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Situation:  Estuarine and coastal waters of North Carolina are adversely impacted by poor water quality, causing thousands 
of acres of shellfish beds and beach areas to be closed annually due to elevated levels of routinely monitored indicator 
bacteria such as fecal coliforms, E. coli, and/or enterococci.    It is known that these indicators, while useful as proxies for the 
presence of dangerous pathogens, can also come from sources such as dogs, livestock, wild animals, and birds, and are not 
necessarily a risk to public health. 

Objectives:  This project is an expansion of an existing USDA-funded collaborative effort involving North Carolina State 
University, NOAA, the NC Division of Water Quality, and Duke University.  Our component of the project is to identify and 
quantify viral and bacterial pathogens to investigate sources and loads of fecal contamination from watersheds with different 
land use types, silviculture, agriculture, and residential.  The collaborative project involves development of hydrological models 
for various land uses as a tool for future implementation of TMDLs. We will support this effort using molecular techniques to 
assess loads of specific viral and bacterial species as input to the State’s TMDL model, the Coliform Routing and Allocation 
Program (CRAP). We will also conduct a preliminary survey using the newly developed molecular methods to determine the 
effectiveness of BMPs such as constructed wetlands for pathogen removal.   

Methods:  We are using a novel molecular technique called Quantitative PCR (Q-PCR), also known as “real-time PCR”.  Our 
research focuses on the quantification of viral pathogens and specific bacterial species as a means for differentiating between 
sources of fecal pollution.  We have specifically focused on utilizing Q-PCR in conjunction with the other bacterial source 
tracking methods that are being used for the collaborative project (ribotyping and antibiotic resistance) in order to not only 
differentiate between, but to also quantify different types of human and animal sources of fecal contamination. We are also 
developing new technologies and management strategies that will promote protection of estuarine waters from biological 
contamination originating from agricultural and forestry operations.  

Partnerships:  This project is a collaborative effort among North Carolina State University, the NC Division of Water Quality, 
the NC Department of Environmental Health, Duke University, and the National Oceanographic and Atmospheric 
Administration’s Center for Coastal Environmental Health & Biomolecular Research at Charleston. The roles of these 
organizations is to support the development of a hydrological flow-based watershed model of microbiological contamination 
(NCSU), to assist with water quality sampling efforts, and data analysis (NC DWQ), to assist in determining stakeholder 
dissemination of information (NC DEH), to assist in model development and data analysis (Duke University), and to assist in 
analysis of samples for bacterial source tracking (NOAA CCEHBR). 

Research:  Research that is being conducted as part of this project will become the backbone for the development of an 
integrated curriculum in coastal management.  The collaborative team conducting this research has and will continue to 
participate in a series of workshops supported by NOAA that serve to educate that public, stakeholders, and local decision 
makers about the needs for restoring shellfish waters, the impacts of stormwater on the coast, and general water quality 
issues. 

Resources:  Leverage of resources has been a key of the success of this program. As is evident, there are high numbers of 
institutions involved, all of which are leveraging in-kind services and matching of funds. In particular, the PI has leveraged 
start-up equipment that was part of here lab start up package at UNC Chapel Hill in development of the novel techniques 
being used for this project. 

Results:  Activities - The PI and the entire collaborative group has been active in reporting their results at national level water 
quality meetings, and will document their findings through publications in high-level peer-reviewed journals.  Also, the group 
has been highly active in local, regional, and nationally related workshops on microbial source tracking, stormwater and water 
quality issues, and protection of coastal areas from development.  Outcomes - Short term:  The project has yielded information 
that demonstrates the usefulness of microbial source tracking techniques for water quality management.  Medium term - The 
integration of water quality data into useful watershed based models is useful for development of successful tools for 
predicting water quality. 

 
The mission of CSREES is to advance knowledge for agriculture, the 

Environment, human health and well being, and communities.                                                     



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


