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1. Scope and Application 

1.1 This procedure is used for the determination of tetra- through octa- chlorinated dibenzo-p-
dioxins (PCDDs) and dibenzofurans (PCDFs) in water, soils, solids, sediments, wipes, 
biological samples, fly ash, XAD resin, filters, still bottoms, waste oils, and other sample 
matrices by high resolution gas chromatography/high resolution mass spectrometry 
(HRGC/HRMS). This procedure is designed to meet analytical program requirements 
where US EPA Method 8290, 8290A, 1613B, 23, 0023A, or TO-9A is specified. 

1.2 The seventeen 2,3,7,8-substituted and total Tetra-Hepta PCDDs/PCDFs listed in Table 1 
can be determined by this procedure. Specifications are also provided for separate 
determination of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) and 2,3,7,8-
tetrachlorodibenzofuran (2,3,7,8-TCDF). In addition, total homologs (i.e., Total TCDD, 
Total TCDF, etc.) can be identified by this method. 

1.3 The detection limits and quantitation levels in this method are usually dependent on the 
level of interferences rather than instrumental limitations. The minimum levels (MLs) in 
Table 2 are the levels at which the PCDDs/PCDFs can be quantitated with no 
interferences present. 

1.4 This procedure is designed for use by analysts who are experienced with residue analysis 
and skilled in HRGC/HRMS. Each analyst must demonstrate the ability to generate 
acceptable results with this method.  

1.5 Because of the extreme toxicity of many of these compounds, the analyst must take the 
necessary precautions to prevent exposure to materials known or believed to contain 
PCDDs or PCDFs. It is the responsibility of the laboratory personnel to ensure that safe 
handling procedures are employed. Section 5 of this procedure discusses safety 
procedures. 

2. Summary of Method 

2.1 This procedure uses high resolution capillary column gas chromatography/high resolution 
mass spectrometry (HRGC/HRMS) techniques. 

2.2 Samples are spiked with a solution of known amounts of the isotopically labeled internal 
standards listed in Table 13 and Table 15. The samples are then extracted using matrix 
specific extraction procedures.  

2.2.1 Water samples are extracted using separatory funnel techniques with methylene 
chloride as the extraction solvent.  

2.2.2 Solid samples are extracted by Soxhlet extraction with the appropriate solvent. 

2.2.3 Organic liquid waste samples are diluted in solvent. 

2.3 After extraction, the sample is concentrated and solvent exchanged to hexane. The extract 
is then subjected to one or more optional cleanup steps to remove the sample of 
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interferences. The final extract is prepared by adding a known amount of the labeled 
recovery standards (13C12-1,2,3,4-TCDD and 13C12-1,2,3,7,8,9-HxCDD) and 
concentrating to the final volume. 

2.4 The acid-base cleanup of the sample is used before column chromatography for samples 
that contain large amounts of basic and acidic coextractable compounds. If such 
interferences are not removed before column chromatography, they can cause a shift in the 
predicted elution pattern. Conditions which can indicate the need for this procedure are as 
follows: Samples which are highly colored, samples which contain lipids or other 
oxidizable compounds or samples which contain known large amounts of polar organics. 

2.5 Dual Column Cleanup: Silica gel is effective in removing chlorophenoxy herbicide 
residues, while alumina partitions PCBs, 2,4,5-trichlorophenol and hexachlorophene. 

2.6 When the above cleanup techniques do not completely remove interferences, an activated 
carbon cleanup is used to remove interferences. 

2.7 An aliquot of the extract is injected into the gas chromatograph. The analytes are 
separated by the GC and detected by a high resolution (>10,000 resolution) mass 
spectrometer (HRMS). Two exact m/z’s are monitored for each analyte. 

2.8 The identification of the target 2,3,7,8 substituted isomers is based on their retention time 
relative to the labeled internal standards as established during routine calibration and the 
simultaneous detection of the two most abundant ions in the molecular ion region. All 
other PCDD/PCDF congeners are identified by their retention times falling within 
retention time windows as established during routine calibration, and the simultaneous 
detection of the two most abundant ions in the molecular ion region. Confirmation of 
identification is based on comparing the calculated ion ratios with the theoretical ion 
abundances. The identification of 2,3,7,8-TCDF is confirmed on an isomer specific (DB-
225) GC column. 

2.9 Quantitation of the 2,3,7,8-substituted PCDD/PCDF isomers, total PCDDs, and total 
PCDFs is based on their relative response to the internal standards. A multipoint 
calibration is performed to establish mean response factors for the target analytes. The 
instrument performance is routinely checked by the analysis of continuing calibration 
standards. Method performance is demonstrated by the analysis of method blanks, initial 
precision and recovery samples, and ongoing precision and recovery samples. 

3. Definitions 

3.1 Analyte: A PCDD or PCDF tested for by this method. The analytes are listed in Table 1. 

3.2 Calibration Standard: A solution prepared from a secondary standard and/or stock 
solution and used to calibrate the response of the instrument with respect to analyte 
concentration. 
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3.3 Calibration Verification Standard (VER): The mid-point calibration standard (CS3) that is 
used to verify calibration. See Table 5 and Table 6. 

3.4 Cleanup Standard: Solution containing 37Cl4-2,3,7,8-TCDD that is added to the calibration 
solutions and to every 1613B and 8290A sample, blank, and quality control spike sample. 
It is added after extraction but prior to extract cleanup, and the analysis results are used to 
judge the efficiency of the cleanup procedures. 

3.5 Column Performance Solution Mixture (CPSM): A mixture of TCDD or TCDF isomers 
(including the 2,3,7,8-TCDD or 2,3,7,8-TCDF isomer) known to elute close to the 
retention time of 2,3,7,8-TCDD or 2,3,7,8-TCDF on the analytical column being used. It 
is used to demonstrate acceptable resolution between the 2,3,7,8-TCDD or 2,3,7,8-TCDF 
isomer and all other TCDD or TCDF isomers on analytical column (percent valley ≤ 25). 

3.6 Congener: Any member of a particular homologous series, for example, 1,2,3,7,8-
pentachlorodibenzofuran. 

3.7 CS1, CS2, CS3, CS4, CS5: See Calibration Standard and Table 5 and Table 6. 

3.8 Estimated Detection Limit (EDL): The sample specific estimated detection limit (EDL) is 
the concentration of a given analyte required to produce a signal with a peak height of at 
least 2.5 times the background signal level. 

3.9 Estimated Maximum Possible Concentration (EMPC): The calculated concentration of a 
signal in the same retention time region as a target analyte but which does not meet the 
other qualitative identification criteria defined in the procedure. 

3.10 GC: Gas chromatograph or gas chromatography 

3.11 Homologous Series: A series of compounds in which each member differs from the next 
member by a constant amount. The members of the series are called homologs. 

3.12 HRGC: High resolution GC 

3.13 HRMS: High resolution MS 

3.14 ICV: Initial Calibration Verification Standard. A calibration standard from a second 
source, traceable to a national standard if possible. The ICV is analyzed after the initial 
calibration to verify the concentration of the Initial Calibration Standards. 

3.15 Internal Standards: Isotopically labeled analogs of the target analytes that are added to 
every sample, blank, quality control spike sample, and calibration solution. They are added 
to the sample before extraction and are used to calculate the concentration of the target 
analytes or detection limits. 

3.16 Initial Precision and Recovery (IPR): See Initial Demonstration of Capability in Sections 
9.1 and 13.2. 
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3.17 Isomer: Chemical compounds that contain the same number of atoms of the same 
elements, but differ in structural arrangement and properties. For example, 1,2,3,4-TCDD 
and 2,3,7,8-TCDD are structural isomers. 

3.18 Laboratory Blank: See Method Blank. 

3.19 Laboratory Control Sample (LCS): A laboratory blank spiked with known quantities of 
analytes. The LCS is analyzed exactly like a sample. Its purpose is to assure that the 
results produced by the laboratory remain within the limits specified in this method for 
precision and recovery.. 

3.20 Maximum Level (MaxL): The concentration or mass of analyte in the sample that 
corresponds to the highest calibration level in the initial calibration. Also referred to as the 
upper method calibration limit (UMCL). It is equivalent to the concentration of the highest 
calibration standard, assuming that all method-specified sample weights, volumes, and 
cleanup procedures have been employed.  

3.21 Method Blank: An aliquot of reagent water, sand, sodium sulfate, or other representative 
matrix, free of the targets of interest and interferences, that is extracted and analyzed 
along with the samples to monitor for laboratory contamination. 

3.22 Minimum Level (MinL): The level at which the entire analytical system must give a 
recognizable signal and acceptable calibration point for the analyte. Also referred to as the 
lower method calibration limit (LMCL). It is equivalent to the concentration of the lowest 
calibration standard assuming that all method-specified sample weights, volumes, and 
cleanup procedures have been employed. 

3.23 MS: Mass spectrometer or mass spectrometry. 

3.24 Multiple Ion Detection (MID): A MS operational mode in which only selected ions are 
monitored rather than scanning the instrument to obtain a complete mass spectrum. 

3.25 Ongoing precision and recovery standard (OPR): See Laboratory Control Sample. 

3.26 PCDD: Polychlorinated dibenzo-p-dioxins. 

3.27 PCDF: Polychlorinated dibenzofurans. 

3.28 PFK: Perfluorokerosene; the mixture of compounds used to calibrate the exact m/z scale 
in the HRMS. 

3.29 FC-43 (PFTBA): Perfluorotributylamine 

3.30 Recovery Standard: Solution containing 13C12-1,2,3,4-TCDD and 13C12-1,2,3,7,8,9-
HxCDD that is added to every sample, blank, and quality control spike sample extract just 
prior to analysis. The results are used to measure the recovery of the internal standards 
and the cleanup standard. 
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3.31 Percent Difference (%D): A measure of the difference between two values normalized to 
one of the values. It is used to determine the accuracy of the concentration measurements 
of second source verification standards. 

3.32 Relative Response Factor (RRF): The ratio of the response of the mass spectrometer to a 
known amount of a compound relative to that of a known amount of a reference standard 
as measured in the initial and continuing calibrations. It is used to determine instrument 
performance and it is used to calculate the concentration of target analytes, internal 
standard recoveries, or detection limits in samples, blanks, and quality control samples. 

3.33 Signal to Noise Ratio: The ratio of the mass spectrometer response of a GC peak to the 
background noise signal. 

3.34 Split Ratio (S): The decimal expression of the proportion of extract used from splits taken 
after the addition of internal standards and before the addition of recovery standards. 

3.35 Window Defining Mix: A solution which contains the first and last eluting isomers of each 
homologue group and is used to verify that the switching times between the MID 
descriptors have been appropriately set. 

3.36 Additional definitions can be found in the Test America Knoxville QAM.  

4. Interferences 

4.1 Solvents, reagents, glassware and other sample processing hardware can yield discrete 
artifacts or elevated baselines that can cause misinterpretation of the chromatographic 
data. All of these materials must be demonstrated to be free from interferences under the 
conditions of analysis by performing laboratory method blanks. Analysts must not use 
PVC gloves, powdered gloves, or gloves with levels of phthalates which cause 
interference. 

4.2 The use of high purity reagents and solvents (pesticide grade) helps minimize interference 
problems. Where necessary, reagents are cleaned by extraction or solvent rinse. 

4.3 Interferences coextracted from the samples can vary considerably from matrix to matrix. 
PCDDs and PCDFs are often associated with other interfering chlorinated substances such 
as polychlorinated biphenyls (PCBs), polychlorinated diphenyl ethers (PCDPEs), 
polychlorinated naphthalenes, and polychlorinated alkyldibenzofurans that can be found at 
concentrations several orders of magnitude higher than the analytes of interest. Retention 
times of target analytes must be verified using reference standards. While certain cleanup 
techniques are provided as part of this method, unique samples can require additional 
cleanup steps to achieve lower detection limits. 

5. Safety 

5.1 Employees must abide by the policies and procedures in the Corporate Safety Manual, 
Radiation Safety Manual and this document. 
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5.2 Eye protection that satisfies ANSI Z87.1 (as per the Corporate Safety Manual), laboratory 
coat and appropriate gloves must be worn while samples, standards, solvents and reagents 
are being handled. Disposable gloves that have become contaminated must be removed 
and discarded, other gloves must be cleaned immediately.  

5.2.1 Latex and vinyl gloves provide no protection against most of the organic 
solvents used in this method. For the operations described herein, Nitrile gloves 
are to be worn. For operations using solvents that may splash, SilverShield® 
gloves are recommended. SilverShield® gloves protect against breakthrough for 
most of the solvents used in this procedure. 

5.3 The effluents of sample splitters for the gas chromatograph and roughing pumps on the 
mass spectrometer must be vented to the laboratory hood exhaust system or must pass 
through an activated charcoal filter. 

5.4 The gas chromatograph and mass spectrometer contain zones that have elevated 
temperatures. The analyst needs to be aware of the locations of those zones, and must 
cool them to room temperature prior to working on them or use thermal protection when 
working on them while they are above room temperature. 

5.5 The mass spectrometer is under high vacuum. The mass spectrometer must be brought to 
atmospheric pressure prior to working on the source. Alternatively, the source can be 
removed from the vacuum manifold through a vacuum interlock. 

5.6 There are areas of high voltage in both the gas chromatograph and the mass spectrometer. 
Depending on the type of work involved, either turn the power to the instrument off, or 
disconnect it from its source of power. If the work involved requires measurement of 
voltage supplies, the instrument can be left on. 

5.7 Primary Materials Used: The following is a list of the materials used in this method, which 
have a serious or significant hazard rating. NOTE: This list does not include all 
materials used in the method. The table contains a summary of the primary hazards 
listed in the MSDS for each of the materials listed in the table. A complete list of 
materials used in the method can be found in the reagents and materials section. 
Employees must review the information in the MSDS for each material before using it for 
the first time or when there are major changes to the MSDS. 

 
Material Hazards Exposure Limit (2) Signs and symptoms of exposure 

Methylene chloride Carcinogen, 
Irritant 

25 ppm-TWA, 125 
ppm-STEL 

Causes irritation to respiratory tract. Has a strong narcotic 
effect with symptoms of mental confusion, light-
headedness, fatigue, nausea, vomiting and headache. 
Causes irritation, redness and pain to the skin and eyes. 
Prolonged contact can cause burns. Liquid degreases the 
skin. Can be absorbed through skin. 
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Material Hazards Exposure Limit (2) Signs and symptoms of exposure 

Hexane Flammable, 
Irritant 

500 ppm-TWA Inhalation of vapors irritates the respiratory tract. 
Overexposure can cause lightheadedness, nausea, 
headache, and blurred vision. Vapors can cause irritation 
to the skin and eyes. 

Methanol Flammable, 
Poison, Irritant 

200 ppm-TWA A slight irritant to the mucous membranes. Toxic effects 
exerted upon nervous system, particularly the optic nerve. 
Symptoms of overexposure can include headache, 
drowsiness and dizziness. Methyl alcohol is a defatting 
agent and can cause skin to become dry and cracked. Skin 
absorption can occur; symptoms can parallel inhalation 
exposure. Irritant to the eyes. 

Toluene Flammable, 
Poison, Irritant 

200 ppm-TWA 
300 ppm-Ceiling 

Inhalation can cause irritation of the upper respiratory 
tract. Symptoms of overexposure can include fatigue, 
confusion, headache, dizziness and drowsiness. Peculiar 
skin sensations (e. g. pins and needles) or numbness can 
be produced. Causes severe eye and skin irritation with 
redness and pain. Can be absorbed through the skin. 

Acetone Flammable 1000 ppm-TWA Inhalation of vapors irritates the respiratory tract. Can 
cause coughing, dizziness, dullness, and headache. 

Cyclohexane Flammable, 
Irritant 

300 ppm TWA Inhalation of vapors causes irritation to the respiratory 
tract. Symptoms can include coughing, shortness of 
breath. High concentrations have a narcotic effect. 

Tetradecane Irritant None established Inhalation of vapors can cause difficulty breathing, 
headache, intoxication and central nervous system 
damage. 

Benzene Flammable, 
Toxic, 
Carcinogen 

PEL: 1 ppm TWA ; 5 
ppm, 15 min. STEL 
 

Causes skin irritation. Toxic if absorbed through skin. 
Causes severe eye irritation. Toxic if inhaled. Vapor or 
mist causes irritation to mucous membranes and upper 
respiratory tract. Exposure can cause narcotic effect. 
Inhalation at high concentrations can have an initial 
stimulatory effect on the central nervous system 
characterized by exhilaration, nervous excitation and/or 
giddiness, depression, drowsiness or fatigue. Victim can 
experience tightness in the chest, breathlessness, and loss 
of consciousness. 

Nonane Flammable None established Harmful if inhaled/swallowed. Vapor/mist is irritating to 
eyes, mucous membranes and upper respiratory tract. 
Causes skin irritation. 

1 – Always add acid to water to prevent violent reactions. 

2 – Exposure limit refers to the OSHA regulatory exposure limit. 

 

5.7.1 Chemicals that have been classified as carcinogens, or potential carcinogens, 
under OSHA regulations include benzene and methylene chloride, 2,3,7,8-TCDD 
and all other 2,3,7,8- substituted PCDD or PCDF isomers.  
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NOTE: The 2,3,7,8-TCDD isomer has been found to be acnegenic, 
carcinogenic, and teratogenic in laboratory animal studies. Other PCDDs and 
PCDFs containing chlorine atoms in positions 2,3,7,8 are known to have 
toxicities comparable to that of 2,3,7,8-TCDD. The toxicity or carcinogenicity 
of each reagent used in this method is not precisely defined; however, each 
chemical compound must be treated as a potential health hazard. From this 
viewpoint, exposure to these chemicals must be kept to a minimum.  

5.8 Exposure to chemicals must be maintained as low as reasonably achievable; therefore, 
unless they are known to be non-hazardous, all samples must be opened, transferred and 
prepared in a fume hood, or under other means of mechanical ventilation. Solvent and 
waste containers must be kept closed unless transfers are being made. 

5.9 All procedures that involve solvents such as acetone, toluene, methylene chloride, and 
hexane (e.g., glassware cleaning and the preparation of standards and reagents) must be 
conducted in a fume hood with the sash closed as far as the operations permit. 

5.10 Personal Hygiene: Thorough washing of hands and forearms is recommended after each 
manipulation and before breaks (coffee, lunch, and shifts). 

5.11 All work must be stopped in the event of a known or potential compromise to the health 
or safety of an associate. The situation must be reported immediately to a laboratory 
supervisor. 

6. Equipment and Supplies 

6.1 Sample Analysis Equipment. 

6.1.1 Gas Chromatograph – Must have splitless or on-column injection port for 
capillary column, temperature program with isothermal hold, and must meet all 
of the performance specification in Section 10. 

6.1.1.1 GC column for PCDDs/PCDFs and for isomer specificity for 2,3,7,8-
TCDD – 60m x 0.32mm ID x 0.25μm film thickness DB-5 or RTX-5 
fused silica capillary column (J&W No. 123-5062, Restek No.10227 
or 10227-125 IntegraGuard) or equivalent is required. 

6.1.1.2 GC column for isomer specificity for 2,3,7,8-TCDF – 30m x 0.32mm 
ID x 0.25μm film thickness DB-225 or RTX-225 fused silica capillary 
column (J&W No. 123-2232 or Restek No.14024) or equivalent is 
required. 

6.1.2 Mass Spectrometer – Electron impact ionization with the filament electron volts 
(eV) optimized for best instrument sensitivity, stability and signal to noise ratio. 
Must be capable of repetitively selectively monitoring 12 exact m/z’s minimum at 
high resolution (≥10,000) during a period of approximately 1 second and must 
meet all of the performance specifications in Section 10. 
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6.1.3 GC/MS Interface – The mass spectrometer (MS) must be interfaced to the GC 
such that the end of the capillary column terminates within 1 cm of the ion 
source but does not intercept the electron or ion beam. 

6.1.4 Data System – Capable of collecting, recording, and storing MS data. 

7. Reagents and Standards 

7.1 Standards and Calibration Solutions: Certified Reference Standards purchased from 
Cambridge Isotope Laboratories (CIL, Andover Massachusetts), and Wellington 
Laboratories (Guelph, Ontario, Canada). If the chemical purity is 98% or greater, the 
weight can be used without correction to compute the concentration of the standard. 
When not being used, standards are stored in the dark at room temperature in screw-
capped vials with PTFE-lined caps. Standards are used as received after being sonicated 
and transferred to 2.0 mL amber glass vials with PTFE lined caps. 

7.1.1 Stability of Solutions: Standards have an expiration of ten (10) years from date 
of receipt unless otherwise specified by the manufacturer. Standard solutions 
used for quantitative purposes must be analyzed periodically, and must be 
assayed against reference standards before use. 

7.2 Initial Calibration Standards:  

7.2.1 1613B/8290/8290A: CS1-CS5. CIL Catalog No. EDF-9999. (See Table 5). 

7.2.2 23/0023A/TO-9A: CS1-CS5. Wellington Catalog No. EPA-23 CS1-5. (See 
Table 6). 

7.3 Initial Calibration Verification Standards:  

7.3.1 1613B/8290/8290A: Wellington Catalog No. EPA-1613-CS3. 

7.3.2 23/0023A/TO-9A: CS3. CIL Catalog No. EDF-4052-3. 

7.4 Daily Calibration Verification Standards 

7.4.1 1613B/8290/8290A: CS3. CIL Catalog No. EDF-9999-3. (See Table 7). 

7.4.2 1613B/8290/8290A: CS3. CIL Catalog No. EDF-4141. (See Table 7). 

NOTE: This standard can be used as both the Continuing Calibration Standard and 
the DB/Rtx-5 GC Window Defining Mix/Column Performance Check Solution.  

7.4.3 23/0023A/TO-9A: CS3. Wellington Catalog No. EPA-23-CS3. (See Table 8). 

7.5 Native Standards 

7.5.1 Native Standard Stock Solution: CIL Catalog No. EDF-7999-10x, 400-4000 
ng/mL in nonane, 1.2 mL. 
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7.5.2 Native Standard Working Stock Solution: Dilute 0.300 mL of the native 
standard stock solution to 3.0 mL in a volumetric flask with nonane for a final 
concentration of 40-400 ng/mL. 

7.5.3 Native LCS Spiking Solution: Dilute 500 μL of the native standard working 
stock solution to 100 mL in a 125 mL amber bottle with a PTFE lined cap with 
iso-octane to a final concentration of 0.2-2.0 ng/mL. 1.0 mL of this solution is 
added to each LCS, LCSD or MS/MSD sample. See Table 11 for a complete list 
of compounds and their concentrations. 

7.6 1613B/8290/8290A Internal Standards 

7.6.1 1613B/8290/8290A Internal Standard Stock Solution: CIL Catalog No. EDF-
8999, 100 ng/mL (13C12-OCDD 200 ng/mL) in nonane, 500 μL. 

7.6.2 1613B/8290/8290A Internal Standard Spiking Solution: Dilute 2000 μL of the 
internal standard stock solution to 200 mL in a 250 mL amber bottle with a 
PTFE lined cap with iso-octane to a final concentration of 1.0 ng/mL (13C12-
OCDD 2.0 ng/mL). 1.0 mL of this solution is added to each sample, method 
blank and QC sample. See Table 12 for a complete list of compounds and their 
concentrations. 

7.7 2,3,7,8-TCDD/2,3,7,8-TCDF Internal Standards 

7.7.1 13C12-2,3,7,8-TCDD Internal Standard Stock Solution: CIL Catalog No. ED-
900, 50 μg/mL in nonane, 1.2 mL 

7.7.2 13C12-2,3,7,8-TCDF Internal Standard Stock Solution: CIL Catalog No. EF-904, 
50 μg/mL in nonane, 1.2 mL 

7.7.3 13C12-TCDD/13C12-TCDF Internal Standard Secondary Stock Solution: Dilute 
0.100 mL of the stock solutions above to 5 mL in a volumetric flask with nonane 
to a final concentration of 1000 ng/mL. 

7.7.4 13C12-TCDD/13C12-TCDF Internal Standard Spiking Solution: Dilute 200 μL of 
the internal standard secondary stock solution to 200 mL in a 250 mL amber 
bottle with a PTFE lined cap with iso-octane to a final concentration of 1.0 
ng/mL. 1.0 mL of this solution is added to each sample, method blank and QC 
sample extract that is extracted for TCDD and/or TCDF analysis only. See Table 
2 for a complete list of compounds and their concentrations. 

7.8 23/0023A/TO-9A Internal Standards 

7.8.1 23/0023A/TO-9A Internal Standard Stock Solution: Wellington Catalog No. 
EPA-23ISS, 1000 ng/mL (13C12-OCDD 2000 ng/mL) in nonane/toluene (80:20 
v:v), 1.2 mL. 
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7.8.2 23/0023A/TO-9A Internal Standard Spiking Solution: Dilute 200 μL of the 
internal standard stock solution to 200 mL in a 250 mL amber bottle with a 
PTFE lined cap with iso-octane to a final concentration of 1.0 ng/mL (13C12-
OCDD 2.0 ng/mL). 1.0 mL of this solution is added to each sample, method 
blank, and QC sample. See Table 15 for a complete list of compounds and their 
concentrations. 

7.9 Recovery Standards 

7.9.1 13C12-1,2,3,4-TCDD Recovery Standard Stock Solution: CIL Catalog No. ED-
911, 50 μg/mL in nonane, 1.2 mL 

7.9.2 13C12-1,2,3,7,8,9-HxCDD Recovery Standard Stock Solution: CIL Catalog No. 
ED-996, 50 μg/mL in nonane, 1.2 mL 

7.9.3 Recovery Standard Secondary Stock Solution: Dilute 1.0 mL of the stock 
solutions above to 10 mL in a volumetric flask with nonane to a final 
concentration of 5.0 μg/mL.  

7.9.4 Recovery Standard Spiking Solution: Add 10 mL of nonane to a 12 mL amber 
vial with a Class A glass pipette. With a syringe, remove 200 μL of nonane from 
the vial and add 200 μL of the recovery standard secondary stock solution to a 
final concentration of 0.1 μg/mL. 20 μL of this solution is added to each sample, 
method blank and QC sample extract. See Table 2 for a complete list of 
compounds and their concentrations. 

7.10 1613B and 8290A Cleanup Standards 

7.10.1 Cleanup Standard Stock Solution: CIL Catalog No. ED-907, 50 μg/mL in 
nonane, 1.2 mL 

7.10.2 Cleanup Standard Secondary Stock Solution: Dilute 0.100 mL of the 50 μg/mL 
cleanup standard stock solution to 1.0 mL in a volumetric flask with nonane to a 
final concentration of 5.0 μg/mL. 

7.10.3 Cleanup Standard Working Stock Solution: Dilute 0.120 mL of the 5.0 μg/mL 
cleanup standard secondary stock solution to 3.0 mL in a volumetric flask with 
nonane to a final concentration of 200 ng/mL. 

7.10.4 Cleanup Standard Spiking Solution: Dilute 200 μL of the 200 ng/mL working 
stock solution to 200 mL in a 250 mL amber bottle with a PTFE lined cap with 
hexane to a final concentration of 0.20 ng/mL. 1.0 mL of this solution is added 
to each 1613B or 8290A sample, method blank and QC sample extract prior to 
cleanup. See Table 17 for a complete list of compounds and their concentrations. 

7.11 23/0023A/TO-9A Surrogate Standards 
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7.11.1 23/0023A/TO-9A Surrogate Standard Stock Solution: Wellington Catalog No. 
EPA-23SSS, 1000 ng/mL in nonane/toluene (95:5 v:v), 1.2 mL. 

7.11.2 23/0023A/TO-9A Surrogate Standard Spiking Solution: Dilute 500 μL of the 
surrogate standard stock solution to 25 mL in a graduated cylinder with nonane 
to a final concentration of 20 ng/mL. 100 μL of this solution is added to each 
sample train components before sampling. See Table 16 for a complete list of 
compounds and their concentrations. 

7.12 PCDD/PCDF Window Defining and Isomer Specificity Standard 

7.12.1 PCDD/PCDF Window Defining and Isomer Specificity Mixture: CIL Catalog 
No. EDF-4141. This standard contains the daily standard, window defining mix 
and the isomer specificity mix. 

7.13 Perfluorokerosene (PFK) is used in neat form to tune and calibrate the mass spectrometer. 
Fluka (Catalog No. - 77275) has been found to be superior to other sources of PFK. 

7.14 FC-43 (PFTBA) is used in neat form to tune and calibrate the mass spectrometer. 
(Scientific Instrument Services Catalog No. FC-43-35). 

8. Sample Collection, Preservation and Storage 

8.1 Sampling is not performed for this method by TestAmerica Knoxville. For information 
regarding sample shipping, refer to SOP KNOX-SC-0003, “Sample Receipt and Log In”, 
current revision. Sample container and preservation recommendations are listed in the 
table below. 

 
Method: 1613B 8290/8290A1 23 0023A1 TO-9A 
Holding 
Times 

Samples – 1 year 
from collection to 
extraction 
Extracts – 1 year 
from extraction 
to analysis 

Samples – 30 days 
from collection to 
extraction 
Extracts – 45 days 
from extraction to 
analysis 
Tissue Extracts –45 
days from collection 
to analysis 

Samples – 30 
days from 
collection to 
extraction 
Extracts – 45 
days from 
extraction to 
analysis 

Samples – 30 
days from 
collection to 
extraction 
Extracts – 45 
days from 
extraction to 
analysis 

Samples – 7 days 
from collection to 
extraction 
Extracts – 40 days 
from extraction to 
analysis 

Containers Amber Glass Amber Glass See KNOX-ID-
0012 

See KNOX-ID-
0012 

See KNOX-ID-
0012 
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Method: 1613B 8290/8290A1 23 0023A1 TO-9A 
Preservation:      
Aqueous 
Samples 

≤6 °C in the dark 
If residual 
chlorine is 
present, add 80 
mg/L sodium 
thiosulfate. 
If pH > 9, adjust 
to pH 7-9 with 
sulfuric acid 

≤6 °C in the dark 
If residual chlorine is 
present, add 80 mg/L 
sodium thiosulfate. 
 

N/A N/A N/A 

Solid Samples <-10 °C in the 
dark 

≤6 °C in the dark N/A N/A N/A 

Tissue Samples <-10 °C in the 
dark 

<-20 °C in the dark2 N/A N/A N/A 

Air Samples N/A ≤6 °C in the dark ≤6 °C in the dark ≤6 °C in the dark ≤6 °C in the dark 

Notes: 
1 For method 8290, 8290A and 0023A the holding times listed are recommendations. PCDDs and PCDFs are very stable in a 

variety of matrices, and holding times under the conditions listed can be as high as a year for certain matrices. The results of 
samples analyzed after the holding time expiration date must be considered to be minimum concentrations and must be 
identified as such in the final report. Sample extracts, however, must always be analyzed within 45 days of extraction. (For the 
State of South Carolina and the New Jersey DEP, the holdings times are as listed in the table and are not considered 
recommendations.) 

2 If the freezer used to store samples is not capable of reaching a temperature of <-20 °C when the temperature control is set to its 
maximum limit, a storage higher temperature is acceptable as long as it is <-10 °C. 

9. Quality Control 

9.1 The Initial Demonstration of Capability (IDOC) studies described in Section 13 must be 
completed with acceptable results before analysis of samples can begin. 

9.2 The Method Detection Limit (MDL) study described in Section 13 must be completed 
with acceptable results before analysis of samples can begin. 

9.3 A laboratory method blank must be run along with each analytical batch of 20 (10, 
including field blank if provided, for TO-9A) or fewer samples. The method blank is 
normally analyzed immediately after the calibration standards. The method blank must 
meet the following acceptance criteria: 

9.3.1 The concentration of target analytes in the method blank must be less than the 
minimum level (ML) and “B” qualifiers are added to all associated samples with 
analytes detected in the method blank above the estimated detection limit (EDL).  

9.3.2 If the concentration of target analytes in the method blank is greater than 
minimum level (ML) but less than 5% of the concentration in the associated 
samples, corrective action is required but the associated data can be reported. At 
a minimum, corrective action must include the addition of "B" qualifiers to all 
associated samples with analytes detected in the method blank above the ML and 
documentation in the case narrative. 
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9.3.3 If the method blank sample fails to meet the acceptance criteria, the Project 
Manager is notified and the entire sample batch is re-extracted. If there is 
insufficient sample volume remaining for re-extraction, the client is contacted for 
information about the availability of additional sample volume. If there is no 
additional sample available, the original sample data is flagged and reported. A 
nonconformance memo is initiated describing the problem and corrective action. 
The problem and corrective action is documented in the project narrative. 

9.3.4 If there is no target analyte greater than the minimum levels (ML) in the samples 
associated with an unacceptable method blank, the data can be reported with 
qualifiers. Such action must be done in consultation with the client. 

9.3.5 The method blank internal standard recoveries must be within the established 
control limits. If internal standard recoveries are not acceptable, the data must be 
evaluated to determine if the method blank has served the purpose of 
demonstrating that the analysis is free of contamination.  

9.3.5.1 If internal standard recoveries are low in the method blank and there 
are analytes >ML in the associated samples re-extraction of the blank 
and affected samples is required if the method blank does not 
demonstrate that the analysis is free of contamination.  

9.3.5.2 If the method blank internal standard recoveries are outside the QC 
limits and the decision is made to report the sample results, an NCM 
must be initiated and the reason for accepting the sample results 
clearly documented. Consultation with the client before acceptance 
must take place.  

9.3.6 Refer to the QC Program document (QA-003) for further details of the 
corrective actions. 

9.4 Instrument Blank 

9.4.1 Instruments must be evaluated for contamination during each 12 hour analytical 
sequence. This is accomplished by analysis of a method blank if available. If a 
method blank is not available, an instrument blank must be analyzed. An 
instrument blank consists of solvent with the internal standards and recovery 
standards added. It is evaluated in the same way as the method blank. 

9.5 Laboratory Control Sample 

An LCS is analyzed along with each analytical batch of 20 (10, including field blank if 
provided, for TO-9A) or fewer samples. The LCS consists of reagent water for aqueous 
samples, and a clean solid matrix (sodium sulfate) for solid samples. The LCS extract must 
be subject to the same clean up procedures as the associated sample extracts. LCS spike 
components, concentrations, and control limits are given in Table 11. 
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9.5.1 If any analyte in the LCS is outside the control limits, corrective action must 
occur. Corrective action includes: 

9.5.1.1 If the LCS fails to meet the acceptance criteria, the Project Manager 
is notified and the entire sample batch is re-extracted. If there is 
insufficient sample volume remaining for re-extraction, the client is 
contacted for information about the availability of additional sample 
volume. If there is no additional sample available, the original sample 
data is flagged and reported. A nonconformance memo is initiated 
describing the problem and corrective action. The problem and 
corrective action is documented in the project narrative. 

9.5.1.2 If the batch is not re-extracted and reanalyzed, an NCM must be 
initiated and the reasons for accepting the batch must be clearly 
presented in the project records and the report. (An example of an 
acceptable reason for not reanalyzing might be that the matrix spike 
and matrix spike duplicate recoveries are within control limits, the 
method blank and sample internal standard recoveries are within 
limits, and the data clearly demonstrates that the problem was 
confined to the LCS). 

9.5.1.3 For method TO-9A calculate the precision (%D) from the 
LCS/LCSD. The precision must be within ± 30%. 

9.5.2 Ongoing monitoring of the LCS provides evidence that the laboratory is 
performing the method within accepted QC guidelines for accuracy and 
precision. 

9.6 Internal Standards 

Internal standards are spiked into all samples, blanks, and laboratory control samples to 
assess method performance on the sample matrix. The recovery of each labeled internal 
standard must be within the limits in Table 13 for methods 1613B, 8290 and 8290A or in 
Table 15 for methods 23, 0023A, and TO-9A. 

9.6.1 If the recovery is outside these limits the following corrective action must be 
taken: 

9.6.1.1 Check all calculations for error. 

9.6.1.2 Ensure that instrument performance is acceptable. 

9.6.1.3 Recalculate the data and/or reanalyze if either of the above checks 
reveal a problem. 

9.6.1.4 If the recovery of any internal standard is less than the lower control 
limit, calculate the S/N ratio of the internal standard. If the S/N is > 
10 and the estimated detection limits (EDLs) are less than the 
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minimum levels (MLs), report the data as is with qualifiers in the 
report and a discussion in the case narrative. If the S/N is < 10 or the 
estimated detection limits (EDLs) are greater than the minimum 
levels (MLs), re-extract and re-analyze the sample. If the poor 
internal standard recovery is judged to be a result of sample matrix, a 
reduced portion of the sample can be re-extracted or additional clean-
ups can be employed. The decision to reanalyze or flag the data is 
made in consultation with the client. 

9.7 Matrix Spike/Matrix Spike Duplicate (MS/MSD) – Method 8290 only. 

When method 8290 is performed a matrix spike/matrix spike duplicate (MS/MSD) is 
prepared and analyzed with every 20 samples of a given matrix. Note that a MS/MSD is 
not required for Method 8290A. The MS/MSD is spiked with the same subset of 
analytes as the LCS (See Table 12). Compare the percent recovery and relative percent 
difference (RPD) to that in the laboratory specific historically generated limits. 

9.7.1 If any individual recovery or RPD falls outside the acceptable range, corrective 
action must occur. The initial corrective action is to check the recovery of that 
analyte in the Laboratory Control Sample (LCS). Generally, if the recovery of 
the analyte in the LCS is within limits, then the laboratory operation is in control 
and analysis can proceed. The reasons for accepting the batch must be 
documented in the report narrative. 

9.7.2 If the recovery for any component is outside QC limits for both the MS/MSD 
and the LCS, the analysis is out of control and corrective action must be taken. 
Corrective action normally includes repreparation and reanalysis of the batch. 

9.7.3 If a MS/MSD is not possible due to limited sample, then a LCSD must be 
analyzed. The LCSD is evaluated using the same acceptance criteria as the LCS. 
The RPD of the LCS and LCSD are compared to the acceptance limits in Table 
12. 

9.7.4 The MS/MSD must be analyzed at the same dilution as the unspiked sample, 
even if the matrix spike compounds are diluted out. 

9.8 Surrogate Standards – Methods 23, 0023A, TO-9A 

Field surrogate standards are added to the collection media prior to sample collection 
when performing methods 23, 0023A, or TO-9A. The surrogate recoveries are calculated 
relative to the internal standards and are a measure of sampling efficiency. The recovery of 
the surrogate standards must be within the limits specified in Table 16. Poor recoveries of 
the surrogate standards can indicate breakthrough in the sampling train. 

9.8.1 If the recovery is outside these limits the following corrective action must be 
taken: 
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9.8.1.1 Check all calculations for error. 

9.8.1.2 Ensure that instrument performance is acceptable. 

9.8.1.3 Recalculate the data and/or reanalyze if either of the above checks 
reveal a problem. 

9.8.1.4 Flag the results that are outside control limits and notify the Project 
Manager. The client must be notified and consulted for additional 
corrective action. 

