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Abstract:  This document details a quality assurance plan to guide the successful implementation of a pilot project entitled A PLAN FOR IDENTIFYING HOT-SPOTS AND AFFIRMING REMEDIATION IMPACTS ON SURFACE WATER QUALITY:  PHASE I.  Lexington Kentucky has impaired water quality with respects to indicators of pathogens in the watersheds.  Some of this impairment is due to leaking sanitary sewers, cross-connections, and stormwater overflows.  A watershed management plan for identifying the areas most impacted by inputs of sanitary sewage is needed to identify the most appropriate sites for remediation and as is a method for determining the relative impact of any remediation taken in these highly impacted regions of local streams and waterways.  Over the past 15 years, Dr. Gail Brion has developed a systematic approach to sampling and data analysis that identifies hot-spots of human fecal wastes in local streams and rivers using a triad of water quality indicators for fecal age, load, and source.  This system has been proven in other watersheds (Eagle Creek, Georgetown, Frankfort, Lexington) and is published in the scientific literature.  It relies upon utilizing multiple indicators for fecal load, source, and age to create a relative risk classification rubric to categorize the relative impairment in surface waters.  This provides a systematic way to prioritize selected sections of a stream or creek for further investigation and remediation of significant sources.  For this project, fecal load will be measured by enumeration of E. coli with Colilert media by IDEXX, fecal age by the AC/TC ratio obtained from membrane filtration testing for Total coliforms, and fecal source identified by quantifying three types of fecal source specific genetic markers for the strictly anaerobic bacterial group known as Bacteriodes, one of which is human specific.  Dr. Brion proposes to the LFUCG that this system be applied to watersheds of concern for the purpose of identifying hot-spots of human fecal waste intrusion and validating the effectiveness of any remedial actions taken in these watersheds.
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A3.
Distribution List
Each person listed on the approval sheet and each person listed under Project/Task Organization will receive a copy of this Quality Assurance Project Plan (QAPP).  Individuals taking part in the project may request additional copies of the QAPP from personnel listed under Section A4.

This document has been prepared according to the United States Environmental Protection Agency publication EPA Requirements for Quality Assurance Project Plans dated March 2001 (QA/R-5).  
A4.
Project/Task Organization

Personnel involved in project implementation are listed in Table 1, and shown as an organization chart in Figure 1.

	Table 1: Project Implementation Personnel

	
	
	

	Individual
	Role in Project
	Organizational Affiliation

	Gail Brion, Ph.D.
	Project Manager
	University of Kentucky (UK)

	Charlie Martin, P.E.
	Director

Division of Water Quality


	Director

Division of Water Quality

Lexington-Fayette Urban County Government (LFUCG)

	Ken Cooke
	Volunteer Coordinator and Technical Resource
	Friends of Wolf Run

	Tricia Coakley
	Lab Manager
	UK ERTL Labs

	David Price, Ph.D.
	Lab Supervisor Town Branch WWTP


	Lexington-Fayette Urban County Government

	
	
	

	
	
	

	
	
	

	
	
	


The University of Kentucky Project Manager will be responsible for the following QAPP/project related activities:

· Overall design, implementation, and managment of pilot project.

· Outreach with regulated municipality and internal/external stakeholders for selection of sampling sites and pilot target areas.
· Serve as nexus of communications between all parties.
· Provide direct oversight to ERTL laboratories and UK personnel.

· Maintain official, approved QAPP.
· Develop amended QAPP as required.

· Data analysis and interpretation.
· Issue final report to LFUCG.

· Arranging for technology transfer of findings to interested industry and internal/external stakeholders.
Charlie Martin of the Lexington Fayette Urban County government will be responsible for the following activities:

· Approval of initial QAPP and all amended documents.

· Approval of final report.

· Archival of final report and datafile.

· Coordination of technology transfer with appropriate parties.
Ken Cooke of the Friends of Wolf Run will be responsible for the following activities:

· Coordination of volunteer sampling efforts.
· Training of volunteers in QA/QC procedures according to the practices and procedures set forth at http://kywater.net/01-Watershed%20Watch/06_Sampling/2005-QAPP/!Readme.htm.
· Collaboration in pilot sampling design as required.

· Communication with local volunteers.
Tricia Coakley of the ERTL labs at the University of Kentucky will be responsible for the following activities:

· Coordination with volunteer samplers for receipt of field samples.

· Processing and analysis of samples collected according to established SOPs and QA/QC procedures.
· Creation and maintenance of final spreadsheet of primary and secondary data.
David price of the Town Branch WWTP of the LFUCG will be responsible for the following activities:

· Collaboration in pilot sampling design as required.

