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SLD METHOD 755/756


GAS CHROMATOGRAPHY/MASS SPECTROMETRY FOR SEMIVOLATILE ORGANICS:


CAPILLARY COLUMN TECHNIQUE

1.0
SCOPE AND APPLICATION

1.1 SLD Method 755/756 is primarily utilized to determine the concentration of targeted semi-​volatile organic compounds in extracts prepared from aqueous samples and soil samples.  This method is based of USEPA Method 8270D.  Other types of solid waste matrices other than soils can also be analyzed by this method.  Direct introduction of a sample may be used in applications using specialized inlets.

1.2 SLD Method 755/756 can be used to quantify most neutral, acidic, and basic semi-volatile organic compounds that are soluble in methylene chloride and capable of being eluted as well-defined chromatographic peaks (without derivatizat​ion) from a gas chromatographic fused-silica capillary column.  Such compounds include polynu​clear aromatic hydrocarbons, chlorinated hydrocarbons, organochlorine pesticides, phthalate esters, triazine herbicides, nitrosoamines, haloethers, aldehydes, ethers, ketones, anilines, pyridines, quinolines, nitro-aromatics, and phenols, including nitrophenols.  For a list of compounds and their characteristic ions that have been recommended for quantitation on a gas chromatographic/mass spectrometer (GC/MS) system, see Appendix Table 6.5. 

1.3 The following compounds may require special treatment when being determined by this method.  Benzidine, 3,3’-dichlorobenzidine, and 4-chloroaniline can be subject to oxida​tive losses during solvent concentration.  Under the highly alkaline conditions of the extraction procedure, the compounds -BHC, -BHC, lindane, -BHC, endosul​fans I and II, and endrin are subject to decomposition. Neutral extraction is therefore performed first as these compounds are expected.  Hexachlorocyclopentadiene is subject to thermal decomposition in the inlet of the gas chromato​graph, chemical reaction in acetone solution, and photochem​ical decomposition.  N-Nitrosodimethylamine and pyridine may be dif​ficult to separate from the solvent front.  N-Nitrosodi​phenylamine decomposes in the gas chromatographic inlet into dipheny​lamine.  Pentachloro​phenol, 2,4-dinitrophenol, 4-nitrophenol, 4,6-dinitro-2-methyl​phenol, 4-chloro-2-methylphenol, benzoic acid, 2-nitroaniline, 3-nitroaniline, 4-chloroaniline, and benzyl alcohol are subject to erratic chromatographic behavior, especially if the gas chromatograph is contaminated with high boiling material.  4-Chloroaniline and endrin aldehyde are reactive when combined in the same multi-component mixtures.

1.4 The practical quantitation limit (PQL) of Method 755/756 for determining an individual compound is approximately 5 to 50 ug/kg for soil/sediment samples, 1-200 ug/L for wastewaters (dependent on matrix and method of prepara​tion), and 1 to 5 ug/L for ground water samples.  Using the low-level option of this method, PQLs of 0.1ug/L to 1.0 ug/L are readily obtainable.  PQLs will be proportionate​ly higher for sample extracts that require dilution to avoid sample overload of the instrumentation.

 1.5 This method is restricted to use by or under the supervi​sion of analysts experienced in the use of gas chromato​graphs and mass spectrometers and skilled in the interpreta​tion of mass spectra.  Each analyst must demonstrate the ability to generate acceptable results with this method.  An Initial Demonstration of Capability is required of all analysts assigned to this analysis.

1.6 Prior to using this analytical method, the samples should be prepared for instrumental analysis using the appropriate sample preparation and cleanup methods.  SLD Method 755/756 utilizes gas chromatographic and mass spectrometer conditions that will allow for the separation of the targeted com​pounds in the extract. The appropriate EPA sample preparation techniques include SW-846 Methods 3510, 3520, 3540, 3550, and 3580.

2.0 SUMMARY OF METHOD

2.1 Water Samples: A sample aliquot of one liter is spiked with method surrogates.  The sample is extracted with methylene chloride solvent in an automated liquid-liquid extraction apparatus.  Two extractions are performed at sample pH, then two extractions at a very basic pH, and then two extractions at an acidic pH.  The sample extract is dried with anhydrous sodium sulfate.  The extract is then concentrated in an evaporator to one milliliter and spiked method internal standards.

2.2 Soil Samples: A sample amount of one gram to ten grams is mixed with anhydrous sodium sulfate.  The sample is spiked with method surrogates.  The sample is extracted with methylene chloride solvent in a sonication extraction apparatus.  Three extractions are performed.  The sample extract is dried with anhydrous sodium sulfate.  The extract is then concentrated in an evaporator to one milliliter and spiked method internal standards.

