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1.0
City of Escondido Laboratory 

1.1 
Laboratory Facilities & Organizational Chart

The City of Escondido Water Quality Laboratory has located at 1521 South Hale Avenue Resource Recovery Facility, Escondido, CA 92029. 

[image: image2.png]



The City’s Laboratory system provides analytical services for the City’s water and wastewater operational needs. Laboratory staffs work in close coordination with process control, plant operations, and industrial waste monitoring personnel for the scheduling, collection, and testing of necessary samples. Staffs also coordinate with each other for the reporting of data to appropriate systems and regulatory authorities.

The Water Quality Laboratory is certified by the California Department of Health Services ELAP for selected drinking water and wastewater test methods. Requirements of ELAP must be followed for all regulatory reporting purposes.  Additional or alternate requirements must be followed for all in-house and process control testing programs conducted for engineering and management activities. Any samples collected for regulatory purposes, which must be contracted to an outside laboratory, can only be sent to an ELAP certified contractor.

1.2 QA Responsibilities of Staff

All staff members must adhere to the analytical methods and the quality assurance program detailed in this document.  All staff members receive a copy of this document and must sign the statement in Appendix A stating that they have read and will comply with the analytical methods and QA program.  Newly hired staff must successfully complete an orientation and training program before running routine analyses unattended.

The Laboratory Superintendent is the designated QA Officer who performs the laboratory performance evaluations and system audits in accordance with the following responsibilities:

a) Analytical raw data forms are spot checked weekly to insure that internal review mechanisms are rejecting raw data not meeting quality control criteria and acceptance limits.

b) Quality control charts are reviewed weekly to insure that they are being maintained by analysts on a daily basis and that analyses are immediately stopped whenever an out-of-control event is evident.

c) Inventory control documents, stock standard labels, bacteriological quality control logs, media processing logs, instrument monitoring and maintenance logs and corrective action logs are reviewed monthly to insure that they are being properly maintained. Major instruments, such as IC, TOC, GC/MS, and ICP, have individual logs kept by the analysts to document maintenance activities, including service contract visits, preventative, and corrective actions (see 3.3.f for details). Personnel are supervised on a daily basis to insure that they are following established operating procedures that will not compromise quality.

d) Procedural writeups are modified as required by changes in regulations.

e) Laboratory performance is evaluated by submitting blind check samples on an annual basis.  Results are reviewed with the staff and any problems are investigated and appropriate modifications are implemented.  The results of the performance samples and summaries of problems and appropriate corrective action are documented and filed.

f) Orientation, training, and performance evaluations are performed and documented for each new employee and each employee assigned to a new testing area.  In addition, the City has retained the contract services of outside laboratories to provide independent QA/QC audits and any needed analytical resources to support Laboratory programs.   Records of employee training and performance are retained on file, must be updated as new information is generated, and must be reviewed annually by the Laboratory Superintendent to insure that policies are followed and records are complete.  This QA Manual, Procedures Manual, and Chemical Hygiene Plan are reviewed at least annually, and updated as necessary.

2.0 SAMPLE CONTROL THROUGH THE LABORATORY

The City’s laboratories are secured facilities dedicated to internal water and wastewater operations. Access is restricted to trained employees and escorted visitors. There is secured sample receiving and storage. Data records, files, and reports are secured on site in paper and electronic media (including computer spreadsheets and proprietary data system software). Electronic archives that are stored off-site are facilitated via the City’s computer network and are only accessible by trained staff members.     

2.1 Sample Collection and Bottle Preparation

Analysts are well informed of established schedules and are capable of performing most analyses as soon as samples are received at the laboratory. Since the majority of samples are analyzed immediately, there typically are no preservation or holding time concerns.

If a sample is held, or transportation to a commercial laboratory is required, the appropriate preservative is added and the sample is refrigerated.  Sample preservation is done following the requirements in Appendix B, which lists the bottle types, bottle sizes, preservatives, container closures, and maximum holding times for the parameters analyzed by the laboratory.  These specifications follow criteria for wastewater (40CFR136) and drinking water (40CFR141-143).  The bottles provided for sampling are cleaned in accordance with the glassware. Any required grab sample is performed according to DHS guidelines (SOP in the City’s procedure document “Total Coliform Rule Sample Siting Plan”, System # 3710006, January 8, 2001) 

Samples for contract laboratory analysis are collected and preserved in containers provided by the contractor. 

Samples are collected either by trained laboratory staff or field personnel (operators and inspectors).  Written instructions are provided to field personnel regarding proper sampling techniques, containers, sample delivery, and storage. Any laboratory technicians involved in sample collection are trained in these same criteria, as well as preservation and holding time requirements and any specialized sample handling steps dictated by the test methods. Documentation and review of these training steps are maintained by the laboratory.

2.2 Sample Receipt and Tracking

Each sample is tracked via chain-of-custody and login to LABWORKS Laboratory Information System (LIMS).  Process control samples have separate procedures from regulatory samples.  Samples collected for transport and analysis by a contract lab have an additional layer of detail in the custody record.  Routine sampling programs are aided by the use of customized sample request forms designed for specific needs.  Miscellaneous samples utilize a more generic custody request form.  These forms serve as basis for tracking pertinent sample information, analytical bench assignments, raw QA/QC and analytical data, results, and reports.  Each sample is given a unique identification number generated by LIMS and description, including sample date and sampling location, as part of the log-in procedures. Regulatory samples also track person collecting sample, any preservatives added, shipping requirements (if any), container type and volume, and any qualifying remarks on the chain-of-custody form.  Appendix E contains EPA required sample information that must be tracked.

The laboratory identifies and tracks samples with sample bottle identification tags and a sample logbook. Process control samples are logged in a dedicated logbook. Regulatory samples and miscellaneous samples such as industrial samples, storm water samples, spill samples, monthly, quarterly, and semi-annual samples, are logged into a separate sample logbook. Water samples for bacteriology testing are logged in a separate logbook. 

Laboratory personal are responsible for the log-in process for work in their respective groups. This includes training and follow-up with analysts to make sure that the analysts are meeting their responsibilities with regards to sample integrity prior to initiating testing.

Each analyst is responsible for insuring that samples for their analyses are received in accordance with the established schedule.  The analysts must insure that each sample is received in good condition and in the appropriate container with sufficient information on the sample label. The checking process for regulatory samples includes verification of temperature and pH as required. Because virtually all samples come from the City’s facilities, they are received in the lab on the day of sampling. Where samples are transported from offsite of the lab facilities, samples must be chilled.  Temperatures are recorded when received. The lab accepts daily samples for analysis even if temperatures at time of log-in are above the prescribed 6 0C (drinking water only) and annotates the temperature as received, notes that samples were chilled when delivered, and reports this information along with reported data. If an analyst cannot begin to work on a sample immediately, he/she is responsible for adding the appropriate preservative and refrigerating the sample. The analyst is responsible for bringing samples within pH and/or temperature range criteria specific to any particular test method (e.g., BOD). The analyst must immediately notify the Supervising Chemist of any problems with the samples at the time of receipt in the laboratory or work bench and the supervisor then decides the appropriate course of action. Samples with insufficient preservation must be rejected and resampling scheduled immediately. The plant supervisor is notified immediately if resampling is required.

The plant operator brings process control samples to the Laboratory Staff and initials the sample logbook to verify delivery. Drinking water, treated effluents, industrial waste, and storm runoff are delivered to the lab by trained field personnel employed by the City. For routine sampling, samples are brought to the Laboratory Staff for processing. For new or non-routine events, the Laboratory Superintendent is notified, and arrangements made to insure sample integrity from sampling through testing.

2.3 Report Generations and Approval

Upon completion of each analytical run, the analytical raw data and supporting quality control parameters are reviewed by a trained analyst. This initial review is intended to verify that all quality control parameters fall within acceptance limits, that any calculation specified by the method was performed, and that there are no calculation errors or inconsistencies. The analyst/reviewer shall initial and date bench sheets after review.  The Supervising Chemist is responsible for verifying that QA/QC criteria are met for every analytical batch, and spot checking data entries, bench sheet results, and calculations. After receiving documented approval by the supervisor, the data are then transcribed to the proper report summary forms. This approval includes initials, date of approval, and any criteria (or references) not shown on the bench sheet used in judging acceptance.

The Laboratory Superintendent is responsible for reviewing the report summary forms to insure that the data are internally consistent and appear reasonable. The Laboratory Superintendent documents this review by signing and dating the report summary forms if all the data appear acceptable. If a result appears unreasonable, the Laboratory Superintendent reviews the raw data, tracks quality control parameters to insure that the analysis is under control and that a computation or transcription error was not made.  If a problem is found with the analysis at any step in the review process, the laboratory analyst initiates corrective action procedures. The Laboratory Superintendent must notify the Plant Supervisor, Plant Superintendent, and the Utility Manager of all reported data which is suspect. If a systematic analytical problem is evident from this investigation, the laboratory must not analyze additional samples until the analysis problem is corrected. If necessary, the laboratory supervisor sends subsequent samples to an outside laboratory until the problem is corrected.  If a problem with the analysis is not apparent but the reported data appears unreasonable, the laboratory supervisor will still notify the plant supervisor of the situation and appropriate action will be decided on a case by case basis. Within holding time limits, suspect samples will be reanalyzed as part of the resolution.