· Technical assistance with secondary data as required.

· Quality Assurance officer.
Figure 1: Project Organizational Chart
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A5.
Problem Definition/Background

Rationale for initiating the project   

The surface water systems in Lexington are contaminated with pathogen indicators from fecal sources of multiple origins; the most problematic in terms of human health risk from recreational contact with originate from sanitary sewage intrusion.  The USEPA has entered into an agreement with LFUCG to improve the overall quality of surface waters with respects to pathogen indicators.  However, the major sources of fecal contamination from sanitary sewage and other sources of human fecal materials need to be identified for remediation and their potential impact on the overall fecal load apportioned in support of watershed remediation schemes.  As well, it is expected that the difference in the overall fecal indicator burden as represented by concentrations of E. coli may not provide the precision to denote improvements in watershed quality that happen as a result of remediation in these sites, due to the multiple sources of fecal wastes, many of which are not under the control of LFUCG Division of Water Quality (urban wildlife).  Therefore, it has been agreed upon that a multi-indicator pilot study will be initiated along an urban watershed to: 1. pinpoint and document areas within the selected watershed receiving proportionately large loadings of human fecal material for remediation, and 2. Create a baseline against which to assess water quality improvements with respects to the fecal age and proportion of human sourced fecal materials in the pilot areas.
Objectives of the project
· Define the unique pattern of indicators that define regions of local urban streams contaminated with proportionally great amounts of human/domestic sewage (hotspots) from those contaminated by other, less hazardous fecal sources.
· Establish baseline values for the indicators in these urban streams, and relative risk categorizations, to be used to evaluate future data against to illuminate water quality improvements or changes.

Anticipated Outcomes of the project
· Increased awareness of the impacts of sanitary sewage leaks, overflows, and spills on the environment.

· Improved understanding of opportunities to reduce environmental impacts in urban streams.

· Improvement of environmental quality in a target region or watershed. 

· Increased recognition of environmental leaders of all involved parties among key stakeholders. 

· Greater remediation efficiency and more effective allocation of LFUCG resources.

· Cost savings for the LFUCG.

· Development of a policy approach that could be used in other urban areas, agricultural areas, states, and regions.

· Improved communication and understanding between regulators and the regulated community.

· Greater collaboration among involved parties and state agencies.

· Enhanced networking and peer mentoring within the community.

Anticipated Decisions arising from the project

· Based on the findings of this project, LFUCG may modify its approach to monitoring its urban watershed and engage in follow-up projects to demonstrate to the State and Federal agencies continuous water quality improvements as remediation within its watershed are completed.

Regulatory information, applicable criteria and action limits  
Section 303 (33 U.S.C. 1313) of the Clean Water Act (CWA) requires States and authorized Tribes to adopt water quality standards for waters of the United States within their applicable jurisdictions. Such water quality standards must include, at a minimum: (1) Designated uses 

for all water bodies within their jurisdictions, (2) water quality criteria necessary to protect the most sensitive of the uses, and (3) antidegradation provisions consistent with the regulations at 40 CFR 131.12.  To meet ambient water quality standards, the city’s new stormwater permit and the U.S. Environmental Protection Agency’s Consent Decree require LFUCG to prevent water pollution to the maximum extent possible.  The consent decree outlined specific tasks for the LFUCG to complete relative to stormwater and sanitary sewers.  The decree states that: 

“LFUCG shall carry out assessments and engineering analyses necessary to identify all measures needed to ensure that LFUCG’s Sanitary Sewer System complies with the requirements of the Clean Water Act, the regulations promulgated thereunder, the Kentucky pollution control laws, the regulations promulgated under such laws, and National Pollutant Discharge Elimination System Permits Nos. KY0021504 and KY0021491 and then shall implement all such measures in a timely manner, with the objective of eliminating all cross-connections and Recurring SSOs from the Sanitary Sewer System and Unpermitted Bypasses at the LFUCG’s WWTPs.
While the activities outlined in this pilot project are not specifically specified in the consent decree, they are related to improving the water quality in Lexington’s urban creek systems.  The pilot project will provide information essential for creating a watershed management decision system that can detect and prioritize stream regions impacted by sanitary sewage overflows, leakages, and cross connections into stormwater systems.  Further, the activity specified will create baseline data against which future studies can assess the effectiveness of remediation activities undertaken in the areas studied in support of the City’s attempts to improve the overall water quality with respects to pathogen indicators.  The approach proposed has only one indicator that will be measured that has ambient criteria established; E. coli.  The current KY 401 KAR 10:031 surface water standards for E. coli in recreational waters are as follows:

“Section 7. Recreational Waters. (1) Primary contact recreation water. The following criteria shall apply to waters designated as primary contact recreation use during the primary contact recreation season of May 1 through October 31:

      (a) Fecal coliform content or Escherichia coli content shall not exceed 200 colonies per 100 ml or 130 colonies per 100 ml respectively as a geometric mean based on not less than five (5) samples taken during a thirty (30) day period. Content also shall not exceed 400 colonies per 100 ml in twenty (20) percent or more of all samples taken during a thirty (30) day period for fecal coliform or 240 colonies per 100 ml for Escherichia coli. Fecal coliform criteria listed in subsection (2)(a) of this section shall apply during the remainder of the year; and      (2) Secondary contact recreation water. The following criteria shall apply to waters designated for secondary contact recreation use during the entire year:

      (a) Fecal coliform content shall not exceed 1,000 colonies per 100 ml as a thirty (30) day geometric mean based on not less than five (5) samples; nor exceed 2,000 colonies per 100 ml in twenty (20) percent or more of all samples taken during a thirty (30) day period; ”
A6.
Project/Task Description

Project overview 

This project will allow LFUCG to explore whether an approach modeled upon the novel, multi-indicator approach to stream classification created by Dr. Gail Brion can assist them in improving the water quality of urban streams in Lexington, KY.
Project summary and work schedule

This project's major tasks and timeline are outlined in the table below.

	Table 2: Schedule of Major Project Tasks

	
	
	
	

	Task Name
	Task Description
	Start Date
	End Date

	Outreach
	Outreach to internal and external stakeholders about the project.
	April/2010
	June/2010

	Goals identification
	Finalize the goals of this project, upon which metrics will be based
	April/2010
	May/2010

	Measures identification   
	Finalization of metrics to be tracked by this project.
	April/2010
	May/2010

	Stream identification
	Determine the exact characteristics of streams to be included in this project, and compile a list of streams from reliable sources.  Select target sample sites in collaboration with LFUCG and Friends of Wolf Run personnel.  20 sites expected to be sampled.
	April/2010
	May/2010

	Data input & management   
	Development and implementation of an approach to inputting and managing all primary and secondary data.  
	April/2010
	June/2010

	QAPP finalization & approval  
	Finalize QAPP based upon results of the measures identification, statistical methodology, and data management tasks.  Primary data collection will not occur before relevant parts of the QAPP are finalized and approved by LFUCG.  
	April/2010
	June/2010

	Baseline Sample Site inspections  
	Inspections at selected stream sites to assure accessibility and discover potential problems
	April/2010
	May/2010

	Baseline analyses of indicators
	Analysis of indicators in grab samples of water from each sample site to establish expected ranges under wet and dry conditions.
	April/2010
	April/2010

	Selective follow-up
analyses 
	Resampling and analyses of indicators at sites under dry and wet conditions until results for 5 samples per site, per condition are achieved. 
	April/2010
	April/2011

	Post-sampling inspections/investigations   
	Inspections at sample sites to establish whether conditions have changed since the baseline.  Inspection data also used to cross-check conditions reported to LFUCG  
	May/2010
	April/2011

	Data analysis   
	Analysis of data to create categories of relative impact with respects to domestic sewage intrusion based on fecal load, source, and age. 
	Dec/2010
	March/2011

	Reporting to LFUCG   
	Reporting shall include initial and final reports.
	Dec/2010
	June/2011

	Tech Transfer
	Report findings to interested local, national, and international groups 
	Dec/2010
	Dec/2011


Geographic focus  

The area for study is within the LFUCG limits.  While initial consultations have selected a region of the city, and suggested sample sites within that area and at a clean-comparison site located outside of urban influences, the actual region and sites will be established in collaboration with all parties during the initial stages of the project and detailed in the amended QAPP.
Resource and time constraints  

Getting repeat measures for this number of sample sites and replicate events under two different weather conditions is dependent upon the normal weather patterns holding true to past behavior.   It may be difficult to obtain 5 samples under both wet and dry conditions depending upon the weather.  Historically, the best sampling times for wet weather sampling is generally during the months of March through June.  Based on past sampling efforts within the LFUCG area, there should be at least 5 separate rain events that could be sampled during this period by the volunteers.  Dry weather sampling is best accomplished from July through September when the weather pattern has fewer rain events and stream flow is stabilized.  More wet weather samples can be taken in October through December when significant storms influence water quality.  The volunteers and the lab will have to be flexible and coordinate closely to assure that the sampling events occur as planned.
A7.
Quality Objectives and Criteria

Quality objectives
Gail Brion and all involved parties recognize the importance of ensuring that data are of sufficient quality to meet the needs of the project.  Friends of Wolf Run, LFUCG, and the University of Kentucky are committed to collecting primary data and obtaining secondary data of the highest quality possible within the constraints of project resources.  Data quality can be characterized in terms of precision, bias, representativeness, completeness, comparability, and sensitivity.  

