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1.0
SCOPE & APPLICATION

1.1
This is a solid-phase extraction (SPE) high-performance liquid chromatography (HPLC) method for the determination of certain fluorescent whitening agents (FWAs) in water and wastewater based on a published method (1, 2).  The following compounds can be quantitated by this method: 

	Common Name
	Product Name
	Chemical Family

	FW-1
	Tinopal CBS-X
	Distyryl Biphenyl Derivative

	FW-2
	Tinopal AMS-GX
	Triazinyl Stilbene

	FW-4
	Tinopal PT LIQ NEW
	Triazinyl Stilbene

	OB-1
	Tinopal UNPA-GX
	Triazinyl Stilbene

	OB-2
	Tinopal 5BM-GX
	Triazinyl Stilbene


1.2
This method is applicable to the determination of FWAs that are produced in their fluorescent (E)- and (E,E) isomeric forms.  The non-fluorescent (Z)- and (E,Z) UV light isomerized forms of the FWAs were not studied and are beyond the scope of this method. 

1.3
This method has been validated in a single laboratory and method detection limits (MDLs) have been determined from a 100 mL water sample for the analytes listed above (MDLs are listed in Table 2). 
INSTRUMENTATION: HPLC

2.0
SUMMARY OF METHOD

2.1
A measured sample volume of 100 mililiters is passed through a C18 47-mm extraction disk (3M).  The extraction disk is eluted with four 3-mL portions of 0.05 M tetrabutylammonium hydrogen sulfate (TBA) in methanol (MeOH).  The methanol eluate is collected in a Zymark TurboVap concentrator vial and concentrated to 0.5 mL using the Zymark TurboVap concentrator.   The 0.5 mL concentrate is diluted to 1 mL with dimethyl formamide (DMF). Twenty microliters of the 1.00-mL final concentrate is injected into the HPLC and the target FWA analytes are detected by a fluorescence detector.

3.0
DEFINITIONS

3.1
Laboratory Duplicates (LD1 AND LD2) -- Two aliquots of the same sample taken in the laboratory and analyzed separately with identical procedures. Analyses of LD1 and LD2 indicate the precision associated with laboratory procedures, but not with sample collection, preservation, or storage procedures.

3.2
Field Duplicates (FD1 AND FD2) -- Two separate samples collected at the same time and placed under identical circumstances and treated exactly the same throughout the field and laboratory procedures. Analyses of FD1 and FD2 give a measure of the precision associated with sample collection, preservation and storage, as well as with laboratory procedures.

3.3
Laboratory Reagent Blank (LRB) -- An aliquot of reagent water or other blank matrix that is treated exactly as a sample including exposure to all glassware, equipment, solvents, and reagents that are used with other samples. The LRB is used to determine if method analytes or other interferences are present in the laboratory environment, the reagents, or the apparatus.

3.4
Field Reagent Blank (FRB) -- An aliquot of reagent water or other blank matrix that is placed in a sample container in the laboratory and treated as a sample in all respects, including shipment to the sampling site, exposure to sampling site conditions, storage, preservation, and all analytical procedures. The purpose of the FRB is to determine if method analytes or other interferences are present in the field environment.

3.5
Laboratory Fortified Blank (LFB) -- An aliquot of reagent water or other blank matrix to which known quantities of the method analytes are added in the laboratory. The LFB is analyzed exactly like a sample, and its purpose is to determine whether the methodology is in control, and whether the laboratory is capable of making accurate and precise measurements.

3.6
Laboratory Fortified Sample Matrix (LFM) -- An aliquot of an environmental sample to which know quantities of the method analytes are added in the laboratory. The LFM is analyzed exactly like a sample, and its purpose is to determine whether the sample matrix contributes bias to the analytical results. The background concentrations of the analytes in the sample matrix must be determined in a separate aliquot and the measured values in the LFM corrected for background concentrations.

3.7
Stock Standard Solution (SSS) -- A concentrated solution containing one or more method analytes prepared in the laboratory using assayed reference materials or purchased from a reputable commercial supplier.

