Volatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS)

EPA 8260B  /  SLD 765 and SLD 764

1.  Scope and Application

SLD Methods 765 and 764 are the interpretation and implementation of EPA Method 8260B by the Organics Section of the Scientific Laboratory Division.  EPA Method 8260B is used to identify and quantitate volatile organic compounds in an aqueous matrix.  The method can also be used on soil and air matrices.  The method extraction utilizes a purge and trap process.  The method analysis is performed on a gas chromatograph for retention time characterization and in tandem with a mass spectrometer for mass spectral identification and quantitation.
1.1 Analytes

1.1.1 Standard 8260B Analytes

The following 64 compounds are routinely analyzed and quantitated by SLD Method 765.  These compounds may be collectively referred to as method analytes or targeted compounds. 
Benzene
Bromomethane

Bromochloromethane

Bromodichloromethane

Bromoform

Bromomethane

n-Butylbenzene

sec-Butylbenzene

tert-Butylbenzene

Carbon Tetrachloride

Chlorobenzene

Chloroethane

Chloroform

Chloromethane

2-Chlorotoluene

4-Chlorotoluene

Dibromochloromethane

1,2-Dibromo-3-chloropropane

1,2-Dibromoethane

Dibromomethane
1,2-Dichlorobenzene

1,3-Dichlorobenzene

1.4-Dichlorobenzene

Dichlorodifluoromethane

1,1-Dichloroethane

1,2-Dichloroethane

1,1-Dichloroethene

cis-1,2-Dichloroethene

trans-1,2-Dichloroethene

1,2-Dichloropropane

1,3-Dichloropropane

2,2-Dichloropropane

1,1-Dichloropropene

cis-1,3-Dichloropropene

trans-1,3-Dichloropropene

Ethylbenzene

Hexachlorobutadiene

Isopropylbenzene

4-Isopropyltoluene

Methyl tert-Butyl Ether (MtBE)

Methyl Ethyl Ketone (MEK)

Methylene Chloride (Dichloromethane)

Naphthalene

Nitrobenzene

Propylbenzene

Styrene

1,1,1,2-Tetrachloroethane

1,1,2,2-Tetrachloroethane

Tetrachloroethene

Tetrahydrofuran (THF)

Toluene

1,2,3-Trichlorobenzene

1,2,4-Trichlorobenzene

1,1,1-Trichloroethane

1,1,2-Trichloroethane

Trichloroethene

Trichlorofluoromethane

1,2,3-Trichloropropane

1,2,4-Trimethylbenzene

1,3,5-Trimethylbenzene

Vinyl Chloride

ortho-Xylene

meta-Xylene

para-Xylene
1.1.2 Additional 8260B Appendix IX Analytes
In addition to the method analytes listed in Section 1.1.1, the following 20 analytes are analyzed and quantitated by SLD Method 764.
Acetone
Acetonitrile
Acrolein
Acrylonitrile
Allyl Chloride
Carbon Disulfide
2-Chloroethylvinyl Ether
Chloroprene
1,4-Dioxane
Ethyl Methacrylate
2-Hexanone
Iodomethane
Isobutyl Alcohol
Methacrylonitrile
Methyl Methacrylate
4-Methyl-2-pentanone
Pentachloroethane
Propionitrile
Vinyl Acetate
Vinyl Chloride
1.1.3 Compounds Outside Method Analyte List

In addition to method analytes, Method 8260B can be used to identify most other volatile organic compounds with boiling points above -20 degrees Celsius and below 200 degrees Celsius that are insoluble or somewhat insoluble in water.  Mass spectrometry coupled with an extensive mass spectral data library with a search algorithm can identify organic compounds not included in the list of method analytes.  However, these compounds must be considered tentatively identified compounds as defensible identifications require both a spectral match and retention time match against a certified reference standard.
1.2 Applicable Matrices and Detection Limit

1.2.1 Sample Matrices 
This method is applicable to nearly all types of sample matrices: ground waters, surface waters, waste waters, drinking waters, both aqueous sludge and dry sludge, air vapors, soil, and sediments.
1.2.2 Detection Limits  
The method detection limits are compound dependent and vary according to each compound’s purging efficiency and chemical properties.  Other factors are the compound’s chemical activity in the purge and trap equipment and in the gas chromatograph and mass spectrometer instrumentation.  The determination of each compound’s method detection limit is based on the statistical results of data obtained from numerous replicates of low concentration fortified samples (also referred to as the MDLs).  Method detection limits are typically in the 0.2 micrograms/liter (ug/L) range for most method analytes.  Method detection limits in the 0.5 to 2.0 ug/L range are typical for compounds that are highly volatile, or bromominated, or partially water soluble, or prone to laboratory contamination.  The practical quantitation limit (PQL) for this method is approximately 1 ppb for undiluted ground water samples.
1.3 Method Concerns

1.3.1 Contamination and Interferences
Chemicals in solvents, cleaners, and disinfectants have the potential to contaminate lab glassware, lab instrumentation, and water samples.  Methylene chloride, toluene, MTBE, and acetone are 8260B method analytes, and they are also widely used laboratory solvents that frequently contaminate glassware, reagents, and samples.  Another 8260B method analyte, 1,4-dichlorobenzene, is a widely used bathroom disinfectant, and on rare occasion it can contaminate water samples.  Other chemicals in contained solvents are hexanes, ethyl acetate, acetonitrile, and diethyl ether.  One pervasive chemical, limonene, is found cleaning agents.  Sulfur dioxide in the sample may interfere with the analysis of vinyl chloride and chloroethane.  Analytical personnel must avoid storing and preparing samples in areas where extraction solvents are used.
1.3.2 Analytical Problems

The co-elution of compounds with similar spectra or quantitation masses can cause misidentification.  The two isomeric xylenes, meta-xylene and para-xylene, are not separated by the capillary column and must be reported as a combined pair.  Analytes such as acetone and nitrobenzene that are partially miscible with water may not purge out of solution during cold room temperatures and result as non-detects at lower concentrations.  Water samples with excessive residual chlorine may lose toluene and other alkylbenzenes through oxidation.  Very low boiling point target analytes like dichlorodifluoromethane (Freon-12) can partially volatilize during the sample preparation.  Both water and methanol are inherent to the analysis, and as a result, the gaseous analytes chloromethane, chloroethane, vinyl chloride, and bromomethane can respond very poorly due to the presence of methanol and water during ionization in the mass spectrometer.
2.  Summary of Method

2.1 Theory of Analysis
2.1.1 Purge and Trap Process

Volatile organic compounds (VOCs) with low solubility in water are extracted and purged from an aqueous matrix by sparging inert ultra high-purity (UHP) helium gas through a 5 mL water sample.  Volatile non-miscible compounds are efficiently transferred from an aqueous solution into the vapor phase.  These purged VOCs are then captured in an absorbent-filled trap at ambient temperature.  After purging is complete, the trap is heated and backflushed with UHP helium to desorb the trapped target analytes into the capillary column of a gas chromatograph.  

2.1.2 Gas Chromatography

The gas chromatograph uses helium gas to carry the method analytes through a capillary column located within a temperature programmed oven to separate by retention time, oe elution time.  Retention times of the method analytes are based on their boiling points, molecular weights, and affinities for the stationary phase of the capillary column.  After eluting, or traveling through the capillary column, the analytes enter the mass spectrometer. 