Precision  

For environmental measurements, Gail Brion will encourage all involved parties to meet the precision standards achievable by the use of EPA-approved analytical methods with proper sample collection and handling protocol.

For example:

· The ERTL analytical laboratories will use, where possible, EPA approved methods and common laboratory QA/QC methods.  Where EPA methods have not been developed and approved (PCR analysis) the best methods documented by other researchers will be used.

· Volunteers with The Friends of Wolf Run collecting samples will be required to document their anticipated, and actual, data collection methods 

· Volunteers will receive guidance in the form of voluntary or mandatory training sessions.

Bias

The following kinds of bias may impact the ability to draw conclusions from the data:  incompleteness or lack of representativeness is a reasonably anticipated source of bias.  To reduce concerns about bias in the reporting of project results, progress reports and the final project report will report potential biases in the data and justify all conclusions reached on the basis of project data, and project data will be open to inspection for [5] years.  

Representativeness

To ensure representativeness of physical water samples, all parties will review the sampling plan to ensure that environmental sampling will be collected in accordance with guidelines and “best practices” established by the state or EPA.  While prior knowledge of the urban watershed to be sampled may bias sample site selections, this knowledge is not common to all parties involved in the design of the sampling plan.  The final sampling plan will represent a blend of perspectives and should reduce bias towards overly contaminated sites.

Completeness
Completeness goals for this pilot study are that usable data for all analytes from at least 10 selected sample sites that were sampled at least 3 times under replicate conditions of dry or wet weather be completed.  It is expected that some sample sites may be dropped and others added, but the goal is to have 10 sample sites resampled for the length of the project with laboratory analysis providing quality results for all 3 classification of fecal indicators selected.

Comparability

The most important comparisons to be made in this project are between data obtained from sites known to be greatly impacted by sanitary sewers and those not directly and or greatly impacted.  In general, all quantitative comparisons (e.g., among sites or between sites before and after a remediation will be normalized whenever appropriate normalization data can be obtained (ie. total PCR signal for Bacteroides).  If normalization is not possible, the final report will make note of any considerations that would affect confidence in the comparison.  Data from different sources will never be combined unless they were collected in a comparable manner.

Sensitivity

For environmental measurements, Gail Brion will encourage facilities to meet the sensitivity standards achievable by the use of EPA-approved analytical methods with proper sample collection and handling protocol.

A8.
Special Training/Certification

To the extent possible, Tricia Coakley of ERTL and Ken Cooke of The Friends of Wolf run will assure that training sessions to key parties to ensure quality data collection, are completed to the extent practicable.  Training sessions will be delivered to the following individuals to ensure quality data collection:

· All Volunteers collecting, handling, and delivering samples to lab.

· QA/QC personnel (if any additional training is needed to familiarize them with the project)

Training will be augmented by debriefing personnel shortly after their tasks have begun, to correct and clarify appropriate practices.  Volunteers who grab samples or supervise the sampling streamside will be required to complete a Standard Sampling Training Module developed by the Training Committee and approved by the Science Advisors Committee of the ICC that addresses:

•
Sample container handling

•
Sample collection

•
Sample preservation

•
Sample transport and storage

•
Documentation and chain of custody record completion

•
QA/QC procedures including duplicate samples and field blanks

•
Communication with Event Coordinators and lab staff

The module includes a demonstration, ideally streamside, of sample container handling, collection, and preservation, and requires the volunteer to demonstrate competency.  A PowerPoint of the Standard Sampling Module is posted on the Watershed Watch website:

http://kywater.org/watch/workshops/.  Ken Cooke of the Friends of Wolf Run is responsible for ensuring that all personnel involved with sample collection have the necessary training to successfully complete sampling tasks and functions and have on file the form, “Volunteer Monitor Participation Agreement,” to document that a training participant has satisfactorily completed the Standard Sampling Module under the supervision of a certified trainer.  

A9.
Documents and Records

Report format/information
The format for all data reporting packages will be consistent with the requirements and procedures used for data validation and data assessment described in this QAPP.