10. Calibration and Standardization 

10.1 Two types of calibration procedures are required. One type, initial calibration, is required 
before any samples are analyzed and is required intermittently throughout sample analyses 
as dictated by the results of continuing calibration procedures described below. The other 
type, continuing calibration, consists of analyzing the column performance check solution 
and a calibration solution (CS3). No samples are to be analyzed until acceptable 
calibration as described in sections 10.2 and 10.2.9.1 is demonstrated and documented. A 
2uL injection volume is specified for all extracts, blanks, calibration solutions and 
performance check samples. A 1uL injection volume can be used; however, the laboratory 
must keep the injection volume the same throughout calibration and analysis. 

10.2 Initial Calibration 

10.2.1 Prepare multi-level calibration standards containing the compounds and 
concentrations as specified in Table 5 for methods 1613B and 8290/8290A or in 
Table 6 for methods 23, 0023A, or TO-9A. Store calibration standards at room 
temperature in the dark. Calibration standard solutions have an expiration date of 
ten (10) years from date of receipt unless otherwise specified by the 
manufacturer/supplier. 

10.2.2 Establish operating parameters for the GC/MS system (suggested operating 
conditions are displayed in Figure 1 and Figure 2). For method 1613B adjust the 
GC conditions to meet the relative retention times for the PCDDs/PCDFs listed 
in Table 3. The cycle time for MID descriptors must be ≤ 1 sec. 

10.2.3 By using a PFK or FC-43 molecular leak, tune the instrument to meet the 
minimum resolving power of 10,000 (10 percent valley) at m/z 304.9824 (PFK) 
or 313.9838 (FC-43) or any other reference signal close to the m/z 303.9016 
(from TCDF).  

10.2.4 By using peak matching conditions and the aforementioned either PFK or FC-43 
reference peak, verify that the exact mass of m/z 380.9760 (PFK) or m/z 
363.9807 (FC-43) is within 5 ppm of the required value. Document that the 
resolving power at reduced accelerating voltage of m/z 380.9760 (PFK) or m/z 
363.9807 (FC-43) is greater than 10,000 (10 percent valley). 
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10.2.5 Analyze 2μL of the Window Defining Mixture and set the switchpoints for the 
MID descriptors. The switchpoints must be set to encompass the retention time 
window of each congener group. 

10.2.6 If the initial calibration is being performed on the DB-5 or RTX-5 column, 
analyze 2μL of the Column Performance solution. The chromatographic peak 
separation between 2,3,7,8-TCDD and the closest eluting non-2,3,7,8-TCDD 
isomer must be resolved with a % Valley of < 25, where 

100
TCDD-2,3,7,8 ofheight peak 

isomer elutingclosest  ofheight  valley  tobaselineValley % ×=  

If the initial calibration is being performed on the DB-225 or RTX-225 column, 
analyze 2μL of the TCDF Column Performance solution. The chromatographic 
peak separation between 2,3,7,8-TCDF and the closest eluting non-2,3,7,8-
TCDF isomer must be resolved with a % Valley of ≤ 25, where 

100
TCDF-2,3,7,8 ofheight peak 

isomer elutingclosest  ofheight  valley  tobaselineValley % ×=  

10.2.7 Analyze 2μL of each of the five calibration standards and calculate the RRF of 
each analyte vs. the appropriate internal standard listed in Table 3 for methods 
1613B, 8290/8290A or in Table 4 for methods 23, 0023A, and TO-9A using the 
following equation; 

CsAis
CisAsRRF
×
×

=  

where: 
As = sum of the areas of the quantitation ions of the compound of interest 
Ais = sum of the areas of the quantitation ions of the appropriate internal 
standard 
Cis = concentration of the appropriate internal standard 
Cs = concentration of the compound of interest 

10.2.7.1 Calculate the mean relative response factor (mean RRF) and the 
percent relative standard deviation (RSD) of the relative response 
factors for each compound of interest in the five calibration standard 
solutions using the following equations; 

∑
=

= ×=
n

1i
5n RF

n
1

RRF i  
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10.2.8 Criteria for Acceptable Calibration - The criteria listed below for acceptable 
calibration must be met for each initial calibration standard before sample 
analyses are performed. If acceptable initial calibration is not achieved, identify 
the root cause, perform corrective action, and repeat the initial calibration. If the 
root cause can be traced to problems with an individual analysis within the 
calibration series, follow the procedure in Test America Policy CA-T-P-002 
Selection of Calibration Points, current revision (see reference section 16.10). 

10.2.8.1 The percent relative standard deviation (RSD) for the mean relative 
response factors must be within the acceptance criteria listed in Table 
5 for methods 1613B, 8290/8290A or in Table 6 for methods 23, 
0023A, and TO-9A. 

10.2.8.2 The peaks representing the PCDDs/PCDFs and labeled compounds in 
the calibration standards must have signal-to-noise ratios (S/N) ≥ 10. 

10.2.8.3 The ion abundance ratios must be within the specified control limits 
in Table 22. 

10.2.8.4 For method 1613B the absolute retention time of 13C12-1234-TCDD 
must exceed 25.0 minutes on the DB/Rtx-5 column and 15.0 minutes 
on the DB/Rtx-225 column. 

10.2.8.5 Corrective action can include replacing the injector port liner, 
replacing the injector port septum, removal of a small portion of the 
front of the analytical column, replacing the autosampler syringes and 
rinse solvent, adjusting the instrument tuning, cleaning the ion volume 
or ion source, installing a new analytical column and replacing the 
calibration standard solutions. 

10.2.9 Analyze 2μL of the Initial Calibration Verification (ICV) Standard in section 7.3 
after the completion of the initial calibration prior to sample analysis. Calculate 
the concentration of the ICV using the RRFs from the CS3 standard analyzed in 
section 10.2.7 and the formula in section 12.3.4. Calculate the percent difference 
(%D) between the expected and the calculated ICV concentration using the 
following formula. 

( ) 100% ×
−

=
Exp

CalcExp

C
CCD  

Where: 
CExp = The expected concentration of the Standard. 
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CCalc = The calculated concentration of the Standard. 

10.2.9.1 The general criteria for percent difference acceptance limits is ±25% 
for all native compounds. The warning limits for percent difference is 
±25% to ±35%. 

10.2.9.2 All data associated with compounds with percent differences in the 
warning limits must be reviewed before acceptance. 

10.2.9.3 All data associated with compounds with percent differences outside 
the warning limits must be documented as an NCM. Corrective action 
must be taken and can include the following: 

• Reanalyze the ICV Standard 
• Replace and reanalyze the ICV Standard 
• Evaluate the instrument performance 
• Evaluate the Initial Calibration Standards 

10.3 Continuing Calibration 

10.3.1 Continuing calibration is performed at the beginning of a 12 hour period after 
successful mass resolution and GC resolution performance checks. A calibration 
check is also required at the end of a 12 hour period when performing method 
8290/8290A or 0023A. 

10.3.2 Document the mass resolution performance as specified in sections 10.2.3 and 
10.2.4. The mass resolution checks must be performed at the beginning and at 
the end of each 12-hour shift. 

10.3.3 Analyze 2μL of the Window Defining Mixture and/or Column Performance 
Solution Mixture under the same instrument conditions used to perform the 
initial calibration. Determine and document acceptable column performance as 
described in section 10.2.5 and 10.2.6. 

10.3.4 Analyze 2μL of the Daily Calibration Standard Solution (CS3). Calculate the 
concentrations and percent difference of the standard using the formulas in 
sections 12.3.4 and 10.2.9. 

NOTE: The combined Continuing Calibration Standard/Window Defining 
Mix/Column Performance Solution specified in section 7.4.2 can be used in 
section 10.3.2, 10.3.4, and 10.3.6. 

10.3.5 Criteria for Acceptable Calibration - The criteria listed below for acceptable 
calibration must be met at the beginning of each 12 hour period that samples are 
analyzed. If acceptable beginning continuing calibration criteria is not met, 
identify the root cause, perform corrective action and repeat the continuing 
calibration. If the second consecutive beginning continuing calibration does not 
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meet acceptance criteria, additional corrective action must be performed. 
Acceptable performance must be demonstrated after two consecutive failing 
beginning continuing calibrations by the analysis of two consecutive acceptable 
beginning continuing calibrations or by analysis of a new initial calibration. 

10.3.5.1 The measured concentration or percent difference for each compound 
must be within the acceptance criteria limits in Table 7 for methods 
1613B, 8290/8290A or in Table 8 for methods 23, 0023A and TO-
9A. 

10.3.5.2 For method 1613B the relative retention times of PCDDs/PCDFs and 
labeled compounds in the standard must be within the limits in Table 
3. 

10.3.5.3 The peaks representing the PCDDs/PCDFs and labeled compounds in 
the calibration standard must have signal-to-noise ratios (S/N) ≥ 10. 

10.3.5.4 The ion abundance ratios must be within the specified control limits 
in Table 22. 

10.3.5.5 Corrective action can include all of the items specified in section 
10.2.8.5. 

10.3.5.6 When performing method 8290/8290A or 0023A, if the continuing 
calibration fails at the beginning of a 12-hour shift, the instructions in 
section 10.3.5 must be followed. If the continuing calibration check 
performed at the end of a 12 hour period fails by no more than ±25 
%D for unlabeled native analytes and ±35 %D for labeled standards, 
the closing standard must not be used as a beginning calibration 
standard for the next 12-hour shift and the requirements in section 
10.3.5 must be met before analysis can continue. Use the mean RRF 
from the two daily continuing calibration runs to compute the analyte 
concentrations instead of the RRFs obtained from the initial 
calibration. If the continuing calibration check performed at the end 
of a 12 hour period fails by more than ±25 %D for unlabeled native 
analytes and ±35 %RPD for labeled standards initiate corrective 
action and reanalyze all sample extracts analyzed during the 12 hour 
period encompassing the failed end of shift calibration check. 

It is realized that it might not always be possible to achieve all RF 
criteria. For example, the RF criteria for 13C12-HpCDD and 13C12-
OCDD were not met, however the RF values for the corresponding 
unlabeled compounds were within the criteria established in this 
procedure. The data quality for the unlabeled HpCDD and OCDD 
values were not compromised as a result of the calibration event. In 
these situations, the analyst must consult with the group manager and 
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the project manager to assess the impact on the data quality 
objectives on the affected samples. Corrective action must be taken 
and any decision to report sample data in this situation must be made 
in conjunction with the client. An NCM must be initiated if the data is 
to be reported. 

10.3.6 Daily calibration must be performed every 12 hours of instrument operation. The 
12 hour shift begins with the documentation of the mass resolution followed by 
the injection of the Window Defining Mixture or Column Performance Solution 
Mixture and the Daily Calibration Standard.  

10.3.6.1 For methods 1613B, 23, TO-9A- The mass resolution documentation 
must also be performed at the end of the 12 hour shift. If the lab is 
operating consecutive 12 hour shifts, the mass resolution check from 
the end of the previous period can be used for the beginning of the 
next period. 

10.3.6.2 For method 8290/8290A or 0023A - The Continuing Calibration 
Standard check and mass resolution documentation must also be 
performed at the end of the 12 hour shift. If the lab is operating 
consecutive 12-hour shifts, the Window Defining Mixture and/or 
Column Performance Solution Mixture must be analyzed at the 
beginning of each 12-hour period. The mass resolution and 
continuing calibration checks from the previous period can be used 
for the beginning of the next period. 

11. Procedure 

11.1 One time procedural variations are allowed only if deemed necessary in the professional 
judgment of supervision to accommodate variations in sample matrix, radioactivity, 
chemistry, sample size or other parameters. Any variations in the procedure, except those 
specified by project specific instructions, must be completely documented using a 
Nonconformance Memo and approved by a Technical Specialist, Project Manager and QA 
Manager. If contractually required the client must be notified. 

11.2 Any unauthorized deviations from this procedure must also be documented as a 
nonconformance with a cause and corrective action described. 

11.3 Sample Extract Analysis 

11.3.1 Analyze the sample extracts under the same instrument operating conditions used 
to perform the instrument calibrations. Inject 2 μL into the GC/MS and acquire 
data until OCDF has eluted from the column. 

11.3.2 Record analysis information in the instrument logbook. The following 
information is required: 
Date of analysis 
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Time of analysis 
Instrument data system filename 
Analyst 
Lab sample identification 
Additional information can be recorded in the logbook if necessary. 

11.3.3 Generate ion chromatograms for the masses listed in Table 21 that encompass 
the expected retention windows of the PCDD and PCDF homologous series. 

11.4 Refer to the TestAmerica Knoxville Quality Assurance Manual, current revision for the 
GC/MS instrument equipment maintenance table. 

11.5 Refer to TestAmerica Knoxville SOP KNOX-IT-0001, current revision for requirements 
for computer hardware and software. 

12. Data Analysis and Calculations 

12.1 Refer to Figure 3 for an example data review checklists used to perform and document the 
review of the data. Using the data review checklist, the analyst also creates a narrative 
which includes any qualifications of the sample data. 

12.2 Qualitative identification criteria for PCDDs and PCDFs. For a gas chromatographic peak 
to be identified as a PCDD or PCDF, it must meet all of the following criteria: 

12.2.1 The ion current response for both ions used for quantitative purposes must reach 
maximum simultaneously (± 2 seconds). 

12.2.2 The signal-to-noise ratio (S/N) for each GC peak at each exact m/z must be ≥ 
2.5 for positive identification of a PCDD/PCDF compound. 

12.2.3 The ratio of the integrated areas of the two exact m/z’s specified in Table 21 
must be within the limits specified in Table 22, or alternatively when performing 
method 1613B, within ±10 percent of the ratio in the midpoint (CS3) calibration 
or the calibration verification (VER), whichever is most recent. 

12.2.4 Method 1613B only - The relative retention time of the peak for a 2,3,7,8-
substituted PCDD or PCDF must be within the limits in Table 3. 

12.2.5 Method 8290, 8290A and 0023A only - For 2,3,7,8-substituted isomers, which 
have an isotopically labeled internal standard or recovery standard present in the 
sample extract, the retention time of the two ions used for quantitation purposes 
must be within -1 to +3 seconds of the isotopically labeled standard. 

12.2.6 Method 23 and TO-9A only - For 2,3,7,8-substituted isomers, which have an 
isotopically labeled internal standard or recovery standard present in the sample 
extract, the retention time of the two ions used for quantitation purposes must be 
within ±3 seconds of the isotopically labeled standard. 
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12.2.7 Method 8290, 8290A, 23, 0023A, and TO-9A only - For 2,3,7,8-substituted 
isomers, which do not have an isotopically labeled internal standard present in 
the sample extract, the retention time must fall within 0.005 retention time units 
of the relative retention times measured in the routine calibration. 

12.2.8 The retention time of peaks representing non-2,3,7,8-substituted PCDDs/PCDFs 
must be within the retention time windows established in section 10.2.5. 

12.2.9 No peaks detected in the polychlorinated diphenyl-ether (PCDPE) mass channel 
in the same retention time region (± 2 sec for method 8290, 8290A & 0023A) as 
a PCDF peak. 

12.3 Quantitation for PCDDs and PCDFs. 

12.3.1 Calculate the Internal Standard and Cleanup Standard Recoveries (Ris) relative 
to the Recovery Standard according to the following equation: 

%100
QisRRFisArs

QrsAisRis ×
××

×
=  

Where: 
Ais = sum of the areas of the quantitation ions of the appropriate internal 
standard (cleanup standard is single ion) 
Ars = sum of the areas of the quantitation ions of the recovery standard 
Qrs = ng of recovery standard added to extract 
Qis = ng of internal standard or cleanup standard added to sample 
RRFis = mean relative response factor of internal standard obtained during 
initial calibration 

NOTE: In some situations, such as high-volume water sampling or air train 
samples, the extract is split for multiple analyses. In this case, Qrs must be 
correctly calculated to account for the splitting of extracts before the recovery 
standard was added. 

 S
Q VrsCrsrs ×

=  

Where: 
Qrs = ng of recovery standard added to extract 
Crs = concentration of recovery standard added to the split portion of the extract 
Vrs = volume of recovery standard added to the split portion of the extract 
S = split ratio of the extract (decimal fraction of the extract used) 

12.3.2 The split ratio represents the proportion of extract used from splits taken after 
the addition of internal standards and before the addition of recovery standards. 
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The split ratio is calculated as the product of all split ratios generated between 
these steps: 

SpfcSpcsSpisS ××=  

Where: 

Spis = the decimal fraction of extract used from split taken once the internal 
standard has been added and the extraction is performed.  

Spcs  = the decimal fraction of extract used from split taken once the cleanup 
standard (if used) has been added.  

Spfc = the decimal fraction of extract used from split taken once the cleanup 
fractionation column has been run.  

12.3.3 When properly applied, isotope dilution techniques produce results that are 
independent of recovery. The recovery of each internal standard must be within 
the limits specified in Table 13 for method 1613B, 8290 or 8290A or in Table 15 
for method 23, 0023A, or TO-9A. If the recovery of any internal standard is not 
within the specified limits, calculate the S/N ratio of the internal standard. If the 
S/N is ≥ 10 and the method minimum levels are met, report the data as is with 
qualifiers in the report and a discussion in the case narrative. If the S/N is < 10 or 
the minimum levels are not achieved, re-extract and re-analyze the sample. If the 
poor internal standard recovery is judged to be a result of sample matrix, a 
reduced portion of the sample can be re-extracted or additional clean-ups can be 
employed. 

12.3.4 Calculate the concentration of the 2,3,7,8 isomers according to the following 
equation: 

WsRRFAis
QisAtaC isomers 2,3,7,8
××

×
=  

Where: 
C = Concentration of 2,3,7,8 isomers 
Ata = sum of the areas of the quantitation ions of the target analyte 
Ais = sum of the areas of the quantitation ions of the appropriate internal 
standard 
Qis = ng of internal standard added to sample 
RRF = mean relative response factor from initial calibration.  
Ws = amount of sample spiked and extracted (grams or liters)  

 

12.3.5 The concentrations of non-2,3,7,8-isomers are calculated using the RRF for the 
corresponding 2,3,7,8-isomer. If more than one 2,3,7,8-isomer exist for a 
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particular level of chlorination, the average of the individual 2,3,7,8-isomer RRFs 
is used in the calculation. 

WsRRFAis
QisAtaC isomer 2,3,7,8 non
××

×
=  

Where: 
Ata = sum of the areas of the quantitation ions of the non-2,3,7,8 isomer 
Ais = sum of the areas of the quantitation ions of the appropriate internal 
standard 
Qis = ng of internal standard added to sample 
RRF = mean relative response factor from initial calibration for the 
corresponding 2,3,7,8 isomer.  
Ws = amount of sample spiked and extracted (grams or liters)  

12.3.6 Calculate the total concentration of all isomers within each homologous series of 
PCDDs and PCDFs by summing the concentrations of the individual PCDD or 
PCDF 2,3,7,8 and non-2,3,7,8 isomers. 

∑∑ += isomers 2,3,7,8 nonisomers 2,3,7,8Tota CClC  

12.3.7 If solid samples are to be reported on a dry weight basis, the laboratory LIMS 
system performs the following calculation: 

100%Solids
CWeight)(Dry  ionConcentrat
÷

=  

Where: 
C = Concentration of the target analyte 
%Solids = The sample percent solids determined by moisture analysis 

12.3.8 If no peaks are present in the region of the ion chromatogram where the 
compounds of interest are expected to elute, calculate the estimated detection 
limit (EDL) for that compound according to the following equation: 

SslWsRRFsHis
Qis5.2NEDL

×××
××

=  

Where: 
N = average peak to peak noise of quantitation ion signals in the region of the 
ion chromatogram where the compound of interest is expected to elute 
His = peak height of quantitation ions for appropriate internal standard 
Qis = ng of internal standard added to sample 
RRFs = mean relative response factor of compound from initial calibration 
W = amount of sample spiked and extracted (grams or liters) 
Ssl = decimal expression of percent solids (optional, if results are requested to be 
reported on dry weight basis) 
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NOTE: The percent solids calculation is performed by the laboratory LIMS 
system prior to final reporting. 

12.3.9 If peaks are present in the region of the ion chromatogram which do not meet 
the qualitative criteria listed in section 12.2, calculate an Estimated Maximum 
Possible Concentration (EMPC). Two different calculation formulas can be used 
depending upon specific client requirements. 

12.3.9.1 When performing methods 8290, 8290A for EPA regulated analyses 
where the currently promulgated method is required by law (e.g. Trial 
Burns) and for all other analyses unless the client has specified 
otherwise, use the equation in section 12.3.4, except that Ata 
represents the sum of the area under the one peak and of the other 
peak area calculated using the theoretical chlorine isotope ratio. The 
peak selected to calculate the theoretical area is the one which gives 
the lower of the two possible results (i.e. the EMPC is lower than the 
result calculated from the uncorrected areas).  

12.3.9.2 When the client has specifically requested, use the equation in section 
12.3.4 without correcting the areas. This method gives an EMPC 
which is always higher than the method above and would be 
considered the worst case. 

12.3.10 If peaks are present in the diphenyl ether mass channel at the same retention time 
as a PCDF peak, the peak cannot be identified as a PCDF. Calculate the 
concentration of the peak using the equation in section 12.3.4 but report the 
concentration as an Estimated Maximum Possible Concentration. 

12.3.11 If the concentration in the final extract of any 2,3,7,8-substituted PCDD/PCDF 
isomer (except OCDD or OCDF) exceeds the upper method calibration limits, a 
dilution of the extract or a re-extraction of a smaller portion of the sample must 
be performed. For OCDD and OCDF, report the measured concentration and 
indicate that the value exceeds the calibration limit by flagging the results with 
“E”. Dilutions of up to 1/10 can be performed on the extract. If the compounds 
that exceed the calibration range cannot be brought within the calibration range 
by a 1/10 dilution, extraction of a smaller aliquot of sample can be performed or 
the sample can be analyzed by a more appropriate analytical technique such as 
HRGC/LRMS. Consultation with the client must occur before any re-extraction 
is performed. 

12.3.12 Evaluate the ion chromatograms of the PFK or FC-43 lock mass and calibration 
mass for each MID group. The PFK or FC-43 mass intensity must be consistent 
throughout the retention time of the target compounds. Negative excursions or 
variations in the PFK or FC-43 mass intensity indicate the elution of 
interferences from the GC column that are causing suppression in the ion source 
of the mass spectrometer. This ion suppression can reduce the instrument 
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sensitivity and quantitative result of any peaks that elute at the same retention 
time. Either additional extract cleanup or dilutions can reduce ion suppression. 
The quantitative results must be carefully evaluated when there is evidence of ion 
suppression present in the PFK or FC-43 mass traces. 

12.4 The DB-5 (RTX-5) column does not provide for isomer specificity of 2,3,7,8-TCDF using 
the operating condition required for this method. If a peak is determined to be present at 
the expected  retention time of 2,3,7,8-TCDF and its calculated concentration is above the 
MinL, the sample extract must be analyzed on the DB-225 (RTX-225) column. 

12.5 The Minimum Level (MinL) is defined as the level at which the instrument gives 
acceptable calibration assuming a sample is extracted at the recommended weight or 
volume and is carried through all normal extraction and analysis procedures. Deviation 
from the extraction amounts or final volumes listed Table 2 changes the MinL. The MinL 
is calculated as shown in the following equation: 

s
minMinL

W
VfeC ×

=  

Where: 
Cmin = the concentration the analyte in the lowest calibration standard 
Ws = amount of sample spiked and extracted (grams or liters)  
Vfe = the final volume of the extract, corrected for all splits and dilutions 

SSpr
DFprVdelf
×

×
=eV  

Where: 
Vdel = the volume of extract delivered to the analysis 
DFpr = the dilution factor for dilutions performed to the final extract 
Spr = the split ratio for any post-recovery standard splits 
S = the split ratio for any post-internal standard and post-cleanup standard splits 

12.6 The Maximum Level (MaxL) is defined as the concentration or mass of analyte in the 
sample that corresponds to the highest calibration level in the initial calibration. It is 
equivalent to the concentration of the highest calibration standard, assuming that all 
method-specified sample weights, volumes, and cleanup procedures have been employed. 
The MaxL is calculated as shown in the following equation: 

s
maxxM

W
VfeCLa ×

=  

Where: 
Cmax  = the concentration the analyte in the highest calibration standard Vfe and Ws are 
defined in Section 12.5. 
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12.7 Flag all compound results in the sample that were detected in the method blank with a “B” 
qualifier. 

12.8 Flag all compound results in the sample that are below the minimum level with a “J” 
qualifier. 

12.9 Flag all compound results in the sample that are above the upper calibration limit with an 
“E” qualifier. 

12.10 Flag all compound results in the sample that are “Estimated Maximum Possible 
Concentrations” with a “Q” qualifier. 

12.11 Flag compound results in the sample that exhibit chromatographic evidence of co-eluting 
compounds with a “C” qualifier. 

12.12 Flag compound results in the sample that are affected by ion suppression with a “S” 
qualifier. 

12.13 Data Review 

12.13.1 The analyst who performs the initial data calculations must initial and date the 
front chromatogram of the raw data package to document that they have 
performed the qualitative and quantitative analysis on the sample data. 

12.13.2 A second analyst must verify all qualitative peak identifications. If discrepancies 
are found, the data must be returned to the analyst who performed the initial 
peak identification for resolution. 

12.13.3 A second analyst must check all hand calculation and data entry into calculation 
programs, databases, or spreadsheets at a frequency of 100 percent. If 
discrepancies are found, the data must be returned to the analyst who performed 
the initial calculation for resolution. 

12.13.4 The reviewing analyst must initial and date the front chromatogram of the raw 
data package to document that they have performed the second level review on 
the sample data. 

12.13.5 All items listed on the data review check list must be checked by both the analyst 
who performed the initial qualitative and quantitative analysis and the analyst 
who performed the second level review. Using the data review checklist, the 
analyst also creates a narrative which includes any qualifications of the sample 
data. An example data review check list is shown in Figure 3. 

13. Method Performance 

13.1 Method Detection Limit (MDL): An MDL must be determined for each analyte in each 
routine matrix prior to the analysis of any samples. The procedure for determination of the 
method detection limit is given in the SOP CA-Q-S-006, current revision, based on 40 
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CFR Part 136 Appendix B. The result of the MDL determination must support the 
reporting limit.  

13.2 Initial Demonstration of Capability: Each analyst must perform an initial demonstration of 
capability (IDOC) for each target analyte prior to performing the analysis independently. 
The IDOC is determined by analyzing four replicate spikes (e.g., LCSs) as detailed in Test 
America Knoxville SOP KNOX-QA-0009, current revision. Demonstration for both 
aqueous and solid matrices is required. 

13.2.1 For aqueous samples, extract, concentrate, and analyze four 1-L aliquots of 
reagent water spiked with labeled internal standards and native analytes 
according to the procedures in section 11. For non-aqueous samples, extract, 
concentrate, and analyze four aliquots of sodium sulfate spiked with labeled 
internal standards and native analytes according to the procedures in section 11. 
It is recommended that a method blank be prepared with the IDOC samples. 
Extracts must be stored in the dark at room temperature in amber or clear glass 
vials prior to analysis. 

13.2.2 Using the results of the set of four analyses, compute the average concentration 
(X) of the extracts in ng/mL and the standard deviation (S) of the concentration 
in ng/mL for each compound. 

13.2.3 For each compound, compare S and X with the corresponding limits for initial 
precision and recovery in Table 9 for method 1613B and Table 10 for methods 
8290, 8290A 23, 0023A, and TO-9A. If S and X for all compounds meet the 
acceptance criteria, system performance is acceptable and analysis of blanks and 
samples can begin. If, however, any individual S exceeds the precision limit or 
any individual X falls outside the range for accuracy, system performance is 
unacceptable for that compound. Correct the problem and repeat the test. 

13.3 Training Qualification: The group/team leader has the responsibility to ensure that this 
procedure is performed by an associate who has been properly trained in its use and has 
the required experience. Refer to SOP KNOX-QA-0009, current revision for further 
requirements for performing and documenting initial and on-going demonstrations of 
capability. 

14. Pollution Prevention 

14.1 All attempts will be made to minimize, as far as practical, the use of solvents and standard 
materials. 

15. Waste Management  

15.1 All waste will be disposed of in accordance with Federal, State and Local regulations. 
Where reasonably feasible, technological changes have been implemented to minimize the 
potential for pollution of the environment. Employees will abide by this method and the 
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policies in section 13 of the Corporate Safety Manual for “Waste Management and 
Pollution Prevention.” 

15.2 See the current revision of SOP KNOX-HS-0002 for specific waste handling guidelines. 

15.3 The following waste streams are produced when this method is carried out. 

15.3.1 Waste solvents must be placed in the flammable waste stream, contained in a 
steel satellite accumulation container or flammable solvent container.  

15.3.2 Miscellaneous disposable glassware, chemical resistant gloves, bench paper and 
similar materials that may or may not be contaminated/hazardous must be placed 
in the incinerable laboratory waste stream, contained in a HDPE satellite 
accumulation container. 

16. References 

16.1 TestAmerica Knoxville Quality Assurance Manual (QAM), current revision. 

16.2 EPA Method 1613: Tetra- Through Octa- Chlorinated Dioxins and Furans by Isotope 
Dilutions HRGC/HRMS, Revision B, October 1994. 

16.3 SW-846 Method 8290, Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated 
Dibenzofurans (PCDFs) by High-Resolution Gas Chromatography/High-Resolution Mass 
Spectrometry (HRGC/HRMS), Revision 0, September 1994. 

16.4 SW-846 Method 8290A, Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated 
Dibenzofurans (PCDFs) by High-Resolution Gas Chromatography/High-Resolution Mass 
Spectrometry (HRGC/HRMS), Revision 1, February 2007. 

16.5 SW-846 Method 0023A, Sampling Method for Polychlorinated Dibenzo-p-Dioxins and 
Polychlorinated Dibenzofuran Emissions from Stationary Sources, Revision 1, December 
1996. 

16.6 USEPA Method 23 – Determination of Polychlorinated Dibenzo-p-dioxins and 
Polychlorinated Dibenzofurans from Municipal Waste Combustors. 40 CFR Part 60 
Appendix A. 

16.7 Method TO-9A: Compendium of Methods for the Determination of Toxic Organic 
Compounds in Ambient Air, Second Edition EPA/625/R-96/010b. 

16.8 TestAmerica Knoxville SOP KNOX-ID-0012, “Method 0023A and Method 0010 
Sampling Train Pre-Sampling Preparation and Sample Extraction Procedure (Includes 
TO-9A Sampling Components)”, current revision. 

16.9 TestAmerica Knoxville SOP KNOX-OP-0001, “Extraction of Polychlorinated 
Dioxins/Furans for Analysis by HRGC/HRMS Based on Methods 8290, 8290A and 
1613B”, current revision. 



 SOP No.: KNOX-ID-0004 
 Revision No.: 10 
 Revision Date: 2/14/11 
 Page 33 of 61 
 

16.10 TestAmerica Policy, CA-T-P-002, Selection of Calibration Points, current revision. 

17. Miscellaneous 

17.1 Deviations from Reference Methods. 

17.1.1 Spiking levels have been reduced to minimize the amount of dioxin contaminated 
waste generated by this procedure. It has been demonstrated that the 
performance criteria specified in the method are not affected by this 
modification. 

17.1.2 The absolute retention time requirements in Method 1613 section 15.4.1.1 is not 
required in this procedure. The routine maintenance required of GC columns 
when analyzing samples from hazardous waste sites makes this requirement 
virtually impossible to meet in a commercial laboratory environment. This 
requirement provides no additional quality assurance purpose beyond those 
already provided by the use of labeled internal standards and required relative 
retention time limits. 

17.1.3 This procedure provides for additional calculation and reporting of sample 
specific detection limits and estimated maximum possible concentrations not 
required by Method 1613. These reporting conventions are similar to those 
required by EPA SW-846 Method 8290 and expected by data users familiar with 
EPA Office of Solid Waste program requirements. 

17.1.4 Methods 8290/8290A do not require dilution and reanalysis of samples for which 
OCDD exceeds the calibration range. Although this allowance is not made by 
method 1613B, this procedure does not require dilution for OCDD on samples 
analyzed by that method. 

17.1.5 The calibration standards specified in method 23 are used for method 0023A and 
TO-9A. 

17.1.6 Extracts are stored at room temperature rather than at <10 °C as specified in 
method 1613B. Methods 8290 and 8290A allow for the storage of extracts at 
room temperature in the dark. All of the reference methods require that 
standards be stored at room temperature. Recovery studies performed by 
Cambridge Isotopes Laboratories (CIL) indicate freezing or refrigeration of 
standards causes problems with precipitation and irreversible adsorption to the 
inside surface of the vial. CIL recommends the storage of standards and extracts 
at room temperature as long as they are protected from exposure to UV and 
evaporative losses. 

17.1.7 This procedure allows for the use of perfluorotributylamine (FC43) for mass 
calibration and resolution instead of the method recommended reference 
compound, Perfluorokerosene (PFK). FC43 is used on the newest HRMS 
instrument in the laboratory based on the manufacturer’s recommendation. The 
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use of another mass reference substance is noted in both reference methods 
1613B and 8290A. FC43 provides for less noise and less ion source 
contamination than the method recommended PFK. 

17.1.8 The percent valley column resolution criteria is ≤ 25% for this SOP. Among the 
reference methods both ≤ 25% and < 25% are represented. 

17.2 List of tables and figures referenced in the body of the SOP. 

17.2.1 Table 1 – Polychlorinated Dibenzodioxins and Furans Determined by Isotope 
Dilution and Internal Standard High Resolution Gas Chromatography /High 
Resolution Mass Spectrometry (HRGC/HRMS) 

17.2.2 Table 2 – Methods – All, Minimum Levels by Matrix 

17.2.3 Table 3 – Methods – 1613B and 8290/8290A, Retention Time References, 
Quantitation References, and Relative Retention Times 

17.2.4 Table 4 – Methods – 23, 0023A, and TO-9A, Retention Time References and 
Quantitation References 

17.2.5 Table 5 – Methods – 1613B and 8290/8290A, Initial Calibration Standard 
Concentrations and Acceptance Criteria 

17.2.6 Table 6 – Methods – 23, 0023A, and TO-9A, Initial Calibration Standard 
Concentrations and Acceptance Criteria 

17.2.7 Table 7 – Methods – 1613B and 8290/8290A, Daily Verification Standard 
(VER) Concentrations and Acceptance Criteria 

17.2.8 Table 8 – Methods – 23, 0023A, and TO-9A, Daily Verification Standard (VER) 
Concentrations and Acceptance Criteria 

17.2.9 Table 9 – Method – 1613B, Initial Demonstration of Capability (IDOC) 
Acceptance Criteria 

17.2.10 Table 10 – Methods – 8290/8290A, 23, 0023A, and TO-9A, Initial 
Demonstration of Capability (IDOC) Acceptance Criteria 

17.2.11 Table 11 – Laboratory Control Sample (LCS) Spiking Solution Component 
Concentrations and Acceptance Limits 

17.2.12 Table 12 – Method – 8290/8290A. Matrix Spike and Matrix Spike Duplicate 
Sample (MS/MSD) Spiking Solution Component Concentrations and 
Acceptance Limits 

17.2.13 Table 13 - Methods – 1613B and 8290/8290A, Internal Standard Spiking 
Solution Component Concentrations and Acceptance Limits 
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17.2.14 Table 14 – Method – 1613B, Cleanup Standard Spiking Solution Component 
Concentrations and Acceptance Limits 

17.2.15 Table 15 – Methods – 23, 0023A, and TO-9A, Internal Standard Spiking 
Solution Component Concentrations and Acceptance Limits 

17.2.16 Table 16 – Methods – 23, 0023A, and TO-9A, Surrogate Standard Spiking 
Solution Component Concentrations and Acceptance Limits 

17.2.17 Table 17 – Methods – All, Recovery Standard Spiking Solution Component 
Concentrations 

17.2.18 Table 18 – Rtx-5/DB-5 Column Window Defining Standard Mixture 
Components. – Rtx-5 (DB-5) Column Performance Standard Mixture 
Components 

17.2.19 Table 19 – Rtx-5/DB-5 Column Performance Standard Mixture Components 

17.2.20 Table 20 – Rtx-225/DB-225 Column Performance Standard Mixture 
Components 

17.2.21 Table 21 – DB-225 (Rtx-225) Column Performance Standard Mixture 
Components 

17.2.22 Table 21 – Ions Monitored for HRGC/HRMS Analysis of PCDDs and PCDFs 

17.2.23 Table 22 – Theoretical Ion Abundance Ratios and Their Control Limits for 
PCDDs and PCDFs 

17.2.24  Figure 1 – Recommended GC Operating Conditions 

17.2.25 Figure 2 – Recommended MID Descriptors 

17.2.26 Figure 3 – Example Data Review Checklist 

17.2.27 Figure 4 – Analysis of PCDDs and PCDFs by HRGC/HRMS Flowchart 
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Table 1 

Polychlorinated Dibenzo-p-dioxins/Dibenzofurans Determined by Isotope Dilution and Internal 
Standard High Resolution Gas Chromatography/High Resolution Mass Spectrometry (HRGC/HRMS) 

 
PCDDs/PCDFs 1    
Isomer/Congener CAS Registry Labeled Analog CAS Registry 
    
2,3,7,8-TCDD 1746-01-6 13C12-2,3,7,8-TCDD 76523-40-5 
  37Cl4-2,3,7,8-TCDD 85508-50-5 
Total TCDD 41903-57-5   
2,3,7,8-TCDF 51207-31-9 13C12-2,3,7,8-TCDF 89059-46-1 
Total TCDF 55722-27-5   
1,2,3,7,8-PeCDD 40321-76-4 13C12-1,2,3,7,8-PeCDD 109719-79-1 
Total PeCDD 36088-22-9   
1,2,3,7,8-PeCDF 57117-41-6 13C12-1,2,3,7,8-PeCDF 109719-77-9 
2,3,4,7,8-PeCDF 57117-31-4 13C12-2,3,4,7,8-PeCDF 116843-02-8 
Total PeCDF 30402-15-4   
1,2,3,4,7,8-HxCDD 39227-28-6 13C12-1,2,3,4,7,8-HxCDD 109719-80-4 
1,2,3,6,7,8-HxCDD 57653-85-7 13C12-1,2,3,6,7,8-HxCDD 109719-81-5 
1,2,3,7,8,9-HxCDD 19408-74-3 13C12-1,2,3,7,8,9-HxCDD 109719-82-6 
Total HxCDD 34465-46-8   
1,2,3,4,7,8-HxCDF 70648-26-9 13C12-1,2,3,4,7,8-HxCDF 114423-98-2 
1,2,3,6,7,8-HxCDF 57117-44-9 13C12-1,2,3,6,7,8-HxCDF 116843-03-9 
2,3,4,6,7,8-HxCDF 60851-34-5 13C12-2,3,4,6,7,8-HxCDF 116843-05-1 
1,2,3,7,8,9-HxCDF 72918-21-9 13C12-1,2,3,7,8,9-HxCDF 116843-04-0 
Total HxCDF 55684-94-1   
1,2,3,4,6,7,8-HpCDD 35822-46-9 13C12-1,2,3,4,6,7,8-HpCDD 109719-83-7 
Total HpCDD 37871-00-4   
1,2,3,4,6,7,8-HpCDF 67562-39-4 13C12-1,2,3,4,6,7,8-HpCDF 109719-84-8 
1,2,3,4,7,8,9-HpCDF 55673-89-7 13C12-1,2,3,4,7,8,9-HpCDF 109719-94-0 
Total HpCDF 38998-75-3   
OCDD 3268-87-9 13C12-OCDD 114423-97-1 
OCDF 39001-02-0 none  

