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Acknowledgement:   This laboratory QA Plan was modeled after the January, 2008 Lab QA Plan for the MassDEP-Div. of Environmental Analysis Wall Experiment Station laboratories.  It has been revised to reflect DWM policies and procedures.   
1.0
INTRODUCTION

1.1
Program Objectives

The MassDEP-Division of Watershed Management’s (DWM) Microbiology Lab was originally set up in 2004 to serve program needs for ambient bacteria data, primarily E. coli in fresh waters and Enterococci in estuarine/marine waters.   These data are used to track microbial sources of pollution, to compare results to State water quality standards and to observe trends in water quality over time (for fixed station monitoring).  The current applicable lab SOP for bacteria analysis at DWM-Worcester is: Analytical Quantification of Escherichia coli and Enterococci Bacteria in Ambient Surface Waters Using an Enzyme Substrate Test (Standard Method 9223B) (CN 198.0).

1.2
DWM’s Microbiology Lab
The MassDEP, DWM-WPP has developed the capability and standard operating procedures (SOPs) for the analysis of ambient water samples for E. coli and Enterococci bacteria using enzyme substrate, MPN methodology.     
DWM’s Microbiology Lab is currently serving several important functions.  One of these is as a backup lab to microbiological services provided by MassDEP-WES and contract labs.  The lab is also used for E. coli and Enterococcus sample analysis as part of basin-specific micriobial source tracking activity by DWM.  The bacteria lab is using the Idexx Quanti-tray® system to analyze samples.  Due to space constraints, the Microbiology Lab in Room 117 at the 8 New Bond St. location is being shared with other uses (e.g., chlorophyll a, turbidity, color analysis).   
2.0
APPLICABILITY & PURPOSE  

The purpose of this laboratory quality assurance plan (QAP) is to document and describe the analytical and QA procedures that the microbiology lab staff use to produce scientifically valid and legally defensible data.   A QA plan is an important tool for environmental monitoring programs to ensure that project objectives are accomplished and that the QA procedures used during field sampling and for sample management are adequate to generate data of known quality.  DWM recognizes the importance of this QA plan in meeting the goal of generating microbiological data of known quality that can withstand scientific and legal challenges.  
This Plan does not apply to other “lab” work performed at DWM’s Worcester office, such as biological microscopy, fish tissue preparation, instrumentation and chlorophyll a analyses.  For QA documentation related to these activities, see DWM’s programmatic QAPP and associated SOPs.

3.0
LABORATORY ORGANIZATION AND PERSONNEL RESPONSIBILITIES
3.1 
Personnel
The following DWM personnel are responsible for DWM’s microbiological laboratory:

3.1.1
Kimberly Groff, Program Supervisor.  Oversees all staff in the Watershed Planning group within DWM.  

3.1.2
Richard Chase, QA Analyst.  Oversees operation and maintenance of the lab; maintains SOPs, troubleshoots technical issues; procurement of equipment and supplies; thermometer re-certifications, quality control testing, forms, lab data reporting oversight.  (B.S. Fisheries and Aquaculture; M.S. Environmental Engineering)

3.1.3
Joan Beskenis, Environmental Analyst.  Provides expertise on microbiological topics and issues, as well as technical assistance for source tracking methodologies.   Also serves as lab analyst when needed. 

3.1.4
Full-Time and seasonal staff.   Assist with lab analyses as needed.

3.2
Organizational Chart:  See Section 19.0.
4.0
QUALITY ASSURANCE OBJECTIVES

4.1
The majority of the required QA elements related to bacteria sample collection, analysis and data management are contained in DWM’s programmatic, 5-year QAPP (with annual updates). The QAPP document addresses the required elements in the USEPA Quality Assurance Project Plans for Environmental Data Operations (EPA QA/R-5).  Consistent with the QAPP, this lab QAP addresses sample analysis in DWM’s microbiology lab, which has been designed to ensure full compliance with accepted protocols and procedures (e.g., Standard Methods).  

4.2
Objectives  
The DWM microbiology lab has the following quality assurance objectives:

4.2.1
Use approved methods for the analysis of ambient water

4.2.2
Ensure sample integrity and chain of custody

4.2.3
Continuously assess the quality of data generated by the laboratory

4.2.4
Maintain the overall quality of laboratory performance by the use of quality control checks (i.e., spikes, duplicates, blanks and performance evaluation samples)

4.2.5
Reject and reevaluate data that fall outside of acceptance limits

4.2.6
Maintain accurate records of analysis

4.2.7
Maintain a permanent record of instrument performance as a basis for validating data

4.2.8
Produce analytical results that can withstand legal scrutiny

4.2.9
Adhere strictly to the principles of good laboratory practice (including adherence to safety protocols)
4.2.10
Consistently develop, use and maintain standard operating procedures (SOPs)

5.0
SITE SELECTION AND SAMPLING PROCEDURES

Samples delivered to DWM’s Microbiology Lab for analysis are collected at both pre-determined and un-planned locations throughout Massachusetts by DWM staff.  DWM survey coordinators develop Sampling & Analysis Plans (SAPs) that describe exactly where, what, when and why to sample specific  sites for certain analytes.  While laboratory personnel are not directly involved with sampling and site selection, they are aware of the potential quality control problems that may arise as a result of improper selection of sampling and analytical methods, and they coordinate with field personnel as needed to ensure sample integrity and adherence to SOPs. 
5.1
Sample Collection Procedures

Bacteria sample collection by DWM staff follows the procedures outlined in DWM’s QAPP and sampling SOP (CN 1.21).  Only new, pre-cleaned, sterile bottles are used.  The containers provided are of the appropriate size to obtain enough sample volume for performing the analysis and the associated QC procedures such as duplicates and matrix spikes.  A DEP sample label is pre-affixed to each sample container. The only required information on the sample label is the field number and the laboratory sample number; the latter number is assigned by the DWM Microbiology Lab at the time of sample receipt in the laboratory.  Other pertinent sample tracking and identification data are recorded by field personnel on the DEP Sample Tracking/Chain-of-Custody Form (see Form 1) supplied by WES with sample containers. 

