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A.1.   Project/Task Organization
Roles and responsibilities of individuals including Quality Assurance authority, and interfaces with USBR are as follows:

	Personnel
	Roles and Responsibilities

	John Fields
USBR Project Coordinator and USBR Principal Investigator
	Collects field data and fish samples.  Responsible for field equipment and providing direction to the field crew.  Ensures that all records related to field data and fish specimens are complete and reviewed for completeness and accuracy.  Coordinates with the CERC Principal Investigator to ensure delivery of fish samples to the analytical laboratory.  Has primary responsibility for statistical analysis and interpretation of data, and drafting a final completion report for this project.

	Tom May

CERC Principal Investigator
	Performs chemical preparation and analysis activities.  Oversees day-to-day activities in the Inorganic Section.  Is responsible for laboratory facilities and test equipment, and providing direction to staff.  Ensures that all records related to the chemical preparation and analyses are completed and reviewed for completeness and accuracy.

	Pete Vonich

USBR Project Manager
	Works closely with USBR Project Coordinator to ensure that project tasks are met and contractual products (final completion report) are submitted to USBR.

	Victor Stokmanis

USBR Quality Assurance Officer
	Ensures the reliability of project data.  Establishes project data quality objectives.  Conducts data validation and review. 


Abbreviations:

CERC – Columbia (Missouri) Environmental Research Center (USGS)

SOP – Standard Operating Procedure

USBR – U.S. Bureau of Reclamation

USGS – U.S. Geological Survey

A.2.   Problem Definition/Background
Folsom Lake is managed by the U.S. Bureau of Reclamation (USBR) for multiple uses including water supply and recreation.  In addition, the reservoir supports a sport fishery for several species, including largemouth bass (Micropterus salmoides), green sunfish (Lepomis cyanellus), rainbow trout (Oncorhynchus mykiss), and white catfish (Ameiurus catus).   Limited information indicates that mercury residues in these fishes approach or exceed guidelines for human consumption.  This contamination is considered to be of potential concern due to consumption of fish by anglers.  Thus, the USBR has requested that CERC determine the concentrations of mercury in selected sport fishes from Folsom Lake and verify their mercury status.  The USBR will use this information in future fisheries management decisions concerning harvest of fish from this reservoir.

A.3.   Project/Task Description

Adult size classes of largemouth bass, green sunfish, rainbow trout, and white catfish will be collected from four sites in Folsom Lake that are representative of the north shore, south shore, east shore, and west shore.  Fish will be captured with a boat-mounted electroshocker, measured for total length (TL) with a length board, then bagged in clean polyethylene Ziploc bags and either chilled on wet ice or blue ice.  Within 6 hr of capture, the fish will be stored frozen in a household chest freezer.  After fish collections are completed, the frozen fish will be partially thawed, weighed with an electronic balance, scales (bass, sunfish, and trout only) or spines (catfish only) will be removed for age analysis with procedures described by Jearld (1983), then muscle fillets will be removed from both sides of each fish as described in CERC SOP P.509 (Filleting of Fish Samples for Trace Metal Analysis).  The fillets will be wrapped in clean polyethylene sheets, bagged in Ziploc bags, then refrozen.  The frozen fillet samples will be submitted to the CERC Inorganic Section in accordance with collection and shipment instructions as indicated in CERC SOP P.200 (Sample Transmittal, Receipt, and Inventory) and CERC SOP P.183 (Collection and Preservation of water and Tissue to be Analyzed for Trace Metals).  Once received, samples will be inventoried, checked against submitted chain-of-custody forms, assigned CERC Batch and Sample ID's, and secured in an assigned freezer drawer location in Trailer Freezer 1, as described in CERC SOP P.457 (Sample Management and Tracking).  When time permits, the frozen samples will be partially defrosted to allow removal from the polyethylene sheets, then homogenized with food-grade grinding equipment or by hand mincing, depending upon sample size, in accordance with one or more of the following CERC SOPs: P.238  (Homogenization of Samples by Manual Procedures); E.037 (Tissue Grinding With the Hobart (Model's 4822 and 4612), Kitchenaid, and Custom Titanium Grinders).  Once homogenized, fish fillets will be lyophilized and percent moisture determined according to CERC SOPs E.042 (Operation and Maintenance of the Virtis 20-SRC Lyophilizer) and P.259 (Lyophilization and Percent Moisture in Solid Samples).  Once dried, a ~0.5 g aliquant of the sample will be subjected to microwave acid digestion as described in CERC SOP P.510 (Multiwave Microwave Acid Digestion of Environmental Samples).  Quality control items that will be prepared with the samples include digestion blanks and blank spikes, replicate samples, sample spikes, and reference tissue materials.  All samples and associated QC will be analyzed for Hg by cold vapor flow injection atomic absorption spectroscopy as described in CERC SOP P.198 (Determination of Mercury in Water, Tissue, or Sediment with a Perkin-Elmer Model 3110 Atomic Absorption Unit Equipped with a FIAS-200 Flow Injection System).  Following laboratory analysis, the mercury concentrations of the fish will be compared to existing federal guidelines for human consumption.
A.4.   Quality Objectives and Criteria for Mercury Measurement Data