3.8
Primary Dilution Standard Solution (PDS) -- A solution of several analytes prepared in the laboratory from stock standard solutions and diluted as needed to prepare calibration solutions and other needed analyte solutions.

3.9
Calibration Standard (CAL) -- A solution prepared from the primary dilution standard solution or stock standard solutions and the internal standards and surrogate analytes. The CAL solutions are used to calibrate the instrument response with respect to analyte concentration.

3.10
Quality Control Sample (QCS) -- A solution of method analytes of known concentrations that is used to fortify an aliquot of LRB or sample matrix. The QCS is obtained from a source external to the laboratory and different from the source of calibration standards; it is used to check laboratory performance with externally prepared test materials.

3.11
Method Detection Limit (MDL) -- The minimum concentration of an analyte that can be identified, measured, and reported with 99% confidence that the analyte concentration is greater than zero.

3.12
External Standard (ES) -- A pure analyte(s) that is measured in an experiment separate from the experiment used to measure the analyte(s) in the sample. The signal observed for a known quantity of the external standard(s) is used to calibrate the instrument response for the corresponding analytes(s). The instrument response is used to calculate the concentrations of the analyte(s) in the sample.

4.0
INTERFERENCES

4.1
Method interferences may be caused by contaminants in solvents, reagents, glassware, and other sample processing apparatus that lead to discrete artifacts or elevated baselines in liquid chromatograms.  All reagents and apparatus must be routinely demonstrated to be free from interferences under the conditions of the analysis by analyzing laboratory reagent blanks as described in Sect. 9.2.
4.2
The HPLC system utilizes a fluorescence detector to determine the presence of method analytes.  Polynuclear aromatic hydrocarbons have been known to emit fluorescence energies.  Some of the HPCL chromatograms may reveal several peaks that are not related to whitening agents.  Five common whitening agents have been selected for analysis in this method.

5.0
SAFETY

5.1
The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined; however, each chemical compound must be treated as a potential health hazard.  Accordingly, exposure to these chemicals must be reduced to the lowest possible level.

5.2
WES maintains and makes readily available to all employees hard copy files of all material safety data sheets (MSDSs) for the chemicals used in this and other analytical methods.  WES also maintains a subscription to MSDSs on-line (HazMat Zone, Genium Publishing Corp., Amsterdam, NY) – all WES employees have direct on-line access to this large library of MSDSs. 

6.0
EQUIPMENT, APPARATUS, AND SUPPLIES

6.1
Sample Bottles – Borosilicate glass, amber, 500‑mL or 1-liter volume bottles fitted with Teflon‑lined screw caps.  

6.2
Glassware 

6.2.1
Volumetric flasks, Class A – 100 mL and 10 mL, with ground glass stoppers

6.2.2
Graduated cylinder – one liter

6.2.3
Disposable pipettes, transfer – Borosilicate glass

6.2.4
Glass syringes – 50-, 100-, & 250-L transfer syringes

6.2.5
Volumetric pipette, Class A ‑‑ 5 mL

6.2.6
Autosampler vials – 1 mL

6.2.7
Graduated concentrator tubes – Zymark TurboVap brand (50 mL)

6.2.8 Reservoir and base for extraction manifold – Kontes 300-mL reservoir

6.2.9 60 mL glass vials

6.3
Glassware Washing Procedure
6.3.1
Soak glassware in a dilute solution of MicroTM (2% solution) and hot water

6.3.2
Scrub dirty pieces of glassware with brushes

6.3.3
Rinse thoroughly with warm tap water

6.3.4
Rinse glassware with acetone – all inner surface areas of the glassware must come in contact with the acetone.  Acetone must be dispensed from a glass container.

6.3.5
Draw-off excess acetone with quick wrist shakes

6.3.6
Place cleaned glassware in a storage cabinet to avoid accumulation of dust

6.4
Glassware Notes
6.4.1
Glassware must not contact plastic materials.

6.4.2
Bleach or abrasive cleansers are prohibited from coming in contact with the glassware.

6.4.3
If the scrubbing or acetone does not thoroughly clean glassware, contact supervisor.  It is possible that a stronger solvent may be needed to clean the glassware (i.e., methylene chloride).

