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	Signature Manifest
	Determination of Selected 36 Per- and Polyfluoroalkyl Substances (PFAS) by LC/MS/MS (Isotope Dilution)
	1.0 Scope And Application
	The purpose of this Standard Operating Procedure (SOP) is to document the procedure used by Pace Analytical Services, LLC – Minnesota for the identification and simultaneous measurement of per- and polyfluoroalkyl substances (PFAS) in non-potable waters, leachate, solid (e.g. soil, sediment, and wipe), and tissue matrices using LC/MS/MS based on Department of Defense Quality Systems Manual (DOD QSM) Version 5.3, Table B-15, which is listed in Appendix F of this SOP, and Wisconsin PFAS Aqueous (Non-Potable Water) and Non-Aqueous Matrices Method Expectations.
	1.1 Target Analyte List and Limit of Quantitation (LOQ)

	2.0 Summary of Method
	A 250-mL water sample is fortified with a known quantity of isotope dilution extracted internal standards (EIS) and then passed through a solid phase extraction (SPE) cartridge (e.g., StrataTM PFAS, WAX/GCB sorbent, weak anion exchange mixed-mode) to extract the method analytes and EIS. The analytes and EIS are eluted from the cartridge with a small amount of ammonia/methanol solution. The method for the analysis of PFAS in solid materials extracts 5 g of material with a total of 9-mL aliquot of 0.2% ammonia/methanol. The extract is treated with 50 mg ENVI-Carb™ and filtered prior to nitrogen concentration. For tissue samples, 2 g of material is extracted with 7 mL of 1% ammonia acetonitrile for 16 hours. The extract is treated with ENVI-Carb™ and filtered prior to SPE cleanup. The water or solid sample extract is concentrated to ~0.8 mL while the tissue extract is concentrated to ~0.1 mL with nitrogen and spiked with Injection Internal Standards (IIS) and then brought to 1 mL with 96:4% (vol/vol) methanol:H2O solution prior to LC/MS/MS analysis. A 3-µL injection is made into a Liquid Chromatography (LC) System equipped with a C18 column that is interfaced to a tandem mass spectrometer (MS/MS). The concentration of each analyte is determined by using the isotope dilution and internal standard techniques, depending on target analyte. EIS is added to all calibration standards, field samples, blanks and QC samples to monitor the extraction efficiency of the method analytes.

	3.0 Interferences
	3.1 All glassware must be meticulously cleaned. Wash glassware with non-phosphate alkaline detergent and deionized (DI) water, rinse with DI water and reagent water, followed by a methanol rinse. Non-volumetric glassware can be heated in a muffle furnace at 400 °C for 2 h or solvent rinsed. Volumetric glassware should be solvent rinsed and not be heated in an oven above 120 °C. Store clean glassware inverted or capped. Do not cover with aluminum foil because PFAS can be potentially transferred from the aluminum foil to the glassware.
	3.2 Method interferences may be caused by contaminants in solvents, reagents (including reagent water), sample bottles and caps, and other sample processing hardware that lead to discrete artifacts and/or elevated baselines in the chromatograms. The method analytes in this method can also be found in many common laboratory supplies and equipment, such as PTFE (polytetrafluoroethylene) products, LC solvent lines, methanol, aluminum foil, SPE sample transfer lines, etc. All items such as these must be routinely demonstrated to be free from interferences (less than 1/2 the RL) under the conditions of the analysis by analyzing method blanks. Subtracting blank values from sample results is not permitted.
	3.3 Matrix interferences may be caused by contaminants that are co-extracted from the sample. The extent of matrix interferences will vary considerably from source to source, depending upon the nature of the water. Humic and/or fulvic material can be co-extracted during SPE and high levels can cause enhancement and/or suppression in the electrospray ionization source or low recoveries on the SPE sorbent. Total organic carbon (TOC) is a good indicator of humic content of the sample. Under the LC conditions used during method development, matrix effects due to TOC were not observed.
	3.4 SPE cartridges can be a source of interferences. The analysis of field and method blanks can provide important information regarding the presence or absence of such interferences. Brands and lots of SPE devices should be tested to ensure that contamination does not preclude analyte identification and quantitation.