2.1.3 Mass Spectrometry

The analytes are then ionized in a mass spectrometer in the electronic ionization mode. An ionized organic molecule is unstable and usually fragments in several ions. These ions are then detected by the electron multiplier of the mass spectrometer.  The electron multiplier provides data in the form of ion response and mass spectral information for the analyte.

2.1.4 Quantitation

Quantitations of the method analytes are determined by computation using the analyte ion response, the internal standard ion response, and the average relative response factor for the method analyte. The average relative response factor is obtained from averaging the relative response factors of several calibration solutions of known concentrations.   
2.1.5 Qualification

Identifications of method analytes are established by the comparison of retention time and mass spectrum against the retention time and reference spectrum of the analyte in a calibration standard.  An additional spectral match of the method analytes is performed against an NIST mass spectral library.  Also, as this method is a mass spectrometric method, tentative identifications of non-method compounds can be performed by comparing spectral data against an NIST mass spectral library. 

3.  Definitions

3.1 Analytical Standards and Reagents
3.1.1 Method Analyte
 

A method analyte is a compound or a chemical that is specifically targeted for identification and measurement by this method.  Mixtures of method analytes made from certified reference standards are used to establish the calibration of the analytical system as well as establishing the reference spectra and retention times required for identification.  The method analytes are listed in Section 1.
3.1.1 Surrogate analyte

These compounds are fluorinated or deuterated volatile organic compounds and are unlikely to be found in any environmental sample.  They are added to samples and standards prior to analysis with the intent that they will represent or mimic the recovery and measurement of the method analytes.  The chief purpose of a surrogate analyte is to monitor performance of the purge and trap process; specifically it indicates the extraction recovery for each sample and demonstrates when the sample matrix might introduce a bias to the measurement of the method analytes.  The surrogate analytes should appear at a consistent concentration in all of the analytical data.  The surrogate analytes for this method are dibromo-fluoromethane, 1,2-dichloroethane-d4, toluene-d8, and 4-bromofluorobenzene.  
3.1.3 Internal standard

These compounds are fluorinated or deuterated volatile organic compounds and are unlikely to be found in an environmental sample.  They are added to a sample in known amount and used to determine the relative responses factors of other method analytes and method surrogates.  The internal standard response is also used to monitor stability of the instrumentation throughout the analytical sequence and over an extended period of time. The internal standards for this method are fluorobenzene, chlorobenzene-d5, and 1,4-dichlorobenzene-d4.
3.1.4 Reagent Blank Water

Water that is free of all the method analytes and other volatile organic compounds is necessary for the method.  This is usually de-ionized water that is further treated to eliminate all volatile compounds.  Reagent blank water that is acidified is then referred to as laboratory reagent blank water and it used prepare quality control samples.
3.2 Quality Control

3.2.1 Initial Calibration (ICAL)
These are a set of solutions containing all the method analytes at known concentrations that cover the required calibration range.  The set consists of a ten-fold to one hunded-fold range of concentration where the lowest concentration is close to the method detection limits of most of method analytes, and the highest concentration is close to the top of the instrumentation’s linear operational range.  These ICAL solutions are used to establish the calibration against which all method analytes in environmental samples and quality control samples are measured.

3.2.2 Continuing Calibration (CCAL)
This is a solution containing all the method analytes at a known concentration.  The preferred level of concentration is middle of the calibration range of the initial calibration set.  The purpose of the CCAL is to verify the initial calibration. 

3.2.3 Laboratory Fortified Blank (LFB)

This is a quality control sample that contains a known amount of the method analytes in laboratory reagent blank water.  The LFB is analyzed exactly like an environmental sample, and its purpose is to demonstrate that the instrument can accurately measure for the method analytes within the acceptance range required by EPA Method 8260B.  A concentration of 10.0 ug/L is typically used for LFB quality control samples.

3.2.4 Minimum Detection Limit Fortified Blank (MDL)

This is a quality control sample that contains a known amount of the method analytes in laboratory reagent blank water at a low concentration.  The MDL is analyzed exactly like an environmental sample, and its purpose is to demonstrate that the instrument can accurately detect the method analytes when they are present at concentrations near the method detection limit.  A concentration of 1.0 ug/L is typically used for MDL quality control samples.

3.2.5 Laboratory Reagent Blank (LRB)

This is a quality control that contains no method analytes; it is essentially the negative control.  The LRB is an aliquot of laboratory reagent blank water that is treated and analyzed exactly as a sample.  It is exposed to all glassware, reagents, surrogate analytes, and internal standards that are used on the environmental samples and quality control samples.  The LRB is used to determine that the method reagents, the instrumentation, and the laboratory environment are free of contaminants or other interferences at levels high enough to affect the samples.

3.2.6 Laboratory Fortified Sample Matrix (LFM)

This is a quality control sample that contains a known amount of the method analytes in an environmental sample matrix.  The purpose of the LFM is to determine whether the sample matrix contributes bias or error to the analytical results.  The sample matrix is usually the duplicate sample of a sample that has been analyzed and the concentrations of any existing method analytes inherent to the sample have been already determined.  A concentration of 10.0 ug/L is typically used for LFM quality control samples. The LFM may also be referred to as the Matrix Spike.

3.2.7 Laboratory Performance Check (LPC)

This is a quality control sample that contains a known amount of the method analytes in laboratory reagent blank water.  The LPC is prepared from certified standards supplied by a vendor different than the vendor source of the certified standards used for the initial calibration of the instrument.  The LPC is analyzed exactly like an environmental sample, and its purpose is two-fold.  The primary purpose of the LPC is to evaluate the reliability of the certified calibration standards used to calibrate the instrument and used to prepare the LFB and the MDL controls.  The LPC is also used to demonstrate that the instrument can accurately measure for the method analytes.  A concentration of 5.0 ug/L is typically used for LPC quality control samples.

3.2.8 Field Reagent Blank (FRB)

This quality control sample is essentially an LRB control that travels with a set of samples during the collection, storage, and transportation phases of sampling in the field.  The FRB is prepared exactly as an LRB with the same laboratory reagent blank water.  However, the FRB is treated the same as an associated set of samples in all respects, including exposure to sampling site conditions, storage, preservation, transportation, and all analytical procedures.  In other words, the FRB travels with the sample set throughout the entire collection process. The purpose of the FRB is to determine if method analytes or other interferences are present in the field environment.  The FRB is commonly referred to as the Travel Blank.
3.2.9   Laboratory Storage Blank (LSB): 

This quality control sample is essentially an LRB control that sits in the laboratory sample storage refrigerator for a long-term period.  It contains laboratory reagent blank water in the standard VOA vial and is stored in the sample refrigerator along with the samples.  When a batch is analyzed the LSB is included along with the samples.  The purpose of this control is to assess if laboratory airborne solvents can potentially contaminate the samples.
3.2.10 Field Duplicates
Two separate samples collected at the same time and place under identical circumstances and treated exactly the same throughout field and laboratory procedures.  Analysis of the duplicates gives a measure of the precision associated with sample collection, preservation and storage, as well as with analytical procedures.  The field duplicates are commonly referred to as the Sample (first vial) and the Sample Duplicate (second vial).
3.2.11 Laboratory Duplicates
Two sample aliquots taken from the sample vial in the analytical laboratory and analyzed separately with identical procedures.  Analyses of laboratory duplicates give a measure of the precision associated with analytical procedures, but not with sample collection, preservation, or storage procedures.

