of the sanitary risks linked to meningitis in Africa.
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In Europe, the number of installations of small- and medium-scaled solid biomass 
combustion plants for heat and power production has been significantly increasing 
over the last decades. Wood chips comprise the main fuel source as wood is regionally 
available. Combustion of biomass, e.g. wood, is considered a renewable energy source, 
presuming forestry is performed in a sustainable fashion. Combustion of biomass 
produces heat, gases (mainly CO2), particles and ash, which consists of the non-
combustible constituents of the biomass. One portion of the ashes remains at the grate 
as bottom ash, and is mainly used as fertilizer additive, as it contains valuable nutrient 
elements such as calcium, potassium and magnesium. However, a significant fraction 
of the ash is fine-grained and thus transported as fly ash in the flue gas. Because the 
fly ash is transported in association with organic particles, the bulk material in the flue 
gas is described as dust.
To limit the emissions of dust into the environment, various particle filter techniques 
are being applied to the combustion plants. The most common filter types are cyclones, 
electrostatic precipitators and baghouse filters. According to the filter technology 
applied the collected particles, i.e. fly ashes, have various and fluctuating levels of 
not only main elements, but also heavy metals, chlorides and organic compounds. 
Therefore, fly ash is generally discarded from further use. However, instead of 
landfilling these ashes, they should be comprehensively investigated in order to 
elucidate their re-utlilization potential, which is considered being similar to that of fly 
ashes from coal combustion (i.e. as cementitious constituent). 
In this study, fly ashes from various medium-scaled biomass combustion facilities 
equipped with different particle filters, were sampled on site. The samples were 
investigated by using X-ray diffraction and subsequent pattern analysis by the 
Rietveld refinement method to obtain semi-quantitative abundances of crystalline 
phases. Furthermore, X-ray fluorescence and atomic absorption spectroscopy was 
used to yield elemental compositions.
The chemical and mineralogical compositions of the different fly ashes were compared 
and assessed in terms of the relation to filter type and combustion conditions. 
Furthermore, the reproducibility was assessed by comparing multiple fly ash samples 
from the same source over time.
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In the context of the Generation IV initiative (www.gen-4.org) and, more immediately, 
sodium-leak accidents in sodium-cooled fast-neutron reactor (SFR) facilities are the 
subject of renewed interest. The objective here is to model the aerosol contamination 
produced by a sodium fire in the containment (and potentially the atmosphere) due to a 
severe accident. Assuming that an accident has occurred, it has previously been shown 
that the mass of oxide aerosols produced by a sodium spray fire can involve more than 
60% of the ejected sodium (Mathé and Kissane, 2012). We are here interested in the 
physicochemical transformations of these aerosols.
Sodium-oxide aerosols produced inside the containment would consume H2O and 
CO2 forming hydroxide and carbonate species probably as successive layers on the 
aerosols. A single-layer-transformation model exists (Cooper, 1980) but the theoretical 
approach used has never been validated. Based on this approach, a numerical model of 
aerosol ageing for analysis of realistic cases was produced: SPARK (Sodium-Particle-
Aerosol Reaction Kinetics). Gas diffusion coefficients are required to validate this 
model where analytical data are essentially inexistent. Hence, an experimental set-up 
has been developed to measure such coefficients: ESSTIA (Experimental Study on 
Sodium Transformations and Interactions into an Atmosphere).
The principle of the experiments is to expose thin pellets of sodium compounds to 
controlled atmospheres in glove box. H2O and CO2 consumption is monitored versus 
the exposure time by gas probes. Kinetic parameters and diffusion coefficients are 
calculated by tuning our numerical model SPARK to our experimental data; some 
comparison with the sparse information from other studies is also possible.
Hence, our experimental results from ESSTIA lead to development of a modified 
Cooper’s model. Moreover, our SPARK model can now reliably simulate the impact 
of sodium-aerosol ageing in a confinement and in the atmosphere. A realistic case 
illustrates that the improved model has a significant impact on spray-fire aerosols.

Cooper, D.W. (1980) Prediction of the Rates of Chemical Transformation of Sodium Fire Aerosols, US 
NRC report NUREG/CR-1724.

Mathé, E. and Kissane, M.P. (2012) Modélisation de la Production d’Aérosols par la Combustion de 
Sodium, CFA 2012, 25-26 janvier 2012, Paris, ASFERA.
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Until 25 years ago, a coal-fired power plant in the city of Plomin (Istria, North Adriatic) 
had used local coal which contained as high as 10% of sulphur (S), and 15% of ash 
(Valković et al., 1984). The aim of this study was to assess an impact of 43 years of S and 
fly ash emissions from the plant on soil S pool. Eighteen topsoil samples were taken within 
radii of 1, 5, and 10 km from the plant, as well as every 100 m along a pollution gradient 
(PG) in the prevailing wind direction, in a distance (D) 100 m to 1 km from the plant. The 
study area is karst terrain composed of carbonate rocks, overlain by soil classified as eutri-
chromic cambisol. Major and trace elements were measured by the PIXE method. Other 
analyses included the determination of soil mineral and granulometric composition, pH, 
LOI, CEC, and CaCO3 content. The ongoing work is focused on Hg measurements, PIXE 
analysis of new soil samples taken from wider region of the plant, and laboratory-scale 
toxicity testing to determine the properties of leachates of the soil. Previously, Oreščanin 
et al. (2002) found neither cytotoxic nor mutagenic effects of the Plomin bay sediments. 
According to Oreščanin et al. (2009), these sediments had identical chemical composition 
regardless of time of deposition (i.e. prior and following the plant activity). Analysed soils 
are composed of quartz, plagioclase, muscovite, vermiculite, haematite, and chlorite. Silt 
and clay size fractions constitute a major portion of soil. Its median values of pH, CEC, 
LOI, and CaCO3 were as follows, respectively: 6.8, 25.4, 22.6, and 7.9. As regards the PG 
samples, their mean, median, min, max, and SD values calculated for S were as follows, 
respectively (%): 0.88, 0.40, 0.12, 3.28, and 0.98. Sulphur mean is almost twice as high 
as S value of 0.5% reported for this locality by Miko et al. (2003). Statistically significant 
Kendall’s Tau correlation coefficients of pairs D-LOI, D-S, D-Cu, S-LOI, and S-Cu were 
as follows, respectively: -0.51, -0.73, -0.60, 0.60, and 0.69. These results evidence a strong 
trend with distance from the plant, thus indicating that a point source played a major role 
in a local distribution pattern of sulphur.

Miko S., Durn G., Adamcová R., Čović M., Dubíková M., Skalský R., Kapelj S., Ottner F. (2003). Heavy 
metal distribution in karst soils from Croatia and Slovakia. Environ. Geol., 45: 262-272. 

Oreščanin V., Franekić Čolić J., Durgo K., Valković V. (2002). Investigation of mutagenic effect of metals in 
Plomin bay sediments by modified preincubation Ames assay. J. Trace Micr. Techn., 20: 69-78.

Oreščanin V., Nađ K., Bartolinčić A., Valković V. (2009). Chemical profile of Plomin bay sediments. Arh. 
Hig. Rada Toksikol., 60: 281-287.

Valković V., Makjanić J., Jakšić M., Popović S., Bos J.J.A., Vis D.R., Wiederspahn K., Verheul H. (1984). 
Analysis of fly ash by X-ray emission spectroscopy and proton microbeam analysis. Fuel, 63: 1357-1362.
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The Soot on the Snow (SoS-2013) experiment was carried out in Sodankylä (67°22’N, 
26°39’E, 179 m a.s.l.), North of the Arctic Circle, to study the effects of deposition 
of Black Carbon (BC), Icelandic volcanic sand and glaciogenic silt on the surface 
albedo, snow properties and melt of the seasonal snow. The BC was soot originating 
from chimneys above residential wood-burning fireplaces in Helsinki, except for one 
experimental spot where the soot was from a chimney of an oil burner, and another 
one where the soot originated from a peat-burning power plant. The volcanic sand 
was a dark mixture of the volcanic ash of glaciofluvial nature, originating from under 
the Myrdalsjokull glacier, which may be mixed with the ash of the Eyjafjallajokull 
eruption in 2010 and the Grimsvotn eruption in 2011. The glaciogenic silt was lighter 
in colour than sand, from light-brown to slightly yellowish colour consisting mainly 
of silt and some coarse clay sized particles, which could be deposited on the local 
glaciers as well as transported over several hundreds of kilometers towards Europe. 
Here we present our SoS-2013 results on snow albedo/reflectance (ASD spectrometers 
for 325-1075 nm, and 350-2500 nm), and snow density (more detailed in Meinander et 
al. 2014), coupled with snow elemental (EC) and organic carbon (OC) concentration 
(Thermal/Optical Carbon Aerosol Analyzer), and we also compare our SoS-2013 
results with previous EC/OC and albedo data for Sodankylä snow (Meinander et al. 
2013).

Meinander, O., Kazadzis, S., Arola, A., Riihelä, A., Räisänen, P., Kivi, R., Kontu, A., Kouznetsov, R., 
Sofiev, M., Svensson, J., Suokanerva, H., Aaltonen, V., Manninen, T., Roujean, J.-L., and Hautecoeur, 
O. 2013: Spectral albedo of seasonal snow during intensive melt period at Sodankylä, beyond the Arctic 
Circle, Atmos. Chem. Phys., 13, doi:10.5194/acp-13-3793-2013, 3793-3810.

Meinander, O., Kontu, A., Virkkula, A., Arola, A., Backman, L., Dagsson-Waldhauserová, P., Järvinen, O., 
Manninen, T., Svensson, J., de Leeuw, G., and Leppäranta, M. (2014): Brief Communication: Light-
absorbing impurities can reduce the density of melting snow, The Cryosphere Discuss., 8, doi:10.5194/
tcd-8-259-2014, 259-271.
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Total Suspended Particulate Matter (TSPM) was measured at two heights at a building 
in Hermosillo, Sonora, during a year (2013). Hermosillo is a rapidly growing city 
located in the Sonora desert, Mexico with >700,000 inhabitants. It is located at 
250 km to the south of the U.S.-Mexico border.Unpaved roads represent a 23% of 
the urban area. Thermal inversion is commonly observed in winter. Potential local 
pollutants are limited to emission from vehicular traffic, cement industries, and 
agricultural activities.Traffic was measured at sampling site with manual counters 
during 12 hours and six vehicle categories were considered. These were combined to 
two new categories: heavy-duty vehicles (HDV) including trucks with semi-trailers, 
trucks with trailers, trucks, and buses, and light-duty vehicles (LDV) including cars, 
vans and motor bikes. Hourly counts were summed up to daily counts. Meteorological 
parameters were obtained from a Davis Weather Station Model Vantage Pro2 6152, 
located at the sampling site. Samples of TSP were collected on Whatman quartz 
microfiber filters using a TISCH high-volume air sampler (model TE-5000) with a 
flow rate of 1.1 m3 min-1. Filters were equilibrated in a desiccator for 48 h and then 
weighed before aerosol sampling. To determine the bulk metal content in TSPM, each 
filter was digested with a mixture of 3:1:1 of HNO3-HClO4-HF in teflon vessel and 
heated in microwave system. Fifty elements (Sc, Y, REE´s, Be, Na, Mg, Al, K, Ca, 
Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Ru, Rh, Pd, Ag, Cd, Sn, Sb, Te, Ba, 
Hf, Ir, Pt, Au, Tl, and Pb) were measured by inductively coupled mass spectrometry. 
Traffic volume estimation indicates that vehicles with catalytic converters were the 
major contributors to traffic counts (near 70% of a total of 34000 vehicles per 12 
hours). Results showed that traffic pattern during the sampling time and the other 
days of the week had similar trend. TSPM minimum values were reported for summer 
and winter, and maximum values were found at spring. WHO maximum permissible 
levels for TSP were significantly exceeded at ground samplers (44% of analyzed days) 
when compared to roof samplers (18% of analyzed days). As, Pb, Cu, V, Co, Cd, show 
higher contents at ground level when compared to roof level. Health risk assessment 
was conducted for exposure to metals and hazard index was higher for ground level 
than for roof levels. Since most studies are conducted at roof levels, this work suggest 
that risk assessment could be underestimated when compared to pedestrian exposure 
(ground level).
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A study was conducted on the spatial distribution of Cu, Mn, Pb, Cd, As, and Zn in 
urban dust (streets and playgrounds) in Hermosillo city, northern México. Levels of 
pollution and origin of dust (geogenic vs anthropogenic) were identified as well as the 
possible risks to human health associated to the total concentrations and bioaccessible 
fraction of metals. The study focused on three particle size fractions: less than 0.044 
mm (inhalation), of 0.044 mm (ingestion), and 0.072 mm (geophagy, pica). The 
following studies were conducted for the three fractions: i) total metal concentrations; 
ii) bioaccessibility in gastric and intestinal fluids; and iii) association to different 
mineralogical groups by means of X-ray diffraction and chemical sequential extraction 
procedures (interchangeable, carbonates, sulfates, organic matter, iron and manganese 
oxides, and refractory silicates). The identification of a natural or anthropic origin 
for dust was conducted from the estimation of Enrichment Factor. A Geographical 
Information System was used to represent spatial distribution of metals in the city, 
showing vulnerability areas defined on the basis of socio-economic data, education, 
and public services. According to the results of the Index of Pollution Cu, Pb, Zn, and 
Cd levels are extremely high for both streets and playgrounds. Results show that in all 
studied metals the total content increases as the particle size decreases, however, the 
bioaccessibility study indicates a variable behaviour. Cu has the highest percentages 
of bioaccesibility in samples taken in areas of high traffic, with values of 36.4% in 
gastric fluid and up to 6.1% in intestinal fluid. Zn shows high levels of bioaccessibility 
from 5.2 to 18.1% and from 0.1 to 21.7% for gastric and intestinal phases, respectively. 
Pb has a high variation in bioaccessibility with ranges from 2.6 to 11.3% in gastric 
phase, and 0.3 to 8.8% in intestinal phase. Sequential extraction tests indicated that Cd 
and Cu are mainly associated to carbonates in areas of high traffic density, while Cu 
is associated with residual fraction and organic matter/sulphides in samples located in 
areas of intermediate traffic. Bioaccessibility percentages were higher in samples with 
metals associated to carbonates. In comparison with playgrounds and streets from 
other cities in the world, a significant outcome of this research is that the relatively 
small city of Hermosillo shows pollution levels similar to megacities.
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The occupational exposure to dust generated by quarrying siliceous rocks is a 
well-documented respiratory hazard. Similarly, the health hazard of volcanic ash is 
routinely studied, but little is known about the specific respiratory hazard of quarried 
volcanic deposits. Two main mechanisms by which volcanic quarry dust could be 
implicated in toxicity are: i) crystalline silica content; and ii) reactive iron on particle 
surfaces leading to hydroxyl radical generation. Here, 12 quarries (in New Zealand, 
Montserrat and Greece) variously extracting and processing volcanic material across 
the magmatic spectrum were investigated and compared with volcanic ash samples 
and dust from two non-volcanic quarries.

Grain size analyses revealed the finest material was generated by drilling lava 
flows, however, several sample types contained high levels of respirable material, 
akin to volcanic ash, but not as high as sandstone. SEM analyses confirmed a 
broad morphological similarity of the respirable fraction between all sample types. 
Crystalline silica content was highest in intermediate and felsic dome-forming 
settings, at similar levels (up to 28 wt. %) to dome-collapse ash; greywacke was 
comparable, however, the sandstone was almost pure crystalline silica. Hydroxyl 
radical generation was lower for quarried volcanic samples than for either volcanic 
ash or sandstone. Toxicity (to erythrocytes) was exhibited by four samples from two 
volcanic quarries, but may be influenced by the presence of clays. Exposure levels 
(both role-specific and background) were mostly within international limits, however, 
perception of dust hazard and mitigation measures were variable and workers would 
benefit from better awareness.

Volcanic quarries post a hazard distinct from both volcanic ash and non-volcanic 
quarries. Whilst, the overall hazard may be lower than for other rock types, occupational 
health would be better served with a greater understanding of the specific risks and 
access to pragmatic mitigation measures.

Horwell C., Baxter P. (2006), The respiratory health hazards of volcanic ash: a review for volcanic risk 
mitigation, Bulletin of Volcanology 69, 1-24.

Damby D.,Horwell C., Baxter P.,Delmelle P., Donaldson K., Dunster C.,Fubini B., Murphy F., Nattrass 
C., Sweeney S., Tetley T.,Tomatis M., (2013) The respiratory health hazard of tephra from the 2010 
Centennial eruption of Merapi with implications for occupational mining of deposits, Journal of 
Volcanology and Geothermal Research 261, 376-387.

Le Blond J.,Horwell C., Baxter P.,Michnowicz S., Tomatis M.,Fubini B.,Delmelle P.,Dunster C.,Patia H., 
(2010)Mineralogical analyses and in vitro screening tests for the rapid evaluation of the health hazard of 
volcanic ash at Rabaul volcano, Papua New Guinea, Bulletin of Volcanology 72, 1077-1092.
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Two billion people around the world are exposed to aeolian dusts, which contribute 
to cardiovascular and respiratory disease. The fungi (Coccidioidesimmitis/posadasii) 
responsible for Valley Fever or coccidioidomycosis (cocci) live in the arid soils of the 
New World (from SW USA to Argentina). This pulmonary infection is highly endemic 
in certain areas and individual outbreaks result in thousands of cases. In Arizona, 
150,000 people are diagnosed each year, of which ~30 will die. In California, the 
annual death rate is ~70 people. Approximately 60% of individuals are asymptomatic 
and most of the remaining 40% experience mild to moderate symptoms (cough, 
fever, arthralgias, myalgias, and fatigue); however, among certain demographic 
groups, complications and disseminated disease can occur. Diagnosis usually requires 
laboratory studies, with treatments including a range of antifungal drugs (a vaccine 
remains in development).Statistics in Arizona show an increase of diagnosed cocci 
cases which cannot be ascribed to improved diagnostic practises. Increased global 
travel has led to more geographically widespread diagnoses, resulting from travellers 
who have visited endemic areas.

Incidence of cocci varies seasonally and annually; it is linked to changing climatic 
conditions including temperature and rainfall. Weather models show a strong 
geographical correlation between a lack of rainfall and associated cocci outbreaks. 
There is a great need to monitor conditions of atmospheric dust and the development 
of storm warnings could reduce exposure and subsequently rates of infection. Global 
climate change is likely to increase the incidence of many respiratory diseases, with 
cocci potentially becoming more widespread due to increasing desertification and 
subsequent geographical expansion of the fungi’s habitat. Here, we provide an update 
of current understanding regarding cocci and the factors that influence outbreaks, 
by reviewing literature published over the past 15 years. In a rapidly changing 
environment it is important to develop a greater understanding of the factors that 
surround dust storms and their associated disease outbreaks.

Nguyen, C. et al. (2013). Recent Advances in Our Understanding of the Environmental, Epidemiological, 
Immunological, and Clinical Dimensions of Coccidioidomycosis. Clinical Microbiology Reviews 26, 
505-525.

Tsang, C. A. et al. (2010) Enhanced Surveillance of Coccidioidomycosis, Arizona, USA, 2007-2008. 
Emerging Infectious Diseases 16, 1738-1744.

Hector, R. F. &Laniado-Laborin, R. Coccidioidomycosis - A fungal disease of the Americas. Plos Medicine 
2, 15-18.
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Urbanization is accompanied by chemical changes due to dust dispersion from 
multiple sources. In general the peak amounts of metals and organic contaminates 
exist in communities surrounding the urban center and diminish toward the outer 
margins of the city. Many organic and inorganic chemicals follow the same pattern 
of distribution in the city. Lead is an excellent analogue for the urban pattern of many 
inorganic and organic compounds. Empirical research in New Orleans involves 
systematically analysing chemical characteristics of soil samples (n= 5467), as well 
as children’s blood lead responses (n=55,551) and school performance responses, 
matched and stratified by community boundaries. Soil Pb is an excellent predictor 
of children’s blood Pb. Based on the soil lead map, New Orleans communities were 
divided into two sets, high (≥100 mg/kg) and low (<100 mg/kg) soil lead. The pre-
Katrina children’s blood Pb prevalence ≥ 5 µg/dL in the high and low Pb communities 
were 58.5% and 24.8%, respectively, vs. 29.6% and 7.5%, respectively, post-Katrina. 
Nevertheless elevated soil Pb permeates communities and children playing outdoors 
generally lack safe environments. New Orleans research is supported by decades of 
study by clinicians that demonstrate profound latent effects of infant lead exposure 
on behaviour and learning characteristics later in life. Low Pb soils at the outskirts 
of New Orleans are available for intervention of soil lead contaminated communities 
toward the center of the city (Figure below).

Mielke, H.W. Lead in the Inner Cities. American 
Scientist 1999, 87(1), 62-73.

Mielke, H.W.; Gonzales, C.R.; Powell, E.; 
Jartun, M.; Mielke, P.W. Nonlinear association 
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Metropolitan New Orleans. Sci.Tot. Env. 2007, 
388, 43-53.

Mielke, H.W.; Gonzales, C.R.; Powell, E.; Mielke, 
P.W. Environmental and health dis-parities in 
residential communities of New Orleans: The 
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prevention. Environment International 2013, 51, 
73-81.
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In recent years, dust storms have become a common phenomenon in the West Asia 
region. This phenomenon is affecting mostly the western and central parts of Iran, 
where the agriculture is the economic mainstay of households. Dust storms can have 
a devastating effect on agriculture and soil fertility. This research aimed to investigate 
the capability of spectrometry in discriminating wheat canopies which are under dust 
stress in different growth stages. Two wheat (Triticum aestivum L.) species including 
Aflak and Pishtaz, were grown in pots (17 cm) under controlled conditions. 20 
numbers of seeds were cultivated in each pot and each treatment was replicated three 
times. The treated samples were exposed to simulated dust storm at tow growth stages 
including Tillering and Heading. In each stage the treatments were exposed in 6 days. 
After each 2 days (during 6 days), field spectroscopy measurements were carried out 
at canopy level using a full range spectro-radiometer ASD. The ASD fibre optic with 
an 8° field of view (FOV) was held at 90 cm above each pot. With this setting, the 
diameter of FOV was 13 cm with the nadir point being the centre of the circle. To 
minimize noise in the measured reflectance spectra, the 8 spectral measurements of 
each sample were averaged. Bands with a wavelength less than 400 nm and more than 
2400 nm displayed very high levels of noise and thus were excluded. The analysis 
and processing were carried out using MATLAB. Coverage percentages (fcover) 
were measured for each pot. The total canopy chlorophyll content for each pot was 
obtained by multiplying the leaf chlorophyll content by the corresponding fcover. 
After measuring fresh weight and dry weight, the amount of nitrogen was determined 
by colorimetric analysis.
New narrow-band vegetation indices from NDVI, ARI, SAVI2 and PVI indices 
were computed from the measured canopy spectra, using all possible two-band 
combinations, involving 2400 wavelengths between 400 nm and 2400 nm. Later 
PLSR models were used to determine the relationships between vegetation indices 
and plant biochemical data. The result showed that spectrometric measurements is 
a potential and promising technology for monitoring environmental stresses such as 
dust storm on agricultural product especially for wheat crops.
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Aerosols discharged from factories and automobiles are a major cause of air pollution 
in metropolitan areas as well as in areas along arterial roads. In Japan, the ambient 
air quality standards apply to suspended particulate matter (SPM: particles with a 
diameter less than 10 μm). In addition to the SPM regulation, PM2.5 regulation has 
been started in September 2009. Concentrations of aerosols are measured across 
the country at more than 1,500 continuous air pollution monitoring stations. This 
monitoring alone, however, does not provide us with sufficient information for the 
identification of the sources of aerosol emissions or an understanding of aerosol 
dynamics in the environment. Additionally, it is very important to obtain the chemical 
information in order to determine the source contribution [1]. As a result, there is an 
urgent need of the equipment which has combined the properties of multifunction 
analysis and mobility.

In response to this situation, we are currently developing an apparatus that can 
simultaneously analyze the concentration and composition of aerosols. This apparatus 
features the combination of an X-ray tube and an beta ray and original membrane filter 
based on a polytetrafluoroethylene (PTFE)*1 film with ultra low chemical background 
[2]. The X-ray tube is used for component analysis by the X-ray fluorescence method, 
and the beta ray is used for measurement of aerosol concentrations by beta attenuation 
method. While the conventional monitoring stations measure only the aerosol 
concentrations, this apparatus is intended to identify the sources of aerosol emission 
more accurately by adding a component analysis of the same sample.

1. Katsumi Saitoh et al., (2013). International Journal of PIXE, Vol. 22, 179-184
2. Akihiro Fushimi et al., (2011). Atmospheric Environment, Vol. 45, 6326-6336,
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Volcanoes eruptions can cause damages and hazards in the air as well as at the ground. 
Specific damages and mitigating actions depend on the interested altitude ranges. 
Lidar techniques are nowadays a very powerful instrument to obtain information 
on the aerosol vertical distribution in the atmosphere and to provide data about the 
presence, altitude, layering and optical properties of a cloud of volcanic origin. Recent 
eruptions of Etna in 2001, 2002, of Nabro in 2011 and Eyjafjallajökull in 2010 showed 
that lidar networks could help track volcanic clouds. When Eyjafjallajökull erupted in 
April 2010, satellites showed the extent of the ash cloud but were unable to indicate 
the vertical distribution of aerosols in the atmosphere. This 4D picture was available 
in 2010 from EARLINET (European Aerosol Research Lidar NETwork) in Europe.
EARLINET performed almost continuous lidar measurements during the 
Eyjafjallajökull eruption event in April-May 2010. 
The coordinated observations by EARLINET and a methodology that was specifically 
designed ad hoc for this event provided a detailed description of the 4D distribution 
of the volcanic cloud over Europe for the whole event. Geometrical properties of the 
volcanic cloud over Europe were provided with high vertical resolution (typically 60-
180 m) in terms of base, top, and center of mass of the volcanic layer.
A first volcanic layer was observed over Hamburg in the early morning of 16 April. 
In the following days the ash plume was observed over Central Europe and Belarus. 
Volcanic particles were observed over Italy on 20 April and over Greece on 21 April. 
The volcanic cloud was persistent over Central Europe for the whole period (15 - 26 
April), with varying aerosol loads. Intrusion into the PBL was commonly detected at 
almost each site. In May volcanic particles were detected over Spain and Portugal and 
then over the Mediterranean and the Balkans. Volcanic particles were observed over 
Central Europe until 25 May. Mixing of volcanic particles with other kind of aerosol 
(dust, continental and local) was identified. 
Quantitative optical data collected by EARLINET for this event, including the 
specific relational database related to the geometrical properties of the volcanic cloud, 
represent a unique database for model evaluation, data validation, and integration.

Acknowledgments - The financial support by the European Community through the 
ACTRIS Research Infrastructure Action under the 7th Framework Programme under 
ACTRIS Grant Agreement n° 262254 is gratefully acknowledged.
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Systematic observations of Saharan dust events over Europe are performed from May 
2000 by EARLINET, the European Aerosol Research LIdar NETwork. EARLINET 
is a coordinated network of stations that make use of advanced lidar methods for the 
vertical profiling of aerosols. The backbone of EARLINET network is a common 
schedule for performing the measurements and the quality assurance of instruments/
data. Particular attention is paid to monitoring the Saharan dust intrusions over the 
European continent. The geographical distribution of the EARLINET stations is 
particularly appealing for the dust observation, with stations located all around the 
Mediterranean and in the center of the Mediterranean (Italian stations) where dust 
intrusions are frequent, and with several stations in the central Europe where dust 
penetrates occasionally. All aerosol backscatter and extinction profiles related to 
observations collected during these alerts are grouped in the devoted “Saharan dust” 
category of the EARLINET database. This category consists of about 4700 files (as 
of December 2013). 
Case studies involving several stations around Europe selected from this long-term 
database have been provided the opportunity to investigate dust modification processes 
during transport over the continent. More important, the long term EARLINET dust 
monitoring allows the investigation of the horizontal and vertical extent of dust 
outbreaks over Europe and the climatological analysis of dust optical intensive and 
extensive properties at continental scale. 
This long-term database is also a unique tool for a systematic comparison with dust 
model outputs and satellite-derived dust products. Because of the relevance for both 
dust modeling and satellite retrievals improvement, results about desert dust layers 
extensive properties as a function of season and source regions are investigated and 
will be presented at the conference. 

Acknowledgments - The financial support by the European Community through the 
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ACTRIS Grant Agreement n° 262254 is gratefully acknowledged.
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Air quality in urban areas tends to be poor.An evaluation of the possible health impacts 
of the suspended particulate matter (PM) is still needed in several Mexican cities. In 
the case of arid northern areas, the lack of information is even more remarkable. 
Hermosillo city, located in NW Mexico, is a rapidly growing and industrialized 
city located within the Sonoran desert (low annual precipitation and extremely high 
temperatures). Several diseases as those related with respiratory problems have 
increased dramatically in the last years. Previous studies show high metal- and 
pesticide-concentrations in urban soils and suspended dusts. In order to understand 
dust-generating processes and sources (geogenic vs. anthropogenic), a long term 
monitoring air was made within the city. A total of 1,386 high volume measurements 
of PM10 and TSP were carried out in Hermosillo in a monitoring period from 2000 to 
2012. The evolution in time of particulate concentration (PC) during this period has 
been analysed in conjunction with historic climate data and calculated aridity index 
(AI) and erosion potential (EP). Additionally, bulk metal content of selected TSP and 
PM10 filters were measured. The climate factor that has the clearest influence on the 
PC is the relative humidity (RH). An important peak of RH is reported in 2005, and 
correlates with a drop in PC in all the monitoring stations. An increased percentage of 
dusty days are observed from 2000 to 2004, which apparently follows a predictable 
increase in AI and EP. However, a decrease in AI and EP is observed after 2004, which 
fails the expectable decrease in PC. This is an inflexion point where dust production 
was mainly controlled by erosion processes, and then anthropogenic processes is 
probably a contributing source in the last years. In fact, the chemical compositions 
of filters from the geogenic and anthropogenic periods behave differently. The 
concentration of PM varies geographically but the data is consistent during the studied 
period, implying that particulate sources are punctual and local. The worst air quality 
is located in the northern area, which correlates with scarce asphalting and artisanal 
brick production. High PM10 concentrations are reported for the southern zones, 
a high-industrialized area, and metallic and non-metallic activity to the SE zones. 
Finally, Hermosillo is the most important cement producer in Mexico and the industry 
is located within the city limits. Also the city experiencedhigh constructionperiod as 
a consequence of the rapidurbanization in the last years. PM has a surprising similar 
metal behaviour with the metal composition of the cement produced and used in the 
city. Hence, anthropogenic activities seem to be a main PM source in Hermosillo.
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Health risk assessment in the ceramics industry traditionally rests upon crystalline 
silica toxicity and exposure levels. Notwithstanding, workers in the ceramics factories 
may be exposed to a number of potential toxicants, including iron [1]. In this paper 
the nature and properties of quartz and Fe-bearing minerals in clay brick and pottery 
productions, and the possible mutual interactions between them, have been evaluated 
by means of integrated individual particle characterisation-bulk chemical analyses of 
both the raw materials and the airborne dust particles.
Aerosol dust samples have been collected from different working stations in different 
clay brick and pottery factories in Umbria (Central Italy). Individual particle 
characterization has been performed by means of scanning electron microscopy 
(SEM) coupled with image analysis and EDS microanalysis [2]. The mineralogical 
composition has been obtained by means of X-ray diffraction (XRD), while the 
concentration and the solubility degree of Fe has been determined by inductively 
coupled plasma atomic emission spectrometry (ICP-AES).
Quartz revealed similar grain size and surface morphology in both sectors. The 
exposure doses resulting from surface area measurements were also similar; 
they greatly exceeded the minimum dose able to induce significant cytotoxic and 
inflammogenic effects on cell cultures [1]. This fact alone does not explain the 
observed higher incidence of silicosis in the clay brick production [3]. When looking 
to the total and the soluble Fe amounts in the dust, however, values for the clay brick 
remarkably exceed those for pottery. This means that, despite the generally similar 
compositions of clay raw materials, the airborne dust may be much more enriched 
in Fe in the clay brick than in the pottery production. The mean values of the Fe/Qz 
ratio have been estimated based on the values of iron and quartz concentrations in the 
samples. The values obtained for pottery are in the range of possible adverse health 
effect, while the values for clay brick seem too high to attain adverse health effects; 
rather, a protective action may be postulated in this case [1]. In the light of all these 
points, significant reduction of the health risk in the ceramics industry may be attained 
only after a deep examination of the properties and the exposure conditions of the 
whole materials even in the same working environment.

1. Ghiazza M., Scherbart A.M., Fenoglio I. et al. (2011) Chem. Res. Toxicol. 24, 99-110.
2. Moroni B., Viti C., Cappelletti D. (2013) JESEE doi:10.1038/jes.2013.3.
3. Verdel U., Incocciati E., Massera S., Rughi D. (2006) Proc. 24th A.I.D.I.I. Nat. Cong., 55-60.
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Historic towns in Central Italy often face the consequences of typically tightened 
urban arrangements, such as reduced viability and intense road traffic. In Perugia the 
question of traffic has been addressed through different solutions of urban mobility. A 
ropeway public transport system called Minimetrò is among them. The same system 
serves as the base for an integrated project of urban dust modeling in terms of the 
properties, sources and fate of the constituent particles, with final aim to check the 
situation and test the effectiveness of pollutant abatement strategies and control 
systems.
The project [1] integrates time/space resolved environmental measurements 
from a mobile cabin in the Minimetrò line with measurements from fixed stations 
located at the terminals of the line. Data (PM10, PM2.5, O3, NOx, CO and Radon 
concentrations, weather parameters, size distribution measurements) from the urban 
background station in Perugia and from the WMO SDS-WAS regional background 
station of Monte Martano (Central Italy) are considered for comparison [2]. Finally, 
the traffic rates are recorded at two crossroads intersected by the Minimetrò line. Off-
line analyses are performed on selected filters by PIXE, ICP-AES and thermo-optical 
methods; selected samples undergo SEM measurements and microbial tests.
Results point to the main impact of local traffic through fine particle emission and 
coarse particle resuspension The influence of local meteorology and topography on 
the development of the planetary boundary layer upon the town is also well evidenced. 
Comparison between urban and regional background data points to the remarkable, 
though variable, contribution of Saharan dust in the total dust load. Finally, the impact 
of the mobile transport system itself clearly results in significant amounts of heavy 
metal and organic species.

1. Castellini S., Moroni B., Cappelletti D. (2013). PMetro: measurement of urban aerosols on a mobile 
platform. Measurement, doi: http://dx.doi.org/10.1016/j.measurement.2013.11045.

2. Moroni B., Castellini S., Crocchianti S., Scardazza F., Angelucci M., Pompei M., Vecchiocattivi M., 
Cappelletti D. (2013). Ground-based measurements at the WMO SDS-WAS rural regional background 
station of Monte Martano (Central Italy). 7th Int. Workshop on Sand/Duststorms and associated dustfall, 
2-4 December 2013, Frascati, Italy. 
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The available scientific data for SDS in the West Asia Region are alarming. Especially 
in Western Iran, Iraq, Syria, and northern Saudi Arabia, the number of “hotspots”, 
the source areas where sediments are mobilized during strong winds, has more than 
quadrupled in the last 14 years. The results of inspecting show that the main focuses 
of dust in West Asia are the Forat region near Syria and Iraq. The space of this area 
is ten than sand of square kilometer that in drought years without rainfall and in wet 
years with a rainfall less than 100 to 150mm.Today the most important factors are 
including:
1 - The long drought in Middle East.
2 - Block the Forat river water by huge dams of turkey, Syria, Iraq

About 14 Provinces in Iran are affected by SDS in Iran.The most affected provinces in 
the country are Khuzestan, Kermanshah, Kordestan, Lorestan and Yazd. This study is 
about overall health, environmental and economic effects by dust on these provinces.
In Kermanshah visibility reduced due to dust, it reduced to 100 meters, its a record 
of Kermanshah weather inventory in 58 years. Horizontal and vertical viewing on 
Saturday and Sunday, the thirteenth and fourteenth of July 2010 in most parts of 
the province fell to below 500 meters. The situation was more or less in Kurdistan 
province too.
In Khuzestan, in the period 2007-2009 maximum sediment-in-air concentrations 
during SDS events more than tripled, the event durations doubled or tripled, and 
the number of traffic accidents, school closures, and flight cancellations matched 
or greatly exceeded the SDS event attributes. In April 2010, dust concentration in 
the province was 18 times more than the acceptable limit, it was announced 3786 
micrograms per cubic meter.

Haddad M.,UNEP-GEF Project for West Asia, 2013, Darvishi Boloorani A., UNEP Pilot Project, Dust 
Storm Hot Spots in Islamic Republic of Iran.

Kooshki F., Razavian M.T., Geographic Origins of Dust Storms Effects(Case Study in Khuzestan), Shahi 
Beheshti Univ., Tehran, Iran.

Shahsavani A., Naddafi K., Yunesian M.,The Evaluation of PM10, PM2.5 and PM1 Concentrations During 
The Middle Eastern Dust(MED) Events in Ahvaz, Iran from April to September 2010.
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Mineral dust is one of the most abundant aerosols from natural sources. Despite of the 
large particle size and the associated dust deposition, dust can be transported in high 
concentrations for long distances. The Saharan Aerosol Long-range Transport and 
Aerosol Cloud Interaction Experiment (SALTRACE) was conducted to investigate the 
transport of mineral dust and the effect of aerosol cloud interactions. The experiment 
took place at the island Barbados, which is more than 5000 kilometers west of the 
Saharan desert. The experiment combines in situ measurements done near ground 
(Ragged Point on the east coast of Barbados) and onboard of the research aircraft 
Falcon of the German Aerospace Centre, and remote sensing techniques (LIDARs and 
sunphotometers) installed at Ragged Point and the Carribean Institute of Meteorology 
and Hydrology (west coast of Barbados).
In situ measurements of mineral dust were conducted at the atmospheric research 
station of the University of Miami at Ragged Point. The aerosol inlet was installed on 
top of a tower at a cliff in an altitude of about 50 meters above sea level to minimize 
the influence of sea spray from the surf zone. Online measured aerosol parameters 
included the particle number size distributions, cloud condensation nuclei (CCN) 
concentrations, optical scattering and absorption coefficients at several wavelengths. 
For offline analysis samples were collected for chemical and mineralogical analysis.
During the period from 16 June to 14 July, 2013 a few strong dust plumes were 
observed. Dust concentrations derived from an optical absorption photometer yield 
concentrations of up to 45 µg/m3. Comparison with total aerosol mass concentrations 
derived from the particle number size distributions and an assumed density of 2.5 g/
cm3 confirmed that mineral dust was one of the most abundant aerosols except for 
few short periods with low mass concentrations when the composition was dominated 
by marine aerosol. Typical CCN concentrations observed for a supersaturation of 
0.2% amounted to roughly 50 cm3 during periods with no dust, while typical CCN 
concentrations observed during dust events were around 200 cm3. It was found 
by comparing data from LIDAR and sunphotometers that dust transported at high 
altitudes between 2 and 4 kilometers was effectively mixed down to ground level by 
turbulence. Dust concentrations measured at ground and columnar aerosol optical depth 
from sunphotometers showed an excellent correlation.
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Following a prolonged drought in Australia in the first decade of the 21st century, several 
dust storms affected the heavily populated East coast of Australia. The largest such 
storm occurred on 22-23 September 2009 and had a front of an estimated 3000km. A 
24hr average PM10 concentration of over 2,000μg/m3 was recorded in several locations 
and an hourly peak of over 15,000μg/m3 was recorded (Leys et al. 2011).
Over two time periods duplicate aerosol samples were collected on 47mm diameter 
cellulose nitrate membranes at a location removed from anthropogenic influences. 
One set of samples was collected in the afternoon the dust event started and another 
was collected overnight. Additionally, overnight rainfall was collected in a sterile 
bottle.DNA was directly extracted one membrane from each time point for molecular 
cloning and high throughput sequencing, while the other was cultivated on Tryptic 
Soy Agar (TSA).
High throughput sequencing was performed using the 454 Titanium platform. From 
the three samples, 19,945 curated sequences were obtained representing 942 OTUS, 
with the three samples approximately equal in number. Unclassified Rhizobiales and 
Stenotrophomonas were the most abundant groups which could be attributed names. 
A total of 942 OTUs were identified (cutoff = 0.03), and despite the temporal relation 
of the samples, only eleven were found in all three samples, indicating that the dust 
storm evolved in composition as it passed over the region.
Approximately 800 and 500 CFU/m3 were found in the two cultivated samples, tenfold 
more than was collected from previous dust events (Lim et al, 2011). Identification of 
cultivars revealed a dominance of the gram positive Firmicutes phylum, while the clone 
library showed a more even distribution of taxa, with Actinobacteria the most common 
and Firmicutes comprising less than 10% of sequences.
Collectively, the analyses indicate that the concentration of cultivable organisms 
during the dust storm dramatically relative to calm conditions. A diverse and variable 
population of microorganisms were present reflecting the vast source and dynamic 
nature of the storm.

Leys, J. F., Heidenreich, S. K., Strong, C. L., McTainsh, G. H., Quigley, S. (2011). PM 10 concentrations 
and mass transport during “Red Dawn” - Sydney 23 September 2009. Aeolian Research 3(3): 327-342

Lim, N. Munday, C.I., Allison, G.E., O’Loingsigh, T., De Deckker, P., Tapper, N. (2011) Microbiological and 
meteorological analysis of two Australian dust storms in April 2009. Science of the Total Environment 
412-413:223-231
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Passive samplers were deployed at four locations in the alpine zone of the Uinta 
Mountains (Utah, USA) to collect modern eolian deposition between July 2011 and 
June 2013. On average the collectors accumulated 1.5 gm of dust in the first 12 months, 
corresponding to an annual flux of 4.4 g/m². Accumulation was lower during Year 2, 
averaging 0.8 gm per collector (2.5 g/m²/yr). Because the collectors are positioned on 
the ground, higher values in Year 1 may reflect reduced snowpack, which totaled just 
64-77% of normal during the 2011-12 winter. Grain size analysis with laser scattering 
reveals that modern dust is very well-sorted, with a median size of ~10 µm. No 
systematic differences in grain size were noted between the four collector locations, 
or between Years 1 and 2. XRD analysis reveals that dust samples are dominated 
by quartz, potassium feldspar, plagioclase, and illite with minor amphibole. Quartz, 
potassium feldspar, and illite are present in the local bedrock, but the other minerals 
must have an exotic source. ICP-MS analysis reveals that dust is greatly enriched 
(50-90x) in Bi, Cu, Na, P, Zn, and Cd relative to the Uinta bedrock. Some of these 
elements may have their source in upwind mining operations. Scatterplots of rare earth 
elements reveal that the dust matches the fine fraction of the soil A horizon, supporting 
an eolian origin for the ubiquitous layer of fines that mantles soil profiles throughout 
the Uinta Mountains. To evaluate the extent to which regional sources contribute to the 
dust flux into the Uinta alpine zone, a specially designed active sampler was deployed 
in June 2013 at the location of one of the existing passive samplers. A remote weather 
station installed at this location (3700 m asl) in 1998 reveals a strongly bimodal wind 
regime, with wind approaching the site either from the NNW or SSE. The active 
sampler uses solar-powered fans to pull air through a filter. A wind-actuated switch 
activates one fan when the wind is from the NNW, and another when the wind is 
from the SSE, allowing the collection of separate samples for the two primary wind 
directions. During the first four months of deployment (June through October, 2013) 
the SSE fan ran 1065 hours (8.6 hr/day) while the NNW fan ran 657 hours (5.3 hr/
day). Grain size analysis reveals that both samples are dominated by medium-fine silt 
(~15 µm), however the sample from the NNW contains a significant secondary mode 
of coarse silt (~45 µm). XRD analysis reveals that dust samples from both directions 
contain exotic amphibole and plagioclase feldspar. The sample from the NNW also 
contains a somewhat poorly ordered mineral with wide d-spacing, perhaps smectite 
or hydrobiotite.
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During the last Apollo Mission, the duration of the stay on the surface of the Moon had 
to be shortened to only three days. There were a number of mission critical problems 
associated with the lunar dust. When the US’s intention of sending astronauts back 
to the Moon by 2020 but this time to stay there for as long as three years and it was 
assumed that the dust would be the second most challenging problem to make the 
ambitious extended stay difficult. 

In response to the NASA’s funding opportunity, in 2005 the author was awarded a 
$15M project entitled “Mitigation of Dust and Electrostatic Accumulations for Human 
and Robotic Systems for Lunar and Martian Missions”. Due to the creation process of 
the moon dust and the harsh lunar environment, the lunar dust is very fine, irregularly 
shaped with significant pore space and strongly electrostatically charged. There is 
a significant amount of information about their chemical composition available; 
however, little information is available regarding the mechanical and physical 
behaviour of lunar dust. Unfortunately, there exists no truly pristine lunar dust among 
the returned samples due to leaky sealed containers. 

In this presentation, the author will describe the scope of the project to stress the 
importance of the development of simulant that capture both chemical as well as 
mechanical/physical properties of lunar dust since the combined effects will have a 
larger impact on the future space exploration.
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Uncontrolled burning coal seams burn away the important non-renewable energy 
resource and emit carbon dioxide, carbon monoxide, sulfur oxide and methane, and is 
a leading cause of smog, acid rain, global warming, and air toxins. They occur in many 
countries including China, India, the United States, Indonesia, Venezuela, Australia, 
South Africa, Germany, Romania and the Czech Republic, and it is estimated that 
these fires generate as much as 3% of the world’s annual carbon dioxide emissions and 
consume as much as 5% of its mineable coal.  Burning coal seams are wasting valuable 
non-renewable energy resource and polluting the environment. In this presentation, 
we will share our feasibility study on a new concept of generating electric power 
utilizing the heat from burning coal seams (Chiasson et al., 2007). Our study shows 
that it is possible to obtain the Levelized Cost of Electricity as low as $0.07/kWh. 
Extinguishing these burning coal seams is a challenging task especially if there is no 
financial incentive to do so. The proposed technique can accelerate to shorten the life 
of burning coal seams and thus help control the pollution.

Chiasson, A.D., Yavuzturk, C., Walrath D.E (2007). Evaluation of electricity generation from underground 
coal fires and waste banks. Journal of Energy Resources Technology, Vol. 129, 81-88.
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Mineral dust interacts with pollutants during long-range transport can result in 
changing their surface and hydroscopic properties. Asian Dust sometimes passed 
through regions of heavy industrial and urban pollution and get overcoated surface 
chemicals. The dust particles then interact with humidity to form aqueous droplets. 
One of the events reported here occurred in 2009/03/14 at Chung-Li, Taiwan (24.6°N, 
121.1°E) when a strong Asian dust arrived. The occurrences of heavy dust storm were 
confirmed by the ground based PM10 measurements which exceeded over 100µg/m3 
at many cities. A lidar system operated with wavelengths at 532/355/ 386/407 nm for 
detections scattering, polarization of dust particles and water vapor Raman signals 
has been used to monitor this dust storm. Lidar observations show two dust layers at 
1.5 and 3 km. During the measurements, a lower cloud also appeared at about 1.5 km 
which then mixed with the dust layer. The interaction of dust particles with humidity 
to form droplets is evident in the changing of depolarization and lidar ratios. Our 
results show dust particles may form droplets and possibly affecting precipitation 
which can impact the climate and environment.
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aerosol liDar profiling over romania 
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Human activities are the main cause of poor air quality, but natural sources of air 
pollution also play a significant role. ‘African dust’ from the Sahara is the most 
common natural source of particulate matter in the air, mostly over South Europe.
(EEA Technical report No 10/2012).
The paper presents a statistical overview of more than 50 lidar observations 
over Magurele, Romania, correlated with sunphotometer data and HYSPLIT 
backtrajectories, between 2011 and 2013. The study is focused on special atmospheric 
events like Saharan dust intrusions, influence of biomass burning and also several 
cases of mixed transported and local aerosol over the site. 
The system used in this study is a multiwavelength depolarization Raman lidar 
(3β+2α+1d) (Nemuc et.al. 2012) capable of performing daytime (elastic) and 
nighttime (elastic + Raman) measurements for aerosol profiling.
The number of dust events was highest during the summer periods, when warm air 
masses coming from the south Europe brings mineral dust over most European countries 
(Mona et.al., 2012). Multiple aerosol dust layers of variable thickness (500-2500 m) and 
height (2000-4000 m) were observed and analyzed. AERONET data was also used to 
validate the presence of mineral dust over the measurement site (Tesche et. al. 2011). 
The presence of biomass burning was also detected during the warm periods, when 
forest fires from Ukraine and Russia accounts for most of the smoke events detected 
over Romania (Nicolae et al. 2013). For this case, the aerosol layers are thinner 
(around 100-500 m) and the height varies from 1000 to 3000m. In colder periods: late 
autumn and winter, most events are the result of local pollution. 