 The Laboratory Superintendent reviews all data and reports from contract laboratories in order to insure that contract criteria were met, that the lab’s QA/QC criteria were met, that authorized testing was completed, and that any additional QA/QC criteria specified by the City were met.  Valid data are then reported along with any in-house data reports as required by the respective programs.

2.4 Report Filing Procedures

All raw data and supporting quality control parameters are maintained on file for
5 years and filed by analytical parameter.  Final report data are maintained on file for
7 years and filed by sample location. 

3. QUALITY ASSURANCE PROCEDURES AND DOCUMENTATION

The foundation of good QA/QC is the use of standardized and approved sampling and testing methods and QA/QC protocols by trained professional personnel.  This quality assurance manual and the program it describes is but one component of the overall training program.  The manual of SOPs and Training Program Outline (Appendix D) comprise other major features employed by the City in maintaining its laboratory system.

3.1 Overview of Quality Assurance Program

It is the objective of the City of Escondido's Laboratory to provide analytical data that meet both the needs of internal operations, but also to generate data that is legally defensible as part of mandated regulatory programs.  The Quality Assurance program is designed to provide a basis for both objectives.  The program consists of three major components:

a. Adherence to documented procedures and protocols detailing frequency and type of quality control parameters to be utilized with each analytical run.

b. Firmly established and documented acceptance criteria by which to judge the performance of these quality control parameters.

A formal review process to verify that quality control parameters lie within specified acceptance criteria and that no calculation errors have been performed in processing the raw analytical data.  This review occurs prior to submission of final data.

3.2 Use of Documented Procedures

The methodologies and references used for all the analytical parameters performed in the laboratory are documented together as an in-house laboratory manual (City of Escondido Water Quality Laboratory Standard Operation Procedures). Appendix F contains a list of all current SOPs contained in this manual, along with dates of the most recent revisions.  The procedures for wastewater and the potable water parameters were prepared from either the 21st Edition of Standards Methods for the Examination of Water and Wastewater or the EPA Methods for the Examination of Water and Wastes, Rev 4 (1997) (ref. 5).  Procedures for regulatory compliance must follow promulgated methods exactly; any allowed deviation is written into the SOP. The standardized test procedures (or SOPs) are reviewed at least annually by the Laboratory Superintendent and Supervising Chemists to insure that each method is up to date and in compliance with regulatory requirements.  Analysts and Supervising Chemists are charged with the responsibility of adhering to SOPs as written, or obtaining authorization from the Superintendent to modify old SOPs to conform both with current practices and regulations.  It is the Superintendent’s responsibility to verify that QA/QC steps specified in the method are being taken by the respective analysts.  (Refer to SOP manual for specific details.)  If a mandated step in an SOP must be deviated from for a specific reason, or if a holding time or similar requirement is not adhered to, it may be appropriate to report the data anyway, along with annotation of the reasons behind such deviation.  Examples include (but are not limited to) tests for which a replacement sample is not available (e.g., BOD), where the condition of the sample has a minor problem, where the nature of the sample requires special handling, or similar extenuating circumstances.  

Instrument manuals, especially for the more sophisticated instruments such as ICP, and GC/MS systems, are important supplements to the training and procedures manuals.  These are kept at the respective work bench for each instrument.

3.3 Analytical Documentation

a. Analytical Data and Quality Control Forms

Printed forms are used by analysts to standardize the format of most routine analyses.  Each raw data form is prepared in bound book format. The forms are designed to minimize calculation errors and provide a summary of all quality control data generated for the run. For analyses where forms are not available, the analyst records all required information in a notebook or PC spreadsheet (including proprietary instrument software).

Analysts are responsible for maintaining these forms for their assigned analyses. Supervising Chemist’s spot checks of these forms daily insure that they are properly filled out. Hard copy outputs of strip chart recordings are filed with the analytical data forms. 
b. Inventory Control Documents

Copies of purchase order requisitions (detailing the vendor, purchase order number, date of order, and date of receipt) are maintained as inventory control documents on the purchase of laboratory supplies. Bottles of reagents are dated as soon as they are received so that the shelf life can be monitored. 

c. Stock Standard Labels

A stock standard label on each bottle shall contain the date of stock preparation, the lot number and supplier, the preparer's initials, and the weights used to prepare the stock.

Upon receipt of new media, the date, the type of media, source of media, and initials of the individual receiving the media are recorded on the label and are checked on the requisition form.  Also when media bottles are initially opened, the opening date will be recorded on the label.  Receipt of media and standards is logged in a logbook.  Preparation dates of secondary standards, diluted stock standards, and prepared media are retained in logbooks.

d. Bacteriological Quality Control Logs

Quality control on all media, materials, and equipment used in bacteriological testing is logged in a separate logbook.  The record also includes the results of any necessary checks, the initials of the individual performing the check, and the date.

e. Media Processing Logs

These records include media lot number, data, sterilization time and temperature, initial pH before sterilization, final pH, and the analyst's initials.

f. Instrument Monitoring and Maintenance Logs

The operating temperatures of incubators, water baths, hot air ovens, and refrigerators are checked daily and recorded.  Adjustments or service calls are made when required and entered in maintenance logs. The autoclave temperatures and pressures are logged in a maintenance logbook for each cycle of use.  Temperature logs are checked and initialed daily by the Laboratory Staff.

The assigned technician performs calibration checks of the laboratory's analytical balances with Class “S” weights every six months. Thermometers are calibrated annually with an NIST traceable thermometer.  Documentation of these checks is maintained in a logbook.  

Analytical balance calibration must conform with the following criteria for Microbiology and Chemistry, respectively:

For Microbiology (taken from EPA Manual for Certification of Laboratories Analyzing Drinking Water, 4th Ed, Ch. 5):

Balances should be calibrated monthly using ASTM type 1, 2, or 3 weights (minimum of three traceable weights, which bracket laboratory weighing needs). (ASTM, 1916 Race St.., Philadelphia, PA  19103)  Non-reference weights should be calibrated every six months with reference weights.

For Chemistry (taken from EPA Manual for Certification of Laboratories Analyzing Drinking Water, 4th Ed, Ch. 4):

Balances and Weights: Balance range should be appropriate for the application for which it is to be used.  Drinking water chemistry laboratories should use balances that weigh to at least 0.0001 g.  The balances should be calibrated at least annually with ASTM Type I, Class 1 or 2 weights.  (ASTM, 1916 Race St.., Philadelphia, PA  19103)   This may be done by laboratory personnel or under contract by a manufacturer's representative. We strongly recommend laboratories have a contract to calibrate balances due to the expense of the weights and to serve as an outside QC check of the weights and balances.  Weights meeting ASTM Type I, Class 1 or 2 specifications should be recertified if there is reason to believe damage (corrosion, nicks) has occurred or at least every five years. 

Laboratory personnel perform at least weekly checks of the balance.  Weights meeting ASTM Type 1 specifications may be used but should be calibrated annually against the reference weights at time of balance calibration.   A record of all checks should be available for inspection.  The checks and their frequency should be as prescribed in the laboratory's QA Plan.  The Lab maintains an outside contractor for semi-annual maintenance of balances.

A separate maintenance logbook is also maintained for each major analytical instrument (e.g., IC, GC/MS, ICP, TOC).  These logs contain a record of routine maintenance as well as any repair work required during instrument set up.  Maintenance contracts providing emergency service and preventative maintenance calls are in place for the GC/MS and ICP systems.  These are negotiated annually with the respective vendors of the instruments. Manufacturer’s recommended service schedules are adhered to and documented for all analytical equipment.  Appendix H contains a list of current service contracts. 

g. Corrective Action Logs

A standardized corrective action report form is utilized by all analysts for reporting out-of-control events.  This form, presented in Appendix C, requires documentation on the determination of the out-of-control event, the diagnostics performed to bring the event back under control, and the manner in which reestablishment of control was demonstrated.  The analyst signs the form and submits it to the Laboratory Supervisor who signs the form after review.  The analysts keep completed forms in a binder in their work area.

h. Laboratory Water Quality File

The laboratory's pure water system consists of Deionized Water and a Pure Lab Plus Water System manufactured by US Filter Corp.

Deionized water quality is monitored at the taps by analyzing monthly samples for standard plate count, annual samples for bacteriological suitability ratio and trace metals. pH and conductivity will be monitoring with each use.  The results of these tests must meet the following criteria for the water to be considered suitable for laboratory work:





pH





        
5.5-7.5




Daily or each use





Conductivity



      <2 (mhos/cm @ 25(  C
Daily or each use





Trace Metals, Total

        
< 0.1mg/l



Annually





Bacteriological Suitability Ratio
0.8 - 3.0




Annually





Heterotrophic Plate Count 

< 1000 CFU/ml


Monthly





Total Chlorine Residual


<0.1 mg/L



Monthly





Ammonia, N




< 0.1 mg/l            


Monthly





Total organic carbon



< 1.0 mg/l



Monthly

     


Inhibitory Residue


     
<15 % diff



Annually

3.4 Detection Limits and Reporting Limits

Detection Limits are estimates of concentrations at which we can be fairly certain the compound is present, (i.e., not zero, or above background instrument noise). Method Detection Limits, or MDL must be established (40CFR136, Appendix B), using reagent water (blank) fortified at a concentration of three to five times the estimated instrument detection limit. To determine MDL values, take at least seven replicate aliquots of the fortified reagent water and process through the entire analytical method over at least three separate days. Perform all calculations defined in the method and report the concentration values in the appropriate units. Use all n replicates from the MDL exercise, unless outliers are present.  Document outlier test method used for rejecting any values. 