	4.0 Definitions
	4.1 Confirmation Ion – One of the product ions used to help qualitatively confirm presence of the analytes. The product ion chosen is typically one of the remaining ions with high sensitivity and minimum interferences after the quantitation ion has been chosen. Not all precursor ions provide confirmation ions.
	4.2 Extraction Internal Dilution standards (EIS) – Isotopically labeled internal standards that undergo the same extraction and analysis as the other analytes in the sample. The EIS are added to the sample at the beginning of the procedure before extraction, centrifugation, filtering, or phase separation. Ideally, there are exact isotopically labeled analogs of the native analytes so that identical behavior can be assumed. The recoveries of these standards are used to adjust the native analyte results.
	4.3 Internal Standard Quantitation – measurement of native analytes using an alternate analog isotope (one that has the same chemical behavior and is close in retention time to the native analyte), thus providing a close approximation of matrix effects and losses that can occur during the preparation and analysis. The native analyte concentration is adjusted for the recovery of the alternate analog isotope. An alternate analog isotope is typically used when an exact analog isotope is not available.
	4.4 Isotope Dilution Quantification – measurement of native analytes using an exact analog isotope of the native analyte. The native analyte concentration is adjusted for the recovery of the exact analog isotope that has been included in the preparatory and analytical procedure.
	4.5 Precursor Ion – For the purpose of this method, the precursor ion is the deprotonated molecule ([M-H]-) of the method analyte. In MS/MS, the precursor ion is mass selected and fragmented by collisionally activated dissociation to produce distinctive product ions of smaller m/z.
	4.6 Product Ion – For the purpose of this method, a product ion is one of the fragment ions produced in MS/MS by collisional activated dissociation of the precursor ion.
	4.7 Primary Dilution Standard (PDS) solution – A solution containing the analytes prepared in the laboratory from stock standard solutions and diluted as needed to prepare calibration solutions and other needed analyte solutions.
	4.8 Preparation Batch – A group of up to 20 field samples (not including QC samples) extracted together by the same person(s) during a work day (24 hours) using the same lot of SPE devices, solvents, surrogate, internal standard and fortifying solutions. Required QC samples include MB, LCS, MS, and MSD.
	4.9 Quantitation Ion – One of the product ions used to quantitate analyte concentrations. The product ion chosen is typically one of high sensitivity and minimum interference

	5.0 Health and safety
	6.0 Sample Collection, Preservation, Holding Time, And Storage
	6.1 Sample Collection
	6.1.1 Laboratory samples are collected, preserved, shipped, and stored in accordance with ENV-SOP-MIN4-0008 Sample Management and ENV-SOP-MIN4-0009 Bottle Preparation Guidelines for Sampling Container Kits, Sample Preservation, and Holding Times or equivalent replacements.
	6.1.2 The sample handler must wash their hands before sampling and wear nitrile gloves while filling and sealing the sample bottles. PFAS contamination during sampling can occur from a number of common sources, such as food packaging and certain foods and beverages. Proper hand washing and wearing nitrile gloves will aid in minimizing this type of accidental contamination of the samples.
	6.1.3 Fill sample bottles. Do not fill aqueous sample containers completely.
	6.1.4 Matrix spike (MS) and matrix spike duplicate (MSD) sample. Analysis of a MS is requested in each extraction batch and is used to determine that the sample matrix does not adversely affect method accuracy.
	6.1.5 Field Duplicates. Collect one per sampling event for each sampling site

	6.2 Sample shipment and storage – Aqueous and solid samples must be chilled during shipment and must not exceed 6 °C after collection. Ship tissue samples frozen. Aqueous and solid sample temperature must be confirmed to be at or below 6 °C when the samples are received at the laboratory. Samples stored in the lab must be held at or below 6 °C until extraction, but should not be frozen.  Tissue samples received frozen can be documented as “frozen” at sample receipt. Store tissue samples at less than or equal to -10oC at the laboratory.

	7.0 Equipment And Supplies
	7.1 Equipment
	7.1.1 Brand names and catalogue numbers represent materials in use at the time of this revision. Due to potential adsorption of analytes onto glass, polypropylene containers were used for all standard, sample and extraction preparations. Other materials which meet the QC requirements may be substituted.
	Table 7.1.1 - Equipment and Supplies (Including Computer Software)
	7.1.2 Liquid chromatography (LC)/ Tandem Mass Spectrometer (MS/MS)
	7.1.2.1 LC system – Liquid chromatography (LC) system with binary pump, autosampler,
	column heater. All solvent lines were replaced with (polyether ether ketone) PEEK tubing. PFAS isolator column (Phenomenex Luna ® 30 × 3 mm 5 µm C18 reverse phase LC column, Cat# 00A-4252-Y0) and stainless steel tubing installed between the mixing chamber and injection port. Other equivalent automated LC system capable of reproducibly injecting up to 5-µL aliquots, and performing binary linear gradients at a constant flow rate near the flow rate used for development of this method (0.5 mL/min) may be used.
	7.1.2.2 LC/MS/MS – The LC/MS/MS must be capable of negative ion electrospray ionization (ESI) near the suggested LC flow rate of 0.6 mL/min. The system must be capable of performing MS/MS to produce unique product ions for the method analytes within specified retention time segments. A minimum of 10 scans across the chromatographic peak is required to ensure adequate precision.