3.3 Solutions
3.3.1 Primary Stock Standard Solution

Primary stock standard solutions are concentrated solutions of a certified reference standard that contains one to several of the method analytes, surrogates analytes, or internal standards.  These certified reference standards are obtained from reputable vendors that specialize in the formulation of assayed chemical reference standards.  Primary standard solutions are used to prepare working standards.  Primary standards solutions are usually multi-component mixtures prepared at 2000 ug/mL in a methanol solvent.
3.3.2 Working Standard Solution
Working standard solutions are formulations of the method analytes, surrogate analytes, or internal standards prepared by diluting the primary stock standard solutions.  These working standard solutions are used to prepare the calibration solutions and quality control samples.  Working standards are usually prepared at a concentration of 50 ug/mL in a methanol solvent.
3.3.3 Quality Control Sample
Any certified solution of method analytes in methanolic solution obtained from a source external to the laboratory for the purpose of checking the laboratory’s ability to accurately identify and measure the method analytes that it targets in its volatiles methods. The solution is usually ready to spike directly in laboratory reagent blank water.  SLD utilizes quality control samples in the form of Blind QC Checks, QC Checks, or Performance Testing Samples.
3.4 Reporting Levels

3.4.1 Method Detection Limit (MDL)  
The method detection limit is the lowest concentration at which the presence of a target analyte can produce a response and can be identified by the method instrumentation with a 99% certainty that the detection is valid.  The method detection limit is statistically determined from the quantitation data obtained from several replicates of low-level laboratory fortified blanks spiked with all method analytes at a concentration equal to or less than the lowest calibration level.  The standard deviation obtained from those data is multiplied by the student t-value that corresponds to the number of replicates in the sampling period. 

3.4.2 Sample Detection Limit (SDL)

Once initial sample volume is taken into account, the sample detection limit is the lowest concentration at which the presence of a target analyte can produce a response and can be identified by the method instrumentation with a 99% certainty that the detection is valid.  Sample size is taken into account when the sample dilution factor is multiplied to the Method Detection Level; this determines the reporting SDL for the sample.   
3.4.1 Long Term-Method Detection Limit (LT-MDL)  
The method detection limit is the lowest concentration at which the presence of a target analyte can produce a response and can be identified by the method instrumentation with a 99% certainty that the detection is valid.  The method detection limit is statistically determined from the quantitation data obtained from a minimum of 32 replicates of low-level MDL controls analyzed over a period of six months to a year. 

4.  Sample Collection, Preservation, Containers, and Holding Times

4.1 Sample Collection

4.1.1 Sample Containers

All samples collected in 40 mL VOC vials in duplicate.  One vial is all that is usually required for sample analysis.  The second sample vial allows for the re-analysis of the sample should the first analysis fail method acceptance criteria or should the re-analysis of the sample on dilution is needed.  The duplicate vial can be used for a laboratory fortified matrix (LFM) control and the laboratory duplicate.

4.1.2 Volatility of Samples
There should be no headspace in VOC vials filled with sample.  Headspace is avoided by slowly threading and tightening a cap with Teflon-lined septum over a full VOC vial.  When the Teflon side of the septum contacts the positive meniscus of the aqueous sample on the top of the VOC vial, an airtight seal with no headspace is created.  Analysts need to check that all samples contain no headspace before analysis.  If any headspace greater than a bubble of 5mm in diameter is observed, it should be noted in the analysis remarks and may warrant rejection of the sample.  The presence of headspace in VOC vial allows for the highly-volatile method analytes to come out of solution and therefore reduce their actual aqueous concentration.
4.1.3 Preserving the samples

The pH of the samples are adjusted to a pH of 2 by the addition of two drops of 1:1 Hydrochloric Acid (18% or 6N HCl) into each VOC vial for each 40 mL aqueous sample.  Samples from sources will high levels of carbonates will require more than two drops of acid.  Lowering the pH of the samples will inhibit bacterial growth that can lead to decomposition of benzene, toluene, and other components.  The laboratory will record the pH of each sample and note it in the final report.  After acid preservation, the samples must be chilled to 4 degrees Celsius on the day of collection and maintained at that temperature until arrival at the laboratory.  The laboratory will determine and record the temperatures of samples upon receipt and record these on the final reports.

4.2 Sample Storage

Samples are stored in laboratory at 4 degrees Celsius until the time of analysis.  All effort must be made to keep the sample storage area must be free of organic solvent vapors.
5.  Contaminants and Interferences
5.1 Contamination.

5.1.1 Laboratory Solvents.

Environmental laboratories have problems with pervasive airborne contamination resulting from the use of solvents such as methylene chloride, acetone, MtBE, ethyl acetate, acetonitrile, toluene, and hexane.  Airborne solvents can be absorbed into samples that are exposed to ambient laboratory air.  The analyst must take care to limit the amount of time that samples are open to the ambient air.  The room where volatile analyses are performed should be free of solvents as much as possible.  Solvents can absorb into clothing in extraction areas later to desorb into instrument areas.  The analyst should be careful not to work in the presence of the volatile solvents used in other portions of the laboratory.  The laboratory occasionally monitors possible contamination resulting from air-solvent vapors by analyzing a Laboratory Storage Blank twice monthly by Method 524.2.

5.1.2 Instrumentation
5.1.2.1 Carryover.

Carryover is defined as any detectable amount of target analyte that is not removed from the equipment and instrumentation during the normal bake out and rinsing steps in the analysis cycle.  This residual amount of target compound is therefore carried over into the next sample during the sampling process.  Contamination by carryover can occur whenever a sample is preceded by a sample with a very high-concentration of any one or more of the target analytes.  Analytes with high boiling points are more likely to carryover.  For example, it takes roughly a 4000 ug/L concentration of tetrachloroethene to observe carryover into the next sample, whereas, a 400 ug/L concentration of naphthalene can contaminate the following samples.  
5.1.2.1.1 Preventing Carryover.

Samples should be pre-screened when possible.  Whenever a sample known to contain an unusually concentrated amount of target compounds is analyzed, it should be run on dilution and followed by an analysis of organic-free reagent water blank to check for carryover contamination and to buffer the following samples.  
5.1.2.1.2 Corrective Action for Carryover.

If a sample is unexpectedly discovered to have a very high concentration of a target compound, and this compound is detected in the next sample, then the duplicate vial of second sample must be re-analyzed to rule out carryover and to determine if the presence of the compound is truly present to the sample.  Additionally, the continued analysis of blanks on a contaminated system must be performed until it can be demonstrated that the contaminated portion of the system is free of the contaminant.  To rid a system of contamination, an analyst can perform frequent bake-outs, raise the operational temperatures of the autosampler valves and transfer lines while purging the sample train with UHP helium.  Sometimes the de-contamination requires replacing the affected parts.
5.1.2.2 Contamination by Equipment

Plastic water lines may contribute trace amounts of tetrahydrofuran (THF) and methyl ethyl ketone (MEK).  Absorption traps containing Tenax can contribute trace amounts of toluene.  It is highly recommended that analysts run the method instrumentation through at least one analysis cycle to flush out or bake out any of these residual contaminants. 