5.2
Sample Containers, Holding Times, and Preservation Procedures

Only new, pre-cleaned, sterile (single-use) sample containers are used by DWM staff to collect bacteria samples. While the sample bottles, typically plastic, may or may not include sodium thiosulfate for dechlorination of sample water, use of the thiosulfate as a conservative measure (in case there is some chlorine residual) is common.  The laboratory analyzes samples within the specified holding time established by the analytical methods (6 hours to the lab and 8 hours total from collection to analysis).

5.2.1
Sample Handling Protocol:   Samples arrive at the DWM lab in sample coolers containing wet ice (<6C).  They are either transferred to DWM’s sample holding fridge (<6 deg. C) or directly to an awaiting analyst.   In either case, chain-of-custody is used to document the transfer.   Prior to analysis, the samples are set on the lab bench to allow them to approach room temperature before analysis. No special sample processing techniques (e.g., filtering) are performed on samples analyzed, except for any required dilutions during analysis. 
5.2.2
Scheduling of Sample Analysis:  A lab schedule is sent to staff approximately one week in advance of sample collection by DWM’s Monitoring Supervisor.  
5.2.3
Sampling Supplies:  New, pre-cleaned, HDPE sterile sample containers are provided by the WES lab (ora contract lab) via direct shipment to the DWM-Worcester lab, or through DWM’s procurement process (which is also used to purchase all other necessary supplies for sampling).   The typical volume for these containers is 120-250 mls.
5.2.4
Sample Custody:  All samples arriving at the DWM Microbiology Lab are subject to standard chain-of-custody protocol.  DEP subscribes to the U.S. EPA's National Enforcement Investigations Center (NEIC) definition of chain of custody.  The chain-of-custody documentation procedure begins in the field at the time of collection.  A sample is considered under chain of custody if it meets the following criteria: 1) It is in your possession; 2) It is continuously in your view, after being in your possession; 3) It was in your possession and then you locked it up to prevent tampering or it is in a designated secure area; and 4) A chain-of-custody form accompanies the sample from the field to the laboratory. The DWM sample refrigerator has a lock that can be engaged for storing samples (but normally is NOT locked, since the building is secure).  
Although the samples are not being sent to WES, DWM uses the current WES Sample Tracking/Chain-of-Custody form that has been distributed to the DEP Boston and regional offices electronically.  This form and the sample ID labels are used to maintain proper sample custody, and are completed for all sampling events.  Careful completion of the form is stressed to sampling and lab staff.  
5.2.5
Sample Labels:   Sample container labels have space to document field ID and Lab ID numbers.  They are applied to sample containers before sample collection.  Field ID numbers are the only label entries collectors need to make.  Lab ID numbers are assigned at DWM during sample login.

5.2.6
Preservatives:  Bacteria samples for analysis at DWM are not chemically preserved. They are stored in a polyethylene ice chest with ice to achieve <6 deg. C to minimize biological activity.  Sodium thiosulfate is typically included in the sample containers to reduce the effect of any residual chlorine that may be present in the sample (but is not required).   

6.0
SAMPLE TRANSFER AND DISPOSAL PROCEDURES
6.1
Sample Transfer Procedures
Samples collected by DWM field staff are either brought directly to the DWM Microbiology Lab for inspection or signed out of the sample holding fridge by the analyst.  Samples are evaluated against the following criteria:

6.1.1
Proper sample container

6.1.2
Proper sample volume

6.1.3
Proper sample preservation (< 6(C for microbiology samples)

6.1.4
Correct date and time of sampling (via COC)
6.1.5
Properly documented chain-of-custody form

6.1.6
Recording of internal temperature of sample cooler on the DEP Sample Tracking/Chain-of-Custody Form

6.1.7
Compliance with sample holding times as per EPA methods

6.1.8
If any of the above information is questionable, the analyst will contact the project coordinator and/or DWM Quality Assurance Analyst as to whether or not to accept and run the samples.  If the samples are analyzed, appropriate notes are made in the lab notebook. 
	Conditions where sample rejection may apply
	Conditions where data qualification or censoring  may apply

	Improper sample container (not sterile) or leaking/broken container
	Holding time exceeded

Insufficient sample volume

	Failure to dechlorinate chlorine-residual samples
	

	
	Failure to properly cool the samples to < 10°C during shipment




6.2
Sample Disposal
Any unused raw sample left once the initial analyses have been completed is stored temporarily in the DWM sample fridge until the entire test is completed (after the second day).  At that time, the sample bottles are collected as “bio-waste”.  Used test materials (e.g., Colilert /Enterlert trays, sample bottles, pipettes, etc.) are stored temporarily at DWM as “bio-waste” and periodically delivered to WES for sterilization, recycling and disposal, as appropriate.  If, for any reason, a sample is determined to be hazardous (per MA. State Hazardous Waste Management regulations), it will be removed for disposal by a hazardous waste management contractor (through WES).   See Section 17.0.
6.3
Sample Tracking Procedures


When the analytical work on the samples has begun, lab notebooks become the documentary linkage between analysis and final EDD data reports.  All entries in these documents are made using ink and dated; the analyst also initials each page.  