	8.0 Reagents And Standards
	8.1 Gases, Reagents, and Solvents – LC/MS grade or equivalent is used (Fisher equivalent is Optima). Other grades may be used, provided it is first determined that the reagent is of sufficiently high purity to permit its use without lessening the quality of the determination. Fisher solvents are preferred for mobile phases (water, methanol, acetonitrile) as the one liter bottles can be directly loaded on the instrument removing a transfer step with the inherent low level contamination.
	8.2 Stock Standards – non-neat standards purchased from vendors that are used for the preparation of working standards. Standards containing both branched and linear isomers must be used when commercially available. If not available, the total response of the analyte must be integrated, (i.e. accounting for peaks that are identified as linear and branched isomers) and quantitated using a calibration curve which includes the linear isomer only for that analyte, i.e. PFOA.
	If no expiration date is assigned by the vendor, expiration date is 1 year from the date of receipt. For open stock standards, the expiration is date is 1 year for the open date.
	NOTE: All standards purchased are greater than or equal to 98% purity, therefore the weight can be used without correction to calculate the concentration of stock standards. Primary stock standards are stored at ≤ 4 ± 2 oC. Stock solution is brought to room temperature before using. PFAS may be purchased in glass ampoules however all further solutions and storage is in polypropylene or equivalent containers.

	9.0 Procedure
	9.1 Equipment Preparation
	9.1.1 Instrument
	9.1.1.1 Routine Instrument Operating Conditions

	9.1.1 Routine Instrument Maintenance
	9.1.1.1 Routine instrument maintenance is critical to achieve optimum method sensitivity. All laboratory materials must be determined to be free of contamination to ensure potential background interferences are minimized.
	9.1.1.2 Please refer to the instrument manual for maintenance procedures performed by the lab.
	9.1.1.3 All maintenance activities are listed in maintenance logs that are assigned to each separate instrument.
	9.1.1.4 LC maintenance – LC system components, as well as the mobile phase constituents, contain many of the method analytes in this method. Thus, these PFAS will build up on the head of the LC column during mobile phase equilibration.
	9.1.1.5 Column equilibrate – To minimize the background PFAS peaks and to keep background levels constant, the time the LC column sits at initial conditions must be kept constant and as short as possible (while ensuring reproducible retention times).
	9.1.1.6 Column flush – In addition, prior to daily use, flush the column with 95% methanol for at least 15 min before initiating a sequence. It may be necessary on some systems to flush other LC components such as wash syringes, sample needles or any other system components before daily use.

	9.1.2 MS maintenance – Please refer to the instrument manual for maintenance procedures performed by the lab. Common maintenance procedures are listed below
	9.1.2.1 Source cleaning – Clean the ion source parts which include curtain plate, orifice plate or skimmer, Q0, and etc. with reagent water and methanol. Tuning or optimizing the instrument followed the instrument manual. Refer to the Operating Instruction – Tune and Calibrate, the ion source operator guide, or the Analyst® software Help system.
	9.1.2.2 Pump oil – Check pump oil level and color periodically. Add or change pump oil when necessary followed the manual instruction.

	9.1.3 Trouble Shooting
	9.1.3.1 Any deviations from the norm encountered while conducting this analysis must be noted and brought to the attention of the section supervisor. This section contains basic information for troubleshooting basic system issues. Certain activities may be carried out by the Agilent and AB SCIEX trained Qualified Maintenance Person (QMP) in the laboratory. For advanced troubleshooting, contact field service agents of the instruments.
	9.1.3.2 LC troubleshooting – Please refer to the instrument manual for troubleshooting procedures performed by the lab. Common LC issues are listed below.


	9.2 Initial Calibration
	9.2.1 Calibration Design
	9.2.1.1 Demonstration and documentation of acceptable initial calibration is required before any samples are analyzed. After the initial calibration is successful, a continuing calibration verification (CCV) is required at the beginning and end of each period in which analyses are performed, and after every tenth field sample. Samples must be bracketed with CCV’s passing for all criteria, or the samples should be re-analyzed (with the single exception mentioned in Appendix B).
	9.2.1.2 ESI-MS/MS Tune. Tuning should occur at least every six months using PPGs for tuning. Tune the system when ICAL won't pass, when the peak shape is significantly off (indicating an MS problem), when major maintenance is performed, or instrument is moved.
	9.2.1.3 The instrument tuning with PPGs has its own manufacturing criteria- see the documentation. After PPGs passes, calibration must be verified to be +/- 0.5 amu of true values by acquiring a full scan continuum mass spectrum of a PFAS stock standard.
	9.2.1.4 Mass calibration range must bracket the ion masses of interest.
	9.2.1.5 When done, run the Compound Optimization or Manual Tuning under the Tune and Calibrate tab to optimize response and peak shape.
	9.2.1.6 Prepare a set of six CAL standards (Table 9.2.1.20A as an example). Analyze each standard level with the same acquisition method used to analyze samples, changes to retention times or other analytical parameters are saved as part of the local method generated with each analytical sequence, these parameters can be adjusted mid-sequence so long as they are applied to all data.
	9.2.1.7 The LC/MS/MS system is calibrated using the isotope dilution and internal standard technique. Use the LC/MS/MS data system software to generate a linear regression calibration curve for each of the relevant analytes. This curve may be concentration weighted, if necessary.
	9.2.1.8 A calibration meets criteria when the recovery for each calibration point reads back at ±30% for all calibration points.
	9.2.1.9 For Wisconsin compliance analysis, re-quantitated concentrations for all target compounds at all concentration levels must be within the range 70-130% of their actual concentrations, except for the lowest calibration concentration level, which must be within the range of 50-150% of actual concentration.
	9.2.1.10 Provided a minimum of five calibration points are still being used, a point at the top or bottom of the calibration curve may be dropped to achieve recovery requirements across the remaining points. Dropping high concentration points lowers the PQL of the calibration and may require that more dilutions are performed. Dropping low calibration points can potentially elevate the RL for this sequence.
	9.2.1.11 An ICV (prepared from a second source standard or by different analyst) is run with every initial calibration curve (ICAL). The acceptance criteria are ±30% of the true value.
	9.2.1.12 Additional calibration procedures (where applicable) can be found in ENV-POL-CORQ-0005 Acceptable Calibration Practices for Instrument Testing (or equivalent replacement).
	9.2.1.13 537 Mix – Mix 40 mL of Optima grade Water with 960 mL of Optima grade Methanol. Expires 1 year from prep.
	9.2.1.14 PFAC_EIS – PFAC (Extracted Internal Standards) (0.05 µg/mL, 25 EIS)
	9.2.1.15 PFAC_IIS – PFAC (Injection Internal Standards) (0.05 µg/mL)
	9.2.1.16 PFAC_Native Spike Solution
	9.2.1.17 PFAC_ICV Spike Solution
	9.2.1.18 Isomer Check PDS – Isomer check Qualitative primary standard Spike
	9.2.1.19 Calibration Curve – Different volumes of PFAC_Native Spike solutions at various concentrations are added to 1 mL 537 Mix (Table 9.2.1.20A). A known amount of EIS is added into each calibration point. The corresponding concentration in 1 mL final solvent is shown in Table 9.2.1.20B.
	9.2.1.20 Store at room temperature. Expires 180 days from prep.

