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SEMI-VOLATILE ORGANICS by GC/MS
EPA METHOD 625

1.0
SCOPE AND PURPOSE

This method is used for the determination of semi-volatile organic compounds in municipal and industrial discharges as provided in 40 CFR Part 136.1.  The instrument used is a Varian Saturn Ion Trap GC/MS.

2.0
INTERFERENCES
Major positive interferences are produced by semi-volatile contaminants introduced to the sample during sample collection, and/or sample preparation.  All reagents and apparatus must be free from contaminants, especially phthalates. 

2.1 A method blank should be run with every set of samples extracted to demonstrate lack of significant contamination.

2.2 A solvent blank should be run with every analytical batch to demonstrate that the GC/MS system is not contributing to any contamination. 

2.3 Used glassware should be rinsed with acetone and reagent water as soon as possible after use.  Dry and heat in a muffle at 400°C for 1 hour.  Store clean glassware in a clean environment, inverted and capped with aluminum foil. 

2.4 Use high purity reagents and GC grade solvents to minimize interference problems.

2.5 Negative interferences are produced by very high concentrations of hydrocarbons or analytes.  Dilute extracts as necessary to ensure accurate quantitation. 

3.0
SAFETY

Exercise caution, wear safety glasses and gloves, and handle solvents and standards in a fume hood.  Many of these compounds are suspected carcinogens.  Refer to the OSHA regulations and MSDS for more information.

4.0
PRESERVATION AND STORAGE
4.1
All samples must be iced or refrigerated at 4°C from time of collection until extraction.  Fill the sample bottles and, if residual chlorine is present, add 80 mg sodium thiosulfate per liter of sample and mix well.

4.2
Samples must be extracted within 7 days of collection and completely analyzed within 40 days of extraction.

5.0
EQUIPMENT

5.1 Varian Saturn GC/MS/DS, consisting of a Varian 3900 GC with a split/splitless injector, Varian 2100T ion trap mass spectrometer, and a Saturn GC/MS Workstation data system on a desktop PC.

5.2 Column: J&W DB-5ms, 30 meter x 0.25mm id, 0.25um phase thickness.

5.3 Corning Accelerated One-Step continuous liquid/liquid extraction apparatus.

5.4 Corning membranes (cat. #3918-47) for the Accelerated One-Step Extractors.

5.5 Glass wool – muffled at 400oC for 2 hours.

5.6 Labconco RapidVap automatic concentrator.

5.7 Millipore Elix 3 reverse osmosis and Milli-Q TOC Plus polishing unit.

6.0
REAGENTS 

6.1 Reagent water, obtained fresh from Milli-Q system.

6.2 Sodium hydroxide solution (6 M NaOH) - 279 mL of JT Baker 50% NaOH solution + 621 mL reagent water.

6.3
Sodium thiosulfate, (ACS) Granular. 

6.4
Sulfuric acid – EM Science 96% Suprapur H2SO4.

6.5 Methylene chloride - Pesticide quality or equivalent.

6.6 Stock standard solutions.  Commercially prepared at concentrations of 2000 µg/mL or less.  Sources are Supelco, Ultra Scientific and AccuStandard.  Use separate sources, or at a minimum, separate lot numbers, for preparation of initial calibration standards and calibration check standards. The following standards are used to prepare solutions for a 6-level i calibration:

6.6.1 Ultra Scientific cat. #US-100N, Base/Neutral Mix #1, 2000 µg/mL.

6.6.2 Ultra Scientific cat. #US-101N, Base/Neutral Mix #2, 2000 µg/mL.

6.6.3 Ultra Scientific cat. #US-103N, Toxic Substance Mix #1, 2000 µg/mL.

6.6.4 Ultra Scientific cat. #US-104N, Toxic Substance Mix #2, 2000 µg/mL.

6.6.5 Ultra Scientific cat. #US-105N, Benzidine Mix, 2000 µg/mL.

6.6.6 Ultra Scientific cat. #US-106N, PAH Mix, 2000 µg/mL.

6.6.7 Ultra Scientific cat. #US-107N, Phenols Mix, 2000 µg/mL.

6.6.8 Ultra Scientific cat. #RCC-198, Pyridine (2000 µg/mL, made from neat).

6.6.9 AccuStandard cat. M-8270-SS, Surrogate Mix, 4000 µg/mL.

6.6.10 AccuStandard cat. #Z-014J, Internal Standard Mix, 4000 µg/mL.

Store stock standards at 4 oC or less.  Keep a maximum of six months if open or up to expiration date provided by manufacturer is ampule has not been opened.