7.0
EQUIPMENT SETUP, MAINTENANCE & USE PROCEDURES

7.1
Equipment
The primary pieces of equipment used in DWM’s Microbiology Lab to perform the quantitative enzyme substrate tests are the tray sealer unit, incubator, incubator thermometers and UV-lamp. 

7.2
Disposable Supplies
The disposable, one-time-use supplies needed for the tests employed at DWM’s Microbiology Lab include Idexx Quanti-trays®, Idexx sample dilution bottles, plastic volumetric pipettes, Idexx packet reagents, known organism QC reagents and sterile dilution water.   No glassware is used in the tests used, so no cleaning is required.

7.3
Quality Control for Equipment and Supplies 
7.3.1
Incubators:
Temperatures of air incubators are checked twice each day (when in use) with readings taken at least four hours apart.  The date, time, temperature, and initials of the analyst performing each check are documented.  Incubators used at 35(C and 41(C must maintain temperature to within 0.5(C.  At least one thermometer per incubator must be placed in liquid.

7.3.2
Refrigerators: Temperatures of refrigerators are checked at least twice a workday.  Refrigerators must maintain a temperature range maximum of 1 to 8(C (as it cycles ON/OFF) in order to maintain sample and ambient temperature inside <6(C.  The date, temperature, and initials of the analyst performing each check must be documented.  Thermometers used in the refrigerators must be graduated in increments of 1(C or smaller.  Thermometers must be placed in liquid.

7.3.3
Autoclave:  The following quality control requirements for autoclaves are taken directly from the WES QAP (since as of 1/8/15, WES provides this service to DWM for sterilizing waste and providing deionized dilution water). Only those requirements pertaining to DWM are listed.
7.3.3.1
A maximum-temperature registering thermometer must be included with each autoclave cycle.

7.3.3.2
The date, total time, sterilization time, sterilization temperature, contents, and analyst initials must be recorded for each autoclave cycle.

7.3.3.3
The autoclave must complete a cycle within 45 minutes when a sterilization time of 15 minutes is used.

7.3.3.4    The autoclave timer must be checked quarterly against a stopwatch.

7.3.3.5    The most recent service date must be affixed to the autoclave.

7.3.3.6
Sterilization times to be used are as follows: 

	Material
	Time

	“Bio-waste”
	30 minutes

	Buffered Rinse Water
	45 minutes


7.3.4
Thermometers
7.3.4.1
Thermometers used within the DWM Microbiology lab are checked annually against a thermometer traceable to NIST.  The NIST traceable thermometer must be graduated in increments equal to or smaller than the thermometer being checked.  If a thermometer differs by more than 1(C from the reference thermometer, it must be replaced.  
7.3.4.2
Each thermometer must have a tag which identifies the thermometer and any correction factor to be applied to the reading (based on comparison to NIST-traceable).

7.3.5
Sample containers
7.3.5.1
Each lot of sample containers is tested for sterility by running a lab blank with the first (and every) lab batch run using that lot.  
7.3.5.2
The calibration of the volume measurements on each lot of sample containers received is verified by filling a 100 mL Class A volumetric flask (or a pre-calibrated 100 mL graduated cylinder) to the 100 mL mark.  The water from this flask is then poured into the sample container.  The sample container must measure the volume to be 100± 2.5 mL

7.3.5.3
Since DWM employs only the quanti-tray technique (not P/A) when running SM 9223B, there is no need to check the sample bottles against a 365-366-nm ultraviolet light source for autofluorescence.  

7.3.6
Pipettes

The laboratory uses disposable plastic pipettes which are purchased pre-sterilized and individually-wrapped from the manufacturer.   Each lot of pipettes must be checked for the volume accuracy against volumetric glassware (>2.5% difference is unacceptable). 

7.3.7
Reagents
7.3.7.1
The laboratory uses individually-wrapped reagent packs as well as QC organism pellets (e.g., 10 pellets containing a specific bacteria per vial).   Each box of powdered reagent is marked with the date received.  
7.3.7.2
Dehydrated reagents are stored at <6 deg. C in DWM’s sample fridge.  Some reagents come with desiccant packs, which are kept with them while in storage.
7.3.7.3
Media beyond the manufacturers expiration date is kept for training purposes and for rough screening purposes only (i.e., non-critical samples).   The expiration date for the reagent used is listed in the lab notebook for each lab batch. 
7.3.7.4
Media is be used in the order received.  To minimize waste, every attempt is made to order media in quantities that will be used prior to expiration.

7.3.7.5
Each lot of media received is tested with positive and negative culture controls prior to use (or as part of the first sample batch tested) to ensure satisfactory performance.  The results of the control checks are recorded in the lab notebook.  Typical control organisms used are:

	Control Response
	Organism

	Total coliform positive:
	Escherichia coli

	
	Klebsiella pneumonia

	Total coliform negative:
	Staphylococcus aureus

	
	Pseudomonas sp.

