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1.0
SCOPE AND APPLICATION

1.1 This is a method for the determination of caffeine in water and wastewater that has been adapted from the EPA Method 525.2 for the determination of semivolatile organic compounds in drinking water. This method is applicable to detect and quantitate caffeine in surface water and (dilluted) wastewater. Some relevant chemical data for caffeine are listed below (1):

	Synonym
	1,3,7-trimethylxanthine

	CAS #
	58-08-2

	Molecular Formula
	C8H10N4O2

	Molecular Weight
	194.19

	Water Solubility
	21.6 mg/mL (25 (C)

	Log P (octanol-water)
	-0.07

	Vapor Pressure
	7.33 ( 10-9 mm Hg

	Henry’s Law Constant
	3.58 ( 10-11 atm m3/mole


1.2
This method applies a solid-phase extraction (SPE) procedure in which caffeine (along with internal standard and surrogate standards) partitions from the water sample onto a sorbent medium in a disk. The extraction efficiency of the disk is an important factor in the overall analytical sensitivity of the method. Various types of disks, differing in polarity and analyte-specific interactions, were evaluated for this method. Two types were found to be most suitable for the extraction of caffeine from water in this method. One type is the C18 (octadecyl) disk, which is a general-purpose extraction medium in which partioning of analytes is based on hydrophobic interactions. The other type is a styrene divinylbenzene co-polymer modified with sulfonic acid (SDB-RPS) disk, which is designed to be more selective for organic analytes that are polar in nature, such as drugs, drug metabolites, and water soluble pesticides. Experimental data obtained in this laboratory indicate that the SDB-RPS disk has a higher extraction efficiency for caffeine compared to the C18 disk. The GC-MS analysis employed in this method was based on full-scan data without Selected Ion Monitoring (SIM). The optional use of SIM may also increase the overall sensitivity of the method.   

1.3
Method detection limit (MDL) is defined as the statistically calculated minimum amount that can be measured with 99% confidence that the reported value is greater than zero (1). The MDL is particularly dependent on extraction efficiency (see also section 1.2). Using two stacked C18 disks instead of one disk can increase the extraction effiency. The MDLs for caffeine determined by this method with C18 disks and with SDB-RPS disks are listed in Table 3. The concentration calibration range for caffeine demonstrated in this method is between 0.025 g/L and 9.00 g/L.

2.0
SUMMARY OF METHOD


Caffeine, internal standard, and surrogates are extracted from a water sample by passing 1 L of sample water through a disk containing a solid extraction phase (solid-phase extraction, SPE). The organic compounds are eluted from the disk with small quantities of ethyl acetate followed by methylene chloride, and this extract is concentrated further by evaporation of some of the solvent.  The sample components are separated, identified, and measured by injecting an aliquot of the concentrated extract into a high resolution fused silica capillary column of a gas chromatography/mass spectrometry (GC/MS) system. Compounds eluting from the GC column are identified by comparing their measured mass spectra and retention times to reference spectra and retention times in a database.  Reference spectra and retention times for analytes are obtained by the measurement of calibration standards under the same conditions used for samples. The concentration of each identified component is measured by relating the MS response of the quantitation ion produced by that compound to the MS response of the quantitation ion produced by a compound that is used as an internal standard. 
2.1
The analyst using this method has more than 15 years of experience in GC/MS analysis and is skilled in the interpretation of chromatograms and mass spectra.  Each new analyst is restricted to work under the supervision of an experienced analyst until fully trained.  Each new analyst must demonstrate the ability to generate acceptable results by doing an initial demonstration of capability and by analyzing a known quality control sample.

3.0
DEFINITIONS

3.1
Internal Standard (IS) -- A pure analyte(s) added to a sample, extract, or standard solution in known amount(s) and used to measure the relative responses of other method analytes and surrogates that are components of the same solution. The internal standard must be an analyte that is not a sample component.

3.2
Surrogate Analyte (SA) -- A pure analyte(s), which is extremely unlikely to be found in any sample, and which is added to a sample aliquot in known amount(s) before extraction or other processing, and is measured with the same procedures used to measure other sample components. The purpose of a SA is to monitor method performance with each sample.

3.3
Laboratory Duplicates (LD1 and LD2) -- Two aliquots of the same sample taken in the laboratory and analyzed separately with identical procedures. Analyses of LD1 and LD2 indicate precision associated with laboratory procedures, but not with sample collection, preservation, or storage procedures.

3.4
Field Duplicates (FD1 and FD2) -- Two separate samples collected at the same time and place under identical circumstances and treated exactly the same throughout field and laboratory procedures. Analyses of FD1 and FD2 give a measure of the precision associated with sample collection, preservation, and storage, as well as with laboratory procedures.

3.5
Laboratory Reagent Blank (LRB) -- An aliquot of reagent water or other blank matrix that is treated exactly as a sample including exposure to all glassware, equipment, solvents, reagents, internal standards, and surrogates that are used with other samples. The LRB is used to determine if method analytes or other interference are present in the laboratory environment, the reagents, or the apparatus.

3.6
Field Reagent Blank (FRB) -- An aliquot of reagent water or other blank matrix that is placed in a sample container in the laboratory and treated as a sample in all respects, including shipment to the sampling site, conditions, storage, preservation, and all analytical procedures. The purpose of the FRB is to determine if method analytes or other interferences are present in the field environment.

3.7
Instrument Performance Check Solution (IPC) -- A solution of one or more method analytes, surrogates, internal standards, or other test substances used to evaluate the performance of the instrument system with respect to a defined set of method criteria.

3.8
Laboratory Fortified Blank (LFB) -- An aliquot of reagent water or other blank matrix to which known quantities of the method analytes are added in the laboratory. The LFB is analyzed exactly like a sample, and its purpose is to determine whether the methodology is in control, and whether the laboratory is capable of making accurate and precise measurements.