The City of Escondido is not currently aware of any matrix problems encountered with sample types normally analyzed in its laboratory.  Therefore, the steps referenced in Appendix B (40CFR136) for determining MDLs in sample matrix are not necessary.  However, the analyst needs to insure that the instrument or system background is less than the calculated or nominal MDLs.  Calculated MDLs below the system background are not reasonable, and additional iterations of the MDL determination need to be carried out per 40CFR136, Appendix B.  Persistent nominal MDLs will necessitate development of alternate reporting levels (see below).  

Analytical data obtained at or near the calculated or nominal MDL are not necessarily accurate from a quantitative standpoint.  It is also known that some calculated MDLs can be less than the background or actual sensitivity response of an instrument.  Furthermore, some analytical methods mandated by regulatory agencies require that data below the lowest calibration standard specified in the method (a “minimum level”, ML, or a certified or regulatory reporting level, CRL, RRL, or similar term) be censored in some way.  For wastewater, MLs are promulgated (Policy for Implementation of Toxic Substances for Inland Surface Waters, Enclosed Bays, and Estuaries of California, App. 4. State Water Resources Control Board, Sacramento, 1998).

Therefore, as appropriate for a given analytical method or regulatory program, reporting limits or levels must be established that differ from their MDL.  This process may include steps such as rejection of data below instrument sensitivity (e.g., <1% absorbance), establishing regulatory ML or CRL data, or demonstrated spike and recovery for a particular method in a region near the MDL or sensitivity limits.  These modified reporting levels (RL) will be documented and properly annotated on sample reports.

MDLs must be performed for any new method, or for any method undergoing a major change in procedure, and whenever a new instrument is acquired.  When a new analyst passes the initial demonstration of capability (IDOC) in running a test, the analyst should also do an MDL check for the newly learned method to demonstrate equivalency to laboratory norms.  Summaries of MDL demonstrations should be kept by the analyst, and copies are filed with the Laboratory Superintendent.  Drinking water methods, such as 524.2 for trihalomethanes or 200.7 for metals, may have regulatory MCLs or CRLs that must be met.  Refer to these individual SOPs and Appendix F for any current regulated MDL or CRL criteria.

4. QUALITY CONTROL SAMPLES

Quality Control (QC) testing includes a variety of applications designed to check analyst as well as method (and instrument) performance.  The classical basis for analytical QC includes use of duplicate and spiked sample testing.  In some cases, where test results are typically not detected, or ND, duplicate spiked samples are employed to be able to check test precision adequately.   Various terms can be found in specific SOPs to describe duplicate and spiked samples, or to include other QC checks.  [Examples include lab fortified matrix/matrix duplicates, LFM/LFMD; lab fortified blanks, LFB; lab reagent blanks, LRB; performance check/evaluation, PC/PE].  Refer to specific methods for the appropriate use of terminology and required QC samples.

Bacteriology methods have additional specific QC checks, including positive and negative culture controls, confirmation and/or verification of presumptive coliform results, and positive sterility checks.  Refer to SOPs of the respective methods for specific requirements.

4.1 General Types of Controls and Frequency of Use

At a minimum, most types of test methods will follow the criteria set forth below for use of spiked and duplicate samples.  Additional specific criteria must be followed where mandated by regulatory authority or specific SOP (See especially 524.2, 624, 200.7, 8260).

If there are no method specific calibration criteria, these are some EPA guidelines to follow: At the beginning of each day that samples are to be analyzed, a calibration curve covering the sample concentration range and all target analytes should be generated according to the approved SOP.  The curve should be composed of at least three concentrations, although some methods recommend that five concentrations be included.  Some inorganic methods require at least a blank and three concentrations for each analyte.  The calibration standards should be from a source different from the quality control standard used for 7.2.2.   Field measurements (e.g., pH and chlorine residual) should also be made on instruments which have been properly calibrated as specified in the method or instrument manual and checked daily.  The less precise the measurement, the greater the number of concentrations which should be included in the calibration curve.  EPA gas chromatography methods recommend using five standards.   

a. Replicate Samples

The precision of an analytical method is determined by running 10% of the sample load in duplicate, or at least one set of duplicates per analytical run when fewer than 10 samples are run in a batch.  The duplicate samples are selected randomly, but must cover potable water and wastewater if both matrices are present in the same analytical run.  If samples require a preparatory procedure prior to instrumental analysis, then the duplicate samples are carried through the entire preparatory procedure.

b. Spiked Samples

The accuracy of an analytical method is determined by running spiked samples for 10% of the sample load, or at least one spike per analytical run if fewer than 10 samples are in a batch. Spiked samples are selected randomly but must cover potable water and wastewater if both matrices are present in the same analytical run.  If samples require a preparatory procedure prior to instrumental analysis, then the spiked samples are carried through the entire preparatory procedure.  The spiked sample concentration must fall within the calibration range of the instrument for the spike to be considered valid.  If spike recovery results (see Appendix G for example calculations) are not within control limits, but lab performance is in control, data must be flagged as suspect due to matrix interference.

Some test methods can not feature use of spiked samples for practical reasons such as lack of primary or certified standards, and/or the nature of the test methods and measurement parameters (e.g., D.O., pH, turbidity, BOD, Cl2 residual, solids).  Refer to individual SOPs for clarification.

Precision is also obtained by testing Matrix Spike Duplicates (MSD).  MSD is preferred to a replicate due to assurance that target analytes are present, and RPD can be calculated. 

c. Reagent Blanks

The reagent blank consists of laboratory pure water containing all of the reagents utilized in the analytical procedure.  The reagent blank is prepared in the same manner as the samples and is processed through all of the analytical steps.  All reagents are dated upon receipt in the laboratory and each new lot of reagents is checked by the performance of reagent blanks. 

Reagent blanks are run to determine whether there is reagent contamination or instrument contamination due to sample carryover.  The reagent blanks must remain below the detection limit for each analyte of interest or the sample result must be greater than ten times the reagent blank.  If samples require a preparatory procedure such as a digestion prior to analysis, then a reagent blank must be carried through the entire process and analyzed in addition to the instrument reagent blanks.

Reagent blanks are analyzed as part of the initial method calibration and after every 20 samples to monitor the overall procedural blank as well as the purity of the reagents.

d. Fortified reagent blanks (LFB).  

LFB are reagent blanks spiked with analytes of the respective test methods. LFB are run to check method performance under controlled conditions. They are sometimes referred to as Laboratory Check Samples, LCS. Analytes and frequency of LFB vary with specific SOP requirements (see Procedures Manual).  

e. External Reference Samples

Reference samples such as those available from NIST, EPA, ERA and SPEX are analyzed to verify the accuracy of calibration standards for all analyses.  External reference samples are analyzed immediately following the calibration standards to insure the accuracy of the standards before performing sample analysis.  These are also sources of test materials for annual proficiency checks.

f. Standards and Calibration

Stock standards for the metal stock solutions are obtained from a reputable vendor.  Stock solutions for inorganic parameters are made up by the analysts from the appropriate reagent grade chemical specified in the procedure.

Stock standards are utilized to make working standards of lower concentration which are then utilized to make calibration standards for the analytical run.  The holding periods of stock standards, working standards, and calibration standards for the different analyses are provided in Table 4.1.

Stock standards, working standards, and calibration standards are all prepared in accordance with the method procedure.  Usually, working standards and calibration standards are made the same day the sample run.  Therefore, the date of an analytical run can be keyed to the date of the working standards preparation to provide traceability to the particular lots of reagents from which the calibration standards were derived.

Calibration standards are run at the onset of each day's analysis and a single standard is run after every 10 samples or at the end of the run.

All instruments must be calibrated prior to each day's run of samples.  Calibration procedures vary for the different instrumental methods and are summarized in Table 4.2.

TABLE 4.1

HOLDING PERIODS FOR STOCK AND WORKING STANDARDS

	
Analyte
	Stock Standard
	Working Standard
	Calibration Standard

	Metals
	Expiration Date
	Yearly
	Yearly

	Anions (300.0 & 300.1)
	Yearly
	3-6 Month  ( need to satisfy ICCS and ECCS otherwise discard)
	Monthly except ClO2, NO2, PO4 – fresh daily

	Ammonia
	Yearly
	6 Month
	Daily

	TOC
	Yearly
	6 Month – daily for dilute
	Weekly


TABLE 4.2

CALIBRATION PROCEDURES

	Parameter
	# Calibration Standards
	Method

	Metals (AA/ICP)
	3 point
	Linear Regression

	Ammonia (Probe)
	4 point
	Linear Regression

	Anions (IC)
	4-5 point
	Linear Regression

	Chloride
	-
	End Point Titration

	Sulfate
	4 Point
	Linear Regression

	pH
	2 point
	Slope

	EC
	Single Point
	Cell Constant

	Volatile Organics
	5 point
	Regression


g. Certification Programs and Performance Evaluation Programs

The City of Escondido's laboratory has been certified by The California Department of Health Services, Environmental Laboratory Accreditation Program, Certificate number 1625 for microbiological and chemical analyses.  The lab participates in the EPA - DMR QA Laboratory Performance Evaluation Studies annually, as well as annual EPA evaluation on bacteriological analysis.  The Supervising Chemist reviews the results for the proficiency samples with the analysts upon receipt and maintains a file with the results and a summary of analytical problems that were discovered and how they were corrected.

h. Internal Audits with Blind Check Samples

The Laboratory Superintendent maintains an internal quality control program of blind check sample submittals.  Blind samples for a variety of constituents are submitted in random fashion but must cover each parameter analyzed in the laboratory on an annual basis.  A summary report of the results and any problem areas is written and distributed to the analysts as soon as the results are received.  The Laboratory Superintendent maintains a logbook of all blind check sample submittals with the true and reported values as a permanent record.  Problem areas are reviewed as soon as they surface and the probable cause is determined as expeditiously as possible.  If a severe problem with the analysis is evident, the analysis is halted until the cause is found and corrected.  Corrective action forms (Appendix A) must be used to document corrective steps).

