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S1   Supplementary information relating to materials and methods 

S1.1 Inlet aspiration and transmission efficiency with particle loss corrections  

According to von der Weiden et al. (2009), the following aspects have to be considered in terms of particle 

loss mechanisms: 

(i) Isoaxial sampling: The TSP inlet head at the ATTO site aspires air from all directions.  

(ii) Isokinetic sampling: At the ATTO site, the wind speed at the TSP inlet head typically varies in the 

range 2.0 ± 0.5 m s
-1

 (mean ± one standard deviation). Accordingly, the sampling took place in 

moving air, which probably caused unavoidable biases due to non-isokinetic sampling.   

(iii) Sedimentation: Sedimentation losses occur in inclined tube sections for particles >0.5 µm. The 

horizontal distance between the inlet head and instruments has been reduced as far as possible (i.e., 

the instrument container is located right at the foot of the mast) to minimize the length of inclined 

sections and, thus, sedimentation losses in the tubes. However, the remaining effect of the 

sedimentation (i.e., of large particles) is the dominant loss mechanisms in this context. The 

subsequently presented loss correction functions take this effect into account. 

(iv) Diffusion: Diffusive losses due to Brownian motion of particles and their adsorption at the tube’s 

walls is relevant for particle sizes <100 nm and can be neglected here. 

(v) Turbulent inertial deposition: The flow rates in the inlet have been optimized to minimize the 

residence time of the air in the tubes (~90 sec) as far as the laminar flow regime allows (Reynolds 

number Re < 2000) (Seinfeld and Pandis, 2006; Baron et al., 2011).  

(vi) Inertial deposition in bends, contractions, and/or enlargements: Sharp bends in the tubes have been 

avoided. The numbers of contractions and enlargements in the tube diameter have been minimized. 

The unavoidable inertial deposition effects in this context are covered by the loss correction 

functions. 

(vii) Electrostatic deposition: The entire inlet system is grounded and consists of electrically conducting 

materials (i.e., stainless steel and conducting rubber tubes) to avoid electrostatic deposition. 

(viii) The effects of thermophoresis, diffusiophoresis, interception, and coagulation can be neglected in the 

context of the present study.  

Although the inlet design has been optimized to achieve a maximum sampling efficiency, a certain extent of 

particle losses is unavoidable. Thus, we calculated the effective aerosol transmission (i.e., for the OPS size 

range) in the inlet by using the particle loss calculator (PLC, version 2.0) software package that has been 

developed by von der Weiden et al. (2009). For these calculations, we implemented the design of the aerosol 

inlet at the ATTO site into the PLC. Note that the inlet configuration (i.e., the design of aerosol dryer) has 

been modified twice, in May 2014 and January 2015. Inlet modification became necessary due to the 

growing number of online instruments at the aerosol inlet. Specifically, the drying system was upgraded, 

which impacted the overall geometry of the split and distribution of sample air to the individual instruments 

inside the laboratory container. Accordingly, three different inlet designs have been used throughout this 

study (see Fig. 1). The PLC calculations were conducted for all three designs to account for the respective 
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design differences. Furthermore, aerosol losses were calculated with a constant temperature of 30°C and a 

pressure of 1013 hPa, in order to reflect the conditions in the air-conditioned container. 

Besides the inlet design, the properties of the actual aerosol particles (i.e., their shape and density) have 

a significant influence on their aerodynamic properties, inertial effects, gravitational settling, and, thus, the 

inlet transmission function. However, the particle’s shape and density are typically unknown for the 

complex ambient aerosol population. Thus, a standard density of 1 g cm
-3

 (ρ1.0) and a standard shape factor 

of 1 (corresponding to spherical particles) were applied here. For the coarse mode aerosol at the ATTO site 

it is known that PBAP, mineral dust, and sea salt represent the dominant constituents (see Sect. S2.2). 

Accordingly, we conducted a sensitivity test regarding the density’s influence on the PLC results. Table S1 

summarizes measured densities as reported in the literature. Based on these values, we selected the 

following densities as test cases: (i) A lower limit density of 0.85 g cm
-3

 (ρ0.85) was chosen and corresponds 

to typical pollen densities and therefore represents ‘light’ PBAP particles. (ii) The standard density of 1 

g cm
-3

 (ρ1.0) was chosen as ‘best guess’ for typical PBAP densities. (iii) A density of 1.2 g cm
-3

 (ρ1.2) 

represents (an upper limit of) typical fungal spore densities. (iv) A large density of 2.0 g cm
-3

 (ρ2.0) as a 

representative density for pure mineral dust and sea salt particles.  