The characteristics used to define data quality are accuracy, precision, completeness, comparability, representativeness and method sensitivity.  The definition and application of these parameters to this project are discussed below.  Data quality objectives (DQOs) for accuracy, precision, comparability, and completeness are listed in Tables 1 and 2.

The precision and accuracy objectives specified in Table 1 are based on standard method performance information, when available, and historical laboratory performance.  Table 2 contains a list of the parameters to be analyzed along with their applicable chemical analytical methods and associated target detection limits.

A.4.1.   Accuracy

Accuracy is a measure of the bias of a system or measurement.  It is the closeness of agreement between an observed value and an accepted value.  For this project, accuracy of chemical analysis will be determined through the analysis of liquid NIST traceable independent calibration verification check standards and certified tissue reference materials.  Method blanks will be used to measure contamination associated with laboratory processing and analyses. Blank and pre-digestion sample spikes will be used to confirm quantitative recovery of Hg through the digestion procedure.  Post digestion spikes will be conducted to check for matrix suppression or enhancement of the Hg signal.

Instrumental accuracy can be expressed in terms of the percent recovery:

% Rec. = [(observed conc.)/(true conc.)] x 100

A.4.2.   Precision

Precision is a measure of mutual agreement among individual measurements of the same property, usually under prescribed similar conditions.  For this project, measures of analytical precision will be determined by the analysis of digestate duplicates during the instrumental run.  In addition, within run variation will be measured by repeated runs of a standard throughout the instrumental run. Method precision will be measured by creating laboratory replicates (n=3) of selected samples and carrying the replicates through the entire chemical preparation and instrumental process. 

Instrumental precision can be expressed in terms of the relative percent difference (RPD):

 C1 - C2

C1 = larger measured value

RPD =
--------------     x 100
C2 = smaller measured value

 (C1 + C2)/2

Method precision can be expressed in terms of percent relative standard deviation (%RSD):

                               SD                                           SD = standard deviation of triplicates

%RSD = -----------    X 100

                              Mean                                         Mean = average Hg conc of triplicates

A.4.3.   Completeness 

Completeness is a measure of the amount of valid data obtained from a measurement system compared to the amount that was expected to be obtained under normal conditions.  Target completeness values are 90% for chemical analyses of tissue.   Completeness will be defined as follows for all measurements:

 V

%C = 100 x   -----

 

 n

%C
=  
percent completeness

  V

=
number of measurements judged valid

  n

=
total number of measurements necessary to achieve a specified statistical level of confidence in decision making

A.4.4.   Representativeness

Representativeness expresses the degree to which data accurately and precisely represent a characteristic of a population, parameter variations at a sampling point, a process condition, or an environmental condition.  Representativeness will be addressed primarily in the experimental design and through the selection of appropriate procedures.  Representativeness also will be ensured by the proper preparation, handling and storage of samples, assuring that replicate sample preparation and analysis is within target specifications,  and instrumental analysis takes place within the accepted holding times so that the material analyzed reflects the material collected as accurately as possible.  Representativeness of data will be discussed, when appropriate, in deliverable reports.

A.4.5.   Comparability

Comparability expresses the confidence with which one data set can be compared to another. Comparability for this project can be quantified through the use of USBR-conducted blind sample splits sent to CERC and other participating laboratories.  Comparability of data will be discussed, when appropriate, in deliverable reports.

A.4.6.   Sensitivity 

Sensitivity is the capability of methodology or instrumentation to discriminate among measurement responses for quantitative differences of a parameter of interest.  Sensitivity for this project will be defined as the method detection limit.  The method detection limit is the minimum concentration of a substance that can be measured and reported.  The target detection limit for total Hg is presented in Table 2 and is based on the applicable methods:

MDL = method detection limit, which will be computed as:

                                                           3 X (SDb2 + SDs2)½
where SDb = standard deviation of a blank (n = 3) and SDs  = standard deviation of a low level sample or spiked sample (n = 3).

