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METHOD TO-9A

Determination Of Polychlorinated, Polybrominated And
Brominated/Chlorinated Dibenzo-p-Dioxins
And Dibenzofurans In Ambient Air

1. Scope

1.1 This document describes a sampling and analysis method for the quantitative determination of
polyhalogenated dibenzo-p-dioxins and dibenzofurans (PHDDs/PHDFs) in ambient air, which include the
polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs/PCDFs), polybrominated dibenzo-p-dioxins and
dibenzofurans (PBDDs/PBDFs), and bromo/chloro dibenzo-p-dioxins and dibenzofurans (BCDDs/BCDFs). The
method uses a high volume air sampler equipped with a quartz-fiber filter and polyurethane foam (PUF)
adsorbent for sampling 325 to 400 m*® ambient air in a 24-hour sampling period. Analytical procedures based
on high resolution gas chromatography-high resolution mass spectrometry (HRGC-HRMS) are used for analysis
of the sample.

1.2 The sampling and analysis method was evaluated using mixtures of PHDDs and PHDFs, including the
2,3,7,8-substituted congeners (1,2). It has been used extensively in the U.S. Environmental Protection Agency
(EPA) ambient air monitoring studies (3,4) for determination of PCDDs and PCDFs.

1.3 The method provides accurate quantitative data for tetra- through octa-PCDDs/PCDFs (total concentrations
for each isomeric series).

1.4 Specificity is attained for quantitative determination of the seventeen 2,3,7,8-substituted PCDDs/PCDFs and
specific 2,3,7,8-substituted PBDD/PBDF and BCDD/BCDF congeners.

1.5 Minimum detection limits (MDLs) in the range of 0.01 to 0.2 picograms/meter* (pg/m’) can be achieved for
these compounds in ambient air.

1.6 Concentrations as low as 0.2 pg/m® can be accurately quantified.

1.7 The method incorporates quality assurance/quality control (QA/QC) measures in sampling, analysis, and
evaluation of data.

1.8 The analytical procedures also have been used for the quantitative determination of these types of compounds
in sample matrices such as stack gas emissions, fly ash, soil, sediments, water, and fish and human tissue (5-9).

1.9 The method is similar to methods used by other EPA, industry, commercial, and academic laboratories for
determining PCDDs and PCDFs in various sample matrices (10-25). This method is an update of the original
EPA Compendium Method TO-9, originally published in 1989 (26).

1.10 The method does not separately quantify gaseous PHDDs and PHDFs and particulate-associated PHDDs
and PHDFs because some of the compounds volatilize from the filter and are collected by the PUF adsorbent.
For example, most of the OCDD is collected by the filter and most of the TCDDs are collected by the PUF during
sampling. PCDDs/PCDFs may be distributed between the gaseous and particle-adsorbed phases in ambient air.
Therefore, the filter and PUF are combined for extraction in this method.
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1.11 The sampling and analysis method is very versatile and can be used to determine other brominated and
brominated/chlorinated dioxins and furans in the future when more analytical standards become available for use
in the method. A recent modification of the sample preparation procedure provides the capability required to
determine PCDDs, PCDFs, PCBs, and PAHs in the same sample (27).

2. Summary of Method

2.1 Quartz-fiber filters and glass adsorbent cartridges are pre-cleaned with appropriate solvents and dried in a
clean atmosphere. The PUF adsorbent plugs are subjected to 4-hour Soxhlet extraction using an oversized
extractor to prevent distortion of the PUF plug. The PUF plugs are then air dried in a clean atmosphere and
installed in the glass cartridges. A 50 microliter (xL) aliquot of a 16 picogram/microliter (pg/uL) solution of
¥1C1,-2,3,7,8-TCDD is spiked to the PUF in the laboratory prior to field deployment. (Different amounts and
additional '*C,,-labeled standards such as '*C,,-1,2,3,6,7,8-HXCDF may also be used if desired.) The cartridges
are then wrapped in aluminum foil to protect from light, capped with Teflon® end caps, placed in a cleaned
labeled shipping container, and tightly sealed with Teflon® tap until needed.

2.2 For sampling, the quartz-fiber filter and glass cartridge containing the PUF are installed in the high-volume
air sampler.

2.3 The high-volume sampler is then immediately put into operation, usually for 24 hours, to sample 325 to
400 m® ambient air.

[Note: Significant losses were not detected when duplicate samplers were operated 7 days and sampled 2660
m’ ambient air (1-4).]

2.4 The amount of ambient air sampled is recorded at the end of the sampling session. Sample recovery involves
placing the filter on top of the PUF. The glass cartridge is then wrapped with the original aluminum foil, capped
with Teflon® end caps, placed back into the original shipping container, identified, and shipped to the analytical
laboratory for sample processing.

2.5 Sample preparation typically is performed on a "set" of 12 samples, which consists of 9 test samples, a field
blank, a method blank, and a matrix spike.

2.6 The filter and PUF are combined for sample preparation, spiked with 9 *C,,-labeled PCDD/PCDF and 4
PBDD/PBDF internal standards (28), and Soxhlet extracted for 16 hours. The extract is subjected to an acid/base
clean-up procedure followed by clean-up on micro columns of silica gel, alumina, and carbon. The extract is then
spiked with 0.5 ng *C,,-1,2,3,4-TCDD (to determine extraction efficiencies achieved for th€ ¢ -labeled
internal standards) and then concentrated to 10 #L for HRGC-HRMS analysis in a 1 mL conical reactivial.

2.7 The set of sample extracts is subjected to HRGC-HRMS selected ion monitoring (SIM) analysis using a 60-
m DB-5 or 60-m SP-2331 fused silica capillary column to determine the sampler efficiency, extraction efficiency,
and the concentrations or the MDLs achieved for the PHDDs/PHDFs (28). Defined identification criteria and
QA/QC criteria and requirements are used in evaluating the analytical data. The analytical results along with the
volume of air sampled are used to calculate the concentrations of the respective tetra- through octa-isomers, the
concentrations of the 2,3,7,8-chlorine or -bromine substituted isomers, or the MDLs. The concentrations and/or
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MDLs are reported in pg/m®. The EPA toxicity equivalence factors (TEFs) can be used to calculate the 2,3,7,8-
TCDD toxicity equivalents (TEQs) concentrations, if desired (18).

3. Significance

3.1 The PHDDs and PHDFs may enter the environment by two routes: (1) manufacture, use and disposal of
specific chemical products and by-products and (2) the emissions from combustion and incineration processes.
Atmospheric transport is considered to be a major route for widespread dispersal of these compounds in stack
gas emissions throughout the environment. The PCDDs/PCDFs are found as complex mixtures of all isomers
in emissions from combustion sources. The isomer profiles of PCDDs/PCDFs found in ambient air are similar
to those found in combustion sources. Isomer profiles of PCDDs/PCDFs related to chemical products and by-
products are quite different in that only a few specific and characteristic isomers are detectable, which clearly
indicate they are not from a combustion source.

3.2 The 2,3,7,8-substituted PCDDs/PCDFs are considered to be the most toxic isomers. Fortunately, they
account for the smallest percentage of the total PCDD/PCDF concentrations found in stack gas emissions from
combustion sources and in ambient air. The 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), 1 of 22 TCDD
isomers and the most toxic member of PCDDs/PCDFs, is usually found as a very minor component in stack gas
emissions (0.5 to 10 percent of total TCDD concentration) and is seldom found in ambient air samples. All of
the 2,3,7,8-substituted PCDDs/PCDFs are retained in tissue of life-forms such as humans, fish, and wildlife, and
the non 2,3,7,8-substituted PCDDs/PCDFs are rapidly metabolized and/or excreted.

3.3 Attention has been focused on determining PHDDs/PHDFs in ambient air only in recent years. The analyses
are time-consuming, complex, difficult, and expensive. Extremely sensitive, specific, and efficient analytical
procedures are required because the analysis must be performed for very low concentrations in the pg/m’ and sub
pg/m’® range. The MDLs, likewise, must be in the range of 0.01 to 0.2 pg/m’ for the results to have significant
meaning for ambient air monitoring purposes. The background level of total PCDDs/PCDFs detected in ambient
air is usually in the range of 0.5 to 3 pg/m’, and the PBDFs is in the range of 0.1 to 0.2 pg/m® (2,3,14). Because
PCDDs/PCDFs, PBDDs/PBDFs, and BCDDs/BCDFs can be formed by thermal reactions, there has been an
increasing interest in ambient air monitoring, especially in the vicinities of combustion and incineration processes
such as municipal waste combustors and resource recovery facilities (19,20). PBDDs/PBDFs can be created
thermally (22,23), and they may also be formed in certain chemical processes (21). BCDDs/BCDFs have been
detected in ash from combustion/incineration processes (9). The sampling and analysis method described here
can be used in monitoring studies to accurately determine the presence or absence of pg/m’® and sub pg/m’ levels
of these compounds in ambient air (26,27).

4. Safety

4.1 The 2,3,7,8-TCDD and other 2,3,7,8-chlorine or bromine substituted isomers are toxic and can pose health
hazards if handled improperly. Techniques for handling radioactive and infectious materials are applicable to
2,3,7,8-TCDD and the other PHDDs and PHDFs. Only highly trained individuals who are thoroughly versed in
appropriate laboratory procedures and familiar with the hazards of 2,3,7,8-TCDD should handle these substances.
A good laboratory practice involves routine physical examinations and blood checks of employees working with
2,3,7,8-TCDD. It is the responsibility of the laboratory personnel to ensure that safe handling procedures are
employed.
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4.2 The toxicity or carcinogenicity of the other penta-, hexa-, hepta-, and octa-PHDDs/PHDFs with chlorine or
bromine atoms in positions 2,3,7,8 are known to have similar, but lower, toxicities. However, each compound
should be treated as a potential health hazard and exposure to these compounds must be minimized.

4.3 While the procedure specifies benzene as the extraction solution, many laboratories have substituted toluene
for benzene (28). This is due to the carcinogenic nature of benzene. The EPA is presently studying the
replacement of benzene with toluene.

4.4 A laboratory should develop a strict safety program for working with these compounds, which would include
safety and health protocols; work performed in well ventilated and controlled access laboratory; maintenance of
current awareness file of OSHA regulations regarding the safe handling of chemicals specified in the method;
protective equipment; safety training; isolated work area; waste handling and disposal procedures;
decontamination procedures; and laboratory wipe tests. Other safety practices as described in EPA Method 613,
Section 4, July 1982 version, EPA Method 1613 Revision A, April 1990, Office of Water and elsewhere (29,30).

5. Applicable Documents
5.1 ASTM Standards

» Method D1365 Definitions of Terms Relating to Atmospheric Sampling and Analysis.
» Method E260 Recommended Practice for General Gas Chromatography Procedures.
» Method E355 Practice for Gas Chromatography Terms and Relationships.

5.2 EPA Documents

o Quality Assurance Handbook for Air Pollution Measurement Systems, Volume II, U. S. Environmental
Protection Agency, EPA 600/R-94-038b, May 1994.

s Protocol for the Analysis of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin by High Resolution Gas
Chromatography-High Resolution Mass Spectrometry, U. S. Environmental Protection Agency,
EPA 600/40-86-004, January 1986.

+ "Evaluation of an EPA High Volume Air Sampler for Polychlorinated Dibenzo-p-Dioxins and
Polychlorinated Dibenzofurans," undated report by Battelle under Contract No. 68-02-4127, Project Officers
Robert G. Lewis and Nancy K. Wilson, U. S. Environmental Protection Agency, Research Triangle Park,
North Carolina.

» Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air:
Method TO-9, Second Supplement, U. S. Environmental Protection Agency, EPA 600/4-89-018,
March 1989.

« Technical Assistance Document for Sampling and Analysis of Toxic Organic Compounds in Ambient
Air, U. S. Environmental Protection Agency, EPA 600/4-83-027, June 1983.

+ "Analytical Procedures and Quality Assurance for Multimedia Analysis of Polychlorinated Dibenzo-p-
Dioxins and Dibenzofurans by High Resolution Gas Chromatography - Low Resolution Mass Spectrometry,"
U. S. Environmental Protection Agency/OSW, SW-846, RCRA 8280 HRGC-LRMS, January 1987.

* "Analytical Procedures and Quality Assurance for Multimedia Analysis of Polychlorinated Dibenzo-p-
Dioxins and Dibenzofurans by High Resolution Gas Chromatography - High Resolution Mass Spectrometry,"
U. S. Environmental Protection Agency/OSW, SW-846, RCRA 8290 HRGC-HRMS, June 1987.
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+ Harless, R., "Analytical Procedures and Quality Assurance Plan for the Determination of PCDDs and
PCDFs Ambient Air near the Rutland, Vermont Municipal Incinerator," Final Report, U. S. Environmental
Protection Agency, AREAL, RTP, NC, 1988.

* Feasibility of Environmental Monitoring and Exposure Assessment for a Municipal Waste Combustor:
Rutland, Vermont Pilot Study, U. S. Environmental Protection Agency, EPA 600/8-91/007, March 1991.
+ "Method 23, Determination of Polychlorinated Dibenzo-p-Dioxins (PCDDs) and Dibenzofurans (PCDFs)
from Stationary Sources." Federal Register, Vol. 56, No. 30, February 13, 1991.

* Method 1613 Tetra- through Octa-Chlorinated Dioxins and Furans by Isotope Dilution HRGC-HRMS,
U. S. Environmental Protection Agency, Office of Solid Waste, Washington, DC, April 1990.

5.3 Other Documents

+ "Operating Procedures for Model PS-1 Sampler," Graseby/General Metal Works, Inc., Village of Cleves,
OH 45002 (800-543-7412).

* "Chicago Air Quality: PCB Air Monitoring Plan, Phase 2," IEAP/APC/86-011, Illinois Environmental
Protection Agency, Division of Air Pollution Control, April 1986.

« "Operating Procedures for the Thermo Environmental Semi-volatile Sampler," Thermo Environmental
Instruments, Inc. (formerly Wedding and Associates), 8 West Forge Parkway, Franklin, MA 02038 (508-520-
0430).

6. Definitions

[Note: Definitions used in this document and any user-prepared Standard Operating Procedures (SOPs)
should be consistent with those used in ASTM D1356. All abbreviations and symbols are defined within this
document at the point of first use.]

6.1 Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs)—compounds
that contain from 1 to 8 chlorine atoms, resulting in a total of 75 PCDDs and 135 PCDFs. The structures are
shown in Figure 1. The numbers of isomers at different chlorination levels are shown in Table 1. The seventeen
2,3,7,8-substituted PCDDs/PCDFs are shown in Table 2.

6.2 Polybrominated dibenzo-p-dioxins (PBDDs) and polybrominated dibenzofurans (PBDFs)—compounds
that have the same structure and contain from 1 to 8 bromine atoms, resulting in a total of 75 PBDDs and 135
PBDFs. The structures and isomers are the same as those of the PCDDs/PCDFs shown in Figure 1 and Tables 1
and 2.

6.3 Brominated/chlorinated dibenzo-p-dioxins (BCDDs) and brominated/chlorinated dibenzofurans
(BCDFs)—compounds with the same structures and may contain from 1 to 8 chlorine and bromine atoms,
resulting in 1550 BCDD congeners and 3050 BCDF congeners.

6.4 Polyhalogenated dibenzo-p-dioxins (PHDDs) and polyhalogenated dibenzofurans (PHDFs)—dibenzo-
p-dioxins and dibenzofurans substituted with 1 or more halogen atoms.

6.5 Isomer—compounds having the sample number and type of halogen atoms, but substituted in different
positions. For example, 2,3,7,8-TCDD and 1,2,3,4-TCDD are isomers. Additionally, there are 22 isomers that
constitute the homologues of TCDDs.
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6.6 Isomeric group—a group of dibenzo-p-dioxins or dibenzofurans having the same number of halogen atoms.
For example, the tetra-chlorinated dibenzo-p-dioxins.

6.7 Internal Standard—is an isotopically-labeled analog that is added to all samples, including method blanks
(process and field) and quality control samples, before extraction. They are used along with response factors to
measure the concentration of the analytes. Nine PCDD/PCDF and 4 PBDD/PBDF internal standards are used
in this method. There is one for each of the chlorinated dioxin and furan isomeric groups with a degree of
halogenation ranging from four to eight, with the exception of OCDF.

6.8 High-Resolution Calibration Solutions (see Table 3)—solutions in tridecane containing known amounts
of 17 selected PCDDs and PCDFs, 9 internal standards (‘*C,,-labeled PCDDs/PCDFs), 2 field standards, 4
surrogate standards, and 1 recovery standard. The set of 5 solutions is used to determine the instrument response
of the unlabeled analytes relative to the '*C,,-labeled interal standards and of the '>C,,-labeled internal standards
relative to the surrogate, field and recovery standards. Different concentrations and other standards may be used,
if desired. Criteria for acceptable calibration as outlined in Section 13.5 should be met in order to use the analyte
relative response factors.

6.9 Sample Fortification Solutions (see Table 4)—solutions (in isooctane) containing the *C,,-labeled internal
standards that are used to spike all samples, field blanks, and process blanks before extraction. Brominated
standards used only when desired.

6.10 Recovery Standard Solution (see Table 5)}—Recovery Standard Solution (see Table 5)—an isooctane
solution containing the '*C,,-1,2,3,4-TCDD (**C,,-2,3,7,8,9-HxDD optional) recovery standards that are added
to the extract before final concentration for HRGC-HRMS analysis to determine the recovery efficiencies
achieved for the *C,,-labeled internal standards.

6.11 Air Sampler Field Fortification Solution (see Table 6)—an isooctane solution containing the *’Cl,-
2,3,7,8-TCDD standard that is spiked to the PUF plugs prior to shipping them to the field for air sampling.

6.12 Surrogate Standard Solution (see Table 7)—an isooctane solution containing 4 'C,,-labeled standards
that may be spiked to the filter or PUF prior to air sampling, to the sample prior to extraction, or to the sample
extract before cleanup or before HRGC-HRMS analysis to determine sampler efficiency method efficiency or
for identification purposes (28). Other standards and different concentrations may be used, if desired.

6.13 Matrix Spike and Method Spike Solutions (see Table 8)—isooctane solutions of native (non-labeled)
PCDDs and PCDFs and PBDDs and PBDFs that are spiked to a clean PUF prior to extraction.

6.14 Sample Set—consists of nine test samples, field blank, method blank, and matrix spiked with native
PHDDs/PHDFs. Sample preparation, HRGC-HRMS analysis, and evaluation of data is performed on a sample
set.

6.15 Lab Control Spike—standard that is prepared during sample preparation and that contains exactly the
same amounts of all of the labeled and unlabeled standards that were used in extraction and cleanup of the sample
set for HRGC-HRMS analysis.
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6.16 Field Blank—consists of a sample cartridge containing PUF and filter that is spiked with the filed
fortification solution, shipped to the field, installed on the sampler, and passively exposed at the sampling area
(the sampler is not operated). It is then sealed and returned to the laboratory for extraction, cleanup, and
HRGC-HRMS analysis. It is treated in exactly the same manner as a test sample. A field blank is processed with
each sampling episode. The field blank represents the background contributions from passive exposure to
ambient air, PUF, quartz fiber filter, glassware, and solvents.

6.17 Laboratory Method Blank—represents the background contributions from glassware, extraction and
cleanup solvents. A Soxhlet extractor is spiked with a solution of ’C,,-labeled internal standards, extracted,
cleaned up, and analyzed by HRGC-HRMS in exactly the same manner as the test samples.

6.18 Solvent Blank—an aliquot of solvent (the amount used in the method) that is spiked with the *C,,-labeled
internal standards and concentrated to 60 uL for HRGC-HRMS analysis. The analysis provides the background
contributions from the specific solvent.

6.19 GC Column Performance Evaluation Solution (see Table 9)—a solution containing a mixture of
selected PCDD/PCDF isomers, including the first and last chromatographic eluters for each isomeric group. Used
to demonstrate continued acceptable performance of the capillary column and to define the PCDD/PCDF
retention time windows. Also includes a mixture of tetradioxin isomers that elute closest to 2,3,7,8-TCDD.

6.20 QA/QC Audit Samples—samples of PUF that contain known amounts of unlabeled PCDDS and PCDFs.
These samples are submitted as "blind" test samples to the analytical laboratory. The analytical results can then
be used to determine and validate the laboratory's accuracy, precision and overall analytical capabilities for
determination of PCDDs/PCDFs.

6.21 Relative Response Factor—response of the mass spectrometer to a known amount of an analyte relative
to a known amount of a labeled internal standard.

6.22 Method Blank Contamination—the method blank should be free of interferences that affect the
identification and quantification of PHDDs and PHDFs. A valid method blank is an analysis in which all internal
standard signals are characterized by S/N ratio greater than 10:1 and the MDLs are adequate for the study. The
set of samples must be extracted and analyzed again if a valid method blank cannot be achieved.

6.23 Sample Rerun—additional cleanup of the extract and reanalysis of the extract.
6.24 Extract Reanalysis—analysis by HRGC-HRMS of another aliquot of the final extract.

6.25 Mass Resolution Check—a standard method used to demonstrate a static HRMS resolving power of
10,000 or greater (10 percent valley definition).

6.26 Method Calibration Limits (MCLs)—for a given sample size, a final extract volume, and the lowest and
highest calibration solutions, the lower and upper MCLs delineate the region of quantitation for which the
HRGC-HRMS system was calibrated with standard solutions.

6.27 HRGC-HRMS Solvent Blank—a 1 or 2 uL aliquot of solvent that is analyzed for tetra- through octa-
PCDDs and PCDFs following the analysis of a sample that contains high concentrations of these compounds.

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 9A-7



Method TO-9A Dioxins and Furans

An acceptable solvent blank analysis (free of PHDDs/PHDFs) should be achieved before continuing with analysis
of the test samples.

6.28 Sampler Spike (SS)—a sampler that is spiked with known amounts of the air sampler field fortification
solution (see Table 6) and the matrix spike solutions (see Table 8) prior to operating the sampler for 24 hours
to sample 325-400 std m* ambient air. The results achieved for this sample can be used to determine the
efficiency, accuracy and overall capabilities of the sampling device and analytical method.

6.29 Collocated Samplers (CS)—two samplers installed close together at the same site that can be spiked with
known amounts of the air sampler field fortification solution (see Table 6) prior to operating the samplers for 24
hours to sample 325-400 std m*> ambient air. The analytical results for these two samples can be used to
determine and evaluate efficiency, accuracy, precision, and overall capabilities of the sampling device and
analytical method.

6.30 Congener—a term which refers to any one particular member of the same chemical family. As an example,
there are 75 congeners of chlorinated dibenzo-p-dioxins. A specific congener is denoted by unique chemical
notations. For example, 2,4,8,9-tetrachlorodibenzofuran is referred to as 2,4,8,9-TCDF.

6.31 Homologue—a term which refers to a group of structurally related chemicals that have the same degree
of chlorination. For example, there are eight homologues of CDDs, monochlorinated through octochlorinated.
Notation for homologous classes is as follows:

Class Acronym
Dibenzo-p-dioxin D
Dibenzofuran F
No. of halogens Acronym Example
1 M
2 D 2,4-DCDD
3 Tr
4 T 1,4,7,8-TCDD
5 Pe
6 Hx
7 Hp
8 (o)

1 through 8 CDDs and CDFs

7. Interferences And Contamination

7.1 Any compound having a similar mass and mass/charge (m/z) ratio eluting from the HRGC column within
+ 2 seconds of the PHDD/PHDF of interest is a potential interference. Also, any compound eluting from the
HRGC column in a very high concentration will decrease sensitivity in the retention time frame. Some commonly
encountered interferences are compounds that are extracted along with the PCDDs and PCDFs or other
PHDDs/PHDFs, e.g., polychlorinated biphenyls (PCBs), methoxybiphenyls, polychlorinated diphenylethers,
polychlorinated naphthalenes, DDE, DDT, etc. The cleanup procedures are designed to eliminate the majority
of these substances. The capillary column resolution and mass spectrometer resolving power are extremely
helpful in segregating any remaining interferences from PCDDs and PCDFs. The severity of an interference

Page 9A-8 Compendium of Methods for Toxic Organic Air Pollutants January 1999



Dioxins and Furans Method TO-9A

problem is usually dependent on the concentrations and the mass spectrometer and chromatographic resolutions.
However, polychlorinated diphenylethers are extremely difficult to resolve from PCDFs because they elute in
retention time windows of PCDFs, and their fragment ion resulting from the loss of 2 chlorine atoms is identical
to that of the respective PCDF. For example, the molecular ions of hexachlorodiphenylethers must be monitored
to confirm their presence or absence in the analysis for TCDFs. This requirement also applies to the other PCDFs
and PBDFs.

7.2 Since very low levels of PCDDs and PCDFs must be determined, the elimination of interferences is essential.
High purity reagents and solvents must be used, and all equipment must be scrupulously cleaned. All materials,
such as PUF, filter solvents, etc., used in the procedures are monitored and analyzed frequently to ensure the
absence of contamination. Cleanup procedures must be optimized and performed carefully to minimize the loss
of analyte compounds during attempts to increase their concentrations relative to other sample components. The
analytical results achieved for the field blank, method blank, and method spike in a "set" of samples is extremely
important in evaluating and validating the analytical data achieved for the test samples.

8. Apparatus

[Note: This method was developed using the PS-1 semi-volatile sampler provided by General Metal Works,
Village of Cleves, OH as a guideline. EPA has experience in use of this equipment during various field
monitoring programs over the last several years. Other manufacturers' equipment should work as well.
However, modifications to these procedures may be necessary if another commercially available sampler is
selected.]

8.1 High-Volume Sampler (see Figure 2). Capable of pulling ambient air through the filter/adsorbent cartridge
at a flow rate of approximately 8 standard cubic feet per minute (scfm) (0.225 std m*\min) to obtain a total
sample volume of greater than 325 scm over a 24-hour period. Major manufacturers are:

- Tisch Environmental, Village of Cleves, OH
- Andersen Instruments Inc., 500 Technology Ct., Smyma, GA
- Thermo Environmental Instruments, Inc., 8 West Forge Parkway, Franklin, MA

8.2 High-Volume Sampler Calibrator. Capable of providing multipoint resistance for the high-volume
sampler. Major manufacturers are:

- Tisch Environmental, Village of Cleves, OH
- Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
- Thermo Environmental Instruments, Inc., 8 West Forge Parkway, Franklin, MA

8.3 High Resolution Gas Chromatograph-High Resolution Mass Spectrometer-Data System
(HRGC-HRMS-DS)

8.3.1 The GC should be equipped for temperature programming and all of the required accessories, such as
gases and syringes, should be available. The GC injection port should be designed for capillary columns.
Splitless injection technique, on-column injections, or moving needle injectors may be used. It is important to
use the same technique and injection volume at all times.
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8.3.2 The HRGC-HRMS interface, if used, should be constructed of fused silica tubing or all glass or glass
lined stainless steel and should be able to withstand temperatures up to 340°C. The interface should not degrade
the separation of PHDD/PHDF isomers achieved by the capillary column. Active sites or cold spots in the
interface can cause peak broadening and peak tailing. The capillary column should be fitted directly into the
HRMS ion source to avoid these types of problems. Graphite ferrules can adsorb PHDDs/PHDFs and cause
problems. Therefore, Vespel® or equivalent ferrules are recommended.

8.3.3 The HRMS system should be operated in the electron impact ionization mode. The static resolving
power of the instrument should be maintained at 10,000 or greater (10% valley definition). The HRMS should
be operated in the selected ion monitoring (SIM) mode with a total cycle time of one second or less. Ata
minimum, the ions listed in Tables 10, 11, and 12 for each of the select ion monitoring (SIM) descriptors should
be monitored. It is important to use the same set of ions for both calibration and sample analysis.

8.3.4 The data system should provide for control of mass spectrometer, data acquisition, and data processing.
The data system should have the capability to control and switch to different sets of ions (descriptors/mass menus
shown in Tables 10, 11, and 12) at different times during the HRGC-HRMS SIM analysis. The SIM
traces/displays of ion signals being monitored can be displayed on the terminal in real time and sorted for
processing. Quantifications are reported based on computer generated peak areas. The data system should be
able to provide hard copies of individual ion chromatograms for selected SIM time intervals, and it should have
the capability to allow measurement of noise on the baseline. It should also have the capability to acquire mass-
spectral peak profiles and provide hard copies of the peak profiles to demonstrate the required mass resolution.

8.3.5 HRGC columns, such as the DB-5 (28) and SP-2331 fused silica capillary columns, and the operating
parameters known to produce acceptable results are shown in Tables 13 and 14. Other types of capillary columns
may also be used as long as the performance requirements can be successfully demonstrated.

9. Equipment And Materials
9.1 Materials for Sample Collection (see Figure 3a)

9.1.1 Quartz fiber filter. 102 millimeter bindless quartz microfiber filter, Whatman International Ltd,
QMA-4.

9.1.2 Polyurethane foam (PUF) plugs. 3-inch thick sheet stock polyurethane type (density 0.022 g/cm®).
The PUF should be of the polyether type used for furniture upholstery, pillows, and mattresses. The PUF
cylinders (plugs) shouid be slightly larger in diameter than the internal diameter of the cartridge. Sources of
equipment are Tisch Environmental, Village of Cleves, OH; University Research Glassware, 116 S. Merritt Mill
Road, Chapel Hill, NC; Thermo Environmental Instruments, Inc., 8 West Forge Parkway, Franklin, MA; Supelco,
Supelco Park, Bellefonte, PA; and SKC Inc., 334 Valley View Road, Eighty Four, PA (see Figure 3b).

9.1.3 Teflon® end caps. For sample cartridge. Sources of equipment are Tisch Environmental, Village of
Cleves, OH; and University Research Glassware, 116 S. Merritt Mill Road, Chapel Hill, NC (see Figure 3b).

9.1.4 Sample cartridge aluminum shipping containers. For sample cartridge shipping. Sources of
equipment are Tisch Environmental, Village of Cleves, OH; and University Research Glassware, 116 S. Merritt
Mill Road, Chapel Hill, NC (see Figure 3b).

9.1.5 Glass sample cartridge. For sample collection. Sources of equipment are Tisch Environmental,
Village of Cleves, OH; Thermo Environmental Instruments, Inc., 8 West Forge, Parkway, Franklin, MA; and
University Research Glassware, 116 S. Merritt Mill Road, Chapel Hill, NC (see Figure 3b).
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9.2 Laboratory Equipment

9.2.1 Laboratory hoods.

9.2.2 Drying oven.

9.2.3 Rotary evaporator. With temperature-controlled water bath.
9.2.4 Balances.

9.2.5 Nitrogen evaporation apparatus.

9.2.6 Pipettes. Disposal Pasteur, 150-mm long x 5-mm i.d.

9.2.7 Soxhlet apparatus. 500-mL.

9.2.8 Glass funnels.

9.2.9 Desiccator.

9.2.10 Solvent reservoir. 125-mL, Kontes, 12.35-cm diameter.
9.2.11 Stainless steel spoons and spatulas.

9.2.12 Glass wool. Extracted with methylene chloride, stored in clean jar.
9.2.13 Laboratory refrigerator.

9.2.14 Chromatographic columns.

9.2.15 Perfluorokerosenes.

9.3 Reagents and Other Materials

9.3.1 Sulfuric acid. Ultrapure, ACS grade, specific gravity 1.84, acid silica.

9.3.2 Sodium hydroxide. Potassium hydroxide, reagent grade, base silica.

9.3.3 Sodium sulfate.

9.3.4 Anhydrous, reagent grade.

9.3.5 Glass wool. Silanized, extracted with methylene chloride and hexane, and dried.

9.3.6 Diethyl ether. High purity, glass distilled.

9.3.7 Isooctane. Burdick and Jackson, glass-distilled.

9.3.8 Hexane. Burdick and Jackson, glass-distilled.

9.3.9 Toluene. Burdick and Jackson, glass-distilled, or equivalent.

9.3.10 Methylene chloride. Burdock and Jackson, chromatographic grade, glass distilled.

9,3.11 Acetone. Burdick and Jackson, high purity, glass distilled.

9.3.12 Tridecane. Aldrich, high purity, glass distilled.

9.3.13 Isooctane. Burdick and Jackson, high purity, glass distilled.

9.3.14 Alumina. Acid, pre-extracted (16-21 hours) and activated.

9.3.15 Silica gel. High purity grade, type 60, 70-230 mesh; extracted in a Soxhlet apparatus with methylene
chloride (see Section 8.18) for 16-24 hours (minimum of 3 cycles per hour) and activated by heating in a foil-
covered glass container for 8 hours at 130°C.

9.3.16 18 percent Carbopack C/Celite 545.

9.3.17 Methanol. Burdick and Jackson, high purity, glass distilled.

9.3.18 Nonane. Aldrich, high purity, glass distilled.

9.3.19 Benzene. High purity, glass distilled.
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9.4 Calibration Solutions and Solutions of Standards Used in the Method

9.4.1 HRGC-HRMS Calibration Solutions (see Table 3). Solutions containing '*C,,-labeled and
unlabeled PCDDs and PCDFs at known concentrations are used to calibrate the instrument. These standards can
be obtained from various commercial sources such as Cambridge Isotope Laboratories, SO Frontage Road,
Andover, MA 01810, 508-749-8000.

9.4.2 Sample Fortification Solutions (see Table 4). An isooctane solution (or nonane solution) containing
the *C,,-labeled PCDD/PCDF and PBDD/PBDF internal standards at the listed concentrations. The internal
standards are spiked to all samples prior to extraction and are used to measure the concentration of the unlabeled
native analytes and to determine MDLs.

9.4.3 Recovery Standard Spiking Solution (see Table 5). An isooctane solution containing *C,,-1,2,3,4-
TCDD at a concentration of 10 pg/uL. Additional recovery standards may be used if desired.

9.4.4 Sampler Field Fortification Solution (see Table 6). An isooctane solution containing 10 pg/uL
*1Cl,-2,3,7,8-TCDD.

9.4.5 Surrogate Standards Solution (see Table 7). An isooctane solution containing the four '>C,,-labeled
standards at a concentration of 100 pg/uL.

9.4.6 Matrix/Method Spike Solution (see Table 8). An isooctane solution containing the unlabeled
PCDDs/PCDFs and PBDDs/PBDFs at the concentrations listed.

[Note: All PHDD/PHDF solutions listed above should be stored in a refrigerator at less than or equal to 4°C
in the dark. Exposure of the solutions to light should be minimized.]

9.4.7 Column Performance Evaluation Solutions (see Table 9). Isooctane solutions of first and last
chromatographic eluting isomers for each isomeric group of tetra- through octa-CDDs/CDFs. Also includes a
mixture of tetradioxin isomers that elute closest to 2,3,7,8-TCDD.

10. Preparation Of PUF Sampling Cartridge
10.1 Summary of Method

10.1.1 This part of the procedure discusses pertinent information regarding the preparation and cleaning of
the filter, adsorbents, and filter/adsorbent cartridge assembly. The separate batches of filters and adsorbents are
extracted with the appropriate solvent.

10.1.2 At least one PUF cartridge assembly and one filter from each batch, or 10 percent of the batch,
whichever is greater, should be tested and certified before the batch is considered for field use.

10.1.3 Prior to sampling, the cartridges are spiked with surrogate compounds.

10.2 Preparation of Sampling Cartridge

10.2.1 Bake the quartz filters at 400°C for 5 hours before use.

10.2.2 Set aside the filters in a clean container for shipment to the field or prior to combining with the PUF
glass cartridge assembly for certification prior to field deployment.

10.2.3 The PUF plugs are 6.0-cm diameter cylindrical plugs cut from 3-inch sheet stock and should fit, with
slight compression, in the glass cartridge, supported by the wire screen (see Figure 2). During cutting, rotate the
die at high speed (e.g., in a drill press) and continuously lubricate with deionized or distilled water. Pre-cleaned
PUF plugs can be obtained from commercial sources (see Section 9.1.2).
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10.2.4 For initial cleanup, place the PUF plugs in a Soxhlet apparatus and extract with acetone for 16 hours
at approximately 4 cycles per hour. When cartridges are reused, use diethyl ether/hexane (5 to 10 percent
volume/volume [v/v]) as the cleanup solvent.

[Note: A modified PUF cleanup procedure can be used to remove unknown interference components of the
PUF blank. This method consists of rinsing 50 times with toluene, acetone, and diethyl ether/hexane (5 to
10 percent vi), followed by Soxhlet extraction. The extracted PUF is placed in a vacuum oven connected to
a water aspirator and dried at room temperature for approximately 2 to 4 hours (until no solvent odor is
detected). The extract from the Soxhlet extraction procedure from each batch may be analyzed to determine
initial cleanliness prior to certification.]

10.2.5 Fit a nickel or stainless steel screen (mesh size 200/200) to the bottom of a hexane-rinsed glass
sampling cartridge to retain the PUF adsorbents, as illustrated in Figure 2. Place the Soxhlet-extracted, vacuum-
dried PUF (2.5-cm thick by 6.5-cm diameter) on top of the screen in the glass sampling cartridge using polyester
gloves.

10.2.6 Wrap the sampling cartridge with hexane-rinsed aluminum foil, cap with the Teflon® end caps, place
in a cleaned labeled aluminum shipping container, and seal with Teflon® tape. Analyze at least 1 PUF plug from
each batch of PUF plugs using the procedures described in Section 10.3, before the batch is considered acceptable
for field use. A level of 2 to 20 pg for tetra-,penta-, and hexa- and 40 to 150 pg for hepta- and octa-CDDs similar
to that occasionally detected in the method blank (background contamination) is considered to be acceptable.
Background levels can be reduced further, if necessary. Cartridges are considered clean for up to 30 days from
date of certification when stored in their sealed containers.

10.3 Procedure for Certification of PUF Cartridge Assembly

10.3.1 Extract 1 filter and PUF adsorbent cartridge by Soxhlet extraction and concentrate using a Kuderna-
Danish (K-D) evaporator for each lot of filters and cartridges sent to the field.

10.3.2 Assemble the Soxhlet apparatus. Charge the Soxhlet apparatus with 300 mL of the extraction solvent
(10 percent v/v diethyl ether/hexane) and reflux for 2 hours. Let the apparatus cool, disassemble it, and discard
the used extraction solvent. Transfer the filter and PUF glass cartridge to the Soxhlet apparatus (the use of an
extraction thimble is optional).

[Note: The filter and adsorbent assembly are tested together in order to reach detection limits, to minimize
cost and to prevent misinterpretation of the data. Separate analyses of the filter and PUF would not yield
useful information about the physical state of most of the PHDDs and PHDFs at the time of sampling due to
evaporative losses from the filter during sampling.]

10.3.3 Add 300 mL of diethyl ether/hexane (10 percent v/v) to the Soxhlet apparatus. Reflux the sample
for 18 hours at a rate of at least 3 cycles per hour. Allow to cool; then disassemble the apparatus.

10.3.4 Assemble a K-D concentrator by attaching a 10-mL concentrator tube to a 500-mL evaporative flask.

10.3.5 Transfer the extract by pouring it through a drying column containing about 10 cm of anhydrous
granular sodium sulfate and collect the extract in the K-D concentrator. Rinse the Erlenmeyer flask and column
with 20 to 30 mL of 10 percent diethylether/hexane to complete the quantitative transfer.

10.3.6 Add 1 or 2 clean boiling chips and attach a 3-ball Snyder column to the evaporative flask. Pre-wet
the Snyder column by adding about 1 mL of the extraction solvent to the top of the column. Place the K-D
apparatus on a hot water bath (50°C) so that the concentrator tube is partially immersed in the hot water, and the
entire lower rounded surface of the flask is bathed with hot vapor. Adjust the vertical position of the apparatus
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and the water temperature as required to complete the concentration in one hour. At the proper rate of distillation,
the balls of the column will actively chatter but the chambers will not flood with condensed solvent. When the
apparent volume of liquid reaches approximately 5 mL, remove the K-D apparatus from the water bath and allow
it to drain and cool for at least 5 minutes. Remove the Snyder column and rinse the flask and its lower joint into
the concentrator tube with 5 mL of hexane. A 5-mL syringe is recommended for this operation.

10.3.7 Concentrate the extract to 1 mL, cleanup the extract (see Section 12.2.2), and analyze the final extract
using HRGC-HRMS.

10.3.8 The level of target compounds must be less than or equal to 2 to 20 pg for tetra-, penta-, and hexa-
and 40 to 150 pg for hepta- and octa-CDDs for each pair of filter and adsorbent assembly analyzed is considered
to be acceptable.

10.4 Deployment of Cartridges for Field Sampling

10.4.1 Prior to field deployment, add surrogate compounds (i.e., chemically inert compounds not expected
to occur in an environmental sample) to the center bed of the PUF cartridge, using a microsyringe. The surrogate
compounds (see Table 3) must be added to each cartridge assembly.

10.4.2 Use the recoveries of the surrogate compounds to monitor for unusual matrix effects and gross
sampling processing errors. Evaluate surrogate recovery for acceptance by determining whether the measured
concentration falls within the acceptance limits.

11. Assembly, Calibration And Collection Using Sampling System

[Note: This method was developed using the PS-1 semi-volatile sampler provided by General Metal Works,
Village of Cleves, OH as a guideline. EPA has experience in use of this equipment during various field
monitoring programs over the last several years. Other manufacturers' equipment should work as well.
However, modifications to these procedures may be necessary if another commercially available sampler is
selected.]

11.1 Description of Sampling Apparatus

The entire sampling system is diagrammed in Figure 1. This apparatus was developed to operate at a rate of 4
to 10 scfm (0.114 to 0.285 std m*/min) and is used by EPA for high-volume sampling of ambient air. The
method write-up presents the use of this device.

The sampling module (see Figure 2) consists of a filter and a glass sampling cartridge containing the PUF utilized
to concentrate dioxins/furans from the air. A field portable unit has been developed by EPA (see Figure 4).

11.2 Calibration of Sampling System

Each sampler should be calibrated (1) when new, (2) after major repairs or maintenance, (3) whenever any audit
point deviates from the calibration curve by more than 7 percent, (4) before/after each sampling event, and
(5) when a different sample collection media, other than that which the sampler was originally calibrated to, will
be used for sampling.

11.2.1 Calibration of Orifice Transfer Standard. Calibrate the modified high volume air sampler in the
field using a calibrated orifice flow rate transfer standard. Certify the orifice transfer standard in the laboratory
against a positive displacement rootsmeter (see Figure 5). Once certified, the recertification is performed rather
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infrequently if the orifice is protected from damage. Recertify the orifice transfer standard performed once per
year utilizing a set of five multiple resistance plates.

[Note: The set of five multihole resistance plates are used to change the flow through the orifice so that
several points can be obtained for the orifice calibration curve. The following procedure outlines the steps
to calibrate the orifice transfer standard in the laboratory.]

11.2.1.1 Record the room temperature (T, in °C) and barometric pressure (P, in mm Hg) on the Orifice
Calibration Data Sheet (see Figure 6). Calculate the room temperature in K (absolute temperature) and record
on Orifice Calibration Data Sheet.

T,inK=273°+T,in °C

11.2.1.2 Set up laboratory orifice calibration equipment as illustrated in Figure 5. Check the oil level of
the rootsmeter prior to starting. There are 3 oil level indicators, 1 at the clear plastic end and 2 site glasses, 1 at
each end of the measuring chamber.

11.2.1.3 Check for leaks by clamping both manometer lines, blocking the orifice with cellophane tape,
turning on the high volume motor, and noting any change in the rootsmeter's reading. If the rootsmeter’s reading
changes, there is a leak in the system. Eliminate the leak before proceeding. If the rootsmeter's reading remains
constant, turn off the hi-vol motor, remove the cellophane tape, and unclamp both manometer lines.

11.2.1.4 Install the 5-hole resistance plate between the orifice and the filter adapter.

11.2.1.5 Turn manometer tubing connectors 1 turn counter-clockwise. Make sure all connectors are open.

11.2.1.6 Adjust both manometer midpoints by sliding their movable scales until the zero point corresponds
with the meniscus. Gently shake or tap to remove any air bubbles and/or liquid remaining on tubing connectors.
(If additional liquid is required for the water manometer, remove tubing connector and add clean water.)

11.2.1.7 Turn on the high volume motor and let it run for 5 minutes to set the motor brushes. Tum the
motor off, Insure manometers are set to zero. Turn the high volume motor on.

11.2.1.8 Record the time, in minutes, required to pass a known volume of air (approximately 200 to 300 f
of air for each resistance plate) through the rootsmeter by using the rootsmeter's digital volume dial and a
stopwatch.

11.2.1.9 Record both manometer readings-orifice water manometer (aH) and rootsmeter mercury
manometer (aP) on Orifice Calibration Data Sheet (see Figure 6).

[Note: aH is the sum of the difference from zero (0) of the two column heights.]

11.2.1.10 Turn off the high volume motor.

11.2.1.11 Replace the 5-hole resistance plate with the 7-hole resistance plate.

11.2.1.12 Repeat Sections 11.2.1.3 through 11.2.1.11.

11.2.1.13 Repeat for each resistance plate. Note results on Orifice Calibration Data Sheet (see Figure 6).
Only a minute is needed for warm-up of the motor. Be sure to tighten the orifice enough to eliminate any leaks.
Also check the gaskets for cracks.

[Note: The placement of the orifice prior to the rootsmeter causes the pressure at the inlet of the rootsmeter
to be reduced below atmospheric conditions, thus causing the measured volume to be incorrect. The volume
measured by the rootsmeter must be corrected.]
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11.2.1.14 Correct the measured volumes on the Orifice Calibration Data Sheet:
P . AP T

= std
Vad = Vi (_Psm—)( T )

a

V.= standard volume, std m®

V,,= actual volume measured by the rootsmeter, m*

P,= barometric pressure during calibration, mm Hg

AP = differential pressure at inlet to volume meter, mm Hg
P, = 760 mm Hg

T,= ambient temperature during calibration, K.

11.2.1.15 Record standard volume on Orifice Calibration Data Sheet.
11.2.1.16 The standard flow rate as measured by the rootsmeter can now be calculated using the following
formula:

where:
Q.= standard volumetric flow rate, std m*/min
0= elapsed time, min

11.2.1.17 Record the standard flow rates to the nearest 0.01 std m*/min.
11.2.1.18 Calculate and record \/ aH (P,/P)(298/T,) value for each standard flow rate.

11.2.1.19Plot each ’/ aH (P,/P,;)(298/T,) value (y-axis) versus its associated standard flow rate (x-
axis) on arithmetic graph paper and draw a line of best fit between the individual plotted points.

[Note: This graph will be used in the field to determine standard flow rate.]

11.2.2 Calibration of the High Volume Sampling System Utilizing Calibrated Orifice Transfer
Standard

For this calibration procedure, the following conditions are assumed in the field:

» The sampler is equipped with an valve to control sample flow rate.

+ The sample flow rate is determined by measuring the orifice pressure differential, using a magnehelic
gauge.

+ The sampler is designed to operate at a standardized volumetric flow rate of 8 ft*/min (0.225 m*/min), with
an acceptable flow rate range within 10 percent of this value.

* The transfer standard for the flow rate calibration is an orifice device. The flow rate through the orifice
is determined by the pressure drop caused by the orifice and is measured using a "U" tube water
manometer or equivalent.

» The sampler and the orifice transfer standard are calibrated to standard volumetric flow rate units (scfm
or scmm).
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+ An orifice transfer standard with calibration traceable to NIST is used.
+ A "U" tube water manometer or equivalent, with a 0- to 16-inch range and a maximum scale division of
0.1 inch, will be used to measure the pressure in the orifice transfer standard.
« A magnehelic gauge or equivalent, with a 9- to 100-inch range and a minimum scale division of 2 inches
for measurements of the differential pressure across the sampler's orifice is used.
+ A thermometer capable of measuring temperature over the range of 32° to 122°F (0° to 50°C) to £2°F
(£1°C) and referenced annually to a calibrated mercury thermometer is used.
« A portable aneroid barometer (or equivalent) capable of measuring ambient barometric pressure between
500 and 800 mm Hg (19.5 and 31.5 in. Hg) to the nearest mm Hg and referenced annually to a barometer
of known accuracy is used.
« Miscellaneous handtools, calibration data sheets or station log book, and wide duct tape are available.
11.2.2.1 Monitor the airflow through the sampling system with a venturi/Magnehelic assembly, as
illustrated in Figure 7. Set up the calibration system as illustrated in Figure 7. Audit the field sampling system
once per quarter using a flow rate transfer standard, as described in the EPA High Volume-Sampling Method,
40 CVR 50, Appendix B. Perform a single-point calibration before and after each sample collection, using the
procedures described in Section 11.2.3.

11.2.2.2 Prior to initial multi-point calibration, place an empty glass cartridge in the sampling head and
activate the sampling motor. Fully open the flow control valve and adjust the voltage variator so that a sample
flow rate corresponding to 110 percent of the desired flow rate (typically 0.20 to 0.28 m°®/min) is indicated on the
Magnehelic gauge (based on the previously obtained multipoint calibration curve). Allow the motor to warm up
for 10 minutes and then adjust the flow control valve to achieve the desire flow rate. Turn off the sampler.
Record the ambient temperature and barometric pressure on the Field Calibration Data Sheet (see Figure 8).

11.2.2.3 Place the orifice transfer standard on the sampling head and attach a manometer to the tap on
the transfer standard, as illustrated in Figure 7. Properly align the retaining rings with the filter holder and secure
by tightening the three screw clamps. Connect the orifice transfer standard by way of the pressure tap to a
manometer using a length of tubing. Set the zero level of the manometer or magnehelic. Attach the magnehelic
gauge to the sampler venturi quick release connections. Adjust the zero (if needed) using the zero adjust screw
on face of the gauge.

11.2.2.4 To leak test, block the orifice with a rubber stopper, wide duct tape, or other suitable means. Seal
the pressure port with a rubber cap or similar device. Turn on the sampler.
Caution: Avoid running the sampler from too long a time with the orifice blocked. This precaution will
reduce the chance that the motor will be overheated due to the lack of cooling air. Such overheating can
shorten the life of the motor.

11.2.2.5 Gently rock the orifice transfer standard and listen for a whistling sound that would indicate a
leak in the system. A leak-free system will not produce an upscale response on the sampler's magnehelic. Leaks
are usually caused either by damaged or missing gaskets by cross-threading and/or not screwing sample cartridge
together tightly. All leaks must be eliminated before proceeding with the calibration. When the sample is
determined to be leak-free, tumn off the sampler and unblock the orifice. Now remove the rubber stopper or plug
from the calibrator orifice.

11.2.2.6 Turn the flow control valve to the fully open position and turn the sampler on. Adjust the flow
control valve until a Magnehelic reading of approximately 70 in. is obtained. Allow the Magnehelic and
manometer readings to stabilize and record these values on the Field Calibration Data Sheet (see Figure 8).

11.2.2.7 Record the manometer reading under Y1 and the Magnehelic reading under Y2 on the Field
Calibration Data Sheet. For the first reading, the Magnehelic should still be at 70 inches as set above.

11.2.2.8 Set the magnehelic to 60 inches by using the sampler’s flow control valve. Record the manometer
(Y1) and Magnehelic (Y2) readings on the Field Calibration Data Sheet.

11.2.2.9 Repeat the above steps using Magnehelic settings of 50, 40, 30, 20, and 10 inches.
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11.2.2.10 Turn the voltage variator to maximum power, open the flow control valve, and confirm that the
Magnehelic reads at least 100 inches. Tumn off the sampler and confirm that the magnehelic reads zero.
11.2.2.11 Read and record the following parameters on the Field Calibration Data Sheet. Record the
following on the calibration data sheet:
Data, job number, and operator's signature;
o Sampler serial number;
* Ambient barometric pressure; and
« Ambient temperature.
11.2.2.12 Remove the "dummy" cartridge and replace with a sample cartridge.
11.2.2.13 Obtain the Manufacturer High Volume Orifice Calibration Certificate.
11.2.2.14If not performed by the manufacturer, calculate values for each calibrator orifice static pressure
(Column 6, inches of water) on the manufacturer's calibration certificate using the following equation:

/=R T60)2981T, + 273))

where:
P, = the barometric pressure (mm Hg) at time of manufacturer calibration, mm Hg
T, = temperature at time of calibration, °C
11.2.2.15 Perform a linear regression analysis using the values in Column 7 of the manufacturer High
Volume Orifice Calibration Certificate for flow rate (Qsp) as the "X" values and the calculated values as the Y
values. From this relationship, determine the correlation (CC1), intercept (B1), and slope (M1) for the Orifice
Transfer Standard.
11.2.2.16 Record these values on the Field Calibration Data Sheet (see Figure 8).
11.2.2.17 Using the Field Calibration Data Sheet values (see Figure 8), calculate the Orifice Manometer
Calculated Values (Y3) for each orifice manometer reading using the following equation:

Y3 Calculation
Y3 = [Y1(P,/760)(298/{T, + 273})]*

11.2.2.18 Record the values obtained in Column Y3 on the Field Calibration Data Sheet (see Figure 8).
11.2.2.19 Calculate the Sampler Magnehelic Calculate Values (Y4) using the following equation:

Y4 Calculation
Y4 =[Y2(P,/760)(298/{T, + 273})]*
11.2.2.20 Record the value obtained in Column Y4 on the Field Calibration Data Sheet (see Figure 8).

11.2.2.21 Calculate the Orifice Flow Rate (X1) in scm, using the following equation:

X1 Calculation
%] - Y3 - BI
M1
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11.2.2.22 Record the values obtained in Column X1, on the Field Calibration Data Sheet (see Figure 8).

11.2.2.23 Perform a linear regression of the values in Column X1 (as X) and the values in Column Y4 (as
Y). Record the relationship for correlation (CC2), intercept (B2), and slope (M2) on the Field Calibration Data
Sheet.

11.2.2.24 Using the following equation, calculate a set point (SP) for the manometer to represent a desired
flow rate:

Set point (SP) = [(Expected P,)/(Expected T,)(T,u/Pya)][M2 (Desired flow rate) + B2)
where:

P, = Expected atmospheric pressure (P,), mm Hg
T,= Expected atmospheric temperature (T,), °C
M2 = Slope of developed relationship
B2 = Intercept of developed relationship
T,y= Temperature standard, 25°C
P,,= Pressure standard, 760 mm Hg

11.2.2.25 During monitoring, calculate a flow rate from the observed Magnehelic reading using the
following equations:

Y5 = [Average Magnehelic Reading (aH) (P/T T o/Pe)?