	9.2.2 Calibration Sequence
	9.2.2.1 ESI-MS/MS Tune – Tuning should occur at least every six months using PPGs for tuning. Tune the system when ICAL won't pass, when the peak shape is significantly off (indicating an MS problem), when major maintenance is performed, or instrument is moved.
	9.2.2.2 Optimize the precursor ion and product ion for each target analyte by infusing a standard mix from calibration curve to MS. The MS parameters (voltages, temperatures, gas flows, etc.) and the MS/MS parameters (collision energy, declustering potential, collision cell exit potential, etc.) are determined to achieve optimal analyte responses.
	9.2.2.3 Establish LC operating parameters that optimize resolution and peak shape.
	9.2.2.4 Inject a mid-level CAL standard under optimized LC/MS/MS conditions to ensure that each target analyte is observed in its retention time window and that there are at least 10 scans across the peak for optimum precision.
	9.2.2.5 Prepare a set of at least five calibration point standards for linear fit (Table 9.2.1.20A as an example). Analyze each standard level with the same acquisition method used to analyze samples, changes to retention times or other analytical parameters are saved as part of the local method generated with each analytical sequence, these parameters can be adjusted mid-sequence so long as they are applied to all data. Use the LC/MS/MS data system software to generate a linear regression curve for each of the relevant analytes. This curve may be concentration weighted, if necessary. Forcing zero is not allowed for this analysis.
	9.2.2.6 Analyte quantification uses the isotope dilution technique for the analytes having commercially available isotopically labeled analogs. The internal standard technique is used when a labeled analog is not commercially available for the target analyte. Details in analytes quantification refer to Section 10.5.

	9.2.3 ICAL Evaluation
	9.2.3.1 Calibration factors have RSD that is ≤ 20% for all analytes
	9.2.3.2 Linear regressions have a coefficient of determination that is r2 ≥0.99 and a minimum of five non-zero concentration standards is used.
	9.2.3.3 Do not force linear regression through zero.
	9.2.3.4 For each calibration standard, reprocess the target (native) analyte against the chosen calibration function. The reprocessed recoveries are expected to be within ±30% of true value. For some data uses, the lowest concentration standard reprocessed recoveries are expected to be within ±50% of true value.
	9.2.3.5 The lowest concentration ICAL standard must be ≤ reporting level (RL).
	9.2.3.6 S/N Ratio: ≥ 10: 1 for all quantification ions and S/N Ratio of ≥ 3:1 for confirmation ions
	9.2.3.7 Demonstration and documentation of acceptable initial calibration is required before any samples are analyzed. After the initial calibration is successful, a CCV is required at the beginning and end of each period in which analyses are performed, and after every tenth field sample.
	9.2.4. Relative Standard Error (RSE) – Percent error between the calculated and expected amounts of an analyte should be ≤ 30% for all standards. For some data uses, ≤ 50% may be acceptable for the lowest calibration point.
	9.2.5. Initial Calibration Verification