Figure S1 show that the aerosol transmission function starts at about 1 (full transmission) for particle 

around 0.7 µm and then declines with increasing particle size. It can be seen that the choice of the particles 

density (i.e., ρ0.85, ρ1.0, ρ1.2, and ρ2.0) for the PLC has a much larger effect on the resulting transmission 

functions than the three different inlet designs at the ATTO site that we implement into the calculation. 

While the specific designs of the inlet systems can be implemented into the PLC rather precisely, the 

assumed average density introduced an inherent uncertainty into the calculation. Throughout the study, ρ1.0 

was chosen as the default representation of the average properties of the coarse mode particles at the ATTO 

site (compare Table 1). We have used ρ1.0 in both, the PLC correction as well as in the conversion of number 

size distributions to mass size distributions. However, we are aware of the fact that this choice may 

underestimate the total aerosol mass concentration (M) during episodes when mineral dust advection 

prevails (i.e., when densities approach ρ2.0) and potentially overestimates M during episodes with prevalence 

of ‘light’ bioaerosols (e.g., pollen with densities close to ρ0.85). For ρ1.0, the 50 % transmission efficiency of 

the aerosol inlet is nominally >10 µm.  
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S2 Supplementary text 

S2.1 Aitken and accumulation mode properties in the Amazon 

The Aitken mode is located at ~0.07 µm diameter and its number concentrations NAit ranges from ~100 to 

~500 cm
-3

 (Martin et al., 2010; Andreae et al., 2015; M. Pöhlker et al., 2016). Aitken mode particles in the 

Amazon are thought to originate at least in part from aerosol nucleation in the upper troposphere (Andreae et 

al., 2017), being subsequently transported into the boundary layer by vertical downdrafts as described in 

Krejci et al. (2003) and Wang et al. (2016). Particles at this size predominantly consist of organic 

constituents (Sun and Ariya, 2006; Chen et al., 2009; M. Pöhlker et al., 2016). A characteristic feature in the 

Amazonian atmosphere is the lack of particles smaller than Aitken mode size (i.e., <0.04 µm). This is in 

stark contrast to most other continental sites (i.e., with varying extents of fossil fuel combustion influence), 

which typically reveal a pronounced nucleation mode (e.g. < 0.02 µm) (Dusek et al., 2006; Kalafut-

Pettibone et al., 2011).  

The accumulation mode is typically the dominant mode in terms of number concentrations. Its 

maximum is located at ~0.150 µm, and the concentration Nacc ranges from ~100 to ~1500 cm
-3

 (Andreae et 

al., 2015; Pöhlker et al., 2016). Accumulation mode aerosol originates from aging of Aitken mode particles 

(i.e., condensational growth and/or cloud processing) (Zhou et al., 2002; Pöschl et al., 2010) and combustion 

emissions (Remer et al., 1998). Under pristine conditions, Amazonian accumulation mode particles are 

predominantly organic as they contain substantial contributions of secondary organic matter (SOM) from 

boundary layer oxidation of volatile organic compounds (VOC) as well as minor contributions from direct 

biogenic emissions (C. Pöhlker et al., 2012; Yañez-Serrano et al., 2014; Chen et al., 2015). During the dry 

season, the accumulation mode contains a major fraction of pyrogenic particles (Janhäll et al., 2010; Brito et 

al., 2014). Note that about one third of the aerosol is inorganic (ionic species) with a higher fraction of 

inorganics in the wet season (Artaxo et al., 1993; Rissler et al., 2006; Andreae et al., 2012). Two recent 

studies by M. Pöhlker (2016; 2017) showed that the accumulation mode includes the majority of cloud 

condensation nuclei (CCN) at typical water vapor supersaturations. 

In contrast to the Aitken and accumulation modes, coarse mode particles occur in significantly lower 

number concentrations. The coarse mode concentration, Nc, mostly varies around ~0.5 cm
-3

 (Huffman et al., 

2012; Whitehead et al., 2016). While the coarse mode contributes just a small fraction to the overall aerosol 

number concentration (less than 0.1 %), it constitutes a substantial, sometimes dominant, fraction of the total 

aerosol mass concentration, which may sum up to 70 % (Martin et al., 2010).  