Acknowledgments - This work has been supported by grants of the EU-FP7-
INFRASTRUCTURES-2010-1 under grant no. 262254 - ACTRIS and by the 
European Community’s FP7-PEOPLE-2011-ITN under grant no. 289923, ITARSand 
by the ones of the Romanian National Authority for Scientific Research, Programme 
for Research- Space Technology and Advanced Research - STAR, project numbers 
38/2012 - CAPESA and 55/2013 - CARESSE

Nemuc, A., Vasilescu, J., Talianu, C., Belegante, L., Nicolae, D.: Assessment of aerosol’s mass 
concentrations from measured linear particle depolarization ratio (vertically resolved) and simulations, 
Atmos. Meas. Tech., 6, 3243-3255, doi: 10.5194/amt-6-3243-2013, 2013.

Mona L., Liu Z., Müller D., Omar A., Papayannis A., Pappalardo G., Sugimoto N., Vaughan M. (2012). 
Lidar Measurements for Desert Dust Characterization: An Overview, Advances in Meteorology, Volume 
2012, Article ID 356265, 36 pages, http://dx.doi.org/10.1155/2012/356265;

Tesche, M., Detlef, M., Gross, S., Ansmann, A., Althausen, D., Freudenthaler, V., Weinzierl, B., Veira, 
A., Petzold, A., Optical and microphysical properties of smoke over Cape Verde inferred from 
multiwavelength lidar measurements. Tellus B, 63, 677-694, 2011
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Nutrification of the open ocean is highly dependent on the deposition of iron minerals 
carried by desert dust aerosol. The process of atmospheric dust cycle is primarily 
driven by meso- and synoptic-scale atmospheric processes providing long range 
transport, often characterized by continental scales. The fractions of various minerals 
in aerosol are determined by the mineral composition of arid soils; therefore, a 
high-resolution specification of the mineral and physical properties of dust sources 
is needed. According to the current knowledge, atmospheric radiation, clouds and 
polluted air contribute to the solubilization of iron minerals in the atmosphere. The Fe 
solubility is a precondition for it to be bio-available in the marine primary production. 
As a result of the bio-production, among others, is release of the dimethyl sulfate 
(DMS) which has a capacity to regulate the local or regional climate through its effect 
on cloud concentration nucleation.
To numerically simulate the atmospheric route of iron from desert sources to sinks 
in the ocean, we developed a regional atmospheric dust-iron model that included 
parameterization of the transformation of iron to a soluble form caused by dust 
mineralogy, cloud processes and solar radiation. Recently developed global 1km 
database for eight major minerals in arid soils was the major input into our study 
which used the Dust Regional Atmospheric Model (DREAM) to describe the faith of 
the iron-carrying minerals in dust during their atmospheric transport and deposition 
into the ocean. We will present results from higher-resolution simulation experiments 
and comparison compared against field data on the aerosol iron sampled during 
several Atlantic cruises, demonstrating the model capability to reproduce the major 
observed patterns.
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The geographical location of Cyprus comprises the ideal crossroad of air masses 
coming from the two of the largest deserts in the world, the Saharan and Arabian 
deserts. Particles of natural sources can be observed in the lower free troposphere on 
an almost daily basis. They influence the climatic conditions directly by absorbing 
and scattering radiation and indirectly by acting as cloud condensation nuclei (CCN) 
and ice nuclei (IN). In this paper, active and passive remote sensing instruments have 
been used in the coastal area of Limassol, Cyprus, in order to characterize the aerosol 
optical properties of dust intrusions from African and Syrian deserts. The vertical 
extent of mineral dust outbreaks over Limassol was studied with polarization lidar 
in conjunction with columnar aerosol optical parameters retrieved from AERONET 
CUT-TEPAK sun/sky photometer observations during a period of 42 months (May 
2010 to October 2013). More than 120 lofted layers (80 Saharan dust layers, 42 Syrian 
dust layers) have been observed. The identification of the specific dust source has 
been done by means of backward-trajectory analysis (HYSPLIT), satellite imagery 
(Moderate Resolution Imaging Spectroradiometer, MODIS), and model calculations 
(DREAM model). The African intrusions are more intense from spring to early 
summer and autumn, whereas Syrian dust layers are presented above Cyprus mainly 
during summer and autumn. The centre of the desert dust layers is typically observed 
between 2 and 3 km height. The climatological study of the lofted dust plumes 
will be based on height and layer depth information, aerosol optical depth, particle 
depolarization ratio and backscatter coefficient at 532nm, and column extinction-to-
backscatter ratio.

Acknowledgements - This research has been funded by the Cyprus Research 
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Laboratory of the Department of Civil Engineering & Geomatics at the CUT for the 
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the mineral dust forecasts.
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Dust studies in urban areas are important for determination of the origin, distribution, 
environmental damage and health effects of heavy metals in atmosphere. Dust 
deposition from different natural and anthropogenic sources exerts considerable 
impacts on human health and ecosystem. Isfahan is Iran’s third largest city located 
in central Iran. It is the third populated and the second industrial city in Iran. Heavy 
traffic and different industries in and around the city have caused a great atmospheric 
pollution. No extensive studies have been carried out on the content of heavy metals 
in dust in Isfahan. The main objectives of this study were to determine the temporal 
trend of the key heavy metals concentration in dust and to assess their probable 
sources in the area. Dust samples were monthly collected for 6 months (19 June to 18 
Nov., 2012), using a dry flat glass surface with an area of 1 m2, located on the roof of 
one floor buildings in 18 sites in different parts of the city. Collected samples were 
digested and the Fe, Mn, Cu, Zn, Ni and Pb concentrations were analyzed using an 
atomic absorption spectrophotometer. Enrichment Factor analysis (EF), correlation 
coefficient, and multivariate statistical methods of principal component analysis 
(PCA) and cluster analysis (CA) were then employed to trace heavy metals in the dust.
The mean concentration among all the heavy metals was ranked as Fe> Zn> Mn> 
Cu> Pb> Ni. There were statistically significant differences among different sampling 
periods for Fe, Mn, Pb and Ni concentration, and no significant difference for Zn and 
Cu, suggesting that Cu and Zn were influenced by a specified source, while others may 
origin from various sources. Very high EF of Zn and Cu showed that anthropogenic 
sources contribute a substantial amount of heavy metals to dust. Less enriched Mn 
(EF< 1) is mainly derived from the Earth’s crust. EF for Fe, Ni and Pb is slightly 
more than unit, showing that natural source and local polluted soils might be the main 
origins of these metals in dust. PCA results showed 2 principal components. Factor 
1 has a significant loading for Fe, Mn, Ni and Pb and factor 2 has significant loading 
for Cu and Zn, representing the contribution of each factor from a similar source. In 
an agreement with the PCA and Spearman’s correlation coefficient results, cluster 
analysis showed very strong clusters for Zn and Cu and also for Fe, Mn, Pb and Ni. 
Zn seems to originate from vehicular emissions, residual oil combustion and wear and 
tear of vehicle tires. Whereas, Cu seems to originate from industrial processes, traffic, 
combustion of fossil fuels, and waste incineration. Polluted soils in Isfahan city as a 
natural local source, is the main source of Fe, Mn, Ni and Pb in dust. Although EF 
results indicate that anthropogenic sources lead to dust enrichment in most heavy 
metals, so anthropogenic activities could be considered as a second origin for these 
elements.
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Dust deposition rate (DDR) is a complex response to the interaction of climatic 
parameters. Isfahan city is known as Iran’s third largest and crowded and second 
industrial city located in central Iran. It is characterized by a dry climate with hot 
summers. There are Zagros mountains in the west and south part of the city and 
the large desert area exists in eastern and northern part of Isfahan causing frequent 
exposure to dust events during the year. In order to forecast dust emissions for 
management decisions and mitigate its destructive effects on human health, economy, 
ecosystem and environment, it is important to understand the climatic conditions that 
influence dust emission. The objectives of this study were to identify the temporal 
variation of DDR and also to understand the relations between climatic parameters 
with DDR in Isfahan.
Dust samples were collected monthly for 12 months from 19 June 2012 to 19 May 
2013 from 21 sites in different parts of the city, using a dry flat glass surface with 
an area of 1 m2, located on the roof of one floor buildings. Monthly climate data 
of Isfahan meteorological were also studied. Statistical analyses were performed to 
investigate the relationships between DDR and climatic variables using SPSS 16.
The results indicate that monthly DDR fluctuates strongly. The highest mean DDR 
was obtained for June, July, Aug., Sep. and Oct. (7.86, 8.05, 5.63, 6.6, 6.30 g/m2/
month, respectively) and the lowest amount for Nov., Dec., Jan., Feb., Mar., Apr. and 
May (4.6, 2.13, 4.4, 4.76, 3.9, 3.95 and 4.34 g/m2/month, respectively). Statistical 
analysis showed that the DDR was positively correlated with max and min temperature 
values in 12 months and inversely correlated with precipitation and relative humidity. 
Two prevalent wind directions were observed during sampling periods, northern and 
northeastern for June to Oct. and western and southwestern for Nov. to May. Results 
showed that DDR is not related to the maximum and average wind speed for all the 
studied months, whereas, in dry months with low relative humidity (June to Oct.), 
statistically significant correlation was observed between wind speed and DDR.
It can be concluded that during June to Oct. with high temperature and low 
precipitation and relative humidity with northern and northeastern wind directions, 
dust particles might be originated from desert areas located in east of Isfahan city 
and DDR increases with increase in wind speed. In other months with western and 
southwestern prevailing wind direction, DDR decreases with the change in wind 
direction. In general, deserts in eastern and northern part of the city are the most likely 
source of dust deposited in Isfahan city.



302 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

impacts of saharan Dust on photosynthetically 
active raDiation anD optical water properties

tHoMas oHde*, Herbert siegel

Leibniz Institute for Baltic Sea Research, Warnemünde,D-18119,Germany
*thomas.ohde@io-warnemuende.de

Atmospheric dust modifies the energy flux in the oceans and influences the spectral 
distribution of the incident solar radiation and the photosynthetic available part. The 
incident solar radiation above the water surface can be attenuated up to 22 % (di 
Sarra et al., 2002, Otto et al., 2009). Reduction of photosynthetically active radiation 
by atmospheric dust between 4.0 % and 12.3 % were observed by Ohde and Siegel 
(2012). Deposited dust in the water column changes the absorption and backscattering 
properties of the water body and alters by that the downward radiation in the water 
column (Stramski et al., 2004). All these effects influence the phytoplankton 
development with impact for their primary productivity, biomass and biodiversity 
(Claustre et al. 2002; Wozniak and Stramski, 2004; Stramska et al., 2008).
The objective of the investigation was the quantification of dust impact on 
photosynthetically available radiation and on optical water properties on the basis 
of in-situ measurements, laboratory experiments and model simulations. Statistics 
of Saharan dust storms were derived with measurements of aerosol optical depth 
of satellite sensor MODIS (Moderate-resolution Imaging Spectroradiometer). They 
were used to determine the influence of atmospheric dust on photosynthetically 
active radiation in the region of Northwest Africa. Laboratory experiments with 
real dust samples were performed to investigate the impact of deposited dust on the 
mass specific absorption coefficient in comparison to results of other authors. Model 
simulations were carried out to study the influence of dust on light climate.

di Sarra A., Cacciani M., Chamard P., Cornwall C., DeLuisi J.J., Di Iorio T., Disterhoft P., Fiocco G., 
Fuá D., Monteleone, F. (2002). Effects of desert dust and ozone on the ultraviolet irradiance at the 
Mediterranean island of Lampedusa during PAUR II, J. Geophys. Res., 107(D18), 8135.

Claustre H., Morel A., Hooker S. B., Babin M., Antoine D., Oubelkheir K., Bricaud A., Leblanc K., 
Quéguiner B., Maritorena S. (2002). Is desert dust making oligotrophic waters greener? Geophys. Res. 
Lett., 29(10), 1469.

Ohde T., Siegel H. (2012). Impacts of Saharan dust and clouds on photosynthetically available radiation in 
the area off Northwest Africa, Tellus B, 64, 17160.

Otto S., Bierwirth E., Weinzierl B., Kandler K., Esselborn M., Tesche M., Schladitz A., Wendisch M., 
Trautmann T. (2009). Solar radiative effects of a Saharan dust plume observed during SAMUM assuming 
spheroidal model particles. Tellus, B61, 270.

Stramska M., Stramski D., Cichocka M., Cieplak A., Wozniak S. B. (2008). Effects of atmospheric particles 
from Southern California on the optical properties of seawater. J. Geophys. Res., 113, C08037.

Wozniak S.B., Stramski D. (2004). Modeling the optical properties of mineral particles suspended in 
seawater and their influence on ocean reflectance and chlorophyll estimation from remote sensing 
algorithms. Applied Optics, 43(17), 3489.
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A growing body of work is illuminating the influence of atmospheric dust in the 
geoecological functioning of mountain environments. In the Rocky Mountains of the 
western U.S. it is now broadly recognized that dust deposition impacts surface water 
chemistry and hydrology, snow albedo, soil formation, and plant communities. Study 
of atmospheric dust deposition also reveals how human activity in semi-arid regions 
adjacent to the mountains directly affects seemingly isolated alpine ecosystems. 
However, complete understanding of the varied impacts of dust deposition in alpine 
settings requires knowledge of how the dust system has functioned over time. To 
develop this knowledge base for the Uinta Mountains (Utah, USA) we studied 
sediment cores retrieved from high-elevation lakes. Lakes act as catchment basins 
for windblown sediments, which collect on the water surface, or wash in, before 
settling to the bottom. We collected short (<50 cm) cores from 7 lakes selected for 
their proximity to samplers deployed in 2011 to collect modern dust. Each core was 
sampled at the top (0-3 cm), middle (~15 cm), and bottom (~30 cm). Although the 
cores were not dated, 210Pb profiles for other Uinta lakes suggest that the bottom 
sample from each core predates anthropogenic impacts in these watersheds. Loss-
on-ignition analysis reveals a pronounced decrease in organic matter content beneath 
the top sample in each core. In most lakes the surface sample was the coarsest with 
mean grain sizes ranging from 10-40 µm. X-ray diffraction demonstrates that the 
mineralogical composition of this sediment has been generally consistent over the 
time period represented by the cores. Plagioclase is present in all lake sediment 
samples, as well as in the modern dust samples, despite the absence of this mineral 
in Uinta bedrock, indicating eolian inputs over time. On the other hand, amphibole, 
which is also present in modern dust, was not detected in lake sediments. This result 
could indicate that amphibole deposition is a relatively recent development that has 
not yet reached the detection limit in lake sediments where dust signals are diluted by 
organic matter and pedogenic clays eroded from the watershed.
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If chemical particles that cause air pollution are subject to measures limiting their 
sources, it cannot be the case of biological particles such as pollens and moulds from 
vegetation. These pollens with for some of them high allergy potency, are in very large 
quantities and they have a real health impact (rhinitis, conjunctivitis, asthma…). But 
could they be considered as pollutants?

In quantitative and qualitative terms, most of the pollens and moulds inhaled by 
the population come from natural plant species. But, downtown, in public park and 
garden, the air content in pollens is modified by surrounding plant species, planted by 
man. So can we consider that they are biological pollutant?

For some species like grasses, oak and ash for instance, they come from natural species, 
and it is not possible to control sources. So we cannot consider them as pollutant. 
On the other hand, some species are planted by man like birch (planted in public 
parks), or like cypress (Cupressaceae Sempervirens for instance) to make hedges in 
Mediterranean area. Ragweed is another kind of species for which human is directly 
concerned by the transport of the seeds and needs a real strategy of management to 
limit its proliferation.

To measure the air biological particles exposure in France, a pollen trap network, 
located so as to cover a wide back-ground (urban areas, on the roof of buildings), 
representative of the air that people breathe, has been established by the RNSA. These 
traps are distributed throughout the French territory. The traps, Hirst type, are inhaling 
weather vanes allowing the continuous impaction of pollen grains. The pollen grains 
are fixed on a coated transparent strip. Then, this sample is prepared on a slide with 
a stain. The readings and analysis are carried out by optical microscopy to record 
data with a bi-hourly time step. The reading and counting are controlled by computer 
programs.

Allergenic pollens cause to around 20% of the population troubles known as “hay 
fever” or “pollinosis”. To measure the health impact, the RNSA (French Network of 
Aerobiology) use a network of sentinel clinicians who provide weekly data including 
information on the intensity of symptoms they noticed during consultations for the 
current week. From this information is calculated a clinical index (Thibaudon and al. 
2008).

Thibaudon M., Oliver G., Cheynel A., L’index clinique: outil d’évaluation de l’impact sanitaire du pollen, 
Environ Risques Santé, vol. 7, 2008, n° 6, pp. 411-416.
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The article presents the results of research on the concentration of particulate matter 
(PM10) in a compact settlement village. The main attention is focused on the cold 
periods of the year, during the occurrence of tropospheric inversion, strengthened 
by an anticyclone. This was led by four further cold season (December-February) 
experiments, which included observations of air quality within the two separate zones 
of the village Kotorz Maly (Poland). The first zone (S1) is characterised by rural 
buildings, which predominantly use obsolete individual heating systems (fuel - coal, 
91% share). The second is a modern building zone (S2), where the production of 
heat energy mainly uses gaseous fuel (73%) and electricity (18%). In the research, 
the reference gravimetric method with dust meters PNS3D15 was used. To assess 
the meteorological conditions, portable weather stations were used. To determine 
the occurrence, duration and range of temperature inversion, weather balloons and 
temperature detectors were used.
It was found that the character of (degree of emission) sources plays a key role in 
local air quality (average concentration of PM10 in the area S1 was three times higher 
than in S2). The hypothesis was that cyclic-daily activity of emission sources under 
the conditions of temperature inversion leads to a progressive enrichment of the air 
by particulates. The permanent presence of a temperature inversion and stable state 
of the atmosphere causes the inhibition of pollution propagation processes and causes 
significant, local changes, exceeding the permissible daily PM10 concentrations. 
Enhanced by an anticyclone, the three-day period of temperature inversion occurrence 
caused a situation in which local air emission levels did not meet the standards required 
for the protection of human health. Simultaneously, this study proved the appearance 
of the unstable state of the atmosphere and the horizontal movement of air masses > 
2.5 m/s, resulting in a noticeable improvement of the aerosanitary conditions in one 
day. It was found that in the cold seasons, the average concentration of PM10 in the 
area of rural compact settlement is 6-times greater than during the summer months. 
The results can be analysed in the supra-local dimension and find confirmation for 
areas with similar characteristics of emission and climatic-meteorological conditions. 
For the considered terms and the period of observation, conducting meteorological 
measurements can be considered sufficient operation allowing estimation of the 
occurrence of alarming conditions. At a local level, the results of the experiment show 
that it is necessary to replace old heating systems with new ones that do not generate 
significant amounts of dust.
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The article presents the results of experiments concerning tropospheric PM10 
scavenging in the wet deposition processes. Only the influence of large-scale rainfall 
was tested. The results presented show the effectiveness of PM10 scavenging under 
no-wind conditions. The changes in PM10 concentrations before, during and after 
presence of rainfall were studied in the period from 2006 to 2013. The study was 
conducted in an area remote from anthropogenic sources of emission. To determine 
the meteorological conditions, a DAVIS weather station was used. A concentration of 
PM10 was calculated using the reference gravimetric method (dust monitor PNS HVS 
16). One hundred and nine measurement series were carried out. PM10 concentration 
was measured at 0.5 h intervals. Measured rainfall intensity ranged from 0.2 to 24 
mm/h. 
The degree of self-purification of the atmosphere from the particulate matter is 
affected by the duration and intensity of the rainfall. For near-to-ground troposphere 
PM10 scavenging coefficient (L) does not assume different values, for rainfall with 
the same intensity. The calculated scavenging coefficient L (ranged from 9.95E-05 for 
drizzle to 1.55E-04 for heavy rain) was compared against the results obtained using 
a mathematical model. It has been shown that the scavenging coefficient calculated 
on the basis of the theoretical model provides a value that is larger by an order of 
magnitude than the coefficient determined using experimental testing. Comparative 
analysis showed that the efficiency of removal of PM from the air (DS) was about 
15-17% higher for heavy (>4 mm/h) than light (<0.5 mm/h) rain. The results show 
that the growth rate of PM10 concentration after rainfall episodes is twice as high in 
the case of light rain. A linear relationship has been found between the intensity of 
rainfall and the value for PM10 concentration. Therefore, in the case of large-scale 
precipitation, it can be concluded that the rain intensity allows easy estimation of the 
self-purification of the tropospheric air particulates.
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We have studied the role of dry lakebeds as sources for aeolian export of soil 
particulates, in relation to their inundation extent, soil and meteorological conditions. 
Two areas in the western Mediterranean were investigated for the period 2005-2012: 
(1) El Hondo Nature Park in southeastern Spain (2400 ha), and (2) the region of the 
Chotts in southern Tunisia, including el-Djerid and el-Gharsa (vast saline lakes of 
495000 and 42000 ha, respectively).

Field campaigns conducted at El Hondo during the period 2009-2012 measured size 
distribution of suspended particles, PM10 concentration and chemical composition; 
saltation profiles, composition and granulometry; and meteorological and soil 
parameters. The Chotts area was studied by making use of the `present weather´ 
observations of local dust reported at Tozeur, as well as from meteorological and 
visibility data in the area. Variations in water sheet and salt crusted surface in bothe 
areas were estimated from the 7-2-1 spectral bands of MODIS. In addition, MODIS 
AOT data was used.

Surface changes were driven primarily by the precipitation regime. In El Hondo, 
conditions may change dramatically due to additional anthropic intervention, as 
inflow and outflow are ultimately managed by humans.

The majority of the dust storms registered at El Hondo were associated to the passage 
of Atlantic frontal systems with no rainfall. W/NW/SW winds > 9 m/s (at 2 m above 
the ground) and average friction velocity of 0.46 m/s triggered these erosion events. 
Soil emissions from El Hondo had an impact on coastal touristic villages and some of 
the dust plumes could be observed in MODIS images.

Dust locally originated in Tozeur was associated (80% of the cases) to horizontal 
visibility < 5 km, relative humidity < 75% and windspeed ≥ 8 m/s (at 10 m above the 
ground), mostly of E component (55%) and then W (28%). Events were primarily of 
synoptic origin, registered from March to May. The larger inundation extent in the 
Chotts in spring 2009 resulted in a decreased the frequency of erosion events with 
respect to other years.

However dust events occurred also with moderately large dried areas located upwind 
of the measurement sites. Local dust was mostly registered in the afternoon. 

We acknowledge support from the Spanish Government (EroHondo, CGL2008-
05160).
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The volume fraction (ε) of water soluble material in atmospheric aerosol particles 
is an important parameter related to their hygroscopicity and activation processes to 
form cloud and ice particles. To estimate ε of coarse dust particles, confocal scanning 
laser microscope was applied to measure the volume difference of individual particles 
before and after water dialysis directly. Individual particles (sphere equivalent 
diameter approx. 1-8 μm) of Asian reference dusts (CJ1 and CJ2) and atmospheric 
coarse particles during four Asian dust events were analyzed to ascertain ε. Median 
values of ε for CJ1 and CJ2were, respectively, 29% and 13% with no size trend. 
Median values of ε for coarse aerosol particles during four dust events were 18-42%. 
Some samples showed a slightly increasing trend of ε with dust size. The lower ε 
values of the atmospheric dust samples are close to those of Asian reference dusts 
but they differ for size trend. Median values of ε for some dust event samples were 
higher than those of source regions, implying that water soluble salts were added and 
internally mixed with dust particles during transport in the atmosphere. Dust particles 
with high ε are potentially important for acting as giant CCN. Therefore, the aging 
of dust particles during transport might enhance the number of giant CCN over the 
North Pacific area.
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Weekly deposition samples were obtained at Sapporo, Toyama, Nagoya, Tottori, 
Fukuoka, and Cape Hedo (Okinawa) in Japan during October 2008 - December 
2010 using automatic wet and dry separating samplers. Mineral dust weights in 
water-insoluble residue were estimated from Fe contents measured using an X-ray 
fluorescence analyzer. Wet and dry deposition fluxes of mineral dusts were both high 
in spring and low in summer, showing similar seasonal variations to frequency of 
aeolian dust events (Kosa) in Japan. Higher wet deposition fluxes were observed 
at Toyama and Tottori, where frequent precipitation (>60% days per month) was 
observed during dusty seasons. The average ratio of wet and dry deposition fluxes 
was the highest at Toyama (3.3) and the lowest at Hedo (0.82), showing a larger 
contribution of the dry process at western sites, probably because of the distance from 
desert source regions and because of the regional effectiveness of the wet process in 
the dusty season.
Size distributions of refractory dust particles were obtained using four-stage filtration: 
> 20, >10, >5, and >1 µm diameter. Weight fractions of the sum of >20 µm and 10−20 
µm (giant fraction) were higher than 50% for most of the event samples. Irrespective 
of the deposition type, the giant dust fractions generally decreased with increasing 
distance from the source area, suggesting the selective depletion of larger giant 
particles during atmospheric transport. Based on temporal variations of PMc (2.5 < 
D < 10 µm), ground-based lidar, backward air trajectories, and vertical profiles of 
potential temperatures, transport processes of dust particles are discussed for events 
with high-deposition and low-deposition flux with high PMc. Transport through a 
thicker (>2 km) dust layer with weak vertical gradient of potential temperature carry 
more giant dust particles to Japan. Because giant dust particles are an important mass 
fraction of dust accumulation, the transport height and fraction of giant dust particles 
are important factors for studying dust budgets in the atmosphere and their role in 
biogeochemical cycles.
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According to the Department of natural resources and environmental protection 
the highest atmospheric air pollution in Tomsk region is observed in areas where 
enterprises of the oil and gas industry are located (Alexandrovsky, Kargasoksky, 
Parabelski districts). In the framework of the mandatory monitoring the contents 
of main pollutants are checked, notably, sulfur oxides, nitrogen oxides, soot, 
hydrocarbons, etc. [1]. But regular monitoring the emission of heavy metals which 
are geochemically active element pollutants is not carried out. In order to estimate 
health risks for residents of oil industry location areas due to aerosols inhalation, the 
sampling were performed in 7 sites of Parabel district and in 5 sites of Kargasok. 
Totally 84 samples of snow were tested. Snow solid residues were studied by 
instrumental neutron activation analysis (INAA) applied to 28 chemical elements. The 
geochemical series of chemical elements associations drawn up for snow solid residue 
samples picked up in Kargasok and Parabel districts indicated the group of main 
pollutants. In Kargasok the concentration factor of As and U amounted to a value over 
10, the factor of Yb, La, Tb, Ta, Na, Sm ranged 5 to 10. In Parabel district the factor 
of As exceeded 10, the factor of Yb, U, Tb, La, Na, Sm, Ta was within the range 5 to 
10. The total contamination factor (TCF) showing the impact of the elements group 
was calculated. In the settlements of Kargasok and Parabel districts the TCF value 
corresponds to the average level of the air pollution and to the moderately dangerous 
sickness rate level of the population living in the areas. Arsenic makes a significant 
contribution to the TCF value. The cancer risk caused by inhalation exposure was 
estimated for arsenic, chromium and cobalt using EPA method [2]. The numerical 
values of individual carcinogenic risks introduced by some elements were 2.7·10-5 
(Cr) >1.1·10-6 (As) >8.6·10-7 (Co) for Kargasok and 1.8·10-5 (Cr) >1.1·10-6 (As) > 
7.1·10-7 (Co) for Parabel area. In accordance with the acceptable risk criteria, the risk 
level determined by inhalation exposure to Cr, Co, As on the territory of Kargasok and 
Parabel districts should be regarded as acceptable but it requires constant monitoring. 

Ivanova E.V., Bykova V.V., Osipova N.A. (2006). Assessment of human health risk caused by chemical 
pollutants of the atmosphere. Atmospheric and Oceanic Optics. Vol.19. - No.11. - P.867-869

U.S.Environmental Protection Agency. (1998). Guidelines for ecological assessment. EPA/630/R-95/002F. 
Washington, DC.
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Heterogeneous chemical processes, especially those involving sorption, catalytic or 
photoactivated catalytic reactions, at the surface of mineral dust particles may have the 
potential to impact the chemical composition of the atmosphere. Indeed, the amounts 
of mineral dusts transported in the atmosphere as well as their chemical composition 
make them potential sorption and reaction platforms for atmospheric volatile organic 
compounds (VOC). However, these processes have yet to be investigated through 
laboratory experiments.

The adsorption and the photocatalytic reactivity of two models VOC, namely 
toluene and limonene, have been investigated using Diffuse Reflectance Infrared 
Fourier Transform Spectroscopy (DRIFTS). This technique makes possible the semi-
quantitative monitoring of VOC adsorbed on the dust surface as well as their fate 
under various reactive processes. Thus, the especially adapted DRIFTS cell is used as 
a sorption and a photocatalytic reactor. 

First, the individual adsorption of each VOC has been characterized on the various 
dusts using the breakthrough method. Second, the photocatalytic activity has been 
evaluated through the irradiation of the VOC saturated dusts by UV leds characterized 
by a main emission band centred at 365 nm. The conversion of preliminarily adsorbed 
VOC has been followed by DRIFTS. Six different dusts have been used in this study. 
First, two standard dusts have been characterized and used as reference materials: 
Arizona Test Dust (ATD) and Gobi Test Dust (GTD). Then, the behaviour of four 
natural dusts sampled in different regions of the Saharan desert has been investigated.

Adsorption experiments evidenced that, irrespectively of their composition, mineral 
dusts are able to adsorb irreversibly toluene as well as limonene. As a consequence, 
mineral dust may be considered as sinks of atmospheric VOC and may lead to the 
long range transportation of atmospheric compounds. The adsorption capacity of 
the different dusts are discussed according to their morphological characteristics 
and compared. Depending on their chemical compositions, some dusts have shown 
photocatalytic properties. The monitoring of the model VOC oxidation on the 
photocatalytic dusts has been successfully conducted. This behaviour has been 
correlated to the presence of some specific metal oxides in the dust composition.
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Recently, the World Health Organization’s International Association for Research on 
Cancer (IARC) classified outdoor air pollution as carcinogenic to humans and now 
puts air pollution in the same category as tobacco smoke, UV radiation and plutonium. 
Exposure to ambient fine particles was recently estimated to have contributed 3.2 
million premature deaths worldwide in 2010 (Straif et al., 2013). The ambient air 
across the globe is polluted by emissions from motor vehicles, industrial processes, 
power generation, household combustion of solid fuel, and other sources. Dust 
storms lead to particulate levels (PM10 concentrations) that exceed internationally 
recommended levels especially in West Africa (Ozer, 2005; Ozer et al., 2007) but 
this source of air pollution is under-studied, particularly in the literature devoted to 
human health impacts (de Longueville et al., 2013). This can be explained by the 
scarcity of information about air quality relating to the African continent (WHO, 
2012). However, the use of proxy data allows us to draw an alarming situation for 
populations living in West African cities. This study aimed to estimate the impacts 
of Saharan dust storms on air quality and the potential effects on the human health 
in Niamey. Moreover, the analysis of a temporal serie (1947-2006) allowed to follow 
the PM10 concentration evolution during a long time period. PM10 concentrations 
were estimated from horizontal visibility data recorded in Niamey based on the 
relation established by d’Almeida (1986). During the dry season (from November to 
March), the mean seasonal PM10concentration is higher than 100 µg·m-3 on the whole 
period (1947-2006) with an important interannual variability (mean seasonal PM10 
concentrations of 13.3 µg.m-3 in 1952 and 342.7 µg.m-3 in 1984) and a break point in 
the early 1980s. Based on the Air Quality Index (AQI)developed by USEPA as a tool 
to provide timely and easy-to-understand information on local air quality and whether 
it poses a health concern (USEPA 2006), results showed that, in the recent years 
(2002-2006), mineral dust accounts for 68annual daily exceedances of the 50 µg.m-

3PM10 limit value, indicating a likelihood of health impacts. Between 1947 and the 
mid-80s, a significant increase of the number of hazardous days (PM10concentrations 
>420µg.m-3) and in the same time a significant decrease of the number of safe days 
(PM10concentrations < 50µg.m-3) were observed. Since 2000, strong health impacts 
can affect population 1 day on 3during dry season (PM10concentrations >150 µg·m-

3). In the light of the disproportionate levels of PM10 concentration recorded in city 
near the Sahara and the significant health impacts demonstrated in other parts of the 
world (de Longueville et al., 2013), new research is urgently needed to quantify the 
contribution of this source of pollution on mortality and morbidity of West African 
populations.
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Daily PM10 samples were collected at a semi-urban site (AIBU campus) during 
April 2013 and day and night samples were collected at an urban site (city center) 
during May and October 2013. Sample collection scheme allow us to compare the 
sites, seasons and diurnal variation of PM10 components. The collected samples were 
analysed in terms of EC, OC, WSOC and major ions (Ca2+, Mg2+, K+, NH4

+, Na+, SO4
2-

, NO3
-, Cl-, and PO4

3-). Meteorological parameters, SO2 and TSP were also determined 
with the con-current measurements at the rural site. A filter holder with two (front and 
back) pre-fired quartz fibre filters in series was employed to collect PM10 samples. 
Sampler was mounted on the roof, which is 14 m height in the semi-urban site while 
it was situated 1.6 m above the ground level at the rural site. The average mass 
concentration of PM10 was 29µg m-3at the AIBU campus while it was measured as 80 
and 85 µg m-3in May and October, respectively, at the city center. EC and OC contents 
of the collected samples were determined with the Sunset Lab. EC/OC analyser. 
The average EC and OC concentrations were found as 1.53±0.65 and 8.81±3.11 µg 
m-3 at the AIBU campus, respectively.There is no significant difference in average 
EC-OC concentrations of day and night time data at city center during May. On the 
other hand, values obtained during night were almost doubled the day time values 
during October. The corresponding average values for EC and OC during night were 
3.89±2.38 and 23.0±17.0 µg m-3, respectively. The elevated concentrations of EC and 
OC during night time data in October can be attributed to lower mixing height at the 
city center. The comparison with the data available for Istanbul, which may not be the 
right place for comparison since it is the second most populated mega-city in Eastern 
Mediterranean after Cairo but we have only EC-OC data for this city, showed that 
slightly higher OC concentrations were observed in Bolu during May as compared 
to Istanbul while the night time OC values during October were higher (by a factor 
of 3) than the OC concentration observed in Istanbul (Theodosi et al., 2010). Saharan 
dust episodes were also detected during the study. The carbonate peak obtained in 
the EC-OC analysis of samples was coupled with the satellite data, which confirmed 
Saharan dust transport from North Africa. An advanced factor analysis technique, 
namely Positive Matrix Factorization (PMF) will also be applied to the generated data 
set in order to find the sources affecting the chemical composition of PM10 samples.

Theodosi, C., Im, U., Bougiatioti, A., Zarmpas, P., Yenigun, O., Mihalopoulos, N., (2010). Aerosol chemical 
composition over Istanbul.Science of the Total Environment 408, 2482-2491.
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The Dead Sea is a terminal hypersaline lake receiving water and fine-grain sediments 
from a large drainage basin in the Levant that extends from the edge of the Sahara to 
the Mediterranean climate zones. The Dead Sea and its precursors, last glacial Lake 
Lisan and last interglacial Lake Samra, continuously accumulated desert dust that 
had settled in the watershed during the mid-late Pleistocene and Holocene periods 
(Haliva-Cohen et al., 2012). A sediment core retrieved from the lake’s center and 
covering the last ~220 kais comprised of primary halite, aragonite and gypsums and 
allochtonous silts and clays. The fine particles are used for identifying sources and 
routes of transport of the dust during the last glacial-interglacial cycle.
We compared the high-stand Lake Lisan and low-stand Lake Samra sediments grain 
sizes and their chemical and Nd-Sr isotopic compositions. Grain size distributions 
>1 μm of Lake Lisan have modes of 8-10 μm, whereas Lake Samra samples present 
smaller modes of 3-4 μm. Similar grain size distribution was observed in the fine-
grained sediments of the currently exposed late Quaternary deposits along the Dead 
Sea (Haliva-Cohen et al., 2012). The Fe and Al oxides concentrations divide the 
fine grained sediments in the core to three sub-groups probably reflecting degrees of 
weathering. Least weathered sediments are from glacial Lake Lisan, the moderately 
weathered sediments are from the last interglacial Lake Samra. The most weathered 
are those from post-glacial ~11ka. The isotopic compositions of the fine-grained 
particles present a narrow ranges of εNd, between -6.7 to -5.7 and -5.7 to -4.5 for the 
Lisan and Samra, respectively. Sr isotopic ratios extend from 0.7081 to 0.7095. The 
samples lie on the “regional dust array” between Nile and Saharan derived fine dust 
(Revel et al., 2010, Palchan et al., 2013). The data suggests that during the last glacial 
the Dead Sea watershed (e.g. the central Levant) received more of the Saharan dust 
in association with Mediterranean winter rains and strong winds (Enzel et al., 2010). 
Where during the last interglacial it received recycled loess by floods with increased 
Nile type isotopic signature reached the lake.

Enzel Y., Amit R., Crouvi O., Porat N. (2010) Abrasion- derived sediments under intensified winds at the 
latest Pleistocene leading edge of the advancing Sinai-Negev erg. Quaternary Research 74, 121-131.

Haliva- Cohen A., Stein M., Goldstein S.L., Sandler A., Starinsky A. (2012) Sources and transport routes 
of fine detritus material to the late Quaternary Dead Sea basin. Quaternary Science Reviews 49, 1-16.

Palchan D., Stein M., Almogi-Labin A., Erel Y., Goldstein S.L. (2013) Dust transport and synoptic 
conditions over the Sahara- Arabia deserts during the MIS6/5 and 2/1 transitions from grain size, 
chemical and isotopic properties of Red Sea cores. Earth Planetary Science Letters 217, 451-464.

Revel M., Ducassou E., Grousset F.E., Bernasconi S.M., Migeon S., Revillon S., Mascle J., Murat A., 
Zaragosi S., Bosch D. (2010) 100,000 Years of African monsoon variability recorded in sediments of the 
Nile margin. Quaternary Science Reviews 29, 1342-1362.
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Asian dust transported by tropospheric winds thousands of kilometers downstream 
contributes half of global aerosol loading. Aside from being the culprit for the 
devastating dust storms increasingly observed in recent years over many parts of 
China, it also affects, through direct radiation, thermal and flow fields downstream. 
The dust emission, deposition, and (to a certain degree) low-level transportation, 
are not well understood, partly because the coarse-resolution global atmospheric 
models cannot resolve these subscale processes sufficiently. In this study, we use the 
latest version (4) of regional climate model (RegCM4) coupled with a dust module 
developed at the International Center for Theoretical Physics (ICTP, Italy) to simulate 
the spatial-temporal distribution of dust aerosol and its climatic impact through direct 
radiative forcing over East Asia.

RegCM4 experiments with and without dust emitted from Taklimakan desert, western 
Inner Mongolia, and northern Xinjiang showed that surface shortwave (SW) irradiance 
reduction caused by the aerosol loading reaches 20 Wm−2 in spring over East Asia, 
cooling surface by 0.8°C during spring and portion of summer. SW irradiance at the 
top of the atmosphere (TOA) is also reduced by up to 8 Wm−2 in North China when 
the dust module is activated. Dust aerosol induced cooling also leads to the formation 
of a cyclonic circulation in the lower troposphere in Northwest China that further 
excites, most likely through Rossby wave propagation, an anticyclonic circulation 
(in the Yellow River Loop) and a cyclonic circulation (in East China Sea, ECS). The 
northeasterly flow in southern China straddled by the anticyclone and cyclone acts 
to weaken the southwest monsoon in southeastern China and the surrounding sea. 
Supported by the dust-induced circulations, precipitation increases in cyclonic regions 
in Northwest China and ECS and decreases in the anticyclonic north-central China.
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Epidemiological studies have demonstrated coherent associations between particulate 
matter (PM) and respiratory illness and the number of deaths from cardiovascular and 
respiratory diseases (WHO, 2013). Recently in the Mediterranean Basin attention has 
been given to the effect on health of atmospheric dust from North African desert due 
to the evidence of an increased associations with mortality of PM10 during Saharan 
dust outbreaks (NAF from now on) (i.e., Mallone et al., 2011; Pérez et al., 2012a). 
Recently, Pérez et al. (2012b) have shown that during NAF in Barcelona (Spain) the 
local PM10 mass, i.e. the mass that would be measured if there are no NAF episodes, 
is more toxic compared with both the African dust contribution to PM10 mass and the 
PM10 measured when no NAF episodes occur. The reasons for this increasing local 
PM toxicity during NAF days are unknown, although the condensation of secondary 
components from gaseous precursors onto the surface of dust particles has been 
proposed. In this study we identify the thinning of the mixing layer height (MLH) 
during NAF days as possible cause triggering the observed higher toxicity of ambient 
air. We show, using more than 2500 MLH (8 years) measured in Barcelona, that 
the MLH influences all-cause daily mortality more than PM. We found statistically 
significant associations of MLH with all cause daily mortality and observed that the 
oscillations of MLH determine the degree of toxicity of ambient air. Results show that 
as the MLH reduces the risk of mortality associated with the same concentration of PM 
increases due to a progressive accumulation of anthropogenic pollutants. Moreover, the 
association of MLH with all-cause daily mortality and the effect of MLH oscillations on 
particle toxicity are higher when NAF episodes occur. This evidence puts forward that 
other atmospheric components may have adverse health effects in urban environments 
and/or reflects the relevance of a synergic effect of atmospheric pollutants which is 
amplified during NAF.

WHO (2013). Review of evidence on health aspects of air pollution - REVIHAAP project: final technical 
report.

Mallone, S., Stafoggia, M., Faustini, A., Gobbi, G.P., Marconi, A., Forastiere, F. (2011), Saharan Dust and 
Association between Particulate Matter and Daily Mortality in Rome, Italy, Environ. Health, Perspect., 
119, 1409-1414.

Perez, L., Tobías, A., Querol, X., Pey, J., Alastuey, A., Díaz, J., Sunyer, J. (2012a). Saharan dust, particulate 
matter and cause-specific mortality: A case-crossover study in Barcelona (Spain), Environment 
International, 48, 150-155.

Pérez, L., Tobías, A., Pey, J., Pérez, N., Alastuey, A., Sunyer, J., Querol, X. (2012b). Effects of Local and 
Saharan Particles on Cardiovascular Disease Mortality, Epidemiology, 23, 5, 768-769.
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Around half of dust emissions worldwide originate from the Sahel and Sahara 
regions, of which a major but uncertain fraction are caused by convectively-generated 
dust storms (haboobs). In these storms, evaporation-driven downdrafts form cold 
pools that quickly propagate and create near-surface wind gusts. Current global 
models do not capture such storms, because their convection schemes do not allow 
effective formation of such cold pools. We suggest a parameterization of near-surface 
wind gusts and dust emissions generated by cold pools, based on the downdraft 
mass flux from the convection scheme. It assumes the horizontal dispersion of all 
downdrafts into cold pools and the unknown geometry of the cold pools results in 
one free parameter. The parameterization is applied to Unified Model (Cascade) 
runs for the 2006 Summer in West Africa. The free parameter is tuned for 40-km 
and 12-km runs with convection scheme, using 4-km convection-permitting runs as a 
reference (4-km runs have been evaluated using 1.5-km runs in previous studies). The 
parameterization successfully increases the near-surface wind beyond the threshold 
for dust emission and compensates for the lack of convectively-generated dust storms 
when the convection scheme is activated. The long-standing problem of too early 
activation of the convection scheme in the Sahel and Sahara regions remains an issue 
in the parameterization of the diurnal cycle of dust emissions.