2.4 Gas Chromatograpy: Sample extracts are introduced into a gas chromatograph where the chemical analytes are separated as a carrier gas (mobile phase) moves these analytes through a small bore capillary column with an organosiloxane coating (stationary phase).  The elution order, or retention time, is chiefly determined by the boiling point of the analyte and affinity it has for the stationary phase.  A retention time against a standard of a known composition of targeted analytes is one basis for the identification of a chemical.

2.5 Mass Spectrometry: After an analyte has eluted through the capillary column, it is detected by an electron ionization mass spectrometer.  An electronic signal is generated when the charged mass fragments of the compound hit the detector.  An instrument response for the compound is the summation of all the compound’s ion fragments.    

3.0   DEFINITIONS

3.1   Laboratory Reagent Blank (LRB)--an aliquot of laboratory reagent water is treated exactly as a sample including exposure to all glassware, equipment, solvents, reagents, internal standards, surrogates and any other processes that are used with the samples.  This LRB monitors any interference and demonstrates if method analytes are present.

3.2  Laboratory Fortified Blank solution (LFB)-- A solution of select method analytes and surrogate compounds used to evaluate the performance of both the extraction procedure and analytical system with respect to a defined set of method criteria. 

3.3  Laboratory Fortified Sample Matrix (LFM) -- an aliquot of an environmental sample to which known quantities of select method analytes are added in at 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 are determined in a separate aliquot.

3.4  Laboratory Performance Check (LPC) -- A solution of select method analytes and surrogate compounds used as an external performance check of both the extraction procedure and analytical system.  It is like the LFB with exception that the stock standards come from a vendor source different than the vendor that supplies the stock standards for the LFB.

3.5  GCMS Performance Mix (Tune Mix) – A test solution containing the compounds decafluorotriphenylphosphine (DFTPP), pentachlorophenol (PCP), benzidine, and 4,4’-DDT.  The solution is used to determine gas chromatograph and mass spectrometer performance.  

4.0
INTERFERENCES
4.1 Chromatographic data from all blanks, samples, and spikes must be evaluated for interferences.  Determine if the source of interfer​ence is in the preparation and/or cleanup of the samples and take corrective action to eliminate the prob​lem.  It must be understood that in some cases, the interfer​ences may be the analyte of interest (e.g. fuel blends).

4.2 Contamination by carryover can occur whenever high-level sample precedes low-level samples.  To reduce carry​over, the sample syringe must be rinsed out between samples with solvent. Whenever an unusually concentrated sample is encountered or expected, it should be followed by the analysis of solvent blank to check for cross contamination. 

5.  SAFETY

5.1  As with any organic extraction and analysis, the solvents used are carcinogenic and must be used in a fume hood.

5.2  The standards used to make up quality control and the calibration curve must be handled properly with gloves, under a fume hood, and washed off after each use.  The standard material must be made up under a fume hood.

6.0
EQUIPMENT AND SUPPLIES
6.1
Gas chromatograph/mass spectrometer system:
6.1.1  Gas chromatograph/mass spectrometer: an analytical system complete with a mass spectrometer utilizing electronic ionization at an energy of 70 eV and a tempera​ture-programmable gas chromatograph suitable for both split and split​less injection and all required accessories, including syringes, analyti​cal columns, and gases. The capillary column is directly coupled into the spectrometer ion source.

6.1.2  Analytical column:  30-m x 0.25-mm ID (or 0.32-mm ID) x 0.25-um df film thickness silicon-coated fused-silica capillary column (Restek XTI-5 columns are currently utilized.)  Any alternative capillary column that can separate chrysene and benz(a)anthracene completely, and separate benzo(b)fluoranthene and benzo(k)fluoranthene with 25% resolution can be utilized. 

6.1.3  Mass Spectrometer:  Capable of scanning from m/z 35 to m/z 500 every 1 second or less, using 70 volts electron energy in the electronic ionization mode. The mass spectrometer must have a resolution of one mass unit and be capable of producing a mass spectrum for decafluorotriphenylphosphine (DFTPP) that meets all of the EPA 8270 tuning criteria when 5 to 50 ng of DFTPP tuning standard is injected through the gas chromatograph.  The mass spectrometer must be able to perform a mass calibration based on the introduction of perfluorotributylamine (PFTBA).  The instrumentation should utilize a turbo-molecular pumping system necessary for the high vacuum required by this analysis.    

6.1.4  Gas chromatograph: Oven capable of a temperature-programmable range from a minimum 35oC to a maximum 360oC at a maximum rate of at least 20oC/minute.  The gas chromatograph must operate in both splitless mode and split mode where splits up to 1:100 are allowed.  Inlet: temperature-programmable up to 350oC and pressure-programmable to 50 psig.  Inlet inertness: method criterion on 4,4’-DDT breakdown must be met: peak tailing factors for pentachlorophenol and benzidine should be 3.0 or less.