Y5 - B2
M2

X2=

where:

Y5 = Corrected Magnehelic reading
X2 = Instant calculated flow rate, scm

11.2.2.26 The relationship in calibration of a sampling system between Orifice Transfer Standard and
flow rate through the sampler is illustrated in Figure 9.
11.2.3 Single-Point Audit of the High Volume Sampling System Utilizing Calibrated Orifice Transfer
Standard
Single point calibration checks are required as follows:

» Prior to the start of each 24-hour test period.

« After each 24-hour test period. The post-test calibration check may serve as the pre-test calibration check
for the next sampling period if the sampler is not moved.

+ Prior to sampling after a sample is moved.

For samplers, perform a calibration check for the operational flow rate before each 24-hour sampling event and
when required as outlined in the user quality assurance program. The purpose of this check is to track the
sampler’s calibration stability. Maintain a control chart presenting the percentage difference between a sampler's
indicated and measured flow rates. This chart provides a quick reference of sampler flow-rate drift problems and
is useful for tracking the performance of the sampler. Either the sampler log book or a data sheet will be used
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to document flowcheck information. This information includes, but is not limited to, sampler and orifice transfer
standard serial number, ambient temperature, pressure conditions, and collected flow-check data.

In this subsection, the following is assumed:

* The flow rate through a sampler is indicated by the orifice differential pressure;

 Samplers are designed to operate at an actual flow rate of 8 scfm, with a maximum acceptable flow-rate
fluctuation range of +10 percent of this value;

* The transfer standard will be an orifice device equipped with a pressure tap. The pressure is measured
using a manometer; and

* The orifice transfer standard's calibration relationship is in terms of standard volumetric flow rate (Q,,y)-

11.2.3.1 Perform a single point flow audit check before and after each sampling period utilizing the
Calibrated Orifice Transfer Standard (see Section 11.2.1).

11.2.3.2 Prior to single point audit, place a "dummy" glass cartridge in the sampling head and activate the
sampling motor. Fully open the flow control valve and adjust the voltage variator so that a sample flow rate
corresponding to 110 percent of the desired flow rate (typically 0.19 to 0.28 m*/min) is indicated on the
Magnehelic gauge (based on the previously obtained multipoint calibration curve). Allow the motor to warm up
for 10 minutes and then adjust the flow control valve to achieve the desired flow rate. Turn off the sampler.
Record the ambient temperature and barometric pressure on a Field Test Data Sheet (see Figure 10).

11.2.3.3 Place the flow rate transfer standard on the sampling head.

11.2.3.4 Properly align the retaining rings with the filter holder and secure by tightening the 3 screw
clamps. Connect the flow rate transfer standard to the manometer using a length of tubing.

11.2.3.5 Using tubing, attach 1 manometer connector to the pressure tap of the transfer standard. Leave
the other connector open to the atmosphere.

11.2.3.6 Adjust the manometer midpoint by sliding the movable scale until the zero point corresponds with
the water meniscus. Gently shake or tap to remove any air bubbles and/or liquid remaining on tubing connectors.
(If additional liquid is required, remove tubing connector and add clean water.)

11.2.3.7 Turn on high-volume motor and let run for 5 minutes.

11.2.3.8 Record the pressure differential indicated, aH, in inches of water, on the Field Test Data Sheet.
Be sure stable aH has been established.

11.2.3.9 Record the observed Magnahelic gauge reading, in inches of water, on the Field Test Data Sheet.
Be sure stable AM has been established.

11.2.3.10  Using previous established Orifice Transfer Standard curve, calculate Q,, (see
Section 11.2.2.23).

11.2.3.11 This flow should be within %10 percent of the sampler set point, normally, 8 ft*. If not, perform
a new multipoint calibration of the sampler.

11.2.3.12 Remove Flow Rate Transfer Standard and dummy adsorbent cartridge.

11.3 Sample Collection

11.3.1 General Requirements
11.3.1.1 The sampler should be located in an unobstructed area, at least 2 meters from any obstacle to air
flow. The exhaust hose should be stretched out in the downwind direction to prevent recycling of air into the
sample head.
11.3.1.2 All cleaning and sample module loading and unloading should be conducted in a controlled
environment, to minimize any chance of potential contamination.
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11.3.1.3 When new or when using the sampler at a different location, all sample contact areas need to be
cleared. Use triple rinses of reagent grade hexane or methylene chloride contained in Teflon® rinse bottles.
Allow the solvents to evaporate before loading the PUF modules.

11.3.2 Preparing Cartridge for Sampling

11.3.2.1 Detach the lower chamber of the cleaned sample head. While wearing disposable, clean, lint-free
nylon, or powder-free surgical gloves, remove a clean glass adsorbent module from its shipping container.
Remove the Teflon® end caps. Replace the end caps in the sample container to be reused after the sample has
been collected.

11.3.2.2 Insert the glass module into the lower chamber and tightly reattach the lower chambers to the
module.

11.3.2.3 Using clean rinsed (with hexane) Teflon-tipped forceps, carefully place a clean conditioned fiber
filter atop the filter holder and secure in place by clamping the filter holder ring over the filter. Place the
aluminum protective cover on top of the cartridge head. Tighten the 3 screw clamps. Ensure that all module
connections are tightly assembled. Place a small piece of aluminum foil on the ball-joint of the sample cartridge
to protect from back-diffusion of semi-volatile into the cartridge during transporting to the site.

[Note: Failure to do so could resull in air flow leaks at poorly sealed locations which could affect sample
representativeness.]

11.3.2.4 Place in a carrying bag to take to the sampler.
11.3.3 Collection

11.3.3.1 After the sampling system has been assembled, perform a single point flow check as described
in Sections 11.2.3.

11.3.3.2 With the empty sample module removed from the sampler, rinse all sample contact areas using
reagent grade hexane in a Teflon® squeeze bottle. Allow the hexane to evaporate from the module before loading
the samples.

11.3.3.3 With the sample cartridge removed from the sampler and the flow control valve fully open, turn
the pump on and allow it to warm-up for approximately 5 minutes.

11.3.3.4 Attach a "dummy" sampling cartridge loaded with the exact same type of filter and PUF media
to be used for sample collection.

11.3.3.5 Turmn the sampler on and adjust the flow control valve to the desired flow as indicated by the
Magnehelic gauge reading determined in Section 11.2.2.24. Once the flow is properly adjusted, take extreme care
not to inadvertently alter its setting.

11.3.3.6 Turn the sampler off and remove both the "dummy" module. The sampler is now ready for field
use.

11.3.3.7 Check the zero reading of the sampler Magnehelic. Record the ambient temperature, barometric
pressure, elapsed time meter setting, sampler serial number, filter number, and PUF cartridge number on the Field
Test Data Sheet (see Figure 10). Attach the loaded sampler cartridge to the sampler.

11.3.3.8 Place the voltage variator and flow control valve at the settings used in Section 11.3.2, and the
power switch. Activate the elapsed time meter and record the start time. Adjust the flow (Magnehelic setting),
if necessary, using the flow control valve.

11.3.3.9 Record the Magnehelic reading every 6 hours during the sampling period. Use the calibration
factors (see Section 11.2.2.23) to calculate the desired flow rate. Record the ambient temperature, barometric
pressure, and Magnehelic reading at the beginning and during sampling period.
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11.3.4 Sample Recovery

11.3.4.1 At the end of the desired sampling period, turn the power off. Carefully remove the sampling
head containing the filter and adsorbent cartridge to a clean area.

11.3.4.2 While wearing disposable lint free nylon or surgical gloves, remove the PUF cartridge from the
lower module chamber and lay it on the retained aluminum foil in which the sample was originally wrapped.

11.3.4.3 Carefully remove the glass fiber filter from the upper chamber using clean Teflon®-tipped
forceps.

11.3.4.4 Fold the filter in half twice (sample side inward) and place it in the glass cartridge atop the PUF.

11.3.4.5 Wrap the combined samples in the original hexane rinsed aluminum foil, attached Teflon® end
caps and place them in their original aluminum sample container. Complete a sample label and affix it to the
aluminum shipping container.

11.3.4.6 Chain-of-custody should be maintained for all samples. Store the containers at <4°C and protect
from light to prevent possibly photo-decomposition of collected analytes. If the time span between sample
collection and laboratory analysis is to exceed 24 hours, refrigerate sample.

11.3.4.7 Perform a final calculated sample flow check using the calibration orifice, as described in
Section 11.3.2. If calibration deviates by more than 10 percent from the initial reading, mark the flow data for
that sample as suspect and inspect and/or remove from service.

11.3.4.8 Return at least 1 field filter/PUF blank to the laboratory with each group of samples. Treat a field
blank exactly as the sample except that no air is drawn through the filter/adsorbent cartridge assembly.

11.3.4.9 Ship and store samples under ice (<4°C) until receipt at the analytical laboratory, after which it
should be refrigerated at less than or equal to 4°C. Extraction must be performed within seven days of sampling
and analysis within 40 days after extraction.

12. Sample Preparation

12.1 Extraction Procedure for Quartz Fiber Filters and PUF Plugs

12.1.1 Take the glass sample cartridge containing the PUF plug and quartz fiber filter out of the shipping
container and place it in a 43-mm x 123-mm Soxhlet extractor. Add 10 uL of *C,,-labeled sample fortification
solution (see Table 4) to the sample. Put the thimble into a 50 mm Soxhlet extractor fitted with a 500 mL boiling
flask containing 275 mL of benzene.

[Note: While the procedure specifies benzene as the extraction solution, many laboratories have substituted
toluene for benzene because of the carcinogenic nature of benzene (28). The EPA is presently studying the
replacement of benzene with toluene.j

12.1.2 Place a small funnel in the top of the Soxhlet extractor, making sure that the top of the funnel is inside
the thimble. Rinse the inside of the corresponding glass cylinder into the thimble using approximately 25 mL
of benzene. Place the extractor on a heating mantel. Adjust the heat until the benzene drips at a rate of 2 drops
per second and allow to flow for 16 hours. Allow the apparatus to cool.

12.1.3 Remove the extractor and place a 3-bulb Snyder column onto the flask containing the benzene extract.
Place on a heating mantel and concentrate the benzene to 25 mL (do not let go to dryness). Add 100 ml of hexane
and again concentrate to 25 mL. Add a second 100 mL portion of hexane and again concentrate to 25 mL.

12.1.4 Let cool and add 25 mL hexane. The extract is ready for acid/base cleanup at this point.
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12.2 Cleanup Procedures

12.2.1 Acid/Base Cleanup. Transfer the hexane extract to a 250 mL separatory funnel with two 25-mL
portions of hexane. Wash the combined hexane with 30 ml of 2 N potassium hydroxide. Allow layers to separate
and discard the aqueous layer. Repeat until no color is visible in the aqueous layer, up to a maximum of 4
washes. Partition the extract against 50 ml of 5% sodium chloride solution. Discard the aqueous layer. Carefully
add 50 mL of concentrated sulfuric acid. Shake vigorously for 1 minute, allow layers to separate, and discard
the acid layer. Repeat the acid wash until no color is visible in the aqueous layer, up to a maximum of 4 washes.
Partition the extract against 50 ml of 5% sodium chloride solution. Discard the aqueous layer. Transfer the
hexane through a 42-mm x 160-mm filter funnel containing a plug of glass wool and 3-cm of sodium sulfate into
a 250-mL Kuderna-Danish (KD) concentrator fitter with a 15-mL catch tube. Rinse the filter funnel with two
25 mL portions of hexane. Place a 3-bulb Snyder column on the KD concentrator and concentrate on a steam
bath to 1-2 mL. The extract is ready for the alumina column cleanup at this point, but it can be sealed and stored
in the dark, if necessary. An extract that contains obvious contamination, such as yellow or brown color, is
subjected to the silica column cleanup prior to the alumina cleanup.

12.2.2 Silica Column Preparation. Gently tamp a plug of glass wool into the bottom of a 5.75-inch (14.6
cm) disposable Pasteur pipette. Pour prewashed 100-200 mesh Bio-Sil®A (silica gel) into the pipette until a
height of 3.0 cm of silica gel is packed into the column. Top the silica gel with 0.5 cm of anhydrous granular
sodium sulfate. Place columns in an oven set at 220°C. Store columns in the oven until ready for use, at least
overnight. Remove only the columns needed and place them in a desiccator until they have equilibrated to room
temperature. Use immediately.

12.2.3 Silica Column Cleanup. Position the silica column over the alumina column so the eluent will drip
onto the alumina column. Transfer the 2 mL hexane extract from the Acid/Base Cleanup onto the silica column
with two separate 0.5-mL portions of hexane. Elute the silica column with an additional 4.0 mL of hexane.
Discard the silica column and proceed with the alumina column cleanup at the point where the column is washed
with 6.0 mL of carbon tetrachloride.

12.2.4 Alumina Column Preparation. Gently tamp a plug of glass wool into the bottom of a 5.75-inch
(14.6 cm) disposable Pasteur pipette. Pour WOELM neutral alumina into the pipette while tapping the column
with a pencil or wooden dowel until a height of 4.5 cm of alumina is packed into the column. Top the alumina
with a 0.5 cm of anhydrous granular sodium sulfate. Prewash the column with 3 mL dichloromethane. Allow
the dichloromethane to drain from the column; then force the remaining dichloromethane from the column with
a stream of dry nitrogen. Place prepared columns in an oven set at 225°C. Store columns in the oven until ready
for use, at least overnight. Remove only columns needed and place them in a desiccator over anhydrous calcium
sulfate until they have equilibrated to room temperature. Use immediately.

12.2.5 Alumina Column Cleanup. Prewet the alumina column with 1 mL of hexane. Transfer the 2 mL
hexane extract from acid/base cleanup into the column. Elute the column with 6.0 mL of carbon tetrachloride
and archive. Elute the column with 4.0 mL of dichloromethane and catch the eluate in a 12- mL distillation
receiver. Add 3 uL tetradecane, place a micro-Snyder column on the receiver and evaporate the dichloromethane
just to dryness by means of a hot water bath. Add 2 mL of hexane to the receiver and evaporate just to dryness.
Add another 2-mL portion of hexane and evaporate to 0.5 mL. The extract is ready for the carbon column
cleanup at this point.

12.2.6 Carbon Column Preparation. Weigh 9.5 g of Bio-Sil®A (100-200 mesh) silica gel, which has been
previously heated to 225°C for 24 hours, into a 50-mL screw cap container. Weigh 0.50 g of Amoco PX-21
carbon onto the silica gel cap and shake vigorously for 1 hour. Just before use, rotate the container by hand for
at least 1 minute. Break a glass graduated 2.0-mL disposal pipette at the 1.8 mL mark and fire polish the end.
Place a small plug of glass wool in the pipette and pack it at the 0.0 mL mark using two small solid glass rods.
Add 0.1 mL of Bio-Sil®A 100-200 mesh silica gel. If more than 1 column is to be made at a time, it is best to
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add the silica gel to all the columns and then add the carbon-silica gel mixture to all columns. Add 0.40 mL of
the carbon silica gel mixture to the column; the top of the mixture will be at the 0.55-mL mark on the pipette.
Top the column with a small plug of glass wool.

12.2.7 Carbon Column Cleanup. Place the column in a suitable clamp with the silica gel plug up. Add
approximately 0.5 mL of 50 percent benzene-methylene chloride (v/v) to the top of the column. Fita 10 mL
disposable pipette on the top of the carbon column with a short piece of extruded teflon tubing. Add an additional
9.5 mL of the 50 percent benzene-methylene chloride. When approximately 0.5 mL of this solvent remains, add
10 mL of toluene. After all the toluene has gone into the column, remove the 10-mL reservoir and add at least
2.0 mL of hexane to the column. When approximately 0.1 mL of the hexane is left on the top of the column,
transfer the sample extract onto the column with a Pasteur pipette. Rinse the distillation receiver column that
contained the extract with two separate 0.2 mL portions of hexane and transfer each rinse onto the column. Allow
the top of each transfer layer to enter the glass wool before adding the next one. When the last of the transfer
solvent enters the glass wool, add 0.5 mL of methylene chloride, replace the 10-mL reservoir, and add 4.5 mL
of methylene chloride to it. When approximately 0.5 mL of this solvent remains, add 10 mL of 50 percent
benzene-methylene chloride. When all this solvent has gone onto the column, remove the reservoir, take the
column out of the holder and rinse each end with toluene, turn the column over, and put it back in the holder. All
previous elution solvents are archived. Place a suitable receiver tube under the column and add 0.5 mL of toluene
to the top of the column. Fit the 10 mL reservoir on the column and add 9.5 mL of toluene to it. When all toluene
has eluted through the column and has been collected in the receiving tube, add 5 mL of tetradecane and
concentrate to 0.5 mL using a stream of nitrogen and water bath maintained at 60°C. Transfer the toluene extract
to a 2.0 mL graduated Chromoflex® tube with two 0.5-mL portions of benzene. Add 0.5 ng of *C,,-1,2,3,4-
TCDD and store the extracts in the dark at room temperature. Concentrate the extract to 30 4L using a stream
of nitrogen at room temperature just prior to analysis or shipping. Transfer the extracts that are to be shipped
to a 2 mm i.d. x 75 mm glass tube that has been fire sealed on one end with enough benzene to bring the total
volume of the extract to 100 uL. Then fire seal other end of the tube.

12.3 Glassware Cleanup Procedures

In this procedure, take each piece of glassware through the cleaning separately except in the oven baking process.
Wash the 100-mL round bottom flasks, the 250 mL separatory funnels, the KD concentrators, etc., that were used
in the extraction procedures three times with hot tap water, two times with acetone and two times with hexane.
Then bake this glassware in a forced air oven that is vented to the outside for 16 hours at 450°C. Clean the PFTE
stopcocks as above except for the oven baking step. Rinse all glassware with acetone and hexane immediately
before use.

13. HRGC-HRMS System Performance
13.1 Operation of HRGC-HRMS

Operate the HRMS in the electron impact (EI) ionization mode using the selected ion monitoring (SIM) detection
technique. Achieve a static mass resolution of 10,000 (10% valley) before analysis of a set of samples is begun.
Check the mass resolution at the beginning and at the end of each day. (Corrective actions should be implemented
whenever the resolving power does not meet the requirement.) Chromatography time required for PCDDs and
PCDFs may exceed the long-term stability of the mass spectrometer because the instrument is operated in the
high-resolution mode and the mass drifts of a few ppm (e.g., 5 ppm in mass) can have adverse effects on the
analytical results. Therefore, a mass-drift correction may be required. Use a lock-mass ion for the reference
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compound perfluorokerosene (PFK) to tune the mass spectrometer. The selection of the SIM lock-mass ions of
PFK shown in the descriptors (see Tables 10, 11 and 12) is dependent on the masses of the ions monitored within
each descriptor. An acceptable lock-mass jon at any mass between the lightest and heaviest ion in each descriptor
can be used to monitor and correct mass drifts. Adjust the level of the reference compound (PFK) metered inside
the ion chamber during HRGC-HRMS analyses so that the amplitude of the most intense selected lock-mass ion
signal is kept to a minimum. Under those conditions, sensitivity changes can be more effectively monitored.
Excessive use of PFK or any reference substance will cause high background signals and contamination of the
ion source, which will result in an increase in "downtime" required for instrument maintenance.

Tune the instrument to a mass resolution of 10,000 (10% valley) at m/z 292.9825 (PFK). By using the peak
matching unit (manual or computer simulated) and the PFK reference peak, verify that the exact m/z 392.9761
(PFK) is within 3 parts per million (ppm) of the required value.

Document the instrument resolving power by recording the peak profile of the high mass reference signal (m/z
392.9761) obtained during the above peak matching calibration experiment by using the low mass PFK ion at
m/z 292.9825 as a reference. The minimum resolving power of 10,000 should be demonstrated on the high mass
jon while it is transmitted at a lower accelerating voltage than the low mass reference ion, which is transmitted
at full voltage and full sensitivity. There will be little, if any, loss in sensitivity on the high mass ion if the source
parameters are properly tuned and optimized. The format of the peak profile representation should allow for
computer calculated and manual determination of the resolution, i.e., the horizontal axis should be a calibrated
mass scale (amu or ppm per division). Detailed descriptions for mass resolution adjustments are usually found
in the instrument operators manual or instructions.

13.2 Column Performance

After the HRMS parameters are optimized, analyze an aliquot of a column performance solution containing the
first and last eluting compounds (see Table 9), or a solution containing all congeners, to determine and confirm
SIM parameters, retention time windows, and HRGC resolution of the compounds. Adjustments can be made
at this point, if necessary. Some PeCDFs elute in the TCDD retention time window when using the 60 m DB-5
column. The PeCDF masses can be included with the TCDD/TCDF masses in Descriptor 1. Include the
PeCDD/PeCDF masses with the TCDD/TCDF masses when using the 60 m SP-2331 polar column. The HRGC-
HRMS SIM parameters and retention time windows can be rapidly and efficiently determined and optimized by
analysis of a window defining solution of PCDDs/PCDFs using one mass for each isomer for the complete
analysis of tetra- through octa- compounds, as illustrated in Figure 11.

13.3 SIM Cycle Time

The total time for each SIM cycle should be 1 second or less for data acquisition, which includes the sum of the
mass ion dwell times and ESA voltage reset times.

13.4 Peak Separation

Chromatographic peak separation between 2,3,7,8-TCDD and the co-eluting isomers should be resolved with
a valley of 25% or more (see Figure 12).
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13.5 Initial Calibration

After the HRGC-HRMS SIM operating conditions are optimized, perform an initial calibration using the 5
calibration solutions shown in Table 3. The quantification relationships of labeled and unlabeled standards are
illustrated in Tables 15, 16, 17, and 18. Figures 13 through 22 represent the extracted ion current profiles (EICP)
for specific masses for 2,3,7,8-TCDF, 2,3,7,8-TCDD and other 2,3,7,8-substituted PCDF/PCDD (along with
their labeled standards) through OCDF and OCDD respectively.

[Note: Other solutions containing fewer or different congeners and at different concentrations may also be
used for calibration purposes.]

Referring to Tables 10, 11, or 12, calculate (1) the relative response factors (RRFs) for each unlabeled
PCDD/PCDF and PBDD/PBDF [RRF (I)] relative to their corresponding "*C,,-labeled internal standard and (2)
the RRFs for the *C,,-labeled PCDD/PCDF and PBDD/PBDF internal standards [RRF (II)] relative to*’ Cl,-
2,3,7,8-TCDD recovery standard using the following formulae:

RRE(D) = o %)
(Qx X Ais)
RRE(I) = s )
(Q is X Ars)
where:
A, = the sum of the integrated ion abundances of the quantitation ions (see Tables 10,
11 or 12) for unlabeled PCDDs/PCDFs, and PBDDs/PBDFs and BCDDs/BCDFs.
A, = the sum of the integrated ion abundances of the quantitation ions for the

13C,,-labeled internal standards (see Table 10, 11 or 12).

[Note: Other °C,,-labeled analytes may also be used as the recovery standard(s)]
A= the integrated ion abundance for the quantitation ion of the *’C} -2,3,7,8-TCDD
recovery standard.
Q, = the quantity of the *C,,-labeled internal standard injected, pg.
Q, = the quantity of the unlabeled PCDD/PCDF analyte injected, pg.
Q. = the quantity of the ’Cl,-2,3,7,8-TCDD injected, pg.
RRF(I) and RRF(II) = dimensionless quantities. The units used to express Q; and Q, must be the same.

[Note: °C,,1,2,3,7,8-PeBDF is used to determine the response factor for the unlabeled 2,3,7,8-substituted,
PeBDD, HxBDF and HxBDD.]
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Calculate the average RRFs for the 5 concentration levels of unlabeled and 13C,,-1abeled PCDDs/PCDFs and
PBDDs/PBDFs for the initial calibration using the following equation:

RRF1 +RRF2 +RRF3 +RRF4 +RRF5
5

RRF =

13.6 Criteria Required for Initial Calibration

The analytical data must satisfy certain criteria for acceptable calibration. The isotopic ratios must be within the
acceptable range (see Tables 19 and 20). The percent relative standard deviation for the response factors should
be less than the values presented in Table 21. The signal-to-noise ratio for the 13C,,-labeled standards must be
10:1 or more and 5:1 or more for the unlabeled standards.

13.7 Continuing Calibration

Conduct an analysis at the beginning of each day to check and confirm the calibration using an aliquot of the
calibration solution. This analysis should meet the isotopic ratios and signal to noise ratios of the criteria stated
in Section 13.6 (see Table 21 for daily calibration percent difference criteria). It is good practice to confirm the
calibration at the end of the day also. Calculate the daily calibration percent difference using the following
equation.

RRF_-RRF
%RRF =——<_x100
RRF

RRF,, = the relative response factor for a specific analyte in the continuing calibration standard.

14. HRGC-HRMS Analysis And Operating Parameters
14.1 Sample Analysis

Sample Analysis. An aliquot of the sample extract is analyzed with the HRGC-HRMS system using the
instrument parameters illustrated in Tables 13 and 14 and the SIM descriptors and masses shown in Tables 10,
11,and 12. A 30-m SE-54 fused silica capillary column is used to determine the concentrations of total tetra-,
penta-, hexa-, hepta- and octa-CDDs/CDFs and/or to determine the minimum limits of detections (MLDs) for
the compounds. If the tetra-, penta-, and hexa-CDDs/CDFs were detected in a sample and isomer specific
analyses are required, then an aliquot of the sample extract is analyzed using the 60 m SP-2331 fused silica
capillary column to provide a concentration for each 2,3,7,8-substituted PCDD/PCDF and concentrations for total
PCDDs and PCDFs also.

[Note: Other capillary columns such as the DB-5, SE-30, and DB-225 may be used if the performance
satisfies the specifications for resolution of PCDDs/PCDFs. The SE-54 column resolves the four HpCDF
isomers, two HpCDD isomers, OCDF and OCDD for isomer specific analysis. It does not resolve the tetra-,
penta-, and hexa-2,3,7,8-substituted isomers. The SE-54 column is used for the analysis of PBDDs and
PBDFs.]
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Isomer specificity for all 2,3,7,8-substituted PCDDs/PCDFs cannot be achieved on a single HRGC capillary
column at this time. However, many types of HRGC capillary columns are available and can be used for these
analyses after their resolution capabilities are confirmed to be adequate using appropriate standards.

Two HRGC columns shown in Table 13 have been used successfully since 1984 (27, 28). The 60-m DB-5
provides an efficient analysis for total concentrations of PCDDs/PCDFs, specific isomers (total tetra-, penta-,
hexa-CDDs/CDFs, four HpCDF isomers, two HpCDD isomers, OCDD and OCDF), PBDDs/PBDFs, and/or
determination of MDLs. The 60 m SP-2331 column provides demonstrated and confirmed resolution of 2,3,7,8-
substituted tetra-, penta-, and hexa-PCDDs/PCDFs (14). The descriptors and masses shown in Tables 10, 11
and 12 must be modified to take into account the elution of some of the PeCDDs and PeCDFs in the tetra
retention time window using the SP-233 1column.

14.2 Identication Criteria
Criteria used for identification of PCDDs and PCDFs in samples are as follows:

¢ The integrated ion abundance ratio M/(M+2) or (M+2)/(M+4) shall be within 15 percent of the theoretical
value. The acceptable ion abundance ranges are shown in Tables 19 and 20.

« The ions monitored for a given analyte, shown in Tables 10, 11, and 12, shall reach their maximum within
2 seconds of each other.

+ The retention time for the 2,3,7,8-substituted analytes must be within 3 seconds of the corresponding '*C,,-
labeled internal standard, surrogate, or alternate standard.

» The identification of 2,3,7,8-substituted isomers that do not have corresponding "*C,,-labeled standards
is done by comparison to the analysis of a standard that contains the specific congeners. Comparison of
the relative retention time (RRT) of the analyte to the nearest internal standard with reference (i.e., within
0.005 RRT time units to the comparable RRTs found in the continuing calibration or literature).

* The signal-to-noise ratio for the monitored ions must be greater than 2.5.

» The analysis shall show the absence of polychlorinated diphenyl- ethers (PCDPEs). Any PCDPEs that co-
elute (+ 2 seconds) with peaks in the PCDF channels indicates a positive interference, especially if the
intensity of the PCDPE peak is 10 percent or more of the PCDF.

Use the identification criteria in Section 14.2 to identify and quantify the PCDDs and PCDFs in the sample.
Figure 23 illustrates a reconstructed EICP for an environmental sample, identifying the presence of
2,3,7,8-TCDF as referenced to the labeled standard.

14.3 Quantification

The peak areas of ions monitored for “*C,,-labeled PCDDs/PCDFs and’ Cl -2,3,7,8-TCDD, unlabeled
PCDDs/PCDFs, and respective relative response factors are used for quantification. The *’Cl,-2,3,7,8-TCDD,
spiked to extract prior to final concentration, and respective response factors are used to determine the sample
extraction efficiencies achieved for the nine '*C,,-labeled internal standards, which are spiked to the sample prior
to extraction (% recovery). The '>C,,-labeled PCDD/PCDF internal standards and response factors are used for
quantification of unlabeled PCDDs/PCDFs and for determination of the minimum limits of detection with but
one exception: '>C,-OCDD is used for OCDF. Each *C,,-labeled internal standard is used to quantify all of
the PCDDs/PCDFs in its isomeric group. For example, *C},-2,3,7,8-TCDD and the 2,3,7,8-TCDD response
factor are used to quantify all of the 22 tetra-chlorinated isomers. The quantification relationships of these
standards are shown in Tables 15, 16, 17, and 18. The *’Cl,-2,3,7,8-TCDD spiked to the filter of the sampler
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prior to sample collection is used to determine the sampler retention efficiency, which also indicates the collection
efficiency for the sampling period.

14.4 Calculations

14.4.1 Extraction Efficiency. Calculate the extraction efficiencies (percent recovery) of the 9 13C,,-labeled
PCDD/PCDF or the 3 C,,-labeled PBDD/PBDF internal standards measured in the extract using the formula:

oo o [A*Qsx100]
* [QixAXRRF(ID]

where:

%R, = percent recovery (extraction efficiency).

A, = the sum of the integrated ion abundances of the quantitation ions (see Tables 10, 11 or 12) for
the '*C,,-labeled internal standard.

A, = the sum of the integrated ion abundances of the quantitation ions (see Table 10, 11 or 12) for
the ¥’Cl,- or *C,,-labeled recovery standard; the selection of the recovery standard(s) depends
on the type of homologues.

Q. = quantity of the '>C,,-labeled internal standard added to the sample before extraction, pg.

Q, = quantity of the *’C}, - or *G, -labeled recovery standard added to the sample extract before
HRGC-HRMS analysis, pg.

RRF(Il) = calculated mean relative response factor for the labeled internal standard relative to the
appropriate labeled recovery standard.

14.4.2 Calculation of Concentration. Calculate the concentration of each 2,3,7,8-substituted PCDD/PCDF,
other isomers or PBDD/PBDF that have met the criteria described in Sections 14.2 using the following formula:

C O AXQ,]
T [AXVy¥RRE(D)]

where:

C, = concentration of unlabeled PCDD/PCDF, PBDD/PBDF or BCDD/BCDF congener(s), pg/m’.

A, = the sum of the integrated ion abundances of the quantitation ions (see Table 11, 12 or 13) for the
unlabeled PCDDs/PCDFs, or PBDDs/PBDFs or BCDFs.

A, = the sum of the integrated ion abundances of the quantitation ions (see Table 11, 12 or 13) for the
respective '*C,,-labeled internal standard.

Q, = quantity of the *C,,-labeled internal standard added to the sample before extraction, pg.

V,,; = standard volume of air, std m’.
RRF(I) = calculated mean relative response factor for an unlabeled 2,3,7,8-substituted PCDD/PCDF

obtained in Section 13.4.
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14.5 Method Detection Limits (MDLs)

The ambient background levels of total PCDDs/PCDFs are usually found in the range of 0.3 to 2.9 pg/m’.
Therefore, the MDLs required to generate meaningful data for ambient air should be in the range of 0.02 to 0.15
pg/m® for tetra-, penta-, and hexa-CDDs/CDFs. Trace levels, 0.05 to 0.25 pg/m’, of HpCDDs and OCDD are
usually detected in the method blank (background contamination).

An MDL is defined as the amount of an analyte required to produce a signal with a peak area at least 2.5 x the
area of the background signal level measured at the retention time of interest. MDLs are calculated for total
PHDDs/PHDFs and for each 2,3,7,8-substituted congener. The calculation method used is dependent upon the
type of signal responses present in the analysis. For example:

* Absence of response signals of one or both quantitation ion signals at the retention time of the 2,3,7,8-
substituted isomer or at the retention time of non 2,3,7,8-substituted isomers. The instrument noise level
is measured at the analyte's expected retention time and multiplied by 2.5, inserted into the formula below
and calculated and reported as not detected (ND) at the specific MDL.

» Response signals at the same retention time as the 2,3,7,8-substituted isomers or the other isomers that
have a S/N ratio in excess of 2.5:1 but that do not satisfy the identification criteria described in 14.2 are
calculated and reported as ND at the elevated MDL and discussed in the narrative that accompanies the
analytical results. Calculate the MDLs using the following formula:

MDL = 25 x A x Q]
[A, X Vg4 x RRF]

where:
MDL = concentration of unlabeled PHDD/PHDF, pg/m’.

A, = sum of integrated ion abundances of the quantitation ions (see Table 10, 11 or 12) for the
unlabeled PHDDs/PHDFs which do not meet the identification criteria or 2.5 x area of noise
level at the analyte's retention time.

A, = sum of the integrated ion abundances of the quantitation ions (see Table 10, 11, or 12) for the
13C,,-labeled internal standards.

Q. = quantity of the '*C,,-labeled internal standard spiked to the sample prior to extraction, pg.

V,4 = standard volume of ambient air sampled, std m®.

RRF = mean relative response factor for the unlabeled PHDD/PHDF.
14.6 2,3,7,8-TCDD Toxic Equivalents

Calculate the 2,3,7,8-TCDD toxic equivalents of PCDDs and PCDFs present in a sample according to the method
recommended by EPA and the Center for Disease Control (18). This method assigns a 2,3,7,8-TCDD toxicity
equivalency factor (TEF) for each of the seventeen 2,3,7,8-substituted PCDDs/PCDFs (sece Table 22). The
2,3,7,8-TCDD equivalent of the PCDDs and PCDFs present in the sample is calculated by the respective TEF
factors times their concentration for each of the compounds listed in Table 22. The exclusion of the other isomeric
groupings (mono-, di-, and tri-chlorinated dibenzodioxins and dibenzofurans) does not mean that they are non-
toxic. Their toxicity, as known at this time, is much less than the toxicity of the compounds listed in Table 22.
The above procedure for calculating the 2,3,7,8-TCDD toxic equivalents is not claimed to be based on a
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thoroughly established scientific foundation. The procedure, rather, represents a "consensus recommendation
on science policy." Similar methods are used throughout the world.
15. Quality Assurance/Quality Control (QA/QC)

15.1 Certified analytical standards were obtained from Cambridge Isotope Laboratories, 50 Frontage Road,
Andover, MA 01810, 508-749-8000.

15.2 Criteria used for HRGC-HRMS initial and continuing calibration are defined in Sections 13.5 and 13.6.
15.3 Analytical criteria used for identification purposes are defined in Section 14.2.

15.4 All test samples, method blanks, field blanks, and laboratory control samples are spiked with 13C,,-labeled
internal standards prior to extraction.

15.5 Sample preparation and analysis and evaluation of data are performed on a set of 12 samples, which may
consist of 9 test samples, field blank, method blank, fortified method blank, or a laboratory control sample.

15.6 Method evaluation studies were performed to determine and evaluate the overall method capabilities (1,
2).

15.7 The *C,,-1,2,3,4-TCDD solution is spiked to filters of all samplers, including field blanks, immediately
prior to operation or is spiked to all PUF plugs prior to shipping them to the field for sampling to determine and
document the sampling efficiency.

15.8 Minimum equipment calibration and accuracy requirements achieved are illustrated in Table 23.

15.9 QA/QC requirements for data:

Criteria Requirements
The data shall satisfy all indicated identification criteria Discussed in Section 14.2
Method efficiency achieved for '*C,,-labeled tetra-, penta-, hexa- 50 to 120%

CDDs/CDFs and PBDDs/PBDFs
Method efficiency achieved for '*C,,-labeled HpCDD and OCDD 40 to 120%

Accuracy achieved for PHDDs and PHDFs 70 to 130%

in method spike at 0.25 to 2.0 pg/m’

concentration range

Precision achieved for duplicate method spikes or QA samples +30%

Sampler efficiency achieved for °C,,-1,2,3,4-TCDD 50 to 120%

Method blank contamination Free of contamination that would
interfere with test sample results.

Method detection limit range 0.02 to 0.25 pg/m’

for method blank and field blank (individual isomers)
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16. Report Format

The analytical results achieved for a set of 12 samples should be presented in a table such as the one shown in
Table 24. The analytical results, analysis, QA/QC criteria, and requirements used to evaluate data are discussed
in an accompanying analytical report. The validity of the data in regard to the data quality requirements and any
qualification that may apply is explained in a clear and concise manner for the user's information.
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TABLE 1. NUMBER OF POLYCHLORINATED DIBENZO-P-DIOXIN AND
DIBENZOFURAN (PCDD/PCDF) CONGENERS

|| No. of Chlorine Atoms I_MQM No. of PCDF Isomers
l 1 2 4
l 2 10 i6
3 14 28
4 22 38
5 14 28
l 6 10 16
7 2 4
8 1 1
Total 75 135

[Note: This also applies for the polybrominated dibenzo-p-dioxins and dibenzofurans
(PBDDs/PBDF).]

TABLE 2. LIST OF 2,3,7,8-CHLORINE
SUBSTITUTED PCDD/PCDF CONGENERS

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

1,2,3,4,7,8-HxCDD 1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDD 1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDD 1,2,3,7,8,9-HXCDF
2,3,4,6,7,8-HxCDF

1,2,3,4,6,7,8-HpCDD 1,2,3,4,6,7,8-HpCDF

I‘ 1,2,3,4,7,8,9-HpCDF
1,2,3,4,6,7,8,9-OCDD 1,2,3,4,6,7,8,9-OCDF

Page 9A-36 Compendium of Methods for Toxic Organic Air Pollutants January 1999



Dioxins and Furans Method TO-9A

TABLE 3. COMPOSITIONS OF THE INITIAL CALIBRATION SOLUTIONS OF
LABELED AND UNLABELED PCDDS AND PCDFS

Concentrations (pg/uL)
Compound Solution No. 3
l Unlabeled Analytes
2,3,7,8-TCDD 0.5 1 5 50 100
2,3,7,8-TCDF 0.5 1 S 50 100 "
1,2,3,7,8-PeCDD 2.5 5 25 250 500
1,2,3,7,8-PeCDF 2.5 5 25 250 500
2,3,4,7,8-PeCDF 2.5 5 25 250 500
1,2,3,4,7,8-HxCDD 2.5 5 25 250 500
“_ 1,2,3,6,7,8-HxCDD 2.5 5 25 250 500
1,2,3,7,8,9-HxCDD 2.5 5 25 250 500
" 1,2,3,4,7,8-HXxCDF 2.5 5 25 250 500
Il 1,2,3,6,7,8-HxCDF 2.5 5 25 250 500
" 1,2,3,7,8,9-HxCDF 2.5 5 25 250 500
“ 2,3,4,6,7,8-HxCDD 2.5 5 25 250 500
" 1,2,3,4,6,7,8-HpCDD 2.5 5 25 250 500 1‘
1,2,3,4,6,7,8-HpCDF 2.5 5 25 250 500
1,2,3,4,7,8,9-HpCDF 2.5 5 25 250 500
OCDD 5.0 10 50 500 1000
OCDF 5.0 10 50 500 1000
Internal Standards
1*C,,-2,3,7,8-TCDD 100 100 100 100 100
C,,-1,2,3,7,8-PeCDD 100 100 100 100 100
13C,,-1,2,3,6,7,8-HxCDD 100 100 100 100 100
|| C,.-1,2,3,4,6,7,8-HpCDD 100 100 100 100 100
13C,,-OCDD 200 200 200 200 200
“ C,-2,3,7,8-TCDF 100 100 100 100 100 "
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TABLE 3. !continuedz

Concentrations (pg/uL)
Compound Solution No. 1 2 3 4 5
¥C,.-1,2,3,7,8-PeCDF 100 100 100 100 100
1*C,,-1,2,3,4,7,8-HxCDF 100 100 100 100 100
C,,-1,2,3,4,6,7,8-HpCDF 100 100 100 100 100
| Surrogate Standards
1C,,-2,3,4,7,8-PeCDF 60 80 100 120 140
“C,,-1,2,3,4,7,8-HxCD 60 80 100 120 140
1¥C,,-1,2,3,6,7,8-HxCDF 60 80 100 120 140
" 1C,,-1,2,3,6,7,8,9-HpCD 60 80 100 120 140
Field Standards
1Cl1,-2,3,7,8-TCDD 100 100 100 100 100 |
1*C,,-1,2,3,7,8,9-HxCDD 100 100 100 100 100 "
Recovery Standard "
uClz-l ,2,3,4-TCDD 50 50 50 50 50 “
[Note: Standards specified in EPA Method 1613 can also be used in this method.]
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TABLE 4. COMPOSITION OF THE SAMPLE
FORTIFICATION SOLUTIONS

Chlorinated Internal Standards

Concentration (pg/xL)

13C,,-2,3,7,8-TCDD 100
|L 13C,,-1,2,3,7,8-PeCDD 100 lI
13C,,-1,2,3,6,7,8-HXCDD 100 “
13C ,-1,2,3,4,6,7,8-HpCDD 100
13C,,-OCDD 100
3C,,-2,3,7,8-TCDF 100
13C,,-1,2,3,7,8-PeCDF 100
13C,,-1,2,3,4,7,8-HXCDF 100

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

I Brominated Internal Standards .

100

13C1,,-2,3,7,8-TBDD 0.86
13¢,,-2,3,7,8-TBDF 0.86
13C,,-1,2,3,7,8-PeBDF 0.86
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TABLE 5. COMPOSITION OF RECOVERY
STANDARD SOLUTION

Analyte

Concentration (pg/uL)

Recovery Standard

13C,,-1,2,3,4-TCDD
| —

TABLE 6. COMPOSITION OF AIR SAMPLER FIELD
FORTIFICATION STANDARD SOLUTION

Analyte

Concentration (pg/uL)

Field Fortification Standard

%Cl,-2,3,7,8-TCDD

10

TABLE 7. COMPOSITION OF SURROGATE STANDARD SOLUTION

Analyte Concentration (pg/uL) |
Surrogate Standards
1*C,,-1,2,3,4,7,8-HxCDD 100
13C,,-2,3,4,7,8-PeCDF 100
3C,,-1,2,3,6,7,8-HXCDF 100 I
13C,,-1,2,3,4,7,8,9-HpCDF 100
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TABLE 8. COMPOSITION OF MATRIX AND METHOD SPIKE AND METHOD
SPIKE SOLUTIONS OF PCDDS/PCDFS AND PBDDS/PBDFS*

Concentration Concentration
(pg/uL) (pg/ul)
Native PCDDs and PCDFs Native PBDDs and PBDFs

" 2,3,7,8-TCDD 1 2,3,7,8-TBDD 1

| 2,3,7,8-TCDF 1 2,3,7,8-TBDF 1

1,2,3,7,8-PeCDD 5 Il 1,2,3,7,8-PeBDD 5

1,2,3,7,8-PeCDF 5 “ 1,2,3,7,8-PeBDF 5

2,3,4,7,8-PeCDF 5 1,2,3,4,7,8-HxBDD 5

1,2,3,4,7,8-HxCDD 5 1,2,3,4,7,8-HxBDF 5
1,2,3,6,7,8-HxCDD 5 |
1,2,3,7,8,9-HxCDD 5 "
1,2,3,4,7,8-HxCDF 5 "
1,2,3,6,7,8-HxCDF 5 “

1,2,3,7,8,9-HxCDF 5
2,3,4,6,7,8-HxCDF 5 “
1,2,3,4,6,7,8-HpCDD 5 “
12,3,4,6,7,8-HpCDF 5 I
1,2,3,4,7,8,9-HpCDF 5
OCDD 10
OCDF 10

*Solutions at different concentrations and those containing different congeners may also be used.
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TABLE 9. HRGC-HRMS COLUMN PERFORMANCE EVALUATION SOLUTIONS

ll Con;ener I First Eluted

Last Eluted

SE-54 Column GC Retention Time Window Defining Standard®
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 1,2,4,7,9- 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- 1,2,3,4,6,7-

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-
OCDF OCDF
OCDD OCDD

SE-54 TCDD Isomer Specificity Test Standard®

1,2,3,4-TCDD

1,4,7,8-TCDD 2,3,7,8-TCDD

SP-2331 Column TCDF Isomer Specificity Test Standard®

2,3,4,7-TCDF

2,3,7,8-TCDF

(I

1,2,3,9-TCDF

—_—

*A solution containing these congeners and the seventeen 2,3,7,8-substituted congeners may also be used for these

purposes.

®A solution containing the 1,2,3,4,-TCDD and 2,3,7,8-TCDD may also be used for this purpose.
°Solution containing all tetra- through octa-congeners may also be used for these purposes.
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TABLE 10. DESCRIPTORS, MASSES, M/Z TYPES, AND ELEMENTAL COMPOSITIONS
OF THE PCDDS AND PCDFS

Descriptor Accurate
Number Mass Elemental Composition

292.9825 C,F, PFK
303.9016 C.H,¥CL, 0 TCDF
305.8987 M+2 C.H,¥CLClo TCDF
315.9419 M BC, H¥*CL 0 TCDF Yes ||
317.9389 M+2 BC,, H, ¥ClL, ¥'CI0 TCDF
319.8965 M C,H,*CL0, TCDD Yes
321.8936 M+2 CH.¥CLYC10, TCDD

‘ 327.8847 M C, H,Cl, 0, TCDD*

' 330.9792 QcC C,Fy PFK
331.9368 M C,, H,%*Cl, 0, TCDD? Yes
333.9339 M+2 BC,, H, *C1, ¥C1 0, TCDD®
375.8364 M+2 C,H,*CLCl0 HxCDPE

"7 2 339.8597 M+2 C,, H,*C1,"ClO PeCDF Yes
341.8567 M+4 C H,%C1L,7CL 0 PeCDF
351.9000 M+2 BC,, H,*C1,¥C10 PeCDF? Yes
353.8970 M+4 C,, H, *CL, ¥'Cl, 0 PeCDF?
354.9792 Lock C,Fy PFK
355.8546 M+2 C. H,¥Cl,Cl0, PeCDD Yes
357.8516 M+4 C, H,%C1,7'CL, 0, PeCDD
367.8949 M+2 ¢, 1, ¥C1,¥Cl 0, PeCDD* Yes
369.8919 M+4 1C,, H, *C1, ¥'Cl, 0, PeCDD*
409.7974 M+2 C. H,*CLClo HpCDPE J'
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TABLE 10. (continued)

Descriptor Accurate Primary "
Number Mass m/z Type Elemental Composition Compound? m/z
3 373.8208 M+2 CpH,®CL¥Cl0 HxCDF Yes
375.8178 M+4 C,, H,*C1, Q1,0 HxCDF
383.8639 M BC,, H, ¥C, 0 HxCDF® Yes
385.8610 M+2 B¢, H, *CL*Cl10 HxCDF
389.8157 M+2 C, H,¥CL¥Cl10, HxCDD Yes
391.8127 M+4 C,, H,%C1,¥'C1, 0, HxCDD
392.9760 Lock C,F;s PFK
401.8559 M+2 13C,, H, *Cl, ¥C1 0, HxCDD? Yes
403.8529 M+4 1¢,, H, ¥ClL, ¥'ClL, O, HxCDD?
430.9729 QC CyFy5 PFK
445.7555 M+4 C,, H, %C1,C1, 0 OCDPE
4 407.7818 M+2 C,,H¥Cl, ,C1 0 H,CDF Yes
409.7789 M+4 C,,H¥CLYCL 0 HpCDF
417.8253 M BC,H*Cl,0 HpCDPF? Yes
419.8220 M+2 BC, H¥Cl,CIO HpCDPF?
423.7766 M+2 C,H¥ClCl0, HpCDD Yes
425.7737 M+4 C,; H¥CL¥Cl, 0, HpCDD
430.9729 Lock C,F, PFK
435.8169 M+2 BC, H¥CYCI0, HpCDD? Yes
437.8140 M+4 13C,, H *Cl, 'C1, 0, HpCDD?
479.7165 M+4 C,H¥ClLCL0 NCDPE
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TABLE 10. (continued)

Descriptor Accurate Primary ||
Number Mass m/z Type Elemental Composition Compound® m/z
5 441.7428 M+2 C,¥CL¥C10 OCDF Yes
442.9728 Lock CyoFiz PFK
443.7399 M+4 C,*ClL¥CL 0 OCDF
457.7377 M+2 C, ¥cL¥Cl10, OCDD Yes
459.7348 M+4 C, ®¥Cl, ¥Cl, 0, OCDD
469.7779 M+2 3¢, ¥CL,Cl 0, ocDD? Yes
471.7750 M+4 C,, ¥Cl, ¥Cl, 0, ocDD?
513.6775 M+4 C,¥C,LCL 0 DCDPE 'i
'Nuclidic masses used:
H=1.007825 C =12.00000 "“C =13.003355 F=18.9984
0=15.994915 *Cl=34.968853 ¥'Cl=36.965903
*Compound abbreviations:
Polychlorinated dibenzo-p-dioxins Polychlorinated diphenyl ethers

TCDD = Tetrachlorodibenzo-p-dioxin
PeCDD = Pentachlorodibenzo-p-dioxin
HxCDD = Hexachlorodibenzo-p-dioxin
HpCDD = Heptachlorodibenzo-p-dioxin
OCDD = Octachlorodibenzo-p-dioxin

Polychlori jben:
TCDF = Tetrachlorodibenzofuran

PeCDF = Pentachlorodibenzofuran
HxCDF = Hexachlorodibenzofuran
HpCDF = Heptachlorodibenzofuran

3Labeled compound

HxCDPE = Hexachlorodipheny! ether
HpCDPE = Heptachlorediphenyl ether
OCDPE = Octachlorodiphenyl ether
NCDPE = Nonachlorodiphenyl ether
DCDPE = Decachlorodiphenyl ether

Lock mass and QC compound
PFK = Perfluorokerosene

“There is only one m/z for *’Cl,-2,3,7,8-TCDD (recovery standard).
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TABLE 11. DESCRIPTORS, M/Z TYPES, EXACT MASSES AND ELEMENTAL

COMPOSITIONS OF THE PBDDS AND PBDFS

Descriptor Accurate Elemental
Number Mass' ITon Type Composition Compound?

1 327.8847 M C,,H,YCl, 0, TCDD*
330.9792 QC C,Fy, PFK
331.9368 M C,, H,*Cl, 0, TCDD?
333.9339 M+2 C,, H, ®CL,¥Ci 0, TCDD?

2 417.825 M BC,,H*Cl,0 HpCDF®
419.822 M+2 1BC, H¥C,¥CIO HpCDF?
466.973 QC PFK
481.698 M+2 Cy, H, ®Br, ®'BrO TBDF
483.696 M+4 C,, H, ®Br, Br, O TBDF
485.694 M+6 C,;H,”Br*Br, 0 TBDF
492.970 LOCK MASS PFK
493.738 M+2 ¥C,, H, ®Br, ¥'Br O TBDF
495.736 M+4 1C,, H, ™Br, *Br, O TBDD’
497.692 M+2 C.;H,”Br, *Br O, TBDD
499.690 M+4 C,, H, ™Br, Br, 0, TBDD
501.689 M+6 C.,H,”Br*Br, O TBDD
509.733 M+2 BC,, H, ®Br, "BrO, TBDD?
511.731 M+4 13C,, H, ®Br, *Br, O, TBDD?
565.620 M+6 C,; H; ™Br, *'Br, O PeBDPO
643.530 M+6 C,, H, ®Br,*Br, O HxBDPO
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TABLE 11. (continued)

Descriptor Accurate Elemental
Number Ion Type Composition Compound?
469.778 M+2 13C,, *Cl, 'C1 0, oCDD?
471.775 M+4 15C,, %Cl, ¥'C1 0, 0CDD?
559.608 M+2 Cy, H, ®Br, ®Br O PeBDF
561.606 M+4 C,, H, ®Br, *Br, O PeBDF
563.604 M+6 C,, H, ®Br,"Br, O PeBDF
566.966 LOCK MASS PFK
573.646 M+4 BC,, H, ®Br, ¥Br, O PeBDF®
575.644 M+6 15C,, H, ®Br, ¥Br, O PeBDF’
575.603 M+2 C,, H, ®Br, *Br O, PeBDD
577.601 M+4 C,, H, ®Br, V'Br, 0, PeBDD ||
579.599 M+6 C,, H, ”Br, *'Br, O, PeBDD
589.641 M+4 13C,, H, ®Br, ¥'Br, 0, PeBDD?
591.639 M+6 3C,, H, ®Br, *Br, O, PeBDD?
616.963 QC PFK ||
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TABLE 11. (continued)

_—Aae
Descriptor Accurate Elemental
Number Mass' Ton Type Composition Compound?
4 643.530 M+6 C,, H, ®Br, *'Br, O HxBDPO
721.441 M+6 C,, H, ®Br, *Br, O HpBDPO
616.963 QC PFK
639.517 M+4 C, H,™Br, ¥Br, O HxBDF
641.514 M+6 C,; H, ®Br, ¥'Br, O HxBDF
643.512 M+8 C,; H, ”Br, *Br, O HxBDF
655.511 M+4 C,; H, ™Br, *'Br, O, HxBDD
657.509 M+6 C, H, ”Br, *'Br, O, HxBDD
659.507 M+8 C,, H, ®Br, *Br, O, HxBDD
666.960 LOCK PFK
MASS

721.441 M+6 C,, H, ®Br, "Br, O HpBDPO
801.349 M+8 C,, H, ®Br, *Br, O OBDPO
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TABLE 11. (continued)

————————————
Descriptor Accurate Elemental
Number Mass' Ion Type Composition Compound?

