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Approved  Enumeration Methods

·Membrane Filtration

·Multiple Tube Fermentation

·Defined Substrate Technology (IDEXX)

Images from EPA



What is the Problem with Approved  
Enumeration Methods?

·Membrane Filtration

·Multiple Tube Fermentation

·Defined Substrate Technology (Idexx)

Long incubation steps and short 
contamination events Ą 40% of beach 
closures in error!



RegrowthIssues

·Tropical and subtropical latitudes

·Prevalent in marine and freshwater

·Sources

·Resuspension events ɀnon-point

·Bathing load - point
· Enterococcus and Stahplylococcus auresus shed by bathers

·Occurs in areas of no known source of sewage 
input (no public health threat)



Quest for the Ideal Indicator

·Easy and economic detection

·Non-pathogenic

·Outnumber pathogens

·Survive and persist as well as pathogens

·Always present in sewage



Current state of 
water technology

Water was good 
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BEACH Act
Beaches Environmental Assessment 
and Coastal Health Act of 2000

·Strengthening beach standards and testing 

·Providing faster laboratory test methods 

·Predicting pollution 

·Investing in health and methods research 

·Informing the public 



NACWA, L.A. County, NRDC Reach Key Agreement with EPA on 
BEACH Act Criteria

The National Association of Clean Water Agencies (NACWA) was pleased 
with an agreement it reached with the U.S. Environmental Protection 
Agency (EPA), the Natural Resources Defense Council (NRDC), and Los 
!ÎÇÅÌÅÓ #ÏÕÎÔÙ ÉÎ ÌÉÔÉÇÁÔÉÏÎ ÉÎÖÏÌÖÉÎÇ ÔÈÅ ÁÇÅÎÃÙȭÓ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ ÎÅ× 
recreational water quality criteria as required by Congress in the Beaches 
Environmental Assessment and Coastal Health(BEACH) Act.
This settlement will ensure NACWA and its public utility members will 
have a prominent role in developing new recreational criteria through a 
robust stakeholder process while also providing EPA with sufficient time to 
carry out the necessary studies to create scientifically valid standards. 
This settlement, filed Aug. 8 in the U.S. District Court for the Central 
District of California, resulted from a lawsuit filed by NRDC in 2006 after 
EPA did not meet its deadlines under the BEACH Act for publishing 
recreational water quality criteria. NACWA intervened in the lawsuit to 
ensure that the interests of its public agency members would be 
represented and to ensure that any court-ordered deadline provided EPA 
with sufficient time to develop new recreational water quality criteria 
based on valid science.



Results of lawsuit 
·Amended legislation

·New recreational water quality standards must be 
developed by 2012 that are protective of human health

·Rapid molecular methods must developed that 
incorporate new water quality criteria



Emerging Technologies
·Rapid molecular assays for enterococcusand E. coli

·Results within 3 hours allows more rapid management 
decisions

·Ability to specifically identify sources of fecal 
contamination rapidly

·Leaking infrastructure

·Sewage spills

·Development of alternative indicators of fecal 
pollution

·Bacteroides, viruses



The nature of DNA 

Courtesy of seqcore.brcf.med.umich.edu/doc/educ/dnapr/pg2.html



Components of PCR

·Heat to 94 to denature
DNA

·Cool to allow primers 
to anneal

·Taq DNA polymerase 
binds and extendsby 
adding nucleotides to 
complete double 
strand

Courtesy of seqcore.brcf.med.umich.edu/doc/educ/dnapr/pg2.html



PCR Amplification

Target gene

Template DNA

1st cycle

4 copies

2nd cycle

8 copies

3rd cycle

16 copies

4th cycle

32 copies

230

copies

30th cycle



Quantitative Polymerase Chain 
Reaction (QPCR)

P
Heat CoolHeatHeat Cool



Quantitative Polymerase Chain 
Reaction (QPCR)



What is so great about QPCR?

·Fast (< 3 hours)

·Specificity and sensitivity

·Quantification over a wide range (1 to 107 cells)

·Assays for non-culturable or difficult to culture 
organisms

·Inexpensive

·Portable and fully automated equipment in 
development



Quantitative Comparisons: 
Method Limitations

Culture: 

ɆUnderestimations: 
environmental stress; 
filter -clogging

ɆOverestimations: false 
positives

QPCR: 

ɆUnderestimations: 
extraction loss and PCR 
inhibition  

ɆOverestimations: DNA 
persistence



What Is Equivalency?

·Significant result correlation

·Similar management decisions

·Similar method variation



Equivalency Testing in California
Avalon DohenyBeach

Malibu