Calibration Standards Preparation

	IC Standards
	Solutions #1-8
	Surrogate (#9)
	I.S. (#10)
	CH2Cl2

	120 µg/mL
	60 µL each
	30 µL
	10 µL
	490 µL

	80 µg/mL
	40 µL each
	20 µL
	10 µL
	660 µL

	50 µg/mL
	25 µL each
	12.5 µL
	10 µL
	790 µL

	20 µg/mL
	10 µL each
	5 µL
	10 µL
	915 µL

	5 µg/mL
	100 µL of 50 µg/mL cal std
	--
	9 µL
	900 µL

	1 µg/mL
	50 µL of 20 µg/mL cal std
	--
	9.5 µL
	950 µL


6.7
Surrogate standard spiking solution: Surrogate solution at 100 µg/ml in acetone.  Ultra Scientific cat. # ISM-331 containing 2-fluorobiphenyl, 2-fluorophenol, nitrobenzene-d5, phenol-d5, p-terphenyl-d14, and 2,4,6-tribromophenol, all at 4000 µg/ml.  Dilute 2.5 ml to 100 ml with acetone.

6.8
Internal standard spiking solution: Ultra Scientific Cat # US-108N-4, internal standard mixture at 4 mg/mL. Use 10 µL per ml of extract.

6.9 Tuning/tailing standard - 50 µg/ml DFTPP, 50 µg/ml Pentachlorophenol, 

100 µg/ml Benzidine in methylene chloride.  Stock solutions are Ultra  Scientific #GCS-120 (Pentachlorophenol @ 1000 µg/ml) and #GCS-130 (DFTPP @ 

1000 µg/mL and benzidine @ 2000 µg/mL). Take 50 µL each from #GCS-120 and GCS-130, add this to 900 µL of methylene chloride in a 2 ml vial.

6.10 Spike solution @ 100 µg/mL.  Ultra Scientific solutions @ 2000 µg/mL:

6.10.1 SVM-102.  Base/Neutral Extractables Mix

6.10.2 US-103N-4.  Toxic Substance Mix #1

6.10.3 US-104N-4.  Toxic Substance Mix #2

6.10.4 US-105N-4.  Benzidine Mix

6.10.5 US-107N-4.  Phenol Mix

6.10.6 RCC-198.  Pyridine (make from neat)

Fill a 50-mL volumetric flask half full with acetone, add 2.5-mL from each of the above six solutions, then bring to mark with acetone.

7.0
CALIBRATION AND MAINTENANCE
Demonstration and documentation of acceptable initial calibration is required before any samples are analyzed and is required intermittently throughout sample analysis as dictated by results of continuing calibration checks.  A calibration check must be analyzed at the beginning of each analytical run, every 12-hour period thereafter, and at the end of each analytical run.

7.1
Calibration

7.1.1 Calibrate the mass and abundance scales of the MS with calibration compounds and procedures prescribed by the manufacturer with any modifications necessary to meet the requirements in Table A3.

7.1.2
Inject into the GC a 1µL aliquot of the 50 µg/L DFTPP/Pentachlorophenol/Benzidine Tuning/Tailing standard solution (6.10).  Use the GC conditions listed in Table A2.  Acquire a background corrected spectrum of DFTPP and confirm that all the key m/z criteria in Table A3 are achieved.  In addition, confirm that the tailing factor for pentachlorophenol is less than 5, and the tailing factor for benzidine is less than 3.  If any of these criteria are not met, the GC and/or the MS must be adjusted/serviced until all of the above criteria are met.