This parameterization is developed in the framework of the ERC Desert Storms 
project.
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An ACTRIS measurement campaign was organized during summer 2012, 8 June - 17 
July. ACTRIS and EMEP closely worked together to coordinate this field campaign 
which was mainly aimed at the study of Saharan dust particles. Besides, this intensive 
observation period (IOP) featured two international field campaigns during summer 
2012 to optimize any possible cooperation. The ChArMEx (The Chemistry-Aerosol 
Mediterranean Experiment, https://charmex.lsce.ipsl.fr/) campaign was held in the 
period of from 8 June - 12 July and the PEGASOS (Pan-European Gas-AeroSOLs-
climate interaction Study, http://pegasos.iceht.forth.gr/) campaign provided detailed 
measurements for the period from 8 June - 9 July.
The main objective of the EARLINET/ACTRIS campaign during summer 2012 was 
to investigate the 3-D distribution of European atmospheric aerosols in the context of 
Saharan dust intrusion events. The whole network participated in the campaign performing 
EARLINET regular measurements. Additional measurements were performed after alerts 
concerning the occurrence of special events over Europe. 10 selected ACTRIS lidar 
stations performed daily lidar-profiling measurements around sunset for the whole 8 June - 
17 July 2012 period. The availability of EARLINET vertical profiles of the aerosol optical 
properties during the selected period strongly enhanced the collection of a unique, high 
quality data set on aerosol, as gathered by a set of sophisticated instruments across Europe.
The description of aerosol type distribution over Europe during the campaign was 
obtained through a combined use of advanced lidar measurements, backward trajectory 
analyses and model outputs. In particular, two intense African dust outbreaks were 
noted and studied into details.
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In the last decades clay minerals and especially smectites have been thoroughly used 
for the synthesis of clay mineral based nanocomposites. These nanocomposites have 
been tested for their potential uses in many applications including photocatalysis of air 
and organic pollutants. In many recent studies fibrous as well as tubular clay mineral 
based nanocomposites have been proposed as very useful geomaterials for many 
uses including photocatalysis. Fibrous clay minerals and especially palygorskite (and 
sepiolite) and tubular clay minerals (halloysite) seems to be the most prominent clay 
minerals because they do not agglomerate easily due to their different crystal shape/
morphology compared with the other clay minerals. However, these fibrous or tubular 
minerals are very similar to some of the clay minerals such as smectites with respect 
to high surface areas, colloidal dimensions of their particles and other properties to a 
high degree. Recently three phase nanocomposites using two clay minerals, a fibrous 
and a tubular morphology, and anatase have been synthesized. These nanocomposites 
showed significantly increased photocatalytic activities in decomposing air and 
organic pollutants compared with two phase nanocomposites using one clay mineral. 
The aim of this presentation is to report the very recent developments in the use of 
fibrous and tubular clay minerals as cost-effective geomaterials for catalytic and 
photocatalytic activities and to touch upon future possibilities for these materials.
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Approximately 15Mt/year of solid by-products (fly ash, bottom ash) are produced 
by the lignite combustion in West Macedonia and Peloponnesus in Greece and it’s 
expected to be increased in the future because of the lower calorific value of available 
lignite. The utilization of these by-products, which are atmospheric dust components, 
is demanded to be increased in the future. A potential environmental application of 
these by-products would make them as a resource rather than a waste problem.
In order to use fly ash as a resource, we synthesized fly ash-TiO2 nanocomposites in 
two different mass ratios (30%-70% and 20%-80% respectively). The nanocomposites 
were prepared using fly ash from Megalopoli (Peloponnese) by depositing anatase 
form of TiO2 on the fly ash components using titanium isopropoxide as a precursor 
under hydrothermal treatment at 180oC. Phase composition, particle morphology 
and physical properties of both nanocomposites were characterized by XRD, SEM, 
SEM-EDS and N2-sorption/desorption isotherms. The photocatalytic activities of both 
nanocomposites in decomposing azo dyes in water were measured. Two different azo 
dyes, an acid (acid orange 10) and a basic (basic yellow 28), were used in order 
to compare the performance of the nanocomposites and determine the parameters 
affecting the decomposition of dyes. 
The characterization of the nanocomposites showed that TiO2 nonoparticles in the form 
of anatase is well dispersed on fly ash components. Additionally both nanocomposites 
proved to be more effective in the photocatalytic mineralization of acid orange 10 
indicating that they are more promising for use in decomposing acid than basic azo 
dyes in water. 
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Various dust models have been developed to parameterize dust emission, most 
of which are based on the wind-dust relationship observed in the wind tunnels. 
Parameterizations for vertical dust mass flux used in these models can be broadly 
grouped into two categories: with saltation and without saltation. Saltation models 
first parameterize horizontally saltating mass flux proportional to a certain power of 
threshold friction speed. Many wind tunnel observations are consistent in showing 
that the saltating flux is proportional to the cubic power of friction speed for most soil 
types. After calculating the saltating mass flux, saltation models calculate the vertical 
mass flux using a sandblasting mass efficiency factor, which is a function of clay 
content. In non-saltation models, vertical dust mass flux is expressed directly in terms 
of power of surface wind speed without considering saltation. Unlike the saltation 
model, relationship between vertical dust mass flux and friction velocity observed in 
wind tunnel is less robust. The power of friction speed in vertical dust mass flux vs. 
friction velocity plotted for different soil types and field conditions varies from 2-5. 
In spite of the greater uncertainty, non-saltation models are still used in many dust 
models because of their simplicity.
In this work, we systematically analyze the factors contributing to the uncertainty in 
vertical dust mass flux estimation. We hypothesize that more accurate measurement of 
vertical dust mass flux in the wind tunnel can give improved wind-dust relationship. 
We measure the dust mass directly from the substrate bed to get location-independent 
measurements. Unlike traditional sampling techniques, such location-independent 
measurements are not sensitive to the height and distance of sampling and provide 
more accurate measurement of vertical dust mass flux. We expose the substrate bed 
(clay) to saltating grains in the wind tunnel and analyze the geometric properties of the 
scour formed on the substrate bed by creating a digital elevation model. We measure 
the vertical dust mass removed from the substrate bed in terms of the volume of scour 
formed in the substrate bed after numerous saltation events. We then relate the volume 
of dust mass to the wind speed and saltating mass flux. We also compare the resulting 
dust mass flux against mean dust concentration measured by a GRIMM spectrometer 
located downwind to partition the dust between saltation and direct entrainment. 
Because it is extremely difficult to reproduce the field geomorphic conditions of dust 
source region in the laboratory, the wind-dust relationship observed in the wind tunnel 
experiments needs to be evaluated against field observations in dust source regions. In 
order to make the wind-dust relationship applicable to unique geomorphic types found 
in dust source region, we finally constrain the wind tunnel based parameterization 
against wind-dust relationship observed near a range of geomorphic types using 
remote sensing and ground based observations.
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Aerosol Modeling System (AMS) that is consisted of the Asian Dust Aerosol Model2 
(ADAM2) and the Community Multi-scale Air Quality (CMAQ) modeling system 
has been employed to find the geographical distributions of both the annual averaged 
Asian dust aerosol and the anthropogenic aerosols concentrations and their total 
depositions in the Asian region for the year 2010. It is found that the annual mean 
surface (column integrated) aerosol concentrations in the Asian region affect in a 
wide region as a complex mixture of the Asian dust aerosol and the anthropogenic 
aerosols; more predominated by the Asian dust aerosol in the Asian dust source region 
of northern China and Mongolia with the annual mean (column integrated) PM10 
concentration of more than 200 μg m-3 (350 g m-2), by the anthropogenic aerosols in 
the high pollutant emission regions of southern and eastern China and northern India 
with the annual mean surface (column integrated) concentration of more than 110 μg 
m-3 (140 mg m-2) in eastern China and by the mixed aerosols (Asian dust aerosol + 
anthropogenic aerosols) in the downwind regions of the Yellow Sea, the East China 
Sea, the Korean peninsula, the East Sea of Korea, Japan, and the Northwest Pacific 
Ocean. It is also found that the annual total deposition of aerosols in the Asian domain 
is 485.2 Tg (371.8 Tg of Asian dust aerosol and 113.4 Tg of anthropogenic aerosols), 
of which 66% (318.6 Tg) is found to be contributed by the dry deposition (305.3 Tg 
by Asian dust aerosol and 13.3 Tg by anthropogenic aerosols) and 34% (166.6 Tg) by 
the wet deposition (100.1 Tg by anthropogenic aerosols and 66.3 Tg by Asian dust 
aerosol), suggesting significant impacts of aerosols on environment and the terrestrial 
and marine eco-systems in Asia.

keywords: Aerosol Modeling System (AMS), Aerosol deposition, Anthropogenic 
aerosol, Asian Dust Aerosol Model 2 (ADAM2), Column integrated concentration, 
Community Multi-scale Air Quality (CMAQ)
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The increase in CO2 level of the troposphere, mainly due to emissions from fossil 
combustion, is very likely the cause for the climate change observed over the past 
several decades, characterized by the rapid growth of global average temperature. 
Hence, to prevent global warming many countries signed the Kyoto protocol for 
decreasing their greenhouse gases (GHG) emissions. Among these GHG emissions, 
the steel industry is responsible for 19% of those of the industrial sector. In an effort 
to develop breakthrough technologies that enable drastic reduction in CO2 emissions 
from steel industries (ULCOS Project), the reduction of iron ore by pure hydrogen in a 
direct reduction shaft furnace was investigated. To reduce the emission of GHG by the 
steel industry, particularly for steelmaking, the production of direct reduced iron using 
hydrogen as a reducing gas instead of carbon monoxide is being considered. The 
reduction of iron ores by hydrogen is a gas-solid reaction which occurs in two or three 
stages. For temperature higher than 570 °C, hematite (Fe2O3) is first transformed into 
magnetite (Fe3O4), them into wustite (FeO), and finally into metallic iron whereas at 
temperatures below 570 °C, magnetite is directly transformed into iron since wustite 
is not thermodynamically stable.
In this paper, the reduction of nickel oxide powders by hydrogen was studied at 
the laboratory scale fluidized bed rector, varying the experimental conditions and 
observing the rate and the course of the reaction. All the reduction experiments were 
performed in a thermobalance and supplementary characterization methods were 
used like scanning and transmission electron microscopy, and X-ray diffraction. The 
influence of rising temperature in the range 550-900 °C is to accelerate the reaction; 
no slowing down was observed, contrary to some literature conclusion. A series of 
experiments consisted in interrupting the runs before complete conversion, thus 
enabling the characterization of partially reduced samples. Interpretation confirms the 
occurrence of three successive and rather separate reduction steps, through nickel 
oxide to nickel metal, and illustrates a clear structural evolution of the samples. 
Finally, the influence of the sample type was revealed comparing a regular powder of 
hematite and magnetite, fine powder of nickel oxide. The fine powder of nickel oxide 
proved to be the most reactive despite its finer grain size, due to a more porous final 
structure. The fluidized bed reactor for hydrogen reduction was developed to enhance 
the reduction of iron ores and metal oxides

keywords: hydrogen reduction, fluidized bed reactor, nickel oxide, iron ore, direct 
reduction iron, steelmaking.
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The use of laser ablation (LA) sampling coupled with high-sensitivity inductively-
coupled plasma mass spectrometry (ICP-MS) is an exceptionally powerful tool for 
chemical and isotope analysis of materials. The LA-ICP-MS method has been applied 
to single mineral grains from sediments, rocks and dust as well as other materials, 
to determine their origin and provenance. The technology has evolved greatly over 
the past 10 years such that a wide range of minerals and materials can be analysed, 
using various isotope systems (Nd, Sr, U-Pb, Hf, Pb, U etc.) on grains as small as 
5-10 microns in size. Analysis and use of such methods on single grains is tractable 
if the precision of the analysis is small relative to the potential variation of source. 
To accurately provenance dust or sediment requires the analysis of many samples and 
grains to characterise the variation, and to have good information of potential source 
ages and isotope characteristics. One of the most powerful approaches is using U-Pb 
in situ dating of grains of zircon and rutile within dust and other sedimentary deposits. 
Age uncertainty on single grains can be as small as 2% of the age, and Hf isotopes 
can also supplement the U-Pb data on single grains of zircon. The method of zircon 
dating of single dust grains has been applied to the Chinese Loess deposits with some 
success. These methods have been more widespread in analysis of river sediments and 
sedimentary rocks where rutile combined with zircon analysis offers a very powerful 
provenance discriminant. An example from the Himalaya will be given to illustrate the 
technology and application. In terms of environmental applications, uranium isotopes 
in single particles emitted from a metal processing plant in Albany, New York have been 
analysed to prove that dust originated from the plant, and that the source of the uranium 
can be forensically matched to batches of depleted uranium waste produced by nuclear 
processing in the US atomic energy programme, an approach only feasible because of 
the ability of the method to measure accurately the minor isotopes of uranium (235U and 
236U). Together, these examples illustrate how powerful the method is if applied using 
the most appropriate mass spectrometry, minerals and isotope systems.
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Ambient aerosols are largely responsible for the visibility deterioration, health hazard 
and environmental damage. The major components of aerosols are black carbon (BC), 
organic compounds, inorganic elements, material of biologic origin, reactive gases, 
etc. The BC is the second largest contributor to climate change after CO2 and is a 
significant part of the haze often in the mega cities. The organic compounds such 
as polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), etc. 
are prevalent constituents of atmospheric pollution and originated by hydrogenation 
of the elemental carbon. A huge amount of coal is burnt in Raipur area (capital, 
Chhattisgarh state) to produce energy. In the present work, distribution of black carbon 
(BC), organic carbon (OC), carbonate carbon (CC) and PAHs associated to particulate 
matter (PM10) during year 2007-08 in ambient air of Raipur city is described. Twelve 
PAHs i.e. phenanthrene (Phe), anthracene (Ant), fluoranthene (Fla), pyrene (Pyr), 
benz[a]anthracene (Baa), chrysene (Cry), benzo[b]fluoranthene (Bbf), benzo[k]
fluoranthene (Bkf), benzo[a]pyrene (Bap), dibenz[a,h]anthracene (Dba), benzo[ghi]
perylene (Bgh) and indeno[1,2,3-cd]pyrene (Ind) associated to the PM were studied. 
The (n = 24) PM10 concentration in the air was ranged from 116 - 523 µg m-3 with 
mean value of 283±55 µg m-3. The BC, OC, CC, TC and ΣPAHs contents were ranged 
from 8.8 - 65.5, 7.2 - 55.4, 6.1 - 58.7, 22.8 - 161.2 and 0.04 - 0.17 µg m-3 with mean 
value of 28.8±6.8, 23.2±5.4, 22.7±6.8, 74.6±18.0 and 0.09±0.02 µg m-3, respectively. 
The monthly, seasonal and spatial variations of the PM and their constituents in the 
air are discussed.
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The transport system contribute >30% of air pollution in the urban environment in 
gaseous, liquid and road dust forms. The road dusts (RD) generated from different 
sources on the roads has become a valuable archive of environmental information. 
The RD gets washed down to surface and travels to subsurface with rain water and 
becomes a potential health hazard for the humans and all other biota. In the present 
work, contamination assessment of soluble ions (i.e. F-, Cl-, NO3

-, SO4
2-, NH4

+, Na+, 
K+, Mg2+ and Ca2) in 42 respirable road dust samples of India are presented. The road 
dust samples were collected from various locations of the country in February, 2008. 
Analytical techniques i.e. ion selective electrode and ion chromatography were used 
for monitoring of the ions. The color of dusts was varied from yellow to black. The 
urban dusts were blackish to black with mean pH value of 7.4 ± 0.2. The concentration 
of F- was ranged from 75 - 895 mg kg-1 with mean value of 224±43 mg kg-1. The 
concentration of ions i.e. Cl-, NO3

-, SO4
2-, NH4

+, Na+, K+, Mg2+ and Ca2+ in the road 
dusts was ranged from 0.41 - 19.1, 0.03 - 0.92, 0.10 - 4.23, 0.01 - 0.33, 0.28 - 15.1, 
0.08 - 5.71, 0.04 - 0.90 and 0.33 - 8.93% with mean value of 5.60±1.33, 0.38±0.08, 
1.14±0.27, 0.09±0.02, 4.68±2.00, 1.16±0.30, 0.43±0.06 and 4.79±0.73%, respectively 
(at 95% probability). The highest content of F- was observed in the road dust of Korba 
city (Chhattisgarh) due to running of aluminum and thermal power plants. Whereas, 
the highest content of other ions was see in the road dust of the mega and industrial 
cities i.e. Delhi, Bhilai, Raipur. The spatial and temporal variations, correlation and 
sources of the ions are discussed.
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The composition of dust is very variable, as dust originates from different sources, 
depending on climate, human activities, soils and rocks of the surrounding areas. 
Indeed, their components and quantity are environmental pollution indicators. Metals 
may be accumulated in dust from atmospheric deposition. It is evident that urban dust 
is an important pathway in the exposure of people to toxic elements. Evaluation the 
risk of inhalation and ingestion of dust for humans, especially for children has been a 
priority in risk assessment studies for many countries.
As the case with many urban areas, Estarreja city (Portugal) also has some vulnerable 
areas with high concentration of pollutants, including heavy metals. Estarreja is also 
under the strong influence of a Chemical Complex, which includes several chemical 
industries such as a chlor-alkali plant.
Twenty samples of urban dust were collected from Estarreja (Portugal) to assess 
the contamination of heavy metals such as Pb, Zn, Cu and Fe and the human oral 
bioaccessibility of these metals; to investigate the metal distribution in particular 
size fraction (<250µm and <63 µm); to assess the influence of particle size on the 
geoavailability, and oral bioaccessibility of trace metals in dust.
Trace metals tend to accumulate in the fine fractions, the concentration of Pb, Zn, Cu 
and Fe are, in general, higher in <63 µm fraction than in 250 µm fraction. The ratio 
between metal (<63 µm fraction) and metal (<250 µm fraction) shows for Pb ranges 
between 0.8-2.9, Zn 1.0-3.0, Cu 1.0-3.4 and Fe 0.9-2.5. Loading combines element 
concentrations, on a grain size basis, with data on the mass percent of individual 
grain size classes. The results showed that metal loadings (%) are different among the 
samples. The data reveal that particles with size <63 µm contribute alone in a range of 
about 11.5-77% to the total concentration for all metals in <250 µm fraction, but only 4 
samples show metal loading higher than 40%.
The results of bioaccessibility (in <250 µm fraction) show that the Pb bioaccessible 
fraction (Bf) range between 22-84%, Zn Bf 29-77%, Fe Bf 3-18% and Cu Bf 8-48%. 
Solid phase distribution was determinate using the Sequential Selective Extraction 
Method. Zn and Pb are predominately associated (33% and 27%, respectively) with 
acid soluble phase; Cu is present mainly in the amorphous Fe oxide fraction (41%); 
residual fraction (35%) is the most dominate solid phase of Fe. Pb and Zn are in 
mobile and bioaccessible fractions raising some health concern.
The geoavailability, and human bioaccessibility of Pb, Zn and Cu in urban dusts are 
significantly related to the metal contents in <63 µm fraction. No correlation is found 
for Fe.
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Atmospheric aerosols, as one of the most important atmospheric constituents, affect 
both climate change and human health. From the climatological point of view, they 
can modify both clouds and atmosphere radiative properties, generally contributing 
to the “cooling effect” but sometimes, as for carbonaceous particles, to the “warming 
effect”. On the other hand, they may impact on air quality, causing both respiratory 
and cardiovascular diseases, even for short exposure periods (Vedal et al., 2009). 
These effects depend on aerosols chemical composition that can vary according to 
the air masses mixing during long-range transport phenomena. Recently, studying 
Saharan dust intrusion at GAW observatory in Tenerife (Canarian Islands, Spain), 
Rodriguez et al. (2011) found mineral particles, collected at the ground, often mixed 
with anthropogenic particles emitted by factories (crude oil refineries, power plants, 
etc.) located along the Northern coast of Africa. 
For the present study we have used an integrated approach to characterize optical, 
physical, morphological and chemical properties of transported mineral dust in Tito 
Scalo, a site in South Italy. To this purpose, radiometric measurements along the 
atmospheric column by an Ocean Optics radiometer, gravimetric measurements by 
a 13 stages DEKATI impactor at the ground and HYSPLIT back-trajectories have 
been used to identify days with different particles contents. Poor aerosol loading 
corresponds to “background” measurements, while high aerosol loading associated 
to prevailing large particles corresponds to desert dust advection. A technique applied 
to radiometric measurements allows to identify the main aerosol components (Water 
Soluble, Soot, Sea-Salt Accumulation, Sea-Salt Coarse and Mineral Dust) contributing 
to solar radiation attenuation over the atmospheric column. Morphological and 
chemical characterizations of particulate collected on polycarbonate filters have been 
performed by SEM-EDX. Preliminary results indicate, at the ground and under dust 
intrusion, the presence of crustal elements (alumosilicates) also in fine stages along 
with mineral particles captured in soot chains. Over the atmospheric column, Saharan 
air masses are characterized by similar contributions from Mineral Dust and the other 
main components.

Vedal , S., Hannigan, Dutton, S.J., Miller, S.L., Milford, J.B., Rabinovitch, N., Kim, N. S.-Y., Sheppard, 
L. The Denver Aerosol Sources and Health (DASH) study: Overview and early findings. Atm. Env. 43, 
1666-1673, 2009

Rodrıguez, S., Alastuey, A., Alonso-P´erez, S., Querol, X., Cuevas, E., Abreu-Afonso, J., Viana, M., 
Perez, N., Pandolfi, M., and J. de la Rosa. Transport of desert dust mixed with North African industrial 
pollutants in the subtropical Saharan Air Layer. Atmos. Chem. Phys., 11, 6663-6685, 2011.
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On August 2012 a sequence of two Saharan dust outbreaks was observed in the 
AERONET/EARLINET (Holben et al., 1998; Bösenberg et al., 2003) station of Évora, 
Portugal. Both events were monitored by a number of ground-based instruments installed 
at the site, both passive and active remote sensing as well as in-situ measurements for 
measuring aerosol optical and physical properties: multi-wavelength Raman lidar, sun-
photometer, integrating nephelometer, multi-angle absorption photometer (MAAP), 
tapered-element oscillating microbalance (TEOM) and aerodynamic particle sizer 
(APS). Additional information, such as meteorological data, back-trajectories, satellite 
data and models were also considered. The entire set of measurements and derived 
quantities are used to characterize and distinguish these two events in terms of surface, 
atmospheric column and vertically resolved measurements.
Passive and active remote sensing measurements indicated the presence of dust layers 
in the atmospheric column during 8-11 and 17-21 August, which were observed up to 
7 km and 5 km in the first and second events, respectively. 
Despite some similarity between both events, as far as the columnar aerosol optical 
properties are considered (maximum optical depths at 440 nm, ~0.6-0.7, with low 
spectral dependence, å~0.2-0.3) the in-situ measurements have shown different 
features: during the second event the background aerosol load at the surface was low 
and the presence of dust near the ground level was quite noticeable. For example, the 
large enhancements in the scattering coefficients (with low spectral dependence), in 
the mass concentration or in the coarse number concentration are a clear indication 
of that. However, during the first event the aerosol load at the surface was significant 
and the light absorption was now consistently high. The spectral dependence of the 
scattering coefficients was never low, and the minimum observed å ~1 suggests a 
mixing of dust and anthropogenic aerosol types.

Holben, B. N., et al. (1998), AERONET—A federated instrument network and data archive for aerosol 
characterization, Remote Sens. Environ., 66, 1- 16.

Bösenberg, J., et al., (2003), EARLINET: A European Aerosol Research Lidar Network to Establish an 
Aerosol Climatology, Report No. 348, 6-31.
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The RSTDUST algorithm, based on the well established Robust Satellite Techniques 
(RST) multitemporal approach, is an advanced satellite method which exploits data 
provided by high temporal resolution sensors, like SEVIRI (Spinning Enhanced Visible 
and Infrared Imager), to automatically identify and continuously track dust outbreaks 
from space. This algorithm, using three local variation indexes in combination, 
based on signals measured in the visible and thermal infrareds SEVIRI channels, 
is capable of guaranteeing a reliable identification of airborne dust in different 
observational conditions, independently on the nature of the background (land/sea 
areas) and without requiring any ancillary information. In this work, the results of a 
first RSTDUST experimentation on SEVIRI data, aimed at assessing its performances 
in identifying some intense Saharan dust events which affected the Mediterranean 
region and central Europe in May 2008, are reported. These results, compared to some 
independent ground and satellite-based aerosol products, demonstrate the potential of 
RSTDUST in successfully detecting and tracking dust aerosols from space. The achieved 
outcomes show that RSTDUST may represent a suitable tool for an accurate and rapid 
identification of dust clouds that can be then quantitatively characterized by means of 
further retrieval analyses. Such an algorithm, if integrated in automated early warning 
systems, may give an important contribution for identifying dust clouds earlier and 
closer to the source than is presently achievable from space, well supporting activities 
devoted to mitigate the impact of these features on both social and economic activities.
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Soil dust aerosol modules in climate models typically assume globally uniform dust 
properties. However, important processes in the Earth system related to dust aerosols 
depend on their mineralogical and chemical composition, which varies regionally. 
The response of clouds and the large-scale circulation to dust forcing is sensitive 
to the absorptivity of the dust particles, which is largely a function of the free iron 
fraction in dust. The soluble fraction of iron in dust, transported to remote regions 
and processed during transport, can fertilize phytoplankton in the oceans, influencing 
carbon dioxide uptake and, in turn, the global carbon dioxide cycle. Also, chemical 
processes involving soil dust particles that form coatings of sulfate, nitrate, or 
organics during atmospheric transport depend on the dust mineralogical/chemical 
composition. So does the reactivity of dust with ozone. The availability of soil dust 
particles as cloud condensation nuclei, which is a function of their hygroscopicity, 
and the propensity of dust particles to serve as nuclei for ice clouds depend on the 
mineralogical composition as well. A few attempts have been made by researchers 
to predict the mineralogical composition of dust aerosols in climate models, based 
on data sets on the mineralogical composition of soils. A major challenge is to 
properly derive the mineral fractions of emitted dust from the mineral fractions in 
soils. Here, we present a novel approach to obtain the mineral fractions of the emitted 
dust aerosols. We propose a method that is based on a few central assumptions and 
utilizes empirical data from the literature: a data set on mineral fractions in soils and, 
in addition, the volume size distribution of the mineral fractions in dust aerosols, 
derived from measurements at a single location. We use this approach to predict the 
geographical and temporal distribution of emission, transport, and deposition of the 
mineralogical composition of dust in the NASA GISS Earth system model ModelE. 
Another challenge is that the data sets on mineral fractions in soils do not provide 
any information about aggregation of minerals. In addition to the pure mineral 
phases, we also calculate aggregates between iron oxide minerals and each of the 
other minerals, based on the relative abundance of the emitted mineral phases at a 
location, to account for the transport of free iron to remote regions. We carried out 
simulations with ModelE, one using our new approach, and for comparison another 
one, for which we assumed that the emitted mineral fractions are equal to the mineral 
fractions in soil. We use a compilation of more than 50 references from the literature 
with measured mineral fractions to validate our new model. The validation shows 
significant improvements of the predicted mineral fractions, using our new approach, 
although some model deficiencies remain.
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PM10 and PM1 samples simultaneously collected at a costal site of south eastern Italy 
have been analyzed with the main aim of determining the atmospheric dust contribution 
of natural and anthropogenic origin and investigating the dust source impact on 
levels and composition. A low volume (2.3 m3 h_1) HYDRA-FAI dual sampler was 
used to simultaneously collect 24-h PM10 and PM1 samples on 47-mm-diameter 
quartz fibre filters, pre-heated for 2 h at 700 °C. The monitoring campaign lasted 
from August 2011 up to December 2012. Organic and elemental carbon, inorganic 
ions, and selected metals were measured in the collected samples to characterize the 
composition of the PM10, PM1, and (PM10-PM1) fractions. The thermal optical 
transmittance technique by means of the Sunset Carbon Analyzer Instrument was 
used with the NIOSH5040 protocol to determine EC and OC mass concentrations 
in a 1.5 cm2 punch of the filter sample. Soluble ions (SO4

2-, NO3
-, NH4

+, Cl-, Na+, K+, 
Mg2+ and Ca2+) were analyzed via High Performance Ion Chromatography (HPIC, 
Dionex DX-500 System). Eight trace elements (Ni, Cu, V, Mn, As, Pb, Cr, Sb) were 
analyzed via Graphite Furnace Atomic Absorption Spectroscopy (GF-AAS, Perkin 
Elmer Analyst 600 System). Four trace elements (Fe, Al, Zn and Ti) were analyzed 
by Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES, Varian 
Liberty 110 spectrometer). The Positive Matrix Factorization (PMF) technique and 
the mass closure analysis have been applied to the chemically speciated PM10 and 
PM1 samples to identify main natural and anthropogenic sources and determine the 
atmospheric dust contribution. Analytical back trajectories combined with statistical 
analyses and satellite true colour images were used to know about the location of 
potential source regions and to determine the contribution of long range transported 
air masses. Particular attention has been devoted to the analysis of samples collected 
during Sahara dust outbreaks with the main aim of inferring the effects of the dust 
source region on the PM composition. Crustal matter concentrations monitored during 
Sahara dust outbreak have been compared with the dust concentration retrieved from 
the BSC-DREAM model (www.bsc.es) for the study area to better understand main 
results and contribute to the validation of model results.

Perrone, M. R., Becagli, S., Orza, J. A. G., Vecchi, R., Dinoi, A., Udisti, R., Cabello, M. (2013). The impact 
of long-range-transport on PM1 and PM2.5 at a Central Mediterranean site. Atmos. Environ., 176-186.
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The dust role in the Earth’s radiation budget is widely recognized and several 
experiments have been undertaken to investigate the impact of dust aerosols on the 
Mediterranean radiation budget (e.g. Perrone et al., 2012 and references therein). The 
radiative impact of dust particles is rather complex since they are of large size and exert 
a significant direct radiative effect in both the solar (S) and terrestrial (T) radiation. 
Solar and terrestrial direct radiadive effects (DREs) by dust particles are generally 
opposite. In particular, the absorption and scattering of dust particles in the T-domain 
enhance the greenhouse effect and as a consequence, aerosol T-DREs are positive at 
the surface while S-DREs are negative. Hence, it is important to look at the interaction 
of dust particles with T and S radiation, to properly define how they alter the energy 
budget. Ground-based pyranometer and pirgeometer measurements performed from 
2011 up to 2013 at a costal site of south eastern Italy (40.33 °N; 18.11 °E) are used 
in this study to investigate dust effects on irradiance measurements at the surface in 
both the solar and terrestrial spectral range. Two Kipp & Zonen pyranometers (CMP 
21) and pyrgeometers (CGR 3) have been used to measure upward and downward 
radiation fluxes in the solar (0.31-2.8 µm) and terrestrial (4.5-45 µm) spectral range, 
respectively. Satellite MODIS images, analytical back trajectories, the BSC-DREAM 
model (www.bsc.es), and aerosol microphysical properties retrieved from AERONET 
sun/sky photometer measurements, co-located in space and time with irradiance 
measurements, have been used to determine and evaluate the presence of dust 
particles at the monitoring site. An analysis of both the dust DRE, which is defined as 
the difference in net fluxes with and without aerosols, and the dust radiative forcing 
efficiency (EF), which represents the change in the net flux per unit of aerosol optical 
depth will be presented. More specifically, results on clear-sky, instantaneous aerosol 
DREs and EFs at the surface in both the solar and terrestrial spectral range will be 
presented. A two steam radiative transfer model has been used to evaluate net fluxes 
without aerosols. The use of measured net flux values with aerosols to evaluate dust 
DREs and FEs represents a peculiarity of the study: net fluxes are strongly dependent 
on the assumed surface albedo and the vertical distribution of the aerosol load and of 
the optical and microphysical aerosol properties. These last properties are commonly 
not measured. So, they are mostly assumed in the radiative transfer models used to 
calculate net flux values with aerosols. The impact of the dust advection routes from 
the sources to the monitoring site on the measured net fluxes values has also been 
analyzed to better characterize the dust DREs and EFs at the surface.

Perrone M. R., Tafuro A. M., Kinne S. (2012). Dust layer effects on the atmospheric radiative budget and 
heating rate profiles, Atmos. Env., 344-354.
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There are ~3.0 million religious worship places in India, more than the number of 
educational and health centers, 10 million marriages/year and 9.05 million deaths/
year (death rate: 7.8/1000) in India. These ritual activities and Different religion 
oriented worship places (Hindu temples, Muslim Holy shrines and Buddhist temples) 
are paid spiritual homage using flaming episodes by igniting different kinds of bio- 
and synthetic materials. This study is mainly focused on quantification of organic 
(OC) and elemental carbon (EC) emitted from five different religious and ritual places 
mostly located in South Asia:1) Hindu Temples, 2) Muslim Graveyards (Holy shrines), 
3) Buddhist Temples,4) Marriage Palaces and 5) Hindu Cremation Centers. Three 
separate examples of each of these five religious/ritual venues were sampled when 
materials were burned. Concentrations of PM2.5, carbon dioxide (CO2), and carbon 
monoxide (CO) were also measured to assess the impact of flaming and smoldering 
episodes of burning practices. All sites have shown hundred-fold high OC compared 
to EC has been observed except Buddhist temples where 1.5-2.0 folds higher EC 
was quantified compared to OC. Results have shown that religious and ritual burning 
practices are one the major source of atmospheric organic carbon related to regional 
climate change.

one sentence summary: More than 10 Tg of natural- and synthetic- biomaterial 
burnt every year in various religious and ritual burning practices in India; releasing 
about 101 Gg Organic Carbon in the regional atmosphere.

1. Chow, J. C.(1995). Measurement methods to determine compliance with ambient air quality standards 
for suspended particles. Journal of the Air & Waste Management Association, 45, 320-382.

2. Chow, J. C.; Watson, J. G.; Chen, L.-W. A.; Arnott, W. P.; Moosmüller, H.; Fung, K. K., (2004). 
Equivalence of elemental carbon by thermal/optical reflectance and transmittance with different 
temperature protocols. Environmental Science & Technology, 38, 4414-4422.

3. J. C. Chow et al. (2007). The IMPROVE_A temperature protocol for thermal/optical carbon analysis: 
maintaining consistency with a long-term database. Journal of the Air & Waste Management Association, 
57, 1014.
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On the requisition of effective results of PM2.5 source apportionment studies in India, 
a systematic study approach has been performed to develop PM2.5 source profiles for 
different types of geological material dust and vehicular exhaust emissions. Total 
thirty real-world samples of PM2.5 have been collected from emissions resulting from 
1) different types of geological dusts, 2) different fuel based vehicular emissions; 
categorized in eight subtypes of sources. Collected samples were subjected to chemical 
analysis for twenty one elemental (Al, As, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, 
Mo, Na, Ni, Pb, S, Sb, Se, V, Zn), nine ionic (Na+, K+, Mg2+, Ca2+, NH4

+, Cl-, F-, NO3
-, 

SO4
2-) and two organics [Organic carbon(OC) and Elemental carbon(EC)]using atomic 

absorption spectrophotometry, ion chromatography and carbon analyzer (thermal/
optical transmittance methods), respectively. The carbonaceous aerosol fraction 
(OM+EC) was found to be most abundant in vehicular exhaust emission sources; 
ranges from 86.4±3.61% to 100.71±5.24% with OC/EC range from 1.36 to 59.16. 
Similarly, geological materials have shown 9.36±1.37 to 31.32±4.62% carbonaceous 
aerosols in PM2.5 emissions with OC/EC ratio from 2.5 to 27.7. On contrary, trace 
elements abundance was found insignificant in vehicular exhaust emission profiles 
compared to those of vehicular exhausts. The source signature calculations have been 
performed for determination of relative source identifying species in respective group 
of profiles. The ionic balance and mass closure calculation has also performed for 
quality assurance in PM2.5 source profiles.
one sentence summary: Eight different real-world PM2.5 chemical source profiles 
are developed. These profiles comprised of 2-,3-,4-wheelers including 6-wheeler 
trucks operate using gasoline and diesel fuels along with natural soils, paved and 
unpaved road and civil constructions.

Watson, J.G., Chow, J.C., Houck, J.E. (2001). PM2.5 chemical source profile for vehicle exhaust, vegetative 
burning, geological material, and coal burning in Northwestern Colorado during 1995. Chemosphere 
43, 1141-1151.

Watson, J.G., Chow, J.C. (2001). Source characterization of major emission sources in the Imperial and 
Mexicali valleys along the US/Mexico border. Science of the Total Environment 276, 33-47.

Yatkin, S., Bayram, A. (2008). Determination of major natural and anthropogenic source profiles for 
particulate matter and trace elements in Izmir, Turkey. Chemosphere 71, 685-696.
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Measurement of aerosol size distribution plays an important role in the atmospheric 
aerosol investigations. Nowadays people pay more and more attention to the airborne 
nanoparticles due to higher particle number concentration and larger surface area, 
i.e. airborne nanoparticles have higher concentration of adsorbed or condensed toxic 
material per unit mass. In this study, the wide range aerosol spectrometer EDM665 
was applied for comprehensive aerosol measurements of atmospheric aerosols.
This WRAS system consists of a scanning mobility particle sizer with condensation 
particle counter (SMPS+C) and an optical aerosol spectrometer (OPC), including a 
sampling probe with a Nafion dryer inside and optional meteorological sensors for 
measuring ambient air temperature and relative humidity.
The GRIMM OPC works on the basis of the light-scattering technology for single 
particle counts. A semiconductor laser serves as the light source. The signal scattered 
from the particle passing the laser beam is collected at ca. 90° by a mirror and 
transferred to a recipient-diode. The detected signals are further analyzed and classified 
in multiple channels. This spectrometer measures the particle size distribution in the 
size range of 250 nm - 32 µm.
The GRIMM SMPS+C includes a condensation particle counter (CPC) and a 
differential mobility analyzer (DMA).
During the measurement larger particles, which would complicate the data analysis, 
are removed firstly by an impactor at the inlet of the DMA, and then fine and 
ultrafine particles are classified with a DMA after they pass through a bipolar charger 
(Neutralizer Am241), which establishes a well defined charge distribution of the 
particles. The classification occurs in the electrostatic field in the annulus between 
inner and outer electrodes of the DMA. Only particles of a certain size or mobility 
reach a narrow slit at the bottom of the inner electrode and are measured with a CPC. 
A size distribution in the size range of 5.5 nm - 350 nm can be obtained by changing 
the DMA voltage stepwise.
These two datasets from the OPC and SMPS+C are automatically synchronized 
and combined using the GRIMM software. Thus, this WRAS system allows the 
measurement of wide range particle size distributions from 5.5 nm to 32 µm. 
Numerous continuous measurements of particle size distribution indicate the 
time variation of airborne particles from various sources, like rush hour, traffic 
emissions, power plants out of the measurement site, and organic components due to 
photochemical reactions. Furthermore, combination with meteorological data and gas 
concentrations will also help study the transport and mixing processes of atmospheric 
aerosols.
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EU limit and guideline values for the protection of human health (DIRECTIVE 
2008/50/EG) demand a continuous monitoring of the atmospheric aerosol, more 
precisely its fine dust fraction PM10 and PM2.5. Fine dust is rated harmful to health 
which therefore strongly needs action to be taken, in order to minimize this exposure.
The EU regulates to develop clean air plans, in which efficient reduction strategies 
have to be enlisted. Especially the optical measuring technology for monitoring the 
thresholds gained in importance. The optical detection of the aerosol enables a non-
contact, continuous, and temporally high resolved measurement of the aerosols as PM 
fractions, particle size and counts distribution.
A significant part (up to 60% of the particle mass) of the atmospheric aerosol is 
determined by semi-volatile components (SVC), which varies depending on location 
and season. This meaningful fraction of the SVC impedes the exact determination 
of the aerosol mass. Thus it is important to determine the volatile fraction of the 
aerosol for two reasons: On the one hand this fraction is very helpful for the source 
identification of the dust, because different sources create different SVC fractions, and 
on the other hand it is very important to measure the SVC for comparing the results 
of different fine dust measuring devices, which reveal the difference in their losses of 
SVC while measuring.
The company GRIMM Aerosol Technik GmbH & Co. KG developed a compact, 
mobile, and highly efficient measuring instrument, which enables the continuous 
determination of the volatile fraction within the atmospheric aerosol. This device is in 
possession of two sampling probes with complementary characteristics:
One probe dries the particles by a nafion membrane in such a way, that no volatile 
aerosols get lost, while in the other probe the aerosol can be heated to a temperature 
of up to 300 °C. The aerosol is alternating being sucked through the sampling probes 
and subsequently analysed inside the same optical chamber. This means, that in one 
interval all aerosol are analysed and in the other one only the thermically stabilized 
aerosols. Forming this difference of both intervals, a determination of the volatile 
fraction is possible. There the volatile components are classified simultaneously into 
31 size channels from 250 nm up to 32 µm, as well as a simultaneous detection of the 
PM10, PM2.5, and PM1 fractions.
Measurements at different locations prove the high temporal and spatial variability 
of the volatile aerosol components, and moreover provide valuable indication for the 
causes of fine dust exposure as well as a better understanding of the aerosol formation 
within the lower atmosphere.
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Coal fly ashes are complex particles of a variable composition, which is mainly 
dependent on the combustion process, the source of coal and the precipitation 
technique. Aim of this study was to investigate the biological effect of dust-gas 
mixture composed of coal fly ash and adsorbed gas component. That is the least 
studied of air pollutants in areas near coal-fired power plants. Experiment is lead on 
30 purebred white rats divided into 3 groups. Rats of the first group were poisoned 
by intratracheal administration of a suspension of dust-gas mixture (a dust of coal 
flying ashes + sulfur dioxide) in 1,0 ml physiologic saline. Rats of the second group 
were poisoned by intratracheal administration of a suspension of coal fly ash without 
a gas component. The rats of control group were entered equivalent quantity of 
physiologic saline. Duration of experiment made 6 months. The dust of a fly ash as a 
part of dust-gas mixture and dust without gas component at chronic influence causes 
a sensitization of an organism of the experimental animals, being accompanied an 
immunosuppression and formation of immunopathological processes. However, the 
adsorbed gas component affects on strengthening of toxicity of a dust of a fly ash and 
activation of formation of immunopathological processes, and also on decrease of 
antioxidatic activity. More expressed toxic effect of a dust of coal fly ashes as a part of 
dust-gas mixture is confirmed by data of pathomorphologic researches. In the group of 
rats, which were administered dust-gas mixture, the dystrophic changes were observed 
in the liver, myocardium and kidneys tissues, also in the spleen observed proliferation 
of histiocytes and macrophages. In the group of rats, which were administered fly ash 
without adsorbed gas component, the pathological changes were expressed to a much 
lesser extent. In control group significant pathological changes of organs and tissues 
were not observed.

Alarie Y., Krumm, A., Busey, W. (1975) Long-term exposure to sulfur dioxide, sulfuric acid mist, fly ash, 
and their mixtures. Archives of Environmental Health 30, 254-262.

Borm P. (1997) Toxicity and occupational health hazards of coal fly ash (CFA). A review of data and 
comparison to coal mine dust. The Annals of Occupation Hygiene, 41, 659-676.

Chin-Wing L. James J., McCluskey R. (2004) Pulmonary toxicity of single-wall carbon nanotubes in mice 
7 and 90 days after intratracheal instillation. Toxicol. Science, 77, 126-134.
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Saharan dust events in the Northwest Mediterranean have been identified as important 
pathways for particle delivery into surface seawater [1]. The atmospheric transport of 
particles from North Africa to Monaco was recently studied at IAEA-EL (International 
Atomic Energy Agency-Environment Laboratories) [2-4]. The study of radionuclides 
(both natural and anthropogenic) as well as the elementary composition of Saharan dust 
particles was carried out for better understanding the temporal behaviour of radionuclides 
in the atmosphere and their transport into the Northwest Mediterranean Sea.
Out of nine significant events registered episodically during 1998-2013, two important 
Saharan dust depositions were detected at the Monaco air monitoring station of the 
IAEA during 23-24 November 2002 and 20 February 2004 [4], when a significant 
quantity of red-colour particles was collected. The influence of the 20 February 2004 
deposition was further followed into the water column with the analysis of sediment trap 
samples collected at two depths - 200 m and 1000 m water depth- at the Dyfamed station 
located at 43025’N, 07052’E (time-series studied from 21 December 2003 to 9 May 
2004) [5]. The characterization of those particles was done using X-ray fluorescence 
(Spectro X-Lab 2000), gamma spectrometry HPGe well-type detectors of 150% and 
200% relative efficiency (Canberra model CW 15025-7915-30-ULB) operating in the 
IAEA-EL’s underground laboratory with very low background, ICP-MS (Inductively 
Coupled Plasma-Mass Spectrometry) and AMS (Accelerator Mass Spectrometry) of 
Universidad de Sevilla, Spain. Data on the concentrations and activity ratios of natural 
and anthropogenic radionuclides (gamma emitters: 7Be, 40K, 210Pb and 137Cs; alpha 
emitters: 210Po, 239Pu, 240Pu, 239+240Pu; and Uranium isotopes) as well as major and trace 
elements are presented and discussed.

1. Moulin C., Lambert C.E., Dulac F. and Dayan U. (1997). Control of Atmospheric export of dust from 
North Africa by the North Atlatic Oscillation. Nature, Vol. 387, 691-694.

2. Pham M.K., Povinec P.P., Lee S.-H., and Oregioni B. (2003). Atmospheric transport of particles from the 
North Africa to Monaco. Bulletin du Bureau National de Métrologie, 2, 143-146.

3. Pham M.K., La Rosa J.J., Lee S.-H., Oregioni B. and Povinec P.P. (2005). Deposition of Saharan Dust in 
Monaco Rain 2001-2002: Radionuclides and Elementary Composition. Physica Scripta, Vol. T118 14-17.

4. Pham M.K., Povinec P.P., Nies H., and Betti M. (2013). Dry and wet deposition of 7Be, 210Pb and 137Cs 
in Monaco air during 1998-2010: Seasonal variations of deposition fluxes. Journal of Environmental 
Radioactivity, 120, 45-57.

5. Miquel, J.-C., Martín J., Gasser B., Rodriguez-y-Baena A., Toubal T. and Fowler S.W. (2011). Dynamics 
of particle flux and carbon export in the northwestern Mediterranean Sea: a two decade time-series study 
at the DYFAMED site. Progress in Oceanography, 91, 461-481.
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The influence of atmospheric dust on climate and biogeochemical cycles in the oceans 
is well understood but poorly quantified. Glacial atmospheric dust loads were generally 
greater than those during the Holocene, as shown, for example, by the covariation of 
dust fluxes in the Equatorial Pacific and Antarctic ice cores (e.g., Winckler et al., 
2008). Nevertheless, it remains unclear whether these increases in dust flux were 
associated with changes in sources of dust, which would in turn suggest variations in 
wind patterns, climate or paleo-environment. Such questions can be answered using 
radiogenic isotope tracers of dust provenance. 
We will present a 160-kyr high-precision lead isotope time-series of dust input to 
the Eastern Equatorial Pacific (EEP) from core ODP Leg 138, Site 849 (0°11.59’N, 
110°31.18’W) (Pichat et al., 2014) and preliminary results for termination II from 
core TTN013-72PC in the Central Equatorial Pacific.
Fluctuations in Pb isotope ratios throughout the last 160 kyr are in phase with global 
climate proxy records. The combined Pb and Nd isotope systematics point at South 
America as the prevailing source of dust to the EEP. We show that the forcing of 
dust provenance over time in the EEP overall is influenced by high-southerly-latitude 
climate conditions, leading to changes in the latitudinal position and strength of the 
South Westerlies as well as the coastal winds that blow northward along the Chilean 
margin. The net result is a modulation of dust emission from the Atacama Desert and 
the SVZ via a northward migration of the South Westerlies during cold periods and 
southward retreat during glacial terminations.

Winckler G., Anderson R.F., Fleisher M.Q., McGee D., Mahowald N. (2008) Covariant glacial-inter-glacial 
dust fluxes in the equatorial Pacific and Antarctica. Science 320, 93-96

Pichat, S., Abouchami, W., Galer, S.J.G. (2014) Lead isotopes in the Eastern Equatorial Pacific record 
Quaternary migration of the South Westerlies. Earth Planet. Sci. Lett. 388, 293-305
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Multivariate spatio-temporal data consist of a three way array with two dimensions’ 
domains both structured, temporally and spatially; think for example to a set of 
different pollutant levels recorded for a month/year at different sites. In this kind of 
dataset we can recognize time series along one dimension, spatial series along another 
and multivariate data along the third dimension.
Statistical techniques aiming at handling huge amounts of information are very 
important in this context and classical dimension reduction techniques, such as 
Principal Components, are relevant, allowing to compress the information without 
much loss. Although time series, as well as spatial series, are recorded as discrete 
observations, to convert them into Functional Data presents the advantage of 
preserving their functional structure and reducing a great number of observations to a 
few coefficients. Consequently, PCA for Functional Data is here considered.
In this paper we propose to take into account both the temporal and the spatial 
information inside the data. The main aim is to develop a spatial variant of the 
temporal Functional Principal Component Analysis (FPCA) approach treated in 
Ramsay and Silverman (2005). The possibility of extension of the temporal FPCA to 
spatial FPCA is mentioned by some authors, including Ramsay and Silverman (2005), 
and examined for regular grids, as well as for highly irregular and sparse data, by Yao 
et al. (2003) and Yao et al. (2005). Nevertheless, the exact way the analysis is done 
is not carried out. Furthermore, up to our knowledge, software implementations are 
available only for the one-dimensional case. An approach to spatial FPCA is also 
proposed by Winzenborg (2011), but ignoring the possible temporal aspect of data.
In this paper the univariate spatial FPCA is generalized to multivariate case. 
According to this approach, spatial instead of temporal basis functions are considered 
and therefore functions of locations in d-dimensional Euclidean space Rd instead of 
functions of time measured in R. In particular, we deal with data measured on two-
dimensional domains D in Rd, d=2, considering both longitude and latitude. 

Ramsay J.O., Silverman B.W. (2005). Functional Data Analysis. Second Edition. Springer-Verlag. 
Winzenborg I. (2011). Spatial Functional Principal Component Analysis and its Application in 

Diagnostics Dissertation zur Erlangung des Doktorgrades Dr. rer. nat. der Fakultat fur Mathematik und 
Wirtschaftswissenschaften der Universitat Ulm.

Yao F., Muller H.G., Wang J.L. (2003). Shrinkage Estimation for Functional Principal Component Scores 
with Application to the Population Kinetics of Plasma Folate. Biometrics, 59, 676-685. 

Yao F., Muller H.G., Wang J.L. (2005). Functional data analysis for sparse longitudinal data. Journal of the 
American Statistical Association, 100 (470), 577-590.
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The pneumatic precision drills for the sowing of maize (Zea mays L.) dressed 
seeds contribute to the emission of dust containing active ingredients (a.i.), such as 
neonicotinoid insecticides (Nuyttens et al., 2013). These chemicals are involved in 
honey bees (Apis mellifera L.) mortality and decline (Apenet, 2011). Some methods 
have been proposed to reduce the drift of pneumatic drills, including air deflectors 
(Biocca et al., 2011), adjustment of sowing parameters, dressing quality enhancement 
and innovative filtering-recirculating devices (Pochi et al., 2013). This paper describes 
a procedure to evaluate the dust drift caused by pneumatic drills, in tests at fixed point. 
An area of our workshop was arranged to obtain a sort of wind gallery with a 22.5 m 
long test area. Through the possibility of controlling wind speed and direction, such 
a system provides reliable data on the drift behaviour, useful in comparative tests 
among different drills or drill’s configurations. It is suitable to the observation of 
both ground residues and air concentrations of active ingredient in the test area. The 
obtained data were compared with a.i. ground depositions (µg m-2) observed in real 
sowing field tests. In conclusion, we propose a method for the estimation of the a.i 
ground deposition in field from the data observed in tests at fixed point. This method 
allows to design a standardized test system useful for evaluating the performances of 
drills and other seeders from in terms of dust drift.

Apenet 2011. Effects of coated maize seed on honey bees. Report based on results obtained from the second 
year (2010) activity of the APENET project, p. 100. Available at: http://www.reterurale.it/flex/cm/pages/
ServeBLOB.php/L/IT/IDPagina/5773.

Biocca M., Conte E., Pulcini P., Marinelli E., Pochi D. (2011). Sowing simulation tests of a pneumatic drill 
equipped with systems aimed at reducing the emission of abrasion dust from maize dressed seed. Journal 
of Environmental Science and Health, Part B 46(6):438-448.

Nuyttens D., Devarrewaere W., Verboven P., Foqué D. (2013). Pesticide-laden dust emission and drift from 
treated seeds during seed drilling: a review. Pesticide Management Science, 69: 564-575.

