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Scope and Application

1.1

1.2

1.3

1.4

L.5

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

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

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

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

Because of the extreme toxicity of many of these compounds, the analyst must take the
necessary precautions to prevent exposure to materials known or believed to contain
PCDDs or PCDFs. 1t is the responsibility of the laboratory personnel to ensure that safe
handling procedures are employed. Section 5 of this procedure discusses safety
procedures.

Summary of Method

2.1

2.2

23

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

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

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

2.2.2  Solid samples are extracted by Soxhlet extraction with the appropriate solvent.
223 Organic liquid waste samples are diluted in solvent.

After extraction, the sample is concentrated and solvent exchanged to hexane. The extract
is then subjected to one or more optional cleanup steps to remove the sample of
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2.5

2.6

2.7

2.8

2.9
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interferences. The final extract is prepared by adding a known amount of the labeled
recovery standards (°Cy,-1,2,3,4-TCDD and "°Cy,-1,2,3,7,8,9-HxCDD) and
concentrating to the final volume.

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

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

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

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

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

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

Definitions

3.1
3.2

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

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

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

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

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

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

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

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

GC: Gas chromatograph or gas chromatography

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

HRGC: High resolution GC
HRMS: High resolution MS

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

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

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

Laboratory Blank: See Method Blank.

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

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

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

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

MS: Mass spectrometer or mass spectrometry.

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

Ongoing precision and recovery standard (OPR): See Laboratory Control Sample.
PCDD: Polychlorinated dibenzo-p-dioxins.
PCDF: Polychlorinated dibenzofurans.

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

FC-43 (PFTBA): Perfluorotributylamine

Recovery Standard: Solution containing 5(C,-1,2,3,4-TCDD and °C;,-1,2,3,7,8.9-
HxCDD that is added to every sample, blank, and quality control spike sample extract just
prior to analysis. The results are used to measure the recovery of the internal standards
and the cleanup standard.
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Percent Difference (%D): A measure of the difference between two values normalized to
one of the values. It is used to determine the accuracy of the concentration measurements
of second source verification standards.

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

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

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

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

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

Interferences

4.1

4.2

4.3

Safety

5.1

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

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

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

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

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

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

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

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

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

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

Material

Hazards Exposure Limit (2) Signs and symptoms of exposure

Methylene chloride |Carcinogen, 25 ppm-TWA, 125|Causes irritation to respiratory tract. Has a strong narcotic

Irritant ppm-STEL effect with symptoms of mental confusion, light-
headedness, fatigue, nausea, vomiting and headache.
Causes irritation, redness and pain to the skin and eyes.
Prolonged contact can cause burns. Liquid degreases the
skin. Can be absorbed through skin.
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Material

Hazards

Exposure Limit (2)

Signs and symptoms of exposure

Hexane

Flammable,
Irritant

500 ppm-TWA

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

Methanol

Flammable,
Poison, Irritant

200 ppm-TWA

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

Toluene

Flammable,
Poison, Irritant

200 ppm-TWA
300 ppm-Ceiling

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

Acetone

Flammable

1000 ppm-TWA

Inhalation of vapors irritates the respiratory tract. Can
cause coughing, dizziness, dullness, and headache.

Cyclohexane

Flammable,
Irritant

300 ppm TWA

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

Tetradecane

Irritant

None established

Inhalation of vapors can cause difficulty breathing,
headache, intoxication and central nervous system
damage.

Benzene

Flammable,
Toxic,
Carcinogen

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

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

Nonane

Flammable

None established

Harmful if inhaled/swallowed. Vapor/mist is irritating to
eyes, mucous membranes and upper respiratory tract.
Causes skin irritation.

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

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

5.7.1

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

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

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

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

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

Equipment and Supplies
6.1 Sample Analysis Equipment.

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

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

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

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

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

7. Reagents and Standards

7.1

7.2

7.3

7.4

7.5

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

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

Initial Calibration Standards:
7.2.1 1613B/8290/8290A: CS1-CSS5. CIL Catalog No. EDF-9999. (See Table 5).

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

Initial Calibration Verification Standards:

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

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

Daily Calibration Verification Standards

7.4.1 1613B/8290/8290A: CS3. CIL Catalog No. EDF-9999-3. (See Table 7).
7.4.2  1613B/8290/8290A: CS3. CIL Catalog No. EDF-4141. (See Table 7).

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

7.43  23/0023A/TO-9A: CS3. Wellington Catalog No. EPA-23-CS3. (See Table 8).
Native Standards

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

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

1613B/8290/8290A Internal Standards

7.6.1

7.6.2

1613B/8290/8290A Internal Standard Stock Solution: CIL Catalog No. EDF-
8999, 100 ng/mL (°C;,-OCDD 200 ng/mL) in nonane, 500 pL.

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

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

7.7.1

7.7.2

7.7.3

7.7.4

3(C,-2,3,7,8-TCDD Internal Standard Stock Solution: CIL Catalog No. ED-
900, 50 pg/mL in nonane, 1.2 mL

C1,-2,3,7,8-TCDF Internal Standard Stock Solution: CIL Catalog No. EF-904,
50 pg/mL in nonane, 1.2 mL

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

B3C,,-TCDD/"C,,-TCDF Internal Standard Spiking Solution: Dilute 200 puL of
the internal standard secondary stock solution to 200 mL in a 250 mL amber
bottle with a PTFE lined cap with iso-octane to a final concentration of 1.0
ng/mL. 1.0 mL of this solution is added to each sample, method blank and QC
sample extract that is extracted for TCDD and/or TCDF analysis only. See Table
2 for a complete list of compounds and their concentrations.

23/0023A/TO-9A Internal Standards

7.8.1

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

Recovery Standards

7.9.1

7.9.2

7.9.3

7.9.4

5(C,-1,2,3,4-TCDD Recovery Standard Stock Solution: CIL Catalog No. ED-
911, 50 pg/mL in nonane, 1.2 mL

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

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

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

1613B and 8290A Cleanup Standards

7.10.1

7.10.2

7.10.3

7.10.4

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

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

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

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

23/0023A/TO-9A Surrogate Standards
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23/0023A/TO-9A Surrogate Standard Stock Solution: Wellington Catalog No.

EPA-23SSS, 1000 ng/mL in nonane/toluene (95:5 v:v), 1.2 mL.

7.11.2

23/0023A/TO-9A Surrogate Standard Spiking Solution: Dilute 500 pL of the

surrogate standard stock solution to 25 mL in a graduated cylinder with nonane
to a final concentration of 20 ng/mL. 100 pL of this solution is added to each
sample train components before sampling. See Table 16 for a complete list of
compounds and their concentrations.

PCDD/PCDF Window Defining and Isomer Specificity Standard

7.12.1

PCDD/PCDF Window Defining and Isomer Specificity Mixture: CIL Catalog

No. EDF-4141. This standard contains the daily standard, window defining mix
and the isomer specificity mix.

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

FC-43 (PFTBA) is used in neat form to tune and calibrate the mass spectrometer.

(Scientific Instrument Services Catalog No. FC-43-35).

Sample Collection, Preservation and Storage

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

Method: 1613B 8290/8290A! 23 0023A! TO-9A
Holding Samples — 1 year | Samples — 30 days Samples — 30 Samples — 30 Samples — 7 days
Times from collection to | from collection to days from days from from collection to
extraction extraction collection to collection to extraction
Extracts — 1 year | Extracts — 45 days extraction extraction Extracts — 40 days
from extraction from extraction to Extracts — 45 Extracts — 45 from extraction to
to analysis analysis days from days from analysis
Tissue Extracts —45 extraction to extraction to
days from collection | analysis analysis
to analysis
Containers Amber Glass Amber Glass See KNOX-ID- See KNOX-ID- See KNOX-ID-
0012 0012 0012
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Method: 1613B 8290/8290A" 23 0023A" TO-9A
Preservation:
Aqueous <6 °C in the dark | <6 °C in the dark N/A N/A N/A
Samples If residual If residual chlorine is
chlorine is present, add 80 mg/L
present, add 80 sodium thiosulfate.
mg/L sodium
thiosulfate.
If pH > 9, adjust
to pH 7-9 with
sulfuric acid
Solid Samples | <-10 °C in the <6 °C in the dark N/A N/A N/A
dark
Tissue Samples | <-10 °C in the <-20 °C in the dark® | N/A N/A N/A
dark
Air Samples N/A <6 °C in the dark <6 °C in the dark | <6 °C in the dark | <6 °C in the dark
Notes:

1

9.

For method 8290, 8290A and 0023 A the holding times listed are recommendations. PCDDs and PCDFs are very stable in a
variety of matrices, and holding times under the conditions listed can be as high as a year for certain matrices. The results of
samples analyzed after the holding time expiration date must be considered to be minimum concentrations and must be
identified as such in the final report. Sample extracts, however, must always be analyzed within 45 days of extraction. (For the
State of South Carolina and the New Jersey DEP, the holdings times are as listed in the table and are not considered
recommendations.)

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

Quality Control

9.1

9.2

9.3

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

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

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

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

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

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

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

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

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

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

Instrument Blank

9.4.1

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

Laboratory Control Sample

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

9.5.1.1

9.5.1.2

9.5.13

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

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

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

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

precision.

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

9.6.1

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

taken:
9.6.1.1
9.6.1.2

9.6.1.3

9.6.1.4

Check all calculations for error.
Ensure that instrument performance is acceptable.

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

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

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

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

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

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

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

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

Surrogate Standards — Methods 23, 0023A, TO-9A

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

9.8.1  Ifthe recovery is outside these limits the following corrective action must be
taken:



SOP No.: KNOX-ID-0004
Revision No.: 10

Revision Date: 2/14/11
Page 18 of 61

9.8.1.1 Check all calculations for error.

9.8.1.2 Ensure that instrument performance is acceptable.

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

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

10. Calibration and Standardization

10.1

10.2

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

Initial Calibration

10.2.1

10.2.2

10.2.3

10.2.4

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

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

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

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

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

baseline to valley height of closest eluting isomer o

% Valley = -
peak height of 2,3,7,8 - TCDD

100

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

baseline to valley height of closest eluting isomer o
peak height of 2,3,7,8 - TCDF

100

% Valley =

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

AsxCis

~ AisxCs

where:

As = sum of the areas of the quantitation ions of the compound of interest
Ais =sum of the areas of the quantitation ions of the appropriate internal
standard

Cis =concentration of the appropriate internal standard

Cs = concentration of the compound of interest

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

I
RRF,.s = —% )_RF,
n g
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2

ZI(RF ~RF) 100
RSD;-s = n-1 X RRE

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

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

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

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

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

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

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

(CExp - Ccm)

Exp

%D = x100

Where:
Cexp = The expected concentration of the Standard.
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Ccac = The calculated concentration of the Standard.

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

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

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

e Reanalyze the ICV Standard

e Replace and reanalyze the ICV Standard
e Evaluate the instrument performance

e Evaluate the Initial Calibration Standards

Continuing Calibration

10.3.1

10.3.2

10.3.3

10.3.4

10.3.5

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

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

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

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

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

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

10.3.5.1

10.3.5.2

10.3.5.3

10.3.5.4

10.3.5.5

10.3.5.6

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

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

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

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

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

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

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

10.3.6  Daily calibration must be performed every 12 hours of instrument operation. The
12 hour shift begins with the documentation of the mass resolution followed by
the injection of the Window Defining Mixture or Column Performance Solution
Mixture and the Daily Calibration Standard.
10.3.6.1  For methods 1613B, 23, TO-9A- The mass resolution documentation
must also be performed at the end of the 12 hour shift. If the lab is
operating consecutive 12 hour shifts, the mass resolution check from
the end of the previous period can be used for the beginning of the
next period.
10.3.6.2  For method 8290/8290A or 0023A - The Continuing Calibration
Standard check and mass resolution documentation must also be
performed at the end of the 12 hour shift. If the lab is operating
consecutive 12-hour shifts, the Window Defining Mixture and/or
Column Performance Solution Mixture must be analyzed at the
beginning of each 12-hour period. The mass resolution and
continuing calibration checks from the previous period can be used
for the beginning of the next period.
Procedure
11.1  One time procedural variations are allowed only if deemed necessary in the professional
judgment of supervision to accommodate variations in sample matrix, radioactivity,
chemistry, sample size or other parameters. Any variations in the procedure, except those
specified by project specific instructions, must be completely documented using a
Nonconformance Memo and approved by a Technical Specialist, Project Manager and QA
Manager. If contractually required the client must be notified.
11.2  Any unauthorized deviations from this procedure must also be documented as a
nonconformance with a cause and corrective action described.
11.3  Sample Extract Analysis
11.3.1 Analyze the sample extracts under the same instrument operating conditions used

11.3.2

to perform the instrument calibrations. Inject 2 uL into the GC/MS and acquire
data until OCDF has eluted from the column.

Record analysis information in the instrument logbook. The following
information is required:

Date of analysis
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Time of analysis

Instrument data system filename
Analyst

Lab sample identification

Additional information can be recorded in the logbook if necessary.

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

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

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

Data Analysis and Calculations

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

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

12.2.1

12.2.2

12.2.3

12.2.4

12.2.5

12.2.6

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

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

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

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

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

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

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

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

Quantitation for PCDDs and PCDFs.

12.3.1

12.3.2

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

Aisx Qrs
Ars x RRFis x Qis

Ris = x100%

Where:

Ais =sum of the areas of the quantitation ions of the appropriate internal
standard (cleanup standard is single ion)

Ars=sum of the areas of the quantitation ions of the recovery standard
Qrs=ng of recovery standard added to extract

Qis=ng of internal standard or cleanup standard added to sample

RRFis =  mean relative response factor of internal standard obtained during
initial calibration

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

_ CrsxVrs

Qrs

Where:

Qrs=ng of recovery standard added to extract

Crs= concentration of recovery standard added to the split portion of the extract
Vrs=volume of recovery standard added to the split portion of the extract

S =split ratio of the extract (decimal fraction of the extract used)

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

S = Spis x Spcs x Spfc
Where:

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

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

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

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

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

Ata x Qis
Ais x RRF x Ws

C2,3,7,8 isomers —

Where:

C = Concentration of 2,3,7,8 isomers

Ata = sum of the areas of the quantitation ions of the target analyte

Ais = sum of the areas of the quantitation ions of the appropriate internal
standard

Qis = ng of internal standard added to sample

RRF = mean relative response factor from initial calibration.