3.9
Laboratory Fortified Sample Matrix (LFM) -- An aliquot of an environmental sample to which known quantities of the method analytes are added in the laboratory. The LFM is analyzed exactly like a sample, and its purpose is to determine whether the sample matrix contributes bias to the analytical results. The background concentrations of the analytes in the sample matrix must be determined in a separate aliquot and the measured values in the LFM corrected for background concentrations.

3.10
Stock Standard Solution (SSS) -- A concentrated solution containing one or more method analytes prepared in the laboratory using assayed reference materials or purchased from a reputable commercial source.

3.11
Primary Dilution Standard Solution (PDS) -- A solution of several analytes prepared in the laboratory from stock standard solutions and diluted as needed to prepare calibration solutions and other needed analyte solutions.

3.12
Calibration Standard (CAL) -- A solution prepared from the primary dilution standard solution or stock standard solutions and the internal standards and surrogate analytes. The CAL solutions are used to calibrate the instrument response with respect to analyte concentration.

3.13
Quality Control Sample (QCS) -- A solution of method analytes of known concentrations that is used to fortify an aliquot of LRB or sample matrix. The QCS is obtained from a source external to the laboratory and different from the source of calibration standards. It is used to check laboratory performance with externally prepared test materials.

4.0
INTERFERENCES

4.1
During analysis, major contaminant sources are reagents, filters, and solid-phase extraction devices. Analyses of field and laboratory reagent blanks provide information about the presence of contaminants.

4.2
Interfering contamination may occur when a sample containing low concentrations of compounds is analyzed immediately after a sample containing relatively high concentrations of compounds. Syringes and splitless injection port liners must be cleaned carefully or replaced as needed. After analysis of a sample containing high concentrations of compounds, a laboratory reagent blank should be analyzed to ensure that accurate values are obtained for the next sample.

5.0
SAFETY

5.1
The target analyte caffeine, a constituent of a variety of beverages and food products, is found at relatively low concentrations in some surface waters and wastewaters (2). Based on the typical levels in surface waters and wastewaters, caffeine does not pose any toxic risks. The toxicity or carcinogenicity of other 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. WES maintains and makes readily available to all employees hard copy files of all material safety data sheets (MSDSs) for the chemicals used in this and other analytical methods.  WES also maintains a subscription to MSDSs on-line (HazMat Zone, Genium Publishing Corp., Amsterdam, NY) – all WES employees have direct on-line access to this large library of MSDSs.

6.0 EQUIPMENT AND SUPPLIES

6.1 Sample containers – New 1-L amber glass bottles fitted with Teflon-lined screw cap are used and discarded after analysis.

6.2 Glassware 

6.2.1 Erlenmeyer flasks, Class A – Various sizes, with ground glass stoppers

6.2.2 Graduated cylinder – 1 L

6.2.3 Disposable pasteur pipettes,  transfer – Borosilicate glass

6.2.3 Glass syringes – 10-, 50-, 100-, & 250-L transfer syringes

6.2.4 Volumetric pipette, Class A – 5 mL

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

6.2.6 Vials – 40 mL. Borosilicate glass

6.2.7 Funnel – 55 mm ID glass. To hold 5-7 g of anhydrous sodium sulfate to provide a drying column

6.2.8 Graduated concentrator tubes – 50 mL.  Zymark TurboVap brand

6.2.6 Autosampler vials – 1mL. Amber with PTFE-lined screw caps 

6.2.9 Filter flask – 1000 mL (optional)

6.3 Glassware Washing Procedure  – All glassware must be thourougly cleaned. This is accomplished by soaking glassware in a dilute solution of MicroTM (2% solution) and hot water. Scrub dirty pieces of glassware with brushes. Rinse thoroughly with warm tap water. Rinse glassware with acetone – all inner surface areas of the glassware must come in contact with the acetone.  Acetone must be dispensed from a glass container. Draw-off excess acetone with quick wrist shakes. Glassware must not contact plastic materials. Bleach or abrasive cleansers are prohibited from coming in contact with the glassware. If the scrubbing or acetone does not thoroughly clean glassware, contact supervisor.  It is possible that a stronger solvent may be needed to clean the glassware (i.e., methylene chloride). Place cleaned glassware in a storage cabinet to avoid accumulation of dust.

6.4 Laboratory or aspirator vacuum system  –  Sufficient capacity to maintain a minimum vacuum of approximately 66 cm (26 in) of Hg. 

6.5 TurboVap Concentrator II  Zymark Corporation.

6.8
Analytical balance Mettler Toledo AB204  –  Capable of accurately weighing to the nearest 0.0001 g.

6.9
Fused silica capillary gas chromatography column  –   A 30 m X 0.25 mm id fused silica capillary column coated with a 0.25 (m bonded film of polyphenylmethylsilicone (J&W DB-5.MS) is used.

6.10
Gas chromatograph/mass spectrometer/data system (GC/MS/DS) – A Varian 3400 CX GC is used. 

6.10.1
This GC is capable of temperature programming and is equipped for splitless/split injection.  The injection tube liner is made of quartz and about 3 mm in diameter. The injection system does not allow the analytes to contact hot stainless steel or other metal surfaces that promote decomposition.  The injection port is cooled off with liquid CO2 after each run.

6.10.2
The GC/MS interface allows the capillary column or transfer line exit to be placed within a few mm of the ion source. 