6.1.5  Data System: The computer system is interfaced to the mass spectrometer.  The computer system should have adequate processing speed and storage capacity to allow the continuous acquisition and storage of all mass spectra obtained throughout the duration of the chromato​graphic acquisition program.  The computer software should be a program compatible with the instrumentation and allow for the generation of data in a format that displays all the necessary sample data and method quality control parameters in summary form.  A mass spectral database must be included; computer-based search of mass spectra is required.  The most recent version of the EPA/NIST Mass Spectral Library is on the instrument with approximately 129,000 spectra available.

7.0    STANDARDS AND REAGENTS
7.1  Stock standard solutions.   Standard solu​tions are purchased as certified solu​tions from an established vendor.  Restek and ChemService have traditionally served as the vendors for the 8270C analyte, surrogate, and internal standard stock mixes. Stock standards shall be stored at 4oC before use.  Stock Standards shall be allowed to come to room temperature prior to the preparation of intermediate standards and working standards.  In some cases, the stock standard will also require sonication.  A stock standard cannot be used past its vendor assigned expiration date.

7.1.1  Intermediate Standard solutions and Working Standard solutions are prepared from Stock Standard solutions.  The formulation of all standard preparations must be recorded in the 8270C Method Formulation logbook.  The name, vendor, lot number, concentration, and expiration date of each stock standard shall be recorded.  A concise description of the formulation shall also be included along with a calculation of the dilution.  Methylene chloride is the preferred solvent for solution preparation.  SLD conventions for assigning prepared working standards a lot number shall be followed.  See Table xx.

7.1.2  Transfer working standard solutions into Teflon-sealed screw-cap amber vials or amber bottles.  Store at 4oC in and protect from exposure to strong light.  Working standard solutions should be checked frequently for signs of degradation, evaporation, or precipitation, especially just prior to preparing calibration standards.

7.1.3  Working standard solutions should be replaced at six months as the multi-component mix will degrade with time.  If comparisons against other quality control check samples indicate a problem, working standard solutions must be replaced sooner than the six months.

7.2
Internal standard solutions:  The internal standards are 1,4-dichlorobenzene-d4, naphthalene-d8, acenaphth​ene-d10, phenan​threne-d10, chrysene-d12, and perylene-d12.  Working internal standards are prepared from a 4000 ug/mL stock standard. Transfer 1.250 mL to a 10-mL volumetric flask and dilute to volume with methylene chloride.  The resulting working solution will contain each internal standard at a concentration of 500 ug/mL. Each 1 mL sample extract undergo​ing a standard 8270C analysis should be spiked with 25 uL of the working internal standard solution, resulting in a concentra​tion of 50 ug/mL of each internal standard.  Each 1 mL sample extract undergoing a low-level 8270C analysis should spiked with 5.0 uL of the working internal standard solution, resulting in a concentration of 2.5 ug/mL of each internal standard.  Store at 4oC or less and protect from light.

7.3
GC/MS Tuning Standard: A working solution containing 50 ug/mL of decafluorotriphenyl​phosphine (DFTPP) in methylene chloride is prepared from a stock standard.  The working standard also contains 50 ug/mL each of 4,4'-DDT, penta​chloro​phenol, and benzidine to verify injection port inertness and GC column performance.  Store at 4oC or less.

7.4
Calibration Standards: For the standard 8270C analysis there are working calibration standards at levels of 5.0, 10, 20, 30, 40, and 50 ug/mL.  For the low-level 8270C analysis there are working calibration standards at 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 ug/mL.  These working calibration solutions are prepared from multi-component stock standards.  The lowest calibration level of the calibration standards should be at a concentration near, but above, the method detection limit; the others should correspond to the range of concen​tra​tions found in real samples but should not exceed the dynamic range of the detector of the GC/MS system. Each 1-mL aliquot of calibration standard should be spiked with 50 uL of the internal standard solution prior to analysis. All standards should be stored at 4oC should be freshly prepared every six months or sooner if check standards indicate a problem. The working calibration standards should be stored at 4oC or less.  The formulations of the current working calibration standards are stated in Table X.X.

7.5
Surrogate standards:  The surrogate standards are phenol-d6, 2-fluorophenol, 2,4,6-tribromophenol, nitrobenzene-d5, 2-fluoro​bi​phenyl, and p-terphenyl-d14.  The working surrogate spike solution will contain the base neutral surrogates, nitrobenzene-d5, 2-fluorobiphenyl, and p-terphenyl-d14, are at concentrations of 100 ug/ml and the acid surrogates Phenol-d6, 2-fluorophenol, and 2,4,6-tribromophenol are at concentrations of 200 ug/ml.

