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Abb. 1: Das ist eine Bildunterschrift.

MEASUREMENTS AND RESULTS

MOTIVATION APPROACH

Aerosol particle sampling (five-stage Berner impactor)

Aqueous extraction of impactor foils

Met. data     
(T, rH, ...)

Main ions 
(CE, IC)

Particle water 
(E-AIM III [1])

Average complexation in each category (Visual MINTEQ, [2])

Concentrations, Ionic strength, pH in the liquid particle phase

Averaging: four meteorological/seasonal categories (see table below) 

Est. of 
missing n

Database containing 
all relevant n

Literature +   
database research of 

stability constants 
(equilibrium 
constants):     

n=[MLn]/[M][L]n

for M + nL ⇌ [MLn] 
Trace metals     

(TXRF)
Org. acids     

(CE)
pH values

Category Season Air mass origin Number of sampling days

Summer West May-October West 6

Summer  East May-October East 4

Winter West November-April West 5

Winter  East November-April East 5

RESULTS

Mn(II): mainly nitrate (summer, small particles: also chloride, oxalate)

Cu(II): mainly nitrate (summer, small particles: also chloride, oxalate; eastern categories: also DCA, oxalate)

Fe(II): mainly nitrate (summer, small particles: also oxalate)

Fe(III): mainly oxalate (small particles: also sulfate, coarse particles: inorganic complexes)

Season: more nitrate in winter than in summer; in summer more oxalate

Air mass origin: small influence; East: more sulfate, West: more chloride

Organic complexation is important, especially in summer and for aged particles (Winter East, 0.42 – 1.2 µm)!

CONCLUSION
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General

Sampling and Averaging

Modelling: Visual MINTEQ [2]

 Berner impactor cutoff diameters: 0.05 / 0.14 / 0.42 / 1.2 / 3.5 / 10 µm (→ five size fractions)

 Impactor runtime: 24 h (0:00 CET – 24:00 CET); sampled air volume: 108m³

 Determination of the air mass origin of each sampling day using backward trajectories (NOAA HYSPLIT [3])

 In total, 20 size-segregated samples were takenAerosol aqueous phase pH is between 0.6 and 2.1 (average: 1.3; summer: 1.1; winter: 1.6).

Aerosol aqueous phase ionic strength is between 4.3 M and 12.9 M (average: 8.6 M; summer: 10.0 M; winter: 7.2 M).

Aerosol aqueous phase concentrations are not as variable as aerosol mass concentrations and show only minor 

differences between the categories.

Aerosol aqueous phase concentrations

Complexation

- Formation of solids is possible

- Ionic strength correction of n: Davies equation:

with: 0
n = stability constant (at I = 0); A = 0.511 (water, 25°C); z² = z²products – z²reactants; z = charge; I = ionic strength)

- Consideration of:

• SO4
2-, HSO4

-, Cl-, NO3
-, OH-, NH3, Oxalate, H-Oxalate, Tartronate, H-Tartronate, Malonate, H-Malonate, Malate, H-

Malate, Succinate, H-Succinate.

• Ca2+, Mg2+, Cu2+, Mn2+, Fe2+, Fe3+, H+.

- Oxidation state of iron: Fe(II) = Fe(III) = 0.5 Fetotal, measured by TXRF

- Calculation at 25°C

- Consideration of complexes up to ML2

scheinhardt@tropos.de

Comparison

 Compared to dilute samples (rain/fog/cloud waters), complexation in aerosol particles seems to be more important.

 Organic complexation is important, especially in summer.

 Oxalate often precipitates (calcium oxalate, magnesium oxalate) and thus not always forms complexes.

Complexation of trace metal ions (TMI) influences

 Physical properties:

 Absorption wavelength 
 Absorption coefficient 

 Chemical behavior:

 Photochemistry: [FeIIIL]3+ + h → Fe2+ + ·L+

 Nature of L, e.g. oxalate

 Nature of ·L, e.g. ·OH, ·SO4
-, …

 Quantum yield (QY) of photochemical reactions: L= OH: QY = 0.126; L = (Oxalate)2: QY = 1.23 (based on Fe2+)

 RedOx chemistry:

 Oxidation of Fe(II): [FeII(H2O)6]2+ + O2/O3/·OH → Fe3+  krelative = 1     

[FeII(SO4)1] (aq) + O2/O3 /·OH → Fe3+ krelative = 0.4 

[FeII(OH)1]+ + O2/O3 /·OH → Fe3+ krelative = several 1,000

→ knowing the complexation of TMI is important!
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Study Matrix Mn(II) Cu(II) Fe(II) Fe(III)

[4] Atm. droplets not complexed not complexed not studied OH, Sulfite

[5] Rain not complexed not complexed not complexed OH

[6] Atm. water not studied not studied not complexed Oxalate

[7] Cloud, fog not complexed not complexed not complexed OH, Oxalate

[8] Rain not studied not studied not complexed OH, Oxalate

This study Aerosol particles Nitrate Nitrate, Oxalate Nitrate Oxalate

Comparison to published data

Summary

 Combination of E-AIM and Visual MINTEQ would be preferable (one model instead of two).

 Better description of stability constants' ionic strength dependence (for highly concentrated aqueous phases)?

 Better time resolution (e.g. MARGA, PILS samples: ~ 1 h resolution)?

Outlook












 I

I
IzAnn 31.0

1
lglg 20



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2552.315 3456.000]
>> setpagedevice