6.10.3
A Varian Ion Trap, the Saturn 3, is used.  This mass spectrometer is capable of electron ionization at a nominal electron energy of 70 eV to produce positive ions and is capable of scanning from 45 to 450 amu with a complete scan cycle time (including scan overhead) of 1.0 sec or less. (Scan cycle time = total MS data acquisition time in sec divided by number of scans in the chromatogram). This spectrometer produces a mass spectrum that meets all criteria in Table 1 when 5 ng of DFTPP is introduced into the GC. 

6.10.4
An interfaced data system is used to acquire, store, reduce, and output mass spectral data. The computer software has the capability of processing stored GC/MS data by recognizing a GC peak within any given retention time window, comparing the mass spectra from the GC peak with spectral data in a user-created database, and generating a list of tentatively identified compounds with their retention times and scan numbers.  The software also allows integration of the ion abundance of any specific ion between specified time or scan number limits, calculation of response factors as defined in Sect. 10.2.6 (or construction of a linear regression calibration curve), calculation of response factor statistics (mean and standard deviation), and calculation of concentrations of analytes using either the calibration curve or the equation in Sect. 12.

6.10.5
A Varian 8200CX automatic sampler is used to inject the blanks/standards and samples into the GC.

7.0 REAGENTS AND STANDARDS

7.1 Helium carrier gas – Ultra high purity grade

7.2 Empore extraction disks C18 or SDB-RPS - Contain a solid extraction medium uniformly enmeshed in an inert matrix, they are 47 mm in diameter and 0.5 mm in thickness. One liter of reagent water passes through the disks in 5-20 min using a vacuum of about 66 cm (26 in.) of mercury. 

7.3 Glass-fiber filters – 90 mm, 0.7 (m pore size, heated to 450(C for at least 2 h in a muffle furnace.  (optional; needed for the filtration of samples with high turbidity to prevent clogging of the extraction disks)

7.4 Filtration aid (optional)

7.4.1.1 Empore Filter Aid 400 (3M)

7.4.1.2 In-situ glass micro-fiber prefilter – (Whatman GMF 150, 1-(m pore size, or  equivalent). 

7.5 Solvents

7.3.1 Methylene chloride, ethyl acetate, acetone, and methanol – High purity pesticide quality 

7.3.2 Reagent water – ASTM Type I Grade A reagent water is used, obtained using a Barnstead water purification system

7.6 Sodium sulfate – Anhydrous, heated to 450(C for at least 4 h in a muffle furnace.

7.7 Glasswool – Silane treated. To plug the funnel neck in order to hold the sodium sulfate.

7.8 Stock standard solutions

7.8.1 Reagent-grade caffeine (anhydrous, purity >98.5%) is used to prepare a stock standard solution of 2700 (g/mL in methanol. Store in freezer at –20 (C. 

7.8.2 The internal standard used is caffeine-13C (trimethyl-13C) following a published method (3). The stock solution is purchased as a 1000 (g/mL concentration in methanol.  Store in a refridgerator at 2-8 (C. 

7.8.3 Individual and/or mixture solutions of surrogates (compounds still to be selected). Store in a freezer at –20 (C. 

7.8.4 A caffeine reference standard (1000 (g/mL in methanol) is purchased from an independent source. Store in a refridgerator at 2-8 (C.

7.9 Primary dilution standard (PDS) solutions – These solutions are used to prepare the calibration standards and to fortify the water samples at the desired concentrations. Acetone is used for all further dilutions.   The primary dilution standard solution is stored in a vial in a freezer at -20( C, and checked frequently for signs of degradation or evaporation, especially just before preparing calibration solutions.

7.9.1 The caffeine PDS solution is prepared at a concentration of 6.5 (g/mL.  A 20-(L aliquot added to 1 L results in a concentration of 0.13 (g/L

7.9.2 The caffeine-13C internal standard solution is prepared at 100 (g/mL.  A 20-(L aliquot added to 1 L results in a concentration of 2 (g/L.  Store in a refridgerator at 4 ( 2 (C. 

7.10 GC/MS performance check solution – A solution in methylene chloride of the following compounds at 5 ng/uL of each: DFTPP, endrin, and 4,4'-DDT.  This solution is stored in an amber vial in a freezer at -20(C.  DFTPP is less stable in acetone or ethyl acetate than it is in methylene chloride.

7.11 Calibration solutions – A series of ten concentration calibration solutions (CAL1 through CAL10) in acetone which contain caffeine, internal standard, and surrogates are prepared at 9, 6, 4, 2, 1, 0.65, 0.32, 0.13, 0.065 and 0.0.032 ng/L, from the PDS solutions (see section 7.8), with a constant concentration of 2 ng/uL of the internal standard in each CAL solution. CAL1 through CAL10 are prepared by combining appropriate aliquots of the primary dilution standard solutions (7.7) caffeine and internal standard and surrogates.  These solutions are stored in amber vials at -20(C in a freezer.  CAL1 through CAL6 are used to generate the low-range calibration curve; CAL 6 through CAL10 are used to generate the high-range calibration curve, if necessary. 

8.0
SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 Sample collection – Collect samples in borosilicate glass, amber, 1-L volume bottles fitted with Teflon‑lined screw caps. Conventional sampling practices should be followed. Sampling equipment, including automatic samplers, must be free of plastic tubing, gaskets, and other parts that may leach interfering analytes into the water sample. Automatic samplers that composite samples over time should use refrigerated glass sample containers if possible. 

NOTE: Avoid the consumption of caffeinated beverages immediatedly before and during the sampling event to prevent sample contamination. If consuming caffeinated beverages prior to the sampling event, wash hands to remove any possible caffeine residues.
8.2 Sample preservation – All samples should be iced or refrigerated at 4(C and kept in the dark from the time of collection until extraction. Store samples in the dark at 4(C until extracted.  Refrigerator temperature is monitored and recorded daily.