	E. coli positive:
	Escherichia coli

	E. coli negative:
	Pseudomonas non-fluorescent sp.

	
	Klebsiella pneumonia

	Enterococcus positive:
	Enterococcus faecium

	Enterococcus negative:
	Serratia marcescens


7.3.7.6
Reagent-grade, sterile water

Sterile, reagent-grade water used at the DWM microbiology Lab is obtained from WES.  The following information directly from the WES QAP is relevant to the reverse osmosis water sterilized and tested at WES prior to delivery to DWM.

The quality of the WES reagent water is tested, recorded, and determined to meet the following requirements:

	Parameter
	Limits
	Frequency

	Resistivity
	> 10 megohm-cm at 25(C
	Each day used (in-line meter)

	Conductivity
	< 0.1 (S/cm at 25(C
	Monthly (by WES Inorganic Chemistry Laboratory)

	Pb, Cd, Cr, Cu, Ni, Zn
	< 0.05 mg/L per metal and < 0.1 mg/L total metals
	Annually (by WES Inorganic Chemistry Laboratory)

	Total Chlorine Residual
	< 0.1 mg/L
	Monthly

	HPC
	< 500 CFU
	Monthly


Each batch of sterile water prepared for DWM laboratory is checked for sterility using the following procedure:

1. 50 mL of the water is poured into 50 mL of 2x tryptic soy broth
2. The broth is incubated for 48 hours at 35(C

3. During the incubation, the broth is checked at 24- & 48-hr for turbidity or growth.  Prepared bottles from each batch must not be used unless satisfactory results are obtained from the tested bottle.

7.3.8
Quanti-Tray Sealer

The benchtop device used to seal the Quanti-trays is checked for proper operation during each batch analysis. If problems are encountered, appropriate DWM staff are contacted for maintenance and/or repair.
7.3.9
Bio-Waste Storage and Disposal  

All items in contact with potentially pathogenic sample water are stored in the lab in special “bio-waste” clear bags inside dedicated “bio-waste” cans.  This waste stream includes separate bags for used Quanti-trays, sample bottles and pipettes. The “bio-waste” is periodically delivered to WES for sterilization, recycling and disposal, as appropriate.  

7.4
Equipment Records

Equipment maintenance records, including minor maintenance procedures conducted by laboratory personnel as well as preventative maintenance and major repairs conducted by service contractors, are kept up to date and in chronological order.  These records are stored in the laboratory in which the equipment is housed/used.   
Temperature logs for the refrigerator and incubators are also kept up to date in both paper and electronic (scanned) formats.    

8.0
INTERNAL QUALITY CONTROL CHECKS

8.1
Internal, on-going quality control checks that are used at the DWM Microbiology Lab include:

8.1.1
Positive and/or negative control organisms (each batch of reagents)

8.1.2
Lab blanks (each batch of samples)

8.1.3
Laboratory duplicates (each batch of samples)
8.1.4
Random checks by QA Analyst

8.1.5
Continuing training of laboratory staff (as needed)
9.0
PERFORMANCE AND SYSTEMS AUDITS

Internal systems and performance audits are important components of a laboratory quality assurance program.  Properly conducted laboratory audits will reveal the need to upgrade analytical instrumentation, better train analysts and make other system improvements in order to improve overall laboratory performance.  
9.1
QC Check Samples.   Single-blind quality assurance check samples (QCS) from a PT provider or via DWM’s QA Analyst are used to evaluate laboratory accuracy.  (annually)

9.2
QC Comparison Studies.   Inter-lab (and inter-method in some cases) split sample analysis for general comparison (requires cooperation with other labs)   (as needed)
9.3
Internal Systems Audit.  An internal systems audit involves a thorough review, inspection, and evaluation of all components of a laboratory’s quality assurance system, including standard operating procedures, personnel qualifications, and facilities.  The DWM QA Officer conducts an informal systems audit of the DWM Microbiology Lab on an as-needed basis.  The audit includes reviewing the results of proficiency testing (PT) and other blind QC checks, inventory of lab equipment, condition and maintenance, the square feet of lab space, lab personnel to determine analytical expertise, experience, and training, data handling and documentation and general lab quality control procedures. 

9.4
Performance Evaluation.  The objective of performance evaluation is to review and evaluate the performance of the analyst and the other components of the analytical measurement system.  DWM’s QA Officer generally evaluates the overall lab performance and that of specific analysts through random checks on the reading of results (cell counting using the Quanti-trays®),  notebook review of analytical data for completeness and accuracy, onsite analyst work review (observe the analyst’s technique), evaluation of quality assurance check samples and the use of inter-lab splits.

10.0
DATA QUALITY INDICATORS

To ensure that the laboratory generates legally defensible and scientifically valid analytical data, the precision and accuracy of data are assessed.  
10.1
Accuracy.  Accuracy is defined as the closeness of agreement between the measured value and an accepted reference value.  When applied to a set of observed/measured values, accuracy will be a combination of a random component and of a bias component.  Accuracy in the DWM Microbiology Lab can be periodically determined by means of percent recovery of a commercially-available, known amount of colony forming units/100 mls of a specific lypholyzed organism (e.g., E. coli).  When such a standard reference material (SRM) is used as single-blind QC sample prepared by the analyst following the sample preparation instructions provided by the manufacturer, the percent recovery can be calculated as follows:
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Where:

	% R
	 = 
	Percent Recovery

	Cm 
	 = 
	Measured concentration of SRM

	Csrm 
	= 
	Actual concentration of SRM.