6.5
Balance – Mettler-Toledo AB204, analytical balance, capable of accurately weighing to the nearest 0.0001 g.

6.6
High-Performance Liquid Chromatograph – Waters HPLC system with Waters 470 Scanning Fluorescence Detector.  The HPLC system is capable of handling injections of 20-L aliquots and performing binary liquid gradients at a constant flow rate.  The Waters Millenium 32 Chromatography Data System is used for measuring peak areas.  Table 1 lists retention times observed for FWA method analytes using the column and analytical conditions described below.

6.6.1
Primary column: Hewlett-Packard Hypersil ODS 5-(m, 4.0- x 250-mm HPLC column.  Mobile phase is established at 1.0 mL/min with a gradient solvent program used to separate the analytes.  In 25 minutes, a linear ramp of 30%:70% (1:1) acetonitrile/methanol (eluant A) and 0.1 M ammonium acetate (eluant B) to 70%:30%  (1:1) acetonitrile/methanol (eluant A) and 0.1 M ammonium acetate (eluant B) is achieved.  Allow 10 minutes of initial conditions before injection of next sample.  A 20-L aliquot of sample is analyzed by the HPLC.

6.6.2
Fluorescence detector:  Waters 470 Scanning Fluorescence Detector at an excitation wavelength of 350 nm and an emission wavelength of 430 nm.

6.6.3
Data handling system: Windows NT‑based Dell OptiPlex GS Personal Computer with Waters Millenium 32 Chromatography Software.

6.7
Extraction Manifold – Stainless steel, with six-station setup (3M Corporation).

6.8
Concentration Apparatus – Zymark TurboVap six-station concentrator capable of accepting 50-mL Zymark TurboVap graduated concentrator vials.

7.0
REAGENTS AND STANDARDS

7.1
Acetonitrile – HPLC grade or equivalent.

7.2 Methanol – HPLC grade or equivalent.

7.3 Dimethyl Formamide – HPLC grade of equivalent.

7.4
Tetrabutyl Ammonium Hydrogen Sulfate – HPLC grade.

7.4.1
C16H37O4NS, 0.05M: Dissolve 17 g of tetrabutylammonium hydrogen sulfate in one liter of HPLC grade methanol.  

7.5
Ammonium acetate – HPLC grade.

7.5.1
NH4C2H3O2, 0.1M: Dissolve 7.7 g of ammonium acetate in one liter of ASTM Type I reagent water.  Make up in a four liter amber HPLC or solvent reservoir.

7.6
ASTM Type I Reagent Water – Barnstead RO/ST system generated.

7.7
Solid-Phase Extraction Disks – 47-mm C18 Empore disks (3M Corp.).

7.8
Neat FWA Standards – Neat standards of the FWAs were obtained from Ciba-Geigy Specialty Chemicals Corporation.  Each neat standard has a labeled purity concentration.  Store at room temperature protected from light.

7.9
Stock Solution – Approximately 0.01 g of neat FWA standard is placed in a 10.00-mL volumetric flask and diluted with 80% reagent water/ 20% acetonitrile.  The stock solutions will be used to prepare an intermediate standard.  Please note that each FWA has a purity level that must be taken into consideration when preparing stock solutions.  Sodium chloride has been added to the neat standards so that they can be poured.  The stock solution must be at a concentration of approximately 1,000 ng/L of pure standard.  Store at room temperature protected from light.

7.10
Intermediate Solution or Primary Dilution Standard (PDS) – The FW-1 response on the fluorescence detector is approximately ten times greater than those of the other FWAs.  Therefore, the intermediate solution contains FW-1 at a concentration ten times lower than the concentrations of the other FWAs.  One hundred microliters of FW-1 is added to 90 mL of reagent water in an amber 100-mL volumetric flask.  One milliliter of each of the other four fluorescent whitening agents is transferred to the 100-mL volumetric flask.  Bring to the 100-mL volume mark with reagent water.   Store at room temperature protected from light.