8.3
Holding time – Samples are extracted within 14 days of collection. This holding time is justified based on biodegradation and chemical degradation data for caffeine in lake water reported in the literature (3). The extracts are stored in a freezer at -25 to -10(C.  Extracts are analyzed within 30 days of sample extraction. 

8.4
Field Blanks – Field reagent blanks (FRB), are processed along with each sample set, which is composed of the samples collected from the same general sample site at approximately the same time. This FRB will be prepared in the laboratory by filling a sample container with reagent water. The container will be sealed and shipped to the sampling site along with the empty sample container. The RFB will be returned to the laboratory together with filled sample bottles.  Samples that come to the lab without a FRB will be analyzed, but the collector will be notified that if any compound is found in them, the results are not valid since there is no way of determining that there was no contamination during the sampling trip.

9.0
QUALITY CONTROL

9.1
Initial demonstration of low disk system background – Before any samples are analyzed, or any time a new supply of disks is received from a supplier, a laboratory reagent blank is analyzed to demonstrate that the laboratory reagent blank (LRB) is reasonably free of contamination that would prevent the determination of any analyte of concern. In this same experiment, it is demonstrated that the preparation of the disks is acceptable. Consistent flow rate with all samples is an indication of proper preparation.

9.1.1 A source of potential contamination is the solid-phase extraction (SPE) disk which could contain possibly contaminants that could prevent the determination of method analytes (7). Although disks are generally made of an inert matrix, they may still contain phthalate material. Generally, phthalate esters and other contaminants can be leached from the disks into ethyl acetate and methylene chloride and produce a variable background in the water sample. If the background contamination is sufficient to prevent accurate and precise measurements, the condition is corrected before proceeding with the initial demonstration.

9.1.2 Glass fiber filters used to filter the water sample, if needed, may also be a source of background contamination. This source of contamination can be minimized by the baking the filters for at least 2 h at 450 (C in a muffle oven. 

9.1.3
Other sources of background contamination are solvents, reagents, and glassware. Background contamination must be reduced to an acceptable level before proceeding with the next section.  In general, background from method analytes should be below the method detection limit.

9.1.4
Approximately 5-20 min will normally be required to pass one liter of a reasonably clear water sample through a disk. Some water samples may contain suspended particles and dissolved substances that cause clogging of the extraction disk. Such samples may require filtration or the use of a pre-filter (see section 11.1 and 11.2). Alternatively, the extraction volume may be limited to the volume of water that is able to pass through the extraction disk before clogging prevents further extraction. The extraction time should not vary unreasonably among disks.  

9.2
Initial demonstration of laboratory accuracy and precision – A minimum of four replicates of a laboratory fortified blank containing caffeine at a concentration of 0.13 (g/L is analyzed.

9.2.1
Each replicate is prepared to section 8.2, then adding 20 (L of the caffeine PDS and internal standard PDS is added to one liter of reagent water to constitute a LFB. This information is entered in the extractions book.  Each replicate is analyzed according to the procedures described in section 11.

9.2.2
Calculate the measured concentration of each analyte in each replicate, the mean concentration of each analyte in all replicates, and mean accuracy (as mean percentage of true value) for each analyte, and the precision (as relative standard deviation, RSD) of the measurements for each analyte.

9.2.3
For each analyte and surrogate, the mean accuracy, expressed as a percentage of the true value, should be 70-130% and the RSD should be <30%. If these criteria are not met the accuracy and precision study is repeated.

9.2.4
Seven replicate laboratory fortified blanks which have been fortified with caffeine at 0.13 g/L are analyzed.  The MDL of each analyte is calculated using the procedure described in Sec. 13.1.2 (2). It is recommended that these analyses be performed over a period of three or four days to produce more realistic method detection limits.


9.3
Internal Standard Monitoring – The integrated areas of the quantitation ions of the internal standards are monitored.  The area of quantitation of the IS found in a sample is compared to the area of quantitation of the IS found in the calibration standards. 

9.4
Laboratory Reagent Blank – With each batch of samples processed as a group within a 12 hour work shift, a laboratory reagent blank is analyzed to determine the background system contamination. Any time a new batch of SPE disks is received, or new supplies of other reagents are used, the demonstration of low background, described in Sect. 9.2 is repeated.

9.5
Laboratory Fortified Blank – With each batch of samples processed as a group within a work shift, a single laboratory fortified blank (LFB) containing caffeine at a concentration of 0.13 (g/L is analyzed. If more than 20 samples are included in a batch, analyze a LFB for every 20 samples.  The accuracy of the measurements is evaluated. If it is not within ± 30%, the problem is located and corrected before additional samples are analyzed.

9.6
Laboratory Fortified Matrix – To determine that the sample matrix does not contain materials that adversely affect method performance, laboratory fortified matrix samples (LFM) are analyzed at a frequency of 5% or one per batch whichever is more frequent.  The precision, accuracy, and method detection limits of analytes should be in the same range as obtained with laboratory-fortified blanks.  The LFM solution is the same used as a laboratory fortified blank (Section 9.5)

9.7
Field Reagent Blank – With each set of samples, a field reagent blank (FRB) is analyzed. The results of this analysis will help define contamination resulting from field sampling and transportation activities.

9.8
Quality Control Sample  – Quarterly, a quality control sample (QCS) from an external source is analyzed. If measured analyte concentrations are not of acceptable accuracy (Sect. 9.3.3), the entire analytical procedure must be checked to locate and correct the problem source.

10.0
CALIBRATION AND STANDARDIZATION

10.1
Acceptable initial calibration is documented before any samples are analyzed and repeated intermittently throughout sample analysis as dictated by results of continuing calibration checks. After initial calibration is successful, a continuing calibration check is analyzed each day or at the beginning of each period in which analyses are performed not to exceed 12 hours. 