LOQ = limit of quantitation (μg/g), computed as 3.3 X the MDL.

A.5.   Special Training Requirements/Certification

No special training requirements are necessary for CERC personnel to conduct chemical and instrumental procedures necessary to quantitate total Hg in fish.

Prior to selecting CERC as a participant in this program, their analytical skill was evaluated through the use of performance samples submitted by USBR.  After demonstrating acceptable results on these performance samples, a system audit was performed on CERC.  The system audit consisted of a USBR audit team visiting CERC and making sure they had everything in place to perform the work.

A.6.   Documentation and Records

At the conclusion of all chemistry preparation and analyses, CERC will prepare a data report to USBR.  At a minimum, the data report will include the following information:


Sample History: A brief description of why and how samples were created and shipped, received, logged-in, and inventoried by CERC, including analyses requested and the objective of the analyses.


Methods: A synopsis of all sample homogenization, lyophilization, chemical preparation, and analysis.  This section will refer heavily to Standard Operating Procedures, which contain method specifics.


Results and Discussion: A statement of results and discussion where appropriate.


Quality Control: Summaries of each quality control parameter.

All project supporting records and documents will be archived with CERC after completion of the final report.

Table 1.  Data Quality Objectives for Total Mercury Measured in Fish Samples.

	Quality Control Parameter
	Accuracy
	Precision
	Completeness

	Calibration Check
	 10%
	NA
	90%

	Within Run Variability
	< 10%
	NA
	90%

	%RPD
	NA
	10%
	90%

	%RSD
	NA
	20%
	90%

	Spikes

(Pre- and Post-Digestion)
	80%-120%

recovery
	NA
	90%

	Reference Materials
	Within Certified

Range
	NA
	90%

	Blank Equivalent

Concentration
	< Method

Detection Limit
	NA
	90%


Table 2.   List of Analytes, Methods, and Target Detection Limits.

	Analyte
	Reference Method
	Detection Limit

	Total Inorganic Hg
	Collection/Preservation:

SOP P.183

Sample Filleting:

SOP P.509

Shipment and Receipt:

SOP P.200

Log-in and Inventory

SOP P.457

Homogenization:

SOPs P.238, E.037

Lyophilization + % Moisture:

SOPs E.042, P.259

Acid Digestion:

SOP P.510

Instrumental Analysis:

SOP P.198


	0.05 μg/g dry wgt


Section B:  Measurement/Data Acquisition

B.1.   Sampling Process Design (Experimental Design)

Catchable sizes of largemouth bass, green sunfish, rainbow trout, and white catfish will be sampled with a boat-mounted electroshocker from four sites in Folsom Lake.  Whole fish will be packaged in clean polyethylene Ziplock bags, then chilled on wet ice or blue ice.  After returning (within 6 hours of capture), the fish will be frozen in a household chest freezer.  When time permits, the frozen fish will be partially thawed, then scales or spines from10-15 individuals of each species from each site will be removed for subsequent age determinations.  In addition, fillets will be obtained for use in total mercury determinations. The muscle fillets will be removed from both sides of each fish as described in CERC SOP P.509 (Filleting of Fish Samples for Trace Metal Analysis), then refrozen.  The samples of fillets will be shipped frozen to the CERC Inorganic Section in accordance with collection and shipment instructions as indicated in CERC SOP P.200 (Sample Transmittal, Receipt, and Inventory), CERC SOP P.183 (Collection and Preservation of Water and Tissue to be Analyzed for Trace Metals), and section B.3. of the QAPP.  Once received at CERC, samples will be inventoried, checked against submitted chain-of-custody forms, assigned CERC Batch and Sample ID's, and secured in an assigned freezer drawer location in Trailer Freezer 1, as described in CERC SOP P.457 (Sample Management and Tracking).  After filleting, fillets will be homogenized with food-grade grinding equipment or by hand mincing, depending upon sample size, in accordance with one or more of the following CERC SOPs: P.238  (Homogenization of Samples by Manual Procedures); E.037 (Tissue Grinding With the Hobart (Model's 4822 and 4612), Kitchenaid, and Custom Titanium Grinders).  Once homogenized, fish fillets will be lyophilized and percent moisture determined according to CERC SOPs E.042 (Operation and Maintenance of the Virtis 20-SRC Lyophilizer) and P.259 (Lyophilization and Percent Moisture in Solid Samples).  Once dried, a ~0.5 g aliquant of the sample will be subjected to microwave acid digestion as described in CERC SOP P.510 (Multiwave Microwave Acid Digestion of Environmental Samples).  Quality control items that will be prepared with the samples include digestion blanks and blank spikes, replicate samples, sample spikes, and reference tissue materials.  All samples and associated QC will be analyzed for Hg by cold vapor flow injection atomic absorption spectroscopy as described in CERC SOP P.198 (Determination of Mercury in Water, Tissue, or Sediment with a Perkin-Elmer Model 3110 Atomic Absorption Unit Equipped with a FIAS-200 Flow Injection System).   Following analysis, generated data will be transported to Microsoft Excel spreadsheets for purposes of organizing into a final report format. 