 
 
Notes: 
 
1. Polychlorinated dioxins and furans 

 TCDD = Tetrachlorodibenzo-p-dioxin  TCDF = Tetrachlorodibenzofuran 
 PeCDD = Pentachlorodibenzo-p-dioxin  PeCDF = Pentachlorodibenzofuran 
 HxCDD = Hexachlorodibenzo-p-dioxin  HxCDF = Hexachlorodibenzofuran 
 HpCDD = Heptachlorodibenzo-p-dioxin  HpCDF = Heptachlorodibenzofuran 
 OCDD = Octachlorodibenzo-p-dioxin  OCDF = Octachlorodibenzofuran 
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Table 2 

Methods – All 
Minimum Levels by Matrix 

 

Analyte 

Extract 

(ng/mL) 1 

Water 

(pg/L) 2 
Solids 
(pg/g) 3 

Biological 
Tissue 
(pg/g) 3 

Waste 

(pg/g) 4 

Air/Wipe 

(pg) 5 
       

2,3,7,8-TCDD 0.5 10 1 1 10 10 

2,3,7,8-TCDF 0.5 10 1 1 10 10 

1,2,3,7,8-PeCDD 2.5 50 5 5 50 50 

1,2,3,7,8-PeCDF 2.5 50 5 5 50 50 

2,3,4,7,8-PeCDF 2.5 50 5 5 50 50 

1,2,3,4,7,8-HxCDD 2.5 50 5 5 50 50 

1,2,3,6,7,8-HxCDD 2.5 50 5 5 50 50 

1,2,3,7,8,9-HxCDD 2.5 50 5 5 50 50 

1,2,3,4,7,8-HxCDF 2.5 50 5 5 50 50 

1,2,3,6,7,8-HxCDF 2.5 50 5 5 50 50 

2,3,4,6,7,8-HxCDF 2.5 50 5 5 50 50 

1,2,3,7,8,9-HxCDF 2.5 50 5 5 50 50 

1,2,3,4,6,7,8-HpCDD 2.5 50 5 5 50 50 

1,2,3,4,6,7,8-HpCDF 2.5 50 5 5 50 50 

1,2,3,4,7,8,9-HpCDF 2.5 50 5 5 50 50 

OCDD 5.0 100 10 10 100 100 

OCDF 5.0 100 10 10 100 100 
 
Notes: 
1 Concentration in the extract assuming a 20 μL volume. 
2 Based on a sample volume of 1.0 L. 
3 Based on a sample weight of 10.0 g. 
4 Based on a sample weight of 1.0 g. 
5 Based on extraction of the entire sample. 
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Table 3 

Methods – 1613B and 8290/8290A 
Retention Time References, Quantitation References and Relative Retention Times 

Analyte Retention Time and Quantitation Reference 
Relative Retention 

Time 
Compounds using 13C12-1,2,3,4-TCDD as the recovery standard 
2,3,7,8-TCDD 13C12-2,3,7,8-TCDD 0.999-1.002 
2,3,7,8-TCDF 13C12-2,3,7,8-TCDF 0.999-1.003 
1,2,3,7,8-PeCDD 13C12-1,2,3,7,8-PeCDD 0.999-1.002 
1,2,3,7,8-PeCDF 13C12-1,2,3,7,8-PeCDF 0.999-1.002 
2,3,4,7,8-PeCDF 13C12-2,3,4,7,8-PeCDF 0.999-1.002 
13C12-2,3,7,8-TCDD 13C12-1,2,3,4-TCDD 0.976-1.043 
37Cl4-2,3,7,8-TCDD 13C12-1,2,3,4-TCDD 0.989-1.052 
13C12-2,3,7,8-TCDF 13C12-1,2,3,4-TCDD 0.923-1.103 
13C12-1,2,3,7,8-PeCDD 13C12-1,2,3,4-TCDD 1.000-1.567 
13C12-1,2,3,7,8-PeCDF 13C12-1,2,3,4-TCDD 1.000-1.425 
13C12-2,3,4,7,8-PeCDF 13C12-1,2,3,4-TCDD 1.011-1.526 
Compounds using 13C12-1,2,3,7,8,9-HxCDD as the recovery standard 
1,2,3,4,7,8-HxCDD 13C12-1,2,3,4,7,8-HxCDD 0.999-1.001 
1,2,3,6,7,8-HxCDD 13C12-1,2,3,6,7,8-HxCDD 0.998-1.004 
1,2,3,7,8,9-HxCDD --1 1.000-1.019 
1,2,3,4,7,8-HxCDF 13C12-1,2,3,4,7,8-HxCDF 0.999-1.001 
1,2,3,6,7,8-HxCDF 13C12-1,2,3,6,7,8-HxCDF 0.997-1.005 
2,3,4,6,7,8-HxCDF 13C12-2,3,4,6,7,8-HxCDF 0.999-1.001 
1,2,3,7,8,9-HxCDF 13C12-1,2,3,7,8,9-HxCDF 0.999-1.001 
1,2,3,4,6,7,8-HpCDD 13C12-1,2,3,4,6,7,8-HpCDD 0.999-1.001 
1,2,3,4,6,7,8-HpCDF 13C12-1,2,3,4,6,7,8-HpCDF 0.999-1.001 
1,2,3,4,7,8,9-HpCDF 13C12-1,2,3,4,7,8,9-HpCDF 0.999-1.001 
OCDD 13C12-OCDD 0.999-1.001 
OCDF 13C12-OCDD 0.999-1.008 
13C12-1,2,3,4,7,8-HxCDD 13C12-1,2,3,7,8,9-HxCDD 0.977-1.000 
13C12-1,2,3,6,7,8-HxCDD 13C12-1,2,3,7,8,9-HxCDD 0.981-1.003 
13C12-1,2,3,4,7,8-HxCDF 13C12-1,2,3,7,8,9-HxCDD 0.944-0.970 
13C12-1,2,3,6,7,8-HxCDF 13C12-1,2,3,7,8,9-HxCDD 0.949-0.975 
13C12-2,3,4,6,7,8-HxCDF 13C12-1,2,3,7,8,9-HxCDD 0.959-1.021 
13C12-1,2,3,7,8,9-HxCDF 13C12-1,2,3,7,8,9-HxCDD 0.977-1.047 
13C12-1,2,3,4,6,7,8-HpCDD 13C12-1,2,3,7,8,9-HxCDD 1.086-1.110 
13C12-1,2,3,4,6,7,8-HpCDF 13C12-1,2,3,7,8,9-HxCDD 1.043-1.085 
13C12-1,2,3,4,7,8,9-HpCDF 13C12-1,2,3,7,8,9-HxCDD 1.057-1.151 
13C12-OCDD 13C12-1,2,3,7,8,9-HxCDD 1.032-1.311 

 
Notes: 
1 The retention time reference for 1,2,3,7,8,9-HxCDD is 13C12-1,2,3,6,7,8-HxCDD. 1,2,3,7,8,9-HxCDD is quantified using the 

averaged responses for 13C12-1,2,3,4,7,8-HxCDD and 13C12-1,2,3,6,7,8-HxCDD. 



 SOP No.: KNOX-ID-0004 
 Revision No.: 10 
 Revision Date: 2/14/11 
 Page 39 of 61 
 

Table 4 

Methods – 23, 0023A and TO-9A 
Retention Time References and Quantitation References 

Analyte Retention Time and Quantitation Reference 

Compounds using 13C12-1,2,3,4-TCDD as the recovery standard 

2,3,7,8-TCDD 13C12-2,3,7,8-TCDD 

2,3,7,8-TCDF 13C12-2,3,7,8-TCDF 

1,2,3,7,8-PeCDD 13C12-1,2,3,7,8-PeCDD 

1,2,3,7,8-PeCDF 13C12-1,2,3,7,8-PeCDF 

2,3,4,7,8-PeCDF 13C12-1,2,3,7,8-PeCDF 
13C12-2,3,7,8-TCDD 13C12-1,2,3,4-TCDD 
37Cl4-2,3,7,8-TCDD 13C12-2,3,7,8-TCDD 

13C12-2,3,7,8-TCDF 13C12-1,2,3,4-TCDD 
13C12-1,2,3,7,8-PeCDD 13C12-1,2,3,4-TCDD 
13C12-1,2,3,7,8-PeCDF 13C12-1,2,3,4-TCDD 
13C12-2,3,4,7,8-PeCDF 13C12-1,2,3,7,8-PeCDF 

Compounds using 13C12-1,2,3,7,8,9-HxCDD as the recovery standard 

1,2,3,4,7,8-HxCDD 13C12-1,2,3,6,7,8-HxCDD 

1,2,3,6,7,8-HxCDD 13C12-1,2,3,6,7,8-HxCDD 

1,2,3,7,8,9-HxCDD 13C12-1,2,3,6,7,8-HxCDD 

1,2,3,4,7,8-HxCDF 13C12-1,2,3,6,7,8-HxCDF 

1,2,3,6,7,8-HxCDF 13C12-1,2,3,6,7,8-HxCDF 

2,3,4,6,7,8-HxCDF 13C12-1,2,3,6,7,8-HxCDF 

1,2,3,7,8,9-HxCDF 13C12-1,2,3,6,7,8-HxCDF 

1,2,3,4,6,7,8-HpCDD 13C12-1,2,3,4,6,7,8-HpCDD 

1,2,3,4,6,7,8-HpCDF 13C12-1,2,3,4,6,7,8-HpCDF 

1,2,3,4,7,8,9-HpCDF 13C12-1,2,3,4,6,7,8-HpCDF 

OCDD 13C12-OCDD 

OCDF 13C12-OCDD 
13C12-1,2,3,4,7,8-HxCDD 13C12-1,2,3,6,7,8-HxCDD 
13C12-1,2,3,6,7,8-HxCDD 13C12-1,2,3,7,8,9-HxCDD 
13C12-1,2,3,4,7,8-HxCDF 13C12-1,2,3,6,7,8-HxCDF 
13C12-1,2,3,6,7,8-HxCDF 13C12-1,2,3,7,8,9-HxCDD 
13C12-1,2,3,4,6,7,8-HpCDD 13C12-1,2,3,7,8,9-HxCDD 
13C12-1,2,3,4,6,7,8-HpCDF 13C12-1,2,3,7,8,9-HxCDD 
13C12-1,2,3,4,7,8,9-HpCDF 13C12-1,2,3,4,6,7,8-HpCDF 
13C12-OCDD 13C12-1,2,3,7,8,9-HxCDD 
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 Table 5 

Methods – 1613B and 8290/8290A 
Initial Calibration Standard Concentrations and Acceptance Criteria 

 
 CS1 CS2 CS3 CS4 CS5 1613B 8290 8290A 

Analyte (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) %RSD %RSD %RSD 
         
Native PCDD’s and PCDF’s         
2,3,7,8-TCDD 0.5 2.0 10 40 200 ±20 ±20 ±20 
2,3,7,8-TCDF 0.5 2.0 10 40 200 ±20 ±20 ±20 
1,2,3,7,8-PeCDD 2.5 10 50 200 1000 ±20 ±20 ±20 
1,2,3,7,8-PeCDF 2.5 10 50 200 1000 ±20 ±20 ±20 
2,3,4,7,8-PeCDF 2.5 10 50 200 1000 ±20 ±20 ±20 
1,2,3,4,7,8-HxCDD 2.5 10 50 200 1000 ±20 ±20 ±20 
1,2,3,6,7,8-HxCDD 2.5 10 50 200 1000 ±20 ±20 ±20 
1,2,3,7,8,9-HxCDD 2.5 10 50 200 1000 ±35 ±20 ±20 
1,2,3,4,7,8-HxCDF 2.5 10 50 200 1000 ±20 ±20 ±20 
1,2,3,6,7,8-HxCDF 2.5 10 50 200 1000 ±20 ±20 ±20 
2,3,4,6,7,8-HxCDF 2.5 10 50 200 1000 ±20 ±20 ±20 
1,2,3,7,8,9-HxCDF 2.5 10 50 200 1000 ±20 ±20 ±20 
1,2,3,4,6,7,8-HpCDD 2.5 10 50 200 1000 ±20 ±20 ±20 
1,2,3,4,6,7,8-HpCDF 2.5 10 50 200 1000 ±20 ±20 ±20 
1,2,3,4,7,8,9-HpCDF 2.5 10 50 200 1000 ±20 ±20 ±20 
OCDD 5.0 20 100 400 2000 ±20 ±20 ±20 
OCDF 5.0 20 100 400 2000 ±35 ±20 ±20 
         
Labeled Internal Standards         
13C12-2,3,7,8-TCDD 100 100 100 100 100 ±35 ±30 ±20 
13C12-2,3,7,8-TCDF 100 100 100 100 100 ±35 ±30 ±20 
13C12-1,2,3,7,8-PeCDD 100 100 100 100 100 ±35 ±30 ±20 
13C12-1,2,3,7,8-PeCDF 100 100 100 100 100 ±35 ±30 ±20 
13C12-2,3,4,7,8-PeCDF 100 100 100 100 100 ±35 ±30 ±20 
13C12-1,2,3,4,7,8-HxCDD 100 100 100 100 100 ±35 ±30 ±20 
13C12-1,2,3,6,7,8-HxCDD 100 100 100 100 100 ±35 ±30 ±20 
13C12-1,2,3,4,7,8-HxCDF 100 100 100 100 100 ±35 ±30 ±20 
13C12-1,2,3,6,7,8-HxCDF 100 100 100 100 100 ±35 ±30 ±20 
13C12-2,3,4,6,7,8-HxCDF 100 100 100 100 100 ±35 ±30 ±20 
13C12-1,2,3,7,8,9-HxCDF 100 100 100 100 100 ±35 ±30 ±20 
13C12-1,2,3,4,6,7,8-HpCDD 100 100 100 100 100 ±35 ±30 ±20 
13C12-1,2,3,4,6,7,8-HpCDF 100 100 100 100 100 ±35 ±30 ±20 
13C12-1,2,3,4,7,8,9-HpCDF 100 100 100 100 100 ±35 ±30 ±20 
13C12-OCDD 200 200 200 200 200 ±35 ±30 ±20 
         
Labeled Cleanup Standard         
37Cl4-2,3,7,8-TCDD 0.5 2.0 10 40 200 ±35 - - 
         
Labeled Recovery Standard         
13C12-1,2,3,4-TCDD 100 100 100 100 100 - - - 
13C12-1,2,3,7,8,9-HxCDD 100 100 100 100 100 - - - 
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Table 6 

Methods – 23, 0023A and TO-9A 
Initial Calibration Standard Concentrations and Acceptance Criteria 

 
 CS1 CS2 CS3 CS4 CS5 23 / TO-9A 0023A 

Analyte (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) %RSD %RSD 
        
Native PCDDs and PCDFs        
2,3,7,8-TCDD 0.5 1.0 5 50 100 ±25 ±20 
2,3,7,8-TCDF 0.5 1.0 5 50 100 ±25 ±20 
1,2,3,7,8-PeCDD 2.5 5 25 250 500 ±25 ±20 
1,2,3,7,8-PeCDF 2.5 5 25 250 500 ±25 ±20 
2,3,4,7,8-PeCDF 2.5 5 25 250 500 ±25 ±20 
1,2,3,4,7,8-HxCDD 2.5 5 25 250 500 ±25 ±20 
1,2,3,6,7,8-HxCDD 2.5 5 25 250 500 ±25 ±20 
1,2,3,7,8,9-HxCDD 2.5 5 25 250 500 ±25 ±20 
1,2,3,4,7,8-HxCDF 2.5 5 25 250 500 ±25 ±20 
1,2,3,6,7,8-HxCDF 2.5 5 25 250 500 ±25 ±20 
2,3,4,6,7,8-HxCDF 2.5 5 25 250 500 ±25 ±20 
1,2,3,7,8,9-HxCDF 2.5 5 25 250 500 ±25 ±20 
1,2,3,4,6,7,8-HpCDD 2.5 5 25 250 500 ±25 ±20 
1,2,3,4,6,7,8-HpCDF 2.5 5 25 250 500 ±25 ±20 
1,2,3,4,7,8,9-HpCDF 2.5 5 25 250 500 ±25 ±20 
OCDD 5.0 10 50 500 1000 ±25 ±20 
OCDF 5.0 10 50 500 1000 ±30 ±20 
        
Labeled Internal Standards        
13C12-2,3,7,8-TCDD 100 100 100 100 100 ±25 ±30 
13C12-2,3,7,8-TCDF 100 100 100 100 100 ±30 ±30 
13C12-1,2,3,7,8-PeCDD 100 100 100 100 100 ±30 ±30 
13C12-1,2,3,7,8-PeCDF 100 100 100 100 100 ±30 ±30 
13C12-1,2,3,6,7,8-HxCDD 100 100 100 100 100 ±25 ±30 
13C12-1,2,3,6,7,8-HxCDF 100 100 100 100 100 ±30 ±30 
13C12-1,2,3,4,6,7,8-HpCDD 100 100 100 100 100 ±30 ±30 
13C12-1,2,3,4,6,7,8-HpCDF 100 100 100 100 100 ±30 ±30 
13C12-OCDD 200 200 200 200 200 ±30 ±30 
        
Surrogate Standards         
37Cl4-2,3,7,8-TCDD 0.5 1.0 5 50 100 ±25 ±30 
13C12-2,3,4,7,8-PeCDF 2.5 5 25 250 500 ±25 ±30 
13C12-1,2,3,4,7,8-HxCDD 2.5 5 25 250 500 ±25 ±30 
13C12-1,2,3,4,7,8-HxCDF 2.5 5 25 250 500 ±25 ±30 
13C12-1,2,3,4,7,8,9-HpCDF 2.5 5 25 250 500 ±25 ±30 
        
Labeled Recovery Standard        
13C12-1,2,3,4-TCDD 100 100 100 100 100 - - 
13C12-1,2,3,7,8,9-HxCDD 100 100 100 100 100 - - 
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Table 7 

Methods – 1613B and 8290/8290A 
Daily Verification Standard (VER) Concentrations and Acceptance Criteria 

  1613B  8290/8290A 
 VER All Isomers Tetra only  Shift Open Shift Close1 
Analyte (ng/mL) (ng/mL) (ng/mL)  %D %D 
       
Native PCDDs and PCDFs       
2,3,7,8-TCDD 10 7.8-12.9 8.2-12.3  ±20 ±25 
2,3,7,8-TCDF 10 8.4-12.0 8.6-11.6  ±20 ±25 
1,2,3,7,8-PeCDD 50 39-65 -  ±20 ±25 
1,2,3,7,8-PeCDF 50 41-60 -  ±20 ±25 
2,3,4,7,8-PeCDF 50 41-61 -  ±20 ±25 
1,2,3,4,7,8-HxCDD 50 39-64 -  ±20 ±25 
1,2,3,6,7,8-HxCDD 50 39-64 -  ±20 ±25 
1,2,3,7,8,9-HxCDD 50 41-61 -  ±20 ±25 
1,2,3,4,7,8-HxCDF 50 45-56 -  ±20 ±25 
1,2,3,6,7,8-HxCDF 50 44-57 -  ±20 ±25 
2,3,4,6,7,8-HxCDF 50 44-57 -  ±20 ±25 
1,2,3,7,8,9-HxCDF 50 45-56 -  ±20 ±25 
1,2,3,4,6,7,8-HpCDD 50 43-58 -  ±20 ±25 
1,2,3,4,6,7,8-HpCDF 50 45-55 -  ±20 ±25 
1,2,3,4,7,8,9-HpCDF 50 43-58 -  ±20 ±25 
OCDD 100 79-126 -  ±20 ±25 
OCDF 100 63-159 -  ±20 ±25 
Labeled Internal Standards       
13C12-2,3,7,8-TCDD 100 82-121 85-117  ±30 ±35 
13C12-2,3,7,8-TCDF 100 71-140 76-131  ±30 ±35 
13C12-1,2,3,7,8-PeCDD 100 62-160 -  ±30 ±35 
13C12-1,2,3,7,8-PeCDF 100 76-130 -  ±30 ±35 
13C12-2,3,4,7,8-PeCDF 100 77-130 -  ±30 ±35 
13C12-1,2,3,4,7,8-HxCDD 100 85-117 -  ±30 ±35 
13C12-1,2,3,6,7,8-HxCDD 100 85-118 -  ±30 ±35 
13C12-1,2,3,4,7,8-HxCDF 100 76-131 -  ±30 ±35 
13C12-1,2,3,6,7,8-HxCDF 100 70-143 -  ±30 ±35 
13C12-2,3,4,6,7,8-HxCDF 100 73-137 -  ±30 ±35 
13C12-1,2,3,7,8,9-HxCDF 100 74-135 -  ±30 ±35 
13C12-1,2,3,4,6,7,8-HpCDD 100 72-138 -  ±30 ±35 
13C12-1,2,3,4,6,7,8-HpCDF 100 78-129 -  ±30 ±35 
13C12-1,2,3,4,7,8,9-HpCDF 100 77-129 -  ±30 ±35 
13C12-OCDD 200 96-415 -  ±30 ±35 
       
Labeled Cleanup Standard       
37Cl4-2,3,7,8-TCDD 10 7.9-12.7 8.3-12.1  - - 
       
Labeled Recovery Standard       
13C12-1,2,3,4-TCDD 100 - -  - - 
13C12-1,2,3,7,8,9-HxCDD 100 - -  - - 

Notes: 
1 If the closing standard %D exceeds the opening %D criteria, the average of the Opening and Closing RF is used instead of the Initial 

Calibration RF to calculate sample concentrations. 
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Table 8 

Methods – 23, 0023A and TO-9A 
Daily Verification Standard (VER) Concentrations and Acceptance Criteria 

 
   0023A 
 VER 23 and TO-9A Shift Open Shift Close1 
Analyte (ng/mL) %D %D %D 
     
Native PCDDs and PCDFs     
2,3,7,8-TCDD 5 ±25 ±20 ±25 
2,3,7,8-TCDF 5 ±25 ±20 ±25 
1,2,3,7,8-PeCDD 25 ±25 ±20 ±25 
1,2,3,7,8-PeCDF 25 ±25 ±20 ±25 
2,3,4,7,8-PeCDF 25 ±25 ±20 ±25 
1,2,3,4,7,8-HxCDD 25 ±25 ±20 ±25 
1,2,3,6,7,8-HxCDD 25 ±25 ±20 ±25 
1,2,3,7,8,9-HxCDD 25 ±25 ±20 ±25 
1,2,3,4,7,8-HxCDF 25 ±25 ±20 ±25 
1,2,3,6,7,8-HxCDF 25 ±25 ±20 ±25 
2,3,4,6,7,8-HxCDF 25 ±25 ±20 ±25 
1,2,3,7,8,9-HxCDF 25 ±25 ±20 ±25 
1,2,3,4,6,7,8-HpCDD 25 ±25 ±20 ±25 
1,2,3,4,6,7,8-HpCDF 25 ±25 ±20 ±25 
1,2,3,4,7,8,9-HpCDF 25 ±25 ±20 ±25 
OCDD 50 ±25 ±20 ±25 
OCDF 50 ±30 ±20 ±25 
Labeled Internal Standards     
13C12-2,3,7,8-TCDD 100 ±25 ±30 ±35 
13C12-2,3,7,8-TCDF 100 ±30 ±30 ±35 
13C12-1,2,3,7,8-PeCDD 100 ±30 ±30 ±35 
13C12-1,2,3,7,8-PeCDF 100 ±30 ±30 ±35 
13C12-1,2,3,6,7,8-HxCDD 100 ±25 ±30 ±35 
13C12-1,2,3,6,7,8-HxCDF 100 ±30 ±30 ±35 
13C12-1,2,3,4,6,7,8-HpCDD 100 ±30 ±30 ±35 
13C12-1,2,3,4,6,7,8-HpCDF 100 ±30 ±30 ±35 
13C12-OCDD 200 ±30 ±30 ±35 
Surrogate Standards      
37Cl4-2,3,7,8-TCDD 5 ±25 ±30 ±35 
13C12-2,3,4,7,8-PeCDF 25 ±25 ±30 ±35 
13C12-1,2,3,4,7,8-HxCDD 25 ±25 ±30 ±35 
13C12-1,2,3,4,7,8-HxCDF 25 ±25 ±30 ±35 
13C12-1,2,3,4,7,8,9-HpCDF 25 ±25 ±30 ±35 
Labeled Recovery Standard     
13C12-1,2,3,4-TCDD 100 - -  
13C12-1,2,3,7,8,9-HxCDD 100 - -  

 
Notes: 
1 If the closing standard %D exceeds the opening %D criteria, the average of the Opening and Closing RF is used instead of the Initial 

Calibration RF to calculate sample concentrations. 
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Table 9 

Method – 1613B 
Initial Demonstration of Capability (IDOC) Acceptance Criteria 

 Test 1613B  1613B Tetra Only 

Analyte 
Conc. 

(ng/mL) 1 
s2 

(ng/mL) 1 
X3 

(ng/ml) 1 
 s2 

(ng/mL) 1 
X3 

(ng/ml) 1 
       
Native PCDDs and PCDFs       
2,3,7,8-TCDD 10 2.8 8.3-12.9  2.7 8.7-12.4 
2,3,7,8-TCDF 10 2.0 8.7-13.7  2.0 9.1-13.1 
1,2,3,7,8-PeCDD 50 7.5 38-66  - - 
1,2,3,7,8-PeCDF 50 7.5 43-62  - - 
2,3,4,7,8-PeCDF 50 8.6 36-75  - - 
1,2,3,4,7,8-HxCDD 50 9.4 39-76  - - 
1,2,3,6,7,8-HxCDD 50 7.7 42-62  - - 
1,2,3,7,8,9-HxCDD 50 11.1 37-71  - - 
1,2,3,4,7,8-HxCDF 50 8.7 41-59  - - 
1,2,3,6,7,8-HxCDF 50 6.7 46-60  - - 
2,3,4,6,7,8-HxCDF 50 7.4 37-74  - - 
1,2,3,7,8,9-HxCDF 50 6.4 42-61  - - 
1,2,3,4,6,7,8-HpCDD 50 7.7 38-65  - - 
1,2,3,4,6,7,8-HpCDF 50 6.3 45-56  - - 
1,2,3,4,7,8,9-HpCDF 50 8.1 43-63  - - 
OCDD 100 19 89-127  - - 
OCDF 100 27 74-146  - - 
       
Labeled Internal Standards       
13C12-2,3,7,8-TCDD 50 18.5 14-67  17.5 16-57.5 
13C12-2,3,7,8-TCDF 50 17.5 15.5-56.5  17 17.5-49.5 
13C12-1,2,3,7,8-PeCDD 50 19.5 13.5-92  - - 
13C12-1,2,3,7,8-PeCDF 50 17.0 13.5-78  - - 
13C12-2,3,4,7,8-PeCDF 50 19.0 8-139.5  - - 
13C12-1,2,3,4,7,8-HxCDD 50 20.5 14.5-73.5  - - 
13C12-1,2,3,6,7,8-HxCDD 50 19.0 17-61  - - 
13C12-1,2,3,4,7,8-HxCDF 50 21.5 13.5-76  - - 
13C12-1,2,3,6,7,8-HxCDF 50 17.5 15-61  - - 
13C12-2,3,4,6,7,8-HxCDF 50 18.5 14.5-68  - - 
13C12-1,2,3,7,8,9-HxCDF 50 20.0 12-78.5  - - 
13C12-1,2,3,4,6,7,8-HpCDD 50 17.5 17-64.5  - - 
13C12-1,2,3,4,6,7,8-HpCDF 50 20.5 16-55  - - 
13C12-1,2,3,4,7,8,9-HpCDF 50 20.0 14-70.5  - - 
13C12-OCDD 100 47.5 20.5-138  - - 
       
Labeled Cleanup Standard       
37Cl4-2,3,7,8-TCDD 10 3.6 3.9-15.4  3.4 4.5-13.4 

 
Notes: 
1 All specifications are given as concentration in the final extract, assuming a 20-μL volume. 
2 s = standard deviation of the concentration 
3 X = average concentration. The acceptance range for average recovery can be normalized (shifted to center on 100% recovery) to 

compensate for the bias in the collaborative study used to develop the acceptance criteria. 
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Table 10 

Methods – 8290/8290A, 23, 0023A and TO-9A 
Initial Demonstration of Capability (IDOC) Acceptance Criteria 

 

Analyte Test Conc (ng/mL) 1 
s2 

(%Rec) 
X3 

(%Rec) 
Native PCDDs and PCDFs    

2,3,7,8-TCDD 10 154 70-1304 

2,3,7,8-TCDF 10 154 70-1304 

1,2,3,7,8-PeCDD 50 154 70-1304 

1,2,3,7,8-PeCDF 50 154 70-1304 

2,3,4,7,8-PeCDF 50 154 70-1304 

1,2,3,4,7,8-HxCDD 50 154 70-1304 

1,2,3,6,7,8-HxCDD 50 154 70-1304 

1,2,3,7,8,9-HxCDD 50 154 70-1304 

1,2,3,4,7,8-HxCDF 50 154 70-1304 

1,2,3,6,7,8-HxCDF 50 154 70-1304 

2,3,4,6,7,8-HxCDF 50 154 70-1304 

1,2,3,7,8,9-HxCDF 50 154 70-1304 

1,2,3,4,6,7,8-HpCDD 50 154 70-1304 

1,2,3,4,6,7,8-HpCDF 50 154 70-1304 

1,2,3,4,7,8,9-HpCDF 50 154 70-1304 

OCDD 100 154 70-1304 

OCDF 100 154 70-1304 
 
Notes: 
1 All specifications are given as concentration in the final extract, assuming a 20 μL volume. 
2 s = standard deviation of the percent recovery 
3 X = average percent recovery 
4 Inhouse generated historical control limits can be used in place of the specified limit. 
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Table 11 

Laboratory Control Sample (LCS) Spiking Solution Component Concentrations and Acceptance 
Limits 

 

Analyte 
LCS Solution 

Conc. (ng/mL)1 
Final Extract 

Conc (ng/mL)2 
1613B LCS 

Conc (ng/mL)2 

8290/8290A, 23, 
0023A, TO-9A 

Recovery 
(%Rec) 

2,3,7,8-TCDD 0.2 10 6.7-15.8 70-1304 

2,3,7,8-TCDF 0.2 10 7.5-15.8 70-1304 

1,2,3,7,8-PeCDD 1.0 50 35-71 70-1304 

1,2,3,7,8-PeCDF 1.0 50 40-67 70-1304 

2,3,4,7,8-PeCDF 1.0 50 34-80 70-1304 

1,2,3,4,7,8-HxCDD 1.0 50 35-82 70-1304 

1,2,3,6,7,8-HxCDD 1.0 50 38-67 70-1304 

1,2,3,7,8,9-HxCDD 1.0 50 32-81 70-1304 

1,2,3,4,7,8-HxCDF 1.0 50 36-67 70-1304 

1,2,3,6,7,8-HxCDF 1.0 50 42-65 70-1304 

2,3,4,6,7,8-HxCDF 1.0 50 35-78 70-1304 

1,2,3,7,8,9-HxCDF 1.0 50 39-65 70-1304 

1,2,3,4,6,7,8-HpCDD 1.0 50 35-70 70-1304 

1,2,3,4,6,7,8-HpCDF 1.0 50 41-61 70-1304 

1,2,3,4,7,8,9-HpCDF 1.0 50 39-69 70-1304 

OCDD 2.0 100 78-144 70-1304 

OCDF 2.0 100 63-170 70-1304 

     

Tetras Only     

2,3,7,8-TCDD 0.2 10 7.3-14.6 70-1304 

2,3,7,8-TCDF 0.2 10 8.0-14.7 70-1304 
 
Notes: 
1 1.0 mL of this solution is added to the LCS before extraction (see section 7.11.2). 
2 The final extract concentration is based on an extract volume of 20 μL. 
3 Spike concentrations are based on a 1.0 L extraction for water, 10.0g extraction for solids, and entire sample extraction for 

air/wipe samples. 
4 Inhouse generated historical control limits can be used in place of the specified limit. 
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Table 12 

Method – 8290/8290A 
Matrix Spike and Matrix Spike Duplicate Sample (MS/MSD) Spiking Solution Component 

Concentrations and Acceptance Limits1 

 

Analyte 
LCS Solution 

Conc. (ng/mL)2 
Final Extract 

Conc (ng/mL)3 
8290 Recovery 

(%Rec) 
8290 Precision 

(RPD) 
2,3,7,8-TCDD 0.2 10 70-1304 ±154 

2,3,7,8-TCDF 0.2 10 70-1304 ±154 

1,2,3,7,8-PeCDD 1.0 50 70-1304 ±154 

1,2,3,7,8-PeCDF 1.0 50 70-1304 ±154 

2,3,4,7,8-PeCDF 1.0 50 70-1304 ±154 

1,2,3,4,7,8-HxCDD 1.0 50 70-1304 ±154 

1,2,3,6,7,8-HxCDD 1.0 50 70-1304 ±154 

1,2,3,7,8,9-HxCDD 1.0 50 70-1304 ±154 

1,2,3,4,7,8-HxCDF 1.0 50 70-1304 ±154 

1,2,3,6,7,8-HxCDF 1.0 50 70-1304 ±154 

2,3,4,6,7,8-HxCDF 1.0 50 70-1304 ±154 

1,2,3,7,8,9-HxCDF 1.0 50 70-1304 ±154 

1,2,3,4,6,7,8-HpCDD 1.0 50 70-1304 ±154 

1,2,3,4,6,7,8-HpCDF 1.0 50 70-1304 ±154 

1,2,3,4,7,8,9-HpCDF 1.0 50 70-1304 ±154 

OCDD 2.0 100 70-1304 ±154 

OCDF 2.0 100 70-1304 ±154 
 
Notes: 
1 If insufficient sample exists for MS/MSD analysis, these limits apply to LCS/LCSD samples. 
2 1.0 mL of this solution is added to the LCS before extraction (see section 1.1). 
3 The final extract concentration is based on an extract volume of 20 μL. 
4 Inhouse generated historical control limits can be used in place of the specified limit. 
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Table 13 

Methods – 1613B and 8290/8290A 
Internal Standard Spiking Solution Component Concentrations and Acceptance Limits 

 

Labeled Analyte 
Solution Conc 

(ng/mL)1 
Test Conc. 
(ng/mL)2 

1613B LCS 
Conc (ng/mL)2 

1613B Sample 
Conc (ng/mL)2 

8290 Recovery 
(%Rec) 

13C12-2,3,7,8-TCDD 1.0 50 10.0-87.5 12.5-82.0 40-135 
13C12-2,3,7,8-TCDF 1.0 50 11.0-76.0 12.0-84.5 40-135 
13C12-1,2,3,7,8-PeCDD 1.0 50 10.5-113.5 12.5-90.5 40-135 
13C12-1,2,3,7,8-PeCDF 1.0 50 10.5-96.0 12.0-92.5 40-135 
13C12-2,3,4,7,8-PeCDF 1.0 50 6.5-164.0 10.5-89.0 40-135 
13C12-1,2,3,4,7,8-HxCDD 1.0 50 10.5-96.5 16.0-70.5 40-135 
13C12-1,2,3,6,7,8-HxCDD 1.0 50 12.5-81.5 14.0-65.0 40-135 
13C12-1,2,3,4,7,8-HxCDF 1.0 50 9.5-101.0 13.0-76.0 40-135 
13C12-1,2,3,6,7,8-HxCDF 1.0 50 10.5-79.5 13.0-61.5 40-135 
13C12-2,3,4,6,7,8-HxCDF 1.0 50 11.0-88.0 14.0-68.0 40-135 
13C12-1,2,3,7,8,9-HxCDF 1.0 50 8.5-102.5 14.5-73.5 40-135 
13C12-1,2,3,4,6,7,8-HpCDD 1.0 50 13.0-83.0 11.5-70.0 40-135 
13C12-1,2,3,4,6,7,8-HpCDF 1.0 50 10.5-79.0 14.0-71.5 40-135 
13C12-1,2,3,4,7,8,9-HpCDF 1.0 50 10.0-93.0 13.0-69.0 40-135 
13C12-OCDD 2.0 100 13.0-198.5 17.0-157 40-135 

Tetras Only      
13C12-2,3,7,8-TCDD 1.0 50 12.5-70.5 15.5-68.5 40-135 
13C12-2,3,7,8-TCDF 1.0 50 13.0-63.0 14.5-70.0 40-135 

Notes: 
1 1.0 mL of the Internal Standard Spiking Solution is added to each sample, method blank and LCS prior to extraction 

(see section 1.1). 
2 Specifications given as concentration in the final extract, assuming a 20 μL volume 
 

Table 14 

Method – 1613B 
Cleanup Standard Spiking Solution Component Concentrations and Acceptance Limits 

 

Labeled Analyte 

Solution 
Conc 

(ng/mL)1 
Test Conc. 
(ng/mL)2 

1613B LCS 
Conc 

(ng/mL)2 

1613B 
Sample 
Conc 

(ng/mL)2 

1613B LCS 
Tetra Only 

Conc 
(ng/mL)2 

1613B 
Sample 

Tetra Only 
Conc 

(ng/mL)2 
37Cl4-2,3,7,8-TCDD 0.2 10 3.1-19.1 3.5-19.7 3.7-15.8 4.2-16.4 

Notes: 
1 1.0 mL of the Cleanup Standard Spiking Solution is added to each sample, method blank and LCS prior to cleanup (see section 

7.11.6). 
2 Specifications given as concentration in the final extract, assuming a 20 μL volume 
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Table 15 

Methods – 23, 0023A and TO-9A 
Internal Standard Spiking Solution Component Concentrations and Acceptance Limits 

 

Labeled Analyte 

Solution 
Conc 

(ng/mL)1 
Test Conc. 
(ng/mL)2 

23 Recovery 
(%Rec) 

0023A 
Recovery 
(%Rec) 

TO-9A 
Recovery 
(%Rec) 

13C12-2,3,7,8-TCDD 1.0 50 40-130 40-135 50-120 
13C12-2,3,7,8-TCDF 1.0 50 40-130 40-135 50-120 
13C12-1,2,3,7,8-PeCDD 1.0 50 40-130 40-135 50-120 
13C12-1,2,3,7,8-PeCDF 1.0 50 40-130 40-135 50-120 
13C12-1,2,3,6,7,8-HxCDD 1.0 50 40-130 40-135 50-120 
13C12-1,2,3,6,7,8-HxCDF 1.0 50 40-130 40-135 50-120 
13C12-1,2,3,4,6,7,8-HpCDD 1.0 50 25-130 40-135 40-120 
13C12-1,2,3,4,6,7,8-HpCDF 1.0 50 25-130 40-135 40-120 
13C12-OCDD 2.0 100 25-130 40-135 40-120 

 
Notes: 

1 1.0 mL of the Internal Standard Spiking Solution is added to each sample, method blank and LCS prior to extraction (see section 
7.11.4). 