7.11
Working Standards – Two, 5, 10, 20, and 50 microliters of the intermediate solution are transferred to separate 100 mL volumetric flasks that have been filled with 100 mL of reagent water.  These working standards have concentrations of approximately 0.1, 0.25, 0.5, 2.5, and 5 (g/L of FW-2, FW-4, OB-1, and OB-2; FW-1 concentrations are 10x lower at 0.01, 0.025, 0.05, 0.1, and 0.5 (g/L.  The working standards are extracted in the same manner as samples.  Stock standard solutions and PDS solutions should be replaced after two months or sooner if comparison with laboratory fortified blanks, or QC samples indicate a problem.

8.0
SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1
Collect samples in borosilicate glass, amber, 1-L volume bottles fitted with Teflon‑lined screw caps.  Samples must be collected in amber glass containers. Conventional sampling practices should be followed; however, the bottle must not be pre-rinsed with sample before collection.

8.2
Sample Preservation and Storage – Samples must be kept cool/refrigerated at 4(C and protected from light from the time of collection until extraction. The samples must be analyzed within 7 days of collection. However, the sample matrix may affect FWA stability.  Therefore, the analyst should verify that this preservation technique is applicable to the samples under study.  If the 7-day holding time is exceeded, the data must be qualified so that the data user is aware of possible FWA degradation.

9.0
QUALITY CONTROL

9.1
Minimum quality control (QC) requirements for this method are initial demonstration of laboratory capability, and with each sample batch, analysis of laboratory reagent blanks, laboratory fortified blanks, laboratory fortified matrix samples, and QCS samples.

9.2
Laboratory Reagent Blanks (LRB) – Before processing any samples, the analyst must demonstrate that all glassware, equipment, and reagents are free of FWAs and other interferences.  Each time a set of samples is analyzed, an LRB must also be analyzed to demonstrate that FWAs and other interferences are not present in the analytical system.  If within the retention time window of a target FWA, the LRB produces a peak that would prevent the determination of that analyte, the analyst must determine the source of contamination and eliminate the interference before processing any samples.

9.3
Initial Demonstration of Capability
9.3.1
Prepare fortified solutions containing the target FWAs in reagent water (1.0 (g/L for all FWAs except for FW-1 which is spiked at 0.10 (g/L).  With a syringe, add the necessary volumes of the target FWAs to attain the above-mentioned concentrations in four 100‑mL aliquots of reagent water.  Analyze each aliquot according to the procedures beginning in Sec. 11.

9.3.2
Calculate the recoveries of the target FWAs.  FWA recoveries (accuracy) must be between 40% and 140%.  If the mean recovery of any FWA fails this demonstration, repeat the measurement of that analyte until acceptable performance is demonstrated.

9.3.3
Initial demonstration of capability is used primarily to preclude a new analyst from analyzing unknown samples prior to obtaining some experience with the analytical method.  As laboratory personnel gain experience with this method, the quality of data should improve beyond what is required here.

9.4
The analyst is permitted to modify LC columns, LC conditions, and detectors. Each time such method modifications are made, the analyst must repeat the procedures in Sect. 9.3. 

9.5
Method Detection Level (MDL) – The laboratory must determine the method detection level of this method by analyzing seven replicates of a spike concentration that is three to five times higher than the estimated detection limit.  FW-1 should be spiked at a concentration that is 10x less than the other analytes due to greater sensitivity to the fluorescence detector.  Table 2 lists the precision, accuracy, spike levels, and MDLs of the analytes.   It is recommended that the laboratory periodically determine and document its detection limit capabilities for the analytes of interest.

9.6
Laboratory Fortified Blank (LFB) –Ten microliters of the PDS is added to one liter of reagent water to constitute a LFB.  The LFB is in the midrange of the calibration curve.  The laboratory must analyze at least one laboratory fortified blank (LFB) sample with every 20 samples or one per sample set (all samples analyzed within a 24‑hr period) whichever is greater. The concentration of each analyte in the LFB should be 10 times the MDL.  Calculate accuracy as percent recovery (%).   If the recovery of any analyte falls outside the control limits (See Sect. 9.3.2), that analyte is judged out of control, and the source of the problem should be identified and resolved before continuing analyses.