	9.2.6. Continuing Calibration Verification
	9.2.6.1. CCVs are run at the beginning, end, and bracketing every 10 field samples. Blanks, rinses, and spiked QC (LCS/LCSD/MS/MSD) are not considered field samples, and so can be run in addition to 10 field samples in a CCV window.
	9.2.6.2. The opening CCV for any batch must be below or at the RL (CS-1), all further CCVs cycle between mid and high level calibration point.
	9.2.6.3. Calculate the concentration of each analyte in the CCV. The calculated amount for each analyte must be within ± 30% of the true value. Determine that the absolute areas of the quantitation ions of the EIS and IIS are within ±50% from the mid-point measured during initial calibration. On days when ICAL is not performed, the peak areas must be within ±50% of the peak area measured in daily initial CCV. If any of the EIS and IIS areas has changed by more than these amounts, adjustments must be made to restore system.
	9.2.6.3.1. For Wisconsin and other non-DoD compliance samples, the calculated amount for each analyte must be within ± 30% of the true value except for the lowest ICAL point, for which the calculated amount for each analyte must be within ± 50% of the true value.
	9.2.6.4. If the CCV fails high for a particular analyte, and the field sample shows no detection for that analyte, samples may be reported without re-analysis.
	9.2.8. EIS Recovery
	9.2.8.1. The EIS is fortified into all samples, CCVs, MBs, LCSs, MSs, MSDs, and FD prior to extraction. It is also added to the CAL standards. The EIS is a means of assessing method performance from extraction to final chromatographic measurement.
	9.2.8.2. A minimal signal to noise ratio of 10:1 is expected for each EIS. Do not report results with a qualifier if this minimum is not achieved.
	9.2.8.3. EIS recovery must be in ±50% of the mid-point ICAL when the day the ICAL was performed. When EIS recovery from a sample, blank, or CCV failed the criteria, check 1) calculations to locate possible errors, 2) standard solutions for degradation, 3) contamination, and 4) instrument performance. Correct the problem and re-analyze the extract.
	9.2.8.4. For Wisconsin and other non-DoD compliance analysis, all EIS compounds must recover within the range 25-150%, except 13C8-PFOSA, d3-MeFOSA, d5-EtFOSA, d7-MeFOSE, and d9-EtFOSE, which must recover within the range 10-150%. Recovery will be based on area counts.
	9.2.8.5. If the EIS recoveries in a chromatographic run do not meet these criteria, inject a second aliquot of that extract from a new capped auto-sampler vial.
	9.2.8.6. If the reinjected aliquot produces an acceptable EIS recoveries, report results for that aliquot.
	9.2.8.7. If recoveries are acceptable for QC samples, but not field samples, the field samples must be re-prepped and reanalyzed (greater dilution may be needed). If recoveries are unacceptable for QC samples, correct problem, and reanalyze all associated failed field samples.
	9.2.8.8. Apply Q-flag and discuss in the Case Narrative only if reanalysis confirms failures in exactly the same manner.
	9.2.8.9. If the extract re-analysis meets the EIS recovery criterion, report only data for the re-analyzed extract.
	9.2.8.10. If the extract re-analysis fails the criterion, the analyst should check the calibration by injecting the last CAL standard that passed. If the CAL standard fails the criteria, re-calibration is in order. If the CAL standard is acceptable, extraction of the sample should be repeated provided the sample is still within the holding time. If the re-extracted sample also fails the recovery criterion, report all data for that sample as suspect recovery to inform the data user that the results are suspect due to EIS recovery. Alternatively, collect a new sample and re-analyze.
	9.2.9. IIS Recovery
	9.2.8.1 The IIS is fortified into all samples, CCVs, MBs, LCSs, MSs, MSDs, and FD prior to extraction. It is also added to the CAL standards. The IIS is a means of assessing instrument performance.
	9.2.8.2 A minimal signal to noise ratio of 10:1 is expected for each IIS. Do not report results with a qualifier if this minimum is not achieved.
	9.2.8.3 IIS recovery must be in ±50% of the mid-point ICAL when the day the ICAL was performed. When IIS recovery from a sample, blank, or CCV is failed the criteria, check 1) calculations to locate possible errors, 2) standard solutions for degradation, 3) contamination, and 4) instrument performance. Correct the problem and re-analyze the extract.
	9.2.8.4 If the EIS recoveries in a chromatographic run do not meet these criteria, inject a second aliquot of that extract from a new capped auto-sampler vial.
	9.2.8.5 If the reinjected aliquot produces an acceptable IIS recovery, report results for that aliquot.
	9.2.8.6 If recoveries are acceptable for QC samples, but not field samples, the field samples must be re-prepped and reanalyzed (greater dilution may be needed). If recoveries are unacceptable for QC samples, correct problem, and reanalyze all associated failed field samples.
	9.2.8.7 If the extract re-analysis meets the IIS recovery criterion, report only data for the re-analyzed extract.
	9.2.10. Additional calibration procedures (where applicable) can be found in ENV-POL-CORQ-0005 Acceptable Calibration Practices for Instrument Testing (or equivalent replacement).


	9.3. Sample Preparation
	9.3.1. Some of the PFAS adsorb to surfaces, including polypropylene. Therefore, the aqueous sample bottles must be rinsed with the elution solvent. The bottle rinse is passed through the cartridge to elute the method analytes and is then collected.