2 Specifications given as concentration in the final extract, assuming a 20 μL volume 
 
 
 

Table 16 

Methods – 23, 0023A, and TO-9A 
Surrogate Standard Spiking Solution Component Concentrations and Acceptance Limits 

 

Labeled Analyte 

Solution 
Conc 

(ng/mL)1 
Test Conc. 
(ng/mL)2 

23 Recovery 
(%Rec) 

0023A 
Recovery 
(%Rec) 

TO-9A 
Recovery 
(%Rec) 

37Cl4-2,3,7,8-TCDD 20 100 70-130 70-130 50-120 
13C12-2,3,4,7,8-PeCDF 20 100 70-130 70-130 50-120 
13C12-1,2,3,4,7,8-HxCDD 20 100 70-130 70-130 50-120 
13C12-1,2,3,4,7,8-HxCDF 20 100 70-130 70-130 50-120 
13C12-1,2,3,4,7,8,9-HpCDF 20 100 70-130 70-130 40-120 

 
Notes: 
1 100 μL of the Surrogate Standard Spiking Solution is added to each sample train prior to sampling (see section 1.1). 
2 Specifications given as concentration in the final extract, assuming a 20 μL volume 
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Table 17 

Methods – All 
Recovery Standard Spiking Solution Component Concentrations 

 
Labeled Analyte Solution Conc (μg/mL)1 Test Conc. (ng/mL)2 
13C12-1,2,3,4-TCDD 0.1 100 
13C12-1,2,3,7,8,9-HxCDD 0.1 100 

 
Notes: 
1 20 μL of the Recovery Standard Spiking Solution is added to each sample, method blank and LCS prior to analysis (see section 1.1). 
2 Specifications given as concentration in the final extract, assuming a 20 μL volume 

 

 
Table 18 

Rtx-5/DB-5 Column Window Defining Standard Mixture Components 
 

Congener First Eluted Last Eluted 
TCDF 1,3,6,8- 1,2,8,9- 
TCDD 1,3,6,8- 1,2,8,9- 
PeCDF 1,3,4,6,8- 1,2,3,8,9- 
PeCDD 1,2,4,6,8-/1,2,4,7,9- 1,2,3,8,9- 
HxCDF 1,2,3,4,6,8- 1,2,3,4,8,9- 
HxCDD 1,2,4,6,7,9-/1,2,4,6,8,9- 1,2,3,4,6,7- 
HpCDF 1,2,3,4,6,7,8- 1,2,3,4,7,8,9- 
HpCDD 1,2,3,4,6,7,9- 1,2,3,4,6,7,8- 

 

Table 19 

Rtx-5 (DB-5) Column Performance Standard Mixture Components 
 

Isomer 
1,2,3,7/1,2,3,8-TCDD 

1,2,3,9-TCDD 
2,3,7,8-TCDD 
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Table 20 

DB-225 (Rtx-225) Column Performance Standard Mixture Components 
 

Isomer 
2,3,4,7-TCDF 
2,3,7,8-TCDF 
1,2,3,9-TCDF 

 

Table 21 

Ions Monitored for HRGC/HRMS Analysis of PCDDs and PCDFs 
 

Descriptor Accurate Mass1 Ion ID 
Elemental 
Composition Analyte 

292.9825 (313.9834) LOCK C7F11 (C6NF12
+) PFK (FC43) 

303.9016 M C12 H4
35Cl4 0 TCDF 

305.8987 M+2 C12 H4 
35Cl3 

37Cl 0 TCDF 
315.9419 M 13C12 H4 

35Cl4 0 TCDF (S) 
317.9389 M+2 13C12 H4 

35Cl3 
37Cl 0 TCDF (S) 

319.8965 M C12 H4 
35Cl4 02 TCDD 

321.8936 M+2 C12 H4 
35Cl3 

37Cl 02 TCDD 
327.8847 M C12 H4 

37Cl4 02 TCDD 
331.9368 M 13C12 H4 

35Cl4 02 TCDD (S) 
333.9338 M+2 13C12 H4 

35Cl3 
37Cl 02 TCDD (S) 

342.9792 (363.9802) QC C8 F13 (C7NF14
+) PFK (FC43) 

1 

375.8364 M+2 C12 H4 
35Cl5 

37Cl 0 HxCDPE 
330.9792 (313.9834) LOCK C7 F13 (C6NF12

+) PFK (FC43) 
339.8597 M+2 C12 H3 

35Cl4 
37Cl 0 PeCDF 

341.8567 M+4 C12 H3 
35Cl3 

37Cl2 0 PeCDF 
351.9000 M+2 13C12 H3 

35Cl4 
37Cl 0 PeCDF (S) 

353.8970 M+4 13C12 H3 
35Cl3 

37Cl2 0 PeCDF (S) 
355.8546 M+2 C12 H3 

35Cl4 
37Cl 02 PeCDD 

357.8516 M+4 C12 H3 
35Cl3 

37Cl2 02 PeCDD 
367.8949 M+2 13C12 H3 

35Cl4 
37Cl 02 PeCDD (S) 

369.8919 M+4 13C12 H3 
35Cl3 

37Cl2 02 PeCDD (S) 
380.9760 (375.9802) QC C8 F15 (C8NF14

+) PFK (FC43) 

2 

409.7974 M+2 C12 H3 
35Cl6 

37Cl 0 HpCDPE 
373.8208 M+2 C12 H2 

35Cl5 
37Cl 0 HxCDF 

375.8178 M+4 C12 H2 
35Cl4 

37Cl2 0 HxCDF 
380.9760 (375.9802) LOCK C8 F15 (C8NF14

+) PFK (FC43) 
383.8639 M 13C12 H2 

35Cl6 0 HxCDF (S) 
385.8610 M+2 13C12 H2 

35Cl5 
37Cl 0 HxCDF (S) 

389.8156 M+2 C12 H2 
35Cl5 

37Cl 02 HxCDD 
391.8127 M+4 C12 H2 

35Cl4 
37Cl2 02 HxCDD 

401.8559 M+2 13C12 H2 
35Cl5

3 7Cl 02 HxCDD (S) 
403.8529 M+4 13C12 H2 

35Cl4 
37Cl2 02 HxCDD (S) 

404.9760 (413.9770) QC C10 F15 (C8NF16
+) PFK (FC43) 

3 

445.7555 M+4 C12 H2 
35Cl6 

37Cl2 0 OCDPE 
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Table 21 (Continued) 

Ions Monitored for HRGC/HRMS Analysis of PCDDs and PCDFs 
 

Descriptor Accurate Mass1 Ion ID 
Elemental 
Composition Analyte 

404.9760 (413.9770) LOCK C10 F15 (C8NF16
+) PFK (FC43) 

407.7818 M+2 C12 H 35Cl6 
37Cl 0 HpCDF 

409.7788 M+4 C12 H 35Cl5 
37Cl2 0 HpCDF 

417.8250 M 13C12 H 35Cl7 0 HpCDF (S) 
419.8220 M+2 13C12 H 35Cl6 

37Cl 0 HpCDF (S) 
423.7767 M+2 C12 H 35Cl6 

37Cl 02 HpCDD 
425.7737 M+4 C12 H 35Cl5 

37Cl2 02 HpCDD 
435.8169 M+2 13C12 H 35Cl6 

37Cl 02 HpCDD (S) 
437.8140 M+4 13C12 H 35Cl5 

37Cl2 02 HpCDD (S) 
442.9728 (463.9738) QC C10 F17 (C9NF18

+) PFK (FC43) 

4 

479.7165 M+4 C12 H 35Cl7 
37Cl2 0 NCDPE 

430.9728 (425.9770) LOCK C9 F17 (C9NF16
+) PFK (FC43) 

441.7428 M+2 C12 
35Cl7 

37Cl 0 OCDF 
443.7399 M+4 C12 

35Cl6 
37Cl2 0 OCDF 

457.7377 M+2 C12 
35Cl7 

37Cl 02 OCDD 
459.7348 M+4 C12 

35Cl6 
37Cl2 02 OCDD 

469.7780 M+2 13C12 
35Cl7 

37Cl 02 OCDD (S) 
471.7750 M+4 13C12 

35Cl6 
37Cl2 02 OCDD (S) 

480.9696 (501.9706) QC C10 F19 (C9NF20
+) PFK (FC43) 

5 

513.6775 M+4 C12 
35Cl8 

37Cl2 0 DCDPE 
 
Notes: 
 
1 Nuclidic masses used: 

H = 1.007825   C = 12.00000 13C = 13.003355 F = 18.9984 
O = 15.994915  35Cl = 34.968853 37Cl = 36.965903 
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Table 22 

Theoretical Ion Abundance Ratios and Their Control Limits for PCDDs and PCDFs 

 
Number of  Theoretical Control Limits 
Chlorine Atoms Ion Type Ratio Lower Upper 
     
4 M/M+2 0.77 0.65 0.89 
     
5 M+2/M+4 1.55 1.32 1.78 
     
6 M+2/M+4 1.24 1.05 1.43 
     
6 1 M/M+2 0.51 0.43 0.59 
     
7 M+2/M+4 1.04/1.053 0.88 1.20 
     
7 2 M/M+2 0.44 0.37 0.51 
     
8 M+2/M+4 0.89 0.76 1.02 
     

 
Notes: 
 
1 Used for 13C-HxCDF (IS). 
2 Used for 13C-HpCDF (IS). 
3 Method 1613B Theoretical Ratio 
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 Figure 1 

Rtx-5 Recommended GC Operating Conditions 
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Figure 2 

Rtx-5 Recommended MID Descriptors 

Wed Jun 16 11:39:22 1999 mat95 MAT 95

MID:  

MID Set Up Parameters

 MID File         epa1613
 Measure/lock ratio (X)        1 
 Set Damping relay  (T)    FALSE
 Width first lock   (A)     0.20 amu
 Electric jump time (E)       10 ms 
 Magnetic jump time (D)       60 ms 
 Offset             (O)      100 cts
 Electric range     (R)      300 % 
 Sweep peak width   (W)     3.00
 Acq mode         (C|P)     Cent mode
 MID mode     (J|M|L|N)     Lock mode
 Acq mode         (C|P)     Cent mode
 MID mode     (J|M|L|N)     Lock mode MID mode     (J|M|L|N)     Lock mode MID mode     (J|M|L|N)     Lock mode

       1 

MID  Time Windows

#  Start    End Measure Cycletime

 1
 2
 3
 4
 5
 6
 7
 8
 9

  8:00  28:12  36:12 min  1.00 sec
 36:12   7:28  43:40 min  1.00 sec
 43:40   5:49  49:30 min  1.00 sec
 49:30   5:00  54:30 min  1.00 sec
 54:30   3:50  58:20 min  1.00 sec

 1 MID Masses for Time Window
    mass   F int gr time(ms)#

 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

>

  292.9825 l  10  1     8.19
  303.9016    1  1    81.92
  305.8987    1  1    81.92
  315.9419    1  1    81.92
  317.9389    1  1    81.92
  319.8965    1  1    81.92
  321.8936    1  1    81.92
  327.8847    1  1    81.92
  331.9368    1  1    81.92
  333.9338    1  1    81.92
  342.9792 c  10  1     8.19
  375.8364    1  1    81.92
                          

> < ^

Clear
Menu

Clear
Times

Clear
Masses
MainSAVE   Stop MID Lock Mass Cali Mass
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MID:  

MID Set Up Parameters

 MID File         epa1613
 Measure/lock ratio (X)        1 
 Set Damping relay  (T)    FALSE
 Width first lock   (A)     0.20 amu
 Electric jump time (E)       10 ms 
 Magnetic jump time (D)       60 ms 
 Offset             (O)      100 cts
 Electric range     (R)      300 % 
 Sweep peak width   (W)     3.00
 Acq mode         (C|P)     Cent mode
 MID mode     (J|M|L|N)     Lock mode
 Acq mode         (C|P)     Cent mode
 MID mode     (J|M|L|N)     Lock mode MID mode     (J|M|L|N)     Lock mode MID mode     (J|M|L|N)     Lock mode

       1 

MID  Time Windows

#  Start    End Measure Cycletime

 1
 2
 3
 4
 5
 6
 7
 8
 9

  8:00  28:12  36:12 min  1.00 sec
 36:12   7:28  43:40 min  1.00 sec
 43:40   5:49  49:30 min  1.00 sec
 49:30   5:00  54:30 min  1.00 sec
 54:30   3:50  58:20 min  1.00 sec

 2 MID Masses for Time Window
    mass   F int gr time(ms)#

 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

>

  330.9792 l  10  1     8.19
  339.8597    1  1    91.48
  341.8567    1  1    91.48
  351.9000    1  1    91.48
  353.8970    1  1    91.48
  355.8546    1  1    91.48
  357.8516    1  1    91.48
  367.8949    1  1    91.48
  369.8919    1  1    91.48
  380.9760 c  10  1     8.19
  409.7974    1  1    91.48
                          

> < ^

Clear
Menu

Clear
Times

Clear
Masses
MainSAVE   Stop MID Lock Mass Cali Mass
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Figure 2 (Continued) 

Rtx-5 Recommended MID Descriptors 

Wed Jun 16 11:39:32 1999 mat95 MAT 95

MID:  

MID Set Up Parameters

 MID File         epa1613
 Measure/lock ratio (X)        1 
 Set Damping relay  (T)    FALSE
 Width first lock   (A)     0.20 amu
 Electric jump time (E)       10 ms 
 Magnetic jump time (D)       60 ms 
 Offset             (O)      100 cts
 Electric range     (R)      300 % 
 Sweep peak width   (W)     3.00
 Acq mode         (C|P)     Cent mode
 MID mode     (J|M|L|N)     Lock mode
 Acq mode         (C|P)     Cent mode
 MID mode     (J|M|L|N)     Lock mode MID mode     (J|M|L|N)     Lock mode MID mode     (J|M|L|N)     Lock mode

       1 

MID  Time Windows

#  Start    End Measure Cycletime

 1
 2
 3
 4
 5
 6
 7
 8
 9

  8:00  28:12  36:12 min  1.00 sec
 36:12   7:28  43:40 min  1.00 sec
 43:40   5:49  49:30 min  1.00 sec
 49:30   5:00  54:30 min  1.00 sec
 54:30   3:50  58:20 min  1.00 sec

 3 MID Masses for Time Window
    mass   F int gr time(ms)#

 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

>

  373.8208    1  1    91.48
  375.8178    1  1    91.48
  380.9760 l  10  1     8.19
  383.8639    1  1    91.48
  385.8610    1  1    91.48
  389.8156    1  1    91.48
  391.8127    1  1    91.48
  401.8559    1  1    91.48
  403.8529    1  1    91.48
  404.9760 c  10  1     8.19
  445.7555    1  1    91.48
                          

> < ^

Clear
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Clear
Times

Clear
Masses
MainSAVE   Stop MID Lock Mass Cali Mass

 

Wed Jun 16 11:39:37 1999 mat95 MAT 95

MID:  

MID Set Up Parameters

 MID File         epa1613
 Measure/lock ratio (X)        1 
 Set Damping relay  (T)    FALSE
 Width first lock   (A)     0.20 amu
 Electric jump time (E)       10 ms 
 Magnetic jump time (D)       60 ms 
 Offset             (O)      100 cts
 Electric range     (R)      300 % 
 Sweep peak width   (W)     3.00
 Acq mode         (C|P)     Cent mode
 MID mode     (J|M|L|N)     Lock mode
 Acq mode         (C|P)     Cent mode
 MID mode     (J|M|L|N)     Lock mode MID mode     (J|M|L|N)     Lock mode MID mode     (J|M|L|N)     Lock mode

       1 

MID  Time Windows

#  Start    End Measure Cycletime

 1
 2
 3
 4
 5
 6
 7
 8
 9

  8:00  28:12  36:12 min  1.00 sec
 36:12   7:28  43:40 min  1.00 sec
 43:40   5:49  49:30 min  1.00 sec
 49:30   5:00  54:30 min  1.00 sec
 54:30   3:50  58:20 min  1.00 sec

 4 MID Masses for Time Window
    mass   F int gr time(ms)#

 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

>

  404.9760 l  10  1     8.19
  407.7818    1  1    91.48
  409.7788    1  1    91.48
  417.8250    1  1    91.48
  419.8220    1  1    91.48
  423.7767    1  1    91.48
  425.7737    1  1    91.48
  435.8169    1  1    91.48
  437.8140    1  1    91.48
  442.9728 c  10  1     8.19
  479.7165    1  1    91.48
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Clear
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Figure 2 (Continued) 

Rtx-5 Recommended MID Descriptors 
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MID:  

MID Set Up Parameters

 MID File         epa1613
 Measure/lock ratio (X)        1 
 Set Damping relay  (T)    FALSE
 Width first lock   (A)     0.20 amu
 Electric jump time (E)       10 ms 
 Magnetic jump time (D)       60 ms 
 Offset             (O)      100 cts
 Electric range     (R)      300 % 
 Sweep peak width   (W)     3.00
 Acq mode         (C|P)     Cent mode
 MID mode     (J|M|L|N)     Lock mode
 Acq mode         (C|P)     Cent mode
 MID mode     (J|M|L|N)     Lock mode MID mode     (J|M|L|N)     Lock mode MID mode     (J|M|L|N)     Lock mode

       1 

MID  Time Windows

#  Start    End Measure Cycletime

 1
 2
 3
 4
 5
 6
 7
 8
 9

  8:00  28:12  36:12 min  1.00 sec
 36:12   7:28  43:40 min  1.00 sec
 43:40   5:49  49:30 min  1.00 sec
 49:30   5:00  54:30 min  1.00 sec
 54:30   3:50  58:20 min  1.00 sec

 5 MID Masses for Time Window
    mass   F int gr time(ms)#

 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

>

  430.9728 l  10  1    10.92
  441.7428    1  1   120.15
  443.7399    1  1   120.15
  457.7377    1  1   120.15
  459.7348    1  1   120.15
  469.7780    1  1   120.15
  471.7750    1  1   120.15
  480.9696 c  10  1    10.92
  513.6775    1  1   120.15
                          

> < ^

Clear
Menu

Clear
Times

Clear
Masses
MainSAVE   Stop MID Lock Mass Cali Mass
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MID:  

MID Set Up Parameters

 MID File           db225
 Measure/lock ratio (X)        1 
 Set Damping relay  (T)     TRUE
 Width first lock   (A)     0.20 amu
 Electric jump time (E)       10 ms 
 Magnetic jump time (D)       60 ms 
 Offset             (O)      100 cts
 Electric range     (R)      300 % 
 Sweep peak width   (W)     3.00
 Acq mode         (C|P)     Cent mode
 MID mode     (J|M|L|N)     Lock mode
 Acq mode         (C|P)     Cent mode
 MID mode     (J|M|L|N)     Lock mode MID mode     (J|M|L|N)     Lock mode MID mode     (J|M|L|N)     Lock mode

       1 

MID  Time Windows

#  Start    End Measure Cycletime

 1
 2
 3
 4
 5
 6
 7
 8
 9

  8:00  22:30  30:30 min  1.00 sec

 1 MID Masses for Time Window
    mass   F int gr time(ms)#

 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

>

  292.9825 l  10  1     8.19
  303.9016    1  1    81.92
  305.8987    1  1    81.92
  315.9419    1  1    81.92
  317.9389    1  1    81.92
  319.8965    1  1    81.92
  321.8936    1  1    81.92
  327.8847    1  1    81.92
  331.9368    1  1    81.92
  333.9338    1  1    81.92
  342.9792 c  10  1     8.19
  375.8364    1  1    81.92
                          

> < ^

Clear
Menu

Clear
Times

Clear
Masses
MainRESTOREStart MID Lock Mass Cali Mass
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Figure 3  

 Example Sample Data Review Checklist 
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Figure 3 (Continued) 

Example Data Review Checklist 
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Figure 3 (Continued) 

Example Data Review Checklist 
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Figure 4 

Analysis of PCDDs and PCDFs by HRGC/HRMS 

 

Analyze five point Initial Calibration.
Calculate RRF's, Mean RRF's,

Standard Deviation , and %RSD.
Analyte %RSD must be < 20%

IS %RSD must be < 35%

Tune GC/MS

Analyze Window Defining Mix and/
or Column Performance Mix.
Set proper MID Switchpoints.

2378-TCDD %Valley < 25

Begin 12 hr shift.
Analyze Window Defining Mix and/

or Column Performance Mix.
2378-TCDD %Valley < 25

Analyze Continuing Calibration
Standard. Calculate Concentration.

Concentration  must be within
specified limits.

Analyze Method Blanks, OPR's, and
Client Samples.

End 12 hr shift.
Perform Resolution Check.

Generate Ion Chromatograms for
Samples.

Calculate Internal Standard Percent
Recoveries (%Ris).

%Ris within Limits ?

Identify and quantitate PCDD and
PCDF peaks.

Peaks meet all qualitative
requirements?

Sum Totals and report results.

Yes

Yes

Flag peak concentration
"Estimated Maximum Possible

Concentration"
No

S/N > 10 and Minimum Level
criteria satisfied?

A

A

No

Flag internal standard results and
document in case narrative.

Yes

Re-extract sample at smaller weight
or volume.

No

Finish

Second Analyst reviews qualitative
and quantitative calculations.

Complete data review checklist.

Start

Analyze IPR. Reanalyze if s and X not
within specified limits.
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1. Scope and Application 

1.1 This procedure is used by TestAmerica Knoxville for the extraction of tetra- through octa- 
chlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) from a variety of 
environmental matrices (including water, soil, solids, sediments, wipes, biological samples, 
fly ash, still bottoms and waste oils) for analysis by high resolution gas chromatography/ 
high resolution mass spectrometry (HRGC/HRMS). This procedure is designed to meet 
analytical program requirements where EPA Method 8290, 8290A or 1613B is specified. 

1.2 Because of the extreme toxicity of many of these compounds, the analyst must take the 
necessary precautions to prevent exposure to materials known or believed to contain 
PCDDs or PCDFs. It is the responsibility of the laboratory personnel to ensure that safe 
handling procedures are employed. Section 5 of this procedure discusses safety procedures. 

2. Summary of Method 

2.1 Samples are spiked with a solution of known amounts of the isotopically labeled internal 
standards listed in Table 2. The samples are then extracted using matrix specific extraction 
procedures.  

2.2 Water samples are extracted using separatory funnel techniques with methylene chloride as 
the extraction solvent. Solid samples are extracted by Soxhlet extraction with the 
appropriate solvent and organic liquid waste samples are diluted in solvent. 

2.3 After extraction, the sample is concentrated and solvent exchanged to hexane. The extract is 
then subjected to one or more optional cleanup steps to remove interferences. The final 
extract is prepared by adding a known amount of the labeled recovery standards (13C12-
1,2,3,4-TCDD and 13C12-1,2,3,7,8,9-HxCDD) and concentrating to the final volume. 

2.4 The acid-base cleanup of the sample is used before column chromatography for samples 
that contain large amounts of basic and acidic coextractable compounds. If such 
interferences are not removed before column chromatography, they can cause a shift in the 
predicted elution pattern. Conditions which can indicate the need for this procedure are as 
follows: Samples which are highly colored, samples which contain lipids or other 
oxidizable compounds or samples which contain known large amounts of polar organics. 

2.5 Dual Column Cleanup: Silica gel is effective in removing chlorophenoxy herbicide 
residues, while alumina partitions PCBs, 2,4,5-trichlorophenol and hexachlorophene. 

2.6 When the above cleanup techniques do not completely remove interferences, an activated 
carbon cleanup is used to remove interferences. 

3. Definitions 

3.1 Cleanup Standard: Solution containing 37Cl4-2,3,7,8-TCDD that is added to every 1613B 
and 8290A sample, blank and quality control spike sample after extraction but prior to 
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extract cleanup. The analysis results are used to judge the efficiency of the cleanup 
procedures. 

3.2 Internal Standards: Solution containing isotopically labeled analogs of the target analytes 

that is added to every sample, blank and quality control spike sample before extraction. The 
analysis results are used to calculate the concentration of the target analytes or detection 
limits. 

3.3 Recovery Standard: Solution containing 13C12-1,2,3,4-TCDD and 13C12-1,2,3,7,8,9-HxCDD 
that is added to every sample, blank and quality control spike sample just prior to analysis. The 
analysis results are used to measure the recovery of the internal standards and the cleanup 
standard. 

3.4 Additional definitions can be found in the Test America Knoxville Quality Assurance 
Manual (QAM). 

4. Interferences 

4.1 Solvents, reagents, glassware and other sample processing hardware can yield discrete 
artifacts or elevated baselines that can cause misinterpretation of the chromatographic data. 
All of these materials must be demonstrated to be free from interferences under the 
conditions of analysis by performing laboratory method blanks. Analysts must not use PVC 
gloves, powdered gloves, or gloves with levels of phthalates which cause interference. 

4.2 The use of high purity reagents and solvents (pesticide grade) helps minimize interference 
problems. Where necessary, reagents are cleaned by extraction or solvent rinse. 

4.3 Proper cleaning of glassware is extremely important, because glassware may not only 
contaminate the samples but may also remove the analytes of interest by adsorption on the 
glass surface. For specific glassware cleaning procedures, see SOP KNOX-QA-0002, 
“Glassware Cleaning”, current revision. 

4.4 Interferences coextracted from the samples can vary considerably from matrix to matrix. 
PCDDs and PCDFs are often associated with other interfering chlorinated substances such 
as polychlorinated biphenyls (PCBs), polychlorinated diphenyl ethers (PCDPEs), 
polychlorinated naphthalenes and polychlorinated alkyldibenzofurans that can be found at 
concentrations several orders of magnitude higher than the analytes of interest. While 
certain cleanup techniques are provided as part of this method, unique samples can require 
additional cleanup steps to achieve lower detection limits. 

5. Safety 

5.1 Employees must abide by the policies and procedures in the Corporate Safety Manual, 
Radiation Safety Manual and this document. 

5.2 Eye protection that satisfies ANSI Z87.1 (as per the Corporate Safety Manual), laboratory 
coat and appropriate gloves must be worn while samples, standards, solvents and reagents 
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are being handled. Disposable gloves that have become contaminated must be removed and 
discarded; other gloves must be cleaned immediately.  

5.3 Latex and vinyl gloves provide no protection against most of the organic solvents used in 
this method. For the operations described herein, Nitrile gloves are to be worn. For 
operations using solvents that may splash, SilverShield® gloves are recommended. 
SilverShield® gloves protect against breakthrough for most of the solvents used in this 
procedure. 

5.4 Finely divided dry soils contaminated with PCDDs and PCDFs can be particularly 
hazardous because of the potential for inhalation and ingestion. Such samples are to be 
processed in a hood.  

5.5 When using a scalpel, wear cut-resistant gloves and cut away from your hand. 

5.6 Primary Materials Used: The following is a list of the materials used in this method which 
have a serious or significant hazard rating. NOTE: This list does not include all materials 
used in the method. The table contains a summary of the primary hazards listed in the 
MSDS for each of the materials listed in the table. A complete list of materials used in 
the method can be found in the reagents and materials section. Employees must review the 
information in the MSDS for each material before using it for the first time or when there 
are major changes to the MSDS. 

 

Material Hazards Exposure Limit (2) Signs and symptoms of exposure 

Sulfuric Acid (1) Corrosive, 
Oxidizer, 
Dehydradator 

1 mg/m3 This material will cause burns if it comes into contact 
with the skin or eyes. Inhalation of vapors will cause 
irritation of the nasal and respiratory system. 

Sodium Hydroxide Corrosive, 
Poison 

2 ppm, 5 mg/m3  This material will cause burns if it comes into contact 
with the skin or eyes. Inhalation of sodium hydroxide 
dust will cause irritation of the nasal and respiratory 
system. 

Hydrochloric Acid Corrosive, 
Poison 

5 ppm-Ceiling Inhalation of vapors can cause coughing, choking, 
inflammation of the nose, throat and upper respiratory 
tract, and in severe cases, pulmonary edema, circulatory 
failure and death. Can cause redness, pain and severe 
skin burns. Vapors are irritating and can cause damage 
to the eyes. Contact can cause severe burns and 
permanent eye damage. 

Methylene chloride Carcinogen, 
Irritant 

25 ppm-TWA, 125 
ppm-STEL 

Causes irritation to respiratory tract. Has a strong 
narcotic effect with symptoms of mental confusion, 
light-headedness, fatigue, nausea, vomiting and 
headache. Causes irritation, redness and pain to the skin 
and eyes. Prolonged contact can cause burns. Liquid 
degreases the skin. Can be absorbed through skin. 
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Material Hazards Exposure Limit (2) Signs and symptoms of exposure 

Hexane Flammable, 
Irritant 

500 ppm-TWA Inhalation of vapors irritates the respiratory tract. 
Overexposure can cause lightheadedness, nausea, 
headache and blurred vision. Vapors can cause irritation 
to the skin and eyes. 

Methanol Flammable, 
Poison, 
Irritant 

200 ppm-TWA A slight irritant to the mucous membranes. Toxic effects 
exerted upon nervous system, particularly the optic 
nerve. Symptoms of overexposure can include 
headache, drowsiness and dizziness. Methyl alcohol is a 
defatting agent and can cause skin to become dry and 
cracked. Skin absorption can occur; symptoms can 
parallel inhalation exposure. Irritant to the eyes. 

Toluene Flammable, 
Poison, 
Irritant 

200 ppm-TWA, 300 
ppm-Ceiling 

Inhalation can cause irritation of the upper respiratory 
tract. Symptoms of overexposure can include fatigue, 
confusion, headache, dizziness and drowsiness. Peculiar 
skin sensations (e.g., pins and needles) or numbness can 
be produced. Causes severe eye and skin irritation with 
redness and pain. Can be absorbed through the skin. 

Acetone Flammable 1000 ppm-TWA Inhalation of vapors irritates the respiratory tract. Can 
cause coughing, dizziness, dullness and headache. 

Cyclohexane Flammable, 
Irritant 

300 ppm TWA Inhalation of vapors causes irritation to the respiratory 
tract. Symptoms can include coughing and shortness of 
breath. High concentrations have a narcotic effect. 

Tetradecane Irritant None established Inhalation of vapors can cause difficulty breathing, 
headache, intoxication and central nervous system 
damage. 

Benzene Flammable, 
Toxic, 
Carcinogen 

PEL: 1 ppm TWA;   
5 ppm, 15 min. STEL 

Causes skin irritation. Toxic if absorbed through skin. 
Causes severe eye irritation. Toxic if inhaled. Vapor or 
mist causes irritation to mucous membranes and upper 
respiratory tract. Exposure can cause narcotic effect. 
Inhalation at high concentrations can have an initial 
stimulatory effect on the central nervous system 
characterized by exhilaration, nervous excitation and/or 
giddiness, depression, drowsiness or fatigue. Victim can 
experience tightness in the chest, breathlessness and loss 
of consciousness. 

Nonane Flammable None established Harmful if inhaled/swallowed. Vapor/mist is irritating 
to eyes, mucous membranes and upper respiratory tract. 
Causes skin irritation. 

Potassium 
Hydroxide 

Corrosive, 
Poison 

2 mg/m3 ceiling Severe irritant. Effects from inhalation of dust or mist 
vary from mild irritation to serious damage of the upper 
respiratory tract, depending on the severity of exposure. 
Symptoms can include coughing, sneezing and damage 
to the nasal or respiratory tract. High concentrations can 
cause lung damage. Corrosive! Contact with skin can 
cause irritation or severe burns and scarring with greater 
exposures.  
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Material Hazards Exposure Limit (2) Signs and symptoms of exposure 

1 – Always add acid to water to prevent violent reactions. 

2 – Exposure limit refers to the OSHA regulatory exposure limit. 

 

5.7 Chemicals that have been classified as carcinogens or potential carcinogens under OSHA 
regulations include benzene and methylene chloride, 2,3,7,8-TCDD and all other 2,3,7,8- 
substituted PCDD or PCDF isomers.  

NOTE: The 2,3,7,8-TCDD isomer has been found to be acnegenic, carcinogenic and 
teratogenic in laboratory animal studies. Other PCDDs and PCDFs containing 
chlorine atoms in positions 2,3,7,8 are known to have toxicities comparable to that 
of 2,3,7,8-TCDD. The toxicity or carcinogenicity of each reagent used in this method 
is not precisely defined; however, each chemical compound must be treated as a 
potential health hazard. From this viewpoint, exposure to these chemicals must be 
kept to a minimum.  

5.8 Exposure to chemicals must be maintained as low as reasonably achievable; therefore, 
unless they are known to be non-hazardous, all samples must be opened, transferred and 
prepared in a fume hood or under other means of mechanical ventilation. Solvent and waste 
containers must be kept closed unless transfers are being made. 

5.9 All procedures that involve solvents such as acetone, toluene, methylene chloride and 
hexane (e.g., glassware cleaning and the preparation of standards and reagents) must be 
conducted in a fume hood with the sash closed as far as the operations permit. 

5.10 Safety glasses or a face shield must be used when employees are using solvents to rinse or 
clean glassware. 

5.11 Personal Hygiene: Thorough washing of hands and forearms is recommended after each 
manipulation and before breaks (coffee, lunch and shifts). 

5.12 Accidents: Remove contaminated clothing immediately, taking precautions not to 
contaminate skin or other articles. Wash exposed skin vigorously and repeatedly until 
medical attention is obtained. 

5.13 All work must be stopped in the event of a known or potential compromise to the health or 
safety of an associate. The situation must be reported immediately to a laboratory 
supervisor. 

6. Equipment and Supplies 

NOTE: All glassware used in extraction and cleanup procedures is precleaned as described in 
SOP KNOX-QA-0002, “Glassware Cleaning”, current revision. 

6.1 Miscellaneous Laboratory Equipment 
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6.1.1 Laboratory fume hood of sufficient size to contain the equipment used for 

sample preparation 

6.1.2 Oven, capable of maintaining a temperature of 105 ± 5°C and 125 to 135°C 

6.1.3 Balance, >100 g capacity, accurate to ± 0.01 g 

6.1.4 Syringes, various sizes 

6.1.5 Borosilicate 5.75 inch and 9.0 inch disposable pipettes with rubber bulbs  

6.1.6 Class A 1 mL pipettes 

6.1.7 Graduated cylinders, 25 mL, 100 mL and 1000 mL volume 

6.1.8 Vials, 40 mL volume, with PTFE lined caps 

6.1.9 Glass wool, precleaned with methylene chloride 

6.1.10 Bottle top solvent dispensers 

6.1.11 PTFE boiling chips 

6.1.12 PTFE squirt bottles, 500 mL 

6.2 Tissue Homogenization Equipment 

6.2.1 Laboratory blender with glass body and stainless steel blades 

6.2.2 Industrial meat grinder, Intedge Industries, Model C2H or equivalent 

6.2.3 Laboratory homogenizer, OMNI GLH-01, Model LR060902 or equivalent 

6.2.4 Scalpels or knives 

6.2.5 Cut-resistant gloves 

6.3 Aqueous Sample Extraction 

6.3.1 Multi-position separatory funnel rotator 

6.3.2 2000 mL separatory funnels with PTFE stopcocks and PTFE stoppers 

6.3.3 100 mm glass funnels with short stems 

6.3.4 600 mL concentration tubes 

6.3.5 Buchner funnels with filter flasks, rubber stopper and GF/D filters 

6.3.6 Vacuum source 

6.4 Soxhlet Extraction 



 SOP No.: KNOX-OP-0001 
 Revision No.: 1 
 Revision Date: 04/11/11 
 Page 8 of 39 

 
6.4.1 Soxhlet extractors or Dean-Stark Soxhlet extractors 

6.4.2 Heating mantles with temperature controls 

6.4.3 500 mL boiling flasks, flat or round bottom 

6.4.4 Glass condensers, compatible with the Dean-Stark extractors 

6.4.5 High purity glass fiber Soxhlet thimbles 

6.4.6 Boiling beads, 6 mm glass 

6.4.7 Recirculating chillers 

6.4.8 Stainless steel spatulas 

6.4.9 Stainless steel tweezers 

6.5 Dual Column (Silica Gel/Alumina) Cleanup 

6.5.1 Disposable glass columns 

6.5.1.1 20mm x 240mm custom glass column with support ring and 
tapered tip 

6.5.1.2 16mm x 240mm custom glass column with support ring and 
tapered tip 

6.5.2 Tornado II portable paint shaker or equivalent (for mixing reagents) 

6.5.3 Aluminum support rack for custom columns 

6.5.4 Amber-colored glass jars with a PTFE lined screw caps, 250mL and 500 mL 

6.5.5 Solvent waste collection jars, 125mL 

6.6 Activated Carbon Cleanup 

6.6.1 31 cm glass columns (pre-cut), 8 mm ID 

6.7 Concentration Equipment  

6.7.1 Labconco Rapid-Vap concentrator 

6.7.2 600 mL sample concentrator tubes, Labconco or equivalent 

6.7.3 Heating mantles with temperature controls 

6.7.4 Three-ball macro Snyder columns 

6.7.5 Nitrogen evaporator, N-EVAP or equivalent 
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6.7.6 Mini vials, 1.1 mL capacity with tapered bottom, PTFE faced rubber septa and 

screw caps 

7. Reagents and Standards 

7.1 Solvents 

7.1.1 Acetone, pesticide quality or equivalent 

7.1.2 Benzene, pesticide quality or equivalent 

7.1.3 Cyclohexane, pesticide quality or equivalent 

7.1.4 Hexane, pesticide quality or equivalent 

7.1.5 Iso-octane, pesticide quality or equivalent 

7.1.6 Methanol, pesticide quality or equivalent 

7.1.7 Methylene chloride, pesticide quality or equivalent 

7.1.8 Nonane, pesticide quality or equivalent 

7.1.9 Tetradecane, pesticide quality or equivalent 

7.1.10 Toluene, pesticide quality or equivalent 

7.2 Reagents 

7.2.1 Reagent water must be produced by a Millipore DI system or equivalent, that 
is capable of producing water with ≥18 megohm-cm (MΏ-cm) resistivity. 
Reagent water must be free of the analytes of interest as demonstrated through 
the analysis of method blanks. 

7.2.2 Sodium sulfate, reagent grade, granular, anhydrous, J.T Baker 3375 or 
equivalent 

7.2.2.1 Sodium sulfate is cleaned by putting approximately 600 g of 
sodium sulfate in large amber glass jars and completely covering 
with methylene chloride, stirring the mixture with a stirring rod 
and letting the sodium sulfate soak for 5 minutes. The methylene 
chloride is drained and this step is repeated. After the methylene 
chloride is drained, the sodium sulfate is transferred to a Buchner 
funnel fitted onto a vacuum flask and rinsed 2 times with 
methylene chloride while a vacuum is being applied. The sodium 
sulfate is then placed into shallow borosilicate glass dishes where 
it is allowed to dry. After the sodium sulfate is air dried, it is 
placed in an oven at 125 – 135°C for one hour to drive off any 
residual moisture. After drying in the oven, the sodium sulfate is 
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transferred into precleaned glass jars with PTFE lined screw caps 
and is placed in a desiccator until needed. 

7.3 Fly Ash Sample Pretreatment 

7.3.1 Hydrochloric acid (HCl), concentrated, Mallinckrodt AR Select or equivalent 

7.3.2 1N HCl - Carefully add 83 mL of concentrated HCl to 917 mL of reagent 
water in a glass container 

7.4 Tissue Sample Pretreatment 

7.4.1 Dry ice, purchased from local vendor 

7.5 Acid-Base Cleanup 

7.5.1 Sulfuric acid, concentrated, ACS grade, specific gravity 1.84 

7.5.2 Potassium hydroxide 20% (w/v) - Cautiously dissolve 200 g of potassium 
hydroxide pellets in reagent water and dilute to 1000 mL final volume. This 
solution is stored at room temperature in a HDPE bottle. 

