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Semi-continuous anion mass balance
Nitrate, sulfate and chloride concentrations were determined by PILS-IC and com-
pared to the concentration of water-soluble anionic particulate matter 2.5 – PM2.5. 

While the trends of nitrate and sulfate concentration correspond to the PM2.5

trend, the chloride concentration trend, especially during the high pollution 
episode between May 13 and May 16, deviates significantly.
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Analysis of airborne particulate matter by PILS-IC
J. Gandhi1 and P. Jones2

Daily measurements
Results obtained from the automated PILS system are compared to the results 
gained by manual extraction of air filters. A Thermo Partisol®-Plus Model 2025 
Sequential Air Sampler was run to collect daily samples onto 47 mm ultrapure
quartz filters. 

a) Nitrate

b) Sulfate

c) Chloride

a), b): Monitoring was discontinued between 10 and 13 May as well as 26 and 29 May, 2009.

Summary
This study compares air sampling data obtained by a filter-based method including 
off-line manual filter extraction followed by ion chromatographic analysis with 
those gained by an automated Particle-Into-Liquid-Sampler coupled to an ion 
chromatograph (PILS-IC). The daily time series data for the PILS sampler and the 
manual method showed a good agreement for nitrate, sulfate and chloride with 
correlation coefficients (R) better than 0.85542. 

Concerning semi-continuous anion mass balance, PILS-IC provided results at a 19 
minute resolution. While nitrate and sulfate concentration trends showed a good 
correlation with the water-soluble PM2.5 trend, especially during the episode of 
high pollution between the 13th and 16th of May, the chloride time series did not 
match the PM2.5 time series. This deviation is possibly due to the reactive nature of 
the halides forming other species not captured or detected by PILS-IC. 

PILS-IC is a straightforward instrument for aerosol sampling that provides near 
real-time measurements for long-term unattended operation and is thus an indis-
pensable tool to monitor rapid changes in aerosol particle ionic composition. 

Introduction
Airborne particulate matter at sizes less than 1/20th the width of human hair can 
cause respiratory aggravation and may be linked to other more serious and 
chronic conditions. These particles are identified by their largest component sizes 
(e.g., 2.5 μm or Particulate Matter 2.5 – PM2.5) and can be separated from larger 
particles by use of a cyclone. The ADI 2018 Particle-Into-Liquid-Sampler (PILS) is a 
device used to capture the particles in an air flow and dissolve the soluble 
constituents in a steam jet for analysis (in this case by ion chromatography – IC). 
The PILS-IC system provides analysis with fast cycle times giving the concentration 
of water-soluble components of the PM2.5 such as nitrate, chloride and sulfate 
that may adversely impact human health.

In this poster, a comparison between the 30 day results obtained by the PILS-IC 
system and the results obtained by manual extraction and analysis of air filters will 
be presented. Airborne aerosol measurements were carried out at London 
Teddington, United Kingdom between the 8th of May 2009 until 7th of June 2009.

PILS-IC
After air is sampled through a PM2.5 cyclone, a carbonate-coated denuder removes 
any interfering acidic gas-phase species. The remaining aerosols subsequently 
enter the condensation growth chamber, where they are mixed with injected 
supersaturated steam. The rapid adiabatic mixing allows the aerosol particles to 

grow into droplets large enough to 
be collected by the impactor. A small 
flow of deionized water spiked with 
LiBr is introduced at the top of the 
impactor and transports the collect-
ed liquid to the base of the impactor 
from where it is transported to the 
sample loop of the IC system. 100 μL 
of sample are injected; the analysis 
lasts approximately 19 minutes. 