 

S2.2 Major sources of Amazonian coarse mode particles 

S2.2.1   Primary biological aerosol particles 

Primary biological aerosol particles (PBAP), also called bioaerosols, represent a substantial fraction of the 

coarse mode aerosol worldwide (Després et al., 2012; Fröhlich-Nowoisky et al., 2016). Bioaerosols typically 

comprise a complex mixture of microorganisms (e.g., bacteria, algae), reproductive units (e.g., pollen, 

fungal spores, viruses), as well as various organism fragments and debris. These particles cover a wide size 
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range from few nanometers to ~100 µm (Pöschl and Shiraiwa, 2015). Over the last decades, bioaerosols 

have received a lot of attention in the atmospheric science community due to their relevance in several 

climate and health-related processes. For instance, several bioaerosol classes have been identified as 

important allergens and pathogens (Brown and Hovmøller, 2002; Yamamoto et al., 2012). Moreover, the 

role of bioaerosols as ice nuclei (IN) is a very actively debated topic since it may have major implications 

for cloud and precipitation formation and, thus, the hydrological cycle (Möhler et al., 2007; Morris et al., 

2008; Hoose et al., 2010; Sahyoun et al., 2016; Du et al., 2017).  

Since bioaerosols are directly emitted from the biosphere, the enormous diversity of biological activity 

in the Amazon rain forest makes it a unique location to study bioaerosol related processes. For the Amazon, 

previous studies have reported initial results on PBAP temporal variability and size distribution (Gilbert and 

Reynolds, 2005; Huffman et al., 2012), their potential impact on cloud formation and development (Prenni 

et al., 2009), as well as their diversity (Womack et al., 2010).  

 

S2.2.2   Advection of Saharan dust plumes 

The African continent and in particular the Saharan desert with the sub-Saharan Sahel region represent the 

world’s largest source of dust aerosols (Prospero et al., 2014). The sequence of frequent Saharan dust 

outbreaks, which constitute a constant westerly flux across the Atlantic Ocean to North and South America, 

is a subject of various research activities and has been studied for decades (Andreae, 1983; Prospero, 1999). 

Accordingly, the large amount of matter that is transported intercontinentally and widely deposited during its 

journey has important implications on oceanography (Baker et al., 2010), climatology (Kaufman et al., 2005; 

Choobari et al., 2014; Di Biagio et al., 2017), marine and terrestrial ecology (Okin et al., 2011; Makowski 

Giannoni et al., 2016; Rizzolo et al., 2016), as well as on public health (Goudie, 2014). There is a large body 

of studies on various aspects of the emission and transport characteristics of this phenomenon. In the 

following paragraphs, we briefly summarize the key aspects that are of relevance for our study, while further 

details can be found in the referenced publications.    

Overall, about 1000 Tg a
-1

 of dust are emitted from the Saharan region, transported over hundreds to 

thousands of kilometers, and deposited into the Atlantic Ocean, onto the American continents as well as 

other locations (Gläser et al., 2015). A number of source regions (i.e., in Mauretania, Mali, Algeria, Chad), 

which contribute to varying extent to the overall dust burden, have been identified (Formenti et al., 2011; 

Kumar et al., 2014; Gläser et al., 2015; Wang et al., 2016). The Bodélé depression in central Chad (17° N 

18° E) represents one of the most active source regions worldwide and it has been suggested that it is of 

particular importance for the Amazon Basin (Koren et al., 2006; Ben-Ami et al., 2010).  

The meteorological conditions in Africa that lift the dust particles – and therefore define the activity of 

the sources regions – follow pronounced seasonal trends (e.g., Knippertz and Todd, 2012). Also the 

spatiotemporal patterns of the plumes during the transatlantic passage show strong seasonal variability 

(Engelstaedter et al., 2009). During Northern Hemispheric summer – corresponding to the first half of the 

Amazonian dry season (see Sect. 2.11) – pulses of dust are transported zonally towards the Caribbean area 
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and typically do not reach the Amazon Basin (Prospero and Lamb, 2003). These dust plumes are typically 

lifted to comparably high altitudes and transported in the so called Saharan air layer (SAL), which is located 

on top of the marine boundary layer ranging from 2 to 5 km (Kanitz et al., 2014). The scenario during the 

Northern Hemispheric winter – corresponding to the Amazonian wet season – is quite different. During this 

time of the year, the dust is predominantly transported in western to southwestern directions in the trade 

wind layer (Garrison et al., 2014). A considerable amount of the plume’s dust burden is deposited in the 

Amazon Basin (Gläser et al., 2015; Wang et al., 2016). These dust plumes are mostly ‘smoky’ as they are 

mixed with larger amounts of biomass burning aerosols from the savanna fires in the Sahel region (Barbosa 

et al., 1999; Ben-Ami et al., 2009; Knippertz et al., 2011).   