5 717.427 M+4 C,, H ™Br, *Br, 0 HpBDF
719.425 M+6 C,, H "Br, *Br, O HpBDF
721.423 M+8 C,, H”Br, ¥Br, O HpBDF
733.422 M+4 C,, H ®Br, *Br, 0, HpBDD
735.420 M+6 C,; H”Br, ¥Br, 0, HpBDD
737418 M-+4 C,, H™Br, *Br, 0, HpBDD J
754.954 QC PFK
770.960 LOCK MASS ALTERNATE HpTriazine
801.349 M+8 C., H, ™Br, *Br, O OBDPO
816.951 LOCK MASS PFK
879.260 M+8 C,, H™Br; *Br, O NBDPO
865.958 QC ALTERNATE HpTriazine ||

"Nuclidic masses used: H= 1.007825 C=12.000000 "C=13.003355

0=15.994915 ™Br=78.91834 *Br=2380.91629
F = 18.9984
*Compound abbreviations:
Polybromoinated dibenzo-p-dioxins Polybromoinated diphenyl ethers

TBDD = Tetrabromodibenzo-p-dioxin
PeBDD = Pentabromodibenzo-p-dioxin
HxBDD = Hexabromodibenzo-p-dioxin
HpBDD = Heptabromodibenzo-p-dioxin
OBDD = Octabromodibenzo-p-dioxin

Polybromoinated dibenzofurans
TBDF = Tetrabromodibenzofuran
PeBDF = Pentabromodibenzofuran
HxBDF = Hexabromodibenzofuran
HpBDF = Heptabromodibenzofuran
OBDF = Octabromodibenzofuran

3Labeled Compound

HxBDPE = Hexabromodiphenyl ether
HpBDPE = Heptabromodiphenyl ether
OBDPE = Octabromodiphenyl ether
NBDPE = Nonabromodipheny! ether
DBDPE = Decabromodiphenyl ether

PFK = Perfluorokerosene

HpTriazine = Tris-(perfluoroheptyl)-s-Triazine

“There is only one m/z for *’Cl,-2378-TCDD (recovery standard).
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TABLE 12, DESCRIPTORS, MASSES, M/Z TYPES, AND ELEMENTAL COMPOSITIONS

OF THE BCDDS AND BCDFS
Descriptor Accurate Primary
Number mass' m/z Type Elemental Composition Compound® m/z
1 315.942 M ¥C,, H,*Cl, 0 TCDF*
317.939 M+2 C,H,*CL¥CI0 TCDF* Yes
327.885 M C,,H,¥Cl, 0, TCDD? Yes
330.979 Lock C,F;, PFK
331.937 M ¥C,,H,*Cl, 0, TCDD*
333.934 M+2 c, H,*C, ¥Ct O, TCDD* Yes
347.851 M C,, H, *Cl, ®Br 0 BrCl, DF
349.849 M+2 C,; H, *C1,*'C1®Br O BrCl, DF Yes
363.846 M C,,H,*Cl,™Br o, BrCl, DD
365.844 M+2 C,, H, *CL*C1™Br O, BrCl, DD Yes
Page 9A-50 Compendium of Methods for Toxic Organic Air Pollutants January 1999



Dioxins and Furans

Method TO-9A

TABLE 12. (continued)

Descriptor Accurate
Number mass' m/z Type Elemental Composition Compound?
2 351.900 M+2 BC, H; ¥CL 0 PeCDF,
353.897 M+4 C,, H; ¥CLClo PeCDF* Il
354.979 Lock C,F, PFK "
367.895 M+2 1C,, H, ¥Cl, 0, PeCDD* Yes
369.892 M+4 1c, H, ¥C1,¥C10, PeCDD*
381.812 M C,, H, ¥Cl,®Br O BrCl, DF
383.809 M+2 C,; H, *CL,*C1®Br O BrCl, DF Yes
397.807 M C,,H, *C|, ™Br o, BrCl, DD
399.804 C,; H; *C,"C1™Br O, BrCl, DD Yes |
'Nuclidic masses used:
H= 1.007825 C =12.00000 BC =13.003355
0=15.994915 35Cl=34.968853 37C1 = 36.965903
F =18.9984 "Br=78.91834 $Br = 80.91629
*Compound abbreviations:
P inated dibenzo-p-dioxi Brominated/Chlorinated

TCDD = Tetrachlorodibenzo-p-dioxin
PeCDD = Pentachlorodibenzo-p-dioxin
HxCDD = Hexachlorodibenzo-p-dioxin
HpCDD = Heptachlorodibenzo-p-dioxin
OCDD = Octachlorodibenzo-p-dioxin
Polychlorinated dibenzofurans
TCDF = Tetrachlorodibenzofuran
PeCDF = Pentachlorodibenzofuran
HxCDF = Hexachlorodibenzofuran
HpCDF = Heptachlorodibenzofuran
There is only one m/z for ’Cl,-2,3,7,8-TCDD (recovery standard).
‘Labeled compound

dibenzo-p-dioxins and dibenzofurans
BrCl,DD = Bromotrichloro dibenzo-p-dioxin
BrCl,DD = Bromotetrachloro dibenzo-p-dioxin
BrC1,DF = Bromotrichloro dibenzofuran
BrC1,DF = Bromotetrachloro dibenzofuran

Lock mass and QC compound

PFK = Perfluorokerosene
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TABLE 13. HRGC OPERATING CONDITIONS
Column Type DB-5 SE-54 SP-2331 |\
| Length (m) 60 30 60 |
i.d. (mm) 0.25 0.25 0.25
Film Thickness (um) 0.25 0.25 0.20
Carrier Gas Helium Helium Helium
Carrier Gas Flow (mL/min) 1-2 1-2 1-2
Injector temperature (°C) 290 308 308 |
Injection Mode Splitless <--- Moving needle  ---> |
Initial Temperature (°C) 200 170.0 150.0
Initial Time (min) 2 7.0 7.0
Rate 1 (°C/min) 5 8.0 10.0
Temperature (°C) 220
Hold Time (min) 16
Rate 2 (deg. C/min) 5
Temperature (°C) 235
Hold Time (min) 7
Rate 2 (deg. C/min) 5
Final Temperature (°C) 330 300.0 250.0
Hold Time (min 5

Electron impact ionization

TABLE 14. HRMS OPERATING CONDITIONS

25-70 eV

Mass resolution

>10,000 (10% Valley Definition)

Analysis

Selected ion monitoring (SIM)

Exact masses monitored

Masses shown in Tables 10, 11, 12
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TABLE 15. UNLABELED AND LABELED

ANALYTE QUANTIFICATION RELATIONSHIPS

Internal Standard
Analyte Used During Quantification
2,3,7,8-TCDD C,,-2,3,7,8-TCDD
Other TCDDs 13C,,-2,3,7,8-TCDD

Cl,-2,3,7,8-TCDD

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

1,2,3,7,8-PeCDD

1C,,-1,2,3,7,8-PeCDD

Other PeCDDs

C,-1,2,3,7,8-PeCDD

1,2,3,4,7,8-HxCDD

Bclz'l 1213!6:7,8'HXCDD

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

licu_ 1 :213:6:7,8‘HXCDD

1,2,3,7,8,9-HxCDD

13C,»-1,2,3,6,7,8-HxCDD

Other HXxCDDs

3C»-1,2,3,6,7,8-HxCDD

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

|3C| 2'] 12’3)4’6’7,8'HPCDD

Other HpCDDs 3C,,-1,2,3,4,6,7,8-HpCDD
0CDD 13C,,-0CDD
2,3,7,8-TCDF 13C,,-2,3,7,8-TCDF

Other TCDFs 13C,,-2,3,7,8-TCDF

1,2,3,7,8-PeCDF

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

2,3,4,7,8-PeCDF

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

Other PeCDFs

18C,,-1,2,3,7,8-PeCDF

1,2,3,4,7,8-HxCDF

1C,,-1,2,3,4,7,8-HxCDF

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

13C,,-1,2,3,4,7,8-HXCDF

1,2,3,7,8,9-HxCDF

13C,,-1,2,3,4,7,8-HXCDF

2,3,4,6,7,8-HxCDF

13C,-1,2,3,4,7,8-HxCDF

Other HxCDFs

13C,,-1,2,3,4,7,8-HXCDF

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

l3clz'l 12’3’4y6,7,8'HpCDF

1,2,3,4,7,8,9-HpCDF 1C,,-1,2,3,4,6,7,8-HpCDF
Other HpCDFs 13C,,-1,2,3,4,6,7,8-HpCDF
OCDF 13C,,-0CDD
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Dioxins and Furans

TABLE 16. INTERNAL STANDARDS QUANTIFICATION
RELATIONSHIPS

Internal Standard

Standard Used During Percent
Recovery Determination®

| 13C,,-2,3,7,8-TCDD

13C,,-1,2,3,4-TCDD

13C,,-1,2,3,4-TCDD

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

3C,,-1,2,3,7,8,9-HxCDD

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

13C,,-1,2,3,7,8,9-HxCDD

3C,,-1,2,3,7,8-PeCDD
! 3C| Z-OCDD

*C,,-1,2,3,7,8,9-HxCDD

13C,,-1,2,3,4-TCDD

“ 13C,,-2,3,7,8-TCDF

3C,,-1,2,3,7,8-PeCDF

13¢,,-1,2,3,4-TCDD

13C,,-1,2,3,4,7,8-HxCDF

l3C|2_ l ,2,3,7,8,9‘HXCDD

lJClz’ 1 ,2a3,4,6,7,8-HpCDF

_—

13C,,-1,2,3,7,8,9-HxCDD

—_—

*Surrogate standards shown in Table 7 may also be used.

TABLE 17. SURROGATE/ALTERNATE STANDARDS

Surrogate Standard

‘ UANTIFICATION RELATIONSHIPS

Standard Used During Percent
Recovery Determination

13C,,-2,3,4,7,8-PeCDF

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

13C),-1,2,3,4,7,8-HxCDD

3C,,-1,2,3,6,7,8-HxCDD

13C\,-1,2,3,6,7,8-HXCDF

1C,,-1,2,3,4,7,8-HXxCDF

*C,,-1,2,3,4,7,8,9-HpCDF

lSCu‘ 1 ’2s3,4,6,7,8-HPCDF

[Note:  Other surrogate standards may be used instead]

Page 9A-54

Compendium of Methods for Toxic Organic Air Pollutants

January 1999



Dioxins and Furans

Method TO-9A

TABLE 18. QUANTIFICATION RELATIONSHIPS OF THE
CARBON-LABELED STANDARDS AND THE ANALYTES

Quantification Standard

2,3,7,8-TBDD

*C,,-2,3,7,8-TBDD

2,3,7,8-TBDF

13C ,-2,3,7,8-TBDF

1,2,3,7,8-PeBDD

13C,,-1,2,3,7,8-PeBDD

1,2,3,7,8-PeBDF

1C ,-1,2,3,7,8-PeBDF

2,3,4,7,8-PcBDF

13C,,-1,2,3,7,8-PeBDF

1,2,3,4,7,8-HxBDD

3C,,-1,2,3,7,8-PeBDD

[Note: 0.5 ng*'Cl-2,3,7,8-TCDD spiked to the extract prior to final concentration
1o 60 uL was used to determine the method efficiency (% recovery of the

C,,-labeled PBDDs/PBDFs).

»  Additional 2,3,7,8-substituted PBDDs/PBDFs are now commercially
available.

»  Retention Index for the PBDDs/PBDFs were published by Sovocool,
etal., Chemosphere 16, 221-114, 1987; and Donnelly, et al.,

Biomedical Environmental Mass Spectrometry, 14, pp. 465-472,
1987.]

TABLE 19. THEORETICAL ION ABUNDANCE RATIOS AND CONTROL

LIMITS FOR PCDDS AND PCDFS

No. of Chlorine m/z's Forming Theoretical
Atoms Ratio Ratio
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 M/M+2 0.51 0.43 0.59
7 M+2/M+4 1.04 0.88 1.20
Il 7¢ M/M+2 0.44 0.37 0.51
|| 8 M+2/M+4 0.89 0.76 1.02
'Represent = 15% windows around the theoretical ion abundance ratios.
?Does not apply to ¥Cl,-2,3,7,8-TCDD (cleanup standard).
3Used for *C,,-HxCDF only.
4Used for "*C,,-HpCDF only.
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TABLE 20. THEORETICAL ION ABUNDANCE RATIOS AND CONTROL
LIMITS FOR PBDDS AND PBDFS

Control Limits "
Number of Theoretical
Bromine Atoms Ion Type Ratio Lower Upper
4 M+2/M+4 0.68 0.54 0.82
4 M+4/M+6 1.52 1.22 1.82
5 M+2/M+4 0.51 0.41 0.61
5 M+4/M+6 1.02 0.82 1.22
6 M+4/M+6 0.77 0.62 0.92
6 M+6/M+8 1.36 1.09 1.63
7 M+4/M+6 0.61 0.49 0.73
7 M+6/M+8 1.02 0.82 1.22
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TABLE 21. MINIMUM REQUIREMENTS FOR INITIAL AND DAILY CALIBRATION
RESPONSE FACTORS

“ Relative Response Factors
Compound Initial Calibration RSD Daily Calibration % Difference

Unlabeled Analytes
2,3,7,8-TCDD 25 25
2,3,7,8-TCDF 25 25
1,2,3,7,8-PeCDD 25 25
1,2,3,7,8-PeCDF 25 25
2,3,4,7,8-PeCDF 25 25

" 1,2,4,5,7,8-HxCDD 25 25
1,2,3,6,7,8-HxCDD 25 25
1,2,3,7,8,9-HxCDD 25 25
1,2,3,4,7,8-HXxCDF 25 25
1,2,3,6,7,8-HxCDF 25 25
1,2,3,7,8,9-HxCDF 25 25
2,3,4,6,7,8-HxCDF 25 25
1,2,3,4,6,7,8-HpCDD 25 25
1,2,3,4,6,7,8-HpCDF 25 25
OCDD 25 25

| OCDF 30 30
Internal Standards
13C12-2,3,7,8-TCDD 25 25
13C,,-1,2,3,7,8-PeCDD 30 30
13C,,-1,2,3,6,7,8-HxCDD 25 25 "

IL 1C-1,2,3,4,6,7,8-HpCDD 30 30 ||
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TABLE 21. (continued)

Relative Response Factors
Compound Initial Calibration RSD Daily Calibration % Difference

1C,,-0CDD 30 30
1C,,-2,3,7,8-TCDF 30 30
13C,,-1,2,3,7,8-PeCDF 30 30
13C,;~1,2,3,4,7,8-HxCDF 30 30
C,,-1,2,3,4,6,7,8-HpCDF 30 30
Surrogate Standards

Cl,-2,3,7,8-TCDD 25 25
*C,,-2,3,4,7,8-PeCDF 25 25
C,;-1,2,3,4,7,8-HXCDD 25 25
C»-1,2,3,4,7,8-HxCDF 25 25
BC,-1,2,3,4,7,8,9-HpCDF 25 25
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Method TO-9A

TABLE 22. 2,3,7,8-TCDD EQUIVALENT FACTORS (TEFS)'
FOR THE POLYCHLORINATED DIBENZODIOXINS
AND POLYCHLORINATED DIBENZOFURANS

Number

Compound
2,3,7,8-TCDD

- TEF

1.00

1,2,3,7,8-PeCDD

0.50

1,2,3,4,7,8-HxCDD

0.1

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

0.1

1,2,3,7,8,9-HxCDD

0.1

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

0.01

OCDD

0.001

2,3,4,7,8-TCDF

0.10

O o N | W -

1,2,3,7,8-PeCDF

0.05

2,3,4,7,8-PeCDF

0.5

—
[=]

—
p—

1,2,3,4,7,8-HxCDF

0.1

f—
[\

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

0.1

13

1,2,3,7,8,9-HXCDF

0.1

2,3,4,6,7,8-HxCDF

0.1

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

0.01

1,2,3,4,7,8,9-HpCDF

0.01

OCDF

0.001

'Interim procedures for Estimating Risks associated with Exposures
to mixtures of Chlorinated Dibenzo-p-Dioxins and Dibenzofurans

(CDDs/CDFs), WPA-625/3-89-016, March 1989.

[Note: The same TEF's are assigned to the PBDDs/PBDF's and
BCDDs/BCDFs.]
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Dioxins and Furans

TABLE 23.

Equipment

MINIMUM SAMPLING EQUIPMENT CALIBRATION AND
ACCURACY REQUIREMENTS

Acceptance limits

Frequency and method of

measurement

Action if require-
ments are not met

Sampler

Indicated flow rate = true
flow rate £10%.

Calibrate with certified
transfer standard on
receipt, after maintenance
on sampler, and any time
audits or flow checks
deviate more than £10%
from the indicated flow
rate or +10% from the
design flow rate.

Recalibrate

Associat i

Sampler on/off timer

+30 min/24 hour

Check at purchase and
routinely on sample-
recovery days

Adjust or replace

Elapsed-time meter

+30 min/24 hour

Compare with a standard
time-piece of known
accuracy at receipt and at
6-month intervals

Adjust or replace

Flowrate transfer
standard (orifice device)

Check at receipt for
visual damage

Recalibrate annually
against positive
displacement standard
volume meter

Adopt new calibration
curve
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Method TO-9A

TABLE 24. FORMAT FOR TABLE OF ANALYTICAL RESULTS

S I N B B

AIR SAMPLER EFFICIENCY (% RECOVERY)

13C,,-1,2,3,4,-TCDD

I B

METHOD EFFICIENCY (% RECOVERY)

1C,,-2,3,7,8-TCDF

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

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

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

1C,,-1,2,3,4,7,8-HXxCDF

18C,;-1,2,3,6,7,8-HxCDD

C»-1,2,3,4,6,7,8-HpCDD

13C,,-0CDD

CONCENTRATIONS DETECTED or MDL (pg/m’)

| TCDDs (TOTAL)!

2,3,7,8-TCDD

PeCDDs (TOTAL)

1,2,3,7,8-PeCDD

HxCDDs (TOTAL)

1,2,3,4,7,8-HxCDD

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

1,2,3,7,8,9-HXxCDD

HpCDDs (TOTAL)

112’3’4,6,7,8"HPCDD
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TABLE 24. (continued)

IDENTIFICATION ||

OCDD

TCDFs (TOTAL)

2,3,7,8-TCDF

PeCDFs (TOTAL)

1,2,3,7,8-PeCDF

2,3,4,7,8-PeCDF

HxCDFs (TOTAL)

1,2,3,4,7,8-HxCDF

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

1,2,3,7,8,9-HxCDF

2,3,4,6,7,8-HxCDF

HpCDFs (TOTAL)

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

1,2,3,4,7,8,9-HpCDF

OCDF u

YTOTAL) = All congeners, including the 2,3,7,8-substituted congeners.
ND = Not detected at specified minimum detection limit (MDL).

[Note: Please refer to text for discussion and qualification that must accompany the results.]
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Method TO-9A Dioxins and Furans

Sampling Hegd Pipe Fitting (1/2in.)
(see Figure 3) P

(XX Skt SYRIAY AZXXRX XXX ST S4AT 34 U £ | e (X742 AL TT LT r5r]

Magnehlic Gauge
0-100in. -

Flow Control
Valve

~at———— Elapsed Time
Meter

Exhaust Duct -ag——  7-Day Timer

(6in.x 10 ft)

Base Plate

Figure 2. Typical dioxins/furan high volume air sampler.

Page 9A-64 Compendium of Methods for Toxic Organic Air Pollutants January 1999



Dioxins and Furans Method TO-9A

Filter Retaining Ring

Silicone Gasket
102-mm

Quartz-fiber
Filter

Air Flow

# Particle Fiiter

e\ Fliter Support Screen

Filter Holder (Part 2)

/

~———— Silicone Gasket

4
F——/
N~ Particle Fitter

\‘ Support

| 1 Assembled
| Sampling

\ / Module

______,___._-—-G!ass Cartridge
—Retalning Screen

Sorbent

d KRetalnlng Screen

Silicone Gasket

Air Flow

Exhaust
Cartridge
Holder
(Part 1)

Figure 3a. Typical absorbent cartridge assembly for sampling dioxin/furans.
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Glass PUF Sampler with
Stainless Steel Screens

_64mm O.D.:

—

pu

>
>

—PUF Piug

| Glass
Cartridge

(1) Glass PUF cartridge, plug, and end caps.

|, 495" 04.92"

)
. Sa——
Accessories
(e
Teflon Sealing Caps PUF Insert
with O-rings for ’
capping PUF Sampler .
~——

Aluminum Canister for Shipping
and Storage of the PUF Sampler

(2) PUF shipping container.

Figure 3b. Typical glass PUF cartridge (1) and shipping container
(2) for use with hi-vol sampling systems.
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4" Diameter Puliflex
Filter and Support

PUF Adsorbent
Cartridge and Support

Quick Release Connections
for Module

Quick Release Connections
for Magnahelic Gage

Venturi

Flow Contro! Valve

BEEER B D00 BORs!

Bxhaust Hose

N .]

Elapsed Time Indicator

Figure 4. Portable high volume air sampler developed by EPA.
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| lg—— Woter ]
= Manometer H Borometer
= 1
— 1
Mercury - = |
Manometer = Air Flow

= Thermometer

1t = r

@ g Fiiter Adapter

Rootsmeter

High Volume Motor

Resistonce Piotes

Figure 5. Positive displacement rootsmeter used to calibrate orifice transfer standard.
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COMPENDIUM METHOD TO-9A
ORIFICE CALIBRATION DATA SHEET

T 1 Name
Py mmHg Date
Orifice No.

Rootsmeter No.

5 200 5.66
7 200 | 5.66
| 10 300 | 8.50
| 13 300 [ 8.50
[ 18 300 | 8.50 |

— 3 — ——— — e
Factors: (R%)(0.02832 ™) = m? and (in. Hg) 25.4 (2258 - pm 1
R3 n. Hg
Calculation Equations:
P, - AP T

1. Vv =V ;—.—. —“
where:

Tstd = 296°K

Pgq = 760.0 mm Hg

vstd

2. ==

Qgd 8

Figure 6. Orifice calibration data sheet.
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Method TO-9A Dioxins and Furans

Shutoff valves
Cakbrated
orifice
Manometer
0-18in.

=1

Sampling head “

AN

== Pipa fiting (1/2in.)

ottt ek Rl Bl R Rl el e bt o W ST EREITITI IR SO S TP IS,

Magnehslic gauge
0-100in.

\\1e,
SR>
- -

u : == Orifice

o |

Flow control -
vave

motor meter

2 7
4§ P

 SEALANAARALEAEAHELALAARAAAALALLAAATLALLRAALLALLLALRLL LNV AR |

[ABALAHLILELAALLLARARLIARALALR AL R R AL RN,

Exhaust duct

Figure 7. Field calibration configuration of the dioxin/furan sampler.
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Method TO-9A

COMPENDIUM METHOD TO-9A
FIELD CALIBRATION DATA SHEET DIOXIN/FURAN SAMPLER CALIBRATION

Sampler ID: Calibration Orifice ID:
Sampler Location: Job No.:
High Volume Transfer Orifice Data:
Correlation Coefficient (CC1): Slope (M1):
(CC2): (M2):
Intercept (B1):
(B2):
Calibration Date: ____ Time:
Calibration Ambient Temperature: ___°F ___°C CALIBRATOR'S SIGNATURE
Calibration Ambient Barometric Pressure: ___ "Hg ____ mm Hg
Calibration set point (SP):
SAMPLER CALIBRATION
Actual values from calibration Calibrated values
Orifice Monitor .
manometer, magnehelic, Orifice Monitor Calculated value
inches inches manometer magnehelic orifice flow, scm
(Y1) (Y2) (Y3) (Y4 XD
70
60
50
40
30
20
10
Definitions
Y1 = Calibration orifice reading, in. H,O Y4 = Calculated value for magnehelic
Y2 = Monitor magnehelic reading, in. H,O = [Y2(Pa/760)(298/{Ta + 273})]*
P, = Barometric pressure actual, mm Hg X1 = Calculated value orifice flow, scm
Bl = Manfacturer's Calibration orifice Intercept _ _Y3-BI
M1 = Manufacturer's Calibration orifice manometer Ml .
slope P,;, = Barometric pressure standard, 760 mm Hg
p . T, = Temperature actual, °C
Y3 = Calculated value for orifice manometer T, = Temperature standard, 25°C
= [Y1(Pa/760)(298/{Ta + 273})]*
Figure 8. Orifice transfer field calibration data sheet.
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Shuioh valves ‘ "
Caltealed & D —s
ortico {'H,0) THO) ad).
Vi 2 Manometer
(HO 8 ™ ey 0 - 1ain.
Santlng hoad X1
g e -, (smm)
Figo 1hirg 112In} 7
H - Magnotollsgouge
z $- 100N,
/ ;
2 %
Bapead tins
- moter
Cxhaust st w
%\ 4 T
mor
»  Linear regression of X1 (semm)vs. Y4 ¢
Cakulate B2 and M2
l Y5 » [avg. mag- s h{P_JT,  1(259/ 760)]"
YS-B2
X2 =
{scmm) M2

Figure 9. Relationship between orifice transfer standard and flow rate through sampler.
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COMPENDIUM METHOD TO-9A

FIELD TEST DATA SHEET
GENERAL INFORMATION

Sampler LD, No.: Operator:
Lab PUF Sample No.: Other:
Sample location:
PUF Cartridge Certification Date: Start Stop
Date/Time PUF Cartridge Installed: Barometric pressure ("Hg)
Elapsed Timer: Ambient Temperature (°F)

Start Rain Yes Yes

Stop No No

Diff. Sampling time
Sampling Start

Stop
M1 B1 Diff.
M2 B2
Audit flow check within £10 of set point
Yes
No
CALCULATED
BAROMETRIC MAGNEHELIC FLOW RATE
TIME TEMP PRESSURE READING (scmm) READ BY

!I
Il Avg.

Comments

Figure 10. Field test data sheet.
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M/Z = 308.8016 .

200 33;39 363149 4.38?
8o + 35:15 1,289-TCDF| £.3. 487
503 28:40 : 2.687
a0 1,3,8.8-TCDF| 1,787
20 .516
4 T ——— . e o L o ey~ 0 . 0B0

29300 30:00 31:00 32100 33:00 34:00 35100, 36:00 31:00 “time
(]

W2z =315.9415] 4

10 33;36 3,487
a0 13¢.2,3,7,0°TCOF 2757
50, 2.0E7
40, 1.357
20 6. 7RG
o Tyttt ST — — F0.080

29%p0 30:00 31:00 32:00 33:00 34:00 35:00 , 36:00 37:00 Time

{2 =319.8985 _.

10 35.01 — . _2.9%7
80. 30:36 2,9,78-TCO0Y 1.2.0.9-TCOD|E.2. 387

1,3,6,8-TGDD;

60, 1.787
¢ 1.2x7
20, 5.856
Q T ST — e 7 7Y A —+0-0F0

29:00 30:00 31:90 32:00 33:90 adi00 35100 36200 37:00 Time
1 : :

" M2 =331.9668 | '

100 34-59 2.787
80 aHVJN.&.ﬂ.mw-,-.nwuo_ 2.1E7
60 1.6%7
en .1E7
20 5.3P6
0. ———r— — E— —r——— S L S —————+-0.0E0

29:00 30:00 31:00 32:00 33:00 34:00 35:00 36:00 37:00 Time

are shown above the respective internal quantificati

tutime-PEDFamd-PEPB . ;
on standard (1QS).
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80, 13C.1,2.8,7.8-PoCDE| 4.986
60 3.186
40 2.5BS
zo.g 2.2E6

0. T T T Y T ¥ T [ — T T s s s T 1. 1 7. r v T 1.5 " 0.DED
37:00 38:00 39100 40100 41100 a2fao é3:00 $4:00 45:00 Time
i
M/Z = 355.8546 | '

100: ! 44316 .0E7
80 4.087?
co ) 1,2.3,8.9-PeCDD), .0e7
40. 39;48 2.087
203 1,2,4,7,9-PeCDDY 1.087

o T =T | P T T T pr—ye——TT ¥ T T . ¥V ot 0.020
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i
M/Z = 367.6040 | |

1008 43;20
804 13C1,2,8.2,8-PcCOD
60:

40
20
od LinnCas per mon At T L T | S R B R SR - L Y-S YL Y-k 1.1 -
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Figure 11 (comtinued)
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Figure 12. HRGC-HRMS column performance mix showing acceptable separation of 2,3,7,8-TCDD
from the adjacent isomers.
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Figure 13. Extracted ion current profiles (EICP) for 2,3,7,8-TCDF and labeled standard.
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Figure 14. Extracted ion current profiles (HLCP) for 2,3,7,8-TCDD and labeled standard.
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Figure 15. Extracted ion current profiles (ELCP) for 2,3,7,8-substituted PeCDF and labeled standard.
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Figure 17. Extracted ion current profiles (EICP) for 2,3,7,8-substituted HXCDF and labeled standard.
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Figure 19. Extracted ion current profiles (EICP) for 2,3,7,8-substituted HpCDF and labeled standard.
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Figure 20. Extracted ion current profiles (EICP) for 2,3,7,8-substituted HpCDD and labeled standard.
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Figure 21. Extracted ion current profiles (EICP) for OCDF and labeled standard.
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Figure 22. Extracted ion current profiles (EICP) for OCDD and labeled standard.

V6-OL POYRIN

sue.ing pue suixoiq



f‘léy

Dioxins and Furans Method TO-9A
WZ=aR.3016 , -
3 —_— 4.785
0. e — — — WTCDF 3.885
00 |' . 2,085
{‘ 00! - ‘ J 1.928
! 20. r J P }\ 9.42¢
E ol A, J\ j k u\'\ A oy (admit-0.080
‘ YQQ_ _ AAL00 39200 moo __ax:00 o 00 3s:00  36:00 Thad
1 MﬂewSBBW : xS
i 2 o - = L ¢.058
: & S 3,705
P ‘_‘ . 2,488
. 20 - j 1,823
o L L /\J A / \'\ . Lo LEO.MQ
_@é """ jep 29140, ;o;_a Silgo 32300  I3tos  R4igq  35:00  3I6t0D Tiza
M2 =915.0418 . 9z
1 . _
oal " 18C.22.7.5TC0F 3,727
’ .
5ol 1,827
40} 9,788
202 J g, 328
o3 ' OSSN N
27000, . GAIOR_ 29506 | 300 32360  529¢0  3c00 __34v00 Y600 36100 Timal
. Z w317
1008 . 2,727
: and 2,312
605 L2, 682
403 . 2.287
20] J k L 5,485
-] T 0,080
37000 . 30i00 | 29500 | J0i00 | 3It00 = $2100  33:00  Jébeo  sSv0  36:00 Tz
= b EN ]
b1, 376
o, 783
6,953
1. 3.8
.0, 020
oina)
_5.586
P f“‘M W\w‘\\w‘ﬂ" /\W"MW M‘M‘\WWAW\\W\‘ 6,456
&0, 3,985
40 2,356
2 L 1.1%6
2 T T T T = 0. 020
17100 36t00  29:00  Joi0®  3%:00 3300 33100 34:00 35100 1£188 Slms)
i ;
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METHOD TO-13A

Determination of Polycyclic Aromatic Hydrocarbons (PAHS)
in Ambient Air Using Gas Chromatography/Mass Spectrometry (GC/MS)

1. Scope

1.1 Polycydic aromatic hydrocarbons (PAHS) have received increased attention in recent yearsin air pollution
studies because some of these compounds are highly carcinogenic or mutagenic. In particular, benzo[a]pyrene
(B[a]P) has been identified as being highly carcinogenic. To understand the extent of human exposure to B[a]P
and other PAHS, reliable sampling and analytical methods are necessary. This document describes a sampling
and analysis procedure for common PAHSs involving the use of a combination of quartz filter and sorbent
cartridge with subsequent analysis by gas chromatography with mass spectrometry (GC/MS) detection. The
anaytical methods are modifications of EPA Test Method 610 and 625, Methods for Organic Chemical Analysis
of Municipal and Industrial Wastewater, and Methods 8000, 8270, and 8310, Test Methods for Evaluation of
Solid Waste.

1.2 Fluorescence methods were among the very first methods used for detection of B[a]P and other PAHs as
carcinogenic congtituents of coal tar (1-7). Fluorescence methods are capable of measuring subnanogram
quantities of PAHSs, but tend to be fairly non-selective. The normal spectra obtained are often intense and lack
resolution. Effortsto overcome this difficulty led to the use of ultraviolet (UV) absorption spectroscopy (8) as
the detection method coupled with pre-speciated techniques involving liquid chromatography (LC) and thin layer
chromatography (TLC) to isolate specific PAHSs, particularly B[a]P. As with fluorescence spectroscopy, the
individua spectrafor various PAHs are unique, although portions of spectrafor different compounds may be the
same. Aswith fluorescence techniques, the possibility of spectral overlap requires complete separation of sample
components to ensure accurate measurement of component levels. Hence, the use of UV absorption coupled with
pre-speciation involving LC and TLC and fluorescence spectroscopy declined and was replaced with the more
sengitive high performance liquid chromatography (HPL C) with UV/fluorescence detection (9) or highly sensitive
and specific gas chromatography/mass spectrometry (GC/MS) for detection (10-11).

1.3 Thechoice of GC/MS asthe recommended procedure for analysis of B[a]P and other PAHs was influenced
by its sensitivity and selectivity, along with its ability to analyze complex samples.

1.4 The analytical methodology has consequently been defined, but the sampling procedures can reduce the
validity of theanaytical results. Recent studies (12-17) have indicated that non-volatile PAHs (vapor pressure
<10® mm Hg) may be trapped on the filter, but post-collection volatilization problems may distribute the PAHs
downstream of the filter to the back-up sorbent. A wide variety of sorbents such as Tenax®, XAD-2® and
polyurethane foam (PUF) have been used to sample common PAHs. All sorbents have demonstrated high
collection efficiency for B[a]Pin particular. In general, XAD-2® resin has a higher collection efficiency (18-21)
for volatile PAHs than PUF, as well as a higher retention efficiency. PUF cartridges, however, are easier to
handle in the field and maintain better flow characteristics during sampling. Likewise, PUF has demonstrated
(22) its capahility in sampling organochlorine pesticides, polychlorinated biphenyls (22), and polychlorinated
dibenzo-p-dioxins (23). PUF also has demonstrated a lower recovery efficiency and storage capability for
naphthalene than XAD-2®. There have been no significant losses of PAHs up to 30 days of storage at room
temperature (23°C) using XAD-2®. It also appears that XAD-2® resin has a higher collection efficiency for
volatile PAHs than PUF, as well as a higher retention efficiency for both volatile and reactive PAHSs.
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Consequently, whilethe literature cites weaknesses and strengths of using either XAD-2® or PUF, this method
includes the utilization of PUF as the primary sorbent.

1.5 This method includes the qualitative and quantitative analysis of the following PAHs (see Figure 1)
specificaly by utilizing PUF as the sorbent followed by GC/MS analysis:

Acenaphthene (low collection efficiency; Coronene

see Section 6.1.3) Dibenz(a,h)anthracene
Acenaphthylene (low collection efficiency; Fluoranthene

see Section 6.1.3) Fluorene
Anthracene Benzo(b)fluoranthene
Benz(a)anthracene Indeno(1,2,3-cd)pyrene
Benzo(a)pyrene Naphthalene (low collection efficiency;
Benzo(e)pyrene see Section 6.1.3)
Benzo(g,h,i)perylene Phenanthrene
Benzo(k)fluoranthene Pyrene
Chrysene Perylene

The GC/MS method is applicable to the determination of PAHs compounds involving three

member ringsor higher. Naphthal ene, acenaphthylene, and acenaphthene have only ~35 percent recovery when
using PUF as the sorbent. Nitro-PAHSs have not been fully evaluated using this procedure; therefore, they are
not included in this method.

1.6 With optimization to reagent purity and analytical conditions, the detection limits for the GC/M 'S method
range from 1 ng to 10 pg based on field experience.

2. Summary of Method

2.1 Filtersand sorbent cartridges (containing PUF or XAD-2®) are cleaned in solvents and vacuum dried. The
filtersand sorbent cartridges are stored in screw-capped jars wrapped in aluminum foil (or otherwise protected
from light) before careful installation on the sampler.

2.2 Approximately 300 m? of air isdrawn through the filter and sorbent cartridge using a high-volume flow rate
air sasmpler or equivalent.

2.3 The amount of air sampled through the filter and sorbent cartridge is recorded, and the filter and cartridge
are placed in an appropriately labeled container and shipped along with blank filter and sorbent cartridges to the
analytical laboratory for analysis.

2.4 Thefiltersand sorbent cartridge are extracted by Soxhlet extraction with appropriate solvent. The extract
is concentrated by Kuderna-Danish (K-D) evaporator, followed by slica gel cleanup using column
chromatography to remove potential interferences prior to analysisby GC/MS.

2.5 Theduent isfurther concentrated by K-D evaporation, then analyzed by GC/MS. The analytical systemis
verified to be operating properly and calibrated with five concentration calibration solutions.
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2.6 A preiminary andysis of the sample extract is performed to check the system performance and to ensure that
the samples are within the calibration range of the instrument. If the preiminary analysis indicates non-
performance, then recalibrate the instrument, adjust the amount of the sample injected, adjust the calibration
solution concentration, and adjust the data processing system to reflect observed retention times, etc.

2.7 The samples and the blanks are analyzed and used (along with the amount of air sampled) to calculate the
concentration of PAHs in the air sample.

3. Significance

3.1 Asdiscussed in Section 1, several documents have been published that describe sampling and analytical
approaches for common PAHSs. The attractive features of these methods have been combined in this procedure.
Although this method has been vaidated in the laboratory, one must use caution when employing it for specific
applications.

3.2 Because of therdatively low levels of common PAHSsin the environment, the methodology suggest the use
of high volume (0.22 m*¥min) sampling technique to acquire sufficient sample for analysis. However, the
volatility of certain PAHs prevents efficient collection on filter mediaalone. Consequently, this method utilizes
both afilter and a backup sorbent cartridge, which provides for efficient collection of most PAHs involving three
member rings or higher.

4. Applicable Documents
4.1 ASTM Standards

» Method D1356 Definitions of Terms Relating to Atmospheric Sampling and Analysis.

» Method 4861-94 Standard Practice for Sampling and Analysis of Pesticides and Polychlorinated
Biphenyl in Air

» Method E260 Recommended Practice for General Gas Chromatography Procedures.

» Method E355 Practice for Gas Chromatography Terms and Relationships.

» Method E682 Practice for Liquid Chromatography Terms and Relationships.

4.2 EPA Documents

 Technical Assistance Document for Sampling and Analysis of Toxic Organic Compounds in Ambient
Air, U. S. Environmental Protection Agency, EPA-600/4-83-027, June 1983.

 Quality Assurance Handbook for Air Pollution Measurement Systems, U. S. Environmental Protection
Agency, EPA-600/R-94-038b, May 1994.

» Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air:
Method TO-13, Second Supplement, U. S. Environmental Protection Agency, EPA-600/-4-89-018,
March 1989.
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4.3 Other Documents

 Existing Procedures (24-32).

» Ambient Air Studies (33-50).

» General Metal Works, Inc., "Operating Procedures for Model PS-1 Sampler," Village of Cleves, OH
45002 (800-543-7412).

« Illinois Environmental Protection Agency, Division of Air Quality, "Chicago Air Quality: PCB Air
Monitoring Plan (Phase 2)," Chicago, IL, IEAP/APC/86/011, April 1986.

» Thermo Environmenta, Inc. (formerly Wedding and A ssociates), " Operating Procedures for the Thermo
Environmenta Semi-Volatile Sampler," 8 West Forge Parkway, Franklin, MA 02038 (508-520-0430).

» American Chemica Society (ACS), "Sampling for Organic Chemicalsin Air," ACS Professional Book,
ACS, Washington, D.C., 1996.

* International Organization for Standardization (1SO), "Determination of Gas and Particle-Phase
Polynuclear Aromatic Hydrocarbons in Ambient Air - Collected on Sorbent-Backed Filters with Gas
Chromatographic/Mass Spectrometric Analysis," ISO/TC 146/SC 3/WG 17N, Case Postale 56,
CH-1211, Genéve 20, Switzerland.

5. Definitions

[Note: Definitions used in this document and in any user-prepared standard operating procedures (SOPs)
should be consistent with ASTM Methods D1356, E260, and E255. All abbreviations and symbols are defined
within this document at point of use.]

5.1 Retention time (RT)-timeto eute aspecific chemica from achromatographic column. For a specific carrier
gas flow rate, RT is measured from the time the chemical is injected into the gas stream until it appears at the
detector.

5.2 Sampling efficiency (SE)-ability of the sampler to trap and retain PAHs. The %SE is the percentage of the
andyte of interest collected and retained by the sampling medium when it isintroduced into the air sampler and
the sampler is operated under normal conditions for a period of time equal to or greater than that required for the
intended use.

5.3 Dynamic retention efficiency-ability of the sampling medium to retain a given PAH that has been added
to the sorbent trap in a spiking solution when air is drawn through the sampler under normal conditions for a
period of time equal to or greater than that required for the intended use.

5.4 Polycyclic aromatic hydrocarbons (PAHSs)-two or more fused aromatic rings.

5.5 Method detection limit (MDL)-the minimum concentration of a substance that can be measured and
reported with confidence and that the value is above zero.

5.6 Kuderna-Danish apparatus-the Kuderna-Danish (K-D) apparatus is a system for concentrating materials
dissolved in volatile solvents.

5.7 MS-SCAN-the GC is coupled to a mass spectrometer where the instrument is programmed to acquire al ion
data.
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5.8 Sublimation-the direct passage of a substance from the solid state to the gaseous state and back into the
solid form without at any time appearing in the liquid state. Also applied to the conversion of solid to vapor
without the later return to solid state, and to a conversion directly from the vapor phase to the solid state.

5.9 Surrogate standard-achemicaly inert compound (not expected to occur in the environmental sample) that
is added to each sample, blank, and matrix-spiked sample before extraction and analysis. The recovery of the
surrogate standard is used to monitor unusual matrix effects, gross sample processing errors, etc. Surrogate
recovery isevauated for acceptance by determining whether the measured concentration falls within acceptable
limits.

5.10 CAL-calibration standards are defined as five levels of calibration: CAL 1, CAL 2, CAL 3, CAL 4, and
CAL 5. CAL 1isthelowest concentration and CAL 5 isthe highest concentration. CAL 3, which isthe mid-
level standard, is designated as the solution to be used for continuing calibrations.

5.11 Continuing calibration check-a solution of method analytes used to evaluate the mass spectrometer
response over aperiod of time. A continuing calibration check (CCC) is performed once each 12-hour period.
The CCC solution (CAL 3) isthe standard of the calibration curve.

5.12 GC Response (A,)-the peak area or height of analyte, x.

5.13 Internal standard (1S)-a compound added to a sample extract in known amounts and used to calibrate
concentration measurements of other compounds that are sample components. The internal standard must be a
compound that is not a sample component.

6. Limitations and Interferences
6.1 Limitations

6.1.1 PAHSs span a broad spectrum of vapor pressures (e.g., from 1.1 x 10 kPafor naphthalene to 2 x
10" kPafor coronene at 25°C). PAHsthat are frequently found in ambient air are listed in Table 1. Those with
vapor pressures above approximately 10 kPawill be present in the ambient air substantially distributed between
the gas and particulate phases. This method will permit the collection of both phases.

6.1.2 Particulate-phase PAHs will tend to be lost from the particle filter during sampling due to
volatilizetion. Therefore, separate analysis of the filter will not reflect the concentrations of the PAHs originally
associated with particles, nor will analysis of the sorbent provide an accurate measure of the gas phase.
Consequently, this method callsfor extraction of the filter and sorbent together to permit accurate measurement
of total PAH air concentrations.

6.1.3 Naphthalene, acenaphthylene, and acenaphthene possess relatively high vapor pressures and may
not be efficiently trapped by this method when using PUF as the sorbent. The sampling efficiency for
naphthal ene has been determined to be about 35 percent for PUF. The user is encouraged to use XAD-2® asthe
sorbent if these analytes are part of the target compound list (TCL).

6.2 Interferences
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6.2.1 Method interferences may be caused by contaminants in solvents, reagents, glassware, and other
sample processing hardware that result in discrete artifacts and/or elevated baselines in the detector profiles. All
of these materials must be routinely demonstrated to be free from interferences under the conditions of the
analysis by running laboratory reagent blanks.

6.2.2 Glassware must be scrupuloudly cleaned (51). All glassware should be cleaned as soon as possible
after use by rinsing with the last solvent used in it and then high-purity acetone and hexane. These rinses should
be followed by detergent washing with hot water and rinsing with copious amounts of tap water and several
portions of reagent water. The glassware should then be drained dry and heated in a muffle furnace at 400°C for
four hours. Volumetric glassware must not be heated in a muffle furnace; rather it should be solvent rinsed with
acetone and spectrographic grade hexane. After drying and rinsing, glassware should be sealed and stored in a
clean environment to prevent any accumulation of dust or other contaminants. Glassware should be stored
inverted or capped with auminum foil.

[Note: The glassware may be further cleaned by placing in a muffle furnace at 450°C for 8 hours to remove
trace organics.]

6.2.3 The use of high purity water, reagents, and solvents helps to minimize interference problems.
Purification of solvents by distillation in all-glass systems may be required.

6.2.4 Matrix interferences may be caused by contaminantsthat are coextracted from the sample. Additional
clean-up by column chromatography may be required (see Section 12.3).

6.2.5 During sampletransport and analysis, heat, ozone, NO,, and ultraviolet (UV) light may cause sample
degradation. Incandescent or UV -shielded fluorescent lighting in the laboratory should be used during analysis.

6.2.6 The extent of interferences that may be encountered using GC/M S techniques has not been fully
asesed. Although GC conditions described alow for unique resolution of the specific PAH compounds covered
by this method, other PAH compounds may interfere. The use of column chromatography for sample clean-up
prior to GC analysiswill diminate most of theseinterferences. Theanalytical system must, however, be routingly
demonstrated to be free of internal contaminants such as contaminated solvents, glassware, or other reagents
which may lead to method interferences. A laboratory reagent blank should be analyzed for each reagent used
to determine if reagents are contaminant-free.

6.2.7 Concern about sample degradation during sample transport and analysis was mentioned above. Heat,
ozone, NO,, and ultraviolet (UV) light dso may cause sample degradation. These problems should be addressed
as part of the user-prepared standard operating procedure (SOP) manual. Where possible, incandescent or UV -
shielded fluorescent lighting should be used during analysis. During transport, field samples should be shipped
back to the laboratory chilled (~4°C) using blueice/dry ice.

7. Safety

7.1 Thetoxicity or carcinogenicity of each reagent used in this method has not been precisaly defined; however,
each chemica compound should be treated as a potential health hazard. From this viewpoint, exposure to these
chemicals must be reduced to the lowest possible level by whatever means available. The laboratory is
responsible for maintaining acurrent awareness file of Occupational Safety and Health Administration (OSHA)
regulations regarding the safe handling of the chemicals specified in this method. A reference file of material
safety data sheets (MSDSs) should also be made available to all personnel involved in the chemical analysis.
Additional referencesto laboratory safety are available and are included in the reference list (52-54).

Page 13A-6 Compendium of Methods for Toxic Organic Air Pollutants January 1999



PAHSs Method TO-13A

7.2 B[P has been tentatively classified as a known or suspected, human or mammalian carcinogen. Many of
the other PAHs have been classified as carcinogens. Care must be exercised when working with these substances.
This method does not purport to address al of the safety problems associated with itsuse. It isthe responsibility
of whomever usesthis method to consult and establish appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use. The user should be thoroughly familiar with the chemical and
physical properties of targeted substances (see Table 1 and Figure 1).

7.3 All PAHSs should be treated as carcinogens. Neat compounds should be weighed in a glove box. Spent
samples and unused standards are toxic waste and should be disposed according to regulations. Counter tops and
equipment should be regularly checked with "black light" for fluorescence as an indicator of contamination.

7.4 The sampling configuration (filter and backup sorbent) and collection efficiency for target PAHs has been
demonstrated to be greater than 95 percent (except for naphthalene, acenaphthylene and acenaphthene).
Therefore, no field recovery evaluation will be required as part of this procedure.

[Note: Naphthalene, acenaphthylene and acenaphthene have demonstrated significant breakthrough using
PUF cartridges, especially at summer ambient temperatures. If naphthalene, acenaphthylene and
acenaphthene are target PAHSs, the user may want to consider replacing the PUF with XAD-2® in order to
minimize breakthrough during sampling.]

8. Apparatus

[Note: This method was developed using the PS-1 semi-volatile sampler provided by General Metal Works,
Village of Cleves, OH as a guideline. EPA has experience in the use of this equipment during various field-
monitoring programs over the last several years. Other manufacturers' equipment should work as well;
however, modifications to these procedures may be necessary if another commercially available sampler is
selected.]

8.1 Sampling

8.1.1 High-volume sampler (see Figure 2). Capable of pulling ambient air through the filter/sorbent
cartridge at a flow rate of approximately 8 standard cubic feet per minute (scfm) (0.225 std m*/min) to obtain
atotal sample volume of greater than 300 m® over a 24-hour period. Major manufacturers are:

 Tisch Environmental, Village of Cleves, OH
» Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
e Thermo Environmental Instruments, Inc., 8 West Forge Parkway, Franklin, MA

Recent EPA studies have concluded that sample volumes less than 300 m? till collect enough PAHs on
the filter/PUF for quantitation. The user is encouraged to investigate appropriate sample volume needed to meet
project specific data quality objectives.

8.1.2 Sampling module (see Figure 3). Metal filter holder (Part 2) capable of holding a 102-mm circular
particlefilter supported by a 16-mesh stainless-stedl screen and attaching to ametal cylinder (Part 1) capable of
holding a65-mm O.D. (60-mm 1.D.) x 125-mm borosilicate glass sorbent cartridge containing PUF or XAD-2®.
Thefilter holder is equipped with inert sealing gaskets (e.g., polytetrafluorethylene) placed on either side of the
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filter. Likewise, inert, pliable gaskets (e.g., silicone rubber) are used to provide an air-tight seal at each end of
the glass sorbent cartridge. The glass sorbent cartridge is indented 20 mm from the lower end to provide a
support for a 16-mesh stainless-sted screen that holds the sorbent. The glass sorbent cartridge fitsinto Part 1,
which is screwed onto Part 2 until the sorbent cartridge is sealed between the silicone gaskets. Major
manufacturers are:

 Tisch Environmental, Village of Cleves, OH
» Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
e Thermo Environmental Instruments, Inc., 8 West Forge Parkway, Franklin, MA

8.1.3 High-volume sampler calibrator. Capable of providing multipoint resistance for the high-volume
sampler. Major manufacturers are:

 Tisch Environmental, Village of Cleves, OH
» Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
e Thermo Environmental Instruments, Inc., 8 West Forge Parkway, Franklin, MA

8.1.4 Ice chest. Tohold samplesat 4°C or below during shipment to the laboratory after collection.
8.1.5 Data sheets. Used for each sample to record the location and sample time, duration of sample,
starting time, and volume of air sampled.

8.2 Sample Clean-Up and Concentration (see Figure 4).

8.2.1 Soxhlet apparatus extractor (see Figure 4a). Capable of extracting filter and sorbent cartridges
(5.75-cm x 12.5-cm length), 1,000 mL flask, and condenser, best source.

8.2.2 Pyrex glass tube furnace system. For activating silicagel at 180°C under purified nitrogen gas
purge for an hour, with capability of raising temperature gradually, best source.

8.2.3 Glass vial. 40 mL, best source.

8.2.4 Erlenmeyer flask. 50 mL, best source.

[Note: Reuse of glassware should be minimized to avoid the risk of cross contamination. All glassware that
is used must be scrupulously cleaned as soon as possible after use. Rinse glassware with the last solvent used
in it and then with high-purity acetone and hexane. Wash with hot water containing detergent. Rinse with
copious amounts of tap water and several portions of distilled water. Drain, dry, and heat in a muffle furnace
at 400°C for 4 hours. Volumetric glassware must not be heated in a muffle furnace; rather, it should be
rinsed with high-purity acetone and hexane. After the glassware is dry and cool, rinse it with hexane, and
store it inverted or capped with solvent-rinsed aluminum foil in a clean environment.]

8.2.5 White cotton gloves. For handling cartridges and filters, best source.

8.2.6 Minivials. 2 mL, borosilicate glass, with conical reservoir and screw caps lined with Teflon®-faced
silicone disks, and avial holder, best source.

8.2.7 Teflon®-coated stainless steel spatulas and spoons. Best source.

8.2.8 Kuderna-Danish (K-D) apparatus (see Figure 4b). 500 mL evaporation flask (K ontes K-570001-
500 or equivalent), 10 mL graduated concentrator tubes (Kontes K570050-1025 or equivalent) with ground-glass
stoppers, 1 mL cadibrated K-D concentration tubes, and 3-ball macro Snyder Column (K ontes K-570010500, K-
50300-0121, and K-569001-219, or equivalent), best source.

8.2.9 Adsorption column for column chromatography (see Figure 4c). 1-cm x 10-cm with stands.
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8.2.10 Glove box. For working with extremely toxic standards and reagents with explosion-proof hood
for venting fumes from solvents, reagents, etc.

8.2.11 Vacuum oven. Vacuum drying oven system capable of maintaining a vacuum at 240 torr (flushed
with nitrogen) overnight.