	NOTE: The SPE cartridges and sample bottles described in this section are designed as single use items and should be discarded after use. They may not be refurbished for reuse in subsequent analyses.
	9.3.2. Solid Sample Preparation
	9.3.2.1. Homogenize the entire solid sample received in the sample container in which it was collected in by stirring the solid with a clean spatula or other implement.
	9.3.2.2. 5 g of solid sample is weighed in a tared 50-mL polypropylene bottle
	9.3.2.3. Add a 100 µL aliquot of the PFAC_EIS to all field and QC samples at the very beginning of the procedure.
	9.3.2.4. QC samples for each batch include a MB, LCS and MS/MSD which are extracted along with each prep batch.
	9.3.2.4.1. MB is required for each prep batch. Each batch contains a LCS and a pair of MS/MSD. LCS/MS/MSD spike at concentrations ≥ LOQ and ≤ the mid-level calibration concentration. If insufficient sample is available for a pair of MS/MSD, an MS, Dup, and LCSD at the same level of LCS may be used.
	9.3.2.4.2. The LCS/LCSD/MS/MSD is spiked with 20 µL of the PFAC_Native Spike 2.

	9.3.2.5. 5 mL of 0.2% ammonia/methanol is added to all samples and QC, bottles are sealed and put on an ultrasonicator for 20 minutes and then shake for one hour.
	9.3.2.6. Centrifuge the samples and QC for 5 minutes after shake.
	9.3.2.7. Decant the supernatant layer in a 50-mL polypropylene bottle with 50 mg of ENVI-Carb powder.
	9.3.2.8. Repeat sections 9.3.2.5 with 4 mL of 0.2% ammonia/methanol and centrifuge. All supernatant are collected and combined.
	9.3.2.9. The combined supernatant is shaken for one hour and then centrifuge for 5 minutes after shake.
	9.3.2.10. Clean the filter with 10 mL of 1% of ammonia/acetonitrile.
	9.3.3. Condition the pre-cleaned filter with 10 mL methanol. Pass the combined supernatant through the filter. Rinse the filter with additional 1 mL 0.2% ammonia/methanol. Collect the filtrate and turn on the vacuum for 10 minutes.
	9.3.4. Aqueous Sample Preparation
	9.3.4.1. Sample volume is determined gravimetrically. The full sample bottle is weighed and the empty bottle is weighted after extraction. The sample volume is the difference between the full and empty bottle weights. Sample density is assumed at 1 g/mL. When the sample has significant solids, the laboratory should account for the weight or volume displaced by the solid in the initial sample volume determination and include this information in the report.
	9.3.4.2. pH is taken using strips in the lab. This is accomplished via the use of common laboratory grade pH strips (Whatman Indicator Paper pH 0-14 Type CF Cat. No. 2613-991). Adjust the pH to ~5 with acetic acid or 10 mM sodium hydroxide solution when necessary.
	9.3.4.3. Add a 100 µL aliquot of the PFAC_EIS to all field and QC samples at the very beginning of the procedure, before extraction, centrifuging, filtering or phase separation takes place. Cap and invert and mix.
	9.3.4.4. Ideally, whole samples will pass through the cartridge as received. If particulates in the sample is greater than one percent, centrifuge the sample and take the liquid phase through the SPE after spiking the PFAC_EIS.
	9.3.4.5. QC samples for each batch include a MB, LCS and MS/MSD which are extracted along with each prep batch.

	9.3.5. Tissue Sample Preparation
	9.3.5.1. Homogenization will be performed on the entire tissue sample in accordance with ENV-SOP-GBAY-0129 Sample Homogenization, Compositing and Sub-Sampling (or equivalent replacement), at the Pace Green Bay laboratory.
	9.3.5.2. 2 g of tissue sample is weighed in a tared 50-mL HDPE bottle.
	9.3.5.3. Add a 100 µL aliquot of the PFAC_EIS to all field and QC samples (canola oil and SRM) at the very beginning of the procedure.
	9.3.5.4. QC samples for each batch include a MB, LCS, MS/MSD, and SRM which are extracted along with each prep batch.
	9.3.5.4.1. MB is required for each prep batch. Each batch contains a LCS and a pair of MS/MSD. LCS/MS/MSD spike at concentrations at concentrations ≥ LOQ and ≤ the mid-level calibration concentration. If insufficient sample is available for a pair of MS/MSD, an MS, Dup, and LCSD at the same level of LCS may be used.
	9.3.5.5. 7 mL of 1% ammonia/acetonitrile is added to all samples and QC, bottles are sealed and put on a shaker for 16 hours.
	9.3.5.6. Centrifuge the samples and QC for 5 minutes after shake.
	9.3.5.7. Decant the supernatant layer in a 50-mL polypropylene bottle with 100 mg of ENVI-Carb powder and shake for 1 hour and then centrifuge for 5 minutes after shake
	9.3.5.8. Clean the 250 mg ENVI-Carb cartridge with 10 mL of 1% ammonia/acetonitrile.
	9.3.5.9. Condition the pre-cleaned cartridge with 10 mL methanol. Pass the supernatant through the cartridge. Rinse the filter with additional 1 mL 1% ammonia/acetonitrile.
	9.3.5.10. Collect the filtrate and dilute the filtrate with 125 mL H2O and adjust pH to ~5. Proceed with SPE procedure in 9.3.6.