With respect to the Amazonian rain forest, it has been proposed that the annual advection and deposition 

of dust fulfills a critical fertilizing role in this ecosystem (Bristow et al., 2010). Moreover, Yu et al. (2015) 

have estimated that about 29 kg ha
-1

 a
-1

 of Saharan dust are deposited in the Amazon Basin, which 

introduces important nutrients, e.g., phosphorus to the comparably poor Amazonian soils. A new study from 

Rizzolo et al., (2016) recently suggested that other imported elements, such as iron, may also play an 

important role in the ecosystem. Previous studies have also shown that the dust pulses transported into the 

Amazon Basin are typically complex mixtures of dust, biomass burning, and sea spray aerosols (Formenti et 

al., 2001; Baars et al., 2011; Dudley et al., 2012; Makowski Giannoni et al., 2016). While an overall 

conceptual understanding of the intercontinental biogeochemical ‘bridge’ between the Sahara and the 

Amazon biome exists (Talbot et al., 1990; Swap et al., 1992), a variety of questions remain unanswered. 

 

S2.2.3   Marine aerosol 

During the transatlantic passage, the Saharan dust plumes are often mixed with sea spray aerosols from the 

marine boundary layer (Andreae et al., 1986; Talbot et al., 1990; Ben-Ami et al., 2009; Makowski Giannoni 

et al., 2016). This mixing mostly occurs during Northern Hemispheric winter, when the Saharan dust plumes 

are transported at comparatively low altitudes (Liu et al., 2008; Knippertz et al., 2011; Wang et al., 2016). 

During Northern Hemispheric summer, the SAL tends to be more decoupled from the marine boundary 

layer, which mostly prevents mixing of dust and sea spray (Talbot et al., 1990; Fuchs and Cermak, 2015). 

Accordingly, the LRT plumes that are injected into the Amazon Basin comprise a noticeable contribution of 

marine aerosol beside the dust and biomass burning constituents of African origin (Graham et al., 2003). A 

number of studies support this assumption as they observed typical marine aerosol constituents (i.e., Na, Cl, 

Mg, and sulfate) in Amazonian aerosol and rain water samples (Andreae et al., 1990a; Andreae et al., 1990b; 

Dudley et al., 2012; Pauliquevis et al., 2012; Makowski Giannoni et al., 2016).  

 

S2.2.4   Coarse mode fraction of biomass burning aerosols 

Biomass burning is closely linked to the emission of large amounts of accumulation mode particles (Martin 

et al., 2010). However, also coarse mode particles are co-emitted by fires with particles sizes reaching up to 

millimeters (Janhäll et al., 2010). The coarse mode particle fraction, which originates from biomass burning, 
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comprises dust, carbon aggregates, ash, and unburned parts of the biomass (Janhäll et al., 2010). 

Furthermore, the physicochemical properties (i.e., particle size and composition) can vary as a function of 

the fuel (e.g., forest vs. savanna vs. grass land fires) (Janhäll et al., 2010; Simões Amaral et al., 2016). Since 

biomass burning is a major source of atmospheric aerosols in the Amazon region, the coarse mode tail of the 

emitted pyrogenic size distribution likely impacts the coarse mode aerosol population to certain, however 

undefined, extent. Accordingly, this pyrogenic input is relevant for the present study and makes the coarse 

mode composition, which is fed by diverse biogenic, desert and marine sources, even more complex. 
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S3 Supplementary figures 

 

 

 