8.2.12 Concentrator tubes and a nitrogen evaporation apparatus with variable flow rate. Best
source.

8.2.13 Laboratory refrigerator. Best source.

8.2.14 Boiling chips. Solvent extracted, 10/40 mesh silicon carbide or equivalent, best source.

8.2.15 Water bath. Heated, with concentric ring cover, capable of £5°C temperature control, best source.

8.2.16 Nitrogen evaporation apparatus. Best source.

8.2.17 Glass wool. High grade, best source.

8.3 Sample Analysis

8.3.1 Gas Chromatography with Mass Spectrometry Detection Coupled with Data Processing
System (GC/MS/DS). The gas chromatograph must be equipped for temperature programming, and all required
accesories must be available, including syringes, gases, and acapillary column. The gas chromatograph injection
port must be designed for capillary columns. The use of splitless injection techniques is recommended. On-
column injection techniques can be used, but they may severely reduce column lifetime for nonchemically bonded
columns. Inthisprotocol, a2 L injection volumeisused consistently to maximize auto sampler reproducibility.
With some gas chromatograph injection ports, however, 1 L injections may produce some improvement in
precision and chromatographic separation. A 1 L injection volume may be used if adequate sensitivity and
precision can be achieved.

[Note: If 1 uL is used as the injection volume, the injection volumes for all extracts, blanks, calibration
solutions and performance check samples must be 1 puL.]

All GC carrier gas lines must be constructed from stainless steel or copper tubing. Poly-tetrafluoroethylene
(PTFE) thread sealants or flow controllers should only be used.

8.3.2 Gas chromatograph-mass spectrometer interface. The GC is usualy coupled directly to the MS
source. The interface may include a diverter valve for shunting the column effluent and isolating the mass
spectrometer source. All components of the interface should be glass or glass-lined stainless steel. Glass can
be deactivated by silanizing with dichorodimethylsilane. The interface components should be compatible with
320°C temperatures. Cold spots and/or active surfaces (adsorption sites) in the GC/MS interface can cause peak
tailing and peak broadening. It is recommended that the GC column be fitted directly into the MS source.
Graphite ferrules should be avoided in the gas chromatograph injection area since they may adsorb PAHSs.
Vespe® or equivaent ferrules are recommended.

8.3.3 Mass spectrometer. The MS should be operated in the full range data acquisition (SCAN) mode
with atota cycletime (including voltage reset time) of one second or less (see Section 13.3.2). Operation of the
MSinthe SCAN mode allows monitoring of dl ions, thus assisting with the identification of other PAHs beyond
Compendium Method TO-13A target analyte list. In addition, operating in the SCAN mode assists the analyst
with identification of possible interferences from non-target analytes due to accessibility of the complete mass
spectrum in the investigative process. The MS must be capable of scanning from 35 to 500 amu every 1 sec or
less, using 70 valts (nomind) eectron energy in the dectronimpact (El) ionization mode. The mass spectrometer
must be capable of producing amass spectrum for a 50 ng injection of decafluorotriphyenyl phosphine (DFTPP)
which meetsal of the response criteria (see Section 13.3.3). To ensure sufficient precision of mass spectral data,
the M'S scan rate must alow acquisition of at least five scans while a sample compound elutes from the GC. The
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GC/MS system must be in a room with atmosphere demonstrated to be free of al potential contaminants which
will interferewith the analysis. Theinstrument must be vented outside the facility or to atrapping system which
prevents the rel ease of contaminants into the instrument room.

8.3.4 Data system. A dedicated computer data system is employed to control the rapid multiple ion
monitoring process and to acquire the data. Quantification data (peak areas or peak heights) and multi-ion
detector (MID) traces (displays of intensities of each m/z being monitored as a function of time) must be acquired
during the analyses. Quantifications may be reported based upon computer generated peak areas or upon
measured peak heights (chart recording). The detector zero setting must allow peak-to-peak measurement of the
noise on the baseline. The computer should have software that allows searching the GC/M S datafile for ions
of aspecific massand plotting such ion abundances versus time or scan number. Thistype of plot is defined as
Selected lon Current Profile (SICP). The software used must allow integrating the abundance in any SICP
between specified time or scan number limits. The data system should be capable of flagging all datafiles that
have been edited manually by laboratory personnel.

8.3.5 Gas chromatograph column. A fused silica DB-5 column (30 m x 0.32 mm |.D.) crosslinked
5 percent phenyl methylsilicone, 1.0 um film thickness is utilized to separate individual PAHs. Other columns
may be used for determination of PAHs. Minimum acceptance criteriamust be determined as per Section 13.3.
At the beginning of each 12-hour period (after mass resolution has been demonstrated) during which sample
extracts or concentration calibration solutions will be analyzed, column operating conditions must be attained
for the required separation on the column to be used for samples.

8.3.6 Balance. Mettler balance or equivalent.

8.3.7 All required syringes, gases, and other pertinent supplies. To operate the GC/MS system.

8.3.8 Pipettes, micropipettes, syringes, burets, etc. Used to make calibration and spiking solutions,
dilute samplesif necessary, etc., including syringes for accurately measuring volumes such as 25 pL and 100 L.

9. Equipment and Materials
9.1 Materials for Sample Collection (see Figure 3)

9.1.1 Quartz fiber filter. 102 millimeter binderless quartz microfiber filter, Whatman Inc., 6 Just Road,
Fairfield, NJ 07004, Filter Type QMA-4.

9.1.2 Polyurethane foam (PUF) plugs (see Figure 5a). 3-inch thick sheet stock polyurethane type
(density .022 g/cm®). The PUF should be of the polyether type used for furniture upholstery, pillows, and
mattresses. The PUF cylinders (plugs) should be dightly larger in diameter than the internal diameter of the
cartridge. Sources of equipment are Tisch Environmental, Village of Cleves, OH; University Research
Glassware, 116 S. Merritt Mill Road, Chapel Hill, NC; Thermo Environmental Instruments, Inc., 8 West Forge
Parkway, Franklin, MA; Supelco, Supelco Park, Bellefonte, PA; and SKC Inc., 334 Valley View Road, Eighty
Four, PA.

9.1.3 XAD-2® resin (optional). Supelco, Supeco Park, Bellefonte, PA.

9.1.4 Teflon® end caps (see Figure 5a). For sample cartridge; sources of equipment are Tisch
Environmental, Village of Cleves, OH; and University Research Glassware, 116 S. Merritt Mill Road, Chapel
Hill, NC.

9.1.5 Sample cartridge aluminum shipping containers (see Figure 5b). For sample cartridge shipping;
sources of equipment are Tisch Environmental, Village of Cleves, OH; and University Research Glassware, 116
S. Merritt Mill Road, Chapel Hill, NC.
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9.1.6 Glass sample cartridge (see Figure 5a). For sample collection; sources of equipment are Tisch
Environmental, Village of Cleves, OH; Thermo Environmental Instruments, Inc., 8 West Forge Parkway,
Franklin, MA; and University Research Glassware, 116 S. Merritt Mill Road, Chapel Hill, NC.

9.1.7 Aluminum foil. Best source.

9.1.8 Hexane, reagent grade. Best source.

9.2 Sample Clean-up and Concentration

9.2.1 Methylene chloride (extraction solvent for XAD-2®; optional). Chromatographic grade, glass-
distilled, best source.

9.2.2 Sodium sulfate-anhydrous (ACS). Granular (purified by washing with methylene chloride followed
by heating at 400°C for 4 hoursin ashallow tray).

9.2.3 Boiling chips. Solvent extracted or heated in a muffle furnace at 450° C for 2 hours, approximately
10/40 mesh (silicon carbide or equivalent).

9.2.4 Nitrogen. High purity grade, best source.

9.2.5 Hexane. Chromatographic grade, glass-distilled, best source (extraction solvent for PUF).

9.2.6 Glass wool. Silanized, extracted with methylene chloride and hexane, and dried.

9.2.7 Diethyl ether. High purity, glass distilled (extraction solvent for PUF).

9.2.8 Pentane. High purity, glass distilled.

9.2.9 Silica gel. High purity, type 60, 70-230 mesh.

9.3 GC/MS Sample Analysis

9.3.1 Gas cylinder of helium. Ultrahigh purity, best source.
9.3.2 Chromatographic-grade stainless steel tubing and stainless steel fitting. For interconnections,
Alltech Applied Science, 2051 Waukegan Road, Deerfield, IL 60015, 312-948-8600, or equivalent.

[Note: All such materials in contact with the sample, analyte, or support gases prior to analysis should be
stainless steel or other inert metal. Do not use plastic or Teflon® tubing or fittings.]

9.3.3 Native and isotopically labeled PAH isomers for calibration and spiking standards. Cambridge
| sotopes, 20 Commerce Way, Woburn, MA 01801 (617-547-1818). Suggested isotopically labeled PAH isomers
are. D, fluoranthene, D, -benzo(a)pyrene, fp -fluorene, (D -pyrene, D -peryleng, D -acenaphthene,
D,,-chrysene, D4-naphthalene and D, ,-phenanthrene.

9.3.4 Decafluorotriphenylphosphine (DFTPP). Used for tuning GC/MS, best source.

9.3.5 Native stock pure standard PAH analytes. For developing calibration curve for GC/MS analysis,
best source.

10. Preparation of PUF Sampling Cartridge

[Note: This method was developed using the PS-1 sample cartridge provider by General Metal Works, Village
of Cleves, OH as a guideline. EPA has experience in use of this equipment during various field monitoring
program over the last several years. Other manufacturers' equipment should work as well; however,
modifications to these procedures may be necessary if another commercially available sampler is selected.]
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10.1 Summary of Method

10.1.1 Thispart of the procedure discusses pertinent information regarding the preparation and cleaning
of the filter, sorbent, and filter/sorbent cartridge assembly. The separate batches of filters and sorbents are
extracted with the appropriate solvent.

10.1.2 At least one PUF cartridge assembly and one filter from each batch, or 10 percent of the batch,
whichever is greater, should be tested and certified before the batch is considered for field use.

10.1.3 Prior to sampling, the cartridges are spiked with field surrogate compounds.

10.2 Preparation of Sampling Cartridge

10.2.1 Bake the Whatman QMA-4 quartz filters at 400°C for 5 hours before use.

10.2.2 Sat asidethefiltersin aclean container for shipment to the field or prior to combining with the PUF
glass cartridge assembly for certification prior to field deployment.

10.2.3 The PUF plugs are 6.0-cm diameter cylindrical plugs cut from 3-inch sheet stock and should fit,
with slight compression, in the glass cartridge, supported by the wire screen (see Figure 53). During cutting,
rotate the die a high speed (e.g., inadrill press) and continuoudly lubricate with deionized or distilled water. Pre-
cleaned PUF plugs can be obtained from commercial sources (see Section 9.1.2).

10.2.4 For initial cleanup, place the PUF plugs in a Soxhlet apparatus and extract with acetone for
16 hours at approximately 4 cycles per hour. When cartridges are reused, use diethyl ether/hexane (5 to
10 percent volume/volume [v/V]) as the cleanup solvent.

[Note: A modified PUF cleanup procedure can be used to remove unknown interference components of the
PUF blank. This method consists of rinsing 50 times with toluene, acetone, and diethyl ether/hexane (5 to
10 percent v/v), followed by Soxhlet extraction. The extracted PUF is placed in a vacuum oven connected to
a water aspirator and dried at room temperature for approximately 2 to 4 hours (until no solvent odor is
detected). The extract from the Soxhlet extraction procedure from each batch may be analyzed to determine
initial cleanliness prior to certification.]

10.2.5 If usng XAD-2® inthe cartridge, initial cleanup of theresinis performed by placing approximately
50-60 grams in a Soxhlet apparatus and extracting with methylene chloride for 16 hours at approximately 4
cycles per hour. At the end of the initial Soxhlet extraction, the spent methylene chloride is discarded and
replaced with afresh reagent. The XAD-2® resin is once again extracted for 16 hours at approximately 4 cycles
per hour. The XAD-2® resin is removed from the Soxhlet apparatus, placed in a vacuum oven connected to an
ultra-pure nitrogen gas stream, and dried at room temperature for approximately 2-4 hours (until no solvent odor
is detected).

10.2.6 Fit anickel or stainless sted screen (mesh size 200/200) to the bottom of a hexane-rinsed glass
sampling cartridgeto retain the PUF or XAD-2® sorbents, asillustrated in Figure 5a. If using XAD-2® aone,
then place asmall diameter (~1/4") PUF plug on top of the nickel or stainless steel screen to retain the XAD-2®
inthe glass cartridge. Place the Soxhlet-extracted, vacuum-dried PUF (2.5-cm thick by 6.5-cm diameter) on top
of the screen in the glass sampling cartridge using polyester gloves. Place ~200 g of the clean XAD-2® inside
the glass sampling cartridge on top of the small diameter PUF plug.

10.2.7 Wrap the sampling cartridge with hexane-rinsed aluminum foil, cap with the Teflon® end caps
(optiond), placein a cleaned labe ed duminum shipping container, and seal with Teflon® tape. Analyze at |east
1 cartridge from each batch of cartridges prepared using the procedure described in Section 10.3, before the batch
is considered acceptable for field use.
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The acceptance leve of the cartridge isfor each target PAH analyte to be less than or equal to the detection
limit requirementsto meet the project data qudlity objectives. Itisgenerally not possible to eliminate the presence
of naphthalene, but the amount detected on the cleaned PUF cartridge should be less than five times the
concentration of the lowest calibration standard (~500 ng). This amount isinsignificant compared to the amount
collected from atypical air sample.

In generd, the following guidelines are provided in determining whether a cartridge is clean for field use:

» Naphthalene <500 ng/cartridge
e Other PAHs <200 ng total/cartridge

10.3 Procedure for Certification of PUF Cartridge Assembly

[Note: The following procedure outlines the certification of a filter and PUF cartridge assembly. If using
XAD-2® as the sorbent, the procedure remains the same, except the solvent is methylene chloride rather than
10 percent diethyl ether/hexane.]

10.3.1 Extract one filter and PUF sorbent cartridge by Soxhlet extraction and concentrate using a K-D
evaporator for each lot of filters and cartridges sent to the field.

10.3.2 Assemble the Soxhlet apparatus. Charge the Soxhlet apparatus (see Figure 4a) with 700 mL of
the extraction solvent (10 percent v/v diethyl ether/hexane) and reflux for 2 hours. Let the apparatus cool,
disassembleit, and discard the used extraction solvent. Transfer the filter and PUF glass cartridge to the Soxhlet
apparatus (the use of an extraction thimble is optional).

[Note: The filter and sorbent assembly are tested together in order to reach detection limits, to minimize cost
and to prevent misinterpretation of the data. Separate analyses of the filter and PUF would not yield useful
information about the physical state of most of the PAHSs at the time of sampling due to evaporative losses
from the filter during sampling.]

10.3.3 Add between 300 and 350 mL of diethyl ether/hexane (10 percent v/v) to the Soxhlet apparatus.
Reflux the sample for 18 hours at a rate of at least 3 cycles per hour. Allow to cool, then disassemble the
apparatus.

10.3.4 AssembleaK-D concentrator (see Figure 4b) by attaching a 10-mL concentrator tube to a 500-mL
evaporative flask.

10.3.5 Transfer the extract by pouring it through a drying column containing about 10 cm of anhydrous
granular sodium sulfate (see Figure 4c) and collect the extract in the K-D concentrator. Rinse the Erlenmeyer
flask and column with 20 to 30 mL of 10 percent diethyl ether/hexane to complete the quantitative transfer.

10.3.6 Add one or two clean bailing chips and attach a3-ball Snyder column to the evaporative flask. Pre-
wet the Snyder column by adding about 1 mL of the extraction solvent to the top of the column. Place the K-D
apparatus on a hot water bath (~50°C) so that the concentrator tube is partially immersed in the hot water, and
the entire lower rounded surface of the flask is bathed with hot vapor. Adjust the vertical position of the
apparatus and the water temperature as required to complete the concentration in 1 hour. At the proper rate of
didtillation, the balls of the column will actively chatter, but the chambers will not flood with condensed solvent.
When the gpparent volume of liquid reaches gpproximately 5 mL, remove the K-D apparatus from the water bath
and alow it to drain and cool for at least 5 minutes. Remove the Snyder column and rinse the flask and its lower
joint into the concentrator tube with 5 mL of cyclohexane. A 1-mL syringe is recommended for this operation.

10.3.7 Concentrate the extract to 5 mL and analyze using GC/MS.
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10.3.8 The acceptance level of the cartridge is for each target PAH analyte to be less than or equal to the
detection limit requirements to meet the project data qulity objectives. It isgenerally not possible to eliminate
the presence of naphthalene, but the amount detected on the cleaned PUF cartridge should be less than five times
the concentration of the lowest calibration standard (~500 ng). This amount is insignificant compared to the
amount collected from atypica air sample.

In generd, the following guidelines are provided in determining whether a cartridge is clean for field use:

» Naphthalene <500 ng/cartridge
e Other PAHs <200 ng total/cartridge

Cartridges are considered clean for up to 30 days from date of certification when sealed in their containers.
10.4 Deployment of Cartridges for Field Sampling

10.4.1 Immediately prior to field deployment, add surrogate compounds (i.e., chemically inert compounds
not expected to occur in an environmenta sample) to the center of the PUF cartridge, using amicrosyringe. Spike
20 uL of a50 ug/mL solution of the surrogates onto the center bed of the PUF trap to yield afinal concentration
of 1 ug. The surrogate compounds must be added to each cartridge assembly. The following field surrogate
compounds should be added to each PUF cartridge prior to field deployment to monitor matrix effects,
breakthrough, etc.

Field Surrogate Compound Total Spiked Amount (uq)
D,,-Fluoranthene 1
D,,-Benzo(a)pyrene 1

Fill out a"chain-of-custody" indiceting cartridge number, surrogate concentration, date of cartridge certification,
etc. The chain-of-custody must accompany the cartridge to the field and return to the laboratory.

10.4.2 Usetherecoveries of the surrogate compounds to monitor for unusual matrix effects and gross sample
processing erors. Evaluate surrogate recovery for acceptance by determining whether the measured concentration
falls within the acceptance limits of 60-120 percent.

10.4.3 Cartridges are placed in their shipping containers and shipped to the field. Blank cartridges do not
need to be chilled when shipping to the field until after exposure to ambient air.

11. Assembly, Calibration, and Collection Using Sampling System

[Note: This method was developed using the PS-1 semi-volatile sampler provided by General Metal Works,
Village of Cleves, OH as a guideline. EPA has experience in the use of this equipment during various field
monitoring programs over the last several years. Other manufacturers' equipment should work as well;
however, modifications to these procedures may be necessary if another commercially available sampler is
selected.]
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11.1 Sampling Apparatus

The entire sampling system is diagrammed in Figure 2. This apparatus was developed to operate at arate of 4
to 10 scfm (0.114 to 0.285 std m*min) and is used by EPA for high-volume sampling of ambient air. The
method write-up presents the use of this device.

The sampling module (see Figure 3) consists of afilter and aglass sampling cartridge containing the PUF utilized
to concentrate PAHs from the air. A field portable unit has been devel oped by EPA (see Figure 6).

11.2 Calibration of Sampling System

Each sampler should be calibrated (1) when new, (2) after major repairs or maintenance, (3) whenever any audit
point deviates from the cdibration curve by more than 7 percent, (4) before/after each sampling event, and
(5) when a different sample collection medium, other than that which the sampler was originally calibrated to,
will be used for sampling.

11.2.1 Cdibration of Orifice Transfer Standard. Calibrate the modified high volume air sampler in the field
using acdibrated orifice flow rate transfer sandard. Certify the orifice transfer standard in the laboratory against
a positive displacement rootsmeter (see Figure 7). Once certified, the recertification is performed rather
infrequently if the orifice is protected from damage. Recertify the orifice transfer standard performed once per
year utilizing a set of five multi-hole resistance plates.

[Note: The set of five multihole resistance plates is used to change the flow through the orifice so that several
points can be obtained for the orifice calibration curve. The following procedure outlines the steps to
calibrate the orifice transfer standard in the laboratory.]

11.2.1.1 Record the room temperature (T, in °C) and barometric pressure (P, in mm Hg) on the Orifice
Cdlibration Data Sheet (see Figure 8). Calculate the room temperature in K (absolute temperature) and record
on Orifice Calibration Data Sheet.

T,inK =273°+T,in°C

11.2.1.2 Set up laboratory orifice calibration equipment asillustrated in Figure 7. Check the ail level of
the rootsmeter prior to starting. There are three ail level indicators, one at the clear plastic end, and two sight
glasses, one at each end of the measuring chamber.

11.2.1.3 Check for leaks by clamping both manometer lines, blocking the orifice with cellophane tape,
turning on the high-volume mator, and noting any change in the rootsmeter'sreading. |f the rootsmeter's reading
changes, thereisaleak inthe system. Eliminate the leak before proceeding. If the rootsmeter's reading remains
constant, turn off the hi-vol motor, remove the cellophane tape, and unclamp both manometer lines.

11.2.1.4 Install the 5-hole resistance plate between the orifice and the filter adapter.

11.2.1.5 Turn manometer tubing connectors one turn counter-clockwise. Make sure all connectors are
open.

11.2.1.6 Adjust both manometer midpoints by diding their movable scales until the zero point corresponds
withthe meniscus. Gently shake or tap to remove any air bubbles and/or liquid remaining on tubing connectors.
(If additional liquid is required for the water manometer, remove tubing connector and add clean water.)

11.2.1.7 Turn on the high-volume motor and let it run for 5 minutes to set the motor brushes. Turn the
motor off. Ensure manometers are set to zero. Turn the high-volume motor on.
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11.2.1.8 Record thetimein minutes required to pass a known volume of air (approximately 5.6 to 8.4 m®
of air for each resistance plate) through the rootsmeter by using the rootsmeter's digital volume dial and a
stopwatch.

11.2.1.9 Record both manometer readings [orifice water manometer (aH) and rootsmeter mercury
manometer (aP)] on Orifice Calibration Data Sheet (see Figure 8).

[Note: aH is the sum of the difference from zero (0) of the two column heights.]

11.2.1.10 Turn off the high-volume motor.

11.2.1.11 Replace the 5-hole resistance plate with the 7-hole resistance plate.

11.2.1.12 Repeat Sections 11.2.1.3 through 11.2.1.11.

11.2.1.13 Repeat for each resistance plate. Note results on Orifice Calibration Data Sheet (see Figure 8).
Only aminuteis needed for warm-up of the motor. Be sure to tighten the orifice enough to eliminate any leaks.
Also check the gaskets for cracks.

[Note: The placement of the orifice prior to the rootsmeter causes the pressure at the inlet of the rootsmeter
to be reduced below atmospheric conditions, thus causing the measured volume to be incorrect. The volume
measured by the rootsmeter must be corrected.]

11.2.1.14 Correct the measured volumes on the Orifice Calibration Data Sheet:
P -aP T

V — V a std
sd m ( Pgd )( T )

a

V¢, = standard volume, std m®
V., = actuad volume measured by the rootsmeter, m?
P,= barometric pressure during calibration, mm Hg
AP=differentia pressure at inlet to volume meter, mm Hg
Py = 760 mm Hg
T= 298K
T,= ambient temperature during calibration, K.

11.2.1.15 Record standard volume on Orifice Calibration Data Sheet.
11.2.1.16 The standard flow rate as measured by the rootsmeter can now be cal culated using the following
formula

where:
Qqq = standard volumetric flow rate, std m*min
0 = elapsed time, min

11.2.1.17 Record the standard flow rates to the nearest 0.01 std m®/min.
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11.2.1.18 Calculate and record \/ aH (P/P,,)(298/T ) valuefor each standard flow rate.

11.2.1.19Plot each \/ aH (P/P,)(298/T ) value (y-axis) versusits associated standard flow rate (x-
axis) on arithmetic graph paper and draw aline of best fit between the individual plotted points.

[Note: This graph will be used in the field to determine standard flow rate.]

11.2.2 Calibration of the High-Volume Sampling System Utilizing Calibrated Orifice Transfer
Standard
For this calibration procedure, the following conditions are assumed in the field:

» Thesampler is equipped with an valve to control sample flow rate.

» The sample flow rate is determined by measuring the orifice pressure differential using a Magnehelic
gauge.

« Thesampler is designed to operate a a standardized volumetric flow rate of 8 ft3/min (0.225 m*min), with
an acceptable flow rate range within 10 percent of thisvalue.

» Thetransfer standard for the flow rate calibration is an orifice device. The flow rate through the orifice
is determined by the pressure drop caused by the orifice and is measured using a "U" tube water
manometer or equivalent.

» Thesampler and the orifice transfer standard are calibrated to standard volumetric flow rate units (scfm
or scmm).

» Anorificetransfer standard with calibration traceable to NIST is used.

e A "U" tube water manometer or equivalent, with a 0- to 16-inch range and a maximum scale division of
0.1 inch, will be used to measure the pressure in the orifice transfer standard.

» A Magnehdic gauge or equivalent with a 9- to 100-inch range and a minimum scale division of 2 inches
for measurements of the differential pressure across the sampler's orifice is used.

» A thermometer capable of measuring temperature over the range of 32° to 122°F (0° to 50°C) to +2°F
(x1°C) and referenced annually to a calibrated mercury thermometer is used.

» A portable aneroid barometer (or equivalent) capable of measuring ambient barometric pressure between
500 and 800 mm Hg (19.5 and 31.5in. Hg) to the nearest mm Hg and referenced annually to a barometer
of known accuracy is used.

» Miscellaneous handtools, calibration data sheets or station log book, and wide duct tape are available.

11.2.2.1 Set up the calibration system asillustrated in Figure 9. Monitor the airflow through the sampling
system with aventuri/Magnehdlic assembly, asillustrated in Figure 9. Audit the field sampling system once per
quarter using aflow rate transfer standard, as described in the EPA High-Volume Sampling Method, 40 CVR 50,
Appendix B. Perform asingle-point calibration before and after each sample collection, using the procedures
described in Section 11.2.3.

11.2.2.2Prior to initial multi-point calibration, place an empty glass cartridge in the sampling head and
activate the sampling motor. Fully open the flow control valve and adjust the voltage variator so that a sample
flow rate corresponding to 110 percent of the desired flow rate (typically 0.20 to 0.28 m*min) isindicated on the
Magnehelic gauge (based on the previoudy obtained multipoint calibration curve). Allow the motor to warm up
for 10 min and then adjust the flow control valve to achieve the desire flow rate. Turn off the sampler. Record
the ambient temperature and barometric pressure on the Field Calibration Data Sheet (see Figure 10).

11.2.2.3 Place the orifice transfer standard on the sampling head and attach a manometer to the tap on
thetransfer standard, asillustrated in Figure 9. Properly aign the retaining rings with the filter holder and secure
by tightening the three screw clamps. Connect the orifice transfer standard by way of the pressure tap to a
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manometer using alength of tubing. Set the zero level of the manometer or Magnehelic. Attach the Magnehelic
gauge to the sampler venturi quick release connections. Adjust the zero (if needed) using the zero adjust screw
on face of the gauge.

11.2.2.4Toleak test, block the orifice with arubber stopper, wide duct tape, or other suitable means. Sedl
the pressure port with arubber cap or similar device. Turn on the sampler.
Caution: Avoid running the sampler for too long a time with the orifice blocked. This precaution will reduce
the chance that the motor will be overheated due to the lack of cooling air. Such overheating can shorten the
life of the motor.

11.2.2.5 Gently rock the orifice transfer standard and listen for awhistling sound that would indicate a
leak inthe system. A leak-free system will not produce an upscale response on the sampler's magnehdlic. Leaks
are usually caused either by damaged or missing gaskets, by cross-threading, and/or not screwing sample
cartridge together tightly. All leaks must be diminated before proceeding with the calibration. When the sample
is determined to be leak-free, turn off the sampler and unblock the orifice. Now remove the rubber stopper or
plug from the calibrator orifice.

11.2.2.6 Turnthe flow control valve to the fully open position and turn the sampler on. Adjust the flow
control valve until a Magnehelic reading of approximately 70 in. is obtained. Allow the Magnehelic and
manometer readings to stabilize and record these values on the orifice transfer Field Calibration Data Sheet (see
Figure 10).

11.2.2.7 Record the manometer reading under Y 1 and the Magnehdlic reading under Y 2 on the Field
Cadlibration Data Sheet. For thefirst reading, the Magnehdlic should still be at 70 inches as set above.

11.2.2.8 Set the Magnehelic to 60 inches by using the sampler's flow control valve. Record the
manometer (Y 1) and Magnehdic (Y 2) readings on the Field Calibration Data Sheet (see Figure 10).

11.2.2.9 Repeat the above steps using Magnehdic settings of 50, 40, 30, 20, and 10 inches.

11.2.2.10 Turn the voltage variator to maximum power, open the flow control valve, and confirm that the
Magnehelic reads at least 100 inches. Turn off the sampler and confirm that the Magnehelic reads zero.

11.2.2.11 Read and record the following parameters on the Field Calibration Data Sheet. Record the
following on the calibration data sheet:

» Data, job number, and operator's signature.
e Sampler seria number.

» Ambient barometric pressure.

» Ambient temperature.

11.2.2.12 Remove the"dummy" cartridge and replace with a sample cartridge.

11.2.2.13 Obtain the manufacturer high volume orifice calibration certificate.

11.2.2.141f not performed by the manufacturer, caculate values for each calibrator orifice static pressure
(Column 6, inches of water) on the manufacturer's calibration certificate using the following equation:

J[~R(PT60)[298/(T, + 273)]

where:
P,= the barometric pressure (mm Hg) at time of manufacturer calibration, mm Hg
T,= temperature at time of calibration, °C

11.2.2.15 Perform alinear regression analysis using the values in Column 7 of the manufacturer's High
Volume Orifice Calibration Certificate for flow rate (Qqy) asthe"X" values and the calculated values asthe Y
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vaues. From thisrelationship, determine the correlation (CC1), intercept (B1), and slope (M1) for the Orifice
Transfer Standard.

11.2.2.16 Record these values on the Field Calibration Data Sheet (see Figure 10).
11.2.2.17 Using the Fidd Calibration Data Sheet values (see Figure 10), calculate the Orifice Manometer
Calculated Vaues (Y 3) for each orifice manometer reading using the following equation:
Y3 Calculation
Y3={Y1(P/760)[298/(T, + 273)]}*

11.2.2.18 Record the values obtained in Column Y 3 on the Field Calibration Data Sheet (see Figure 10).
11.2.2.19 Cadculate the Sampler Magnehelic Calculated Value (Y 4) using the following equation:

Y4 Calculation
Y4 ={Y2(P,/760)[298/(T, + 273)]} *

11.2.2.20 Record the value obtained in Column Y 4 on the Field Calibration Data Sheet (see Figure 10).
11.2.2.21 Cdculate the Orifice Flow Rate (X1) in scm using the following equation:

X1 Calculation

_ Y3 -BL
M1

X1

11.2.2.22 Record the values obtained in Column X1 on the Field Calibration Data Sheet (see Figure 10).

11.2.2.23 Paformalinear regression of the valuesin Column X1 (as X) and the valuesin Column Y4 (as
Y). Record therdationship for correlation (CC2), intercept (B2), and slope (M2) on the Field Calibration Data
Sheet. The correlation coefficient must be 0.990 or greater.

11.2.2.24 Using the following equation, calculate asat point (SP) for the manometer to represent adesired
flow rate:

Set Point
Set point (SP) = [(Expected P.)/(Expected T,)(T4i/Pss)][M2 (Desired flow rate) + B2)?
where:

P, = Expected atmospheric pressure (P,), mm Hg
T,= Expected atmospheric temperature (T,), 273+ °C
M2 = Slope of developed relationship
B2 = Intercept of developed relationship
T4q = Temperature standard, 273 + 25°C
P,s = Pressure standard, 760 mm Hg
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11.2.2.25 During monitoring, calculate a flow rate from the observed Magnehdlic reading using the
following equations:

Flow Rate

Y5 = [Average Magnehelic Reading (aH) (P/T)(T4y/Ps)]™

_ Y5 -B2
M2

X2

where:

Y5 = Corrected average magnehelic reading
X2 = Instant calculated flow rate, scm

11.2.2.26 Therelationship in calibration of a sampling system between Orifice Transfer Standard and
flow rate through the sampler isillustrated in Figure 11.

11.2.3 Single-Point Audit of the High Volume Sampling System Utilizing Calibrated Orifice Transfer
Standard

Single point calibration checks are required as follows:

 Prior to the start of each 24-hour test period.

» After each 24-hour test period. The post-test cdibration check may serve as the pre-test calibration check
for the next sampling period if the sampler is not moved.

 Prior to sampling after asample is moved.

For samplers, perform a calibration check for the operational flow rate before each 24-hour sampling event and
when required as outlined in the user quality assurance program. The purpose of this check is to track the
sampler's caibration stability. Maintain acontrol chart presenting the percentage difference between a sampler's
indicated and measured flow rates. This chart providesa quick reference of sampler flow-rate drift problems and
is useful for tracking the performance of the sampler. Either the sampler log book or a data sheet will be used
to document flow-check information. Thisinformation includes, but is not limited to, sasmpler and orifice transfer
standard serial number, ambient temperature, pressure conditions, and collected flow-check data.

In this subsection, the following is assumed:

» Theflow rate through asampler isindicated by the orifice differential pressure;

» Samplersare designed to operate at an actual flow rate of 8 scfm, with a maximum acceptable flow-rate
fluctuation range of £10 percent of thisvalue;

» Thetransfer standard will be an orifice device equipped with a pressure tap. The pressure is measured
using a manometer; and

» Theorificetrandfer standard's calibration relationship isin terms of standard volumetric flow rate (Qgg).
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11.2.3.1 Perform a single point flow audit check before and after each sampling period utilizing the
Cadlibrated Orifice Transfer Standard (see Section 11.2.1).

11.2.3.2 Prior to single point audit, placea"dummy" glass cartridge in the sampling head and activate the
sampling motor. Fully open the flow control valve and adjust the voltage variator so that a sample flow rate
corresponding to 110 percent of the desired flow rate (typically 0.19 to 0.28 m*min) is indicated on the
Magnehelic gauge (based on the previoudy obtained multipoint calibration curve). Allow the motor to warm up
for 10 minutes and then adjust the flow control valve to achieve the desired flow rate. Turn off the sampler.
Record the ambient temperature and barometric pressure on the Field Test Data Sheet (see Figure 12).

11.2.3.3 Placetheflow rate transfer standard on the sampling head.

11.2.3.4 Properly align the retaining rings with the filter holder and secure by tightening the three screw
clamps. Connect the flow rate transfer standard to the manometer using a length of tubing.

11.2.3.5 Usingtubing, attach one manometer connector to the pressure tap of the transfer standard. Leave
the other connector open to the atmosphere.

11.2.3.6 Adjust the manometer midpoint by diding the movable scale until the zero point corresponds with
the water meniscus. Gently shake or tap to remove any air bubbles and/or liquid remaining on tubing connectors.
(If additional liquid is required, remove tubing connector and add clean water.)

11.2.3.7 Turn on the high-volume motor and let run for 5 minutes.

11.2.3.8 Record the pressure differential indicated, aH, in inches of water, on the Field Test Data Sheet.
Be sure astable aH has been established.

11.2.3.9 Record the observed Magnehelic gauge reading in inches of water on the Field Test Data Shest.
Be sure stable AM has been established.

11.2.3.10 Using previous established Orifice Transfer Standard curve, calculate Q.. (see
Section 11.2.2.23).

11.2.3.11 Thisflow should be within +10 percent of the sampler set point, normally, 0.224 m?. If not,
perform a new multipoint calibration of the sampler.

11.2.3.12 Remove flow rate transfer standard and dummy sorbent cartridge.

11.3 Sample Collection

11.3.1 General Requirements
11.3.1.1 Thesampler should belocated in an unobstructed area, at least 2 meters from any obstacle to air
flow. The exhaust hose should be stretched out in the downwind direction to prevent recycling of air into the
sample head.
11.3.1.2 All cleaning and sample module loading and unloading should be conducted in a controlled
environment, to minimize any chance of potential contamination.
11.3.1.3 When new or when using the sampler at a different location, all sample contact areas need to be
cleaned. Use triple rinses of reagent grade hexane or methylene chloride contained in Teflon® rinse bottles.
Allow the solventsto evaporate before loading the PUF modules.
11.3.2 Preparing Cartridge for Sampling
11.3.2.1 Detach the lower chamber of the cleaned sample head. While wearing disposable, clean, lint-free
nylon, or cotton gloves, remove a clean glass sorbent module from its shipping container. Remove the Teflon®
end caps (if applicable). Replace the end caps in the sample container to be reused after the sample has been
collected.
11.3.2.2 Insert the glass module into the lower chamber and tightly reattach the lower chambers to the
module.
11.3.2.3 Using clean rinsed (with hexane) Teflon®-tipped forceps, carefully place a clean conditioned fiber
filter atop the filter holder and secure in place by clamping the filter holder ring over the filter. Place the

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 13A-21


https://11.2.3.12
https://11.2.3.11
https://11.2.2.23
https://11.2.3.10

Method TO-13A PAHSs

aluminum protective cover on top of the cartridge head. Tighten the 3 screw clamps. Ensure that all module
connections aretightly assembled. Place a small piece of aluminum foil on the ball-joint of the sample cartridge
to protect from back-diffusion of semi-volatiles into the cartridge during transporting to the site.

[Note: Failure to do so could expose the cartridge to contamination during transport.]

11.3.2.4 Placethe cartridge in a carrying bag to take to the sampler.
11.3.3 Collection

11.3.3.1 After the sampling system has been assembled, perform a single point flow check as described
in Sections 11.2.3.

11.3.3.2 With the empty sample module removed from the sampler, rinse all sample contact areas using
reagent grade hexanein a Teflon® squeeze bottle. Allow the hexane to evaporate from the module before loading
the samples.

11.3.3.3 With the sample cartridge removed from the sampler and the flow control valve fully open, turn
the pump on and allow it to warm-up for approximately 5 minutes.

11.3.3.4 Attach a"dummy" sampling cartridge |oaded with the exact same type of filter and PUF media
to be used for sample collection.

11.3.3.5 Turn the sampler on and adjust the flow control valve to the desired flow as indicated by the
Magnehdlic gauge reading determined in Section 11.2.2.24. Oncetheflow is properly adjusted, take extreme care
not to inadvertently alter its setting.

11.3.3.6 Turnthesampler off and remove the "dummy" module. The sampler is now ready for field use.

11.3.3.7 Check the zero reading of the sampler Magnehelic. Record the ambient temperature, barometric
pressure, € gpsed time meter setting, sampler seria number, filter number, and PUF cartridge number on the Field
Test Data Sheet (see Figure 12). Attach the loaded sampler cartridge assembly to the sampler.

11.3.3.8 Place the voltage variator and flow control valve at the settings used in Section 11.3.2, and the
power switch. Activate the elapsed time meter and record the start time. Adjust the flow (Magnehelic setting),
if necessary, using the flow control valve.

11.3.3.9 Record the Magnehelic reading every 6 hours during the sampling period. Usethe calibration
factors (see Section 11.2.2.24) to calculate the desired flow rate. Record the ambient temperature, barometric
pressure, and Magnehelic reading at the beginning and during sampling period.

11.3.4 Sample Recovery

11.3.4.1 At the end of the desired sampling period, turn the power off. Carefully remove the sampling
head containing the filter and sorbent cartridge. Place the protective "plate" over the filter to protect the cartridge
during transport to aclean recovery area. Also, place a piece of aluminum foil around the bottom of the sampler
cartridge assembly.

11.3.4.2 Perform afind cdculated sampler flow check using the calibration orifice, assembly, as described
in Section 11.3.2. If cdlibration deviates by more than 10 percent from initial reading, mark the flow datafor that
sample as suspect and inspect and/or remove from service, record results on Field Test Data Sheet, Figure 12.

11.3.4.3 Transport the sampler cartridge assembly to a clean recovery area.

11.3.4.4 While wearing white cotton gloves, remove the PUF glass cartridge from the lower module
chamber and lay it on the retained aluminum foil in which the sample was originally wrapped.

11.3.4.5 Carefully remove the quartz fiber filter from the upper chamber using clean Teflon®-tipped
forceps.

11.3.4.6 Fold thefilter in haf twice (sample sideinward) and placeit in the glass cartridge atop the PUF.

11.3.4.7 Wrap the combined samplesin the origina hexane-rinsed duminum fail, attach Teflon® end caps
(if applicable) and place them in their original aluminum shipping container. Complete a sample label and affix
it to the aluminum shipping container.
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11.3.4.8 Chain-of-custody should be maintained for all samples. Store the containers under blueice or
dry ice and protect from UV light to prevent possibly photo-decomposition of collected analytes. If the time span
between sample collection and laboratory analysisis to exceed 24 hours, refrigerate sample at 4°C.

11.3.4.9 Return at least onefield blank filter/PUF cartridge to the laboratory with each group of samples.
Treat afield blank exactly asthe sample except that air is not drawn through the filter/sorbent cartridge assembly.

11.3.4.10 Ship and store field samples chilled (<4°C) using blue ice until receipt at the analytical
laboratory, after which samples should be refrigerated at less than or equal to 4°C for up to 7 days prior to
extraction; extracts should be analyzed within 40 days of extraction.

12. Sample Extraction, Concentration, and Cleanup

[Note: The following sample extraction, concentration, solvent exchange and analysis procedures are
outlined for user convenience in Figure 13.]

12.1 Sample ldentification

12.1.1 Thechilled (<4°C) samples are returned in the duminum shipping container (containing the filter and
sorbents) to the laboratory for analysis. The "chain-of-custody" should be completed.

12.1.2 The samples are logged in the laboratory logbook according to sample location, filter and sorbent
cartridge number identification, and total air volume sampled (uncorrected).

12.1.3 If the time span between sample registration and analysisis greater than 24-hours, then the sample
must be kept refrigerated at <4°C. Minimize exposure of samples to fluorescent light. All samples should be
extracted within one week (7 days) after sampling.

12.2 Soxhlet Extraction and Concentration

[Note: If PUF is the sorbent, the extraction solvent is 10 percent diethyl ether in hexane. If XAD-2® resin
is the sorbent, the extraction solvent is methylene chloride.]

12.2.1 Assemble the Soxhlet apparatus (see Figure 4a). Immediately before use, charge the Soxhlet
apparatus with 700 to 750 mL of 10 percent diethyl ether in hexane and reflux for 2 hours. Let the apparatus
cool, disassembleit, transfer the diethyl ether in hexaneto aclean glass container, and retain it as a blank for later
analysis, if required. Place the sorbent and filter together in the Soxhlet apparatus (the use of an extraction
thimbleis optional).

[Note: The filter and sorbent are analyzed together in order to reach detection limits, avoid questionable
interpretation of the data, and minimize cost.]

12.2.1.1 Prior to extraction, add appropriate |aboratory surrogate standards to the Soxhlet solvent. A
surrogate standard (i.e., a chemically compound not expected to occur in an environmental sample) should be
added to each sample, blank, and matrix spike sample just prior to extraction or processing. The recovery of the
|aboratory surrogate standard is used to monitor for unusual matrix effects, gross sample processing errors, etc.
Surrogate recovery is evauated for acceptance by determining whether the measure concentration falls within the
acceptance limits. Spike 20 wL of a50 wg/mL solution of the surrogates onto the PUF cartridge, prior to Soxhlet
extraction, to yield a fina concentration of 1 «g. The following laboratory surrogate standards have been
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successfully utilized in determining Soxhlet extraction effects, sample process errors, etc., for GC/MS/DS
analysis.

Laboratory Total
Surrogate Spiked
Standard Amount (ug)

D,,-Fluorene 1
D,,-Pyrene 1

Section 13.2 outlines preparation of the laboratory surrogates. Add the laboratory surrogate compounds to the
PUF cartridge. Add 700 mL of 10 percent diethyl ether in hexane to the apparatus and reflux for 18 hoursat a
rate of at least 3 cycles per hour. Allow to cool, then disassemble the apparatus.
12.2.1.2 Dry the extract from the Soxhlet extraction by passing it though a drying column containing about

10 grams of anhydrous sodium sulfate. Collect the dried extract in a K-D concentrator assembly. Wash the
extractor flask and sodium sulfate column with 100-125 mL of 10 percent diethyl ether/hexane to complete the
guantitative transfer.

12.2.2 Assemble aK-D concentrator (see Figure 4b) by attaching a 10 mL concentrator tube to a 500 mL
evaporative flask.

[Note: Other concentration devices (vortex evaporator) or techniques may be used in place of the K-D as
long as qualitative and quantitative recovery can be demonstrated.]

12.2.2.1 Addtwo boiling chips, attach athree-ball macro-Snyder column to the K-D flask, and concentrate
the extract using awater beth at 60 to 65°C. Place the K-D apparatus in the water bath so that the concentrator
tubeisabout half immersed in the water and the entire rounded surface of the flask is bathed with water vapor.
Adjust the vertical position of the apparatus and the water temperature as required to complete the concentration
in one hour. At the proper rate of distillation, the balls of the column actively chatter but the chambers do not
flood. When theliquid has reached an approximate volume of 5 mL, remove the K-D apparatus from the water
bath and allow the solvent to drain for at least 5 minutes while cooling.

12.2.2.2 Removethe Snyder column and rinse the flask and its lower joint into the concentrator tube with
5mL of cydohexane. A 5mL syringe is recommended for this operation. The extract is now ready for further
concentration to 1.0 mL by nitrogen blowdown.

12.2.2.3 Placethe 1 mL cdibrated K-D concentrator tube with an open micro-Snyder attachment in awarm
water bath (30 to 3 5°C) and evaporate the solvent volumeto just below 1 mL by blowing a gentle stream of
clean, dry nitrogen (filtered through a column of activated carbon) above the extract.

12.2.2.4 Theinterna wall of the concentrator tube must be rinsed down several times with hexane during
the operation.

12.2.2.5 During evaporation, the tube solvent level must be kept below the water leve of the bath. the
extract must never be allowed to become dry.

12.2.2.6 Bring the final volume back to 1.0 mL with hexane. Transfer the extract to a Teflon®-seadled
screw-cap amber vial, label thevial, and store at 4°C (£2°C).

[Note: Itis not necessary to bring the volume to exactly 1.0 mL if the extract will be cleaned up by solid phase
extraction cleanup methods. Final volume is brought to 1.0 mL after cleanup.]

12.3 Sample Cleanup
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12.3.1 If the extract is cloudy, impurities may be removed from the extract by solid phase extraction using
activated silicagel. Clean-up procedures may not be needed for relatively clean matrix samples.

12.3.2 Approximately 10 grams of silica gel, type 60 (70-230 mesh), are extracted in a Soxhlet extractor
with 10 percent diethyl ether for 6 hours (minimum rate, 3 cycleshr) and then activated by heating in a foil-
covered glass container for 16 hours at 150°C.

12.3.3 Using adisposable Pasteur pipette (7.5-mm x 14.6-cm), place a small piece of glass wool in the neck
of the pipette. Prepare adurry of activated silica gel in 10 percent diethyl ether. Place 10 grams of the activated
silicagd durry into the column using additional 10 percent diethyl ether. Finally, 1 gram of anhydrous sodium
sulfate is added to the top of the silicagel. Prior to use, the column is rinsed with 10 percent diethyl ether at
1 mL/min for 1 hour to remove any trace of contaminants. It isthen pre-eluted with 40 mL of pentane and the
eluate discarded.

12.3.4 Whilethe pentane pre-dutant covers the top of the column, 1 mL of the sample extract is transferred
to the column, and washed on with 2 mL of n-hexaneto completethe transfer. Allow to elute through the column.
Immediatdly prior to exposure of the sodium sulfate layer the air, add 25 mL of pentane and continue the elution
process. The pentane eluateis discarded.

12.3.5 Thecolumnisfinaly duted at 2 mL/min with 25 mL of 10 percent diethyl ether in pentane (4:6 v/v)
and collected ina50 mL K-D flask equipped with a5 mL concentrator tube for concentration to lessthan 5 mL.
The concentrate is further concentrated to 1.0 mL under a gentle stream of nitrogen as previoudy described.

12.3.6 Theextractisnow ready for GC/MS analysis. Spike the extract with internal standards (ISs) before
analysis. Thefollowing internal standards (1Ss) have been successfully used in PAH analysis by GC/MS.

Internal Total Spiked

Standard (1S) Amount (ug)
Dg-Naphthalene 0.5
D,,-Acenaphthene 0.5
D,,-Phenanthrene 0.5
D,,-Chrysene 0.5
D,,-Perylene 0.5

Section 13.2 outlines preparation of the | Ss.

13. Gas Chromatography with Mass Spectrometry Detection
13.1 General

13.1.1 The analysis of the extracted sample for benzo[a]pyrene and other PAHSs is accomplished by an
electron ionization gas chromatograph/mass spectrometer (EI GC/MS) in the mode with a total cycle time
(including voltage reset time) of 1 second or less. The GC is equipped with an DB-5 fused silica capillary column
(830-m x 0.32-mm |.D.) with the helium carrier gas for analyte separation. The GC column is temperature
controlled and interfaced directly to the MSion source.

13.1.2 The laboratory must document that the EI GC/MS system is properly maintained through periodic
cdibration checks. The GC/MS system should be operated in accordance with specifications outlined in Table
2.

13.1.3 The GC/MS s tuned using a 50 ng/uL solution of decafluorotriphenylphosphine (DFTPP). The
DFTPP permits the user to tune the mass spectrometer on adaily basis. If properly tuned, the DFTPP key ions
and ion abundance criteria should be met as outlined in Table 3.
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13.1.4 The GC/MS operating conditions are outlined in Table 2. The GC/M S system should be calibrated
using the internal standard technique. Figure 14 outlines the following sequence involving the GC/MS
calibration.

13.2 Calibration of GC/MS/DS
13.2.1 Standard Preparation

Stock PAH Standards Including Surrogate Compounds

13.2.1.1 Prepare stock standards of B[a]P and other PAHs. The stock standard solution of B[a]P (2.0
po/uL) and other PAHs can be user prepared from pure standard materials or can be purchased commercially.

13.2.1.2 Place 0.2000 grams of native B[a]P and other PAHs on atared aluminum weighing disk and
weigh on a Mettler balance.

13.2.1.3 Quantitatively transfer the material to a 100 mL volumetric flask. Rinse the weighing disk with
several small portions of 10 percent diethyl ether/hexane. Ensure all materia has been transferred.

13.2.1.4 Diluteto mark with 10 percent diethyl ether/hexane.

13.2.1.5 The concentration of the stock standard solution of B[a]P or other PAHs in the flask is 2.0 pg/pL.

[Note: Commercially prepared stock PAH standards may be used at any concentration if they are certified
by the manufacturer or by an independent source.]

13.2.1.6 Transfer the stock standard solutions into Teflon®-sealed screw-cap bottles. Store at 4°C and
protect from light. Stock standard solutions should be checked frequently for signs of degradation or evaporation,
especially just prior to preparing calibration standards from them.

13.2.1.7 Stock PAH standard solutions must be replaced after 1 year or sooner if comparison with quality
control check samples indicates a problem.

Mix Internal Standard (IS) Solution
13.2.1.8 For PAH andysis, deuterated interna standards are sdlected that are similar in analytical behavior
to the compound of interest. The following internal standards are suggested for PAH analysis:

D,,-Perylene D,,-Chrysene
Benzo(e)pyrene Benz(a)anthracene
Benzo(a)pyrene Chrysene
Benzo(k)fluoranthene Pyrene
D,,-Acenaphthene Dg-Naphthalene
Acenaphthene (if using XAD-2® as the sorbent) Naphthalene (if using XAD-2® as the
Acenaphthylene (if using XAD-2® as the sorbent) sorbent)

Fluorene

Benzo(g,h,i)perylene D,,-Phenanthrene
Dibenz(a,h)anthracene Anthracene
Indeno(1,2,3-cd)pyrene Fluoranthene
Perylene Phenanthrene
Benzo(b)fluoranthene

Coronene
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13.2.1.9 Purchase amix IS solution containing specific IS needed for quantitation at a concentration of
2,000 ng/pL.

Mixed Stock PAH Standard Including Surrogate Compounds
13.2.1.10 Prepare a mixed stock PAH standard by taking 125 pL of the stock PAH standard(s) and
diluting to mark with hexanein a10-mL volumetric flask. The concentration of the mixed stock PAH standard(s)
is25 ng/pL.

Calibration PAH Standards Including Surrogate Compounds
13.2.1.11 Cdibration PAH standards can be generated from the stock PAH standard using seria dilution
utilizing the following equation:

where:
C, = Concentration of stock PAH standards, ng/uL
V, = Volume of stock PAH standard solution taken to make calibration PAH standards, pL
V, = Final volume diluted to generate calibration PAH standards, uL
C, = Final concentration of calibration PAH standards, ng/uL

13.2.1.12 Using the above equation, prepare a series of calibration PAH standards which include the
surrogate compounds (i.e., 2.50 ng/uL, 1.25 ng/uL, 0.50 ng/uL, 0.25 ng/uL, and 0.10 ng/pL) according to the
schemeillustrated in Table 4 and described below.

e For CAL 5, transfer 1.00 mL of the mixed PAH stock standard in a 10-mL volumetric flask and dilute to
10.0 mL with hexane. Theresulting concentration is2.5 ng/uL for the PAH analytes.

» Toprepare CAL 4, transfer 500 pL of the mixed PAH stock standard solution to a 10-mL volumetric flask
and dilute to 10.0 mL with hexane. The resulting concentration is 1.25 ng/pL for PAH analytes.

e To prepare CAL 3, transfer 200 L of the mixed PAH stock solution to a 10-mL volumetric flask and
dilute to 10-mL with hexane. The resulting concentration is0.50 ng/pL for PAH analytes.

e To prepare CAL 2, transfer 100 nL of the mixed PAH stock solution to a 10-mL volumetric flask and
dilute to 10-mL with hexane. The resulting concentration is0.25 ng/uL for PAH analytes.

» Toprepare CAL 1, transfer 40 L of the mixed PAH stock solution to a 10-mL volumetric flask and dilute
to 10-mL with hexane. The resulting concentration is 0.10 ng/uL for PAH analytes.