7.6
Matrix spike standards: The matrix spike includes 1,2,4-trichlorobenzene, acenaphthene, 2,4-dinitrotoluene, pyrene, N-nitroso-di-N-propylamine, and 1,4-dichlorobenzene the acid spike includes phenol, 2-chlorophenol, 4-chloro-3-methyl-phenol, 4-nitrophenol, and pentachlorophenol. Matrix spikes are at a concentration of 25 ug/l for base neutral compounds and 50 ug/l for base neutral acid compounds.  Spikes (LFBs) are usually run in duplicate per batch.

8.0 SAMPLE COLLECTION, PRESERVATION, CONTAINERS, AND HOLDING TIMES
8.1 Sample should be collected in a one liter amber glass bottle in duplicate with Teflon or aluminum foil seal and screw cap lid. These bottles are trace-cleaned and supplied by the lab.  Required sample volume is approximately 1000 milliliters; smaller volumes may be utilized if high concentrations are expected, or sample matrix is highly viscous.  After collection, sample must be kept at 4oC up to arrival at laboratory.  At the laboratory, the sample will continue to be kept at 4oC until sample extraction.

8.2 Aqueous samples have a maximum holding time of 7 days from date of collection to date the extraction. Solid samples have a maximum holding time of 14 days from the date of collection to the date of extraction.  Analysis on the sample extract must be completed within 40 days after extraction. However, analysts are encouraged to analyze sample extracts as soon as possible after the extraction is performed.  

8.3  No chemical preservation is required for non-chlorinated sample matrices.  For samples with residual chlorine, 50 mg of sodium thiosulfate (Na2S2O3) is utilized per one liter sample. 

8.4 The use of field reagent blanks (travel blanks) or equipment blanks is left up to the discretion of the submitter’s QAQC plan. 

9.0 QUALITY CONTROL 
9.1 QC (ChemService and Restek make BN control and also a phenols mix.) Run this control, diluted to proper concentration, with every batch.  Plus, a control for the pesticides must be run to check the sensitivity of instrument and efficiency of extraction for pesticides. The pesticides are now run in the same solution with the BN and phenol mix.
9.2 Acceptance criteria (see Appendix).

9.3 Corrective action  (see the current QC manual).

9.4  Each laboratory that uses these methods is required to operate a formal quality control program. The minimum requirements of this program consist of an initial demonstra​tion of laboratory capability and an ongoing analysis of spiked samples to evaluate and document quality data.  The laboratory must maintain records to document the quality of the data generated.  Ongoing data quality checks are compared with established performance criteria to determine if the results of analyses meet the performance charac​teristics of the method.  When results of sample spikes indicate atypical method performance, a quality control check standard must be analyzed to confirm that the measurements were performed in an in-control mode of operation.

9.5  Before processing any samples, the analyst should demonstrate, through the analysis of a reagent water blank, that interferences from the analytical system, glassware, and reagents are under control.  Each time a set of samples is extracted or there is a change in reagents, a reagent water blank should be processed as a safeguard against chronic laboratory contamination. The blank samples should be carried through all stages of the sample preparation and measurement steps.

9.6
The experience of the analyst performing GC/MS analysis is invaluable to the success of the method.  Each day that analysis is performed, the daily calibration check standard should be evaluated to deter​mine if the chromatographic system is operating properly.  Questions that should be asked are:  Do the peaks look normal? Is the response obtained comparable to the response from previous calibrations?  Careful examina​tion of the standard chromatogram can indicate whether the column is still good, the injector is inert, the injector septum needs replacing, etc.  If any profound changes are made to the system (e.g., column changed), recali​bration of the system must be performed, otherwise demonstration of an acceptable calibration check is sufficient.

9.7 Required instrument QC is found in the following sections (Also, review QC section in this lab binder):

9.8 The GC/MS system must be tuned to meet the DFTPP specifications.  (see Section 10.2.1)

9.9  There must be an initial calibration of the GC/MS system.

9.10 The GC/MS system must meet the SPCC criteria specified.       

9.11 To establish the ability to generate acceptable accuracy and precision, the analyst must perform the following operations:

9.11.1 A quality (QC) check sample concentrate is required containing each analyte at a concentration of 30 ug/mL in the appropriate solvent. The QC check sample concentrate may be prepared from pure standard materials by another analyst or purchased as certified solutions. If prepared by the laboratory, the QC check sample concentrate must be made using stock standards prepared indepen​dently from those used for calibration.

9.11.2 Using a pipette, prepare QC check samples at a concentration of 30 ug/l by adding 1.00 mL of QC check sample concen​trate to each of four 1-L aliquots of reagent water.

9.11.3  Analyze the well-mixed QC check samples.

9.11.4 Calculate the average recovery (x) in ug/l, and the standard deviation of the recovery (s) in ug/l, for each analyte of interest using the four results.

9.11.5  For each analyte compare s and x with the corresponding acceptance criteria for precision and accuracy, respectively, and x for all analytes which must meet the acceptance criteria.  Also, that the system performance is acceptable. Then, analysis of actual samples can begin.  If any individual exceeds the precision limit or any individual x falls outside the range for accuracy, then the system performance is unacceptable for that analyte.