Figure S1. Calculated transmission efficiencies of the ATTO aerosol inlet (at the 80 m mast) from TSP inlet 

head to OPS instrument. Transmission curves were calculated for three different inlet designs (related to 

technical modifications at the inlet). Inlet configuration 1 corresponds to period from Jan to May 2014. Inlet 

configuration 2 corresponds to period May 2014 to Feb 2015. Inlet configuration 3 corresponds to period 

from Feb 2015 onwards. Moreover, four selected aerosol densities (i.e., ρ0.85 representing ‘light’ PBAP such 

as pollen, ρ1.0 representing typical PBAP density, ρ1.2 representing upper limit for PBAP densities, and ρ2.0, 

representing mineral dust and sea salt aerosol) have been implemented (see also Table S1). Transmission 

curves show a major influence of selected aerosol densities and minor influence of inlet design. 
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Figure S2. Comparison of OPS-based retrieval of coarse mode aerosol mass concentration vs. gravimetric analysis of aerosol filters at the ATTO site. 

Implemented size range of OPS data and gravimetry spans from 2.5 to 10 µm. Comparison was conducted for two periods: (a) 06 Sep to 29 Nov 2014 and (b) 30 

Sep to 08 Nov 2015. Linear regression fits for both periods in (c) confirm overall agreement of both techniques. 
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Figure S3. Intercomparison of aerosol number size distributions from a scanning mobility particle 

sizer (SMPS), an ultra-high sensitive aerosol spectrometer (UHSAS), an optical particle sizer (OPS), 

and a wideband integrated bioaerosol sensor (WIBS). Data represents the monthly average of June 

2015. The lines of the distributions represent the mean values, whereas the error bars for the OPS and 

WIBS represents one standard deviation. The error bars for the SMPS and UHSAS data were omitted 

for clarity. Note that the UHSAS detection efficiency drops below ~100 nm. Overall, the individual 

number size distributions are in good agreement and confirm that the OPS data set is consistent with 

other sizing techniques that are operated at the ATTO site. 
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Figure S4. Map of northeast Amazon Basin with 15 final clusters from systematic back trajectory 

cluster analysis based on multi-year back trajectory data set – for details see (Pöhlker et al., 2017a). 

Trajectory clusters show that air masses arrive at the ATTO site almost exclusively from north-eastern 

to south-eastern directions. Five major wind directions can be discriminated: (i) Northeasterly clusters 

NE1, NE2, and NE3; (ii) east-northeasterly clusters ENE1, ENE2, ENE3, and ENE4; (iii) easterly 

clusters E1, E2, E3, and E4; (iv) east-southeasterly clusters ESE1, ESE2, and ESE3, and (v) 

southwesterly cluster SW1. In the illustration are also shown the regions of interest ROIATTO and 

ROIoff. The topographic map is represented by grey scale, which is capped at 600 m. Figure adapted 

from C. Pöhlker et al. (2017).   
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Figure S5. Comparison of AODROI,off vs. M1-10 for dust season 2014. 
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Figure S6. Comparison of experimental aerosol masses M0.3-10 measured at the ATTO site and GEOS-

Chem model calculation of the mass Mdust of dust aerosols being advected to the ATTO site. The 

comparison has been conducted for the wet season months Feb to May for the years 2014 and 2015. 

The LRT episodes as listed in Table 1 are shown as grey vertical shading. Note that Mdust represents 

dust aerosols only. Accordingly, Mdust approaches zero during clean episodes, whereas elevated M0.3-10 

levels during same time correspond to the background of PBAP. 
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Figure S7. Scatter plot of measured aerosol mass concentration M0.3-10 vs. GEOS-Chem model 

calculation of advected dust aerosol mass concentration Mdust according to Fig. S6. The red line 

represents a linear bivariate regression fit according to Cantrell (2008). The error bars in M0.3-10 

represent one standard deviation and in Mdust assuming an uncertainty of 20 %.   
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Figure S8. Scatter plots of coarse mode aerosol mass concentration, M1-10, vs. BCe mass concentration, MBCe, for selected LRT episodes in 2014 (i.e., 2014_3, 

2014_6, 2014_7, see Table 1). The red lines represents linear bivariate regression fits according to Cantrell (2008). The error bars in M1-10 and MBCe represent one 

standard deviation.  