13.2.2 Internal Standard Spiking
13.2.2.1 Prior to GC/MS analysis, each 1 mL aliquot of the five calibration standards is spiked with
internal standard to a final concentration of 0.5 ng/uL. To do this, first prepare a 1:40 dilution of the
2,000 ng/uL mixed interna standard solution by diluting 250 L to avolume of 10 mL to yield a concentration
of 50 ng/pL.
13.2.2.2 Each 1.0-mL portion of calibration standard and sample extract is then spiked with 10 L of the
internal standard solution prior to analysis by GC/MS/DS operated in the SCAN mode.
13.2.3 Storage, Handling, and Retention of Standards
13.2.3.1 Storethe stock and mixed standard solutions at 4°C (x2°C) in Teflon®-lined screw-cap amber
bottles. Store the working standard solutions at 4°C (x2°C) in Teflon®-lined screw-cap amber bottles.
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13.2.3.2 Protect al standards from light. Samples, sample extracts, and standards must be stored
separately.

13.2.3.3 Stock standard solutions must be replaced every 12 months, or sooner, if comparison with quality
control check samples indicates a problem. Diluted working standards are usable for 6 months. Analysis
difficulties, which warrant investigation, may require preparation of new standards. All standards are securely
stored at ~4°C (£2°C) but above freezing. The concentration, preparation and expiration date, and solvent are
identified on standard vid labels. Each standard is uniquely identified with its laboratory notebook number and
aprefix. This procedure helps provide traceability to standard preparation.

13.2.3.4 Take care to maintain the integrity of each standard. The solvent, hexane, is volatile and can
easily evaporate. Make sure each vid is seded after use, and mark the solvent level on the side of the vial. When
retrieving avial for use, if the solvent level does not match the mark, dispose of the standard and obtain a new
one.

13.3 GC/MS Instrument Operating Conditions

13.3.1 Gas Chromatograph (GC). Thefollowing are the recommended GC analytical conditions, as also
outlined in Table 3, to optimize conditions for compound separation and sensitivity.

Carrier Gas: Helium

Linear Velocity: 28-29 cm®/sec

Injector Temperature: 250-300°C

Injector: Grob-type, splitless, 2 UL

Temperature Program: Initial Temperature: 70°C

Initial Hold Time: 4.0+ 0.1 min.

Ramp Rate: 10°C/min to 300°C, hold for 10 min

Final Temperature: 300°C

Final Hold Time: 10 min (or until all compounds of interest have € uted).
Analytica Time: Approximately 50 min.

13.3.2 Mass Spectrometer. Following are the required mass spectrometer conditions for scan data
acquisition:

Transfer Line Temperature:  290°C

Source Temperature: According to manufacturer's specifications

Electron Energy: 70 volts (nominal)

lonization Mode: El

Mass Range: 35 to 500 amu, SCAN data acquisition

Scan Time: At least 5 scans per peak, not to exceed 1 second per scan

13.3.3 Instrument Performance Check for GC/MS.

13.3.3.1 Summary. It is necessary to establish that the GC/M S meet tuning and standard mass spectral
abundance criteria prior to initiating any on-going data collection, as illustrated in Figure 14. This is
accomplished through the analysis of decafluorotriphenylphosphine (DFTPP).

13.3.3.2 Frequency. Theinstrument performance check solution of DFTPP will be analyzed initially and
once per 12-hour time period of operation. Also, whenever the laboratory takes corrective action which may
change or affect the mass spectral criteria (e.g., ion source cleaning or repair, column replacement, etc.), the
instrument performance check must be verified irrespective of the 12-hour laboratory requirement. The 12-hour
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time period for GC/MS analysis begins at the injection of the DFTPP, which the laboratory submits as
documentation of a compliance tune. The time period ends after 12 hours have elapsed. To meet instrument
performance check requirements, samples, blanks, and standards must be injected within 12 hours of the DFTPP
injection.

13.3.3.3 Procedure. Inject 50 ng of DFTPP into the GC/MS system. DFTPP may be analyzed separately
or as part of the calibration standard.

13.3.3.4 Technical Acceptance Criteria. The following criteria have been established in order to
generate accurate data:

* Prior to the analysis of any samples, blanks, or calibration standards, the laboratory must establish that the
GC/MS system meets the mass spectral ion abundance criteria for the instrument performance check
solution containing DFTPP.

» The GC/MS system must be tuned to meet the manufacturer's specifications, using a suitable calibrant.
The mass calibration and resolution of the GC/MS system are verified by the analysis of the instrument
performance check solution.

» Theabundance criterialisted in Table 3 must be met for a 50 ng injection of DFTPP. The mass spectrum
of DFTPP must be acquired by averaging three scans (the peak apex scan and the scans immediately
preceding and following the apex). Background subtraction is required, and must be accomplished using
asingle scan prior to the elution of DFTPP.

[Note: All ion abundance MUST be normalized to m/z 198, the nominal base peak, even though the ion
abundances of m/z 442 may be up to 110 percent of m/z 198.]

» Theabove criteria are based on adherence to the acquisition specifications identified in Table 4 and were
developed for the specific target compound list associated with this document. The criteriaare based on
performance characteristics of instruments currently utilized in routine support of ambient air program
activities. These specifications, in conjunction with relative response factor criteriafor target analytes, are
designed to control and monitor instrument performance associated with the requirementsiif this document.
Asthey are performance-based criteria for these specific analytical requirements, they may not be optimal
for additional target compounds.

« If the mass spectrometer has the ability for autotuning, then the user may utilize this function following
manufacturer's specifications. Autotune automatically adjusts ion source parameters within the detector
using FC-43 (Heptacos). Mass peaks at m/z 69, 219, and 502 are used for tuning. After the tuning is
completed, the FC-43 abundances at m/z 50, 69, 131, 219, 414, 502, and 614 are further adjusted such that
their relative intensities match the selected masses of DFTPP.

13.3.3.5 Corrective Action. If the DFTPP acceptance criteria are not met, the MS must be retuned. It
may be necessary to clean theion source, or quadrupoles, or take other actions to achieve the acceptance criteria.
DFTPP acceptance criteriaMUST be met before any standards, or required blanks, are analyzed. Any standards,
field samples, or required blanks analyzed when tuning criteria have not been met will require reanalysis.

13.3.4 Initial Calibration for GC/MS.

13.3.4.1 Summary. Prior to the anaysis of samples and required blanks, and after tuning criteria
(instrument performance check) have been met, each GC/M S system will beinitialy calibrated at a minimum of
five concentrations to determine instrument sensitivity and the linearity of GC/MS response for the analyte
compounds and the surrogates.

13.3.4.2 Frequency. Each GC/MS system must be initially calibrated whenever the laboratory takes
corrective action, which may change or affect theinitial calibration criteria (e.g., ion source cleaning or repair,
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column replacement, etc.), or if the continuing calibration acceptance criteria have not been met. If time ill
remains in the 12-hour time period after meeting the technical acceptance criteria for the initial calibration,
samplesmay be andyzed. It isnot necessary to anadyze a continuing calibration standard within the 12-hour time
period if theinitia cdibration standard (CAL 3) is the same concentration as the continuing calibration standard
and both meet the continuing calibration technical acceptance criteria. Quantify all sample results using the mean

of the relative response factors (RRFSs) from theinitial calibration.

13.3.4.3 Procedure. Perform the following activities to generate quantitative data:

Set up the GC/MS system.

Warm all standard/spiking solutions, sample extracts, and blanks to ambient temperature (~1 hour) before
analysis.

Tune the GC/MS system to meet the technical acceptance criteria (see Section 13.3.3).

Prepare five calibration standards containing the target compounds, internal standards, and surrogate
compounds at the concentrations outlined in Table 4.

Calibrate the GC/MS by injecting 2.0 yL of each standard. If a compound saturates when the CAL 5
standard isinjected, and the system is calibrated to achieve a detection sensitivity of no less than the MDL
for each compound, the laboratory must document it and attach a quantitation report and chromatogram.
In this instance, the laboratory must calculate the results based on a four-point initial calibration for the
specific compound that saturates. Secondary ion quantitation is only alowed when there are sample
interferences with the primary quantitation ion. If secondary ion quantitation is used, calculate arelative
response factor using the area response from the most intense secondary ion which is free of interferences
and document the reasons for the use of the secondary ion.

Record a mass spectrum of each target compound. Figure 15(a) through 15(g) documents the mass
spectrum for each of the 16 target PAHSs discussed in Compendium Method TO-13A. Judge the
acceptability of recorded spectra by comparing them to spectrain libraries. If an acceptable spectrum of
acdibration standard component is not acquired, take necessary actionsto correct GC/M S performance.
If performance cannot be corrected, report sample extract data for the particular compound(s), but
document the affected compound(s) and the nature of the problem.

13.3.4.4 Calculations. Perform the following calculations to generate quantitative data:

[Note: In the following calculations, the area response is that of the primary quantitation ion unless
otherwise stated.]

Relative Response Factors (RRFs). Calculate RRFs for each analyte target compound and surrogate
using the following equation with the appropriate internal standard. Table 5 outlines characteristic ions
for the surrogate compounds and internal standards. Table 6 outlines primary quantitation ions for each
PAH. Use thefollowing equation for RRF calculation.

RRE = G
A

is—x

where:
A, = areaof the primary quantitation ion for the compound to be measured, counts
A, = areaof the primary quantitation ion for the internal standard, counts
C. = concentration or amount of theinternal standard, ng/pL
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C, = concentration or amount of the compound to be measured, ng/pL

 Percent Relative Standard Deviation (%RSD). Using the RRFsfrom theinitial calibration, calculate
the %RSD for all target compounds and surrogates using the following equations:

SD
%RSD = —2% x 100

X
and
N (%~ X)?
SD = !
RRF |2:1: N - 1
where

SDrre = standard deviation of initial response factors (per compound)
X = mean of initial relative response factors (per compound)
= IthRRF
= number of determinations

* Relative Retention Times (RRT). Calculate the RRTsfor each target compound and surrogate over the
initial calibration range using the following equation:

RT,
RRT =
RT,,
where:
RT.= retention time of the target compound, minutes
RT,= retention time of the internal standard, minutes

» Mean of the Relative Retention Times (RRT). Calculatethe mean of the relative retention times (RRT)
for each analyte target compound and surrogate over the initia calibration range using the following
equation:

RRT,

RRT - ) —

n
i=1

RRT = mean relative retention time for the target compound or surrogate for each initial calibration
standard, minutes

RRT = relative retention time for the target compound or surrogate for each initial calibration standard,
minutes
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Mean Area Response (Y) for Internal Standard. Calculate the arearesponse (Y) mean for primary

guantitation ion each internal standard compound over the initial calibration range using the following
equation:

- Y.

Y-y _i

%

n
i=1

where:

Y = mean arearesponse, counts
Y, = aearesponsefor the primary quantitation ion for theinterna standard for each calibration standard,
counts

Mean of the Retention Time (RT) For Internal Standard. Calculate the mean of the retention times
(RT) for each internal standard over theinitial calibration range using the following equation:

RT,
n

RT =

n
i=1

where:

RT = mean retention time, minutes

RT = retention time for the internal standard for each initial calibration standard, minutes

13.3.4.5 Technical Acceptance Criteria. All initial calibration standards must be analyzed at the

concentration levels at the frequency described in Section 13.3.3 on a GC/MS system meeting the DFTPP
instrument performance check criteria.

The relative response factor (RRF) at each calibration concentration for each target compound and
surrogate that has a required minimum response factor value must be greater than or equal to the minimum
acceptable relative response factor (see Table 7) of the compound.

The percent relative standard deviation (%0RSD) over theinitial calibration range for each target compound
and surrogate that has a required maximum %RSD must be less than or equal to the required maximum
value (see Table 7). For al the other target compounds, the value for %RSD must be less than or equal
to 30 percent. When the value for %RSD exceeds 30 percent, analyze additional aliquots of appropriate
CALs to obtain an acceptable %RSD of RRFs over the entire concentration range, or take action to
improve GC/M S performance.

Therdative retention time for each of the target compounds and surrogates at each calibration level must
be within £0.06 relative retention time units of the mean relative retention time for the compound.

The retention time shift for each of the internal standards at each calibration level must be within +20.0
seconds compared to the mean retention time (RT) over the initia calibration range for each interna
standard.

The compounds must meet the minimum RRF and maximum %RSD criteriafor theinitial calibration.

13.3.4.6 Corrective Action. If the technical acceptance criteriafor initial calibration are not met, the

system should be ingpected for problems. 1t may be necessary to clean the ion source, change the column, or take
other corrective actionsto achieve the acceptance criteria. Initial calibration technical acceptance criteriaMUST
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be met before any samples or required blanks are analyzed in a 12-hour time period for an initial caibration
analytical sequence.
13.3.5 Continuing Calibration.

13.3.5.1 Summary. Prior to the analysis of samples and required blanks and after tuning criteria have
been met, the initial calibration of each GC/MS system must be routingly checked by analyzing a continuing
calibration standard (see Table 4, CAL 3) to ensure that the instrument continues to meet the instrument
sengitivity and linearity requirements of the method. The continuing calibration standard (CAL 3) shall contain
the appropriate target compounds, surrogates, and internal standards.

13.3.5.2 Frequency. Each GC/MS used for analysis must be calibrated once every time period of
operation. The 12-hour time period begins with injection of DFTPP. If time till remainsin the 12-hour time
period after meeting the technical acceptance criteriafor theinitial calibration, samples may be analyzed. Itis
not necessary to andyze a continuing calibration stlandard within this 12-hour time period, if theinitial calibration
standard that is the same concentration as the continuing calibration standard meets the continuing calibration
technical acceptance criteria.

13.3.5.3 Procedure. Thefollowing activities should be performed for continuing calibration:

» Set up the GC/MS system as specified by the manufacturer.

» Tunethe GC/MS system to mest the technical acceptance criteria (see Section 13.3.3).

» Analyze the CAL 3 standard solution containing all the target analytes, surrogate compounds, and
internal standards using the procedure listed for the initial calibration.

» Allow al standard/spiking solutions and blanks to warm to ambient temperature (approximately 1 hour)
before preparation or analysis.

» Start the analysis of the continuing calibration by injecting 2.0 uL of the CAL 3 standard solution.

13.3.5.4 Calculations. The following calculations should be performed:

* Relative Response Factor (RRF). Calculate arelative response factor (RRF) for each target compound
and surrogate.

» Percent Difference (%D). Calculate the percent difference between the mean relative response factor
(RRF) from the most recent initial calibration and the continuing calibration RRF for each analyte target
compound and surrogate using the following equation:

RRF, - RRF,
%D = ————— x 100
RRF,

where:
%D, = percent difference between relative response factors
RRF, = average relative response factor from the most recent initial calibration

RRF, = relative response factor from the continuing calibration standard

13.3.5.5 Technical Acceptance Criteria. The continuing calibration standard must be analyzed for the
compounds listed in concentration levels at the frequency described and on a GC/M S system meeting the DFTPP
instrument performance check and the initial calibration technical acceptance criteria. The relative response
factor for each target analyte and surrogate that has a required minimum relative response factor value must be
greater than or equal to the compound's minimum acceptable relative response factor. For an acceptable
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continuing calibration, the %D between the measured RRF for each target/surrogate compound of the CAL 3
standard and the mean value calculated during initial calibration must be within +30 percent. If the criteriafor
%D are not met for the target or surrogate compounds, remedial action must be taken and recalibration may be
necessary.

13.3.5.6 Corrective Action. If the continuing calibration technical acceptance criteria are not met,
recaibrate the GC/MS instrument. It may be necessary to clean the ion source, change the column, or take other
corrective actions to achieve the acceptance criteria. Continuing calibration technical acceptance criteriaMUST
be met before any samples or required blanks are analyzed in a 12-hour continuing calibration analytical
sequence. Any samplesor required blanks andyzed when continuing calibration criteria were not met will require
reanalysis. Remedid actions, which include but are not limited to the following, must be taken if criteria are not
met:

e Check and adjust GC and/or M'S operating conditions.

 Clean or replace injector liner.

* Flush column with solvent according to manufacturers instructions.

 Break off ashort portion (approximately 0.33 cm) of the column.

» Replace the GC column (performance of all initial calibration procedures are then required).
» Adjust MSfor greater or lesser resolution.

e Cadibrate MS massscale.

* Prepare and analyze new continuing calibration.

» Prepare anew initia calibration curve.

13.3.6 Laboratory Method Blank (LMB).

13.3.6.1 Summary. The purpose of the LMB is to monitor for possible laboratory contamination.
Perform all steps in the analytical procedure using all reagents, standards, surrogate compounds, equipment,
apparatus, glassware, and solvents that would be used for a sample analysis. An LMB isan unused, certified
filter/cartridge assembly which is carried though the same extraction procedure as a field sample. The LMB
extract must contain the same amount of surrogate compounds and internal standards that is added to each
sample. All field samples must be extracted and analyzed with an associated LMB.

13.3.6.2 Frequency. Anayze an LMB aong with each batch of <20 samples through the entire
extraction, concentration, and analysis process. The laboratory may aso analyze alaboratory reagent blanks
which is the same as an LMB except that no surrogate compounds or internal standards are added. This
demonstrates that reagents contain no impurities producing an ion current above the level of background noise
for quantitation ions for those compounds.

13.3.6.3 Procedure. Extract and analyze aclean, unused filter and glass cartridge assembly.

13.3.6.4 Technical Acceptance Criteria. Following are the technical criteriafor the LMB:

» All blanks must be analyzed on a GC/M S system meeting the DFTPP instrument performance check
and initial calibration or continuing calibration technical acceptance criteria.

» The percent recovery for each of the surrogates in the blank must be within the acceptance windows.
» Thearearesponse change for each of theinternd standardsfor the blank must be within -50 percent and
+100 percent compared to the internal standards in the most recent continuing calibration analysis.

» Theretention time for each of the internal standards must be within £20.0 seconds between the blank

and the most recent CAL 3 analysis.
» The LMB must not contain any target analyte at a concentration greater than the MDL and must not
contain additional compounds with elution characteristics and mass spectral features that would interfere
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with identification and measurement of a method analyte at its MDL. |f the LMB that was extracted
along with a batch of samplesis contaminated, the entire batch of samples must be flagged.

13.3.6.5 Corrective Action. Perform the following if the LCBs exceed criteria:

 |If the blanks do not meet the technical acceptance criteria, the analyst must consider the analytica
system to be out of contral. It isthe analyst's responsibility to ensure that method interferences caused
by contaminants in solvents, reagents, glassware, and other sample storage and processing hardware
that lead to discrete artifacts and/or elevated basdlines in gas chromatograms be diminated. |f
contamination is a problem, the source of the contamination must be investigated and appropriate
corrective measure MUST be taken and documented before further sample analysis proceeds.
» All samples processed with a method blank that is out of control (i.e., contaminated) will require data
gualifiersto be attached to the analytical results.
13.3.7 Laboratory Control Spike (LCS).
13.3.7.1 Summary. The purpose of the LCS is to monitor the extraction efficiency of Compendium
Method TO-13A target analytes from a clean, uncontaminated PUF cartridge. An LCSis an unused, certified
PUF that is spiked with the target anadlytes (1 1.g) and carried through the same extraction procedures as the field
samples. The LCS must contain the same amount of surrogate compounds and internal standards that is added
to each sample. All field samples must be extracted and analyzed with an associated LCS. All stepsin the
analytical procedure must use the same reagents, standards, surrogate compounds, equipment, apparatus,
glassware, and solvents that would be used for a sample analysis.
13.3.7.2 Frequency. Anayze an LCS aong with each of <20 samples through the entire extraction,
concentration, and analysis. (The laboratory may also analyze alaboratory reagent blank which isthe same as
an LMB except that no surrogate compounds or internal standards are added. This demonstrates that reagents
contain no impurities producing an ion current above the level of background noise for quantitation ions of those
compounds.)
13.3.7.3 Procedure. Extract and analyze aclean, unused certified PUF cartridge assembly.
13.3.7.4 Technical Acceptance Criteria. Technical criteriafor the LCS are:

» All LCSsmugt be analyzed on a GC/M S system mesting the DFTPP instrument performance check and
initial calibration or continuing calibration technical acceptance criteria.

» The percent recovery for each of the surrogates in the LCS must be within the acceptance windows.

» Thearearesponse changefor each of theinternal standards for the LCS must be within -50 percent and
+100 percent compared to the internal standards in the most recent continuing calibration analysis.

» Theretention timefor each of theinternal standards must be within +20.0 seconds between the LCS and
the most recent CAL 3 analysis.

» All target analytes spiked on the certified PUF cartridge must meet a percent recovery between 60-120
to be acceptable.

13.3.7.5 Corrective Action. Perform the following if the LCS exceed criteria:

 If the LCSdo not meet thetechnical acceptance criteria, the analyst must consider the analytical system
to be out of contral. It isthe analyst's responsibility to ensure that method interferences caused by
contaminantsin solvents, reagents, glassware, and other sample storage and processing hardware that
lead to discrete artifacts and/or dlevated basdlinesin gas chromatograms be eliminated. If contamination
isaproblem, the source of the contamination must be investigated and appropriate corrective measure
MUST be taken and documented before further sample analysis proceeds.
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» All samples processed with a LCSthat is out of control (i.e., contaminated) will require re-analysis or
data qualifiersto be attached to the analytical results.

13.4 Sample Analysis by GC/MS

13.4.1 Summary. The sample extract is analyzed by GC/MS and quantitated by the internal standard
method.

13.4.2 Frequency. Before samples can be anayzed, theinstrument must meet the GC/M S tuning and initial
cdibration or continuing calibration technical acceptance criteria. If thereistime remaining in the 12-hour time
period with avalid initia calibration or continuing calibration, samples may be analyzed in the GC/MS system
that meet the instrument performance check criteria.

13.4.3 Procedure. For sample analysis, perform the following:

Set up the GC/MS system.

All sample extracts must be dlowed to warm to ambient temperature (~1 hour) before analysis. All sample
extracts must be analyzed under the same instrumental conditions as the calibration standards.

Add theinternal standard spiking solution to the 1.0 mL extract. For sample dilutions, add an appropriate
amount of theinterna standard spiking solution to maintain the concentration of the internal standards at
2 ng/uL in the diluted extract.

Inject 2.0 uL of sample extract into the GC/MS, and start data acquisition.

When dl semi-volatile target compounds have €l uted from the GC, terminate the M S data acquisition and
store data files on the data system storage device. Use appropriate data output software to display full
range mass spectra and SICPs. The sample analysis using the GC/MS is based on a combination of
retention times and rel ative abundances of selected ions (see Table 6). These qualifiers should be stored
on the hard disk of the GC/M S data computer and are applied for identification of each chromatographic
peak. The retention time qualifier is determined to be +0.10 minute of the library retention time of the
compound. The acceptance level for relative abundance is determined to be +15% of the expected
abundance. Threeionsare measured for most of the PAH compounds. When compound identification is
made by the computer, any peak that fails any of the qualifying testsisflagged (e.g., with an*). The data
should be manually examined by the andyst to determine the reason for the flag and whether the compound
should be reported asfound. Although this step adds some subjective judgment to the analysis, computer-
generated identification problems can be clarified by an experienced operator. Manual inspection of the
guantitative results should al so be performed to verify concentrations outside the expected range.

13.4.4 Dilutions. The following section provides guidance when an analyte exceeds the calibration curve.

When a sample extract is analyzed that has an analyte target compound concentration greater than the
upper limit of theinitia calibration range or saturated ions from a compound excluding the compound
peaksin the solvent front), the extract must be diluted and reanalyzed. Secondary ion quantitation isonly
allowed when there are sample interferences with the primary quantitation ion. If secondary ion
guantitation is used, calculate a relative response factor using the area response for the most intense
secondary ion which isfree of sampleinterferences, and document the reasons for the use of the secondary
ion.

Caculate the sample dilution necessary to keep the semi-volatile target compounds that required dilution
within the upper haf of theinitid calibration range so that no compound has saturated ions (excluding the
compound peaks in the solvent front). Dilute the sample in hexane in a volumetric flask. Anayzethe
sample dilution.
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The dilution factor chosen should keep the response of the largest peak for atarget compound in the upper
half of theinitial calibration range of the instrument.

If the on-column concentration of any target compound in any sample exceeds the initial calibration range,
that sample must be diluted, the internal standard concentration readjusted, and the sample extract
reanalyzed.

Use the results of the original analysis to determine the approximate dilution factor required to get the
largest analyte peak within the initial calibration range.

13.4.5 Quantitation. This section provides guidance for quantitating PAH analytes.

Target componentsidentified shall be quantified by the internal standard method. The internal standards
used for the target compounds are the ones nearest the retention time of a given analyte.

Therdative response factor (RRF) from the daily continuing calibration standard analysis (or RRF of CAL
3) if the sampleisanayzed in the same 12-hour sequence astheinitial calibration) is used to calculate the
concentration in the sample. Secondary ion quantitation is allowed only when there are sample
interferenceswith the primary ion. If secondary ion quantitation is performed, document the reasons. The
area of asecondary ion cannot be substituted for the area of a primary ion unless arelative response factor
is calculated using the secondary ion.

A retention time window is calculated for each single component analyte and surrogate. Windows are

established as +0.01 RRT units of the retention time for the analyte in CAL 3 of theinitial calibration or
the continuing calibration.

13.4.6 Calculations. Perform the following calculations.

13.4.6.1 Calculation of Concentration. Calculate target compound concentrations using the following

equation:
Concentration, (ng/std m3) = L\ﬁ
AV RRF
where:
A, = arearesponse for the compound to be measured, counts
A= arearesponsefor the internal standard, counts
Is= amount of internal standard, ng/pL
RRF = the mean RRF from the most recent initial calibration, dimensionless
V, = volume of air sampled, std m®
V,= volume of fina extract, uL
D; = dilutionfactor for the extract. If there was no dilution, D; equals 1. If the sample was diluted, the D;

is greater than 1.

The concentrations cal culated can be converted to ppb, for general reference. The analyte concentration can be
converted to ppb, using the following equation:

C,(ppb,) = C,(ng/m?) x 24.4/MW,

where:
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C, = oconcentration of analyte calculated, ng/std. m?
MW, = molecular weight of analyte, g/g-mole
24.4 = molar volume occupied by ideal gas at standard temperature and pressure (25°C and 760 mm Hg),
L/mole.

13.4.6.2 Estimated Concentration. The equation in Section 13.4.6.1 is also used for calculating the
concentrations of the non-target compounds. Total areacounts (or peak heights) from the total ion chromatogram
generated by the mass spectrometer for Compendium Method TO-13A PAHSs (see Figure 16) are to be used for
both the non-target compound to be measured (A,) and the internal standard (A,). Associate the nearest internal
standard free of interferences with the non-target compound to be measured. A relative response factor (RRF)
of one (1) isto be assumed. The value from this quantitation shall be qualified as estimated ("J") (estimated, due
to lack of a compound-specific response factor) and "N" (presumptive evidence of presence), indicating the
guantitative and quditative uncertainties associated with this non-target component. An estimated concentration
should be calculated for all tentatively identified compounds (T1Cs) as well as those identified as unknowns.

13.4.6.3 Surrogate Percent Recovery (%R). Calculate the surrogate percent recovery using the
following equation:

%R = & x 100

a

where:
Q4= Quantity determined by analysis, ng
Q,= Quantity added to sample/blank, ng

The surrogate percent recovery must fall between 60-120% to be acceptable.

13.4.6.4 Percent Area Response Change (%ARC). Calculate the percent area response change
(YARC) for the sample/blank analysis compared to the most recent CAL 3 analysis for each of the internal
standard compounds using the following equation:

AS AX
%ARC - ———* X 100

where:
%ARC = percent arearesponse change, %
A= arearesponse of theinternal standard in the sasmple/blank analysis, counts
A, = arearesponse of theinternal standard in the most recent CAL 3 analysis, counts

The area change for the internal standard must not exceed -50 to +100 percent.
13.4.6.5 Internal Standard Retention Time Shift (RTS). Calculate the retention time shift (RTS)

between the sample/blank analysis and the most recent CAL 3 analysis for each of the internal standards using
the following equation:

RTS = RT, - RT,

where:
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RT.= retention time of the ISin the sample
RT, = retention time of the IS in the most recent CAL 3 analysis.

13.4.7 Technical Acceptance Criteria. Thefollowing guiddineis provided as technical acceptance criteria.
13.4.7.1 All target compound concentrations must not exceed the upper limit of theinitial calibration range
and no compound ion (excluding the compound peaks in the solvent front) may saturate the detector.
13.4.7.2 Internal standard responses and retention times in all samples must be evaluated during or
immediately after data acquisition. If the retention time for any internal standard changes by more than 20
seconds from the latest continuing calibration standard or CAL 3 if samples are analyzed in the same 12-hour
sequence as the initial calibration, the chromatographic system must be inspected for malfunctions, and
corrections made asrequired. The SICP of theinternal standards must be monitored and evaluated for each field
and QC sample. If the SICP areafor any internd standard changes by more than a factor of -50 to +100 percent,
the mass spectrometric system must be inspected for malfunction and corrections made as appropriate. |f the
analysis of a subsequent sample or standard indicates that the system is functioning properly, then corrections
may not be required.
13.4.7.3 When target compounds are below the low standard, but the spectrum meets the identification
criteria, report the concentration/amount with a"J." For example, if the low standard corresponds to 0.1..g and
an amount of 0.05 g is calculated, report as"0.05J."
13.4.8 Corrective Action. Thefollowing section provides guidance if analyte exceeds the technical criteria.

« If the sample technical acceptance criteria for the surrogates and internal standards are not met, check
caculations, surrogate and internal standard solutions, and instrument performance. It may be necessary
to recaibrate the instrument or take other corrective action procedures to meet the surrogate and internal
standard technical acceptance criteria.

» Sample anaysistechnical acceptance criteriamust be met before data are reported. Samples contaminated
from laboratory sources, or associated with a contaminated method blank, or any samples analyzed that
are not meet the technical acceptance criteriawill require reanalysis.

» Thesamples or standards with SICP areas outside the limits must be reanalyzed. |If corrections are made,
then the laboratory must demonstrate that the mass spectrometric system is functioning properly. This
must be accomplished by the analysis of a standard or sample that meets the SICP criteria. After
corrections are made, the reanalysis of samples analyzed while the system was malfunctioning is required.

« If after reandysis, the SICP areas for all internal standards are inside the technical acceptance limits (-50
to +100 percent), then the problem with the first analysisis considered to have been within the control of
thelaboratory. Therefore, submit only data from the analysis with SICPs within the technical acceptance
limits. Thisisconsidered the initial analysis and must be reported as such on all data deliverables.

« If the reanalysis of the sample does not solve the problem (i.e., the SICP areas are outside the technical
acceptance limits for both analyses) then the laboratory must submit the SICP data and sample data from
both analyses. Distinguish between the initial analysis and the reanalysis on all data deliverables, using
the sampl e suffixes specified.

» Tentative identification of an analyte occurs when a peak from a sample extract falls within the daily
retention time window.

« If sample peaks are not detected, or dl arelessthan full-scal e deflection, the undiluted extract is acceptable
for GC/MS analysis. If any sample ions are greater than the 120 percent of theinitial calibration curve
range, calculate the dilution necessary to reduce the major ion to between half- and full-range response.
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14. Quality Assurance/Quality Control (QA/QC)
14.1 General System QA/QC

14.1.1 Each laboratory that uses Compendium Method TO-13A must operate a formal quality control
program. The minimum requirements of this program consist of an initial demonstration of laboratory capability
and an ongoing andysis of spiked samplesto evaluate and document quality data. The laboratory must maintain
records to document the quality of the data generated. Ongoing data quality checks are compared with established
performance criteria to determine if the results of analyses meet the performance characteristics of the method.
When results of sample spikes indicate a typical method performance, a quality control check standard must be
analyzed to confirm that the measurements were performed in an in-control mode of operation.

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

14.1.3 For each andytica batch (up to 20 samples), areagent blank, matrix spike, and deuterated/surrogate
samples must be analyzed (the frequency of the spikes may be different for different monitoring programs). The
blank and spiked samples must be carried through all stages of the sample preparation and measurement steps.

14.1.4 The experience of the analyst performing GC/MS isinvaluable to the success of the methods. Each
day that analysis is performed, the daily calibration sample should be evauated to determine if the
chromatographic system is operating properly. Questions that should be asked are: Do the peaks ook normal?
Arethe response windows abtained comparable to the response from previous calibrations? Careful examination
of the standard chromatogram can indicate whether the column is still good, the injector isleaking, the injector
septum needsreplacing, etc. If any changes are made to the system (e.g., column changed), recalibration of the
system must take place.

14.2 Process, Field, and Solvent Blanks

14.2.1 One PUF cartridge and filter from each batch of approximately 20 should be analyzed without
shipment to the field for the compounds of interest to serve as a process blank. A blank level specified in
Section 10.2 for each cartridge/filter assembly is considered to be acceptable.

14.2.2 During each sampling episode, at least one cartridge and filter should be shipped to the field and
returned, without drawing air through the sampler, to serve as afield blank.

14.2.3 Duringthe analysis of each batch of samples at |east one solvent process blank (all steps conducted
but no cartridge or filter included) should be carried through the procedure and analyzed. Blank levels should
be those specified in Section 10.2 for single components to be acceptable.

14.2.4 Because the sampling configuration (filter and backup sorbent) has been tested for targeted PAHs
in the laboratory in relationship to collection efficiency and has been demonstrated to be greater than 95 percent
for targeted PAHSs (except naphthalene, acenaphthylene, and acenaphthene), no field recovery evaluation is
required as part of the QA/QC program outlined in this section.
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TABLE 2. GC-MS OPERATING CONDITIONS
Activity Conditions
Gas Chromatography
Column J&W Scientific, DB-5 crosslinked 5% phenylmethyl silicone
(30 m x 0.32 mm, 1.0 pum film thickness) or equivalent
Carrier Gas Helium, velocity between 28-30 cm?/sec at 250°C
Injection Volume 2 L, Grob-type, splitless
Injector Temperature 290°C
Temperature Program
Initial Column Temperature 70°C
Initial Hold Time 4+0.1min.
Program 10°C/min to 300°C and hold 10 min.
Final Temperature 300°C
Final Hold Time 10 min. or until all compounds of interest have eluted
Mass Spectrometer
Transfer Line Temperature 290°C or According to Manufacturer's Specification
Source Temperature According to Manufacturer's Specifications
Electron Energy 70 volts (nominal)
lonization Mode El
Mass Range 35 to 500 amu, full range data acquisition (SCAN) mode
Scan Time At least 5 scans per peak, not to exceed 1 second per scan.
TABLE 3. DFTPPKEY IONS & ION
ABUNDANCE CRITERIA
Mass lon Abundance Criteria
51 30 to 60% of mass 198
68 Less than 2% of mass 69
70 L ess than 2% of mass 69
127 40 to 60% of mass 198
197 Less than 2% of mass 198
198 Base peak, 100% relative abundance
199 5 to 9% of mass 198
275 10 to 30% of mass 198
365 Greater than 1.0% of mass 198
441 Present but less than mass 443
442 40% of mass 198
443 17 to 23% of mass 442
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TABLE 4. COMPOSITION AND APPROXIMATE CONCENTRATION
OF CALIBRATION SOLUTIONS

Concentration, ng/pL
Target Compound CAL 1 CAL 2 CAL 3 CAL 4 CAL 5
PAHSs 0.10 0.25 0.50 1.25 2.50
Acenaphthene 0.10 0.25 0.50 1.25 2.50
Acenaphthylene 0.10 0.25 0.50 1.25 2.50
Anthracene 0.10 0.25 0.50 1.25 2.50
Benz(a)anthracene 0.10 0.25 0.50 1.25 2.50
Benzo(a)pyrene 0.10 0.25 0.50 1.25 2.50
Benzo(b)fluoranthene 0.10 0.25 0.50 1.25 2.50
Benzo(€)pyrene 0.10 0.25 0.50 1.25 2.50
Benzo(g,h,i)perylene 0.10 0.25 0.50 1.25 2.50
Benzo(k)fluoranthene 0.10 0.25 0.50 1.25 2.50
Chrysene 0.10 0.25 0.50 1.25 2.50
Perylene 0.10 0.25 0.50 1.25 2.50
Dibenz(a,h)anthracene 0.10 0.25 0.50 1.25 2.50
Fluoranthene 0.10 0.25 0.50 1.25 2.50
Fluorene 0.10 0.25 0.50 1.25 2.50
Indeno(1,2,3-c,d)pyrene 0.10 0.25 0.50 1.25 2.50
Naphthalene 0.10 0.25 0.50 1.25 2.50
Coronene 0.10 0.25 0.50 1.25 2.50
Phenanthrene 0.10 0.25 0.50 1.25 2.50
Pyrene 0.10 0.25 0.50 1.25 2.50
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TABLE 4. (Continued)

Concentration, ng/uL
Target Compound CAL 1 CAL 2 CAL 3 CAL 4 CAL 5
SUGGESTED INTERNAL
STANDARDS
Dg-Naphthalene 05 0.5 0.5 0.5 0.5
D,,-Acenaphthene 0.5 0.5 0.5 0.5 0.5
D,,-Phenanthrene 0.5 0.5 0.5 0.5 0.5
D,,-Chrysene 0.5 0.5 0.5 0.5 0.5
D,.-Perylene 0.5 0.5 0.5 0.5 0.5
SUGGESTED SURROGATE
COMPOUNDS
D,,-Fluoranthene (field) 0.10 0.25 0.50 1.25 2.50
D,,-Benzo[a]pyrene (field) 0.10 0.25 0.50 1.25 2.50
D,,-Fluorene (lab) 0.10 0.25 0.50 1.25 2.50
D,,-Pyrene (lab) 0.10 0.25 0.50 1.25 2.50
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TABLE 5. CHARACTERISTIC IONS FOR SURROGATE SUGGESTED STANDARDS

Classification Primary lon Secondary lon

Internal Standards

D4-Naphthalene 136 68,137

D,,-Acenaphthene 164 162,165

D,,-Phenanthrene 188 94,189

D,,-Chrysene 240 120,241

D,,-Perylene 264 260,265

Laboratory Surrogates

D,,-Fluorene 176 88,177

D,o-Pyrene 212 106,213

Field Surrogates

D,,-Fluoranthene 212 106,213

D,,-Benzo(a)pyrene 264 132,265
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TABLE 6. EXAMPLE OF CHARACTERISTIC IONS FOR COMMON PAHs

Analyte Primary lon Secondary lon(s)
Pyrene 202 101,203
Benz(a)anthracene 228 229,226
Chrysene 228 226,229
Benzo(a)pyrene 252 253,126
Benzo(b)fluoranthene 252 253,126
Benzo(k)fluoranthene 252 253,126
Benzo(g,h,i)perylene 276 138,277
Dibenz(a,h)anthracene 278 139,279
Anthracene 178 179,176
Phenanthrene 178 179,176
Acenaphthene 154 153,152
Acenaphthylene 152 151,153
Benzo(e)pyrene 252 253,126
Fluoranthene 202 101,203
Fluorene 166 165,167
Ideno(1,2,3-cd)pyrene 276 138,227
Naphthalene 128 129,127
Perylene 252 253,126
Coronene 300 150,301
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TABLE 7. EXAMPLE OF RELATIVE RESPONSE FACTOR CRITERIA
FOR INITIAL AND CONTINUING CALIBRATION OF
COMMON SEMI-VOLATILE COMPOUNDS
Semi-volatile Minimum Maximum Maximum
Compounds RRF %RSD %Difference
Naphthalene 0.700 30 30
Acenaphthylene 1.300 30 30
Acenaphthene 0.800 30 30
Fluorene 0.900 30 30
Phenanthrene 0.700 30 30
Anthracene 0.700 30 30
Fluoranthene 0.600 30 30
Pyrene 0.600 30 30
Benz(a)anthracene 0.800 30 30
Chrysene 0.700 30 30
Benzo(b)fluoranthene 0.700 30 30
Benzo(k)fluoranthene 0.700 30 30
Benzo(a)pyrene 0.700 30 30
Indeno(1,2,3-cd)pyrene 0.500 30 30
Dibenz(a,h)anthracene 0.400 30 30
Benzo(g,h,i)perylene 0.500 30 30
Perylene 0.500 30 30
Coronene 0.700 30 30
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TABLE 8. MINIMUM SAMPLING EQUIPMENT CALIBRATION AND
ACCURACY REQUIREMENTS
Frequency and method of | Action if require-
Equipment Acceptance limits measurement ments are not met
Sampler Indicated flow rate = Cdlibrate with certified | Recalibrate

true flow rate, £10%.

transfer standard on
receipt, after
maintenance on sampler,
and any time audits or
flow checks deviate more
than +10% from the
indicated flow rate or
+10% from the design
flow rate.

Associated equipment

Sampler on/off timer

+30 min/24 hour

Check at purchase and
routinely on sample-
recovery days

Adjust or replace

Elapsed-time meter

+30 min/24 hour

Compare with a standard
time-piece of known
accuracy at receipt and at
6-month intervals

Adjust or replace

Flowrate transfer
standard (orifice
device)

Check at receipt for
visual damage

Recalibrate annually
against positive
displacement standard
volume meter

Adopt new
calibration curve
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Figure 1. Ring structure of common PAHSs.
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IXR L SLEL AT AL SR LXAE YT SXXELLI S EXT RIS S

Magnehlic Gauge
0-100 in.

Flow Control
Valve

«g—— Voftage Variator

-t———— Elapsed Time
Meter

-a4——— 7-Day Timer

Exhaust Duct
(6in.x 10 ft)

Base Plate

Figure 2. Typical high volume air sampler for PAHSs.

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 13A-55



Method TO-13A PAHSs

/ FILTER RETAINING RING

SILICONE GASKET

102-mm
w— QUARTZ-FIBER
FILTER

AR FLOW

+ PARTICLE FILTER

FILTER SUPPORT SCREEN

FILTER HOLDER (PART 2)

I I
O"\ SILICONE GASKET
I I

N ZA  PARTICULATE <©>
FILTER
SUPPORT “ . GLASS CARTRIDGE
i ' 4 —— PUForXAD-2
ik ) SORBENT
T~ ASSEMBLED |
SAMPLING ) RETAINING SCREEN
MODULE .
l | | |
+ e SILICONE GASKET

| |
AR FLOW =
BEXMHAUST \/ |
g‘*"’
~——————e— CARTRIDGE

|| Ili HOLDER

N

Figure 3. Typical absorbent cartridge assembly for sampling PAHSs.
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K(D—b Waoter Out

e Allihn
Water In —p Condenser

\/

--«+—— 3 Boll Mocro
Synder Column

Soxhlet
Extraction
Tube ond
Thimble
500 mL
-a— Evaporator
Flask
—=— Flask 10 mL
~s——— Concentrotor
Tube
(a) Soxhlet Extraction Apparatus (b) Kuderna-Danish (K-D) Evaporator

with Allihn Condenser with Macro Synder Column

Disposable 6 inch g [N~
Pasteur Pipette

N ..>”]-a— 1 Grom Sodium Sulfote

3 Inches -a— 10 Grom Silico
l Gel Slurry

{)-a— Gloss Wool Plug

(c) Silica Gel Clean—up Column

Figure 4. Apparatus used for sample clean-up and extraction.
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Glass PUF Cartridge with
Stainless Steel Screens

64mm O.D.
|

y

| Glass
Cartridge

5a. Glass PUF cartridge, plug, and end caps.

Accessories

—
—

Teflon Sealing Caps ~ PUF Insert
with O-rings for
capping PUF Sampler

e S

Aluminum Canister for Shipping
and Storage of the PUF Sampler

5b. PUF shipping container.

Figure 5. Glass PUF cartridge (5a) and shipping container
(5b) for use with Compendium Method TO-13A.
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- Bl 4 Diameter Pulifiex
" Filter and Support

- - PUF Adsorbent
Cartridge and Support

- Quick Release Connections
u for Module
>
-
. o - -~ B Quick Reiease Connections
Venturi i -k for Magnahelic Gage

Flow Control Valve

Exhaust Hose

Elapsed Time Indicator

Figure 6. Example of afield portable high volume air sampler for
sampling PAHs developed by EPA.
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E Water IE
— Monometer { Barometer
- 1
—1 1
Mercury — 1 o] = ) i

Manometer — Air Flow
E ‘ Thermometer
= H HHH—— Orifice
E | 1 | Ikl |
= I ]
5 Filter Adapter

\&/

} Rootsmeter

High Volume Motor

Resistance Plates

Figure 7. Positive displacement rootsmeter used to calibrate orifice transfer standard
used in Compendium Method TO-13A.
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Method TO-13A PAHSs

h Shutoff valves
Calibrated pem——————s@y _ Bn
orifice
E Manometer
IE 0-18in.
Sampling head \k
p
= Pipa fiting (1/2in.)
ek ek L L L L L LL L L LL L okt ke b s L AL L bt bl bt dhodd b Ll bddl.
Magnehelic gauge
0-10Cin.
Crifice
Flow controf -
vave
Blower { T3 Erapsed time
motor meter

Exhaust duct

7
DS ner

Figure 9. Typical field caibration configuration for Compendium Method TO-13A sampler.
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PAHSs Method TO-13A

FIELD CALIBRATION DATA SHEET FOR COMPENDIUM METHOD TO-13A PAH
SAMPLER CALIBRATION

Sampler ID:
Sampler Location:
Cadlibration Orifice ID:
Job No.:
High Volume Transfer Orifice Data:
Correlation Coefficient (Ccy): Slope (M1):
(CC2): (M2):
Intercept (B1):

(B2):

Cdibration Date: ____ Time:

Calibration Ambient Temperature: ___ °F °C CALIBRATOR'S SIGNATURE
Calibration Ambient Barometric Pressure: _ "Hg mm Hg

Calibration set point (SP):

SAMPLER CALIBRATION

Actual values from calibration Calibrated values
Orifice manometer, | Monitor magnehélic, Calculated value
inches inches Orifice manometer Monitor magnehelic orifice flow, scm
(Y1) (Y2 (Y3) (Y4) (X1)
70
60
50
40
30
20
10
Definitions
Y1 = Cdibration orificereading, in. H,O Y4 = Calculated value for magnehelic
Y2 = Monitor magnehelic reading, in. H,O = {Y2(Pa/760)[298/(Ta+ 273)]}*
P, = Barometric pressure actual, mm Hg X1 = Calculated value orifice flow, scm
B1 = Manufacturer's Calibration orifice Intercept = (Y3-B1)/M1
M1 = Manufacturer's Calibration orifice manometer P4y = Barometric pressure standard, 760 mm Hg
slope T, = Temperatureactual, °C
Y3 = Cdculated vauefor orifice manometer Tqe = Temperature standard, 25°C

= {Y1(Pal760)[298/(Ta+ 273)]}*

Figure 10. Typical orifice transfer field calibration data sheet for Compendium Method TO-13A.
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Shutoff Valves
. YI — g Y3
: (H:0) (H:0) adj.
Calibrated
Orifice
Y4 - Y2 Manometer
(H:0 adj.) (H:0) 0-18in.
Sampling Head Xl
N g (scmm)

4+ Pipe Fitting (1/2 in.}
vor so2trsesenorssssnin 2
]
z
]
:
A
z
g

Blower Elapsed Time

Motor Meter
Ehaust Duct L
Motor 7-Day
Support =(>'5§— Timer
| S Linear regression of X1 (scmm) vs. Y4 <
Calculate B2 and M2
¢ Y5 = [avg. mag. A H (Pam /Tarm) (298 / 760)] 2

Xg(z‘- (Y5-B2)/IM2
(scmm) = (M2)(Y5) + B2

Figure 11. Example of relationship between orifice transfer standard and flow rate through
Compendium Method TO-13A sampler.
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PAHSs Method TO-13A

COMPENDIUM METHOD TO-13A
FIELD TEST DATA SHEET
GENERAL INFORMATION

Sampler 1.D. No.: Operator:
Lab PUF Sample No.: Other:
Sample location:

PUF Cartridge Certification Date: Start Stop
Date/Time PUF Cartridge Installed: Barometric pressure (*'"HQg)
Elapsed Timer: Ambient Temperature (°F)
Start Rain Yes Yes
Stop No No
Diff. Sampling time
Sampling Start
Stop
M1 Bl Diff.
M2 B2
Audit flow check within £10 of set point
Yes
No
CALCULATED
BAROMETRIC MAGNEHELIC FLOW RATE
TIME TEMP PRESSURE READING (std. m®) READ BY

Avg.

Comments

Figure 12. Example of typical Compendium Method TO-13A field test data sheet (FTDS).
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PAHSs

Filter

PUF
Adsorbent

Field Surrogate

Laboratory
Surrogate Standard
Addition for -
GC/MS Analysis
(Section 12.2)

Ether/Hexane
[18 hours/3 cycles/hr]
(Section 12.2)

Soxhlet Extraction in 10% Diethy!

Sulfate
(Section 12.2.1.2)

Drying with Anhydrous Sodium

Kuderna-Danish (K-D) Evaporator Attached

with Macro Snyder Column

(Section 12.2.2)

Addition
(Section 10.4.1)

Water Bath

(No Extract Clean-up Required)

Concentrate

to 1.0 mL

(Extract Clean-up
Required)
J

at 60°C

Internal Standards (ISs)
Added to Concentrate
(Section 12.3.6)

Sodium Sulfate
(Section 12.3)

Silica Gel Column Topped with

A

(Section 12.3.5)

Diethyl Ether/Pentane Fraction
Concentrated by K-D Apparatus to 1 mL

]

Analysis by
GC/MS/DS

Gas Chromatography
Mass Spectroscopy
(Section 13.0)

Figure 13. Sample clean-up, concentration, separation and analysis sequence for common PAHS.
[Note: XAD-2 sequence is similar to PUF except methylene chloride is the solvent.]
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Method TO-13A

Filter Plus
PUF Adsorbent

Soxhlet
Extraction

Kuderna-Danish (K-D)
Concentrator

GC/MS/SCAN

Initial GC/MS
Tuning with DFTPP

Initial Calibration Using
Multi-Point Internal
Calibration Standards

Routine Calibration

- lon Abundance with DFTPP

- Mass Assignment

- Retention Time
- Deuterated STD's Added

- Relative Response Factors
(RRF)

- System Performance Check
Compounds

Figure 14. Typical quality assurance specifications for GC/MS/DS operation.

- Continuous Calibration
Check (CCC) every
12-hours

- Laboratory Control Spike
(LCS) Evaluation

- Laboratory Method Blank
(LMB)

- Solvent Method Blank
* Field/Trip Blanks
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Method TO-13A

PAHSs

SAMP: E,VER,DIR, STD MIX CaAL3

1889

(8.5ug/nl) 4273-88-4
CAP,38M,A.32MH, 1 .6UHM, 7A-3AAE1A, 3BCH/ M. MOLLOY MD-888-F
LA4Fy5" 514 (18.141)

1Z2/84-96 2833
COMBINE: (514 to H)—(((495 to B)+(B to B))=1.888)
Haphthalene

128 454656
136
(a)
“FE A
127
51 64 132 126 }37
sl [zl haep saeeasal I Ll
ol32_ 5% ssl||74~||||m.lma-.| A . , ,
WSz A8 168 12@ 148 168 ig8 2689

SaMP: 8,VER,DIR,

STD MIX CAL3

(8.5ug/nl) 4273-88-4
CAP,368M,8.32MM, 1 .8UM, 78-3A8@18,36CH” M. MOLLOY MD-888-F
L .