NOTE:  The large number of analytes presents a substan​tial probability that one or more will fail at least one of the acceptance criteria when all analytes of a given method are analyzed.

9.11.6  When one or more of the analytes tested fail at least one of the acceptance criteria, the analyst must first rerun the sample.

9.11.7  Locate and correct the source of the problem and repeat the test for all analytes of interest.

9.11.8  Repeat the test only for those analytes that failed to meet crite​ria.  Repeated failure, however, will confirm a general problem with the measure​ment system.  If this occurs, locate and correct the source of the problem and repeat the test for all compounds of interest.

9.11.9  The laboratory must, on an ongoing basis, analyze a reagent blank, a matrix spike, and a matrix spike duplicate/duplicate for each analytical batch (up to a maximum of 20 samples/batch) to assess accu​racy.  SLD runs spikes (LFBs) in duplicate every run. The matrix spike depends on the amount of sample sent to the laboratory.

9.11.10  The concentration of the spike in the controls and matrix sample for Base/Neutrals is 25 ug/L and Acids is 50 ug/l.

9.11.11  If, as in compliance monitoring, the concentra​tion of a specific analyte in the sample is being checked against a regulatory concentration limit, the spike should be at that limit or 1 to 5 times higher than the background concentration.

9.11.12  If the concentration of a specific analyte in the sample is not being checked against a limit specific to that analyte, the spike should be at 50 ug/L or 1 to 5 times higher than the background concentration.

9.11.13  If it is impractical to determine background levels before spiking (e.g., maximum holding times will be exceeded), the spike concentration should be at (1) the regulatory concentration limit, if any; or, if none (2) the larger of either 5 times higher than the expected background concentration or 50 ug/L.

9.11.14  Analyze one sample aliquot to determine the background concentration (B) of each analyte.  If necessary, prepare a new QC check sample concentrate, appropriate for the background concentration in the sample.  Spike a second sample aliquot with 1.00 mL of the QC check sample concentrate, analyze it to determine the concentration after spiking (A) of each analyte. Calculate each percent recovery (p) as 50 (A-B)%/T, where T is the known true value of the spike.

9.11.15  Compare the percent recovery (p) for each analyte with the corresponding QC acceptance criteria found in Table 6. These acceptance criteria were calculated to include an allowance for error in measurement of both the background and spike concen​trations, assuming a spike to background ratio of 5:1.  This error will be accounted for to the extent that the analyst's spike to back​ground ratio approaches 5:1.  If spiking was performed at a concentration lower than 100 ug/L (in sample), the analyst must use either the QC acceptance criteria presented in the appendices *** for optional QC acceptance criteria calculated for the specific spike concentra​tion.  To calculate optional acceptance criteria for the recovery of an analyte: 

(1) Calculate accuracy (x') using the equation found in Table 7, substituting the spike concentration (T) for C;

(2)  (2) calculate overall precision (S') using the equation in Table 7, substi​tuting x' for x; 

(3) Calculate the range for recovery for the spike concentration as (50x'/t) + 2.44 (100S'/T)%.

9.11.16 If any individual p falls outside the designated range for recovery, that analyte has failed the acceptance criteria.  A check standard containing each analyte that failed the criteria must be analyzed again.

9.11.17 If any analyte fails the acceptance criteria for recovery, a QC check standard containing each analyte that failed must be prepared and analyzed.

NOTE:  The frequency for the required analysis of a QC check standard will depend upon the number of analytes being simulta​neously tested, the complexity of the sample matrix, and the performance of the laboratory. 

9.11.18 Prepare the QC check standard by adding 1.0 mL of the QC check sample concentrate to 1 L of reagent water. The QC check standard needs only to contain the analytes that failed criteria in the test in Section 9.11.17.

9.11.19 Analyze the QC check standard to determine the concen​tration measured (A) of each analyte. Calculate each percent recovery (ps) as 100 (A/T)%, where T is the true value of the standard concen​tra​tion.

9.11.20 Compare the percent recovery (ps) for each analyte with the corresponding QC acceptance criteria Only analytes that failed the test need to be compared with these criteria.  If the recov​ery of any such analyte falls outside the desig​nated range, the laboratory performance for that analyte is judged to be out of control, and the problem must be immediately identi​fied and corrected. The analytical result for that analyte in the unspiked sample is suspect and may not be reported for regulatory compli​ance purposes.

9.11.21 As part of the QC program for the laboratory, method accuracy for each matrix studied must be assessed and records must be maintained.  After the analysis of five spiked samples (of the same matrix) calculate the average percent recovery (p) and the standard deviation of the percent recovery (sp). Express the accuracy assessment as a percent recovery interval from p - 2sp to p + 2sp.  If p = 90% and sp = 10%, for example, the accuracy interval is expressed as 70-110%. Update the accuracy assessment for each analyte on a regular basis (e.g. after each five to ten  new accuracy measurements).