	9.3.6. Cartridge SPE Procedure
	9.3.6.1. Cartridge clean-up – Rinse each cartridge with 20 mL of 1% ammonia/acetonitrile solution.
	9.3.6.2. Cartridge conditioning – Do NOT allow cartridge packing material to go dry during any of the conditioning steps. Condition each cartridge with 10 mL of 0.2% ammonia/methanol solution following with 10 mL of methanol. Next, rinse each cartridge with 10 mL of reagent water following with 10 mL of acetate buffer, without allowing the water to drop below the top edge of the packing. If the cartridge goes dry during the conditioning phase, the conditioning must be started over. Turn on the vacuum, and begin adding sample to the cartridge through the attached plastic sample transfer reservoir.
	9.3.6.3. Sample extraction – Adjust the vacuum so that the approximate flow rate is 6-10 mL/min. Do not allow the cartridge to go dry before all the sample has passed through.
	9.3.6.4. Sample bottle and cartridge rinse – Rinse the sample bottles with two 5-mL aliquots of reagent water, then draw each aliquot through the plastic sample transfer reservoir and the cartridges. Draw air through the cartridge for 25 min at high vacuum (10-15 in. Hg).

	NOTE: If transfer tubes are used in place of the sample transfer tubes to pass the samples through the cartridges, these reservoirs must be treated like the empty plastic sample transfer reservoirs. After the entire sample has passed through the cartridge, the tubes must be rinsed to waste with reagent water.
	9.3.6.5. Sample bottle and cartridge elution – Turn off and release the vacuum. Lift the extraction manifold top and insert a rack with collection tubes into the extraction tank to collect the extracts as they are eluted from the cartridges. Rinse the sample bottles with 3 mL of 0.2% ammonia/methanol twice and elute the analytes from the cartridges by pulling the additional 3 mL of 0.2% ammonia/methanol through the sample plastic reservoirs and the cartridges. Turn the vacuum on for 20 minutes between each elution. The elution solvent used to rinse the sample bottles must be swirled down the sides of the reservoirs while eluting the cartridge to ensure that any method analytes on the surface of the reservoirs are transferred to the extract.

	NOTE: After centrifuging, it is expected that the solid phase remains in the bottom of the container when rinsing the container with elution solvent. If rinsing the container disrupts the solid phase significantly, the container can be centrifuged again before removing the solvent for use during the elution step.
	9.3.7. Extract concentration – Concentrate the extract to approximately 0.8 mL for water and solid extract and approximate 0.2 mL for tissue extract under a gentle stream of nitrogen without a heated water bath. Add 100 µL of PFAC_IIS and filled the sample vial to 1 mL mark with 537 Mix. Then vortex for 5-10 seconds. Transfer a ~100 µL to a 300 µL polypropylene autosampler vial with a plastic pipette. The remaining extract is stored at 0-6 °C.

	9.4. Analysis
	9.4.1. Establish operating conditions equivalent to those summarized in Appendix C. Instrument conditions and columns should be optimized prior to the initiation of the IDOC.
	9.4.2. Establish an appropriate retention time window for each analyte. This should be based on measurements of actual retention time variation for each method analyte in Calibration (CAL) standard solutions analyzed on the LC over the course of time. A value of plus or minus three times the standard deviation of the retention time obtained for each method analyte while establishing the initial calibration and completing the IDC can be used to calculate a suggested window size. However, the experience of the analyst should weigh heavily on the determination of the appropriate retention window size.
	9.4.3. Retention Time (RT) acceptance – RT of each analyte and EIS analyte must fall within 0.4 minutes (±0.2 minutes) of the predicted retention times from the daily CCV or, on days when ICAL is performed, from the midpoint standard of the ICAL. Analytes must elute within 0.1 minute of the associated EIS. This criterion applies only to analyte and labeled analog pairs.
	9.4.4. Calibrate the system by either the analysis of a calibration curve or by confirming the initial calibration is still valid by analyzing a CCV. If establishing an initial calibration, complete the IDC.
	9.4.5. Begin analyzing field samples, including QC samples, at their appropriate frequency by injecting 3 µL of final sample extractant, under the same conditions used to analyze the ICAL standards.
	9.4.6. At the conclusion of data acquisition, use the same software that was used in the calibration procedure to identify peaks of interest in predetermined retention time windows. Use the data system software to examine the ion abundances of the peaks in the chromatogram. Identify an analyte by comparison of its retention time with that of the corresponding method analyte peak in a reference standard. Comparison of the MS/MS mass spectra is not particularly useful given the limited ±0.5 amu mass range around a single product ion for each method analyte.
	9.4.7. Dilution – When the concentrations of target analytes exceed the highest concentration of ICAL, dilution analyses are required.
	9.4.7.2. If an analyte concentration exceeds the range of the initial calibration curve, the extract is diluted with 537 Mix. Re-inject the diluted extract. Incorporate the dilution factor into the final concentration calculations. Acceptable injection internal standard (IIS) performance is determined from the undiluted sample extract. The resulting data is documented as a dilution, with an increased LOQ.