An integral part of both the training and internal auditing systems is use of an initial demonstration of capability requirement (sometimes referred to as IDOC) for new or newly trained analysts.  For some specific analytical procedures, such as 524.2 and 200.7, the elements of the IDOC are contained within the SOPs.  For nonregulated parameters, the form of the initial demonstration varies somewhat, but a minimum of four replicates of a QC or reference sample are processed through all steps of the analytical procedure.  In these instances, comparison of test results with those obtained by a trained analyst (sample splits), blind check samples, standard reference materials, and repeatable calibration criteria may be used. 

4.2 Acceptance Criteria for Quality Control Samples

Use of quality control samples and reference materials are of little use in maintaining overall analytical quality control unless the laboratory has established acceptance criteria for these samples.  Quality control samples falling outside of these criteria serve as flags to signal the production of unacceptable data which must be rerun or else reported as suspect data.  In many instances, acceptance criteria for some of the following parameters are set by the promulgated methods (see SOPs for 200.7, 300.1, 524.2, 624, 8260).

a. Duplicate and Spiked Samples (MS and/or MSD)

The established acceptance limits for spiked, duplicate and/or duplicate spiked samples for all analyses performed at the City of Escondido's laboratory are provided in Table 4.3. Limits are provided for water and wastewater matrices. These limits were calculated based on review of historical data.  All of the acceptance limits listed for water and wastewater matrices are at least as stringent as those specified by EPA.

All analysts have received a copy of these acceptance limits and must insure that all of their spike and duplicate samples fall within the stated acceptable ranges.  Any samples falling between duplicates or spikes, which are unacceptable, must be rerun.  If a sample cannot be rerun due to exceeded holding times, lack of sufficient sample volume or weight, then the data must be qualified as suspect when reported to the plant supervisor or regulatory agency.

b. Reagent Blanks

Reagent Blank values must be <RL.  Any value in the reagent blank > MRL is considered as contamination.  If the Reagent blank value is more than ten percent of the value detected in the sample for each analytical procedure, the analyst must investigate the problem, resolve contamination and repeat analysis.  If value found in the samples > 10X the method blank, but method blank is greater than MRL, samples can be reported with annotation.   

c. Fortified Reagent Blank (LFB, LCS) 

Criteria for LFB (LCS) are method dependent.  Refer to individual SOPs (e.g., 524.2, 200.7, 624, etc.).  See Table 4.3 for a summary.

d. External Reference Samples

Recovery on external reference samples must fall within the acceptance limits provided with the true values.  Where appropriate (i.e., long term use of a specific external reference material), the laboratory will develop it’s own in-house acceptance criteria if these criteria are more stringent than those provided by the vendor or manufacturer. 

e. Blind Check Samples

The results of blind check sample analyses must fall within the acceptance criteria provided with the samples.  This acceptance criterion usually represents the 95% confidence interval obtained from a group of reputable laboratories that have previously analyzed the samples.   If appropriate, more stringent in-house criteria will be developed (see c. above).

f. Method specific QC Checks

If the QC criteria specified in the SOP is different from the criteria specified in the reference Method, the more stringent criteria must be adhered to. Instrumental Methods for trace metals (200.7), trace organics (524.2, 624), TOC, and anions (300.1) are examples.  Recoveries of check standards, instrument tuning and calibration criteria, recovery of surrogates, and similar requirements must be adhered to and documented for valid data reporting.  Defer to specific test procedure requirements in these cases.

TABLE 4.3

ESTABLISHED ACCEPTANCE LIMITS FOR SPIKE AND DUPLICATE QC SAMPLES

	Parameter
	Spike Recovery (MS)
	Duplicate Precision 
	LFB/MS

	
	Water (DW)
	Waste Water
	
	

	Metals
	70 -130
	70-130
	+ 20 
	85-115

	Anions (300.1)
	75-125
	75-125
	± 15
	85-115

	Anions (300.0)
	80-120
	80-120
	+ 15
	90-110

	Nutrients
	85-115
	85-115
	+ 15
	+ 15

	Other Inorganics
	85-115
	85-115
	+ 15
	+ 15

	Trihalomethanes

524.2
	NR*

70-130
	
	+ 20 (water)
	80-120 (water)

	Volatile Organics

624,8260)
	NA
	70-130
	+ 20 (ww)
	70-130 (ww)


* not required

5. DETERMINATION OF OUT-OF-CONTROL ANALYSES

5.1 Use of Control Charts

The laboratory uses control charts for all parameters where sufficient quantities of samples are collected to make their use effective and practical.  Parameters for which less than one sample per week is collected cannot be successfully monitored with control charts.  For these parameters, rigid acceptance limits are established for the percent recoveries on spikes and the relative standard deviation of duplicates.  These acceptance limits are based on historical laboratory performance for these parameters and are as least as stringent as any specified EPA criteria.  The Laboratory Superintendent, together with the Supervising Chemists, are responsible for maintaining and updating chart criteria per the above steps. 

a. Types of Control Charts Used

The laboratory utilizes two different types of control charts to monitor duplicates, spikes, and external reference samples.  

The mean chart modified to percent recovery is utilized to monitor spiked samples and external reference samples. Mean Chart for QC samples are constructed from the average and standard deviation of a specified number of measurements of the analyte of interest. The mean chart includes upper and lower warning levels (WL) and upper and lower control levels (CL). Common practice is to use +/- 2s and +/- 3s limits for WL and CL, respectively, where s represents standard deviation.

The range chart is utilized to monitor duplicate samples.  The range chart also is constructed from the average and standard deviation of specified number of measurements of analyte of interest. Perfect agreement between replicates or duplicates results in a difference of zero when the values are subtracted, so the baseline on the chart is zero. Therefore for range charts, only upper warning limits and upper control limits are meaningful. More commonly, the range can be normalized by dividing by the average. Then draw lines on the chart at mean +/- 2SR and mean +/- 3 SR

This procedure is referenced in the Standard Methods for the Examination of Water and Wastewater (20th Edition).

b. Control Chart Preparation

An initial control chart is prepared by computer generation for the first 20 pieces of control data and the analyst plots the next 20 control points on the chart.  The analyst reviews the chart to determine whether any of the data is out-of-control.  If the control charts indicate an out-of-control event, appropriate corrective action is immediately taken to bring the analysis back into control.  Charts and limits are reviewed every 20 data points to insure that no adverse trends are apparent, and that the current limits are appropriate.  Limits are revised annually (except for 8260, every six months) or sooner if necessary based on assessment.

5.2 Defining an Out-of-control Analyses

An analysis is out of control whenever a quality control sample or parameter falls outside of acceptance limits.  Quality control parameters are evaluated for their acceptability on a daily basis according to established acceptance limits and are also monitored with control charts to detect trends in accuracy and variability which are indicative of a shift in the methodology caused by analytical error.

a. Criteria Used

Daily quality controls must follow the criteria set in previous section. (Section 4)

b. Approaches to Control Chart Interpretation

The control charts signal an out-of-control situation whenever one of the following situations is observed:

· One or more points fall outside the upper or lower control limit

· Two or more consecutive points fall outside the upper or lower warning limit

· Seven or more consecutive points fall above or below the mean

· Seven or more consecutive points are increasing or decreasing

· Comparison of the mean and standard deviation of the old and new control charts are significantly different as estimated from "T" and "F" statistic tests.

If any of the above situations are observed, the analysis must be stopped immediately and the cause of the shift T in mean or increased variability must be investigated, corrected, and documented prior to analyzing any more samples.

5.3 Responding to an Out-of-control Event

If is important to have an operational system within the laboratory for recognizing out-of-control events as soon as they occur so the appropriate action can be taken to bring the analysis back into control.  This will insure that no data gets reported from a period when the analysis was out of control.

a. Roles and Responsibilities

The trained analyst and Supervising Chemist have primary responsibility for verifying that all daily QC parameters fall within the acceptance limits before submitting the data for review.  Review at the analyst's level enables most errors to be caught immediately and prevents untimely delays.  All of the quality control parameters are reviewed for compliance with the acceptance criteria and the calculations on the raw data forms are checked for errors in data manipulation.  If the reviewer notices a problem, the analyst is notified immediately and corrective action is taken.  All samples sandwiched between unacceptable quality control samples are rerun unless there is insufficient sample, in which case the plant supervisor is notified.