7.5.3 Sodium chloride, NaCl, analytical reagent, 5 percent (w/v) in reagent grade 
water 

7.6 Silica Gel/Alumina Column Cleanup 

7.6.1 Silica gel, F679-212, Fisher Chromatographic Silica Gel, 100-200 mesh or 
equivalent. Prepare by Soxhlet extraction with methylene chloride for at least 
6 hours. Transfer to a shallow, borosilicate glass dish and air dry. After 
drying, cover with aluminum foil and activate in an oven at 125 - 130°C for a 
minimum of four (4) hours. Store in labeled glass jars in a desiccator until use. 

7.6.2 3.3% Deactivated silica gel – To prepare add 6.6 mL of reagent water to 200 g 
of silica gel (section 7.6.1) in a 500 mL amber glass jar with a PTFE lined 
screw cap. Mix thoroughly by shaking until no lumps are visible and the silica 
gel is free flowing and no longer sticks to the side of the jar. The Tornado II 
portable paint shaker may be used to aid in mixing these reagents. 

7.6.3 Acidic silica gel - To prepare, add 57 mL of concentrated sulfuric acid to 180 
g silica gel (section 7.6.1) in a 500 mL amber glass jar with a PTFE lined 
screw cap. Mix thoroughly by shaking until no lumps are visible and the silica 
gel is free flowing and no longer sticks to the side of the jar. The Tornado II 
portable paint shaker may be used to aid in mixing these reagents. 

7.6.4 Alumina, Neutral - Super I - Scientific Absorbents. Purchase and use only 
activated alumina. Store in an oven at 125 - 130°C when not in use. 
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7.6.4.1 Each new lot of alumina must be tested upon receipt and before 

use. Elute a solution containing all of the 13C labeled internal 
standards and native analytes through a column packed with the 
new lot of alumina. Collect the 65% fraction and analyze by 
HRMS. The target analytes and internal standard recoveries must 
be greater than 85% in the final fraction. If the recovery is less 
than 85% for any compound or internal standard, the ratios and 
volumes of the elution solvents must be optimized and the test 
repeated until all compounds meet the recovery criteria. 

7.6.5 95:5 Hexane:Methylene Chloride - Add 15 mL methylene chloride to 285 mL 
hexane. Store in an amber glass bottle at room temperature until use. Other 
amounts may be prepared based on the dual column set size. 

7.6.6 35:65 Hexane:Methylene Chloride - Add 390 mL methylene chloride to 210 
mL hexane. Store in an amber glass bottle at room temperature until use. 
Other amounts may be prepared based on the dual column set size. 

7.7 Activated Carbon Cleanup 

7.7.1 Silica gel, F679-212, Fisher Chromatographic Silica Gel, 100-200 mesh or 
equivalent. Prepare by Soxhlet extraction with methylene chloride for at least 
6 hours. Transfer to a shallow, borosilicate glass dish and air dry. After 
drying, cover with aluminum foil and activate in an oven at 125 - 130°C for a 
minimum of four (4) hours. Store in labeled glass jars in a desiccator until use. 

7.7.2 J.T Baker Carbon, Activated Powder, E345-07 or equivalent 

7.7.3 Activated Carbon - Thoroughly mix 5% (by weight) activated J.T Baker 
carbon and 95% (by weight) Fisher Chromatographic silica gel (100-200 
mesh). The Tornado II portable paint shaker may be used to aid in mixing 
these reagents. Activate in an oven at 125 - 130°C for 6 hours. Store in a 
desiccator in an amber colored bottle with a PTFE lined lid until use. Do not 
label the bottle until oven activation is completed to avoid heat damage to the 
label. 

7.8 Standard Solutions 

7.8.1 Certified reference standards are purchased from Cambridge Isotope 
Laboratories (CIL, Andover Massachusetts). If the chemical purity is 98% or 
greater, the weight can be used without correction to compute the 
concentration of the standard. When not being used, standards are stored in 
the dark at room temperature in screw-capped vials with PTFE lined caps. 
Standards are used as received after being sonicated and transferred to 2.0 mL 
amber glass vials with PTFE lined caps. 
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7.8.2 Stability of Solutions: Standards have an expiration of ten (10) years from 

date of receipt unless otherwise specified by the manufacturer. Standard 
solutions used for quantitative purposes must be analyzed periodically and 
must be assayed against reference standards before use. 

7.9 Native Standards 

7.9.1 Native Standard Stock Solution: CIL Catalog No. EDF-7999-10x, 400-4000 
ng/mL in nonane, 1.2 mL. 

7.9.2 Native Standard Working Stock Solution: Dilute 0.300 mL of the native 
standard stock solution to 3.0 mL in a volumetric flask with nonane for a final 
concentration of 40-400 ng/mL. 

7.9.3 Native LCS Spiking Solution: Dilute 500 μL of the native standard working 
stock solution to 100 mL in a 125 mL amber bottle with a PTFE lined cap 
with iso-octane to a final concentration of 0.2-2.0 ng/mL. 1.0 mL of this 
solution is added to each LCS, LCSD or MS/MSD sample. See Table 1 for a 
complete list of compounds and their concentrations. 

7.10 1613B/8290/8290A Internal Standards 

7.10.1 1613B/8290/8290A Internal Standard Stock Solution: CIL Catalog No. EDF-
8999, 100 ng/mL (13C12-OCDD 200 ng/mL) in nonane, 500 μL. 

7.10.2 1613B/8290/8290A Internal Standard Spiking Solution: Dilute 2000 μL of the 
internal standard stock solution to 200 mL in a 250 mL amber bottle with a 
PTFE lined cap with iso-octane to a final concentration of 1.0 ng/mL (13C12-
OCDD 2.0 ng/mL). 1.0 mL of this solution is added to each sample, method 
blank and QC sample. See Table 2 for a complete list of compounds and their 
concentrations. 

7.11 2,3,7,8-TCDD/2,3,7,8-TCDF Internal Standards 

7.11.1 13C12-2,3,7,8-TCDD Internal Standard Stock Solution: CIL Catalog No. ED-
900, 50 μg/mL in nonane, 1.2 mL 

7.11.2 13C12-2,3,7,8-TCDF Internal Standard Stock Solution: CIL Catalog No. EF-
904, 50 μg/mL in nonane, 1.2 mL 

7.11.3 13C12-TCDD/13C12-TCDF Internal Standard Secondary Stock Solution: Dilute 
0.100 mL of the stock solutions in sections 7.11.1 and 7.11.2 to 5 mL in a 
volumetric flask with nonane to a final concentration of 1000 ng/mL. 

7.11.4 13C12-TCDD/13C12-TCDF Internal Standard Spiking Solution: Dilute 200 μL 
of the internal standard secondary stock solution to 200 mL in a 250 mL 
amber bottle with a PTFE lined cap with iso-octane to a final concentration of 
1.0 ng/mL. 1.0 mL of this solution is added to each sample, method blank and 
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QC sample extract that is extracted for TCDD and/or TCDF analysis only. See 
Table 2 for a complete list of compounds and their concentrations. 

7.12 Recovery Standards 

7.12.1 13C12-1,2,3,4-TCDD Recovery Standard Stock Solution: CIL Catalog No. ED-
911, 50 μg/mL in nonane, 1.2 mL 

7.12.2 13C12-1,2,3,7,8,9-HxCDD Recovery Standard Stock Solution: CIL Catalog 
No. ED-996, 50 μg/mL in nonane, 1.2 mL 

7.12.3 Recovery Standard Secondary Stock Solution: Dilute 1.0 mL of the stock 
solutions in sections 7.12.1 and 7.12.2 to 10 mL in a volumetric flask with 
nonane to a final concentration of 5.0 μg/mL.  

7.12.4 Recovery Standard Spiking Solution: Add 10 mL of nonane to a 12 mL amber 
vial with a Class A glass pipette. With a syringe, remove 200 μL of nonane 
from the vial and add 200 μL of the recovery standard secondary stock 
solution to a final concentration of 0.1 μg/mL. 20 μL of this solution is added 
to each sample, method blank and QC sample extract. See Table 2 for a 
complete list of compounds and their concentrations. 

7.13 1613B and 8290A Cleanup Standards 

7.13.1 Cleanup Standard Stock Solution: CIL Catalog No. ED-907, 50 μg/mL in 
nonane, 1.2 mL 

7.13.2 Cleanup Standard Secondary Stock Solution: Dilute 0.100 mL of the 50 
μg/mL cleanup standard stock solution to 1.0 mL in a volumetric flask with 
nonane to a final concentration of 5.0 μg/mL. 

7.13.3 Cleanup Standard Working Stock Solution: Dilute 0.120 mL of the 5.0 μg/mL 
cleanup standard secondary stock solution to 3.0 mL in a volumetric flask 
with nonane to a final concentration of 200 ng/mL. 

7.13.4 Cleanup Standard Spiking Solution: Dilute 200 μL of the 200 ng/mL working 
stock solution to 200 mL in a 250 mL amber bottle with a PTFE lined cap 
with hexane to a final concentration of 0.20 ng/mL. 1.0 mL of this solution is 
added to each 1613B or 8290A sample, method blank and QC sample extract 
prior to cleanup. See Table 2 for a complete list of compounds and their 
concentrations. 

8. Sample Collection, Preservation and Storage 

8.1 Sampling is not performed for this method by TestAmerica Knoxville. For information 
regarding sample shipping, refer to SOP KNOX-SC-0003, “Sample Receipt and Log In”, 
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current revision. Sample container and preservation recommendations are listed in the table 
below. 

 
Method: 1613B 8290/8290A1 
Holding Times Samples – 1 year from collection to 

extraction. 
Extracts – 1 year from extraction to 
analysis. 

Samples – 30 days from collection to 
extraction. 
Extracts – 45 days from extraction to 
analysis. 
Tissue Extracts –45 days from collection to 
analysis. 

Containers Amber Glass Amber Glass 
Preservation:   
Aqueous Samples ≤6 °C in the dark. 

If residual chlorine is present, add 80 
mg/L sodium thiosulfate. 
If pH > 9, adjust to pH 7-9 with sulfuric 
acid. 

≤6 °C in the dark. 

Solid Samples <-10 °C in the dark. ≤6°C in the dark. 
Tissue Samples <-10 °C in the dark. <-20 °C in the dark2. 

Notes: 
1 For methods 8290 and 8290A, the holding times listed are recommendations. PCDDs and PCDFs are very 

stable in a variety of matrices, and holding times under the conditions listed can be as high as a year for 
certain matrices. The results of samples analyzed after the holding time expiration date must be considered to 
be minimum concentrations and must be identified as such in the final report. Sample extracts, however, must 
always be analyzed within 45 days of extraction. (For the State of South Carolina and the New Jersey DEP, 
the holdings times are as listed in the table and are not considered recommendations.) 

2 If the freezer used to store samples is not capable of reaching a temperature of <-20 °C when the temperature 
control is set to its maximum limit, storage at a higher temperature is acceptable as long as it is <-10 °C. 

9. Quality Control 

9.1 Internal Standards: Every sample, blank and QC sample is spiked with labeled internal 
standards prior to extraction. Internal standards in samples, blanks and QC samples are used 
to calculate the concentration of the target analytes or detection limits. 

9.2 Cleanup Standards: For methods 1613B and 8290A, every sample, blank and QC sample 
extract is spiked with labeled cleanup standards after extraction but prior to extract cleanup. 
They are used to assess the efficiency of the cleanup procedures. 

9.3 Recovery Standards: Every sample, blank and QC sample extract is spiked with labeled 
recovery standards prior to analysis. They are used to measure the recovery of the internal 
standards and the cleanup standards. 

9.4 Method Blank: A laboratory method blank must be run along with each batch of 20 or 
fewer samples. The method blank is processed in the same manner and at the same time as 
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the associated samples. The method blank is used to identify any background interference 
or contamination of the analytical system that may lead to the reporting of elevated 
concentration levels or false positive data. Refer to the table below for a cross-reference 
between the sample matrix and method blank matrix. 
 

e Matrix Method Blank Matrix 
Aqueous Reagent water 
Solid Sodium sulfate 
Tissue Sodium sulfate 
Wipe Sterile gauze pad 
Waste Hexane 

9.5 Laboratory Control Sample: A laboratory control sample (LCS) is prepared and analyzed 
with every batch of 20 or fewer samples. The LCS extract must be subject to the same 
cleanup procedures as the associated sample extracts. LCS spike components and 
concentrations are listed in Table 1. Refer to the table below for a cross-reference between 
the sample matrix and LCS matrix. 
 

e Matrix LCS Matrix 
Aqueous Reagent water 
Solid Sodium sulfate 
Tissue Sodium sulfate and corn oil 
Wipe Sterile gauze pad 
Waste Hexane 

9.6 Matrix Spike/Matrix Spike Duplicate (MS/MSD) – Method 8290 only. 

When method 8290 is performed, a matrix spike/matrix spike duplicate (MS/MSD) is 
prepared and analyzed with every 20 samples of a given matrix. Note that an MS/MSD 
is not required for Method 8290A. The MS/MSD is spiked with the same subset of 
analytes as the LCS (see Table 1). If an MS/MSD is not possible due to limited sample, 
then an LCSD must be analyzed.  

10. Calibration and Standardization 

10.1 Not applicable. 

11. Procedure 

11.1 One time procedural variations are allowed only if deemed necessary in the professional 
judgment of supervision to accommodate variations in sample matrix, radioactivity, 
chemistry, sample size or other parameters. Any variations in the procedure, except those 
specified by project specific instructions, must be completely documented using a 
Nonconformance Memo and approved by a Technical Specialist, Project Manager and QA 
Manager. If contractually required the client must be notified. 
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11.2 Any unauthorized deviations from this procedure must also be documented as a 

nonconformance with a cause and corrective action described. 

11.3 Samples are extracted by the following procedures depending upon sample matrix. Water 
samples are prepared by separatory funnel liquid/liquid extraction. Solid samples, including 
soils, sediments, tissues and solid waste materials, are prepared by Soxhlet extraction. Non-
aqueous liquid wastes and organic solvents are prepared by waste dilution techniques. 

11.4 Aqueous Sample Extraction 

11.4.1 Remove samples from the refrigerator and allow them to come to room 
temperature before measuring the volume or performing the extraction. 
Inspect the samples carefully for biphasic sample characteristics. If this 
condition exists, document the observation and contact the project manager 
for instructions before proceeding with the extraction. 

11.4.2 For aqueous samples that potentially contain >1% visible solids (as 
determined visually by an experienced analyst), a percent solid determination 
must be performed using the following procedure.  

11.4.2.1 Add 10 mL of the well shaken sample to a tared aluminum 
weighing dish. Weigh the dish to three significant figures. Dry the 
dish overnight in an oven at 105 °C. Reweigh the dish and 
calculate the percent solids using the following equation. 

100
dish of weight ryingd before sample plusdish  ofweight 

dish ofweight ryingdafter  sample plusdish  ofweight Solids% ×
−
−

=  

11.4.3 8290/8290A aqueous extraction: For samples with ≤ 1% visible solids (as 
determined visually by an experienced analyst), follow the normal extraction 
procedure (i.e., without filtration).  

11.4.4 1613B aqueous extraction: For samples with ≤ 1% visible solids (as 
determined visually by an experienced analyst), samples must be filtered and 
extracted as solid and aqueous fractions. The extracts from each fraction are 
then combined into one extract. See section 11.4.11 for filtration procedures. 

11.4.5 8290/8290A/1613B aqueous extraction: For samples with > 1% visible solids, 
consult the project manager for further instructions before proceeding with 
extraction using one of the options listed below: 

11.4.5.1 Samples can be filtered, extracted separately as solid and aqueous 
fractions, and analyzed separately. 

11.4.5.2 Samples can be filtered, extracted separately as solid and aqueous 
fractions, and the extracts combined for a single analysis. 
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11.4.5.3 The client may decide to resample if they determine that solids 

should not have been present. 

11.4.6 Refer to Knoxville SOP KNOX-QA-0002, current revision, for information 
on glassware cleaning procedures for extraction glassware. Visually inspect 
all glassware prior to use for scratches or cracks. Retire, repair or replace any 
glassware found to be damaged. 

11.4.7 Place separatory funnels (one for each sample, the method blank and the LCS) 
in the positions in the rotary extractor. 

11.4.8 Place a 600 mL concentration tube directly beneath each separatory funnel in 
the tube holder.  

11.4.9 Plug a glass funnel with glass wool and pour in sodium sulfate (about 1 to 2 
inches from the top). Rinse the sodium sulfate with methylene chloride over a 
waste container to catch the solvent waste. When the funnel stops dripping, 
place the funnel on top of the concentrator tube. 

11.4.10 If solids are not observed in the sample, mark the level of the sample on the 
sample bottle in order to measure the volume later and carefully add the 
sample to the separatory funnel, taking care not to spill any sample. Using a 
Class A 1000 mL graduated cylinder, measure out 1000 mL of reagent water 
and add to the separatory funnels marked for the method blank, LCS and 
LCSD (if required). 

11.4.11 Sample Filtration 

11.4.11.1 Assemble a Buchner funnel with a rubber stopper on top of a 
precleaned vacuum filter flask. Wet a 15 cm diameter, 2.7 μm 
particle retention glass fiber filter with a few mL of reagent water 
and carefully fit the filter into the funnel. 

11.4.11.2 Apply vacuum to the flask. Mark the level of the sample on the 
sample bottle in order to measure the volume later. Carefully add 
the sample to the Buchner funnel, swirling the sample remaining in 
the bottle to suspend any particles. 

11.4.11.3 Rinse the sample bottle twice with approximately 10 mL portions 
of reagent water to transfer any remaining particles onto the filter. 
Rinse any particles off the sides of the Buchner funnel with small 
quantities of reagent water. 

11.4.11.4 If the percent solids in a 1613B sample are ≤ 1%, extract the 
filtrate in a separatory funnel by proceeding to section 11.4.12. 
Extract the solids on the filter and the filter itself following the 
procedure in section 11.5. Do not add internal standards to this 
portion of the sample; only add internal standards to the 
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aqueous portion of the sample! The resulting extract is combined 
with the extract of the aqueous portion during the concentration 
step in section 11.9.19. 

11.4.12 Using a Class A 1 mL volumetric pipette or syringe, add 1 mL of the 
appropriate 1.0 ng/mL internal standard spiking solution (see sections 7.10.2 
and 7.11.4) to each sample, the method blank, LCS, LCSD (as required) and 
MS/MSD (as required). Record the amount of spike used and the spike 
solution number on the extraction benchsheet. 

11.4.13 Using a Class A 1 mL volumetric pipette or syringe, add 1 mL of the native 
LCS spiking solution (see section 7.9.3) to the designated LCS, LCSD (as 
required) and MS/MSD (as required). Record the amount of spike used and 
the spike solution number on the extraction benchsheet. 

11.4.14 Add 60 mL of methylene chloride to the sample bottle and shake. Then 
carefully pour the methylene chloride into the separatory funnel. Add 60 mL 
of methylene chloride to the method blank, LCS and LCSD (if required) as 
well. 

11.4.15 Secure the separatory funnel with the rotator retaining straps and rotate for 2 
minutes. 

CAUTION: Care must be used while performing this operation. Vent the 
separatory funnel frequently. 

11.4.16 Allow the water and the methylene chloride to separate. If it is not separated 
after 10 minutes, attempt to break up the emulsion layer by gently swirling the 
sample or tilting the separatory funnel on its side. 

11.4.17 Drain the methylene chloride from the separatory funnel into the glass funnel 
that is filled with sodium sulfate, allowing the extract to drip into the 
concentrator tube. Be careful not to allow water to escape the separatory 
funnel or the sodium sulfate will harden and block the flow of the extract. If at 
least 10 minutes has elapsed and other ways of breaking up or reducing the 
size of the emulsion have failed, the following steps can be tried to reduce the 
impact of the emulsion on the sodium sulfate. 

11.4.17.1 Place a large piece of precleaned glass wool in the funnel 
containing the sodium sulfate. 

11.4.17.2 Spread the glass wool out, covering the entire surface of the 
sodium sulfate to a depth of ~5 to 10 mm. If the emulsion is hard 
to break up and persistent, a small, additional layer of sodium 
sulfate is added on top of the glass wool. 
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11.4.17.3 Drain the solvent and emulsion layer into the funnel being careful 

to drain no more than 60 mL of volume if a clear phase layer 
cannot be determined. 

11.4.17.4 If this procedure is used, the funnel is rinsed with an extra 30 mL 
of methylene chloride after the emulsion layer is drained into the 
funnel to ensure all analytes are rinsed into the concentrator tube. 

11.4.18 Repeat steps 11.4.14 through 11.4.17 two more times. 

11.4.19 After the third methylene chloride portion has filtered through the sodium 
sulfate, rinse the funnel with approximately 40 mL of methylene chloride. 

11.4.20 Remove the separatory funnel from the hood and pour the extracted water into 
the extracted water waste container. 

11.4.21 Fill the empty sample bottle to the marked level with tap water. Pour the tap 
water into a Class A 1000 mL graduated cylinder. Record the volume of 
sample used on the extraction benchsheet. 

11.4.22 Proceed to Macro Extract Concentration of Aqueous Extracts by Rapid-Vap 
in section 11.5. 

11.5 Macro Extract Concentration of Aqueous Extracts by Rapid-Vap 

11.5.1 Preheat the unit to the appropriate temperature for the solvent used in the 
extraction. 

11.5.2 Set the operating parameters on the programmer. For example, if there is 300 
mL of a methylene chloride extract, the following parameters are used and 
adjusted as needed: 

Temperature: 30 °C 
Vortex Speed: 30%, initially 
Nitrogen:  7-9 psi 
Timer Set:  30 minutes 

11.5.3 Place 600 mL concentrator tubes containing the extract in the Rapid-Vap. 
Begin concentrating the extract, adjusting the vortex speed for the proper rate 
of concentration. 

11.5.4 When the extract has been concentrated to less than 20 mL, add 
approximately 60 mL of hexane. Concentrate the extract to a final volume of 
approximately 2 mL (that is the volume contained in the reservoir tip of the 
Rapid-Vap). Shut off the nitrogen flow and turn off the Rapid-Vap or remove 
the 600 mL concentrator tube to prevent further concentration. 

11.5.5 Transfer the extract to a 40 mL vial with a 9” disposable pipette, rinsing the 
sample tube 3 times with approximately 3 mL of hexane. Reduce the volume 
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in the 40 mL vial using the N-EVAP to approximately 2 mL and proceed to 
extract cleanup in section 11.11. If no cleanups are to be performed, continue 
with the following steps to dry the extract. The sample extracts sometimes 
contain small amounts of water due to condensation forming on the glassware 
during the concentration steps. Take care to ensure the water is removed. 

11.5.6 Prepare a small funnel by placing a small plug of precleaned glass wool at the 
bottom of the funnel and adding a layer of sodium sulfate on top of the glass 
wool. Rinse the funnel with approximately 5 mL of hexane to pre-wet the 
sodium sulfate. 

11.5.7 Pipette the extract from the Rapid-Vap concentrator tube and through the 
funnel containing the sodium sulfate into a 40 mL vial. 

11.5.8 Rinse the concentrator tube 3 times with approximately 3 mL of hexane for 
each rinse. Rinse the sodium sulfate funnel with an additional 2 mL of hexane. 
Proceed to micro concentration in section 11.12. 

11.6 Screening Process for Samples with High Concentration of Dioxins/Furans 

11.6.1 Samples received are carefully reviewed before starting the extraction 
process. Any samples that are received from known dioxin/furan sites and 
samples that contain keywords such as PCP (pentachlorophenol) site, wood 
treaters, PCB sites and fire/burn sites can be subjected to the screening 
process. 

11.6.2 Screening is done as a precaution to minimize the chance of having high level 
samples exposing the preparation and analytical areas to excessive amounts of 
dioxins/furans, thereby potentially contaminating areas and other samples 
contained in those areas. See Appendix III for LRMS Dioxin Screen Strategy.  

11.6.3 Mix sample well, weigh out 2.5 g (± 0.1 g) and place in a 40 mL vial. 

11.6.4 Add 10 mL of toluene and shake on a shaker table for 3 hours. 

11.6.5 After the contents have settled, remove the toluene supernatant from the vial 
and place in a fresh, clean vial containing 100 µL of tetradecane as a keeper. 
Rinse the vial 3 times with 1 mL of toluene to insure complete transfer of the 
extract. 

11.6.6 Solvent exchange the extract by placing it on the nitrogen concentration 
device. Concentrate the extract to near dryness. Add 4 mL of hexane and 
concentrate to near dryness again. Repeat again and then bring the extract to 
volume with 2 mL of hexane. 

11.6.7 Run the extract through a silica gel/alumina column cleanup as detailed in 
section 11.11.4. After the silica gel/alumina column cleanup is completed, put 
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the extract back on the nitrogen concentration device and concentrate to 
approximately 0.5 mL. 

11.6.8 Transfer the concentrated extract to a 2 mL clear, screw cap vial marked at 1.0 
mL. Rinse the 40 mL vial several times with small amounts of hexane to 
complete the transfer. Adjust volume of the extract to 1.0 mL. Take extract to 
the GC/MS Semivolatiles group for analysis. 

11.7 Pretreatment for Fly Ash Samples 

11.7.1 If the sample matrix is fly ash and is to be analyzed by method 8290 or 
8290A, pretreat the sample with HCl. Weigh 10 g (± 0.5 g) of the fly ash 
sample and transfer to a 250 mL glass jar. Record the sample weight on the 
extraction benchsheet. If a sample is designated for MS/MSD analysis, 
prepare two additional portions of the sample and label them as the MS and 
MSD. 

11.7.2 Add 150 mL of 1N HCl to the sample. Seal the jar with a PTFE lined screw 
cap and shake for 3 hours at room temperature. 

11.7.3 Rinse a 15 cm diameter, 2.7 μm particle retention glass fiber filter with 
reagent water. Carefully fit the glass fiber filter into a Buchner funnel and 
filter the sample through the funnel attached to a 1 L vacuum flask. Rinse the 
sample bottle twice with small amounts of reagent water, making sure that all 
particulate matter is transferred onto the glass fiber filter. Wash the fly ash 
cake with approximately 500 mL reagent water. 

11.7.4 Transfer the filter and fly ash filter cake sample to a Dean-Stark Soxhlet. 
Proceed to section 11.9. 

11.8 Sample Pretreatment for Tissues 

11.8.1 If the sample matrix is tissue and has not been homogenized prior to receipt, 
the entire sample is homogenized prior to extraction using an industrial meat 
grinder, a laboratory blender, or a laboratory homogenizer. Select the 
equipment that is most appropriate for the size and type of tissue received. 

11.9 Solid/Tissue/Wipe Sample Extraction 

11.9.1 Prepare and label the required number of Soxhlet or Dean-Stark Soxhlet 
systems. Refer to Knoxville SOP KNOX-QA-0002, current revision, for 
information on glassware cleaning procedures for extraction glassware. 
Visually inspect all glassware prior to use for scratches or cracks. Retire, 
repair or replace any glassware found to be damaged. 

NOTE: A Dean-Stark extractor is used to remove the water from all sample 
matrices except tissue and wipes. The Dean-Stark apparatus is installed 
between the Soxhlet body and the condenser when the components are 
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assembled. All method 1613B solid samples and extremely wet 8290/8290A 
solid samples (e.g., samples with standing water) are extracted using Dean-
Stark Soxhlets. 

11.9.2 For 8290 and 8290A soil samples, transfer a well-mixed 10 g (± 0.5 g) aliquot 
of the sample into a glass microfiber extraction thimble. Record the sample 
weight on the extraction benchsheet. 

11.9.3 For method 1613B solids and for all sediment samples, adjust the amount 
weighed to achieve 10 to 10.5 g dry weight. Determine the amount of 
sediment sample to extract using the “Sediment Extraction Amounts” 
spreadsheet (refer to Appendix IV) on the local area network in the 
MSOffice\template\Knx OrgPrep directory. Transfer a well-mixed aliquot of 
the sample into a glass microfiber extraction thimble. Record the sample 
weight on the extraction benchsheet. 

11.9.4 For tissue samples, weigh out 10 g (± 0.5 g) of homogenized tissue into a 
beaker or extraction thimble. Mix thoroughly with ~20 g of sodium sulfate. 
Record the sample weight on the extraction benchsheet. 

NOTE: If gravimetric lipids are to be determined using the tissue extracts, 
refer to SOP KNOX-OP-0020, “Gravimetric Lipids Determination”, current 
revision. 

11.9.5 For wipes samples, place the wipe directly into the Soxhlet extractor. Rinse 
the sample container with ~30 mL of toluene and transfer the rinsate to the top 
of the Soxhlet extractor. 

11.9.6 Refer to the Section 9.4 for a cross-reference between the sample matrix and 
method blank matrix and Section 9.5 for the LCS matrix. 

11.9.7 Pour approximately 350 mL toluene into a 500 mL boiling flask. For tissue 
samples, use methylene chloride as the extraction solvent. Place the flask in 
the heating mantle.  

11.9.8 Place the extraction thimble in the glass Soxhlet extractor. 

11.9.9 Assemble the Soxhlet system and secure to the lab supports. 

11.9.9.1 Place the method blank and QC samples in random positions 
within the available prep positions in the hood (i.e., do not use the 
same positions each time for the method blank and QC samples). 

11.9.10 Spike each sample and QC samples with 1.0 mL of the appropriate internal 
standard spiking solution (see sections 7.10.2 and 7.11.4) and add a small 
amount of glass wool to the top of the thimble, if needed, to secure the sample 
material. Record the standard solution ID and volume spiked on the extraction 
benchsheet. 
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NOTE: Each time the samples are spiked, the spiking process should be 
witnessed by another analyst. Refer to Appendix II for the steps that must be 
taken. 

11.9.11 Spike the LCS (and LCSD, MS/MSD, if required) with 1.0 mL of the native 
LCS spiking solution (see section 7.9.3) prior to adding the glass wool. 
Record the standard solution ID and volume spiked on the extraction 
benchsheet. 

11.9.11.1 If a sample is designated for MS/MSD analysis, prepare two 
additional portions of the sample and label them as the MS and 
MSD. 

11.9.11.2 The MS and MSD samples must be prepared at the same weight to 
avoid calculation errors in the RPD values. 

11.9.12 Add approximately 10 boiling beads and several PTFE boiling chips to the 
boiling flask. 

CAUTION: When extracting or concentrating a sample with hexane, toluene 
or any mixture containing these solvents, the analyst must add the boiling 
chips within 5 minutes of placing the flask on the heat source in order to 
prevent bumping of the solvent. 

11.9.13 Adjust the temperature of the heating mantle to bring the solvent in the 
boiling flask to a rolling boil. There must be a steady drip from the condensers 
so that the solvent completely cycles at least 5 times an hour. Record the date 
and time that the Soxhlet extraction was started on the extraction benchsheet 
and initial and date. 

11.9.14 Soxhlet extract the sample in the above manner for a minimum of 16 hours. 
At the end of the extraction period, turn off the heating mantles. Record the 
date and time that the Soxhlet extraction was completed on the extraction 
benchsheet and initial and date. 

11.9.15 Remove the condensers. If a Dean Stark condenser is used, drain the water 
from the Dean Stark (the bottom layer of liquid). Then drain the remaining 
liquid into the Soxhlet. Empty the Soxhlet extractor chamber into the boiling 
flask and remove the Soxhlet extractor from the 500 mL boiling flask. 

11.9.16 Add several (2-3) fresh boiling chips to the flask. Insert a three-ball macro 
Snyder column into the top of the 500 mL boiling flask.  

CAUTION: When extracting or concentrating a sample with hexane, toluene 
or any mixture containing these solvents, the analyst must add the boiling 
chips within 5 minutes of placing the flask on the heat source in order to 
prevent bumping of the solvent. 
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11.9.17 Apply heat to the 500 mL flask in the heating mantle and reduce the extract 

volume to approximately 10-15 mL. 

11.9.18 For tissue samples, transfer the concentrated methylene chloride extract to a 
40 mL vial rinsing the 500 mL flask 3 times with approximately 3 mL of 
methylene chloride. Place the 40 mL vial into the nitrogen concentration 
device and reduce the volume to approximately 6 to 8 mL. Follow the 
instructions in SOP KNOX-OP-0022, current revision, for GPC cleanup. 

11.9.19 For samples that were extracted using toluene, follow the steps listed below: 

11.9.19.1 Transfer the extract into a 40 mL vial containing 100 µL of 
tetradecane, rinsing the 500 mL flask 3 times with approximately 3 
mL of hexane. Add the rinsings to the 40 mL vial. 

11.9.19.2 Place the 40 mL vial into the nitrogen concentration device and 
reduce the volume to near dryness. Add 4 mL of hexane and swirl 
the vial. Reduce the volume of hexane to near dryness again to 
complete the solvent exchange. If the sample exhibits poor 
solubility in hexane, add approximately 1 mL of benzene with a 
pipette to the vial to aid in dissolving the residue. Adjust the final 
volume of the extract with hexane to 12 mL for acid-base cleanup 
or 2 mL for column cleanup. Proceed to sample cleanup in section 
11.11. 

11.10 Waste Dilution 

11.10.1 Organic wastes, oil and solids that dissolve in solvent and non-aqueous sludge 
samples can be prepared by the waste dilution technique. 

11.10.2 Tare a clean 40 mL vial on a laboratory balance. Add an appropriate amount 
of sample (e.g., 1.0 ± 0.1 g) to the vial. If a sample is designated for MS/MSD 
analysis, prepare two additional portions of the sample and label them as the 
MS and MSD samples. Prepare method blank, LCS and LCSD (if required) 
samples by adding 12 mL of hexane to a 40 mL vial. 

11.10.3 Record the weights and volumes used on the extraction benchsheets and 
initial and date. 

11.10.4 Add 1.0 mL of the appropriate internal standard spiking solution (see sections 
7.10.2 and 7.11.4) to the samples, method blank and QC samples. Record the 
standard solution ID and volume spiked on the extraction benchsheet. Add 
hexane to bring the volume to 12 mL. If the sample exhibits poor solubility in 
hexane, add approximately 1 mL of benzene to the vial to aid in dissolving the 
sample. 

11.10.5 Add 1.0 mL of the native LCS spiking solution (see section 7.9.3) to the 
designated LCS, LCSD (as required) and MS/MSD (as required). Record the 
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amount of spike used and the spike solution number on the extraction 
benchsheet. 

11.10.6 Proceed to sample extract cleanup in section 11.11. 

11.11 Sample Extract Cleanup 

11.11.1 Any or all sample cleanup techniques may be employed to remove sample 
interferences as necessary. The same cleanup techniques must also be 
performed on the associated quality control samples (method blank, 
LCS/LCSD). MS/MSD samples must undergo the same cleanup procedures as 
the associated parent sample.  

11.11.2 For 1613B and 8290A samples that are to be subjected to one or more cleanup 
steps, add 1.0 mL of the 37Cl4-2,3,7,8-TCDD cleanup standard (section 7.13.4) 
to each sample, method blank and LCS/LCSD extract before any cleanup 
steps are performed. 

11.11.3 Acid-Base Cleanup 

The acid-base cleanup is employed when sample extracts are colored and/or 
oily in appearance, or if specified by the client or project manager. 

11.11.3.1 Bring the extract volume up to ~12 mL with hexane in a 40 mL 
vial.  

NOTE: If the extracts are from fish tissue, omit sections 11.11.3.2 
and 11.11.3.3. 

11.11.3.2 Wash the extract by adding approximately 10 mL of 20% aqueous 
potassium hydroxide to the vial and gently shaking for 20 seconds. 
If an emulsion begins to form, discontinue shaking. Vent the vial 
frequently to prevent pressure build up. Let the vial stand for 10 
minutes or longer until any emulsion present settles out. Carefully 
remove the aqueous layer (the bottom layer) with a glass pipette, 
taking care not to remove any of the solvent layer or remaining 
emulsion. Repeat the base washing until no color is visible in the 
base layer (perform a maximum of two base washings). 

11.11.3.3 Add approximately 10 mL of 5% (w/v) aqueous sodium chloride to 
the vial and gently shake for 20 seconds. If an emulsion forms, 
discontinue shaking. Vent the vial frequently to prevent pressure 
build up. Let the vial stand for 10 minutes or longer until any 
emulsion present settles out. Carefully remove the aqueous layer 
(the bottom layer) with a glass pipette, taking care not to remove 
any of the solvent layer or remaining emulsion. 
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11.11.3.4 Slowly add approximately 15 mL of concentrated sulfuric acid to 

the vial. If an emulsion remains from the previous step, slowly add 
concentrated sulfuric acid (drop by drop) to the vial. CAUTION: 
HEAT CAN BE GENERATED DURING THIS STEP. Shake 
the vial for 30 seconds. Vent the vial frequently to prevent pressure 
build up. Let the vial stand for 10 minutes or longer until any 
emulsion settles out. Carefully remove the bottom layer (i.e., the 
aqueous, acid or base layer) with a glass pipette, taking care not to 
remove any of the solvent layer. Repeat the acid washing if the 
solvent layer is still darkly colored (perform a maximum of four 
acid washings). An option to employ if the acid layer is large or 
very dark and thick is to remove the hexane layer (the top layer) 
and any emulsion to a fresh 40 mL vial. Rinse the vial containing 
the acid 2 times with 2 mL of hexane and add these rinsings to the 
sample vial. 

NOTE: Centrifuging is an option for extracts with emulsions that 
will not break up after 10 minutes. 

11.11.3.5 Add approximately 10 mL 5% (w/v) aqueous sodium chloride to 
the vial and gently shake for 20 seconds. Vent the vial frequently 
to prevent pressure build up. Let the vial stand for 10 minutes or 
longer until any emulsion present settles out. Carefully remove the 
aqueous layer (the bottom layer) with a glass pipette, taking care 
not to remove any of the solvent layer. Dry the hexane extract by 
adding 1 to 2 grams of sodium sulfate and swirling the vial. 

11.11.3.6 Reduce the extract volume to approximately 6 to 8 mL. 

11.11.3.7 Proceed to section 11.11.4 for dual column (silica gel/alumina) 
cleanup. 

11.11.4 Dual Column (Silica Gel/Alumina) Cleanup 

Dual column cleanup is employed for most sample extracts. If treated 
drinking water samples are being analyzed, cleanup may not be necessary. 

11.11.4.1 Prepare a 20 mm diameter column and a 16mm diameter column 
for each extract by rinsing, in order, with acetone and hexane. 
Place a large ball of precleaned glass wool in the bottom of each 
column before rinsing the columns. 

11.11.4.2 Mark the level to which the column packings are to be added with 
a marking pen starting at the top of the glass wool plug and 
proceeding from bottom to top. The levels for each type column 
are as follows; 
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20 mm diameter silica gel column: 

12 mm – 2g of 3.3% deactivated silica gel 
16 mm – 4g of acidic silica gel 
12 mm – 2g of 3.3% deactivated silica gel 
10 mm – sodium sulfate 

 
16 mm diameter alumina column: 

40 mm – 6 g of neutral alumina 
10 mm – sodium sulfate 

11.11.4.3 Place the columns in the lab supports in the hood so that the 20 
mm silica gel column is above the 16 mm alumina column. Offset 
the columns slightly so that the packings can be added and the 
columns rinsed. 