12/84-96 2033
B4F05° 934 (14.342) COMBINE: (934 to 8)-(((915 to B)+(H to @))=1.888)
198

ficenaphthylene 152 798720
(b)
¥FS
151
159 |
76 Q 153
2 75
- B 149
sp 62 74|77 g7 9g }O2 16 \.I
imrz 2@ 60 T 8@ 168 i7@ 148 168  ig@ 200

Figure 15. Mass spectra of Compendium Method TO-13A compounds

for (a) naphthalene and (b) acenaphthylene
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PAHSs

Method TO-13A

1897

LB4FQ5 983 (14.832)

SAMP: S,VER,DIR,

STP MIX CaAL3 (8.5ug ml) 4273-88-4
CAP,38M,A.32H1,1.8UM,7A-380018,38CM~ M. MOLLOY MD-888-F

Acenaphthene

12-84-96 2833
COMBINE: (983 to B)—(((994 to B)+(B to B))*1.Bdd)

153 577536
154
g
(c)
“F& 153\
76
151
77
?5 {7 ise |[ij 155
63 ~ N
5 126 l
ME I 62,52 lll__ez 191 s A | ||| L I
m’z_ 4@ 60 8@ 100 128 1408 168 188 2oy

SAMP: S,VER,DIR, STD MIX CAL3 (B.Sug/ml} 4273-88-4
CAP,38M,8.32MM, 1.6UN, 7A-3ABG1A,38CH/ M. MOLLOY MD-8AB-F 12/84/96 2033
LB4FQS 1114 (16.142) COMBINE: (1114 to B)-(((1893 to B)+(8 to B))=1.088)
108G Fluorene 185 5570856
(d)
#FE
8183 163 167
(% 139
9 162
a 3!,9 5p 53 | 8 1l 9-3| 11-1-5 133\T .\I- ‘ T jl'Ts ,
mzE A6 68 80 i@ 128 | 148 168 ig@ 280
Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (¢) acenaphthene and (d) fluorene.
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Method TO-13A

PAHSs
SAMP: S,VER,DIR, STD MIX CAL3 (@.Sug/ml) 4273-08-4
CAP,38M,8.32MM, 1.BUM, 7B-308G10,30CH/ M. MOLLOY MD-886-F 12/84-/96 2A33
LB4FQ5" 1370 (10.782) CONEBINE: (1378 Lo B)-(((1385 to 8)+(8 to 8))=1.908)

106 fmthracene 178 860160
(e)
#F%
176
179
76 82 {
75 BB~ 152
a si _ 5F 74|77 ee 126 139“9\;I|T 1%’1%‘ 2o
n/z 4@ e 8@ | 1ue 126~ " i4@ 168 | 1g@ 280
SAMP: S,VER.DIR, S8TD MIX CAL3 (A.Sug/ml) 4273-88-4
CAP,38M,A.32MM, 1 .8UM,78—388014,3ACH” M. MOLLOY MD-888-F 1278496 2833
LA4FY5" 1359 (18.592) <COMBINE: (1359 to 8)—-(((1348 to B8)+{8 to B)l*l . BAA)
laaw Phenanthrene iyg8 851968
(f)
*“FS 1
176
Y| g70
?576 a? 132 (
% 158 175 1ge
0 52 % _74log 3| __2s 136 7% 149«]ﬁ(’153 ol
W’z 4@ " 6@ =@ 108 128 0 148  i6@ ___i8@ = 206W
Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (e) anthracene and (f) phenanthrene.
Page 13A-70

Compendium of Methods for Toxic Organic Air Pollutants

January 1999



PAHSs

Method TO-13A

SaMP: §,VER,DIR, STD MIX CAL3

(8.5ug”ml) 4273-00-4

CAP,3PM,8.32MM, 1.8UM,78-3800R10,30CH” M. MOLLOY MD—S88H-F 1279496 28033

T.B4F05" 1666 (21.6633 COMBINE: (1666 to B8)-(((1683 to B8)+(B to 8))*1.6888)

160 Fluoranthene 202 95@272

(9)
YFS -
288
Nlzes
: 212
113 138 59 199 213

o - Wl 287 g lygst®Aage  assqgl A

mw/z_ae T 120 140 160 180 208 228 24B

SAMP: 3,VER,DIR, STD MIX CAL3 (8.5ug/ml) 4273-88-4
CAP,38M,8.32MM, 1 .8UM, 78—-3880@1A4,368CH~ M. MOLLOY MD-BHA-F 12/84-96 2833
LEAFQS’ 1723 (22.233) COMBINE: (1723 to 8)-(((1724 1o A)+(B to H))+*1 HHH)
106 Pyrene 202 991232
|
(h)
#“FE
181 ZBB\
188- /293
88 99 184199
Ry , 21z
ol 55 czmsessples  age  aqe Dsey Aft
w/z 46 (1" ] 88 1846 128 148 168 188 288 228 248

Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (g) fluoranthene and (h) pyrene.
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Method TO-13A

PAHSs
SAMP: S,VER,DIR, 8TD MIX CAL3 (@.5ug/ml) 4273-88-4
CAP,38M,8.32MM, 1.BUM, 7B-38A018,38CH/ M. MOLLOY MD-888-F 12/84-96 2033
LA4F05 2033 (25.333) COMBINE: (2933 to B)-(((ZPAJ to B)+(8 to B))=1.688)

190 Benz (alanthracene 238 981120
U]
#FE
226
A
229
114
l“éTl lﬂ 224 ZTB
- 128
ol 55 7se7 | Jl7 . 176197 290797 || || 232 .
n'E 548 188 158 299 2908 280
SAMP: B,VER.DIR, STD MIX CAL3 (B.Sug/ml) 4273-80-4
CaAP,3AM.0.32MM,1.8UM,7A-308018,38CM” M. MOLLOY HMD-8688-F 12/84-96 2833
LA4AFGS" Z844 (25.443) COMBINE: (2844 to B)-({(2B63 to H)+(B to B))=1.848)
108 Chrysene 228 843776
1)
YFS A
226
~
113 229
Lad 229
- 2
Q 63 7|.5 8l|a W || }::15 150 ? 2 223\ |y jr2al
e 50 ) 190 i 150 i 280 258 300
Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (i) benz(a)anthracene and (j) chrysene.
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PAHSs

Method TO-13A

SAMP: S,VER,DIR, STD MIX CAL3Z (B.S5ug-ml) 4273-88-4
CAP,38M,A.32MM, 1.68UM, 7A-3A0@18,3ACH- M. MOLLOY MD-BHB-F 12-84-96 2033
LB4FO5’ 2306 (Z8.863) COMBINE:(Z386 to H)-(((22B4 to B)+(A to B))=1.HAA)
1884

Benzo(b}f luoranthene

asz 788416

(k)

HFE

243\ 254
224
a . 8 i ¢ . 206 . il
| Y 58 1048

2688

360

8aAMP: 5,VER,DIR,

STD MIX CAL3 (8.S5ugsml) 4273-88-4
CAFP,38M,0A.32MM,1.68UM,7A-368018,3ACH- M. MOLLOY HMD-888-F 12-84-96 2833
LA4FQ57" 2312 (28.123) COMBINE: (2312 to B8)-(((2329 to A)+(8 to B))=1.8688)
1884

Benzo(k)f luoranthene 252 6834032

U]

YFE

2353

el il , 1 149
mneE a8

158

RS
FET: 254
2 ?B ﬁ.
208

390

Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (k) benzo(b)fluoranthene and (1) benzo(k)fluoranthene
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Method TO-13A

PAHSs

8aAMP: S,VER,DIR, STD MIX CAL3

(A.Sug/ml) 4273-88-4
CAP,38M,8.32HM,1.8UM,78-386801A,3ACH- M. MOLLOY MD-888-F 12/84-96 2833
LA4AFQ5" 2398 (28.983) COMBINE: (2398 to B)-(((2374 to B)+(B to B))=1.A880)
108- Benzo(alpyrene 252 53248@
(m)
YFS -
258
~
126 253
113
264
. ::ﬂ - oy
"] . |134\ I:l ||| . . 2?3 |?!| 247' ) III'—26I5 .
"oz 58 168 15@ 288 258 368
SAMP: S,VER,DIR, STD MIX CAL3 (B.5ug”ml) 4273-88-4
CAP,3AM,A.32MM, 1.8UM,78—-386018,38CH~ M. MOLLOY MD-888-F 12-04/96 2A33
LB4FOS” 2384 (28.844) COMBINE: (2384 to B)-(((2366 to H)+(H to B))=1.8B4)
188 Benzo(elpyrene 252 S@3808
(n)
YFE
258
129 253
-126 7
113 z2ag
112~ 3
254
aldt il maf.“‘ﬂ | 147 238 228l 2sa
w'z 58 i 188 i 158 ' 208 ) z58 200

Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (m) benzo(a)pyrene and (n) benzo(e)pyrene
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PAHSs

Method TO-13A

SAMP: S,VER.DIR, STD MIX CAL3 (B.5ug/nl) 4273-88-4
CAF,38M,8.32MM,1.8UM, 78—-3AA168,38CM~ M. MOLLOY MD-BAB-F 1278496 2033
LB4AFQ5 2945 (34.454) COMBINE: (2945 to B)-(((Z988 to A)+(B to B))=1.880)
106 Benzo(y,h,i)perylene 276 26624
(o)
FS
138
2?4 a7v
137
.|
147 2732
5 677385 97 1 5| 7 195213211 N 22— aia
N ﬁ.|....!gﬁf .ﬁ lass ("N N | 2em {2957 "Taze  PT° 396 y 7
nwz_ 5@ 198 150 200 258 368 358 108 458

SAMP: S,VER,DIR, STD MIX CaL3

(8.5ug/ml) 4273-88-4
CAP,38M,9.32MM, 1.8UM,79-388010A,30CH-/ M. MOLLOY MD-88R-F 12/84-96 2833
LA4F(5" 2826 (33.264) COMBINE: (2826 to A)-(((2885 to A)+(H to @))=1.8680)

1931 Indeno(1,2,3~cd)pyrene 2765 294312
()
YFS
138
137 274 | 277
1386
125 | 27z |17 0
91 103 281
ol 81 95 | %Fawﬁ , , 297 248 i
m/z 5@ 100 158 200 258 3088
Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (o) benzo(g,h,i)perylene and (p) indeno(1,2,3-cd)pyrene.
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Method TO-13A

PAHSs

SAMP: S,VER,DIR, STD MIX CAL3

(8.5ug/ml) 4273-88-4
CAP,30M,0.32MM,1.8UN, 78-3880168,36CH” M. MOLLOY MD-88AH-F 12784796 2833
LB4FQS° Z835 (33.354) CGOMBINE:(ZB35 to B)-(((Z2809 to A)+(B to B))+=1.868)

188+ Dibenz (a,h)anthracene 278 274432
(@
HFS
276
~
139 273
137
2vq
81 125
113 148 . 2 280
ol® T BF e LM, MA% 177 192 297 23e 2TAMZT
[mrz 58 ' 108 159 200 i 25a 300
Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (q) dibenz(a,h)anthracene.
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PAHSs Method TO-13A

SAMP: S,VER,DIR, STD MIX CAL3 (B.5ug”ml) 4273-88-4
CAP,38M,0.32MM,1.8UM,76-388014,3ACH- M. MOLLOY MD-8A8-F 128496 2033
LB4FQ5S
26374448 fArea
188 2i7s 21320996
z109 #i
2019 5f§§§$12
56891552
1742
57430228
2347
wFS azazzsea 5735398
955 1662
30446892 1325
-k 1187
924 1370
162
: Zo2 b
Scn i 500 ' 1688 ' 1568 ' 2000 25008 ' 3a0a

Figure 16. Total ion chromatogram (TIC) of Compendium Method TO-13A target PAHSs.
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Other Test Method 45 (OTM-45) Measurement of Selected Per- and Polyfluorinated Alkyl
Substances from Stationary Sources

Background on OTM-45

The posting of a test method on the Other Test Methods portion of the EMC website is neither an
endorsement by EPA regarding the validity of the test method nor a regulatory approval of the
test method. The purpose of the Other Test Methods portion of the EMC website is to promote
discussion of developing emission measurement methodologies and to provide regulatory
agencies, the regulated community, and the public at large with potentially helpful tools. Other
Test Methods are test methods which have not yet been subject to the Federal rulemaking
process. Each of these methods, as well as the available technical documentation supporting
them, have been reviewed by the EMC staff and have been found to be potentially useful to the
emission measurement community. The types of technical information reviewed include field
and laboratory validation studies; results of collaborative testing; articles from peer-reviewed
journals; peer review comments; and quality assurance (QA) and quality control (QC)
procedures in the method itself. The EPA strongly encourages the submission of additional
supporting field and laboratory data as well as comments regarding these methods.

These methods may be considered for use in federally enforceable State and local programs [e.g.,
Title V permits, State Implementation Plans (SIP)] provided they are subject to an EPA Regional
SIP approval process or permit veto opportunity and public notice with the opportunity for
comment. The methods may also be candidates to be alternative methods to meet Federal
requirements under 40 CFR Parts 60, 61, and 63. However, they must be approved as
alternatives under Parts 60.8, 61.13, or 63.7(f) before a source may use them for this purpose.
Consideration of a method's applicability for a particular purpose should be based on the stated
applicability as well as the supporting technical information. The methods are available for
application without EPA oversight for other non-EPA program uses including state permitting
programs and scientific and engineering applications. As many of these methods are submitted
by parties outside the Agency, the EPA staff may not necessarily be the technical experts on
these methods. Therefore, technical support from EPA for these methods is limited, but the table
at the end of this introduction contains contact information for the authors and developers so that
you may contact them directly. Also, be aware that these methods are subject to change based on
the review of additional validation studies or on public comment as a part of adoption as a
Federal test method, the Title V permitting process, or inclusion in a SIP.

Validated measurement methods are limited and under development for reliably identifying and
quantifying if per- and polyfluoroalkyl substances (PFAS) are released into the air from
stationary sources. The current lack of standardized methods to measure PFAS emissions and the
limited availability of data on the performance of methods to measure PFAS introduce
uncertainty in the understanding of the release of PFAS into the air from these sources. The lack
of validated stationary source measurement methods for PFAS also leads to inconsistent
findings, incomparable measurements, and lack of coordination between policy makers, facilities
and control technology development. This OTM recommends a consistent method for use by the
facilities, stationary source test teams, research laboratories, and other stakeholders to measure a
common list of PFAS compounds emitted from vents and stacks. This OTM includes
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performance based PFAS measurement tools and performance criteria developed through field
application of this method.

The analytical method imbedded in OTM 45 may support a variety of monitoring applications,
which include the analysis of multiple short-chain PFAS that cannot be measured by EPA
Method 537.1. This posting meets an agency commitment identified within the 2020 National
Defense Authorization Act guidance for PFAS disposal and destruction. Posting this method, in
and of itself, does not establish a requirement, although the use of this method may be specified
by the EPA or a state through independent actions. Terms such as “must” or “required,” as used
in this document, refer to procedures that are to be followed to conform with the method.
References to specific brands and catalog numbers are included only as examples and do not
imply endorsement of the products. Such reference does not preclude the use of equivalent
products from other vendors or suppliers.

OTM 45 is a draft method under evaluation that will be updated as more data from stakeholders
becomes available. Due to the urgent need for consistency, this method is being released as an
“Other Test Method (OTM)” by EPA’s Emission Measurements Center to promote consistency
with what we believe is the current best practices to sample and analyze the PFAS targets from
stationary sources. We solicit any and all feedback, comments, and additional data coming from
the application of this method as we work to adjust this method in anticipation of developing a
reference method for PFAS from air emission sources. PFAS compounds encompass a wide
variety of moiety's that can lead to different physical and chemical properties. As such this
method may not be suitable for certain PFAS compounds with unique properties, requiring
evaluation of this method for PFAS compounds that might be added later.

Note: Please submit a copy, either electronic or paper, of any test report from application
of this OTM to EPA’s Measurement Technology Group.

¢ FElectronic copies should be submitted via email with the subject line “OTM-045" to:
EMC@epa.gov

e Paper copies should be mailed to:
Measurement Technology Group
Office of Air Quality Planning and Standards
U.S. Environmental Protection Agency (Mail Code E143-02)
Research Triangle Park, NC 27711

OTM-45 Authors and Developers
Ray Merrill* OAQPS/AQAD/MTG Merrill. Raymond@epa.gov
Jeff Ryan* ORD/CEMM/AMCD/CSB Ryan.Jeff@epa.gov
Ken Krebs ORD/CEMM/AMCD/CSB Krebs.Ken@epa.gov
Stephen Jackson ORD/CEMM/AMCD/CSB Jackson.Stephen@epa.gov
Lindsay Wickersham ORD/CEMM/AMCD/CSB Wickersham.Lindsay@epa.gov
Bob Wright ORD/CEMM/10D Wright.Bob@epa.gov

* Primary contacts
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Other Test Method 45 - (OTM-45) Measurement of Selected Per- and Polyfluorinated
Alkyl Substances from Stationary Sources)

1.0 Scope and Application

1.1 Applicability. OTM-45 is a performance-based method applicable to the collection and
quantitative analysis of specific semivolatile (Boiling point > 100°C) and particulate-bound per-
and polyfluorinated alkyl substances (PFAS) in air emissions from stationary sources. This
method can also be used for the collection and recovery of ionic and covalent PFAS for non-
targeted analysis (NTA) of PFAS compounds. Table 45-1 of this method lists the individual

target analytes that have been evaluated for measurement by OTM-45.

1.2 Scope. This method describes the sampling and sample recovery procedures used to measure
individual semivolatile PFAS from stationary source air emissions. OTM-45 incorporates by
reference some of the specifications (e.g., equipment and supplies) and procedures (e.g.,
sampling and sample preparation) from other methods that are essential to conducting OTM-45.
To obtain reliable samples, source sampling teams should be trained and experienced with the
following additional EPA test methods: Method 1; Method 2; Method 3; Method 4; and Method
5 of Appendices A-1, A-2, and A-3 to 40 Code of Federal Regulations (CFR) Part 60.

Laboratory analysis teams should be trained and experienced in the use of liquid chromatography
coupled with tandem mass spectrometry (LC-MS/MS) multiple reaction monitoring (MRM) as

described in EPA Method 533 and Method 537.1

1.3 Branched and Linear PFAS Isomers

Both branched and linear PFAS isomers may be found in the environment. This method includes

procedures for summing the contribution of multiple isomers to the final reported concentration.
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In those cases where standard materials containing multiple isomers are commercially available,

laboratories should obtain such standards for the method analytes.

1.4 Performance Based. This method provides some flexibility for analysis of PFAS by including
the addition of isotopically labeled standards in various parts of the sampling system to assess
and evaluate method performance against criteria for successful sampling and analysis
procedures. The laboratory may select LC columns, LC conditions, and MS conditions different
from those used to develop the method. At a minimum, the pre-sampling isotope spike standards
and the pre-analysis isotope spike standards specified in the method must be used. Users may
modify the method to overcome interferences or to substitute superior materials and equipment,
provided they use LC-MS/MS as the basis for separation and quantitation of method target
compounds and meet all performance criteria in this method. Section 9 of this method presents

requirements for method performance.

2.0 Summary of Method

This method identifies and determines the concentration in mass per unit gas volume sampled of
specific PFAS compounds in source emissions. Gaseous and particulate bound target pollutants
are withdrawn from the gas stream isokinetically and collected in the sample probe, on a glass
fiber or quartz filter, on a packed column of adsorbent material and in a series of impingers. The
target compounds are extracted from the individual sample collection media. The OTM-45 train
results in four (4) discreet sample extract fractions for analysis. The extracts are analyzed by LC-
MS/MS in the MRM detection mode. Quantification of each analyte is calculated using the
isotope dilution technique. For QC purposes, the percent recoveries of the pre-extraction

standards are calculated using the integrated peak areas of pre-analysis standard(s), which are
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added to the final extract and function as traditional internal standards, exclusively applied to the
pre-extraction standards. The use of pre-sampling standards added to XAD-2 collection media
prior to sampling and analyzed in the same manner as targeted PFAS compounds serves as an
indication of the method’s quantitative capture efficiency. This method is not intended to
differentiate between target compounds in particle or vapor fractions. This method uses

isotopically labeled standards to improve method accuracy and precision.

3.0 Definitions

3.1 Alternate Recovery Standards. A group of isotopically labeled compounds that are not
otherwise designated in this method for quality control purposes. Use alternative recovery
standards to assess the recovery of a compound class relative to a step in the sampling and

analysis procedure that is not already assessed as a mandatory part of this method.

3.2 Analysis Batch. A set of samples that are analyzed on the same instrument during a 24-hour
period that begins and ends with the analysis of the appropriate Continuing Calibration Check
(CCC) standards. Additional CCCs may be required depending on the length of the Analysis

Batch and the number of field samples.

3.3 Batch Blank Sample. A laboratory blank sample composed of a precleaned filter and XAD-2

media processed and analyzed using the same procedures as a field sample.

3.4 Calibration Standard. A solution of the method analytes, pre-extraction standards, and pre-
analysis standard(s) prepared from the Primary Dilution Standards and stock standards. The
calibration standards are used to calibrate the instrument response with respect to analyte

concentration.
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3.5 Continuing Calibration Check Standard (CCC). A calibration standard that is analyzed
periodically to verify the accuracy of the existing calibration. The mid-point calibration standard

is typically used to verify calibration.

3.6 Congener. An individual compound with a common structure, only differing by the number

of fluorine atoms attached to the structure.

3.7 Extraction Batch. A set of field samples (not including QC samples) extracted together using

the same lot of extraction devices, solvents, and fortifying solutions.

3.8 Field Sample Media Blank (FSMB). Also called the field trip blank. The FSMB is intended
to include and represent the sampling media (i.e., filter, XAD-2 adsorbent) and reagents (i.e.,
impinger contents, rinsing solvents) associated with the field sample collection and recovery, but
is not actually used in the field. The FSMB is treated as a sample in all respects, including
shipment to the sampling site, exposure to sampling site conditions, storage, and all analytical
procedures. The purpose of the FSMB is to determine if method analytes or other interferences

are introduced into the sample from shipping, storage, and the field environment and procedures.

3.9 Homolog. A compound belonging to a series of compounds with the same general molecular

formula, differing from each other by the number of repeating units.

3.10 Pre-extraction Standards. Pre-extraction standards are isotopically labeled analogues of the

method analytes that are added to the sample prior to extraction in a known amount.

Note: Not all target PFAS currently have an isotopically labeled analogue. In these cases, an

alternate isotopically labelled analogue (isotopologue) is used as recommended in Table 45- 1.
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3.11 Branched and linear isomers. Individual compounds with a common molecular formula,

differing by the position of carbon and fluorine atoms attached to the structure.

3.12 Isotope Dilution Technique. An analytical technique for measuring analyte concentration
using the ratio of the peak area of the native analyte to that of an isotopically labeled analogue,
added to the original sample in a known amount and carried through the entire analytical

procedure.

3.13 Isotopologue. An individual compound with an identical chemical formula and structure,

differing only in isotopic composition.

3.14 Laboratory Fortified Media Blanks (LFMB). Also commonly referred to as Laboratory
Control Samples. The LFMB includes and represents all the sampling media (i.e., filter, XAD-2
adsorbent) and reagents (i.e., impinger contents, rinsing solvents) associated with the field
sample collection and recovery to which known quantities of the method analytes and isotope
dilution analogues are added. The results of the LFMB verify method performance in the

absence of sample matrix.

3.15 Laboratory Sample Media Blank (LSMB). The LSMB is intended to include and represent
the sampling media (i.e., filter, XAD-2 adsorbent) and reagents (i.e., impinger contents, rinsing

solvents) associated with the field sample collection and recovery, but is not actually shipped to
the field and remains in the laboratory. The results of the LSMB verify that the sampling media

and reagents are not introducing target analyte or interfering species.
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3.16 Method Detection Limit (MDL). The minimum qualitatively recognizable signal in
laboratory analyses above background for a target compound with 99 percent confidence.

Procedures for determining MDL are provided in Section 9.2.1.3.

Note: MDL is typically determined following 40 CFR Part 136 appendix B and includes samples
prepared from blank media, spiked within 5 times of the expected MDL and processed in a

manner identical to field sample preparation.

3.17 Perfluorinated alkyl substances. Aliphatic substances where all of the hydrogen atoms
attached to carbon atoms have been replaced by F atoms, except those H atoms whose

substitution would modify the nature of any functional groups present.

3.18 Polyfluorinated alkyl substances. Aliphatic substances where all hydrogen atoms attached to

at least one (but not all) carbon atoms have been replaced by F atoms.

3.19 Precursor lon. The gas-phase species corresponding to the method analyte that is produced
in the electrospray ionization interface of the LC-MS/MS. During tandem mass spectrometry, or
MS/MS, the precursor ion is mass selected and fragmented by collision-activated dissociation to
produce distinctive product ions of smaller mass to charge (m/z) ratio. For this method, the

precursor ion is usually the deprotonated molecule ([M — H]-) of the method analyte, except for

HFPO-DA. For this analyte, the precursor ion is formed by decarboxylation of HFPO-DA.

3.20 Pre-analysis Standard(s). Pre-analysis standard(s) are quality control compounds that are
added to all standard solutions and to extracts immediately prior to analysis in a known amount

and used to measure the relative response of the isotopically labelled analogues that are
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components of the same solution. For this method, the pre-analysis standard(s) are two
isotopically labeled analogues of the method analytes. The pre-analysis standard(s) are indicators
of instrument performance and are used to calculate the recovery of the pre-extraction standards
through the extraction procedure. In this method, the pre-analysis standard(s) are not used in the
calculation of the recovery of the native analytes. Pre-analysis standard(s) are added to every

sample (including blank, quality control sample, and calibration solutions) at a known amount.

Note: Pre-analysis standard(s) is identical to Isotope Performance Standards in Method 533.

3.23 Pre-extraction Standard(s). A group of isotopically labeled analogues of the method
analytes that are added in a known amount to all standard solutions, to each field sample
fraction: (i.e., the primary and secondary XAD-2 adsorbent traps, filter, and impinger samples)
and to laboratory blanks immediately before extraction. Used to correct the quantity of the native

target compounds present in the sample for extraction, cleanup, and concentration recovery.

Note: Not all target PFAS currently have an isotopically labelled analogue. In these cases, an

alternative isotopically labelled analogue is recommended in Table 45-1.

3.24 Pre-sampling Standard(s). A group of isotopically labeled compounds added in a known
amount to the XAD-2 adsorbent prior to sampling used to indicate the sample collection and

recovery efficiency of the method.

3.25 Pre-transport Standard(s). A group of isotopically labeled compounds added by the
laboratory into the sample containers used in the field to contain and transport probe rinse and

impinger samples. The measured concentration of the pre-transport recovery standard provides a
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quality check on potential probe rinse sample spillage or mishandling after sample collection and

during shipping.

3.26 Product lons. One or more fragment ions that are produced in MS/MS by collision

activated dissociation of the precursor ion.

3.27 Quality Control Standard (QCS). A calibration standard prepared independently from the
primary calibration solutions. For this method, the QCS is a repeat of the entire dilution scheme
starting with the same stock materials (neat compounds or purchased stock solutions) used to
prepare the primary calibration solutions. Independent sources and separate lots of the starting
materials are not required, provided the laboratory has obtained the purest form of the starting
materials commercially available. The purpose of the QCS is to verify the integrity of the

primary calibration standards.

3.28 Quantitative Reporting Limit (QRL): The minimum quantitative level that can reported.
The QRL is based on the lowest concentration or level target PFAS compound used during

calibration. Being sample specific, the QRL is affected by sample size, dilution, aliquots, etc.

3.29 Relative Response Factor (RRF). The response of the mass spectrometer to a known amount

of an analyte relative to a known amount of an isotopically labeled standard.

3.30 Sampling Train Field Blank (STFB). The complete field assembly and recovery of an
OTM-45 sampling train without actual sampling, including bringing the train to sampling
location, heating and leak checks. The STFB is conducted using glassware that has been

previously used for emissions sampling as part of the current field test. The purpose of the
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STFB is to determine if method analytes or other interferences are introduced into the sample

from previous sample runs using previously sampled sample train glassware.

3.31 Sampling Train Proof Blank (STPB). The complete field assembly and recovery of a clean
OTM-45 sampling train without actual sampling, including bringing the train to sampling
location, heating and leak checks. The STFB is conducted using clean glassware that has not
been previously used for emissions sampling as part of the current field test. The purpose of the
STPB is to determine if method analytes or other interferences are introduced into the sample
from the clean, unused sample train glassware, train assembly, preparation and recovery,

including the field environment.

3.32 Semivolatile and Condensable PFAS. Poly and perfluoro organic compounds with boiling

points above 100°C.

3.33 Stack Detection Limit (SDL). The minimum qualitatively recognizable gaseous stack
concentration above background for a target compound. The SDL is a mathematically derived
from the method detection limit (MDL) for each sample fraction, the total gaseous stack sample
volume collected, and the sample preparation steps in this method. Each sample fraction in this
method has a distinct MDL based on the sample preparation, concentration, and aliquot splitting
performed during the sample analysis procedures. Being sample specific, the SDL is affected by
stack sample volume, sample extract volume, sample concentration, sample splits, and dilution,
etc. The SDL is based on the sum of sample fractions 1-3 MDLs and the run-specific gaseous

sample volume.

4.0 Interferences

Revision 0 (1/13/2021)



4.1 Organic Compounds. Very high amounts of other organic compounds in the matrix may
interfere with the analysis. This method provides examples of extraction and cleanup procedures
to reduce, but not necessarily eliminate, matrix effects due to high concentrations of organic

compounds.

4.2 Target compound contaminants or related organics in solvents, reagents, glassware,
isotopically labeled spiking standards, and other sample processing hardware are potential
method interferences. Routinely evaluate all these materials to demonstrate that they are either
free from interferences under the conditions of the analysis, or that the interference does not
compromise the quality of the analysis results. Evaluate chemical interference through the
preparation and analysis of batch blank samples. Use high purity reagents, solvents, and

standards to minimize interference problems in sample analysis.

Note: In this method, 1*Cs-PFBA is used as a pre-analysis standard(s) and *C4-PFBA is used as
an isotope dilution analogue. Both share the same product ion, m/z 172. Because the natural
abundance of 13C is 1.1%, there is a 1.1% contribution to the *C4-PFBA area from the lone,
unlabeled 12C atom in ¥*Cs-PFBA. Users of this method may consider this bias to the area of the

PFBA isotope dilution analogue insignificant.

4.3 PTFE products including PTFE cap liners can be a source of PFAS contamination. The use
of PTFE in this method must be avoided or the product must be tested and shown to be
contaminant free before use. Polypropylene (PP) or polyethylene (PE, HDPE) products may be

used in place of PTFE products to minimize PFAS contamination.
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4.4 Labeled standards may include trace quantities of native PFAS and should be screened or

certified pure before use.

4.5 Following extraction, aqueous samples should not come in contact with any glass containers
or pipettes as PFAS analytes can potentially adsorb to glass surfaces. The eluate must be
collected in a polypropylene tube prior to concentration to dryness. Concentration to dryness in
glass tubes may cause poor recovery. Standards dissolved in organic solvent may be purchased
in glass ampoules. These standards in organic solvent are acceptable and subsequent transfers

may be performed using glass syringes and pipets.

4.6 Isotopic purity of 13C3-PFBA. In this method, 13C3-PFBA is used as a pre-analysis
standard(s) and 13C4-PFBA is used as an isotope dilution analogue. Both share the same product
ion, m/z 172. Ten nanograms per liter of 13C4-PFBA is added to the sample prior to extraction
(10 ng/mL extract concentration assuming 100% recovery), and 10 ng/mL of 13C3-PFBA is
added to the final extract. Because the natural abundance of 13C is 1.1%, there is a 1.1%
contribution to the 13C4-PFBA area from the lone, unlabeled 12C atom in 13C3-PFBA. The
authors confirmed this contribution empirically. Users of this method may consider this bias to

the area of the PFBA isotope dilution analogue insignificant.

4.7 Isotopic purity of 13C4-PFBA. A trace amount of 13C3-PFBA was detected in the 13C4-
PFBA. The contribution was no greater than 1%. The contribution of the pre-analysis standard(s)

to the isotope dilution analogue is insignificant.

4.8 Telomer Sulfonates. Each of the three telomer sulfonates in the analyte list (4:2FTS, 6:2FTS,

and 8:2FTS) are referenced to their 13C2 isotope dilution analogue. The mass difference
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between the telomer sulfonates and the pre-extraction standards is 2 mass units. The single sulfur
atom in each of the unlabeled molecules has a naturally occurring M+2 isotope (3*S) at 4.25%.
Thus, the precursor ions of the 3C; isotopically labeled analogues and the naturally occuring S
analogues present in the native analytes have the same nominal masses. The product ions of the
telomer sulfonate pre-extraction standards listed in Table 45-2 would contain a small
contribution from the 34S analogue of the native telomer sulfonates. At the concentrations used in
this study, the contribution of the 3*S analogue to the isotope dilution analogue was not greater

than 2.7%. Alternate product ions may be used if there is sufficient abundance.

5.0 Safety

Note: Develop a strict safety program for the handling of PFAS samples to avoid contact with

sampling media and sample recovery solutions.

5.1 Selected PFAS compounds, namely PFOS and PFOA have known aneugenic, endocrine, and
teratogenic effects in laboratory animal studies. Be aware of the potential for inhalation, skin

absorption and ingestion exposure to field personnel and laboratory analysts.

5.2 Commercial Standards. This method recommends that the laboratory purchase dilute
standard solutions of the analytes required for this method. However, if preparing primary
solutions, use a hood or glove box. Personnel handling primary solutions should wear personal

protective equipment including nitrile gloves.

5.4 Toxicity. The toxicity or carcinogenicity of other reagents or chemicals used in this method
is not precisely defined. However, treat each chemical as a potential health hazard and minimize

exposure to these chemicals. The field and laboratory staff are responsible for maintaining a
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current awareness file of Occupational Safety and Health Administration (OSHA) regulations
regarding the safe handling of the chemicals specified in this method. Ensure that a reference file
or list of internet sites that contain safety data sheets (SDS) is available to all personnel involved

in the sampling and chemical analysis of samples known or suspected to contain PFAS.

6.0 Equipment and Supplies

Note: Brand names, suppliers, and part numbers are for illustration purposes only and no
endorsement is implied. Apparatus and materials other than those specified in this method may
achieve equivalent performance. Meeting the performance requirements of this method is the

responsibility of the source testing team and laboratory team.

6.1 Sampling Train. Figure OTM 45-1 of this method shows a schematic of the OTM 45
sampling train. This sampling train configuration is adapted from EPA Method 5 procedures,
and, as such, the majority of the required equipment is identical to that used in EPA Method 5
determinations. The OTM 45 sampling train is very similar, but not identical to the SW-846
Method 0010 sampling train. The specific OTM 45 adaptations are: the use of condenser and
XAD-2 adsorbent module, which are used for the primary capture of PFAS compounds that pass
through the glass or quartz-fiber filter in the gas phase; a series of impingers for additional
capture of PFAS compounds that pass through the primary XAD-2 adsorbent module; and a
secondary XAD-2 adsorbent module which is to determine the breakthrough of PFAS
compounds not captured by the primary XAD-2 adsorbent module and impingers. The train is
identical to that described in section 6.1.1 of Method 5 of appendix A-3 to 40 CFR part 60 with

the following additions:

Revision 0 (1/13/2021)



6.1.1 Nozzle. The nozzle must be made of quartz or borosilicate glass or titanium. Stainless steel

nozzles should not be used.

6.1.2 Probe Liner. Use either borosilicate, or quartz glass probe liners with a heating system
capable of maintaining a probe gas temperature of 120 £ 14 °C (248 * 25 °F) during sampling.
Use a PTFE ferrule or single-use PTFE coated O-ring to achieve the seal at the nozzle end of the
probe for stack temperatures up to about 300 °C (572 °F). Use a quartz glass liner and integrated

quartz nozzle for stack temperatures between 300 and 1,200 °C (572 and 2,192 °F).

6.1.3 Filter Holder. Use a filter holder of borosilicate glass with a PTFE frit or PTFE-coated wire
filter support. The holder design should provide a positive seal against leakage from the outside
or around the filter. The holder should be durable, easy to load, leak-free in normal applications,
and positioned immediately following the probe and cyclone bypass (or cyclone, if used) with
the active side of the filter perpendicular to the source of the flow. The filter support must be

evaluated for PFAS contamination.

6.1.4 Filter Heating System. Use any heating system capable of monitoring and maintaining the
temperature around the filter to ensure that the sample gas temperature exiting the filter is 120
14 °C (248 + 25 °F) during sampling or such other temperature as specified by an applicable

subpart of the standards or approved by the Administrator for a particular application.

6.1.5 Filter Temperature Sensor. Install a temperature sensor capable of measuring temperature
to within £ 3 °C (5.4 °F) so that the sensing tip protrudes at least 1.3 centimeters (cm) (12 in.)
into the sample gas exiting the filter. Encase the sensing tip of the sensor in glass or PTFE if

needed.
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6.1.6 Sample Transfer Line. The sample transfer line transports gaseous emissions from the
heated filter holder to the condenser and must be heat traced and constructed of glass or PTFE
with connecting fittings that form leak-free, vacuum-tight connections without using sealing
greases or tapes. PFA tubing may also be used for the sample transfer line. Keep the sample
transfer lines as short as possible and maintain the lines at a temperature of 120 °C £ 14 °C (248
°F £ 25 °F) using active heating when necessary. Orient the sample transfer lines with the
downstream end lower than the upstream end so that any condensate will flow away from the

filter and into the condenser.

Note: The use of a sample transfer line should be avoided if possible. If a sample transfer line is

used, it must be evaluated for PFAS contamination.

6.1.7 Condenser. Glass, water-jacketed, coil-type with compatible fittings. Orient the condenser
to cause moisture to flow down to the adsorbent module to facilitate condensate drainage. Figure

OTM 45-2 of this method shows a schematic diagram of the condenser.

6.1.8 Water Circulating Bath. Use a bath pump circulating system capable of providing chilled
water flow to the condenser and adsorbent module water jackets. Typically, a submersible pump
is placed in the impinger ice water bath to circulate the ice water contained in the bath. Verify
the function of this system by measuring the gas temperature at the entrance to the adsorbent

module. Maintain this temperature at < 20 °C (68 °F).

6.1.9 Primary and Secondary Adsorbent Module. Use a water-jacketed glass container to hold up
to 40 grams (g) of the solid adsorbent. Figure OTM 45-2 of this method shows a schematic

diagram of the adsorbent module. Other physical configurations of the adsorbent resin
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module/condenser assembly are acceptable if the configuration contains the requisite amount of
solid adsorbent and maintains the minimum length-to-width adsorbent bed ratio of two-to-one.
Orient the adsorbent module vertically to facilitate condensate drainage. The connecting fittings
must form leak-free, vacuum-tight seals. Include a coarse glass frit in the adsorbent module to

retain the adsorbent.

6.1.10 Impingers. Use four or five impingers connected in series with leak-free ground glass
fittings or any similar leak-free noncontaminating fittings. The first impinger is an optional water
knockout impinger and must be a short-stem (water-dropout) design or equivalent. The second,
fourth, and fifth impingers must be of the Greenburg-Smith design, modified by replacing the tip
with a 1.3 cm (12 in.) inside diameter (ID) glass tube extending to approximately 1.3 cm (1,2
in.) from the bottom of the flask. The third impinger must be of the Greenburg-Smith design with
the standard tip. The second, third, and fourth impingers must contain known quantities of water,

the fifth impinger is used to contain a known weight of silica gel or equivalent desiccant.

6.2 Sample Recovery Equipment.

6.2.1 Fitting Caps. Use leak-free ground glass fittings or any similar leak-free non-contaminating

fitting to cap the sections of the sampling train exposed to the sample gas.

6.2.2 Wash Bottles. Use high density polyethylene (HDPE) bottles.

6.2.3 Probe-Liner, Probe-Nozzle, and Filter-Holder Brushes. Use inert bristle brushes with
precleaned stainless steel handles. Extensions of the probe brush must be made of stainless steel
and be at least as long as the probe. Use brushes that are properly sized and shaped to remove

accumulated material from the nozzle and probe liner if used.
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6.2.4 Filter Storage Container. Use a sealed filter holder, wide-mouth amber glass jar with
HDPE-lined cap, or glass petri dish sealed with HDPE tape or encased in a resealable
polyethylene bag. Purchase precleaned amber glass jars and petri dishes or clean according to the

glassware cleaning procedures listed in Section 8.1.1.1 of this method.

6.2.5 Field Balance. Use a weighing device capable of measurements to an accuracy of 0.5g.

6.2.6 Aluminum Foil. Use heavy duty aluminum foil cleaned by rinsing three times with 5%
ammonium hydroxide in methanol and stored in a pre-cleaned glass petri dish or glass jar. Do
not use aluminum foil to wrap or contact filter samples due to the possibility of reaction between

the sample and the aluminum.

6.2.7 Silica Gel Storage Containers. Use an air-tight container to store silica gel.

6.2.8 Sample Storage Containers. Recover samples in high density polyethylene (HDPE) bottles,
125, 250, 500- or 1000-milliliters (mL) with leak-free polyethylene-lined caps. Either purchase
precleaned bottles or clean containers according to glassware cleaning procedures listed in

Section 8.1.1.1 of this method.

6.3 Sample Extraction Equipment.

6.3.1 Sample Containers. Use 125- and 250-mL HDPE bottles with polypropylene or

polyethylene-lined caps.

6.3.2 Test Tubes. Use polypropylene test tubes or small (e.g., 5 to 15 mL) polypropylene vials

with polypropylene screw caps.
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6.3.3 Nitrogen Evaporative Concentrator. Use a nitrogen evaporative concentrator equipped with
a water bath with the temperature controlled in the range of 30 to 60 °C (86 to 140 °F) (N-Evap

Organomation Associates, Inc., South Berlin, MA, or equivalent).

6.3.4 Shaker table. Use a shaker table (Eberbach Shaker Model E6013, Eberbach Corporation,
Belleville, Ml, or equivalent) capable of holding samples securely and operating uninterrupted

for at least 18 hours.

6.3.5 Filter paper (0.45 um pore size). Filter extract from “front half” probe filter before

concentration step.

6.3.6 Digestion block (“hot block™). Use a digestion block capable of reaching 55-60 °C and

securely holding digestion vessels. Used for concentration of extracts.

6.3.7 Digestion Vessels. Use polypropylene digestion vessels capable of holding 70 mL.

6.3.8 Watch Glass. Use ribbed polypropylene watch glass capable of covering digestion vessels.

6.4.1 Pasteur Pipettes. Use disposable pipettes, or glass serological pipettes typically 150 mm

long x 6 mm ID.

6.5 Solid Phase Extraction (SPE)

6.5.1 SPE Cartridge. (Waters OASIS WAX 500mg/6 cc, Waters Corporation, Milford, MA or
equivalent) SPE cartridges containing weak anion exchange, mixed-mode polymeric sorbent

(polymeric backbone and a diamino ligand), particle size approximately 33 um. The SPE sorbent
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must have a pKa above 8 so that it remains positively charged during extraction. SPE cartridges

containing 500 mg sorbent.

6.5.1.1 SPE Cartridge Interferences. Solid phase extraction cartridges may be a source of
interferences. The analysis of LSMBs provides important information regarding the presence or
absence of such interferences. Each brand and lot of SPE devices must be tested as part of the
LSMB to ensure that contamination does not preclude analyte identification and quantitation.
SPE cartridges should be sealed while in storage to prevent ambient contamination of the SPE

sorbent.

6.5.2 Vacuum Extraction Manifold. Equipped with flow and vacuum control [Supelco Cat. No.
57030-U, UCT Cat. No. VMFO16GL (the latter requires UCT Cat. No. VMF02116 control
valves), or equivalent systems]. Automated devices designed for use with SPE cartridges may be
used; however, all extraction and elution steps must be the same as in the manual procedure.
Care must be taken with automated SPE systems to ensure that Teflon tubing and other PTFE
components commonly used in these systems, do not contribute to unacceptable analyte

concentrations in LSMBs.

6.5.3 Sample Delivery System. Use of large volume sampling lines, constructed with
polyethylene tubing, are recommended, but not mandatory. Large volume sample transfer lines,
constructed with PTFE tubing, are commercially available for standard extraction manifolds
(Supelco Cat. No. 57275 or equivalent). The PTFE tubing can be replaced with 1/8” 0.d. x 1/16”
i.d. polyethylene tubing [Freelin-Wade (McMinnville, Oregon) LLDPE or equivalent] cut to an
appropriate length. This prevents potential contamination from PTFE transfer lines. Other types

of non-PTFE tubing may be used provided it meets the LSMB and LFMB QC requirements.
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PTFE tubing may be used, but an LSMB must be run on each individual transfer line and the QC
requirements in Section 9.2.2.1 must be met. In the case of automated SPE, the removal of PTFE
lines may not be feasible; therefore, acceptable performance for the LSMB must be met for each
port during the IDC (Section 9.2.1). LSMBs must be rotated among the ports during routine
analyses thereafter. Plastic reservoirs are difficult to rinse during elution and their use may lead

to lower recovery.

6.6 LC-MS/MS System

6.6.1 LC System. The LC system must provide consistent sample injection volumes and be

capable of performing binary linear gradients at a constant flow rate.

Note: On some LC systems, PFAS may build up in PTFE transfer lines when the system is idle
for more than one day. To prevent long delays in purging high levels of PFAS from the LC
solvent lines, it may be useful to replace PTFE tubing with polyetheretherketone (PEEK) tubing
and the PTFE solvent frits with stainless steel frits. These modifications were not used on the LC
system used for method development. However, a delay column, HLB Direct Connect 2.1 x 30
mm (Waters 186005231), was placed in the mobile phase flow path immediately before the
injection valve. This direct connect column may have reduced the co-elution of PFAS originating
from sources prior to the sample loop from the PFAS injected in the sample. It may not be

possible to remove all PFAS background contamination.

6.6.2 Chromatography Column. C18 liquid chromatography column (2 x 50 mm) packed with 3

um C18 solid phase particles (Phenomenex Part Number 00B-4439-B0 or equivalent).
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6.6.3 Electrospray lonization Tandem Mass Spectrometer (ESI-MS/MS). The mass spectrometer
must be capable of electrospray ionization in the negative ion mode. The system must be capable
of performing MS/MS to produce unique product ions for the method analytes within specified
retention time segments. A minimum of 10 scans across the chromatographic peak is needed to
ensure adequate precision. Some ESI-MS/MS instruments may not be suitable for PFAS
analysis. For this method, the m/z 80 product ion must be used for PFOS and PFHXS to
minimize this problem and promote comparability between laboratories. Some MS/MS
instruments may not be able to scan a product ion with such a wide mass difference from the
precursor ion. These instruments may not be used for this method if PFOS or PFHXS analysis is

to be conducted.

6.6.4 MS/MS Data System. An interfaced data system is required to acquire, store, and output
MS data. The computer software must have the capability of processing stored data by
recognizing a chromatographic peak within a given retention time window. The software must
allow integration of the abundance of any specific ion between specified time or scan number
limits. The software must be able to reproducibly integrate analyte and internal standard ion
abundances in order to construct calibration curves and calculate analyte concentrations using the

internal standard technique.

7.0 Reagents, Media, and Standards

Unless otherwise indicated, all reagents must conform to the Specifications and Procedures for
Reagents and Standard-Grade Reference Materials (see
https://pubs.acs.org/isbn/9780841230460) of the American Chemical Society (ACS) Committee

on Analytical Reagents where such specifications are available. Other grades may be used if the
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reagent is demonstrated to be free of analytes and interferences and all requirements in Section

13 are met when using these reagents media and standards.

7.1 Sampling Media

7.1.1 Filter. Glass fiber filters, without organic binder, exhibiting at least 99.95 percent

efficiency (<0.05 percent penetration) on 0.3-micron dioctyl phthalate smoke particles.

7.1.1.1 Filter quality control check. Conduct a filter lot blank evaluation prior to the field test to
demonstrate that filters are free from contamination or interference. Perform extraction and
analysis using the same procedures used to process field samples as outlined in Section 11 of this
method on a minimum of three filters from the lot. The blank filter check analysis must meet the

performance requirements in Section 9.2.2.1 of this method.

7.1.2 Adsorbent Resin. Amberlite® XAD-2 resin. All adsorbent resin must meet the cleanliness
criteria in Section 9.2.2.1 of this method for all target compounds on the analysis list following
the same extraction, concentration, cleanup, and analysis steps as field samples. This method
recommends using the procedures provided in the Appendix to this method to clean the resin
before use, if needed. However, this method allows alternative cleanup procedures that use
automated extraction equipment if the adsorbent meets the required performance criteria in

Section 9.2.2.1 of this method.

7.1.3 Conduct a quality control check on the cleaned adsorbent. Perform extraction and analysis
using the same procedures used to process field samples as outlined in Section 11 of this method

on a quantity of the sorbent representative of the amount typically packed into a sampling
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module. The cleaned adsorbent must meet the criteria in Section 9.2.2.1 of this method. A batch

blank conducted on a filter and adsorbent lot combination used for a test can serve this purpose.

7.1.3.1 Storage. Store adsorbent in its original purchase container, a clean wide-mouth HDPE
container with a polypropylene or polyethylene-lined cap, or in glass adsorbent modules tightly

sealed with glass caps.

7.1.4 Glass Wool. Clean the glass wool to meet the specifications in Section 9.2.2.1 of this
method. Using sequential immersion in three clean aliquots of 5% ammonium hydroxide in
methanol, drying in a 110 °C (230 °F) oven, and storing in a 5% ammonium hydroxide in
methanol rinsed glass jar with a polypropylene or polyethylene-lined screw cap can meet these

requirements.

7.1.5 Water. Use deionized or distilled PFAS free water meeting requirements in Section 9.2.2.1
of this method and store in its original container or in a 5% ammonium hydroxide in methanol-

rinsed glass container with a polypropylene or polyethylene-lined screw cap.

7.1.6 Silica Gel. Indicating type, 6-16 mesh. If previously used, dry at 175 °C (347 °F) for two
hours. Use new silica gel as received. As an alternative, use other types of desiccants (equivalent

or better), subject to the approval of the Administrator.

7.2 Sample Recovery Reagents.

7.2.1 Methanol. CH30H, CASRN 67-56-1, LC grade (Fisher Scientific, Cat. No. A456 or

equivalent).
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7.2.2 Ammonium hydroxide solution. NH4OH, CASRN 1336-21-6, approximately 56.6% in
water as ammonium hydroxide (w/w), approximately 28% in water as ammonia, approximately

14.5 N (Fisher Scientific, Cat. No. A669, Certified ACS Plus grade, or equivalent).

7.2.3 Ammonium hydroxide, 5% in methanol rinsing solution. Prepared by diluting of 50 mL

ammonium hydroxide solution into 1 L final volume in methanol.

7.3 Sample Extraction and Cleanup Reagents.

7.3.1 Ammonium hydroxide 5% in methanol extraction solution. (methanol / 5% NH4OH).
Prepared by diluting of 50 mL ammonium hydroxide solution into 1 L final volume in methanol
(see Section 7.2). This reagent is added to methanolic solutions of PFAS to prevent

esterification.

7.3.2 Ammonium hydroxide, 0.3%, in methanol (SPE extraction solution). Prepared by diluting

12 mL of ammonium hydroxide into 4L of methanol.

7.3.3 Sodium Hydroxide (NaOH), 0.1 N, in water. Prepared by diluting 400 mL of 1N NaOH in

3.6L of water for a total volume of 4L.

7.3.4 Hexane. Reagent grade.

7.4 Standard Solutions

7.4.1 Stability of Methanolic Solutions

Fluorinated carboxylic acids will esterify in anhydrous acidic methanol. To prevent
esterification, standards must be stored under basic conditions. If base is not already present, this

may be accomplished by the addition of ammonium hydroxide (approximately 4 mole
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equivalents) when standards are diluted in methanol. When calculating molarity for solutions
containing multiple PFAS, the molecular weight can be estimated as 250 atomic mass units
(amu). It is necessary to include ammonium hydroxide in solutions of both isotopically labeled
and native analytes. The amount of ammonium hydroxide needed may be calculated using the

following equation:

Total PFAS mass(g)x 160(%) .
zso(i) = Mass of NH,OH Required (g) Eq. 45-1

mol

7.4.2 Preparation of Standards

When a compound purity is assayed to be 96% or greater, the weight can be used without
correction to calculate the concentration of the stock standard. PFAS analyte and isotopically
labeled analogues commercially purchased in glass ampoules are acceptable; however, all
subsequent transfers or dilutions performed by the analyst must be stored in polypropylene

containers.

Solution concentrations listed in this section are included as examples. Alternate concentrations
may be used as necessary depending on instrument sensitivity and the calibration range used.
Standards for sample fortification should be prepared in the smallest volume that can be
accurately measured to minimize the addition of excess organic solvent to agueous samples. The

analyte supplier’s guidelines are used to determine when standards need to be replaced.

7.4.3 Storage Temperatures for Standard Solutions. Store stock standards at less than 4 °C unless

the vendor recommends otherwise. The Primary Dilution Standards (PDS) may be stored at any
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temperature, but cold storage is recommended to prevent solvent evaporation. PDS stored at —20

°C showed no change in analyte concentrations over a period of 6 months.

7.4.4 Pre-analysis standard(s). Obtain the pre-analysis standard(s) as certified standard solutions,
if available, or as the neat compounds. Note that Chemical Abstracts Registry Numbers are not
currently available for these compounds. All the pre-analysis standard(s) listed in this section
must be used. Additional pre-analysis standard(s) may be used provided they are isotopically
labeled analytes or labeled analytes with similar functional groups as the method analytes. Linear
isomers are recommended to simplify peak integration. Method modification QC requirements
must be met (Sect. 9.3) whenever additional pre-analysis standard(s) are used. The final sample
extracts were fortified with 10 puL of the pre-analysis standard(s) to yield a concentration of 10

ng/mL for 1*C3-PFBA and 3C,-PFOA.

7.4.5 Pre-analysis primary dilution standard (pre-analysis standard(s)-PDS). Prepare the pre-
analysis standard(s)-PDS in methanol and add ammonium hydroxide if not already present to

prevent esterification. The PDS concentrations for the method are listed in the Table 45-3

7.4.6 Pre-extraction Standards. Obtain the isotopically labeled analogues listed in Table 45-1 as
individual certified standard solutions or as certified standard mixes. All listed isotope dilution
analogues must be used, if available. Linear isomers are recommended to simplify peak

integration.

Note: Chemical Abstracts Registry Numbers are not currently available for these isotopically

labeled analogues.

Note: Pre-extraction standard(s) is identical to Isotope Dilution Analogues in Method 533
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7.4.7 Pre-extraction Primary Dilution Standard (pre-extraction standards -PDS). Prepare the pre-
extraction standards - PDS in methanol and add ammonium hydroxide if not already present to
prevent esterification as described in Section 7.4.1. The final extracts are fortified with 10 pL of
the PDS to yield concentrations of 40 — 160 ng/sample fraction. Note that the concentrations of
sulfonates in the pre-extraction standards PDS is based on the weight of the salt. It is not
necessary to account for difference in the formula weight of the salt compared to the free acid for

sample quantitation.

7.4.8 Analyte Standard Materials. Analyte standards may be purchased as certified standard
solutions or prepared from neat materials of assayed purity. If available, the method analytes
should be purchased as technical-grade to ensure that linear and branched isomers are
represented. Standards or neat materials that contain only the linear isomer can be substituted if
technical-grade analytes are not available as quantitative standards. Stock standards are made by
dilution in methanol containing 4 mole equivalents of ammonium hydroxide, as described in
Section 7.4.2. Technical grade, quantitative PFHxS and PFOS standards containing branched and

linear isomers must be used when available.

7.4.9 Correction for Analytes Obtained in the Salt Form. This method measures all forms of the
analytes as anions while the identity of the counterion is inconsequential. Analytes may be
commercially available as neat materials or as certified stock standards as their corresponding
ammonium, sodium, or potassium salts. These salts are acceptable standards provided the
measured mass, or concentration, is corrected for the salt content. The equation for this
correction is provided below.

MW acid

mass(acid form) = mass(salt form)x MW salt

Eq. 45-2
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7.4.10 Analyte PDS. The analyte PDS is used to prepare the calibration standards and to fortify
the laboratory fortified blanks, laboratory fortified sample matrix spikes, laboratory fortified
sample matrix spike duplicates (LFMB s, LFSMs and LFSMDs) with the method analytes.
Prepare the analyte PDS by combining and diluting the analyte stock standards in 100%
methanol and add ammonium hydroxide if not already present to prevent esterification. Select
nominal analyte concentrations for the PDS such that between 5 and 100 pL of the PDS is used
to fortify samples and prepare standard solutions. More than one PDS concentration may be
necessary to meet this requirement. Nominal analyte PDS may be prepared at an identical
concentration for all analytes of 0.5 ng/uL. The user may modify the concentrations of the
individual analytes based on the confirmed QRLSs and the desired measurement range. Premixed
standards containing most of the target analytes in this method may be used as a PDS. For those
compounds not available in this mixture, a second source standard from the same vendor as the
ICAL may be used to complete the target list compounds in the PDS. If the PDS is stored cold,

warm the vials to room temperature and vortex mix prior to use.