5.1.3 Detergent Contamination.
The purge and trap may be damaged by analysis of undiluted samples containing detergents or high salt concentrations.  Detergents or surfactants can cause foaming and subsequent fouling of the multiport valves on an autosampler.  An analyst can assess the sample’s ability to foam by shaking the sample vial after removing the the aliquot.  Any sample observed to foam excessively should immediately be removed from the instrument and be prepared on dilution.  If a sample foams lightly, it can be analyzed with the use of an item called a mud-dwag, a small piece of metal foil that is placed on the sparge needle.  The mud-dwag is designed to break up bubbles as they rise up from the sample.

5.1.4 Spiking Cross-Contamination
Cross contamination of samples may occur when the internal standard and surrogate solutions are added to samples sequentially without rinsing the syringe and needle between spiking.  Cross-contamination can also occur when syringes are not rinsed after spiking calibration and quality control samples with working standard solutions.  Analysts must rinse the spiking syringes ten times and wipe the exterior of the syringe needle with high-purity methanol after every use.  
6.  Apparatus and Equipment

6.1  Equipment

6.1.1  Microsyringes

1 uL, 5 uL, 10 uL, 25 uL, 100 uL, 250 uL, 500 uL, and 1.0 mL sizes.  These syringes are necessary for sample dilution and for preparation of standards.

6.1.2  Syringes

5 mL, gas-tight with locking Luer type tip and shutoff valves.  The syringes and the shutoffs must be replaced periodically to avoid leakage.

6.1.3  Analytical balance

Accurate to four places, one thousandth of a gram (0.0001 g).

6.1.4  Top-loading balance

Accurate to one hundredth of a gram (0.01 g).

6.1.5  Stainless steel spatula

6.1.6  Brown glass bottles

Volume: 15 mL, with screw-caps and Teflon liners or glass culture tubes with screw-caps and Teflon liners.  Used for standard storage.

6.1.7  Volumetric flasks, Class A

5 mL to 1000 mL, with ground-glass stoppers.

6.1.8  Pasteur disposable pipettes

6.1.9  Refrigerator and freezer for standards.

6.1.10  Separate refrigerator for samples.

6.2  Apparatus

6.2.1  Purge-and-Trap device (O.I.Analytical Sample Concentrator 4560, Discrete Purging Multisampler DPM-16, and Multiple Heater Controller MHC-16)

The purge-and-trap device consists of the multi-port sample purging vessels and a Tenax trap that captures compounds removed from the aqueous sample by the helium purge gas.  After the sample is purged, the trap is heated to cause rapid desorption of these compounds onto the gas chromatograph inlet and column. 

The purging chamber should accept 5 mL samples with a water column at least 3 cm deep. The gaseous headspace between the water column and the trap must have a total volume of less than 15 mL.  The purge gas must pass through the water column as finely divided bubbles with a diameter of less than 3 mm at the origin.  The purge gas must be introduced no more than 5 mm from the base of the water column on the O.I.Anatylical DPM-16 sparger needles.

The helium purge gas flow rate should be 40 mL/min on the purge-and-trap.  Optimize the flow rate to provide the best response for chloromethane and bromoform.  Excessive flow rate reduces chloromethane response, whereas insufficient flow reduces Bromoform response.  The O.I.Analytical MHC-16 allows for sample heating during sample purge.

The desorption flow into the gas chromatograph is set at 20 mL per minute, however, a 1:18 split is performed in the inlet to achieve a column flow of 1.0 mL/min.

See the Appendix 16.9 for Sorbent Trap conformation and operating specifications and procedures for conditioning trap.

6.2.2  Gas Chromatograph Mass Spectrometer

6.2.2.1 Gas Chromatograph

This analysis is conducted on a Carlo Erba 8035 gas chromatograph.  This instrument is equipped with a temperature programmable oven containing a capillary column.  The gas chromatograph inlet system is linked to the O.I. Analytical 4560 purge and trap unit with an O.I. Analytical DPM-16 autosampler.  Ultra High Purity Helium is both carrier gas and purge gas.

6.2.2.2  Capillary Column 

Restek Rtx-624 or equivalent, Dimensions: 20m x 0.18mmID x 1.0um df, temperature range: -20 C to 240 C maximum. 

6.2.2.3 Mass Spectrometer Detector

The analysis is performed on a Fisons MD-800 mass spectrometer using a scan range of m/z35 to m/z300 at rate of one scan per second.

The mass spectrometer must be capable of producing a mass spectrum for 4‑Bromofluorobenzene (BFB) which meets all of the criteria in Table 15.3 when 5‑50 ng of the GC/MS tuning standard (BFB) is injected through the GC. Since this compound is also a surrogate, injection of a LRB allows this tune check to be conducted.  

To ensure sufficient precision of mass spectral data, the desirable MS scan rate allows acquisition of at least five spectral scans while a sample component elutes from the GC.

7.  Reagents Preparation and Storage Location

7.1  Reagent Blank Water 

Blank water is also known as Organic-free reagent water.  All references to water in this method refer to organic-free reagent water.  Prepare this water by filtering de-ionized water through a Millipore purification system for at least 15 minutes.  At the end of this period the water is then collected in bottles with ground glass or Teflon faced closures.  Label the water with the date of preparation.  When 1:1 HCl acid is added, note that on the bottle also.  This organic-free reagent water shall be discarded after 48 hours.  Millipore filters are replaced on an annual schedule.  Resistivity shall be recorded daily by reading the Millipore ohmmeter during the collection of the blank water, and conductivity will be tested monthly by EPA Method 120.1

7.2  Methanol for Standard Preparation

Methanol must be Purge-and-Trap grade.  Store away from other solvents in the flammable storage cabinet in the Instrument Room.

7.3  Recording Standards 

Record the preparation of all primary, secondary, and internal standard/surrogate standards in the volatiles standard notebook according to the requirements of the Organics section QA/QC SOP.  Each standard must be labeled with a key referencing the standard notebook entry and the date of expiration.  See Appendix 16.6.

7.4  Primary (Intermediate) Standards

Stock solutions may either be prepared from pure (neat) standard materials or purchased as certified solutions. Prepare stock standards in methanol using assayed liquids or gases, as appropriate. Because of the toxicity of some of the organohalides, primary dilutions of these materials should be prepared in a fume hood.  The target concentration for primary standards is 50.0 g/L (i.e. 0.500 g/10 ml).  Record the exact final concentration in the Standards Book and on the bottle.  If it is within 5% of 50.0g/L, no correction will be necessary when preparing the secondary standard, however, larger variations should be taken into account.  See the Appendix 16.7 for densities and approximate volumes to add for primary standard preparation.

7.4.1  Primary Standard Preparation

7.4.1.1  Volumetric Preparation

Place about 9.8 mL of purge-and-trap methanol in a 10 mL tarred ground glass stoppered volumetric flask. Allow the flask to stand, without stopper, for about 10 minutes until all alcohol‑wetted surfaces have dried. Weigh the flask to the nearest O.1 mg.