10.2
Initial calibration
10.2.1
Calibrate the mass and abundance scales of the MS with perfluortributylamine to meet the requirements in Sect. 10.2.2.

10.2.2
Inject into the GC/MS system a 1-L aliquot of the 5 ng/L solution of DFTPP, endrin and 4,4'-DDT. The endrin and DDT degradation checks are performed simultaneously with the DFTPP check. Acquire a mass spectrum that includes data for m/z 45-450. Use GC conditions that produce a narrow (at least five scans per peak) symmetrical peak for each compound (Sect. 10.2.3.1). If the DFTPP mass spectrum does not meet all criteria in (Table 1), the MS is retuned and adjusted to meet all criteria before proceeding with calibration. A single spectrum or an average spectrum across the GC peak may be used to evaluate the performance of the system. Locate any degradation products of endrin (endrin ketone [EK] and endrin aldehyde [EA]) and 4,4'-DDT (4'4-DDT, 4,4'-DDE and 4,4'-DDD) at their appropriate retention times and m/z ratios. Endrin ketone peak is located at approximately 1.1 to 1.2 times the endrin retention with prominent m/z 67 and 137 ions in the mass spectrum. If degradation of either endrin or DDT exceeds 25% maintenance is performed on the GC injection port and or other areas of the system before proceeding with the calibration. The percent breakdown using peak areas based on total ion current (TIC) is calculated as follows:
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Where ( = the mathematical summation symbol sigma.

10.2.3
Inject a 1-L aliquot of a medium concentration calibration solution, and acquire and store data from m/z 45-450 with a total cycle time (including scan overhead time) of 1.0 sec or less. Cycle time is adjusted to measure at least five or more spectra during the elution of each GC peak.

10.2.3.1
GC program conditions: Helium carrier gas flow rate about 33 cm/sec. Initial temperature 100(C held in splitless mode for 1 min. Heat to 250(C at 12 degrees/min; hold at 250(C for 15 min.; to 300(C at 12 degrees/min, hold at 300(C for 5.34 min.  Total time 38 min.

10.2.4
Performance criteria for the medium calibration. Examine the stored GC/MS data with the data system software.

10.2.4.1
GC performance. Verify that the chromatogram shows a narrow (at least five scans per peak) symmetrical peak for caffeine and surrogate(s). Note that the internal standard caffeine-C13 and caffeine coelute. If the peaks deviate drastically from the desired shape (e.g., asymmetrical shape and/or severe tailing), the GC column requires maintenance. See Sect. 10.3.6.

10.2.4.2
MS sensitivity. The GC/MS/DS peak identification software should be able to recognize a GC peak in the appropriate retention time window for each of the compounds in calibration solution, and make correct identifications. Note that the internal standard caffeine-C13 and caffeine coelute. If any of the compounds are not recognized, system maintenance is required. See Sect. 10.3.6.

10.2.5
If all performance criteria are met, inject a 1-L aliquot of each of the other CAL solutions using the same GC/MS conditions:  0.032, 0.065, 0.13, 0.32, 0.65, 1,  2,  4,  6  and 9 ng/L.

10.2.6
Response factors (RF) are calculated for each analyte of interest and surrogate for each CAL solution using the internal standard whose retention time is nearest the retention time of the analyte or surrogate. Table 2 contains the internal standards for each analyte and surrogate, and quantitation ions for all compounds.  The RF is a unitless number, but units used to express quantities of analyte and internal standard must be equivalent.
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where:

	A(x)
	=
	Integrated abundance of the quantitation ion of the analyte.

	A(is)
	=
	Integrated abundance of the quantitation ion internal standard.

	Q(x)
	=
	Quantity of analyte injected in ng or concentration units.

	Q(is)
	=
	Quantity of internal standard injected in ng or concentration units


10.2.6.1 For each analyte and surrogate, calculate the mean RF from the analyses of the six CAL solutions.  Calculate the standard deviations (SD) and the relative standard deviation (RSD) from each mean  

RSD = 100 (SD/M).  If the RSD of any analyte or surrogate mean RF exceeds 30%, either analyze additional aliquots of appropriate CAL solutions to obtain an accepatble RSD of RFs over the entire concentration range or take action to improve GC/MS performance.  See Sect. 10.3.6.

10.3
Continuing calibration check – The MS tune and initial calibration at the beginning of each 12- hour work shift during which analyses are performed are verified using the following procedure.

10.3.1
Inject a 1-(L aliquot of the 5 ng/(L DFTPP, endrin, and 4.4'-DDT. Acquire a mass spectrum for DFTPP that includes data for m/z 45-450. Ensure that all criteria in Sect. 10.2.2 are met.

10.3.2
Inject a 1-(L aliquot of a 0.32 ng/L solution and analyze with the same conditions used during the initial calibration.

10.3.3
Demonstrate acceptable performance for the criteria shown in Sect. 10.2.4.

10.3.4
Determine that the absolute areas of the quantitation ions of the internal standards and surrogate(s) have not decreased by more than 30% from the areas measured in the most recent continuing calibration check, or by more than 50% from the areas measured during initial calibration. If these areas have decreased by more than these amounts, adjustments must be made to restore system sensitivity. These adjustments may require cleaning of the MS ion source, or other maintenance as indicated in Sect. 10.3.6, and recalibration. 

10.3.5
The RF for each analyte and surrogate must be within 30% of the mean value measured in the initial calibration. If these conditions do not exist, remedial action must be taken which may require recalibration.

10.3.6
Some possible remedial actions  –  Major maintenance such as cleaning the ion source, replacing filament assemblies, etc. require returning to the initial calibration step.