7.1.3
Prepare a series of 6 standards as follows: 1, 5, 20, 50, 80 and 120 µg/Ml in methylene chloride.  Standards should include all compounds listed in Table A1, including surrogates.  Refer to section 6.6 for the preparation of calibration standards.

7.1.4 Inject 1 µL of each of the 6 standards into the GC, low concentration to high, using GC program in Table A5. Refer to 9.2 for processing the 6-point calibration.  The relative standard deviation of all of the response factors should be less than 30%.  Alternatively, a linear or second order regression can be used.  The coefficient of variance for the linear/second order regression should be 0.998 or greater. If these criteria cannot be met, refer to 7.2.3 for remedies.

7.2
Continuing Calibration

7.2.1
On a daily basis, inject 1 µL of a Continuing Calibration Check Std at 50 µg/Ml.  The CCC standard should be prepared from stock solutions independent of those used for the 6-level calibration (i.e. different manufacturer or different lot number).  If more than 10% of the CCC compounds differ from the average response of the 6- level calibration by more than ±20%, re-calibration is necessary. And, if the CCC continues to fail, a fresh CCC standard needs to be prepared. Finally, if that does not resolve the problem, any of the remedial actions listed in 7.2.3 may be taken.  If remedial action is taken, a new 6-level calibration curve may be required.  Once the 6-level calibration and continuing calibration requirements are met, sample analysis may begin.

7.2.2
All detected target analytes in samples bracketed by the CCC that did not meet the criteria outlined in 7.2.1 must be flagged with a “J” in the LIMS database.
7.2.3
Possible remedial actions should ICAL or CCC parameters not meet specifications:

· Check and adjust GC and/or MS operating conditions, and, if necessary, do an MS auto-tune. Check the air/water ratio, tune the electron multiplier and do a FC-43 mass calibration.

· Replace injector liner or any components that allow analytes to come in contact with hot metal surfaces.

· Clean the ion trap electrodes and spacers. 

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

7.3 Maintenance

7.3.2 The main purpose of the daily injections of benzidine and pentachlorophenol is to monitor the status of the injector and head of the column.  After several dirty samples have been injected, the pentachlorophenol will begin to tail more, and the benzidine may disappear altogether.  If either of these symptoms occur, replace the injector liner and clip about 12 inches from the head of the column.  At the same time, the injector septum should be replaced.  While the injector is coming back up to temperature, program the GC oven up to 330°C and hold for 5 minutes to drive off residual contaminants (i.e., finger oils) in the liner and septum. If the tailing factor continues to fail QA, repeat the above procedure and/or bake out the injector and column at 310°C for 2 hrs.
7.3.2 Depending upon the number of samples run and the “dirtiness” of the samples, the ion trap electrodes and spacers will need to be cleaned. In general, cleaning is required every 3 to 6 months. Indications of need for cleaning include inability to hold calibration, and noise and spikes when examining FC-43 spectrum. 

7.3.3
Replace injector septum after approximately 100 injections.

8.0
ANALYTICAL PROCEDURE 

8.1 Extraction

8.1.1 Samples are extracted using the Corning Accelerated One-Step liquid/liquid extractors with the re-circulating hot water bath set at 80oC. Along with each batch of samples, set up a Method Blank, Laboratory Control Spike (LCS), Spike Blank, Matrix Spike (MS), and Matrix Spike Duplicate (MSD). Inoculate the LCS with 10 µL, and the Spike Blank, MS and MSD with 1.0-mL of the matrix spiking solution (section 6.10). Add 1-mL of surrogate solution (section 6.7) to all samples. The addition of spikes and surrogates to the samples must be made below the aqueous surface.

8.1.2 Assemble the extraction apparatus.  Using a Brinkman dispenser, add

50-mLs of methylene chloride into the sample vessels but not before discarding the first 10-mLs or so out of the dispenser.  Keep the stopcock closed until after the addition of the sample.