Ws = amount of sample spiked and extracted (grams or liters)

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

Ata x Qis
Ais x RRF x Ws

Cnon 2,3,7,8 isomer —

Where:

Ata = sum of the areas of the quantitation ions of the non-2,3,7,8 isomer
Ais = sum of the areas of the quantitation ions of the appropriate internal
standard

Qis = ng of internal standard added to sample

RRF = mean relative response factor from initial calibration for the
corresponding 2,3,7,8 isomer.

Ws = amount of sample spiked and extracted (grams or liters)

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

CTotal = Z C2,3,7,8isomers + ZCnon 2,3,7,8 isomers

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

C

Concentration (Dry Weight) = m
oSolids +

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

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

N x2.5xQis
His x RRFs x Ws x Ssl

Where:

N = average peak to peak noise of quantitation ion signals in the region of the
ion chromatogram where the compound of interest is expected to elute

His = peak height of quantitation ions for appropriate internal standard

Qis = ng of internal standard added to sample

RRFs = mean relative response factor of compound from initial calibration

W = amount of sample spiked and extracted (grams or liters)

Ssl = decimal expression of percent solids (optional, if results are requested to be
reported on dry weight basis)

EDL =
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NOTE: The percent solids calculation is performed by the laboratory LIMS
system prior to final reporting.

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

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

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

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

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

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

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

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

_ CminxVfe
Ws

MinL

Where:

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

_Vdel x DFpr
SprxS

Vfe

Where:

Vdel = the volume of extract delivered to the analysis

DFpr = the dilution factor for dilutions performed to the final extract

Spr = the split ratio for any post-recovery standard splits

S = the split ratio for any post-internal standard and post-cleanup standard splits

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

C maxxVfe
Ws

MaxL =

Where:

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

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

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

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

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

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

12.13 Data Review

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

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

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

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

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

13. Method Performance

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

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

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

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

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

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

Pollution Prevention

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

Waste Management

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

See the current revision of SOP KNOX-HS-0002 for specific waste handling guidelines.
The following waste streams are produced when this method is carried out.

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

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

17.1 Deviations from Reference Methods.

17.1.1

17.1.2

17.1.3

17.1.4

17.1.5

17.1.6

17.1.7

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

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

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

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

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

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

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

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

List of tables and figures referenced in the body of the SOP.
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Table 1

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

PCDDs/PCDFs !
Isomer/Congener CAS Registry Labeled Analog CAS Registry
2,3,7,8-TCDD 1746-01-6 BC1»-2,3,7,8-TCDD 76523-40-5
7C1,-2,3,7,8-TCDD 85508-50-5

Total TCDD 41903-57-5
2,3,7,8-TCDF 51207-31-9 BC1»-2,3,7,8-TCDF 89059-46-1
Total TCDF 55722-27-5
1,2,3,7,8-PeCDD 40321-76-4 BC1»-1,2,3,7,8-PeCDD 109719-79-1
Total PeCDD 36088-22-9
1,2,3,7,8-PeCDF 57117-41-6 BC1»-1,2,3,7,8-PeCDF 109719-77-9
2,3,4,7,8-PeCDF 57117-31-4 BC1»-2,3,4,7,8-PeCDF 116843-02-8
Total PeCDF 30402-15-4
1,2,3,4,7,8-HxCDD 39227-28-6 BC1-1,2,3,4,7,8-HxCDD 109719-80-4
1,2,3,6,7,8-HxCDD 57653-85-7 BC1»-1,2,3,6,7,8-HxCDD 109719-81-5
1,2,3,7,8,9-HxCDD 19408-74-3 BC1»-1,2,3,7,8,9-HxCDD 109719-82-6
Total HxCDD 34465-46-8
1,2,3,4,7,8-HXCDF 70648-26-9 BC1-1,2,3,4,7,8-HxCDF 114423-98-2
1,2,3,6,7,8-HXCDF 57117-44-9 BC1-1,2,3,6,7,8-HxCDF 116843-03-9
2,3,4,6,7,.8-HxCDF 60851-34-5 BC12-2,3,4,6,7,8-HxCDF 116843-05-1
1,2,3,7,8,9-HXCDF 72918-21-9 BC1»-1,2,3,7,8,9-HxCDF 116843-04-0
Total HXCDF 55684-94-1
1,2,3,4,6,7,8-HpCDD 35822-46-9 BC1»-1,2,3,4,6,7,8-HpCDD 109719-83-7
Total HpCDD 37871-00-4
1,2,3,4,6,7,8-HpCDF 67562-39-4 BC1-1,2,3,4,6,7,8-HpCDF 109719-84-8
1,2,3,4,7,8,9-HpCDF 55673-89-7 BC»-1,2,3,4,7,8,9-HpCDF 109719-94-0
Total HpCDF 38998-75-3
OCDD 3268-87-9 BC,-OCDD 114423-97-1
OCDF 39001-02-0 none

Notes:

1. Polychlorinated dioxins and furans
= Tetrachlorodibenzo-p-dioxin

TCDD

PeCDD = Pentachlorodibenzo-p-dioxin
HxCDD = Hexachlorodibenzo-p-dioxin
HpCDD = Heptachlorodibenzo-p-dioxin

OCDD

= Octachlorodibenzo-p-dioxin

TCDF = Tetrachlorodibenzofuran
PeCDF = Pentachlorodibenzofuran
HxCDF = Hexachlorodibenzofuran
HpCDF = Heptachlorodibenzofuran
OCDF = Octachlorodibenzofuran
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Table 2

Methods - Al
Minimum Levels by Matrix

Extract Water Solids B'_I?:gglljgal Waste Air/Wipe
Analyte (ng/mL)* (pg/L)* (pg/g)* (pg/g)* (pg/g)* (pg)°
2,3,7,8-TCDD 0.5 10 1 1 10 10
2,3,7,8-TCDF 0.5 10 1 1 10 10
1,2,3,7,8-PeCDD 2.5 50 5 5 50 50
1,2,3,7,8-PeCDF 2.5 50 5 5 50 50
2,3,4,7,8-PeCDF 2.5 50 5 5 50 50
1,2,3,4,7,8-HxCDD 2.5 50 5 5 50 50
1,2,3,6,7,8-HxCDD 2.5 50 5 5 50 50
1,2,3,7,8,9-HxCDD 2.5 50 5 5 50 50
1,2,3,4,7,8-HxCDF 2.5 50 5 5 50 50
1,2,3,6,7,8-HxCDF 2.5 50 5 5 50 50
2,3,4,6,7,8-HxCDF 2.5 50 5 5 50 50
1,2,3,7,8,9-HxCDF 2.5 50 5 5 50 50
1,2,3,4,6,7,8-HpCDD 2.5 50 5 5 50 50
1,2,3,4,6,7,8-HpCDF 2.5 50 5 5 50 50
1,2,3,4,7,8,9-HpCDF 2.5 50 5 5 50 50
OCDD 5.0 100 10 10 100 100
OCDF 5.0 100 10 10 100 100
Notes:

Concentration in the extract assuming a 20 pL volume.
Based on a sample volume of 1.0 L.

Based on a sample weight of 10.0 g.

Based on a sample weight of 1.0 g.

Based on extraction of the entire sample.

D AW -
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Table 3
Methods — 1613B and 8290/8290A

Retention Time References, Quantitation References and Relative Retention Times

Relative Retention
Analyte Retention Time and Quantitation Reference Time
Compounds using **Cy,-1,2,3,4-TCDD as the recovery standard
2,3,7,8-TCDD C,-2,3,7,8-TCDD 0.999-1.002
2,3,7,8-TCDF 3C,-2,3,7,8-TCDF 0.999-1.003
1,2,3,7,8-PeCDD BC1»-1,2,3,7,8-PeCDD 0.999-1.002
1,2,3,7,8-PeCDF BC»-1,2,3,7,8-PeCDF 0.999-1.002
2,3,4,7,8-PeCDF BC1,-2,3,4,7,8-PeCDF 0.999-1.002
3C,-2,3,7,8-TCDD 3C,-1,2,3,4-TCDD 0.976-1.043
7C1,-2,3,7,8-TCDD C,-1,2,3,4-TCDD 0.989-1.052
3C,-2,3,7,8-TCDF 3C,-1,2,3,4-TCDD 0.923-1.103
3C,-1,2,3,7,8-PeCDD 3C,-1,2,3,4-TCDD 1.000-1.567
BC»-1,2,3,7,8-PeCDF BC1»-1,2,3,4-TCDD 1.000-1.425
BC1»-2,3,4,7,8-PeCDF BC1»-1,2,3,4-TCDD 1.011-1.526
Compounds using *Cy,-1,2,3,7,8,9-HxCDD as the recovery standard
1,2,3,4,7,8-HxCDD BC,-1,2,3,4,7,8-HXCDD 0.999-1.001
1,2,3,6,7,8-HxCDD BC,-1,2,3,6,7,8-HXCDD 0.998-1.004
1,2,3,7,8,9-HxCDD - 1.000-1.019
1,2,3,4,7,8-HXCDF BC,-1,2,3,4,7,8-HXCDF 0.999-1.001
1,2,3,6,7,8-HXCDF BC1-1,2,3,6,7,8-HxCDF 0.997-1.005
2,3,4,6,7,.8-HxCDF 3C,-2,3,4,6,7,8-HXCDF 0.999-1.001
1,2,3,7,8,9-HXxCDF BC1-1,2,3,7,8,9-HxCDF 0.999-1.001
1,2,3,4,6,7,8-HpCDD BC1»-1,2,3,4,6,7,8-HpCDD 0.999-1.001
1,2,3,4,6,7,8-HpCDF BC1-1,2,3,4,6,7,8-HpCDF 0.999-1.001
1,2,3,4,7,8,9-HpCDF BC1-1,2,3,4,7,8,9-HpCDF 0.999-1.001
OCDD BC,-OCDD 0.999-1.001
OCDF BC,-OCDD 0.999-1.008
BC,-1,2,3,4,7,8-HxCDD BC,-1,2,3,7,8,9-HXCDD 0.977-1.000
BC,-1,2,3,6,7,8-HxCDD BC,-1,2,3,7,8,9-HXCDD 0.981-1.003
BC,-1,2,3,4,7,8-HXCDF BC,-1,2,3,7,8,9-HXCDD 0.944-0.970
BC,-1,2,3,6,7,8-HXCDF BC,-1,2,3,7,8,9-HXCDD 0.949-0.975
3C,-2,3,4,6,7,8-HXCDF BC,-1,2,3,7,8,9-HXCDD 0.959-1.021
BC1»-1,2,3,7,8,9-HxCDF BC1»-1,2,3,7,8,9-HxCDD 0.977-1.047
BC»-1,2,3,4,6,7,8-HpCDD BC,-1,2,3,7,8,9-HXCDD 1.086-1.110
BC»-1,2,3,4,6,7,8-HpCDF BC»-1,2,3,7,8,9-HxCDD 1.043-1.085
BC1-1,2,3,4,7,8,9-HpCDF BC»-1,2,3,7,8,9-HxCDD 1.057-1.151
BC,-OCDD BC,-1,2,3,7,8,9-HXCDD 1.032-1.311
Notes:

1 The retention time reference for 1,2,3,7,8,9-HxCDD is *Cy,-1,2,3,6,7,8-HxCDD. 1,2,3,7,8,9-HxCDD is quantified using the
averaged responses for °Ci»-1,2,3,4,7,8-HxCDD and "°C}-1,2,3,6,7,8-HxCDD.
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Table 4

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

Analyte ‘

Retention Time and Quantitation Reference

Compounds using **Cy,-1,2,3,4-TCDD as the recovery standard

2,3,7,8-TCDD

B3C,-2,3,7,8-TCDD

2,3,7,8-TCDF

B3C,-2,3,7,8-TCDF

172a337,8'PeCDD

BC\»-1,2,3,7,8-PeCDD

1,2,3,7,8-PeCDF

B3C,-1,2,3,7,8-PeCDF

2,3,4,7,8-PeCDF

B3C,-1,2,3,7,8-PeCDF

B3C,-2,3,7,8-TCDD

BC1»-1,2,3,4-TCDD

YC14-2,3,7,8-TCDD

B3C,-2,3,7,8-TCDD

B3C,-2,3,7,8-TCDF

BC1»-1,2,3,4-TCDD

BC»-1,2,3,7,8-PeCDD

BC1»-1,2,3,4-TCDD

B3C,-1,2,3,7,8-PeCDF

BC1»-1,2,3,4-TCDD

BC1»-2,3,4,7,8-PeCDF

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

Compounds using *C1,-1,2,3,7,8,9-HxCDD as the recovery standard

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

B3C,,-1,2,3,6,7,8-HxCDD

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

B3C,,-1,2,3,6,7,8-HxCDD

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

B3C,,-1,2,3,6,7,8-HxCDD

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

B3C,,-1,2,3,6,7,8-HxCDF

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

B3C,,-1,2,3,6,7,8-HxCDF

2.3,4,6,7,8-HxCDF

B3C,,-1,2,3,6,7,8-HxCDF

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

B3C,,-1,2,3,6,7,8-HxCDF

172a334363738'HpCDD

C1»-1,2,3,4,6,7,8-HpCDD

1727374767778'HPCDF

C1»-1,2,3,4,6,7,8-HpCDF

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

C1»-1,2,3,4,6,7,8-HpCDF

OCDD

13C,-OCDD

OCDF

13C,,-OCDD

B3C,,-1,2,3,4,7,8-HxCDD

B3C,,-1,2,3,6,7,8-HxCDD

B3C,,-1,2,3,6,7,8-HxCDD

B3C,,-1,2,3,7,8,9-HxCDD

B3¢ ,-1,2,3,4,7,8-HxCDF

B3C,,-1,2,3,6,7,8-HxCDF

B3C,,-1,2,3,6,7,8-HxCDF

B3C,,-1,2,3,7,8,9-HxCDD

C1»-1,2,3,4,6,7,8-HpCDD

B3C,,-1,2,3,7,8,9-HxCDD

C1»-1,2,3,4,6,7,8-HpCDF

B3C,,-1,2,3,7,8,9-HxCDD

C1»-1,2,3,4,7,8,9-HpCDF

C1»-1,2,3,4,6,7,8-HpCDF

13C,,-OCDD

B3C,,-1,2,3,7,8,9-HxCDD
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Methods — 1613B and 8290/8290A
Initial Calibration Standard Concentrations and Acceptance Criteria