The check of daily QC parameters indicates immediate problems with the data but trends are only evident on the control charts.  Both the analyst and the supervisor –reviewer are responsible for reviewing the control charts to see if any of the out-of-control events summarized in Section 5.1 & 5.2 have occurred.  If so, the analyst must stop analysis and initiate corrective action.  See additional details of responsibilities in Sections 1.2, 2.2, 2.3, 3.2.

b. Defining Suspect Samples

Sample data are considered suspect if sandwiched between unacceptable duplicates or spikes or if the data is part of an analytical run that had an unacceptable calibration or an external reference sample out of range.  Sample data is also considered suspect if the reagent blank has substantially increased beyond normal range and sample values are no longer clearly distinguishable from the blank.

The control charts indicate suspect data if any of the out-of-control characteristics outlined in Section 5.1 & 5.2 are present on the chart.  In this situation, all data analyzed between duplicates or spikes which are unacceptable by the chart criteria will be suspect.  Since only one external reference sample is analyzed per run, if the control chart for the external reference sample indicates an out-of-control situation, all samples analyzed on the days these reference samples are unacceptable will be suspect.

c. Assuring That Suspect Data Are Not Reported

It is the ultimate responsibility of the Laboratory Superintendent to insure that suspect data is not reported. The laboratory procedures require that analysts do not report their final data until their analytical data form and accompanying QC parameters have been reviewed and approved by an appropriately trained peer or the laboratory supervisor.  The Laboratory superintendent performs periodic system audits to insure that this procedure is functioning properly.

d. Corrective Actions

If the calibration fails, the analyst must determine whether the problem lies with the standard, the reagents, or an instrument malfunctions.  This is usually determined by reviewing all of the calibration QC and determining which specific parameters do not meet the acceptance criteria.

If calibration appears acceptable but some or all of the duplicate and spiked samples are unacceptable, the analyst must determine whether there is a matrix problem interfering with the analysis or the preparatory digestion. Review results of the LFB/LCS to see if this is in control. If all of the unacceptable duplicates and spikes occur on a specific type of matrix, but spiked reagent water is acceptable, this is good evidence that there is a matrix interference problem.  When a preparatory digestion is part of the procedure, the problem can be isolated to the digestion or the instrumental analysis by comparing the duplicate and spike which was carried through the digestion to a duplicate and spike performed on the digest.  If a matrix problem is indicated, the analyst must determine the most appropriate procedure for alleviating the interference such as diluting the sample, performing the analysis at a different wavelength, using a different GC column, or modifying the digestion procedure.  

If an unacceptable result is obtained on a blind check sample, the problem must be isolated.  The run containing the blind check sample is reviewed by the analyst and the laboratory supervisor to determine if any of the Quality Control parameters were unacceptable or if the sample was run outside the optimum range of the calibration.  If no apparent cause of error is found, a second check sample is submitted to determine whether the error occurred during preparation of the blind check sample.

If an out-of-control event is indicated by a shift or trend on a control chart, the following possible explanations are investigated:

1. A shift in the mean of the percentage recovery chart could be caused by incorrect preparation of a standard or a reagent, contamination of the sample, incorrect instrument calibration, instrument component deterioration such as lamp failure with AAS, or analyst error, dirty pipettes preventing proper drainage, or other preparatory steps.

2. A trend of the mean upward could be caused by deterioration of the standard or the reagents or a change in the extraction efficiency.

3. A trend of the mean downward could be caused by concentration of the standard due to evaporation, deterioration of reagents, a change in the extraction efficiency or instrument component failure.

4. Increased variability could be caused by switching to a different analyst, deviation from the procedure, or variable extraction efficiencies. 
5. A shift in the mean or increased variability can sometimes be caused by a sample load of an unusual matrix.  If this is determined to be the cause of the problem, the analysis will not be considered out-of-control but the situation will documented.
5.4 Documenting an Out-of-control Event

Out-of-control events are documented on the corrective action form. Every analyst is responsible for completing and filing a corrective action form for an out-of-control event for his/her particular analyses.  Whenever an analysis is out-of-control, the analyst must complete a corrective action form and submit this form to the Laboratory Supervisor for approval.  The analyst files this report which can then be cross-referenced to the appropriate control charts and analytical run sheet to provide complete documentation on how the problem was detected and corrected.

5.5 Error Correction

Any of the foregoing analyst or supervisor raw data checks or review of QA/QC data may reveal errors that require correction of data.  These corrections may be found either on bench sheets, computer spreadsheets, or final data reports.  Bench level corrections should be made by crossing out the erroneous entry with a single line that leaves the erroneous value legible, followed by handwritten entry of the correct value.  These entries shall be annotated by the person making the change, along with an explanation of the reason, initials, and date of correction. For each method, a log of changes should be maintained in case it becomes necessary to track corrections months or years after the change. Changes in spreadsheet entries should be done in a similar manner, within the limitations of software.  Footnotes added to the day’s spreadsheet records may be used.  If new entries are based on entire reruns of one or more samples, note the new analysis data, and cross reference the respective corrective action form (see 5.4).  Changes in final report entries are best solved by re-issuance of the corrected report, with a clear statement as to the report being replaced, and annotation of the corrected value(s) shown on the cover sheet of the report and footnoted with the data as well.  To the extent possible, data corrections made to computerized data system archives (including LIMS) should be annotated with the above relevant information.
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APPENDIX A
SIGNED STATEMENT
I hereby certify with my signature, that I have read and understand all the QC/QA requirements contained in this document and take no exception to the procedures and methods required. I also acknowledge the specific requirement to use the most recent approved versions of approved test methods as provided in the Laboratory Procedures Manual, and to otherwise follow standard operating procedures in performance of my duties. 

Signature:   ____________________________________

Printed Name:   _________________________________

Title:   ________________________________________

APPENDIX B
                                         SAMPLE PRESERVATION

Complete and unequivocal preservation of samples, either domestic sewage, industrial waste, or natural water, is a practical impossibil​ity.  Regardless of the nature of the sample, complete stability for every constituent can never be achieved.  At best, preservation tech​niques can only retard the chemical and biological changes that inevita​bly continue after the sample is removed from the parent source.  The changes that take place in a sample are either chemical or biological.  In the former case, certain changes occur in the chemical structure of the constituents that are a function of physical conditions.  Metal cations may precipitate as hydroxides or form complexes with other constituents; cations or anions may change valence states under certain reducing or oxidizing conditions; other constituents may dissolve or volatilize with the passage of time.  Metal cations may also absorb onto surfaces (glass, plastic, quartz, etc.) such as, iron and lead.  Biological changes taking place in a sample may change the valence of an element or a radical to a different valence.  Soluble constituents may be converted to organically bound materials in cell structures, or cell lysis may result in release of cellular material into solution.  The well-known nitrogen and phosphorus cycles are examples of biological influence on sample composition.  Therefore, as a general rule, it is best to analyze the samples as soon as possible after collection.  This is especially true when the analyte concentration is expected to be in the low ug/l range.

Methods of preservation are relatively limited and are intended generally to (1) retard biological action, (2) retard hydrolysis of chemical compounds and complexes, (3) reduce volatility of constituents, and (4) reduce absorption effects.  Preservation methods are generally limited to pH control, chemical addition, refrigeration, and freezing.

The required preservation steps for various wastewater constituents are given in Table B-1

(40CFR 136, July 1, 2002 for NPDES regulatory compliance). Table B-2 contains specific requirements for drinking water sample collection, holding, and preservation for antimony, barium, beryllium, cadmium, chromium, cyanide, fluoride, mercury, nickel, nitrate, nitrite, selenium, and thallium (40CFR 141, 12-1-99 update).  Table B-3 contains specific sampling and preservation requirements for drinking water Method 524.2 volatile organics.

Table B-1. 

SAMPLING AND PRESERVATION REQUIREMENTS FOR WASTEWATER
SAMPLES 
Measurement
Vol. Req.
Container2
Preservative3.4
Holding Time5


                                  (ml)
100
Physical Properties


Color
50
P,G
Cool, 4 (C                                  48 Hrs.


Conductance
100
P,G
Cool, 4 (C
28 Days.

Hardness
100
P,G
HN03 to pH<2
6 Mos.(5)
Odor

200
G only
Cool, 4 (C
24 Hrs.

pH


25
P,G
test on site
test immediately






(15 minutes)

Residue Filterable
100
P,G
Cool, 4 (C
7 Days

Non-Filterable(TSS)
100
P,G
Cool, 4 (C
7 Days

Total

100
P,G
Cool, 4 (C
7 Days

Volatile
100
P,G
Cool, 4 (C
7 Days

Settleable Matter
1000
P,G
Cool, 4 (C
48 Hrs.

Temperature
1000
P,G
test on site
test immediately







(15 minutes)

Turbidity
100
P,G
Cool, 4 (C 
                          48 Hrs.

200   Metals

Dissolved*6
200
P,G
Filter on  site
          6 Mos .(5)

                                                                                                                                    HN0 3 to pH <2

Suspended*
200

Filter on  site                             6 Mos.

Total*

100
P,G
HN03 to pH<2                           6 Mos.(5)
 











  Cool to 4 C

* Note: metals except boron, chromium VI  




 


Measurement
Vol. Req
Container2
Preservative3,4                Holding Time5


                                       (ml)

Mercury


Dissolved
100
P,G
Filter on site
28 Days



HN03 to pH< 2


Total
100
P,G
HN03 to pH< 2
28 Days


300 Inorganics, Non-Metallics


Acidity
100
P,G
Cool, 4 (C
24 Hrs.