Pochi D., Biocca M., Fanigliulo R., Gallo P., Pulcini P. (2013). Development and testing of innovative 
devices to reduce the drift of abrasion powder during the sowing of dressed seeds with pneumatic drills. 
In: International Conference of Agricultural Engineering, CIGR-AgEng 2012, Valencia 8-12 July. On-
line at: http://cigr.ageng2012.org.
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Pollution with suspended particles/aerosols are of major concern in the entire Balkan 
peninsula, especially PM10 (and lower) fraction exceeding the allowable limits. 
Timisoara city, the second largest city in Romania is not an exception, today being in 
the infringement procedures enforced by EU Commission. To overcome the problem 
and find solution it is necessary to understand the aerosols origin. Several samples 
were taken and the morphological and compositional analysis of bulk particles were 
performed by using scanning electron microscopy equipped with an energy dispersive 
X-ray system (SEM/EDX) for total suspended particles TSP. Samples were collected 
through standard method described by ISO 4222. In parallel with total suspended 
and sediment particles the particle size distribution was analyzed by means of light 
scattering techniques, in 15 channels from 300 nm to 20 µm equivalent particle 
diameter.
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A better understanding of aerosol emissions from Siberian boreal forest fires is crucial, 
as they exert critical environmental and climate impacts in subarctic regions and the 
Arctic. The ability of biomass burning aerosol to absorb/scatter incoming radiation as 
well as act as cloud condensation nuclei strongly depends on microphysical, chemical 
and hygroscopic particle characteristics, for which a comprehensive regional database 
does not exist to date.
In this work small-scale combustion experiments were performed with the purpose 
to fill the gaps in available data on particulate emissions from Siberian boreal forest 
fires. Typical regional biomass species, i.e., pine and pine debris, were burned in a 
large aerosol chamber (LAC) under controlled combustion conditions representative 
of wildfires and prescribed burns. Comprehensive physico-chemical characterization 
of smoke aerosols was performed, including assessment of morphology, elemental 
composition, carbon and ion content, organic/inorganic functionalities, and selected 
organic compounds (anhydrosugars and dicarboxylic acids). Individual particle 
characterization supported by cluster analysis allows the quantification of smoke 
structural components and major types of particles with the purpose to discriminate 
between the different types of biomass burning and identify morphological and 
chemical micromarkers of Siberian wildfires. Furthermore, the abundance of cloud-
forming aerosols was determined by microscopic-based hygroscopicity analysis.
Aerosol absorption and scattering determine the radiative and microphysical properties 
of smoke, and particularly BC mass concentration for the major combustion regimes, 
i.e., smoldering, flaming, and mixed burning. Emission factors of PM10 and PM2.5, 
OC, EC, ions, and molecular markers (anhydrosugars) reveal the dramatic differences 
in aerosol composition as a function of combustion phase. The largest emissions 
of organics and levoglucosan in particular occurred during the smoldering phase. 
This study shows the importance of obtaining the chemical profiles for dominant 
PM component in order to enable the assessment of contribution from Siberian 
biomass burning to atmospheric pollution and the aerosol/climate system through PM 
characterization and molecular marker approaches.
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Ponds set within the urban landscape are important sinks of atmospheric pollution, 
receiving particulates from surrounding industrial and combustion sources. Sediment 
records extracted from ponds set within the industrial heartland of northwest England 
have yielded histories (50-200 years) of particulate pollution deposition spanning 
the UK’s Industrial Revolution, genesis of the chemical industry and 20th century 
developments in industrial and transport activity. This work demonstrates how urban 
ponds can be used to retrospectively characterise pollution particulates released within 
a heavily industrialised region.

Proxy air pollution histories have been reconstructed from several ponds in the lower 
Mersey region using a range of environmental analyses including environmental 
magnetism, x-ray fluorescence, spheroidal carbonaceous particle (SCP)s, SEM-EDS 
and isotope chronologies. High-resolution ‘local’ records have been retrieved from 
each pond which, when combined, produce a ‘cross-regional’ signal of pollution 
deposition within the urban landscape. Temporal and spatial trends in the release of 
particulates during the 19th and 20th centuries are revealed. 
Corresponding features in sulphur and SCP trends across the conurbation post-
1800 demonstrate a regional air pollution signal related to the combustion of fossil 
fuel. Twentieth century intra-urban variations in the deposition of trace metals are 
also observed. These inter-site differences highlight the sensitivity of urban ponds 
to changes in their surrounding environment such as localised industrial activities, 
urban development and increasing road transport, as well as the implementation of air 
quality legislations. Individual particulates preserved in the pond sediments have been 
characterised using SEM-EDS analysis, revealing the size and chemical composition 
of particles, key properties in determining their toxicity and source. Coal-fired power 
stations, chemical industries, car manufacturing processes and roadways are potential 
sources of harmful particulates observed. 

Set amongst the populations most at risk to the long-term health effects of particulate 
pollution, these unique sedimentary archives reveal important spatial and temporal 
variations in the deposition of pollution in the urban landscape of northwest England. 
These records allow a retrospective assessment of the release and toxicity of 
pollution particulates, extending the urban air pollution record back in time beyond 
contemporary monitoring techniques. 
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Stable isotopes of C (d13C) have been well exploited for decoding and tracking 
biogeochemical processes in oceanography and limnology, but its exploitation for 
characterizing possible potential sources of aerosols has been limited in Spain. 
Carbonaceous material typically accounts for 10 to 50% of PM10 concentration, 
concretely in Spain, accounts for 10-22% of PM10 in the rural background (Querol 
et al., 2013). Here, we report a stable isotopic study of bulk carbonaceous aerosol 
particles over a rural site at the northwest of Spain.PM10 samples were analysed in a 
elemental analyzer coupled to a isotope ratio mass spectrometer. The concentrations 
of TC seem to decrease from the cold to the warm period (the latest ones were about 
half of the cold period ones). This decrease in TC concentrations is consistent with 
previous studies (Narukawa et al., 2008). d13C values were in the range of -24.30/00 
to -27.30/00, with least-negative values occurring during warm period (periods of high 
biological activity) (average value -25.80/00) while polluted sample values exhibited 
more-negative values during cold period (average value -26.40/00). The isotopic 
patterns observed in our study are similar to the signatures motor vehicle emissions 
(-280/00 to -260/00) (Cao et al., 2011). During the cold period, the negative correlation 
between TC and d13C points to biomass burning as the primary source of aerosol 
carbon. These results revealed that 13C values of TC aerosols are consistent with the 
values obtained for aerosols from the mixed anthropogenic activities and the specific 
sources such as fossil fuel and biomass burning. It is also important to note that the 
values from these sources became higher when the aerosols were relatively aged. This 
is the first d13C data of atmospheric carbonaceous aerosols over a rural area of Galicia.

Cao J.-J., Chow J.C., Tao J., Lee S.-C., Watson J.G., Ho J.-F., Wang G.-H., Zhu C.-S., Han Y.-M. 
(2011). Stable carbon isotopes in aerosols from Chinese cities: Influence of fossil fuels. Atmospheric 
Environment, 1359-1363.

Narukawa M., Kawamura K., Li S.-M., Bottenheim J.W. (2008). Stable carbon isotopic ratios and ionic 
composition of the high-Artic aerosols: An increase in d13C values from winter to spring. Journal of 
Geophysical Research, doi:10.1029/2007JD008755.

Querol X., Alastuey A., Viana M., Moreno T., Reche C. et al. (2013). Variability of carbonaceous aerosols 
in remote, rural, urban and industrial environments: implications for air quality policy. Atmospheric 
Chemistry and Physics, 6185-6206.
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Atmospheric mineral dust plays an important role in the Earth’s climate through 
parameters such as atmospheric radiation, cloud properties and biogeochemical 
cycles. However, the high spatial and temporal variability of mineral dust and a 
lack of terrestrial archives in certain regions limit our understanding global dust-
climate interactions. Ombrotrophic peatlands (bogs; atmospherically-fed only) are 
increasingly recognized as archives of atmospheric dust deposition. Their global 
distribution and high accumulation rates (i.e. high resolution) over the Holocene make 
them suitable substitute to marine and/or ice records.

Two peat bogs, located along the Estuary (Baie bog) and Gulf (Ile du Hâvre) of St. 
Lawrence (North Shore region, Quebec), were sampled to investigate dust deposition/
palaeowinds in north eastern North America over the mid and late Holocene. Here we 
present geochemical (major and trace elements), particle size and macrofossil records 
for both sites. Radiocarbon dating of the base each profile yielded ages of about 4300 
yr cal BP and 7800 yr cal BP for Baie and Ile du Hâvre bogs respectively. Data on past 
aeolian activity in eastern Canada are scarce. Dune building studies in northern Quebec 
show several episodes of dune formation/stabilization during the late Holocene [1]. 
These episodes of dune formation were linked to drier and cooler or colder climate 
and polar front incursions. Preliminary results show periods of increased dust flux 
between 1000-1500 yr cal BP and 100-500 yr cal BP in the Baie peat sequence from 
0.5 to 4 g m-2 yr-1. In the ombrotrophic section, higher dust fluxes usually occur in 
conjunction with greater particle size suggesting either stronger winds or a change of 
source. Periods of increased dust fluxes in the Baie profile correspond with changes in 
the macrofossil assemblages (lower proportion of Sphagnum and greater proportion 
of Ericale rootlets and decomposed material). A first attempt at source tracing through 
preliminary radiogenic isotopes analyses (Pb, Nd; ongoing) will also be discussed for 
the Baie bog.

1. Filion L., Saint-Laurent D., Desponts M. Payette S. (1991). The late Holocene record of aeolian and fire 
activity in northern Québec, Canada. The Holocene, 201-208.
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DUST 2014, the International Conference on Atmospheric Dust, is directed to the 
world of the atmospheric particles. Beyond our atmosphere, cosmic dust comprising 
nanoparticles of primarily silicon permeate the vast reaches of the Universe. Like 
atmospheric dust obscuring observations of what we perceive on Earth, our optical 
observations of the Universe are distorted by cosmic dust.
In 1929, Edwin Hubble formulated the law that the velocity of a receding galaxy is 
proportional to its distance to the Earth. Hubble based his law on Doppler’s effect 
whereby the wavelength of light from the galaxy is redshift if the galaxy is moving 
away from us. Thus, by measuring the redshift of known spectral lines, Hubble 
claimed to know the recession velocity of the galaxy relative to the Earth. 
Based on the redshift of supernova light, astronomers now take Hubble’s law as 
proof the Universe is not only expanding, but accelerating. If, however, the redshift 
has a non-Doppler origin, the Universe need not be expanding. Redshift without 
an expanding Universe is of utmost importance because many of the outstanding 
problems in cosmology would be simply resolved by Newtonian mechanics.
In this regard, redshift of galaxy light may occur upon absorption in submicron 
cosmic dust NPs by the mechanism of QED induced EM radiation. NP stands for 
nanoparticles, QED for quantum electrodynamics, and EM for electromagnetic. 
QED induced redshift may be understood by treating the absorbed photon as EM 
energy confined within the NP by TIR. TIR stands for total internal reflection. TIR 
confinement is a consequence of the submicron NPs having high surface to volume 
ratios, and therefore the absorption of the galaxy photon is therefore almost entirely 
confined to the NP surface corresponding its TIR mode. Since quantum mechanics 
precludes conservation of the absorbed galaxy photon by an increase in NP 
temperature, conservation proceeds by the QED induced creation of a redshift photon 
depending on the NP material and geometry. 
The QED induced redshift is caused solely by the absorption of the galaxy photon 
in NPs and has nothing to do with an expanding Universe. Given that galaxy and 
supernova light is unequivocally absorbed by NPs on its way to the Earth, the 
Hubble redshift is highly likely not related to an expanding Universe. It therefore 
follows that an accelerating Universe expansion by dark energy based on Doppler’s 
shift is unphysical. Indeed, NPs hold in question the Hubble redshift as proof the 
Universe began in the Big Bang suggesting the notion once proposed by Einstein 
of a static Universe in dynamic equilibrium is a far more credible cosmology. Other 
consequences are:
- Dark Energy not needed to explain a Universe that is not expanding.
- Dark Matter not source of Gravitational Lensing.
- Galaxy Rotation Problem resolved without Dark Matter, etc.
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The atmospheric aerosols samples were collected in Qingdao coastal region in dust 
weather from 2008 to 2011. The mass concentration of total suspended particulate 
(TSP) and inorganic ions were measured. We found dust weather does not simply 
increase nutrient concentration compared with non-dust samples. The dust effect 
on ions was decided by many factors, such as local sources emission, meteorologic 
state, dusttransportation, and so on. The positive matrix factorization (PMF) receptor 
model was used to identify the sources of dust and non-dust aerosols in Qingdao. The 
contributed sources in dust days were soil dust, coal combustion, vehicle exhaust, 
biomass burning and industry. In contrast, the sources in non-dust days were soil 
dust, oil combustion, vehicle exhaust, biomass burning, industry and sea salt. The 
results showed that the major source of both dust and non-dust aerosols was soil 
dust. The contribution of soil dust was dramatically increased in dust days, while the 
contributions of local anthropogenic sources decreased. Pollutants of coal combustion 
in dust days were mainly from the mixture of soil dust and pollutants along the 
transmission path, while biomass burning pollutants from both local emission and 
dust long-range transportation.
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Recent observations [1,2] have documented a significant contemporary eolian dust flux 
of at least 5-10 g m-2 yr-1 in alpine ecosystems in the Western United States, possibly 
contributing 10 to 40% of the total soil mass in these environments. However, most 
of that work has taken place in the Colorado Rocky Mountains, and relatively little 
attention has been given to dust deposition in other mountain ranges. For instance, 
although researchers have long documented a 10-25 cm thick silt mantle across a wide 
elevation gradient in the Uinta Mountains of northeastern Utah [3], no prior work has 
specifically addressed whether this dust mantle represents long-term dust deposition. 
To evaluate this possibility we used four paired samples of soil A and B horizons from 
four different alpine sites to investigate whether this widespread alpine silt mantle 
is of exotic eolian origin. Passive dust collectors previously deployed at each of the 
four sites allowed us to compare these soil samples with modern dust. Grain size 
analysis indicates that A and B horizons have similar median grain sizes of 70-80 µm. 
However both types of samples feature multi-modal size distributions, with a fine 
mode of ~10 µm matching the modern dust, and a coarser mode in the medium sand 
range. A horizons are richer in organic matter with carbon contents averaging 4.3%, 
compared with 1.6% in the subsoil. Most notably, X-ray diffraction analysis reveals 
that plagioclase and amphibole are present in A horizon samples. These minerals 
are absent in soil B horizons, which are dominated by quartz, orthoclase feldspar, 
and pedogenic clays, and in the underlying bedrock. Together these results confirm 
previous reports of a pronounced textural discontinuity between soil A and B horizons 
and support an exotic eolian origin for the silt mantle present in Uinta alpine soils. 
Given the thickness and ubiquity of this silt layer, dust-deposition has likely been a 
long-term process with significant impacts on pedogenesis and geoecology in Uinta 
alpine environments.

1. Lawrence C., Neff J., Farmer G. (2011). The accretion of Aeolian dust in soils of the San Juan Mountains, 
Colorado, USA. Journal of Geophysical Research. 

2. Lawrence C., Painter T., Landry C. Neff J. (2010).Contemporary geochemical composition and flux of 
Aeolian dust to the San Juan Mountains, Colorado, United States. Journal of Geophysical Research.

3. Bockheim J., Munroe J., Douglass D., Koerner D. (2000). Soil development along an elevational gradient 
in the southeastern Uinta Mountains, Utah, USA. Catena, 39, 169- 185.
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House dust contains a wide variety of compounds from both indoor and outdoor 
sources, and provides a useful medium for assessing exposures in residential 
environments. The Canadian House Dust Study (CHDS) was designed to provide 
nationally representative baseline information about metals and organic compounds in 
urban house dust. “Active” or fresh dust was collected according to sampling protocols 
developed to obtain three measures of metals in house dust - concentration, load, and 
loading rate - which provide different but complementary types of information for 
risk assessments (Rasmussen et al., 2013). Questionnaire information about activities 
of the inhabitants and the physical characteristics of the house and its surroundings 
further assisted in interpreting national trends.

The metal load (e.g., ng m-2) is widely considered the most appropriate index of 
potential childhood exposure to metals in settled house dust. In this study, metal 
loading (ng m-2 day-1) is examined as a function of the dust loading (mg m-2 day-1) 
and the concentration of metal (µg g-1) in the settled dust, using cadmium (Cd) as 
an example. Multilinear regression analysis indicates that the Cd loading rate in 
the CHDS is mostly influenced by the dust loading (68%) and only 32% by the Cd 
concentration of the dust (p <.001). The overriding influence of dust mass can be 
observed in homes of smokers versus non-smokers. The geomean Cd loading rate 
is significantly higher (p = .034) in homes occupied by smokers (49 ng m-2 day-1) 
than in homes occupied by non-smokers (34 ng m-2 day-1), yet there is no significant 
difference in the geomean Cd concentration of dust from homes of smokers versus 
non-smokers (p = 0.701). The key factor is the significantly higher dust loading rate in 
homes of smokers (geomean = 12.6 mg m-2 day-1) compared to homes of non-smokers 
(geomean = 9.2 mg m-2 day-1).

Similar examination of the relationships between metal loading, dust loading and 
metal concentration in the context of urban setting shows the same trend: homes in 
urban industrial zones are characterized by significantly higher dust loading rates and 
metal loading rates but display no significant difference in dust metal concentrations, 
compared to homes in residential zones (95% CI). The results of the CHDS show 
that, while concentration information is useful for identifying the presence of metal 
sources in the home and for comparing indoor dust with outdoor dust and soil, it is 
dust levels within the home and the dustiness of the external environment that are 
important drivers of potential metal exposure.

Rasmussen PE, Levesque, C., Chénier, M., Gardner, H.D., Jones-Otazo, H., Petrovic, S. (2013) Canadian 
House Dust Study: Population-based concentrations, loads and loading rates of arsenic, cadmium, 
chromium, copper, nickel, lead, and zinc inside urban homes, Science of the Total Environment, 443: 
520-529.
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This paper discusses some results from a target survey carried out in the city of Lisbon, 
Portugal, to assess the impact of potentially harmful elements in outdoor dusts on the 
health of children that use urban recreational areas to play outdoors. A total of 50 
dust samples were collected from urban recreational areas used by children. Particle 
size distribution analysis was carried out by laser diffraction. Analysis of pseudo-total 
concentrations was carried out by inductively coupled plasma mass spectrometry after 
an acid digestion. Oral bioaccessibility measurements were obtained using the Unified 
BARGE Method developed by the Bioaccessibility Research Group of Europe. The 
major sources of Co, Ni and Cr in the urban dusts are probably the basalts that form the 
volcanic complex of Lisbon. All outdoor dusts under study can be classified as sandy. 
Average concentrations in the urban dusts are approximately 16 mg kg-1 for Cr, 3.6 mg 
kg-1 for Co and 13 mg kg-1 for Ni. In this study bioaccessible concentrations refer to the 
metal concentration that was extracted in the gastric phase. On average, 40% of total 
Co, 37% of total Co and 21% of total Ni content in the dust samples was solubilized by 
the gastric fluids and is available for intestinal absorption. Usually higher total metal 
contents correspond to higher bioaccessible concentrations. However, bioaccessible 
concentrations and BAF of Cr show an antipathetic behavior: dusts that have more 
elevated concentrations of Cr have them mainly in non-bioaccessible forms. The 
bioaccessible concentrations of Co, Ni and Cr, as determined in the G phase of the 
UBM method, were plotted against the percentage of dust particles below the 250 
µm, 150 µm, 100 µm, 63 µm, 38 µm, 10 µm and 2 µm size fractions. For Co and Ni, 
there is a linear positive association between the particle size and the bioaccessibility 
estimates that increases with the decrease of the grain size. Such association was 
not found for Cr. However, the bioaccessibility of Cr seems to be controlled by the 
finest grains sizes since there is a negative correlation between the amount of PM2 
particles of the dust and the BAF of Cr. Increasing amounts of PM2 particles result 
on decreasing fractions of total Cr concentrations that are solubilised by the gastric 
fluids. In conclusion, the dusts with higher amounts of fine particles have higher 
bioaccessibility estimates of Co and Ni, and lower BAF of Cr. These results suggest 
that the particle size distribution controls the bioaccessibility of Co, Ni and Cr in 
outdoor dusts of urban recreational areas from Lisbon.
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Poor urban air quality due to high concentrations of particulate matter (PM) remains a 
major public health problem in Europe. According to a newest report from European 
Environmental Agency (EEA, 2013), 85-88 per cent of the EU urban population is 
exposed to levels of harmful PM10 (particles with an aerodynamic diameter <10 µm) 
exceeding the air quality guideline set by the World Health Organization (WHO). 
Moreover, the specialized cancer agency of the WHO, the International Agency for 
Research on Cancer (IARC), announced in October 2013 that it has classified outdoor 
air pollution as carcinogenic to humans (WHO, 2013).
The goal of this paper is to analyse wintertime PM10 episodes of high concentrations 
recorded in Polish urban areas. We applied the original method of PM10 source 
apportionment. It consists of the analysis of monitoring data from both urban and 
regional background air quality monitoring sites, analysis of the synoptic situation and 
variability of local meteorological parameters, analysis of air mass back trajectories 
and local air pollution roses as well as statistical data treatment including Lenschow’s 
approach and principal component analysis with multivariate linear regression 
analysis (PCA-MLRA). The application of this methodology allowed us to identify 
and discern the possible sources of PM10 pollution (long-range transport, regional 
transport and local sources) as well as their contributions to the bulk PM mass for each 
of the investigated urban areas. Finally, as coal combustion is a major air pollution 
source in Poland, we try to find out which PM components may be regarded as markers 
of different combustion sources (large combustion plants vs. small scale installations, 
such as domestic stoves and local boiler houses). 
The results of the analysis prove that however various anthropogenic emissions are 
highly responsible for winter PM10 episodes also the unfavourable synoptic- and 
local-scale meteorological conditions influence the severity of these events. One of 
the major findings concerning meteorological influences on PM levels during winter 
episodes is that the peak concentrations occur usually 2-3 days after the maximum 
atmospheric pressure and minimum air temperature observed, which is related to the 
strongest expression of high pressure system impact. The results show that proposed 
methodology is efficient for the identification of PM emission sources in urban areas, 
thus provides the key information to the development and implementation of policies 
to protect human health.

EEA (2013). Air Quality in Europe - 2013 report. European Environment Agency, Publications Office of 
the European Union, Luxembourg.

WHO (2013). Outdoor air pollution a leading environmental cause of cancer deaths. Communication of the 
International Agency for Research on Cancer, WHO. Press release no. 221, 17.10.2013.
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Due of the increasing pollution in the last years of the air of the ZMVT not only 
there have been detected particles of inorganic and organic origin, also, were observed 
particles of biological origin. Bioaerosols suspended in ambient air of Metropolitan 
Zone of Toluca Valley (MZTV) were identified during late summer and autumn. 
Various types of microorganisms, pollen, spores and fragments were observed. This 
work summarizes the results of a series of studies on bioaerosols particles carried 
out in Metropolitan Zone of Toluca Valley from 2008 to 2009. Monitoring sites 
were selected from the RAMAT with different climatic and geographic conditions 
as well as anthropogenic influences varying from rural to background to industrial 
sites. Characterization was carried out with Scanning Electron Microscopy. The 
bioaerosoles present in the air of the MZTV, represent approximately 30 % of the 
total mass of the particulate material. Their presence and type of bioaerosol depends 
on the time of the year during rainy season and dry. The bioaerosoles present in the 
ZMVT were of five types: microorganisms, pollen, spores, fragments and diatoms, 
which were aerotransport and deposited by different mechanisms for their analysis. It 
should be noted that the bioaerosoles aerodynamic sizes are below 5 µm, mostly, with 
potentially health adverse effects.
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Chemical composition of particulate matter (PM) was determined at Montsec (MSC, 
42º 3’N; 0º 44’ E, 1570 m.a.s.l.) continental background site, and at Montseny (MSY, 
41º19’N, 02º21’E, 720 m.a.s.l.) regional background station, both located in the 
Western Mediterranean. This work summarizes results on major and trace components 
in PM10 and PM1 from both sites. Moreover, PM speciation during long range dust 
transport from Africa was investigate in order to evaluate the relevance of its impact 
at both environments.

Samples of 24h particulate matter (PM) were collected at a ratio of 1 sample out 
of 4 days, on quartz fibre filters using high-volume samplers (MCV CAV-A/MSb). 
In addition to the routine measurements, intensive campaigns (1 filter per day) 
were performed. Overall, 391 (Jan 2010-Mar 2013) and 235 (Mar 2011-Mar 2013) 
samples of PM10 (particles with aerodynamic diameter less than 10 µm) and PM1 
(less than 1 µm), respectively, were collected at MSC, and a total of 351 and 335 (Jan 
2010-Mar 2013) samples of PM10 and PM1 respectively at MSY. PM concentrations 
were determined by standard gravimetric procedures. Samples were treated for the 
determination of the major and trace elements concentrations that accounted for 60-
90% of the total PM mass.

Despite the differences of altitude, average concentrations of PM at the regional 
station (PM10: 15.5 µg m-3, PM1: 8.2 µg m-3) were similar than those reported at the 
continental site (PM10: 11.5 µg m-3, PM1: 7.1 µg m-3), especially for the fine fraction 
(PM1). However, time variation of chemical composition showed a clear different 
impact of local/external and natural/anthropogenic sources at each site. African 
dust outbreaks were a clear example. During these episodes average concentrations 
of coarse (PM1-10) mineral matter were higher at MSC (13.1 µg m-3) than those at 
MSY (7 µg m-3), whereas fine (PM1) concentrations of secondary inorganic aerosols 
were higher at the regional station (3.6 µg m-3) than those at the continental site (2.6 µg 
m-3). This could indicate that African dust transport over the Western Mediterranean 
occurs preferentially in elevated layers, and that these elevated dust layers hinder 
the planetary boundary layer vertical development favouring the accumulation of 
pollutants at the regional scale.
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Street dust is a major source of urban air pollution (PM10) during spring in the sub-
arctic regions of the world. It is mainly composed of mineral particles from pavement 
wear and/or from traction sand that accumulate in the street environment during 
winter. During spring time high particle concentrations increase respiratory symptoms 
and impair the function of the lungs. Although the Finnish municipalities have done 
much to mitigate street dust, the risk of exceeding the limit values required by the 
EC directive on ambient air quality and cleaner air for Europe (2008/50/EC) is still 
considerable in some busy street environments.

The aims of the REDUST Life+ project (LIFE09 ENV/FI/000579) have been to find 
best practices in the fields of traction control, dust suppression and street cleaning, 
and accelerate their implementation in order to reduce levels of respirable street dust 
(PM10) in urban areas. The emission reduction potential and air quality benefits of the 
best practices have been tested and demonstrated during spring time peak emissions 
throughout the project (2011-2014).

Our studies show that dust binding has the biggest potential to reduce acute dust 
emissions. Some effect was also demonstrated for street cleaning, however the effect 
was not as obvious in all cases. Comparisons of Nordic winter tyres show that with 
low resuspension level studded winter tyres cause higher formation and emissions 
than friction tyres. However when the street surfaces are dusty and resuspension level 
is high, studdless friction tyres can potentially cause higher emissions than studded 
tyres.

Results have been used to develop a comprehensive strategy to reduce the levels of 
respirable street dust in urban areas by means of better winter maintenance practices. 
Developing a strategy is an iterative process and the final version of the strategy will 
be published at the end of the project. One of the objectives has also been to assess the 
cost of implementing the strategy i.e. the costs of improved measures versus the cost 
of current measures and to find the most cost-efficient means to mitigate the levels of 
respirable street dust (PM10) in urban areas in Finland.
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The sediment successions of the Chinese Loess Plateau (CLP) contain a continuous 
record of aeolian transport, and about terrestrial climatic conditions, spanning the 
last 22 Ma. Despite their immense value for the understanding of Quaternary climate 
evolution, their provenance is a matter of discussion. Various areas across North-
West-China and North-/North-Eastern China and Mongolia have been proposed.
The Tarim basin (Xinjiang Uygur Autonomous Region, PR China) has been suggested 
as one possible source area for the sediments of the CLP. In this study, we characterised 
surface samples by age spectra of zircon U-Pb single grain analyses, by heavy mineral 
and petrological composition, as well as further single-grain and bulk geochemistry 
analyses as proxies for provenance analysis. Here, we compare these data to tributaries 
feeding the basin today, and to the CLP.
The main input of sediment today seems to come from the South (Kunlun mountains 
and Tibet plateau), with the Karakorum in the West and the Tian Shan in the North 
playing only minor roles.
The compositions and age spectra observed show great affinity with the CLP and the 
Yellow River. The two most likely interpretations are either that the CLP is derived from 
the Tarim basin, or that both regions derive their sediment from the same source.
Age spectra and composition of sediments in the Junggar basin north of the Tian 
Shan are distinctively different to the CLP and its potential source areas, including 
the Tarim basin.

Guo, Z., Ruddiman,W.F., Hao, Q.,Wu, H., Qiao,Y., Zhu, R., Peng, S., Wei, J., Yuan, B., Liu, T. (2002). 
Onset of Asian desertification by 22 Myr ago inferred from loess deposits in China. Nature 416, 159-163.

Honda, M., Yabuki, S., Shimizu, H. (2004). Geochemical and isotopic studies of aeolian sediments in 
China. Sedimentology 51, 211-230.

Porter, S.C. (2001). Chinese loess record of monsoon climate during the last glacial-interglacial cycle. 
Earth-Science Reviews 54, 115-128.

Stevens, T., Carter, A., Watson, T.P., Vermeesch, P., Andò, S., Bird, A.F., Lu, H., Garzanti, E., Cottam, 
M.A., Sevastjanova, I. (2013). Genetic linkage between the Yellow River, the Mu Us desert and the 
Chinese Loess Plateau. Quaternary Science Reviews, 78, 355-368.

Stevens, T., Palk, C., Carter, A., Lu, H., Clift, P. D. (2010). Assessing the provenance of loess and desert 
sediments in northern China using U-Pb dating and morphology of detrital zircons. Geological Society 
of America Bulletin 122, 1331-1344.

Sun, J. (2002). Provenance of loess material and formation of loess deposits on the Chinese Loess Plateau. 
Earth and Planetary Science Letters 203, 845-859.
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Haboobs are dust storms produced by the spreading of evaporatively cooled air from 
thunderstorms and are a major dust uplift process for West African sources, a very 
important region for the global dust budget. This work combines a case study of a 
particularly large haboob event with a statistical analysis of rainfall anomalies to 
investigate synoptic- and meso-scale features important for the production of haboobs 
reaching into the Sahara.

The case focused on occurred in June 2010 and produced a very large dust plume over 
West Africa with dust subsequent transport over the Mediterranean. Observations, 
reanalysis data, and a high-resolution simulation using the Weather Research and 
Forecasting (WRF) model are used to analyse the multi-scale dynamics which 
produced a long-lived (over 2 days) Saharan meso-scale convective system (MCS) 
and the unusually large haboob. Synoptic-scale features important for this case 
include: (1) an upper-level trough and wave on the subtropical jet five days prior 
to MCS initiation, (2) a precipitating tropical cloud plume, (3) disruption of the 
Saharan heat low, and (4) moistening of low level air in the central Sahara. The re-
strengthening Saharan heat low and a Mediterranean cold surge produce a convergent 
region over the Hoggar and Aïr Mountains. Once initiated the MCS travels southwest 
and favourable deep layer shear encourages the formation of a meso-scale convective 
complex (MCC). The unusually large size of the resulting dust plume (over 1000 km 
long) is linked to the longevity and vigour of the convective system, and an enhanced 
east-west pressure gradient across the Sahara. Dust uplift processes identified are: (1) 
strong winds near the cold pool front, (2) an enhanced nocturnal low-level jet within 
the aged cold pool and (3) a bore formed by the cold pool front on the nocturnal 
boundary layer.

To identify the conditions likely to lead to the production of such events Tropical 
Rainfall Measuring Mission (TRMM) data has been used. Periods over 14 West 
African monsoon seasons (April-September, 1998-2011) in the northern Sahel 
and southern Sahara (10W-10E and 18-25N) with anomalously high precipitation 
(including periods of heavy rain) have been identified. From this and the production 
of composites from ERA-Interim reanalysis, it is possible to identify the synoptic-
scale conditions favourable for the production of rainy/dusty episodes linked to 
convectively generated cold pools in the West African dust hotspot, which make a 
major contribution to the seasonal cycle of dust over West Africa.



359DUST2014 - 1st International Conference on Atmospheric Dust - Italy

testing the link between increaseD Dustiness 
anD enhanceD gustiness using the recorD 

of last-glacial (peoria) loess Deposition at 
lovelanD, western iowa

Helen M. roberts1, daniel r. MuHs2, e. artHur bettis iii3,
stepHen s. Harlan4, JaMes b. paces2, ricHard l. reynolds2

1Department of Geography and Earth Sciences, Aberystwyth University, Aberystwyth, Wales SY23 3DB, UK
2U.S. Geological Survey, MS 980, Box 25046, Federal Center, Denver, CO 80225, USA

3Department of Geoscience, University of Iowa, Iowa City, IA 52242, USA
4The National Science Foundation, 4201 Wilson Blvd., Arlington, VA 22230, USA 

The Loveland Paratype Section (N41.50052°, W95.88934°) in western Iowa, USA, 
preserves one of the thickest deposits of last-glacial (Peoria) loess in the world. As 
such, this site offers an ideal opportunity to test the recently proposed idea that the 
enhanced global ‘dustiness’ which is widely noted across a range of Quaternary 
records during the Last Glacial Maximum (LGM), was primarily driven by increased 
‘gustiness’ in the form of stronger, more frequent winds (McGee et al., 2010). Twenty-
two quartz optically stimulated luminescence (OSL) ages taken from the Pisgah and 
Peoria Loess units at Loveland give ages that are stratigraphically consistent within 
uncertainties. Mass Accumulation Rates (MARs) calculated for the loess using both 
a linear accumulation rate model and also a Bayesian model of accumulation, show 
that the MAR varies significantly between the Pisgah and Peoria Loess. The MARs 
calculated for the Peoria Loess are among the highest last-glacial MARs in the world, 
but they are also shown to vary significantly over time within the Peoria Loess unit. 
The maximum Peoria Loess MARs are observed at ~23 ka, and they coincide with 
an increase in grain size identified for the middle Peoria unit by Muhs and Bettis 
(2000), implying a strengthening of winds at Loveland. At this time, the Laurentide 
Ice Sheet was at its maximum southward extent and insolation was at a minimum at 
high latitudes in North America, giving rise to an enhanced latitudinal temperature 
contrast. Such conditions, and the MAR and grain-size observations at Loveland, 
support the hypothesis that enhanced gustiness, generated by a steepened meridional 
temperature gradient, may have been a primary driver of last-glacial dustiness. 

McGee, D., Broecker, W.S., and Winckler, G., 2010. Gustiness: the driver of glacial dustiness? Quaternary 
Science Reviews 29, 2340-2350.

Muhs, D.R., and Bettis III, E.A., 2000. Geochemical variations in Peoria Loess of western Iowa indicate 
paleowinds of midcontinental North America during last glaciation. Quaternary Research 53, 49-61.
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In the coal mine zone in the department of Cesar (Colombia), the programs MM5, 
CALMET and CALPUFF were used to simulate the PM10 contribution of the mining 
projects PLJ, Norcarbón and the Hatillo, with the objective of compare the results of the 
model with the registers of monitoring of the zone and evaluate the dispersion model 
CALPUFF in two different topographic sites. Hatillo mining project is located a few 
kilometers from the village of La Loma, where topographical features are plain; on 
the other side are the mining projects PLJ and Norcarbón located in the low mountain 
zone of the Perijá, near to the La Jagua of Ibirico village. For the introduction of the 
variable emission in the CALPUFF model, was taken into account as provided in the 
study of the Monterrey Institute of Technology.
Although the CALPUFF model is mostly recommended for long distances scenarios, 
there are exceptions for short distances scenarios where the model is reliable to 
measure the behavior of pollutants in the air. In the present study were used these 
standards to evaluate the CALPUFF in the coal zone of Cesar department where the 
local weather is influenced by the relationship mountain-valley.
The period of study was included in the dry period of January (2008).The concentration 
results obtained by the CALPUFF model were minor compared to the results obtained 
by monitoring System Monitoring Air Quality of the Department of Cesar, SVCADC; 
however is necessary a closer examination of the emission factors of the mining 
projects and other emissions that are not related with the mining projects.
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Scanning electron microscopy with energy-dispersive spectroscopy has been used 
for both morphological and elemental chemistry analyses of atmospheric particles. 
This technique allows the in situ observation of individual aerosol particles in the 
sample chamber. Aerotransported particles were analyzed from seven monitoring 
stations located in the Metropolitan Zone of Toluca Valley (MZTV). Several different 
morphologies were identified: aggregates, porous spheres, rough and smooth compact 
material. The elemental composition included C, Na, Mg, Al, Si, S, Cl, K, Mn, Ca, 
Ti, V, Cr, Fe, Ni, Cu, Zn and Ce. These are semiquantitative analyses considering 
the bulk sample or individual particles. It was possible to correlate or confirm some 
chemical associations such as C-S, Ca-S-O and Si-Al-O, probably due to the presence 
of compounds derived from incomplete combustion, building tailing materials and 
aluminosilicates of cortical origin. Bioaerosols such as pollen, spores, brochosomes 
and diatoms were identified in the zone; all these types of particles have a natural 
origin too. Several types of suspended particles were identified in the MZTV, they 
were from different sources (natural and anthropogenic) to which the population can 
be potentially exposed, and may cause harm in the short- and long-term, according to 
their chemical element composition and size.

Romero-Guzmán E.T., Reyes-Gutiérrez L.R., Sandoval-Pérez A. (2012). Morphological and chemical 
characteristics of Atmospheric particles in the Metropolitan Zone of Toluca Valley (Mexico). Chemistry 
and Ecology, 28, 6, 574-588.
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Ash aggregation is considered as a key process that may affect dispersal and 
sedimentation of volcanic ash, with significant implications for the associated 
hazards. Up to now most theoretical studies of particle aggregation have been based 
on the Smoluchowski Coagulation Equation (SCE), which describes the expected 
time evolution of the total grain-size distribution under the hypothesis that particles 
can collide and stick together following specific mathematical relations (kernels). 
Unfortunately these kernels are not very well understood and quantified. In particular, 
the probability of sticking is almost completely unknown and it can be described 
theoretically just in a very approximate way. We have carried out a set of experiments 
to investigate how the sticking efficiency varies as a function of particle size and 
velocity. Ash particles larger than 100 mm were suspended in a 4-meters high vertical 
wind tunnel and recorded in time with a high-speed camera. Filming the interactions 
of small particles and using a dedicated Particle Tracking Velocimetry software, 
sticking efficiencies were characterized based on the number of particles that formed 
aggregates in relation to the number of collisions. Experiments were repeated in order 
to have a good statistical significance and to cover different environmental conditions 
(temperature and humidity). We have also carried out field experiments during various 
eruptions at Sakurajima volcano (Japan) for the characterization of aggregates in situ 
in combination with high speed recordings and SEM studies. Experimental and field 
results were then merged with the theoretical framework (SCE) to study the time 
evolution of different initial grain-size distributions for different external conditions.
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At present Western Europe, though, does not experience major dust storms, except for 
some African dust reaching it from the Sahara. This modern situation is of particular 
interest, in the context of future climate projections, since the present interglacial is 
usually interpreted as an analog of the warm Eemian interval. European terrestrial 
records show, however, major dust events during the penultimate interglacial and 
early glacial. These events are easily observed in loess records by their whitish-color 
deposits, which lie above and below dark chernozem paleosols in Central European 
records of Marine Isotope Stage (MIS) 5 age. We describe the base of the Dolni 
Vestonice (DV) loess sequence, Czech Republic, as the reference of such records. 
The dust is deposited during intervals that are characterized by poor vegetation while 
fine sand and clay in the deposits shows grain sizes that are clearly different from the 
overlying pleniglacial loess deposits. Some of these dust events have been previously 
described as “Markers” or Marker Silts (MS) by one of us (G. Kukla), and are dated 
at about 111-109 ka and 93-92 ka, with a third and last one slightly visible at about 
75-73 ka. Other events correspond to the loess material of Kukla’s cycles, and are 
described as eolian silts (ES); they are observed in the same DV sequence and are 
dated at about 106-105 ka, 88-86 ka, and 78.5-77 ka. These dates are determined by 
considering the OSL ages with their errors measured on the studied sequence, and the 
comparison with Greenland ice-core and European speleothem chronologies. The fine 
eolian deposits mentioned above, MS as well as ES, correspond to short events that 
lasted about 2 ka; they are synchronous with re-advances of the polar front over the 
North Atlantic, as observed in marine sediment cores. These deposits also correlate 
with important changes observed in European vegetation. Some ES and MS events 
appear to be coeval with significant dust peaks recorded in the Greenland ice cores, 
while others are not. This decoupling between the European eolian and Greenland 
dust depositions is of considerable interest, as it differs from the fully glacial situation, 
in which the Eurasian loess sedimentation mimics the Greenland dust record. We 
show here, by a comparison with speleothems of the same age found in the northern 
Alps, that different atmospheric-circulation modes seem to be responsible for the two 
categories of dust events, MS vs. ES.
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We present a 2941-year-long, sub-decadal resolution record of dust deposition 
from Fish Lake, in the southern San Juan Mountains, Colorado. We used µXray-
fluorescence to analyse the geochemical composition of sediment cores, and also 
analysed local bedrock and dust deposited on local snowpack to constrain dust-input 
end-members for our site. An end-member mixing method was employed to calculate 
the fraction of wind-deposited dust in lake sediment through time. Independent high-
resolution grain size records were also developed from the same cores, which were 
combined with the geochemical results to create a composite dust reconstruction. The 
Fish Lake dust record was compared with regional tree-ring based drought records to 
assess if southwest U.S. megadroughts that occurred in the past several millennia were 
severe enough to mobilize dust. The Fish Lake record shows anomalous dustiness in 
the early to mid 20th century, associated with recent land disturbance, drought, and 
livestock grazing, consistent with previous work in the region. The record also shows 
an overall downward trend in dustiness over the record length, representing a long-
term change in aridity. Medieval times were associated with high levels of dustiness, 
consistent with widespread medieval aridity. The period between 800 and 300 BC was 
also unusually dusty. High levels of pre-industrial dustiness indicate the Southwest 
is naturally prone to periods of desertification. As global temperatures rise and the 
southwest U.S. shifts toward a more arid landscape, understanding the relationship 
between dustiness, drought, and water resources will become ever more imperative.
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I have published that correcting magnesium deficiencies may prolong life. In U.S.A. 
estimated that 60% of population have significant reductions of Mg, often unrecognized 
with serum studies, since 99% is intracellular. Mg is a powerful antioxidant and is 
required for synthesis of telomeres which are vulnerable to oxidative stress; they 
are repetitive nucleotide sequences at ends of chromosomes, protecting them from 
deterioration. The enzyme telomerase, also Mg- dependent, is involved in DNA 
repair. There are significant deficits with space flight (SF) of serum Mg (p <0.0001) 
along with elevated adrenaline with vicious cycles between the two; this is conducive 
to oxidative stress and can injure the endothelium- intensified by dust inhalation, 
brought into habitats on space suits. With SF, there is >40 % reduction of a vessel 
dilator and clot buster: atrial natriuretic peptide, also Mg dependent. With access 
to data of only 4 of the 12 Apollo astronauts: Irwin, Apollo 15, with heart rhythm 
disturbance triggering syncope, severe dyspnea with classical angina during reentry, 
stress test (ST)-cyanosis of fingernail beds on landing day and the following day ST- 
extraordinary blood pressure (BP) >275/125) in 3 minutes of exercise. Both Scott 
and Irwin, Apollo 15, showed ST-deterioration of cardiac function. After Apollo 14, 
Shepard’s ST-BP dropped from 210/85 to 185/70 terminating the ST. After Apollo 11, 
Armstrong showed marked elevation of ST-diastolic BP (50 mm Hg) in comparison 
with his resting BP consistent with ischemic left ventricular dysfunction. Since, with 
microgravity, an accelerated aging process is 10 times faster than on Earth, research 
on the International Space Station would be easier and cheaper. First a determination 
of an ideal Ca/Mg. intake ratio in Space. Rats, with a life span on Earth of 3 years, 
would be treadmill exercised a half hour twice daily; exposure to urban dust 4 hours/
day, measuring their white blood cell telomerase and telomere lengths with age-
matched controls on Earth. Duration of studies 6 months. In those rats, not surviving, 
determining organ vascular cell telomere lengths and telomerase. This study might 
determine whether an ideal Ca/Mg. intake ratio prolongs life in the presence of urban 
dust inhalation.
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The effect of pH on the kinetics of chrysotile dissolution was investigated at 25 °C in 
batch reactors at pH 1 to 13.5, in oxalic solutions and buffered solutions of inorganic 
salts. Dissolution rates were obtained based on the release of Si and Mg. Results of 
the batch with inorganic buffers showed a strong dependence of dissolution rates (R) 
on pH in the acid range. The logR decreases with the pH with a slope of n = 0.27. 
Around neutral pH, a minimum is reached. From pH 8 to 12, R increase again when 
pH increases, and follow a linear dependence with a shallow slope (n = 0.06). The Mg/
Si ratio shows a non-stoichiometric dissolution reaction with a preferential release of 
Mg2+ at acidic pH; it decreases at neutral pH conditions according to Mg solubility. 
Our results suggest that the relative ease of the breaking of Mg-O bonds compared 
with Si-O bonds lead to dissolution via a series of steps involving Si and Mg, where 
Si release is the rate-limiting step.
In 15 mM oxalate solutions, an intense catalytic effect from pH 1 to 6 is observed 
because of the capacity of the oxalate anion to form different complexes with Mg. 
The ratio of the rates derived from Mg and Si concentrations confirm an enhancement 
of non-stoichiometric dissolution compared with the series without oxalate. The 
mechanism of catalysis involves different processes depending on pH: At pH 1, XRD 
analysis confirms the formation of an amorphous silica phase dissolving all the Mg 
present in the chrysotile structure. At pH 2, XRD and FTIR results also confirm the 
precipitation of glushinskite (magnesium oxalate). At pH 3 to 6, the oxalate enhances 
dissolution almost by an order of magnitude compared with the experiments in 
inorganic buffered solutions. In this case, the mechanism could be due to the formation 
of aqueous or surface magnesium oxalate complexes.
However, dissolution rates at neutral pH in the presence of oxalate are similar to those 
obtained in inorganic buffered solutions; the pH dependence at pH 8 to 13 is minimal. 
The increase in saturation and the drastic decrease in Mg solubility at these pH values 
could lead to precipitation of secondary phases coating the reactive mineral surface 
and inhibiting the surface.
Results obtained in this study show that chrysotile dissolves faster in acid media and 
oxalate acts a strong catalyst increasing the efficiency of magnesium release to solution 
at ambient temperature. These data may provide an excellent background to design and 
select optimal conditions in the previous acid treatment for carbon capture processes, 
as well as help to develop remediation process of asbestos contaminated sites.
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New in-situ aircraft measurements of Saharan dust originating from Mali, Mauritania 
and Algeria taken during the Fennec 2011 aircraft campaign over a remote part of the 
Sahara Desert are presented. 

Firstly, size distributions extending to 300 μm will be shown (Ryder et al., 2013a). 
A significant coarse mode was present in the size distribution measurements with 
effective diameter (deff) from 2.3 to 19.4 μm and coarse mode volume median diameter 
(dvc) from 5.8 to 45.3 μm. The mean size distribution had a larger relative proportion of 
coarse mode particles than previous aircraft measurements. The largest particles (with 
deff >12 μm, or dvc >25 μm) were only encountered within 1 km of the ground. Two 
cases of freshly uplifted dust showed quite different characteristics of size distribution 
and number concentration. Single Scattering Albed (SSA) values at 550 nm calculated 
from the measured size distributions revealed high absorption ranging from 0.70 to 
0.97. SSA was found to be strongly related to deff. 

Secondly, aircraft measurements comprising 42 profiles of size distribution will be 
shown (Ryder et al., 2013b) representing freshly uplifted dust over the Sahara, regional 
aged dust, and dust in the Saharan Air Layer (SAL) over the Canary Islands. The 
mean effective diameter of dust in SAL profiles is 4.5mm smaller than that in freshly 
uplifted dust, while the vertical structure changes from a low shallow layer (0-1.5 km) 
to a well-mixed deep Saharan dust layer (0-5 km). Size distributions show a loss of 60 
to 90% of particles larger than 30 mm 12 h after uplift. The single scattering albedo 
(SSA) increases from 0.92 to 0.94 to 0.95 between fresh, aged, and SAL profiles: this 
is enough to alter heating rates by 26%. Some fresh dust close to the surface shows 
SSA as low as 0.85.

Ryder, C.L., Highwood, E., Rosenberg, P., Trembath, J., Brooke, J., Bart, M., Dean, A., Crosier, J., Dorsey, 
J., Brindley, H., Banks, J., Marsham, J.H., McQuaid, J.B., Sodemann, H., Washington, R., (2013b), 
Optical properties of Saharan dust aerosol and contribution from the coarse mode as measured during the 
Fennec 2011 aircraft campaign, 13, 303-325, doi:10.5194/acp-13-303-2013, ACP.