Cs1 CS2 CS3 CSs4 CS5 1613B 8290 8290A
Analyte (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) %RSD %RSD %RSD
Native PCDD’s and PCDF’s
2,3,7,8-TCDD 0.5 2.0 10 40 200 £20 £20 £20
2,3,7,8-TCDF 0.5 2.0 10 40 200 £20 £20 £20
1,2,3,7,8-PeCDD 25 10 50 200 1000 £20 £20 £20
1,2,3,7,8-PeCDF 25 10 50 200 1000 £20 £20 £20
2,3,4,7,8-PeCDF 25 10 50 200 1000 £20 £20 £20
1,2,3,4,7,8-HxCDD 25 10 50 200 1000 £20 £20 £20
1,2,3,6,7,8-HxCDD 25 10 50 200 1000 £20 £20 £20
1,2,3,7,8,9-HxCDD 25 10 50 200 1000 +35 £20 £20
1,2,3,4,7,8-HxCDF 25 10 50 200 1000 £20 £20 £20
1,2,3,6,7,8-HxCDF 25 10 50 200 1000 £20 £20 £20
2,3,4,6,7,8-HxCDF 25 10 50 200 1000 £20 £20 £20
1,2,3,7,8,9-HxCDF 25 10 50 200 1000 £20 £20 £20
1,2,3,4,6,7,8-HpCDD 25 10 50 200 1000 £20 £20 £20
1,2,3,4,6,7,8-HpCDF 25 10 50 200 1000 £20 £20 £20
1,2,3,4,7,8,9-HpCDF 25 10 50 200 1000 £20 £20 £20
OCDD 5.0 20 100 400 2000 £20 £20 £20
OCDF 5.0 20 100 400 2000 +35 £20 £20
Labeled Internal Standards
8C,,-2,3,7,8-TCDD 100 100 100 100 100 +35 +30 +£20
3C,,-2,3,7,8-TCDF 100 100 100 100 100 +35 +30 +£20
BC,-1,2,3,7,8-PeCDD 100 100 100 100 100 +35 +30 20
BC,-1,2,3,7,8-PeCDF 100 100 100 100 100 +35 +30 20
8C,-2,3,4,7,8-PeCDF 100 100 100 100 100 +35 +30 20
13C1-1,2,3,4,7,8-HxCDD 100 100 100 100 100 +35 +30 £20
13C1-1,2,3,6,7,8-HxCDD 100 100 100 100 100 +35 +30 £20
3C1-1,2,3,4,7,8-HXxCDF 100 100 100 100 100 +35 +30 £20
13C1-1,2,3,6,7,8-HXxCDF 100 100 100 100 100 +35 +30 £20
13C12-2,3,4,6,7,8-HxCDF 100 100 100 100 100 +35 +30 £20
3C1-1,2,3,7,8,9-HxCDF 100 100 100 100 100 +35 +30 £20
3C1,-1,2,3,4,6,7,8-HpCDD 100 100 100 100 100 +35 +30 £20
3C1,-1,2,3,4,6,7,8-HpCDF 100 100 100 100 100 +35 +30 £20
3C1,-1,2,3,4,7,8,9-HpCDF 100 100 100 100 100 +35 +30 £20
BC;,-OCDD 200 200 200 200 200 +35 +30 +£20
Labeled Cleanup Standard
7C1,-2,3,7,8-TCDD 0.5 2.0 10 40 200 +35 - -
Labeled Recovery Standard
BC,-1,2,3,4-TCDD 100 100 100 100 100 - - -
13C1-1,2,3,7,8,9-HxCDD 100 100 100 100 100 - - -




Table 6

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

SOP No.: KNOX-ID-0004

Revision No.: 10

Revision Date: 2/14/11

Page 41 of 61

Cs1 CS2 CS3 Cs4 CS5 23/ TO-9A 0023A
Analyte (ng/mL) | (ng/mL) | (ng/mL) | (ng/mL) | (ng/mL) %RSD %RSD
Native PCDDs and PCDFs
2,3,7,8-TCDD 0.5 1.0 5 50 100 +25 +£20
2,3,7,8-TCDF 0.5 1.0 5 50 100 +25 +£20
1,2,3,7,8-PeCDD 2.5 5 25 250 500 +25 +£20
1,2,3,7,8-PeCDF 2.5 5 25 250 500 +25 +£20
2,3,4,7,8-PeCDF 2.5 5 25 250 500 +25 +£20
1,2,3,4,7,8-HxCDD 2.5 5 25 250 500 +25 +£20
1,2,3,6,7,8-HxCDD 2.5 5 25 250 500 +25 +£20
1,2,3,7,8,9-HxCDD 2.5 5 25 250 500 +25 +£20
1,2,3,4,7,8-HxCDF 2.5 5 25 250 500 +25 +£20
1,2,3,6,7,8-HxCDF 2.5 5 25 250 500 +25 +£20
2,3,4,6,7,8-HxCDF 2.5 5 25 250 500 +25 +£20
1,2,3,7,8,9-HxCDF 2.5 5 25 250 500 +25 +£20
1,2,3,4,6,7,8-HpCDD 2.5 5 25 250 500 +25 20
1,2,3,4,6,7,8-HpCDF 2.5 5 25 250 500 +25 +£20
1,2,3,4,7,8,9-HpCDF 2.5 5 25 250 500 +25 +£20
OCDD 5.0 10 50 500 1000 +25 +£20
OCDF 5.0 10 50 500 1000 +30 +£20
Labeled Internal Standards
8C,,-2,3,7,8-TCDD 100 100 100 100 100 +25 +30
5C,,-2,3,7,8-TCDF 100 100 100 100 100 +30 +30
BC,-1,2,3,7,8-PeCDD 100 100 100 100 100 +30 +30
BC,-1,2,3,7,8-PeCDF 100 100 100 100 100 +30 +30
BC,-1,2,3,6,7,8-HXCDD 100 100 100 100 100 +25 +30
BC,-1,2,3,6,7,8-HXCDF 100 100 100 100 100 +30 +30
PC-1,2,3,4,6,7,8-HpCDD 100 100 100 100 100 +30 +30
PC»-1,2,3,4,6,7,8-HpCDF 100 100 100 100 100 +30 +30
BC,-OCDD 200 200 200 200 200 +30 +30
Surrogate Standards
7C1,-2,3,7,8-TCDD 0.5 1.0 5 50 100 +25 +30
BC1,-2,3,4,7,8-PeCDF 2.5 5 25 250 500 +25 +30
BC,-1,2,3,4,7,8-HXCDD 2.5 5 25 250 500 +25 +30
BC,-1,2,3,4,7,8-HXCDF 2.5 5 25 250 500 +25 +30
PC1»-1,2,3,4,7,8,9-HpCDF 2.5 5 25 250 500 +25 +30
Labeled Recovery Standard
BC,-1,2,3,4-TCDD 100 100 100 100 100 - -
BC,-1,2,3,7,8,9-HXCDD 100 100 100 100 100 - -
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1613B 8290/8290A

VER All Isomers Tetra only Shift Open Shift Close’
Analyte (ng/mL) (ng/mL) (ng/mL) %D %D
Native PCDDs and PCDFs
2,3,7,8-TCDD 10 7.8-12.9 8.2-12.3 20 +25
2,3,7,8-TCDF 10 8.4-12.0 8.6-11.6 20 +25
1,2,3,7,8-PeCDD 50 39-65 - +£20 +25
1,2,3,7,8-PeCDF 50 41-60 - 20 +25
2,3,4,7,8-PeCDF 50 41-61 - 20 +25
1,2,3,4,7,8-HxCDD 50 39-64 - 20 +25
1,2,3,6,7,8-HxCDD 50 39-64 - 20 +25
1,2,3,7,8,9-HxCDD 50 41-61 - 20 +25
1,2,3,4,7,8-HxCDF 50 45-56 - 20 +25
1,2,3,6,7,8-HxCDF 50 44-57 - 20 +25
2,3,4,6,7,8-HXCDF 50 44-57 - 20 +25
1,2,3,7,8,9-HxCDF 50 45-56 - 20 +25
1,2,3,4,6,7,8-HpCDD 50 43-58 - +£20 +25
1,2,3,4,6,7,8-HpCDF 50 45-55 - +£20 +25
1,2,3.4,7,8,9-HpCDF 50 43-58 - +£20 +25
OCDD 100 79-126 - £20 +25
OCDF 100 63-159 - 20 +25
Labeled Internal Standards
8C,,-2,3,7,8-TCDD 100 82-121 85-117 +30 +35
5C,,-2,3,7,8-TCDF 100 71-140 76-131 +30 +35
BC,-1,2,3,7,8-PeCDD 100 62-160 - +30 +35
BC,-1,2,3,7,8-PeCDF 100 76-130 - +30 +35
BC1,-2,3,4,7,8-PeCDF 100 77-130 - +30 +35
BC,-1,2,3,4,7,8-HxCDD 100 85-117 - +30 +35
BC,-1,2,3,6,7,8-HXCDD 100 85-118 - +30 +35
BC,-1,2,3,4,7,8-HXCDF 100 76-131 - +30 +35
BC,-1,2,3,6,7,8-HXCDF 100 70-143 - +30 +35
BC,-2,3,4,6,7,8-HXCDF 100 73-137 - +30 +35
BC,-1,2,3,7,8,9-HXCDF 100 74-135 - +30 +35
PC-1,2,3,4,6,7,8-HpCDD 100 72-138 - +30 +35
PC»-1,2,3,4,6,7,8-HpCDF 100 78-129 - +30 +35
PC»-1,2,3,4,7,8,9-HpCDF 100 77-129 - +30 +35
BC;,-OCDD 200 96-415 - +30 +35
Labeled Cleanup Standard
7C1,-2,3,7,8-TCDD 10 7.9-12.7 8.3-12.1 - -
Labeled Recovery Standard
BC,-1,2,3,4-TCDD 100 - - - -
BC,-1,2,3,7,8,9-HXCDD 100 - - - -

Notes:

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

Calibration RF to calculate sample concentrations.
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Table 8

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

0023A
VER 23 and TO-9A Shift Open Shift Close’
Analyte (ng/mL) %D %D %D
Native PCDDs and PCDFs
2,3,7,8-TCDD 5 +25 £20 25
2,3,7,8-TCDF 5 +25 £20 25
1,2,3,7,8-PeCDD 25 +25 £20 25
1,2,3,7,8-PeCDF 25 +25 £20 £25
2,3,4,7,8-PeCDF 25 +25 £20 £25
1,2,3,4,7,8-HxCDD 25 +25 £20 25
1,2,3,6,7,8-HxCDD 25 +25 £20 25
1,2,3,7,8,9-HxCDD 25 +25 £20 25
1,2,3,4,7,8-HxCDF 25 +25 £20 £25
1,2,3,6,7,8-HxCDF 25 +25 £20 £25
2,3,4,6,7,8-HxCDF 25 +25 £20 £25
1,2,3,7,8,9-HxCDF 25 +25 £20 £25
1,2,3,4,6,7,8-HpCDD 25 +25 £20 25
1,2,3,4,6,7,8-HpCDF 25 +25 £20 £25
1,2,3,4,7,8,9-HpCDF 25 +25 £20 £25
OCDD 50 +25 +20 +25
OCDF 50 +30 +20 +25
Labeled Internal Standards
5C,,-2,3,7,8-TCDD 100 +25 +30 +35
5C,,-2,3,7,8-TCDF 100 +30 +30 +35
BC,-1,2,3,7,8-PeCDD 100 +30 +30 +35
BC,-1,2,3,7,8-PeCDF 100 +30 +30 +35
BC,-1,2,3,6,7,8-HxCDD 100 +25 +30 +35
BC,-1,2,3,6,7,8-HXCDF 100 +30 +30 +35
PC-1,2,3,4,6,7,8-HpCDD 100 +30 +30 +35
PC»-1,2,3,4,6,7,8-HpCDF 100 +30 +30 +35
BC;,-OCDD 200 +30 +30 +35
Surrogate Standards
’C1,-2,3,7,8-TCDD 5 425 +30 +35
8C,-2,3,4,7,8-PeCDF 25 +25 +30 +35
BC,-1,2,3,4,7,8-HxCDD 25 +25 +30 +35
BC,-1,2,3,4,7,8-HXCDF 25 +25 +30 +35
PC»-1,2,3,4,7,8,9-HpCDF 25 +25 +30 +35
Labeled Recovery Standard
BC},-1,2,3,4-TCDD 100 - -
BC,-1,2,3,7,8,9-HXCDD 100 - -
Notes:

1 Ifthe closing standard %D exceeds the opening %D criteria, the average of the Opening and Closing RF is used instead of the Initial
Calibration RF to calculate sample concentrations.
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Table 9