10.3.6.1
Check and adjust GC and/or MS operating conditions; check the MS resolution, and calibrate the mass scale.

10.3.6.2
Clean or replace the splitless injection liner.

10.3.6.3
Flush the GC column with solvent according to manufacturer's instructions.

10.3.6.4
Break off a short portion (about 1 meter) of the column from the end near the injector; or replace GC column.  This action will cause a change in retention times.

10.3.6.5
Prepare fresh CAL solutions, and repeat the initial calibration step.

10.3.6.6
Clean the MS ion source.

10.3.6.7
Replace any components that allow analytes to come into contact with hot metal surfaces.

10.3.6.8 Replace the MS electron multiplier, or any other faulty components.

11.0
PROCEDURE

11.1 Sample Preparation

11.1.1 Filtration of the water sample. If the sample shows a high turbidity it is advisable to filter the sample before continuing with the extraction procedure. Samples with high turbidity can be difficult to pass through the extraction disk completely and the overall analytical sensitivity may be reduced due to a reduced extraction volume. Removal of suspended particles should not affect the total caffeine concentration significantly since caffeine is relatively hydrophyllic (see section 1.1) and, therefore, has low tendency to associate with suspended particles.  Filtration can be accomplished using a filterholder with a glass fiber filter inserted into a filter flask that is connected to a vacuum source.  Transfer the water sample into the filter holder and apply vacuum. Continue until the whole sample has passed through the filter into the filter flask. Continue with the filtered water sample to the disk extraction extraction procedure (section 11.2).  As an alternative to filtration of the sample, filter aid or a prefilter may be used (see section 11.2.2).

11.1.2 Mark the level of the sample on the outside of the sample container for later determination of initial volume and the sample volume used.

11.1.3 To 1-L of sample add 5 mL of MeOH.  Mix well.  Add 20 (L of 100 ng/(L internal standard solution and mix well. Add surrogate standard solution and mix well. The resulting concentration of these compounds in the sample should be 2 (g/L.

11.2 Setting up of Extraction Apparatus 

11.2.1 Assemble the six-station SPE manifold by clamping a SPE disk between each 300-mL reservoir and base (Figure 1).  Standard 47 mm diameter disks are used. 

11.2.2 As an alternative to filtration of the water sample, filter aid or a pre-filter may be used.  

11.2.2.1 Pour 20-40 g of filter aid onto the surface of the disk after assembling the SPE extraction apparatus. 

11.2.2.2 Alternatively, place a glass micro fiber pre-filter on top of the disk prior to assembling the SPE extraction apparatus.

11.2.2.3 When using SDB-RPS disks, moisten the disk with a few drops of acetone in order to prevent wrinkling of the disk.

11.3 Washing and Disk Conditioning

11.3.1 When using C18 disks:  Wash the disk with 5 mL of a 1:1 mixture of ethyl acetate (EtAc) and methylene chloride (MeCl2) by adding the solvent to the disk, drawing about half through the disk, allowing it to soak the disk for about a minute, then drawing the remaining solvent through the disk.  NOTE:  Soaking the disk may not be desirable when disks other than Teflon are used.  Instead, apply a constant, low vacuum to ensure adequate contact time between solvent and disk.

11.3.2 When using SDB-RPS disks:  Use 5 mL acetone for the first washing step and 5 mL methanol for the second washing step.
11.3.2.1 When using fitration aid, adjust volume of wash and conditioning solvents so the entire filtration bed is submerged.

11.3.3 When using either C18 disks or SDB-RPS disks:  The disk conditioning is accomplished by pre-wetting the disk with 5mL methanol (MeOH) and allowing it to soak for about a minute, then drawing most of the remaining MeOH through.  A layer of MeOH must be left on the surface of the disk, which should not be allowed to go dry from this point until the end of the sample extraction.  This is a critical step for a uniform flow and good recovery. 

11.3.4 Add 5 mL to 10 mL of reagent water to the reservoir and apply vacuum to draw most through, again leaving a layer on the surface of the disk.

11.4 Sample Extraction 

11.4.1 Add the water sample to the reservoir and apply vacuum to begin the extraction.  Particulate-free water may pass through the disk in as little as 5 min without reducing analyte recoveries.  Extract the entire sample, transfer and pass through the disk as much water from the sample container as possible.  

11.4.2 After the sample has passed through the disk, dry the disk by maintaining vacuum for about 10 min. Method blanks and matrix spikes are handled in the same manner as the samples.

11.5 Elution of the Analytes from the Disk

11.5.1 Remove the filtration top, but do not disassemble the reservoir and fritted base.  If a suction flask is being used, empty the water from the flask, and insert a 60-mL vial to contain the eluant.  The only constraint on the 60-mL vial  is that it fit around the drip tip of the fritted base.  Reassemble the apparatus.
11.5.2 When using SDB-RPS disks:  Add 4 mL acetone directly into the reservoir.  Draw part of the acetone through the disk and allow it to soak for a minute.  Then draw the remaining acetone through the disk.
11.5.3 When using either C18 or SDB-RPS disks:  Add 5 mL of ethyl acetate to the sample bottle, and rinse the inside walls thoroughly.  Allow the solvent to settle to the bottom of the bottle, then transfer it to the disk (a disposable pipet or syringe may be used to do this), rinsing the sides of the glass filtration solvent through the disk.  Draw about half of the solvent through the disk, release the vacuum, and allow the disk to soak for a minute.  Draw the remaining solvent through the disk.  NOTE:  Soaking the disk may not be desirable if disks other than Teflon are used.  Instead, apply a constant, low vacuum in this Section to ensure adequate contact time between solvent and disk.
11.5.4 When using C18 disks:  Repeat the above step with methylene chloride as the elution solvent.
11.5.5 When using SDB-RPS disks:  Repeat the above step with 1:1 EtAC:MeCl2 solvent.

