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Source apportionment of PM2.5 composition at fi ve 

sites in the Netherlands
Introduction

The Netherlands is considered one of the 
hotspot areas in Europe with high concentrati-
ons of particulate matt er (PM) and will probably 
not be able to meet all standards for PM2.5 in 
time with current legislation. The Netherlands 
has to adapt its policies and update monitoring, 
emission inventory and models regarding PM. To 
improve our understanding of the composition, 
distribution and origin of particulate matt er in 
the ambient air a new project called the 
Netherlands Research Program on Particulate 
Matt er (BOP) was started. We have used the 
combined PM2.5 measurements from this project 
in combination with Positive Matrix Factorization 
(EPA-PMF 3.0) to identify and quantify the most 
relevant source contributions and their spatial 
variability to PM2.5 in the Netherlands.

Measurement data

•  Measurement campaign (August 2007 to 
August 2008)

•  Five sites, one kerbside location, one urban 
background location and three rural locations 
(Figure 1). 

•  Daily PM2.5 samples were analyzed for a suite 
of chemical species, secondary inorganic 
aerosol, EC/OC and total mass.

Data preprocessing

•  Approximately 6% of data was missing, 
specifi cally for the species Cl-, NH4

+, NO3
-, SO4

2-, 
OC and EC. 

•  Multiple imputation technique was used to 
provide estimates for the unknown concentra-
tions unknown concentrations. Derived 
uncertainties were multiplied by a factor 4 to 
downweight the infl uence on the solution.

•  Days without results for the ICP-MS analysis 
have been omitt ed. 

•  Data with a lesser validation status were 
included but their infl uence on the solution 
has been downweighted. 

•  Concentrations below MDL were replaced with 
half the MDL, corresponding uncertainty was 
set to 5/6 times the MDL. 

•  Chemical species containing more than 90% 
values below the MDL were excluded.

•  Signal-to-noise ratio used as categorization 
indicator. 

•  Data from 5 sites combined into one dataset 
(assumption: not much variance between 
elemental compositions of the “global” sources 
aff ecting each site). 

Results

•  Aft er evaluating the number of factors the 
seven factor solution yielded the most physical 
understandable results. 

•  Source identifi cation based upon the chemical 
constituents in the calculated source profi les 
(fi gure 2).

•  Identifi cation checked with wind directional 
analysis (Conditional Probability Function 
(CPF) plots, fi gure 3).

•  Wind directional analysis show secondary 
aerosol is mostly contributed from East, 
corresponding to contributions from the inland.

•  Highest contribution of sea spray is from the 
West (North Sea).

•  Relative contributions, expressed in percenta-
ges, of all sources to the total mass on each 
site are given in fi gure 4. 

•  Nitrate-rich and sulphate-rich secondary 
aerosol: highest contribution on the total PM2.5 
mass on all fi ve sites, on average 44% and 
25% respectively. 

•  Small spatial variability was found for almost 
all sources (results not shown).  

Rotterdam
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Schiedam
Urban
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Rural

Figuur 1: Location and characteristics of the sampling 
sites.
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Figuur 3: Examples of Conditional Probability Function 
(CPF) plots for the nitrate-rich secondary aerosol, 
traffi  c and resuspended road dust, sea spray and 
residual oil contributions at Rott erdam.
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Figuur 2: The calculated source profi les for the PM2.5 
dataset showing the contribution, expressed in 
fractions, of each species in the profi les. The profi les 
presented are average profi les for the used receptor 
sites. The name in the profi les refl ects the source 
identifi cation.
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Figuur 4: Source contributions expressed in percentages of apportioned PM2.5 mass for the 5 monitoring sites in 
the Netherlands and the combined average contributions for all sample sites.

•  Traffi  c and resuspended road dust showed a 
larger variability (mostly due to the fact the 
kerbside site is the only site heavily infl uenced 
by traffi  c). 
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Conclusions

•  Seven unique sources for the PM2.5 fraction 
could be identifi ed: nitrate-rich secondary 
aerosol, sulphate-rich secondary aerosol, 
traffi  c and resuspended road dust, 
industrial (metal) activities / incineration, 
sea spray, crustal material and residual oil 
combustion.

•  SIA is responsible for the largest contribu-
tion on all fi ve sites. The contribution on all 
sites remains fairly constant.

•  Highest contribution of the traffi  c related 
sources on the kerbside location.

•  Result of the winddirectional analysis 
correspond with the expected locations of 
possible sources.

•  Combining the data from fi ve sites 
provides focus on “global” sources aff ecting 
these sites. Contributions from local 
sources are distributed among the found 
source profi les and cannot be distinguis-
hed using this approach.

Authors: Dennis Mooibroek1, Martijn Schaap2, 
Ernie Weijers3 and Ronald Hoogerbrugge1

Contact: Dennis.Mooibroek@rivm.nl

1  Centre for Environmental Monitoring, 
National Institute of Public Health and the 
Environment, Bilthoven, The Netherlands

2  TNO Environment and Geosciences,Dept. of 
Air Quality and Climate, Utrecht, The 
Netherlands.

3  Energy research Centre of the Netherlands 
(ECN), Pett en, The Netherlands.

Published by
National Institute for Public Health
and the Environment
P.O. Box 1 | 3720 BA Bilthoven
www.rivm.com

00
13

87
 S

tu
di

o 
M

ed
ia

W
eb



<<
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /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 /Warning
  /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 550
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (GWG_GenericCMYK)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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 (Ghent PDF Workgroup - 2005 Specifications version3 \(x1a: 2001 compliant\))
  >>
  /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 [14173.229 14173.229]
>> setpagedevice