Ryder, C. L., E. J. Highwood, T. M. Lai, H. Sodemann, and J. H. Marsham (2013b), Impact of atmospheric 
transport on the evolution of microphysical and optical properties of Saharan dust, Geophys. Res. Lett., 
40, 2433-2438, doi:10.1002/grl.50482.
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Outdoor dust as a pollutant is also a transit environment for different pollutants 
emphasizing heavy metals. The largest mass of dust mostly forms at a maximal height 
of 500 m, so investigations of near-surface layer are best informative in respect of 
assessment of dust impact upon human and other living organism. Commonly, it is 
urban population, who is exposed to the maximal adverse impact of dust and associated 
pollutants as diversity of pollution sources in cities is combined with density of urban 
population.
In most cases, dust and heavy metal pollution researches on urban sites are 
implemented on few permanent monitoring stations. However, the dynamics of intense 
development of modern cities, specifics of site development and heavy traffic, in some 
cases - peculiarities of complex relief and native landscape induce intense changes 
in geochemical indices in space and time, so data obtained from few monitoring 
stations cannot be sufficient enough to provide a real picture of atmospheric pollution. 
The most detailed information is obtained from synchronous instrumental sampling 
(aspiration) and studies of indicator environments (snow cover, leaves).
This research was aimed at assessment of levels of near-surface air layer pollution 
with dust and heavy metals through different methods on the example of city of 
Yerevan - the capital of the Republic of Armenia.
For many years, Yerevan has been marked by high atmospheric dust pollution levels. 
The city area - 232 sq.km - comprises a complex mosaic of natural and man-made 
sources of dust. The arid landscape of Yerevan, its complex relief, a huge amount of 
different-profile industrial enterprises and heavy traffic has brought to pollution of 
the atmosphere with dust and heavy metals. The research was implemented during 
2011-2012 in Yerevan and included a snow cover survey, sampling of leaves of dust 
absorbing tree species and synchronously - atmospheric dust sampling.
Studies implemented employing indicator environments and instrumental 
measurement methods allowed to assess dust and heavy metal load and contents 
on the entire territory of Yerevan, identify pollution sources, contour ecologically 
unfavourable sites and finally reveal risk groups among the population. The obtained 
research results underlay development of risk reduction measures for public health.
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This research covered the second biggest city of the Republic of Armenia - Gyumri 
(former Leninakan) having an area of 45 km2 and a population of 150 thousand people. 
The city lies within a seismically active zone. Strong earthquakes that occur there 
periodically, affect social and economic conditions and environmental status. The 
recent devastating one known as the Spitak earthquake of December 7, 1988 almost 
completely ruined the city. Present-day Gyumri has been re-built partially, nonetheless 
numerous dust sources and natural and anthropogenic factors are detectable there that 
significantly contribute to dust pollution.
The research goal was assessing outdoor dust pollution levels of Gyuri for the first 
time after the 1988 earthquake.
The research was implemented in August-September 2013 by different methods 
(indicators (leave dust), direct dust sampling from the air) which allowed determining 
dust loading (kg/km2 day) and dust contents (mg/m3). The sampling points were 
maximally spatially associated. In total, collected were 21 leaf dust and 22 air dust 
samples. Sampling was done from throughout the city through regular grids.
Maps produced to reveal and collate peculiarities of spatial distribution of dust load 
and dust contents helped isolate the dustiest sites of the city. It is noteworthy that 2 
peaks in dust loading were established in the west and north parts of the city, this 
disagreeing with those in dust contents. At the same time MAC - exceeding contents 
of dust were detected on the entire area of the city, whereas dust load levels there were 
found out to be low. It is noteworthy, too, that for the studied period dust contents in 
the city outskirts remained low and were not excessive against MAC. This means that 
dust accumulates mostly in the main residential district of the city.
The assessed dust pollution levels allow concluding that dust is one of prior pollutants 
of atmospheric air in city of Gyumri and therefore is an ecological risk factor to the 
local population.

Acknowledgement - This research was implemented in the frames of a grant №13-
1E220 “Determination of ecogeochemical peculiarities of city of Gyumri” under 
support of State Education Committee to the Ministry of Education and Science RA.
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The current work presents a study of the effects exerted by Saharan dust on 
ultraviolet (280-400nm) and total shortwave (285-2800 nm) solar radiation at the 
surface. Aerosols may change the amount of solar radiation that reaches the surface 
through absorption and scattering processes, therefore the radiative effects of two 
Sahara desert dust transports, which reached Évora in the south of Portugal (38°34’ 
N, 7°54’ W) in August 2012, are analysed. These events, which occurred from 8 
to 11 August and from 17 to 21 August, are characterized by large aerosol optical 
thickness values with very low wavelength dependence. In order to study the aerosol 
effects on the surface radiation, the radiative forcing is determined and related with 
aerosol properties, which were obtained from spectral irradiance measurements of 
the CIMEL sun-photometer installed in Geophysics Centre of Évora (CGE) and 
included in the Aerosol RObotic NETwork (AERONET) (Holben, 1998). Global 
irradiance measurements in the ultraviolet and total shortwave solar spectral regions 
were measured every 60 minutes with Kipp&Zonnen radiometers and with an Eppley 
Black & White pyranometer respectively and were used to calculate the radiative 
forcing. The irradiance corresponding to clear sky conditions, also necessary to 
calculate the radiative forcing, is obtained from the empirical fit of clear sky irradiance 
measurements in clear sky days, with background aerosol conditions, near the events 
(Long and Ackerman, 2000). It is important to refer that the first dust event was 
accompanied by the presence of pollution at the surface, whereas the second event 
is only due to Saharan dust transport. This fact is taken into account in the analysis, 
especially in the comparison of the radiative forcing estimates for both events. On the 
other hand, the increase (decrease) of shortwave diffuse (direct) irradiance due to the 
increase of dust aerosol load is quantified by comparing these with diffuse (direct) 
irradiance measurements taken during clear sky clean days in the same month. The 
increase (decrease) found, ranging from about 140 to 240% (15 to 30%) around solar 
noon, for the diffuse (direct) irradiance, is also related with the dust aerosol properties.

Holben B.N., T.F.Eck, I.Slutsker, D.Tanre, J.P.Buis, A.Setzer, E.Vermote, J.A.Reagan, Y.Kaufman,T.
Nakajima, F.Lavenu, I.Jankowiak, and A.Smirnov. (1998). AERONET - A federated instrument network 
and data archive for aerosol characterization. Rem. Sens. Environ., pp. 1-16.

Long, C. N., and T. P. Ackerman, 2000: Identification of clear skies from broadband pyranometer 
measurements and calculation of downwelling shortwave cloud effects. J. Geophys. Res., 105, No. D12, 
15609-15626.
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The increase in the total annual number of dusty days in the eastern Mediterranean is 
considered a result of local synoptic changes that are well documented and modeled 
in the region (Alpert et al., 2004, Goudie and Middleton, 2001). Based on a review of 
Mediterranean dust events in the past 49 years, an increasing trend of 0.27 days per 
year has been reported (Ganor et al., 2010). The combination of higher frequency dust 
events with hot weather conditions is considered a favorable medium for homogeneous 
and heterogeneous photochemical processes which lead to higher concentrations of 
secondary organic aerosols and inorganic ions in particles. The implications of such 
events extend beyond the Mediterranean region and so understanding the effect of 
particle morphology, chemical composition on the oxidative properties of particulate 
matter remain an important subject to investigate in different urban cities in the region.
Beirut experiences episodes originating from the Saharan and Arabian deserts during 
the winter, summer and spring seasons (Middleton, 1986). For the Arabian episodes, 
these storms cross over various urban environments while Saharan dust crosses over 
the Mediterranean Sea. When dust particles mix with emissions from industrial and 
urban sites, it triggers chemical changes inducing morphological deformation of 
primary particles along with formation of new secondary ones.
Distribution, morphology and chemical composition of particles in Beirut during 
dust-rich days originating from two distinct sources; Saharan and Arabian deserts 
will be presented. Furhtermore, ROS activity for coarse and fine particles collected 
during dust-rich and normal episodes are evaluated using a cell-based assay and a 
cell-free assay. In order to identify specific markers for each trajectory, images of 
single particles collected during dust episodes are compared to normal episodes at 
a background and road-traffic sites. Results serve as basis for further research and 
modeling to assess the process of aerosol aging.

Alpert, P., I. Osetinsky, B. Ziv and H. Shafir (2004). A new seasons definition based on classified daily 
synoptic systems: An example for the eastern Mediterranean. International Journal of Climatology,24, 
(8), 1013-1021.

Ganor, E., I. Osetinsky, A. Stupp and P. Alpert (2010). Increasing trend of African dust, over 49 years, in 
the eastern Mediterranean. Journal of Geophysical Research D: Atmospheres,115, (7), art. no. D07201.

Goudie, A. S. and N. J. Middleton (2001). Saharan dust storms: Nature and consequences. Earth-Science 
Reviews,56, (1-4), 179-204.

Middleton, N. J. (1986). Dust storms in the Middle East. Journal of Arid Environments,10, (2), 83-96.
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The aim of this work is to develop simple tools to estimate the heavy metal levels in 
ambient air so that they can be used for air quality assessment in those zones where 
these levels are low and, as a consequence, a high degree of uncertainty is allowed. 
The final purpose of this approach is that these tools may be used by the Regional 
Environmental Departments as an alternative to experimental measurements which 
would suppose a reduction in public spending. 

To achieve this goal, statistical estimation models based on Partial Least Squares 
Regression (PLSR) and Artificial Neural Networks (ANN) have been applied to find 
the relationship between the metal concentrations in ambient air (response) and some 
independent variables (predictors) believed to be influential towards them acording 
to the literature. These independent variables considered are constituted by: nominal 
variables, to take into account the seasonal and the weekend effects; and continuous 
variables including meteorological data and major pollutant concentrations. An 
intensive PM10 sampling campaign was conducted at des Darses site in Dunkeque 
(Northern France) for the period from February to May 2008. As a result, 78 samples 
were measured and their content on Pb and Ni, as regulated metals, and Mn, V and Cr, 
as non-regulated metals, consitutes the dependent variables used in this study. 

The main criteria employed in this work to determine whether a model is suitable for air 
quality assessment purposes is principally based on two aspects: (i) the fulfillment of 
the European Union uncertainty requiremetns for objective estimation techniques and 
(ii) the accuracy of estimated mean values. Taking into account this criteria and based 
on the results obtained from the external validation dataset when the best developed 
models are used, both PLSR and ANN can be considered valid approaches to estimate 
Pb, Ni, Mn, V and Cr levels in Dunkerque. Nevertheless, they show some difficulties 
when it comes to estimate the individual sample concentrations, in particular ANN 
models due to overfitting.

Aknowledgements - This work was supported the Spanish Ministry of Economy and 
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Atmospheric transport of mineral dust from arid and semi-arid regions is a perennial source 
of macro and micro nutrients (N, P and Fe) to the ocean surface (GAW Report No: 203; 
Mahowald et al 2012). In the global context, Northern Indian Ocean (NIO), comprising of 
Arabian Sea (ARS) and Bay of Bengal (BoB), is an important oceanic region that receives 
dust input from the surrounding desert regions (Arab, Oman, Iranian and Thar) during the 
spring inter-monsoon (March-May). Our systematic study conducted over the past few 
years has brought out some important differences in nutrients supply to the NIO. The case 
study on fractional solubility of aerosol-Fe (Fews (%) = Fews/FeTot x 100 where Fews and 
FeTot are water-soluble and total aerosol iron respectively) and concentration of soluble-
phosphorous (PInorg), measured in the marine atmospheric boundary layer (MABL), reveals 
significantly high values for BoB (Fews % = 2.3 - 13.6 % and PInorg: 0.7 - 2.1 nmol m-3) 
compared to the ARS (Fews % = 0.02 - 0.4 % & PInorg: 0.2 - 0.5 nmol m-3). These differences 
are attributable to reactive uptake of anthropogenic acidic species (H2SO4 and HNO3) by 
mineral dust during the long-range atmospheric transport (Srinivas et al., 2011; Srinivas 
and Sarin, 2012). The air-sea deposition of dust (assessed from Fe-deposition, Fedep: ~ 
400 μg m2 d-1) is compared with the dissolved Fe concentration in surface waters of both 
oceanic regions in order to estimate the residence time (τFe) of Fe. The short residence time 
of this micro-nutrient (BoB: 0.15 yrs; ARS: 0.04 yrs) brings to focus the significance of 
atmospheric input to NIO. A comparison of our data on dust input with the model-based 
projections (reported in the literature) prompts us to infer that there are no substantial 
changes in the deposition fluxes to NIO on a decadal time scale (Srinivas and Sarin, 2013). 
However, spatial-scale linear trend between aerosol optical depth (AOD) and chlorophyll-a 
during the spring inter-monsoon is noteworthy for the BoB, suggesting that a further 
increase in dust deposition would lead to enhancement in the Primary Production and, 
thus, leading to biodiversity in surface waters. On the contrary, increase in aerosol toxicity 
as evident from high enrichment factors (EF) of anthropogenic trace metals (EFPb: 25 - 
110; EFCd: 130 - 1605 and EFCu: 10 - 275; Srinivas and Sarin, 2013) suggests that air-sea 
deposition of toxic trace metal to the oceanic regions located downwind of the pollution 
sources could have large impact on the biogeochemistry of surface waters.

GAW Report No203, The Atmospheric Input of Chemicals to the Ocean (GESAMP Report No 84).
Mahowald N. (2011). Aerosol Indirect Effect on Biogeochemical Cycles and Climate, Science, 334.
Srinivas B, Sarin M, Kumar A. (2011). Impact of anthropogenic sources on aerosol iron solubility over the 

Bay of Bengal and the Arabian Sea. Biogeochemistry, 110, 257-268.
Srinivas B., Sarin M. (2012). Atmospheric pathways of phosphorous to the Bay of Bengal: contribution 

from anthropogenic sources and mineral dust. Tellus B, 64, 17114.
Srinivas B, Sarin M.M. (2013). Atmospheric dry-deposition of mineral dust and anthropogenic trace metals 

to the Bay of Bengal. Journal of Marine Systems, 126, 56-68.
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Recently, much attentions have been attracted on the materials chemistry to support 
the sustainable development of human being society. Photocatalytic reactions have 
been received special attention because of their possible application to environmental 
cleanup, etc., without using fossil energies. Until now, so many photocatalysts have 
been developed, however, only titania has been commercially used because of the 
excellent catalytic activity and chemical stability. The disadvantage of titania is the 
relatively large bandgap energy of about 3 eV, which does not cover the main part 
of the solar spectrum. Recently, it was reported that the band gap of titania could 
be narrowed by doping with nitrogen, carbon, etc. In the present study, nitrogen 
and carbon-doped titania were prepared via solvothermal reactions, and their 
photocatalytic performances for environmental cleanup under visible light irradiation 
were evaluated. 
After dissolving the nitrogen source compound such as hexamethylenetetramine, 
urea, etc. and desired alcohol in titanium trichloride aqueous solution, the solution 
was heated at desired temperatures. The samples precipitated were washed with 
water and ethanol three times, respectively, and vacuum dried to obtain nitrogen and 
carbon-doped titania nanoparticles. The composites of doped titania nanoparticles 
and CaAl2O4:(Eu,Nd) long afterglaw phosphor particles were also fabricated by soft 
ball-milling. Photocatalytic activities of the samples were evaluated for the oxidative 
destruction of nitrogen monoxide and acetaldehyde in air atmosphere. 
The photocatalytic activity of nitrogen-doped titania could be improved by coupling 
with iron oxide possessing different band structure due to the promotion of the 
heterogeneous electron transfer and/or co-doping with Nd5+ and Ta5+ to depress 
the lattice defect formation. In addition, the composites of these visible light 
responsive titania with CaAl2O4:(Eu,Nd) long afterglow phosphors showed excellent 
photocatalytic activity for the destruction of nitrogen monoxide and acetaldehyde 
not only under irradiation of UV-light and visible-light, but also after turning off 
irradiation light, indicating the possibility of the construction of the full-time active 
photocatalytic system.
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Model predictions for future climate scenarios still suffer from large uncertainties 
connected to the direct and indirect aerosol radiative effects. To facilitate a better 
quantitative understanding of the effect of aerosols on the atmospheric radiative 
balance detailed measurements of aerosol microphysical properties and eventually a 
globally representative data set of aerosol properties are needed.
Mineral dust is among the most abundant aerosols and the Sahara Desert constitutes 
its largest source. During frequent dust outbreaks thick elevated aerosol layers are 
formed and transported over large distances -often across the Atlantic Ocean into the 
Caribbean. The Saharan Aerosol Long-range Transport and Aerosol-Cloud-Interaction 
Experiment (SALTRACE) aims to study the properties of Saharan mineral dust aerosol 
and its effects on clouds on both sides of the Atlantic Ocean. The field experiment was 
performed in June/July 2013 combining airborne and ground-based in-situ and remote 
sensing measurements as well as satellite observations. Measurement sites were 
located in Cape Verde, Barbados and Puerto Rico. The Falcon 20E research aircraft 
operated by DLR was equipped with an extensive aerosol payload and performed 
measurement flights on both sides of the Atlantic using the same instrumentation. 
SALTRACE continues the work of the two SAMUM field experiments conducted in 
Morocco and the Cape Verde region in 2006 and 2008.
In dust outbreaks during the summer season, mineral dust aerosol is typically found 
in elevated layers with vertical extent of 2-4 kilometers reaching to altitudes of ~6 
km on the eastern side of the Atlantic Ocean. The layers descend slightly to 5 km 
during transport into the Caribbean. While the dust layers in the Cape Verde region are 
mostly homogeneous, the structure found in the Caribbean is more complex: above 
~2 km exists a largely unperturbed pure dust layer overlying a transition layer where 
mixing and cloud processing has occurred. At lower levels, mixing with the marine 
boundary layer aerosol is apparent.
Here we use the results of the airborne in-situ measurements from the SAMUM 
campaigns and SALTRACE to derive aerosol optical parameters which serve as input 
to radiative transfer calculations using the libRadtran radiative transfer package. 
Using such simulations, we study the effect of aerosol aging and the change of the 
layer structure on the aerosol radiative forcing and local heating. We focus on a case 
study where we had the opportunity to take measurements of a dust layer in the same 
air mass in the Cape Verde region and, five days later, near Barbados.
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In this study we present a new modelling approach for atmospheric mineral dust (MD) 
that combines four different source contributions: traffic resuspension, agricultural 
activities, wind-blown dust and desert dust. New emission parameterization 
and geographical variability of emission factors were built in the 3D Chemistry 
Transport LOTOS-EUROS model. The modelled annual concentration due to traffic 
resuspension is less than 0.3 µg.m-3 in rural areas, but ranges up to 2 µg.m-3 or more 
in densely populated regions. The annual contribution by agricultural management 
activity is modelled to be slightly lower than 1 µg.m-3 over the European main land 
with contributions exceeding 2 µg.m-3 over the arable areas. Wind erosion from 
European soils is calculated to contribute 0.1 µg.m-3 or less to the annual average 
mineral dust concentration over most of Europe. The contribution from desert dust 
is important in the Mediterranean at latitudes below 44˚N (1-4 µg.m-3 ) and in some 
locations up to 5 µg.m-3. Spatial and time variability of concentrations was validated 
against mineral dust observations across Europe, revealing that the model is able to 
capture the geographical gradients and reproduce Saharan dust events, although for 
the rest of time series, the correlation between modelled and measured concentrations 
is not very good, indicating that further improvement is needed, mostly for traffic 
emissions. Other sources of uncertainty are reference emission estimates for 
agricultural emissions and possibly missing sources such as construction activities.
Currently, the routines for desert dust emissions are being updated in cooperation with 
IfT. Therefore, an additional focus will be put on the comparison of the two desert dust 
emission schemes.
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Recent studies using satellite observations show that numerous dust sources are 
located in the foothills of arid and semi-arid mountain regions such as over North 
Africa. Alluvial sediments deposited on the valley bottoms and flood plains are very 
prone to wind erosion and frequently serve as dust source. High surface wind speeds 
related to the break-down of the nocturnal low-level jet (LLJ) during the morning 
hours are identified as a frequent driving mechanism for dust uplift.
We investigate dust emission from alluvial dust sources located within the upland 
region in northern Mauritania and discuss the impact of valleys with regard to their 
role as dust source. Measures for local atmospheric dust burden were retrieved from 
airborne observations, MSG SEVIR dust AOD fields and MesoNH model simulations, 
and analyzed in order to provide complementary information on dust source activation 
and local dust transport at different horizontal scales. Vertical distribution of 
atmospheric mineral dust was obtained from the LNG backscatter lidar system flying 
aboard the French Falcon-20 aircraft. Lidar extinction coefficients were compared 
to topography, aerial photographs, and dust AOD fields to confirm the relevance of 
alluvial sediments at the valley bottoms as dust source. The observed dust emission 
event was further evaluated using the regional model MesoNH. A sensitivity study 
on the impact of the horizontal grid spacing highlights the importance of the spatial 
resolution on simulated dust loadings. The results further illustrate the importance of 
an explicit representation of alluvial dust sources in such models to better capture the 
spatial-temporal distribution of airborne dust concentrations.
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Dust plumes originating from North African sources contribute to the atmospheric 
aerosol burden over the Mediterranean basin, a region that is highly affected by 
changing climate conditions. In the framework of the ChArMEx-ADRIMED project, 
which is examining the aerosol direct forcing and its impact on the Mediterranean 
climate, we present a study investigating the contribution from dust sources over 
North Africa to the atmospheric composition over the Mediterranean Sea. Numerical 
model simulations of the dust cycle are analyzed with regard to the representation 
of different dust source regions and types, as well as atmospheric controls on dust 
emission and transport pathways. Synthetic satellite radiances are used to obtain 
MSG SEVIRI IR dust images from the modeled dust distribution are analyzed with 
regard to the impact of dust optical properties on the atmospheric radiation. In order 
to assess the dust cycle and the contribution from different source types, particularly 
alluvial sediments from mountain regions, model fields will be compared to aircraft 
and ground based measurements, as well as satellite retrievals.
Results from this study will add to the understanding of emission characteristics of 
different dust source types, in particular of alluvial sources, which dominate over 
North Africa but are not well understood yet. Ultimately, this study will contribute to 
an improved representation of dust sources in numerical models.
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Sediments filling the U-shaped basin of the closed dimictic crater Lake Sihailongwan 
(42°17’N, 126°36’E, elevation 797 m a.s.l., max. depth 50 m, diameter 720 m document 
substantial aeolian particle influx of remote provenance. The dust is transported by 
the zonal westerlies from arid Asian areas towards the study site. The chemical, 
mineralogical, and isotope composition of the dust component differs distinctly from 
local alkali-basaltic rocks, local soils, and granites and gneisses of the Archaean 
basement. Coarse volcanic particles covering the small catchment inside of the crater 
rim favour seepage of rainfall. According to micro-facies studies of varved sediments 
from the deepest part of the lake and sediment trap monitoring data, deposition of 
silt-sized particles of the remote dust component peaks in spring. Focussing of the 
fine particle flux towards the centre of the lake may reach a factor of 5 (estimate 
based on comparison regional atmospheric flux rates with flux rates of unsupported 
210Pb derived from sediment analysis). Correlations between rainfall and sedimentary 
flux rates calculated for unsupported 210Pb and variations in the portion Al-rich debris 
indicate that the precipitation frequency influences the transfer of fine dust particles 
into the lake. The calcareous character (~ 15% CaCO3) of Asian dust is well proven. 
Late Glacial and Younger Dryas sediments, when the atmospheric dust deposition was 
higher, show minor contents of inorganic carbon, whereas Holocene sediments and 
modern soils are non-calcareous throughout. Release of CO2 related to soil respiration 
and related to microbial-mediated aerobic decomposition of settling organic matter in 
the lake is obviously high enough to sustain a complete chemical dissolution of the 
airborn calcite influx. Detailed flux rate calculations based on bulk chemical analyses 
and varve counting of corresponding 1-cm sediment intervals document long-term 
changes in the aeolian influx. Between 11 and 9 varve kyr BP the aeolian influx 
was high displaying pronounced inter-annual variations in the thickness of seasonal 
dust layers and gradually decreased afterwards. Laser-Particle analysis of the solid 
residues after wet-oxidation of the organic matter and sequential leaching of biogenic 
silica yielded new insights in the decadal scale variations of the detrital influx during 
the early Holocene. The background detrital sediment component closely scatters 
around a volume-weighted mean D[4,3] of 13.5 µm, the grain-size distribution peaks 
around 7 µm. Individual 1-cm sections show D[4,3] values distinctly above 15 µm 
relating to the occurrence of sand particles with a grain-size maximum at 120 µm. The 
coarse particles occur within small clusters in the thin sections. The palaeoclimate 
interpretation of the occurrence of these clusters is still a matter of debate and the 
determination of their origin a challenge for future research.



380 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

Dust characteristics at the northern slopes of 
tien shan - relationships with seasonal changes 

in hemispherical circulation

georg scHettler1*, anton sHabunin2, Helga KeMnitz1, Kay Knoeller3, 
sanJar iMasHev4

1Deutsches GeoForschungsZentrum, Telegrafenberg, Potsdam, 14473, Germany
2Central Asian Institute for Applied Geosciences, Timura Frunze Str. 73/2, Bishkek, 720027, Kyrgyzstan

3Helmholtz Centre for Environmental Research - UFZ, Theodor-Lieser-Str. 4, Halle, 06120, Germany
4Kyrgyz-Russian Slavonic University, Kievskaya 44 Str., Bishkek, 720027, Kyrgyzstan

*Georg.Schettler@gfz-potsdam.de

There is less knowledge of the physical/chemical characteristics of dust transported 
towards the high mountain ranges of Central Asia with northerly and westerly airflows, 
regarding seasonal variations in dust load and composition and the possible contribution 
of this dust to the aerosol flow across Asia towards the Pacific Ocean. We have monitored 
the dust concentration at 1-min time resolution for 31 grain-size classes together with 
meteorological data on the northern slopes of the Tien Shan (1740 m asl.). Using a High-
Volume-Impactor, particles > 2.5 µm were collected at 3-days sampling intervals for 
chemical, mineralogical and isotope analyses. The trapped dust is calcareous and reflects 
a substantial interaction with nitric and sulphuric acid aerosols during the atmospheric 
transport. Nitrates and sulphates are the dominant water-soluble components. Seasonally, 
the water solubility of Fe, Mn, and PO4 increased substantially. Distinct diurnal local 
change of wind strength and direction overlays short- and long-term variations in the 
hemispherical wind regime, which carries mineral aerosols from remote source areas 
to the monitoring site. The mass concentration of the particle fraction > 2.5 exceeds 
those of fine particles < 2.5 µm. In general, the atmospheric concentrations of fine 
and coarse particles display coinciding variability. Typically, we observed a grain-size 
maximum around 4 µm and a minimum around 8 µm. Source regions of the dust are 
identified on the basis of backward trajectory calculations and optical satellite data. Air 
masses which travelled from northern Africa across Saudi Arabia to the sampling site 
carried a coarser particle load, higher contents of gypsum and lower portions of particles 
from anthropogenic origin (e.g., soot) than air masses which passed Central European 
industrial areas. Changing source and/or pathway of the air parcels that arrived at the 
monitoring site are independently indicated by departures from diurnal temperature 
and humidity variations. A high day-to-day variability in weather conditions and large-
scale hemispherical circulation complicated the assignment of dust characteristics at 
3-days sampling intervals to source regions of the dust. A short-term increase in the 
dust concentration (20 minutes) was clearly relatable to the outbreak of a dust storm 
over NE-Afghanistan. The atmospheric dust load changed to an uni-modal grain-size 
composition with a maximum at 5 µm. Frontal interaction causing rainfall efficiently 
washed out the dust. Finally, only 20% of the dust collected during the 3-days sampling 
interval related to the dust storm, therefore, the event specific chemical/mineralogical 
characteristics of the trapped Afghan dust were camouflaged by the signatures of the 
trapped ‘background’ dust.
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Iron (Fe) is a bio-essential metal with extremely low and therefore bio-limiting 
concentrations in more than 30% of the oceans, including the Southern Ocean. It 
has a crucial impact on the biogeochemical cycles of carbon and other elements 
with ultimate influence on the Earth climate system. Other trace metals, like Mn, 
Zn, Co and Cu are also required for microorganisms cell metabolism and may be 
(co-) limiting in high nutrient low chlorophyll areas. Trace metals dusts inputs are 
known to be generally insignificant in Antarctica. Previous dissolved and particulate 
Fe concentrations data from East Antarctica and the Weddell Sea pack ice showed that 
Fe is 10-100 times more concentrated in the sea ice than in underlying seawater and 
that sea ice melt can deliver up to 70% of the daily Fe supply to the surface waters. 
According to budget estimates, sea ice accumulated Fe in those areas would largely 
derive from the underlying seawater rather than from atmospheric inputs. 
In this presentation, we will discuss results of trace metals (Fe, Mn, Zn, Cu, Cd, Al, Mo, 
Pb, Ni) concentrations in snow, sea ice, brines and seawater as well as dusts samples that 
have been collected in Erebus Bay during the land-based sampling program YROSIAE 
at Cape Evans (McMurdo Sound, Ross Sea, Antarctica) from November 2011 to 
December 2011 and from August 2012 to December 2012. Our objective is to assess 
whether atmospheric inputs from McMurdo Ice Shelf, the Dry Valleys, Ross Island 
and the Erebus volcano may play a significant role in providing bio-essential trace 
metals in McMurdo Sound and have an impact on primary productivity in the Ross Sea. 
Concentrations of trace metals in snow collected on land- fast ice in McMurdo Sound 
are one to up to five orders of magnitude higher than the concentrations previously 
observed in snow from East Antarctica, showing a much stronger dust input of these 
metals in McMurdo Sound. When comparing the concentrations obtained in the under-
ice seawater with those obtained in the snow at McMurdo Sound, concentrations of Fe, 
Al, Mn, Co are much lower, whereas concentrations of Cu, Zn and Pb are similar and the 
concentrations of Ni, Mo and Cd are higher. Inventories of these trace metals in dusts, 
snow and the land fast ice give insights on their roles as source of bio-essential trace 
metal for the fuelling of the seasonal Ross Sea bloom. The relative importance of the 
different sources of these trace metals will be addressed and compared.
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We use the aerosol optical properties provided by the Level 2.0 AERONET database to 
compute the lidar ratios of 1714dust retrievals at 22 AERONET sites located in Africa, 
the Middle East, and India. We computed lidar ratios and depolarizations directly 
from the AERONET refractive indices, size distributions, and percentage of spheres 
with the Dubovik et al (2006) forward optics code. This code utilizes Mie Theory 
for spheres and T-matrix code or the geometric-optics-integral-equation method for 
spheroids (with an assumed axis ratio distribution). We limited our analysis to the 
months of May through September in an effort to avoid contamination by biomass 
burning at the northern African sites, and defined retrievals with depolarizations 
greater than 0.2 and fine volume fractions less than 0.05 as dominated by dust.

The highest lidar ratios of our analysis occur in the non-Sahel regions of northern 
Africa, where the median lidar ratio is 55.4 sr for 229 retrievals. The lowest lidar 
ratios occur in the Middle East (42.6 sr for 489 retrievals). We attribute the regional 
variability of the lidar ratio to the regional variability of the real refractive indices of 
dust retrieved by AERONET, as these two parameters are highly anti-correlated (R 
ranges from -0.51 to -0.85 for the various regions). The regional real refractive indexin 
our study varies from n=1.49 in non-Sahel Africa to n=1.57 for the Middle East, and is 
consistent with the illite mineralogy in northern Africa. That is, dry dust mixtures with 
low refractive indices require high fractions of illite, which has a refractive index of 
1.41; other common minerals -- calcite, quartz, gypsum, montmorillonite, kaolinite, 
and hematite -- all have refractive indices greater than 1.49. The illite fraction of 
aeolian dust decreases substantially from North to South and West to East along 
the northern African coasts (Chester, 1972), and thus is consistent with our regional 
refractive indices.

This regional variability in pure dust mineralogy and lidar ratio has a significant 
impact on the robustness of extinction retrievals for backscatter lidarslike CALIPSO, 
which require an assumed lidar ratio. Thus, we also compare CALIPSO aerosol 
optical depths to AERONET measurements.

Chester, R., Elderfield, H., Griffin, J., Johnson, L., Padgham, R. (1972). Eolian dust along the eastern 
margins of the Atlantic Ocean, Mar. Geol., 13, 91-105.

Dubovik, O., et al. (2006). Application of spheroid models to account for aerosol particle nonsphericity in 
remote sensing of desert dust, J. Geophys. Res., 111, D11208, doi:10.1029/2005JD006619.
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In order to identify in near real time the area affected by volcanic ash in Sicily, 
to characterize its optical and microphysical properties and to quantify the ash 
concentration in the atmosphere, a new versatile and portable Raman scanning Lidar 
system has been designed and developed by the National Consortium of Italian 
Universities for the Physical Science of the Matter (CNISM) and funded by the 
VAMOS SEGURO project (www.ct.ingv.it/vamosseguro). The Lidar system has been 
designed to perform volume scanning of the atmosphere and retrieve high quality 
3D maps of particulate optical properties and their time evolution. It is able to detect 
the elastic Lidar returns at 355nm and the N2 Raman Lidar echoes at 386nm. Each 
detected signal is acquired with a raw spatial resolution varying from 30cm to 30m. 
Moreover, the polarization purity of the laser line allows to perform polarization 
measurements at 355nm. The Lidar apparatus is operated mainly at Serra La Nave, 
only 7 km away far from the Etna summits, and at INAF-Astrophysical Observatory 
in Catania. Since 2013 this Lidar system is part of the EARLINET network (www.
earlinet.org). Lidar measurements have been routinely carried out during days without 
eruptive activity. During lava fountain events, the Lidar has allowed to investigate 
optical and geometrical properties of volcanic plumes. Results of Lidar measurements 
performed during both strombolian and lava fountaining activities in 2013 will be 
described. The observed layers have been characterized in term of the aerosol 
backscatter and the extinction coefficient profiles at 355nm, and of their ratio (the so 
called Lidar Ratio), depending on particles chemical composition, size distribution 
and shape. Moreover, Lidar depolarization measurements allowed to discriminate ash 
dominated from sulphate and /or water dominated plume. Lidar products coupled 
with volcanic ash dispersal simulations carried out by Istituto Nazionale di Geofisica 
e Vulcanologia, Osservatorio Etneo, are used to evaluate, in some cases, the ash mass 
concentration in atmosphere and to distinguish changes in the properties of volcanic 
emissions with time.
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Daily PM2.5 samples were collected in Bologna (Po Valley, Italy) since November 
2011, under the framework of the Supersito project (http://www.arpa.emr.it/supersito/). 
This study utilizes chemical composition data of ions, carbon and metals on the period 
11th July 2012 - 3rd March 2013. A Positive Matrix Factorization analysis was performed 
with the aim of identifying principal pollution sources on this area. Data were best 
modelled by extracting 6 factors, obtaining R2=0.98 for observed/predicted PM2.5 
(Paatero and Hopke, 2003; Paatero et al., 2002; Zabalza et al., 2006).
These factors have been identified.
1. Domestic heating, with high relative contribute of K, which indicates the predominant 
importance of wood burning. This factor presents a very evident seasonal trend, with 
negligible summer contribute and around 25% of PM2.5 after 15th October.
2. A factor “traffic with re-suspension dust”, with high contributions of Ca, Mg, Fe, 
and high relative contributions of Cr, Mn, Zn, Sb, Sn and La (Pant and Harrison, 
2013). Lower concentrations of this factor are observed during weekend days.
3. A factor with anthropogenic origin, likely associated to industrial source, 
characterized by high per cent contributes of Pb, Sn, Cd, Zn, As, Cr. 
4. A secondary factor characterized by NH4

+ and NO3
- that accounts for the largest 

contribution to PM2.5 mass in the cold months and is negligible during the summer.
5. A secondary factor characterized by SO4

--, that presents a quite uniform contribute 
during all the period. Because of the lower levels of PM2.5 during the summer, during 
heat season this factor accounts for around 30% of PM2.5.
6. The last factor is probably of local origin and it is a mixed source with crustal 
contribute, well correlated with direction of wind and absence of rainfall.

Paatero P., Hopke P. K. (2003). Discarding or Downweighting High-Noise Variables in Factor Analytic 
Models. Anal. Chim. Acta, 490, 277.

Paatero P., Hopke P. K., Song X.-H., Ramadan Z. (2002). Understanding and Controlling Rotations in 
Factor Analytic Models. Chemom. Intell. Lab. Syst., 60, 253.

Zabalza J., Ogulei D., Hopke P. K., Lee J.H., Hwang I, Querol X., Alastuey A. and Santamarìa J. M. (2006). 
Concentration and sources of PM10 and its constituents in Alsasua, Spain. Water, Air, and Soil Pollution, 
174, 385-404.

Pant P., Harrison R. M. (2013). Estimation of the contribution of road traffic emissions to particulate matter 
concentrations from field measurements: a review. Atmospheric Environment, 77, 78-97.
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Particulate emission from anthropogenic sources is a relevant topic for air quality 
and medical experts. The toxic nature of the particles due to the organic compounds 
on itself, the ability of ultrafine particles (UFPs) to penetrate in the epithelial cells 
of the lower respiratory tract, and the oxidative damage effects on DNA, which may 
increase the risk of cancer, are some of the harmful effects on human health caused by 
exposure to nanoparticles.
In the waste management, incineration represents a favourable technique for reducing 
the waste volume and recovering its energy content to generate electricity and district 
heating. However, incinerators have been the subject of strong debate in Western 
countries, since the waste combustion processes are a source of particle and gaseous 
emissions (Buonanno et al. 2012). Therefore, it is necessary to characterize their 
impact in terms of UFPs on the surroundings.
Computational Fluid Dynamics (CFD) is increasingly used to identify and characterize 
the specific emission sources in the areas characterized by high anthropogenic 
pressure, and assess their impact on air quality.
In this work, a numerical scheme based on the non-commercial fully explicit Artificial 
Compressibility (AC) - Characteristic Based Split (CBS) algorithm (Arpino et al. 
2010) was used to solve the one-equation Spalart-Allmaras (SA) turbulence model 
and a K-theory dispersion model (Moreira and Vilhena 2010), to perform numerical 
simulations and parametric studies of ultrafine particle dispersion in the surroundings 
of an incinerator plant.
The use of the one equation SA model, allows to save computational resources when 
complex three-dimensional domains are considered and also offers the possibility to 
switch to a Detached Eddy Simulation (DES) scheme. The fully explicit algorithm 
involves a matrix inversion free procedure that offers several advantages, such as 
low computing requirements even for complex three-dimensional problems and the 
possibility of simple and efficient parallelization.

Buonanno, G., Scungio, M., Stabile, L., Tirler, W. (2012). Ultrafine particle emission from incinerators: the 
role of the fabric filter. Journal of the Air & Waste Management Association, 62 (1), 103-111.

Arpino, F., Massarotti N., et al. (2010). High Rayleigh Number Laminar-Free Convection in Cavities: New 
Benchmark Solutions. Numerical Heat Transfer, Part B: Fundamentals 58(2): 73-97.

Moreira, D. and Vilhena M. (2010). Air pollution and turbulence: modelling and applications, CRC Press/
Taylor & Francis.
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Along the northern margin of the Central Asian high mountain range formed by 
the Hindu Kush, Pamir, Alai, Tien Shan and Altai airborn soil particles have been 
trapped as loess (Machalett et al. 2008 and references therein). In a common project 
of the Central Asian Institute for Applied Geosciences-Bishkek (CAIAG) and the 
GeoForschungsZentrum-Potsdam (GFZ), a programme including the monitoring of 
atmospheric dust load and dust composition at the northern slopes of the Tien Shan 
south of Bishkek was initiated in 2010. The study aims on improving the understanding 
of the palaeoclimatic record of loess profiles and of aeolian components in lacustrine 
sediments of Central Asia in the context of short- and long-term changes in the 
hemispherical circulation under the current climate regime. Interaction of dust particles 
with reactive gases and acid aerosols during their atmospheric transport strongly 
influences the content of leachable salts in the dust. The latter depends on the source 
regions of the dust and the pathway of the air masses which carry the mineral aerosols 
to the monitoring site. We present data on seasonal changes in the composition and 
the amount of leachable salts of the particle fraction > 2.5 µm and data of the isotope 
composition of the attached nitrate at 3-days time resolution for a period between 
2010 and 2012. The particle fraction was collected using a High-Volume Slit-Impactor 
with a programmable exchange of 15 collector plates. Nitrate and sulphate are the 
dominant leachable anions of the dust at our monitoring site. The ions are largely 
generated by solid/acid interaction in the troposphere. The extensive interaction of 
Asian dust with reactive atmospheric agents originating from anthropogenic emissions 
has been previously documented for dust samples collected close to urban centres of 
eastern China (e.g., Li and Shao, 2009). However, where the interaction of primary 
soil particles with acid-aerosols takes place during their atmospheric transport and 
how it depends on air humidity during their westward atmospheric transport across 
the Eurasian continent remains an open question. Finally, our study will contribute to 
understand the atmospheric flux of the ‘so-called’ background dust towards the Pacific 
Ocean in terms of quantity, composition, seasonal variability and pathway.

Li, W.J., Shao, L.Y., (2009). Observation of nitrate coatings on atmospheric mineral dust particles. Atmos. 
Chem. Phys. 9, 1863-1871.

Machalett, B., Oches, E.A., Frechen, M., Zöller, L., Hambach, U., Mavlyanova, N.G., Marković, S.B., 
Endlicher, W., (2008). Aeolian dust dynamics in central Asia during the Pleistocene: Driven by the long-
term migration, seasonality, and permanency of the Asiatic polar front. Geochem. Geophy. Geosy. G3, 
9, 1-22.
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Desiccation of more than 90 % of the Mesopotamian marshlands has made the area a 
regional source of dust production. Fine and very fine-grained Holocene sediments, 
containing solutes, cover the bare lands of the southern Khuzestan plain, in the 
surroundings of the Shadegan marshes. In this research, surface sediments of the area 
were studied. The aim was to recognize the nature of the sediments and to specify 
the physical and chemical properties that are of importance for dust production. 
The classification reflects the variability of the surface sediments . Sampling was 
carried out in 27 points, located at the margin of the marshes and on its islands. The 
chemical characteristics of the sediment samples (containing calcium carbonate, 
calcium sulfate, sodium chloride, sodium, magnesium, and calcium), electrical 
conductivity (EC), organic matter (OM), pH, and sodium absorption ratio (SAR) were 
measured. After the removal of all carbonates and evaporitic minerals, the portions of 
carbonates-evaporates and terrigenous parts were specified. Granulometric analyses 
were performed using hydrometric method and laser particle size analyzer for grains 
finer than 63 microns (silt and clay). Because the sediments are fine and very fine-
grained containing solutes, the classification was done, using the Pettijohn method. 
In order to specify the properties of the sediments that are potential as source for 
dust production and to extract more details from the obtained results, statistical factor 
analysis was performed. The results show that the surface sediments of the southern 
Khuzestan plain are mainly composed of marls that are similar to the Iranian Tertiary 
marls. The presence of great amounts of solutes rather than carbonates in this kind 
of marls provides no suitable conditions for the establishment of a vegetation cover. 
Consequently little organic matter is present in the surface sediments. The results of 
the factor analysis show that physical and chemical characteristics of the sediments 
can be categorized into four main components are identified and named based on 
the top portion of contained variables, which are salinity and univalent cations, 
terrigenous and carbonates, pH and bivalent cations and fine and very fine grains. High 
amounts of solutes and low content of organic matter prevented co-aggregation of fine 
and very fine particles. These characteristics together with atmospheric circulations 
and suitable surface conditions (wide and very flat bare lands) are suitable agents of 
dust production during dry season. It is most likely that desiccation of the remaining 
marshes and wetlands will worsen the conditions.



388 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

moDelling atmospheric concentrations of 
ragweeD pollen from local anD 

Distant sources

branKo siKopariJa1*, MicHel tHibaudon2, Janne soMMer3, Matt sMitH4,
łuKasz grewling5, carsten aMbelas sKJøtH6

1Laboratory for Palynology, Faculty of Sciences University of Novi Sad, Novi Sad, Serbia; 2Reseau National 
de Surveillance Aerobiologique (RNSA), Brussieu, France; 3The Asthma and Allergy Association, Roskilde 

Denmark;4Research Group Aerobiology and Pollen information, Department of ORL, Medical University of 
Vienna, Austria; 5Laboratory of Aeropalynology, Faculty of Biology, Adam Mickiewicz University, Poznan, 

Poland;6National Pollen and Aerobiology Research Unit, University of Worcester, UK
*sikoparijabranko@yahoo.co.uk

Pollen grains from the genus ragweed (Ambrosia spp.) are important aeroallergens. 
In Europe, the largest sources of atmospheric ragweed pollen are the Rhône Valley 
(France), parts of Northern Italy, the Pannonian Plain and Ukraine. Episodes of Long 
Distance Transport (LDT) of ragweed pollen from these centres can cover large 
parts of Europe and are predominantly studied using receptor based models (Smith 
et al., (2013) and references therein). The clinical impact of allergenic ragweed 
pollen arriving from distant sources remains unclear (Cecchi et al. 2010). Although 
a recent study has found the major allergens of ragweed in air samples collected in 
Poznań, Poland, during episodes of long-distance transport from the Pannonian Plain 
(Grewling et al. 2013). The source orientated models SILAM, DEHM, COSMO-
Art, METRAS and ENVIRO-HIRLAM currently report having the capability of 
modelling atmospheric concentrations of pollen in Europe. The performance of such 
source-orientated models is strongly dependent on the quality of the emissions data, 
which is a focus of current research (e.g. Thibaudon et al. (2014)). The output from 
these models are important for warning allergy sufferers in areas polluted by ragweed, 
but could also be used to warn the public of ragweed pollen being transported into 
areas where the plant is not abundant. Areas outside of the main areas of ragweed 
infection that contain considerable local populations must, however, also include local 
scale models. These models can be used to predict local concentrations, even when 
LDT is not present. This concept of combined LDT and local scale calculations has 
been shown to be work for air pollutants and is considered usable for urban scale 
calculations of aeroallergens once urban scale maps of aeroallergen sources have been 
produced.

Cecchi, L., Testi, S., Campi, P. and Orlandini, S. (2010). Long-distance transport of ragweed pollen does 
not induce new sensitizations in the short term. Aerobiologia 26(4), 351-352.
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Bogawski, P., Šikoparija, B., Skjøth, C. A. and Smith, M. (2013). Atmospheric concentrations of ragweed 
pollen and Amb a 1 recorded in Poznań (Poland), 2010-2012. EAACI 2013, Milan, Italy.