10.2
Precision.  Precision is defined as the agreement among a set of replicate measurements without assumption of knowledge of the true value.  Precision in the laboratory is determined by duplicate and replicate measurements at a frequency of one per twenty samples or one per sample batch. 

If calculated from field duplicate measurements, the relative percent difference is the normal measure of precision:
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Where:

	RPD
	=
	Relative percent difference

	C1
	=
	Larger of the two observed values

	C2
	=
	Smaller of the two observed values


If calculated from three or more field replicates, the relative standard deviation is used as the measure of precision:
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Where:

	RSD
	=
	Relative standard deviation

	S
	=
	Standard deviation

	Y
	=
	Mean of replicate analyses


If for internal lab duplicates (microbiological), laboratory precision is also evaluated using the range of logs (ROL) of duplicate analyses:

Calculation of Precision QC Criterion – Determine the range of logs for the duplicate colony counts as follows (Standard Methods for the Examination of Water and Wastewater, 1998, Page 9-10):


Range of Logs for a Duplicate Set = Log [(Count 1) + 1] – Log [(Count 20 + 1]


Precision QC Criteriion = 3.27 (Mean Range of Logs for 15 Most Recent Duplicate Sets


ROL = log10 result 1 – log10 result 2


If either of a set of duplicate results is zero, the ROL is determined by adding one to the colony count of each plate.

10.3
Accuracy And Precision Data Quality Objectives (DQOs).  The DQOs for accuracy and precision for data acceptance are contained in the most current version of DWM’s programmatic QAPP.  The latest version is for 2015-19 (PENDING).  The latest EPA QAPP approval was for 2010-2014.  See Section 18.0 of this QAP for DQOs for bacterial indicators.
11.0
DATA REDUCTION, VALIDATION, AND REPORTING


This section describes the procedures for data reduction, data validation, and data reporting used by DWM as part of its quality control program.  Additional and related information can be found in DWM’s programmatic Quality Assurance Program Plan (QAPP).

11.1
Data Reduction (in lab)

Data reduction refers to the conversion of raw analytical data to the final sample concentration  after each sample batch analysis has been completed.  The analyst is responsible for reviewing the auto-conversion of the raw data to final sample concentrations (via a semi-automated EXCEL spreadsheet), and documenting the calculation in the lab notebook.  When samples are diluted, reporting limits and MDLs are raised correspondingly. Analytical results for blanks, duplicates, spikes, and other quality control samples are also reported in the lab notebook along with the sample result. All raw data records are written legibly in ink and are all changes neatly lined through, initialed, and dated.  The lab notebook is only removed from the lab to make paper copies of the completed batch worksheets, which are then provided to the QC Analyst for review.  Data at this stage (1st level review) are DRAFT (RAW).

11.2
EDD Production (program-based)
Preliminary data from completed lab sheets are manually or auto-generated via macro tool into an Electronic Data Deliverable (EDD) under the direction of database/QA management staff.  A standard EDD format is used to ensure consistency. 100% data entry quality control is performed to provide complete transcription accuracy from the lab notebook to the EXCEL spreadsheet.  Deviations are corrected in the EDD.   Dilution rate calculations and rounding rules are verified by using spreadsheet multiplication and formatting.  The final EDDs are provided to DWM database management team for uploading into the larger database system, where data are reviewed against data validation criteria. Data at this stage (2nd level review) are DRAFT (PRELIMINARY).

11.3
Data Validation (program-based)

Data validation refers to the procedures used to ensure the validity of data based on specific evaluation criteria. DWM currently performs data validation on all of its data on an annual basis.  Data following validation activities (including 3rd level review by project-level staff) are considered FINAL.  Appropriate data qualifiers (data are valid with caveat) are applied as needed or data are censored (data are not valid and not reported). 

Data validation criteria include:

· Analytical holding time.  

· Correct units and significant figures (including rounding rules)

· Frequency of QC samples per batch (i.e., was a blank, spike, and/or duplicate analyzed with each sample batch?)  

· Field and lab blanks (i.e., were the the blank concentrations less than the method detection limit?)  

· Overall Precision of field duplicates (and repeatability of lab duplicates)

· Accuracy based on QC spikes (internal and independent (as available)

· Completeness and accuracy of sample and analytical metadata (including correct sample ID information as per the Sample Tracking/Chain-of-Custody Form – i.e., lab and field ID #; date and time of sample collection, receipt at DWM; sampling site and locator (within the site); sample collector name or initials; name of project contact and/or coordinator; parameter, etc.  

· Representativeness of data.  Project-level review (3rd level review) assesses the likelihood of data outlier validity and general accuracy of the data set.

11.4
Data Reporting

Once validated, DWM microbiological data are available for unrestricted use by request to DWM, via EPA WQX database or in published reports.  Internal electronic data are essentially kept on file indefinitely.   .  

12.0
RECORDS MANAGEMENT, STORAGE AND SECURITY

12.1
Original paper data records (lab notebook, chain-of-custody, data entry QC records) are kept on file at DWM for 10 years (QA Office)

12.2
Access to DWM Lab electronic records is limited to authorized DEP personnel (mainly database and QA staff) via folder permissions.  DWM electronic data files are backed up daily.