9.32 To determine acceptable accuracy and precision limits for surrogate standards, the following procedure should be performed:

9.33 For each sample analyzed, calculate the percent recovery of each surrogate in the sample.

9.34 Once a minimum of thirty samples of the same matrix have been analyzed, calculate the average percent recovery (P) and standard deviation of the percent recovery (s) for each of the surrogates.

9.35 For a given matrix, calculate the upper and lower control limit for method performance for each surrogate standard. This should be done as follows:




  Upper Control Limit (UCL) = p + 3sd




  Lower Control Limit (LCL) = p - 3sd

9.36 If recovery is not within limits, the following proce​dures are required:




*
Check to be sure there are no errors in calcu​lations, surrogate solutions and internal standards. Also, check instrument performance.




*
Recalculate the data and/or reanalyze the extract if any of the above checks reveal a problem.




*
Re-extract and reanalyze the sample if none of the above are a problem or flag the data as "estimated concentration".

10.0
CALIBRATION  AND STANDARDIZATION
10.1   Instrument Parameters: Our recommended Gas Chromatograph/ Mass Spectrometer operating condi​tions:

Mass range:  (m/z45 to m/z500)

Scan time: 1 sec/scan or less

Initial column temperature and hold time: (50oC​ for 3 min.)

Column temperature program:  (50-230o) at 5.0o C/min, hold 6 min.; (230-300o C) at 8.0o C/min.

Final column temperature hold:  300oC for 6 min.






Injector temperature: 265oC

Injector pressure: 55 psig for 0.5 to 2.0 minutes, the constant flow rate of 1.0 cc/min.

Transfer line temperature: 270oC

Ion trap temperature: 200oC (manifold temp.: 60oC to 80oC) 

Injector:  Type 1177, split-mode (40:1 to 60:1 split, after 20 minutes at 20:1 split is used to conserve helium)

Sample volume: 1 µL

Carrier gas: UHP helium.

10.1.1 Each GC/MS system must be tuned to meet the DFTPP tuning criteria in Section 10.2.1 for an injection of 5 ng to 50 ng DFTPP.  Analysis should not begin until all these criteria are met.  The GC/MS tune mix should also be used to assess GC column performance and injection port inertness. Degradation of 4,4’-DDT into 4,4’-DDE and 4,4’-DDD should not exceed 20%.  Benzidine and pentachlorophenol should be present at their normal respons​es, and peak tailing factor should be less than 3.0.  If degradation is excessive and/or poor chromatography is noted, the injection port may require cleaning, or replacement of inlet liner.  Borosilicate liners are highly recommended with a very light packing of borosilicate wool in the inlet liner is recommended.  It may also be necessary to clip the first 20 cm to 100 cm or more of the capillary column.  A new injection septum is recommended every 100 injections.  

10.1.2  Five calibration levels are the minimum number required for this method.  Six calibration levels are SLD recommended number of calibrator levels on this method. The Standard Level 8270C analysis utilizes calibration levels at 5.0, 10.0, 20.0, 30.0, 40.0, and 50.0 ug/mL.  The Low-Level 8270C analysis utilizes calibration levels at 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 ug/mL. 

10.1.3  Analyze one microliter of each calibration standard level (containing internal standards) and tabulate the area of the primary quantitation ion or ions against concentration for each compound.  The software will calculate relative response factors (RRFs) for each compound as follows:



RRF = (AxCis)/(AisCx)


where:


Ax =
Area of the quantitation ion for the compound being measured.


Ais =
Area of the quantitation ion for the assigned internal standard.


Cx =
Concentration of the compound being measured (ug/mL).


Cis=
Concentration of the assigned internal standard (ug/mL).

10.1.4  The average relative response factor (AveRRF) must be calculated for each compound; this is the mean of the RRFs of the all calibration levels.  The percent relative standard deviation (%RSD) must also be calculated for each analyte; this it the standard deviation divided by the mean, or AveRRF, and expressed as a percentage.  The percent RSD should be less than 30% for each analyte.  Analytes with percent RSD values above 30% must use a quadratic curve instead of Average Response Factors. However, the percent RSD for each individual Calibration Check Compound (CCCs) must be less than 30%.  The relative retention times of each compound in each calibration run should agree within 0.05 relative retention time units. 

