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Perchlorate has been detected recently in a variety of environmental media, including groundwater, at 
concentrations that may be harmful to human health. A forensic technique has been developed using 
comprehensive stable isotope analyses (37Cl/35Cl and 18O/17O/16O) of perchlorate to distinguish the origin 
of perchlorate (synthetic vs. naturally occurring). Stable isotope analyses of perchlorate from known man-
made (e.g., samples derived from electrochemically-synthesized ammonium- and potassium-perchlorate 
salts) and natural (e.g., samples from the nitrate salt deposits of the Atacama Desert in Chile) sources 
reveal systematic differences in isotopic characteristics that are related to the formation mechanisms (Bao 
and Gu, 2004; Böhlke et al., 2005; Sturchio et al., 2006) 
 
There is considerable anecdotal evidence that large quantities of Chilean nitrate fertilizer were imported 
into Chino Basin in the early 1900s in support of the citrus industry, which covered the northern portion of 
the basin. Ten groundwater samples were collected throughout the Chino Basin. The sampling points 
included both private wells and municipal production wells. The samples were collected using a flow-
through column containing a highly perchlorate-selective anion-exchange resin. These bifunctional anion-
exchange resins (Gu et al., 2001) were originally developed at Oak Ridge National Laboratory and the 
University of Tennessee to selectively sorb the radioactive pertechnetate ion 99TcO4- (pertechnetate is 
highly mobile in groundwater, and has a chemical behavior much like perchlorate). The exchange resin 
concentrates the typically low levels of perchlorate in groundwater so that a sufficient amount can be 
acquired for the perchlorate to be analyzed isotopically. Preliminary results confirm that most of the 
perchlorate in the Chino Basin is indeed derived from Chilean nitrate fertilizer. 
 
 
Bao, H.; Gu, B. Natural perchlorate has its unique oxygen isotope signature. Environ. Sci. Technol. 2004, 
38, 5073-5077.  
 
Böhlke, J.K.; Sturchio, N.C., Gu, B.; Horita, J.; Brown, G.M.; Jackson, W.A.; Batista, J.; Hatzinger, P.B. 
Perchlorate isotope forensics.  Anal. Chem. 2005, 77, 7838-7842. 
 
Gu, B.; Brown, G. M.; Maya, L.; Lance, M. J.; Moyer, B. A. Regeneration of perchlorate (ClO4-)-loaded anion-
exchange resins by novel tetrachloroferrate (FeCl4-) displacement technique. Environ. Sci. Technol. 2001, 
35, 3363-3368. 
 
Sturchio, N.C.; Böhlke, J.K.; Gu, B.; Horita, J.; Brown, G.M.; Beloso, A.; Patterson, L.J.; Hatzinger, P.B.; 
Jackson, A; Batista, J.  Stable isotopic composition of chlorine and oxygen in synthetic and natural 
perchorate. In Perchlorate: Environmental occurrence, interactions, and treatment; Gu, B. and Coates, 
J.D., Eds; Springer, New York, 2005, pp. 93-110. 
 
 
Preferred Presentation: Paper 
Topic: Contaminant Transport and Geochemical Evolution of Groundwater 
Presenter: Neil C. Sturchio 



−2− 

Biographical Sketches 
 
 
Neil C. Sturchio, Ph.D., is Professor of Geochemistry and Head of the Department of Earth and 
Environmental Sciences at the University of Illinois at Chicago.  He also directs the Environmental Isotope 
Geochemistry Laboratory at UIC.  He received his Ph.D. in Earth and Planetary Sciences from Washington 
University in St. Louis in 1983.   

University of Illinois at Chicago sturchio@uic.edu 
845 West Taylor Street, MC-186  phone: 312-355-1182 
Chicago, IL  60607-7059  fax: 312-413-2279 

 
 
Joseph P. LeClaire, Ph.D., has 24 years of professional experience in water resources studies and projects, 
especially in groundwater chemistry. He received a B.A. in Chemistry (Specialization in Earth Sciences) 
from the University of California at San Diego in 1980, and a Ph.D. in Soil Science from the University of 
California at Riverside in 1985. 

Wildermuth Environmental, Inc. jleclaire@wildermuthenvironmental.com 
23692 Birtcher Dr.  phone: 949-420-3030 
Lake Forest, CA 92630  fax: 949-420-4040 

 
 
Abelardo D. Beloso, Jr., is Research Specialist in the Environmental Isotope Geochemistry Laboratory of 
the University of Illinois at Chicago.  He received a B.S. in Geology from the University of the Philippines in 
2000, and a M.S. in Earth and Environmental Sciences from the University of Illinois at Chicago in 2004.  

 
University of Illinois at Chicago abeloso@uic.edu 
845 West Taylor Street, MC-186 phone: 312-413-0098 
Chicago, IL  60607-7059  fax: 312-413-2279 

 
 

Linnea J. Heraty is Senior Research Specialist and Laboratory Manager of the Environmental Isotope 
Geochemistry Laboratory at the University of Illinois at Chicago.  She received a B.S. in Chemistry from 
Evergreen State College in 1993 and a M.S. in Environmental Geochemistry from Michigan State University 
in 1998.   

University of Illinois at Chicago lheraty@uic.edu 
845 West Taylor Street, MC-186 phone: 312-413-0098 
Chicago, IL  60607-7059  fax: 312-413-2279 

 
 

Kenneth R. Manning is CEO of the Chino Basin Watermaster. From 1992 through 2005, he served as a 
Board Member of the Upper San Gabriel Valley Municipal Water District. He holds a B.S. degree in 
Architectural Design from California State Polytechnic State University and a Masters of Public 
Administration from Cal State Northridge. 

Chino Basin Watermaster  kmanning@cbwm.org 
9641 San Bernardino Road phone: 909-484-3888 
Rancho Cucamonga, CA  91730 fax: 909-484-3890 

 
 
Patrick J. Corsinita has over 12 years of professional experience in soil and groundwater investigations, 
remediation, and project management. His technical expertise is in the areas of soil and groundwater 
assessment and remediation. Mr. Corsinita received his B.S. in Environmental Science from the University 
of California, Riverside in 1994.  

Wildermuth Environmental, Inc. pcorsinita@wildermuthenvironmental.com 
23692 Birtcher Dr.   phone: 949-420-3030 
Lake Forest, CA 92630  fax: 949-420-4040 

 



<<
  /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
  /CreateJDFFile false
  /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

  /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