	9.4.8. In validating this method, concentrations were calculated by measuring the product ions listed in Appendix C. Two transitions and the ion transition ratio per analyte shall be monitored and documented with the exception of PFBA and PFPeA. In order to avoid biasing results high due to known interferences for some transitions, the following transitions must be used for the quantification of the following analytes: PFOA: 413 —› 369, PFOS: 499 —› 80, PFHxS: 399 —› 80, PFBS: 299 —› 80, 4:2FTS: 327 —› 307, 6:2FTS: 427 —› 407 8:2FTS: 527 —› 507, N-EtFOSAA: 584 —› 419, N-MeFOSAA: 570 —› 419. If these transitions are not used, the reason must be technically justified and documented (e.g., alternate transition was used due to observed interferences).
	9.4.9. Calculate analyte concentrations using the multipoint calibration established in Section 9.2.1.20. Do not use daily calibration verification data to quantitate analytes in samples. Adjust final analyte concentrations to reflect the actual sample volume.
	9.4.10. Prior to reporting the data, the chromatogram is reviewed for any incorrect peak identification or poor integration. Modify if necessary.
	9.4.11. Calculations must utilize all available digits of precision, but final reported concentrations are rounded to an appropriate number of significant figures (one digit of uncertainty), typically two, and not more than three significant figures.
	9.4.12. For native analytes, the Signal to Noise (S/N) ratio should be ≥3:1 for both quantitation and confirmation ions. If S/N is not achieved, the analyte would be reported as not detected.
	9.4.13. Ion Ratios – For analytes with two ion transitions (quantitation and confirmation) are analyzed, the area ratio between the confirmation and quantitation transitions shall be monitored and documented. The ion ratio for all analytes in each injection should be within ± 50% of the mid ICAL ion ratio for the same analyte in the ICAL. On days ICAL is not performed, the ion ratio should be within ±50% of the initial CCV standard.
	9.4.14. Report results in acid form.
	9.4.15. Perform a moisture analysis on solid samples (on a subsample different than that used for extraction) and adjust the final concentration of solid sample for the percent moisture.
	9.4.16. DoD acceptance criteria for LCS and MS target analytes are listed in Appendix E. If the LCS results do not meet the criteria listed then all data for the problem analyte(s) must be considered invalid for all samples in the extraction batch. For target analytes not included in the DoD Limits for batch control table in QSM 5.3, Table B-15, limits of 70-140% recovery for water and soil, 60-140% recovery for tissue will be used as acceptance criteria.
	9.5. Analytical Sequence
	9.5.1. Example analytical sequence


	10. Data Analysis And Calculations
	10.3.1. Manual Integration
	10.4.1. Complete chromatographic resolution is not necessary for accurate and precise measurements of analyte concentrations using MS/MS. In validating this method, concentrations were calculated by measuring the product ions listed in Appendix C. Other ions may be selected at the discretion of the analyst.
	10.4.2. Prior to reporting the data, the chromatogram should be reviewed for any incorrect peak identification or poor integration.
	10.4.3. For PFHxS, PFOS, N-MeFOSAA and N-EtFOSAA, all the chromatographic peaks observed in the standard must be integrated and the areas summed. Chromatographic peaks in all Field Samples and QC samples must be integrated in the same way as the CAL standard for analytes with quantitative standards containing the branched and linear isomers.
	10.4.4. For PFOA, identify the branched isomers by analyzing a qualitative standard (T-PFOA) that includes both linear and branched isomers and compare retention times and tandem mass spectrometry transitions. Quantitate Field Samples and QC samples by integrating the total response (i.e., accounting for peaks that are identified as linear and branched isomers) and relying on the initial calibration with a linear isomer quantitative PFOA standard.  This qualitative PFOA standard is not used for quantitation. This branched isomer identification check must be repeated any time changes occur that affect the analyte retention times.
	10.4.5. Peaks that are consistent with branched isomers have been observed with other target analytes, in particular PFOA. Quantitate of PFOA by integrating the total response (i.e. accounting for peaks that are identified as linear and branched isomers) and relying on the initial calibration with the linear-isomer quantitative standard is acceptable.
	10.4.6. All analytes are quantified using the isotope dilution or internal standard technique.
	10.4.7. The native analytes are quantified by comparison of their responses to the mass-labelled internal standards. Relative response factors are calculated from analyses of standard mixtures containing native analytes at six concentration levels, and the concentration remains at a constant level for each internal standard. The target analytes response factors are calculated by comparing the response from the native ion mass monitored to the response from the ion mass of the corresponding isotopically labelled internal standard (See Appendix D for reference).
	Linear regression fit: y = mx + b
	Equation 5
	The levels of native analytes in the samples are quantified using the following equation:
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