Document/record control
The recording media for the project will be both paper and electronic.  The project will implement proper document control procedures for both, consistent with best practices.  For instance, hand-recorded data records will be taken with indelible ink, and changes to such data records will be made by drawing a single line through the error with an initial by the responsible person.  The Project Manager will have ultimate responsibility for any and all changes to records and documents.  Similar controls will be put in place for electronic records.

The LFUCG Quality Assurance Officer shall retain all updated versions of the QAPP and be responsible for distribution of the current version of the QAPP.  The LFUCG Quality Assurance Officer and the Project Manager will approve all updates.  The Project Manager shall retain copies of all management reports, memoranda, and all correspondence between the LFUCG and all project personnel identified in A4.
Dr. Brion will be in control of all data until the generation of the final report and the verified electronic copy of the database of analytes.  At that time, LFUCG and Friends of Wolf Run will be provided copies of the spreadsheet database with all analysis data recorded.  The electronic data generated by this project is to be considered public and will be made available to interested parties upon written request to Dr. Brion, Ken Cooke, or Charlie Martin.  

Other records/documents

Other records and documents that will be produced in conjunction with this project include:

· Chain of custody forms.
· Sampling and observation logs.
· Outreach materials, including workbook, fact sheets, brochures, etc.  

· Amended QAPP. 

· Readiness reviews (see below). 

· Data handling reports.
· Progress reports.
· Project final report (to include discussion of QA issues encountered, and how they were resolved).
Storage of project information
While the project is underway, project information will be stored in a central file within the ERTL laboratory facility.  Upon completion of the project, paper records, photographs, and audio-visual material will be retained for [5] years at ERTL in a central file.  Electronic records will be stored for [5] years on the Project Managers computer with a copy kept on Tricia Coakley’s computer in ERTL.

Backup of electronic files 

A backup copy of electronic files will be made to removable hard disk that will be stored in the file cabinet with the paper documents.  

B
DATA GENERATION AND ACQUISITION

B1.
Sampling Process Design (Experimental Design)

A key task in this project will be to develop a sound sampling plan of selected urban watersheds for analysis of the selected indicators of fecal age, load, and source in the water in order to draw inferences related to the selected objectives.  The major quality objective will be to collect representative data that truly reflect the conditions of the urban watershed that this project focuses upon in two distinct weather conditions, wet and dry.  Data generated by this project is of two types:  (1) analytical data generated from analysis of the grab samples of water obtained from the urban watershed, which will be collected by trained volunteers from the Friends of Wolf Run and analyzed by Tricia Coakley of the UK-ERTL labs or a student specifically trained for the task by Tricia Coakley, and (2) observations and information available from secondary sources such as maps, stage level recorders, other written and oral reports.  While the precise methods are not known at this point, they are expected to be built upon the advice given in EPA’s Generic Guide to Statistical Aspects of Developing and Environmental Results Program (2003).  This section of the QAPP will be amended upon completion of the project-specific sample design.

B2.
Sampling Methods

As described above, the primary data collected and used by this project will come from a series of sampling events along urban streams within selected watersheds.  Samples will be collected by trained volunteers in vessels appropriate for the analyte according to EPA methodology and best standard practices.  Volunteers will collect samples according to the existing QA/QC procedures found at the website http://kywater.net/01-Watershed%20Watch/06_Sampling/2005-QAPP/!Readme.htmQAPP.  The Inter-Basin Coordinating Committee for Watershed Watch has developed this QA/QC material in consultation with the Kentucky Division of Water for submitting data from synoptic sampling events to the Division for consideration for use in regulatory processes, such as development of the Division’s 303(d) and 305(b) reports. These procedures will be followed by the volunteers trained for this project.

While the precise sampling plan is not fully defined at this point, the plan will be designed to characterize sources of POTW effluent and untreated human sewage influencing each watershed and create baseline data on resultant microbial water quality in the watersheds during periods of baseflow (dry) and wet weather.  The sites will be chosen based on their ability to be easily located, safely accessed and their potential for recreational contact.  Sample locations are to be selected through a mixture of input from local authorities, sanitary survey reconnaissance, and segmentation of the watershed into incremental units using a “point of interest” methodology and topographical and field surveys.  The sampling sites are to be correlated with map coordinates obtained from GPS and identified by these coordinates and other identifying features that will be logged into the record for reporting purposes so that others may identify these locations.  Sample sites will be assigned unique ID numbers.  Samples will be collected at each of the proposed sites during the months of March-September.  Specific dates for sampling will be set to ensure that a diversity of flow conditions (high and baseflow) are included in the sampling plan.  The final sampling plan is expected to be built upon the advice given in EPA’s Generic Guide to Statistical Aspects of Developing and Environmental Results Program (2003) and input from other water professionals, especially local water authorities familiar with the watershed.  The sampling design assumes that during the collection of dry-weather samples the freshwater system is at or near baseflow conditions.  Baseflow conditions will be characterized based upon review of real-time river/stream gages and antecedent rainfall events.  Also, during water sampling events it is assumed that, ambient water is laterally and vertically well mixed throughout creek/stream/river cross-sections, and water samples collected are representative of water at that location.  
B3.
Sample Handling and Custody

