Draft Study Plan To Evaluate New, Rapid Microbiological Measurement Methods For Recreational Water Quality

Background

Public health officials routinely measure fecal indicator bacteria to assess recreational water quality, but EPA-approved methods for quantifying bacteria concentration require an 18 to 96 hour incubation period.  Several studies have shown that temporal changes in indicator bacteria levels in beach water occur much more rapidly.  Thus, contaminated beaches can be open during the incubation period and become clean before public health warnings are issued.  This time lag also inhibits tracking of contamination sources, since the signal can dissipate before upstream tracking is initiated.  Lacking a more rapid method, investigators are unable to follow the trail of contamination back to its origin. 

To address this problem, the State of California requested that the Southern California Coastal Water Research Project (SCCWRP) facilitate development of tests that measure bacteria levels rapidly enough to make possible same-day health risk warnings.  SCCWRP subsequently developed partnerships with several organizations pursuing a variety of technological approaches toward providing same-day measurements of indicator bacteria.  

In June 2004, following proof of concept and development phases, SCCWRP conducted evaluative testing of four rapid methods using a study design developed cooperatively with members of the scientific, regulatory and industrial community.  Methods tested included Flow Cytometry (FC), Immunomagnetic Capture with ATP quantification (IMS/ATP), quantitative PCR (Q-PCR), and an advanced chromogenic substrate method that employs dual-wavelength fluorimetry (DFW) optics.  Results from these methods were compared to those produced by the five of the largest water quality laboratories in southern California, which performed standard culture-based methods on the same set of samples.

While none of the new rapid methods produced results equivalent to those of the reference laboratories, several performed well enough to be optimistic that they could become available in the near future.  Testing also revealed areas of concern that require further method development and evaluation, including how results are affected by constituents of urban runoff in samples or by the presence of high levels of suspended solids.  

Participants in this test indicated that their impetus to continue investing in method development hinges upon having a neutral testing forum that provides a mechanism for acceptance of their methods by state/and/or federal regulators.   Several participants in the previous evaluation, including the developers of the Q-PCR, DWF and IMS/ATP methods, have indicated a willingness to participate in a second round of testing. In addition, several other groups developing rapid detection technologies have approached SCCWRP about inclusion of their methods in future tests.  

SCCWRP and the Cooperative Institute for Coastal and Estuarine Environmental Technology (CICEET) have developed a cooperative relationship to initiate such a test, which is scheduled for June 2005.  This document describes the testing protocols that will be employed.

Study Approach

The study approach will closely mimic that of the previous Rapid Indicator Evaluation study, which involves demonstrating equivalency with conventional methods through simultaneous processing of water samples using both new and conventional methods of enumerating fecal indicator bacteria.  The samples to be processed will include both natural samples and laboratory-created samples, to ensure that a range of conditions is evaluated.   Laboratory-created samples offer the ability to control the number of indicator organisms and potentially interfering contaminants present, but cannot completely mimic natural conditions.  Environmental water samples contain complex combinations of interferences that cannot be duplicated in artificial samples, though they offer less control over the bacterial concentrations that are being evaluated.  

Seven organizations employing five classes of methods (Table 1) have indicated an interest in participating in the testing.  Six local laboratories (Table 2) will process samples at the same time using conventional methods.  All laboratories will process the samples for enterococci.  All local laboratories and a subset of the new methods developers will also process samples for E. coli.  

Study Design

All participants will analyze 54 samples consisting of triplicates of each of 18 different test samples.  All samples will be blinded.  Sample processing will occur over three days, with triplicates of each of six samples processed on each day.  Processing will occur over three days because participants in our previous study identified that 18 samples were the most they could analyze within the four-hour time frame without additional duplicative equipment and personnel.  

Nine of the 18 samples will be laboratory-created samples in which different types of inoculants are placed in a seawater matrix (Table 3).  The seawater matrix will be freshly collected unfiltered seawater from a location several kilometers offshore to duplicate salt concentrations and other naturally occurring constituents of environmental samples, but from a location unlikely to have fecal contamination.  The first inoculant will be sewage effluent collected from the Orange County Sanitation District discharge pipes.  The second inoculant will be urban runoff collected from the Seventh St. drain that flows into the Los Angeles River.  The third inoculant will be laboratory cultures of E. faecium and E. fecalis (in approximately a 50:50 mix).  