11.11.4.4 Add the column packing materials in the order listed above (while 
tapping the column with a marking pen) to settle the contents and 
to prevent channeling. When the columns have been completely 
packed, remove the ink markings with a paper towel moistened 
with acetone or rinse the outside of the column with methylene 
chloride. 

11.11.4.5 Place a 125 mL glass jar under the lower alumina column to catch 
the solvent wastes and eluents as they filter through the column. 

11.11.4.6 Add 20 mL of hexane to each column to rinse the packing. Collect 
the hexane from the columns in the 125 mL glass jar; the columns 
must be aligned so that the waste from both columns drips directly 
into the 125 mL jar. When the level of solvent in the silica gel 
column approaches the top of the packing, move the upper column 
support so that the tips of the upper columns are inserted into the 
tops of the lower columns and the solvent drips into the lower 
columns. 

11.11.4.7 Just as the level of hexane reaches the top of the packing in the 
silica gel column, transfer the sample extract into the top of the 
column. Rinse the extract vial 3 times with small amounts of 
hexane and add each of these rinses to the silica gel column. 

11.11.4.8 Just as the solvent level reaches the top of the column packing, add 
70 mL of hexane (via a solvent bottle top dispenser in 20 to 30 mL 
increments) into the top of the silica gel column and allow this to 
drip into and through the alumina column and into the collection 
jar. When the hexane has completely drained from the silica gel 
column, remove the column from the support rack and dispose of it 
in the appropriate waste container. 
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11.11.4.9 Just as the level of hexane reaches the top of the packing in the 

alumina column, replace the 125 mL glass jar containing the 
solvent waste with a 40 mL vial which has been labeled with the 
sample workorder number. Using a solvent dispenser, add 10 mL 
of 5% methylene chloride/hexane mixture. Dispose of the solvent 
waste in the 125 mL glass jar in the appropriate waste container. 

11.11.4.10 Just as the level of the 5% mixture reaches the top of the packing 
in the alumina column, add 30 mL of 65% methylene 
chloride/hexane using a solvent dispenser and continue to catch the 
eluents in the 40 mL vial. 

11.11.4.11 When the solvent has completely drained from the alumina 
column, cap the 40 mL vial containing the eluent and dispose of 
the alumina column in the appropriate waste container. 

11.11.4.12 If no further cleanup is to be performed, proceed to final extract 
concentration detailed in section 11.12. Otherwise, reduce the 
volume of the extract to approximately 2 mL using the nitrogen 
concentration apparatus and proceed to the next cleanup. 

11.11.5 Activated Carbon Cleanup 

Carbon column cleanup is performed to remove diphenyl ether interferences 
and when site history indicates they are necessary for removal of other 
interferences. Carbon column cleanup is also performed when sample extracts 
cause the acid silica layer of the dual column cleanup to become colored along 
the entire length of the acid silica. Most solid samples meet these criteria. 

11.11.5.1 Prepare a 31 cm pre-cut glass column (8mm ID) by rinsing, in 
order, with acetone and hexane, and then inserting a glass wool 
plug of about 1 cm in length approximately 10 cm into the column. 
Pack the column with 5.0 cm of the J.T Baker Carbon/Silica Gel 
mixture (section 7.7.3). Hold the packing by inserting an additional 
glass wool plug, again about 1 cm in length, in the other end.  

11.11.5.2 Orient the carbon column in the carbon column rack so that the 
end with approximately 16 cm of space between the column 
packing and the end of the column is upright. 

11.11.5.3 Pre-elute the column with 10 mL of cyclohexane/methylene 
chloride (50:50 v/v). Turn the column over and pre-elute in the 
opposite direction with another 5 mL of cyclohexane/methylene 
chloride (50:50 v:v). 

11.11.5.4 When the solvent reaches the glass wool, add the sample extract. 
Rinse the sample vial 2 times with approximately 2 mL of 50:50 
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cyclohexane/methylene chloride. Add these rinses to the column. 
Elute the column with the following sequence of solvents: 

11.11.5.4.1 6 mL of cyclohexane/methylene chloride (50:50 
v/v). 

11.11.5.4.2 5 mL of methylene chloride/methanol/benzene 
(75:20:5 v/v). 

11.11.5.5 Allow the 75:20:5 methylene chloride/methanol/benzene to drain 
completely. Turn the column over and in the direction of reverse 
flow, elute the column with 30 mL toluene into a 40 mL vial. 

11.11.5.6 Place vials containing the extract in the nitrogen concentration 
apparatus and reduce the solvent volume to approximately 0.3 mL. 
Proceed to section 11.12 for final concentration. 

11.12 Final Concentration by Nitrogen Evaporation 

11.12.1 When all sample cleanup steps have been completed, add 20 μL of the 0.1 
μg/mL recovery standard spiking solution (section 7.12.4) using a 25 μL 
Hamilton syringe to an empty, clean 1.1 mL tapered mini-vial that has been 
labeled with the sample ID. (Assure that the vial and cap fit together properly 
before use.) Mark the level of the recovery standard on the mini-vial. Mark 
half the level, i.e., 10 μL, if the extracts are from treated drinking waters. 
Record the volume of recovery standard added and the standard ID on the 
extraction benchsheet. 

11.12.2 Transfer the concentrated extract into the mini-vial. Rinse the 40 mL vial at 
least twice with a small amount of hexane and add the rinses to the mini-vial. 
Put the mini-vial on the N-EVAP nitrogen concentration apparatus and reduce 
the volume to the mark on the vial. Put the cap with PTFE-faced septa 
securely on the vial. Record the final extract volume on the extraction 
benchsheet.  

11.12.3 All items listed on the data review checklist must be checked by both the 
analyst who performed the extraction and cleanup steps and the analyst who 
performed the second level review.  

11.12.4 Transfer the extracts and paperwork to the HRMS group for analysis. 

12. Data Analysis and Calculations 

12.1 Not applicable. 
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13. Method Performance 

13.1 Method Detection Limit (MDL): An MDL must be determined for each analyte in each 
routine matrix prior to the analysis of any samples. The procedure for determination of the 
method detection limit is given in SOP CA-Q-S-006, current revision, based on 40 CFR 
Part 136 Appendix B. The result of the MDL determination must support the reporting 
limit.  

13.2 Initial Demonstration of Capability: Each analyst must perform an initial demonstration of 
capability (IDOC) for each target analyte prior to performing the analysis independently. 
The IDOC is determined by analyzing four replicate spikes (e.g., LCSs) as detailed in Test 
America Knoxville SOP KNOX-QA-0009, current revision. 

13.3 Training Qualification: The group/team leader has the responsibility to ensure that this 
procedure is performed by an associate who has been properly trained in its use and has the 
required experience. Refer to SOP KNOX-QA-0009, current revision, for further 
requirements for performing and documenting initial and ongoing demonstrations of 
capability. 

14. Pollution Prevention 

14.1 All attempts will be made to minimize the use of solvents and standard materials. 

15. Waste Management  

15.1 All waste will be disposed of in accordance with Federal, State and Local regulations. 
Where reasonably feasible, technological changes have been implemented to minimize the 
potential for pollution of the environment. Employees will abide by this method and the 
policies in section 13 of the Corporate Safety Manual for “Waste Management and 
Pollution Prevention.” 

15.2 See the current revision of SOP KNOX-HS-0002 for specific waste handling guidelines. 

15.3 The following waste streams are produced when this method is carried out. 

15.3.1 Waste solvents must be placed in the flammable waste stream, contained in a 
steel satellite accumulation container or flammable solvent container.  

15.3.2 Miscellaneous disposable glassware, chemical resistant gloves, bench paper 
and similar materials that may or may not be contaminated/hazardous must be 
placed in the incinerable laboratory waste stream, contained in a HDPE 
satellite accumulation container. 

15.3.3 Extracted solid/tissue samples, paper funnel filters, glass wool, etc., that has 
been contaminated with solvents shall be placed in the incinerable laboratory 
waste stream, contained in a steel or HDPE satellite accumulation container. 
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15.3.4 Contaminated sulfuric acid used during extract cleanup must be placed in the 

acidic laboratory waste stream, contained in a HDPE satellite accumulation 
container or 55 gallon HDPE drum. 

15.3.5 Extracted aqueous samples contaminated with methylene chloride must be 
placed in the organic water waste stream, contained in a HDPE satellite 
accumulation container. 

15.3.6 Silica gel, alumina, carbon and sodium sulfate that has been contaminated 
with various solvents and eluents, must be placed in the incinerable laboratory 
waste stream, contained in a HDPE satellite accumulation container. 

16. References 

16.1 TestAmerica Knoxville Quality Assurance Manual (QAM), current revision. 

16.2 EPA Method 1613: Tetra- Through Octa- Chlorinated Dioxins and Furans by Isotope 
Dilutions HRGC/HRMS, Revision B, October 1994. 

16.3 SW-846 Method 8290, Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated 
Dibenzofurans (PCDFs) by High-Resolution Gas Chromatography/High-Resolution Mass 
Spectrometry (HRGC/HRMS), Revision 0, September 1994. 

16.4 SW-846 Method 8290A, Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated 
Dibenzofurans (PCDFs) by High-Resolution Gas Chromatography/High-Resolution Mass 
Spectrometry (HRGC/HRMS), Revision 1, February 2007. 

16.5 TestAmerica Knoxville SOP KNOX-ID-0004, “Analysis of Polychlorinated 
Dioxins/Furans by High Resolution Gas Chromatography/High Resolution Mass 
Spectrometry (HRGC/HRMS) Based on Methods 8290, 8290A, 1613B, 23, 0023A and 
TO-9A”, current revision. 

16.6 TestAmerica Knoxville SOP KNOX-OP-0020, “Gravimetric Lipids Determination”, 
current revision. 

16.7 TestAmerica Knoxville SOP KNOX-OP-0022, “GPC Cleanup”, current revision. 

16.8 TestAmerica Knoxville SOP KNOX-QA-0002, “Glassware Cleaning”, current revision. 

17. Miscellaneous 

17.1 Deviations from Reference Methods 

17.1.1 Spiking levels have been reduced to minimize the amount of dioxin 
contaminated waste generated by this procedure. It has been demonstrated 
that the performance criteria specified in the method are not affected by this 
modification. 
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17.1.2 Method 1613B employs a gravimetric determination of sample size rather 

than a volumetric determination. This procedure employs a volumetric 
determination of sample size to allow reporting of sample concentration in the 
standard units of pg/L (ppq). This modification has no impact on the 
performance criteria of this method. 

17.1.3 The determination of solids content procedure used for aqueous samples is the 
same as the 1613B procedure used for solid samples rather than the 1613B 
procedure for aqueous samples. The aqueous sample procedure in 1613B is 
subject to error if the sample density is not exactly 1.0 g/mL. 

17.1.4 The amount of hexane used in the solvent exchange step has been reduced 
from that specified in the reference methods. The reduction in solvent used is 
a pollution prevention measure. It has been demonstrated that the performance 
criteria specified in the method are not affected by this modification. 

17.1.5 Method 1613B specifies that the sample bottle is rinsed twice with 5 mL of 
reagent water after the sample is transferred to the separatory funnel. This 
procedure specifies that the sample bottle is rinsed three times with methylene 
chloride after the sample is transferred to the separatory funnel. This 
modification improves the removal of target compounds from the sample 
bottle. 

17.1.6 Toluene volumes and cycle rates for Soxhlet extractors have been optimized 
for the specific size of glassware used and might not be the same as those 
specified in the referenced method. It has been demonstrated that the 
performance criteria specified in the method are not affected by this 
modification. 

17.1.7 Soxhlet extracts are not filtered before concentration and solvent exchange. 
The use of glass wool in the extraction thimbles eliminates the transfer of 
particles to the extraction solvent. The column cleanup procedures remove 
any particulate that might not be removed by the glass wool. It has been 
demonstrated that the performance criteria specified in the methods is not 
affected by this modification. 

17.1.8 Particle size determination and reduction as specified in method 1613B is not 
performed on a routine basis. Silica and sand is not added to the Soxhlet 
extraction thimble as specified in method 1613B. These procedures are 
considered to be outside the scope of the laboratories routine extraction 
procedures and are only performed on a client specific or project specific 
basis. These procedures, if required, must be specified and documented in the 
appropriate QAPPs. 

17.1.9 Benzene is used to aid in dissolving the samples and/or extracts in hexane. It 
has been demonstrated that the performance criteria specified in the methods 
is not affected by this modification. 
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17.1.10 The acid-base cleanup procedure is carried out in a 40 mL vial instead of a 

separatory funnel. Disposable glassware is used to decrease the risk of cross 
contamination. The volumes of the washes used have been adjusted for use in 
the 40 mL vial. It has been demonstrated that the performance criteria 
specified in the methods is not affected by this modification. 

17.1.11 The silica gel/alumina column cleanup and carbon column cleanup procedures 
described in this SOP have been optimized and may vary significantly from 
the referenced methods. It has been demonstrated that the performance criteria 
specified in the methods is not affected by these modifications. 

17.1.12 Extracts are stored at room temperature rather than at <10 °C as specified in 
method 1613B. Methods 8290 and 8290A allow for the storage of extracts at 
room temperature in the dark. All of the reference methods require that 
standards be stored at room temperature. Recovery studies performed by 
Cambridge Isotopes Laboratories (CIL) indicate freezing or refrigeration of 
standards causes problems with precipitation and irreversible adsorption to the 
inside surface of the vial. CIL recommends the storage of standards and 
extracts at room temperature as long as they are protected from exposure to 
UV and evaporative losses. 

17.2 List of Tables, Figures and Appendices 

17.2.1 Table 1 – Concentration of Native Stock and Spiking Solutions 

17.2.2 Table 2 – Concentration of Labeled Stock and Spiking Solutions 

17.2.3 Appendix I – Example Extraction Benchsheet 

17.2.4 Appendix II – Guidelines for the Spike Witnessing Process 

17.2.5 Appendix III –LRMS Dioxin Screen Strategy 

17.2.6 Appendix IV – Example Determination of Sediment Sample Extraction 
Amounts Spreadsheet 
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Table 1 – Concentration of Native Stock and Spiking Solutions 
 

Native Analyte Standard 
Source 

Catalog 
Number 

Vendor 
Conc 

(ng/mL) 

Working 
Stock Conc. 

(ng/mL) 

LCS Spiking 
Solution Conc 

(ng/mL) 
2,3,7,8-TCDD CIL EDF-7999-10x 400 40 0.2 
2,3,7,8-TCDF CIL EDF-7999-10x 400 40 0.2 
1,2,3,7,8-PeCDD CIL EDF-7999-10x 2000 200 1.0 
1,2,3,7,8-PeCDF CIL EDF-7999-10x 2000 200 1.0 
2,3,4,7,8-PeCDF CIL EDF-7999-10x 2000 200 1.0 
1,2,3,4,7,8-HxCDD CIL EDF-7999-10x 2000 200 1.0 
1,2,3,6,7,8-HxCDD CIL EDF-7999-10x 2000 200 1.0 
1,2,3,7,8,9-HxCDD CIL EDF-7999-10x 2000 200 1.0 
1,2,3,4,7,8-HxCDF CIL EDF-7999-10x 2000 200 1.0 
1,2,3,6,7,8-HxCDF CIL EDF-7999-10x 2000 200 1.0 
2,3,4,6,7,8-HxCDF CIL EDF-7999-10x 2000 200 1.0 
1,2,3,7,8,9-HxCDF CIL EDF-7999-10x 2000 200 1.0 
1,2,3,4,6,7,8-HpCDD CIL EDF-7999-10x 2000 200 1.0 
1,2,3,4,6,7,8-HpCDF CIL EDF-7999-10x 2000 200 1.0 
1,2,3,4,7,8,9-HpCDF CIL EDF-7999-10x 2000 200 1.0 
OCDD CIL EDF-7999-10x 4000 400 2.0 
OCDF CIL EDF-7999-10x 4000 400 2.0 
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Table 2 – Concentration of Labeled Stock and Spiking Solutions 
 

Labeled Analyte Standard 
Source 

Catalog 
Number 

Vendor 
Conc 

(ng/mL) 

Stock Conc 
(ng/mL) 

Working 
Stock 
Conc. 

(ng/mL) 

Spiking 
Solution 

Conc 
(ng/mL) 

Internal Standards       
13C12-2,3,7,8-TCDD CIL EDF-8999 100 N/A N/A 1.0 
13C12-2,3,7,8-TCDF CIL EDF-8999 100 N/A N/A 1.0 
13C12-1,2,3,7,8-PeCDD CIL EDF-8999 100 N/A N/A 1.0 
13C12-1,2,3,7,8-PeCDF CIL EDF-8999 100 N/A N/A 1.0 
13C12-2,3,4,7,8-PeCDF CIL EDF-8999 100 N/A N/A 1.0 
13C12-1,2,3,4,7,8-HxCDD CIL EDF-8999 100 N/A N/A 1.0 
13C12-1,2,3,6,7,8-HxCDD CIL EDF-8999 100 N/A N/A 1.0 
13C12-1,2,3,4,7,8-HxCDF CIL EDF-8999 100 N/A N/A 1.0 
13C12-1,2,3,6,7,8-HxCDF CIL EDF-8999 100 N/A N/A 1.0 
13C12-2,3,4,6,7,8-HxCDF CIL EDF-8999 100 N/A N/A 1.0 
13C12-1,2,3,7,8,9-HxCDF CIL EDF-8999 100 N/A N/A 1.0 
13C12-1,2,3,4,6,7,8-HpCDD CIL EDF-8999 100 N/A N/A 1.0 
13C12-1,2,3,4,6,7,8-HpCDF CIL EDF-8999 100 N/A N/A 1.0 
13C12-1,2,3,4,7,8,9-HpCDF CIL EDF-8999 100 N/A N/A 1.0 
13C12-OCDD CIL EDF-8999 100 N/A N/A 2.0 
Internal Standards - Tetras 
Only 

      

13C12-2,3,7,8-TCDD CIL ED-900 50000 1000 N/A 1.0 
13C12-2,3,7,8-TCDF CIL EF-904 50000 1000 N/A 1.0 
Recovery Standards       
13C12-1,2,3,4-TCDD CIL ED-911 50000 5000 N/A 100 
13C12-1,2,3,7,8,9-HxCDD CIL ED-996 50000 5000 N/A 100 
Cleanup Standard       
37Cl4-2,3,7,8-TCDD CIL ED-907 50000 5000 200 0.2 
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Appendix I – Example Extraction Benchsheet 
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Appendix II – Guidelines for the Spike Witnessing Process 

 
• Make sure there are no distractions, for example, phone calls, checking samples on water bath, 

people coming in to ask questions. 
• The person spiking must tell the person who is witnessing what is being spiked and how much. 

Make sure the paperwork shows the spike amounts and spike IDs. 
• The person witnessing should make sure they know and understand what is to be spiked and how 

much. Check the paperwork to verify. 
• Check the syringe for air bubbles and also check the spike volume. 
• It is a good idea to also check for cracks in the glassware. 
• If client service requires spiking to occur when another analyst is not available, a witness is not 

required. In this case, the analyst will serve as his/her own witness and must carefully double 
check the spike solutions and spike amounts added to the client samples and associated quality 
control samples. The analyst enters his/her initials as both the analyst and witness. 
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Appendix III – LRMS Dioxin Screen Strategy 
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Appendix IV – Example Determination of Sediment Sample Extraction Amounts Spreadsheet 
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1. Scope and Application 

1.1. The purpose of this standard operating procedure is to define the procedures and 
quality control necessary to analyze samples collected in SUMMA®, TO-Can®, 
SilcoCan® or similarly passivated stainless steel canisters. 

1.2. This procedure is applicable to the analysis of ambient air, indoor air, landfill 
gases, soil gases, vapor intrusion, and other gaseous samples. It is based on EPA 
Methods TO-14A and TO-15. 

1.2.1. See Appendix I for the list of target analytes and reporting limits. 

1.3. Responsibilities to perform this procedure in the lab are as follows: 
 

Position Responsibilities 

Analyst - Prepares and analyzes samples 
- Summarizes/assembles data package 
- Reviews the data package 

Team/Group Leader - Schedules/assigns analyses 
- Reviews data package 

2. Summary of Method 

2.1. Microscale Purge and Trap (MSPT): A precisely measured aliquot is removed 
from the canister or Tedlar bag and concentrated on a cryogenic trap. The 
cryogenic trap is desorbed. Polar and nonpolar compounds are quantitatively 
transferred to a subambient Tenax™ trap. Most of the water remains on the 
Cryotrap and CO2 passes through the Tenax trap and is vented. The Tenax™ trap 
is thermally desorbed to the on-column cryofocuser. Sample components are 
separated by temperature programmed gas chromatography and detected with a 
quadrupole mass spectrometer.  

2.2. The compounds analyzed by this method are listed in Appendix I, Table 1. 

3. Definitions 

3.1. Canister - a stainless steel container, typically 6-liter volume, equipped with a 
stainless steel shut-off valve, suitable for use from vacuum to 40 psig. 1-L cans 
are available for reduced volume analysis. 
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3.2. SUMMA® Passivation - a proprietary treatment process used to deactivate 
stainless steel surfaces. It produces a pure chrome/nickel oxide surface that 
features a high level of inertness. 

3.3. Absolute pressure - pressure measured with reference to absolute zero pressure, 
expressed as kpa, mmHg, or psia. 

3.4. Gauge pressure - pressure above atmospheric pressure as measured by a standard 
gauge. Zero gauge pressure is equal to ambient atmospheric pressure, expressed 
as mmHg, inches Hg, or psig. 

3.5. Polar compound - Oxygen-containing compound capable of forming hydrogen 
bonds in water; compound having significant solubility in water. 

3.6. Batch – A batch is a set of up to 20 samples of the same matrix processed using 
the same procedures and reagents within the same 24 hour time period.   The 
Quality Control batch must contain a blank and a Laboratory Control Sample 
(LCS).  Refer to the QC Program document (QA-003, current revision) for further 
details of the batch definition. 

3.7. Additional definitions can be found in the TestAmerica Knoxville QAM glossary. 

3.8. Tedlar bag - Tedlar bags are manufactured from PVF (Tedlar) film with a 
polypropylene valve and septum.  Various volume capacities available. 

4. Interferences 

4.1. Only compounds having both a similar mass spectrum and GC retention time 
would be expected to interfere in the method. The most common occurrence of 
this would be with structural isomers. 

4.2. Large concentrations of water, methane, or carbon dioxide may limit the size of 
the aliquot that can be effectively cryotrapped. This may elevate the quantitation 
limits obtainable for samples of this type. 

4.3. Matrix interferences may be caused by non-target contaminants that are present in 
the sample. The extent of matrix interferences will vary considerably from source 
to source depending upon the nature and diversity of the site being sampled. 

4.4. Cross-contamination can occur whenever high-level and low-level samples are 
analyzed sequentially or in the same purge position on an autosampler. Whenever 
an unusually concentrated sample is analyzed, it should be followed by one or 
more blanks to check for cross-contamination, or evaluate the next sample for 
blank acceptance criteria. The autosampler and concentrator may require 
extensive bake-out and cleaning after a high-level sample. 
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5. Safety 

5.1. Employees must abide by the policies and procedures in the Corporate Safety 
Manual, Radiation Safety Manual and this document. 

5.2. Procedures are carried out in a manner that protects the health and safety of all 
associates. Exposure to chemicals and samples will be maintained as low as 
reasonably achievable; therefore, unless they are known to be non-hazardous, all 
samples must be opened, transferred and prepared in a fume hood, or under other 
means of mechanical ventilation. Solvent and waste containers will be kept closed 
unless transfers are being made. The preparation of all standards, reagents and 
glassware cleaning procedures that involve solvents will be conducted in a fume 
hood with the sash closed as far as the operations will permit. 

5.3. All work must be stopped in the event of a known or potential compromise to the 
health and safety of any associate. The situation must be reported immediately to 
a laboratory supervisor. 

5.4. Specific Safety Concerns or Requirements 

5.4.1. The effluents of sample splitters for the gas chromatograph and roughing 
pumps on the mass spectrometer must be vented to the laboratory hood 
exhaust system or must pass through an activated charcoal filter. 

5.4.2. The autosampler, concentrator, gas chromatograph and mass spectrometer 
contain zones that have elevated temperatures.  The analyst needs to be 
aware of the locations of those zones, and must cool them to room 
temperature prior to working on them. 

5.4.3. The mass spectrometer is under deep vacuum.  The mass spectrometer 
must be brought to atmospheric pressure prior to working on the source. 

5.4.4. There are areas of high voltage in both the gas chromatograph and the 
mass spectrometer.  Depending on the type of work involved, either turn 
the power to the instrument off, or disconnect it from its source of power. 

5.4.5. Liquid Nitrogen is used to cool traps in the concentrator.  The analyst 
needs to be aware of locations of those zones and warm them to room 
temperature prior to working on them.  The effluent of the traps must be 
vented to a laboratory hood or outside the room. 

5.5. Primary Materials Used: The following is a list of the materials used in this 
method, which have a serious or significant hazard rating.  NOTE:  This list does 
not include all materials used in the method.  The table contains a summary 
of the primary hazards listed in the MSDS for each of the materials listed in 
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the table.  A complete list of materials used in the method can be found in the 
reagents and materials section.  Employees must review the information in the 
MSDS for each material before using it for the first time or when there are major 
changes to the MSDS 

Material  Hazards Exposure 
Limit (1) 

Signs and symptoms of exposure 

Methanol Flammable 
Poison 
Irritant 

200 ppm-TWA A slight irritant to the mucous membranes. Toxic effects exerted upon 
nervous system, particularly the optic nerve. Symptoms of overexposure 
may include headache, drowsiness and dizziness. Methyl alcohol is a 
defatting agent and may cause skin to become dry and cracked. Skin 
absorption can occur; symptoms may parallel inhalation exposure.  Irritant 
to the eyes. 

Methylene 
Chloride 

Carcinogen 
Irritant 

25 ppm-TWA 
125 ppm-STEL 

Causes irritation to respiratory tract. Has a strong narcotic effect with 
symptoms of mental confusion, light-headedness, fatigue, nausea, vomiting 
and headache. Causes irritation, redness and pain to the skin and eyes. 
Prolonged contact can cause burns. Liquid degreases the skin. May be 
absorbed through skin. 

Acetonitrile Flammable 
Poison 

40 ppm-TWA Early symptoms may include nose and throat irritation, flushing of the face, 
and chest tightness.  Prolonged exposure to high levels of vapors may 
cause formation of cyanide anions in the body. 

Hexane Flammable 
Irritant 

500 ppm-TWA Inhalation of vapors irritates the respiratory tract. Overexposure may cause 
lightheadedness, nausea, headache, and blurred vision. Vapors may cause 
irritation to the skin and eyes. 

Acetone Flammable 1000 ppm 
(TWA) 

Inhalation may cause coughing, dizziness, dullness, and headache. Contact 
causes redness, pain, drying and cracking of the skin. Vapors cause eye 
irritation. Eye splashes may cause severe irritation, with stinging, tearing, 
redness and pain. 

Benzene Carcinogen 
Flammable 
Poison 

1 ppm-TWA 
5 ppm-STEL 

Toxic by ingestion, inhalation and absorption. Causes headache, nausea, 
dizziness, weakness and breathing difficulties. This material is irritating on 
contact with the skin and eyes and may cause permanent eye damage. 

Carbon 
Tetrachloride 

Carcinogen 
Poison  

10 ppm-TWA 
200 ppm-STEL 

Toxic by ingestion, inhalation and absorption. Causes headache, nausea, 
dizziness and narcosis. Contact with skin or eyes may cause irritation. 
Consumption of alcohol may increase toxic effects 

Chloroform Carcinogen 
Irritant  

50 ppm Ceiling Acts as a relatively potent anesthetic. Irritates respiratory tract and causes 
central nervous system effects, including headache, drowsiness, dizziness. 
Causes skin irritation resulting in redness and pain. Removes natural oils. 
May be absorbed through skin. Vapors cause pain and irritation to eyes. 
Splashes may cause severe irritation and possible eye damage. 

1,4-
Dichlorobenzene 

Irritant 75 ppm-TWA Can cause irritation by ingestion and inhalation. Causes nausea, vomiting 
and diarrhea. Contact with material or vapors can cause irritation to skin 
and eyes.  

Vinyl Chloride Carcinogen 
Flammable 
Poison 

1 ppm TWA Toxic by inhalation, ingestion and absorption. Can cause respiratory 
irritation, dizziness, weakness, fatigue, nausea and headache. Contact with 
the material can cause eye and skin irritation. 

1 – Exposure limit refers to the OSHA regulatory exposure limit. 

5.6. Bulk Nitrogen Usage Procedures - All procedures require full time monitoring at 
work station and an audible O2 monitor must be activated when any liquid 
nitrogen valve is open. 

5.6.1. Priming lines for instrument analysis: 

5.6.1.1. Turn on O2 monitor. 

5.6.1.2.Set timer to 2 minutes. 

5.6.1.3. Open by-pass valve to cool the line (it will vent outside).  
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5.6.1.4.Activate Timer. 

5.6.1.5.Close by-pass valve at end of timer or before (this may require 
gloves for protection).  

5.6.1.6.Turn off O2 monitor. 

5.6.2. Filling of portable liquid N2 Dewar flask: 

5.6.2.1.Turn on O2 monitor. 

5.6.2.2.Set timer to 2 minutes. 

5.6.2.3.Open by-pass valve to cool the line (it will vent outside). 

5.6.2.4.Activate Timer. 

5.6.2.5.Close by-pass valve at end of timer or before (this may require 
gloves for protection). 

5.6.2.6.Position face shield on head. 

5.6.2.7.Open valve to portable Dewar flask. 

5.6.2.8.Close valve when portable Dewar flask has filled and seal lid with 
gloves. 

5.6.2.9.Turn off O2 monitor. 

5.6.2.10.Open lid on portable Dewar flask and fill trap on canister 
cleaning apparatus with liquid N2. 

5.6.2.11.Remove face shield and gloves. 

6. Equipment and Supplies 

6.1. Canisters (SUMMA®, TO-Can®, SilcoCan®), 1, 6-, 15-, and 30-liter sizes, 
preferably equipped with two valves and integral vacuum/pressure gauge, Restek 
or equivalent. 

6.2. Static gas dilution bottles (SGDB), nominally 2000 ml, with mininert valves, 
Entech Instruments Inc., or equivalent. 

6.3. Syringes, gas-tight, 10 uL, 50 uL, 500 uL, 1000 uL, 2.5 mL, 50 mL, 500 mL, all 
side port needle, Hamilton, Inc., or equivalent. 
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6.4. Gas Chromatograph/Mass Spectrometer System, Agilent HP 6890 GC and 5973 
MSD or equivalent. 

6.5. Fused silica capillary column, 60 m x 0.32 x 1um film DB-5, J&W Scientific, or 
equivalent.  

6.6. Vacuum pump, Model 726.3 TTP, KNF Newberger, or equivalent. 

6.7. Canister concentrator system, Model 7100 or 7100A, Entech Instruments Inc., 
with a Model 7016CA, 16-position auto sampler. 

6.8. Gauges: (certified annually): 

6.8.1. Test gauge, 0 to 30 in. Hg vacuum, Ashcroft Co., or equivalent 

6.8.2. Test gauge, 0-60 psi, Ashcroft Co., or equivalent 

6.8.3. Test gauge, 0 to 100 in. Hg pressure, Ashcroft Co., or equivalent 

6.8.4. Digital gauge 0 to 30” Hg vacuum, Dwyer or equivalent 

6.8.5. Digital gauge 0 to -29.9” Hg vacuum, 0 to 99.9 psi, Dwyer or equivalent 

6.9. Tedlar Bags: Variety of sizes.  SKC or equivalent. 

6.10. Fisherbrand traceable workstation digital barometer, or equivalent (use within 
certification date from manufacturer) 

6.11. Mass flow controller: McMillan model 80SD-4 or equivalent (certified annually) 

7. Reagents and Standards 

7.1. Helium, ultra high purity, 99.999+%, Air Products, or equivalent. 

7.2. Liquid nitrogen, Air Products, or equivalent. 

7.3. Nitrogen, ultra high purity, Air Products or equivalent 

7.4. Internal/Surrogate Standard (all at 50 ppb) in nitrogen, 2000 psig, Scott Specialty 
Gases, or equivalent:  
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CAS 
NUMBER  

Internal Standards 
  

MOLECULAR WEIGHT 
(ng/n mole) 

74-97-5 bromochloromethane 129.4 
540-36-3 1,4-difluorobenzene 114.1 

3114-55-4 chlorobenzene-d5 117.6 
  Surrogate    

460-00-4 4-bromofluorobenzene 175.0 
 

7.4.1. Since there are no response factor requirements, no surrogate 
requirements, and no second source requirement for internal standards or 
surrogates from the reference methods, a 5-year expiration date is assigned 
from the manufacturer’s preparation date. 

7.4.2. A sufficient volume from the internal/surrogate standard cylinder is 
transferred to a canister to produce a positive pressure.  

7.4.3. The working internal/surrogate standard may be used as long as the 
pressure in the canister remains above ambient pressure and is not past its 
expiration date. 

7.4.4. The Entech is programmed to add 40 mL of the internal standard/surrogate 
can. This results in a concentration of 4 ppb/v of internal 
standard/surrogate (based on 500 mL volume). 

7.5. Primary Target Initial Calibration/Laboratory Control Sample and Initial 
Calibration Verification Standard (2nd source) Gaseous Standards: target 
compounds, 1000 ppb v/v, vendor-certified high-pressure aluminum cylinder.  

7.5.1. An expiration date of one year from the date of vendor certification is 
assigned to the standard cylinder.  This expiration date may be extended 
through comparison against an unexpired standard that meets the second 
source standard criteria in Section 10.4, or recertified by the vendor. 

7.5.2. The initial calibration and the initial calibration verification standard (2nd 
source) are from different lots provided by the manufacturer.  See section 
10.4 for ICV requirements. 

7.6. Additional Standards: Neat materials, not contained in the certified cylinders, can 
be added to a SGDB either individually or as a mix. 

7.6.1. If the desired compound is a gas at room temperature, a measured volume 
is injected into an evacuated canister and pressurized. See section 12.8 for 
calculation. If the desired compound is a liquid or solid at room 
temperature, the volume of each compound to be added to the SGDB is 
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back-calculated to the desired final concentration in the canister. See 
section 12.5 and 12.6 for calculation. 

7.6.2. A cleaned SGDB is heated to approximately 60°C for 24 hours before use. 
Other SGDB and canister standards are stored at room temperature. If the 
analytes prove to be plating/condensing in the SGDB at room temperature, 
then the SGDB is heated to approximately 60°C before use.  

7.6.3. Transfer from a SGDB to a canister is performed in a gas-tight syringe 
equipped with an on-off valve.  The syringe is inserted into the SGDB and 
flushed (primed) several times by filling and evacuating the syringe 
without withdrawing the syringe from the bottle. The valve is closed after 
filling the syringe to the desired volume and before withdrawing the 
syringe from the bottle.  The syringe is quickly removed from the SGDB 
and inserted into a canister capped with a septa.  The valves to the syringe 
and the can are opened allowing the contents of the syringe to transfer.  If 
using a heated syringe, this step must be completed quickly before the 
syringe cools. 

7.7. Primary and Second Source “High” Standard (for a 15-L can; for a 6-L can, 
reduce the volume of standards appropriately). 

7.7.1. 2 mL of reagent water is injected through a septum (inserted into a ¼ in. 
nut) into a clean evacuated (approx. -29" Hg) 15-L canister.  A nitrogen 
line is attached and opened to blow the water from the valve area into the 
can, to the desired vacuum/pressure. 

7.7.2. 200 ppb(v/v) example: 7.5 liters of a 1000 ppb(v/v) high pressure standard 
is added to the canister through a mass flow controller (for example, 107 
min & 8 seconds at 70 mL/min.). The canister is then pressurized with 
nitrogen to 2.5 atm for a final volume of 37.5 L and a final concentration 
of 200 ppb(v/v). 

7.8. Working Level Standard Preparation: 

7.8.1. 100 uL of reagent water is injected through a septum (inserted into a ¼ in. 
nut) into a clean evacuated (approx. -29" Hg) 6-L canister.  A nitrogen 
line is attached and opened to blow the water from the valve area into the 
can, to the desired vacuum/pressure. 

7.8.2. 20 ppb(v/v) from a 200 ppb(v/v) example:  1.5 L of a 200 ppb(v/v) 
standard is added to a 6-L canister with a mass flow controller (for 
example, 21 min & 26 seconds at 70 mL/min.). The canister is pressurized 
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to 2.5 atm for a final volume of 15 L and a final concentration of 20 
ppb(v/v). 

7.9. Alternate concentrations of the high and working standards may be made as long 
as the calculations, concentrations and volumes are adjusted appropriately and 
preparation is clearly documented in the standard preparation logbook. 

7.10. Approved SGDB and canister stock standards (section 7.6) may be used for 6 
months from the date of preparation or the earliest expiration of parent standard, 
whichever comes first. Working canister standards (7.7 and 7.8) may be used for 
two months from the date of preparation or the earliest expiration of parent 
standard, whichever comes first.   

7.11. Mixes and neat compounds (that are not in SGDB, cans, or cylinders) are stored 
at the manufacturer’s recommended storage conditions. 

8. Sample Collection, Preservation and Storage 

8.1. Sampling is not performed for this method by TestAmerica Knoxville. For 
information regarding sample shipping, refer to SOP KNOX-SC-0003, Receipt 
and Log-In of Commercial Samples, current revision. 

 
Container Type Preservative Holding Time 
Canister None 30 days from sample collection to sample 

analysis. 
Tedlar bag None The analyst must either analyze the sample in 

the tedlar bag within 72 hours from 
collection, or transfer the sample from the 
tedlar bag to a canister within 72 hours from 
sample collection. If the sample in the tedlar 
bag is transferred to a canister within 72 
hours from collection, the holding time is 30 
day from sample collection. 
 
 

9. Quality Control 

9.1. Internal/Surrogate Standards  

9.1.1. Internal standards are added to each analytical standard, blank and sample. 
The acceptance criteria for each internal standard's area for every analysis 
must be + 40% recovery of the internal standard area from the continuing 
calibration standard. The acceptance criteria for each internal standard’s 
retention time in every analysis must be within + 20 seconds (0.33 
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minutes) of the internal standard retention time from the continuing 
calibration standard. See Section 7.4 for preparation of the working 
internal standard/surrogate standard canister. 

9.1.1.1.If the internal standard areas for a sample are outside their limits, 
the cause is determined. If it is a result of a system problem, then 
the problem must be corrected and the sample reanalyzed with 
acceptable results. If it is the result of a matrix effect, the sample 
must be reanalyzed to confirm this, unless the effect is caused by 
high levels of target or non-target compounds co-eluting with or 
interfering with the surrogate or internal standards.  If there is not 
an obvious matrix effect, the sample must be reanalyzed without 
subsequent dilution unless a dilution is needed to bring target 
analytes within the instrument calibration range. 