Smith, M., Cecchi, L., Skjøth, C. A., Karrer, G. and Šikoparija, B. (2013). Common ragweed: A threat to 
environmental health in Europe. Environment International 61(0), 115-126.
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European loess sequences of Marine Isotope Stage 3 (~60 - 25 kyr BP) show periods of 
strong dust accumulation alternating with episodes of reduced sedimentation, favoring 
soil development. Data from the loess belt centered around 50°N suggest that these 
variations were related to the North Atlantic rapid climate changes: the Dansgaard-
Oeschger (DO) and Heinrich (H) events. In two previous modeling studies we have 
addressed the link between these climate changes and the European dust emissions 
in the latitudinal band 48°N-53°N, where large areas were exposed to aeolian erosion 
in glacial times, and important dust deposits have formed. We have shown that dust 
emissions in this band were considerably smaller during the warm North-Atlantic 
phases (“Greenland interstadials”), associated with DO events, than during the cold 
North-Atlantic phases, “Greenland stadials” and H events. Assuming that variations 
in emissions would be an important cause for variations in deposition, we interpreted 
this result as qualitatively consistent with loess data. As a follow-up of these studies, 
here we address the full dust cycle (emissions, transport, deposition) for the same 
area and climate period. We use the LMDZOR-INCA model, which can represent the 
full dust cycle, and better-adapted boundary conditions for the investigated period, 
to study the mechanisms linking the North Atlantic millennial climate changes and 
the dust cycle variations in Europe, and to attempt a more direct comparison between 
modeling results and loess data.
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Environmental health is an essential component of the quality of life in modern 
societies. Monitoring of environmental quality and the assessment of environmental 
risks is often difficult; these can be overcome using bioindicator species. Leaves 
of Padus serotina, Acer campestre, Acer negundo, Quercus robur and Celtis 
occidentalis were used to assess the amount of deposited dust and the concentration 
of air contaminants in deposited dust in and around the city of Debrecen, Hungary. 
Samples were collected from an urban, suburban and rural area along an urbanization 
gradient. The concentrations of Ba, Cu, Fe, Mn, Ni, Pb, S, Sr and Zn were determined 
in deposited dust using ICP-OES. Scanning electron microscopy (SEM) was used 
to explore the morphological structure and dust absorbing capacity of leaves. We 
found significant differences in dust deposition among species, and dust deposition 
correlated with trichomes’ density. Principal component analysis (PCA) also showed 
a total separation of tree species based on the elemental concentration of deposited 
dust. Our result suggested that stomata size and distribution were the most important 
factors influencing the accumulation of air contaminants in leaves. We found that the 
leaves’ surfaces of A. negundo and C. occidentalis were covered by a large number of 
trichomes, and these species have proven to be suitable biomonitors for atmospheric 
pollution.

keywords: urbanization; stomata density; stomata size; heavy metals; trichomes.
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The Southern Ocean represents about 20% of total global ocean and plays a major role 
in the distribution of carbon dioxide between the atmospheric and oceanic reservoirs. 
This oceanic region is atypical as it exhibits plenty of major plant nutrients in surface 
water, but somehow the photosynthetic CO2 fixation and plant biomass is low. Due 
to its geographic position and the dominance of westerly winds, Patagonia is viewed 
as a key area for supplying key nutrients (e.g., Fe) through mineral dust but also by 
periodically exportation of volcanic ash to this HNLC (high-nutrient low-chlorophyll) 
oceanic region. Although explosive volcanism is important in the Southern Andes, the 
effect of direct ash falling and fluxes to the ocean water surface was never been studied 
as a possible contributor of bioavailable Fe and its implication on the carbon budget 
of the Southern Ocean. The aim of this contribution is to evaluate the characteristic 
of available Fe in pristine volcanic ash from three recent Patagonian Andes volcanic 
eruptions that have contrasting features and chemical composition (e.g., Hudson, 
1991, Chaitén, 2008 and Puyehue, 2011). For that we investigate the mobilization 
of Fe from Patagonian ashes into soluble forms considering two main mechanisms; 
“dry deposition” through direct mobilization from relatively dry ash upon contact 
with seawater and “wet deposition” considering Fe mobilization from ash during 
interaction with plume/cloud water before entering in contact with surface seawater. 
These results are then contrasted with similar experiments run on Patagonian dust and 
top soil samples. We also evaluate fluxes of available Fe to the ocean and the probable 
effects over the marine biogeochemical iron-cycle.
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Dust events and Black carbon emissions are increasing since last three decades in 
the Indo-Gangetic plains (IGP). The cause of black carbon emissions is from coal 
based power plants, vehicular pollution, mining, biomass burning and forest fire. 
These emissions spread horizontally and vertically and sometimes reach over the 
Himalayan snow and glaciers. Recently, an important question was raised, if the 
Himalayan Glaciers are retreating or advancing especially when ground observations 
are almost non-existent. Satellite images have been used and pronounced changes 
in the areal extent of snow and retreat of glaciers are clearly evident. The exact 
cause of the retreat is still debatable, and an important question before the scientific 
community in the wake of future ground water resources of the Indo-Gangetic Plains 
(IGP). Recently, dusts and black carbon are two sources that are being debated to 
be possible sources in accelerating melting of snow and glaciers in the Himalayan 
region. Long range transport of dusts from Arabia peninsula and Thar Desert in 
the western part of India and increasing anthropogenic activities are two important 
sources for dusts and black carbon. Sometimes, dust reaches to the western parts of 
Himalayan snow cover and also transported up to the Far East of the Indo-Gangetic 
basin. The black carbon soot emissions from the anthropogenic activities in the 
IGP, forest fires and biomass burning in the western and eastern parts of India may 
impact warming of Himalayan snow and glaciers. Multi satellite sensors data have 
been used to study the changes in aerosol parameters and atmospheric parameters 
in the Himalayan foothills areas and also across the Himalaya region. Earlier, it 
was difficult to see that the dusts or anthropogenic emissions reaching across the 
towering Himalaya, but the satellite data clearly show transport of dusts and trace 
gases from India across the Himalayan region. The outflow of trace gases and 
anthropogenic emissions from Indian sub-continent reach and deposit on some parts 
of the Himalayan snow and glaciers cover. Multi satellite data show a pronounced 
changes in the Himalayan snow and glaciers due to dusts in the western parts 
whereas the eastern Himalayan snow and glaciers cover are impacted by the carbon 
soot from the Forest fires. The role of dust and black carbon will be discussed in the 
accelerating melting and retreat of Himalayan Glaciers.
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The Sahara-Sahel region is the most important present-day source of mineral dust, 
which is mainly transported westward over the Tropical Atlantic Ocean. Interpreting 
paleo-dust records in this area in terms of paleoclimatic changes requires firstly being 
able to determine the dust provenance. For this purpose, specific intrinsic tracers 
such as clay mineralogy and radiogenic isotopes, whose characteristics reflect the 
geological history of source regions, can be measured in sources’ soil samples. Such 
an approach, however, has a number of limitations. First of all, it implies to have 
a good understanding of the signature of the potentially contributing source areas. 
The fact is there is clearly insufficient data coverage for the North African region, 
mostly because of the large number of possible dust sources that spread over wide 
geographical areas. In addition, fractionation processes may occur during deflation 
and subsequent atmospheric transport, modifying the composition of the dust in 
comparison with the soil of the source. Consequently, the terrigenous signatures of 
rocks and soils available in the literature do not necessarily reflect the signature of 
aeolian material. In this work, we propose a reversed approach to circumvent these 
difficulties. This approach consists in characterizing the provenance of modern dust 
deposits (rather than sources’ soil samples) collected on the west African margin, 
that is just as they reach the Northeastern Tropical Atlantic (NETAO). This “reverse” 
method aims then to link the mineralogical and geochemical fingerprints (Sr and 
Nd in particular) of these deposits to the sources from which they derive, based on 
satellite images and the calculation of air masses back trajectories. We will present 
a multi-proxy analysis of deposits collected at Mbour, Senegal, from 2006 to 2009 
that enabled us to develop a tentative calibration of these mineralogical and isotopic 
tracers in terms of provenance region and transport patterns (Skonieczny et al., 2013). 
This calibration was then tested against the North Africa soil and NETAO top-core 
data available in the literature.

Skonieczny, C., Bory, A., Bout-Roumazeilles, V., Abouchami, W., Galer, S.J.G., Crosta, X., Diallo, 
A., Ndiaye, T. (2013). A three-year time series of mineral dust deposits on the West African margin: 
Sedimentological and geochemical signatures and implications for interpretation of marine paleo-dust 
records, Earth and Planetary Science Letters 364, 145-156.
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Every year, several hundreds teragrams of dust are emitted from the Sahara and Sahel 
regions and deposited, for the most part, in the Northeastern Atlantic Tropical Ocean 
(NEATO). These aeolian inputs are recorded in the marine sediments of the NETAO, 
which contain archives of past dust emissions and transport over the Quaternary (and 
beyond). Past modifications of dust characteristics in these sedimentary archives 
can provide precious information on changes of environmental conditions in source 
areas (aridity or weathering intensities), as well as on changes in the characteristics 
of their atmospheric transport (wind pathways and strength). The core MD03-2705, 
located off Mauritania, was retrieved from a bathymetric dome 300 meters above 
the surrounding seafloor (18°05N; 21°09W; 3085m water depth). Considering this 
particular environmental setting, the terrigenous fraction in this record is assumed 
to be predominantly of aeolian origin. This 37m-long core provides a continuous 
record of the aeolian terrigenous deposits in this region over the last 1.1Ma. Here we 
document changes in these terrigenous supplies to the NETAO throughout the entire 
record using a multi-proxy analyses of the carbonate-free fraction of the sediment 
including dust fluxes, grain-size and clay mineralogy. Important shifts in the measured 
proxies, suggesting major reorganization of particle transport regimes and provenance 
are observed, particularly during some key climate transitions such as terminations. 
The latter are currently investigated in greater details and completed with additional 
geochemical measurements (major and trace elements as well as Sr & Nd isotopes). 
We will discuss the obtained results for levels dated from the MIS 11-12 and MIS5e-6 
transition in particular, which will be compared to the last termination characterized 
by marked changes through the Younger Dryas and the subsequent Early Holocene 
African Humid Period in our record (Skonieczny et al., in prep.).

Skonieczny, C., Bory, A., Bout-Roumazeilles, et al. (in prep.), Major changes in wind regimes and monsoon 
intensity over West Africa across the last termination as indicated by the terrigenous supplies to the 
Northeastern Atlantic Tropical Ocean.
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Desert dust is an important atmospheric constituent since it affects air quality and climate. 
The exceedences of air quality limit values for particulate matter (PM) are recurrent in 
places such as southern Europe where the long-range transport of mineral can achieve a 
60% contribution to AOD levels [3]. The goal of this study is to present the dust emission 
scheme included in the chemical transport model SILAM and show the first results of 
global and European model simulations. The dust emission parameterization is based on 
the saltation/sand blasting processes, generally following the approaches of [2] and [5]. 
The saltation starts when the friction velocity reaches the threshold level allowing the 
coarse particles (~ Dp = 70 µm) to be involve into horizontal movement. Corrections 
with regard to partitioning of the drag between erodible and non-erodible elements of the 
surface, leaf area index, and the soil humidity are included affecting the threshold level 
and the saltation efficiency. The total vertical flux is described by F = AS K α QS where F 
is the vertical mass flux of dust [kg m-2 s-1], As is the area fraction of erodible soil in the 
grid cell, K is the coefficient accounting for soil, α is the sandblasting efficiency and Qs 
is horizontal saltation mass flux. We assumed static aerosol spectre at the source, fully 
defined by the soil type and parameterised directly from the data of [4] via 4 log-normal 
modes (Dp = [0.01 to 30 μm]). This static-spectrum approach is in contrast with some 
parameterizations, which connect the flux for the specific size bin with the wind speed. 
The model was run through the years 2002-2012 globally with one degree spatial resolution 
and the years 2010-2013 for Europe with 0.2 degree spatial resolution; both sets with one 
hour output time-step. The results of the simulations were compared with MODIS and 
AERONET AOD, using spatial and temporal collocation of the datasets. To facilitate 
the comparison and estimate the contribution from dust to AOD, primary PM emissions 
from anthropogenic sources, and sea-salt and wild-land fire emissions were also included. 
The European runs were also compared with the NMMB/BSC-Dust model for different 
campaigns under the ChArMEx project. The first simulations provide encouraging results 
both for spatial and temporal distributions of dust aerosol in a global scale. The atmospheric 
burden is in order of 35 Tg/year within the range provided by other global estimations [1]. 
In general the system overestimates the dust aerosol load over the North African deserts 
(a factor of 2) and underestimates over the South American deserts (20-30%). The main 
transboundary pollution episodic features for dust aerosol are well described by the system.

1. Astitha1 M., Lelieveld J., Abdel Kader M., Pozze A., & de Meij A. (2012). Atmos. Chem. Phys., 12, 
11057-11083.

2. Marticorena, B., & Bergametti, G. (1995). Journal of Geophysical Research, 100(D8), 16415-16430.
3. Tchepel, O., Ferreira, J., Fernandes, A.P., Basart, S., Baldasano, J.M. & Borrego, C. (2013). Atm. Env. 

64, 229-241.
4. Weinzierl, B. B. (2007). Ludwig-Maximilains-Universitat Munchen.
5. Zender, C. S. (2003). Journal of Geophysical Research, 108(D14), 4416.doi:10.1029/2002JD002775
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Implications of dust for human health and hazardous phenomena such as severe dust 
storms and “haboobs” indicate the profound need for an accurate description of dust 
processes in numerical simulations. In addition, quantification of the dust direct and 
indirect effects is important for climate change scenarios.
In order to improve our understanding on the dust-related atmospheric processes 
and also to evaluate the model forecasts we propose a synergistic approach. Satellite 
observations, ground-based sunphotometric measurements and state of the art 
atmospheric modeling are all included under a unified platform. We perform dust 
modelling with WRF-Chem and we compare the results with satellite (CALIOP/
CALIPSO, MODIS/AQUA,TERRA) and ground based (AERONET) retrievals of 
dust extinction coefficients and optical depths. In this context, we discuss the role of 
dust particles in radiative transfer and cloud processes in the greater Mediterranean 
area. This combined effort - incorporating both modeling and remote sensing 
techniques - provides a valuable benchmark for developing robust dust climatology 
and improving the representation of dust cycle in atmospheric models.
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The Ili Basin is located in the inland of the Eurasian continent and is far away from 
the ocean. The modern climate is controlled mostly by Mongolian high-pressure and 
is influenced mainly by the north branch of westerly airstream during the winter. 
Westerly airflow from the Atlantic Ocean or the Mediterranean or the Black Seas 
easily reaches the valley and form precipitation. The summer climate is affected 
mainly by the Indian hot low pressure, and the south branch of westerly airstream 
shifts to this area and controls the climate. Westerly winds prevail at high-altitudes 
throughout the year. Eolian loess sediments are widely distributed in the piedmonts of 
Tianshan Mountains and river terraces, which enables the Ili region to be one of the 
ideal places for the studies on Asian interior aridification, dust sources of the Northern 
Hemisphere, past atmospheric circulation.

Here, we represent a eolian loess section in the southern Ili basin. Based on granularity 
and carbonate mineral analyses, we reconstruct the history of climate change since the 
last glaciation. The percentage of the size fraction of loess with grain size >63 µm 
increased in cold stadials in the Ili basin. This result suggests that the westerly wind be 
strengthened during the cold periods. Compared with the stadials, the content of the 
loess with grain size >63 µm was decreased in interstadials, which indicated that the 
strength of the westerly wind was weakened. The content of dolomite is related with 
Westly circulation intensity variations caused by alternation of sub-orbit scale cold 
and warm climate. The content variations of calcite maybe reflect the precipitation 
changes in Westerly Area. Therefore, the contents of carbonate minerals in some 
extent are good indicators of the strength of Westly circulation and temperature and 
precipitation, and they can be used to reconstruct paleoclimate and paleoenvironment. 
Both particle sizes and minerals records revealed that the climatic change in the Ili 
basin was instability during the last glaciation and was similar to those of the North 
Atlantic Ocean and Greenland ice core. Six rapid cooling events (Heinrich events), the 
Younger Dryas cold event and 22 rapid warming events (Dansgaard-Oeschger events) 
are identified by >63 µm particle sizes and dolomite, which implied that millennial 
scale climate change in the Ili basin is instability during the last glacial period.
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Desert dust aerosols reach ‘El Arenosillo’ - Atmospheric Sounding Station (ESAt), 
where a long-term measurement program of atmospheric species and aerosols is being 
carried out. The observatory is located in a rural protected environment (37.1ºN, 
6.7ºW) and less than 1 km from the Atlantic seashore. The instrumentation (in-situ and 
remote-sensing measurements) operates continuously, with specialized instruments 
added for dedicated campaigns. Two characteristic pathways of the desert dust aerosols 
at ground are detected, each of which is associated with significant differences in 
its aerosol microphysical and optical properties. The observed differences, in turn, 
determine the degree of sunlight dimming and radiative forcing over the region. The 
first characteristic pathway was defined by air masses coming at upper levels directly 
from North Africa to the South of the Iberian Peninsula and Mediterranean Basin but 
at the lowest levels, Mediterranean flows were arriving (Mediterranean Flow) (DD-
MF days). The vertical movements of air masses between atmospheric layers produce 
the arrival of desert dust at surface-level over South of Spain from higher dust layers 
located on the Mediterranean Basin but not directly from North Africa. The second 
atmospheric configuration exhibited direct pathways of Saharan dust air masses from 
North Africa at all atmospheric levels (African Flows) (DD-AF days). The mixing of 
desert dust and pollution aerosols coming from Mediterranean area (DD-MF days) 
was associated with an increase in particle volume concentrations at all diameters, 
but predominantly within the sub-micron size range. The sub-micron scattering ratio 
(RSP) was the most efficient optical parameter for identifying the type of desert dust 
episode. The size range with the highest impact on the scattering processes was 
(0.3µm<D<0.6µm) with an average contribution to the total scattering of 39% during 
the Non-Desert-Dust days, increasing to 47% during the DD-MF days. The results 
are presented throughout our analysis in conjunction with theoretical computations of 
the aerosol scattering coefficients from the measured size distributions. Our goal is to 
highlight the uncertainties associated with the measurement of microphysical and/or 
optical aerosol properties as well as to estimate if the optical measurements are better 
reproduced by models considering spherical and spheroid particles.
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The ratios between the mass concentrations of the size segregated particulate matter 
(PM) show a seasonal characteristic. Generally, the cold season can be characterized by 
an intensification of anthropogenic activities, such as those related to fuel consumption, 
which determine an increase of the emission of fine and submicron particles (i.e., 
PM2.5 and PM1, respectively). So, a prevalence of the fine size/submicron fractions 
on the coarse size fraction (i.e., PM10) may be observed. Whereas, during the warm 
season, the dry conditions could facilitate the dust resuspension due to vehicles 
travelling and dust long-range transport, determining an increase of the emission of 
coarse particles associated to natural as well as to anthropogenic mechanical processes 
(e.g., material grinding and crushing). Thus, a prevalence of the coarse size fraction 
on the fine/submicron size fractions may be recorded.
In order to better represent the seasonal characteristic of the ratios between the mass 
concentrations of the size segregated PM, i.e. PM1/PM10, PM2.5/PM10, PM1/PM2.5 
and PM2.5-PM1/PM10-PM1, a dedicated triangular diagram is proposed.
To this aim, studies presenting simultaneous measurements of PM1, PM2.5 and PM10 
mass concentrations were considered and the corresponding ratios were calculated 
and displayed by the triangular diagram.
Results show that the winter season data accumulate into a cluster whose limits are 
60% < PM2.5/PM10, 45% < PM1/PM10. This means that the data collected during 
the cold season may be mostly characterized by higher values of the PM2.5/PM10 
and PM1/PM10 ratios. Moreover, these data are displayed toward large values of the 
intermodal size fraction (PM2.5-PM1/PM10-PM1 ratio above 25%) such that in some 
cases the intermodal size fraction can contribute substantially to the determination 
of the fine size fraction (low values of PM1/PM2.5, about 70-60%) and that the 
intermodal size fraction can be of comparable magnitude with the coarse size fraction 
(PM2.5-PM1/PM10-PM1 ≥ 50%).
The triangular diagram representation points out how the intermodal size fraction 
cannot be negligible with respect to coarse or submicron size fractions in most cases 
in the cold season. Instead, during the warm season no clusters are observed. The 
triangular diagram proposed could represent a novel approach to display and compare 
simultaneous size segregated PM measurements.
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The exposure to airborne aerosols in any occupational environment can lead over time 
to debilitating respiratory diseases that can affect the health of workers. In several 
environments, the workers are exposed not to a single aerosol but to a combination 
of particulate substances of different composition and size. Miners in countries where 
diesel-powered equipment are employed, are exposed to elevated concentration of 
respirable mine dust and ultrafine diesel-generated particles. It is common scientific 
practice to characterize and investigate the exposure to a single aerosol. Few studies 
have been conducted on the characterization of the exposure to a mixture of aerosols. 
This study investigated the characteristic of the exposure to mine dust and Diesel 
Particulate Matter (DPM) simultaneously present in a calm air exposure chamber. 
Different levels and types of dust and DPM were introduced in the chamber in 
controlled conditions for steady state and decay testing: the conditions simulated 
the mass concentration levels for dust and DPM typically present in underground 
mines. Real time monitors were used to assess the characteristics of the mixed 
aerosol during each experiment. The data from each test were then processed for the 
determination of exposure in terms of lung deposited mass, surface, and number of 
the particles for each condition. Specific attention was given to accurately convert the 
data into activity median thermodynamic diameter that is used in the lung deposited 
models. The potential interaction of the two aerosols was also investigated. Electron 
microscope analysis of collected particles indicated a substantial presence of DPM 
particles aggregates on the surface of respirable mine dust. This indicates phenomena 
of absorption and deposition between micrometric dust particles and sub-micrometric 
diesel aggregates and the formation of a new hybrid type of particle.
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The Red Sea - Dead Sea rift valley (=RDR) located between the Arabia-Sahara 
deserts and extending into the Mediterranean climate zone receives fine sediments 
that are eroded from the exposed granitic-basaltic crustal terrains of the Arabian-
Nubian Shield. The eroded sediments are transported to their final accommodation 
basins by winds and rivers-mainly the Nile River. During the late Quaternary climate-
hydrological conditions varied in the watersheds of the water-bodies filling the RDR 
and modulated the modes of erosion and desert dust transport. Chemical compositions 
and Nd-Sr isotope data of fine-particle material recovered from the deep sea cores 
and exposed lake terraces along a Gulf of Aden-Red Sea-Dead Sea transect provide 
information on the sources and means of particle transport. We show that overall 
the Nd-Sr isotope data lie along a “dust array” defined by three source components: 
(1) Saharan and (2) Arabian granitoides and the (3) Nile River sediments ((1) εNd 
<-10; 87Sr/86Sr >0.712; (2) εNd ~0; 87Sr/86Sr > 0.710 and (3) εNd ~ - 4 to +4; 87Sr/86Sr 
~ 0.705 to 0.708, respectively). The fine particles from the various sampling sites 
occupy specific “sub-fields” within the “dust array”. KL15 (Gulf of Aden) samples 
lie in- between the Sahara and Nile fields, KL11 (mid-Red Sea) and the Dead Sea 
interglacial samples lie closer to the Nile field, while KL23 (northern Red Sea) and the 
Dead Sea glacial samples lie closer to the Sahara field. During the ice-age cycles there 
are significant shifts within the “sub-fields” that reflects changing synoptic conditions. 
These patterns and their pale-hydrological and paleo-synoptic significance will be 
discussed in the lecture.
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The Chinese Loess Plateau is a critical archive of past dust dynamics. Debate over 
the origin of this substantial accumulation of windblown dust limits interpretation of 
sedimentary climate proxies and understanding of the causes of past dust generation. 
The Yellow River has one of the largest sediment loads in the world and recent work 
suggests that part of the vast loess-desert aeolian sedimentary system of northern China 
may be fed by the river. Zircon U-Pb age data and heavy mineral analysis from one 
modern Yellow River sample from upriver of the Loess Plateau shows close affinity 
to Chinese Loess Plateau dust and adjacent western Mu Us desert sand sediment. 
However, a single sample cannot be assumed represent the sediment load and the 
Yellow River at the sample point has already travelled through some loess rich areas. 
As such, this correlation could be a function of the river eroding pre-deposited loess 
rather than implying that the river is a major transport mechanism for dust. Addressing 
this uncertainty is central to determining the role of the Yellow River in dust transport 
and sediment dynamics in NE Tibet and large areas of arid and semi-arid East Asia. 
Here we analyse 13 river samples from the upper reaches of the Yellow River for 
heavy minerals and zircon U-Pb age in order to constrain the provenance signatures 
of modern Yellow River sediments upstream of major arid and semi-arid sedimentary 
depocentres. Samples from Qinghai and Gansu provinces yield signatures that are 
almost identical to those from the Chinese Loess Plateau. However, a sample analyzed 
from the northeast part of the big Yellow River bend is significantly different, giving 
a very mature heavy mineral assemblage and a zircon U-Pb age spectrum that is very 
similar to samples from the eastern side of the Mu Us Desert. This sample seems 
likely to be overwhelmed with sediment that shares the same source as the eastern 
Mu Us and the underlying Cretaceous sandstone. This suggests that dust on the loess 
plateau shares a source with modern fluvial sediment from the upper reaches of the 
Yellow River on the Tibetan plateau, and that the similarity is not a factor of loess 
erosion of the Chinese Loess Plateau.
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Life in the Sahel strongly depends on the availability of water, which is supplied 
by the strongly seasonal precipitation from the summer monsoon. On a geological 
time scale this atmospheric system has shifted zonally as well, causing abrupt and 
persistent droughts whenever the summer rains were concentrated further South than 
at present. These wet-dry alternations are recorded in the marine sediment archive 
where aeolian dust and fluvial mud are deposited depending on the environmental 
conditions on land. In addition to the natural variability, land use plays an active role 
in the mobilisation of soils as well.
In this talk I will present aridity records from sediment cores off Mauritania with 
varying temporal resolution throughout the Late Quaternary. In addition, I will 
attempt to ground-truth the inferences made from the sediment archive with modern 
data from sediment traps that have collected dust over the past few decades. The 
combination of records offers the unique opportunity to study in high detail the natural 
versus anthropogenic dust production and transport. I will demonstrate how the zonal 
movements of the African rainbelt dominate past environmental conditions and try to 
put these in a global context.
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The particle size of mineral dust is often used as a tool to reconstruct paleoenvironmental 
conditions in the source of the dust. Both in on-land (loess), lacustrine, and in marine 
archives, the size of dust deposits is considered a proxy for paleo-wind intensity. 
However, next to wind strength, the particle size of aeolian deposits is also influenced 
by various other parameters such as source-to-sink distance, altitude at which the 
particles have been transported, and various other environmental conditions in the 
sources of the dust. To verify if we can quantify a relationship between the size of 
mineral dust particles and prevailing environmental conditions, we study “modern” 
dust. Here we present grain-size distributions of Saharan dust that was collected in 
marine sediment traps, which were deployed along a transatlantic transect between 
Northwest Africa and the Caribbean. In these traps, dust is collected that is sinking 
through the water column to the ocean floor. The big advantage of this sampling 
strategy is that also potential marine environmental effects of the dust deposition are 
monitored. The temporal resolution of the trap is 1-2 weeks. The time series was 
started in 2012 and is still being continued.
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The terrigenous fraction of sediments from a deep-sea sediment core recovered from 
the northwestern Western Australian continental slope offshore North West Cape, 
SE Indian Ocean, reveals a history of Western Australian climate throughout the last 
550 ka. End-member modelling of a data set of grain-size distributions (n=438) of 
the terrigenous sediment fraction allows to interpret the record in terms of aeolian 
and fluvial sediment deposition, both related to palaeo-environmental conditions in 
the North West Cape area. The data set can be best described by two aeolian end 
members and one fluvial one. Changes in the ratio of the two aeolian end members 
over the fluvial one are interpreted as aridity variations in northwestern Western 
Australia. These grain-size data are compared with bulk geochemical data obtained 
by XRF scans of the core. Log-ratios of the elements Zr/Fe and Ti/Ca, which indicate 
a terrigenous origin, corroborate the grain-size data. We postulate that the mid- to 
late Quaternary near North West Cape climate was relatively arid during the glacial 
and relatively humid during the interglacial stages, owing to meridional shifts in the 
atmospheric circulation system. Opposite to published palaeo-environmental records 
from the same latitude (20_S) offshore Chile and offshore Namibia, the Australian 
aridity record does not show the typical southern hemisphere climate variability 
of humid glacials and dry interglacials, which we interpret to be the result of the 
relatively large land mass of the Australian continent, which emphasises a strong 
monsoonal climatic system.
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Industrial activities play an important role in the economic well-being of the 
country contributing to sustainable growth. However, industrial activities also have 
a significant impact on the environment. The largest industrial installations account 
for a considerable share of total emissions of key atmospheric pollutants and also 
have other important environmental impacts, including emissions to air, water and 
soil. Industrial emissions are SO2, NOx, CO2, HC, Particulate matters and organic 
compounds causes to global climate change.
On warm, sunny days, hydrocarbons react with oxides of nitrogen to create a 
secondary pollutant, ozone. In many urban areas, motor vehicles are the single largest 
contributor to ground-level ozone which is a common component of smog. Ozone 
causes coughing, wheezing and shortness of breath, and can bring on permanent lung 
damage, making it a cause of crucial public health problems. According to this year’s 
Global Burden of Disease estimates, one-fifth of deaths across the world occur from 
outdoor air pollution. These alarming pieces of information have drawn everyone’s 
attention and forced experts to take stock of pollution trends in India’s cities - including 
Chennai.

The purpose of this study is to model atmospheric dispersion of an Industry using 
FLUIDYN- software uses a 3D deterministic solution of the fluid dynamics Eulerian 
equations. The pollutant dispersion is simulated by the resolution of the Navier-
Stokes flow and transport equations applied to a 3D curvilinear mesh. The software 
simultaneously solves 3D atmospheric flows and the pollutant transport/diffusion. 
In this context, all the phenomena and parameters influencing the atmospheric 
dispersion of pollutants are taken into account of 3D complex topography, Ground 
occupation parameters (urban areas, forests, water bodies…), Buildings and obstacles, 
Meteorological conditions (fixed or variable), Atmospheric turbulence, Pollutant 
properties (NOx, SO2, CO, C6H6, dust, VOC, heavy metals, etc.).
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The Saharan dust that is emitted, transported over a long distance and deposited over 
many countries in West Africa near the Gulf of Guinea (5°N) during the months of 
November to March, known as the Harmattan has major influence on the climate. The 
Harmattan dust has been studied over a 15-year period, between 1996 and 2011, using 
a location at Kumasi in central Ghana (6° 40′N, 1° 34′W). The suspended Saharan 
dust particles were sampled in situ by an optical particle counter, and the particle size 
and concentrations within the particle size range, 0.5-25 μm analysed. The highest 
daily average particle diameter, number and mass concentrations during January-
February reached 3.17 μm in Harmattan 2005, 148 particles/cm3 in Harmattan 1997 
and 6199 μg/m3 in Harmattan 2005 respectively. The diurnal characteristics of the 
peak Harmattan dust were also anlaysed over the 15 years which allow the study 
of potential changes in the strength of the dust source, trend of the suspended dust 
and impact on climate. The daily mean size has increased from D=1.01 µm in the 
period, 1996-2000, to D=1.76 µm in 2001-2011. The mass concentration has also 
increased from M=370 µg/m3 over the period, 1996-2000 to M=1262 µg/m3 in the 
period, 2001-2011. The increased particle diameter and mass concentrations are likely 
due to increased source strength and stronger winds.
The peak Harmattan dust distribution shows that the lowest characteristics are 
recorded in periods of about 5 years.
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Polar ice cores provide records of atmospheric dust extending back some 800 kyr for 
Antarctica and 130 kyr for Greenland. Dust fluxes in both Greenland and Antarctic 
ice cores vary with the glacial cycle (100 kyr cycles) showing dust levels 10-100 
times higher in glacials than in interglacials. Within glacials the bipolar dust signal is 
modulated with orbital obliquity (41 kyr cycles) showing increased dust input during 
phases of low inclination. At centennial-millennial time scales Greenland dust records 
are strongly linked to the climate record (d18O) that expresses pronounced Dansgaard-
Oeschger (D-O) variability. In cold phases (stadials) the dust level is generally higher 
than in milder phases (interstadials) and at the warming onsets dust fluxes decrease 
abruptly (within 50 years). In Antarctica, millennial-scale climate variability is less 
pronounced and dust variability is generally less abrupt but still strongly coupled to 
climate. Annual layers are visible to the naked eye in ice cores throughout the last 
glacial period both in Greenland and at some high-accumulation sites in Antarctica. 
The Greenland dust input peaks in springtime and the dust signal contributes to 
the high-resolution multi-proxy dataset applied for ice core time scale construction 
by annual layer counting. During the last glacial period the main dust source for 
Greenland is Eastern Asia, but other sources may have contributed both in the glacial 
and more recently. For Antarctica, the main dust source is Southern South America, 
but again other sources may have contributed particularly during interglacials. The 
ice core particle size distributions are generally log-normal modes in the micrometer 
range that often show climate-related variability. In summary, polar ice cores provide 
undisturbed, continuous, high-resolution records of atmospheric dust transport at all 
time scales, from the seasonal to orbital. Applications of the ice core dust records 
include validation of atmospheric transport models as well as past atmospheric 
radiative balances, and constraining past nutrient supplies (e.g. iron and phosphate) to 
the high-latitude open oceans.



409DUST2014 - 1st International Conference on Atmospheric Dust - Italy

mineral anD elemental composition of 
aerosols particles in the vicinity of coal anD 

gas-fireD power plant (tomsk, russia)

anna talovsKaya*, eKaterina FiliMonenKo, egor yaziKov

Tomsk Polytechnic University,Tomsk,634050, Russia
*talovskaj@yandex.ru, filimonenkoea@mail.ru 

Department of natural resources and environmental protection of the Tomsk region 
was proved that the Tomsk fossil fuel burning power plant is one of the main sources 
of air pollution by the gases and aerosols in Tomsk city (Russia, Western Siberia). So, 
this study presents the mineral and elemental composition of the aerosols particles 
emitted from the Tomsk power plant. The aerosols particles were under investigation 
by sampling the snow cover, since this method is considered the most appropriate and 
representative for Western Siberian conditions. During the period of 2009 to 2013 
sampling was conducted using a vector network in the northeastern direction (mainly 
southern and south-western winds) at distances of 0.73, 1.0, 1.3, 1.6, and 2.0 km from 
the plant’s 100 m high chimneys. 25 samples of insoluble snow fraction of aerosols 
(aerosols particles) were studied by instrumental neutron activation analysis, MS-
ICP, atomic absorption spectrometry, X-ray diffraction and SEM. In order to identify 
chemical anomalies, the observed values of different element concentrations were 
compared with data from the regional (480 km far from Tomsk) and local (70 km far 
from Tomsk) background sites.
Analysis of the long-term monitoring data showed a decrease of the dust load value. 
The quantity of the dust load declined on average by 45 % (from 115 mg/(m2×day) to 
44 mg/(m2×day)) in the vicinity of the power plant, where the background dust load 
is 7 mg/(m2×day). Such dynamics may be associated with the complex environmental 
and repair activity carried out at the power plant. But the plants amount of coal 
burned increased by 30%, which caused the concentration of heavy metals (Co, As, 
Sr, Sb, Ba, Hg, Zn), rare metals (Sc, Rb, Hf), rare earths (La, Ce, Lu) and radioactive 
elements (Th, U) in aerosols particles to also increase in 1.1 - 3.5 times. Consequently 
the emissions of the power plant was considered to be an important source of As, Ba, 
Hg, Ti, Cu, Zn, Ge, Se, Mo, Pb, Bi, light rare-earth elements, U and Th.
The mineral composition of aerosols particles are presented by quartz, feldspars, 
amphiboles, carbonates, kaolinite, mica, magnetite and hematite. Heavy metals are 
identified in the modes of sulfides (pyrite, chalcopyrite, galena, covellite, antimony), 
alloys (Pb, Ni, W) and oxygen-containing salts (barite, witherite). Al-Si spherical 
particles that contain mullite, metallic spherical particles associated to Fe-oxides are 
of special interest as those are typical man-made structures in emissions released by 
coal-fired plant. Also samples of aerosols particles contain about 35% of amorphous 
phase, mainly presented by the black carbon and coal particles.
The research was funded by Grant of President of RF for young scientists (MK 
951.2013.5).
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Increasing evidence of the rapid deterioration of air quality and the associated 
potential health impacts on populations in cities is prompted the Clean Air Initiative 
for urban air pollution control. Therefore, in recent years, It is important to determine 
emission sources of PM in order to achieve the clean air quality. A receptor model of 
positive matrix factorization (PMF) was used to identify the emission sources of fine 
particulates in Balıkesir, a city located at about 100 km south of Marmara Sea and 110 
km east of Aegean Sea. Total of 280 samples were collected at urban site in the period 
of 2009-2010. The samples of fine particulate matter were collected simultaneously 
using stack filter unit samplers. Concentrations of approximately 40 elements and 
ions were determined and analyzed using ICP-MS and ion chromatography. Collected 
fine and coarse PM concentrations were 31.07, 15.52 μg/m3 for City atmosphere, 
respectively Five sources were identified with PMF, namely crustal, marine, secondary 
sulfate, cement and local emissions due to heating. Potential Source Contribution 
Function (PSCF) and Conditional Probability Function (CPF) are going to be used to 
determine the source regions of factors.
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Regional transport and radiative effects of Saharan dust is simulated with the 
regional model COSMO-MUSCAT. The model computes emission, transport, dry 
and wet deposition of Saharan dust as well as the effect of dust radiative forcing 
on heating rates, which in turn impacts stability and circulation patterns in regions 
affected by dust aerosol. While the model has been previously applied to investigate 
dust processes in the vicinity of the Saharan desert - including investigating the 
feedback of dust forcing on dust emissions - here we present first results that were 
obtained for modelling the far-range transport of dust towards the Caribbean in 
the framework of the SALTRACE (Saharan Aerosol Long-Range Transport and 
Aerosol-Cloud Interaction Experiment) field study. Field experiments were carried 
out in June and July of 2013 including airborne in-situ aerosol and wind lidar 
measurements with the DLR Falcon research aircraft. Furthermore, ground-based 
in-situ measurements of dust optical and microphysical properties were carried out 
at the island of Barbados. Additional ground observations included measurements 
by several multiwavelength Raman/polarization lidars and sun/sky photometers. In 
addition, during a cruise with the RV Meteor research vessel from the Caribbean to 
Cape Verde, columnar aerosol distributions were studied. Dust transport from the 
Sahara to the Caribbean was simulated with the COSMO MUSCAT model for the 
SALTRACE period aiming at understanding processes controlling long-range dust 
transport across the tropical Atlantic. Model results are evaluated with the field 
measurements, and in turn provide spatiotemporal context to the observations. A 
particular focus will be on the investigation of the influence of the tropical storm 
Chantal, which developed over the tropical Atlantic during the SALTRACE period, 
on Saharan dust transport and mixing.
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The World meteorological Organization’s Sand and Dust Storm Warning Advisory 
and Assessment System (WMO SDS-WAS) has established a protocol to routinely 
exchange products from dust forecast models as the basis for both near-real-time 
and delayed common model evaluation. A multi-model median, generated after 
interpolating the models fields to a common grid mesh of 0.5 x 0.5 degrees, is also 
included in the evaluation. The aim of this work is to present different approaches and 
to test the use of different observational products in the evaluation system. It is also 
intended to find out which approach and which observational data better reflect the 
model performance.

First, the forecasts of dust optical depth (DOD) at 550 nm are compared with the 
aerosol optical depth (AOD) provided by the AERONET network for a number of 
selected dust-prone stations. Since the AOD integrates the contributions of particles of 
different origins, a first approach consists of restricting the comparison to situations in 
which mineral dust is the dominant aerosol type. It is done by discarding AERONET 
retrievals with an Ångström exponent (AE) 440-870 over 0.6. This comparison 
presents two obvious drawbacks: (i) it does not evaluate the behavior of the models 
in those cases in which no dust is observed and (ii) it does not corrects the departure 
associated with the presence of other types of particles. A second approach consists of 
comparing the simulated DOD with the coarse-mode AOD retrieved by AERONET. 
In this case, no AE-related filter is required. However, this comparison is based on the 
assumption that all coarse-mode particles are of mineral dust and that there is no dust 
in the fine mode (diameter less than 1 µm approx.).

Finally, the forecast DOD values are compared with AOD at 550 nm retrieved from 
satellite-borne instruments such as MODIS (including those obtained with the ‘Dark 
Target’ and the ‘Deep Blue’ algorithms) and SEVIRI. Different approaches are also 
analyzed: (i) evaluation restricted to geographical areas where mineral dust is the 
main source of atmospheric aerosol, and (ii) discarding of observations with AE over 
predefined thresholds. The importance of taking into account the quality flags of the 
retrievals, when available, is also discussed. 
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The aim of the study was to identify molds and pollens which are present in significant 
amounts in the air after thunderstorms.

The allergy laboratory of Strasbourg Hospital analyses every week the biological 
particles (pollens and molds) content of the air from February to September.
Samples are obtained thanks to a Hirst trap and are analysed by optical microscopy. 
This analysis provides data which are used by RNSA to make forecast about the 
allergy risk related to pollens and molds.
The study concerns the period from 2008 to 2013. Data about relative humidity, 
precipitation, thunderstorm and temperature were transmitted by the ASPA 
(Association pour Surveillance et l’étude de la Pollution Atmosphérique en Alsace), 
and Meteorage.
The data concerning hospital admissions were collected at Stasbourg hospital and 
with the “SOS Medecins” association.

Pollens and molds data are compared with the relative humidity and the number of 
respiratory diseases to follow the evolution according to stormy periods. From 2008 
to 2013, in July was observed an increase of the concentrations of Didymella above 
2000 spores / m3 of air just after thunderstorms while the concentrations were lower 
than 250 spores / m3 outside these periods. Amounts of Didymella grow within hours 
following the thunderstorm, during the diminution of the relative humidity. During 
the same period, Alternaria and Cladosporium decreased, even were absent, while 
they were present during periods without thunderstorms.
In other hand, the data about health emergency show that the number of asthma cases 
also increases the same day or the day after a stormy period.

The comparison of the data about storms, Didymella (and all other molds), pollens, 
ozone and health emergency allows the evaluation of the relationship between these 
parameters. Stormy period are suitable for occasional increases of pollens and molds, 
and therefore to health emergencies.
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Desert dust suspended in the atmosphere has significant radiative effects thus influencing 
local meteorology as well as impacting air quality and having detrimental effects on 
public health. The Canary Islands, lying 96 km west of the African subcontinent are 
frequently inundated by high altitude dust intrusions from the Saharan desert. These 
intrusions are most prevalent in the summer months and are measured using a range 
instrumentation at the Izaña atmospheric observatory, Tenerife.

The NicAIR imaging system, consisting of an uncooled microbolometer infrared 
camera sensitive to wavelengths in the region 8-14 µm and a selection of narrowband 
filters, was originally designed for the quantification and retrieval of microphysical 
properties of volcanic silicate ash. Due to the spectral similarities between volcanic 
ash and mineral dust a NicAIR instrument was installed at Izaña in early 2013. Data 
were recorded on a number of days throughout May - October, collecting imagery 
at each of the wavelength bands as well as a full spectrum broadband image. Here 
we present the data acquired by the camera and demonstrate how the system can 
be used to infer information about mass loading and microphysical properties. The 
data are compared with contemporaneous AERONET optical depth measurements 
and satellite imagery. These results demonstrate the utility of using infrared imaging 
cameras for the detection and retrieval of properties of dust storms.
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A survey of lidar instruments and ceilometers world-wide was initiated by the World 
Meteorological Organization in fall 2011 in the framework of the GAW Aerosol 
Lidar Observation Network (GALION) project. Until now (December 2013), a data 
base of about 2120 instruments was created and an interactive web page hosted by 
the Deutscher Wetterdienst (DWD) was set-up, showing the global distribution of 
instruments and offering links to quick looks and station information pages (see 
http://www.dwd.de/ceilomap). The web page may serve as a tool for monitoring 
qualitatively the transport of aerosol particles across Europe and other parts of the 
world, provided that profiling instruments are on-line. Among lidar instruments of 
well-known research networks like EARLINET, this is now the case for ceilometers 
operated by the UK Meteorological Office (UKMO), the Het Koninklijk Nederlands 
Meteorologisch Instituut (KNMI) of The Netherlands and the Deutscher Wetterdienst 
(DWD). It is anticipated that other national networks in Europe (e.g. in France, 
Belgium, Switzerland and others) will follow this initiative. Since instruments of 
various manufacturers largely differ in terms of capabilities for aerosol detection 
but also for data issues, efforts towards harmonized data sets and data formats are 
currently under way in the framework of a EUMETNET project called E-PROFILE.

National ceilometer networks exist in many countries in Europe and are typically 
operated by either national meteorological services (e.g. in France, Germany, Spain, 
UK) or aviation control entities (e.g. in Austria, Switzerland). The DWD ceilometer 
network was established in years 2009 and 2010. It consists of about 60 ceilometers of 
type Jenoptik CHM15K. First aerosol retrievals (of volcanic ash particles) using this 
type of instrument were performed during the Eyjafjalla/Iceland volcanic eruptions 
in April and May 2010 (Flentje et al, 2010). Since then, the data have been analysed 
more systematically for aerosols and exemplarily several Saharan dust events where 
detected and quantitatively analyzed over Southern Bavaria (Germany) during the 
year 2011. Typically such events continue for several days (Markl, 2013).

Usage of the web page will be demonstrated and results will be presented during the 
conference.

Flentje et al. (2010). The Eyjafjallajökull eruption in April 2010 - detection of volcanic plume using in-situ 
measurements, ozone sondes and lidar-ceilometer profiles, Atmos. Chem. Phys., 10, 10085-10092.

Markl (2013). Saharastaub über Südbayern, Bachelor Thesis, Univ. of Augsburg, Germany, (in German).
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The stage separation of liquid-propellant carrier rockets may result in atmospheric 
emissions of the propellant and its oxidizer. Similar emissions of liquid- droplet 
components can also take place upon crashes of rockets in the atmosphere or their fall 
on the Earth’s surface. In the latter case, the propellant components partly self-ignite, 
and thus produced mixture of the combustion products and liquid-droplet components 
ascends up to the hoverheight and then descends under the effect of gravity. The 
emission of these components is accompanied by a set of complex interrelated 
physicochemical processes (evaporation, chemical heterogeneous reactions, diffusion, 
coagulation, splitting of droplets, etc.). As a result, the toxic components spread in 
space and, finally, deposit onto the surface.
To assess ecological consequences of such events and the damage to the target 
territories, it is necessary to have reliable physicochemical models of the considered 
processes. Note that one of the most important parameters of the model is the vertical 
coordinate of depressurization (flight height), because all the basic environmental 
characteristics (density, temperature, pressure, chemical composition, direction and 
strength of the dominant wind) depend on this parameter. The altitude dependence of 
the atmospheric characteristics is studied in a sufficient detail and can be introduced 
into the model under development from the corresponding reference books. 
When constructing the physicochemical model of a spread of liquid- droplet toxic 
components, it is necessary to understand the following processes in detail:
1. The formation of the primary droplet cloud at the time of depressurization of fuel 
tanks.
2. Processes of equilibrium and nonequilibrium droplet evaporation at a sharp change 
of the ambient conditions due to depressurization.
3. Diffusion and spread of the components under the action of the dominant wind.
4. Chemical reactions of the propellant components with the atmospheric components.
5. Processes of gravitational sedimentation of droplets with the allowance for 
evaporation and splitting upon interaction with gas, as well as the processes of 
gravitational coagulation and splitting upon collision of different-size droplets.
We present a physical-mathematical model for describing the evolution of a cloud 
of toxic liquid propellant emitted in the emergency case of crashes and/or stage 
separation. The model developed takes into account the polydisperse composition of 
droplets, instability of their motion, and the prevailing wind. This model accounts for 
the process of droplet heating and freezing in different atmospheric layers, the phase 
changes, aerodynamic splitting, and turbulent diffusion. Some results calculated for a 
typical liquid propellant components are presented.
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Besides the urgent problems, mankind has now confronted the environmental 
challenge associated with natural and anthropogenic aerosol pollutions of community 
air. Aerosol is a hazardous contaminant to human health because particulates easily 
penetrate into the human organs while breathing. To monitor and develop effective 
techniques for sedimentation of a harmful aerosol, instruments are needed to identify 
particles in a wide size range.
At this point, a number of countries have adopted the production of laboratory 
instruments to analyze the disperse composition of powders and aerosols («Analysette 
22», «Mastersizer», «Malvern Spraytec» etc.). There have emerged publications on 
applying the small-angle technique to measure aluminum particles in the flow [1, 2]. 
However, the techniques known in the literature are generally intended to be used 
under lab-scale conditions for the diagnostics of compact, low-temperature (without 
intrinsic radiation) aerosol systems with a relatively low optical path length.
To study fine aerosols in the atmosphere, the most optimum are remote, non-contact 
optical techniques. The theory of these techniques, which is based on posing and 
solving inverse problems of aerosols optics, was discussed in the literature [3]. We 
have implemented two optical methods to measure disperse characteristics of aerosols: 
a method based on recording small-angle laser light scattering and a method based on 
recording optical radiation attenuation. The first technique identifies aerosol particle 
sizes between 1 µm and 100 µm and the other between 20 nm and 6 µm.
We suggest an approach that relies on a developed hardware/software complex 
allowing joint implementation of the two optical techniques to measure dispersed 
media parameters. This approach will make the measurements more informative 
(particle size range of 20 nm to 100 µm), which is of great practical importance to 
monitor the environment. We have developed an original algorithm for aerosol optics 
inverse problem solution, which solves a series of direct problems upon restoring the 
particle size distribution function.

1. Gill R.J., Badiola C., Dreizin E.L. (2010). Combustion times and emission profiles of micron-sized 
aluminum particles in different environments. Combustion and Flame, 157, 2015-2023.

2. Badiola C., Gill R.J., Dreizin E.L. (2011). Combustion characteristics of micron-sized aluminum particles 
in oxygenated environments. Combustion and Flame, 155. - Pp. 2064-2070.

3. Arkhipov V.A., Bondarchuk S.S.. (2010) Optical Techniques for Diagnostics of Heterogeneous Plasma 
of Combustion Products; Tomsk University Press, Tomsk, 265 pp.
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The harmful effect on health of a superfine dust in industry is a large problem. Especially 
important and complex task is development of new methods of sedimentation of dust 
particles with the characteristic size, less than 10 micrometers.
As the solution of this problem authors offer the combined method of impact on 
an industrial dust by means of acoustic fields of high frequency and spraying of a 
superfine water aerosol (with a characteristic diameter of the particles, less than 10 
micrometers).
It is known that the acoustic field promotes coagulation of particles of aerosols which 
gather in node of acoustic waves that increases probability of their collisions [1]. 
As a result of coagulation dust particles are integrated and settle under the influence 
of gravitation. It is promoted also by the radiation pressure if acoustic radiation is 
directed down, and the ultrasonic source is located above a dust cloud. Thus, the 
frequency of acoustic influence is higher, the result is better; time of sedimentation of 
a cloud of a superfine dust decreases by 2-3 times [1,2].
Addition in a dust cloud of particles of a water aerosol increases number of centers 
of coagulation that promotes an intensification of sedimentation of a dust under the 
influence of an acoustic field [3]. Thus, the dispersion of an additional aerosol is higher 
(the specific surface of droplets is higher) the less is time of sedimentation of a dust.
Results of experimental and theoretical study of processes of acoustic sedimentation 
of superfine aerosols are given in the message. Recommendations for usage of sources 
of ultrasonic radiation and sprayers of a water aerosol for optimum removal of a dust 
from air on a workplace are offered.