11.5.6 When using either C18 or SDB-RPS disks:  Using a 5-mL pipet, rinse the filtration reservoir with two 3 mL portions of 1:1 EtAC:MeCl2.  Draw the solvent through the disk into the collector tube.
11.6 Drying and Concentrating of the Eluent

11.6.1 Pour the combined eluates through a drying funnel containing about 5 to 7 grams of anhydrous sodium sulfate and collect the dried extract in the concentrator tube for the Turbo Vap Concentrator. Rinse the collection vial with a 3 mL portion of 1:1 EtAC:MeCl2 mixture. Transfer the rinsing solvent from the collection vial into the drying funnel with the sodium sulfate. Repeat this rinsing step one more time with another 3 mL portion of 1:1 EtAC:MeCl2 mixture. Collect all the extract and washings in the concentrator tube.
11.6.2 Concentrate the extract to a volume between 0.5 and 1 mL under a gentle stream of nitrogen.  Do not concentrate the extract to less than 0.5 mL, since this will result in losses of certain analytes.  Adjust volume to 1.0 mL with ethyl acetate. Rinse the sides of the concentrator tube with the extract using a pasteur pipet.  Transfer the extract into a 1.5 mL amber autosampler vial. Store in freezer at –25 to –10 ºC until GC/MS analysis.

11.7 GC/MS Analysis

11.7.1 Calibration verification. Before any samples are analyzed the DFTPP and the CCC check must be done and their criteria met (10.3).  Place the extract vial in the tray of the Varian 8200 CX automatic sampler and analyze a 1 L aliquot with the GC/MS system under the same conditions used for the initial and continuing calibrations (Sect. 10.2.3).
11.7.2 At the conclusion of data acquisition, use the same software that was used in the calibration procedure to tentatively identify peaks in predetermined retention time windows of interest. Use the data system software to examine the ion abundances of components of the chromatogram.
11.7.3 Identification of Analytes. Identify a sample component by comparison of its mass spectrum (after background subtraction) to a reference spectrum in the user-created database. The GC retention time of the sample component should be within 5 sec of the retention time observed for that same compound in the most recently analyzed continuing calibration check standard.
11.7.3.1 
In general, all ions that are present above 10% relative abundance in the mass spectrum of the standard should be present in the mass spectrum of the sample component and should agree within absolute 20%. For example, if an ion has a relative abundance of 30% in the standard spectrum, its abundance in the sample spectrum should be in the range of 10 to 50%. Some ions, particularly the molecular ion, are of special importance, and should be evaluated even if they are below 10% relative abundance.

11.7.3.2
Identification is hampered when sample components are not resolved chromatographically and produce mass spectra containing ions contributed by more than one analyte. When GC peaks obviously represent more than one sample component (i.e., broadened peak with shoulder(s) or valley between two or more maxima), appropriate analyte spectra and background spectra can be selected by examining plots of characteristic ions for tentatively identified components. When analytes coelute (i.e., only one GC peak is apparent), the identification criteria can be met but each analyte spectrum will contain extraneous ions contributed by the coeluting compound.

11.7.4
The sequence of analysis for a batch of samples is as follows:

11.7.4.1
DFTPP, Endrin,4,4'-DDT solution.

11.7.4.2
Calibration standards: 0.032 ng of calibration standard, followed by all other calibration standards if instrument calibration has to be done, or the 0.32 ng calibration standard as a daily check of initial calibration.

11.7.4.3
Laboratory Reagent Blank

11.7.4.4
Laboratory Fortified Blank

11.7.4.5
Quality Control Sample from an external source (quarterly)

11.7.4.6
Samples

11.7.4.7
Field Reagent Blank

11.7.4.8
Laboratory Fortified Matrix

11.7.4.9
Calibration Check Standard – 0.32 ng

12.0
DATA ANALYSIS AND CALCULATIONS

12.1
Quantitation of Analytes  – Concentrations are calculated by measuring the characteristic ions listed in Table 3.

12.1.1
Calculate analyte and surrogate concentrations.
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where:

	C (x)
	=
	Concentration of analyte or surrogate in ug/L in the water sample

	A (x)
	=
	Integrated abundance of the quantitation ion of the analyte in the sample.

	A(is)
	=
	Integrated abundance of the quantitation ion of the internal standard in the sample.

	Q (is)
	=
	Total quantity (in micrograms) of internal standard added to the water sample.

	V
	=
	Original water sample volume in liters.

	RF
	=
	Mean response factor of analyte from the initial calibration.


12.1.2
Calculations utilize all available digits of precision, but final reported concentrations are rounded off to two significant figures (one digit of uncertainty).

12.1.3
Calculations described in 12.1.1 are performed by the system’s software.

13.0
METHOD PERFORMANCE

13.1
Accuracy and Precision –  The accuracy and precision data (Table 3) for caffeine were obtained at a concentration of 0.13 g/L in reagent water utilizing the SPE and an ion trap detector. The method was evaluated with the use of one disk per extration and two-disk per extraction. The average recoveries in Table 3 represent seven replicate analyses done over a period of several months.

13.1.2
With these data, method detection limits (MDL) in the table was calculated using the formula:

MDL = S t(n-1,1-( = 0.99)

where:

	t(n-1,1-( = 0.99)
	=
	Student's t value for the 99% confidence level with n-1 degrees of freedom

	n
	=
	Number of replicates 

	S
	=
	Standard deviation of replicate analyses.


14.0
POLLUTION PREVENTION

14.1
Refer to the WES Environmental Management System (EMS) policy and SOPs regarding pollution prevention.  

14.2
The quantity of chemicals purchased should be based on expected usage during its shelf life. Actual reagent preparation volumes should reflect anticipated usage and reagent stability.