Three samples will be created using each inoculant, which will be added so that the final sample concentrations approximate those equal to the monthly average state standard for enterococci, the daily state standard for enterococci and ten times the daily state standard for enterococci.  Targeting concentrations toward a range around the enterococci standard was selected over targeting for E. coli concentration because enterococci standards exceedences are more prevalent on California beaches.

Three samples will be blanks.  The first blank will consist of sterile phosphate buffered saline solution (PBS).  The second blank will consist of the offshore seawater used to create the majority of the test samples.  The third blank will consist of the same offshore seawater, but sterile-filtered to remove all naturally occurring bacteria and plankton.  No additional bacteria or interferences will be added to the blanks.  The objective of the blanks is to ascertain whether the new methods are producing false positives as a result of high background values inherent to particular methods, interferences from constituents in natural seawater or from sample cross-contamination.  

The last six samples will be natural samples collected from local water bodies that typically have bacterial concentrations exceeding state standards.  Four will be from beach locations.  Emphasis will be placed on obtaining samples from sites having characteristics that may interfere with analysis, such as high levels of suspended solids, colored materials such as humic and fulvic acids, and those adjacent to flowing drains or creeks discharging dry weather urban runoff that may carry elevated concentrations of chemical contaminants associated with automobiles.  One will be from an embayment site and the last will be from a freshwater location.  Emphasis in the testing is on seawater samples because the focal point of the study is to improve beach monitoring programs, but the final two samples were selected to provide some insight as to whether the methods also can produce comparable results in reduced salinity locations. 

All samples will be concurrently processed by six of the largest local laboratories in southern California (Orange County Sanitation District, Los Angeles County Sanitation Districts, City of Los Angeles, City of San Diego, Weston Solutions, Orange County Public Health Labs).  These labs will enumerate enterococci using both IDEXX chromogenic substrate (Enterolert) and membrane filtration methods.  E. coli will be enumerated using the IDEXX (Colilert-18) method.  

A subset of samples positive for enterococci in the Enterolert test, as well as a subset of bacterial colonies isolated from membrane filtration plates, will be analyzed to verify the presence of the target organism (Table 4).  Three labs will conduct confirmation tests on Enterolert using the Vitek system (5 positive wells from each tray, to a maximum of 200 wells).  Two labs will conduct confirmation tests on isolates from MF plates using EPA-approved biochemical confirmation tests.  The Accuprobe test will also be used for confirmation testing on isolates from both Enterolert and MF.  Accuprobe testing will also be conducted on a subset of isolates analyzed by the Vitek and biochemical methods as a tertiary confirmation or when the prior tests produce an ambiguous result.

Study Logistics 

Testing will take place on June 21st, 22nd, and 23rd, 2004 at the Orange County Sanitation District environmental laboratory in Fountain Valley, California.   All participants will be given adequate bench space and accommodations for routine laboratory equipment.  Specialty equipment will need to be supplied by the participants.  Please contact John Griffith (johng@sccwrp.org) to identify space or equipment needs. 

Samples will be created or collected between 6:00 and 9:00 AM each day and then distributed to participants by 11:00 AM.  Participants and reference laboratories will begin processing samples at the same time and process samples in numbered order to minimize any concentration differences that might develop from degradation during sample transport or laboratory holding.  

Data Management and Reporting

Each provider of new methods will be given the opportunity to submit results at 2, 4, 6 and 8 hours after samples are distributed.  Precision of some methods increases with time, and providers will be given the opportunity to revise their results at each of the above time intervals.  The revised results will be treated as separate submittals for evaluation purposes (each method being evaluated for accuracy at each time increment). 

The six local labs using conventional methods will be asked to submit their results 24 hours after the samples are distributed.  Results from conventional methods requiring more than 24 hours for completion will be asked to submit them as soon as they become available. 

All test data, including that from conventional measurements, will be compiled and distributed to all participants by the end of  June.  