A standard chain of custody form will be developed and used for all samples collected by this project.  Samples collected will be stored on ice in coolers and holding times will be met to insure the accuracy of the results.  Sampling events will be arranged so that samples are delivered to the lab within 6 hours.  All analyses for culturable bacteria and the filtration of samples for qPCR will be done on the day of sampling.  Filters for qPCR will be stored at -20◦C until extraction.  Samples and sample containers will be maintained in a secure environment at all times when they are not in the laboratory.  Once samples are received in the laboratory, the SOP for normal custody will be followed.  Transfer of samples to the laboratory will be accomplished using a signature on the field log sheet that denotes transfer time, date, and responsible lab personnel.  If custody is not maintained, then a note must be made on the accompanying sample forms.  All frozen and/or archived samples are to be stored in a locked freezer (-20oC) accessible only to authorized laboratory personnel.  The laboratory analyst is responsible for the samples from arrival to analysis and final disposal.  
Data entry QA procedures
Personnel participating in the study will catalog all methods, results, dates, conditions, and data in lab books with permanent ink.  Copies of the data from lab books, field sheets, lab analysis sheets, and chain of custody sheets will be kept in a centralized file until entry into electronic spreadsheet.  Procedures for entering hand-written data into the database will follow standard quality assurance procedures (e.g., verification using independent double key entry).  Files created from the centralized spreadsheet for modeling or analysis will have 10% of the data entries random record checked to assure that manipulation of the file did not corrupt the data.  Errors caught during cross-checking will be flagged and corrected, to the extent possible, in consultation with data collection staff and appropriate parties.  

B4.
Analytical Methods

This project will follow well-recognized analytical methods for analytical samples.  The membrane filter culture methods to be used are standardized (SM9222b for Total Coliforms, IDEXX Quanti-Tray 2000).  The IDEXX analysis will be done per published procedural manuals from IDEXX.  Basically, 100 mL samples of water are mixed with pre-packaged amounts of media, and then distributed into a sterile multiple well Quanti-Tray and incubated before counting the number of wells with blue florescence.  The numbers of large and small positive wells are used to provide a statistical estimate of the most problable number of bacteria per 100 mL of sample.  The total Coliform analysis will require colony counts for two types of bacterial colonies grown on membrane filters, those presenting as total coliforms (dark red with sheen) and those presenting as atypical colonies (pink to red, no sheen).  
Extraction methods for qPCR extracts will be standardized by using commercially available, pre-packaged kits.  The MobioTM Ultraclean water DNA isolation will be used to isolate and extract Bacteriodes DNA from water samples.  Sewage or cloned DNA product will be used for the positive controls and matrix spikes.  Records will be kept of PCR efficiency and qPCR results will be reported as DNA copies per unit volume.  Dr. Brion will review all microbial data for consistency and quality.  Data that shows substantial discrepancies from known precisions or variances will be discarded and the events surrounding the value investigated.  Dr. Brion will determine and record the appropriate corrective action as required on a case-by-case basis.

Bacteroides qPCR analyses will use the Allbac and Hubac markers and protocol designed by Alice Layton at the University of Tennessee in Knoxville, TN and the quantitative HF183 human specific marker designed by Sylvia Seurink at Ghent University in Belgium.  Some investigations into the appropriate use of the newly developed HumM2 or HumM3 markers by Orin Shanks at the USEPA is planned, but this marker has not been proven to be effective in our local watersheds, so the emphasis will be on the Allbac and Hubac markers that have been used prior and have been proven with our local fecal sources.  The PCR protocol for the analysis of Allbac and Hubac markers is as follows.  The PCR reaction mixture consists of 12.5uL BioRadTM  IQ supermix, 1uL each of 10uM forward and reverse primer (Layton, 2006), 0.5uL of10uM fluorescently labeled probe (Layton et al., 2006), 2uL of template DNA, and enough dilution water to produce a final reaction volume of 25uL. Calibration curves were made using serial dilutions of plasmid DNA containing the cloned 16s rRNA from Bacteroides. (Layton, 2006)  Calibration covers a range of 101 – 107 target copies/uL.  All qPCR reactions are run in triplicate using a BioRadTM iCycler IQ real-time PCR thermocycler.  The thermocycler program consists of 1 cycle at 50◦C for 2 minutes and 95◦C for 10 minutes followed by 50 cycles of 95◦C for 30 seconds and 60◦C (Allbac and Hubac) or 57◦C (Bobac) for 45 seconds. (Layton, 2006)  The qPCR protocol for the analysis of the qHF183 marker includes 25 uL reactions containing BioRadTM Sybr Green supermix.  The thermocycler profile will include a 10 minute denaturation at 95◦C followed by 40 cycles of 30 seconds at 95◦C, 60 seconds at 53◦C and 60 seconds at 60◦C. (Seurinck et al., 2005)  If initial evaluations of the Orin Shank’s human specific marker prove it to be superior to any of the other human specific markers currently used, we will use these markers and the published method as well as the previously developed human specific markers that have been applied to this watershed in previous studies.  The appropriate concentrations of primer and template per reaction will be determined by method optimization before beginning IPR.  Threshold cycles from samples are compared with the calibration curve to determine concentration of target in copies per uL and then the final report value in copies/mL is calculated based on the volume of original water sample filtered.
B5.
Quality Control