8.1.3 Measure the exact volume of the sample (usually about 1 L) by marking the volume level on the sample bottle with paper correction fluid. The volume will be measured, following the setup of the extraction apparatus, by filling the sample bottle with tap water to the mark and measuring that volume in a graduated cylinder. 

8.1.4 Some sample may require the addition of glass wool to the sample extractor in order to prevent clogging of the membrane.  If glass wool is added to one or more sample, glass wool should also be added to the method blank, the LCS, and the spike blank.  If the sample with the added glass wool was selected for spiking, glass wool should also be added to the spiked samples.

8.1.5 Prior to raising the pH, discard the first portion of base.  Adjust the pH to 12 with approximately 5-mL of 6 M NaOH (section 6.2) and check the pH with a drop of sample, from a stirring rod, onto a pH test strip.  Do not dip the test strip into the sample.  Pour the sample into the extractor sample vessel. Rinse the sample bottle twice with 25-mL of methylene chloride and each time pouring the rinsed solvent into the sample vessel.  Extract the samples for 5.5 hrs. 

8.1.6 Prior to acidifying the samples for acid extraction, discard the first portion of acid from the dispenser for this may contain contaminants.  Lower the pH to <2 with approximately 5-mL of 96% Suprapur H2SO4 (section 6.4). Again, test the pH as in 8.1.5.  Extract the samples for another 5.5 hrs. Concentrate the samples to 1-mL using the Labconco RapidVap set at 40oC and the nitrogen pressure set at 15 psi. 

8.2 GC/MS Analysis

8.2.1 Add 10 µL of internal standard (section 6.8) to each of the 1 mL extracts. 

8.2.2 The standard injection volume is 1 µL.  Samples are analyzed by direct injection into the GC.  All samples should be injected using the LEAP auto-sampler.  See Table A4 for standard auto-sampler parameters, and Table A2 for GC/MS conditions.

8.2.3 Run a DFTPP tuning solution (section 6.9) to verify that the instrument meets the criteria listed on Table A3 and section 7.1.2.  Adjust the MS accordingly.  When these criteria have been met, analysis of an ICC/CCC may proceed.

8.2.4 If the criteria for an acceptable ICC/CCC have been met as outlined in section 7.2.1, sample analysis may begin.  Otherwise, if re-calibration in necessary, refer to section 7.1.

8.2.5 At the beginning of each analytical run, prior to running standards or samples, analyze a Solvent Blank.  This is to demonstrate that the instrument is not contributing any contamination.

8.2.6 A calibration check (ICC/CCC) must be analyzed at the beginning of each analytical run, every 12-hour period thereafter, and at the end of each analytical run.

9.0
DATA REDUCTION
9.1 Generate a DFTPP tuning report on the Saturn data station using the EnviroPro custom report software. 

9.2 Convert the Saturn data files to HP format using the ProLab Resources Extend Capture software.  After converting the files, use the Hewlett Packard MSD Productivity ChemStation software to generate a DFTPP tailing factor report, calibration and calibration report, and for data quantitation and sample report. Refer to section 10.3 for qualitative analysis criteria.

10.0
QUALITY CONTROL 

Summary Of Batch Requirements

	QC Type
	Batch Requirement
	Acceptance Criteria
	Corrective Action

	MS tuning check
	Prior to analyzing samples.
	See Table A3 and section 7.1.2
	Retune and adjust the MS

	Calibration
	Acceptable calibration
	RF for each analyte is <35% RSD, or if using 1st or 2nd order regression, =/> 0.998
	Correct instrument or standard problem. Recalibrate.

	Solvent Blank
	Analyze prior to running standards or samples. 1 per batch.
	Target analytes below MDL.
	Run instrument blank. If problem persists, refer to 7.3.1.

	ICC/CCC
	1 at the beginning of each analytical run, every 12 hrs and at the end of the run. Concentration at cal mid-range.
	+/- 20% recovery.
	Recalibrate. Rerun with fresh standard if CCC continues to fail.

	LCS
	1 per batch. Concentration at lowest cal level.
	+/- 50% recovery.
	If CCC meets QC criteria, flag LCS analyte with “N”.

