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Introduction

Air quality is an ongoing problem in Beijing due to rapid economic growths and increasing road traffic.
A lot of emission reduction measures were performed to improve the air quality in Beijing during the
Olympic Summer Games in 2008, which has cut down PMy, largely (see Figure 1).
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Figure 1: Annual variation of PM;, from 2004 till 2013 in Beijing
(Source: Beijing environmental state report 2004-2013)

But high air pollution episodes have become much more frequent in Beijing during the last years
(Wang et al., 2006; Zhang et al., 2014) and influence human health and visibility (Sun et al., 2006).

Since haze (reduced visibility to less than 10 km during wind speeds of less than 5 m s™') becomes
increasingly conspicuous, some open questions are important. For instance: What is the origin of
haze? How much is the contribution of anthropogenic emitted PM (especially by road traffic) to total
PM exposure? To find answers to these questions the composition of PM, 5 was discriminated and
source attribution, particle characteristics and external impacts on the PM levels were investigated.

Two sequential High-Volume Samplers (HVS, Digitel DHA-80, Hegnau, Switzerland; 500 | min'1) were
used to collect PM, 5 samples in Beijing automatically at CAS/IAP from 10 April till 08 June 2013:

*  Quartz fibre filters (d 150 mm)

*  Sampling time 24 hours (00:00 - 24:00); 4 hours during some haze episodes.

The meteorological data are from ZBAA (http://weather.uwyo.edu/upperair/sounding.html).

Chemical composition analyses

In order to discriminate the composition of PM, 5 the inorganic elements (Na, Mg, Al, K, Ca, Fe, V, Cr,
Mn, Co, Ni, Cu, As, Cd, Ba, Tl and Pb) and mass concentrations were analysed from sampler A by
inductively coupled plasma mass spectrometry (ICP-MS) and filter weighing (gravimetric mass
concentration determination), respectively. The inorganic water-soluble ions (CI’, S0,%, NO5, Na*,
NH,", K*, Ca**, Mg?), EC and OC as well as organic speciation of PM, 5 were analysed from sampler
B by ion chromatography (IC) and continuous flow analyzer, thermal/optical carbon analyser as well
as gas chromatography - mass spectrometry (GC-MS), respectively.
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Source apportionment

Positive matrix factorization (PMF3.0, EPA) was applied to determine factor profiles from measured
composition of particles and analyses method uncertainties. Five different emission sources were
determined using information about

e emission source markers and their relative importance,

e ratios between PM compounds and

e temporal variation of observed (input data) PM compound concentrations.

Also backward trajectory and cluster analysis with HYSPLIT4 were used to get information about
emission source regions.

Further, enrichment factor analysis is applied to identify the sources of PM in Beijing.

Results

Three haze episodes were found 18 - 25 April, 3 - 9 May and 1 -8 June. The average PM, 5 mass
concentration was 89 g m, but during haze days 140 yg m’ ® while only 45 uygm’ durlng clear days.
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Figure 2: Temporal variation of PM,5 mass concentration from 10 April till 8 June 2013 in Beijing
with indication of three haze episodes (HP1, HP2 and HP3) and a dust episode (re-
suspended dust)

The PM,s/PMy, ratios presented higher values during haze days (0.68) than during clear days (0.38)
which indicate that fine particles and high transformation efficiency into secondary aerosol are the
dominant factors for haze pollution.

PM characteristics

EC, OM (organic matter), CI, SO,*, NO;, NH,", K', Cu, Ni, Zn, As, Cd, Tl and Pb mass
concentrations increased during haze days in comparison to clear days (see mass balance in Figure
3).

Especially secondary inorganic pollutant mass concentrations (NOjs, S04* and NH,") were 6 times
higher.

4 h sampling showed that average PM, s mass concentration had the highest value during 16:00 —
20:00. NO3” mass percentage showed an obvious varlatlon that had a high value during night (0:00 —
8:00) and a low value during day (12:00 — 20:00) while S04* mass percentage varied with PM, 5 mass
concentration basically and had the highest value between 12:00 and 20:00 (see Figure 4).

By comparing the inorganic element mass ratios of haze/clear and dust/clear days, Fe, Ca and Ba
(crustal elements) were proposed to represent dust particles, and Zn, As and Pb were suggested to
indicate haze particles.

