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A Miniaturized Long—Optical Path Atomic Absorption Spectrometer with
Dielectric Barrier Discharge as Atomizer for Mercury and Methylmercury

Yu, Yongliang® Gao, Fei” Chen, Mingli® Wang, Jianhua*”
(“ Department of Chemistry, Northeastern University, Shenyang 110819)
(® Research Center for Analytical Sciences, Northeastern University, Shenyang 110819)

Abstract The development of miniaturized instrumentations for specific analytical purposes has been one of the most im-
portant momentum in the field of instrumental innovation. Sequential injection system as a miniaturized analytical platform
provides an alternative for field of analysis of heavy metal contaminants. It will exhibit more powerful capability with the
introduction of atomization function and improvement of detection sensitivity. In this work, a miniature long-optical path
atomic absorption spectrometric system is developed with dielectric barrier discharge (DBD) low temperature micro-plasma
as atomizer. Mercury and methylmercury vapor is generated in a sequential injection system. It is directed to flow through a
gas-liquid separator, a glass wool moisture-removal microcolumn and the DBD atomizer, and finally transported into the long
optical-path detection cell for quantitative analysis by atomic absorption spectrometry. A 10 mA lamp current is used with a
mercury hollow cathode lamp, and a 260 V negative high voltage for the photomultiplier is set. The detection sensitivity of
the present system is highly improved by the increase of absorption optical path (1.1 mm i.d., 400 mm length), and the at-
omization of hydride is completely achieved by the DBD micro-plasma atomizer. Meanwhile, a glass wool moisture-removal
microcolumn integrated in the flow system effectively eliminates the influence of concomitant moisture during the vapor
generation process, which avoids the drift of absorbance baseline. The absorbance arising from mercury is recorded by turn-
ing off the DBD atomizer, while the total absorbance from both mercury and methylmercury is measured by turning on the
DBD atomizer. Further experiments demonstrated satisfactory additivity for the absorbance arising from inorganic and
methyl mercury, which provides basis for the determination of mercury and methylmercury. With a sampling volume of 1.0
mL, detection limits of 0.3 and 0.4 pgeL™" are achieved respectively for inorganic and methylmercury, along with RSD val-
ues of <4%. The reliability of the present system is demonstrated by analyzing certified reference materials and real sam-
ples for mercury speciation.

Keywords dielectric barrier discharge; long optical-path; atomic absorption spectrometry; mercury; speciation
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Detection cell:

B Waste s, PMT

Bl 1 DBD A KGR R IR OGS R S R R s
Figure 1 Schematic diagram of the miniaturized long-optical path
atomic absorption spectrometer with dielectric barrier discharge (DBD) as
atomizer

SP1, SP2: ¥4} % (syringe pumps); SV: 2 £z 3% #% ¥ (multi-port selection
valve); PP: Il % (peristaltic pump); HC: fif#¥£(holding coil); RC: Jx ¥
A (reaction coil); GLS: “T¥K Jr %% (gas-liquid separator); C: BR 7K fAT:
(moisture-removal microcolumn); DBD: 1 /it B 4 Ji Hi (dielectric barrier
discharge); HCL: 750y B A% 4T (hollow cathode lamp); PMT: g Hi {3 48 &
(photomultiplier)
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Figure 2 The effect of moisture on the AAS signal profiles of mercury
A: The signal for 5 pgeL ' Hg*'in the presence of concomitant moisture, B:
The signal for 5 ugeL ™' Hg*" after moisture removal
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Figure 3 Recorded AAS signal (absorbance) for inorganic mercury and
methylmercury in the long-optical path miniaturized DBD-AAS system
A:5pgel 'Hg?';B: 5pgeL ' CHsHg'; C: 5 pgeL ' Hg® +5 pgeL ' CH;Hg'.
HCI concentration: 0.5% (¢); NaBH, concentration: 0.1 geL'; Argon flow

rate: 150 mLemin .
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Table 1 Determination of inorganic mercury and methylmercury in certified reference materials and real samples (n=3)
BT & He FAEE (g ) MER e ) el ) _
Hg CH;Hg Hg CH;Hg Hg CH;Hg
GBW 09101 2.161+0.21 2.11+0.2 — — — — —
CRM 176 314+£1.1 31+2 — — — — —
A — N.D.* 0.24£0.01 — 0.17° — 95
10 107 99
7K — N.D. N.D. 5 5 102 99
10 3 99 98

“N.D.=AHKy i (not detected); * ugeg .

B HEA RO bR 1 28U ZE I BT Ak AR R K 25300 ok
B 8 M 52 (R 50 e 3 3 SRR R A . A
ARG e RV ST I IE & T R AN BN
SR EE R R AT

References

[11 Yu, Y.-L.; Wang, J.-H. Chin. Sci. Bull. 2013, doi: 10.
1007/s11434-013-5666-9.

[2] Gao, Y.; Shi, Z.-M.; Long, Z.; Wu, P.; Zheng, C.-B.; Hou, X.-D.
Microchem. J. 2012, 103, 1.

[3] Yang, M.; Li, J.-X.; Wang, J.-H. Talanta 2007, 72, 1710.

[4] Yu, Y.-L.; Jiang, Y.; Chen, M.-L.; Wang, J.-H. Trac-Trends Anal.
Chem. 2011, 30, 1649.

1124 http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[5] Erxleben, H.; Ruzicka, J. Anal. Chem. 2005, 77, 5124.
[6] Hu, J.; Li, W.; Zheng, C.-B.; Hou, X.-D. Appl. Spectrosc. Rev. 2011,
46, 368.
[7] Meyer, C.; Muller, S.; Gurevich, E. L.; Franzke, J. Analyst 2011,
136,2427.
[8] Zhu, Z.-L.; Zhang, S.-C.; Lv, Y.; Zhang, X.-R. Anal. Chem. 2006,
78, 865.
[9] Zhu, Z.-L.; Zhang, S.-C.; Xue, J.-H.; Zhang, X.-R. Spectrosc. Acta
Part B-Atom. Spectr. 2006, 61, 916.
[10] Pascoa, R.; Toth, I. V.; Rangel, A. Talanta 2011, 84, 1267
[11] Avivar, J.; Ferrer, L.; Casas, M.; Cerda, V. Anal. Bioanal. Chem.
2011, 400, 3585.
[12] Tao, S.-Q.; Gong, S.-F.; Xu, L.; Fanguy, J. C. Analyst 2004, 129,
342.
[13] Yu, Y.-L.; Du, Z.; Chen, M.-L.; Wang, J.-H. Angew. Chem., Int. Ed.
2008, 47, 7909.

(Zhao, C.)

Acta Chim. Sinica 2013, 71, 1121—1124




<<
  /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 <<
    /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