	Method Blank
	1 per batch.
	Target analytes below MDL.
	Reanalyze method blank to confirm. May require re-extraction and reanalysis.

	MS/MSD
	1 per batch or 10% of samples. Spike concentration set at the calibration mid-level.
	Recoveries within the acceptance criteria set in the method (Table A6).

Precision <= 40 RPD.
	Flag spiked sample and base with “N”, if recoveries are outside control limits and with a ‘*’ if precision >40 RPD.

	Spike Blank (QC Check Standard)
	1 per batch.  Concentration set at the calibration mid-level.
	Recoveries within the acceptance criteria set in the method (Table 6).
	Flag Spike Blank with “N”, if recoveries are outside control limits

	Surrogate
	All samples.
	Refer to Table 10-1.
	Flag with “D”, if outside QC limits.


10.1
Surrogate Recoveries

Monitor the surrogate recoveries for all samples. The surrogate recoveries should fall within the control limits as shown by the following chart. If the surrogate recovery is outside the control limits for a given sample, that surrogate shall be reported with a “D” in the qualifier field in LIMS database.

Table 10-1

Surrogate Control Limits

	Surrogate
	Lower Control Limit
	Upper Control Limit

	2,4,6-TRIBROMOPHENOL
	29
	140

	2-FLUOROBIPHENYL
	24
	111

	2-FLUOROPHENOL
	21
	107

	D14-P-TERPHENYL
	7.2
	125

	D5-NITROBENZENE
	18
	102

	D5-PHENOL
	19
	112


10.2
Matrix Spike/Matrix Spike Duplicates

10.2.1
All analytical batches shall contain 10% of the samples spiked in duplicate. T he spike compounds are the following described in section 6.7 for the surrogates and 6.10 for the matrix spikes.

10.2.2
Calculations:

The % Spike Recovery is calculated as follows:


% R =
S - B x 100


A


Where:


S = Spiked Sample Concentration


B = Base Sample Concentration


A = Expected Spike Amount

The Relative % Difference is calculated as follows:


RPD = |S-D| x 100 x 2 


S + D

Where:


S = Spike Sample Recovery (%)


D = Duplicate Spike Sample Recovery (%)

10.3
Qualitative Analysis

10.3.1 Obtain EICPs (extracted ion chromatogram plots) for the primary m/z and two other masses for identification.  The following criteria must be met to make qualitative identification:

· The characteristic masses of each parameter of interest must maximize in the same or within one scan of each other.

· The retention time must fall within +/- 30 seconds of the retention time of the authentic compound.

· The relative peak heights of the three characteristic masses in the EICPs must fall with +/- 20% of the relative intensities of these masses in a reference mass spectrum. The reference mass spectrum can be obtained from a standard analyzed in the GC/MS system or from a reference library.

· Structural isomers that have very similar mass spectra and less than 30 seconds difference in retention time, can be explicitly identified only if the resolution between authentic isomers in a standard mix is acceptable. Acceptable resolution is achieved if the baseline to valley height between the isomers is less than 25% of the sum of the two peak heights. Otherwise, structural isomers are identified as isomeric pairs.

10.4 Method Blanks

All analytes found in the method blank must be qualified on every sample analyzed in the analytical batch associated with that method blank.  For example, if Methylene Chloride is found in the method blank, a sample associated with this method blank must be qualified with a “B” in the LIMS database for Methylene Chloride.