Standard laboratory QA/QC for membrane filtration and IDEXX Quantitray methods will include, but not be limited to the following practices: a positive control will be done for each new batch of media (calibration); a negative control in the form of a field blank will be run each sampling event (reagent blank, sampler competence); a negative control for media quality will be done at the beginning and end of each sampling event (reagent blank, calibration); each sample for membrane filtration will have a minimum of 3 dilutions/aliquots assayed with 2 replicate plates per dilution analyzed (data quality); only counts from plates with >20 or <80 colonies will be used to calculate sample concentrations (data quality); only counts from plates with clearly separable colonies will be used, and colonies that touch each other will be counted as a single colony (data quality); anomalous counts will be excluded from data reporting {ie. Counts that vary inexplicably, such as those obtained when students forget to filter sample, or have added sample twice} (data quality); a 15 sample, duplicate precision test run by the student/person in charge of that analysis will be done to establish acceptable precision (operator competence, duplicate analysis); duplicate samples run on 10% of samples and compared against the precision test and corrective measures taken as appropriate. (operator competence, data quality).  When possible, calculations of the final concentration of microorganisms will be made from the maximum volume of sample, even if it includes counts from different dilutions/aliquots.  The total number of colonies observed will be divided by the total amount of sample filtered, adjusted to CFU/100 mL, and reported.  Initial precision and recovery (IPR) for PCR extract recovery will be done on a series of samples that have been spiked with a source of Bacteroides into laboratory water.  EPA QA/QC guidelines for PCR methods will be followed and include, but not be limited to: a PCR positive control per each PCR run; a PCR negative control (from the sample blanks); a PCR method blank with each batch of samples processed; a method positive control with every sample batch; an initial matrix spike/inhibition check repeated if water conditions change radically.  

Crosschecking data
Dr. Brion will review all microbial data generated by Tricia Coakley for consistency and quality.  Data that shows substantial discrepancies from known precisions or variances will be discarded and the events surrounding the value investigated.  Dr. Brion will determine and record the appropriate corrective action as required on a case-by-case basis.

Data anomalies
Procedures for handling data anomalies (such as outliers and missing data) will be handled based on standard statistical procedures.
B6.
Instrument/Equipment Testing, Inspection and Maintenance

The PCR equipment is on a maintenance contract that includes a yearly preventative maintenance visit by a BioRad specialist.

B7.
Instrument/Equipment Calibration and Frequency

Calibration is part of the yearly PM visit..

B8.
Inspection/Acceptance for Supplies and Consumables

Supplies and consumables are certified sterile or PCR grade.  All media expiration dates are reviewed to assure fresh media was supplied. 

B9.
Non-Direct Measurements  (I.e., Secondary Data)

This project will rely upon secondary data to identify conditions that might impact the water quality, such as rainfall, stage level, temperature, overflow events, etc.) 