7.4.11 Calibration Standards. Prepare a series of calibration standards of at least five levels by
diluting the analyte PDS into methanol containing 20% reagent water. The lowest calibration
standard must be at or below the QRL for each analyte. The calibration standards may also be
used as Continuing Calibration Checks (CCCs). Using the PDS solutions, add a constant amount
of the pre-analysis standard(s) and to each calibration standard. The concentration of the pre-
extraction standards should match the concentration of the analogues in sample extracts,
assuming 100% recovery through the extraction process. The nominal concentrations of the pre-

extraction standards can be 40 ng/mL in the extract for 4:2FTS, 6:2FTS and 8:2FTS, and 10
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ng/mL for all others. The analyte calibration ranges from approximately 0.50 ng/mL to 25

ng/mL extract concentration.

7.5 Nitrogen. 99.999 percent (ultra-high) purity used to concentrate sample extracts.

7.6 Argon. Used as collision gas in MS/MS instruments. Argon should meet or exceed
instrument manufacturer’s specifications. Nitrogen may be used as the collision gas if

recommended by the instrument manufacturer.

8.0 Sample Collection, Recovery, Preservation, and Storage

8.1 Sampling. This method involves collection and recovery of trace concentrations of
semivolatile organic compounds. Therefore, field sampling and recovery staff must be trained in
the best practices for handling and using organic solvents in field environments to recover and

protect samples from contamination.

8.1.1 Pretest Preparation.

8.1.1.1 Cleaning Glassware. Clean glassware thoroughly before using. This section provides a
recommended procedure, but any protocol that consistently results in contamination-free

glassware meeting the batch blank criteria in Section 13.2 of this method is acceptable.

8.1.1.1.1 Soak all glassware in hot soapy water (Alconox® or equivalent) at 50 °C or higher.

8.1.1.1.2 Rinse three times with hot tap water.

8.1.1.1.3 Rinse three times with deionized/distilled water.
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8.1.1.1.4 Rinse three times each with Acetone, dichloromethane, and methanol.

8.1.1.1.5 Bake glassware at 300 °C (572 °F) for a minimum of 2 hours

Note: Repeated baking of glassware may cause active sites on the glass surface that may

irreversibly absorb target compounds.

8.1.1.1.6 Cover glassware openings with clean glass fitting caps or cleaned aluminum (see

Section 6.2.6 of this method).

8.1.1.1.7 Rinse glassware immediately before use with 5% ammonium hydroxide in methanol.

Note: To prepare heavily soiled glassware, remove surface residuals from the glassware by
soaking in hot soapy water, rinsing with hot water, then soaking with a non-chromic acid
oxidizing cleaning reagent in a strong acid (e.g., NOCHROMIX® prepared according to
manufacturer’s directions). After the acid soak, rinse with hot water and repeat the cleaning

procedures in Section 8.1.1.1 of this method.

8.1.1.2 Adsorbent Module. Load the modules in a clean area to avoid contamination. Spike
modules before the sampling event, but do not spike the modules in the field. Fill a module with
20 to 40 g of XAD-2. Add the pre-sampling standard spike to the top quarter of the adsorbent
bed. Add sufficient spike (picograms (pg)/module) to result in the final theoretical concentrations
specified in Table 45-3 of this method. For samples with known or anticipated target compound
concentration significantly higher or lower than the specified amount in these tables, add a pre-

sampling spike amount appropriate to the expected native compound concentration, but no less
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than 10 times the detection limit. Follow the XAD-2 with cleaned glass wool and tightly cap

both ends of the module.

8.1.1.3 Sampling Train. Figure OTM 45-1 of this method shows the complete sampling train.

8.1.1.4 Silica Gel. Weigh several 200 to 300 g portions of silica gel in an air-tight container to
the nearest 0.5 g. Record the total weight of the silica gel plus container on the outside of each
container. As an alternative, directly weigh the silica gel in its impinger or sampling holder just

prior to sampling.

8.1.1.5 Filter. Check each filter against light for irregularities and flaws or pinhole leaks. Pack
the filters flat in a clean glass container. Do not mark filters with ink or any other contaminating

substance.

8.1.2 Preliminary Determinations. Use the procedures specified in Section 8.2 of Method 5 of

appendix A-3 to 40 CFR part 60.

8.1.2.1 Sample VVolume. This method recommends sampling enough gas volume to reach a DL
sufficient to meet test objectives. Unless otherwise specified in an applicable rule, permit, or

other requirement, collect a minimum of 3.0 dry standard cubic meters of source gas.

8.1.2.2 For continuously operating processes, use the same sampling time at each traverse point.
To avoid timekeeping errors, use an integer, or an integer plus one-half minute, for each traverse

point.

8.1.2.3 For batch processes, determine the minimum operating cycle duration, dividing the

sampling time evenly between the required numbers of traverse points. After sampling all
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traverse points once, sample each point again for the same duration of time per sampling point in
reverse order until the operating cycle is completed. Sample all traverse points at least once

during each test run.

8.1.3 Preparation of Sampling Train. Do not use sealing greases or brominated flame retardant-

coated tape in assembling the train.

8.1.3.1 During field preparation and assembly of the sampling train, keep all train openings
sealed where contamination can enter until just prior to assembly or until sampling is about to
begin. To protect the adsorbent module from radiant heat and sunlight, you must wrap the
module with aluminum foil or other suitable material capable of shielding the module from light.
The XAD-2 adsorbent resin temperature must never exceed 50 °C (122 °F) because thermal
decomposition will occur. Clean and prepare a complete set of sampling train components that
will contact the sample for each sampling run. Include at least one complete field test proof
blank and at least one field test field blank, as described in Sections 9.1.3 and 9.1.4 of this

method.

8.1.3.2 Place approximately 100 mL of water in each of the second, third and fourth impingers
but leave the first (condensate trap) impinger empty. Transfer approximately 200 g or more of
silica gel from its container to the fifth impinger. Weigh each impinger and the adsorbent
module, including the fitting caps, to the nearest 0.5 g using the field balance and record the
weight for moisture determination. Remove the aluminum foil from the adsorbent module before
weighing. Keep the module out of direct sunlight and rewrap the module with foil immediately

after recording the module weight.
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8.1.3.3 Using tweezers or clean disposable surgical gloves, place a filter in the filter holder. Be
sure that the filter is properly centered, and the gasket properly placed, to prevent the sample gas

stream from circumventing the filter. Check the filter for tears after completing the assembly.

8.1.3.4 Prepare the inside of the sampling probe and nozzle by brushing each component while
rinsing three times each with methanol. Install the selected nozzle. You may use connecting
systems described in Section 6.1.2 of this method. Mark the probe with heat resistant tape or by
some other method to denote the proper distance into the stack or duct for each sampling point.
Assemble the train as shown in Figure 45-1 of this method. Orient the adsorbent module
vertically so condensed moisture drains into the first impinger. See APTD-0576 Maintenance,
Calibration, and Operation of Isokinetic Source-sampling Equipment (U.S. EPA 1972) for

details.

8.1.3.5 Turn on the recirculation pump to the adsorbent module and condenser coil and begin
monitoring the temperature of the gas entering the primary adsorbent module. Ensure proper

temperature of the gas entering the adsorbent module before proceeding.

8.1.4 Leak-Check Procedure. Same as Section 8.4 of Method 5 of appendix A-3 to 40 CFR part

60.

8.1.5 Sampling Train Operation. Same as Sections 8.5.1 through 8.5.9 of Method 5 of appendix
A-3 to 40 CFR part 60 with the exception that the probe and filter holder (and heated sample
transfer line, if used) temperature are limited to minimize the potential thermal degradation of
thermally labile PFAS compounds such as HFPO-DA which are known to decompose at

temperatures below the standard Method 5 probe and filter operating temperatures.
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8.1.5.1 Probe and Filter Operating Temperatures. For stack temperatures below 120 °C (248 °F),
limit the probe and filter (and heated sample transfer line, if used) temperature to approximately
10 °C (20 °F) above the sampling location stack temperature. Ensure the operating temperature is
sufficient to avoid moisture condensation in the probe and filter holder. For stack temperatures at
or above 120 °C, operate the probe and filter at 120 °C + 14 °C (248 °F = 25 °F). Monitor the
filter temperature sensor and record the filter temperature during sampling. A nominal filter exit

temperature of 120 °C + 14 °C (248 °F £ 25 °F) should not be exceeded.

8.1.5.2 XAD-2 Adsorbent Module Temperatures. During testing, you must record the
temperature of the gas entering the XAD-2 adsorbent modules. The temperature of the gas must

not exceed 20 °C (68 °F) for efficient capture of the target compounds.

8.2 Sample Recovery. Begin the cleanup procedure as soon as the probe is removed from the

stack at the end of the sampling period.

8.2.1 Preparation. Allow the probe to cool. Do not cap the probe tip tightly while the sampling
train is cooling down because this will create a vacuum in the filter holder, drawing water from
the impingers into the sorbent module, When the probe can be safely handled, wipe off all
external particulate matter near the tip of the probe. Conduct a post-test leak check. Remove the
probe from the train and close off both ends. Seal off the inlet to the filter. Remove the umbilical
cord from the last impinger and cap the impinger. If a flexible line is used between the primary
sorbent module and the filter holder, disconnect the line at the filter holder and let any condensed
water or liquid drain into the organic module. Cap the filter-holder outlet and the inlet to the
organic module. Separate the sorbent trap section of the organic module from the condensate

knockout trap and the gas-conditioning section. Cap all sorbent module openings. Disconnect the
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sorbent module knockout trap from the impinger train inlet and cap both of these openings.
Ground-glass stoppers, Teflon tape, or other inert materials such as cleaned aluminum foil (e.g.,
rinsed with 5% ammonium hydroxide in methanol rinsing solution) may be used to seal all

openings.

8.2.2 Transfer and Inspection. Transfer the sampling train components to the cleanup area. This
method recommends cleaning and enclosing this area to minimize the chances of losing or
contaminating the sample. To avoid sample contamination and unnecessary exposure to toxic
chemicals, smoking or eating in the sample recovery area shall not be allowed. Inspect the train
prior to and during disassembly. Note and record any abnormal conditions (e.g., broken filters,
colored impinger liquid). Recover and prepare samples for shipping as follows in Sections 8.2.4

through 8.2.12 of this method.

8.2.3 Moisture Weight. Weigh the adsorbent module, impingers, and silica gel impinger to
within + 0.5 g using the field balance and record the weights. This information is required to

calculate the moisture content of the effluent gas.

Note: Moisture measurement in the field using the OTM 45 train requires weighing the primary
adsorbent module before the sampling run described in 8.1.3.2 and after sampling as part of the

sample recovery for stack moisture determination.

8.2.4 Container No. 1 — Filter. Either seal the filter holder or carefully remove the filter from the
filter holder and place it in its identified container. If it is necessary to remove the filter, use a
pair of cleaned tweezers to handle the filter. If necessary, fold the filter such that the particulate

cake is inside the fold. Carefully transfer to the container any particulate matter and filter fibers
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that adhere to the filter holder gasket by using a dry inert bristle brush and a sharp-edged blade.

Seal the container and store in a thermally insulated container for transport to the laboratory.

8.2.5 Container No. 2 — Front Half Rinse. Quantitatively recover material deposited in the
nozzle, the front half of the filter holder, and the cyclone, if used, by brushing while rinsing three
times with the 5% Ammonium hydroxide in methanol rinsing solution. Collect all the rinses in
the HDPE sample bottle and label as Container No. 2. Mark the level of the liquid on the

container. Store the sample container refrigerated or on ice until laboratory shipment.

8.2.6 Container No. 3 — Primary Adsorbent Module Sample. Remove the module from the train
and tightly cover both ends. Replace the retaining clips around the glass joint. Remove the foil,
drain the recirculating water from the module, weigh and record the module weight. The
adsorbent trap module should be used as a sample transport container. Both ends should be
sealed with tightly fitting ground-glass stoppers followed by Teflon tape around the glass joint.
The sorbent trap should then be labeled, re-covered with aluminum foil, and packaged on ice for

transport to the laboratory.

Note: The XAD-2 resin modules (primary and breakthrough) are shipped back from the field as
separate fractions for analysis. As more data is collected from the use of this method the

requirement of analysis of the XAD-2 module as a separate fraction may change.

8.2.7 Container No. 4 — Back Half Rinse. All sampling train components located between the
back half of the filter holder and the inlet of the primary adsorbent module, including the
condenser if a separate condenser and adsorbent module are used, and the heated sample transfer

line connecting the filter outlet to the condenser (if used) shall be triple rinsed with 5%
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ammonium hydroxide in methanol rinsing solution. Collect all the rinses in the HDPE sample
bottle and label as Container No. 4. Mark the level of the liquid on the container. Store the

sample container refrigerated or on ice until laboratory shipment.

8.2.9 Container No. 5 — Condensate and Impinger Water. After weighing the impingers,
quantitatively recover the impinger water samples, including the contents of the knockout
impinger (if used), in the HDPE sample bottle and label as Container No. 5 Mark the level of
the liquid on the container. Store the sample container refrigerated or on ice until laboratory

shipment.

Note: Make sure that no ammonium hydroxide in methanol rinsing solution is transferred to the

container No. 5 sample. Doing so may compromise the sample for analysis.

8.2.10 Container 6 — Impingers Rinse. Rinse impingers 1-4 three times with the 5% ammonium
hydroxide in methanol rinsing solution. Collect all the rinses in the HDPE sample bottle and
label as Container No. 6. Mark the level of the liquid on the container. Store the sample
container refrigerated or on ice until laboratory shipment. If impingers are used in a subsequent
sampling run they must be rinsed three times with reagent water to remove residual ammonium

hydroxide in methanol.

8.2.11 Container 7 — Secondary Adsorbent Module Sample. Remove the module from the train
and tightly cover both ends. Replace the retaining clips around the glass joint. Remove the foil,
drain the recirculating water from the module, weigh and record the module weight. The
adsorbent trap module should be used as a sample transport container. Both ends should be

sealed with tightly fitting ground-glass stoppers followed by Teflon tape around the glass joint.
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The sorbent trap should then be labeled, re-covered with aluminum foil, and packaged on ice for

transport to the laboratory.

8.2.10 Silica Gel. Note the color of the indicating silica gel to determine if it has been completely

spent and report its condition on the field data sheet.

8.2.11 Field Sample Handling, Preservation, Storage, and Transport. Store all field samples, with
the exception of the particulate filter, temporarily on ice (approximately 4°C) and dark
conditions prior to transport to the laboratory. The particulate filters should be shipped in a
thermally insulated container and may remain unrefrigerated. Ship samples on ice, shielded
from ultraviolet light. The particulate filters should be shipped unrefrigerated. In addition, follow
the procedures in ASTM D6911-15 (Guide for Packaging and Shipping Environmental Samples
for Laboratory Analysis) for all samples, where appropriate. To avoid contamination of the
samples, pay special attention to cleanliness during transport, field handling, sampling, recovery,

and laboratory analysis, as well as during preparation of the adsorbent cartridges.

Prior to shipment, recheck all sample containers to ensure that the caps are well secured. Seal the
lids of all containers around the circumference with Teflon tape. Ship all liquid samples upright

on ice and all particulate filters with the particulate catch facing upward.

8.2.12 Sample Custody. Proper procedures and documentation for sample chain of custody are
critical to ensuring data integrity. Follow the chain of custody procedures in ASTM D4840-99
(2018)el (Standard Guide for Sampling Chain-of-Custody Procedures) for all samples (including

field samples and blanks).

8.3 Laboratory Sample Storage Conditions and Laboratory Hold Times.
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8.3.1 Table 45-4 of this method summarizes the sample storage conditions and laboratory hold

times.

8.3.2 Store sampling train rinses and filter samples in the dark at 6 °C (43 °F) or less from the
time the laboratory receives the samples until extraction but not longer than 28 days from date of

collection

8.3.3 You may store adsorbent samples prior to extraction in the dark at 6 °C (43 °F) or less for

up to one year from the time the laboratory receives the samples.

8.3.4 Samples must be extracted within 28 days of collection. Extracts are stored at room

temperature and must be analyzed within 28 days of extraction.

8.3.6 You may store archived extracted samples in the dark at refrigerator temperature of

approximately 6 °C (43 °F) for up to one year.

9.0 Quality Control

It is the testing team’s responsibility to establish the conditions for optimum sample collection,
extraction, cleanup, and concentration to meet the performance criteria in this method. However,
you may not change the fundamental procedures of isokinetic sampling with an adsorbent
collection media followed by sample extraction, and LC-MS/MS with isotopic dilution
quantification. This method requires performing a media blank (i.e., batch blank) assessment to

evaluate an individual laboratory’s performance against the performance criteria in this method.

In recognition of advances that are occurring in sampling and analytical technology for PFAS

measurement, and to allow the test team to overcome analyte sensitivity and matrix
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interferences, this method allows certain options to increase sample collection volume and to

improve separations and the quality of the analysis results for target analytes.

QC procedures include the Initial Demonstration of Capability (IDC) and ongoing quality control
(QC) requirements. This section describes each QC parameter, its required frequency, and the
performance criteria that must be met in order to satisfy method objectives. The analysis QC
criteria discussed in the following sections are summarized in Table 45-5. These QC
requirements are considered the minimum for an acceptable QC program. Laboratories are
encouraged to institute additional QC practices to meet their specific needs. At a minimum,
laboratories must evaluate changes within the alternatives allowed in this method using a media

blank sample to re-demonstrate that the performance criteria are achieved.

9.1 Sampling Quality Control.

9.1.1 Sampling System. Same as Sections 8.4 and 9.2 of Method 5 of appendix A-3 to 40 CFR

part 60.

9.1.2 Field Sample Media Blank (FSMB). Also called the field trip blank. The FSMB is intended
to include and represent the sampling media (i.e., filter, XAD-2 adsorbent) and reagents (i.e.,
impinger contents, rinsing solvents) associated with the field sample collection and recovery, but
is not actually used in the field. The FSMB is treated as a sample in all respects, including
shipment to the sampling site, exposure to sampling site conditions, storage, and all analytical
procedures. The purpose of the FSMB is to determine if method analytes or other interferences
are introduced into the sample from shipping, storage, and the field environment. Analysis of the

FSMBs should be compared to the background level criteria in 9.2.2.1. Failure to meet these
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levels does not invalidate data. However, the measured target compound mass in each fraction

will need to be reported and used to interpret sample results.

9.1.3 Sample Train Proof Blank (STPB). A STPB must be submitted with the samples collected
at each sampling site. At a minimum, conduct at least one sample train proof blank for each test
series at a single facility. A sample train proof blank train consists of a fully assembled train at
the sampling site using glassware that has been cleaned, but not yet used for sampling. Prepare
and assemble the proof blank train in a manner identical to that described in Section 8.1.3 and
8.1.4 of this method. The STPB is taken to the sampling area, and leak checked at the beginning
and end of the testing (or for the same total number of times as the actual test train). The filter
housing and probe of the blank train will be heated during the sample test. No gaseous sample
will be passed through the sampling train. Recover the proof blank train as an actual train
described in Section 8.2 of this method. Follow all subsequent steps used for actual field train
samples including sample preparation, analysis and data reporting. Table 45-5 of this method
includes the performance criteria for field train proof blank assessment samples. Failure to meet
these levels does not invalidate data. However, the measured target compound mass in each

fraction will need to be reported and used to interpret sample results

9.1.4 Sample Train Field Blank. STFBs must be submitted with the samples collected at each
sampling site. At a minimum, conduct at least one sample train field blank for each test series at
a single facility. A sample train field blank train consists of a fully assembled train at the
sampling site using glassware that has been previously used for sampling. Prepare and assemble
the proof blank train in a manner identical to that described in Section 8.1.3 and 8.1.4 of this

method. The STFB is taken to the sampling area, and leak checked at the beginning and end of
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the testing (or for the same total number of times as the actual test train). The filter housing and
probe of the blank train will be heated during the sample test. No gaseous sample will be passed
through the sampling train. The train will be recovered as if it were an actual test sample.
Recover the proof blank train as an actual train described in Section 8.2 of this method. Follow
all subsequent steps for blank train sample preparation and analysis used for field train samples
including data reporting. Table 45-5 of this method includes the performance criteria for field
train proof blank assessment samples. Failure to meet these levels does not invalidate data.
However, the measured target compound mass in each fraction will need to be reported and used

to interpret sample results.

9.1.5 Pre-sampling Standard Recoveries. Pre-sampling standard XAD-2 adsorbent spike
recoveries must demonstrate on a per sample basis that recovery of the labeled standards achieve
the requirements in Table 45-5 of this method. Recoveries below the acceptable range of 70-
130% for the pre-sampling standard spikes may require a root cause evaluation of the cause for
poor recovery. If the recovery of all the pre-sampling standard adsorbent spikes is below 70%,
but, greater than 50%, the results have not met the recoveries experienced during method
development but may still be acceptable. Flag recoveries that are between 50 and 70% and
describe their potential impact on results. If the pre-sampling standard recoveries are less than

50%, the data for that train are not considered valid.

Note: The Pre-sampling standard recoveries include the sum of the analytical results of Fractions

2 and 3. (The pre-sampling standard may have migrated from the XAD-2 to the impingers).

9.1.6 Secondary XAD-2 Breakthrough. Determine the relative breakthrough (BT) of PFAS

through the OTM-45 train. For each PFAS target compound, calculate breakthrough.
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(Fraction 4 mass)
(Fracton 14243 mass)

BT (%) = x 100% Eq. 45-3

BT should be less than 30%. For any BT greater than 10%, add the Fraction 4 mass to the total
sample mass for emissions calculations. Failure to meet breakthrough requirements may

invalidate reported results and require repeat sampling.

9.2 Analysis Quality Control

9.2.1 Initial Demonstration of Capability (IDC). The IDC must be successfully performed prior
to analyzing field samples by meeting the QC requirements in Table 45-6. The IDC must be
repeated if changes are made to analytical parameters not previously validated during the IDC.
This may include, for example, changing the sample volume, selecting alternate quantitation
ions, extending the calibration range, adding additional pre-analysis standard(s), or adding
additional pre-extraction standards. Prior to conducting the IDC, the analyst must meet the
calibration requirements outlined in Section 10. The same calibration range used during the IDC

must be used for the analysis of field samples.

9.2.1.1 Perform initial calibration following the procedures in Section 10.4 The lowest
calibration standard used to establish the initial calibration (as well as the low-level CCC) must

be within two to ten times the estimated detection limit.

9.2.1.2 Demonstration of Low System Background. Analyze an LSMB immediately after
injecting the highest calibration standard in the selected calibration range. Confirm that the blank
is free from contamination as defined in Section 9.2.2.1. If an automated extraction system is

used, an LSMB must be extracted on each port to fulfil this requirement.
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9.2.1.3 Initial MDL Determination. Perform an MDL determination for each sample media
fraction (filter, XAD-2, and impinger solution) following the requirements in 40 CFR Part 136
Appendix B. The MDL determination includes seven LSMB and seven LFMB that are prepared
from blank media, spiked within 2 to 10 times of the expected MDL, and processed in a manner
identical to field sample preparation. The MDL study establishes the lowest detectable
concentrations for each sampling train fraction. Sample specific MDLs are reported inclusive of

sample-specific dilutions, final volumes, aliquots, etc.

9.2.1.4 MDL Confirmation. Prepare a LSMB for each sampling media by spiking each media
with native target compounds at the MDL and pre-extraction isotopic labeled standards at the
concentration used to analyze field samples. Prepare and analyze the spiked LSMB and confirm

target compounds meet the qualitative identification criteria in Section 12.3.2 of this method.

9.2.1.5 Demonstration of Precision. Prepare, extract, and analyze seven replicate LFMBs in a
valid Extraction Batch (seven LFMBs and an LSMB). Fortify the LFMBs near the midpoint of
the initial calibration curve. The percent relative standard deviation (%RSD) of the

concentrations from the replicate analyses must be less than 20% for all method analytes.

9.2.1.6 Demonstration of Accuracy. Using the same set of replicate data generated for Section
9.2.1.5, calculate the average percent recovery. The average recovery for each analyte must be

within a range of 70-130%.

9.2.1.7 Lowest Calibration Concentration Confirmation. Establish a target concentration for the
lowest calibration standard based on the intended use of the method. The lowest calibration

concentration may be established by a laboratory for their specific purpose or may be set by a
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regulatory agency. If there is a regulatory or programmatic lowest quantitative reporting
requirement, the laboratory calibration curve must be set at or below this level. In doing so, one
should consider that establishing the lowest calibration concentration too low may cause repeated

failure of ongoing QC requirements.

9.2.1.7.1 Prepare and Analyze LFMB Samples. Fortify, extract, and analyze seven replicate

LFMBs at the proposed lowest calibration concentration.

9.2.1.7.2 Calculate Lowest Calibration Statistics. Calculate the mean and standard deviation for
each analyte in these replicates. Determine the Half Range for the Prediction Interval of Results

(HReir) using the following equation:

HRpir = 3.963S Eq. 45-4
Where,
S = the standard deviation
3.963 is a constant value for seven replicates

9.2.1.7.3 Calculate the Upper and Lower Limits for the Prediction Interval of Results (PIR =
Mean £ HRpir) as shown below. These equations are only defined for seven replicate samples.

(Mean+HRyp;r)

Upjp = [ ] 100%  Eq. 455

Fortified Concentration

Lo = [ (Mean— HRpjr)

Fortified Concentration] 100% Eq. 45-6

9.2.1.7.4 Lowest Calibration Point Acceptance Criteria. The laboratory’s ability to measure
analyte concentrations down to the lowest calibration point is confirmed if the Upper PIR Limit
is less than, or equal to, 150%; and the Lower PIR Limit is greater than, or equal to, 50%. If
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these criteria are not met, the lowest calibration point has been set too low and must be

confirmed again at a higher concentration.

9.2.1.8 Calibration Verification. Analyze a QCS (Sect. 9.2.2.12) to confirm the accuracy of the

primary calibration standards.

9.2.2 Ongoing QC Requirements. This section describes the ongoing QC elements that must be

included when processing and analyzing field samples.

9.2.2.1 Blanks and Background Levels. The quantitative measurement of various blanks and
sampling media background levels is required. Unless otherwise stated, estimated quantitative
measurement, and therefore acceptable blank and background levels for these samples should be
at or below the MDLs established in Section 9.2.1.3. Ideally, estimated quantitative limits, and
therefore acceptable blank and background levels, should be below the established MDLs, but no

greater than the MDL.

9.2.2.1.1 Sampling Media Background Level Checks. When performing cleanliness checks prior
to field sampling on the sampling media (i.e., filters, XAD-2, reagents, solvents, etc), acceptable
levels should be below one third of the established MDLs, but no greater than the MDL. If levels

are found above the MDL, further clean the sampling media until levels are below MDL.

9.2.2.1.2 Laboratory Sample Media Blank (LSMB). Analyze at least one LSMB during an
analytical sequence or every 24 hours, whichever is shorter. Sampling media and reagents are
fortified with the pre-extraction standards and processed identically to a field sample of the same
media. LSMBs for each sampling media and reagent (i.e., filter, XAD-2, water, rinsing solutions)

are included in each Extraction Batch to determine if the method analytes or other interferences
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are introduced from the laboratory environment, the reagents, glassware, or extraction apparatus.
Acceptable levels should be below the established MDLs, but no greater than the MDL. If
method analytes are detected in the LSMB at concentrations greater than or equal to this level the
results should be flagged accordingly. Resolve the source of contamination before proceeding

with additional analyses.

9.2.2.2 Estimating Background Concentrations.

Although data below the lowest calibration concentration may not be accurate enough for
quantitative data reporting, such data are useful in determining the magnitude of background
interference. Therefore, the analyte concentrations in the LSMB may be estimated by

extrapolation when results are below the lowest calibration concentration.

9.2.2.2.1 Influence of Background on Selection of MDLs. Because background contamination

can be a significant problem, some MDLs may be background limited.

9.2.2.2.2 Evaluation of Background when Analytes Exceed the Calibration Range. After analysis
of a sample in which method analytes exceed the calibration range, one or more LSMBs must be
analyzed (to detect potential carryover) until the system meets the LSMB acceptance criteria. If
this occurs during an automated sequence, examine the results of samples analyzed following the
sample that exceeded the calibration range. If the analytes that exceeded the calibration range in
the previous sample are detected at, or above, the MDL, these samples are invalid. If the affected

analytes do not exceed the MDL, these subsequent samples may be reported.

9.2.2.3 Calibration Acceptance Criteria. Evaluate the initial calibration by calculating the

concentration of each analyte as an unknown against its regression equation. (See Section 10.4)
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For calibration levels, the result for each analyte should be within 90 — 110% of their true value.
If these criteria cannot be met, the analyst could have difficulty meeting ongoing QC criteria. In
this case, corrective action is recommended such as reanalyzing the calibration standards,
restricting the range of calibration, or performing instrument maintenance. If the cause for failure
to meet the criteria is due to contamination or standard degradation, prepare fresh calibration

standards and repeat the initial calibration.

9.2.2.3.1 Continuing Calibration Check (CCC). Analyze CCC standards at the beginning of each
Analysis Batch, after every tenth field sample, and at the end of the Analysis Batch. (See Section
10.5) CCCs must be within 70-130% of true value. If the CCC fails because concentration is
>130% (150% for low-level CCC) and field sample extracts show no concentrations above the

MDL for that analyte, non-detects can be reported without re-analysis.

9.2.2.4 Laboratory Fortified Media Blanks. Duplicate low level and high level LFMBs are

required with each extraction batch for each media fraction (i.e., filter, XAD-2, water).

9.2.2.4.1 LFMB Concentration Requirements. Fortify the low concentration LFMB no more than
two times the lowest calibration point. Fortify the high level LFMBs at a concentration between

the mid and high-level calibration points.

9.2.2.4.2 Evaluate Analyte Recovery. Calculate the percent recovery (%R) using the equation:

(A-B)

%R = x 100 Eq. 45-7

Where,
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A = measured concentration in the fortified sample,

B = measured concentration in the unfortified sample, and

C = fortification concentration.

Note: In order to obtain meaningful percent recovery results, correct the measured values in the
LFSM and LFSMD for the native levels in the unfortified samples, even if the native values are

less than the lowest calibration concentration.

Results for analytes fortified at concentrations near or at the lowest calibration point (within a
factor of two times the lowest calibration concentration) must be within 50-150% of the true
value. Results for analytes fortified at higher concentrations must be within 70-130% of the true
value. If the LFMB results do not meet these criteria, then report all data for the problem
analytes in the Extraction Batch with a note that the LFMB accuracy criteria were not met. The
laboratory must investigate the root cause for this failure and report their findings and corrective

action.

9.2.2.5 Pre-analysis Standard(s) Areas. The analyst must monitor the peak areas of the pre-
analysis standard(s) in all injections of the Analysis Batch. The pre-analysis standard(s) (as
indicated by peak area) in any chromatographic run must be within 50-150% of the average area
measured during the initial calibration. Random evaporation losses have been observed with the
polypropylene caps causing high-biased pre-analysis standard(s) areas. If a pre-analysis
standard(s) standard area for a single sample in an analysis batch does not meet these criteria,
reanalyze the extract in a subsequent analysis batch. If the pre-analysis standard(s) area fails to

meet the acceptance criteria in the repeat analysis, or if multiple samples in a batch fail to meet
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the pre-analysis spike criteria, perform corrective action and reanalyze the failed samples.

extract.

9.2.2.6 Pre-extraction Standard Recoveries. Pre-extraction standard recoveries determined during
the analysis of samples must demonstrate on a per sample basis that recovery of the labeled
standard achieved the 20-130% recovery requirements summarized in Table 45-5. Calculate the

percent recovery (%R) for each analogue as follows:

Measured Concentration of the Pre—extraction Isotope analogue
%R = ! P 9 4 100 Eq. 45-8

Fortification concentration of the Pre—extractoin Isotope analogue

Recoveries below the acceptable range for pre-extraction spikes are an indication that sample
preparation procedures did not adequately address sample and or sample matrix processing to
recover native target compounds. Compounds that fail this criterion should be flagged and
reported as not quantitative because of QC failure. If this failure involves target compounds that
are critical to the test objectives, this is a failure that requires root cause investigation and may

require a repeat field sampling effort.

9.2.2.7 Calibration Verification using QCS. A QCS must be analyzed during the IDC, and then
quarterly thereafter. For this method, the laboratory is not required to obtain standards from a
source independent of the primary calibration standards. Instead, the laboratory should acquire
the best available quantitative standards and use these to prepare both the primary calibration
standards and the QCS. The QCS must be an independent dilution beginning with the common
starting materials. Preparation by a second analyst is recommended. The acceptance criterion for
the QCS is 70-130% of the true value. If the accuracy for any analyte fails the recovery criterion,

prepare fresh standard dilutions and repeat the Calibration Verification.
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9.3 Method Modification QC Requirements

The analyst is permitted to modify the chromatographic and MS/MS conditions. Examples of
permissible method modifications include alternate LC columns, MRM transitions, and
additional QC analytes proposed for use with the method. Any method modifications must be
within the scope of the established method flexibility and must retain the basic chromatographic

elements of this method. The following are required after a method modification.

9.3.1 Repeat the IDC. Establish an acceptable initial calibration using the modified conditions.

Repeat the procedures of the IDC.

9.3.2 Document Performance in Representative Sample Matrices. The analyst is also required to
evaluate and document method performance for the modifications in an archived field sample

treated as a matrix spike.

9.4 Record and Report Requirements

Record and report data and information that will allow an independent reviewer to validate the
determination of each target compound concentration. At a minimum, record and report the data

as described in Sections 9.4.1 through 9.4.7 of this method.

9.4.1 Sample numbers and other sample identifiers. Each sample must have a unique identifier.

9.4.2 Field sample volume.

9.4.3 Field sampling date.

9.4.4 Extraction dates.
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9.4.5 Analysis dates and times.

9.4.6 Analysis sequence/run chronology.

9.4.7 Quantitation Reports.

10.0 Calibration and Standardization

10.1 Sampling System. Same as Sections 6.1 and 10.1 through 10.7 of Method 5 of appendix A-

310 40 CFR part 60.

10.2 MS/MS Optimization.

10.2.1 MS Parameters. Instrumental parameters are optimized for the precursor and product ions
listed in Table 45-2. Product ions other than those listed may be selected; however, the analyst
should avoid using ions with lower mass or common ions that may not provide enough

discrimination between the analytes of interest and co-eluting interferences.

10.2.2 Precursor lon. Optimize the response of the precursor ion ([M — H]- or [M — CO2 — H]-)
for each analyte following instrument manufacturer’s guidance. Optimization may be performed
at analyte concentrations of 1.0 pg/mL Vary the MS parameters (source voltages, source and
desolvation temperatures, gas flows, etc.) until optimal analyte responses are determined. The
analytes may have different optimal parameters, requiring some compromise on the final

operating conditions.
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10.2.3 Product lon. Optimize the product ion for each analyte following the instrument
manufacturer’s guidance. Typically, the carboxylic acids have similar MS/MS conditions and the

sulfonic acids have similar MS/MS conditions.

10.3 Chromatographic Conditions. Establish LC operating parameters that optimize resolution
and peak shape. Example LC starting conditions can be found in Table 45-7. Modifying the
solvent composition of the standard or extract by increasing the aqueous content to better focus
early eluting compounds on the column is not permitted. A decrease in methanol concentration
could lead to lower or imprecise recovery of the more hydrophobic method analytes, while
higher methanol concentration could lead to the precipitation of salts in some extracts. The peak
shape of the early eluting compounds may be improved by increasing the volume of the injection

loop or increasing the aqueous content of the initial mobile phase composition.

10.3.1 Minimizing PFAS Background. LC system components, as well as the mobile phase
constituents, may contain many of the analytes in this method. These PFAS may build up on the
head of the LC column during mobile phase equilibration. To minimize the background PFAS
peaks and to keep baseline levels constant, the time the LC column sits at initial conditions must
be kept constant and as short as possible (while ensuring reproducible retention times). In
addition, priming the mobile phase and flushing the column with at least 90% methanol before

initiating a sequence may reduce background contamination.

10.3.2 Establishing Branched vs. Linear Isomer Profiles. Prepare and analyze the technical-grade
standard of PFOA at a mid- to high-level concentration. Identify the retention times of the
branched isomers of PFOA present in the technical-grade PFOA standard. When PFOA is

chromatographed on a reversed-phase column, the branched isomers elute prior to the linear
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isomer. Repeat the procedure in this section for technical grade PFHXS and PFOS, and any other
analytes for which technical-grade standards have been acquired. The branched isomer
identification checks must be repeated any time chromatographic changes occur that alter analyte

retention times.

10.3.3 Establish LC-MS/MS Retention Times and MRM Segments. Inject a mid- to high-level
calibration standard under optimized LC-MS/MS conditions to obtain the retention times of each
method analyte. Divide the chromatogram into segments that contain one or more
chromatographic peaks. For maximum sensitivity, minimize the number of MRM transitions that
are simultaneously monitored within each segment. Both primary and secondary product ions
may need to be monitored to quantitate selected PFAS. Ensure that the retention time window
used to collect data for each analyte is of sufficient width to detect earlier eluting branched

isomers.

10.4 Initial Calibration. This method has two pre-analysis standard(s) that are used as reference
compounds for the internal standard quantitation of the pre-extraction standards. The pre-
extraction standards are used as reference compounds to quantitate the native analyte
concentrations. The pre-extraction standard references for the native analytes are listed in Table

45-1.

10.4.1 Calibration Standards. Prepare a set of at least five calibration standards as described in
Section 7.4.11. The analyte concentrations in the lowest calibration standard must not be within
two to ten times the MDL. Suggested calibration standard concentrations for native target
compounds are shown in Table 45-8. Suggested calibration standard concentrations for pre-

extraction isotopic labeled compounds are shown in Table 45-9.
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10.4.2 Calibration Curves of Native Analytes. Quantitate the native analytes using the internal
standard calibration technique. The internal standard technique calculates concentration based on
the ratio of the peak area of the native analyte to that of the isotope dilution analogue. Calibrate
the LC-MS/MS and fit the calibration points with either a linear or quadratic regression.

Weighting may be used.

Note: Forcing the calibration curve through the origin may improve the estimate of the

background levels of method analytes which are an important consideration for this method.

Note: The MS/MS instrument used during method development was calibrated using weighted

(1/x) quadratic regression with forced zero.

10.4.3 Calibration of pre-extraction standards. The pre-extraction standards are quantified using
the pre-analysis calibration technique. Because these isotopes are added at a single concentration

to the calibration standards, calibrate for each of these using an average response factor.

10.4.4 Calibration of pre-analysis standard(s). Because pre-analysis standard(s) are added at a
single concentration to the calibration standards, calibrate for each of these using an average

response factor.

10.4.5 Calibration Acceptance Criteria. Evaluate the initial calibration by calculating the
concentration of each analyte as an unknown against its regression equation. All calibration
points should be within 90 — 110% of their true value. If these criteria cannot be met, the analyst
could have difficulty meeting ongoing QC criteria. In this case, corrective action is
recommended such as reanalyzing the calibration standards, restricting the range of calibration,

or performing instrument maintenance. If the cause for failure to meet the criteria is due to
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contamination or standard degradation, prepare fresh calibration standards and repeat the initial

calibration.

10.5 Continuing Calibration. Analyze a CCC to verify the initial calibration at the beginning of
each Analysis Batch, after every tenth field sample, and at the end of each Analysis Batch. The
beginning CCC for each Analysis Batch must be at, or below, the MDL for each analyte. This
CCC verifies instrument sensitivity prior to the analysis of samples. If standards have been
prepared such that all low calibration levels are not in the same solution, it may be necessary to
analyze two standards to meet this requirement. Alternatively, the nominal analyte
concentrations in the analyte PDS may be customized to meet these criteria. Alternate
subsequent CCCs between the mid and high calibration levels. Verify that the CCC meets the

criteria in the following sections.

10.5.1 CCC- Pre-analysis standard(s) Responses. The absolute area of the quantitation ion for
each of the two pre-analysis standard(s) must be within 50-150% of the average area measured
during the initial calibration. If these limits are exceeded, corrective action is necessary (Section

10.5).

10.5.2 CCC Isotope Dilution Analogue Recovery. Using the average response factor determined
during the initial calibration and the internal standard calibration technique, calculate the percent
recovery of each isotope dilution analogue in the CCC. The recovery for each analogue must be
within a range of 70-130%. If these limits are exceeded, corrective action is necessary (Section

10.5).
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10.5.3 CCC Analyte Responses. Calculate the concentration of each method analyte in the CCC.
Each analyte fortified at a level less than or equal to the QRL must be within 50-150% of the
true value. The concentration of the analytes in CCCs fortified at all other levels must be within
70-130%. If these limits are exceeded, then all data for the failed analytes must be considered
invalid. Any field samples analyzed since the last acceptable CCC that are still within holding

time must be reanalyzed after an acceptable calibration has been restored.

10.5.3.1 Exception for High Recovery. If the CCC fails because the calculated concentration is
greater than 130% (150% for the low-level CCC) for a method analyte, and field sample extracts
show no concentrations above the MDL for that analyte, non-detects may be reported without re-

analysis.

10.6 Corrective Action. Failure to meet the CCC QC performance criteria requires corrective
action. Following a minor remedial action, such as servicing the autosampler or flushing the
column, check the calibration with a mid-level CCC and a CCC at the QRL, or recalibrate
according to Section 10.4 of this method. If pre-analysis standard(s) and calibration failures
persist, maintenance may be required, such as servicing the LC-MS/MS system or replacing the
LC column. These latter measures constitute major maintenance and the analyst must return to

the initial calibration step.

10.7 Calibration Range Flexibility. The calibration ranges for native PFAS target compounds in
Tables 45-8 are provided as an example. Calibration solutions are prepared by diluting the
appropriate amounts of calibration stock solutions in 80 percent methanol/water. The actual
ICAL concentration used for each sample batch will depend upon the quantitation limit

requirements of the program. The concentration of pre-extraction isotopically labeled
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compounds used for isotopic dilution quantitation are kept constant and will depend upon the

quantitation limit requirements of the test program.

11.0 Analysis Procedure

11.1 Sample Extraction. The OTM-45 sampling train (Figure 45-1) currently results in seven (7)
containers that are extracted and analyzed as four (4) discreet analytical fractions. Figure OTM
45-4 provides a flow chart showing how the respective sample containers are combined,

extracted, and concentrated for analysis.

11.1.1 Fraction 1 Particulate Filter and FH Rinse (Containers 1 and 2). Place the particulate filter
into an appropriate size HDPE bottle. Spike the filter with the appropriate pre-extraction
recovery standard solution. Add front-half sample rinsate (Container 2) to each respective filter
container. If there is less than 50 mL of rinsate, add extraction solvent for a total of 50 mL.
Extract samples on a shaker table for a minimum of 18 hours. Measure and record the final
volume. After extraction, the solvent is divided: half of the volume used in the extraction is
measured for concentration; the remaining portion is archived. This is achieved by filtering into
separate, appropriately sized HDPE containers by placing a filter paper in a disposable
polypropylene funnel and pouring the sample extracts through the funnels and into the HDPE

containers.

11.1.2 Fraction 2 Primary XAD-2 Adsorbent and Back-Half (BH) Rinse (Containers 3 and 4).

11.1.2.1 Spike the XAD-2 in the module with the appropriate pre-extraction recovery standard
solution (Table 45-3). Empty the module contents into an HDPE wide mouth bottle. Rinse the

inside of the module with 5% ammonium hydroxide in methanol and add to the HDPE bottle.
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11.1.2.2 Add up to 180 mL of the back-half sample rinsate (Container 4) to the respective XAD
container. If there is less than 180 mL of rinsate, add 5% ammonium hydroxide in methanol for a
total of 180 mL. If there is excess rinsate, you may add up to half of the volume and save the

remaining half for the second extraction described in 11.1.2.5.

11.1.2.3 Extract the samples on a shaker table for a minimum of 18 hours.

11.1.2.4 Decant the extraction solvent into a new HDPE container leaving the XAD-2 in the

extraction container.

11.1.2.5 Add any unused rinsate to the XAD- HDPE extraction container. If there is less than
180 mL of sample rinsate remaining, add 5% ammonium hydroxide in methanol for a total of
180 mL. Extract the sample a second time on a shaker table for a minimum of 18 hours. After the
second extraction is completed, the extraction solvent is decanted into the container with the first
extract leaving the XAD-2 in the extraction container. Measure and record the final volume.
Divide extract with half of the volume going for concentration (Section 11.2) and archive the

remaining half.

11.1.3 Fraction 3 Condensate/Impinger Water and Impinger Rinses (Containers 5 and 6). The
sample is brought up to 500 mL in a Nalgene bottle with DI water. If the amount of sample is
more than 500 mL, the entire sample is prepared (no additional DI water is added). Spike each
sample with 1.0 mL of the IDA solution. The water sample is divided: 250 mL (or half the
sample if more than 500 mL was received) is measured for analysis in an appropriately sized

Nalgene bottle; the remaining half is archived in an appropriately sized Nalgene bottle.

Revision 0 (1/13/2021)



11.1.3.1 Solid Phase Extraction (SPE) of Aqueous Samples. Wash the SPE cartridges with 5.0
mL 0.3% NH40OH/methanol. Wash with 5.0 mL of 0.1 N NaOH/water. Close valve when ~ 200
uL remains on top to keep columns wet. After this step, ensure the columns do not go dry until
the completion of loading and rinsing samples. Label and add the reservoir to the column. Add
sample to the column. Using a vacuum, pull the entire sample through the cartridge at a rate of 2-
5 drops per second. After the entire sample has been loaded onto the column, rinse the Nalgene
bottle twice with 5 mL of reagent water and pour onto the column reservoir. After the final
loading of the sample but before completely passed through the cartridge, allow the column to

dry well with vacuum for 15 minutes.

11.1.3.2 SPE Column Wash with Hexane. Load 5 mL of hexane to the column and soak for five
minutes. Elute to waste. Load an additional 5 mL of hexane and elute to waste without a soaking

period. Allow the column to dry completely with vacuum for 5 to 10 minutes.

11.1.3.3 SPE Elution. Rinse Nalgene bottle with 4 mL of 0.3% NH4OH/methanol. Pour rinse
into the column reservoir onto the cartridge. Allow the solution to soak for 5 minutes and then
elute into a polypropylene container large enough to contain volume from 11.1.3.4. Repeat rinse
with an additional 4 mL of 0.3% NH4OH/methanol. The total collection should be

approximately 8 mL. Measure and record the final volume.

11.1.3.4 Combine with Container 6 (Impinger Rinse). Measure and record the Container 6 rinse
volume. Transfer half to a HDPE container for sample archive. Combine with half of the SPE
eluent. Cap, seal with Teflon tape, mark the level and store refrigerated at approximately 4 °C.
Combine the remaining Container 6 rinse with the remaining SPE eluent and concentrate as

described in 11.2.
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11.1.3.4 Final volume for extract. Add 0.5 mL of IS 50 ng/mL concentration and 2 mL of water
to the extract. This will create an extract with a final solvent composition of 80:20
methanol:water. Transfer a portion of the extract to a 300 uL polypropylene autosampler vial.
Archive the rest of the extracts for re-injection and dilution. Seal the vial with a polypropylene

SCrew cap.

11.1.4 Fraction 4 Breakthrough XAD-2 Adsorbent (Container 7).

11.1.4.1 Spike the XAD-2 in the module with the appropriate pre-extraction recovery standard
solution. Empty the module contents into an HDPE wide mouth bottle. Rinse the module with

5% ammonium hydroxide and add to HDPE bottle.

11.1.4.2 Add 5% ammonium hydroxide in methanol for a total volume of 180 mL

11.1.4.3 Extract the samples on a shaker table for a minimum of 18 hours.

11.1.4.4 Decant the extraction solvent into an HDPE container leaving the XAD-2 in the

extraction container.

11.1.4.5 Add 180 mL of 5% ammonium hydroxide in methanol to the XAD extraction container.
Extract the sample a second time on a shaker table for a minimum of 18 hours. After the second
extraction is completed, the extraction solvent is decanted into the container with the first extract
leaving the XAD-2 in the extraction container. Divide extract with half of the volume going for

concentration (Section 11.2) and archive the remaining half.

11.2 Sample Concentration
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11.2.1 Pour extract into a polypropylene digestion vessel and insert into a digestion block heated
between 55-60 °C. Rinse container three times with small portions of 5% ammonium hydroxide
in methanol and add to digestion vessel. Cover each vessel with a ribbed polypropylene watch

glass.

11.2.1.1To accommodate large volumes, the extract and rinsate can either be concentrated in
multiple digestion vessels until concentrated to a level that allows recombination (with proper
rinsing) OR additional extract can be added to a digestion vessel as volume is reduced during the
concentration step. Concentrate the sample to below 10 mL, but not to dryness. Transfer to a 10

mL polypropylene tube, rinsing the digestion vessel adequately.

11.2.2 Blow down remaining volume to below 2 mL, but not to dryness, with an N-EVAP at 55-
60 °C. Bring up volume to 2 mL with DI water or 5% ammonium hydroxide in methanol. Cap
snugly and ensure there are no leaks. Store refrigerated at approximately 4 °C until analysis.

Analyze within 28 days of extracting.

11.3 Sample Analysis.

Note: Sample analysis for this method is fashioned after EPA’s Method 533 with modifications

to accommodate the various fractions recovered from the stationary source sampling train.

11.3.1 Establish LC-MS/MS Operating Conditions. Establish MS/MS operating conditions per
the procedures in Section 10.2 and chromatographic conditions per Section 10.3. Establish a
valid initial calibration following the procedures in Section 10.3 or confirm that the existing

calibration is still valid by analyzing a low-level CCC. If establishing an initial calibration for the
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first time, complete the IDC prior to analyzing field samples. Analyze field and QC samples in a

properly sequenced Analysis Batch as described in Section 11.4.

11.3.2 Verify Retention Time Windows. The analyst must ensure that each method analyte elutes
entirely within the assigned window during each Analysis Batch. Make this observation by
viewing the quantitation ion for each analyte in the CCCs analyzed during an Analysis Batch. If
an analyte peak drifts out of the assigned window, then data for that analyte is invalid in all
injections acquired since the last valid CCC. In addition, all peaks representing multiple isomers

of an analyte must elute entirely within the same MRM window.

11.4 Analysis Batch Sequence. An Analysis Batch is a sequence of samples, analyzed within a
24-hour period, of no more than 20 field samples and includes all required QC samples (LSMB,
CCCs, the LFSM and LFSMD (or FD)). The required QC samples are not included in counting
the maximum field sample total of 20. LC-MS/MS conditions for the Analysis Batch must be the

same as those used during calibration.

11.4.1 Analyze Initial CCC. After a valid calibration is established, begin every Analysis Batch
by analyzing an initial low-level CCC at or below the QRL. This initial CCC must be within 50—
150% of the true value for each method analyte and must pass both the pre-analysis standard(s)
area response criterion (Section 9.2.2.4) and the pre-extraction isotope recovery criterion
(Section 9.2.2.6). The initial CCC confirms that the calibration is still valid. Failure to meet the

QC criteria may indicate that recalibration is required prior to analyzing samples.

11.4.2 Analyze Field and QC Samples. After the initial CCC, continue the Analysis Batch by

analyzing an LSMB, followed by the field samples and QC samples. Analyze a mid- or high-
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level CCC after every ten field samples and at the end of each Analysis Batch. Do not count QC

samples (LSMBs, FDs, LFSMs, LFSMDs) when calculating the required frequency of CCCs.

11.4.3 Analyze Final CCC. The last injection of the Analysis Batch must be a mid- or high-level
CCC. The acquisition start time of the final CCC must be within 24 hours of the acquisition start
time of the low-level CCC at the beginning of the Analysis Batch. More than one Analysis Batch
within a 24-hour period is permitted. An Analysis Batch may contain field and QC samples from

multiple extraction batches.

11.4.4 Initial Calibration Frequency. A full calibration curve is not required before starting a new
Analysis Batch. A previous calibration can be confirmed by running an initial, low-level CCC
followed by an LSMB. If a new calibration curve is analyzed, an Analysis Batch run

immediately thereafter must begin with a low-level CCC and an LSMB.

12.0 Data Analysis and Calculations

12.1 Calculation Nomenclature

As = the area of the characteristic mass for the compound in the continuing calibration
verification sample.

Ais = the area of the characteristic mass of the pre-extraction isotopically labeled standard in the
continuing calibration verification sample.

Cis = the concentration of the pre-extraction isotopically labeled standard (pg/pL).

Cs = the concentration of the native compound in the continuing calibration standard (pg/uL).
Ai = Integrated ion current for the isotopically labeled compound.

An = Integrated ion current for the target native compound.
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Ci = The concentration of the labeled compound used to perform isotope recovery correction,
pg/uL.

Cn = The concentration of the target native compound, pg/uL.

Cndsem = Concentration of target native compound i in the emission gas, pg/dscm.

Cnext = Concentration of target native compound i in the extract, pg.

D = Difference in the RRF of the continuing calibration verification compared to the average
RRF of the initial calibration, percent (%).

dscm = Dry standard cubic meters of gas volume sample measured by the dry gas meter,
corrected to standard conditions.

R* = Recovery of labeled compound standards, %.

RSD = Relative standard deviation, in this case, of RRFs over the five calibration levels, %.
SDrrr = Standard deviation of initial calibration RRFs.

Vext = Extract volume, pL.

12.2 Source gas volume calculations. Carry out calculations for stack gas velocity, volumetric
flow rate, sampling volume, moisture, isokinetic variation following the procedures in Section 12

of Method 5 of appendix A-3 to 40 CFR part 60, with the following additions.