11.0
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Appendix

TABLE A1

EPA Methods 625 Detection Limits

Primary Quantition Ions

	COMPOUND
	*MDL

(µg/L)
	QUANTITATION ION

	N-nitrosodi-n-methylamine
	0.2
	74

	Pyridine
	0.2
	79

	1,3-dichlorobenzene 
	0.3
	146

	1,4-dichlorobenzene
	0.3
	146

	Hexachloroethane 
	0.4
	117

	Aniline
	0.2
	93

	bis(2-chloroethyl)ether
	0.2
	63

	1,2-dichlorobenzene
	0.3
	146

	bis(2-chloroisopropyl)ether
	0.1
	45

	N-nitrosodi-n-propylamine
	0.1
	70

	Nitrobenzene
	0.1
	77

	Hexachlorobutadiene
	0.4
	225

	1, 2 ,4-trichlorobenzene
	0.3
	180

	Isophorone
	0.1
	82

	naphthalene 
	0.2
	128

	bis(2-chloroethoxy)methane 
	0.1
	93

	Hexachlorocyclopentadiene
	1.0
	237

	2-chloronaphthalene
	0.2
	162

	acenaphthylene 
	0.1
	152

	acenaphthene 
	0.2
	153

	dimethyl phthalate
	0.1
	163

	2,6-dinitrotoluene 
	0.2
	165

	fluorene 
	0.2
	166

	2,4-dinitrotoluene 
	0.1
	165

	4-chlorophenyl phenyl ether 
	0.2
	204

	diethyl phthalate 
	0.1
	149

	n-nitrosodiphenylamine
	0.1
	169 

	hexachlorobenzene 
	0.2
	284

	4-bromophenyl phenyl ether
	0.1
	248

	Phenanthrene
	0.1
	178

	anthracene 
	0.1
	178

	dibutyl phthalate
	0.2
	149

	fluoranthene 
	0.1
	202

	pyrene 
	0.1
	202

	Benzidine
	5.0
	184

	butyl benzyl phthalate
	0.1
	149

	bis(2-ethylhexyl)phthalate 
	0.5
	149

	Chrysene
	0.05
	228

	benzo(a)anthracene 
	0.1
	228

	3,3'-dichlorobenzidine
	0.1
	252

	di-n-octyl phthalate 
	0.1
	149

	benzo(b)fluoranthene
	0.1
	252

	benzo( k) fluoranthene
	0.1
	252

	benzo(a)pyrene
	0.1
	252

	indeno(l ,2,3-cd)pyrene
	0.2
	276

	dibenzo(a,h)anthracene
	0.1
	278

	benzo(ghi)perylene
	0.1
	276

	2-chlorophenol
	0.2
	128

	2-nitrophenol 
	0.1
	139

	Phenol
	0.2
	94

	2,4-dimethylphenol
	0.2
	122

	2,4-dichlorophenol
	0.3
	162

	2,4,6-trichlorophenol
	0.1
	196

	4-chloro-3-methylphenol
	0.2
	107

	2,4-dinitrophenol 
	1.0
	184

	2-methyl 4,6-dinitrophenol 
	1.0
	198

	pentachlorophenol
	2.0
	266

	4-nitrophenol 
	2.0
	109


*Based on seven replicate analyses, spiked at 2 µg/L in reagent water.  The liquid detection limit is based on reagent water samples spiked with a concentration of 2 µg/L of each of the analyte.  The detection limit study was performed in accordance with 40CFR Part 136 Appendix B.  Detection limit study performed on JUNE 2, 1994.  Current MDL is kept in LIMS and can be reviewed by accessing this hyperlink: Current 625 MDLs.