10.1.5  A system performance check must be performed to ensure that minimum average RRFs are met before the calibration curve is used. For semivolatiles, the System Performance Check Compounds (SPCCs) are N-nitroso-di-n-propylamine, hexachlorocyclopentadiene, 2,4-dinitrophenol, and 4-nitrophenol. The minimum acceptable average RRF for these compounds SPCCs is 0.050.  These SPCCs typically have very low average RRFs (0.100 - 0.200) and tend to decrease in response as the chromato​graphic system begins to deteriorate. These compounds are usually the first to show poor performance.  Therefore, they must meet the minimum require​ment when the system is calibrated.  Deterioration indicates that the inlet liner needs changing and/or column needs cutting.  A new calibration curve should be established.

10.2
Daily GC/MS calibration:

10.2.1 Prior to analysis of samples, the GC/MS tuning standard must be analyzed.  A 50-ng injection of DFTPP must result in a mass spectrum for DFTPP that meets the criteria required for EPA Method 8270C. This DFTPP must be analyzed and pass the tune criteria during each 12 hour shift.  The Method 8270C tune criteria are:

            m/z     criterion
51   between 30% to 60% of base peak

68   less than 2% of m/z 69

69   present

70   less than 2% of m/z 69

127   between 40% to 60% of base peak

197   less than 2% of m/z 198

198   base peak, more than 50% of m/z 442

199   between 5% to 9% of m/z 198

275   between 10% to 30% of base peak

365   more than 1% of base peak

441   present and less than m/z 443

442   more than 40% of m/z 198

443   between 17% and 23% of m/z 442

10.2.2 Prior to tuning of the mass spectrometer system an air/wa​ter levels should be established; the Saturn 2000 possesses and Air and Water check program under the Auto Tune functions.  This is to insure no air leaks are present prior to running the daily tune. Make a copy of this, the DFTPP run, the ion mass spectrum of decafluorotriphenylphosphine and keep it with the data packet.

10.2.3 A calibration standard(s) at 30 ug/L (in solution), containing all semivolatile and pesticide analytes, including all required surrogates, must be performed every 12-hr during analysis. Compare the response factor data from the standards every 12-hr with the average response factor from the initial calibra​tion for a specific instrument as per the SPCC and CCC criteria.

10.2.4 System Performance Check Compounds (SPCCs): A system perfor​mance check must be made during every twelve-hour shift. If the SPCC criteria are met, a comparison of response factors is made for all compounds. This is the same check that is applied during the initial calibration.  If the minimum response factors are not met, the system must be evaluated, and corrective action must be taken before sample analysis begins.  The minimum RRF for semivolatile SPCCs is 0.050.  Some possible problems are standard mixture degradation, injection port inlet contamination, contamination at the front end of the analytical column, and active sites in the column or chromatographic system.  This check must be met before analysis begins.

10.2.5 Calibration Check Compounds (CCCs): After the system perfor​mance check is met, CCCs listed in the appendices are used to check the validity of the initial calibration.  Calculate the percent dif​ference using:






RFI - RFc


% Difference = --------- X 100






   RFI

where:



RFI = average response factor from initial calibration.



RFc = response factor from current verification check standard.

If the percent difference for any CCC compound is greater than 20, the analyst should consider this a warning indication that the gas chromatographic system is not optimally inert.  If the percent difference for each CCC is less than 30%, the initial calibration is assumed to be valid.  If the difference is more than 30% for the CCC, corrective action must be taken.  Problems similar to those listed before will affect the criterion. If the source of the problem cannot be determined after corrective action, a new five-point calibration MUST be generated.  This criterion MUST be met before sample analysis begins.

10.2.6 The internal standard responses and retention times in the calibration check standard must be evaluated immediately after or during data acquisition.  If the retention time for any internal standard changes by more than 30 sec from the last check calibration (12 hr), the chromatographic system must be inspected for malfunc​tions and corrections must be made, as required.  If the area for any of the internal standards changes by a factor of two (-50% to +200%) from the last daily calibration standard check, the mass spectrometer must be inspected for malfunctions and corrections must be made, as appropriate.

10.3
GC/MS ANALYSIS
10.3.1 It is highly recommended that the extract be screened on a GC/FID or GC/PID using the same type of capillary column.  This will minimize contamination for the GC/MS system from unexpectedly high concentrations of organic compounds.

10.3.2 Spike the 1-mL extract obtained from sample prepara​tion with 50 uL of the internal standard solution at the end of the extraction.

10.3.3  Analyze the 1-mL extract by GC/MS using a 30-m x 0.25-mm (or 0.32-mm) x fused-silica capillary column.  The volume to be injected does contain 20 ng of base/neutral and 40 ng of acid surrogates.  

10.3.4 If the response for any quantitation ion exceeds the highest concentration level of the initial calibration curve range of the GC/MS system, extract dilution must take place.  Additional internal standard must be added to the diluted extract to maintain the required 50 uL (25 ug/mL) of each internal standard in the extracted volume.  The diluted extract must be reana​lyzed.