Alkalinity
100
P,G
Cool, 4 (C
14 Days


Chlorate
100
P,G
50mg/l EDA
28 Days

    
Chlorite                             100       P,G
50mg/l EDA, Cool to 4 (C      14 Days


Chloride
50
P,G
None Req.
28 Days


Chlorine, total residual
200
P,G
test on site
test immediately


Cyanides, total and 500
P,G
Cool, 4 (C, 
NaOH to pH 127
14 Days


amenable to Chlorination


Fluoride
300
P,G
None Req.
28 Days

Nitrogen


Ammonia
400
P,G
Cool, 4 (C
28 Days





H2SO4 to    pH<2

Kjeldahl, and organic
500
P,G
Cool, 4 (C
28 Days


nitrogen


H2SO4 to    pH<2

Nitrate plus Nitrite
100
P,G
Cool, 4 (C
28 Days





H2SO4 to    pH<2

Nitrate
100
P,G
Cool, 4 (C
48 Hrs.

Nitrite
50
P,G
Cool, 4 (C
48 Hrs.

                                      
            Vol. Req.      

   Measurement
(ml)
Container2
  
Preservative3,4              Holding Time5


Dissolved Oxygen
300  
G bottom
None Reg.
Test immediately


Probe

and top


Winkler
300
G bottom
Fix on site, 
4-8 Hours




and top
store in dark


Phenols
500
G only
Cool, 4 (C
28 Days.





H2SO4  to   pH<2


Phosphorus


Ortho-phosphate,
50
P.G
Filter on site
48 Hrs.


Dissolved


Cool, 4 (C


Hydrolyzable
50
P,G
Cool, 4 (C
28 Days.





H2SO4 to     pH<2


Total
50
P,G
Cool, 4 (C
28 Days.





H2SO4 to     pH<2


Total,
50
P,G
Filter on site
28 Days.


Dissolved


Cool, 4 ( C





H2SO4 to     pH<2


Silica
50
P only
Cool, 4 (C
28 Days.


Sulfate
50
P,G
Cool, 4 (C
28 Days.


Sulfide
500
P,G
4 drops 2N zinc acetate
7 Days.





NaOH to pH>9


Sulfite
50
P,G
test on site                        test immediately

400  Organics


BOD
1000
P,G
Cool, 4 (C
48 Hrs.


COD
50
P,G
H2SO4 to pH<2,cool 4C
7 Days.


Oil & Grease
1000
G only
Cool, 4 (C
28 Days.





H2SO4 or HCI to pH< 2


Organic carbon, total
25
P, G
Cool, 4 (C
28 Days.





H2SO4 or HCI to pH< 2

Phenolics
500
G,Telfon-line cap
Cool, 4 (C, 0.008%Na2S2O3 
7d until extraction,

       



                                        40 d after extraction


                                      Vol. Req.


Measurement
(ml)
Container2
Preservative3,4                Holding Time5

        Purgeables 
                       2x 40   G,
Cool, 4 (C, 0.008%Na2S2O3,     7-14 days

        By purge & trap                                                         HCl to pH <28     

        Pesticide                           1000     G, 
Cool, 4 (C, pH 5-9              7 days,40 days 

        


                                            After extraction

        Base/Neutrals & acids      1000
G
Cool, 4 (C                           7 days,40 days 

        


0.008% Na2S2O3                 After extraction

        MBAS
250
P,G
Cool, 4 (C                            48 Hrs.

______________________________________________________________________________

1. More specific instructions for preservation and sampling are found with each procedure as detailed in this manual.  A general discussion on sampling water and industrial wastewater may be found in ASTM, Part 31,p.72-82 (1976) Method D-3370

2. Plastic (P) or Glass (G).  For metals, polyethylene with a polypropylene cap (no liner) is preferred.

3. Sample preservation (by chemical addition) should be performed immediately upon sample collection (except metals may be preserved in the lab). For the composite samples each aliquot should be preserved at the time of collection. When used, the automated sampler makes it impossible to preserve each aliquot, then samples may be preserved by maintaining at 4 (C until compositing and sample splitting is completed.

4. When any sample is to be shipped by common carrier or sent through the United States Mails. It may comply with the Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). The person offering such material for transportation is responsible for ensuring such compliance. For the preservation requirements, the Office of Hazardous Material, Material Transportation Bureau, Department of Transportation has determined that the Hazardous Material Regulation do not apply to the following materials: Hydrochloric acid (HCL) in water solution at concentrations of 0.04% by weight or less (pH about 1.96 or greater); Nitric acid (HNO3) in water solutions at concentrations of 0.15% by weight or less (pH about 1.62 or greater); Sulfuric acid (H2SO4) in water solution at concentrations of 0.35% by weight or less (pH about 1.15 or greater);Sodium hydroxide (NaOH) in water solutions concentrations of 0.08% by weight or less (pH about 12.30 or less).

5. Sample should be analyzed as soon as possible after collection. The times listed are the maximum times that samples may be held before analysis and still considered valid. 

6. Samples should be filtered immediately before adding preservative.

7. 0.008% Na2S2O3 should be used in presence of residual chlorine. Cyanide, maximum holding time is 24 hrs when sulfide is present. 

8. For samples from non-chlorinated drinking water supplies conc. H2SO4 should be added to lower sample pH to less than 2. The sample should be analyzed before 14 days.

Table B-2.

Required drinking water sampling and preservation for metals and some inorganics

Contaminant


Preservative

Container

Time \3\

------------------------------------\1\-------------\2\-----------------

Antimony


HNO3


P or G


6 months

Asbestos


4 0C



P or G


48 hours 4
Barium



HNO3


P or G


6 months

Beryllium


HNO3


P or G


6 months

Cadmium


HNO3


P or G


6 months

Chromium


HNO3


P or G


6 months

Cyanide



4 0C, NaOH

P or G


14 days

Fluoride



None


P or G


1 month

Mercury



HNO3


P or G


28 days

Nickel



HNO3


P or G


6 months

Nitrate



4 0C



P or G


48 hours 5
Nitrate-Nitrite 6

H2SO4


P or G


28 days

Nitrite



4 0C



P or G


48 hours

Selenium


HNO3


P or G


6 months

Thallium


HNO3


P or G


6 months

------------------------------------------------------------------------

\1\ Metals may be acidified in Lab.  Other pH adjustments must be at the time of collection (to pH < 2 with concentrated acid or adjusted with sodium hydroxide to pH > 12). When chilling is indicated the sample must be shipped on ice and stored at 4 0C or less.

\2\  P=plastic, hard or soft; G=glass, hard or soft.

\3\ In all cases samples should be analyzed as soon after collection as possible. Follow additional (if any) information on preservation, containers or holding times that is specified in method.

\4\ Instructions for containers, preservation procedures and holding times as specified in Method 100.2 must be adhered to for all compliance analyses including those conducted with Method 100.1.

\5\ If the sample is chlorinated, the holding time for an unacidified sample kept at 4 deg.C is extended to 14 days.

\6\ Nitrate-Nitrite refers to a measurement of total nitrate.

Table B-3.  

Specific sampling and preservation requirements for drinking water method 524.2 for volatile organics

Preservation1

Holding time2
Holding temp Volume needed3

Container

	Ascorbic Acid

HCl pH<2, Cool 40C
	14 days
	40C (ice for transport)
	40-120 mL
	Glass with Teflon

Lined Septum


1. Check for chlorine residual for unknown origin or chlorinated samples that may be >5 mg/L residual chlorine; add 25 mg ascorbic acid per each 5 mg residual per 40 mL sample volume.  Adjust pH to <pH 2 with 2 drops 1+1 HCl at time of collection.  If only the THMs are being analyzed, thiosulfate may be used for dechlorination.  Refer to Method 524.2 for specific instructions. (If method 551.1 is to be used by contract lab for THMs, use 1 g of (sodiumphosphate/ammonium chloride buffer).

1. Maximum holding time.  Analyze as soon as possible.

Collect duplicate samples for QA purposes.

APPENDIX   C

CITY OF ESCONDIDO WATER QUALITY LABORATORY

CORRECTIVE ACTION FORM 
DATE:______________    ANALYST:  __________________   ANALYSIS:_______________

1.
DETERMINATION OF OUT-OF CONTROL EVENT :


a)       Date of event :


b)
Reasons:

                         Control Chart__________________________________________________



Poor Calibration Curve___________________________________________



Unacceptable Duplicate (Dup)_____________________________________


Unacceptable Spike (MS)_________________________________________



Unacceptable Reference Analysis_____________________  _____________



Unacceptable Blank Value________________________________________



Instrument Malfunction__________________________________________



Unacceptable Surrogate __________________________________________



Unacceptable IS ________________________________________________


Unacceptable LCS/LFB __________________________________________


Unacceptable RPD ______________________________________________


Blank Contaminant ______________________________________________


Others  _______________________________________________________

c)
 Description of Problem:

d)
 Affected Data:

2.      TROUBLESHOOTING PERFORMED -

3.
RE-ESTABLISHMENT OF CONTROL

a)
Summary of procedures and observations that assure analysis being under control.

b)
 Information on reanalysis of out-of-control samples.   (Dates, log number, etc.)