1. Antonnikova A.A., Kudryashova O.B., Shalunova K.V. Application of Ultrasound to Settle submicron 
Aerosols // International Conference and Seminar on Micro/Nanotechnologies and Electronic Devices 
EDM 2012: Conference Proceeding, 2012. - pp.87-89. - ISBN 987-5-7782-1980-9

2. Antonnikova A.A., Korovina N.V., Kudryashova O.B., Akhmadeev I.R. Experimental Study of the 
Processes of Aerosol Transformation under Ultrasonic Impact // Atmospheric and Oceanic Optics. - 
2013. - V. 26, № 1. - P. 57-59.

3. Olga B. Kudryashova, Boris I. Vorozhtsov, Natalia V. Korovina, Alexandra A. Antonnikova, Ugor R. 
Akhmadeev Usage of an Explosive Atomizer in Problems of Environmental Safety. - Proceeding of 
HEM-2013 //Sagamihara, Japan, 2013. - # HEM59. - pp. 134-135.
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Winds from the Sahara desert transport large amounts of dust to Spain. The presence of 
high dust concentrations for long periods of time raises concerns about adverse health 
effects and appropriate interventions by health authorities (Karanasiou et al. 2012). 
We assess the short-term effects of Saharan dust intrusions on total daily mortality in 
the Spain between 2004 and 2010. We firstly quantified the health effects of regional 
dust intrusions for the 52 capital cities using a time-stratified case-crossover design. In 
a second stage, these were combined at regional and national levels by using random 
effects meta-analysis. The occurrence of Saharan dust intrusions in Spain ranged 
between 10% (North region) and 30% (South West region) of the days during the 
study period. We observed a statistically significant (p<0.05) overall average increase 
in daily mortality of 2% during dust intrusions, ranging by region from 1.5% (North 
East region) up to 3.5% (Central region). Surprisingly, in the Canary Islands the 
increase in mortality was only 0.5%. However, when stratifying by season it rose up 
to 2.5% during the warm season. Saharan dust intrusions may have adverse health 
effects. Further investigation is needed to understand the role of fine particles and the 
mechanism by which Saharan dust could increase mortality.

Karanasiou A, Moreno N, Moreno T, Viana M, de Leeuw F, Querol X. (2012). Health effects from Sahara 
dust episodes in Europe: literature review and research gaps. Environment International, 47, 107-114.
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Recent research indicates gaps of the current policy framework, leaving health relevant size 
fractions of particulate matter (PM) of ambient air pollution unregulated, thus, jeopardizing 
public health by particles of aerodynamic diameter - dae of submicron (dae<1 µm) or even 
ultrafine (dae<0.1 µm) fractions. Genotoxic effects of the combustion related PM are mainly 
induced by carcinogenic polycyclic aromatic hydrocarbons (c-PAHs) and their derivatives 
forming organic fraction of the ambient outdoor air PM. This study aimed to quantify the 
c-PAHs content and the genotoxicity of the organic extracts (EOMs) from various PM 
fractions, including particles of dae <0.17 µm formed mostly by the ultrafine fraction. We 
focused on the high size (4 fractions) and time (26 consecutive days) variability.
Coarse (1<dae<10 µm), upper accumulation (0.5<dae<1 µm), lower accumulation 
(0.17<dae<0.5 µm) aerosol particles were collected on polyurethane foam (PUF) and the 
smallest aerosol particles of dae<0.17 µm, in this study termed ultrafine, were trapped on 
PTFE-coated Glass Micro-Fiber Absolute filters (Pallflex 70 TX40). Aerosol was sampled 
by means of a HiVol cascade impactor (BGI 900, USA). Aerosol samples were collected 
from 26th January to 21st February 2012 in residential area of Ostrava-Radvanice. The 
concentrations of seven of the PAHs regarded as carcinogenic were analyzed in each EOM 
sample. Calf-thymus DNA (1 mg/ml) was incubated with various EOM samples (EOM 
corresponding to 3 m3 of the air/ml) for 24 h at 37 °C with and without metabolic activation 
by use of an S9 fraction from rat liver. DNA adducts were analyzed by 32P-postlabelling with 
use of the nuclease P1 treatment for adduct enrichment.
The results suggest that concentrations of c-PAHs in Ostrava-Radvanice during the 
sampling period were generally very high and represent significant health risk. In 
agreement with the mass distribution among aerosol size fractions, carcinogenic PAHs 
are bound mainly on the upper accumulation mode of PM (0.5-1 µm). Ultrafine particles 
(< 0.17 µm) bound only 11-15% of total PM10 c- PAHs, while accumulation mode 
bounds everytime more than 60% of c/PAHs. Carcinogenic PAHs are mostly responsible 
for PM genotoxicity, the contribution of directly acting (without S9) is 2-5-fold lower. 
Accumulation mode (0.17-1µm) is predominantly responsible for of PM genotoxicity 
(48.3-72.0 %) while ultrafine particles (<0.17 µm) represent only 2.9-20.6 of total DNA 
adduct levels detected. Our study suggests that relative genotoxicity of the aerosol (DNA 
adducts/mg PM) is higher when PM levels are lower. This finding also indicates that 
monitoring of PM10, PM2.5 or PM1 is not sufficient to assess genotoxic/carcinogenic 
potential of the particulate air pollution.

[Support: Czech Science Foundation: P503/12/G147]
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Biological particles are important components of the atmospheric aerosol as these 
particles can act as cloud condensation nuclei (CCN) and ice nuclei (IN) and, therefore, 
play a role in cloud and precipitation formation. Especially the ice nucleation at 
warmer subzero temperatures (>-10°C) are often discussed by referring to the high 
IN efficiencies found for some bacterial species and fungal spores (Després et al., 
2012). Seasonal dust storms in the large deserts in Asia and Africa aerosolize a huge 
amount of soil derived dust into the atmosphere where it is transported over global 
distances. There are indications that these dust injections are also strong sources for 
airborne biological particles (Kellog and Griffin, 2006). Recent measurements of 
increased bioaerosol concentrations during dust storm events in the western United 
States support this hypothesis (Haller et al., 2011). However, these measurements 
have been conducted for a rather short period of only two months and for an area that 
isn’t a main contributor for the global dust aerosol.
In this contribution we present results from online bioaerosol measurements conducted at 
the High Altitude Research Station Jungfraujoch, Switzerland (3580 m a.s.l.) over a period 
of 12 months. We specifically investigated possible correlations between high biological 
particle concentrations and Saharan desert Dust Events (SDE). The SDEs could be 
clearly identified by accompanied spectral aerosol absorption and scattering coefficients 
(Coen et al., 2004). The latest version of the Wide Band Integrated Bioaerosol Sensor 
(WIBS-4, now distributed by DMT, USA) was used to measure the number concentration 
and size distribution of aerosol particles that contain biological fluorophores. WIBS-
4 detection capabilities have been characterized in the laboratory prior to the field 
measurements (Toprak and Schnaiter, 2013). Our results clearly show that SDEs carry 
biological particles in at least 10 times higher number concentration compared to non-
SDE situations. Statistical analyses of the measured bioaerosol distributions are given for 
the observed SDE in conjunction with HYSPLIT back-trajectory calculations.

Després, V.R., Huffman, J.A., Burrows, S.M., Hoose, C., Safatov, A.S., Buryak, G., Fröhlich-Novoisky, J., 
Elbert, W., Andreae, M.O., Pöschl, U., Jaenicke, R. (2012), Primary biological aerosol particles in the 
atmosphere: a review, Tellus B, 64, 15598.

Kellogg, C.A., Griffin, D.W. (2006), Aerobiology and the global transport of desert dust, Trends Ecol. 
Evol., 21, 638.

Hallar, A.G., Wiedinmyer, C., Chirokova, G., Dodson, C, McCubbin, I., Painter, T.H. (2011). Atmospheric 
bioaerosols transported via dust storms in the western United States, Geophys. Res. Lett., 38, L17801.

Coen, M. C., Weingartner, E., Schaub, D., Hueglin, C., Corrigan, C., Henning, S., Schwikowski, M., 
Baltensperger, U. (2004), Saharan dust events at the Jungfraujoch: detection by wavelength dependence 
of the single scattering albedo and first climatology analysis, Atmos. Chem. Phys., 4, 2465.

Toprak, E., Schnaiter, M. (2013), Fluorescent biological aerosol particles measured with the Waveband 
Integrated Bioaerosol Sensor WIBS-4: laboratory tests combined with a one year field study, Atmos. 
Chem. Phys., 13, 225.
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Iron availability is the key factor in controlling phytoplankton growth in the Southern 
Ocean. The ongoing rise in atmospheric CO2 concentrations will alter iron speciation 
and hence its availability to phytoplankton, but information on this is still scarce. 
To study how different iron sources will affect primary productivity, phytoplankton 
species composition, and iron chemistry under ocean acidification, ship-board 
incubation experiments were performed with a phytoplankton community from iron-
limited waters south of the Antarctic Circumpolar Current. To this end, the community 
was exposed to ambient and high pCO2 levels (390 and 1000 µatm), to which either no 
iron or different iron sources (inorganic iron versus Australian dust) were added. After 
four weeks of semi-continuous incubation, we observed pronounced differences in 
growth, primary productivity and the physiology of the phytoplankton communities. 
Our data show that CO2 ultimately controls the phytoplankton community structure 
of control and dust-enriched communities while inorganic iron-enriched communities 
are affected by both CO2 and inorganic iron. Based on our data, the shift in species 
composition under the different conditions can be ascribed to changes in iron 
chemistry (iron chemical speciation, humic acid-like substances) in response to pCO2 
and hence bioavailability. Changes in community structure can have a strong impact 
on biogeochemical cycles in this region.
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The Agri Valley (Basilicata Region - Southern Italy) is an area of international concern 
since it houses the largest European on-shore reservoir and the largest crude oil pre-
treatment plant (i.e., Centro Olio Val d’Agri - COVA) within an anthropized context. 
This plant produces several gaseous and particulate emissions from several thermo 
destroyers and a system of torches where control flames continuously burn. 
Focusing on particulate emissions, it is widely recognized that combustion processes 
give rise to particles mainly in the fine and sub-micrometric size ranges that should 
represent a real problem for the environment, also posing health risks to the population 
living close to this type of industrial plant (Trippetta et al., 2013). In fact, it has been 
proven that sub-micrometric particles (referred to as PM1, aerosol particles with 
aerodynamic diameter less than 1.0 μm) have a higher capability of penetrating into the 
human respiratory and circulation systems with respect to the coarser aerosol factions 
(e.g., PM10 and PM2.5 which are aerosol particles with aerodynamic diameter less 
than 10 μm and 2.5 μm, respectively) (Pope III and Dockery, 2006). Therefore, they 
carry a large number of inorganic and organic species inside the human body with 
consequent concerns for the public health.
In this context, PM1 measurements were performed in Viggiano in September 2012. 
Viggiano is the nearest town to the crude oil pre-treatment plant and one of the most 
populated town of the Agri Valley. 
During the study period, the PM1 daily concentrations ranged from 1.2 to 8.4 µg m-3 
with a mean value of 4.6 µg m-3. 
When the PM1 chemical composition was considered, it can be observed that S, 
followed by typical crustal elements (i.e., Ca, Fe, Mg, Na, Al, and K), were the most 
abundant constituents of the PM1 collected in the study area. 
By applying the Principal Component Analysis (PCA), it was pointed out that crustal 
soil, biomass and wood burning, secondary atmospheric reactions involving COVA 
plant emissions and local soil particles and traffic were the main sources contributing 
to the PM1 measured in the area under study.

Pope III C.A., Dockery D.W. (2006). Health effects of fine particulate air pollution: lines that connect. 
Journal of the Air & Waste Management Association 56,709-742.

Trippetta S., Caggiano R., Telesca L. (2013). Analysis of particulate matter in anthropized areas characterized 
by the presence of crude oil pre-treatment plants: The case study of the Agri Valley (Southern Italy). 
Atmospheric Environment 77, 105-116.
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Simultaneous measurements of PM10, PM2.5 and PM1 (i.e., aerosol particles 
with aerodynamic diameter less than 10, 2.5 and 1 μm, respectively) daily mass 
concentrations and daily particle number concentration were performed in Agri Valley 
(Basilicata Region - Southern Italy) from July to November 2011. This area is of 
international concern since it houses the largest European on-shore reservoir and the 
largest crude oil pre-treatment plant (i.e., Centro Olio Val d’Agri - COVA) within an 
anthropized context. The PM measurements were analysed combining an innovative 
statistical methodology, the Singular Spectral Analysis, with forecast models and 
remote sensing observations. Our findings show that most of the PM collected was 
made up of fine and sub-micrometric particles (i.e., PM2.5 and PM1, respectively) 
very likely originated by common anthropogenic sources. Moreover, PM2.5 and PM1 
daily mass concentrations were characterized by a slightly increasing trend that 
could be related to the contribution of local sources, such as the COVA plant, whose 
combustion processes also produce the emission of particles mainly in the fine and sub-
micrometric size ranges. The integrated use of model forecasts, satellite observations 
and in-situ measurements shows that the only PM10 exceedance was affected by the 
contribution of Saharan dust, while the three PM2.5 exceedances were mainly due 
to the contributions of local anthropogenic sources. Finally, the application of the 
Air Quality Index (AQI) developed by the United States Environmental Protection 
Agency (US EPA, 2006) highlights that the air quality was always “good” with respect 
to PM10 and “moderate” with respect to PM2.5 suggesting that fine particles, if they will 
be not kept under control, should represent a real problem also posing health risks to 
the population living close to the crude oil pre-treatment plant. 

Trippetta S., Caggiano R., Telesca L. (2013). Analysis of particulate matter in anthropized areas characterized 
by the presence of crude oil pre-treatment plants: The case study of the Agri Valley (Southern Italy). 
Atmospheric Environment 77, 105-116. 

US EPA (2006). Guidelines for the reporting of daily air quality e the air quality index (AQI). 
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One of the main applications of the EMEP/MSC-W model is to provide - for policy 
related assessments - the calculations of current levels and future scenarios of PM10 
and PM2.5. Accurate calculation of mineral dust is important to reproduce PM levels 
and episodes, including exceedances of critical values. Good estimates of mineral dust 
deposition are necessary for assessment of ecosystems recovery from acidification 
due to base cations. On the global scale, accurate modeling of desert dust is essential 
for making robust estimates of aerosol loads, solar radiation extinction and aerosol 
radiative effects.

The contribution of dust from anthropogenic and natural sources to European 
background PM is calculated with the EMEP model. The model runs are performed on 
both regional and global scales. Modelling of windblown dust is associated with large 
uncertainties, therefore a series of tests is performed to study the sensitivity of results 
to uncertain parameterization and input parameters. Furthermore, as windblown dust 
generation is rather a sub-grid process, the effect of model’s resolution on calculated 
dust concentrations is considered. Model performance with respect to dust (and PM 
during dust episodes) is evaluated with EMEP observations, sun photometer and 
satellite data. In addition to monitoring data, measurements of mineral dust during 
EMEP intensive periods in June 2006, January 2007 and June-July 2012 have been 
used. Model results are compared with AOD data from MODIS and aerosol extinction 
profiles from CALIOP.

PM pollution episodes in Europe associated with enhanced dust concentrations can 
be both due to long-ranged transported African dust and local emissions from bare 
soils. We make combined use of observed and modelled dust data to look closer at 
dust events. In addition to situ PM measurements, EARLINET aerosol extinction 
profiles have facilitated identifying such events. Understanding air pollution episodes 
in Southern Europe requires taking into account Saharan dust intrusions. Making 
use of EMEP global calculations, we show the advantage of using in the regional 
scale EMEP model time resolved, consistent boundary conditions as opposed to 
climatological dust fields. 

Simpson et al.. (2012). The EMEP MSC-W chemical transport model - technical description. Atmos. Chem. 
Phys., 12, 7825-7865.

Schulz, M, Steensen, B. M., Tsyro, S., Koffi, B. (2012). First results of comparison modelled aerosol 
extinction profiles with CALIOP data. In: EMEP Status Report 1/2012, Norwegian Meteorological 
Institute, Oslo, Norway; http://emep.int
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Aeolian dust and gaseous and particulate pollutants from the Asian continent are 
transported eastward over the North Pacific, especially in spring. Episodic atmospheric 
deposition of natural and anthropogenic aerosols containing iron and other essential 
trace elements may cause changes in primary productivity of phytoplankton, food 
web structure and chemical properties of marine atmosphere in the region.

During the leg 2 of the R/V Hakuho Maru KH-12-1 cruise from Honolulu to Tokyo 
in the North Pacific (22 February - 7 March 2012), we conducted atmospheric 
sampling of aerosol and gaseous components with other meteorological and physical 
parameters on board. Ambient aerosols segregated into two size fractions (d<2.5 μm 
and d>2.5 μm) were collected for 24 hours on a PTFE fiber filter by using a high-
volume dichotomous virtual impactor air sampler with a wind sector control. Aerosol 
samples were analysed by ion chromatography for major water soluble ions.

Single-particle size and composition ranged between 0.1 and 2.0 μm were 
simultaneously measured by individual particle analysis using an Aerosol-Time-Of-
Flight Mass Spectrometer (ATOFMS) and clarified certain aerosol types, such as 
biomass burning, elemental carbon, and elemental/organic carbon mixed type in the 
North Pacific.

Increased non-sea-salt (nss)-Ca concentration as one of indicators of mineral dust 
followed by the increased nitrate and ammonium concentrations were observed at 
4,000-6,000km east from the Asian continent on 27-29 February. It is clearly shown 
the long rang transport of natural mineral dust and anthropogenic substances to the 
central North Pacific. By the single particle analysis, mineral dust particles were 
mixed with sea salt and <0.7µm and >0.7µm dust particles were associated with sea 
salt approximately 20% and 50% by number, respectively.

This coagulation process between mineral dust and sea salt particles may accelerate 
the gravitational settling of marine aerosols and supplies the terrestrial, marine and 
marine biogenic origin substances to the ocean environment.
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Routine meteorological data is obtained in the atmosphere using disposable 
radiosondes. These give temperature, pressure, humidity and wind speed. Additional 
measurements are acquired from dropsondes, released from research aircraft. However, 
a crucial property not yet measured for lack of suitable low-cost instrumentation is 
the size and concentration of atmospheric particulates. Instead, indirect measurements 
are employed, relying on remote sensing, to meet the demands from areas such as 
climate research, air quality monitoring, civil emergencies etc. In addition, research 
aircraft can be used in situ, but these measurements are expensive, and restricted to 
near-horizontal profiling, which can be a limitation, as phenomena such as long-range 
transport depend strongly on the vertical distribution of aerosol.
Centre for Atmospheric and Instrumentation Research at University of Hertfordshire 
develops light-scattering instruments for the characterization of aerosols and cloud 
particles. Recently a range of low-cost, miniature particle counters has been created, 
intended for use with systems such as disposable balloon-borne radiosondes, 
dropsondes, or in dense ground-based sensor networks. Versions for different particle 
size ranges exist. They have been used for vertical profiling of aerosols such as mineral 
dust (Nicoll et al., 2011; Ulanowski et al., 2014) and for air quality monitoring in 
dense ground-based sensor networks (Mead et al. 2012).
An early counter version, developed for use with Vaisala RS92radiosondes and an 
electric charge sensor, was deployed to profile ash from the Eyjafjallajökull eruption. 
The layer detected over Stranraer, Scotland, on 19 April 2010 was centred on 4000 
m altitude and was about 600 m thick, with fairly uniform, sharply defined aerosol 
concentration (Harrison et al., 2010). The sounding was compared to ash dispersion 
model runs using WRF. Agreement could be reached only by carefully adjusting 
the height of the initial ash emission column. This finding demonstrates that correct 
initialization of dispersion models can be achieved by profiling aerosol layers using 
disposable sondes containing low-cost optical particle counters.

HarrisonR.G., NicollK.A., UlanowskiZ., Mather T.A. (2010). Self-charging of the Eyjafjallajökull volcanic 
ash plume, Env. Res. Lett. 5, 024004.

Mead M.I., Popoola O.A., Stewart G., Bright V., Kaye P.H., Saffell J. (2012). High-density, high-resolution, 
low-cost air quality sensor networks for urban air monitoring, AGU Fall Meeting, San Francisco.

Nicoll K.A., Harrison R.G., Ulanowski Z. (2011). Observations of Saharan dust layer electrification, Env. 
Res. Lett. 6, 014001.

Ulanowski Z., Kaye P.H., Hirst E., Wieser A., StanleyW.R. (2014). Dust layer profiling using aerosol 
dropsondes. Dust 2014.
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Routine met data is obtained in the atmosphere using disposable radiosondes, giving 
temperature, pressure, humidity and wind speed. Additional measurements are 
obtained from dropsondes, released from research aircraft. However, a crucial property 
not yet measured is the size and concentration of atmospheric particulates, including 
dust. Instead, indirect measurements are employed, relying on remote sensing, 
to meet the demands from areas such as climate research, air quality monitoring, 
civil emergencies etc. In addition, research aircraft can be used in situ, but airborne 
measurements are expensive, and aircraft use is restricted to near-horizontal profiling, 
which can be a limitation, as phenomena such as long-range transport depend on the 
vertical distribution of aerosol.
Centre for Atmospheric and Instrumentation Research at University of Hertfordshire 
develops light-scattering instruments for the characterization of aerosols and cloud 
particles. Recently a range of low-cost, miniature particle counters has been created, 
intended for use with systems such as disposable balloon-borne radiosondes, 
dropsondes, or in dense ground-based sensor networks. Versions for different particle 
size ranges exist. They have been used for vertical profiling of aerosols such as mineral 
dust (Nicoll et al.) or volcanic ash (Harrison et al.). A disadvantage of optical particle 
counters that sample through a narrow inlet is that they can become blocked, which can 
happen in cloud, for example. Hence, a different counter version has been developed, 
which can have open-path geometry, as the sensing zone is defined optically rather 
than being delimited by the flow system. This counter is now used for ground based 
air-quality monitoring around Heathrow airport (Mead et al.). The counter has also 
been adapted for use with radiosondes or dropsondes. The dropsonde version has been 
successfully tested by launching it from research aircraft together with the so-called 
KITsonde, developed at the Karlsruhe Institute of Technology, which determines 
standard meteorological variables and GPS position for transmission back to the 
aircraft (Wieser et al.).

Nicoll K.A., Harrison R.G., Ulanowski Z. (2011). Observations of Saharan dust layer electrification, Env. 
Res. Lett. 6, 014001.

Harrison R.G., Nicoll K.A., Ulanowski Z., Mather T.A. (2010). Self-charging of the Eyjafjallajökull 
volcanic ash plume, Env. Res. Lett. 5, 024004.

Mead M.I., Popoola O.A., Stewart G., Bright V., Kaye P.H., Saffell J. (2012). High-density, high-resolution, 
low-cost air quality sensor networks for urban air monitoring, AGU Fall Meeting, San Francisco. 

Wieser A., Fütterer D., Franke H., Schell D., Schmidmer F., Kottmeier C. (2009). A novel modular multi-
sensor dropsonde system for high resolution measurements. 9th EMS Ann. Meet. Appl. Meteor., Tolouse, 
EMS2009-396.
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To investigate the effect of different pen cleaning techniques and housing systems on 
indoor concentrations of particulate matter (PM), two types of cleaning protocols were 
tested in two housing systems on a commercial fattening pig barn in Belgium. The 
housing systems were: 1) a conventional housing system with fully slatted floor and 2) 
an ammonia-emission-low housing system with reduced emission surfaces. In these 
two housing systems, both a “dry” and “wet” cleaning protocol were applied. In both 
protocols, the pens were cleaned with brooms and a vacuum cleaner and the manure 
pit or the manure and water channels were emptied. For the “wet” protocol, the floor 
of the pens was subsequently soaked with water, thoroughly cleaned with a pressure 
washer and finally the pens were disinfected using Virocid (CID LINES N.V., Ieper, 
Belgium) and allowed to dry. In total, 4 compartments per housing system (2 with 
the “dry” protocol and 2 with the “wet” protocol”) were monitored from August 2011 
until June 2012 during two subsequent fattening periods. PM concentrations (PM10, 
PM2.5 and PM1) were measured at 0.8 m above the slatted floor using two Grimm1.109 
spectrometers and two Graywolf Particle Counters - Handheld 3016IAQ.

No significant differences in indoor concentrations of PM10 and PM2.5 were found 
when analysing the first month after cleaning or an entire fattening period. Indoor 
concentrations of PM1 were significantly higher during the first month after performing 
the “wet” protocol, but not significantly different when considering the entire fattening 
period. The reasons are unclear. 
We did not observe significant differences in indoor concentrations of PM10, PM2.5 and 
PM1 between the two types of housing systems. 
In the near future, the particle size distribution (number and mass distribution) for 
both housing systems and cleaning protocols will be calculated and analysed. Some 
results will be presented.
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In Flanders, apart from cross border contributions, the agricultural sector provides the 
largest contribution with regard to PM10 (54%) and PM2.5 (49%) (Deutsch et al., 2010). 
These contributions are calculated based on both primary particulate matter emissions 
and secondary particulate matter formation originating from ammonia emissions by 
agricultural activities. Using this approach, the possibility of secondary particulate 
matter formation inside the animal house (e.g. ammonium salts) could be an important 
aspect to take into account in the model calibration and validation.

Experiments were conducted during the period of March to June 2012. In order to 
test the measuring protocol, samples of PM10 and PM2.5 were collected inside an 
experimental pig house at ILVO. These samples were gravimetrically quantified and 
analysed on their ammonium content via colorimetric tests. Afterwards, samples 
of PM10 and PM2.5 were taken at a commercial fattening pig facility in Flanders in 
order to check the hypothesis of secondary particulate matter formation inside animal 
housing systems.

The ammonium content of PM10 and PM2.5 captured inside the animal houses was 
higher than the ammonium content of these fractions at the air inlet, indicating 
the possible indoor formation of secondary particulate matter. The results of this 
preliminary research therefore suggest the occurrence of secondary particulate matter 
formation inside animal housing systems. However, these provisional conclusions are 
based upon a limited number of samples. A more extended sampling campaign would 
be necessary for final confirmation.

This work was supported by Boerenbond, a professional association of Flemish 
farmers.

Deutch F., Vankerkom J., Veldeman N., Fierens, F., Vanpoucke, C., Trimpeneers, E., Vancraeynest, L., 
Bossuyt, M. (2010). Verklarende factoren voor evoluties in luchtkwaliteit. MIRA/2010/07 Report, pp 82.
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Chemical composition, morphology and mixing state of atmospheric particles 
may significantly affect aerosol optical properties and thus their radiative effects. 
The general goal of this study is to understand the impact of physico-chemical 
characteristics and transformations of aerosols during transport on their optical 
properties. The question asked is whether relationships between remote sensing 
observations and some features of aerosol chemical composition and morphology can 
be established. The research is conducted in the framework of an interdisciplinary 
project on Chemical and Physical Properties of the Atmosphere (CaPPA) that allows 
combining in-situ optical measurements, aerosol samplings, off-line laboratory 
analyses, and numerical simulations. Therefore this study is being carried out in a 
number of stages that rely on ground-based optical measurements (AERONET 
photometer, lidar), measurements by an airborne photometer (PLASMA), sampling 
of size-segregated atmospheric particles by means of cascade impactors and single-
particle analysis by microspectroscopic techniques. Observations of compositional 
and morphological characteristics are then implemented into numerical simulations of 
aerosol optical characteristics in an attempt to explain remotely sensed observations. 
Taking into account the different aerosol origins and the air-mass backward trajectories 
we analyse the effects of aerosol aging, hygroscopic growth, enrichment in iron, 
sulphates and other atmospheric pollutants. Results will be presented from several 
field measurements in western Africa (M’Bour, Senegal), the Negev Desert of Israel, 
and from an industrial harbour in northern France.
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The iron biogeochemistry of the North Atlantic Ocean shows significant temporal 
and spatial variability due to the proximately of; high magnitude aerosol sources (i.e. 
Sahara Desert), highly productive upwelling areas and continental shelves (Ussher 
et al., 2013). To understand how iron is processed in surface waters and utilised 
as a micronutrient by phytoplankton, it is vital to consider the physico-chemical 
transformations that occur in situ. These transformations include the partitioning 
of iron between molecular and nano-particulate (often termed soluble, < 0.02 µm), 
colloidal (0.02 - 0.4 µm) and particulate (> 0.02 µm) fractions.

In this study, size fractionated iron data are presented from a series of summer research 
cruises in the Bermuda Atlantic Time-series Study region (BATS) in the Sargasso 
Sea (2003-2008). These data are then compared with laboratory dust dissolution 
simulations in order to deduce a mechanism for Fe dissolution from freshly deposited 
aerosols into the surface ocean. For laboratory simulations, representative marine-
sector aerosol samples were collected from Tudor Hill (Bermuda) over four different 
seasonal time periods (2009-2010) and subsamples were used in aerosol leach 
experiments with fresh filtered seawater.

The summer field data from BATS showed the inter-annual consistency of vertical 
profiles of soluble, colloidal and labile particulate Fe, with surface dissolved iron 
concentrations as high as 1.5-2.1 nM (Sedwick et al., 2005). The dominance of 
colloidal fractions over soluble iron in these surface waters (i.e. above the deep 
chlorophyll maximum) is consistent with the results of laboratory aerosol dissolution 
simulations of seasonal samples. Based on this comparison, we propose a rapid ‘two-
stage’ mechanism for atmospheric Fe dissolution, which results in Fe becoming 
associated with marine colloids in the mixed layer.

Sedwick, P. N., Church, T. M., Bowie, A. R., Marsay, C. M., Ussher, S. J., Achilles, K. M., Lethaby, P. J., 
Johnson, R. J., Sarin, M. M., and McGillicuddy D. J. (2005), Iron in the Sargasso Sea (Bermuda Atlantic 
Time-series Study region) during summer: Eolian imprint, spatiotemporal variability, and ecological 
implications, Global Biogeochemical Cycles, 19, GB4006, doi:10.1029/2004GB002445.

Ussher, S. J., Achterberg, E. P., Powell, C., Baker, A. R., Jickells, T. D., Torres, R., and Worsfold P. J. 
(2013), Impact of atmospheric deposition on the contrasting iron biogeochemistry of the North and 
South Atlantic Ocean, Global Biogeochemical Cycles, 27, doi:10.1002/gbc.20056.
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Supersite is a project supported by the Emilia-Romagna Region Government and 
Regional Agency for Prevention and Environment of Emilia-Romagna Region (ARPA 
ER), which is focused on a detailed study of chemicals, physical toxicological and 
epidemiological properties of PM2.5 in the atmosphere of Emilia-Romagna (North 
Italy). In this project, great attention is given on distribution of fine and ultrafine 
particles and continuous measurements are planned for three years.
This work focuses on the 2013 first six months hourly number size distribution of 
particles from 15 nm to 600 nm measured by a Scanning Mobility Particle Sizer 
(SMPS Model 3936, TSI) placed in a background urban area of Bologna (Po Valley, 
North Italy).
Following Beddows et al. (2009) and Sabaliauskas et al. (2013), the hourly data are 
analysed by using a cluster analysis. A Hopkins Index was utilized in order to verify 
the existence of natural clusters in the data. The Dunn-Index and the Silhouette width 
were used for determining the number of clusters of the k-means clustering algorithm. 
From the analysis of the distribution shape of each cluster, as well as from the daily 
and monthly behaviour, it was possible to hypothesize sources and processes that 
contribute to formation and fate of particles in atmosphere.
Furthermore, in order to better understand how the meteorological conditions affect 
the number of particles, an analysis on the atmospheric variables in relation with the 
clusters obtained was conducted.

Beddows C.S., Dall’Osto M., Harrison R.M. (2009). Cluster analysis of rural, urban and curbside 
atmospheric particle data. Environmental Science & Technology 43, 4694 - 4700.

Sabaliauskas K., Jeong C.H., Yao X., Jun Y.S., Evans G. (2013). Cluster analysis of roadside ultrafine 
particle size distributions. Atmospheric Environment 70 , 64 - 70.
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Producing energy through biomass combustion is considered sustainable. The demand 
for renewable energies needs to be diversified in order to avoid deforestation and 
combustion of different agricultural by-products have been already compared (Caillat 
et al., 2012). Regarding environmental issues, the pollutant emissions control is the 
key factor for the development of biomass combustion. The Alsace Region (France) 
is well-known for wine production leading to large quantities of grape marc. This 
wine residue has also a great interest for energy recovery in other regions (Celma et 
al., 2007; Toscano et al., 2013). Therefore, the present study focuses on the gas and 
particulate matter emissions of grape marc combustion.
Different varieties produced in Alsace were characterized following the standard 
XP CEN/TS. Wine residue presents high water content (up to 75%) and ash content 
(<10%). Typical high heating value for dried sample of about 20MJ/kg was found. 
Combustion experiments were carried out in a small scale biomass boiler 40 kW from 
REKA. Pollutant emission were measured with on-line gas analysers (CO, CO2, HC, 
NO, NO2, SO2 and O2) and an Electrical Low Pressure Impactor (ELPI) manufactured 
by Dekati Ltd. (Tampere, Finland) was used to measure on line concentration numbers 
of particles ranging from 29 nm to 10 μm into 12 size fractions.
Due to the high moisture content, the grape marc has been blended with different 
co-combustible as pellets, wood chips and miscanthus. The best conditions for the 
combustion have been found with miscanthus which has been tested with several 
blending fraction.

Caillat, S., Molcan, P., Perdrix, E., Alleman, L., Campargue, M., Naudy, V., Lambre, C., Dacquin, H., 
Douard, F., Badji, L., 2012. Small-scale combustion experiments of selected agricultural by-products 
potential for biomass pellets production in France. Presented at the Fourth International Symposium on 
Energy from Biomass and Waste, Venice.

Celma, A.R., Rojas, S., López-Rodríguez, F., 2007. Waste-to-energy possibilities for industrial olive and 
grape by-products in Extremadura. Biomass Bioenergy 31, 522-534.

Toscano, G., Riva, G., Duca, D., Pedretti, E.F., Corinaldesi, F., Rossini, G., 2013. Analysis of the 
characteristics of the residues of the wine production chain finalized to their industrial and energy 
recovery. Biomass Bioenergy 55, 260-267.
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Every year, approximately 200 million tons of Saharan dust are transported westward 
through the atmosphere, influenced by many climatic and environmental processes. 
Dust can also influence climate itself, both directly and indirectly, although these 
effects are far from understood. The processes involved can result in either a cooling 
or warming effect on climate, depending on particle characteristics including chemical 
composition and size.
Dust can transport adsorbed nutrients and trace elements, as well as viable spores, 
pathogens and microbes. Marine deposition of dust particles containing limiting 
nutrients and metals can enhance photosynthetic carbon fixation in the oceans and 
thus influence global climate.
In sediment archives, dust has been used to trace past environmental conditions, e.g. 
aridity, wind strength, and the provenance of the dust particles.
Here we focus on lateral and seasonal changes in grain size and shape, flux and 
composition of Saharan dust, along a transect in the Atlantic Ocean at 12˚N. This 
transect lies directly underneath the largest dust plume originating from the African 
continent. A year-worth of dust samples from submarine sediment traps with a 16-
day resolution will be compared to monthly-resolved samples from an on-land dust 
collector at the source in Mauritania.
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Mainly due to environmental restraints, some important changes in farm management 
have been introduced in pig fattening facilities. New regulation confronted the 
farmers with new barn types and new techniques that not only affected emissions but 
also indoor air quality. Therefore an extended study was performed to determine the 
impact of particulate matter (PM) on the environment and occupational health in pig 
fattening facilities.

During the first part of the study, indoor concentrations and emission factors (EF) 
of PM (PM1, PM2.5 and PM10) in different conventional pig fattening facilities and 
one low ammonia emission fattening facility (LAE) were measured. During the 
second part of the study the impact of PM exposure levels for both the farmer and the 
veterinarian were assessed during different working tasks in pig fattening facilities 
and their exposure levels on a daily working basis (time weighted average (TWA) 
were estimated. The measured PM fractions were: inhalable and respirable PM, PM10, 
PM2.5 and PM1.

In total, six pig fattening stables were sampled during two fattening periods. The 
average indoor PM concentrations were 15.0, 38.9 and 719 µg m-3 for PM1, PM2.5 
and PM10 respectively for conventional pig fattening stables. Furthermore, the EF of 
these stables were 3.4, 7.8 and 99.9 g yr-1 a-1 for PM1, PM2.5 and PM10 respectively. 
These results were compared to other similar international researches in this field. 
Furthermore, estimations were made of the total emissions for fattening pigs and for 
the total pig industry in Flanders based on the average EF obtained by our study.

The results of the second part of the research showed that the highest personal exposure 
levels occurred during feed shovelling and blood sampling, the lowest during the 
weighing of the pigs. The TWA exposure of inhalable and respirable PM for the farmer 
in this research were 3.1 and 0.29 mg m-3 respectively, while for the veterinarian 
a time weighted average exposure to PM of 7.7 and 0.36 mg m-3 was found. The 
concentration levels were mainly determined by the working task performed. There 
was no significant effect of pig age, stable floor type, nor cleaning of the stable on the 
personal exposure levels.
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Presented study is based on 1996-2012 PM data from the Czech Air Quality Monitoring 
Network operated by the Czech Hydrometeorological Institute. This network is 
continuously upgraded in accordance with the requirements of EU Directives. Two 
methods of PM quantification are used within the network; radiometry (based on 
beta-ray absorption) and gravimetry (continuous filtration of ambient air on selected 
filtering material).
Gradual decline in PM emissions after 1990 in the Czech Republic was caused by 
general decrease of industrial production and reduction in electricity generation in 
conventional thermal power stations. In the beginning of the new millennium the 
decreasing trend was interrupted and emissions slightly increased.
Decreasing trend of PM10 concentration was registered in the period 1996-1999 at 
all types of stations (traffic, urban, suburban, rural and regional), but this tendency 
was temporarily stopped in the beginning of this century and the concentrations 
slightly increased and the differences between types of stations became smaller. This 
tendency was registered to 2006 (with the highest values in 2003). After 2007 the 
mean annual concentrations dropped to the level of 2000. The most serious situation 
is in the Moravian-Silesian region. This is caused by the fact that in this area, in 
addition to transport and local sources, significant contribution is made by further 
emission sources (metallurgy, fuel processing). Regional transfer from Poland 
(heavily industrialized Katowice region) is also very significant. The results of PM2,5 
show significant contribution of fine fractions to air pollution situation in the Czech 
Republic. The period 2005-2007 is characterized by downward tendency of mean 
annual PM2,5 concentrations, no trend after 207 was found. The regional increment 
to PM2,5 pollution is approximately 15 μg.m-3. The ratio between PM2,5 and PM10 
shows certain seasonal course that is connected with the seasonal character of several 
emission sources. 
Since 2009, regular measurement of EC-OC in PM2,5 has been implementing at 
the Košetice Observatory within the framework of ACTRIS (Aerosols, Clouds, 
and Trace gases Research Infrastructure Network). The mean annual concentration 
of total carbon in PM2,5 in the period under review was 3,73 µg.m-3. The figure for 
elemental carbon (0,51 µg.m-3) represents the mean annual ratio of 14% on TC. EC-
OC concentrations follow an annual course that reflects their emission levels, i.e. 
with maximums in winter and minimums in summer. The seasonal variation of EC/
TC ratio is not significant and ranges between 12 to 15%. Mean TC ratio on PM2,5 
total mass in the period under review was 26%, the highest ratios reached 50%. EC 
participated on PM2,5 total mass by 4% in average.

Air Pollution and Atmospheric Deposition in Data in the Czech Republic in 1996-2012. (1997-2013) Praha, 
CHM.
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Desert dust is absorbing, scattering and emitting light, resulting in direct radiative 
forcing both in the longwave and shortwave. This forcing depends on many parameters, 
an important one being the vertical distribution of the aerosols, especially for the 
longwave effect. Dust aerosols also play an indirect radiative effect through their 
interaction with clouds, which depends (amongst other parameters) on the vertical 
location of clouds and aerosols. The vertical distribution of dust is currently poorly 
characterised on a global scale (high geographical/ temporal coverage).
We have recently developed a strategy allowing the retrieval of vertical profiles of 
desert dust concentration from nadir thermal infrared measurements (atmospheric 
window: 800-1200cm-1) by IASI instruments flying onboard Metop-A since 2006 
and Metop-B since 2012. Those instruments offer a continuous spectral coverage in 
the TIR with sufficiently high spectral resolution and signal-to-noise ratio as well as 
global Earth coverage twice a day for at least 15 years. They will be followed by a 
New Generation instrument planned in 2020.
Here, we will present the retrieval method and discuss uncertainties on the retrieved 
information. We will show example results and comparisons with other aerosol data. 
We will discuss possible applications of the method in its current state together with 
planned improvements and new developments.
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Aeolian dust deposits, covering more than half of the Carpathian Basin in Central 
Europe, form thick (up to 50 m) loess-paleosol sequences that are generally underlain 
by terrestrial red clays. These deposits provide information on the palaeoclimatic and 
palaeoenvironmental changes of the last 3-3.5 million years. The Upper and partly, the 
Middle Pleistocene loess deposits are intercalated by steppe, forest-steppe and brown 
forest soils, while the older pedogene horizons are different kinds; these are red, 
Mediterranean-type soils. The younger soils were formed from the underlying loess 
deposits, while according to preliminary data, interglacial dust deposition could have 
played more dominant role during the formation of the older ones, similarly to certain 
types of red clays. Grain size, geochemical, (clay) mineralogical, micromorphological 
and scanning electron microscopic (SEM) analyses have been elaborated on major 
Hungarian red clay-loess-palaeosol sequences to get more information on aeolian 
dust deposition and its role in syngenetic, accretionary soil development even during 
periods characterized by relatively higher temperatures and rainfall.
The detailed granulometric analyses of the red clays and red palaeosols represent 
similarity in terms of their bimodal grain-size distribution patterns with loess 
horizons, while the SEM images also show an aeolian origin of the extracted quartz 
grains characterized by sharp edges, breaks and stepped surfaces. The geochemical 
and (clay) mineralogical analyses suggest that climate during the formation of red 
clays and red palaeosols was considerably more humid and warmer in comparison to 
younger interglacials or to modern values.
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The new global fire model SEVER-FIRE is a mechanistic model which calculates 
number of human-induced and lightning fires as well as area burnt and carbon and 
particle emissions for both cases. The model operates at a daily time step and uses 
climate data (daily minimum/maximum temperature, daily precipitation/convective 
precipitation and daily short-wave radiation) as an input. The model works in 
interactive mode with a dynamic global vegetation model (DGVM), which provides 
fuel content and moisture and receives back amount of biomass burnt. SEVER-FIRE 
applies at a variable spatial resolution and for regional and global scale. This model 
was applied for simulation of Russian wildfires in 2010. 
These fires were set due to extremely hot weather started in Central Russia in the 
end of June 2010 and lasted during almost two months till the end of August 2010. 
The long period average monthly temperatures for the two heat wave months in 
almost entire European part of Russia were exceed 8-9 °C with an absolute record 
summer temperature for Moscow 38.2 °C. Major population centres of European 
Russia as Moscow, Nizhnii Novgorod and Voronezh were covered by thick smoke 
for several weeks. The air quality in European Russia was significantly affected by 
excessive amount of carbon monoxide, nitrogen oxides and aerosols during the fires 
outbreak. The most dangerous and even lethal for the population was air pollution 
with particulate matter. We estimated according to the model simulation that 41 
million persons were resided in the zone of forest and peat fires and smoke in 2010 
totally. The most dangerous and even lethal for the population was air pollution with 
particulate matter PM10. Concentration of PM10 according to our calculations was ten 
times higher in comparison with pre-fire level in Moscow region during August 2-10, 
2010, when large smoke plume has covered entire capital agglomeration of Russia.
We calculated smoke area and PM10 concentration for a case study of Indonesian fires 
of 1997 and found that the concentrations and exposure of population in Singapore (and 
Kuala Lumpur) were similar to the Moscow case. Asian hospitals statistics allowed us 
to estimate that at least 450 deaths related to cardio-vascular and respiratory problems 
happened during August 2-10, 2010 in Moscow. Thus, particulate emissions from 
wildfires are becoming pressing health problem for European Russia in conditions 
of more frequent circulation blockings. Future projections of potential health risk in 
large cities due to aerosols emissions from wildfire should be estimated for such cities 
as Moscow, Los Angeles, Singapore, Kuala Lumpur and Sydney.
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This study was intended to carry out continuous and simultaneous monitoring of 
particles and some of the gases in the environment of Gaborone. Measurements of 
particulate matter were taken using scanning mobility particle sizer (SMPS) capable 
of measuring particles with diameters from about 7.5 to 280 nm for about seven 
months. The concentration of gases CO, CO2, NOx and HC were simultaneously 
monitored during September 2002 and August 2004 using Horiba gas analyzer 
APMA360, VIA 510, APNA 360 and APHA 360 respectively. The SMPS and gas 
analyzers were housed in the Atmospheric Research Laboratory located on the 
first floor of the building of Department of Physics, University of Botswana. Our 
measurements show that the average concentrations of carbon monoxide varied from 
0.16ppm in March 2004 (summer) to 1.48ppm in July 2004 (winter). The monthly 
average concentration of CO2 was seen to vary between about 302ppm to 450ppm. 
The concentration of NOx was also seen to increase in July. The annual concentrations 
varied between 0.0025 ppm in March to 0.0636 ppm in July. The concentrations of 
total hydrocarbons were seen to rise up to 4.8 ppm C at certain times of the day 
while the average concentration was about 1.910 ppm C in July (winter). The number 
concentration of particles vary from 684 cm-3 to 1984 cm-3 from summer (January) to 
winter (July). It was also observed that the concentration of small particles was high 
during night and low towards morning. It started increasing during the morning hours 
and evening when traffic starts to build up. Concentration of the gases was also seen 
to be quite high during the morning hours and in the evening hours thus showing a 
good correlation between particle concentration and gas concentration. These results 
indicates that particles and gases are mainly contributed by the traffic and biomass 
used for cooking and warming. Particle concentration of aerosols larger than 0.1 µm 
has its peak during winter months. Some interesting findings will be reported.



442 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

lanD use planning for Dust storm sources in 
west asia

aso veysi1*, ali darvisHi boloorani2, ali sarKargar ardaKaani3

1Department of Engineering, Yazd Science and Research Branch, Azad University, Yazd, Iran, 
2Department of RS&GIS, Faculty of Geography, University of Tehran, and Geoinformatics Research 

Institute, Iran
3Department of RS&GIS, Yazd science and Research, Azad University, Yazd, Iran

nature.1989@yahoo.com

Dust storms are one of the major environmental catastrophic phenomena in arid and 
semiarid area of the world. These phenomena have distractive effects on almost all 
aspects of life in the affected areas. Dust storms in addition to reducing the fertility of 
agriculture land, caused to air pollution, respiratory problems and decreasing visibility 
for transportation (Draxler, 2011). One of the reasons of increasing the spatial extent 
and temporal frequency of occurrences, especially in recent years in the West Asia 
Region (WAR), is the degradation of land. This phenomenon has emerged due to 
several factors, such as drought, dam construction in upstream, mismanagement of 
water resources, bad agricultural activities and lack of systematic land use planning. 
This study is based on the assumption that current conditions of land uses and human 
activities in active dust sources are not compatible with ecological and environmental 
capacities of the land. So, we used land use planning approach to organizing the 
space to optimum efficiency and allocating the best land use to each area according 
to principles of ecological conservation. The study area is some part of Ninawa 
province of Iraq, which is identified as a dust storm source in the WAR by Darvishi 
et al. (2011). This area is also considered as the most active dust source of Iraq. 
For the purpose of land use planning, by using the approach of systematic analysis 
and GIS functions, Digital Elevation Model has produced then, classified maps of 
elevation; slope and aspect were extracted. By combining them in a binary method 
land form unit’s map were created. In next step, soil, climate and hydrological maps 
were respectively combined to land form units map. Hereby, homogeneous units for 
management were extracted. Recent land use and erosion potential for each unit were 
identified and estimated, respectively. Subsequently, ecological capability evaluation 
of these ecological units for Agriculture and Range Management, Tourism, Urban 
Development and Conservation was performed. After prioritizing specified land uses 
in an inductive-qualitative method, land use planning map was created, finally.

keywords: Dust storm, Land use planning, GIS.

Draxler R.R., Gillette D.A., Kirkapatrick J.S., Heller J. (2011). Estimating PM10 concentration from dust 
storm in Iraq, Kuwait, and Saudi Arabia. Atmospheric Environment, 4315-4330.