12.3
All analytical data generated by the DWM Microbiology Lab are stored electronically as EDDs indefinitely.  Supporting paper and electronic records (including PT/QC data, metadata, etc.) are filed and stored for 10 years at DWM offices (QA Office).
12.4
Records of purchased supplies (including names of vendors, dates of receipt, expiration dates, etc.) are also kept on file at DWM for 5 years (QA Office).
12.5
Hard copy laboratory records filed within the DWM Lab and related offices are considered to be secure as access to the MassDEP-CERO/DWM building is strictly limited to authorized personnel.  Non-DEP visitors must sign in at the front desk and be escorted by a DEP employee during the entire visit.   

13.0
CORRECTIVE ACTION


DWM continually monitors its analytical data for compliance to this QAP and established quality assurance guidelines.  The laboratory initiates corrective action procedures when errors, deficiencies, deviations, or laboratory data fall outside of established acceptance criteria.  The need for corrective action may be identified by system or performance audits or by standard quality control procedures.  Corrective actions may involve further investigating the problem to identify what is needed, getting approval to initiate the action, discussing alternative ways of correcting a problem, and documenting that corrective action has eliminated the problem.

14.0
QUALITY ASSURANCE REPORTS TO MANAGEMENT


With regard to data quality, the QA Analyst produces an annual Data Validation Report for all program data, including that from the Microbiology Lab.  This report documents decisions made during data validation that resulted in qualification and censoring decisions.
As part of DWM’s safety program, the DWM Quality Assurance Analyst prepares annual program safety reports for management review.  This includes lab safety issues (incidents, recommendations for improvements, etc.). 

Any formal corrective actions taken and/or recommended are also reported to management.
15.0
TRAINING


All DWM lab analysts are trained in the applicable methods prior to analysis. Training is provided by DWM staff experienced in the bacteria analyses.  In addition to hands-on training, trained analysts are supervised for the initial batch of samples under their responsibility. This provides the opportunity for clarification, asking and answering questions and re-training if needed.   Training records are kept on file by the QA Analyst.
16.0
LABORATORY HEALTH AND SAFETY

16.1
DWM strives to maintain a clean and safe working environment for all laboratory personnel.  The DWM Microbiology Lab shares space with other analytical performing other activities and tests (chlorophyll a, turbidity, hardness by kit and color).  The general Lab Safety Plan (CN 0.3) covers all DWM lab activities and the bacteria SOP (CN 198.0) addresses method-specific safety issues.

16.2
Safety and Personal Protective Equipment (PPE).  DWM provides ready access for all bacteria lab analysts to required and optional safety gear.  This includes lab coats, safety glasses, disposable nitrile gloves, face masks, UV-protective glasses, A-B-C type fire extinguishers, disinfectant cleaners for hands and countertops, “sharps” containers, spill contol kits, first aid kits, Material Safety Data Sheets (MSDSs) for chemicals and standards used in the laboratory, emergency shower and eye-wash, and dedicated storage containers for “bio-waste”.

16.3
DWM Laboratory Safety Procedures.    Safe laboratory practices are essential in preventing injury and damage to personnel and equipment.  The “safety first” is applied at all times.  In general, DWM microbiological analytical staff follow the following laboratory safety procedures to protect its staff.  Additional information on lab safety is available in the Lab Safety SOP (CN 0.3).
16.3.1
Food and beverages are not allowed to be stored or consumed within any of the DWM laboratories.  Drinking water coolers are located outside of the laboratories.

16.3.2
Smoking is not permitted within the entire MassDEP-DWM facility.

16.3.3
Personal items such as coats, hats, umbrellas, and purses are to be stored outside of the laboratories or in or by the employees’ desks.

16.3.4
Working alone outside of normal work hours requires approval by DWM supervisor(s).
16.3.5
Mouth pipetting is prohibited; the use of pipette filling bulbs/devices is required for all pipette use.  

16.3.6
Protective impact-resistant lenses are required at all times in all laboratories.

16.3.7
Face shields are required when potential spill, splatter, or impact conditions may occur.

16.3.8
All chemical storage containers must be labeled. All unlabeled bottles are automatically discarded.

16.3.9
Separate “bio-waste” containers must be used for bacteria test waste (and sorted properly per WES’ direction).   

16.3.10
All broken glass must be disposed of in designated “sharps” containers. 
16.3.11
Movement of laboratory visitors within the facility shall be restricted.  If visitors are allowed in the laboratory, they must be accompanied by a member of the staff and provided with eye protection, as necessary.

16.3.12
Hand washing is required after removing protective gloves and after returning to the laboratory from the restroom, or from other outside areas.

16.3.13
Before use of any new, repaired, or moved equipment, the equipment shall be tested and inspected.

16.3.14
All surfaces shall be cleaned immediately if a spill occurs and at the end of the analysis.

16.4
Required PPE:   Microbiological lab personnel must wear disposable gloves and eye protection at all times when analyzing samples. Other protective items are optional.