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

Test 1613B 1613B Tetra Only

Conc. s X3 s X3
Analyte (ng/mL)* (ng/mL)* (ng/ml)* (ng/mL)* (ng/ml)*
Native PCDDs and PCDFs
2,3,7,8-TCDD 10 2.8 8.3-12.9 2.7 8.7-12.4
2,3,7,8-TCDF 10 2.0 8.7-13.7 2.0 9.1-13.1
1,2,3,7,8-PeCDD 50 7.5 38-66 - -
1,2,3,7,8-PeCDF 50 75 43-62 - -
2,3,4,7,8-PeCDF 50 8.6 36-75 - -
1,2,3,4,7,8-HxCDD 50 9.4 39-76 - -
1,2,3,6,7,8-HxCDD 50 7.7 42-62 - -
1,2,3,7,8,9-HxCDD 50 11.1 37-71 - -
1,2,3,4,7,8-HXCDF 50 8.7 41-59 - -
1,2,3,6,7,8-HxCDF 50 6.7 46-60 - -
2,3,4,6,7,8-HxCDF 50 7.4 37-74 - -
1,2,3,7,8,9-HxCDF 50 6.4 42-61 - -
1,2,3,4,6,7,8-HpCDD 50 7.7 38-65 - -
1,2,3.4,6,7,8-HpCDF 50 6.3 45-56 - -
1,2,3.4,7,8,9-HpCDF 50 8.1 43-63 - -
OCDD 100 19 89-127 - -
OCDF 100 27 74-146 - -
Labeled Internal Standards
8C,,-2,3,7,8-TCDD 50 18.5 14-67 17.5 16-57.5
5C,,-2,3,7,8-TCDF 50 17.5 15.5-56.5 17 17.5-49.5
BC,-1,2,3,7,8-PeCDD 50 19.5 13.5-92 - -
BC,-1,2,3,7,8-PeCDF 50 17.0 13.5-78 - -
8C,-2,3,4,7,8-PeCDF 50 19.0 8-139.5 - -
BC,-1,2,3,4,7,8-HXCDD 50 20.5 14.5-73.5 - -
BC,-1,2,3,6,7,8-HXCDD 50 19.0 17-61 - -
BC,-1,2,3,4,7,8-HXCDF 50 21.5 13.5-76 - -
BC,-1,2,3,6,7,8-HXCDF 50 17.5 15-61 - -
BC,,-2,3,4,6,7,8-HXCDF 50 18.5 14.5-68 - -
BC,-1,2,3,7,8,9-HXCDF 50 20.0 12-78.5 - -
PC-1,2,3,4,6,7,8-HpCDD 50 17.5 17-64.5 - -
PC»-1,2,3,4,6,7,8-HpCDF 50 20.5 16-55 - -
BC»-1,2,3,4,7,8,9-HpCDF 50 20.0 14-70.5 - -
BC,-OCDD 100 475 20.5-138 - -
Labeled Cleanup Standard
7C1,-2,3,7,8-TCDD 10 3.6 3.9-15.4 3.4 45-13.4

Notes:

1 All specifications are given as concentration in the final extract, assuming a 20-uL volume.

2 s =standard deviation of the concentration

3 X = average concentration. The acceptance range for average recovery can be normalized (shifted to center on 100% recovery) to
compensate for the bias in the collaborative study used to develop the acceptance criteria.
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Table 10

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

s X3

Analyte Test Conc (ng/mL)* (%Rec) (Y%Rec)
Native PCDDs and PCDFEs

2,3,7,8-TCDD 10 15 70-130*
2,3,7,8-TCDF 10 15 70-130*
1,2,3,7,8-PeCDD 50 15 70-130*
1,2,3,7,8-PeCDF 50 15 70-130*
2,3,4,7,8-PeCDF 50 15 70-130*
1,2,3,4,7,8-HxCDD 50 15 70-130*
1,2,3,6,7,8-HxCDD 50 15 70-130*
1,2,3,7,8,9-HxCDD 50 15 70-130*
1,2,3,4,7,8-HxCDF 50 15 70-130*
1,2,3,6,7,8-HXCDF 50 15 70-130*
2,3,4,6,7,8-HxCDF 50 15 70-130*
1,2,3,7,8,9-HXCDF 50 15 70-130*
1,2,3,4,6,7,8-HpCDD 50 15 70-130*
1,2,3,4,6,7,8-HpCDF 50 15 70-130*
1,2,3,4,7,8,9-HpCDF 50 15 70-130*
OCDD 100 15 70-130*
OCDF 100 15 70-130*

Notes:

1 All specifications are given as concentration in the final extract, assuming a 20 pL volume.
s = standard deviation of the percent recovery

X = average percent recovery

Inhouse generated historical control limits can be used in place of the specified limit.

B LN
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Table 11
Laboratory Control Sample (LCS) Spiking Solution Component Concentrations and Acceptance
Limits
8290/8290A, 23,
LCS Solution Final Extract 1613B LCS 00§6AC,0\1'§)-/9A

Analyte Conc. (ng/mL)" | Conc (ng/mLY’ | cone (ng/mL)? (%Rec)
2,3,7,8-TCDD 0.2 10 6.7-15.8 70-130*
2,3,7,8-TCDF 0.2 10 7.5-15.8 70-130*
1,2,3,7,8-PeCDD 1.0 50 35-71 70-130*
1,2,3,7,8-PeCDF 1.0 50 40-67 70-130*
2,3,4,7,8-PeCDF 1.0 50 34-80 70-130*
1,2,3,4,7,8-HxCDD 1.0 50 35-82 70-130*
1,2,3,6,7,8-HxCDD 1.0 50 38-67 70-130*
1,2,3,7,8,9-HxCDD 1.0 50 32-81 70-130*
1,2,3,4,7,8-HxCDF 1.0 50 36-67 70-130*
1,2,3,6,7,8-HxCDF 1.0 50 42-65 70-130*
2,3,4,6,7,8-HxCDF 1.0 50 35-78 70-130*
1,2,3,7,8,9-HxCDF 1.0 50 39-65 70-130*
1,2,3,4,6,7,8-HpCDD 1.0 50 35-70 70-130*
1,2,3,4,6,7,8-HpCDF 1.0 50 41-61 70-130*
1,2,3,4,7,8,9-HpCDF 1.0 50 39-69 70-130*
OCDD 2.0 100 78-144 70-130*
OCDF 2.0 100 63-170 70-130*
Tetras Only

2,3,7,8-TCDD 0.2 10 7.3-14.6 70-130*
2,3,7,8-TCDF 0.2 10 8.0-14.7 70-130*

Notes:

[u—

1.0 mL of this solution is added to the LCS before extraction (see section 7.11.2).

The final extract concentration is based on an extract volume of 20 pL.

Spike concentrations are based on a 1.0 L extraction for water, 10.0g extraction for solids, and entire sample extraction for
air/wipe samples.

4  Inhouse generated historical control limits can be used in place of the specified limit.

w N
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Matrix Spike and Matrix Spike Duplicate Sample (MS/MSD) Spiking Solution Component

Concentrations and Acceptance Limits'
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LCS Solution Final Extract | 8290 Recovery | 8290 Precision
Analyte Conc. (ng/mL)* | Conc (ng/mL)? (%Rec) (RPD)
2,3,7,8-TCDD 0.2 10 70-130* +15*
2,3,7,8-TCDF 0.2 10 70-130* +15*
1,2,3,7,8-PeCDD 1.0 50 70-130* +15*
1,2,3,7,8-PeCDF 1.0 50 70-130* +15*
2,3,4,7,8-PeCDF 1.0 50 70-130* +15*
1,2,3,4,7,8-HxCDD 1.0 50 70-130* +15*
1,2,3,6,7,8-HxCDD 1.0 50 70-130* +15*
1,2,3,7,8,9-HxCDD 1.0 50 70-130* +15*
1,2,3,4,7,8-HxCDF 1.0 50 70-130* +15*
1,2,3,6,7,8-HxCDF 1.0 50 70-130* +15*
2,3,4,6,7,8-HxCDF 1.0 50 70-130* +15*
1,2,3,7,8,9-HxCDF 1.0 50 70-130* +15*
1,2,3,4,6,7,8-HpCDD 1.0 50 70-130* +15*
1,2,3,4,6,7,8-HpCDF 1.0 50 70-130* +15*
1,2,3,4,7,8,9-HpCDF 1.0 50 70-130* +15*
OCDD 2.0 100 70-130* £15*
OCDF 2.0 100 70-130* £15*
Notes:

1

2
3
4

If insufficient sample exists for MS/MSD analysis, these limits apply to LCS/LCSD samples.
1.0 mL of this solution is added to the LCS before extraction (see section 1.1).
The final extract concentration is based on an extract volume of 20 pL.

Inhouse generated historical control limits can be used in place of the specified limit.
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Methods — 1613B and 8290/8290A
Internal Standard Spiking Solution Component Concentrations and Acceptance Limits

Solution Conc Test Conc. 1613B LCS 1613B Sample | 8290 Recovery

Labeled Analyte (ng/mL)" (ng/mL)? Conc (ng/mL)* | Conc (ng/mL)® (%Rec)
13(:12-2,3,7,8-’1"CDD 1.0 50 10.0-87.5 12.5-82.0 40-135
13(:12-2,3,7,8-TCDF 1.0 50 11.0-76.0 12.0-84.5 40-135
13(:12-1,2,3,7,8-13(3CDD 1.0 50 10.5-113.5 12.5-90.5 40-135
13C12-l,2,3,7,8-PeCDF 1.0 50 10.5-96.0 12.0-92.5 40-135
13C12-2,3,4,7,8-P6CDF 1.0 50 6.5-164.0 10.5-89.0 40-135
13C12-1,2,3,4,7,8-HXCDD 1.0 50 10.5-96.5 16.0-70.5 40-135
13C12-1,2,3,6,7,8-HXCDD 1.0 50 12.5-81.5 14.0-65.0 40-135
13C12-1,2,3,4,7,8-HXCDF 1.0 50 9.5-101.0 13.0-76.0 40-135
13C12-1,2,3,6,7,8-HXCDF 1.0 50 10.5-79.5 13.0-61.5 40-135
13C12-2,3,4,6,7,8-HXCDF 1.0 50 11.0-88.0 14.0-68.0 40-135
13C12-1,2,3,7,8,9-HXCDF 1.0 50 8.5-102.5 14.5-73.5 40-135
13C12-1,2,3,4,6,7,8-HpCDD 1.0 50 13.0-83.0 11.5-70.0 40-135
13C12-1,2,3,4,6,7,8-HpCDF 1.0 50 10.5-79.0 14.0-71.5 40-135
13C12-1,2,3,4,7,8,9-HpCDF 1.0 50 10.0-93.0 13.0-69.0 40-135
13C12-OCDD 2.0 100 13.0-198.5 17.0-157 40-135
Tetras Only

13(:12-2,3,7,8-’1"CDD 1.0 50 12.5-70.5 15.5-68.5 40-135
13(:12-2,3,7,8-TCDF 1.0 50 13.0-63.0 14.5-70.0 40-135

Notes:

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

(see section 1.1).

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

Table 14

Method - 1613B

Cleanup Standard Spiking Solution Component Concentrations and Acceptance Limits

1613B
1613B 1613B LCS Sample
Solution 1613B LCS Sample Tetra Only Tetra Only
Conc Test Conc. Conc Conc Conc Conc
Labeled Analyte (ng/mL)" (ng/mL)? (ng/mL)? (ng/mL)? (ng/mL)? (ng/mL)?
C1,-2,3,7,8-TCDD 0.2 10 3.1-19.1 3.5-19.7 3.7-15.8 42-16.4

Notes:

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

7.11.6).

2 Specifications given as concentration in the final extract, assuming a 20 pL volume
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Solution 0023A TO-9A
Conc Test Conc. | 23 Recovery Recovery Recovery

Labeled Analyte (ng/mL)" (ng/mL)? (%Rec) (%Rec) (%Rec)
BC»-2,3,7,8-TCDD 1.0 50 40-130 40-135 50-120
BC,-2,3,7,8-TCDF 1.0 50 40-130 40-135 50-120
B3C1,-1,2,3,7,8-PeCDD 1.0 50 40-130 40-135 50-120
BC»-1,2,3,7,8-PeCDF 1.0 50 40-130 40-135 50-120
3C1,-1,2,3,6,7,8-HxCDD 1.0 50 40-130 40-135 50-120
B3C1,-1,2,3,6,7,8-HXxCDF 1.0 50 40-130 40-135 50-120
3C1,-1,2,3,4,6,7,8-HpCDD 1.0 50 25-130 40-135 40-120
3C1,-1,2,3,4,6,7,8-HpCDF 1.0 50 25-130 40-135 40-120
BC,-0CDD 2.0 100 25-130 40-135 40-120

Notes:

1

2

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

7.11.4).

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

Table 16

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

Solution 0023A TO-9A
Conc Test Conc. | 23 Recovery Recovery Recovery

Labeled Analyte (ng/mL)* (ng/mL)? (%Rec) (%Rec) (%Rec)
C1,-2,3,7,8-TCDD 20 100 70-130 70-130 50-120
C1,-2,3,4,7,8-PeCDF 20 100 70-130 70-130 50-120
3C,-1,2,3,4,7,8-HXCDD 20 100 70-130 70-130 50-120
BC1-1,2,3,4,7,8-HxCDF 20 100 70-130 70-130 50-120
13C12-l,2,3,4,7,8,9-HpCDF 20 100 70-130 70-130 40-120

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

1
2
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Table 17
Methods - All
Recovery Standard Spiking Solution Component Concentrations
Labeled Analyte Solution Conc (ug/mL)* Test Conc. (ng/mL)?
BC-1,2,3,4-TCDD 0.1 100
BC»-1,2,3,7,8,9-HxCDD 0.1 100

Notes:

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

Table 18
Rtx-5/DB-5 Column Window Defining Standard Mixture Components

Congener First Eluted Last Eluted
TCDF 1,3,6,8- 1,2,8,9-
TCDD 1,3,6,8- 1,2,8,9-
PeCDF 1,3,4,6,8- 1,2,3,8,9-
PeCDD 1,2,4,6,8-/1,2,4,7,9- 1,2,3,8,9-
HxCDF 1,2,3,4,6,8- 1,2,3,4,8,9-
HxCDD 1,2,4,6,7,9-/1,2,4,6,8,9- 1,2,3,4,6,7-
HpCDF 1,2,3,4,6,7.8- 1,2,3,4,7,8,9-
HpCDD 1,2,3,4,6,7,9- 1,2,3,4,6,7.8-
Table 19

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

Isomer
1,2,3,7/1,2,3,8-TCDD
1,2,3,9-TCDD
2,3,7,8-TCDD
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DB-225 (Rtx-225) Column Performance Standard Mixture Components

Isomer

2,3,4,7-TCDF

2,3,7,8-TCDF

1,2,3,9-TCDF

Table 21

lons Monitored for HRGC/HRMS Analysis of PCDDs and PCDFs

Elemental
Descriptor Accurate Mass' lon ID Composition Analyte

1 292.9825 (313.9834) LOCK C,F;, (CeNF},) PEK (FC43)
303.9016 M C,H,CL,0 TCDF
305.8987 M+2 C,H,”CL'Cl0 TCDF
315.9419 M BC,H, P CL0 TCDF (S)
317.9389 M+2 BCLH,CLYCLO TCDF (S)
319.8965 M CH,”ClL, 0, TCDD
321.8936 M+2 C,H,”CL'Cl0, TCDD
327.8847 M C,,H,”’ClL, 0, TCDD
331.9368 M BC,H,CL0, TCDD (S)
333.9338 M+2 BCLH,CLYCl0, TCDD (S)
342.9792 (363.9802) QC CsFi3 (C,NF,) PEK (FC43)
375.8364 M+2 C,H,”CLs'Cl0 HxCDPE