9.1.2. The reference methods do not require addition of surrogates.  
Bromofluorobenzene is used as a surrogate, and recovery must fall within 
60% to 140%. 

9.1.2.1.Since the concentration of the surrogate is constant in all initial 
calibration points, the response factor of the surrogates in the daily 
calibration may be substituted as a one-point calibration to 
calculate the recoveries in the samples and QC.  

9.2. System Blanks (Method Blanks) 

9.2.1. For each 24-hour tune in which samples are analyzed or every 20 samples, 
whichever is more frequent, an acceptable system blank must be analyzed 
before samples analysis. 

9.2.1.1. A system blank is defined as a cleaned canister, humidified 
with reagent water and filled with UHP nitrogen.  

9.2.1.2. Typically, a 30L canister, humidified with 200 uL of reagent 
water and pressurized to 25-30 psi with nitrogen is used for the 
blank. A lot check from the can cleaning system can be used as 
a system blank (See section 9.5). 

9.2.1.3. An acceptable system blank is one with all target analytes less 
than 0.2 ppb/v.  The data may still be reported if the 
concentration of the analyte is less than the laboratory 
reporting limit (see Table 1), and meets internal standard and 
surrogate requirements in section 9.1.  Any samples associated 
with a method blank with results above 0.2 ppb/v are flagged 
in the data report.  If a blank has a reportable result between 
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the RL and the MDL, the associated samples are also flagged 
with a B qualifier.  A blank value above the RL may be 
accepted if the sample result is greater than 10 X the blank 
value or not detected above the RL. 

9.2.2. If a system blank does not meet the above criteria, then the blank must be 
reanalyzed or a new blank prepared and analyzed with acceptable results. 

9.3. Laboratory Control Standard (LCS)  

9.3.1. The LCS is defined as a working standard made by the same method as 
analytical standards, using the same source materials. It is used to assess 
analytical control of this procedure. The LCS is analyzed every 24 hour 
tune or every 20 samples, whichever is more frequent. See Section 7.5, 
7.7, 7.8, and 7.9 for details regarding the preparation of the LCS standard 
canister. 

9.3.1.1. The daily calibration verification may also serve as the LCS as 
long as it meets the criteria of both the LCS and the daily 
calibration verification.  

9.3.2. All target analytes requested are control analytes in the LCS.  Sporadic 
marginal exceedances are allowed where more than 11 analytes are 
requested.  See the table below.  The recovery of all target analytes must 
be within 70-130%, with the marginal exceedence allowance of 60-140% 
recovery as indicated in Table 1. Provisory analytes must be within 60-
140% recovery with the marginal exceedence allowance of 50-150% 
recovery.  See Appendix I Table 1 for the provisory analytes.  
Naphthalene, n-Dodecane and 1,2,3-Trichlorobenzene have assigned 
control limits of 40-140%.   

 
Number of target analytes in LCS Allowable # of marginal exceedances of LCS

control limits 
>90 5 

71 - 90 4 
51 - 70 3 
31 - 50 2 
11 - 30 1 

< 11 0 

9.3.3. The internal standards and surrogate must pass criteria specified in section 
9.1. 
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9.3.4. An LCS is considered to be “out of control” if any target analyte is outside 
marginal exceedance limits, or if the total number of marginal 
exceedances is more than the allowed number. 

9.3.5. If marginal exceedances are observed, the analyst must review the 
previous LCS (e.g., review the control chart) for that instrument for each 
analyte marginally exceeding the control limits to determine if the 
marginal exceedance is a consecutive occurrence.  If there are two 
consecutive marginal exceedances for the same analyte, the LCS is 
considered “out of control” and an NCM must be generated and corrective 
action taken.   

9.3.5.1. When evaluating the control chart, the analyst should also check 
whether there was more than one out of the last three consecutive 
LCSs outside control limits. If more than one out of the last three 
LCSs was outside the LCS control limits but within the marginal 
exceedance limits, then the analyst should evaluate the system 
for non-random systematic trends. 

9.3.6. Samples analyzed along with an LCS determined to be “out of control” 
shall be considered suspect and the samples reprocessed and re-analyzed 
or the data reported with appropriate data qualifying codes. 

9.3.6.1. If the LCS recovery for a target analyte is biased high outside 
acceptance limits and that target analyte is not detected in any of 
the associated samples above the reporting limit, the sample data 
may be reported with qualification in the project narrative.    
Analytes that are biased high in the LCS and not detected in the 
associated samples are counted in the total number of allowable 
marginal exceedances. 

9.4. Duplicate Analysis  

9.4.1. A duplicate is analyzed with every 20 samples. It is not reported unless 
specifically requested 

9.4.2. Selected samples for duplicates are rotated among client samples, and 
must not include trip blanks or field blanks. 

9.4.3. The acceptance criteria for the duplicate analysis are < 25% RPD for 
target compounds that are greater than 5 times the RL. No criteria for 
methanol and n-butanol. The calculations are given in section 12.18. 
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9.4.4. If the RPD is outside acceptance criteria for the duplicate, the sample is 
rerun once.  If upon reanalysis, the duplicate does not meet acceptance 
criteria, the original sample data is qualified in the project narrative. 

9.4.5. Due to limited sample volume, duplicates are not performed for Tedlar 
bags unless otherwise specified in the project requirements. 

9.5. Canister Blank Checking  

9.5.1. From each cleaned lot of canisters, a canister is selected, humidified with 
40 μL reagent water, and pressurized with UHP nitrogen. (See SOP 
KNOX-SC-0001, current revision, “Canister Cleaning and Preparation”). 

9.5.2. A blank check is analyzed within 24 hours of a valid tune check and 
calibration. Alternatively, a calibration at the reporting limit may be used 
to quantitate results.  

9.5.3. Note: If the CCV recovery for a target analyte is biased high outside 
acceptance limits and that target analyte is not detected in any of the 
associated samples above the reporting limit, the canister blank check 
sample data may be reported with qualification in the project narrative if 
submitted to the client. 

9.5.4. A blank check passes if there are no target analytes above the reporting 
limit, and the internal standards pass criteria in section 9.1. Cans are 
considered certified “clean” if the result for all analytes are below 0.2 
ppb/v.  However the can may still be used to collect samples if the 
concentration of the target analyte is less than the reporting limit.  If 
analytes are detected in the can being certified as clean above 0.2 ppb/v 
and below the reporting limit, this will be noted on the blank check 
quantitation report. 

9.5.5. If a blank check canister does not pass, the can may be re-analyzed. If the 
acceptance criteria are still not met, the entire lot of canisters must be re-
cleaned, and a blank check from the re-cleaned lot must pass. 

9.6. Nitrogen check 

9.6.1. Before a new nitrogen cylinder is used for pressurization of samples or 
standards, it must be analyzed as a blank and pass all the criteria in section 
9.2.1.3. 

9.7. Annual gauge calibration: The gauges and mass flow controllers that are used in 
calculations to measure cylinder and canister pressure or vacuum, and calibration 
standard flow rates must be certified annually. Digital barometers may be used 
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within the vendor assigned expiration date, then either calibrated annually or 
replaced. 

10. Calibration and Standardization 

10.1. Instrument Conditions: The following steps are part of the software’s automatic 
tuning procedure and are performed as needed. 

10.1.1. Mass assignments of the mass spectrometer are checked and adjusted 
using perfluorotributylamine (PFTBA FC43). 

10.1.2. The mass spectrometer is tuned to meet the criteria for BFB (see Figure 1a 
and 1b). 

10.1.3. The mass spectrometer is adjusted to minimize noise (see instrument 
manufacturer instruction manuals). 

10.1.4. See Appendix III for examples of GC/MS and GC instrument parameters. 

10.2. Daily Tune Check 

10.2.1. 50 ng or less of BFB is analyzed for each 24-hour time tune period; the 
24-hour time period begins at the moment of injection of BFB. All 
abundance criteria for BFB in Figure 1a or 1b must be met before the 
analysis of standards, QC samples or client samples. Figure 1a is the TO-
14A method criteria, which is more stringent than the TO-15 method 
criteria (Figure 1b).  The default criteria is the TO-14A tuning criteria 
(Figure 1a).  However if the tune fails TO-14A criteria but meets TO-15 
criteria, then samples logged in for TO-15 may be analyzed, but not 
samples for TO-14A.   

10.2.2. The BFB must be acquired in the following manner: Three scans (the apex 
scan and the scans immediately preceding and following the apex) are 
acquired and averaged. Background subtraction is conducted using a 
single scan prior to the elution of BFB.  

10.2.3. Once the BFB passes criteria, the same mass spectral conditions used for 
the BFB must be used to acquire the data in that 24-hour tune period, until 
the next BFB event. 

10.2.4. Correction Action: If the daily tune check does not meet acceptance 
criteria for the requested method, refer to Section 10.1 and retune the mass 
spectrometer. Also refer to Section 11.7 for guidance on instrument 
troubleshooting. An acceptable daily tune check must be obtained before 
initial calibration and daily calibration verification. 



         SOP No.: KNOX-MS-0001 
         Revision No.: 12 
         Revision Date: 04/27/11 
 Page 16 of 51 

10.3. Initial Calibration 

10.3.1. The GC/MS system must be calibrated with at least 5 concentrations that 
span the monitoring range of interest. The dynamic range of the curve is 
generally 0.2 ppb v/v to 40 ppb v/v based on 200 mL sample analysis for 
normal level reporting limits for most analytes, and 0.08 ppb v/v to 16 ppb 
v/v based on 500 mL sample analysis.  The concentration of the low 
standard of the calibration must be at or below the reporting limit. If 
quadratic fit is required, there must be at least 6 points. See Appendix IV 
for the recommended calibration amounts. 

10.3.2. See chart below to obtain the typical desired levels of quantitation. This is 
a typical schematic of the calibration; however the standard can 
concentration, calibration levels and calculated concentrations may be 
different, as long as the calibration rules in 10.3.10 and 10.3.12 are 
followed.  See Appendix IV for the calibration table of analytes.  If the 
actual standard amount trapped is greater than 5% from the programmed 
volume, the actual volume trapped is documented and used in 
calculations. 

 
Example 8 standard canister calibration series for 200ml analysis (ppb/v/v) 

Standard can 
concentration 
(ppbv/v) 

0.2 0.2 0.4 0.8 2.5 5 10 20 40 

# mLs analyzed 100 200 200 200 200 200 200 200 200 
Calculated 
concentration 
(ppb v/v) 

0.1 0.2 0.4 0.8 2.5 5 10 20 40 

10.3.3. See Appendix I, Table 1 for suggested quantitation ions. 

10.3.4. A calibration curve is valid for all target analytes if the relative standard 
deviation (RSD) of the relative response factors is <30% for each target 
analyte, with the following allowance: up to two target analytes may have 
an RSD < 40%. 

10.3.5. The internal standard area response at each calibration level must be 
within 40% of the mean area response over the initial calibration range for 
each internal standard. 

10.3.6. The retention time (RT) shift for each of the internal standards at each 
calibration level must be within 20 seconds of the retention time of the 
mean calibration for each internal standard.  

10.3.7.  Each analyte at each level must be within 0.06 RRT units of the mean 
RRT.  
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10.3.8. If the curve is acceptable and there is time remaining in the 24-hour tune, 
blanks, LCS’s and samples may be analyzed.  

10.3.9. The concentrations in the samples, LCS’s and blanks are calculated using 
the response factors from the initial calibration curve. 

10.3.10.Linear or quadratic curve fits may be used. Use of 1/Concentration2 
weighting may be used to improve the accuracy of quantitation at the low 
end of the curve. The analyst should consider instrument maintenance to 
improve the linearity of response. The coefficient of determination (r2) 
must be > 0.990. 

10.3.11.Analyst may elect to drop points from the calibration to improve 
subsequent quantitation. The rules for dropping points are: 
• May drop points below the RL as long as there is a point remaining at or 
below the RL. 
• May drop high points, decreasing linear range. 
• May NOT drop a point between points. 

10.3.12.Rules for curve use: 
• The r2 value obtained from Target must be >0.990. 
• At least 5 points must be used for average or linear curve. 
• At least 6 points must be used for a quadratic curve. 
• For quadratic curves, the tangent line to the slope of the curve must be 
continuous and have either only positive or negative slopes (i.e., no 
parabolas or breaks in the curve). Quadratic curves cannot be used to 
extend the calibration range. Quadratic curves are only used if the 
compound has historically exhibited a nonlinear response.  
• Forcing through zero is allowed.  To activate “force through zero” in 
Target, select “Force” for “curve origin”.  “Include” zero for “curve 
origin” must NOT be used.  
• If “forced through zero” is not used, the X and Y-intercept must be 
below the RL.   
• To evaluate the Y-intercept, multiply the positive Y-intercept value by 
the internal standard amount.  The resulting value must be less than the 
RL.   
• Negative Y-intercepts indicate an X-intercept.  To evaluate the X-
intercept, the intercept from the slope must be less than the intercept of a 
vertical line from the reporting limit standard drawn down to the X-
intercept.  See example below: 
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10.3.13.The high point calibration standard is checked for saturation. If a 
quantitation ion saturates the mass spectrometer, the analyte will be 
removed from the calibration series, and the next highest concentration is 
checked for saturation as well. Saturation is present when an ion peak in 
Target reaches a Y axis maximum of 8.4 x 106. 

10.3.14. Corrective Action: If the initial calibration fails to meet acceptance 
criteria a new instrument calibration must be analyzed that meets the 
acceptance criteria listed in Section 10.3.4. through 10.3.7. Also refer to 
Section 11.7. for guidance on troubleshooting the instrument. The initial 
calibration must meet acceptance criteria for all requested analytes prior to 
sample analysis.   

10.4. Initial Calibration Verification (ICV) 

10.4.1. The ICV is a second source standard containing all the target compounds 
in Appendix I, Table 1.  The ICV is analyzed after the initial calibration 
and before any samples are analyzed.  

10.4.2. A working standard from an independently prepared stock containing all 
analytes is also analyzed as the ICV for analytes not included in Table 1. 

10.4.3. For each analyte, a percent recovery (%R) is calculated using the response 
factor from the initial calibration.  The ICV is valid for all analytes if the 
%R is between 65% and 135% for each analyte 

10.4.4. Corrective Action: If the ICV fails to meet acceptance criteria a new ICV 
calibration must be analyzed that meets the acceptance criteria listed in 
Section 10.4.3. Also refer to Section 11.7. for guidance on troubleshooting 
the instrument. The initial calibration verification must meet acceptance 
criteria for all requested analytes prior to sample analysis. 

10.5. Daily Calibration Verification  
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10.5.1. A mid-level standard is analyzed following the daily tune check (section 
10.2) as the calibration verification standard. Typically, this is 100 mL of 
the 5-ppb/v can. Alternate concentration/volumes may be analyzed. 

10.5.2. For all target analytes, a percent difference (%D) or percent drift is 
calculated using the response from the calibration verification standard 
and compared to the current initial calibration curve. 

10.5.3. A calibration verification standard is acceptable if the %D or % drift is 
<30% for all target analytes. However, data may be reported from a 
calibration verification standard outside 30% as long as the target analytes 
meet the LCS criteria stated in section 9.3.2. Analytes greater than 30% D 
in the CCV must be clearly noted in the data report. 

10.5.4. The daily calibration verification may also serve as the LCS as long as it 
meets the criteria of both the LCS (section 9) and the daily calibration 
verification. 

10.5.5. Corrective Action: If the calibration verification standard does not meet 
the above criteria, corrective action must be taken and/or a new initial 
calibration performed unless project specific analyte QC criteria are met. 
Corrective action may include a reanalysis of the calibration verification 
standard.  If reanalysis of the standard does not meet acceptance criteria, 
further corrective action may include performing instrument maintenance, 
or preparation of a new working calibration verification standard.  Also 
refer to Section 11.7. for guidance on troubleshooting the instrument. 
Either of these corrective actions must be followed by successful analysis 
of the calibration verification standard and reanalysis of any affected 
samples. If these corrective actions do not result in acceptable calibration 
verification, a new initial calibration must be performed. 

10.5.6. If the recovery for a target analyte is biased high outside acceptance limits 
and that target analyte is not detected in any of the associated samples 
above the reporting limit, the sample data may be reported with 
qualification in the project narrative. 

10.5.7. Since the concentration of surrogate is constant in all initial calibration 
points, the response factor of the surrogates in the daily calibration may be 
substituted as a one-point calibration to calculate the recovery in the 
samples and QC. 

 

11. Procedure 



         SOP No.: KNOX-MS-0001 
         Revision No.: 12 
         Revision Date: 04/27/11 
 Page 20 of 51 

11.1. Canister Preparation 

11.1.1. Use the following guidelines when checking a sample upon receipt: 

• Tedlar bags are inspected to ensure that the valve is closed and the bags 
are not leaking.  Bags must be analyzed or transferred to a can within 72 
hours of collection. Tedlar bags are analyzed directly from the bag or 
transferred to an evacuated can within 72 hours of sampling.  If the 
entire bag is transferred to a can, the bag needle valve septum is pierced 
with a needle attached to a 1-L or a 6-L evacuated can, and the entire 
contents transferred.  If only a portion of the bag is to be transferred, a 
measured aliquot of the bag is transferred via a clean syringe through a 
septum attached to the top of a 1-L or a 6-L humidified can.  After 
transfer, the can is then pressurized to a positive pressure and the 
pressure is recorded. The lab default is to analyze Tedlar bags at a 20x 
dilution.  Based on a default dilution factor at the bench, the RLs and 
MDLs will be 20 times higher for Tedlar bag analysis. (If a client 
requests lower RLs than 20x the standard this will need to be 
communicated to the lab via special instructions.)  If a client requests 
RLs lower than 20x and the client is supplying the tedlar bags, the PM 
should request that the client send an unused bag to be logged in and 
analyzed along with their samples as a media blank check. If a client 
requests RLs lower than 20x and TestAmerica Knoxville is supplying 
the tedlar bags, the PM should have sample receiving set aside and log 
in a Tedlar bag from the same lot as a media check. 

• For canisters, attach a vacuum/pressure gauge to the top of the can with 
a line attached to an evacuated cylinder.  With the sample can closed, 
open the valve on the evacuated cylinder to remove air in the line and 
gauge.  Observe that the vacuum is near -27” Hg or lower.  If the 
vacuum is higher, evacuate the cylinder to lower than -27” Hg to prevent 
the contents of the cylinder from backflushing into the sample can.  
Close the evacuated cylinder valve and open the sample valve.  Observe 
and record the vacuum/pressure reading of the sample. 

• 1-L cans received between -10” Hg vacuum and a positive pressure are 
ready for a 20 mL analysis.  If more volume is expected to be analyzed, 
the can will have to be pressurized in order to obtain more volume from 
the can. 

• Cans received with a high positive pressure are assumed to have been 
collected with an active sampler and are analyzed as received. 
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Summary of Corrective Actions for 6 Liter Cans Collected Using Flow Controllers 

Can Pressure Lab Action PM Action NCM 
Needed? 

Narrative Content 

If can received 
open Notify PM by email. 

1. Inform client of the potential 
contamination.  
2. If cancelled, initiate NCM and email 
Air Group. 
3. If not cancelled, email Air Group to 
proceed with analysis. 

Yes, if 
analysis 
cancelled 

1. If cancelled, narrate. 
2. If analyzed, narrate 
possibility of 
contamination. 

Ambient to -9.9 
(200 mL) 
Ambient to -7.5 
(500 mL) 

Proceed with 
analysis. None No None 

-10 to -23.9 (200 
mL) 
-7.6 to -23.9 (500 
mL) 
(inches Hg) 

1. Pressurize to 
above ambient. 
2. Proceed with 
analysis; if possible, 
analyze more 
volume to lower the 
dilution factor. 

None No 

If RL not achieved due 
to insufficient volume, 
narrate dilutions that 
were necessary due to 
insufficient sample. 

-24 to -25 (inches 
Hg) 

1. Pressurize to 
above ambient. 
2. Verify flow 
controller was 
working properly. 
3. Notify PM by 
email, wait for client 
response. 

1. Notify client that can pressure 
should have been higher if flow control 
was used properly and that there is not 
enough sample for analysis without 
dilution. 
2. If cancelled, initiate NCM and email 
Air Group. 
3. If not cancelled, email Air Group to 
proceed with analysis.  

Yes, if 
analysis 
cancelled 

1. If cancelled, narrate 
2. Narrate dilutions that 
were necessary due to 
insufficient sample. 

-26 or lower 
(inches Hg) 

1. If trip blank, 
pressurize to above 
ambient, proceed 
with analysis using 
DF = 1. 
2. Verify flow 
controller was 
working properly. 
3. If not a trip blank, 
pressurize to above 
ambient. Notify PM 
by email, wait for 
client response. 

1. Notify client that can pressure 
should have been higher if flow 
controller was used properly and that 
there is not enough sample for 
analysis without dilution. 
2. If cancelled, initiate NCM and email 
Air Group. 
3. If not cancelled, email Air Group to 
proceed with analysis.  

Yes, if 
analysis 
cancelled 

1. If cancelled, narrate. 
2. Narrate dilutions that 
were necessary due to 
insufficient sample,  
dilution factor/results are 
estimated. 
 
"EST" flag on all detects 
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Summary of Corrective Actions for 6 Liter Cans Collected NOT Using Flow Controllers (“grab” sampling) 

Can Pressure Lab Action PM Action NCM 
Needed? 

Narrative Content 

If can received 
open Notify PM by email. 

1. Recommend to client that sample 
be cancelled due to possible 
contamination.  
2. If cancelled, initiate NCM and email 
Air Group. 
3. If not cancelled, email Air Group to 
proceed with analysis. 

Yes, if 
analysis 
cancelled 

1. If cancelled, narrate 
2. If analyzed, narrate 
possibility of 
contamination. 

Ambient to -9.9 
(200 mL) inches Hg 
Ambient to -7.5 
(500 mL) inches Hg 

Proceed with 
analysis. None No None 

-10 to -23.9 (200 
mL) 
-7.6 to -23.9 (500 
mL) 
(inches Hg) 

1. Pressurize to 
above ambient. 
2. Proceed with 
analysis; if possible 
analyze more 
volume to lower the 
dilution factor. 

None No 

If RL not achieved due 
to insufficient volume, 
narrate dilutions that 
were necessary due to 
insufficient sample 

-24 to -25 (inches 
Hg) 

1. Pressurize to 
above ambient. 
 
2. Notify PM by 
email, wait for client 
response. 

1. Notify client that can pressure 
should have been higher if grab can 
was used properly and that there is not 
enough sample for analysis without 
dilution. 
2. If cancelled, initiate NCM and email 
Air Group. 
3. If not cancelled, email Air Group to 
proceed with analysis.  

Yes, if 
analysis 
cancelled 

1. If cancelled, narrate 
2. Narrate dilutions that 
were necessary due to 
insufficient sample. 

-26 or lower 

1. If trip blank, 
pressurize to above 
ambient, proceed 
with analysis using 
DF = 1. 
 
2. If not a trip blank, 
pressurize to above 
ambient. Notify PM 
by email, wait for 
client response. 

1. Notify client that can pressure 
should have been higher if grab can 
was used properly and that there is not 
enough sample for analysis without 
dilution. 
2. If cancelled, initiate NCM and email 
Air Group. 
3. If not cancelled, email Air Group to 
proceed with analysis.  

Yes, if 
analysis 
cancelled 

1. If cancelled, narrate 
2. Narrate dilutions that 
were necessary due to 
insufficient sample, 
dilution factor/results are 
estimated.  
"EST" flag on all detects 

11.1.2. If the sample must be pressurized, attach the nitrogen line to the can using 
a quick-connect fitting.  Turn on the nitrogen, adjust the line pressure to 
approximate desired final pressure, and open the can.  Remove the 
nitrogen line and connect a pressure gauge to obtain the pressure reading. 

11.1.3. Measure the initial and final pressure/vacuum of the canisters using an 
NIST traceable, certified vacuum and/or pressure gauge. 

11.1.4. The barometric pressure, initial pressure/vacuum and final 
pressure/vacuum are recorded in a laboratory worksheet and used to 



         SOP No.: KNOX-MS-0001 
         Revision No.: 12 
         Revision Date: 04/27/11 
 Page 23 of 51 

calculate the dilution factor caused by pressurizing the can to working 
conditions. 

11.1.5. The canister is allowed to equilibrate for approximately one hour before 
analysis.  If the canister was pressurized to greater than 15 psig, pressure 
is released from the canister to bring the pressure below 15 psig.   For 
autosampler volumes scheduled to be below 50 mL, the can pressure must 
be reduced to below 7 psig to more accurately measure the volume 
injected. 

11.1.6. If necessary, this canister is further diluted by the dilution methods 
discussed in sections 11.3, 11.5, and 11.6. 

11.2. Following a successful initial or calibration verification and prior to analysis of 
actual samples, an acceptable system blank and LCS must be analyzed (see 
sections 9.2 and 9.3). Following successful system blank and LCS analysis, actual 
sample analysis may begin. The LCS and blank are analyzed every 24 hour tune 
or every 20 samples, whichever is more frequent. 

11.2.1. The desired sample size of each sample to be analyzed is determined by 
screening the cans according to SOP KNOX-MS-0010, current revision, 
Volatile Analyte Screening By Purge and Trap. The standard aliquot size 
is 200 mL for standard reporting limit work or 500 mL for low-level work. 
Sample volume injected can range from 10 mL to 1000 mL. For sample 
volumes below 50 mL, the can pressure must be reduced to below 7 psig 
to more accurately measure the volume injected. Volumes larger than 
1000 mL can cause trap freeze-up when high humidity samples are 
trapped. If samples have been adequately pressurized with nitrogen, have 
been diluted, or only a small amount of sample collected in the can, then 
volumes larger than 1000 mL may be trapped, and the internal standards 
and surrogate monitored closely for breakthrough or freeze-up problems.  

11.2.2. The pressure of each sample canister is checked. If the pressure is above 
15 psig, the excess pressure is vented. 

11.2.3. Each sample, volume (aliquot), method, and autosampler position are 
entered into the Entech sequence table. 

11.2.4. If necessary, the automated flush function is used to sweep each 
autosampler line in the name list with helium. 

11.2.5. The cans are then securely tightened onto the autosampler with the 
canister valves closed.  
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11.2.6.  The sample work order numbers, and other pertinent information such as 
the GC method and the processing method are entered into the GC/MS 
sequence table. 

11.2.7. The sample volume programmed, the can number, and the can’s dilution 
factor are noted in the analytical run log.  The Entech sequence, the 
GC/MS sequence table and the run log are verified to be in order. 

11.2.7.1. If the actual sample amount trapped is greater than 5% from the 
programmed volume, the actual volume trapped is documented and 
used in calculating the results.  

11.2.8. The Entech autosampler is started and the GC/MS acquisition program is 
started. (Note: The scan and GC parameters are controlled by the GC/MS 
method.) 

11.2.9. 40 ml of the surrogate/internal standard is trapped on the Entech 
concentrator prior to sample introduction. 

11.2.10. The analysis proceeds automatically for each name in the Entech 
autosampler program. 

11.2.11. The internal standards and surrogate must pass all the criteria specified 
in section 9.1. 

11.3. Autosampler Dilutions 

11.3.1. Volumes of 10 to 1000 mL may be analyzed by the autosampler (see 
section 11.2.1). The standard aliquot is 200 mL for standard reporting 
limit work and 500 mL for low-level work. 

11.3.2. If an analyte found in the sample is over the curve by less than a factor of 
twenty (based on 200 mL nominal volume) or fifty (based on 500 mL 
nominal volume), then the aliquot size of the sample may be reduced to a 
volume as low as 10 mL. This dilution factor is multiplied with all other 
dilution factors for this sample to obtain the final dilution factor. 

11.3.3. If a dilution is performed to bring one or more analytes within the 
calibration range, the analyte having the highest concentration should not 
be diluted to less than 20% of the calibration range unless there are 
significant amounts of non-target compounds present.  

11.3.4. If the sample is initially run at a dilution and the baseline rise is less than 
the height of the internal standards, or if individual non target peaks are 
less than five times the height of the internal standards, then the sample is 
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reanalyzed at a more concentrated dilution (up to the nominal volume). 
This requirement is approximate and subject to analyst judgment.  

11.3.5. Only the most concentrated dilution with no target compounds above the 
calibration range will be reported. Other dilutions will only be reported at 
client request. 

11.4. Water addition 

11.4.1. Humidity plays an important role in the recovery of certain target 
compounds, particularly polar compounds, and water is added to canisters 
where appropriate. The addition of water helps to stabilize the behavior of 
these compounds, which might otherwise interact with the interior surface 
of the canister or with the stainless-steel lines of the sample manifold. 

11.4.2. Since it is not practical to know the relative humidity of all canisters 
received at the laboratory, canisters are assumed to be approximately 80 
percent relative humidity. When making canister dilutions (see Sections 
11.5, and 11.6), the analyst attempts to preserve the relative humidity of 
canisters at a level that will minimize recovery loss due to low canister 
relative humidity. 

11.4.3. Under normal laboratory conditions, a 6 liter canister at ambient pressure 
will have a relative humidity of 100 percent if approximately 100 uL of 
water is in the canister. 

11.4.3.1. The minimum relative humidity at which canisters containing 
polar analytes can be analyzed before polar target recovery is 
negatively affected is approximately 20 - 30 percent. 

11.4.3.2. The minimum relative humidity at which canisters containing 
non-polar analytes can be analyzed before non-polar target 
recovery is negatively affected is approximately 10 percent. 

11.5. Serial Dilution 

11.5.1. High-level samples, for example, are those containing ppm levels of 
volatile organic compounds. 

11.5.2. The original sample canister must have a positive pressure. If the pressure 
is less than 0 psig, then proceed to Section 11.1.2.  

11.5.3. A septum cap is attached to the sample canister and a gas-tight syringe is 
purged with UHP nitrogen. A septum cap is attached to a clean evacuated 
6-liter canister (the dilution canister). 
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11.5.4. 40 uL of deionized water is added to the canister through the septum of 
the evacuated can (See Section 11.4 for guidance on addition of water). 

11.5.5. The syringe is inserted into the septum cap of the canister containing the 
sample and the canister valve is opened. The syringe is purged twice with 
sample and vented. The desired volume is then withdrawn and transferred 
into the dilution canister. The dilution canister is then pressurized using 
nitrogen. 

11.5.6. The final pressure is measured in the serial dilution canister using a NIST 
traceable, certified gauge.  

11.5.7. If the canister was pressurized to greater than 15 psig, pressure is released 
from the canister to bring the pressure below 15 psig.  

11.5.8. The barometric pressure, the aliquot volume, final canister pressure and 
canister serial number are recorded in a laboratory worksheet. The serial 
dilution factor is calculated. 

11.5.9. If a high level dilution is performed to bring one or more analytes within 
the curve, the analyte having the highest concentration should not be 
diluted to less than 20% of the upper calibration range, unless there are 
significant amounts of non-target compounds present. It is imperative that 
high levels of target and non-target analytes not contaminate the analytical 
system. 

11.5.10.This serial dilution canister may be further diluted, if necessary, by 
another serial dilution, in-can dilution (see section 11.6), or on the 
autosampler (see section 11.3). The final dilution factor is the product of 
all the dilution factors for the sample. 

11.6. In-canister Dilutions 

11.6.1. If an analyte found or suspected to be in the sample is over the calibration 
range, to a level that an autosampler dilution would be insufficient, an in-
canister dilution may be performed. 

11.6.2. The canister vacuum/pressure is checked. If the can is under vacuum, then 
record the vacuum reading and proceed to section 11.6.3. If the canister is 
under pressure, then the can is bled to ambient pressure, then proceed to 
section 11.6.3. 

11.6.3. The canister is pressurized to the desired pressure with nitrogen. The 
pressure must be no more than 40 psig. 
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11.6.4. The final pressure is measured using an NIST traceable, certified gauge.  

11.6.5. The barometric pressure and the final pressures are recorded in a 
laboratory worksheet and the in-can dilution factor is calculated. (note:  if 
multiple in-can dilutions are performed, record the final pressure of each 
pressurization before venting to perform the subsequent pressurization). 

11.6.6. If the final pressure of the canister was greater than 15 psig, pressure is 
released from the canister to bring the pressure below 15 psig before 
loading on the autosampler. 

11.6.7. If an in-canister dilution is performed to bring one or more analytes within 
the curve, the analyte having the highest concentration must not be diluted 
to less than 20% of the upper calibration range, unless there are significant 
amounts of non-target compounds present. Care must be taken to avoid 
over-dilution for in-canister dilutions since the original sample is affected.  

11.6.8. This in-can dilution canister may be further diluted, if necessary, by 
another in-can dilution, or a serial dilution (see section 11.5), or on the 
autosampler (see section 11.3). This dilution factor is multiplied with all 
other dilution factors for this sample to obtain the final dilution factor. 

11.7. Troubleshooting and Maintenance. 

11.7.1. Troubleshooting is the identification and elimination of a problem or 
malfunction in a system or process. Troubleshooting is most effective 
when it is performed in a logical step by step sequence. (Refer to the 
instrument manufacturer’s manual for specific guidance) 

11.7.2. Basic Troubleshooting Principles 
• Identify and analyze the problem and symptoms. 
• Gather information that may help identify the problem such as prep 

information, system log, or output files. 
• Evaluate the possibility that recent changes to the system caused the 

problem. 
• Try to reproduce the problem if at all possible. 
• Eliminate as many variables as possible. 
• Document the system state then change variables one at a time and 

evaluate the effect on the problem 

11.7.3. Major Maintenance 

11.7.3.1.A new initial calibration is necessary following major 
maintenance. Major maintenance includes changing the column, 
cleaning or repairing the source, replacing filaments, changing 
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electronics, replacing the multiplier or changing moisture or Tenax 
traps. 

11.7.4. Minor Maintenance 

11.7.4.1.Minor maintenance includes cleaning the injector port, replacing 
filters, changing the pump oil, autotuning, switching filaments 
(instrument contains two filaments under vacuum), replacing 
valves or rotors, change/refill the calibration vial, changing seals 
and o-rings, ballasting pump, replacing fuses, replacing roughing 
pumps, changing pump oil, or replacing transfer lines. 

11.8. One time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in 
procedure, except those specified by project specific instructions, shall be 
completely documented using a Nonconformance Memo and approved by a 
Technical Specialist, Project Manager and QA Manager. If contractually required, 
the client shall be notified.  

11.9. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

11.10. Refer to TestAmerica Knoxville SOP KNOX-IT-0001, current revision, for 
requirements for computer hardware and software. 

12. Data Analysis and Calculations 

12.1. Refer to Figure 2 for an example data review checklists used to perform and 
document the review of the data. Using the data review checklist, the analyst also 
creates a narrative which includes any qualifications of the sample data. 

12.2. Tentatively Identified Compounds (TICs): Library searches of peaks present in 
the chromatogram that are not target compounds (Tentatively Identified 
Compounds, TIC) are performed if required by the client. They are evaluated 
using the TestAmerica Knoxville SOP KNOX-MS-0014, current revision, 
“Determination of Tentatively Identified Compounds (TICs)” 

12.3. Qualitative Identification:  An analyte is identified by retention time and by 
comparison of the sample mass spectrum with the mass spectrum of  a standard of 
the suspected compound (standard reference spectrum).  Mass spectra for 
standard reference may be obtained on the user's GC/MS by analysis of the 
calibration standards or from the most recent NIST library. 



         SOP No.: KNOX-MS-0001 
         Revision No.: 12 
         Revision Date: 04/27/11 
 Page 29 of 51 

Two criteria must be satisfied to verify identification:  (1) elution of sample 
component at the same GC retention time as the standard component; and (2) 
correspondence of the sample component and the standard component 
characteristic ions.  (Note:  Care must be taken to ensure that spectral distortion 
due to co-elution is evaluated).  The characteristic ions from the reference mass 
spectrum are defined as the three ions with greatest relative intensity, or any ions 
over 30% relative intensity, if less than three such ions are present in the 
reference spectrum (i.e. characteristic ions have relative intensity >30%). 

• The sample component retention time must compare to within +0.2 minute 
of the retention time of the standard component.  For reference, the 
standard must be run within the same 24 hours as the sample. 

• The characteristic ions of a compound must maximize in the same scan or 
within one scan of each other. 

• The relative intensities of ions should agree to within +30% between the 
standard and sample spectra.  (Example:  For an ion with an abundance of 
50% in the standard spectra, the corresponding sample abundance must be 
between 20% and 80%). 

If a compound cannot be verified by all the above criteria, but in the technical 
judgment of the analyst the identification is correct, the analyst reports that 
identification and proceeds with quantitation. 

12.4. Calculation legend: 
A = amount of neat compound, uL 
CB = concentration in SGDB, ug/mL 
CC = concentration in canister, ppb v/v 
CS = concentration in mix, ug/uL 
Cx = the value determined by vendor certification analyses is    

used in the following calculations, ppb v/v (1000 ppb nominal) 
d = density of neat compound, g/mL 
DF = dilution factor, unitless 
FV =  final volume in a pressurized canister, L 
GC = gas constant at 25oC and standard pressure, 24.45 nL/n mole (or 

g/mol) 
MW = molecular weight, ng/n mole 
PB = barometric pressure 
PF = final pressure, units specified 
PI = initial pressure, units specified 
PT = transfer pressure, units specified 
Px = pressure in X = inches, psia or mmHg 
TK = temperature in Kelvin 
TV = transfer volume, L, mL or uL 
Vbottle= volume of static gas dilution bottle, mL 
Vmix = volume of mix, μL 
Pmm Hg = P inches x 25.4 
P inches = Ppsi * 2.036 
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Pmm Hg = Ppsi x 51.7149 

12.5. Calculations: 

12.5.1. Final Canister Volume 

12.6. Stock standards in SGDB 

12.6.1. Liquid formula  

12.6.2. Solid formula   

12.7. Concentration of standards in primary target standard made from SGDB 

12.8. Concentration of Analytes in Primary Target Standard (gauge method) 

 FV =   Canister size L  x P mm Hg Abs
P mm Hg Abs

F

B

( ) ( )
( )

 

 
V

mg1000ug*  d*  L  = g/mL ,CB
bottle

LIQUID
/# μμ  

 
V

mg1000ug*  mg  = g/mL ,CB
bottle

SOLID
/#μ  

      

 
)(*
)/)(/(

seenoteatmPMW * FV
GC * LnLugg1000 x CB * mL TV, = v/v ppb CC,

F
 

 
note:Atm = (“Hg gauge + 28.735 “Hg) / 28.735 “Hg 
where 28.735 = barometric pressure based on STP corrected for Knoxville elevation of 
305 m 
STP = 760 mm Hg 
Subtract 30.1 for elevation (from “Reduction of Barometer to Sea Level” pg 15-13, 
Handbook of Chemistry and Physics) 
= 729.87 mm Hg 
= 28.735 “Hg 
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12.9. Concentration of Analytes in Primary Target Standard (syringe method) 

12.10. Concentration of Analytes in Primary Target Standard (mass flow controller 
method) 

12.10.1.The calculation is the same as 12.9 except to calculate TV,mL, through the 
mass flow controller:  

   TV,mL =flow rate (mL/min) * min 

12.11. Dilution Factors of original sample canisters 

12.11.1. In Can Dilution Factor 

12.11.2.Serial Dilution Factor  
     
    DF = FV/TV, (L) 

12.11.3. Instrument Dilution Factor 
 
 
 

12.12. Response Factor (RF) 

   where: 
   x = area of the characteristic ion for the target compound. 
    