The high amount of secondary inorganics indicates that major chemlcal spemes of PM, 5 during haze
episodes are originated from anthropogenic sources. NO3, S0,* and NH," are basically formed by
gas-to-particle formatlon processes on the basis of chemical reactions of precursor gases. The mass
ratio of NO;7SO,* during haze days (0.84) was higher than during 2001 - 2003 (0.80) (Wang et al.,
2005) and 1999 - 2000 (0.58) (Yao et al., 2002) suggesting that vehicle exhaust emissions are a
rational for haze days in Beijing.
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Figure 3: Mass balance of PM, s compounds from 10 April till 8 June 2013 in Beijing
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Figure 4: Secondary inorganic pollutant mass concentrations (NOj, S0,% and NH,") of PM, 5
during high-temporal sampling (4 hours) from 3 till 8 June 2013 in Beijing

PM emission sources

The result of PMF analyses are those (see Figure 5):
e The main sources of PM during this time period in Beijing are secondary inorganic ion
formation, traffic, dust, fuel oil combustion and industry.
e The main difference between clear and haze days was, that dust and traffic emissions were
found to be the main sources of PM during clear days while secondary inorganic ions
formation was the dominant sources of PM during haze days.

Based on PAH diagnostic ratios, coal and liquid fossil fuel combustion were found to be the dominant
sources of PAHs in PM in Beijing.

Some ratios of compounds as the Hopane and Homohopane index indicate vehicle exhaust emissions
and coal combustion emissions and a high amount of these sources was detected.

It is found from enrichment factor analyses that those aerosols, which are originated from geogenic
sources (found from Fe and Ba), are most likely re-suspended road dust and dust storm, and also
from anthropogenic sources (found from Zn, As and Pb), such as vehicle exhaust, chemical industry,
coal combustion and fertilizer application. Consequently, re-suspended dust, which is from previously
deposited particles blown into the atmosphere by strong wind and vehicle driven turbulence,
contributes to enhanced PM, 5 load in Beijing (see Figure 2).
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Figure 5: Result of source apportionment by PMF from 10 April till 8 June 2013 in Beijing

Finally, the backward trajectories from the South, calculated for 72 hours in 500 m altitude at the target
point, were always found to be short and with high PM mass concentration (see Figure 6). Therefore,
southerly flows were the main source of haze particles in Beijing. In this area industrial companies and
big cities are in a distance of some 100 km.
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Figure 6: Cluster means of backward trajectories from 10 April till 8 June 2013 in Beijing

Conclusions and outlook

The PM,s mass concentrations after the emission reduction measures during the Olympic Summer
Games 2008 are still high.

Haze becomes more frequent because an increasing number of fine and anthropogenic particles is
emitted.

The control of the emission of precursor gases of NO3, S0,* and NH,4" in the local and regional scale
and thus of road traffic emissions is necessary for reducing haze.

Installation of cleaning equipment in industrial and mobile exhaust vents, improvement of road
cleaning standards and reduction of construction dust also become important for improving air quality.

There is a need to do further research on formation mechanisms and sources of haze episodes during
different seasons in order to improve the urban air quality.

Acknowledgement: This work was supported by the China Scholarship Council and a KIT scholarship.

20" International Transport and Air Pollution Conference 2014



References

Sun, Y.L, G.S. Zhuang, A. Tang, Y. Wang and Z.S. An (2006), Chemical characteristics of PM2.5 and PM10 in
haze-fog episodes in Beijing, Environmental Science & Technology, 40, 3148-3155.

Wang, Y., G.S. Zhuang, A. Tang, H. Yuan, Y. Sun, S. Chen and A. Zheng (2005), The ion chemistry and the
source of PMa s aerosol in Beijing. Atmos. Environ., 39, 3771-3784.

Wang, Y., G.S. Zhuang, Y. Sun and Z.S. An (2006), The variation of characteristics and formation mechanisms of
aerosols in dust, haze, and clear days in Beijing, Atmos. Environ., 40, 6579-6591.

Yao, X., C.K. Chan, M. Fang, S. Cadle, T. Chan, P. Mulawa, K. He and B. Ye (2002), The water-soluble ionic
composition of PM; s in Shanghai and Beijing, China. Atmos. Environ., 36, 4223-4234.

Zhang, J.K,, Y. Sun, Z.R. Liu, D.S. Ji, B. Hu, Q. Liu, and Y. S. Wang (2014), Characterization of submicron
aerosols during a month of serious pollution in Beijing, 2013, Atmos. Chem. Phys., 14, 2887-2903.

20" International Transport and Air Pollution Conference 2014




<<
  /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 0.0000
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