9.6.1
Until sufficient data become available from within the laboratory, usually a minimum of results from 20 to 30 analyses, the laboratory should assess laboratory performance against the control limits in Sect. 9.3.2.    When sufficient internal performance data becomes available, develop control limits from the mean percent recovery  (%). This data is used to establish upper and lower control limits as follows:

UPPER CONTROL LIMIT = X + 3S

LOWER CONTROL LIMIT = X ‑ 3S

After each thirty new recovery measurements, new control limits should be calculated.   These calculated control limits should never exceed those established in Sect. 7.3.2.

9.7 Assessing Analyte Recovery – Laboratory fortified sample matrix -- The laboratory should add a known concentration to a minimum of 10% of the routine samples or one sample per set, whichever is greater. The sample chosen for the LFM is spiked with 10 (L of the PDS.  The concentration should not be less than the background concentration of the sample selected for fortification. Ideally, the concentration should be the same as that used for the laboratory-fortified blank (Sect. 9.6). Over time, samples from all routine sample sources should be fortified.  Calculate the percent recovery of the analytes and compare to any background concentrations measured in the unfortified samples.

9.8
Field reagent blanks (FRB) – Processing a FRB is recommended along with each sample set, which is composed of the samples collected from the same general sample site at approximately the same time.   At the laboratory, fill a sample container with reagent water, seal, and ship to the sampling site along with the empty sample containers. 

9.9 Field duplicates – Periodically, field staff should collect samples in duplicate to determine precision of the analytical results from sampling through analysis.

9.9 The laboratory may adopt additional QC practices for use with this method. The specific practices that are most productive depend upon the needs of the laboratory and the nature of the samples. For example, field or laboratory duplicates may be analyzed to assess the precision of the environmental measurements. The field reagent blanks may be used to assess contamination of samples under site conditions, transportation and storage.

10.0
CALIBRATION AND STANDARDIZATION

10.1
Establish HPLC operating parameters equivalent to those indicated in Sect.  6.6. The HPLC system is calibrated using the external standard technique.

10.2
External Standard Calibration Procedure

10.2.1
Prepare five calibration standards (CAL) at 0.1, 0.25, 0.5, 2.5, and 5 ppb by adding volumes of one or PDS solutions to 100 mL amber volumetric flasks.  Dilute to volume with the ASTM Type I reagent water.  The lowest standard should contain analyte concentrations near, but above, the respective MDL. The remaining standards should bracket the analyte concentrations expected in the sample extracts, or define the working range of the detector.

10.2.2
Starting with the standard of the lowest concentration, process each calibration standard according to Sec.11 and tabulate response (peak area) versus injected quantity in the standard.   The results can be used to prepare a calibration curve for each compound. 

10.2.3
The working calibration curve or response factor must be verified on each working day by the measurement of a CAL, analyzed at the beginning of the analysis day. It is highly recommended that an additional check standard be analyzed at the end of the analysis day. For extended periods of analysis (greater than 8 hr), it is strongly recommended that check standards be interspersed with samples at regular intervals during analyses. If the response for any analyte varies from the predicted response by more than ± 25%, the test must be repeated using a fresh calibration standard. If the results still do not agree, generate a new calibration curve.

11.0
PROCEDURE

11.1
Bring samples to room temperature.   

11.2
Prepare working standards as prescribed in Section 10.2.  Also prepare the LFB as described in Section 9.6.  The laboratory reagent blank and other QC samples are all prepared in 100 mL volumetric flasks.

11.3
Prepare the six-station SPE manifold by clamping a C18 SPE disk between each 300-mL reservoir and base.  Set up a four-liter side-arm flask for use as wastewater collection vessel.

11.4 Pre-wet the C18 disk with 20 mL of methanol.  Apply vacuum to the SPE setup but do not allow to go to dryness.  Soak for disk with methanol for 2 minutes.

11.5 Apply vacuum.  Before the methanol reaches the top of the extraction disk, rinse the disk twice with two ten mL aliquots, being careful to not allow the disk to go to dryness.  After the second water rinse and just before the water reaches the top of the extraction disk, shut off the vacuum to the station by closing the Teflon stopcock.  