 

 

 



 

Figure S9. Overview of wet season months 2015 where: (a) Colored marker highlights an ATTO study by Rizzolo et al. (2016), investigating the impact of 

bioavailable iron as fertilizer for the Amazon rain forest, transported with African dust. (b) Frequency of occurrence, fBT, clusters, of 15 back trajectory clusters as 

displayed in Fig. S4 (with identical cluster color coding). (c) Image plot of aerosol size surface distribution for size range from 80 nm to 10 µm. Note that the 

pronounced LRT pulse from 02 to 10 April 2015 (2015_5 event, Table 1) represents one of the strongest LRT events observed at ATTO in the context of this 5 
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study. (d, left axis) Time series of the aerosol scattering coefficients, σsp, at three different wavelengths. (d, right axis) Black carbon mass concentration, MBCe, 

with a corrected mass absorption cross section MAC of 11.4 m
2
 g

-1
 during the wet season and 12.3 m

2
 g

-1
 during the dry season. (e, left axis) Satellite-retrieved 

aerosol optical depth at 550 nm, area-averaged over the offshore region of interest (ROIoff, see Fig. S4). The AODROI,off time series represents the average of the 

MODIS data sets from the satellites Aqua and Terra. (e, right axis) HYSPLIT-retrieved accumulated precipitation, PBT, along the trajectory tracks. (f, left axis) 

Aerosol mass concentrations in the coarse mode 1-10 µm (M1-10). (f, right axis) Total mass concentrations of selected elements based on EDXRF analysis, 5 

collected at the neighboring ZF2 site, which on average receives similar air masses that the ATTO site (Saturno et al., 2017). Selected LRT and non-LRT filters 

(which are marked in the bottom part of the figure as orange and green shading) were used for the more detailed analysis in Fig. 14 and Table S2. Due to 

comparatively long sampling times (3-7 days), the fine structure of the episodic LRT events was not captured by the time series on the aerosol chemical 

composition. However, the overall trends in M1-10 and the elemental data in Fig. 18f agree well: The concentrations of characteristic dust marker elements (i.e., Si, 

Al, Ca, and Fe) as well as elements representing sea salt (i.e., Na and Cl) show clear increases during the LRT periods, which is particularly pronounced for the 10 

event 2015_5. Grey vertical bands mark episodes when Saharan LRT aerosol was measured at the ATTO site (see Table 1). 



 

Figure S10. MODIS-derived AOD data showing Saharan dust outbreak, transatlantic passage, and 

intrusion into the Amazon Basin in early April 2015. Selected orbits of the CALIPSO spacecraft on 30 

March and 06 April are shown in (a) and (d). Corresponding CALIOP lidar profiles transecting the 

dust plume are displayed in Fig. S11. The first panel for 30-31 March shows a particularly large plume 5 

in a latitude band between 40° N and the equator with the largest AOD values at its north and south 

boundaries. In the course of the following days, the plume travels further to the west reaching the 

Caribbean islands, Latin America, and finally also the ATTO region on 03 April. Note that large 

amounts of aerosol are constantly emitted from the Saharan and Sahel regions during the entire period. 

Accordingly, a heterogeneous mixing of dust and pyrogenic aerosols at large horizontal scales – as 10 

observed in the variable MBCe and M1-10 ratio – can plausibly be assumed. 



 
 

Figure S11. CALIPSO-derived lidar profiles of the African dust plume from March 30 and April 06 2015. The corresponding satellite orbits are shown as 

overlay with the MODIS AOD maps in Fig. S10. The first overpass (Fig S11a, b, and c) illustrates the dust outbreak at an early state over the Atlantic. Attenuated 

backscatter data indicate a lofted aerosol layer at 2-3 km altitude, which is clearly separated from the underlying layers at the north and south edges. The second 5 

lidar profile was recorded during an overpass directly above the ATTO region on 06 April close to the observed peak mass concentrations (Fig S11d, e, and f). 

Above the ATTO site, the vertical profile shows an approximately 3 km high and compact aerosol layer which is reaching to the ground. Albeit all uncertainties 

in the aerosol subtype classification, the lidar measurements also indicate a heterogeneous mixture of polluted and less polluted dust. 
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Figure S12. Temporal development of the range-corrected signal of the ceilometer Jenoptik CHM-

15kx, on (a) Mar 30 (e.g., near background conditions); and (b) April 5 2015 (e.g., LRT episode) from 

01:00- 14:00 UTC at ATTO. The data have a temporal resolution of 30 s and vertical resolution of 3.5 

km. During the LRT episode, a dust layer is visible at 2 km, persisting from the morning until early 

afternoon. 
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Figure S13. Wind data and precipitation daily averages from NCEP satellite data at a spatial 

resolution of 2.5 degrees from 02 to 13 April 2014, corresponding to 2015_5 period shown in Fig S10.   
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S4 Supplementary tables 

 

Table S1. Densities of different coarse mode aerosol particle types as reported in the literature. 