7.4.1.2  Treatment of Liquids and Gases

Add the assayed reference material, as described below.

7.4.1.2.1 Liquids 

Prepare new liquid primary standards each 6 months.  If a new standard is sealed in an ampoule, it may be used for 6 months after being opened provided that the date provided that the expiration date is marked on the storage bottle and in the notebook, and also provided that comparison to unrelated external QC standards (i.e. LPC) provides good (agreement within 10%).

Calculate the approximate amount of liquid to add based on the neat material’s density (or see approximate volumes in Appendix 16.7).  Using a 100 mL syringe or Microman pipette, add the assayed reference material to the flask; then reweigh. The liquid must fall directly into the alcohol without contacting the neck of the flask.  Note: only the compounds MEK, MtBE, THF, Nitrobenzene, and Acetone are prepared in this manner, all other VOCs are obtained as 2000 ug/mL commercial standards.  (See Section 7.5).

7.4.1.2.2  Gases

Prepare new primary gas standards weekly or sooner if evidence of deterioration is observed.

Commercial standards the compounds that boil below –30 C (e.g. bromomethane, chloroethane, chloromethane, dichlorodi-fluoromethane, trichlorofluoromethane, and vinyl chloride) are now available in 2000 ug/mL stock standards, and they are prepared in the same manner as the other VOCs in making secondary solutions.  (See Section 7.5).

7.4.1.3  Weighing or Reweighing the Volumetric

Reweigh the volumetric, dilute to volume, stopper, and then mix by inverting the flask several times. Calculate the concentration in grams per liter (g/L) from the net gain in weight. When compound purity is assayed to be 96% or greater, the weight may be used without correction to calculate the concentration of the stock standard. Commercially prepared stock standards may be used at any concentration if they are certified by the manufacturer or by an independent source.  The dilutions on these standards, date of preparation, and expiration date should be noted in the standards notebook and on the bottle.

7.4.1.4  Standards Storage

Transfer the stock standard solution into a bottle with a Teflon lined screw-cap.  Store, with minimal headspace, at -10 to -20 degrees C and protect from light.

7.5  Secondary Dilution Standards (Working Standards)

Using the primary standard solutions, prepare secondary dilution standards (in purge-and-trap grade methanol) that contain the compounds of interest, either singly or mixed together. The secondary dilution standards should be prepared at concentrations such that the aqueous calibration standards prepared in Section 7.1.3.3 will bracket the working range of the analytical system. The normal range used is 50 mg/L.  This is achieved by addition of 100 ul of a 50 g/L standard to 100 mL of purge-and-trap grade methanol.  If the primary standard varies from 50 g/L by more than 5%, correct the volume of primary added to produce a 50 mg/L final concentration.  Secondary dilution standards should be stored with minimal headspace and should be checked frequently for signs of degradation by comparison against external checks (LPC, etc.), especially just prior to preparing calibration standards from them.  These standards are stored in the freezer in the volatiles instrument room.  Secondary standards expire in 30 days from date of preparation. Other standards may be used for six months.  See Appendix 16.7 for the preparation of Secondary Standards from commercial standards. (Note: Secondary standards are also referred to as Working Standards.)  

7.6  Surrogate Standards

Surrogate standards ‑ Surrogate compounds are toluene‑d8, 4‑bromofluoro-benzene, 1,2‑dichloroethane‑d4, and dibromofluoromethane.  A stock surrogate solution in methanol should be prepared as described above, and a surrogate standard spiking solution should be prepared from the stock at a concentration of 50 ug/mL in methanol. Each water sample and all QC samples are spiked with surrogate spiking solution to achieve a concentration of 10 ppb.  The spike amount is 10 uL.

The 4-Bromofluorobenzene surrogate is also utilized as the tune check compound.  Analysis of a Lab Reagent Blank with internal standards and surrogates provides a BFB peak that can be used for this purpose.

7.7  Internal Standards Solution

The internal standards are fluorobenzene, chlorobenzene‑d5, and 1,4‑dichlorobenzene‑d4.  These compounds may be mixed with the surrogate standards for single step addition of the internal standards and surrogates.  The same concentrations used for the surrogates should be used for the internal standards, so that each water sample and all QC samples are spiked to achieve a concentration of 10 ppb.  Therefore, prepare a 5.00 mg/L solution with a 10 uL injection.
8. Calibration and Standardization

Prior to running samples the instrument must be calibrated in the following fashion.

8.1  Tuning Check

1.  Perform a tuning check by purging a LRB spiked with the Internal Standard/ Surrogate solution at 10 ppb.  Select the 4-Bromofluorobenzene (BFB) peak at apex, obtain its spectrum, and run the tune check EPAL (F1).  Alternatively, a combined spectrum using a sum of the apex scan, and the leading and tailing scans is also permitted.  All BFB tuning criteria must pass as listed below:


Mass

Required Intensity


Mass 50
15% to 40 % of mass m/z 95


Mass 75 
30% to 60 % of mass m/z 95


Mass 95 
Base peak, 100% relative abundance


Mass 96
5% to 9 % of mass m/z 95


Mass 173 
Less than 2% of mass m/z 174


Mass 174 
Greater than 50% of mass m/z 95


Mass 175
5% to 9% of mass m/z 174


Mass 176
Greater than 95% but less than 101% of mass m/z 174


Mass 177
5% to 9% of mass m/z 176

To maximize Bromoform response (primary ion m/z 173), increase the response to ions m/z 174 and m/z 176.  This is important for meeting RF criteria for Bromoform.

8.2  Standard Curve

Prepare a 6 (5 minimum) point standard curve for all targeted compounds.  The response for the primary ion of each compound in the highest calibrator should be kept at or under the MD-800’s multiplier overload range of 2000000; the MD800 Electron Multiplier Voltage can be adjusted for optimal response (sensitivity).  Benzene and Naphthalene are good compounds to use for checking this requirement, since they have relatively stable primaries.  Targeted analytes do not have to include the entire “List of Analytes” as long as the laboratory repors quantitations only for compounds in the calibration curve.  

 Due to the setup and limitations of the LabBase quantitation software, the IS solution for standardization should not contain the Surrogates.   Manually add internal standards at 10 ppb.

Add surrogates separately to each standard at levels corresponding to the overall standard concentration level (1ppb to 50pbb).  This will allow creation of surrogate compound standard calibration curves. 

Analyze each standard by purge and trap using a 5.0 mL volume. Use EnviroBase to determine the Relative Response Factors for the analytes by running the EPALs under V_MAIN, 624 EPALS, using the Method 8260B recommended internal standard assigned to the specific analyte.  

Due to the decrease in purging efficiency with increasing sample volume, when a volume other than 5 mL is used for the standards, a similar volume adjustment must be made for any samples analyzed. 

8.3  Relative Response Factor Requirements

One set of acceptance criteria are based on average response factors.  The calculations are derived from the following formula:



RRF =  (AxCis) / (AisCx)   where


Ax = Area of the characteristic ion for the analyte


Ais = Area of the characteristic ion for the internal standard recommended for the compound


Cis = Concentration of the internal standard


Cx = Concentration of the analyte.