TABLE A2

GC/MS Tuning Operating Condition
	GC/MS TUNING OPERATING CONDITIONS

	
	      METHOD 625

	INJECTOR TEMP
	280oC

	SPLIT RATIO
	10

	ION (SOURCE) TEMP
	220oC

	TRANSFER LINE TEMP
	250oC

	INITIAL COLUMN TEMP and HOLD TIME
	60oC/MIN

	COLUMN TEMP PROGRAM
	20oC/min to 330oC

	FINAL COLUMN TEMP and HOLD TIME
	330oC for 5 min

	EMISSION CURRENT
	10 µA

	MULTIPLIER VOLTAGE 
	1500V


TABLE A3

Tuning Criteria

	ION
	ION ABUNDANCE

	51
	 30-60% of base peak

	68 and 70
	< 2% of m/z 69 

	127  
	40-60% of base peak

	197
	<1% of m/z 198

	198
	base peak

	199
	5-9% of m/z 198

	275
	10-30% of m/z 198

	365
	 > 1% of m/z 198

	441
	present and < m/z 443

	442
	 > 40% of m/z 198

	443
	 17-23% of m/z 442


TABLE A4

Auto-sampler Parameters

	LEAP AUTOSAMPLER PARAMETERS

	  Injection Mode
	Normal

	  Std Volume
	-

	  Sample Volume
	1.0 µL

	  Air Volume
	1.0 µL

	  Pre-inject Clean-solvent 1
	0

	  Pre-inject Clean-solvent 2
	4

	  Pre-inject Clean-sample
	1

	  Filling Volume
	4

	  Filling Count
	4

	  Syringe Pullup Delay
	3 sec

	  Plunger Speed-Fill

  Plunger Speed-Inject
	2 µL/sec

20 µL/sec

	  Inject Delay-Pre
	0.7 sec

	Inject Delay-Post
	9.0 sec

	  Post Inject Clean-solvent 1
	4

	  Post Inject Clean-solvent 2
	0


TABLE A5

GC/MS Analytical Operating Condition

	GC/MS ANALYTICAL OPERATING CONDITIONS

	INJECTOR TEMP
	230oC

	INITIAL SPLIT RATIO
	100

	FINAL SPLIT RATIO
	20

	PRESSURE PULSE
	45 psi

	PRESSURE DURATION
	0.5 min

	ION TRAP TEMP
	220oC

	MANIFOLD
	60oC

	TRANSFER LINE TEMP
	250oC

	INITIAL COLUMN TEMP and HOLD TIME
	40oC/min

	COLUMN TEMP PROGRAM
	10oC/min to 330oC, hold 2 min.

	EMISSION CURRENT
	 10 µA

	ELECTRON MULTIPLIER
	1500V


Table A6

Spike Recovery Acceptance Criteria

(EPA Method 625, 40CFR Part 136, Appendix A)

	Parameter
	Test conc. (µg/L) 
	Limits for s (µg/L)
	Range for X (µg/L)
	Range for P, Ps (%)