2 330.9792 (313.9834) LOCK C,F 3 (CNE,) PEK (FC43)
339.8597 M+2 C,H;CL'Cl0 PeCDF
341.8567 M+4 CH;CL'CL0 PeCDF
351.9000 M+2 BCLH,CLCl10 PeCDF (S)
353.8970 M-+4 BC,H;CLYCL0 PeCDF (S)
355.8546 M+2 C,H;”CL°'Cl0, PeCDD
357.8516 M+4 C,H;”CL'CL,0, PeCDD
367.8949 M+2 BC,H,CLCl0, PeCDD (S)
369.8919 M+4 BC L, H,CL7CLL0, PeCDD (S)
380.9760 (375.9802) QC CsFis (CsNF,4) PEK (FC43)
409.7974 M+2 CpH;°CL7'Cl0 HpCDPE

3 373.8208 M+2 C,H,”CLs'Cl 0 HxCDF
375.8178 M+4 CH,”CL'CL0 HxCDF
380.9760 (375.9802) LOCK CgFi5(CNE ) PEK (FC43)
383.8639 M BCLH,”Cl0 HxCDF (S)
385.8610 M+2 BCLH,”CL'Cl0 HxCDF (S)
389.8156 M+2 C,H,”CL*'Cl 0, HxCDD
391.8127 M+4 CH,”CL’'CL,0, HxCDD
401.8559 M+2 BCLH,”CLCl0, HxCDD (S)
403.8529 M+4 BC,H,”CL7'CL,0, HxCDD (S)
404.9760 (413.9770) QC CioFis(CsNF ) PEK (FC43)
4457555 M+4 CH,”Cl*’CL 0 OCDPE




SOP No.: KNOX-ID-0004
Revision No.: 10

Revision Date: 2/14/11
Page 52 of 61

Table 21 (Continued)
lons Monitored for HRGC/HRMS Analysis of PCDDs and PCDFs

Elemental

Descriptor Accurate Mass' lon ID Composition Analyte

4 404.9760 (413.9770) LOCK CioFis (CsNF ) PEK (FC43)
407.7818 M-+2 CpHCL'C10 HpCDF
409.7788 M+4 C,HCL"CLL 0 HpCDF
417.8250 M BC,H*Cl,0 HpCDF (S)
419.8220 M+2 BC,H*Cl'Cl0 HpCDF (S)
423.7767 M+2 CpHCl'Cl0, HpCDD
425.7737 M+4 CpH*CL'CL,0, HpCDD
435.8169 M+2 BC,LH P Cl*'Cl0, HpCDD (S)
437.8140 M+4 BC,H*CLCL0, HpCDD (S)
442.9728 (463.9738) QC cmF173 5(c()1\317F18*) PFK (FC43)
479.7165 M-+4 C,H*C1,”'CL 0 NCDPE

5 430.9728 (425.9770) LOCK CoF; (CoNF ¢ PEK (FC43)
441.7428 M+2 C,>CL7'C10 OCDF
443.7399 M+4 C,>Cl"’CL0 OCDF
457.7377 M+2 C,>CL,°'C10, OCDD
459.7348 M+4 C,>Cl”’Cl, 0, OCDD
469.7780 M+2 BC,>CL,°"'C1 0, OCDD (S)
471.7750 M+4 BC,Cls'CL, 0, OCDD (S)
480.9696 (501.9706) QC C1oF10(CoNFy) PEK (FC43)
513.6775 M+4 C,>Clg”’CL 0 DCDPE

Notes:
1 Nuclidic masses used:
H =1.007825 C = 12.00000 13C =13.003355 F = 18.9984

0 =15.994915

35C1 = 34.968853

37C1 = 36.965903
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Table 22
Theoretical lon Abundance Ratios and Their Control Limits for PCDDs and PCDFs

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

1 Used for *C-HxCDF (IS).
2 Used for “C-HpCDF (IS).
3 Method 1613B Theoretical Ratio
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Figure 1

Rtx-5 Recommended GC Operating Conditions

GC-LC Type: HP 5890 S2 GC method is running IC GC
GC Descriptor GC elapsed time 21.3 Min.
On Display: epalé6l3 GC run time 58.4 Min.
In GC : epal6el3 Stabilize time 0.5 Min.
Current GC Temperature
Injector A Transfer Line Column . Column Oven
400 400 400 350
300 300 300 |
200 200 200 300
100 100 100
2501
(0] (o] 0]
270/ 270 C 290/ 290 C 210/ 210 C IS
Max =300 C Max =300 C Max =330 C 200
vViv A I 1501
Viv B O P EN |
. T T T T 1 100 T T 1
Time o0 0.50 1.0 1.5 2.0 0] 20 40 60
Sequence No. ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6
Time Min 3.0 3.5 28 10 6.5 7.4
Rate C/Min 20 7.0 6.1
Temp . C 140 = 140 = 210 = 210 = 280 = 280 = 325
Total Time 0 = 3.0 = 6.5 = 35 = 45 = 51 = 58
O sTor cc O rRESTORE O roap O cvere [0 new Program
GC: _
ed Jun 16 11:38:44 1999 mat95s MAT 95
DB-225 Recommended GC Operating Conditions
GC Type: HP 6890 GC GC ready IC GC
GC Descriptor GC elapsed time 0.9 Min.
On Display: db225 GC run time 30.5 Min.
In GC : db225 Stabilize time 0.5 Min.
Current GC Temperature
Injector A Transfer Line Column
400 400 400 i Column Oven
240
300 300 300
200 200 200 2201
100 100 I 100
o (e} (e} 1
200
270/ 270 C 220/ 220 C 140/ 140 C
Max =270 C Max =230 C Max =230 C
. 180
Column: Constant Flow 1.2 ml/min
Inlet: Splitless Mode 1
Purge Purge Saver Saver 160
time flow time flow
1.5 40.0 3.0 15.0 140" T T T
Cryo Saver ° 10 20 30 40
Segquence No. ‘ 1 | 2 | 3 |
Time Min 2.0 3.0 15 11
Rate Cc/Min 20 2.0
Temp . Cc 140 140 200 — = 230 230
Total Time (o] 2.0 5.0 = 20 = 30
@ starT cc [0 rREsSTORE O roap O cycre O new Program
GC: __

Fri May 30 13:26:11 2003

mato0s

MAT 95
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Figure 2

Rtx-5 Recommended MID Descriptors

MID Set Up Parameters MID Masses for Time Window 1
MID File epal6ll # mass F int gr time (ms)
Measure/lock ratio (X) 1 1 292.9825 1 10 1 8.19
Set Damping relay (T) FALSE 2 303.9016 1 1 81.92
width first lock (A) 0.20 amu 3 305.8987 1 1 81.92
Electric jump time (E) 10 ms 4 315.9419 1 1 81.92
Magnetic jump time (D) 60 ms 5 317.9389 1 1 81.92
Offset (0) 100 cts 6 319.8965 1 1 81.92
Electric range (R) 300 % 7 321.8936 1 1 81.92
Sweep peak width (W) 3.00 8 327.8847 1 1 81.92
Acg mode (C|Pp) Cent mode|| 9 331.9368 1 1 81.92
MID mode (J|M|L|N) Lock mode||10 333.9338 1 1 81.92

. . = 11 342.9792 c 10 1 8.19

MID Time Windows 12 375.8364 1 1 81.92
# Start Measure End Cycletime |13
1 8:00 28:12 36:12min 1.00 sec 14
2 36:12 7:28 43:40 min 1.00 sec 15
3 43:40 5:49 49:30 min 1.00 sec 16
4 49:30 5:00 54 :30 min 1.00 sec 17
5 54:30 3:50 58:20 min 1.00 sec 18
6 19
7 20
8 21
9 22

Clear Clear Clear 23

Menu Times Masses |24

Stop MID SAVE Main = Lock Mass Cali Mass

MID:

ed Jun 16 11:39:22 1999 mat95s MAT 95

MID Set Up Parameters MID Masses for Time Window 2
MID File epal6ll # mass F int gr time (ms)
Measure/lock ratio (X) 1 1 330.9792 1 10 1 8.19
Set Damping relay (T) FALSE 2 339.8597 1 1 91.48
wWidth first lock (A) 0.20 amu 3 341.8567 1 1 91.48
Electric jump time (E) 10 ms 4 351.9000 1 1 91.48
Magnetic jump time (D) 60 ms 5 353.8970 1 1 91.48
Offset (0) 100 cts 6 355.8546 1 1 91.48
Electric range (R) 300 % 7 357.8516 1 1 91.48
Sweep peak width (W) 3.00 8 367.8949 1 1 91.48
Acg mode (C|Pp) Cent mode|| 9 369.8919 1 1 91.48
MID mode (J|M|L|N) Lock mode||10 380.9760 ¢ 10 1 8.19
MID Time Windows 1; 409.7974 1 1 o1.48
# Start Measure End Cycletime |13
1 8:00 28:12 36:12min 1.00 sec |[|14
2 36:12 7:28 43:40min 1.00 sec ||15
3 43:40 5:49 49:30min 1.00 sec ||16
4 49:30 5:00 54:30min 1.00 sec ||17
5 54:30 3:50 58:20min 1.00 sec ||18
6 19
7 20
8 21
9 22

Clear Clear Clear 23

Menu Times Masses |24

Stop MID SAVE Main = Lock Mass Cali Mass

MID:

ed Jun 16 11:39:27 1999

matos
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Figure 2 (Continued)

Rtx-5 Recommended MID Descriptors

MID Set Up Parameters MID Masses for Time Window 3
MID File epal6ll # mass F int gr time (ms)
Measure/lock ratio (X) 1 1 373.8208 1 1 91.48
Set Damping relay (T) FALSE 2 375.8178 1 1 91.48
Width first lock (A) 0.20 amu 3 380.9760 1 10 1 8.19
Electric jump time (E) 10 ms 4 383.8639 1 1 91.48
Magnetic jump time (D) 60 ms 5 385.8610 1 1 91.48
Offset (0) 100 cts 6 389.8156 1 1 91.48
Electric range (R) 300 % 7 391.8127 1 1 91.48
Sweep peak width (W) 3.00 8 401.8559 1 1 91.48
Acg mode (C|Pp) Cent mode|| 9 403.8529 1 1 91.48
MID mode (J|M|L|N) Lock mode||10 404.9760 ¢ 10 1 8.19
MID Time Windows 1;— 445.7555 1 1 91.48
# Start Measure End Cycletime |13
1 8:00 28:12 36:12 min 1.00 sec 14
2 36:12 7:28 43:40 min 1.00 sec 15
3 43:40 5:49 49:30 min 1.00 sec 16
4 49:30 5:00 54 :30 min 1.00 sec 17
5 54:30 3:50 58:20 min 1.00 sec 18
6 19
7 20
8 21
9 22
Clear Clear Clear 23
Menu Times Masses |24
Stop MID SAVE Main = Lock Mass Cali Mass
MID: _
ed Jun 16 11:39:32 1999 mat95s MAT 95
MID Set Up Parameters MID Masses for Time Window 4
MID File epal6ll # mass F int gr time (ms)
Measure/lock ratio (X) 1 1 404 .9760 1 10 1 8.19
Set Damping relay (T) FALSE 2 407.7818 1 1 91.48
Width first lock (A) 0.20 amu 3 409.7788 1 1 91.48
Electric jump time (E) 10 ms 4 417 .8250 1 1 91.48
Magnetic jump time (D) 60 ms 5 419.8220 1 1 91.48
Offset (0) 100 cts 6 423.7767 1 1 91.48
Electric range (R) 300 % 7 425.7737 1 1 91.48
Sweep peak width (W) 3.00 8 435.8169 1 1 91.48
Acg mode (C|Pp) Cent mode|| 9 437.8140 1 1 91.48
MID mode (J|M|L|N) Lock mode||10 442.9728 ¢ 10 1 8.19
MID Time Windows 1; 479.7165 1 1 o1.48
# Start Measure End Cycletime |13
1 8:00 28:12 36:12min 1.00 sec |[|14
2 36:12 7:28 43:40min 1.00 sec ||15
3 43:40 5:49 49:30min 1.00 sec ||16
4 49:30 5:00 54:30min 1.00 sec ||17
5 54:30 3:50 58:20min 1.00 sec ||18
6 19
7 20
8 21
9 22
Clear Clear Clear 23
Menu Times Masses |24
Stop MID SAVE Main = Lock Mass Cali Mass
MID:

ed Jun 16 11:39:37 1999

matos

MAT 95
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MID Set Up Parameters MID Masses for Time Window 5
MID File epal6l3 # mass F int gr time (ms)
Measure/lock ratio (X) 1 1 430.9728 1 10 1 10.92
Set Damping relay (T) FALSE 2 441 .7428 1 1 120.15
wWidth first lock (A) 0.20 amu 3 443.7399 1 1 120.15
Electric jump time (E) 10 ms 4 457.7377 1 1 120.15
Magnetic jump time (D) 60 ms 5 459.7348 1 1 120.15
Offset (O) 100 cts 6 469.7780 1 1 120.15
Electric range (R) 300 % 7 471.7750 1 1 120.15
Sweep peak width (W) 3.00 8 480.9696 c 10 1 10.92
Acg mode (c|p) Cent mode|| 9 513.6775 1 1 120.15
MID mode (J|M|L|N) Lock mode||10
MID Time Windows = 112'

# Start Measure End Cycletime ||13
1 8:00 28:12 36:12min 1.00 sec 14
2 36:12 7:28 43:40min 1.00 sec ||15
3 43:40 5:49 49:30min 1.00 sec |[|16
4 49:30 5:00 54:30min 1.00 sec [|17
5 54:30 3:50 58:20min 1.00 sec ||18
6 19
7 20
8 21
] 22
Clear Clear Clear 23
Menu Times Masses |24
Stop MID SAVE Main J Lock Mass Cali Mass
MID:

ed Jun 16 11:39:43 1999

matos

DB-225 Recommended MID Descriptor

MAT 95

MID:

MID Set Up Parameters MID Masses for Time Window 1
MID File db225 # mass F int gr time (ms)
Measure/lock ratio (X) 1 1 292.9825 1 10 1 8.19
Set Damping relay (T) TRUE 2 303.9016 1 1 81.92
width first lock (A) 0.20 amu 3 305.8987 1 1 81.92
Electric jump time (E) 10 ms 4 315.9419 1 1 81.92
Magnetic jump time (D) 60 ms 5 317.9389 1 1 81.92
Offset (O) 100 cts 6 319.8965 1 1 81 .92
Electric range (R) 300 % 7 321.8936 1 1 81.92
Sweep peak width (W) 3.00 8 327.8847 1 1 81.92
Acqg mode (c|p) Cent model|| 9 331.9368 1 1 81.92
MID mode (J|M|L|N) Lock mode||10 333.9338 1 1 81.92

. . 11 342.9792 c 10 1 8.19

MID Time Windows 12 375.8364 1 1 81.92
# Start Measure End Cycletime ||13
1 8:00 22:30 30:30min 1.00 sec 14
2 15
3 16
4 17
5 18
6 19
7 20
8 21
9 22

Clear Clear Clear 23
Menu Times Masses |24
Start MID RESTORE Main Lock Mass Cali Mass

Fri May 30 13:22:09 2003

matoos

MAT 95
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Example Sample Data Review Checklist

TestAmerica Knoxville Dioxin GC/MS Initial Calibration Data Review / Narrative Checklist
Method: 8290/8290A - KNOX-ID-0004-R9

Mass Res. v ‘ Inst: I | ‘Win Filename: Col Perf Filename:
Date/Time:
[ CS1 Fil [ CS2 Fil | CS3 Fil | CS4 Fil I CS5 Fil |
| | | |
2nd
Review Items N/A | Yes | No | If No, why is data reportable? Level

1.