11.6 Transfer 100 mL samples and standards to the respective extraction reservoir.  Open the Teflon stopcock, and allow all the 100 mL to slowly (approximately 5-10 mL per minute) pass through the C18 disk.  Air-dry the extraction disk for two minutes.

11.7
Shut off entire vacuum system.  Raise the glass extraction base from the manifold and place the 60-mL collection vial into the stainless steel base.  Make sure the Teflon stopcock is also closed at this point.  

11.8
Add 3.0 mL of 0.05 M Tetrabutylammonium hydrogen sulfate in methanol (TBA) to the extraction disk without opening the stopcock.  It is recommended that the TBA saturate the disk for two minutes to achieve adequate FWA recoveries.  Apply system vacuum and open the Teflon stopcock allowing the TBA to collect in the vial.  Add three more aliquots of 3.0 mL of TBA and repeat the extraction process for each aliquot to complete the transfer of the FWAs.

11.9
Shut off vacuum to the system.  Transfer each extraction eluent from the 60 mL glass collection vials to 50 mL graduated Zymark concentrator tubes.

11.10
Concentrate the samples and standards to 0.5 mL on the Zymark TurboVap Concentrator.  A constant pressure 22 PSI of nitrogen flow and 40(C temperature bath is allowed to concentrate the samples to less than 1 mL.

11.11
Bring the samples and standards to 1.00 mL with Dimethyl Formamide.

11.12
Transfer the 1.00-mL concentrate to a 1-mL HPLC autosampler vial.

11.13
Twenty microliters of the concentrate is analyzed on the HPLC under conditions described in Section 6.6.

11.14
Identification of Analytes 

11.14.1
Identify a sample component by comparison of its retention time to the retention time of a reference chromatogram. If the retention time of an unknown compound corresponds, within limits, to the retention time of a standard compound, then identification is considered positive.

11.14.2
The width of the retention time window used to make identifications should be based upon measurements of actual retention time variations of standards over the course of a day.  Three times the standard deviation of a retention time can be used to calculate a suggested window size for a compound.    However, the experience of the analyst should weigh heavily in the interpretation of chromatograms.

12.0
DATA ANALYSIS AND CALCULATIONS

12.1
Analytical Sequence – The following order of analysis is prescribed for the FWAs:

12.1.1
Calibration standards

12.1.2
Laboratory blanks

12.1.3
Samples

12.1.4
QCS samples

12.1.5
Calibration check standards

Calculate analyte concentrations in the sample from the response for the analyte using the calibration procedure described in Sect. 10.

12.2
Calculate the amount of sample analyte injected from the peak response using the calibration curve or calibration response factor determined in Sect. 10.2. The concentration (C) in the sample can be calculated from Equation 1.
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	A
	=
	Amount of standard injected (mg)

	Vi
	=
	Volume of standard injected (mL) 

	Vt
	=
	Volume of sample injected (mL) 

	Vs
	=
	Volume of water sample (mL)


13.0
METHOD PERFORMANCE 


For precision and accuracy data, see Table 3.

14.0
POLLUTION PREVENTION

14.1
Refer to the WES Environmental Management System (EMS) policy and SOPs regarding pollution prevention.  For more information concerning pollution prevention that may be applicable to laboratory operations, consult references available in the WES Library. 

14.1
This method utilizes the new liquid-solid extraction technology, which requires the use of very small quantities of organic solvents. This feature eliminates the hazards involved with the use of large volumes of potentially harmful organic solvents needed for conventional liquid-liquid extractions.. These features make this method much safer for use by the analyst in the laboratory and a great deal less harmful to the environment.  The HPLC generates waste solvents that are transferred to a hazardous waste drum awaiting proper disposal by an environmental service company.

14.2
For information about pollution prevention that may be applicable to laboratory operations, consult "Less is Better: Laboratory Chemical Management for Waste Reduction," available from the American Chemical Society's Department of Government Relations and Science Policy, 1155 16th Street N.W., Washington, D.C. 20036.