15.0
WASTE MANAGEMENT

15.1
WES laboratories fully comply with all applicable federal, state, and local environmental regulations.  WES is also committed to protecting the air, water, and land by minimizing and controlling all chemical releases from fume hoods, biological safety cabinets, and bench operations.  Refer to the WES EMS policy and SOPs regarding waste management.

15.2
This method utilizes the new solid-phase (SPE) extraction technology to remove the analytes from water. It requires the use of very small volumes of organic solvent and very small quantities of pure analytes, thereby eliminating the potential hazards to both the analyst and the environment involved with the use of large volumes of organic solvents in conventional liquid-liquid extractions.

15.3
All waste solvents are collected in sealed waste containers. Once the waste containers reach capacity, they are transferred to the WES hazardous waste storage room where they are emptied into a waste solvent drum.  Within 180-days of waste accumulation, the waste solvent drum is transported off the premises by a licensed hazardous waste management contractor.  Under the WES EMS, a chemical inventory database has been developed to track purchases and use of solvents and other hazardous materials, and the waste generated by the use of these chemicals. 
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17.0 TABLES AND VALIDATION DATA

	TABLE 1.
Quality Control Elements and Acceptance Limits for the Analysis of Caffeine in Water By Solid-phase Extraction And Capillary Column Gas Chromatography/Mass Spectrometry

	QC Elements
	Frequency
	Acceptance Criteria
	Corrective Action

	Sample Extract Storage
	Every extract
	Extracts are stored in freezer at -25 to -10(C and analyzed within 30 days of sample extraction.
	Qualify data (H) as suspect (holding time exceeded).  Contact sample collector to collect new sample

	MS Calibration
	Beginning of every twelve hours of analysis
	EPA – DFTPP specifications
	MS retuned

	Degradation Products
	Beginning of every twelve hours of analysis
	Degradation < 25%
	Maintenance of the GC system

	Laboratory Reagent Blank
	With each batch of samples processed as a group in a work shift
	Contamination of method analytes < MDL
	Identify source of contamination and reduce it to acceptable levels

	Initial Calibration (IC)
	Every time the calibration verification does not meet criteria
	* RSD within 30% of the mean RF for each compound on each cal level
	Necessary adjustments to the system and recalibration

	Internal Standards
	Added to all blanks, standards and samples
	Area of quant ion ( 30% area in CCC or ( 50% area in IC
	Identify source of error and recalibrate if necessary

	Surrogate Standards
	Added to all blanks, standards and samples
	Value within 30% of true value.  Area of quant ion ( 30% area in CCC or ( 50% area in IC
	Identify source of error and recalibrate if necessary

	Calibration Verification (CCC)
	Beginning of twelve hours of analysis
	For each compound RF must be within 30% of mean RF in IC
	Identify source of error and recalibrate if necessary

	Field Reagent Blank
	With each set of samples from the same site
	Method Analytes < MDL
	Determine if the contamination is from the lab

	Field Duplicates
	10%
	RPD 0 – 20%
	Review all analyses done in the day to determine that it is not a lab error

	Laboratory Fortified Blank
	With each batch of samples as a group in 12 hours or every 20 samples
	Value for each analyte, 70 – 130% of true value
	Identify source of error and repeat extraction if necessary

	QC Sample from an External Source
	Three times a year
	EPA specifications
	Determine source of error and repeat analysis

	MDL determination (USEPA, 1997)
	Annually
	Target analyte concentration spiked into the blank matrix must not exceed 10 times (approximately) the experimentally determined MDL 
	Repeat MDL study spiking the blank matrix with lower concentration of the target analyte 


	TABLE 2. 
Ion Abundance Criteria For Bis(Perfluorophenyl)Phenyl Phosphine (Decafluorotriphenylphosphine, DFTPP)

	Mass (M/z)


	Relative Abundance Criteria
	Purpose of Checkpoint(1)

	51
	10-80% of the base peak
	low mass sensitivity

	68
	<2% of mass 69
	low mass resolution

	70
	<2% of mass 69
	low mass resolution

	127
	10-80% of the base peak
	low-mid mass sensitivity

	197
	<2% of mass 198
	mid-mass resolution

	198
	base peak or >50% of 442
	mid-mass resolution and sensitivity

	199
	5-9% of mass 198
	mid-mass resolution and isotope ratio

	275
	10-60% of the base peak
	mid-high mass sensitivity

	365
	>l% of the base peak
	baseline threshold

	441
	Present and < mass 443
	high mass resolution

	442
	base peak or >50% of 198
	high mass resolution and sensitivity

	443
	15-24% of mass 442
	high mass resolution and isotope ratio


	TABLE 3.
Retention Time Data and Quantitation Ions

	Compound


	Retention Time (min:sec)
	Quantitation Ion
	IS Reference

	Internal Standard

	Caffeine-C13 (trimethyl)
	11.45
	197
	

	
	
	
	

	Surrogate

	To be selected
	
	
	

	

	Target Analyte

	Caffeine
	11.45
	194
	

	
	
	
	


	TABLE 4 
Precision, Accuracy and MDL from Seven Determinations at 0.13 (g/L in Reagent Water Using Solid-Phase C18 Extraction Disks (one or two disks) or 0.065 (g/L Using SDB-RPS Extraction Disks and the Ion Trap Mass Spectrometer. Date:  10/20/2006


	Target Analytes
	Mean Accuracy 

(% of True Value)
	Rel. Std. Dev. (%)
	Method Detection Limit ((g/L)

	Caffeine (one C-18 disk)
	98
	6.3
	0.030

	Caffeine (two C-18 disks)
	93
	5.9
	0.024

	Caffeine (SDB-RPS disks)
	100
	7.4
	0.016
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