B.2.   Sampling Methods Requirements

Fish sample collection and preservation protocols are specified in CERC SOP P.183.  Procedures for collecting fish scales (largemouth bass, green sunfish, and rainbow trout) and spines (white catfish), and methods for aging these bony structures are described by Jearld (1983) and elsewhere.  Fish filleting protocols are specified in CERC SOP P.509.

B.3.   Sample Handling and Custody Requirements

Sampling will follow collection and preservation protocols as specified in CERC SOP P.183 and the Shipment and Receipt protocols as specified in CERC SOP P.200.  Chain-of-Custody forms are included in this latter SOP, and instructions are in SOP P.468.  In addition, fish samples will be double bagged and packed in dry when shipped to the laboratory in coolers.  Also, extra space in the coolers will be filled with newspaper.
B.4.   Analytical Methods Requirements

B.4.1.   Total Mercury Preparation and Analysis.

The methods for all preparation and analytical procedures for total Hg in fish tissue are specified in SOPs as listed in Table 2.  Following EPA method 7473, all mercury in the samples will be volatilized and trapped by amalgamation on a gold substrate and thermally desorbed and quantitated by atomic absorption spectrophotometry instrumentation. 
B.5.   Quality Control Requirements

Key quality control (QC) requirements are discussed in Section A.4 and listed in Table 1.  A discussion of QC criteria and corrective actions are in CERC SOP P.239.

B.6.   Instrument/Equipment Testing, Inspection, and Maintenance Requirements

Instruments used in preparation and analysis of fish tissue will be maintained to ensure that they are in proper working order during the conduct of this study.  Preventative maintenance requirements described by the manufacturer in the instrumentation manuals will be followed.

B.7.   Instrument Calibration and Frequency

All instruments used on this project will be traceable to the data collected and will be calibrated before use.  As a minimum, calibrations will include:


standards that are traceable to nationally recognized standard organization(s); frequency: made up fresh with each block (group) of samples


standards that are within their expiration date; frequency: each block of samples.


using standard concentrations that bracket the expected concentration of the sample(s); frequency: for each analytical run.


independent calibration verification standards; frequency: each analytical run. 


analytical balances; frequency: whenever balances are used in sample preparation.


pipets; frequency: whenever pipets are used in solution transfers, standard make-up, etc.


atomic absorption spectrophotometer; frequency: each analytical run.

B.8.   Inspection/Acceptance Requirements for Supplies and Consumables

All certifications for standards used to calibrate instruments and all certifications for sample container cleanliness will be maintained as part of the project record.  Reagents are confirmed to have acceptable background concentrations of Hg; standards are verified by independent calibration verification standards.  All glassware and plasticware in contact with the sample are confirmed to have acceptable background concentrations of Hg through the use of multiple method blanks.

B.9.   Data Acquisition Requirements (Non-Direct Measurements)

All data will be recorded on data sheets and forms as specified in CERC SOP P.457.

B.10.   Data Management

Data recording practices in the laboratory will follow standard procedures of documentation.  Briefly, data will be recorded in ink and will be signed and date by the person making the entry.  Changes to data will be initialed and dated by the person responsible for the change.  All project supporting records and documents will be archived at CERC after completion of the final report. Specifics on data recording are indicated in CERC SOP P.457.

Section C.  Assessment/Oversight

C.1.   Assessments and Response Actions

Assessments that will be performed for this project include:


Verification of proficiency training of technicians participating on project.  This will be performed by the CERC Principal Investigator and will be conducted before starting testing.


Data quality audit to verify QA/QC requirements were met.  This will be conducted by the CERC Principal Investigator or his designee (i.e., the CERC QA Officer) and will be conducted before to submission of final report.


Technical review of raw data.  This will be conducted by CERC Principal Investigator.  This review will ensure that all laboratory records related to the test are completed and reviewed for completeness and accuracy.