15.0
WASTE MANAGEMENT

15.1
Due to the nature of this method, there is little need for waste management. No large volumes of solvents or hazardous chemicals are used. The matrices of concern are finished drinking water, source water, ambient water, stormwater, and wastewater. However, the Agency requires that laboratory waste management practices be consistent with all applicable rules and regulations, and that laboratories protect the air, water, and land by minimizing and controlling all releases from fume hoods and bench operations. Also, compliance is required with any sewage discharge permits and regulations, particularly the hazardous waste identification rules and land disposal restrictions. For further information on waste management, consult "The Waste Management Manual for Laboratory Personnel," also available from the American Chemical Society.

15.2
WES laboratories fully comply with all applicable federal, state, and local environmental regulations.  All waste products from this method are collected in the laboratory and then disposed of by a licensed hazardous waste management contractor.  WES is also committed to protecting the air, water, and land by minimizing and controlling all chemical releases from fume-hoods and bench operations.  Refer to the WES Environmental Management System (EMS) policy and SOPs regarding waste management.
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17.0
TABLES AND VALIDATION DATA

	TABLE 1.
Retention Times for Method Analytes

	Analyte
	Retention Time (min) a

	FW-4
	9.62

	OB-1
	19.70

	OB-2
	21.88

	FW-1
	23.26

	FW-2
	23.86

	a Columns and analytical conditions are described in Sect. 6.6


	TABLE 2.
Single Laboratory Accuracy, Precision, and Method Detection Limits (MDLs) for the Analysis of FWAs in Reagent Water a  (11/16/06)

	Analyte
	Date
	#Spiked Samples
	Spike Conc. ((g/L)
	Accuracy (%)
	Precision

(SD)
	MDL b

((g/L)

	OB1
	11/16/06
	7
	0.12
	107
	0.023
	0.071

	OB2
	11/16/06
	7
	0.11
	107
	0.012
	0.037

	FW4
	11/16/06
	5
	0.23
	76
	0.014
	0.051

	FW1
	11/16/06
	7
	0.012
	95
	0.0009
	0.0027

	FW2
	11/16/06
	7
	0.12
	110
	0.0079
	0.025

	a Data represent the average of 5-7 samples. Sample volume = 100 mL.

b MDL = method detection limit; defined in Appendix B to 40 CFR Part 136  Definition and Procedure for the Determination of the Method Detection Limit, Revision 1.11. 




	TABLE 3.
Quality Control Elements and Acceptance Limits for the Determination of FWAs by Modified Poiger et al. (1996) Method (Environ. Sci. & Technol., 30: 2220 – 2226)

	QC Elements
	Frequency
	Acceptance Criteria
	Corrective Action

	Laboratory Extraction Blank
	Every sample batch
	Analyte concentrations < MDLs
	Reanalyze sample batch

	Laboratory Fortified Blank
	Every sample batch
	40 - 140% Recovery
	Reanalyze sample batch

	Field Blanks
	Not routinely included – only for special projects or if submitted by sample collector
	Analyte concentrations < MDLs
	Reanalyze sample batch

	Laboratory Fortified Matrix
	5% of samples
	40 -140% recovery
	Qualify sample batch data (J) – poor accuracy due to possible matrix effect

	Duplicates
	5% of samples
	< 30% RPD
	Qualify sample batch data (J) – poor precision 

	Sample Holding Time
	Every sample
	7 days
	Analyze samples and qualify data (H) as suspect (exceeded holding time) and contact sample collector to obtain new sample(s) 

	MDL
	Whenever there is a significant change in the analytical system (e.g., method or instrumentation changes)
	Comparable MDLs from previous MDL study.  Analyte spike concentrations must not exceed 10 times (preferably within 5 times) the experimentally determined MDLs.
	Re-evaluate method performance.  Repeat MDL study spiking with lower concentration of the target analytes.

	Resolution
	Every sample batch
	Baseline separation of analytes
	Clean frits, change solvent, clean column, and reanalyze sample batch

	Initial Calibration
	Every sample batch
	r2 > 0.99 for all target analytes
	Recalibrate and reanalyze sample batch

	Continuing Calibration
	End of sample batch or each 12-hr period
	< 30% RSD
	Recalibrate and reanalyze sample batch
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