10.4
Data interpretation
10.4.1  Qualitative analysis:

10.4.2 An analyte (e.g., those listed in the appendices) is identi​fied by comparison of the sample mass spectrum with the mass spectrum of a standard of the suspected compound s​ta​n​dard ref​er​ence spectrum.  Mass spectra for standard reference should be obtained on the user's GC/MS within the same 12 hours as the sample analysis.  These standard refer​ence spectra may be obtained through analysis of the calibra​tion stan​dards.  Two criteria must be satisfied to verify iden​tification: (1) elution of sample component at the same GC relative retention time (RRT) as the standard component; and (2) correspon​dence of the sample component and the standard component mass spectrum.

10.4.3. The sample component RRT must compare within + 0.06 RRT units of the RRT of the standard component.  For refer​ence, the standard must be run within the same 12 hrs as the sample.  If coelution of interfering components prohibits accurate assignment of the sample component RRT from the total ion chromatogram, the RRT should be assigned by using extraction techniques.

10.4.4 All ions present in the standard mass spectra at a relative intensity greater than 10% (most abundant ion in the spectrum equals 100%) must be present in the sample spectrum.

10.4.5 The relative intensities of ions paragraph must agree within plus or minus 20% be​twe​en the standard and sample spectra. (Example:  For an ion with an abundance of 50% in the standard spectra, the corresponding sample abundance must be between 30 and 70 percent).

10.4.6 For samples containing components not associat​ed with the calibration standards, a library search may be made for the purpose of tentative identification.  The necessity to perform this type of identification will be determined by the type of analyses being con​ducted.  Computer generated library search routines should not use normalization routines that would misrep​resent the library or unknown spectra when compared to each other.  Only after visual comparison of sample spectrum with the nearest library searches will the mass spectral analyst assign a tentative identification.  Guidelines for making tentative identi​fication are:



(1) Relative intensities of major ions in the reference spectrum (ions > 10% of the most abundant ion) should be present in the sample spectrum.



(2) The relative intensities of the major ions should agree within + 20%.  (Example:  For an ion with an abundance of 50% in the standard spectrum, the corre​sponding sample ion abundance must be between 30 and 70%).



(3)
Molecular ions present in the reference spectrum should be present in sample spectrum.



(4)
Ions present in the sample spectrum but not in the refer​ence spectrum should be reviewed for possible background contamination or presence of co-eluting compounds.



(5)
Ions present in the reference spectrum but not in the sample spectrum should be reviewed for possible subtraction from the sample spectrum because of back​ground contamination or co-eluting peaks.  Data system library reduction programs can sometimes create these discrepan​cies. Matches should be greater than 700.

10.7.1 Quantitative analysis:   ??????eicp

10.7.2 When a compound has been identified, the quan​titation of that compound will be based on the integrat​ed area abundance from the response of the primary characteristic ion or ions. Quantitation will utilize the internal standard of known concentration. The internal standard used shall be the method recommended internal standard for the analyte of interest.  If no recommended internal standard is listed for a particular analyte, then analyst shall select an appropiate internal standard, usually an internal that is close in retention time.

10.7.3 Calculate the concentration of each identified ana​lyte in the sam​ple as follows:


Water:





  
(Ax)(Is)(Vt)



concentration (ug/L) =
-----------------







(Ais)(RF)(Vo)(Vi)



where:



Ax =
Area of characteristic ion for compound being measured.



Is = Amount of internal standard injected (ng).



Vt =
Volume of total extract, taking into account diluti​ons (i.e., a 1-to-10 dilution of a 1-mL extract will mean Vt = 10,000 uL.  If half the base/neut​ral extract and half the acid extract are combined, Vt = 5,000 ul.



Ais = Area of characteristic ion for the internal stan​dard.



RF = Response factor for compound being measured (Para​graph 10.3.3.)



Vo =
Volume of water extracted (mL).



Vi =
Volume of extract injected (uL).


Sediment/Soil Sludge (on a dry-weight basis) and Waste (normally on a wet-weight basis):








(Ax)(Is)(Vt)



concentration (ug/kg) = ---------------------







(Ais)(RF)(Vi)(Ws)(D)



where:



Ax, Is, Vt, Ais, RF, Vi = same as for water.


Ws = weight of sample extracted or diluted in grams.


D = (100 - % moisture in sample)/100, or 1 for a wet-weight basis.

10.7.4 Where applicable, an estimate of concen​tration for non-calibrated components in the sample should be made.  The formulas given above should be used with the following modifica​tions: The areas Ax and Ais should be from the total ion chromatog​rams and the RF for the compound should be assumed to be 1.000.  The concentration obtained should be reported indicating (1) that the value is an estimate and (2) which internal standard was used to determine concentration.  Use the nearest internal standard free of interferences.

10.7.5 Report results without correction for recovery data.  When duplicates and spiked samples are analyzed, report all data obtained with the sample results.