Was the mass resolution documented before beginning the
initial calibration?

. Was the instrument resolutios

=10,000 (<100 ppm) on PFK
m/z 304 9824 and m'z 380.9760 or FC43 m/z 313 9838 and
m'z 363 98077

. Was the measured exact mass of m/z 3809760 (PFK) or

3639807 (FC43) within 5 ppm at reduced accelerating
voltage?

. Was the Window Defining Mixture analyzed and the MID

switchpoints set to encompass the retention time windows of
cach congener group?

. Was the Column Performance solution analyzed and the

%oV alley <25 for separation between 2378 TCDD/F and the
closest eluting non-2378 isomer?

. Were the five calibration standard solutions, at the

concent

ations specified i

Table 5 of the SOP, analyzed?

. Was date/time of analysis verified between analysis header

and logbook as correct?

. Were the response factors caleulated for each labeled gandard

and unlabeled native analyte using the SOP specified reference
compound (Table 5), quantitation ions (Table 22), and formula
(Section 10.2.6)7

Are the relative retention times of all PCDDe/PCDFs and all
labeled compounds within the limits specified in Table 37

. Are 26RSD =20% for all unlabeled native analytes?

- 8290, are %RSD =30% for all labeled internal standards?

. BO90A, are %oRS5D <20% for all labeled internal standards?

. Are all SN ratios =10 for the GC signals in each EICP

{extracted ion chromatographic profile) including internal
standards?

- Are the jon abundance ratios for all labeled and unlabeled

analytes within the control limits specified in Table 22 of the
S0p?

. Was the second source (Wellington) ICV standard analyzed,

and the %D caleulated and within the acceptance eriteria of <
£35%7

. If manual integrations were performed, are they clearly

identified, initialed and dated?

. Were before/after chromatograms reviewed to determine

whether the and manual inl

appropriate?.

were

. Were manual integrations performed properly?,

. If eriteria were not met, was a NCM generated, approved by

supervisor, and copy included in folder?

20,

Does the 1CAL folder contain complete data in the following
order? Data review checklist, a complete runlog, Avg. %eRSD
summary, Ratio summary, Calculati mmary, PFK
resolution/peak match documentati [otal RIC, EICP's and
manual integration - for window and all standards, in order
from low to high standard, ICV Summary Table, Calculation

Summary, and chr 4 4

Ci

Analyst: | Date;

2nd Level Reviewer :

[ Dale;

Comments:

1D022R13.doe, 072710
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Example Data Review Checklist
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TestAmerica Knoxville Dioxin GC/MS Continuing Calibration Review / Narrative Checklist
Method: 8290/8290A - KNOX-ID-0004-R9

Start Mass Res. v': Ver Filename: Inst:
End Mass Res. v Win Filename: ICAL Date:
Col Perf Filename:
End Ver Filename:
2nd
Review Items N/A | Yes | No | If No, why is data reportable? Level

1. Was the mass resolution documented at both the
beginning and end of the 12 hour shift?

2. Was the nstrument resolution >10,000 (<100 ppm) on PFE
mz 304.9824 and m/z 380.9760 or FC43 m'z 313.9838 and
m'z 363 98077

3. Was the measured exact mass of m/z 3809760 (PFK) or
363 9807 (FC43) within 5 ppm at reduced aceelerating
vollage?

4. Was date/time of amalysis venfied between analysis
header and logbook as correct?

5. Was the Window Defining Mixture analyzed and the
MID switchpoints set to encompass the retention time
windows of each congener group?

6. Was the Column Performance solution analyzed and
the #oValley <25 for separation between 2378-TCDD/F
and the closest eluting non-2378 isomer?

7. Were continuing calibrations performed at the
beginning and end of the 12-hour period, with
sueeessful mass resolution and GC resolution
performance checks?

8. Were the response factors calculated for each labeled
standard and unlabeled native analyte using the SOP
specified ref pound (Table 3), quantitati
ions {Table 22). and formula {Section 10.2.6)7

9. Are the measured RRFs for each compound within the
specified control limits in Table 7 for all
PCDDs/PCDFs?

10. Are the relative retention times of all PCDDs/PCDFs
and all labeled compounds within the limits specified

in Table 37

11. Are all 8N ratios =10 for the GC signals in each EICP
( d ion ck graphic profile} includi
internal standards?

12. Are the ion abundance ratios for all labeled and
unlabeled analytes within the control limits specified in
Table 22 of the SOP?

13.1f manual integrations were performed, are they clearly
identified, initialed and dated?

14 Were before/afler cf ams reviewed to d
whether the software and manual integrations were

appropriate?.

15 Were manual integrations performed properly?.

1o, If critena were not met, was a NCM generated,

approved by supervisor, and copy included in folder?

17. Does the CCAL folder contain complete data in the
following order: Data review checklist, a complete
nunlog, CCAL summary, Ratio summary, Caleulation
summary, PFK lution/peak match d tion;
Total RIC, EICPF's and manual integration - for window
and all standards?

Analyst: | Date:

2Ind Level Reviewer :

C

C

| Date:

1D022R13.doc, 072710
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Figure 3 (Continued)

Example Data Review Checklist

TestAmerica Knoxville Dioxin GC/MS Data Review / Narrative Checklist LOT #

Method: 8290/8290A- KNOX-ID-0004-R9 Page 1 of 1 Batch#
Review Ttems 2nd
A. Initial Calibration NIA Yes | No | Why is dala reportable? Level
1. Was the correct [CAL used for quantitation? (Check 1-2
compounds for batch by manually caleulating concentration
using the ICAL avg. RF.)
B. Continuing Calibration NA | Yes | No 2nd
1. “entinuing Calibration Checklist been completed for each
analytical batch?
C. Client Sample AND QC Sample Results MNA | Yes | No 2nd
1. Were all special project requirements met?
2. Were the header information, prep factors, and dilution factors
verified?
3. Is loghook date/time of analysis correct?
4. Sample analyses done within preparation and analytical holding HT expired upon receipt.
time (HT)? Ifne, list 1yl * Client requested analysis after HT expired.
Re-extraction done after HT expired.
5. Are internal standards within QC lirmits specified in Table 137 * [sup] len suppression due to matrix
If no, list samples and reaseon (e.g., SUrt): * Mlow] Low recovery. S/N =10 and ML.
Sample Reason Sample Reason [sam] Mot enough sample to re-extract,
[dil] Drilution showed acceptable 2cR.
[mitx] Cbwious matnx interference. Further
cleanup not possible.
* [unk] At client’s request, data was flagged as
i d and released without further investigation.
6. Were reported PCDIVFs which did not meet the enteria below,
properly caleulated and reported as EMPCs?:
* RTof 23 somers within -1 1o +3 seconds of associated labeled isomer.
* RT of non-2378 isomers within established first/last windows.
« Both native ions maximized within +2 seconds,
« lon abundance ratios within the control limits specified in Table 22,
* Mo corresponding peak at PCDPE mass,
7. Were all 2378-TCDF hits > ML confirmed by analysis on DB-
2252
8. Are positive results > ML within calibration range? OCDDVF or non-2378 exceeded calibration range
Ifno, list samples: Sample extracted at lowest possible volume
9. Are all manual integrations performed properly and clearly
identified and approved?
10, Were before/after chromatograms reviewed to detenming whether the
software and manual integrations were appropriate?.
11. Final report acceptable? (Results correct, DLs calculated
correctly, units correct, 18 %R comect, appropriate flags used,
dilution factor correct, and extraction’ analysis dates correct.)
12, Was a narrative prepared and all deviations noted?
D. Preparation/Matrix QC NA | Yes | No | Why is data reportable? 2nd
1. LCS{OPR) done per prep batch and all analytes within the limits * Reanalysis not possible-insufficient sample.
specified in QuantIMS reference data? LS %R high and affected analytets) were <ML
in associated samples.
2. Method blank done per prep batch, method/instrument blank Sample results are = 20y higher than blank .
analyzed with cach sequence and analytes present in the method * There is no analyte > RL in the samples
blank < ML?  Ifne, list blank ID: associated with method blar )
* Reanalysis not possible-insufTicient sample
3. MS/MSD recoveries and RPDs within laboratory generated QC C5 acceptable, indicating sample matrix cffeds.
limits? I no, list MSALSD acceptable, high analyte concentration,
ble, lack of sample I iy,
E. Other N/A Yes No 2nid
1. Are all nonconformances documented appropriately and copy
included with deliverabla?
Analyst: [ Date: Amalyst: [ Date:
[ Comments:

* Such action must be taken in consultation with client.

1D022R13.doe, 072710
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Analysis of PCDDs and PCDFs by HRGC/HRMS

Start

Tune GC/MS

A

Generate lon Chromatograms for
Samples.

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

2378-TCDD %Valley < 25

4

Calculate Internal Standard Percent
Recoveries (%Ris).

Re-extract sample at smaller weight
or volume.

Analyze five point Initial Calibration.
Calculate RRF's, Mean RRF's,
Standard Deviation , and %RSD.
Analyte %RSD must be < 20%
IS %RSD must be < 35%

A

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

7

Begin 12 hr shift.
Analyze Window Defining Mix and/
or Column Performance Mix.
2378-TCDD %Valley < 25

Analyze Continuing Calibration
Standard. Calculate Concentration.
Concentration must be within
specified limits.

A

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

End 12 hr shift.
Perform Resolution Check.

%Ris within Limits ?

Yes

v

f

No

/N > 10 and Minimum Level
criteria satisfied?

Yes

v

Identify and quantitate PCDD and
PCDF peaks.

Flag internal standard results and
document in case narrative.

Peaks meet all qualitative
requirements?

Yes

v

Flag peak concentration
"Estimated Maximum Possible
Concentration”

Sum Totals and report results.

Second Analyst reviews qualitative
and quantitative calculations.
Complete data review checklist.
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Scope and Application

1.1

1.2

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

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

Summary of Method

2.1

22

23

24

2.5

2.6

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

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

After extraction, the sample is concentrated and solvent exchanged to hexane. The extract is
then subjected to one or more optional cleanup steps to remove interferences. The final
extract is prepared by adding a known amount of the labeled recovery standards ("°C -
1,2,3,4-TCDD and 13 Ci2-1,2,3,7,8,9-HxCDD) and concentrating to the final volume.

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

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

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

Definitions

3.1

Cleanup Standard: Solution containing 37C14-2,3,7,8-TCDD that is added to every 1613B
and 8290A sample, blank and quality control spike sample after extraction but prior to
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3.3

3.4
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extract cleanup. The analysis results are used to judge the efficiency of the cleanup
procedures.

Internal Standards: Solution containing isotopically labeled analogs of the target analytes
that is added to every sample, blank and quality control spike sample before extraction. The
analysis results are used to calculate the concentration of the target analytes or detection
limits.

Recovery Standard: Solution containing BC15-1,2,3,4-TCDD and "°Cy,-1,2,3,7,8,9-HxCDD
that is added to every sample, blank and quality control spike sample just prior to analysis. The
analysis results are used to measure the recovery of the internal standards and the cleanup
standard.