17.0
Waste management
17.1
Storage, handling and transport of biological waste from the Microbiology Lab shall be in accordance with MA. Department of Public health regulations (105 CMR 480 Storage and Disposal of Infectious or Physically Dangerous Medical or Biological Waste State Sanitary Code Chapter VIII. http://www.mass.gov/Eeohhs2/docs/dph/regs/105cmr480.pdf.)
17.2
Laboratory Waste Storage.  Used sample and test materials (e.g., Colilert® /Enterlert® trays, sample bottles, unused sample volume, pipettes, etc.) are stored temporarily at DWM as “bio-waste” in a designated red waste can labeled for “bio-waste”.  Analytical bio-waste materials are divided into separate, specially-labelled bags (1.5 mil “bio-waste” hazard bags) in the red can as follows:

· Bag#1:   Sealed trays, gloves (trash) 

· Bag#2:   Plastic sample containers with caps (recyclable)

· Bag#3:   Plastic pipettes (or pipette tips), plastic syringes

DO NOT OVERFILL WASTE BAGS.  When half-full, the bags are removed from the red can (by the lab analyst or if necessary the transporter), knot-tied and placed in heavy duty plastic cans with covers labeled “BIO-WASTE ONLY”.  When one or more of these cans is full (2-3 bags inside), it is scheduled for transport to WES for sterilization and recycling/disposal.     

If, for any reason, a sample is determined to be hazardous (per MA. State Hazardous Waste Management regulations), it will be removed for disposal by a hazardous waste management contractor.   

17.3
Waste Transport and Documentation.   The plastic cans containing tied “bio-waste” bags are transported to the WES Lab by DWM staff using any available vehicles in the DWM fleet.   The following steps are followed:

Fill out “Bio-Waste” Receipt Form (top and bottom of the form).   These forms are available in file holders above the red can, or on the main lab area door, or from the QA Analyst.
Secure cans in the vehicle (for trucks, cargo bars are available).  Make sure can lids are also secured.

At WES, deliver the cans with lids on to the Microbiology Lab with the Bio-Waste Receipt Form

Remove the lid(s) and transfer custody of the contents to WES by signing the receipt form (on top and bottom parts) and taking the completed bottom half of the form as a copy back to DWM’s offices.  Return the empty cans securely back to DWM’s Microbiology Lab..

Hand-deliver the copy of the completed Bio-Waste Receipt Form to the DWM QA Analyst for record keeping.
18.0
REFERENCES
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19.0
FIGURES, TABLES, FORMS, AND EXHIBITS


19.1
DWM Microbiology Laboratory Support Personnel
	Position/Title
	Name
	Educational Degree(s) & Major(s)
	Responsibility


	Approx. Years of Lab-related Experience

	QA Analyst
	Richard Chase
	B.S., Fisheries/Aquaculture
M.S., Environmental Engineering/ Limnology 

	Oversees operation and maintenance of the lab; maintains SOPs, troubleshoots technical issues; procurement of equipment and supplies; thermometer re-certifications, quality control testing, forms, lab data reporting oversight  
	10

	Environmental Analyst
	Joan Beskenis
	B.A., Geology
M.A., Environmental Policy

Ph.D. Plant biology (microbial biofilms)
	Provides expertise on microbiological topics and issues, as well as technical assistance for source tracking methodologies.   Also serves as lab analyst when needed 
	25

	Trained DWM staff
	varies
	College bachelor’s degree (typical minimum)
	Analytical Support 
	varies

	Eng. Aide I 

(Seasonal Summer Positions)
	variable
	varies
	Laboratory Support for Watershed Sample Analysis 
	varies


19.2
Microbiology Laboratory Equipment
	Item
	No. of

Units
	Manufacturer(s)

	Refrigerator

Standard laboratory, for storing reagents and samples

· Capable of maintaining temperature of < 6(C


	1
	Fisher Isotemp

	Graduated Thermometer
Pen-type and bottle-encased for checking incubators and fridge

· 1(C or finer subdivision to 180(C

· Non-Hg (kerosene or isoamyl benzoate)

· NIST certified or traceable

	Several
	Fisher

Ertco

	Digital Thermometer

w/ display unit/logger (for checking all thermometers)
· NIST-certified with annual re-certification
· Best accuracy


	1
	Fisher

	Incubator

Gravity convection, bench-top

· 35(C --- for Colilert®

· 41.0(C --- for Enterolert®

	2
	Precision

	UV lamp/viewer

	1
	Spectronics/Idexx

	Sealer

	1
	Idexx (model 2X)

	Reverse osmosis/ultra-filtration reagent water (ASTM Type I) system


	1
	See WES QAP

	Autoclaves 


	2
	See WES QAP


19.3
EQUIPMENT CALIBRATION and MAINTENANCE PROCEDURES

	Instrument
	Calibration Frequency
	SRM Used
	Calibration Procedure
	Calibration Acceptance Limits
	Maintenance Procedure
	Maintenance Frequency

	Incubator
	When needed to adjust temperature
	NA
	If outside acceptance limits for temperature, make minor adjust to dial and check every 30  minutes afterwards for up to 8 hours to ensure correct setting 
	+/- 0.5 degrees C of desired temperature
	Check for proper heat setting, and heating, door and vent operation.
	Prior to use

	ASTM Type I Reagent Water Systems 
(per WES QAP)
	Weekly
	Check conductivity, pH, heavy metals, and organic contaminants
	Manufacturer’s instructions
	ASTM Type I reagent water must have a resistivity of > 10 megohm-cm (conductivity of < 0.1 (S/cm) at 25(C
	
	

	Autoclaves

(per WES QAP)
	Daily or when in use
	Pressure and temperature gauge

Maximum registering thermometer
	Record date, contents, sterilization time and temperature for each cycle.
	Reaches temperature of 121(C in 30 minutes.  Maintains 121(C during sterilization cycle and completes the entire cycle within 45 minutes when a 12-15 minute sterilization period is used.
	Flush trap, check seals, clean chamber of any residue
	Each day of operation or as needed.