	Table 3: Non-Direct Measurements (i.e., Secondary Data)

	
	
	
	

	Data Sources
	Intended Use
	Rationale for Use
	Acceptance Criteria

	USGS
	Weather and stream flow data
	Commonly accepted source
	All records will be accepted unless USGS denoted quality issues

	LFUCG
	Verification of overflow events or sanitary sewer issues
	Is agency responsible for sanitary sewers.
	All records will be accepted unless Charles Martin or David Price indicate quality issues


Key resources/support facilities needed
The Project Manager will require access to the data sources mentioned above, and this information will be managed within the database created/utilized for the overall project.  No obstacles are anticipated to this approach.
Determining limits to validity and operating conditions

Database containing secondary data will be designed such that the original source for all data is marked, and procedures will be in place such that only the Project Manager can officially remove an entry from the final database.  
B10.
Data Management

As part of this project, Gail Brion, Charlie Martin, and Ken Cooke will develop a data management strategy, and amend the QAPP based upon the strategy.  The Project Manager is responsible for ensuring that the strategy is developed and that the QAPP is amended to reflect that strategy.  Once amended, this QAPP section on data management will provide information on the following issues:

· Data management scheme, from field to final use and storage

· Standard recordkeeping and tracking practices, and document control system (citing relevant agency documentation)

· Data handling equipment/procedures that will be used to process, compile, analyze, and transmit data reliably and accurately

· Individuals responsible for elements of the data management scheme

· Process for data archival and retrieval

C
ASSESSMENT/OVERSIGHT

C1.
Assessment and Response Actions

The Quality Assurance Officer will conduct a Readiness Review immediately prior to the major data collection tasks.  The QA Officer will report findings to the Project Manager, who will take corrective action (if any is necessary) before the data collection task begins.  Further, the Project Manager and QA Officer will thoroughly debrief project implementation staff a short time after beginning their respective implementation tasks, to identify emerging/unanticipated problems and take corrective action, if necessary.
C2.
Reports to Management

Two kinds of reports will be prepared: readiness reviews (described above) and the project final report.  Reports will note the status of project activities and identify whether any QA problems were encountered (and, if so, how they were handled).  Project final report will analyze and interpret data, present observations, draw conclusions, identify data gaps, and describe any limitations in the way the data should be used.

	Table 4: Project QA Status Reports

	
	
	
	

	Type of Report
	Frequency
	Preparer
	Recipients

	Amended QAPP
	Once, before primary data collection begins
	Gail Brion

 Project Manager
	All recipients of original QAPP

	Readiness Review
	Before beginning field sampling
	David Price

 QA Officer
	Gail Brion, Charlie Martin

	Final Project Report 
	Once 
	Gail Brion
	Charlie Martin


D
DATA REVIEW AND EVALUATION

D1.
Data Review, Verification and Validation

This QAPP shall govern the operation of the project at all times.  Each responsible party listed in Section A4 shall adhere to the procedural requirements of the QAPP and ensure that subordinate personnel do likewise.

This QAPP shall be reviewed at least once to ensure that the project will achieve all intended purposes.  All the responsible persons listed in Section A4 shall participate in the review of the QAPP.  The Project Manager and the Quality Assurance Officer are responsible for determining that data are of adequate quality to support this project.  The project will be modified as directed by the Project Manager.  The Project Manager shall be responsible for the implementation of changes to the project and shall document the effective date of all changes made.

It is expected that from time to time ongoing and perhaps unexpected changes will need to be made to the project.  The Project Manager shall authorize all changes or deviations in the operation of the project.  Any significant changes will be noted in the final report, and shall be considered an amendment to the QAPP.  All verification and validation methods will be noted in the analysis provided in the final project report.

D2.
Verification and Validation Methods

To confirm that QA/QC steps have been handled in accordance with the QAPP, a readiness review will be conducted before key data collection/analysis steps, and data handling reports will be prepared after each step.  These reviews and reports will be consistent with UK-ERTL’s SOP.  Standard statistical tests (described below in Section D3) will be used to determine the extent to which inferences can be drawn from the sample data.   
D3.
Evaluating Data in Terms of User Needs

This section will be finalized after completion of the project-specific statistical methodology, which will be developed consistent with USEPAs Generic Guide to Statistical Aspects of Developing an Environmental Results Program (2003).  It is the goal of this project to establish universal correlations between cultured indicator bacteria and qPCR signals for Bacteroides for use in categorizing relative risk levels with respects to proportion of fresh human sewage in urban watersheds.  However, it may be that the trends and correlations found between culture methods and qPCR results are site specific, not universal.  Before completion of this section, input will be required from the final users, therefore this part of the QAP is unfinished.  This section will present information on: how the results of the study will be analyzed and evaluated to determine whether the needs of the project were met.  It will include details of formulae that will be used to calculate precision, accuracy/bias, completeness, comparability, specificity, and sensitivity of the project data.  The final results of the study will consider what impact this study will have on the management of urban watersheds if the data collected do not support universal relationships seen in preliminary results from similar watersheds.  
Approach to managing unusable data
This section shall contain a description of what will happen if data are unusable, with particular emphasis on the impact of such unusability on data representativeness.
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