4. 
IMPACT TO DATA QUALITY (ACCEPTABLE OR NOT ACCEPTABLE FOR COMPLIANCE) 

5.
REPORTING FLAGS:
Analyst Signature  _______________________________

Date:_____________

Lab Supervising chemist Signature__________________

Date:_____________

APPENDIX D

TRAINING GUIDANCE MANUAL

City of Escondido

Water Quality Laboratory

1. Introduction

This training guidance manual is intended for use by supervisory staff, as well as analytical and sampling staff members, as a basis for learning and maintaining analytical proficiency in all aspects of the City’s laboratory program.  The Training Guidance Manual, along with the City’s Safety Manual, Laboratory Procedures Manual, and Quality Assurance Manual, are key resources to be used by new and experienced employees in achieving success in their daily assignments in particular, and meeting the Laboratory’s quality goals in general.

2.
Resources.
Each new analyst will read the following materials during the first week of employment in the Laboratory:

(a)
Safety Manual (Chemical Hygiene Plan)

(b)
QA Manual

(c)
Standard operating procedures (SOPs) from the Procedures Manual for the initial tests for which they are to be trained.

(d)
Current edition of Standard Methods for the Examination of Water and Wastewater,  Parts 1010, 1020,1030, 1050, 1060, 1090.

(e)
Either the EPA or Standard Methods procedure forming the basis for each SOP in (c) above.

(f)
Instrument/equipment manuals for any equipment to be used in their assignments.

(g)
Written materials pertaining to use of computerized data systems or spreadsheets in their respective assignments.

Some of these materials contain affidavits and/or signature sheets at the end.  These are to be signed by the employee and supervisor, and will be kept in a training file for each employee.  

Each experienced analyst will read items (c – g) for any new tests for which they are to be trained.  The QA Manual and SOP’s require annual review by each lab employee for two purposes, namely to insure that SOPs as written are up to date and consistent with requirements, and as a general review.  The affidavit at the end of the manual will be updated in terms of signature and date annually.

3.   Responsibilities

The Laboratory Superintendent has ultimate responsibility to see that policies in the Laboratory are carried out.  Among these are included the training and QA/QC requirements.  Specific supervisory responsibilities are assigned to the Supervising Chemists with regards to training, and in many instances, bench-level training assignments will be carried out by trained analysts under the direction of the immediate supervisor.  Any person acting as a trainer will be required to insure that the specific features enumerated in this Training Guidance Manual are carried out and documented, and will be required to affirm that a trainee is proficient in performing assigned tests in accordance with the SOPs are written.  Trainers should make sure that the trainee is familiar with the laboratory surroundings, safety equipment, any special safety issues surrounding an assignment or work area, safe egress and other emergency procedures.  Trainers should insure that the trainee has ample room to work and access to the necessary test equipment and training materials.  The trainers should familiarize themselves with the background of the trainee and be prepared to resolve any special issues.

Each trainee, whether new employee or experienced analyst is responsible for reading and understanding the resources listed in item 2 above.  Each trainee is responsible for becoming familiar with the lab surroundings and safety issues, performing required testing and proficiency tasks, and demonstrating proficiency prior to functioning as the primary analyst in a specific assignment.  Each trained analyst is then responsible for performing any and all QA/QC requirements set forth in the QA Manual and the specific SOPs for which they are trained.  Each analyst is responsible for calculating and reporting data in a timely fashion, especially for any tasks assigned as part of the training process.   Each trainee is urged to ask relevant questions pertaining to the new tests to insure as clear of an understanding as possible.

4.
Specific Requirements – Sample Collection and Holding

Personnel under the direct training or supervision of the laboratory, who are involved in sample collection, log-in samples, chain-of-custody, retention, and disposal shall be required to read and understand the following:

(a)  Field sampling procedures, Quality Assurance Manual, and SOPs (see Procedures Manual) These include descriptions of the process used to collect samples, descriptions of sample locations, correct sampling containers, correct sample container cleaning, sample preservation needs, the proper forms to be filled out, required sample condition parameters for acceptance of samples, how to perform any field testing (e.g. chlorine residual, temperature, pH).

(b)    Laboratory Sample Handling Procedures and SOPs.  These include proper use of bound logbooks and/or computerized sample tracking systems; proper storage conditions (preservation, temperature, and length of holding time, disposal processes and tracking) specialized chain-of-custody procedures, and any special criteria for rejection and/or internal notification regarding sample problems.

(c)   Standard Methods (current edition), Part 1060.  For Bacteriology, also Part 9010, 9020B.6, 9030B.18, 9060A and B.

Sampling personnel involved in collection of bacteriology samples are to be trained in the concepts of aseptic sampling techniques, how to obtain representative samples (especially for drinking water bacteriology), sample icing, holding and travel times, proper sample identification and documentation, and appropriate transportation conditions.

5.
Specific Requirements – Analysts

Analysts must learn and/or apply the following:

· Analytical procedures and related support material

· Calibration procedures specific to their tests

· QA/QC checks specific to their tests

· Calibration frequency as required

· Necessary data comparability checks

· Control chart maintenance, usage, and interpretation

· Tracking of stock and standard solutions

· Correct labeling of reagents and sample aliquots

· Data reduction and calculation methods (both manual and electronic)

· Data reporting and correct logbook and data entry methods

· Proper ways of correcting entries

· Criteria for accepting samples to be analyzed

· Any historical data logs for comparisons

· Initial demonstration of  capability (precision/accuracy)

· Initial demonstration of MDL and sensitivity as required by methods

· Initial demonstration with QC standard (blind) (low and midlevel)

· Demonstration of calibration criteria specific to a method

· Logbook maintenance for error resolution, instruments, reagents

6.
Record Keeping for Training Activities

Supervisors will use checklists based on Sections 1-5 of this manual to document completion of each phase of training for each analyst.  Date of satisfactory completion for each specific item, and completion of training for a specific test/assignment will be noted and initialed by the trainer.  All supporting performance data will be included in the training record of each employee.  These records are kept by the Laboratory Superintendent.

7.
Specialized Training, Continuing Education Courses, Workshops

For each lab analyst, records will be kept, including a basic resume’, appended by name and date of any additional courses, workshops, or specialized instrument training or apprenticeship completed by the employee.  Analysts who are to be assigned to work with major pieces of analytical instrumentation (e.g., GC, AA, ICP, MS, etc.) will be encouraged to attend workshops conducted by the equipment manufacturer, or similar courses that might be available through professional organizations or local colleges.  Although these are desirable, they are not always available.  Therefore, the City requires that a trained and experienced analyst be involved with training, on a protracted basis, of any additional personnel who will be assigned to operate such equipment and be responsible for reporting data thus generated.

8.
Certification Requirements

The primary objective of the training program is to insure that analysts are properly prepared for, and understand the duties necessary to generate acceptable analytical data to meet the City’s needs.  Among these objectives is generation of test data for drinking water and treated wastewater effluents to meet legal requirements set forth in both State and Federal regulations.  Therefore, it is necessary that all lab employees involved in this endeavor are aware of specific regulatory requirements pertaining to their activities.  One of these requirements is that data for regulatory purposes must be generated in laboratories approved by the state.  Such certification is predicated on the lab and its staff following procedures set forth in regulations, guidance, and the City’s own manuals.  

Approximately once every two years, the lab facilities will be subject to re- certification procedures, including an on-site inspection.  Part of this inspection will entail the auditing of SOPs, manuals, and related documents to insure that they are both (1) up to date and (2) being followed by analysts as written.  The latter point can be assessed by outside inspectors by a combination of interviews with analysts and supervisors, plus detailed crosschecks of data and record keeping.  It is at this point that most analyst and lab deficiencies (in terms of compliance with regulations) are found.  It is at this point, therefore, that labs are most vulnerable to liability in terms of certification.  Because of this liability, it is imperative that each staff member follow the SOPs set forth in the Procedures, QA, and Training Manuals, as well as anything required by supporting references.  Experience has shown that when lab analysts tend to stray from established requirements, it is to some degree as a result of the daily pressures to produce test results on schedule.  Deficiencies that creep into the daily routine are often associated with what appear to be minor details in some forms of record keeping which, on the surface, seem not to be of direct interest to the end users of the data.  Training records and various logs (e.g., standards, maintenance) are frequently the culprit, in that they may not be updated in a timely manner.  But, in some labs, such a discovery might only be the “tip of the iceberg” when auditors begin to scrutinize the operations.

In order to guard against this type of problem accruing over time, the City will conduct periodic self-audits.  These may be conducted by the Laboratory Superintendent, or by an outside contractor.  Typically, auditors will use checklists to guide them through an audit.  We include here, an example (from EPA guidance) of such checklists that analysts and supervisors alike can use on a routine basis to self audit their work area to help insure that our Lab operations are performing as required by regulations.  Analysts are encouraged to form their own checklists for their specific work areas.