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

Interferences

4.1

4.2

4.3

4.4

Safety

5.1

5.2

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

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

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

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

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

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

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

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

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

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

Material Hazards Exposure Limit (2) Signs and symptoms of exposure
Sulfuric Acid (1) Corrosive, 1 mg/m3 This material will cause burns if it comes into contact
Oxidizer, with the skin or eyes. Inhalation of vapors will cause
Dehydradator irritation of the nasal and respiratory system.
Sodium Hydroxide | Corrosive, 2 ppm, 5 mg/m3 This material will cause burns if it comes into contact
Poison with the skin or eyes. Inhalation of sodium hydroxide
dust will cause irritation of the nasal and respiratory
system.
Hydrochloric Acid | Corrosive, 5 ppm-Ceiling Inhalation of vapors can cause coughing, choking,
Poison inflammation of the nose, throat and upper respiratory
tract, and in severe cases, pulmonary edema, circulatory
failure and death. Can cause redness, pain and severe
skin burns. Vapors are irritating and can cause damage
to the eyes. Contact can cause severe burns and
permanent eye damage.
Methylene chloride | Carcinogen, 25 ppm-TWA, 125 Causes irritation to respiratory tract. Has a strong
Irritant ppm-STEL narcotic effect with symptoms of mental confusion,
light-headedness, fatigue, nausea, vomiting and
headache. Causes irritation, redness and pain to the skin
and eyes. Prolonged contact can cause burns. Liquid
degreases the skin. Can be absorbed through skin.
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Material Hazards Exposure Limit (2) Signs and symptoms of exposure
Hexane Flammable, 500 ppm-TWA Inhalation of vapors irritates the respiratory tract.
Irritant Overexposure can cause lightheadedness, nausea,
headache and blurred vision. Vapors can cause irritation
to the skin and eyes.
Methanol Flammable, 200 ppm-TWA A slight irritant to the mucous membranes. Toxic effects
Poison, exerted upon nervous system, particularly the optic
Irritant nerve. Symptoms of overexposure can include
headache, drowsiness and dizziness. Methyl alcohol is a
defatting agent and can cause skin to become dry and
cracked. Skin absorption can occur; symptoms can
parallel inhalation exposure. Irritant to the eyes.
Toluene Flammable, 200 ppm-TWA, 300 Inhalation can cause irritation of the upper respiratory
Poison, ppm-Ceiling tract. Symptoms of overexposure can include fatigue,
Irritant confusion, headache, dizziness and drowsiness. Peculiar
skin sensations (e.g., pins and needles) or numbness can
be produced. Causes severe eye and skin irritation with
redness and pain. Can be absorbed through the skin.
Acetone Flammable 1000 ppm-TWA Inhalation of vapors irritates the respiratory tract. Can
cause coughing, dizziness, dullness and headache.
Cyclohexane Flammable, 300 ppm TWA Inhalation of vapors causes irritation to the respiratory
Irritant tract. Symptoms can include coughing and shortness of
breath. High concentrations have a narcotic effect.
Tetradecane Irritant None established Inhalation of vapors can cause difficulty breathing,
headache, intoxication and central nervous system
damage.
Benzene Flammable, PEL: 1 ppm TWA; Causes skin irritation. Toxic if absorbed through skin.
Toxic, 5 ppm, 15 min. STEL | Causes severe eye irritation. Toxic if inhaled. Vapor or
Carcinogen mist causes irritation to mucous membranes and upper
respiratory tract. Exposure can cause narcotic effect.
Inhalation at high concentrations can have an initial
stimulatory effect on the central nervous system
characterized by exhilaration, nervous excitation and/or
giddiness, depression, drowsiness or fatigue. Victim can
experience tightness in the chest, breathlessness and loss
of consciousness.
Nonane Flammable None established Harmful if inhaled/swallowed. Vapor/mist is irritating
to eyes, mucous membranes and upper respiratory tract.
Causes skin irritation.
Potassium Corrosive, 2 mg/m’ ceiling Severe irritant. Effects from inhalation of dust or mist
Hydroxide Poison vary from mild irritation to serious damage of the upper

respiratory tract, depending on the severity of exposure.
Symptoms can include coughing, sneezing and damage
to the nasal or respiratory tract. High concentrations can
cause lung damage. Corrosive! Contact with skin can
cause irritation or severe burns and scarring with greater
exposures.
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Material Hazards Exposure Limit (2) Signs and symptoms of exposure

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

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

5.7

5.8

59

5.10

5.11

5.12

5.13

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

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

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

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

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

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

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

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

Equipment and Supplies

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

6.1

Miscellaneous Laboratory Equipment




6.2

6.3

6.4

6.1.1

6.1.2
6.1.3
6.1.4
6.1.5
6.1.6
6.1.7
6.1.8
6.1.9
6.1.10
6.1.11
6.1.12

SOP No.: KNOX-OP-0001
Revision No.: 1

Revision Date: 04/11/11
Page 7 of 39

Laboratory fume hood of sufficient size to contain the equipment used for
sample preparation

Oven, capable of maintaining a temperature of 105 + 5°C and 125 to 135°C
Balance, >100 g capacity, accurate to £ 0.01 g

Syringes, various sizes

Borosilicate 5.75 inch and 9.0 inch disposable pipettes with rubber bulbs
Class A 1 mL pipettes

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

Vials, 40 mL volume, with PTFE lined caps

Glass wool, precleaned with methylene chloride

Bottle top solvent dispensers

PTFE boiling chips

PTFE squirt bottles, 500 mL

Tissue Homogenization Equipment

6.2.1
6.2.2
6.2.3
6.2.4
6.2.5

Laboratory blender with glass body and stainless steel blades

Industrial meat grinder, Intedge Industries, Model C2H or equivalent
Laboratory homogenizer, OMNI GLH-01, Model LR060902 or equivalent
Scalpels or knives

Cut-resistant gloves

Aqueous Sample Extraction

6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6

Multi-position separatory funnel rotator

2000 mL separatory funnels with PTFE stopcocks and PTFE stoppers
100 mm glass funnels with short stems

600 mL concentration tubes

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

Vacuum source

Soxhlet Extraction



6.5

6.6

6.7

6.4.1
6.4.2
6.4.3
6.4.4
6.4.5
6.4.6
6.4.7
6.4.8
6.4.9
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Soxhlet extractors or Dean-Stark Soxhlet extractors

Heating mantles with temperature controls

500 mL boiling flasks, flat or round bottom

Glass condensers, compatible with the Dean-Stark extractors
High purity glass fiber Soxhlet thimbles

Boiling beads, 6 mm glass

Recirculating chillers

Stainless steel spatulas

Stainless steel tweezers

Dual Column (Silica Gel/Alumina) Cleanup

6.5.1

6.5.2
6.5.3
6.5.4
6.5.5

Disposable glass columns

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

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

Tornado II portable paint shaker or equivalent (for mixing reagents)
Aluminum support rack for custom columns
Amber-colored glass jars with a PTFE lined screw caps, 250mL and 500 mL

Solvent waste collection jars, 125mL

Activated Carbon Cleanup

6.6.1

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

Concentration Equipment

6.7.1
6.7.2
6.7.3
6.7.4
6.7.5

Labconco Rapid-Vap concentrator

600 mL sample concentrator tubes, Labconco or equivalent
Heating mantles with temperature controls

Three-ball macro Snyder columns

Nitrogen evaporator, N-EVAP or equivalent



6.7.6
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Mini vials, 1.1 mL capacity with tapered bottom, PTFE faced rubber septa and
SCrew caps

7. Reagents and Standards

7.1

7.2

Solvents
7.1.1
7.1.2
7.1.3
7.1.4
7.1.5
7.1.6
7.1.7
7.1.8
7.1.9
7.1.10
Reagents

7.2.1

7.2.2

Acetone, pesticide quality or equivalent

Benzene, pesticide quality or equivalent
Cyclohexane, pesticide quality or equivalent
Hexane, pesticide quality or equivalent

Iso-octane, pesticide quality or equivalent
Methanol, pesticide quality or equivalent
Methylene chloride, pesticide quality or equivalent
Nonane, pesticide quality or equivalent
Tetradecane, pesticide quality or equivalent

Toluene, pesticide quality or equivalent

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

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

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



7.3

7.4

7.5

7.6
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transferred into precleaned glass jars with PTFE lined screw caps
and is placed in a desiccator until needed.

Fly Ash Sample Pretreatment
7.3.1 Hydrochloric acid (HCI), concentrated, Mallinckrodt AR Select or equivalent

7.3.2 IN HCI - Carefully add 83 mL of concentrated HCI to 917 mL of reagent
water in a glass container

Tissue Sample Pretreatment

7.4.1 Dry ice, purchased from local vendor
Acid-Base Cleanup
7.5.1 Sulfuric acid, concentrated, ACS grade, specific gravity 1.84

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

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

Silica Gel/Alumina Column Cleanup

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

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

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

7.6.4 Alumina, Neutral - Super I - Scientific Absorbents. Purchase and use only
activated alumina. Store in an oven at 125 - 130°C when not in use.
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7.6.4.1 Each new lot of alumina must be tested upon receipt and before
use. Elute a solution containing all of the '*C labeled internal
standards and native analytes through a column packed with the
new lot of alumina. Collect the 65% fraction and analyze by
HRMS. The target analytes and internal standard recoveries must
be greater than 85% in the final fraction. If the recovery is less
than 85% for any compound or internal standard, the ratios and
volumes of the elution solvents must be optimized and the test
repeated until all compounds meet the recovery criteria.

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

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

Activated Carbon Cleanup

7.7.1

7.7.2
7.7.3

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

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

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

Standard Solutions

7.8.1

Certified reference standards are purchased from Cambridge Isotope
Laboratories (CIL, Andover Massachusetts). If the chemical purity is 98% or
greater, the weight can be used without correction to compute the
concentration of the standard. When not being used, standards are stored in
the dark at room temperature in screw-capped vials with PTFE lined caps.
Standards are used as received after being sonicated and transferred to 2.0 mL
amber glass vials with PTFE lined caps.
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Stability of Solutions: Standards have an expiration of ten (10) years from
date of receipt unless otherwise specified by the manufacturer. Standard
solutions used for quantitative purposes must be analyzed periodically and
must be assayed against reference standards before use.

Native Standards

7.9.1

7.9.2

7.9.3

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

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

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

1613B/8290/8290A Internal Standards

7.10.1

7.10.2

1613B/8290/8290A Internal Standard Stock Solution: CIL Catalog No. EDF-
8999, 100 ng/mL (*C;,-OCDD 200 ng/mL) in nonane, 500 pL.

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

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

7.11.1

7.11.2

7.11.3

7.11.4

13C1,-2,3,7,8-TCDD Internal Standard Stock Solution: CIL Catalog No. ED-
900, 50 pg/mL in nonane, 1.2 mL

C|,-2,3,7,8-TCDF Internal Standard Stock Solution: CIL Catalog No. EF-
904, 50 pg/mL in nonane, 1.2 mL

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

13C1,-TCDD/"*C ,-TCDF Internal Standard Spiking Solution: Dilute 200 uL
of the internal standard secondary stock solution to 200 mL in a 250 mL
amber bottle with a PTFE lined cap with iso-octane to a final concentration of
1.0 ng/mL. 1.0 mL of this solution is added to each sample, method blank and
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QC sample extract that is extracted for TCDD and/or TCDF analysis only. See
Table 2 for a complete list of compounds and their concentrations.

7.12  Recovery Standards

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

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

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

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

7.13  1613B and 8290A Cleanup Standards

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

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

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

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

8. Sample Collection, Preservation and Storage

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

below.
Method: 1613B 8290/8290A"
Holding Times Samples — 1 year from collection to Samples — 30 days from collection to
extraction. extraction.
Extracts — 1 year from extraction to Extracts — 45 days from extraction to
analysis. analysis.
Tissue Extracts —45 days from collection to
analysis.
Containers Amber Glass Amber Glass
Preservation:
Aqueous Samples <6 °C in the dark. <6 °C in the dark.
If residual chlorine is present, add 80
mg/L sodium thiosulfate.
If pH > 9, adjust to pH 7-9 with sulfuric
acid.
Solid Samples <-10 °C in the dark. <6°C in the dark.
Tissue Samples <-10 °C in the dark. <-20 °C in the dark’.
Notes:

1  For methods 8290 and 8290A, the holding times listed are recommendations. PCDDs and PCDFs are very
stable in a variety of matrices, and holding times under the conditions listed can be as high as a year for
certain matrices. The results of samples analyzed after the holding time expiration date must be considered to
be minimum concentrations and must be identified as such in the final report. Sample extracts, however, must
always be analyzed within 45 days of extraction. (For the State of South Carolina and the New Jersey DEP,
the holdings times are as listed in the table and are not considered recommendations.)

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

0. Quality Control

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

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

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

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

between the sample matrix and method blank matrix.

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

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

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

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

When method 8290 is performed, a matrix spike/matrix spike duplicate (MS/MSD) is

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

Calibration and Standardization

10.1  Not applicable.
Procedure
11.1  One time procedural variations are allowed only if deemed necessary in the professional

judgment of supervision to accommodate variations in sample matrix, radioactivity,
chemistry, sample size or other parameters. Any variations in the procedure, except those
specified by project specific instructions, must be completely documented using a
Nonconformance Memo and approved by a Technical Specialist, Project Manager and QA
Manager. If contractually required the client must be notified.
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Any unauthorized deviations from this procedure must also be documented as a
nonconformance with a cause and corrective action described.

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

Aqueous Sample Extraction

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

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

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

9% Solids = weight of dish plus sample after drying — weight of dish «100

weight of dish plus sample before drying — weight of dish

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

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

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

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

11.4.52  Samples can be filtered, extracted separately as solid and aqueous
fractions, and the extracts combined for a single analysis.
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11.4.5.3  The client may decide to resample if they determine that solids
should not have been present.

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

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

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

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

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

Sample Filtration

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

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

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

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

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

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

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

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

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

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

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

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

11.4.17.2  Spread the glass wool out, covering the entire surface of the
sodium sulfate to a depth of ~5 to 10 mm. If the emulsion is hard
to break up and persistent, a small, additional layer of sodium
sulfate is added on top of the glass wool.
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11.4.17.3  Drain the solvent and emulsion layer into the funnel being careful
to drain no more than 60 mL of volume if a clear phase layer
cannot be determined.

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

Repeat steps 11.4.14 through 11.4.17 two more times.

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

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

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

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

Macro Extract Concentration of Aqueous Extracts by Rapid-Vap

11.5.1

11.5.2

11.5.3

11.5.4

11.5.5

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

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

Temperature: 30 °C

Vortex Speed: 30%, initially
Nitrogen: 7-9 psi

Timer Set: 30 minutes

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

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

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

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

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

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

Screening Process for Samples with High Concentration of Dioxins/Furans

11.6.1

11.6.2

11.6.3
11.6.4
11.6.5

11.6.6

11.6.7

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

Screening is done as a precaution to minimize the chance of having high level
samples exposing the preparation and analytical areas to excessive amounts of
dioxins/furans, thereby potentially contaminating areas and other samples

contained in those areas. See Appendix III for LRMS Dioxin Screen Strategy.

Mix sample well, weigh out 2.5 g (£ 0.1 g) and place in a 40 mL vial.
Add 10 mL of toluene and shake on a shaker table for 3 hours.