Darvishi A., Nabavi O., Bahrami H. (2011). Unpublished report of dust storms in west Asia for UN.
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The direct link between exposure to atmospheric particulate matter and adverse health 
outcomes has been widely proven in the literature (Lim et al., 2012). Studies highlight 
the dependence of this relationship with particle size, concluding that particles with 
aerodynamic diameter <100 nanometres (ultrafi ne particles, UFPs) show a higher 
potency for adverse health effects because of their ability to penetrate deeper into the 
respiratory tract and to translocate to other organs (Oberdorster, 2001).
While most of the available studies on UFP focus on particle mass, there is still very 
little information on the partitioning of major and trace elements between ultrafi ne, 
accumulation and coarse mode particles. The aim of this work is to apportion the 
mass concentration of major and trace elements to each of these size fractions, as 
well as to assess the infl uence of factors such as seasonality, proximity to emission 
sources (mainly, road traffi c) and indoor vs. outdoor environments on particle size 
distributions.
Indoor and outdoor sampling of quasi-UFP (PM0.25) concentrations, was carried out 
at 39 primary schools in Barcelona, within the framework of the ERC Advanced Grant 
BREATHE. Quasi-UFP concentrations were sampled by means of PCIS impactors 
(Sioutas Personal Cascade Impactors), using 37 mm and 25 mm Pall quartz-fi bre fi lter 
substrates. The sampling duration was 8 hours per day (9-17h, school hours) over 4 
consecutive days. The samples obtained were chemically characterised, determining 
>65 elements and components. One example of the results obtained is shown in 
Figure 1.Figure 1.

Figure 1. Examples of partitioning of major and trace elements between the three size fractions analysed.

Lim et al. (2010) Lancet 380, 2224-2260.
Oberdorster, G. (2001) Int Arch Occup Environ Health, 1-8.
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We present a recently developed algorithm for plume top height estimation based on 
stereo-view-capable satellite instruments. Here we use only data from the Advanced 
Along Track Scanning Radiometer (AATSR) aboard ESA’s Environmental satellite 
ENVISAT, but the method can be used with other multiple view satellite based 
instruments, such as NASA’s Multi-angle Imaging SpectroRadiometer (MISR), or 
the Sea and Land Surface Temperature Radiometer (SLSTR), scheduled for launch in 
2014 on Sentinel-3.

The AATSR Correlation Method (ACM) height estimate algorithm uses an area-based 
cross correlation method. It estimates the parallax between the AATSR nadir and 
forward views, and converts the resulting plume-top pixel shifts to a height estimate 
using the known satellite-Earth geometry. The algorithm is based on existing cloud-
top height estimate methods, but is implemented independently with focus on volcanic 
ash plumes, as part of ESA’s Volcanic Ash Strategic-Initiative Team (VAST) project. 
Both horizontal and vertical resolution of ACM are approximately one kilometre.

Although the ACM algorithm was designed for plume top height estimates of volcanic 
ash plumes, it can be equally well applied to any elevated feature in the atmosphere 
that has enough contrast with the background. Sufficiently dense volcanic ash or desert 
dust plumes can be identified from the top of atmosphere brightness temperature data 
using brightness temperature difference (BTD) thresholds. The brightness temperature 
difference between 11 and 12 µm wavelengths, BTD=T11-T12, is typically positive, but 
negative for volcanic ash plumes (Prata, 1989), and also for desert dust.

The use of BTD thresholds for plume detection enables automatic operation of the 
algorithm, and allows processing of large volumes of data efficiently. First results of 
volcanic ash plume and desert dust plume height detection will be presented.
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The Saharan desert and the Gobi desert are the main contributors to Aeolian desert dust, 
which is a major source of micronutrients to the remote ocean regions. Micronutrients, 
such as transition metals like iron or copper, are regarded essential for biological 
processes of different marine species. In this context recent studies have shown that 
soluble iron, since it is generally the most abundant transition metal in dust particles, 
has the ability to control marine productivity and thereby likely influence the CO2-
budget. Nevertheless, the processing of desert dust leading to the release of soluble 
iron still lacks sufficient understanding since several factors control the solubilisation 
process. Especially anthropogenic emissions are regarded to significantly add to the 
amount of soluble iron by acidification of dust particles or by the direct emission of 
soluble iron comprised in coal fly ash.
For the investigation of the dissolution process of iron, that takes place during 
dust transportation, the spectral air parcel model SPACCIM (Wolke et al., 2005) is 
used. A mechanism based on Lasaga et al. (1994) that describes the dissolution and 
precipitation of solids has been implemented. Trajectory properties were derived from 
COSMO-MUSCAT simulations or from re-analysis data by HYSPLIT. Differences 
in the chemical composition and the amount of anthropogenic and naturally emitted 
species on the North African continent and the highly industrialized region of South-
East Asia have considerable impact on the acidification of the desert dust. Under this 
aspect special cases of dust outbreaks of the Saharan desert and the Gobi desert are 
investigated and compared with focus on soluble iron produced.

Lasaga A.C., Solaer J.M., Ganor J., Burch T.E., and Nagy K.L. (1994). Chemical weathering rate laws and 
global geochemical cylces. Geochim. Cosmochim. Acta, 2361-2386.

Wolke R., Sehili A.M., Simmel M., Knoth O., Tilgner A., and Herrmann H. (2005). SPACCIM: A parcel 
model with detailed microphysics and a complex multiphase chemistry. Atmos. Environ., 4375-4388.
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Aerosol optical observations originating from in-situ and remote satellite sensing are 
in general used only for verification of the dust model results. Lidar data are especially 
important for such use, because they provide vertical distribution of atmospheric 
composition. Beside distribution of the dust sources and atmospheric dust driving 
parameters, dust models do not have available any other input information related 
to the dust transport. Common approach is that initial field of dust concentration 
for the model run is inherited from the previous dust forecast. Following the 
same methodology as in weather forecast, dust field should be initialized using 
available measurements of atmospheric dust concentrations. Version of the coupled 
atmospheric-dust model NMM-DREAM, which is operational in RHMSS/SEEVCCC 
and is a part of the WMO SDS-WAS intercomparison project, uses dust analysis from 
MACC/ECMWF project for assimilation of MODIS AOD data in order to improve 
initial field of dust concentration. We will present the comparison of the dust forecast 
obtained with NMM-DREAM for North Africa - Europe domain with lidar aerosol 
profiles observations available in Europe. Further improvement of the initial fields for 
dust forecast is possible using additional information from the lidar vertical profiles. 
The potentiality of lidar data use in initialization of the dust modelling and related 
improvements of the model forecast will be investigated through selected case studies.

Acknowledgments - The financial support by the European Community through the 
ACTRIS Research Infrastructure Action under the 7th Framework Programme under 
ACTRIS Grant Agreement n° 262254 is gratefully acknowledged. The research is also 
supported as a part of the project “Studying climate change and its influence on the 
environment: impacts, adaptation and mitigation” (43007) financed by the Ministry of 
Education and Science of the Republic of Serbia within the framework of integrated 
and interdisciplinary research for the period 2011-2014.
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General practice in atmospheric dust transport modeling is to use models for long-
range dust transport simulation or forecast. Numerical weather prediction models 
coupled with dust transport models run on large domains that must include the whole 
dust source region, such is Sahara, and usually have coarse resolution (several tens 
kilometres) compared to nowadays much finer resolutions of regional atmospheric 
models used in operational weather forecast. Intense dust events, which are of local 
character and originate from small and very active sources, usually last a couple of 
hours and can have severe impact on human health, traffic safety etc. Numerical 
simulation of such events requires high resolution models (several kilometres) 
because of the non-hydrostatic atmospheric processes involved in the dust uptake 
and transport, and because detailed representation of dust sources and downwind 
concentration is requested. The main future application of such a coupled non-
hydrostatic atmospheric-dust model is in its implementation for a warning system. 
The non-hydrostatic atmospheric model NCEP/NMM coupled with DREAM has 
the ability to resolve such processes. Satellite measurements are required as they 
play a crucial role in high resolution definition of the dust sources as well as for 
model validation. Model results are sensitive to dust source definition. Depending 
on the seasonal vegetation change in the model domain, sources must be more or 
less regularly updated. The model is tested for dust episodes characterized by intense 
convective activity, high wind velocities and intense dust emission. 

Acknowledgments - The research is supported as a part of the project “Studying climate 
change and its influence on the environment: impacts, adaptation and mitigation” 
(43007) financed by the Ministry of Education and Science of the Republic of Serbia 
within the framework of integrated and interdisciplinary research for the period 2011-
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UV-visible spectrometers onboard satellites, such as TOMS/EP, GOME/ERS-2, OMI/
Aura, SCIAMACHY/Envisat, GOME-2/Metop-A and GOME-2/Metop-B, have 
shown great potential in the detection of volcanic ash aerosols, qualitatively as well as 
quantitatively. At this moment, the two GOME-2 instruments onboard the polar orbiting 
satellites Metop-A and -B, respectively, are measuring scattered UV-visible light from 
300-800 nm at about 0.5 nm wavelength resolution. The overpass time of GOME-2A/B 
is about 9:30 local time and the ground pixel size is typically 40 km x 80 km. 

Since the launch of GOME-2A in 2006, several large volcanic eruption events have 
been successfully detected by GOME-2A by using the absorbing aerosol index 
product (AAI) and the FRESCO (Fast Retrieval Scheme for Clouds from the Oxygen 
A band) cloud product. Because volcanic ash absorbs light in the UV wavelength 
range, volcanic ash aerosols can be identified from the high AAI values. Volcanic 
ash plumes may be detected by the AAI even in the presence of clouds when the 
ash layer is located above the clouds. Similar to cloud height, aerosol height can be 
retrieved from the oxygen absorption band around 760 nm using FRESCO, especially 
for optically thick aerosols. 

Recently, we developed a new aerosol optical thickness (AOT) algorithm for GOME-
2 and SCIAMACHY by using the AAI and aerosol height. The AAI is mainly 
determined by the aerosol type, aerosol height and aerosol optical thickness. The 
AOT can be derived from AAI and aerosol height using a look-up table method under 
certain assumptions for aerosol type and aerosol particle size. Then, the volcanic ash 
column concentration is derived from AOT and ash particle size. The AOT algorithm 
has been applied to several volcanic eruption events observed by GOME-2A and 
SCIAMACHY. 

A volcanic ash product consisting of AOT, AAI, ash height, and volcanic ash column 
concentration has been developed within the SACS-2/SMASH (Support to Aviation 
Control Service / Study on an end-to-end system for volcanic ash plume monitoring 
and prediction) project. In this paper, we will show the volcanic ash product of 
GOME-2 for the events of the Eyjafjallajökull eruption in April and May 2010 and 
the Puyehue eruption in June 2011. The GOME-2 ash product has been validated 
against ground-based lidar measurements from the EARLINET network for the 
Eyjafjallajökull eruptions. In principle, the product is adequate in cases of strong, 
optically thick volcanic ash plumes.
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Currently, the lack of highly resolved Southern Ocean marine paleoclimate archives 
limits our understanding of the dominant feedbacks between the Antarctic ice sheets, 
Southern Hemisphere oceanic and atmospheric circulation, and global sea level. 
Two high-resolution deep-sea sites from the Scotia Sea overcome these limitations 
by revealing a chronologically well-constrained one-to-one coupling of dust proxies 
magnetic susceptibility (MS) and XRF-based Ca counts to the non-sea-salt Ca2+ flux 
of the EDML ice core during the last glacial cycle. Inferred dust fluxes from Patagonia 
to the Scotia Sea were several times higher during glacial times, when atmospheric 
circulation was either stronger or shifted in latitude, sea level was lowered, shelf 
surfaces were exposed, and environmental conditions in Patagonia were dominated 
by glaciers and extended outwash plains (Weber et al., 2012).

Climate-dust couplings are specifically important for the reconstruction of the 
transition out of the last ice age and associated changes in ocean and atmospheric 
circulation on millennial time scales. The Scotia Sea sites capture a spatially 
integrated signal of Antarctic ice mass loss during deglaciation, indicating eight 
events of very rapid ice-sheet collapse (within a decade!) for the time 19,000 and 
9,000 years ago. Transient deglacial model simulations suggest millennial-scale 
fluctuations that involve major atmospheric and oceanic reorganization with overall 
trends of southward-shifting Southern Hemisphere westerly winds, sea-ice reduction, 
enhanced marine productivity, increase in CO2, oceanic and atmospheric warming, 
and increased Antarctic ice mass loss (Weber et al., in review).

Weber, M. E., Clark, P. U., Kuhn, G., Timmermann, A., Sprenk, D., Gladstone, R., Zhang, X., Lohmann, G., 
Menviel, L., Chikamoto, M., Friedrich, T. (in review): Millennial-scale variability in Antarctic ice-sheet 
discharge throughout the last deglaciation. Nature. 

Weber, M.E., Kuhn, G., Sprenk, D., Rolf, C., Ohlwein, C., and Ricken, W. (2012): Dust transport from 
Patagonia to Antarctica - a new stratigraphic approach from the Scotia Sea and its implications for the 
last glacial cycle. Quaternary Science Reviews, 36, 177-188.
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South East Asia is one of the fastest developing regions on Earth and has experienced 
a recent large increase in atmospheric pollution. Glaciers of the nearby Himalayan 
mountains represent a unique archive that can be used to determine the strength and 
timing of the onset of anthropogenic atmospheric pollution in this region.
Here we present results of a new trace element record from the Dasuopu ice core 
spanning 1790 - 1950 AD at seasonal resolution. The Dasuopu ice core was drilled in 
1997 at 7200 m altitude in the Himalaya and provides the highest elevation ice core 
record ever obtained. Due to the high altitude this site has the potential to archive not 
only contamination records of regional significance, but possibly also long distant 
pollution from, for example, Europe and climatic signals influenced by the North 
Atlantic.
In this study we focus on three main research goals: (1) determine the onset of the 
earliest anthropogenic contamination from trace elements at such high elevation 
(7200 m). The high elevation is beneficial for detecting a more regional rather than 
local signal; (2) determine intra-annual variations of atmospheric trace element 
composition, with a focus on discriminating between pre-monsoon, monsoon, and 
dry seasons; and (3) discriminate between regional (Asian) and long distance (e.g. 
European) input over time using trace element abundance.
The Dasuopu ice core is heavily influenced by the monsoon regime providing a strong 
seasonal trace element depositional signal and highly variable snow accumulation 
rates. Trace element concentrations are very low and comparable to those recorded 
at some polar sites. Crustal enrichment factors are used to discriminate between the 
terrigenous (natural background) and the anthropogenic contributions.
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The Saharan Aerosol Long-range Transport and Aerosol-Cloud-Interaction Experiment 
(SALTRACE: http://www.pa.op.dlr.de/saltrace) was conducted in June/ July 2013 to 
investigate the transformation of mineral dust during transport from the Sahara across 
the Atlantic Ocean into the Caribbean. SALTRACE is a German initiative combining 
ground-based and airborne in-situ and lidar measurements with meteorological data, 
long-term measurements, satellite remote sensing and modeling which involved many 
national and international partners. For SALTRACE, the DLR research aircraft Falcon 
was equipped with a suite of in-situ instruments for the measurement of microphysical 
and optical aerosol properties, sampling devices for offline particle analysis, a nadir-
looking 2-µm wind lidar, dropsondes and instruments for standard meteorological 
parameters. Ground-based lidar and in-situ instruments were deployed in Barbados, Cape 
Verde, and Puerto Rico.Mineral dust from five dust outbreaks was studied by the Falcon 
research aircraft between Senegal, the Caribbean and Florida under different atmospheric 
conditions. Near Africa, the dust plumes were quite homogenous and extended up to 6-7 
km altitude. In contrast, the dust layers in the Caribbean were mainly below 4 km and 
showed three layers with different dust characteristics. The corresponding aerosol optical 
thickness ranged from 0.2 to 0.6 at 500 nm at Barbados. SALTRACE highlights included 
the formation of tropical storm Chantal in a dusty environment, and the Lagrangian 
sampling of a dust plume in the Cape Verde area on 17 June which was again measured 
with the same instrumentation on 22 June 2013 near Barbados. 
In our presentation, we give an overview of the SALTRACE study and show vertical 
profiles of dust size distributions, CCN and dust optical properties and compare our results 
with the ground-based in-situ, sun photometer and lidar measurements. In particular, we 
discuss the results from the trans-Atlantic Lagrangian dust study and show similarities 
and differences of the dust plumes observed close to the Sahara and in the Caribbean.
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In our study we analyse inorganic particles extracted from human lung tissue obtained 
either during autopsies or biopsies. Most of the patients suffered from dust-related 
pulmonary diseases, such as silicosis, lung carcinoma, asbestosis and mesothelioma. 
We analyse both fibrous and non-fibrous mineral particles with respect to their size, 
mineralogical identity, particle number and the occurrence of ferruginous bodies (FB). 
It is widely known that inhaled mineral dust can cause severe health problems like 
asbestosis, which is caused by the inhalation of fibrous dust from one of the six industrially 
defined asbestos minerals actinolite, amosite, anthophyllite, chrysotile, crocydolite and 
tremolite. However, dust from other fibrous minerals, such as erionite, as well as from 
non-fibrous minerals can also increase the occurrence of lung diseases.
We determine the amount of asbestos fibers and ferruginous bodies in the lung tissue 
and also collect detailed information about the non-fibrous particles, which have so 
far not been systematically analyzed with respect to their occurrence in lung tissue, to 
get as much information about general particle lung burden as possible. 
Another goal is to reassess the WHO method for asbestos-fiber counts, which is 
based essentially on morphological criteria, by adding more detailed chemical and 
mineralogical information obtained from SEM and TEM for the fibrous particles 
present. It was shown that application of the WHO criteria can lead to a falsified result 
when counting asbestos fibers, e.g. for insurance or compensation issues, and that more 
precise analyses of fibers in lung tissue are necessary to reconsider the WHO defined 
dimension criteria (Adib et al., 2013).

Adib, G., Labrèche, F., De Guire, L., Dion, C., Dufresne, L. (2013). Short, fine and WHO asbestos fibers in 
the lungs of Quebec workers with an asbestos-related disease. American Journal of Industrial Medicine 
56, 1001-1014.
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The emission of several airborne particulate matter (PM) is associated with 
occupational contamination that affect workers directly exposed to incineration 
of solid residues of health services1, coal mining2 and also coal burning derived 
from an electric-power plant3, as well as the population living in the vicinity of 
such activities1,2,3, leading to endogenous overgeneration of reactive oxygen species 
(ROS) in different tissues and therefore to a systemic oxidative stress. Several 
biomarkers of oxidative stress, both enzymatic and non-enzymatic, were measured 
in samples harvested from the blood of these workers (n=20) and also from subjects 
indirectly exposed (n=20) living in the vicinities (~5 km) regarding these airborne 
emissions, before and after an antioxidant intervention characterized by a daily 
oral supplementation of vitamins C (500 mg) and E (400 mg) during six months. 
Compared to baseline values, the antioxidant intervention after 6 months was able to 
confer a consistent protective effect against the systemic oxidative insult irrespective 
of the dust source of the airborne contaminants4. The present review indicates that 
an antioxidant intervention could be recommended in order to attenuate the related 
deleterious oxidative consequences in workers directly or indirectly exposed, as 
well as in subjects indirectly exposed to such airborne emissions.

1. Possamai, F.G., Ávila Jr., S., Parisotto E.B. et al. (2009) Ecotoxicology 18:1158-1164.
2. Ávila Jr., S., Possamai, F.G., Parisotto E.B. et al. (2009) Ecotoxicology 18:1150-1157.
3. Wilhelm Filho, D., Ávila Jr., S., Possamai, F.G. et al. (2010) Ecotoxicology 19:1193-1200.
4. Possamai, F.G., Ávila Jr., S., Parisotto E.B. et al. (2010) Environmental Toxicology and Applied 

Pharmacology 30:175-180.
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The Ostrava region of the Moravian-Silesia metropolitan area of the Czech Republic is one 
of the most highly industrialized areas in Eastern Europe having a large number of coke oven 
plants, blast furnaces, steel plants, and rolling mills. Owing to its heavy industrialization and 
geographical setting bordered by the Beskydy and Jeseniky mountain ranges, Ostrava is 
susceptible to weather-related pollution inversions which result in exceedances of the PM10 
and PM2.5 air quality standards with 24-h concentrations reaching as high as 281 and 266 
µgm-3, respectively, in 2012. 
The Czech Hydrometeorological Institute (CHMI) in collaboration with the U.S. 
Environmental Protection Agency conducted a multi-pollutant source apportionment study 
in 2012 to quantify the impact of regional as well as local sources on air quality in the Ostrava 
metropolitan area. Samples were analyzed for inorganic species (XRF), PAHs, organic and 
elemental carbon and pollutant gases for seven-week periods during the summer of 2012 
and the late fall/early winter of 2012 at three monitoring locations: an industrial suburban 
site typically downwind of a major industrial facility; a residential area typically upwind 
of the same industrial facility, and a background suburban residential area. In addition, 
passive aerosol samplers [1] were deployed at the three ambient monitoring sites for three 
successive two-week periods during both the summer and late fall/winter campaigns.
This presentation discusses the use of passive aerosol sampling coupled with computer-
controlled scanning electron microscopy (CCSEM) to enhance understanding of PM sources 
in the Ostrava study and to assist in the interpretation and confirmation of PMF modeling 
results. In addition to ambient sampling, passive samplers were deployed near suspected PM 
sources in order to develop quasi-source signatures for the following sources: blast furnace, 
sintering plant, steel works, coke plant, mobile sources, and home heating. Samples of bulk 
slag dust generated in steelmaking were also collected. Samples were analyzed by CCSEM 
coupled with energy-dispersive X-ray spectrometry (EDS) to yield the size, composition 
and morphology of individual particles. Analysis of the source samples yielded an atlas of 
source-related particle types that was used to directly assess the impact of different sources 
at the ambient monitoring sites as well as to help interpret source-related factors generated 
by PMF (positive matrix factorization) modeling. Carbonaceous aerosols prove particularly 
challenging to apportion because they are generated by multiple sources (home heating, 
coke ovens, mobile sources, biogenic pollens/spores). CCSEM results obtained at the three 
monitoring sites show significant spatial variability in PM concentrations and relative 
source contributions.

1. Wagner J., Leith D. (2001). Passive Aerosol Sampler. Part I: Principle of Operation. Aerosol Sci. Technol., 186-192.
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Precise age-depth relationships for marine sediment cores are essential for 
reconstructing paleoceanographic changes. This is particularly true when evaluating 
changes during time periods of short-term pronounced climatic events like the last 
deglaciation. Common dating techniques bear a number of uncertainties that may 
result in poorly constrained age models in some regions of interest in the global ocean. 
Here we present an alternative chronostratigraphy technique, based on identifying 
abrupt changes in eolian dust input recorded in marine sediment cores, and tying these 
with the well-dated dust record from polar regions.
To highlight the potential of this chronostratigraphic technique, we present a 4He-
based dust flux record from a marine sediment core from the western Subarctic North 
Pacific. As recently demonstrated in a core-top sediment survey (Serno et al., 2014), 
4He is a robust indicator of eolian dust input in the Subarctic North Pacific. We show 
that abrupt changes in the high-resolution 4He downcore record from SO202-7-6 can be 
tied to transitions observed in the NGRIP dust concentration record to provide a robust 
age-depth relationship in this core and - in combination with radiocarbon-based age 
constraints - to construct an age model for the last ~30 kyrs. This chronostratigraphic 
technique further allows us to independently constrain radiocarbon paleoreservoir 
ages.
We present examples of dust records from other ocean basins (e.g., the Subantarctic 
Southern Ocean, North African margin) showing good correlations with ice core 
records of eolian dust supply from Greenland or Antarctica, and illustrating the 
promising potential of eolian dust records as a chronostratigraphic tool in marine 
sediment cores in different regions of the global ocean.

Serno, S., Winckler, G., Anderson, R.F., Hayes, C.T., McGee, D., Machalett, B., Ren, H., Straub, S.M., 
Gersonde, R., Haug, G.H. (2014). Eolian dust input to the Subarctic North Pacific. Earth and Planetary 
Science Letters 387, 252-263.
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Knowledge of seasonal climate change is one of the key issues facing Quaternary 
paleoclimatic studies and estimating seasonal climate change is difficult, especially 
changes such as seasonal length on glacial-interglacial timescales. The stable isotope 
composition from seasonal land snail shells provides the potential to reveal seasonal 
climatic features. Two modern land snail species, cold-aridiphilous Pupilla aeoli 
and thermo-humidiphilous Punctum orphana, were collected from different climatic 
zones in 18 localities across the Chinese Loess Plateau, spanning 11 degrees of 
longitude and covering a range of 1000 km2. The duration of the snail growing season 
(temperature ≥10°C) was longer (202 ±6 d) in the eastern Loess Plateau compared 
with in the western Loess Plateau (162 ±7 d). The δ13C of P. aeoli shells was −9.1 
to −4.7‰ and −5.0 to 0.3‰ for δ18O. For P. orphana, the δ13C ranged from −9.1 to 
−1.9‰ and −8.9 to −2.9‰ for δ18O. Both the δ13C and δ18O differences between the 
two snail species were reduced from the east to the west Loess Plateau (2.8‰ to 0.2 
±1.1‰ for δ13C and 4.7‰ to 2.9 ±1.3‰ for δ18O). These isotopic differences roughly 
reflect the difference in the growing season lengths between the east and west Loess 
Plateau indicating that the duration of the snail growing season shortens by 15 d or 19 
d if the difference decreases by 1‰ in δ13C or δ18O, respectively. Thus, the difference 
in δ13C and δ18O between both snail species can be used to reveal the length of the snail 
growing season in the past. Based on our investigation, the length of the snail growing 
seasons from the Xifeng region during the last 75 ka was reconstructed. During the 
mid-Holocene (8-3 ka), the mean isotopic difference from both snail species reached 
maximum values of 2.6 ±0.7‰ and 2.1 ±1.4‰ for δ13C and δ18O, respectively. This 
was followed by MIS 3 that ranged from 2.5 ±0.4‰ for δ13C and 1.6 ±0.8 ‰ for δ18O. 
The Last Glacial Maximum changed by only 0.2‰ and 0.4 ‰ for δ13C and δ18O, 
respectively. Therefore, we estimate that the duration of the snail growing seasons to 
be ~200 ±10 d during the mid-Holocene, 190 ±6 d in MIS 3 and 160 ±3 d during the 
last glacial period.
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The dustiness on the remote Tibetan Plateau (TP) and its trend within the ongoing 
global warming perspective are not well understood. Ice cores from the central 
(Tanggula, 33.1N, 92.1E, 5743m) and southeast (Zuoqiupu, 29.2N, 96.9E, 5565m) 
TP show a warming trend since the 1960’s, as revealed by oxygen isotope records. 
The microparticle record in the two cores provides the history and the current variation 
of dustiness over the TP. Seasonal variation of dust concentration (grain size) from 
different sites indicates that they have the different source regions. Modern dust storm 
events in the central TP (Tanggula ice core) most frequently occur from December 
through April. While in the southeast TP (Zuoqiupu ice core), high dust load and 
coarse particle size occur during spring, especially in May, which is in accordance 
with the frequent dust storm events in South West Asia and southern TP, and with the 
satellite aerosol optical depth. These seasonality favours the ice core dating.
The increasing trend in dust mass and flux records in the Tanggula ice core indicates 
that drought condition on the TP has become active since the 1960s. While Zuoqiupu 
ice core shows a continuous increasing trend in the dust concentration since 1935 and 
this trend intensified since the 1980’s. The strengthened high-level westerlies over 
the TP and intensified low pressure activities in the upward potential source regions 
are the possible causes for high dust flux in Tanggula. While the increased dust storm 
events in the source regions, such as Iran, are possibly responsible for the enhanced 
dust concentration since the 1980’s.
The dust intensified trend in the two ice cores is accompanied with warming, 
suggesting that global and local warming can enhance the dust load on the central 
TP and the southwest Asia arid regions over the past decades. Although this dustier 
condition is not comparable to that during the end of the Little Ice Age, the enhanced 
dust deposition on glacial surface might result a strengthened melting along with the 
temperature increasing.
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Istanbul is an exceptional city with its location, culture and population, since it is 
of the most populated, over 16 million, megacities in the world; connecting two 
continents, Asia and Europe; located on an air corridor by receiving and distributing 
pollutants over long distances; high density commerce and trade centre in the region; 
covering large industrial regions and activities; and still developing by vastly active 
civil construction. The fastest growing and urbanizing part of the city is located at 
the South-West region of the city. That region covers Esenyurt, Beylikdüzü and 
Büyükcekmece provinces, and it has a lot of residential and industrial areas in close 
proximity. Accordingly, these entire properties make this region is very attractive 
place for field and research studies related to air pollution and its impacts on local, 
regional and global environments.

By the motivation of above mentioned factors, we have initiated a new project over 
the South-West region of the city in several (10) air pollution monitoring stations. The 
main purpose of this project is to understand physical, chemical, and morphological 
characteristics of single particles collected in the region and their differences with 
regarding to their source characteristics. 

This project includes a novel passive sampling methodology which enables us to 
collect coarse sized airborne aerosol on a smooth surface as a single layer formation. 
Then, the collected samples can be easily analysed to characterise their morphologic, 
physical and chemical structures at single particle level using HR-SEM-Scanning 
Electron Microscope and EDS(EDX)-Energy Dispersive X-photon Spectroscopy, 
namely SEM-EDX method. In addition to this mentioned method, another separate 
sampling procedure based on an EPA approved standard method is conducted. The 
second data set is initially planned to test the collection performance of the proposed 
passive sampling method. 

In this presentation, the proposed passive sampling methodology will be introduced, 
and preliminary results of the physical, chemical and morphological properties of the 
analysed single particles and their potential sources will be given and discussed in 
details. 
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statement of the problem. Mineral dust contributes significantly to the atmospheric 
aerosols and impacts the climate directly and indirectly. Dust has a major impact on 
the radiation budget directly (Mallet, Tulet et al. 2009) and interacts with radiation 
by backscattering and absorption as well as having major impact on human health, 
marine biogeochemistry, soil fertility and air quality (Prospero and Mayol-Bracero 
2013). In order to understand the regional dust transport pathways and estimate the 
impacts of regional dust on human life, economy and climate, it is necessary to know 
the sources, location, extent, magnitude and geomorphological characteristics.
goal. The goal of this research is to deploy an enhanced automated dust mapping 
and monitoring tool for the Middle East region using MSG SEVIRI data. The tool 
will allow for routine detection and mapping of Sand and Dust Storm in the region. 
Historic MSG SEVIRI data were analysed to develop time series of dust storm extent 
and magnitude. 
approach. First, the developed dust monitoring tool relies on three different product, 
namely, a) an red-green-blue (RGB) composition of 1.6, 0.8 and 0.6 µm reflectance 
in the red, green and blue beams, respectively to provide visual aid for identifying 
the presence of dust storm. b) a false colour composite image which uses thermal 
channels only to present dust emissions. In this colour scheme dust usually appears 
to be pink, c) a threshold based technique can be used for dust detection by using 
selected wavelength channel combination and fixed thresholds. This method employs 
primarily the difference between thermal channels.
results. We analysed the effect of the diurnal change in surface and air temperatures 
and its effect of dust emission and the performance of the detection using a threshold 
based techniques. We compared the developed dust maps with Moderate Resolution 
Imaging Spectroradiometer (MODIS) deep blue product and validated it against the 
in situ observation from Aerosol Robotic Network (AERONET) station in the UAE 
and elsewhere in the region.
The spatial pattern retrieved by using the threshold technique are in good agreement 
with MODIS-based products.

Banks, J. and H. Brindley (2013). “Evaluation of MSG-SEVIRI mineral dust retrieval products over North 
Africa and the Middle East.” Remote Sensing of Environment, 128, 58-73.

Lensky, I. and D. Rosenfeld (2008). “Clouds-aerosols-precipitation satellite analysis tool (CAPSAT).” 
Atmospheric Chemistry and Physics, 8, 6739-6753.



460 DUST2014 - 1st International Conference on Atmospheric Dust - Italy

estimation of extinction-to-backscatter ratio 
of Dust particles from calipso, aeronet, anD 

moDis measurements

soon-cHang yoon*, Man-Hae KiM, sang-woo KiM

School of Earth and Environmental Sciences, Seoul National University, Seoul, 151-747, Rep. of Korea
*yoon@snu.ac.kr

Lidar is a useful instrument, which can provide vertical distribution of dust particles. 
Dust aerosols can be easily recognized from lidar-derived particle depolarization ratio 
due to its non-spherical shape. For example, aerosol subtype classification for dust is 
the most accurate in CALIPSO algorithm [Burton et al., 2013]. However, we need to 
know the extinction-to-backscatter ratio (so called, lidar ratio), which depending on 
particle physical and chemical properties (e.g., size, shape, chemical composition), to 
calculate aerosol extinction profiles. In this study, we present lidar ratio of dust particles 
determined from simultaneous ground-based lidar, space-borne CALIPSO, AERONET 
sky radiometer, and MODIS measurements. Aerosol optical depth (AOD) obtained from 
AERONT sky radiometer and MODIS are used as a constraint for the retrieval of dust 
particle lidar ratio. In this study, an extinction-to-backscatter ratio has finally determined 
when the discrepancy of AOD between ground-based lidar/CALIPSO and AERONET/
MODIS is less than 0.5%. The lidar ratio at 532 nm for dust conditions are estimated 
to be 51.7±13.7 sr using 4-year measurements of ground-based elastic-backscatter lidar 
[Kim et al., 2008] and sun/sky radiometer at Seoul National University of Seoul, Korea. 
The mean lidar ratios at six locations (Seoul, Gosan, Fukue, Osaka, Chiba, and Tsukuba) 
during the Distributed Regional Aerosol Gridded Observation Networks (DRAGON) - 
NE Asia 2012 campaign from ground-based lidar and sky radiometer are estimated to 
be 60~70 sr. During the dust event on 27-29 April 2013, the lidar ratio is decreased to 
50~60 sr, which is consistent with other previous studies in East Asia [e.g., Catrall et 
al., 2005]. From a synergy of CALIPSO and AERONET, the lidar ratio for Saharan/
Arabian dust is estimated to be 47.45±16.52 sr, which is similar to thoes reprorted for 
Asain dust particles. Lastly, using 1-yr CALIOP and MODIS measurements together, 
the lidar ratio of dust particle is retrieved as 46.32±14.44 sr. All the lidar ratios for dust 
aerosol retrieved in this study using AOD constrained method show larger values than 
currently used lidar ratio for dust in CALIOP algorithm (40 sr), which suggests that dust 
lidar ratio in CALIOP algorithm is underestimated and need to be increased. Detailed 
results will be presented.

Cattrall, C., Reagan, J., Thome, K., and Dubovik, O., 2005: Variability of aerosol and spectral lidar and 
backscatter and extinction ratios of key aerosol types derived from selected Aerosol Robotic Network 
locations, J. Geophys. Res., 110, D10S11, doi:10.1029/2004JD005124.

Burton, S. P., Ferrare, R. A., Vaughan, M. A., Omar, A. H., Rogers, R. R., Hostetler, C. A., and Hair, J. W. 
Hair (2013). Aerosol classification from airborne HSRL and comparisons with the CALIPSO vertical 
feature mask, Atmos. Meas. Tech. Discuss., 6, 1815-1858, doi:10.5194/amtd-6-1815-2013.

Kim, S.-W., Berthier, S., Chazette, P., Raut, J.-C., Dulac, F., and Yoon, S.-C. (2008). Validation of aerosol 
and cloud layer structures from the space-borne lidar CALIOP using Seoul National University ground-
based lidar, Atmos. Chem. Phys., 8, 3705-3720.
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We have performed sedimentological, particle surface texture and geochemical 
studies on peat sequences from eastern Tibetan Plateau. The results showed that there 
have been eolian dust inputs to the studied wetlands, thereby providing an opportunity 
to reconstruct the history of dust variations during the Holocene. Here, we use the dust 
flux and the content of trace metallic elements in a peat sequence from Hongyuan 
Swamp (32°46.7′N, 102°31.0′E) to show the dust variations in this region. Our results 
showed that the dust inputs to the wetland were mainly influenced by the intensity of 
Asian winter monsoon. Generally, the variation of dust flux matches well with that of 
solar insolation. Seven intensified dust flux events, correlating to the cold events in the 
North Atlantic Ocean realm, can be identified in the sequences of both dust flux and 
elements content since 11 cal. ka BP.
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We performed a long-term inverse modeling of Asian dust emission with MODIS 
coarse-mode aerosol optical thickness (AOT) and the aerosol 4D-Var data assimilation 
system (Yumimoto and Takemura, 2013). Gridded (T42 horizontal resolution; 
approximately 2.8° × 2.8°) and daily dust emissions in 2005-2012 were optimized. 
We estimate that dust emissions (rates of increase from a priori emissions) from the 
Gobi desert in 2005-2012 are 234 (-16), 449 (+20), 378 (-13), 283 (±0), 301 (+31), 
280 (+45), 222 (-37), and 361 Tg (+9%), respectively. A posteriori emission exhibits 
inter-annual variation and significant negative correlations with snow cover and sea 
level pressure (SLP) over north-central China. 
Independent validation with observation data not used in the inverse modeling is 
crucially important. Modeled dust concentrations with a posteriori emission show 
better agreement with vertical profiles of extinction coefficient observed by in-situ 
and space-based lidars and the observed dust day counted by in-situ sites of JMA 
(Japan Meteorological Agency). 
We analyze characteristics of Asian dust using the inversion results. A posteriori 
dust concentrations show four types of transport paths (north, south, broad and two 
streams). In 2006 and 2008, Asian dust is transported around 40°N. On the other 
hand, southern transport paths (around 30°N) are found in 2007 and 2012. Dust mass 
transported to North America and deposition amount over the Pacific Ocean exhibit 
inter-annual variations. Total dust mass passed the longitude plane at 130°W in 2006 
is about 56% larger than that in 2010. A posteriori dust depositions in the eastern and 
western Pacific in 2005-2012 are 9.3-16.5 and 2.6-4.1 Tg with significant standard 
deviations of 2.4 and 0.5 Tg, respectively. The long-range transported dust and dust 
deposition show moderate correlation with dust emission. This indicates that not only 
dust emission but also meteorological field (e.g., wind and precipitation) attribute the 
inter-annual variations. 
We also investigate impacts of Asian dust on Direct Aerosol Radiative Forcing 
(DARF) and PM2.5 concentration in East Asia with the inversion results. A posteriori 
DARF exhibits the different trend and larger inter-annual variation compared with a 
priori one. 

Yumimoto K., and Takemura, T. (2013). The SPRINTARS version 3.80/4D-Var data assimilation 
system: development and inversion experiments based on the observing system simulation experiment 
framework, Geoscientific Model Development, 6, 2005-2022.
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Coccidioidomycosis (valley fever) is a systemic infection caused by inhalation of 
airborne spores from Coccidioides immitis, a soil-dwelling fungus found in the 
southwestern United States, parts of Mexico, and Central and South America. Dust 
storms help disperse C. immitis so risk factors for valley fever include conditions 
favorable for fungal growth (moist, warm soil) and for aeolian soil erosion (dry soil and 
strong winds). Understanding the role climate plays in valley fever outbreaks is timely 
and important since many Californian counties are currently experiencing the highest 
valley fever incidence rates since the previous epidemic of 1991—1995. We analyze 
and intercompare the seasonal and interannual behavior of valley fever incidence and 
climate risk factors for the period 1980—2013 in Kern County, California, the US 
county with highest reported incidence.

Our analysis of the previous epidemic finds weak but statistically significant links 
between disease incidence and antecedent climate conditions. Precipitation anomalies 
eight and twenty months antecedent explain only up to 4% of monthly variability in 
subsequent valley fever incidence during the 23 year period tested. This is consistent 
with previous studies suggesting that C. Immitis tolerates hot, dry periods better 
than competing soil organisms, and, as a result, thrives during wet periods following 
droughts. Furthermore, the relatively small correlation with climate suggests that the 
causes of valley fever could be largely anthropogenic in Kern County. Using another 
decade of data, we will update this analysis to cover the current epidemic, which 
appears to be the strongest on record.

Zender, C, Talamantes, J. (2007). Climate controls on valley fever incidence in Kern County, California, 
Int. J. Biometeorol., 59(3), 174-182, doi:10.1007/s00484-005-0007-6.
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Gobi deserts, deserts and sand fields in Northern China and their surrounding areas 
are proposed as persistent sources of wind-blown mineral dust. In China, they are also 
regarded as potential sources of loess on the Chinese Loess Plateau (CLP), the most 
detailed terrestrial achieve of paleoclimate change over the late Cenozoic. However, in 
spite of an increasing number of new methods applied in tracing the dust material, the 
precise source area of Chinese loess is still controversial. As it is located immediately 
to the north-west of the CLP, further material characterisation of Mu Us is needed to 
find out whether it is one of the immediate source of CLP. Here we report new results 
from 11 detrital zircon U-Pb samples and depositional process analyses to study the 
dune sediment distribution feature on the modern Mu Us sand field and the sediment 
origin. The results suggest that overall the samples are a mixture of material from the 
Central Asia Orogenic System (CAOS), Central Orogenic Belt (COB) and North China 
Craton (NCC) settings to the northwest, southwest and underlying the Mu Us sand 
field respectively. In order to discriminate material from different settings, we classify 
zircon grains aged between 250 Ma to 380 Ma as the CAOS group, those older than 
1500 Ma as the NCC group, while the others are the COB group. From this it can be 
seen that the sediment origin is anisotropic within the Mu Us dune field. Specifically, 
it can be divided into three parts; the south, the north and the north-east of the dune 
field. Sediment in the south part of the desert, with approximately half of the material 
originating from the COB, is mainly derived from the transportation via the Yellow 
River. As for the material in the northern part of the dune field, sediments from the 
CAOS and the NCC make up the largest part, indicating that they are primarily sourced 
from the palaeo sandstone underlying the dunes. Further, dune sand near the river 
valley in the north-east part of the desert is dominated by NCC material, suggesting a 
local origin as well. Thus, sediment in the Mu Us sand field is principally sourced by 
the surrounding river systems and underlying rock. Moreover, by comparing the zircon 
U-Pb age distributions of the sediments in the Mu Us dune field with others such as 
those in the Tengger desert and the CLP, we could conclude that the loess deposit in 
CLP is probably connected with the sediments in Mu Us sand field.
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Hanjiang River, located to the south of Qinling Mountains which is a natural 
geographical boundary between Northern and Southern China, is one of the most 
important tributaries of Yangtze River. Presently, climate in the Hanjiang River 
catchment is controlled by typical subtropical monsoon circulation. In recent years, 
we have found a large amount of loess deposits and tens of thousands of lithic artefacts 
buried in the loess stratum in the Hanjiang River catchment, showing this region 
was occupied by intensive humans during the Pleistocene. The loess deposit in the 
catchment of Hanjiang River is much thinner than that of the Chinese Loess Plateau, 
and distributed on various landforms. It deposited in intermountain basins and on 
river terraces, with a thickness of around 20 meters, while, the loess on mountains 
or high reliefs are always several meters in thick. There are distinct loess-paleosol 
alternations in the loess sequences. However, these loess deposits are not investigated. 
Compared with the loess along South Luo River which is located in north side of 
the Qinling Mountains, differences in dust sources and environmental changes are 
easily to be seen. In this study, after intensive field reconnaissance, four representative 
loess sections were selected and systematically analyzed. They are the Longgangsi, 
Nanzhai and Hujiawan sections in Hanzhong Basin, and Wutaicun section in Ankang 
Basin, respectively. Grain-size, major and trace geochemical elements and the Sr-Nd 
isotopic composition were measured in order to identify loess origin and provenance. 
Meanwhile, use the magnetic susceptibility, organic carbon isotopic composition to 
reconstruct the past climate changes and vegetation evolutions during the Pleistocene. 
Our results show that the loess in the Hanjiang River catchment has a typical 
eolian origin and the proxy indicators can reflect environmental changes during the 
Pleistocene.

We will present the in detailed results in this conference.
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The Tibetan Plateau, with an average altitude of 4 km, its snow/ice form high altitudes 
becomes a unique medium to record and preserve the middle and upper tropospheric 
dust aerosols. Snow and ice-core samples (the upper part) and atmospheric dust aerosol 
samples were collected from 11 locations with different aerosol optical thicknesses 
surrounding the Tibetan Plateau. The size distribution, morphology, mineralogy and 
optical properties of more than 20,000 individual dust particles in snow/ice were 
obtained by the single particle technique of scanning electron microscopy (SEM). 
As the dust particles are mostly the aggregates of sub-particles of wide-ranging 
mineralogy and size in varying ratios. Thus, quantitative mineralogical analysis of 
single dust particle is practically impossible. However, the mineral types dominating 
dust particles can be reliably estimated manually from the EDX, compared with the 
spectral pattern of reference mineral particles. In this study, we developed a new 
flowchart method for dealing with the numerical data of oxides form the EDX to 
quickly identify the dominating mineral types of the individual dust particles. The 
accuracy of this method was also compared with the manually method (Kennth, 
2004) and the atomic ratio method of (Donarummo et al., 2003).The statistical results 
showed that the mineral phases of dust particles in snow/ice was up to 30 types, 
and clay minerals are the most abundant component with a content of 57.43%. Clay 
minerals in all samples had a low degree of weathering, which mainly composed 
of illite, chlorite and their mixed-layer minerals. The log-normal size distributions 
were fitted from the artificial single particle size measurements with an average mode 
radius of 0.69 μm. The average aspect ratio (AR) is 1.63 and the average circularity 
(CIR) is 1.26. The AR value is consistent with the average AR of 1.64 from African 
dust, indicating that the naturally occurring particles have an aspect ratio around 1.60. 
The derived 8-5-2 three-dimensional morphological model of single dust particle 
from Monte Carlo stochastic simulation method can effectively simulate the irregular 
and angular morphology of the real dust particle. The average complex refractive 
index of samples is 1.58 +0.0013i at 550 nm. The impact from mineral composition 
to the imaginary part of complex refractive index is about 30%, but in fact, to the real 
part is only about 2.5%.

Kenneth P.S., (2005), Energy Dispersive Sperctrometry of Common Rock Forming Minerals, 
Kluwer Academic Publishing, Norwell.,1-225

Donarummo J., Ram M. and Stoermer E.F., (2003), Possible deposit of soil dust from the 1930’s 
U.S. dust bowl identified in Greenland ice, Geophys. Res. Lett., 30(6), 1269.
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As the world’s second largest mobile sand sea and one of the most important sources 
of dust to the global aerosol system, the formation of the Taklimakan Desert marks a 
major environmental feature in central Asia during the Cenozoic. Determining when 
and how the desert formed holds the key to better understanding tectonic-climatic 
linkages in this region. However, the time at which the Taklimakan Desert came into 
existence remains controversial, with estimates ranging from only a few hundreds of 
thousands to a few million years ago. Evidence of desertification in the geological 
past is preserved in the sedimentary sequences within and along the margins of 
the Tarim Basin in which the desert is found. Dating these terrestrial sedimentary 
rocks has previously largely been hampered by lack of suitable dating material. 
Recent geochronological work, mostly based on magnetostratigraphy, proposed an 
approximately latest Miocene to earliest Pliocene initiation, ~7 Ma. In this study, we 
applied theAr/Ar method to precisely date a volcanic tuff preserved in the upper part 
of the stratigraphy and thus constrain the timing of the initial desertification to be 
Early Miocene, ~20-24 Ma. We suggest that the Taklimakan Desert was formed as a 
direct response to a combination of widespread regional aridification and increased 
erosion in the surrounding mountain fronts,both of which are closely linked to the 
tectonically driven surface uplift of Tibetan Plateau, which had reached a climatically 
sensitive threshold at this time.
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Ship diesel PM-emissions contribute substantially to adverse health effects in coastal 
regions. In this study the chemical composition and the biological effects on human lung 
cell-cultures of the PM-emissions from a ship diesel engine running either on diesel 
fuel (DF) or heavy fuel oil (HFO) were comprehensively characterized. The HFO-PM 
emissions contained more particles, toxic transition metals (V, Ni, Fe etc.) and organic 
chemicals (e.g. PAH) whereas rather pure soot (elemental carbon) dominated the DF-
emissions. A new ALI air-liquid-interface (ALI) exposition system and a mobile S2-
biological laboratory were developed for these experiments. Human alveolar basal 
epithelial cells (A549 and BEAS2B) were ALI-exposed to fresh, diluted ship diesel engine 
aerosols (1:40 -1:100) and subsequently were toxicologically and molecular-biologically 
characterized. Stable isotope labelling technologies (13C6-Glucose/metabolomics, 2H4-
Lysine/SILAC-proteomics) were used for high sensitivity and detection accuracy of 
molecular-biological effects, even at sub-acute toxicity effect PM-dose levels. Filtered 
aerosol was used as gas-reference for the isotope labelling based method (SILAC). Thus 
the biological effects of HFO- and DF-PM can be directly compared. Monitoring of the 
cellular response using transcriptomics, proteomics and metabolomics revealed reactions 
especially in inflammatory, oxidative stress and protein synthesis pathways. Surprisingly 
DF-PM is showing a broader biological reaction on the transcriptomic, proteomic and 
metabolomic level if compared to an equal dose of HFO-PM. In conclusion, HFO- 
and DF-usage in shipping both evoke harmful health effects. The currently promoted 
switching from HFO to DF in coastal areas without also eliminating elemental carbon-
emissions by filtration may be not sufficient from a public-health perspective.

This work/HICE (www.hice-vi.eu) is supported by the Helmholtz Association (HGF).
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