 19.4   
 Laboratory SOPs and QAP
	Document Topic
	CN#
	Document Title
	Latest Revision #
	Date

	lab quality assurance
	350.0
	Laboratory Quality Assurance Plan---Microbiology (MassDEP-DWM)
	2.1
	January 2015

	lab safety
	CN 0.3
	Lab Safety Plan for DWM-Worcester Operations
	2.0
	May 2008

	analytical method
	CN 198.0
	Analytical Quantification of Escherichia coli and Enterococci Bacteria in Ambient Surface Waters Using an Enzyme Substrate Test (Standard Method 9223B)
	4.0
	February 2007

	lab reporting
	CN 0.42
	EDD Template
	2.0
	April 2008

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


19.5
DWM MICROBIOLOGY LAB - ANALYTICAL METHODS AND SAMPLE MANAGEMENT ELEMENTS
	Parameter
	Method
	Preservativea
	Holding

Time
	Sample

Volume
	Container

Typeb

	E. coli 
	Standard Methods 9223B
	< 6(C
Sodium Thiosulfate (pre-added to Idexx sample bottles for dechlorination

	6 hours in the field + 2 hours in the laboratory
	100+ mL
	Sterile HDPE, G

	Enterococci
	ASTM D6503-99
	< 6(C
Sodium Thiosulfate (pre-added to Idexx sample bottles for dechlorination

	6 hours in the field + 2 hours in the laboratory
	100+ mL
	Sterile HDPE, G

	a Non-chlorinated samples do not require the addition of sodium thiosulfate.

b HDPE = High Density Polyethylene; G = Glass, PP = Polypropylene, AJ = Amber Jar with Teflon Cap


 19.6     
DWM Data Quality Objectives (MICROBIOLOGY) 
	Analyte
	Units
	Expected Range

(approx.)
	Project Quant. Limit PQL
	Analytical Method

MDL
	Achievable Laboratory MDL
	Laboratory RDL, if provided
	Accuracy (+/-)
	Overall Precision (RPD or other)
	Resolution

	E. coli  and Enterococci bacteria using Colilert® and Enterolert®

(current DQO)
	MPN/100 ml
	0-2420

(max. with quanti-tray for un-diluted samples
	1 MPN/ 100 ml
	Unknown
	1 MPN/100 ml
	MPN of 1 /100 ml  
	Presence and/or >2420 MPN on positive control and absence and/or 0 (<RDL) for negative control(s)
	30% RPD for log 10 transformed field duplicate data
	NA

	E. coli , Enterococci bacteria using Colilert®, Enterolert®

(proposed 2009 revision)
	Same as above
	Same as above
	Same as above
	Same as above
	Same as above
	Same as above
	Same as above
	For log10 transformed field duplicate data:
<30%RPD (<50 MPN/ 100mls)

<20% (50-500 MPN)

<10 % (500-5000 MPN)

< 5% (>5000 MPN)

	NA


19.7
DWM EDD Template (example)
	Project Name:
	 
	 
	 
	 
	 
	 
	Approval:
	 
	 
	 
	 

	Analyte/Compound:
	 
	 
	 
	 
	 
	
	
	
	
	
	 

	Method:
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Field #
	Lab Sample #
	Result
	Lab Qualifier
	Units
	Lab QC
	Lab Comments *
	MDL
	RDL
	UQL ***
	Analysis Date
	Analysis Time
	Analyst(s) Name **

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


 FILENAME\p  \* MERGEFORMAT 
19.8
Method Approvals & literature

Colilert®
The Colilert® test (18 and 24 hour tests) is EPA-approved for ambient waters and wastewaters.   In addition to EPA's evaluations and approvals, research from the last 20 years largely shows that Colilert is accurate and precise in addition to being easier to use than other, more traditional methods.

In part due to the many existing scientific papers (in addition to those on the Idexx site) showing good correlation between Colilert and other EPA approved methods (such as the MF method modified m-TEC 1603), DWM has performed only limited testing in-house and have not published any comparative results.  In April 2004, split samples for E. coli analysis by WES (1603 and Colilert) and DWM-Worcester (Colilert) compared very well.  Additional testing in 2004 using co-located field duplicates also showed good correlation between MF (WES) and Colilert (DWM).  

For independent method reviews (provided via manufacturer web site), go to: http://www.idexx.com/water/colilert/moreinfo.jsp
Enterolert®

The Enterolert® test is also EPA-approved for ambient waters and wastewaters, as well as by the American Society of Testing and Materials (ASTM #D6503-99).   Similar to Colilert, Enterolert has also ben shown to be accurate and precise, and easier to use than traditional methods.

For independent method reviews (provided via manufacturer web site), go to:
http://www.idexx.com/water/enterolert/moreinfo.jsp
































































































































































































































































































































































































































































_1038309015

_1042979635.unknown

_1231849841

_1038308514