SCCWRP will produce a report summarizing the test results by mid September.  If warranted, this report will include a recommendation for adoption of particular methods by the State of California.   SCCWRP will provide all participants the opportunity to review this report prior to publication, though SCCWRP will be the author of this report and the sole entity responsible for its content.  

SCCWRP anticipates that the study results will also warrant publication in a peer-reviewed scientific journal.  Following completion of the initial report, SCCWRP will offer to develop an integrative collaborative journal publication(s) about the evaluation study, with all participants eligible for authorship.  

In preparing both the initial report and any subsequent journal publications, data analysis will focus on the following evaluation criteria: 

· Accuracy: Ability to accurately enumerate indicator organisms in each sample as compared to conventional standard measurement methods.


· Sensitivity:  Ability to detect levels of indicator organisms at or below California’s regulatory thresholds.


· Precision:  Ability to produce comparable values among replicate samples.


· Robustness:  Ability to produce accurate and precise values in different matrices and when interferences are present. 


The data analysis will also consider that some of the new methods measure molecular material and will not always produce results equivalent to that of traditional methods, which quantify only viable material.   To address this concern, the data analysis will also consider whether the molecular methods are demonstrating correlation with existing methods within sample sets in which the same inocculant is used at three different concentrations.   Similarly, the data analysis will consider whether the new methods produce results that are more equivalent to traditional methods for samples containing the laboratory strains, since this was selected as an inoculant that would maximize the percentage of viable cells.  

Table 1.  Methods and affiliations of groups indicating that they would likely participate in the next round of rapid indicator evaluation.

	Method
	Affiliation

	
	

	Immunomagnetic Separation/ATP
	Univ. Michigan

	Quantitative PCR
	USEPA NERL

	Dual Wave Fluorimetry
	Univ. of Connecticut

	Multiplex Quantitative PCR
	Univ. of North Carolina

	Immunological Dipstick
	Silver Lake Research

	Transcription Mediated Amplification
	GenProbe

	Quantitative PCR
	USEPA Region I


Table 2.  Local laboratories that will analyze the test samples using presently- approved methods.

	Los Angeles County Sanitation Districts

	City of Los Angeles

	Orange County Sanitation District

	Orange County Public Health Laboratory

	City of San Diego

	Weston Solutions


Table 3.  Description of the samples that will be processed during testing.

	Inoculant
	Matrix
	Target Concentration

(enterococci/100 ml)
	Type of Sample

	
	
	
	

	Sewage Effluent
	Clean Offshore Seawater
	35
	Laboratory

	Sewage Effluent
	Clean Offshore Seawater
	104
	Laboratory

	Sewage Effluent
	Clean Offshore Seawater
	1000
	Laboratory

	Urban Runoff
	Clean Offshore Seawater
	35
	Laboratory

	Urban Runoff
	Clean Offshore Seawater
	104
	Laboratory

	Urban Runoff
	Clean Offshore Seawater
	1000
	Laboratory

	Lab Culture
	Clean Offshore Seawater
	35
	Laboratory

	Lab Culture
	Clean Offshore Seawater
	104
	Laboratory

	Lab Culture
	Clean Offshore Seawater
	1000
	Laboratory

	Blank
	Sterile PBS
	0
	Laboratory

	Blank
	Clean Offshore Seawater
	0
	Laboratory

	Blank
	Filtered Offshore Seawater
	0
	Laboratory

	Natural Sample
	Doheny Beach at San Juan Creek
	Unknown
	Wavewash

	Natural Sample
	Malibu Surfrider
	Unknown
	Open Beach

	Natural Sample
	Baby Beach: Dana Point
	Unknown
	Embayment

	Natural Sample
	Imperial Beach at Tijuana River
	Unknown
	Wavewash

	Natural Sample
	Ballona Wetlands
	Unknown
	Brackish 

	Natural Sample
	Santa Ana River
	Unknown
	Urban Runoff


Table 4.  Laboratories that will conduct confirmation analyses for enterococci.
	Laboratory
	Method of Confirmation

	Los Angeles County Sanitation Districts
	Biochemical

	City of Los Angeles
	Vitek System

	Orange County Sanitation District
	Vitek System

	Orange County Public Health Laboratory
	Biochemical

	City of San Diego
	Vitek System

	SCCWRP
	Accuprobe 