	Acenaphthene
	100
	27.6
	60.1-132.3
	47-145

	Acenaphthylene
	100
	40.2
	53.5-126.0
	33-145

	Aldrin
	100
	39
	7.2-152.2
	D-166

	Anthracene
	100
	32
	434-1180
	27-133

	Benzo(a)anthracene
	100
	276
	418-1330
	33-143

	Benzo(b)fluoranthene
	100
	388
	420-1404
	24-159

	Benzo(k)fluoranthene
	100
	323
	252-1457
	11-162

	Benzo(a)pyrene
	100
	39
	317-1480
	17-163

	Benzo(ghi)perylene
	100
	589
	D-1950
	D-219

	Benzyl butyl phthalate
	100
	234
	D-1399
	D-152

	Beta-BHC
	100
	315
	415-1306
	24-149

	Delta-BHC
	100
	216
	D-1000
	D-110

	Bis(2-chloroethyl) ether
	100
	55
	429-1260
	12-158

	Bis(2-chloroethoxy)methane
	100
	345
	492-1647
	33-184

	Bis(2-chloroisopropyl) ether1
	100
	463
	628-1386
	36-166

	Bis(2-ethylhexyl) phthalate
	100
	411
	289-1368
	8-158

	4-Bromophenyl phenyl ether
	100
	23
	649-1144
	53-127

	2-Chloronaphthalene
	100
	13
	645-1135
	60-118

	4-Chlorophenyl phenyl ether
	100
	334
	384-1447
	25-158

	Chrysene
	100
	483
	441-1399
	17-168

	4,4'-DDD
	100
	31
	D-1345
	D-145

	4,4'-DDE
	100
	32
	192-1197
	4-136

	4,4'-DDT
	100
	616
	D-1706
	D-203

	Dibenzo(a,h)anthracene
	100
	70
	D-1997
	D-227

	Di-n-butyl phthalate
	100
	167
	84-1110
	1-118

	1,2-Dichlorobenzene
	100
	309
	486-1120
	32-129

	1,3-Dichlorobenzene
	100
	417
	167-1539
	D-172

	1,4,-Dichlorobenzene
	100
	321
	373-1057
	20-124

	3,3'-Dichlorobenzidine
	100
	714
	82-2125
	D-262

	Dieldrin
	100
	307
	443-1193
	29-136

	Diethyl phthalate
	100
	265
	D-1000
	D-114

	Dimethyl phthalate
	100
	232
	D-1000
	D-112

	2,4-Dinitrotoluene
	100
	218
	475-1269
	39-139

	2,6-Dinitrotoluene
	100
	296
	681-1367
	50-158

	Di-n-octyl phthalate
	100
	314
	186-1318
	4-146

	Endosulfan sulfate
	100
	167
	D-1035
	D-107

	Endrin aldehyde
	100
	325
	D-1888
	D-209

	Fluoranthene
	100
	328
	429-1213
	26-137

	Fluorene
	100
	207
	716-1084
	59-121

	Heptachlor
	100
	372
	D-1722
	D-192

	Heptachlor epoxide
	100
	547
	709-1094
	26-155

	Hexachlorobenzene
	100
	249
	78-1415
	D-152

	Hexachlorobutadiene
	100
	263
	378-1022
	24-116

	Hexachloroethane
	100
	245
	552-1000
	40-113

	Indeno(1,2,3-cd)pyrene
	100
	446
	D-1509
	D-171

	Isophorone
	100
	633
	466-1802
	21-196

	Naphthalene
	100
	301
	356-1196
	21-133

	Nitrobenzene
	100
	393
	543-1576
	35-180

	N-Nitrosodi-n-propylamine
	100
	554
	136-1979
	D-230

	PCB-1260
	100
	542
	193-1210
	D-164

	Phenanthrene
	100
	206
	652-1087
	54-120

	Pyrene
	100
	252
	696-1000
	52-115

	1,2,4-Trichlorobenzene
	100
	281
	573-1292
	44-142

	4-Chloro-3-methylphenol
	100
	372
	408-1279
	22-147

	2-Chlorophenol
	100
	287
	362-1204
	23-134

	2,4-Dichlorophenol
	100
	264
	525-1217
	39-135

	2,4-Dimethylphenol
	100
	261
	418-1090
	32-119

	2,4-Dinitrophenol
	100
	498
	D-1729
	D-191

	2-Methyl-4,6-dinitrophenol
	100
	932
	530-1000
	D-181

	2-Nitrophenol
	100
	352
	450-1667
	29-182

	4-Nitrophenol
	100
	472
	130-1065
	D-132

	Pentachlorophenol
	100
	489
	381-1518
	14-176

	Phenol
	100
	226
	166-1000
	5-112

	2,4,6-Trichlorophenol
	100
	317
	524-1292
	37-144

	Acetophenone2
	100
	51
	23-254
	61-144

	Alpha-terpineol
	100
	47
	46-163
	58-156

	Aniline3
	100
	71
	15-278
	46-134

	Carbazole2
	100
	17
	79-111
	73-131

	o-Cresol2
	100
	23
	30-146
	55-126

	p-Cresol3
	100
	22
	11-617
	76-107

	n-Decane2
	100
	70
	D-651
	D-ns

	2,3-Dichloroaniline2
	100
	13
	40-160
	68-134

	n-Octadecane2
	100
	10
	52-147
	65-123

	Pyridine3
	100
	ns
	7-392
	33-158


s = Standard deviation for four recovery measurements, in µg/L (Section 8.2)

X = Average recovery for four recovery measurements in µg/L (Section 8.2)

P, Ps = Percent recovery measured (Section 8.3, Section 8.4)

D = Detected; result must be greater than zero

ns = no specification; limit is outside the range that can be measured reliably

1The proper chemical name is 2,2'oxybis(1-chloropropane)

2Analysis of this pollutant is approved only for the Centralized Waste Treatment 

industry.

3Analysis of this pollutant is approved only for the Centralized Waste Treatment 

and Landfills industries.
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