Utilize LabBase to perform the calibration calculations to get the average relative response factors (the statistical mean of the RRFs of all the calibrator levels).  The following compounds, called System Performance Check Compounds (SPCCs), are checked for minimum average relative response factors:


SPCC Compound

Min RRF


Chloromethane


0.10


1,1-Dichloroethane

0.10


Chlorobenzene


0.30


Bromoform


>0.10


1,1,2,2-Tetrachloroethane
0.30

8.4  Percent Relative Standard Deviation (%RSD)

A second set of calibration curve acceptance criteria are based on the Percent Relative Standard Deviation for the compounds.  LabBase will provide these results using the following formulas:



%RSD = SD / Rfx * 100%    where


RSD = Relative Standard Deviation


Rfx = mean of 6 initial calibration RRFs for a compound


SD = Standard deviation of the initial RRFs for a compound

An %RSD of 15% or less is recommended for each compound.  The %RSD for the following six compounds, called Calibration Check Compounds (CCCs) must be less than 30%:


Vinyl chloride


1,1-Dichloroethene


Chloroform


1,2-Dichloropropane


Toluene


Ethylbenzene

Increased variations indicate leaks or flow path/column reactive sites.  If 30% is exceeded for the CCCs, take corrective action shall be taken.

9.  Procedure

9.1  Conditioning the Trap

Condition the trap one hour at 180_C in the bake mode with an inert gas flow of at least 20 mL/min. If the trap is new, it is also recommended that a dozen blanks are run through the purge and trap cycles.  Prior to analysis, condition the trap daily for 10 min while backflushing at 180_C with the column at 220_C, which can be performed by running a LRB (or primer LRB) at the beginning of an analytical sequence. 

9.2  Preparation of Water Samples

9.2.1  Temperature of samples

All samples and standard solutions must be allowed to warm to ambient temperature before analysis.

9.2.2  Preparation of samples for analysis

9.2.2.1  Low level sample preparation

Remove the plunger from a 5 mL syringe and attach a closed syringe valve. Open the sample or standard bottle, which has been allowed to come to ambient temperature, and carefully pour the sample into the syringe barrel to just short of overflowing.  Replace the syringe plunger and compress the sample. Open the syringe valve and vent any residual air while adjusting the sample volume to 5.0 mL. This process of taking an aliquot destroys the validity of the remaining liquid in sample vial for future analysis; therefore, if there is only one VOA vial, the analyst should fill a 15 mL VOA vial with Teflon septum at this time to protect against loss of sample integrity.  Alternatively, a second 5 mL syringe of sample may be prepared for analysis, provided the first sample’s analysis is closely followed by monitoring the chromatogram and resulting quantitations.  The second sample is maintained only until the analyst has determined if the initial run must be repeated.  If the second syringe is required, it must be analyzed within 6 hours of preparation.  Care must be taken to ensure that no air is present in the syringe.

9.2.2.2  Sample screening

Screening of the sample prior to purge‑and‑trap analysis will provide guidance on whether sample dilution is necessary; it will prevent overloading of the purge-and-trap system. The screening techniques that can be utilized are: the use of headspace analysis (modified Method 3810) with gas chromatograph analysis using a photoionization detector (PID) in series with an electrolytic conductivity detector (ELCD); and extraction of the sample with Hexadecane (Method 3820) and analysis of the extract on a GC with a FID and/or an ECD.  Our technique relies on direct headspace analysis of 1 mL samples from the VOA vial headspace above the sample after the preparation of the sample syringe.  An HP5890/ O.I. Analytical 5200 PID/5220 Hall detector is used for this fast semi-quantitative method.  Vial headspace samples are injected via a 1mL syringe at 2 minute intervals during a 20 minute run.  Subsequent dilutions may be made on the samples’ headspace until the response is within the range of 50 ppb screening mix made of the following analytes: Benzene, Toluene, Ethylbenzene, Xylenes, Trichloroethene, Tetrachloroethene, and 1,1-Dichloroethane.

9.2.2.3  Sample dilution

The following procedure is appropriate for diluting purgeable samples. All steps must be performed without delays until the diluted sample is in a gas-tight syringe.  Dilute the sample to cause the highest component to be in the upper half of its linear analytical range. 

9.2.2.3.1  Dilution Volume

Dilutions may be made in volumetric flasks (10 mL to 100 mL). Select the volumetric flask that will allow for the necessary dilution.  Serial dilutions may be necessary for extremely large dilutions.  Calculate the approximate volume of organic-free reagent water to be added to the volumetric flask selected and add slightly less than this quantity of organic-free reagent water to the flask.  Alternatively, sample dilution can be performed into the 5mL sample syringe (See Section 9.8.2). The reagent water used for the batch Laboratory Reagent Blank (LRB) shall be the same water used to perform sample dilutions.

9.2.2.3.2  Sample volume measurement

Inject the proper aliquot of sample from the syringe prepared in Section 9.2.2.1 into the flask by using an appropriate microsyringe.  When discharging the contents of the micro-syringe, be sure that the end of the syringe needle is well beneath the surface of the organic-free reagent water.  Dilute the sample to the mark with organic-free reagent water.  Cap the flask, invert, and shake three times.

9.2.2.3.3  Analysis

Fill a 5 mL syringe with the diluted sample as in Section 9.2.2.1.

9.2.2.4  Surrogate addition

Add the Internal Standard/Surrogate spiking solution to obtain a concentration of 10 ppb in 5 mL through the valve bore of the syringe; then close the valve.  Matrix spiking solutions, LFM, if indicated, should be added to the sample at this time.

9.2.2.5  Injection onto the O.I. autosampler

Attach the syringe to one of the syringe ports on the O.I. DPM-16 autosampler.  Advance the autosampler to that port position to allow pressure equilibration.  This reduces the acid blown into the lines when sample purging begins later.  Open the syringe valves and inject the sample into the purging tube.  

9.3  Purging the Sample

Use the RESET and ADV buttons on the O.I. Analytical DPM-16 to place the autosampler at the first sample to be analyzed.  Set the O.I. 4560 concentrator to SPL, use the keypad to match the port numbers of samples to be analyzed.  Check the replicate number to ensure that it is at ‘1.’  When all settings are appropriate, press START to begin the sequence.  Use the temperature settings on the O.I. Analytical MHC-16 to set sample temperature during sample purge. 

9.4  Sample Desorbtion

At the conclusion of the purge time, if the gas chromatograph is ready, the purge and trap valve automatically switches to connect the trap with the gas chromatograph column.  The GC temperature program is begun along with MS data acquisition.  Concurrently, the trap is quickly heated and the trap is backflushed with a Helium flow appropriate for the capillary column causing the trapped compounds to be rapidly released.  See Appendix 16.9 for Sorbent Trap settings.

9.5  Purge and Trap System Cleanup

After the gas chromatograph run has been completed for the current sample, remove the sparging tube and clean it by rinsing with water or a small amount of methanol followed by water, then baking in the oven for one hour prior to re-use.  Tubes used for oily or highly contaminated samples should be permenantly discarded.