2.36 mL

Sulfatefilter [μg/m3]

0 1 2 3 4 5 6

Su
lf

at
e P

IL
S 
[μ

g
/m

3
]

0

1

2

3

4

5

6
R = 0.85542

2.36 mL

Date

06
.0

5.
20

09
  

08
.0

5.
20

09
  

10
.0

5.
20

09
  

12
.0

5.
20

09
  

14
.0

5.
20

09
  

16
.0

5.
20

09
  

18
.0

5.
20

09
  

20
.0

5.
20

09
  

22
.0

5.
20

09
  

24
.0

5.
20

09
  

26
.0

5.
20

09
  

28
.0

5.
20

09
  

30
.0

5.
20

09
  

01
.0

6.
20

09
  

03
.0

6.
20

09
  

05
.0

6.
20

09
  

07
.0

6.
20

09
  

09
.0

6.
20

09
  

C
o

n
ce

n
tr

at
io

n
 [
μ

g
/m

3 ]

0

1

2

3

4

5

6

7

8

9

10

a)

b)

sulfate – filter
 sulfate – PILS 

a)

2.36 mL

Nitratefilter [μg/m3]

0 2 4 6 8 10

N
it

ra
te

P
IL

S 
[μ

g
/m

3
]

0

2

4

6

8

10
R = 0.93423

2.36 mL

Date

06
.0

5.
20

09
  

08
.0

5.
20

09
  

10
.0

5.
20

09
  

12
.0

5.
20

09
  

14
.0

5.
20

09
  

16
.0

5.
20

09
  

18
.0

5.
20

09
  

20
.0

5.
20

09
  

22
.0

5.
20

09
  

24
.0

5.
20

09
  

26
.0

5.
20

09
  

28
.0

5.
20

09
  

30
.0

5.
20

09
  

01
.0

6.
20

09
  

03
.0

6.
20

09
  

05
.0

6.
20

09
  

07
.0

6.
20

09
  

09
.0

6.
20

09
  

C
o

n
ce

n
tr

at
io

n
 [
μ

g
/m

3 ]

0

1

2

3

4

5

6

7

8

9

10

a)

b)

a)

nitrate – filter
 nitrate – PILS 

2.36 mL

Chloridefilter [μg/m3]

0.0 0.5 1.0 1.5

C
h

lo
ri

d
e P

IL
S 
[μ

g
/m

3
]

0.0

0.5

1.0

1.5
R = 0.86857

2.36 mL

Date

06
.0

5.
20

09
  

08
.0

5.
20

09
  

10
.0

5.
20

09
  

12
.0

5.
20

09
  

14
.0

5.
20

09
  

16
.0

5.
20

09
  

18
.0

5.
20

09
  

20
.0

5.
20

09
  

22
.0

5.
20

09
  

24
.0

5.
20

09
  

26
.0

5.
20

09
  

28
.0

5.
20

09
  

30
.0

5.
20

09
  

01
.0

6.
20

09
  

03
.0

6.
20

09
  

05
.0

6.
20

09
  

07
.0

6.
20

09
  

09
.0

6.
20

09
  

C
o

n
ce

n
tr

at
io

n
 [
μ

g
/m

3 ]

0.0

0.5

1.0

1.5

2.0

a)

b)

chloride – filter
 chloride – PILS 

2.36 mL

Date

08
.0

5.
20

09
  

10
.0

5.
20

09
  

12
.0

5.
20

09
  

14
.0

5.
20

09
  

16
.0

5.
20

09
  

18
.0

5.
20

09
  

20
.0

5.
20

09
  

22
.0

5.
20

09
  

24
.0

5.
20

09
  

26
.0

5.
20

09
  

28
.0

5.
20

09
  

30
.0

5.
20

09
  

01
.0

6.
20

09
  

03
.0

6.
20

09
  

05
.0

6.
20

09
  

07
.0

6.
20

09
  

09
.0

6.
20

09
  

C
o

n
ce

n
tr

at
io

n
 [
μ

g
/m

3
]

0.0

2.5

5.0

7.5

10.0

a) b) 

nitrate
sulfate
chloride

water-soluble anionic PM2.5

2.36 mL

Date; time

13
.0

5.
20

09
; 1

4:
00

14
.0

5.
20

09
; 0

2:
00

14
.0

5.
20

09
; 1

4:
00

15
.0

5.
20

09
; 0

2:
00

15
.0

5.
20

09
; 1

4:
00

C
o

n
ce

n
tr

at
io

n
 [
μ

g
/m

3
]

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

C
o

n
ce

n
tr

at
io

n
 [
μ
g

/m
3
]

nitrate
sulfate
chloride

water-soluble anionic PM2.5 



<<
  /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 /Off
  /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 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 10.00000
  /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 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 10.00000
  /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 10.00000
  /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 ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