All non-conforming conditions will be documented and corrective action will be documented and completed as necessary to ensure that data quality issues are minimized.

C.2.  Reports to Management

As needed, the USBR Project Coordinator will provide written reports to the USBR Project Manager.  These reports will include the project status, any quality, budget, schedule, or scope changes, and any quality issues that may affect the integrity of the project.

Section D:  Data Validation and Usability

D.1.   Quality Assurance Requirements
To check laboratory accuracy, QA personnel will incorporate one reference sample at a ten percent rate.  The laboratory will incorporate their own QC check samples, including references, spikes, duplicates, and blanks, to ensure data reliability.  For specific rates of laboratory QC check sample incorporations, please refer to CERC SOP P. 239.  Laboratory QC check sample results are reported to the client as QC summary reports.

D.2.   Data Review, Validation, and Verification Requirements

During the review process, the criteria established in Section A.4 will be used to validate the data.  When the reviews identify suspect data, that data will be investigated to establish whether it reflects true conditions or an error.  The investigation will be documented.  If the data value is determined to be in error, the source of the error will be investigated, the correct value established if possible, and the erroneous value replaced with the correct value.  If the investigation concludes that the data are suspect (possibly in error) but a correct value cannot be determined, the data will be flagged to indicate its suspect status.  This process will determine whether the data can be accepted, rejected or qualified.

The laboratory’s QC check samples must meet certain levels of acceptability when analyzed with the production samples. These levels of acceptability are established with control charts or set at certain limits found in the methods.  Part of the data verification process involves checking these laboratory QC check sample results to ensure they are within acceptable ranges.  If a laboratory QC check sample fails to demonstrate an acceptable result, the anomaly must be explained with a footnote or included in the case narrative section of the data report.  

The QA Officer will also review and verify all data generated from this project.  The QA Officer follows protocols outlined in USBR-Sacramento’s QA SOP (revised November 1999) to review and verify the data.  Upon receiving the approved data from the QA Officer, the Program Coordinator will give the data a general overview and contact the QA Officer of any concerns he has with the data before assessing it.  

D.3.   Validation and Verification Methods

A series of reviews by technical personnel will be implemented to ensure that the data generated for this project meetsthe data quality objectives.  These reviews will include the following:


Data will be reviewed by laboratory personnel at the end of each working day to ensure that analytical activities are completely and adequately documented.


About 10% of all calculations performed manually will be checked for accuracy by someone other than who performed the original calculation.  Checking will be performed by qualified persons who did not participate in performing the calculations.


A 100% verification of data entry into spreadsheets will be performed.  The staff member performing the verification will assure correct entry into the software by comparing data with the hard copy of the data listing.  If errors are discovered, the errors will be corrected and a new data listing generated.

As checks on accuracy, the QA Officer will incorporate external QA reference samples at a 10% rate or one per batch, whichever is more frequent, prior to submitting the samples to the laboratory.  The external QA samples include certified Community Bureau of Reference (BCR) and National Research Council Canada (NRC-CNRC) biological tissue reference materials.  The QA reference samples are submitted as single blinds (laboratory knows they are QA samples, but they do not know the true values of the analytes tested). 
When the QA Officer incorporates external quality assurance (QA) reference samples into a batch of production samples submitted to a laboratory, the laboratory must meet certain standards of acceptance on these QA check samples for the data to be approved as reliable.  For this project, the standards of acceptability for the external QA reference samples are:

Biological Tissue Reference:

Recovery must be 65% ‑ 135% for values > 20 times the reporting limit for biological tissue digested by a similar method to that used to obtain certified values.

       


For values < 20 times the reporting limit, the recovery must be plus or minus 2 times the reporting limit from the certified value.

D.4.   Reconciliation and User Requirements

Any data that does not comply with the data quality objectives identified in Section A.4 will be flagged and discussed in the final report.  Any limitations on the use of the data will also be reported.

After the sampling event, calculations and determinations for precision, accuracy, contamination, and completeness will be made and corrective actions implemented if needed.  If data quality indicators do not meet the project’s specifications, data may be discarded and re-sampling may occur.  The cause of failure will be evaluated.  If the problem is determined to be a sampling error, field personnel will be retrained.  If the problem is laboratory related, the laboratory program manager will be contacted and corrective actions implemented.  Any limitations on data use will be detailed in both interim and final reports and other documentation as needed.

If DQO failure requires the QAPP to be revised, the QA Officer will perform all revisions in consultation with the Program Coordinator.
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