The O.I. 4560 prepares the trap for the next sample by baking it at 180 degrees C (or up to 265 degrees for the Vocarb traps).  The bake time should be at least 10 minutes.  Once this is completed, the autosampler will move to the next sample and will begin purging.

9.6  Gas Chromatography Conditions

9.6.1  Gas Chromatograph settings:

The oven temperature program and inlet pressure/flow settings on the gas chromatograph should be set to optimize the compound separations.  See the Appendix 16.1 for the specific parameters.

9.7  Re-analysis of High Concentration Samples

9.7.1  Carryover due to high samples

If the initial analysis of a sample or a dilution of the sample has a concentration of analytes that exceeds the initial calibration range, the sample must be re-analyzed at a higher dilution.  When a sample is analyzed that has saturated response for a compound, the analysis of the next few samples must be carefully evaluated for carryover.  These samples will probably require re-analysis to verify presence of the contaminant.  When re-analysis is conducted, the samples with lowest expected concentrations should be placed before samples with higher concentrations. 

9.7.2  System cleanup after high samples 

Analysis of high level samples may require extensive system decontamination.  Once such system contamination is detected, sample analysis must not resume until a blank can be analyzed to be free of interferences in the affected sparger positions.

9.7.3 Dilution of contaminated samples

Dilutions should keep the response of the major constituents (previously saturated peaks) in the upper half of the linear range of the curve.  See Section 9.2.2.3 for dilution techniques.

9.8   Water‑miscible Liquids

9.8.1  Dilution range

Water-miscible liquids are analyzed as water samples after first diluting them at least 50-fold with organic-free reagent water.

9.8.2  Dilution with micro-syringes

Prepare dilutions directly in a 5 mL syringe filled with organic-free reagent water by adding at least 10 L, but not more than 100 L of liquid sample using Hamilton fixed needle syringes. The sample is ready for addition of internal standard/surrogate solutions and, if applicable, matrix spiking standards.

9.8.3  Serial Dilution techniques

Alternatively, initial and serial dilutions can be prepared by using a positive displacement pipettor (do not use pipettes filled by suction) or a 5 mL sample syringe and volumetric flasks. Aliquot into a volumetric flask of the selected size, which is a partially filled with reagent blank water.  If a 5 mL syringe is used, a blunt needle should be attached to the Luer lock tip, to allow delivery of the sample deep into the volumetric flask.  Bring the volume to the quantitation mark, with organic-free reagent water and transfer the diluted sample immediately to a 5 mL gas-tight syringe.

9.9  Soils/Sediments 

See Appendix 16.8 for soil field extraction techniques.

10.  Calculations and Reporting

10.1  Calculations

Prior to sample analysis, a standard curve is analyzed and used to prepare an initial calibration (ICAL) for the compounds of interest.  This also requires that a Find DB library in LabBase be set up for the compounds. The LabBase software EPAL macros do allow for calculation of the match quality, and compound concen-trations, when processed against the ICAL. A continuing calibra-tor (CCAL) run every 12 hours is used as a calibration verifica-tion.  Whenever a positive compound is indicated on a set of similar samples, the analyst will print out and file a spectral identification on one representative sample with the other data.  This verifies that the MS identification is valid, and allows re-evaluation of the data, should that be necessary.  Instrument tuning is done on a daily (12 hour) basis to allow future auditing of this spectral data to be made according to a uniform standard.
10.2  Reporting Units and Limits

The results for this test are reported in units of parts per billion (ppb or ug/L) for water, ug/kg for soil, and both ug/L and ppm V/V for air.  

The standard curve generally used for this test ranges from 1 ppb to 50 ppb.  Samples above this range should be diluted and re-analyzed.  If no on-column value less than the high calibrator (50 ppb) was obtained in the analysis of the sample, then an ‘E’ qualifier shall be noted on the report.

The reporting limits are above 0.1 ppb, or the minimum detection limits determined as a component of the analyst’s demonstration of capabilities for the method.  These are shown in Table 15.1.  Since gas chromatography mass spectrometry is an information rich method--a spectrum match in addition to the retention time match--results below this level may be reported with the trace qualifier ‘J,’ if the analyst feels confident these analytes are present.

10.3  Significant Figures

For the undiluted sample, result concentrations for this analysis should be reported with the following significant figures: one significant figure if the result is less than 1.0 ppb, two significant figures for a result within 1.0 ppb to 9.9 ppb, and three significant figures for a result within 10.0 ppb and 50.0 ppb.  All results should be rounded to achieve the appropriate number of digits. Results below the MDL should be noted with a ‘J’ qualifier indicating that they are at trace level.  For diluted samples, apply the following rule-of-thumb: reported concentra-tions will use one significant figure if the on-column value is less than 1.0 ppb, two significant figures if the on-column value is within 1.0 ppb and 9.0 ppb, two or three significant figures if the on-column value is within 10.0 ppb to 50 ppb.  The analyst will consider the accuracy of the dilution technique to establish the most appropriate number of significant figures to reflect the measurement (i.e. if the syringe used to make the dilution is not accurate past three significant digits, then the final reported value cannot exceed three significant figures).

10.4  Computer Entry

QC Data is currently put into an Excel spreadsheet template using VG LabBase text files and cut and paste techniques in Excel.  Results are manually entered into final report files after the sample.

11.  Method Performance

11.1  Minimum Detection Limits (MDL)

The MDL is calculated based on seven or more replicate analyses of samples near the detection limit.  Ideally, the replicate samples should come from data collected from different batches over an extended period of time.  The concentrations are determined for these runs and then the standard deviations of these values are calculated.  The MDL is defined by the EPA as the student-t value (for the 99% confidence level) for the number of replicates multiplied to the standard deviation of concentrations of the replicate runs made near the detection limit.  These calculations are shown in Table 15.1.

11.2  Precision and Accuracy

Precision is determined by the variation observed in four to seven repetitive runs of check samples.  Accuracy is determined by analysis of external check samples and by analysis of proficiency samples.  These data are indicated in Table 15.4.

11.3  Applicable Ranges

The quantitation range is limited to the linear range of the detector.  It is possible to obtain a linear range for on-column concentrations of 1 ppb to 50 ppb for analytes in water.

12.  Quality Assurance

12.1  Initial Demonstration of Capability

12.1.1  System blanks

Before processing any samples, the analyst should demonstrate through the analysis of a calibration blank, that all glassware and reagents are interference free.  Each time a set of samples is extracted, or there is a change in reagents, a method blank should be processed as a safeguard against chronic laboratory contamination.  The blanks should be carried through all stages of the sample preparation and measurement.  When potential interfering peaks are noted in blanks, the analyst should determine and eliminate the source by changing the purge gas source, regenerating the molecular sieve purge gas filter, etc.  Subtracting blank values from sample results is not permitted. If reporting values not corrected for blanks result in what the laboratory feels is a false positive for a sample, this should be fully explained in text accompanying the uncorrected data.

12.1.2  Minimum Detection Limits

Minimum Detection Limits (MDLs) will be determined by each analyst prior to analyzing samples by the analysis of seven or more replicate fortified blanks at a concentration slightly above the estimated instrument detection limit.  The appropriate starting level is 0.2ppb.  Using available Excel QC spreadsheets determine the calculated MDL (standard deviation multiplied to student-t value for number of replicates).  The test will have to be repeated for those compounds for which the calculated MDL is less than one third of the concentration the analyses were performed at.  Put the spreadsheet documenting this evaluation in the method SOP notebook.  See Appendix 16.5  

12.1.3.  Method Validation

Perform method validation by analysis of external standard QC samples as indicated in Section 8.