QUALITY ASSURANCE AND DATA REPORTING CHECK LISTS

	Item
	Comments
	Satisfactory 

  Yes       No

	QA plan
	
	
	

	Organization
	
	
	

	Sampling
  SOPs available and used

  Preservation

  Containers

  Holding times

  Samplers trained
	
	
	

	Sample Rejection
	
	
	

	Laboratory sample handling

  Log-in procedure

  Bound log book or secure

        computer log-in

  Storage

  Tracking
	
	
	

	Analytical Methods
  Written methods available

  Approved methods used

  SOPs available and used
	
	
	

	Calibration

  Type and frequency

  Source of standards

  Data comparability

  Instrument tuning
	
	
	

	Blanks

  Trip

  Field

  Method
	
	
	

	Method Detection Limits
  Initial

  Frequency

  Acceptability
	
	
	

	Precision and Accuracy
  Initial

  Frequency

  Acceptability

  Control charts

  Laboratory fortified blanks

  Matrix duplicates
	
	
	

	Other QC Checks
  Performance check samples

  Internal and surrogate standards

  Matrix spikes and replicates
	
	
	

	Qualitative Identification/

  Confirmation
	
	
	

	Performance Evaluation

   Samples Analyzed
	
	
	

	Data Reduction and Validation

  Calculations

  Transcription

  Significant Figures

  Validation
	
	
	

	Preventive Maintenance
	
	
	

	Records Retention
	
	
	

	Corrective Action
	
	
	


APPENDIX E
LIST OF APPROVED ANALYTICAL METHODS USED BY CITY OF ESCONDIDO WATER QUALITY LABORATORY

	Standard Operation Procedure

	
	
	
	

	Section A: General
	
	

	
	
	
	

	1
	General Glassware Cleaning Procedure
	
	

	2
	Laboratory Glass/Plastic ware cleaning and pH checking Procedure
	

	3
	Short Day and Long Day Laboratory Routine Setup
	
	

	4
	pH meter Beckman Model 340 Calibration Procedure
	
	

	5
	Turbidity Calibration for HACH 2100N
	
	

	6
	Total Suspended Solids dried 103-105 C, SM 2540D
	
	

	7
	Total Dissolved Solids dried at 180C, SM 2540C
	
	

	8
	Total Solids at 103-105 C, SM 2540B
	
	

	9
	Fix and Volatile Solids Ignited at 550 C, SM 2540 E.
	
	

	10
	Alkalinity SM 2320B
	
	

	11
	Residual Chlorine DPD Method, SM4500-Cl-G
	
	

	12
	Dissolved Oxygen, SM4500 O
	
	

	13
	Biochemical Oxygen Demand, SM 5210B
	
	

	14
	Nitrite Nitrogen, SM 4500-NO2-B
	
	

	15
	Nitrogen Ammonia Selective Electrode Method, SM 4500 NH3-D
	

	16
	Total Nitrogen Kjeldahl, SM 4500 N org
	
	

	17
	Nitrogen Ammonia Titrimetric  Method, SM 4500 NH3-C
	
	

	18
	Ortho Phosphate Ascrobic Acid, SM 4500P - E
	
	

	19
	Total Phosphorus, SM 4500 P-E
	
	

	20
	Chloride, SM 4500 Cl-B
	
	

	21
	TOC, SM 5310 C
	
	

	22
	Ion Chromatography Anion EPA 300.1
	
	

	23
	Ion Chromatography Anion EPA 300.0
	
	

	24
	Ion Chromatography Cation EPA 300.7
	
	

	25
	Chlorine Dioxide and Chlorite. SM 4500-CLO2 E
	
	

	26
	UV-Absorbing Organic Constituents, SM 5910 B
	
	

	27
	Fluoride Ion-Selective Electrode Method SM 4500-F-C
	
	

	28
	Hardness SM2340C and Calcium Hardness SM 3500-Ca-B
	

	29
	Discharge & Reclaimed water to Escondido Creek
	
	

	30
	Ammonia Nitrogen- HACH
	
	

	31
	Total Chlorine and Free SM4500-CL-D
	
	

	32
	Oxygen, Dissolved Probe (Operator)
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Section B: Metal
	
	

	
	
	
	

	1
	ICP, EPA 200.7
	
	


	Section C: Microbiology
	
	

	
	
	
	

	1
	Picture of Sample sites/Collection
	
	

	2
	Dilution Water Preparation
	
	

	3
	Media Preparation
	
	

	4
	Drinking Water Testing Colilert  SM 9223
	
	

	5
	Drinking Water Testing Colilert -18, SM 9223
	
	

	6
	Drinking Water MTF Method
	
	

	7
	Drinking water MF Method
	
	

	8
	Source/Surface water  Colilert Method
	
	

	9
	Source/Surface & Recreational Water  Colilert -18 Method
	
	

	10
	Source/Surface MTF Method
	
	

	11
	Source/Surface MF Method
	
	

	12
	Wastewater MTF Method
	
	

	13
	Wastewater MF Method
	
	

	14
	Tertiary Reclaimed Water MTF Method
	
	

	15
	Fecal Streptococcus and Enterococcus, MTF Method
	
	

	16
	Fecal Streptococcus and Enterococcus, MF Method
	
	

	17
	Enterococcus Enterolert Method
	
	

	18
	Heterotrophic Plate count, SM 9215 A , B
	
	

	19
	IDEXX Simplate Heterotrophic Plate count
	
	

	20
	Storm Water and Sewage Spill Setup Procedure for Colilert & Enterolert 

	21
	Laboratory QA/QC for Microbiology
	
	

	
	
	
	


APPENDIX F
EXAMPLE CALCULATIONS NECESSARY FOR VARIOUS QA/QA DETERMINATIONS
I.
QC CALCULATIONS

1. Relative Response Factor, RRF

RRF(x) =  [AX/AIS] [CIS/CX]            

where:
x = analyte

IS = internal standard

A = peak area or height

C = concentration


2,  Response Factor, RF



RF(X) = AX/CX
3.   Calibration Factor, CF

CF = AX/mX                                 

Where m = mass of analyte 

4.  Standard Deviation, S

S =   s(([ (XI – X )2/(n-1) ])            

Where:
n= total measurements

XI =each individual value

X= mean of n values

s = square root of quantity

( = Sum

5. Relative Standard Deviation, %RSD

%RSD = [ S/X] .100%

6. Percent Difference, %D

%D = [(XI – xC)/ xC ] . 100%,   OR,  

%D = (XT – xC)/ XT             

where
XI = average value of meas.

xC = mean or calc value

XT = true value

7. Percent Recovery, %R   

%R = [xC/XT ] . 100%                (use for LFB/LCS, surrogates,etc.)

OR, 

%R = [(XA –XB)/XT] . 100%   (use for MS/MSD), 

where:

XA = mean conc after spike

XB = mean conc before spike
8. Relative Percent Difference, RPD

RPD  = |(xC – xD)|/ [(xC + xD)/2] x 100%,       

where 
xD = duplicate




xc = initial results

II.
Volatile Organics (524.2, 624, 8260)

1.
Response Factor based on method of internal standards, RFI
RFI = [(AX)(QIS)]/[(AIS)(QX)], 


Where AX = integrated abundance of quantitation ion of analyte



AIS = integrated abundance of quantitation ion of internal std



QX = quantity of analyte 



QIS = quantity of internal standard

2. %RSD (see G.1.5)

3.   Analyte or surrogate concentration, CX
CX = [(Ax)(QIS) . 1000]/[(AIS) RF (V)], where V = mL of sample

        Or:


CX (ug/L) = [(AS)(CIS)]/[(AIS)(RF)]  



Where AS = integrated area of surrogate or analyte
4.  Average Recovery, %R   (see G.I.7)

5. Standard Deviation of average recovery  (see G.I.4)

III.
 Metals  (200.7)

1.    Standard Solution Concentration, CS
 
CS = mE/V          where mE = mass of elemental metal





       V = volume of solution

2. Percent recovery, %R  (see G.I.7)  (MS/MSD)

3. Relative Percent Difference, RPD  (see G.I.8)

4. Response Factor, RF  (see G.I.2)

5. Standard Deviation, S  (see G.I.4)

6. Relative standard deviation, %RSD (see G.I.5)

7. Linear Regression calculation of sample concentration, CY
CY = mx + b,     where, m= slope of 3  point calibration curve




        X = instrument response for sample




        b= intercept of 3 point calibration curve

Note: m is weighted as 1/CS2, where CS is conc of each standard

8. Method of standard additions, MSA, for calculating sample   concentration, CY
CY = [A2V1CS]/[(A1 – A2)V2]        where:  

A1 = signal of spiked aliquot





A2 = signal unspiked aliquot





CS = conc of standard





V1 = vol of added standard




V2 = vol of sample aliquot used for MSA

IV.
Method Detection Limits

Method Detection Limits are calculated based on the standard deviation, S (see G. 1.4), of replicate (usually 7) measurements of analyte near the expected true limit of detection for a method.  The calculated MDL estimate is nominally the 99% confidence level that the measured value is not zero (or background noise in the measurement device).  Therefore, a Student’s t table is required for the calculation (for n= 7, t= 3.14).

And, 

 MDL = S.t

APPENDIX G
LIST OF EQUIPMENT CONTRACTS

	Lab Contract 

	Company
	
	Description

	AKW
	
	Preventive Maint.. For Autoclave

	
	
	

	CEPA
	
	Fume/Canopy hoods annual calibration

	
	
	

	Dionex
	
	Ion Chromatography Service Contract

	
	
	

	Full Spectrum
	
	TOC Analyzer Service Contract

	
	
	

	US Filter
	
	Filter water purification (DI water) Service Contract

	
	
	

	Varian Inc.
	
	ICP Service Contract

	
	
	

	Varian Inc.
	
	GC & GC/MS Service contract

	
	
	

	Watson Brothers
	
	Lab Balance Service Contract

	
	
	

	HACH
	
	Turbidity meter and Dr 4000 Spectrophotometer

	
	
	Service Contract.

	
	
	

	LABWORKS
	
	Laboratory Information Management System

	
	
	Service Contract.
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