12.3 Qualitative Identification of Target Compounds

12.3.1 Qualitative Identity of Peaks by Retention Times. At the conclusion of analysis data
acquisition, use the same software settings established during the calibration procedure to
qualitatively identify analyte peaks in the predetermined retention time windows. Confirm the
identity of each analyte by comparison of its retention time with that of the corresponding

analyte peak in an initial calibration standard or CCC.
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12.3.2 Qualitative Identity by Confirming the Parent and Product ions. Confirm that the native
and pre-extraction isotope parent and product ions are consistent with the continuing calibration
results. The signals for all characteristic masses shall be present and shall maximize within the
same two consecutive scans. The retention time difference between the native analyte and its
labeled analog shall agree within £6 scans or £6 seconds (whichever is greater) of this difference

in the continuing calibration standard.

12.4 Recovery of Labeled Compound Standards. Use the following equation to determine the
recovery of any labeled compounds, including pre-sampling spikes, pre-extraction filter spike,
pre-extraction spikes, pre-analysis spikes. Verify and report the percent recovery of the pre-
extraction isotopic labeled spike. The recovery performance criteria and actions if performance

criteria are not met for these spikes is in Section 9. of this method.

R* = <one. found , 4009% Eq. 45-9

conc. spiked

12.5 Quantitative Determination of Target Compounds by Isotope Dilution. Isotope dilution in
this method is performed by adding a known amount of a labeled compound to every sample
prior to extraction. Correction for recovery of the pollutant can be made because the pollutant
and its labeled analog exhibit the same effects upon extraction, concentration, and

chromatography.

Because quantitative native standards and isotopically labeled analogs are not currently available
for all of the PFAS that may be target compounds in this procedure as originally written or in the

future, integration and quantitation of the PFAS is dependent on the type of isotopically labeled
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standard and native compound materials available. Procedures in this section must be followed

to identify and report the identity and quantity of PFAS found in source gas samples.

12.5.1 PFOA Quantification. For PFOA, identify the branched and linear isomers by analyzing a
technical-grade standard that includes both linear and branched isomers as directed and ensure
that all isomers elute within the same acquisition segment. Quantitate field samples and fortified
matrix samples by integrating the total response, accounting for peaks that are identified as linear
and branched isomers. Quantitate based on the quantitative PFOA standard containing just the

linear isomer.

12.5.2 PFHXxS, PFOS, and other Analytes with Technical-Grade Standards. Multiple
chromatographic peaks, representing branched and linear isomers, have been observed for
current standards of PFHxS and PFOS using the LC conditions in this method. For PFHXS and
PFOS, all the chromatographic peaks observed in the standard must be integrated and the areas
summed. Chromatographic peaks in all field samples and QC samples must be integrated in the
same way as the calibration standard for analytes with quantitative standards containing the

branched and linear isomers.

12.5.3 Calculate the concentration of each of the target compounds in each of the sample
fractions using the multipoint calibration and the measured sample volume including
compensation for archived splits of the sample following the procedures in this section.
Calculations must use all available digits of precision, but final reported concentrations should be
rounded to an appropriate number of significant figures (one digit of uncertainty), typically two,
and not more than three significant figures. Results must be reported individually for the filter,

sorbent, impinger, and backup sorbent fractions. Report all results as total mass per media
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fraction corrected for sample aliquot, sample dilution, and sample concentration.as described in

the following sections of this method.

12.5.3.1 Sample Concentrations Below the Lowest Calibration Standard. It is important to
estimate the concentrations of target PFAS compounds below the lowest calibration standard
concentration as well as below the MDL whenever possible. Samples may be concentrated and
reanalyzed, or calibration curves may be extended to lower concentrations as necessary if initial
concentration determination shows results below the lowest calibration standard. Concentrations
may be estimated using the calibration equation or by other accepted approaches (e.g., using the
RRF for the lowest calibration standard. The lowest calibration point may not be lower than

three times the MDL.

12.5.3.1.1 Concentrations Between the QRL and MDL. Report concentrations between the
detecton limit (MDL) and the QRL for target compounds in each fraction with a J flag and
explain the meaning of the J flag in your laboratory report, including the approach for estimating

concentrations below the lowest calibration standard.

12.5.3.1.2 Concentrations below the MDL. Report results below the detection limit (MDL) with
a BDL flag, and explain the meaning of the BDL flag in your laboratory report, including the

approach for estimating concentrations below the lowest calibration standard.

12.5.4 Sample Concentrations Above the Highest Calibration Standard. Report concentrations of
analytes that exceeded the calibration range in the original sample based on measurement in a

diluted sample. Incorporate the dilution factor into final concentration calculations.

12.6 Quantitation Formulas.
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12.6.1 Response Factors. Calculate daily response factors for each of the target analytes in the
continuing calibration verification sample using the following equation:

_ (49)(Cis) ]
RF = 2575 Eq.45:10

Where,

Ais = the area of the characteristic mass of the pre-extraction isotopically labeled standard in the
continuing calibration verification sample.

As = the area of the characteristic mass for the native compound in the continuing calibration
verification sample.

Cis = the concentration of the pre-extraction isotopically labeled analog in the standard (pg/pL).

Cs = the concentration of the native compound in the continuing calibration standard (pg/pL).

Confirm that the daily response factors for each target analyte meet the QC criteria in Section 9

of this method.
12.6.2 Isotope Dilution Quantification of Target Compounds in Sample Extracts

12.6.2.1 Proceed with target compound quantitation based on the type of isotopic labeled
standard available used for each method analyte. If standards containing the branched and linear
isomers cannot be purchased (i.e., only the linear isomer is available), only the linear isomer can
be identified and quantitated in field samples and QC samples. Target analytes and branched
isomers that do not have corresponding isotopic labels must be reported separately showing
which native and isotopic labels were used to generate semiquantitative results for the analytes

and isomers.
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12.6.2.2 The response of each target compound (RR) relative to its labeled analog is determined

using the area responses for each calibration standard, as follows:

_(Ap(cD)
RR = (4 (Cp)

Eq. 45-11

Where,

An = The areas of the characteristic m/z for the target compound(s).

Ai = The areas of the peak representing the primary m/z for the labeled compound.

Ci = The concentration of the labeled compound in the calibration standard.

Cn = The corresponding concentration of the native compound in the calibration standard.

12.6.2.3 Calculate the Concentration of Individual Target Compound in the Extract by Isotope
Dilution (pg/pL). This equation corrects for the target native compound recovery by its labeled
pre-extraction spike analog. To accomplish this the pre-extraction spike, labeled compound
concentrations must remain constant. Compute the concentration in the extract using the

following equation:

pg\ _ (Ap)(Cy)
Cox (”—L) = —(Ai) ®R) Eq. 45-12
Where:

Cex = the concentration of the target compound in the extract in pg/pL.

Ci = The concentration of the labeled compound in the calibration standard in pg/pL.
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Cn = The concentration of the native compound in the calibration standard in pg/pL.

12.6.2.4 Total Mass of the Individual Target Compounds in the Sample Extract (pg). Calculate
the mass for each target compound in each sample fraction using the concentration of the

compound in the extract and the volume of extract, including any dilution, aliquots and/or

archiving.

Cex )V,
Meppqy = Cextext) “”‘)jf ext) Eq. 45-13
Where,

f = the fraction of the original sample extract before concentration taken for analysis (volume
extracted/volume concentrated).

Cex = The concentration of the compound in the extract in pg/uL.

Vext = The final extract volume after concentration and/or dilution in mL

12.6.3 Concentration of the Individual Target Compound or in the Emission Gas (pg/dscm).
Calculate the gaseous emission concentration for each target compound based on the sum of the

measured mass for each sample train fraction where PFAS were detected.

C _ Mgsum total
dscm — dsem

Eq. 45-14
Where,

dscm = the standard dry cubic meters of gas collected in the sampling run.

12.6.3.1 In-stack Detectable Limit (DL). Calculate the gaseous emission, in-stack DL (pg/dscm)
for each target compound based the sum of the sample-specific MDL masses for sample train

fractions 1, 2 and 3, divided by the standard dry cubic meters of gas collected in the sampling

run.]
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DI = YMpLsum Eq. 45-15

dscm

Where,
MwmpLsum = sum of the sample-specific MDL masses for sample train fractions 1, 2 and 3.
12.7 Data Reporting. Report the following data in the emissions test reports.

12.7.1 Analytical Data. Include the following data and information in analytical data reports and

emissions data test report.

12.7.1.1 Calibration Data. Include the number of calibration points and associated
concentrations, including the lowest point in the calibration curve. Provide the calibration
information used to derive the quantitative relationship and the approach used. Report the
agreement between the calculated value and known value for each calibration point (See Section

10.4.5 calibration criteria).

12.7.1.2 MDL Study Data. Report the results for the MDL study identified and described in

Section 9.2.1.3.

12.7.1.2.1 MDL Concentration and Mass for Each Fraction. Report the study’s individual MDLs
established for Fractions 1 — 3. Include the overall mass for each analyte as well as the associated
volumetric concentration (pg/pL) used for determining the MDL mass specific to a collected

emissions sample.

12.7.1.2.2 MDL Accuracy Data. Report the accuracy data from the MDL study and Section

9.2.1.6.
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12.7.1.2.3 MDL Precision Data. Report the precision data from the MDL study and Section

9.2.15.

12.7.1.3 Laboratory Fortified Media Blank Samples Data. Report the results of the dual level

LFMB samples from Section 9.2.2.4.

12.7.1.4 Laboratory Blanks. Report the target PFAS compound masses for all laboratory blanks.

12.7.1.5 Sample Train Analytical Data. Report all field sample analytical data, including blanks.

12.7.1.5.1 Sample-Specific Concentration and Mass for Each Fraction. Report the sample-
specific analytical mass/volume (liquid) concentration and associated mass for each PFAS target
compound and each fraction, inclusive of sample-specific final extract volumes, archive

volumes, dilutions, etc.

12.7.1.4.2 Sample-Specific MDL Mass for Each Fraction. Report the sample-specific analytical
MDL mass/volume (liquid) concentration and associated mass for each PFAS target compound
and each fraction, inclusive of total sample-specific final extract volumes, archive volumes,

dilutions, etc.

12.7.1.4.3 Sample-Specific QRL Mass for Each Fraction. Report the sample-specific analytical
QRL mass/volume (liquid) concentration and associated mass for each PFAS target compound
and each fraction, inclusive of total sample-specific final extract volumes, archive volumes,

dilutions, etc.

12.7.1.4.4 Pre-extraction Standard Recoveries for Each Fraction. Report the pre-extraction

standard recoveries for each standard, for each fraction.
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12.7.1.4.5 Pre-Sampling Standard Mass and Recoveries. Report PSS mass for Fractions 2
(primary XAD-2 adsorbent and rinses) and 3 (condensate/impingers and rinse) and individual

and combined recoveries.

Note: The Pre-sampling standard recoveries include both Fractions 2 and 3 and the pre-sampling

standard may have migrated from the XAD-2 to the impingers.

12.7.2 Sampling and Emissions Data. Include the following data and information in the

emissions data test report.

12.7.2.1 Emissions Data. For each run, report the target compound masses measured for each
fraction. Indicate whether reported masses are in the quantitative range, estimated, or non-
detect. Report the associated gaseous concentration for that run, based on the sum of detected

fractions and the gaseous sample volume collected for that run.

12.7.2.2 In-stacks DLs. For each run, report the sample-specific, in-stack DLs, based on run-
specific QRL and MDL masses (sum of fractions 1-3) and the gaseous sample volume collected
for that run.

13.0 Method Performance

Data to support OTM-45 Method Performance to date is limited. This method has been
developed based on a combination of empirical knowledge and data as well as incorporation of
procedures and concepts adapted from other methods and measurement practices. EPA/ORD
research, including field evaluation testing, has resulted in data that support the specified OTM-
45 method performance criteria, including pre-extraction standard and pre-sampling standard

isotopic label recovery criteria. Moreover, these performance criteria are further confirmed by
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communications with and data shared by commercial analytical laboratories. Tables 45-9 and 45-
10 present the pre-sampling standard recoveries and pre-extraction standard recoveries achieved
as part of an ORD OTM-45 field evaluation. An average pre-sampling standard recovery of
100.3% was observed for PFOA, while an average pre-sampling standard recovery of 73.0% was
observed for PFOS. Additional pre-sampling standard candidate compounds are needed to better
represent overall measurement performance. Candidates are limited to PFOA and PFOS at this
time due to the lack of additional PFAS compounds with necessary multiple isotopologues. The
pre-extraction standard recoveries presented in Table 45-10 also support OTM-45 performance
criteria. In general, pre-extraction standard recoveries for Fractions 1 (Filter) and 3 (Impingers)

were greater than for Fraction 2 (XAD-2).

Table 45-11 presents the calculated in-stack detection levels, based on both QRLs and MDLs
and a nominal 3 m® sample volume. The values represent the sum of Fractions 1, 2, and 3. The
in-stack detection levels reported indicate that measurements in the pg/m? range are possible for

the majority of OTM-45 targeted PFAS compounds.

The preparation and release of this method is intended to further establish data to support

refinement of these initial performance criteria.

The collection of blanks, in replicate and representing multiple forms, is particularly important to
data interpretation and validation. Managing PFAS contamination from a variety of sources,
particularly XAD-2, has been a critical and acknowledged factor to collecting emissions data of
known and acceptable quality. The recent application of PFAS emissions testing has resulted in

advancements to minimizing PFAS contamination. However, the comprehensive collection of
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laboratory and field sampling blank samples remains critical to identifying sources of

contamination and an inherent component to interpret results from this method.

14.0 Pollution Prevention

The target compounds used as standards in this method are prepared in extremely small amounts
and pose little threat to the environment when managed properly. Prepare standards in volumes

consistent with laboratory use to minimize the disposal of excess volumes of expired standards.

15.0 Waste Management

15.1 The laboratory is responsible for complying with all federal, state, and local regulations
governing waste management, particularly the hazardous waste identification rules and land
disposal restrictions, and for protecting the air, water, and land by minimizing and controlling all
releases from fume hoods and bench operations. The laboratory must also comply with any
sewage discharge permits and regulations. The EPA’s Environmental Management Guide for

Small Laboratories (EPA 233-B-98-001) provides an overview of requirements.

15.2 For further information on waste management, consult The Waste Management Manual for
Laboratory Personnel and Less is Better-Laboratory Chemical Management for Waste
Reduction, available from the American Chemical Society's Department of Government

Relations and Science Policy, 1155 16th Street N.W., Washington, D.C. 20036.
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17.0 Tables, Diagrams, Flowcharts, and Validation Data

Table 45-1 PFAS Target Analytes

Common Name? Abbreviated CASP Registry | Isotopic Pre-
Name Number Extraction
Pair
Perfluoroalkylcarboxylic acids (PFCAS)

Perfluorobutanoic acid34 PFBA 375-22-4 13C4-PFBA
Perfluoropentanoic acid™3# PFPeA 2706-90-3 13Cs-PFPeA
Perfluorohexanoic acid234 PFHxXA 307-24-4 13C,-PFHXA
Perfluoroheptanoic acid!23# PFHpA 375-85-9 13C,-PFHpA
Perfluorooctanoic acid“#34 PFOA 335-67-1 18C4-PFOA
Perfluorononanoic acid-%* PFNA 375-95-1 1BCs-PFNA
Perfluorodecanoic acidl234 PFDA 335-76-2 13C,-PFDA
Perfluoroundecanoic acid-234 PFUNDA 2058-94-8 183C,-PFUNdA
Perfluorododecanoic acid-234 PFDoA 307-55-1 13C,-PFDoA
Perfluorotridecanoic acid®34 PFTrDA 72629-94-8 13C,-PFDOA
Perfluorotetradecanoic acid?3# PFTeDA 376-06-7 13C,-PFTeDA
Perfluoro-n-hexadecanoic acid PFHXDA 67905-19-5 13C,-PFHXDA
Perfluoro-n-octadecanoic acid PFODA 16517-11-6 13C,-PFDOA

Perfluorinated sulfonic acids (PFSAs)

Perfluoro-1-butanesulfonic acidl234 PFBS 375-73-5 13Cs- PFBS
Perfluoro-1-pentanesulfonic acid®? PFPeS 2706-91-4 13C3-PFHXS
Or
13C3-PFBS
Perfluoro-1 -hexanesulfonic acidt234 PFHxS 355-46-4 180,-PFHxXS
or
13Cs-PFHXS
Perfluoro-1-heptanesulfonic acid®® PFHpS 375-92-8 13C,-PFHpA
Perfluoro-1-octanesulfonic acid“%34 PFOS 1763-23-1 13C,-PFOS
Perfluoro-1-nonanesulfonic acid? PFNS 68259-12-1 13C4-PFOS
Perfluoro-1-decanesulfonic acid® PFDS 335-77-3 13C4-PFOS
Perfluorododecane sulfonate PFDoS 79780-39-5 13C,-PFOS
Perfluorinated sulfonamides (FOSAs
Perfluoro-1-octanesulfonamide®® FOSA 754-91-6 13C4-FOSA
N-Methylperfluorooctanesulfonamide ° MeFOSA 31506-32-8 d3-MeFOSA
N-ethylperfluorooctanesulfonamide ° EtFOSA 4151-50-2 d5-EtFOSA
Perfluorinated sulfonamide ethanols (FOSESs)

. ] d7-N-
2-(N-methylperfluoro-1-octanesulfonamido)-ethanol N-MeFOSE 24448-09-7 MeEOSE
2-(N-ethylperfluoro-1-octanesulfonamido)-ethanol ° N-EtFOSE 1691-99-2 d9-N-EtFOSE

Perfluorinated sulfonamidoacetic acids (FOSAAS)
N-methyl perfluorooctanesulfonamidoacetic acid?® MeFOSAA 2355-31-9 d3-MeFOSAA
N-ethyl perfluorooctanesulfonamidoacetic acid®3 EtFOSAA 2991-50-6 d5-EtFOSAA
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Fluorotelomer sulfonates (FTS)

1H,1H,2H,2H-Perfluorohexane sulfonic acid3 4:2 FTS 757124-72-4 M2-4:2 FTS
1H,1H,2H,2H -Perfluorooctane sulfonic acid®? 6:2 FTS 27619-97-2 M2-6:2 FTS
1H,1H,2H,2H -Perfluorodecane sulfonic acid*® 8:2FTS 39108-34-4 M2-8:2 FTS
1H,1H,2H,2H-perfluorododecane sulfonate (10:2) 10:2 FTS 120226-60-0 M2-10:2 FTS
Fluorinated Replacement Chemicals
4,8-Dioxa-3H-perfluorononanoic acid ADONA! 919005-14-4 13C,4-PFOS
Hexafluoropropylene Oxide Dimer Acid HFPO-DA 13252-13-6 13C3-HFPO-DA
(GenX)!
9-Chlorohexadecafluoro-3-oxanonane-1-sulfonic acid 9CI-PF30ONS 756426-58-1 13C,-PFOS
(F-53B Major)*
11-Chloroeicosafluoro-3-oxaundecane-1-sulfonic acid 11CI-PF30UdS 763051-92-9 13C,4-PFOS
OR (F-53B Minor)!
11-Chloroeicosafluoro-3-oxaundecane-1-sulfonate? 83329-89-9
Additional Targets
Nonafluoro-3,6-dioxaheptanoic acid*® NFDHA 151772-58-6 13Cs-PFHXA
Perfluoro(2-ethoxyethane)sulfonic acid'*® PFEESA 113507-82-7 13C5-PFBS
Sodium perfluoro-1-dodecanesulfonate® PFDoS 1260224-54-1 13C4-PFOS
Perfluoro-4-methoxybutanoic acid'*® PFMBA 863090-89-5 13C5-PFPeA
Perfluoro-3-methoxypropanoic acid'® PFMPA 377-73-1 13C4-PFBA
Decafluoro-4-(pentafluoroethyl)cyclohexanesulfonate)? PFecHS 67584-42-3 180,-PFHXS
— :
2H-perfluoro-2-decenoic acid IEzCZ)LIJ:I'EI'XCA or 70887-84-2 15C,-FOUEA
2-perfluorodecyl ethanoic acid* 10:2 FDEA 53826-13-4 13C,-FDEA
2-perfluorooctyl ethanoic acid* 8:2 FTA or FOEA | 27854-31-5 13C,-FOEA
2H-perfluoro-2-octenoic acid* 6:2 FHUEA 70887-88-6 18C,-FHUEA
2-perfluorohexyl ethanoic acid* gﬁE;CA or 6:2 53826-12-3 15C,-FHEA
3:3 Fluorotelomer carboxylic acid ® 3:3FTCA 356-02-5 18C,-FHEA
5:3 Fluorotelomer carboxylic acid ® 5:3FTCA 914637-49-3 13C,-FHEA
7:3 Fluo_rotel_orzugr carboxylic acid or 3-perfluoropheptyl 7:3FTCA or 812-70-4 15C,-FOEA
propanoic acid* FHpPA

2 Some PFAS are commercially available as ammonium, sodium, and potassium salts. This method measures all
forms of the analytes as anions while the identity of the counterion is inconsequential. Analytes may be purchased as

acids or as any of the corresponding salts

b Chemical Abstract Service.

! Compound targeted in EPA Method 533

2 Compound targeted in EPA Method 537.1

3 Compound targeted in EPA Method 8327

4 Compound targeted in ASTM Method D7968

5> Compound targeted in DoD Isotope Dilution Method

Revision 0 (1/13/2021)




Table 45-2 MS/MS Conditions and Characteristic lons

Analyte Precursor Primary Secondary
lon (m/z2) Product lon | Product lon
(m/2) (m/2)
PFBA 213 169
13Cs-PFBA 216 172
13C,-PFBA 217 172
PFPeA 263 219
13Cs-PFPeA 268 223
PFHXA 313 269 119
13Cs-PFHXA 318 273
PFHpA 363 319 169
13C,-PFHpA 367 322
PFOA 413 369 169
BC,-PFOA 415 370
13Cs-PFOA 421 376
PFNA 463 419 169
BCs-PFNA 472 427
PFDA 513 469 169
13Cs-PFDA 519 474
PFUnA 563 519 169
13C;-PFUNA 570 525
PFDoA 613 569 169
13C,-PFDoA 615 570
PFTrDA 663 619 169
PFTeDA 713 169 219
PFHXDA 813 769 169
PFODA 913 869 169
PFBS 299 80 99
13C5-PFBS 302 80 83
PFPeS 349 80 99
PFHXS 399 80 99
13C3-PFHXS 402 80
PFHpS 449 80 99
PFOS 499 80 99
¥C,-PFOS 503 80
B3Cg-PFOS 507 80
PFNS 549 80 99
PFDS 599 80 99
PFDoS 699 80 99
FOSA 498 78
MeFOSA 512 169
EtFOSA 526 169
N-MeFOSE 616 59
N-EtFOSE 630 59
MeFOSAA 570 419 512
EtFOSAA 584 419 526
4:2FTS 327 307
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BC,-4:2FTS 329 309 81
6:2FTS 427 407
BC,-6:2FTS 429 409 81
8:2FTS 527 507
BC,-8:2FTS 529 509 81
10:2FTS 627 607 80
ADONA 377 251
HFPO-DA 285 169
13C,-HFPO-DA 287 169
9CI-PF30NS 531 351
11CI-PF30UdS 631 451
NFDHA 295 201
PFEESA 315 135
PFDOS 699 80 99
PEMBA 279 85
PEMPA 229 85
PFecHS 461 381 99
8:2 FTUCA or 457 393
FOUEA
10:2 FDEA 577 493
8:2FTAor 477 393
FOEA
6:2 FHUEA 357 293
6:2FTCA or 6:2 377 243
FHEA
3:3FTCA 241 177 117
5:3 FTCA 341 237 217
7:3FTCA or 441 337 317
FHpPA
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Table 45-3 Fortification and Recovery Solutions for Poly and Perfluorinated Alkyl Compounds?

Compound | Amount (pg/uL of final extract)® | Spike Recovery (percent)
Pre-sampling Adsorbent Standards
13Cg PFOA 75 70-130
13Cg PFOS 75 70-130
Pre-extraction Filter Recovery Spike Standards
Needs to be identified | 75 | 70-130
Pre-extraction Standards

50 20-130
3C, PFBA 50 20-130
13Cs PFPeA 50 20-130
13C, PFHXA 50 20-130
13C4 PFHpA 50 20-130
13C, PFOA 50 20-130
13Cs PFNA 50 20-130
13C, PFDA 50 20-130
13C, PFUnA 50 20-130
13C, PFDoA 50 20-130
13C, PFTeDA 50 20-130
13C,-PFHXDA 50 20-130
13C,-PFDoA 50 20-130
13Cs- PFBS 50 20-130
13C3-PFHXS 50 20-130
80, PFHxS 50 20-130
8C, PFOS 50 20-130
13Cg FOSA 50 20-130
ds-NMeFOSAA 50 20-130
ds-NEtFOSAA 50 20-130
d7-N-MeFOSE 50 20-130
d9-N-EtFOSE 50 20-130
M2-6:2 FTS 50 20-130
M2-8:2 FTS 50 20-130
M2-4:2 FTS 50 20-130
M2-10:2 FTS (D4 labeled) 50 20-130
13C3 HFPO-DA 50 20-130
13C,-FOUEA 50 20-130
13C,-FDEA 50 20-130
18C,-FOEA 50 20-130
18C,-FHUEA 50 20-130
18C,-FHEA 50 20-130

Pre-analysis Standards

13C, PFOA 50 S/N>10
13Cs-PFBA 50 S/N>10

@ Changes in the amounts of spike standards added to the sample or its representative extract will necessitate an
adjustment of the calibration solutions to prevent the introduction of inconsistencies. Spike concentration assumes
1uL sample injection volume for analysis.

b Spike levels assume half of the extract will be archived before cleanup. Spike levels may be adjusted for
different split levels.
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Table 45- 4 Sample Storage Conditions? and Laboratory Hold Times

Laboratory Holding

Stage Type Storage Conditions time
<20+3°C,68=+5°F
Particulate Filter Store cool but NOT on
Field collection ice N/A
All other Field o
samples Store on Ice (4°C)
Particulate Filter Ship unrefrigerated.
shipping/Transport Al other Field Ship on lce (4°C). N/A
Follow procedures in
samples

ASTM D6911-15

Laboratory Storage: Before

All Sampling train
Rinses and Particulate
Filter Samples

<6 °C (43°F)

< 28 days from date of
collection; Extract
within 28 days of
collection

Extraction

Adsorbent samples

<6 °C (43°F)

<1 year from received
date; Extract within 28

(XAD-2) !
days of collection
Laboratory Storage: After | All archived extracted o o
Extraction (archived) samples at <6 °C (43°F) < 1year
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Table 45-5. General QA/QC Requirements for OTM-45

cartridge prior to
sampling.
Indicates sample
collection and
recovery
efficiency.

standards as the sum
of the recovery of
sampling train
fractions 2 and 3.

Section Requirement Specification and Acce_pta_nce Consquences gnd
Frequency Criteria Corrective Actions
Sampling Quality Controls (Section 9.1)
9.1.2 Field Sampling | Represents the Levels should be < | Analysis of the FSMBs should
Media Blank sampling media compound MDL be compared to the
(FSMB) and reagents background level criteria in
associated with Section 9.2.2.1. Failure to
field sample meet these levels does not
collection. One invalidate the sampling run. If
per each test > MDL, flag data. The
series. measured target compound
mass in each fraction will need
to be reported and used to
interpret sample assess impact
on results.
9.13 Sample Train At least one STPB | Levels <10% of If >10%, flag data and assess
Proof Blank per each test actual samples impact on results
(STPB) series.
9.14 Sample Train At least one STPB | Levels <10% of If >10%, flag data and assess
Field Blank per each test series | actual samples impact on results
(STFB)
9.15 Pre-Sampling Added to each >70% and <130% Recoveries below the
Standards XAD-2 adsorbent | recovery of all spike | acceptable range of 70-130%

for the pre-sampling standard
spikes may require a root
cause evaluation. If the
recovery of all the pre-
sampling standard adsorbent
spikes is below 70%, but,
greater than 50%, the results
have not met the recoveries
experienced during method
development but may still be
acceptable. Flag recoveries
that are between 50 and 70%
and describe their potential
impact on results. If the pre-
sampling standard recoveries
are less than 50%, the data for
that train are not considered
valid.
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9.16 Secondary Determines the <30% BT for each For any BT > 10%, add the
XAD-2 relative target compound. fraction 4 mass to the total
Breakthrough breakthrough (BT) sample mass for emissions

of each target calculations

through the OTM- If >30%, flag data and assess

45 train. impact on results. Failure may
invalidate reported results and
require repeat sampling.

Ongoing Quality Control Requirements (Section 9.2.2)
9.2.2.1.1 Sampling Media | Confirm sample Levels should be < | If >MDL, further clean
Background media background | compound MDL sampling media until levels are
Level Checks before use for <MDL
sampling
9.2.21.2 Laboratory Analyze a LSMB | Levels should be < | If >MDL, flag data and assess
Sample Media for each sampling | compound MDL impact on results Resolve
Blank (LSMB) medium and source of contamination before
reagent with each proceeding to additional
extraction batch analyses.

and

>1 LSMB when

method analytes

exceed the

calibration range.

9.2.2.3 Calibration Evaluate the initial | Between 90-110% Reanalyze the calibration
Acceptance concentration of of each analyte true | standards, restrict the range of
Criteria each analyte asan | value. calibration, or perform
unknown against instrument maintenance. If

its regression failure is due to contamination

equation (Section or standard degradation,

10.4) prepare fresh calibration
standards and repeat initial
calibration

9.22.3.1 Continuing Analyze CCC at Beginning CCC If the CCC fails because
Calibration the beginning of must be < MDL for | concentration is >130% (150%
Check (CCC) each analysis each analyte. for low-level CCC) and field

batch, after every
tenth field sample,
and at the end of
the analysis batch.

Must be within 70-
130% of true value

sample extracts show no
concentrations above the MDL
for that analyte, non-detects
can be reported without re-
analysis

See Section 10.6 for
Corrective Action.
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9224 Laboratory Duplicate low and | Analytes fortified If the LFMB results do not
Fortified Media | high LFMBs are near or at the lowest | meet these criteria, the
Blanks (LFMB) | required with each | calibration point laboratory must investigate the

extraction batch must be within 50- | cause for this failure, report
for each fraction. 150% of the true their findings and corrective
value. action.
Analytes fortified at
all other Then report all data for the
concentrations must | problem analytes with a note
be within 70-130% | that LFMB accuracy criteria
of the true value. were not met.

9.2.25 Pre-Analysis The analysist must | The pre-analysis If criteria is not met, reanalyze
Standard(s) monitor the peak standards (as the extract in a subsequent
Areas areas of the pre- indicated by peak analysis batch. If the pre-

analysis standards | area) in any analysis standard(s) area fails
in all injections of | chromatographic to meet the acceptance criteria
the analysis batch. | run must be within in the repeat analysis, or if
50-150% of the multiple samples in a batch fail
average area to meet the pre-analysis spike
measured during in | criteria, perform corrective
the initial action and reanalyze the failed
calibration. samples extract.

9.2.2.6 Pre-Extraction For each sample Percent recovery Recoveries below the

Isotope Dilution | fraction, calculate | must be within a acceptable range for pre-
the concentration range of 20-130% extraction spikes are an
and percent indication that sample
recovery of each preparation procedures did not
isotope dilution adequately address sample and
analogue in field or sample matrix processing to
and QC samples recover native target
using the average compounds. Compounds that
area in the initial fail this criterion should be
calibration and flagged and reported as not
internal standard quantitative because of QC
failure. If this failure involves
target compounds that are
critical to the test objectives,
this is a failure that requires
root cause investigation and
may require a repeat field
sampling effort.

9.2.2.78 Calibration Perform a Results must be If accuracy fails, prepare fresh
Verification calibration within 70-130% pf | standard dilutions and repeat
using Quality verification during | the true value the calibration verification
Control the IDC and at
Standards least quarterly
(QCS) after

9.3 Method Perform after Must pass IDC Repeat until IDC is passed.
Modification modifying criteria. Must
QC chromatographic evaluate and
Requirements and MS/MS document method

conditions performance in an

archived field
sample
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Table 45-6 Initial Demonstration of Capability QC Requirements

Section Requirement Specification and Frequency Acceptance Criteria
10.3.2 Establish Each time chromatographic conditions All isomers of each analyte must
retention times | change elute within the same MRM
for branched window.
isomers
9.2.1.2 Demonstration | Analyze a Laboratory Sample media Blank | Confirm that the LSMB is free
of low system (LSMB) after the highest standard in the from contamination as defined in
background calibration range. section 9.2.2.1
If an automated extraction system is used,
an LSMB must be extracted on each port.
9.2.13 Determination | 7 LSMB and LFMB that are spiked within | Establishes detectable
of MDL 2 to 10 times of the expected MDL. concentrations for each sampling
train fraction. Sample Specific
See 40 CFR Part 136 Appendix B MDL’s are reported inclusive of
sample-specific dilutions, final
volumes, aliquots, etc.
9.2.14 MDL Prepare a LSMB for each sampling media | Upper PIR <150%
confirmation by spiking each media with native targets Lower PIR >50%
at the MDL and pre-extraction isotopic
labeled standards at the concentration used | If not met, the lowest calibration
to analyze field samples. point has been set too low and
Prepare and analyze the spiked LSMB must be confirmed again at a
Fortify and analyze 7 replicate LFMBs at higher concentration.
the proposed MDL concentration. Confirm
that the Upper Prediction Interval of
Results (PIR) and Lower PIR meet the
recovery criteria.
9.2.15 Demonstration | Extract and analyze 7 replicate Laboratory | Percent relative standard deviation
of precision Fortified Media Blanks (LFMBSs) near the | must be <20%.
mid-range concentration.
9.2.1.6 Demonstration | Calculate mean recovery for replicates Mean recovery within 70-130%
of accuracy used in Section 9.2.1.5 of the true value.
9.2.1.7 Lowest Establish a target concentration for the Upper PIR <150%
Calibration lowest calibration based on the intended Lower PIR >50%
Concentration use of the method. See subsections If not met, the lowest calibration
Confirmation 9.1.2.7.1 - 9.2.1.7.2 for details point has been set too low and
must be confirmed again at a
higher concentration.
9.2.1.8 Calibration Analyze mid-level QCS. Results must be within 70-130%
Verification of the true value.

Note: All aspects of the IDC must be successfully performed prior to analyzing field samples.
If any of the above fail, you must repeat until successful.
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Table 45-7 Example HPLC Method Conditions

Time (min) % 20 mM Ammonium % Methanol
acetate

Initial 95.0 5.0
0.5 95.0 5.0
3.0 60.0 40.0
16.0 20.0 80.0
18.0 20.0 80.0
20.0 5.0 95.0
22.0 5.0 95.0
25.0 95.0 5.0
35.0 95.0 5.0
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Table 45-8 Recommended Initial Calibration (ICAL) (pg/uL)

Compound | cs1 [cs2 |cs3 |cs4  [cs5  [cs6 [ CsT
Perfluoroalkylcarboxylic acids (PFCAS)
PFBA 0.25 0.50 1 2.5 5 20 100
PFPeA 0.25 0.50 1 2.5 5 20 100
PFHXA 0.25 0.50 1 2.5 5 20 100
PFHpA 0.25 0.50 1 2.5 5 20 100
PFOA 0.25 0.50 1 2.5 5 20 100
PENA 0.25 0.50 1 2.5 5 20 100
PFDA 0.25 0.50 1 2.5 5 20 100
PFUNDA 0.25 0.50 1 2.5 5 20 100
PFDoA 0.25 0.50 1 2.5 5 20 100
PFTrDA 0.25 0.50 1 2.5 5 20 100
PFTeDA 0.25 0.50 1 2.5 5 20 100
PFHXDA 0.25 0.50 1 2.5 5 20 100
PFODA 0.25 0.50 1 2.5 5 20 100
Perfluorinated sulfonic acids (PFSAS)
PFBS 0.25 0.50 1 2.5 5 20 100
PFPeS 0.25 0.50 1 2.5 5 20 100
PFHXS 0.25 0.50 1 2.5 5 20 100
PFHpA 0.25 0.50 1 2.5 5 20 100
PFOS 0.25 0.50 1 2.5 5 20 100
PENS 0.25 0.50 1 2.5 5 20 100
PFDS 0.25 0.50 1 2.5 5 20 100
PFDoS 0.25 0.50 1 2.5 5 20 100
Perfluorinated sulfonamides (FOSAS)
FOSA 0.25 0.50 1 2.5 5 20 100
EtFOSA 0.25 0.50 1 2.5 5 20 100
MeFOSA 0.25 0.50 1 2.5 5 20 100
Perfluorinated sulfonamide ethanols (FOSEs)
MeFOSE 0.25 0.50 1 2.5 5 20 100
EtFOSE 0.25 0.50 1 2.5 5 20 100
Perfluorinated sulfonamidoacetic acids (FOSAAS)
EtFOSAA 0.25 0.50 1 2.5 5 20 100
MeFOSAA 0.25 0.50 1 2.5 5 20 100
Fluorotelomer sulfonates (FTS)
4:2 FTS 0.25 0.50 1 2.5 5 20 100
6:2 FTS 0.25 0.50 1 2.5 5 20 100
8:2 FTS 0.25 0.50 1 2.5 5 20 100
10:2 FTS 0.25 0.50 1 2.5 5 20 100
Fluorinated Replacement Chemicals
ADONA! 0.25 0.50 1 2.5 5 20 100
HFPO-DA (GenX)? 0.25 0.50 1 2.5 5 20 100
°CI-PF;0ONS (F-53B Major)! 0.25 0.50 1 2.5 5 20 100
F-53B Minor 0.25 0.50 1 2.5 5 20 100
(**CI-PF;0UdS)!
F5B minor 0.25 0.50 1 2.5 5 20 100
(*CI-PF;0UdS)
Additional Targets
NFDHA 0.25 0.50 1 2.5 5 20 100
PFEESA 0.25 0.50 1 2.5 5 20 100
PFDoS 0.25 0.50 1 2.5 5 20 100
PFMBA 0.25 0.50 1 2.5 5 20 100
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PFMPA 0.25 0.50 1 2.5 5 20 100
PFecHS 0.25 0.50 1 2.5 5 20 100
8:2 FTUCA or FOUEA 0.25 0.50 1 2.5 5 20 100
10:2 FDEA 0.25 0.50 1 2.5 5 20 100
8:2 FTA or FOEA 0.25 0.50 1 2.5 5 20 100
6:2 FHUEA 0.25 0.50 1 2.5 5 20 100
6:2FTCA or 6:2 FHEA 0.25 0.50 1 2.5 5 20 100
3:3FTCA 0.25 0.50 1 2.5 5 20 100
5:3FTCA 0.25 0.50 1 2.5 5 20 100
7:3 FTCA Or FHpPA 0.25 0.50 1 2.5 5 20 100
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Table 45-8 Isotopic Dilution Pairs Initial Calibration (ICAL) Concentration (pg/uL)

Compound |cs-1 [ cs-2 |cs3 [cs4 [ CS5 |cs6 | Cs7
Perfluoroalkylcarboxylic acids (PFCAS)

13C4-PFBA 2.5 2.5 2.5 2.5 2.5 2.5 2.5

13Cs-PFPeA 2.5 2.5 2.5 2.5 2.5 2.5 2.5

13C,-PFHXA 2.5 2.5 2.5 2.5 2.5 2.5 2.5

13C4-PFHpPA 2.5 2.5 2.5 2.5 2.5 2.5 2.5

13C4-PFOA 2.5 2.5 2.5 2.5 2.5 2.5 2.5

13Cs-PFNA 2.5 2.5 2.5 2.5 2.5 2.5 2.5

13C,-PFDA 2.5 2.5 2.5 2.5 2.5 2.5 2.5

13C,-PFUdA 2.5 2.5 2.5 2.5 2.5 2.5 2.5

13C,-PFDOA 2.5 2.5 2.5 2.5 2.5 2.5 2.5

13C,-PFTeDA 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Perfluorinated sulfonic acids (PFSAS)

13Cs- PFBS 2.5 25 2.5 25 2.5 2.5 25

13C3-PFHXS (533) Or *Cs- 25 2.5 25 2.5 2.5 2.5 2.5

PFBS

80,-PFHXS 25 2.5 25 25 25 25 25

13¢,-PFHpA 2.5 2.5 2.5 2.5 2.5 2.5 2.5

18C,-PFOS 25 2.5 25 25 25 25 25
Perfluorinated sulfonamides (FOSAS)

13Cs-FOSA 25 2.5 25 25 25 25 25

d5-EtFOSA 25 25 25 25 25 25 25

d3-MeFOSA 25 25 25 25 25 25 25

Perfluorinated sulfonamide ethanols (FOSEs)
d7-N-MeFOSE 25 25 25 25 25 25 25
d9-N-EtFOSE 25 25 25 25 25 25 25
Perfluorinated sulfonamidoacetic acids (FOSAAS)
d5-EtFOSAA 25 25 25 25 25 25 25
d3-MeFOSAA 25 25 25 25 25 25 25
Fluorotelomer sulfonates (FTS)

M2-4:2 FTS 25 25 25 25 25 25 25

M2-6:2 FTS 25 25 25 25 25 25 25

M2-8:2 FTS 25 25 25 25 25 25 25

25 25 25 25 25 25 25

Fluorinated Replacement Chemicals

18C4-PFOS 2.5 2.5 25 25 25 25 25

13C3-HFPO-DA 25 25 25 25 25 25 25

18C4-PFOS 2.5 2.5 25 25 25 25 25

18C4-PFOS 2.5 2.5 25 25 25 25 25

25 25 25 25 25 25 25
Pre-analysis Spiking Standard
13C2-PFOA | 2.5 | 25 |25 |25 | 25 | 2.5 | 25
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Table 45-8 Continued Isotopic Dilution Pairs Initial Calibration (ICAL) Concentration (pg/uL)

13Cs-PFHXA 2.5 2.5 2.5 2.5 2.5 2.5 25
13C3-PFBS 2.5 2.5 2.5 2.5 2.5 2.5 25
13C4-PFOS 2.5 2.5 2.5 2.5 2.5 2.5 25
13Cs-PFPeA 2.5 2.5 2.5 2.5 2.5 2.5 25
13C4-PFBA 2.5 2.5 2.5 2.5 2.5 2.5 25
13C,-FOUEA 2.5 2.5 2.5 2.5 2.5 2.5 2.5
13C,-FDEA 2.5 2.5 2.5 2.5 2.5 2.5 2.5
13C,-FOEA 2.5 2.5 2.5 2.5 2.5 2.5 2.5
13C,-FHUEA 2.5 2.5 2.5 2.5 2.5 2.5 2.5
13Cy-FHEA 2.5 2.5 2.5 2.5 2.5 2.5 2.5
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Table 45-9 Pre-Sampling Standard Recoveries

Percent (%) Recovery
Pre-Sampling Standard Avg | RSD Max Min
13C8 PFOA 100.3 | 9.2% | 111.0 89.0
13C8 PFOS 73.0 | 18.6% | 85.0 58.0

Table 45-10 Pre-Extraction Standard Recoveries

Fraction 1 (Filter) Fraction 2 (XAD-2) Fraction 3 (Impingers)

Percent (%) Recovery Percent (%) Recovery Percent (%) Recovery

Pre-Extraction | v | RsD | Max | Min | Avg | RSD | Max | Min | Avg | RSD | Max | Min

Standard
13C2 PFDA

98 6.8% 107 92 72 | 16.9% 83 55 112 8.2% 124 | 102
13C2 PFDoA

98 | 5.3% 102 90 84 | 25.7% 105 54 114 | 12.6% 132 98
13C2 PFHxA

98 | 7.1% | 108 92 85| 7.0% 93 80| 106 | 74% | 115| 97

13C2 PFTeDA
93 | 9.9% 104 82 75 | 31.8% 107 50 113 | 12.2% 127 94

13C2 PFUNA
101 | 7.9% | 110 91 80 | 21.4% 94 55| 112 | 9.7% | 126 | 100

13C3 HFPO-DA
79 | 6.3% 84 74 72 | 12.0% 79 60 104 | 11.3% | 121 96

13C4 PFBA

94| 6.7% | 103 89 56 | 12.5% 65 49 102 | 8.4% | 114 94
13C4 PFHpA

100 | 4.8% | 106 95 76 | 5.6% 81 71 111 | 9.4% | 124 99
13C4 PFOA

99 | 6.9% | 108 92 88 | 10.3% 99 78 108 | 10.0% | 120 94
13C4 PFOS

92| 47% 98 89 82 | 19.2% 94 59 108 | 9.1% | 120 96
13C5 PFNA

99 | 6.1% | 106 92 81 | 14.5% 93 65 114 | 10.0% | 128 | 100
13C5 PFPeA

93| 6.9% | 101 86 64 | 6.5% 68 60 101 | 7.5% | 111 93
13C8 FOSA

89 | 8.7% 99 80 55 | 48.0% 89 25 108 | 8.1% | 120 99
1802 PFHxS

105 | 4.1% | 111 101 81| 9.8% 86 69 119 | 10.4% | 135 | 105
d3-NMeFOSAA

83 | 13.1% 93 68 77 | 25.7% | 100 52 94 | 9.4% | 106 85

d5-NEtFOSAA
104 | 82% | 111 93 84 | 28.6% | 108 51 97 | 16.1% | 118 82

M2-4:2 FTS

110 | 13.8% | 129 92 156 | 11.8% | 174 | 131 110 | 21.1% | 131 80
M2-6:2 FTS

118 | 18.8% | 144 91 143 | 25.6% | 186 97 130 | 28.4% | 176 86
M2-8:2 FTS

121 | 29.3% | 167 82 89 | 25.0% | 105 57 113 | 17.5% | 135 87

Revision 0 (1/13/2021)



Table 45-11. In-Stack Detection Limits

.. QRL MDL QRL MDL QRL MDL

Analyte Description CAS Number |\ % rain) (ng/train) | (ng/m3)  (ng/m3) (PPQ) (PPQ)
Perfluorobutanoic acid (PFBA) 375-22-4 12.60 6.25 4.20 2.08 471.75 234.00
Perfluoropentanoic acid (PFPeA) 2706-90-3 1.80 0.59 0.60 0.20 54.63 17.88
Perfluorohexanoic acid (PFHxA) 307-24-4 2.40 0.92 0.80 0.31 61.24 23.42
Perfluoroheptanoic acid (PFHpA) 375-85-9 1.70 0.62 0.57 0.21 37.42 13.63
Perfluorooctanoic acid (PFOA) 335-67-1 2.50 1.28 0.83 0.43 48.38 24.69
Perfluorononanoic acid (PFNA) 375-95-1 1.50 0.46 0.50 0.15 25.90 7.87
Perfluorodecanoic acid (PFDA) 335-76-2 1.50 0.39 0.50 0.13 23.38 6.02
Perfluoroundecanoic acid (PFUnA) 2058-94-8 2.00 0.99 0.67 0.33 28.41 14.11
Perfluorododecanoic acid (PFDoA) 307-55-1 1.50 0.36 0.50 0.12 19.57 4.67
Perfluorotridecanoic acid (PFTriA) 72629-94-8 1.50 0.35 0.50 0.12 18.10 4.20
Perfluorotetradecanoic acid (PFTeA) 376-06-7 1.50 0.58 0.50 0.19 16.83 6.49
Perfluorobutanesulfonic acid (PFBS) 375-73-5 1.50 0.51 0.50 0.17 40.06 13.62
Perfluoropentanesulfonic acid (PFPeS) 2706-91-4 1.50 0.43 0.50 0.14 34.33 9.82
Perfluorohexanesulfonic acid (PFHXxS) 355-46-4 1.70 0.82 0.57 0.27 34.05 16.50
Perfluoroheptanesulfonic Acid (PFHpS) 375-92-8 1.50 0.25 0.50 0.08 26.71 4,52
Perfluorooctanesulfonic acid (PFOS) 1763-23-1 2.40 1.06 0.80 0.35 38.46 16.98
Perfluorononanesulfonic acid (PFNS) 68259-12-1 1.50 0.42 0.50 0.14 21.85 6.16
Perfluorodecanesulfonic acid (PFDS) 335-77-3 1.50 0.51 0.50 0.17 20.03 6.86
Perfluorooctanesulfonamide (FOSA) 754-91-6 2.00 0.82 0.67 0.27 32.11 13.23
N-methylperfluorooctanesulfonamidoacetic acid
(NMeFéSpAA) 2355-31-9 2.40 121 0.80 0.40 33.67 16.92
N-ethylperfluorooctanesulfonamidoacetic acid
(NEtFyO%AA) 2991-50-6 2.40 1.18 0.80 0.39 32.86 16.14
42 FTS 757124-72-4 1.50 0.59 0.50 0.20 36.63 14.43
6:2 FTS 27619-97-2 2.00 0.87 0.67 0.29 37.43 16.21
8:2FTS 39108-34-4 1.70 0.81 0.57 0.27 25.79 12.23
4,8-Dioxa-3H-perfluorononanoic acid (ADONA) 919005-14-4 1.60 0.41 0.53 0.14 33.91 8.61
HFPO-DA (GenX) 13252-13-6 16.60 8.30 5.53 2.77 403.05 201.62
F-53B Major 756426-58-1 1.50 0.51 0.50 0.17 22.57 7.61
F-53B Minor 763051-92-9 1.50 0.55 0.50 0.18 19.00 6.93

RL: Reporting Limit
MDL: Method Detection Limit
PPQ: Parts Per Quadrillion
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APPENDIX

PREPARATION OF XAD-2 ADSORBENT RESIN

1.0 Scope and Application

XAD-2® resin, as supplied by the original manufacturer, is impregnated with a bicarbonate
solution to inhibit microbial growth during storage. Remove both the salt solution and any residual
extractable chemicals used in the polymerization process before use. Prepare the resin by a series
of water and organic extractions, followed by careful drying.

2.0 Extraction

2.1 You may perform the extraction using a Soxhlet extractor or other apparatus that generates
resin meeting the requirements in Section 13.14 of OTM 45. Use an all-glass thimble containing
an extra-coarse frit for extraction of the resin. The frit is recessed 10-15 mm above a crenellated
ring at the bottom of the thimble to facilitate drainage. Because the resin floats on methylene
chloride, carefully retain the resin in the extractor cup with a glass wool plug and stainless-steel
screen. This process involves sequential extraction with the following recommended solvents in
the listed order.

e Water initial rinse: Place resin in a suitable container, soak for approximately 5 min with
Type Il water, remove fine floating resin particles and discard the water. Fill with Type Il
water a second time, let stand overnight, remove fine floating resin particles and discard
the water.

Hot water: Extract with water for 8 hr.

Methyl alcohol: Extract for 22 hr.

Methylene chloride: Extract for 22 hr.

5% ammonium hydroxide in methanol: Extract for 22 hr.

Note: You may store the resin in a sealed glass container filled with 5% ammonium hydroxide in
methanol prior to the final extraction.

2.2 You may use alternative extraction procedures to clean large batches of resin. Any size
extractor may be constructed; the choice depends on the needs of the sampling programs. The
resin is held in a glass or stainless-steel cylinder between a pair of coarse and fine screens.
Spacers placed under the bottom screen allow for even distribution of clean solvent. Clean
solvent is circulated through the resin for extraction. A flow rate is maintained upward through
the resin to allow maximum solvent contact and prevent channeling.

2.2.1 Experience has shown that 1 mL/g of resin extracted is the minimum necessary to extract
and clean the resin. The aqueous rinse is critical to the subsequent organic rinses and may be
accomplished by simply flushing the canister with about 1 liter of distilled water for every 25 g
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of resin. A small pump may be useful for pumping the water through the canister. You should
perform the water extraction at the rate of about 20 to 40 mL/min.

2.2.2 All materials of construction are glass, PTFE, or stainless steel. Pumps, if used, should not
contain extractable materials.

3.0 Drying

3.1 Dry the adsorbent of extraction solvent before use. This section provides a recommended
procedure to dry adsorbent that is wet with solvent. However, you may use other procedures if
the cleanliness requirements in Sections 13.2 and 13.14 are met.

3.2 Drying Column. A simple column with suitable retainers, as shown in Figure A-2, will hold
all the XAD-2 from the extractor shown in Figure A-1 or the Soxhlet extractor, with sufficient
space for drying the bed while generating a minimum backpressure in the column.

3.3 Drying Procedure: Dry the adsorbent using clean inert gas. Liquid nitrogen from a standard
commercial liquid nitrogen cylinder has proven to be a reliable source of large volumes of gas
free from organic contaminants. You may use high-purity tank nitrogen to dry the resin.
However, you should pass the high-purity nitrogen through a bed of activated charcoal
approximately 150 mL in volume prior to entering the drying apparatus.

3.3.1 Connect the gas vent of a liquid nitrogen cylinder or the exit of the activated carbon
scrubber to the column by a length of precleaned copper tubing (e.g., 0.95 cm ID) coiled to pass
through a heat source. A convenient heat source is a water bath heated from a steam line. The
final nitrogen temperature should only be warm to the touch and not over 40 °C.

3.3.2 Allow the solvent to drain from the resin prior to placing the resin in the drying apparatus.
3.3.3 Flow nitrogen through the drying apparatus at a rate that does not fluidize or agitate the
resin. Continue the nitrogen flow until the residual solvent is removed.

Note: Experience has shown that about 500 g of resin may be dried overnight by consuming a
full 160-L cylinder of liquid nitrogen.

4.0 Quality Control Procedures

4.1 Report quality control results for the batch. Re-extract the batch if the residual extractable
organics fail the criteria in Section 9.

4.2 Residual Quality Check. If adsorbent resin is cleaned or recleaned by the laboratory, perform
a quality control check for residual PFAS. Analyze a portion of each batch of cleaned XAD-2 as
you would a laboratory sample matrix blank (LSMB) in OTM 45. If the adsorbent exceeds the
QC criteria the batch must be re-extracted with 4 % ammonium hydroxide in methanol, dried and
reanalyzed.
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