12.2  Quality Control Samples Necessary for Each Batch

(See section 3 for definitions.)

12.2.1  Laboratory Reagent Blank (LRB)

Each batch shall include at least one Laboratory Reagent Blank (LRB).

12.2.2  Laboratory Fortified Blanks (LFB)

12.2.2.1  Initial check

Prior to running samples an LFB will be analyzed and evaluated to ensure that the system is running properly and the calibration curve is still valid.

12.2.2.2  Sample bracketing

The samples to be analyzed will be bracketed by Laboratory Fortified Blanks to ensure that instrument performance is maintained throughout the run.

12.2.2.3  Frequency of LFBs

A LFB will be run at least once each 12 hours in addition to before and after analysis of samples.  Samples should be bracketed by LFBs.

12.2.3  Laboratory Performance Checks (LPC)

Analyze at least one fortified reagent blank prepared using external standards in each batch. The LPC evaluates the method for indications that the standard curve (ICAL) or the LFB standard are inaccurate.  Compounds exceeding 20% variation from the expected indicate a problem.  The standard used for this purpose should be prepared on a monthly schedule. 

12.2.4  Matrix Spike and Matrix Spike Duplicate (MS, MSD) or also referred to as Laboratory Fortified Matrix (LFM)

One matrix spike (LFM-1) and one matrix spike duplicate (LFM-2) will be analyzed for each batch.  After the samples have been prepared for analysis, select one sample and prepare two additional syringes from it.  Spike this syringe with the normal internal std/surrogate solution and also with the working standard solution used to prepare LFBs or matrix spiking standard containing representative compounds. A table of recoveries should be developed by recording the most recent 30 recovery values.  This will allow evaluation of matrix effects.  If they are outside these values an external QC should be run to check the calibration curve.  Put the matrix spike results in with the batch QC.  An alternative method can be used if the sample used for the Matrix Spike is expected to contain analytes: one syringe of the additional sample syringes shall be spiked (LFM), and the second additional syringe will not be spiked (Sample Duplicate). 

12.2.5  Minimum Detection Limit

Run one MDL prepared from reagent blank water at a level of 1 ppb in each batch.  

12.3  Acceptance Criteria

12.3.1  Methods

The criterion for Percent RSD is 15% or less for each compound in the Initial Calibration (ICAL).  The %RSD for the following six compounds, called Calibration Check Compounds (CCCs) must be less than 30%:

12.3.2  Initial Demonstration of Capability

The Initial Demonstration of Capability requires analysis of seven low concentration QC check standards giving results within the limits in Table 1, and precision of replicates good enough to yield coefficient of variation results under 10%.  Additionally the MDL studies must be complete for all standards and analyzed at level about three fold the final MDL concentration.

12.3.3  QC Summary acceptance criteria and exceptions reportable

12.3.3.1  LRBs

Any targeted compounds detected consistently in the LRBs above the MDL are QC exceptions must be reported on the QC Summary section of the sample reports, and the qualifier ‘B’ shall be entered into the Qualifier column of the affected target analyte in the report’s analyte list.  Therefore, re-run the LRB when contamination is detected to evaluate the persistence of the contamination.  Thus it is important that the batch QC data are reviewed during or very soon after the analytical run.  

12.3.3.2  Continuing Calibrators

If the results of analysis of the more than 3 compounds vary by more than +/-20% for the LFBs and this variation is verified as an instrument problem by repeat analysis, re-standardized the instrument after any necessary repair is done.  If any compound varies from the expected value by more than +/- 20% for all LFB runs in a batch, the standard has deteriorated or the instrument sensitivity has altered and the analyst must take remedial action.  Any compound that exceeds these limits on both the LFB1 and LFB2 must be reported on the sample reports for the batch.

12.3.2.3  LPCs

The results for LPCs should be within +/-20% of the expected value.

12.3.2.4  MDLs

MDLs should be within 30% of their expected value.

12.3.4  Corrective action

12.3.4.1  Contaminated LRBs

The source of contamination of LRBs must be tracked down and eliminated.  Possible sources of contamination are: 

12.3.4.1.1  Laboratory solvents.  

Segregate sample preparation of volatiles from all solvent sources.

12.3.4.1.2  Cross contamination of standards or sample.  

Wipe syringe needles with a Kim wipe after all samples and then rinse in methanol prior to reuse to avoid this contamination.

12.3.4.1.3  Instrument carry-over contamination from high concentration samples.

Prescreen and appropriately dilute samples to avoid this problem.

12.3.4.2  Unacceptable LFB or LPC results

If the QC summary results are not acceptable, there could be several sources which must be evaluated by a logical trouble- shooting process.  

12.3.4.2.1.  Instrument Sensitivity

If both the LFB and (external standard) LPC show the same effect, the instrument sensitivity may have changed.  Evaluate areas or response factors of recent runs to verify this.  If the effect is stable and does not compromise the required detection limit, the instrument may be re-standardized.  Otherwise, address the problem with either the Section Supervisor or the Laboratory Engineer for assistance and repair the instrument prior to further analysis..  Some problem indicators are listed below.

12.3.4.2.1.1  Chloromethane:

This compound is the most likely compound to be lost if the purge flow is too high.

12.3.4.2.1.2  Bromoform:

This compound is one of the compounds most likely to be purged very poorly if the purge flow is too slow. Cold spots and/or active sites in the transfer lines may adversely affect response.  It may also indicate that trap affinity has degraded.  Heated purge helps insure reproducibility of bromoform response.

12.3.4.2.1.3  Tetrachloroethane and 1,1-Dichloroethane:

These compounds are degraded by contaminated transfer lines in purge-and-trap systems and/or active sites in trapping materials.

12.3.4.3  Problems with standards

If the LPC shows a problem but the LFB does not (or vice versa), re-analyze a fresh preparation to ensure that the problem is not poor water standard preparation.  If the problem persists, the secondary standard will have to be re-made.  Deterioration of the standard should be observable on other instruments if they have not been recently re-standardized.

13.  Safety

13.1  Hazard Instruction

The toxicity or carcinogenic hazard of chemicals used in this method has not been precisely defined. Each chemical should be treated as a potential health hazard, and exposure to these chemicals should be minimized. Each laboratory is responsible for maintaining awareness of OSHA regulations regarding safe handling of chemicals used in this method. Additional references to laboratory safety are available for the information of the analyst (reference 5).

13.2  Carcinogen List

The following method analytes have been tentatively classified as known or suspected human or mammalian carcinogens: benzene, carbon tetrachloride, 1,4‑dichlorobenzene, 1,2‑dichloroethane, hexachlorobutadiene, 1,1,2,2-tetrachloroethane, 1,1,2‑trichloroethane, chloroform, 1,2‑dibromoethane, tetrachloroethene, trichloroethene, and vinyl chloride. Pure standard materials and stock standard solutions of these compounds should be handled in a hood.
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