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Results
In the investigated samples, aluminosilicate particles - most of them iron-containing - and sulfate 
silicate mixtures are found in high number concentrations. Quartz is present as a minor 
component. Calcium-dominated minerals are found to a minor extent. Particles smaller than 0.5 
µm are dominated by ammoniumsulfates or soot. NaCl is a major component in the background 
aerosol at Praia airport. For this sampling site, one can distinguish between days with high dust 
load and a background situation (see Fig. 1 and 2). However, the composition of the mineral dust 
it self is very similar for the considered days. 
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Introduction
The Saharan Mineral Dust Experiment (SAMUM) is dedicated to the understanding of the 
radiative effects of mineral dust. A joint field campaign focused on the investigation of aged 
Saharan dust and admixtures of biomass burning, urban and marine aerosols was carried out at 
the airport of Praia, island of Santiago, Cape Verde. Ground-based and airborne measurements 
were performed in the winter season, where mineral dust from the Western Sahara and biomass 
burning aerosol from the Sahel occur. In addition, flights over the city of Dakar were performed.

Methods
The samples were collected with a miniature impactor system, an airborne body impactor, a free-
wing impactor, and a sedimentation trap. Carbon-coated nickel discs and polyvinylformal foil with 
carbon coating on nickel grids were used as substrates. The ground-based sampling equipment 
was installed 4 m above ground (109 m asl.). The airborne sampling equipment was mounted on 
the DLR Falcon D-CMET.
The size-resolved particle aspect ratio and the chemical composition is derived by means of 
electron-microscopical single particle analysis and energy-dispersive X-ray analysis with an 
Environmental Scanning Electron Microscope FEI, Quanta 200 FEG and a Transmission Electron 
Microscope Phillips CM-20 (LaB6).

First preliminary calculations indicate the presence of sulfate as a coating on most particle 
groups. 

Samples from biomass burning aerosol (upper layers) contain a high number of soot particles 
and soot agglomerates. As sulfur is detected within these particles and they are modifying under 
electron bombardment, it can be concluded that they consist of aged soot. Potassium is also 
detected in those particles (see Fig. 10). First preliminary calculations lead to the assumption, 
that it may be present as a coating as well.

Conclusions

Particles in coarse mode consist mainly of aluminosilicate
agglomerates and mixed particles.

Sulfur is present as coating and inside the particles

Particles may contain different coatings 

Potassium is found in many particles, probably as a coating on some of 
them

Soot from biomass burning layers may be internally mixed with sulfate

High variability in fine and ultra-fine mode

Mixtures at Cape Verde Islands are usually more complex than over the 
African continent (earlier measurements: Kandler et al. 2009)

Fig. 7: Ammonium sulfate and aged sea salt
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Color key for the particle groups

For the airborne samples a great variability among the fine and ultra-fine mode particles can be 
seen. Figures 3 and 4 show the size-resolved relative number abundance of the different particle 
groups for different flightlevels above Praia on Jan. 25th, 2008. Biomass burning aerosol can be 
easily recognized at 3300m, 2000m and 700m by the high amount of soot particles in the fine 
and ultra-fine mode.
The Dakar overflight measurements (Fig. 5, below) show a high influence of background Aerosol 
from the West African continent (mineral dust and secondary sulfates).

Reference
Kandler 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. Tellus 61B, in press.
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Fig. 6: Admixture of aluminosilicates
with sulfate

As ammonium sulfates are a dominant particle group among the fine and ultra-fine particles and 
occur mixed with other particles, their residuals are of great interest. Therefore, the behavior of 
ammonium sulfate particles under electron bombardment is investigated by means of 
transmission electron microscopy. First preliminary results show that there are only few or even 
none particulate residuals. After some seconds under the electron beam there is an annular frame 
left, following the primal shape of the particle, as shown in Fig. 8. The components of this residual 
have not been identified yet. 

Fig 1/2: Average size-resolved
relative number abundance of 
the particle groups: Praia
background (upper figure) and 
Praia dust (lower figure)

Fig. 3 and 4: Size-resolved relative number abundance of the different particle groups for 
different flight levels above Praia for particles of < 500nm (left) and > 500nm (right)

Fig 5: Average size-resolved relative number 
abundance of the different particle groups for flight 
level 900m above the City of Dakar

Fig. 10: X-ray spectra of a potassium- and sulfur-
containing soot agglomerate

Fig. 11: TEM image of a soot agglomerate
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Fig. 9: Soot and soot agglomerates

Fig. 8: TEM image of Ammonium sulfate residuum

Aluminosilicates

Soot

0.00 0.20 0.40 0.60 0.80 1.00

200m

500m

700m

2000m

3300m

n=
68

8
n=

14
44

n=
13

78
n=

10
51

n=
25

5

Fl
ig

ht
le

ve
l

relative numberabundance for particlesl >500nm

Fe-Aluminosilicates

Calcite



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