   Ais = area of the characteristic ion for the internal standard. 
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 Cx * Ais

Cis * Ax = RF  
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   Cx = amount of the target compound. 
   Cis = amount of the internal standard. 
 

12.13. Average Response Factor (ARF) 

   where: 
   n = the number of calibration points 

12.14. Standard deviation of the ARF: 

 

12.15. Calibration Curve Evaluation Calculations 

12.15.1. Relative standard deviation (RSD) of the ARF: 

12.15.2. Coefficient of Determination (r2) 
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(For ypred refer to calculation of Cpv found in Sections 12.19.1.2 and 12.19.1.3) 
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12.16. Calibration Verification: Percent deviation (% D) of the daily RF values as 
compared with the initial ARF values: 

12.17. Surrogate and Laboratory Control Sample percent recovery (%R): 
 

   % R = FoundAmount, ppb
SpikeAmount, ppb 

 *  100%    

12.18. Duplicate relative percent difference (RPD): 

   where: 
   A1 = amount determined in first analysis 
   A2 = amount determined in second analysis 
   A   = average determination, (A1 + A2)/2 

12.19. Calibration verification percent drift and difference from the initial calibration: 

 

onVerificatin Calibratio fromFactor  Response Analyte Measured =RF
nCalibratio Initial fromFactor  Response Analyte Average 

100%

=

×
−

=

RF

RF
RFRFDifference

 

12.19.1.Target analyte concentrations in samples are typically calculated using 
the average response factor from the initial calibration. Quantitation may 
also be determined using linear or second order curves at the analyst’s 
discretion to improve the quantitation of target analytes.  

 

12.19.1.1.Calculation of concentration using Average Response Factors 

   

 100% x 
A

|A - A| = RPD 21  
 

% Drift = C - C
C
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expected found
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expected 
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×

= 
Where 

Known concentration in standard
= Measured concentration using selected quantitation  method

100% * 
ARF

|ARF - RF| = D %
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RFR
CRC

is

isx
pv =  

12.19.1.2.Calculation of concentration using Linear fit 
( )

is

isx
pv

R
CRBAC +=  

Cpv = Concentration, ppb (v/v) 
 Rx = Response for analyte (area of quantitation ion) 
 Ris = Response for internal standard (area of quantitation ion) 
 Cis = Concentration of internal standard 
 A = Intercept 
 B = Slope 
 
The corresponding Target software calculation is as follows: 

  )
R
R

1m
1b(CC

is

x
ispv ×+=  

 b   = Concentration Ratio Intercept 
 m1 = Inverse of Slope 

12.19.1.3.Calculation of concentration using Quadratic fit 
2
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C = Curvature 
 

The corresponding Target software calculation is as follows: 

  ⎟⎟
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⎜
⎝
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2

Ris
Rx2m

Ris
Rx1mbispv CC  

m1   = First order coefficient   
m2   = Curvature (Second order coefficient) 

12.20. Sample Quantitation: The amount of target compound detected is determined 
using the average RF or calibration curve values from the initial calibration (not 
the continuing calibration): 

12.21. Unit conversions 

12.21.1.   

 DF*Cpv =Amount   
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12.21.2. 

13. Method Performance 

13.1. Method Detection Limit (MDL) - An MDL must be determined for each analyte 
in each routine matrix prior to the analysis of any samples. The procedure for 
determination of the method detection limit is given in the SOP CA-Q-S-006 
current revision based on 40 CFR Part 136 Appendix B. The result of the MDL 
determination must support the reporting limit. MDL summaries are stored on the 
local area network. 

13.2. Initial Demonstration of Capability – Each analyst must perform an initial 
demonstration of capability (IDOC) for each target analyte prior to performing the 
analysis independently. The IDOC is determined by analyzing four replicate 
spikes (e.g., LCSs) as detailed in TestAmerica Knoxville SOP KNOX-QA-0009.  
Recovery limits must be 70-130% and RSD must be less than or equal to 25%. 
Recovery limits for methanol, butane and propene are 60-140% and RSD must be 
less than or equal to 30%. 

13.3. Training Qualification: The group/team leader has the responsibility to ensure that 
this procedure is performed by an associate who has been properly trained in its 
use and has the required experience. Refer to SOP KNOX-QA-0009 current 
revision for further requirements for performing and documenting initial and on-
going demonstrations of capability. 

14. Pollution Prevention 

14.1. All attempts will be made by laboratory personnel to minimize the use of solvents 
when performing this procedure. 

15. Waste Management  

15.1. All waste will be disposed of in accordance with all Federal, State and Local laws 
and regulations.  Where reasonably feasible, technological changes have been 
implemented to minimize the potential for pollution of the environment.  
Employees will abide by this method and the policies in section 13 of the 
Corporate Safety Manual for “Waste Management and Pollution Prevention.” 

 
GC

MW * )v/v(ppb Amount, = mg/ Amount, 3μ  
 

 
1000

)v/v( ppb amount, =  v/vppm Amount,  
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15.2. The following waste streams are produced when this method is carried out. 
• Expired solid and liquid standards are stored in metal closed-top 

containers.   

16. References 

16.1. Compendium Method TO-14, “The Determination of Volatile Organic 
Compounds (VOCs) in Ambient Air Using SUMMA® Passivated Canister 
Sampler and Gas Chromatographic Analysis,” U.S. EPA 600/4-89/017, June 
1988. 

16.2. Compendium Method TO-14A, “Determination of Volatile Organic Compounds 
(VOCs) in Ambient Air Using Specially Prepared Canisters With Subsequent 
Analysis by Gas Chromatography,” U.S. EPA 625/R-96/010b, January 1999. 

16.3. Compendium Method TO-15, “Determination of Volatile Organic Compounds 
(VOCs) in Air Collected in Specially-Prepared Canisters and Analyzed by Gas 
Chromatography/Mass Spectrometry (GCMS)”, U.S. EPA 625/R-96/010b, 
January 1999. 

16.4. TestAmerica Quality Assurance Manual (QAM), current revision. 

16.5. Entech Instruments Inc. 7100 Operators Manual. Version 2.0 for the 7100 
Preconcentrator and Accessories 

16.6. Agilent HP 5973 and 6890 Operation Manuals for GC and GC/MS. 

17. Miscellaneous 

17.1. Other SOPs cross-referenced in this SOP: 

• KNOX-MS-0022, “Canister Cleaning and Preparation,” latest revision. 
• KNOX-MS-0010, “Volatile Analyte Screening by Purge and Trap,” latest 

revision. 

17.2. Modification from the referenced methods 

17.2.1. The TO-14A tune limits are more stringent than the TO-15 limits.  The 
default procedure is to use the TO-14A limits for both TO-14A and TO-
15 samples.  However if all the samples analyzed in the 24-hour tune 
batch are TO-15 samples, the analyst may elect to use the TO-15 limits. 
This SOP also allows for 50 ng or less of BFB to verify tuning of the 
instrument. 
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17.2.2. The continuing calibration listed in this procedure allows target analytes 
over 30% D as long as the target analytes meet the LCS criteria, with a 
narrative note of those target analytes that are over 30% D. 

17.2.3. This procedure uses purified nitrogen in place of zero humid air specified 
in the reference methods.  This must be noted in the case narrative. 

17.2.4. TO-14 requires that the RT shift for the internal standards at each 
calibration level must be within 20 seconds of the RT of the mid-level 
calibration for each internal standard. TO-15 specifies that the 
comparison is made to the mean RT over the initial calibration range for 
each internal standard. This SOP uses the TO-15 criteria.  

17.2.5. Section 7.13 Method TO-15 states that the working standard may be 
stored for 30 days. This laboratory experience has allowed the standard 
expiration date to be 2 months with no significant degradation of the 
standards. 

17.2.6. Surrogates are not required by the reference methods. This SOP adds 
surrogate bromofluorobenzene (BFB) to every sample to help monitor for 
matrix effects and method performance.   

17.2.7. The TO-15 method states that the scan time must give 10 scans per peak, 
not to exceed 1 second per scan. The GC/MS software is set for a 
sampling rate of 3, which corresponds to approximately 2 to 3 scans per 
second, depending on the instrument. See the GC/MS operator’s manual 
or “help” on the software for more information about the sampling rate. 

17.2.8. EPA Method TO-14A specifies that the relative accuracy of the field 
sampler or sample delivery system must meet 90-110% for a standard at 8 
ppb v/v.  The laboratory Control Sample (LCS) summary data is evaluated 
against alternate acceptance criteria based on this laboratory procedure for 
method TO-14A.  When TO-14A work is performed, this must be noted in 
the case narrative. 

17.3. List of Appendices 

17.3.1. Appendix I: Target Analyte Tables   

17.3.1.1.Table 1: Target Analytes - TO-14 and TO-15 Compounds 

17.3.2. Appendix II: Figures 

17.3.2.1.Figure 1: BFB Tuning Criteria 
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17.3.2.2.Figure 2: Example of a Data Review Checklist 

17.3.2.3.Figure 3: Flow Chart 

17.3.3. Appendix III: Example Instrument Parameters 

17.3.4. Appendix IV: Recommended Calibration Levels (200 mL sample volume) 



    SOP No: KNOX-MS-0001 
    Revision No: 12 
     Revision Date: 04/27/11 
     Page 39 of 51 
 
Appendix I: Table 1: Target Analytes  

  
CAS 

NUMBER 
TestAmerica Knoxville 

Compounds 
MOLECULAR 

WEIGHT 
(ng/nmole) 

conversion 
factor for 
ug/m3 = 

MW/24.45 

 200 mL 
REPORT-
ING LIMIT 
(ppb(v/v) 

200 mL 
REPORT-
ING LIMIT 
(ug/m3) 

 500 mL 
REPORT-
ING LIMIT 
(ppb(v/v) 

500 mL 
REPORT-
ING LIMIT 
(ug/m3) 

SUGGESTED 
ION 

71-55-6 1,1,1-Trichloroethane 133.4 5.45603 0.20 1.1 0.080 0.44 97 

79-34-5 1,1,2,2-Tetrachloroethane 167.85 6.86503 0.20 1.4 0.080 0.55 83 

79-00-5 1,1,2-Trichloroethane 133.4 5.45603 0.20 1.1 0.080 0.44 97 

76-13-1 1,1,2-Trichlorotrifluoroethane (e) 187.37 7.66339 0.20 1.5 0.080 0.61 101 

75-34-3 1,1-Dichloroethane 98.96 4.04744 0.20 0.81 0.080 0.32 63 

75-35-4 1,1-Dichloroethene 96.94 3.96483 0.20 0.79 0.080 0.32 96 

87-61-6 1,2,3-Trichlorobenzene 181.45 7.42127 1.0 7.4 0.40 3.0 180 

96-18-4 1,2,3-Trichloropropane(l) 147.43 6.02986 0.50 3 0.20 1.2 110 

120-82-1 1,2,4-Trichlorobenzene(l) 181.45 7.42127 1.0 7.4 0.40 3.0 180 

95-63-6 1,2,4-Trimethylbenzene 120.19 4.91575 0.20 0.98 0.080 0.39 105 

106-93-4 1,2-Dibromoethane (EDB) 187.86 7.68344 0.20 1.5 0.080 0.61 107 

95-50-1 1,2-Dichlorobenzene 147 6.01227 0.20 1.2 0.080 0.48 146 

107-06-2 1,2-Dichloroethane 98.96 4.04744 0.20 0.81 0.080 0.32 62 

78-87-5 1,2-Dichloropropane 112.99 4.62127 0.20 0.92 0.080 0.37 63 

76-14-2 1,2-Dichlorotetrafluoroethane (c,l) 170.92 6.99059 0.20 1.4 0.080 0.56 135 

108-67-8 1,3,5-Trimethylbenzene 120.19 4.91575 0.20 0.98 0.080 0.39 120 

106-99-0 1,3-Butadiene(l) 54.09 2.21227 0.40 0.88 0.16 0.35 54 

541-73-1 1,3-Dichlorobenzene 147 6.01227 0.20 1.2 0.080 0.48 146 

106-46-7 1,4-Dichlorobenzene 147 6.01227 0.20 1.2 0.080 0.48 146 

123-91-1 1,4-dioxane(l) 88.11 3.60368 0.50 1.8 0.20 0.72 88 

71-36-3 1-Butanol(l) 74.12 3.03149 2.0 6.1 0.80 2.4 31 

540-84-1 2,2,4-Trimethylpentane 114.23 4.67198 0.50 2.3 0.20 0.93 57 

78-93-3 2-Butanone(l) 72.11 2.94928 1.0 2.9 0.40 1.2 72 

95-49-8 2-chlorotoluene 126.58 5.17710 0.40 2.1 0.16 0.83 126 

591-78-6 2-Hexanone(l) 100.16 4.09652 0.50 2.0 0.20 0.82 58 

78-78-4 2-Methyl butane 72.15 2.95092 0.50 1.5 0.20 0.59 43 
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CAS 
NUMBER 

TestAmerica Knoxville 
Compounds 

MOLECULAR 
WEIGHT 

(ng/nmole) 

conversion 
factor for 
ug/m3 = 

MW/24.45 

 200 mL 
REPORT-
ING LIMIT 
(ppb(v/v) 

200 mL 
REPORT-
ING LIMIT 
(ug/m3) 

 500 mL 
REPORT-
ING LIMIT 
(ppb(v/v) 

500 mL 
REPORT-
ING LIMIT 
(ug/m3) 

SUGGESTED 
ION 

107-05-1 3-Chloropropene(l) 76.52 3.12965 0.20 0.63 0.080 0.25 39 

622-96-8 4-ethyltoluene 120.19 4.91575 0.40 2.0 0.16 0.79 105 

108-10-1 4-Methyl-2-Pentanone(l) 100.16 4.09652 0.50 2.0 0.20 0.82 43 

67-64-1 Acetone(l) 58.08 2.37546 5.0 12 2.0 4.8 58 

75-05-8 Acetonitrile(l) 41.05 1.67894 1.0 1.7 0.40 0.67 40 

107-02-8 Acrolein(l) 56.06 2.29284 1.0 2.3 0.40 0.92 56 

107-13-1 Acrylonitrile(l) 53.06 2.17014 2.0 4.3 0.80 1.7 53 

98-83-9 alpha-Methylstyrene(l) 118.18 4.83354 0.40 1.9 0.16 0.77 118 

71-43-2 Benzene 78.11 3.19468 0.20 0.64 0.080 0.26 78 

100-44-7 Benzyl Chloride 126.58 5.17710 0.40 2.1 0.16 0.83 91 

75-27-4 Bromodichloromethane 163.83 6.70061 0.20 1.3 0.080 0.54 83 

75-25-2 Bromoform(l) 252.73 10.3366 0.20 2.1 0.080 0.83 173 

74-83-9 Bromomethane 94.94 3.88303 0.20 0.78 0.080 0.31 94 

75-15-0 Carbon Disulfide 76.14 3.11411 0.50 1.6 0.20 0.62 76 

56-23-5 Carbon Tetrachloride 153.82 6.29121 0.20 1.3 0.080 0.50 117 

108-90-7 Chlorobenzene 112.56 4.60368 0.20 0.92 0.080 0.37 112 

75-45-6 Chlorodifluoromethane (a,l) 86.47 3.53661 0.20 0.71 0.080 0.28 67 

75-00-3 Chloroethane 64.51 2.63845 0.20 0.53 0.080 0.21 64 

67-66-3 Chloroform 119.38 4.88262 0.20 0.98 0.080 0.39 83 

74-87-3 Chloromethane(l) 50.49 2.06503 0.50 1.0 0.20 0.41 52 

156-59-2 cis-1,2-Dichloroethene 96.94 3.96483 0.20 0.79 0.080 0.32 96 

10061-01-5 cis-1,3-Dichloropropene 110.97 4.53865 0.20 0.91 0.080 0.36 75 

98-82-8 Cumene (i) 120.19 4.91575 0.40 2.0 0.16 0.79 105 

110-82-7 Cyclohexane 84.16 3.44213 0.50 1.7 0.20 0.69 69 

124-18-5 Decane(l) 142.28 5.81922 1.0 5.8 0.40 2.3 57 

124-48-1 Dibromochloromethane 208.28 8.51861 0.20 1.7 0.080 0.68 129 

74-95-3 Dibromomethane 173.83 7.10961 0.40 2.8 0.16 1.1 93 



    SOP No: KNOX-MS-0001 
    Revision No: 12 
     Revision Date: 04/27/11 
     Page 41 of 51 
 

CAS 
NUMBER 

TestAmerica Knoxville 
Compounds 

MOLECULAR 
WEIGHT 

(ng/nmole) 

conversion 
factor for 
ug/m3 = 

MW/24.45 

 200 mL 
REPORT-
ING LIMIT 
(ppb(v/v) 

200 mL 
REPORT-
ING LIMIT 
(ug/m3) 

 500 mL 
REPORT-
ING LIMIT 
(ppb(v/v) 

500 mL 
REPORT-
ING LIMIT 
(ug/m3) 

SUGGESTED 
ION 

75-71-8 Dichlorodifluoromethane(b,l) 120.91 4.94519 0.20 0.99 0.080 0.40 85 

141-78-6 Ethyl acetate(l) 88.11 3.60368 2.0 7.2 0.80 2.9 43 

60-29-7 Ethyl Ether(l) 74.12 3.03149 2.0 6.1 0.80 2.4 31 

100-41-4 Ethylbenzene 106.17 4.34233 0.20 0.87 0.080 0.35 91 

87-68-3 Hexachlorobutadiene(l) 260.76 10.6650 1.0 11 0.40 4.3 225 

67-63-0 Isopropyl alcohol(l) 60.1 2.45808 2.0 4.9 0.80 2.0 45 

136777-61-2 m/p-Xylene (g, h) 106.17 4.34233 0.20 0.87 0.080 0.35 91 

67-56-1 Methanol (f,l) 32.04 1.31043 10 13 4.0 5.2 31 

80-62-6 Methyl methacrylate(l) 100.12 4.09489 0.50 2.0 0.20 0.82 41 

75-09-2 Methylene Chloride (f) 84.93 3.47362 0.50 1.7 0.20 0.69 84 

1634-04-4 Methyl-tert-Butyl ether(l) 88.15 3.60532 1.0 3.6 0.40 1.4 73 

91-20-3 Naphthalene 128.17 5.24213 0.50 2.6 0.20 1.0 128 

106-97-8 n-Butane(l) 58.12 2.37710 0.40 0.95 0.16 0.38 43 

104-51-8 n-Butylbenzene(l) 134.22 5.48957 0.40 2.2 0.16 0.88 91 

112-40-3 n-Dodecane 170.33 6.96646 1.0 7.0 0.40 2.8 57 

142-82-5 n-Heptane 100.2 4.09816 0.50 2.1 0.20 0.82 71 

110-54-3 n-Hexane (f) 86.18 3.52474 0.50 1.8 0.20 0.70 56 

111-65-9 n-Octane 114.23 4.67198 0.40 1.9 0.16 0.75 85 

111-84-2 Nonane(l) 128.26 5.24581 0.50 2.6 0.20 1.0 57 

103-65-1 n-Propylbenzene 120.19 4.91575 0.40 2.0 0.16 0.79 120 

1120-21-4 n-Undecane(l) 156.31 6.39305 1.0 6.4 0.40 2.6 57 

95-47-6 o-Xylene (h) 106.17 4.34233 0.20 0.87 0.080 0.35 91 

99-87-6 p-Cymene (k) 134.22 5.48957 0.20 1.1 0.08 0.44 119 

109-66-0 Pentane 72.15 2.95092 1.0 3.0 0.40 1.2 72 

115-07-1 Propene(l) 42.08 1.72106 0.50 0.86 0.20 0.34 41 

135-98-8 sec-butylbenzene 134.22 5.48957 0.40 2.2 0.16 0.88 105 

100-42-5 Styrene 104.15 4.25971 0.20 0.85 0.080 0.34 104 
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CAS 
NUMBER 

TestAmerica Knoxville 
Compounds 

MOLECULAR 
WEIGHT 

(ng/nmole) 

conversion 
factor for 
ug/m3 = 

MW/24.45 

 200 mL 
REPORT-
ING LIMIT 
(ppb(v/v) 

200 mL 
REPORT-
ING LIMIT 
(ug/m3) 

 500 mL 
REPORT-
ING LIMIT 
(ppb(v/v) 

500 mL 
REPORT-
ING LIMIT 
(ug/m3) 

SUGGESTED 
ION 

75-65-0 Tert-Butanol(l) 74.12 3.03149 2.0 6.1 0.80 2.4 59 

98-06-6 tert-butylbenzene 134.22 5.48957 0.50 2.7 0.20 1.1 119 

127-18-4 Tetrachloroethene 165.83 6.78241 0.20 1.4 0.080 0.54 129 

109-99-9 Tetrahydrofuran(l) 72.11 2.94928 1.0 2.9 0.40 1.2 42 

108-88-3 Toluene 92.14 3.76851 0.20 0.75 0.080 0.30 91 

1330-20-7 Total-Xylenes 106.17 4.34233 0.40 1.7 0.16 0.70 91 

156-60-5 trans-1,2-Dichloroethene 96.94 3.96483 0.20 0.79 0.080 0.32 96 

10061-02-6 trans-1,3-Dichloropropene 110.97 4.53865 0.20 0.91 0.080 0.36 75 

79-01-6 Trichloroethene 131.39 5.37382 0.20 1.1 0.040 0.22 130 

75-69-4 Trichlorofluoromethane (d,l) 137.37 5.61840 0.20 1.1 0.080 0.45 101 

108-05-4 Vinyl Acetate(l) 86.09 3.52106 1.0 3.5 0.40 1.4 43 

593-60-2 Vinyl Bromide (j,l) 106.95 4.37423 0.20 0.87 0.080 0.35 106 

75-01-4 Vinyl Chloride 62.5 2.55624 0.20 0.51 0.080 0.20 62 
 

a)  Freon 22  
b)  Freon 12  
c)  Freon 114 
d)  Freon 11 
e)  Freon 113, also 1,1,2-Trichloro-1,2,2-trifluoroethane 
f)  This is a common laboratory solvent 
g)  m-xylene and p-xylene coelute 
h)  Total xylenes (CAS # 1330-20-7) is the sum of m/p-xylenes and o-xylene 
i)  isopropylbenzene 
j)  bromoethene 
k)  isopropyltoluene 
l)  identified as provisory analyte. See Section 9.3.2. 
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Appendix II: Figures 
 
Figure 1a: TO-14A BFB Tuning Criteria 

 
Mass Abundance Criteria 

50 15 to 40% of mass 95 
75 30 to 60% of mass 95 
95 Base peak, 100% relative abundance 
96 5 to 9% of mass 95 
173 Less than 2% of mass 174 
174 Greater than 50% of mass 95 
175 5 to 9% of mass 174 
176 Greater than 95% but less than 101% of mass 174 
177 5 to 9 % of mass 176 

 
Note:  All ion abundances must be normalized to m/z 95, the nominal base peak, even though 
m/z 174 may be over 100 % of m/z 95. 
 
 
Figure 1b: TO-15 BFB Tuning Criteria 

 
Mass Abundance Criteria 

50 8.0 to 40.0 % of mass 95 
75 30.0 to 66.0 % of mass 95 
95 Base peak, 100% relative abundance 
96 5.0 to 9.0 % of mass 95 
173 Less than 2.0 % of mass 174 
174 50.0 to 120.0 % of mass 95 
175 4.0 to 9.0 % of mass 174 
176 93.0 to 101.0 % of mass 174 
177 5.0 to 9.0 % of mass 176 

 
Note:  All ion abundances must be normalized to m/z 95, the nominal base peak, even though the ion 
abundance of m/z 174 may be up to 120 percent that of m/z 95. 
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Figure 2: Example Data Review Checklist 
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Figure 2: Example Data Review Checklist (continued) 
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Figure 2: Example Data Review Checklist (continued) 
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Figure 3: Flow Chart 
 
 
 

Perform tune, initial calibration or continuing 
calibration. Analyze a successful system blank. 

 
 

check the pressure of each canister and determine 
aliquot size of sample  

 
 

Set up the Entech M 7100 data system and load the 
samples onto the autosampler.  Set up the GC/MS data 
system 

 
 

Analyze the appropriate QC samples with each batch 
of samples. 

 
 

 Analyze the samples, performing canister dilutions as 
needed. 

 
 

Calculate the concentration of analytes in each 
canister. 
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Appendix  III: Example Instrument parameters 
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Appendix  III: Example Instrument parameters (continued) 
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Appendix IV: Recommended Calibration levels (based on 200 mL sample analysis) 

                                                      Level, ppb v/v1 
Compound IS Ref2 1 2 3 4 5 6 7 8 9 
Bromochlormethane (IS#1) NA 10 10 10 10 10 10 10 10 10 
1,4-Difluorobenzene (IS#2) NA 10 10 10 10 10 10 10 10 10 
Chlorobenzene-d5 (IS#3) NA 10 10 10 10 10 10 10 10 10 
4-Bromofluorobenzene 3 10 10 10 10 10 10 10 10 10 
Chlorodifluoromethane        1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Propene                      1 - - 0.4 0.8 2.5 5.0 10 20 40 
Dichlorodifluoromethane       1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Chloromethane                 1 - - 0.4 0.8 2.5 5.0 10 20 40 
1,2-Dichlorotetrafluoroethane 1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Vinyl Chloride                1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
n-Butane                      1 - - 0.4 0.8 2.5 5.0 10 20 40 
1,3-Butadiene                 1 - - 0.4 0.8 2.5 5.0 10 20 40 
Bromomethane                  1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Chloroethane                  1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Vinyl Bromide                 1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
2-methyl butane               1 - - 0.4 0.8 2.5 5.0 10 20 40 
Trichlorofluoromethane        1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Acrolein                      1 - - 0.4 0.8 2.5 5.0 10 20 40 
Acetonitrile                   1 - - - 0.8 2.5 5.0 10 20 40 
Acetone                       1 - - - - 2.5 5.0 10 20 40 
Pentane                       1 - - - 0.8 2.5 5.0 10 20 40 
Isopropyl Alcohol             1 - - - 0.8 2.5 5.0 10 20 40 
Ethyl Ether                   1 - - - 0.8 2.5 5.0 10 20 40 
1,1-Dichloroethene            1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Acrylonitrile                  1 - - - 0.8 2.5 5.0 10 20 40 
tert-butanol                  1 - - - 0.8 2.5 5.0 10 20 40 
1,1,2-Trichlorotrifluoroethane 1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Methylene Chloride            1 - - 0.4 0.8 2.5 5.0 10 20 40 
3-Chloropropene               1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Carbon Disulfide              1 - - 0.4 0.8 2.5 5.0 10 20 40 
trans-1,2-Dichloroethene      1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Methyl-t-Butyl Ether          1 - - - 0.8 2.5 5.0 10 20 40 
1,1-Dichloroethane            1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Vinyl Acetate                 1 - - - 0.8 2.5 5.0 10 20 40 
Hexane                        1 - - 0.4 0.8 2.5 5.0 10 20 40 
2-Butanone                    1 - - - 0.8 2.5 5.0 10 20 40 
cis 1,2-Dichloroethene        1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Ethyl Acetate                 1 - - - 0.8 2.5 5.0 10 20 40 
Chloroform                    1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Tetrahydrofuran               1 - - - 0.8 2.5 5.0 10 20 40 
1,1,1-Trichloroethane         1 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
1,2-Dichloroethane            2 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Benzene                       2 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
1-Butanol                     2 - - - 0.8 2.5 5.0 10 20 40 
Cyclohexane                   2 - - 0.4 0.8 2.5 5.0 10 20 40 
Trichloroethene               2 0.1 0.2 0.4 0.8 2.5 5.0 10 20 40 
Dibromomethane                2 - - 0.4 0.8 2.5 5.0 10 20 40 

 
1 See section 10.3.11. 
2 Internal standard quantitation reference. 
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                                                       Level, ppb v/v1 
Compound IS Ref2 1 2 3 4 5 6 7 8 9 
Carbon tetrachloride 2 0.1 0.2 0.4 0.8 2.5 5.0 10 20 40 
2,2,4-trimethyl pentane 2 - - 0.4 0.8 2.5 5.0 10 20 40 
n-heptane 2 - - 0.4 0.8 2.5 5.0 10 20 40 
1,2-dichloropropane 2 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Bromodichloromethane       2 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
1,4-dioxane                   2 - - 0.4 0.8 2.5 5.0 10 20 40 
Methyl Methacrylate           2 - - 0.4 0.8 2.5 5.0 10 20 40 
4-Methyl-2-pentanone        2 - - 0.4 0.8 2.5 5.0 10 20 40 
cis-1,3-Dichloropropene      2 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
trans-1,3-Dichloropropene  3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Toluene                       3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
1,1,2-Trichloroethane         3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
2-Hexanone                    3 - - 0.4 0.8 2.5 5.0 10 20 40 
Octane                        3 - - 0.4 0.8 2.5 5.0 10 20 40 
Dibromochloromethane       3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
1,2-Dibromoethane             3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Tetrachloroethene             3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Chlorobenzene                 3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Ethylbenzene                  3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
m&p-Xylene                    3 0.2 0.4 0.8 1.6 5.0 10 10 20 40 
Bromoform                     3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Nonane                        3 - - 0.4 0.8 2.5 5.0 10 20 40 
Styrene                       3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
o-Xylene                      3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
1,1,2,2-Tetrachloroethane   3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
1,2,3-Trichloropropane        3 - - 0.4 0.8 2.5 5.0 10 20 40 
Cumene                        3 - - 0.4 0.8 2.5 5.0 10 20 40 
n-Propylbenzene               3 - - 0.4 0.8 2.5 5.0 10 20 40 
2-chlorotoluene               3 - - 0.4 0.8 2.5 5.0 10 20 40 
4-Ethyltoluene                3 - - 0.4 0.8 2.5 5.0 10 20 40 
1,3,5-Trimethylbenzene      3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Alpha-Methylstyrene           3 - - 0.4 0.8 2.5 5.0 10 20 40 
Decane                        3 - - - 0.8 2.5 5.0 10 20 40 
Tert-butylbenzene             3 - - 0.4 0.8 2.5 5.0 10 20 40 
1,2,4-Trimethylbenzene    3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
sec-butylbenzene              3 - - 0.4 0.8 2.5 5.0 10 20 40 
1,3-Dichlorobenzene         3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
Benzyl chloride 3 - - 0.4 0.8 2.5 5.0 10 20 40 
1,4-Dichlorobenzene         3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
p-Cymene                      3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
1,2-Dichlorobenzene         3 - 0.2 0.4 0.8 2.5 5.0 10 20 40 
n-butylbenzene                3 - - 0.4 0.8 2.5 5.0 10 20 40 
Undecane                      3 - - - 0.8 2.5 5.0 10 20 40 
Dodecane                      3 - - - 0.8 2.5 5.0 10 20 40 
1,2,4-Trichlorobenzene     3 - - - 0.8 2.5 5.0 10 20 40 
Napthalene                    3 - - 0.4 0.8 2.5 5.0 10 20 40 
Hexachlorobutadiene        3 - - - 0.8 2.5 5.0 10 20 40 
1,2,3-trichlorobenzene      3 - - - 0.8 2.5 5.0 10 20 40 

1 See section 10.3.11. 
2 Internal standard quantitation reference. 
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1. Scope and Application 

1.1. This attachment describes additional procedures that are employed in order to 
quantitate total petroleum hydrocarbon (TPH) as octane in the C5-C12 range in 
samples analyzed by TO-14A or TO-15.  See Appendix I, Table 1 for the list of 
target analytes and reporting limits. 

2. Summary of Method 

2.1. The TPH concentration is determined from all peak areas in the RIC summed from 
C5-C12 minus areas contributed by the surrogates and internal standards in the 
RIC. The final result is quantitated against the octane response factor obtained from 
the RIC in the TO-14/15 initial calibration. 

2.2. The compounds analyzed by this method are listed in Appendix 1, Table 1. 

3. Definitions 

3.1. RIC:  Reconstructed Ion Chromatogram 

4. Interferences 

4.1. Interferences in the RIC on the internal standard can cause a bias in the quantitation 
of TPH.  The analyst must be intimately familiar with the internal standard and 
surrogate peak shape, retention time, and uninterfered height/area in order to 
determine matrix bias.  Inspection of the RIC is required to ensure that there is no 
interference to the internal standards/surrogate in order to make appropriate 
decisions to remove or include the areas for calculation. 

4.2. Non-TPH peaks can contribute to a bias in the results.  Since it is not practical to 
examine every peak in the chromatogram, this method reports all peaks between C5 
and C12.  However, the advantage of TPH by GC/MS is that it allows the operator 
to tentatively identify extraneous peaks that could inflate the TPH values that may 
or may not be normally found in hydrocarbon mixtures.  If the operator is aware of 
non-TPH peaks are present (e.g. chlorinated solvents), the operator may elect to 
remove the area of the non-TPH peaks to provide a lower-biased result.  For 
example, a non-TPH peak may be present that would be cause to dilute a sample; in 
this case the non-TPH peak may be excluded and the sample would not have to be 
diluted. 

4.3. Instances of obvious bias must be narrated in the project case narrative. 
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5. Safety 

5.1. There are no additions to this section of the SOP. 

6. Equipment and Supplies 

6.1. There are no additions to this section of the SOP. 

7. Reagents and Standards 

7.1. Unleaded Gasoline Composite, Restek Catalogue Number 30205 or equivalent,  
50000 ug/mL in methanol. (Other stock standard concentrations may be used.) 

8. Sample Collection, Preservation and Storage 

8.1. There are no additions to this section of the SOP. 

9. Quality Control 

9.1. Internal/Surrogate Standards  

9.1.1. Internal standard 1,4-difluorobenzene RIC area is used for 
the quantitation of TPH.  In addition to the + 20 second RT 
time criteria in the SOP, the samples’ internal standard RIC 
area is compared to the daily calibration’s internal standard 
RIC area.  The limit is + 40% D.  If the recovery is outside 
40%, the internal standard RIC must be inspected for 
interferences.  If in the TO-14A/TO-15 analysis (which uses 
the internal standard quantitation ion for calculation) the 
internal standard recovery is within control, then the 
analysis is within control and matrix interferences are likely 
on the RIC.  If interferences are present, then the data is 
reported and narrated that matrix interferences are present 
which would bias the TPH results. 

9.1.2. Surrogate recovery is calculated and reported from the 
quantitation ion analysis described in the SOP. 

9.2. Laboratory Control Standard (LCS)  
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9.2.1. The LCS analytes of interest is the sum of the areas of 
toluene, octane, ethyl benzene, m/p-xylene, o-xylene and 
dodecane from the RIC of the daily calibration verification 
standard.  The sum of these individual peak areas are 
quantitated against the response factor of octane. The 
recovery of TPH LCS must be within 50-150%. 

10. Calibration and Standardization 

10.1. Initial Calibration 

10.1.1. Using the initial calibration standards and limits described 
in the SOP, octane is quantitated based on the response from 
the RIC.  (Upon client request hexane can be used). See 
Appendix IV of the TO-14A & TO-15 SOP for the 
recommended calibration amounts. 

10.1.2. The response factor of octane is obtained and entered into 
the appropriate Target processing methods for TPH in air. 

10.2. Daily Calibration Verification  

10.2.1. Using the daily calibration standard and limits described in 
the SOP, octane is quantitated based on the response from 
the RIC. 

11. Procedure 

11.1. The area of TPH is the sum of all the peaks in the RIC from pentane (- 0.05 
minutes) to dodecane (+ 0.05 minutes) minus all peak areas of internal standards 
and surrogates from the TO-14A & TO-15 analysis. 

11.2. Analyst must inspect the chromatograms for proper integration and interferences. 

11.3. Any individual TPH area that exceeds the area of octane in the high point of the 
calibration curve is considered over range and must be diluted by procedures 
described in the SOP.  Peaks that are determined not to be part of TPH (e.g. 
chlorinated solvents) are not reason to dilute the sample and the non-TPH area is 
subtracted from the total area for calculation. 

11.4. Samples that are initially diluted to obtain on-scale TO-14A/15 results are not 
analyzed more concentrated if TPH are not detected above the reporting limit. 
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12. Data Analysis and Calculations 

12.1. Response Factor (RF) octane to calculate TPH: 

   where: 
   Ax = area of octane from the RIC. 

  Ais = area of 1,4-difluorobenzene for the internal standard from 
the RIC. 

   Cx = concentration amount of octane in ppb v/v. 
  Cis = amount of the internal standard (1,4-difluorobenzene) in 

ppb v/v. 

12.2. TPH concentration in samples is calculated using the average response factor of 
octane from the initial calibration of the RIC.  

 
In the formulas presented in the SOP, replace the following  

 
Rx = TPH RIC area of pentane (C5) -0.05 min. to dodecane (C12) + 

0.05 min. 
Ris = internal standard RIC area 
RF = Response factor of octane obtained from initial calibration RIC 

12.3. Estimated values below the reporting limit are not reported for TPH. 

13. Method Performance 

13.1. Reporting Limit (RL) - An RL standard must be analyzed for TPH on each 
instrument per year. A RL standard of gasoline of a known concentration in a 
canister must be no greater than 2X the reporting limit.  The reporting limit 
standard must be at least 3X the area of the daily method blank. 

13.2. Initial Demonstration of Capability – Each analyst must perform an initial 
demonstration of capability (IDOC) to performing the analysis independently. The 
IDOC is determined by analyzing four replicates of gasoline of a known 
concentration in a canister as detailed in TestAmerica Knoxville SOP KNOX-QA-
0009.  Recovery limits must be 50-150% and RSD must be less than or equal to 
25%. 

 
 Cx * Ais

Cis * Ax = RF  
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14. Pollution Prevention 

14.1. There are no additions to this section of the SOP. 

15. Waste Management  

15.1. There are no additions to this section of the SOP. 

16. References 

16.1. Agency for Toxic Substances & Disease Registry, 
http://www.atsdr.cdc.gov/mhmi/mmg72.html  

17. Miscellaneous 

17.1. Appendix I: Table 1 Target Analyte   
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Appendix I: Table 1: Target Analytes  

  
CAS 

NUMBER 
TestAmerica Knoxville 

Compounds 
MOLECULAR 

WEIGHT 
(ng/nmole) 

conversion 
factor for 
ug/m3 = 

MW/24.45 

 200 mL 
REPORT-
ING LIMIT 
(ppb(v/v) 

200 mL 
REPORT-
ING LIMIT 
(ug/m3) 

 500 mL 
REPORT-
ING LIMIT 
(ppb(v/v) 

500 mL 
REPORT-
ING LIMIT 
(ug/m3) 

SUGGESTED 
ION 

n/a TPH (as octane)1 1082 4.41718 10 44 4 17 RIC 

1 – TPH may also be reported based on another reference peak, e.g., TPH as hexane. 
2 – The average molecular weight of gasoline is taken from http://www.atsdr.cdc.gov/mhmi/mmg72.html 
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