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timated due to the presence of 
naturalize E. coli.  
This project will lead to de-
velopment of a method that 
will allow us to distinguish 
between fecal E. coli and nat-
uralized E. coli. This method 
has been designated as the 

‘Enviro-coli’ test.  

The MRWCC initiated a fecal 
source tracking project in 
cooperation with Alberta  
Agriculture and Rural Devel-
opment (2012) to characterize 
sources of fecal E. coli bacte-
ria within the Milk River. 
 
 
Using microbial source track-
ing methods (see: Research 
and Science Note7) it was 
determined that approximate-
ly 34% of the E. coli in the 
Milk River was attributed to 
cattle and cliff swallows.  
This suggests that multiple 
host sources contribute to 
fecal contamination in the 
Milk River.  
 
 
Interestingly, approximately 
50% of the E. coli did not 
have matching DNA finger-
prints to any of the twenty 
different host sources that 
were tested. It is likely that a 
portion of these E. coli are 
from a population of 
‘naturalized’ E. coli that has 
adapted to the water environ-
ment, and can survive long-
term and possibly even grow 
within the turbid conditions of 
the Milk River.  
 
 
Naturalized E. coli have been 
known to exist for over a  
decade. The key concern with 
these E. coli is that they are 
not an accurate indicator of 
recent fecal contamination. 
Their presence in a watershed 
can lead to the overestimation 
of fecal contamination, which 

can in turn impact recreation-
al use. In the Milk River, as 
temperatures increase and 
flows reduce in late summer , 
these naturalized E. coli may 
become more abundant.  
 
Current water quality tests do 

not differentiate between E. 
coli from human and animal 
feces and those that have be-
come naturalized in surface 
water. It is therefore difficult 
to determine whether E. coli 
levels are high due to actual 
fecal contamination or wheth-
er they may have been overes-
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Objective: develop a practical, rapid, and broadly-
applicable test that will discriminate between fecal and 

naturalized E. coli in surface water 
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Project Development  
There are three main steps 
that need to be completed 
during the development of 

the Enviro-coli test.   
 
 

All steps involves signifi-
cant lab work and analysis. 

E. coli are generally 

not harmful, but if 

high levels of these 

organisms are found 

in water, it means 

that other pathogenic 

bacteria that are 

harmful to humans 

may also be present 

Study 

Escherichia coli (E. coli):    A 

type of fecal indicator bac-

teria used to quantify fecal 

contamination 

 1)  Whole Genome Se-
quencing (WGS) of natu-
ralized and fecal E. coli 
 
•Genes help determine 
which environment a partic-
ular E. coli can survive in. 
•Naturalized and fecal bac-
teria likely have different 
genes that help them survive 
in the different places they 
inhabit. 
•WGS is used to identify the 
types of genes that each E. 
coli has. 
•WGS can be used to identi-
fy genes that are specific or 
enriched in fecal E. coli 
versus naturalized E. coli. 
 
2)  Data analysis, genetic 
marker (gene) selection 
 
By comparing the genes 
from naturalized 
(environmental) E. coli and 
fecal E. coli, we can identify 
which genes are shared be-
tween both types of E. coli 

(these are colored blue 
in the lower figure) and 
those that are different 
between the two types 
of E. coli (these are 
colored red in the lower 
figure).  
 
This study identified 
more than 28 different 
gene families that were 
different between natu-
ralized and fecal E. coli. 
One of the genes that is 
more prevalent in natural-
ized E. coli is a gene that 
helps the E. coli acquire 
iron, which is necessary for 
growth, but is generally 
present in low concentra-
tions in river water. On the 
other hand, fecal E. coli 
tend to have more genes 
that help them interact with 
their hosts intestine!  
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3)  Design, optimize, test gene 
assays on ~400 E. coli isolates 
using PCR 
 
•Only a few fecal E. coli and natu-
ralized E. coli genomes were se-
quenced as this is a very costly step.   
• Once we identified genes that 
were different between naturalized 
E. coli and fecal E. coli , PCR tests 
for these genes were developed. 
The advantage of PCR tests is that 
they are cheaper, easier, and quick-
er than Whole Genome Sequencing 
(WGS). 
• The PCR tests were then used to 
screen ~400 different E. coli isolat-
ed from various hosts and the Milk 
River to see if they had the genes.  
 
This step helped confirm that the 
genes that were identified in step 2 
were actually good genetic markers 
for either fecal E. coli or natural-
ized  E. coli.  
 

Conclusion 
 
The key concern with naturalized E. 
coli is that they are not an accurate 
indicator of recent fecal contamina-
tion. Their presence in a watershed 
can lead to an overestimation of fecal 
contamination, which can in turn im-
pact recreational use. Current water 
quality tests do not differentiate be-
tween E. coli from animal feces and 
those that have become naturalized in 
the surface water environment. It is 
therefore difficult to determine wheth-
er E. coli levels are high due to actual 
fecal contamination or whether they 
may have been overestimated due to 
the presence of naturalized E. coli.  
 
Ideally, water quality tests would 
measure ONLY E. coli from fecal 
sources. The Enviro-coli test will 
greatly improve the ability to specifi-
cally assess fecal contamination in 
surface water and will be broadly ap-
plicable to water quality monitoring.  

 
The potential applications of the test 
for MRWCC’s environmental work 
related to mitigating impacts of agri-
cultural practices on water quality 
within the Milk River watershed is 
significant. In particular, this test 
will ensure that environmental E. 
coli are not mistaken for fecal con-
tamination, the latter of which may 
require extensive mitigation strate-
gies to solve. This will allow live-
stock producers to focus their energy 
and funding into successful mitiga-
tion projects that protect the aquatic 
environment and thereby strengthen 
the livestock industry’s social license 
to operate. 



Thank you to our Project Partners: 

Method implementation and validation Technology transfer and industry usage  Watershed monitoring  
 
 
Ultimately, the Enviro-coli test will improve the specificity of tests for fecal contamination in surface water  

 This science-based approach will ensure more accurate assessment of fecal contamination, while also 
ensuring accurate assessment of human health risks by identifying only those E. coli that are relevant 
indicators of fecal contamination.  

 This test is broadly applicable to water quality monitoring including water quality testing for irrigation 
water and recreational water  

 This test can help inform decisions for BMP implementation and monitoring  
 
 
The test will be piloted during the summer of 2014 in the Milk River as part of MRWCC’s on-going water quality     
 improvement efforts and may also be piloted in the summer of 2014 at select irrigation water sampling sites   
 where water quality concerns (i.e., high E. coli levels) have been identified through routine monitoring.  
 
 

Milk River Watershed Council Canada 

Box 313 

Milk River, Alberta 

T0K 1M0 

Phone: 403-647-3808 

Email: mary@milkriverwatershedcouncil.ca  

www.milkriverwatershedcouncil.ca   

Next Steps 

Our Water ~Our Legacy 


	Background

	Enviro-coli test: Development of a method for differentiating fecal E. coli versus naturally occurring (environmental) E. coli in surface water 

	Prepared by: T. Romanow in collaboration with  L. Tymensen ARD,  C. Jokinen ARD, M. Lupwayi MRWCC, 2013

	Page #

	Project Development 

	E. coli are generally not harmful, but if high levels of these organisms are found in water, it means that other pathogenic bacteria that are harmful to humans may also be present

	Study

	Escherichia coli (E. coli):    A type of fecal indicator bacteria used to quantify fecal contamination

	Page #

	Next Steps



<<

  /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