 

Compound / Aerosol type Density [g cm
-3

] Reference Comments 

Pollen (angiospermae and 

gymnospermae) 

0.82 ± 0.28 (Gregory, 1973) Mean ± one standard deviation of all 

angiospermae and gymnospermae 

reported in Gregory 1973  

Corn pollen 1.14 ± 0.05 (van Hout and Katz, 

2004) 

Density ± absolute error 

Ragweed pollen 0.82 - 1.28 (Harrington and 

Metzger, 1963) 

Mean value 1.27 at 75% RH 

Fungal spores 1.10 ± 0.22 (Gregory, 1973) Mean ± one standard deviation of all 

fungal spores reported in Gregory 

1973 

Conidia 1.08 (Sawyer et al., 1994) Average of four species 

Mineral and soil composition 2.2 (Renard et al., 2016) According to Renard et al. 2016 

compromise for common mineral 

particles: compact sand (2.1 g cm
-3

), 

quartz (2.7 g cm
-3

), limestone (2.5 g 

cm
-3

), and silicon (2.3 g cm
-3

). 

Carbonaceous particles 1.4 (Renard et al., 2016) -- 

Bacteria 1.1 - 1.2 (Jin-Bi et al., 2016) Bacterial communities cultivated 

under laboratory conditions. Cell sizes 

1-10 µm.  

 5 
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Table S2. Mean relative mass fractions, felement, and elemental mass concentrations, Melement, of aerosol particles in size fractions 2.5 to 10 µm and <2.5 µm for LRT 

episodes vs. periods without LRT influence (called non-LRT here). All data points below the elemental detection limits were omitted in this analysis. The sampling 

periods of the 5 LRT filters and the 4 non-LRT filters are specified in Sect. 2.4 and plotted in Fig. S9. The average elemental fractions are quantified relative to the 

average deposited mass on the LRT vs. non-LRT filters, respectively. The data summarized here has been plotted in Fig. 14. 

 5 

Element 

Detection 

limit 

[ng m
-3

] 

LRT pulses Absence of LRT pulses 

<2.5 µm >2.5 µm total <2.5 µm >2.5 µm total 

Melement 

[ng m
-3

] 

felement 

[%] 

Melement 

[ng m
-3

] 

felement 

[%] 

Melement 

[ng m
-3

] 

felement 

[%] 

Melement 

[ng m
-3

] 

felement 

[%] 

Melement 

[ng m
-3

] 

felement 

[%] 

Melement 

[ng m
-3

] 

felement 

[%] 

Na 28.00 50 2.2 81 1.2 130 1.4 -- -- -- -- -- -- 

Mg 29.00 31 1.3 71 1.1 100 1.1 -- -- -- -- -- -- 

Al 6.50 110 4.4 150 2.3 260 2.8 14 2.4 9.4 0.3 23 0.7 

Si 6.50 210 8.8 290 4.4 500 5.5 18 3.3 17 0.6 35 1.1 

P 3.00 4.4 0.2 16 0.2 20 0.2 -- -- 11 0.4 11 0.3 

S 3.40 150 6.2 46 0.7 190 2.1 29 5.1 8.4 0.3 37 1.1 

Cl 2.00 2.1 0.1 160 2.3 160 1.7 2.2 0.4 3.4 0.1 5.6 0.2 

K 1.60 72 3.0 93 1.4 170 1.8 7.0 1.2 28 1.0 35 1.0 

Ca 3.30 19 0.8 47 0.7 66 0.7 -- -- 4.0 0.1 4.0 0.1 

Ti 2.10 7.0 0.3 12 0.2 19 0.2 -- -- -- -- -- -- 

Mn 1.50 1.9 0.1 5.2 0.1 7.1 0.1 -- -- -- -- -- -- 

Fe 2.10 51 2.1 93 1.4 140 1.6 4.2 0.8 4.1 0.1 8.3 0.3 

Total mass 

[ng m
-3

] 
-- 2390 -- 6690 -- 9090 -- 560 -- 2780 -- 3340 -- 
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