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

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

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

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

Pretreatment for Fly Ash Samples

11.7.1

11.7.2

11.7.3

11.7.4

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

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

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

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

Sample Pretreatment for Tissues

11.8.1

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

Solid/Tissue/Wipe Sample Extraction

11.9.1

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

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

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

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

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

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

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

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

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

Place the extraction thimble in the glass Soxhlet extractor.
Assemble the Soxhlet system and secure to the lab supports.

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

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

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

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

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

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

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

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

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

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

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

CAUTION: When extracting or concentrating a sample with hexane, toluene
or any mixture containing these solvents, the analyst must add the boiling
chips within 5 minutes of placing the flask on the heat source in order to
prevent bumping of the solvent.
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Apply heat to the 500 mL flask in the heating mantle and reduce the extract
volume to approximately 10-15 mL.

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

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

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

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

11.10 Waste Dilution

11.10.1

11.10.2

11.10.3

11.10.4

11.10.5

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

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

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

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

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

Proceed to sample extract cleanup in section 11.11.

Sample Extract Cleanup

11.11.1

11.11.2

11.11.3

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

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

Acid-Base Cleanup

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

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

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

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

11.11.3.3  Add approximately 10 mL of 5% (w/v) aqueous sodium chloride to
the vial and gently shake for 20 seconds. If an emulsion forms,
discontinue shaking. Vent the vial frequently to prevent pressure
build up. Let the vial stand for 10 minutes or longer until any
emulsion present settles out. Carefully remove the aqueous layer
(the bottom layer) with a glass pipette, taking care not to remove
any of the solvent layer or remaining emulsion.
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Slowly add approximately 15 mL of concentrated sulfuric acid to
the vial. If an emulsion remains from the previous step, slowly add
concentrated sulfuric acid (drop by drop) to the vial. CAUTION:
HEAT CAN BE GENERATED DURING THIS STEP. Shake
the vial for 30 seconds. Vent the vial frequently to prevent pressure
build up. Let the vial stand for 10 minutes or longer until any
emulsion settles out. Carefully remove the bottom layer (i.e., the
aqueous, acid or base layer) with a glass pipette, taking care not to
remove any of the solvent layer. Repeat the acid washing if the
solvent layer is still darkly colored (perform a maximum of four
acid washings). An option to employ if the acid layer is large or
very dark and thick is to remove the hexane layer (the top layer)
and any emulsion to a fresh 40 mL vial. Rinse the vial containing
the acid 2 times with 2 mL of hexane and add these rinsings to the
sample vial.

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

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

Reduce the extract volume to approximately 6 to 8 mL.

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

Dual Column (Silica Gel/Alumina) Cleanup

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

11.11.4.1

11.11.4.2

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

Mark the level to which the column packings are to be added with
a marking pen starting at the top of the glass wool plug and
proceeding from bottom to top. The levels for each type column
are as follows;
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20 mm diameter silica gel column:
12 mm — 2g of 3.3% deactivated silica gel
16 mm — 4g of acidic silica gel
12 mm — 2g of 3.3% deactivated silica gel
10 mm — sodium sulfate

16 mm diameter alumina column:
40 mm — 6 g of neutral alumina
10 mm — sodium sulfate

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

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

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

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

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

Just as the solvent level reaches the top of the column packing, add
70 mL of hexane (via a solvent bottle top dispenser in 20 to 30 mL
increments) into the top of the silica gel column and allow this to
drip into and through the alumina column and into the collection
jar. When the hexane has completely drained from the silica gel
column, remove the column from the support rack and dispose of it
in the appropriate waste container.
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Just as the level of hexane reaches the top of the packing in the
alumina column, replace the 125 mL glass jar containing the
solvent waste with a 40 mL vial which has been labeled with the
sample workorder number. Using a solvent dispenser, add 10 mL
of 5% methylene chloride/hexane mixture. Dispose of the solvent
waste in the 125 mL glass jar in the appropriate waste container.

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

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

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

Activated Carbon Cleanup

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

11.11.5.1

11.11.5.2

11.11.5.3

11.11.54

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

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

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

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

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

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

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

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

11.12 Final Concentration by Nitrogen Evaporation

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

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

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

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

12. Data Analysis and Calculations

12.1  Not applicable.
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Method Performance

13.1

13.2

133

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

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

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

Pollution Prevention

14.1

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

Waste Management

15.1

15.2
15.3

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

See the current revision of SOP KNOX-HS-0002 for specific waste handling guidelines.
The following waste streams are produced when this method is carried out.

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

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

1533 Extracted solid/tissue samples, paper funnel filters, glass wool, etc., that has
been contaminated with solvents shall be placed in the incinerable laboratory
waste stream, contained in a steel or HDPE satellite accumulation container.
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1534 Contaminated sulfuric acid used during extract cleanup must be placed in the
acidic laboratory waste stream, contained in a HDPE satellite accumulation
container or 55 gallon HDPE drum.

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

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

References

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

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

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

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

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

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

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

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

Miscellaneous

17.1

Deviations from Reference Methods

17.1.1 Spiking levels have been reduced to minimize the amount of dioxin
contaminated waste generated by this procedure. It has been demonstrated
that the performance criteria specified in the method are not affected by this
modification.
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Method 1613B employs a gravimetric determination of sample size rather
than a volumetric determination. This procedure employs a volumetric
determination of sample size to allow reporting of sample concentration in the
standard units of pg/L (ppq). This modification has no impact on the
performance criteria of this method.

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

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

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

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

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

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

Benzene is used to aid in dissolving the samples and/or extracts in hexane. It
has been demonstrated that the performance criteria specified in the methods
is not affected by this modification.
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The acid-base cleanup procedure is carried out in a 40 mL vial instead of a
separatory funnel. Disposable glassware is used to decrease the risk of cross
contamination. The volumes of the washes used have been adjusted for use in
the 40 mL vial. It has been demonstrated that the performance criteria
specified in the methods is not affected by this modification.

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

Extracts are stored at room temperature rather than at <10 °C as specified in
method 1613B. Methods 8290 and 8290A allow for the storage of extracts at
room temperature in the dark. All of the reference methods require that
standards be stored at room temperature. Recovery studies performed by
Cambridge Isotopes Laboratories (CIL) indicate freezing or refrigeration of
standards causes problems with precipitation and irreversible adsorption to the
inside surface of the vial. CIL recommends the storage of standards and
extracts at room temperature as long as they are protected from exposure to
UV and evaporative losses.
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Table 1 — Concentration of Native Stock and Spiking Solutions
Vendor Workin LCS Spikin
Native Analyte Sg?)z?igd ﬁj;[r?llaoe% Conc Stock Cor?c. Solutiore Cor?c
(ng/mL) (ng/mL) (ng/mL)
2,3,7,8-TCDD CIL EDF-7999-10x 400 40 0.2
2,3,7,8-TCDF CIL EDF-7999-10x 400 40 0.2
1,2,3,7,8-PeCDD CIL EDF-7999-10x 2000 200 1.0
1,2,3,7,8-PeCDF CIL EDF-7999-10x 2000 200 1.0
2,3,4,7,8-PeCDF CIL EDF-7999-10x 2000 200 1.0
1,2,3,4,7,8-HxCDD CIL EDF-7999-10x 2000 200 1.0
1,2,3,6,7,8-HxCDD CIL EDF-7999-10x 2000 200 1.0
1,2,3,7,8,9-HxCDD CIL EDF-7999-10x 2000 200 1.0
1,2,3,4,7,8-HxCDF CIL EDF-7999-10x 2000 200 1.0
1,2,3,6,7,8-HxCDF CIL EDF-7999-10x 2000 200 1.0
2,3,4,6,7,8-HxCDF CIL EDF-7999-10x 2000 200 1.0
1,2,3,7,8,9-HxCDF CIL EDF-7999-10x 2000 200 1.0
1,2,3,4,6,7,8-HpCDD CIL EDF-7999-10x 2000 200 1.0
1,2,3,4,6,7,8-HpCDF CIL EDF-7999-10x 2000 200 1.0
1,2,3,4,7,8,9-HpCDF CIL EDF-7999-10x 2000 200 1.0
OCDD CIL EDF-7999-10x 4000 400 2.0
OCDF CIL EDF-7999-10x 4000 400 2.0




SOP No.: KNOX-OP-0001
Revision No.: 1

Revision Date: 04/11/11
Page 35 of 39

Table 2 — Concentration of Labeled Stock and Spiking Solutions

Vendor Working Spiki_ng
Standard Catalog Stock Conc Stock Solution
Labeled Analyte Conc
Source Number (ng/mL) (ng/mL) Conc. Conc
(ng/mL) (ng/mL)
Internal Standards
"C},-2,3,7.8-TCDD CIL EDF-8999 100 N/A N/A L0
"C,,-2,3,7.8-TCDF CIL EDF-8999 100 N/A N/A L0
BC1,-1,2,3,7,8-PeCDD CIL EDF-8999 100 N/A N/A 1.0
C1,-1,2,3,7,8-PeCDF CIL EDF-8999 100 N/A N/A 1.0
1C1,-2,3,4,7,8-PeCDF CIL EDF-8999 100 N/A N/A 1.0
C},-1,2,3.4,7,8-HxCDD CIL EDF-8999 100 N/A N/A 1.0
C},-1,2,3,6,7,8-HxCDD CIL EDF-8999 100 N/A N/A 1.0
C},-1,2,3.4,7.8-HxCDF CIL EDF-8999 100 N/A N/A 1.0
C1,-1,2,3,6,7,8-HxCDF CIL EDF-8999 100 N/A N/A 1.0
C15-2,3,4,6,7,8-HXxCDF CIL EDF-8999 100 N/A N/A 1.0
BC1,-1,2,3,7,8,9-HxCDF CIL EDF-8999 100 N/A N/A 1.0
"C},-1,2,3.4.6,7.8-HpCDD CIL EDF-8999 100 N/A N/A 1.0
"C},-1,2,3.4.6,7,8-HpCDF CIL EDF-8999 100 N/A N/A 1.0
BC1»-1,2,3,4,7,8,9-HpCDF CIL EDF-8999 100 N/A N/A 1.0
l3C,z-OCDD CIL EDF-8999 100 N/A N/A 2.0
Internal Standards - Tetras
Only
"C},-2,3,7.8-TCDD CIL ED-900 50000 1000 N/A 1.0
"C},-2,3.7.8-TCDF CIL EF-904 50000 1000 N/A 1.0
Recovery Standards
13C,,-1,2,3,4-TCDD CIL ED-911 50000 5000 N/A 100
13C1,-1,2,3,7,8,9-HxCDD CIL ED-996 50000 5000 N/A 100
Cleanup Standard
*'C1,-2,3,7,8-TCDD CIL ED-907 50000 5000 200 0.2
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Appendix | — Example Extraction Benchsheet

TestAmerica Knoxville Extraction Sheet
1613/8290/8290A Sediment/Soil by Soxhlet - KNOX-ID-0004

1613B0 82900 8290A0

Batch Number: Native Spike (0.20/1.0/2.0 ng/mL) ID: Spiked by: Witness: Date: Delivered:
Soxhlet Start Date/Time: Internal Std (1.0/2.0 ng/mL) ID: Spiked by: Witness: Date: Initials/Date/Time
Soxhlet Stop Date/Time: Cleanup Std (0.20 ng/mL) ID: Spiked by: Withess: Date: Received:
Soil0 SedimentO Recovery Std (100 ng/mL) ID: Spiked by: Witness: Date: Tntials/Date/Time
=
= - -
N i © Q= m L 8 . °
3 & = e 2 S~ 2% = 2d6 | @ z 5 > 5 e
= w e 3] c © c X = © 5 @ cS | £ €5 o =E] o
- o3 = @ 7 - 3 3 ] =) 5 £ = £
S 5 S 93 £ ° s 9 < = & °x%x | & a5 £ ] ET S 2
22 | 3 2~ (29 5 2 S 2 |8 s % £ 22|32 ] 3 85| 22
x @ 2 22 |eg £ © 50 |*® ] % 15 S S @ 23 2T
o 3 5 SE | % £ S T s = =3 3 SE |3 o ° - |58 30
L 3 ET |24 £ £Y (S8 2= b= < €5 | 58| L5 c Vi iges]| e
2 S o | =X X @ |EF X% c < £ 5 13 S o Q o ® o O 2
29 3 vE |22 | E s2 |89 |sm - SE|gE |28 | 2 = | =ES|%s
2§ 5 2 |e=T| ©® LS5IDER |Ca s2o| 2 ey |25 |85 % 2 |lg2% |58
o 2 P SUWE|l ¢ Seg|=c S g o| EXE @ s [(FTg |82 3 s 23| 3¢
£ &= 8> E=T| w c - oI E = c mgv g_ = 0 = - 8>._ N
§8 | J2 | a2 |ES2| 88 |58 s |Emg|cde| 83|55 |EE|52| E | § |eeg| 28
@ E £ [= s a 2
Lot Sample Work Order - E ez s8 |c@5| 8|25 |ugcx|222| 25|23 | |25 |82 2 g s 8< g8~
- “; T o TO0o % = CofBco=>0c - |TED Qo o > S o o > [ o oo & oo—:;_
Number Number Suf| €& =z < o < 3 3| w.E O T Qwlwol| g3 | |OW |a o |OWw o [&] Q| O 2
Extr Toluene Lot #: 5% NaCl ID: Deact Silica ID: 95/5 Hex/MeCl, ID: 75/20/5 MeCl,/MeOH/Benz ID:
Tetradecane Lot # H,80, Lot #: Acid Silica ID: 65/35 MeCl,/Hex ID: Carbon Col Toluene Lot #:
Conc Hexane Lot #: A/B Na,;SO, Lot #: SG/A Col Na;SO, Lot #: Carbon Lot #:
20% KOH ID: Alumina Lot #: SG/A Col Hex Lot #: 50/50 MeCl,/Cyclo ID:
Comments:

1613B 8290 Solid.xls

Printed: 2/2/2011 4:23 PM
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Appendix Il — Guidelines for the Spike Witnessing Process

o Make sure there are no distractions, for example, phone calls, checking samples on water bath,
people coming in to ask questions.

. The person spiking must tell the person who is witnessing what is being spiked and how much.
Make sure the paperwork shows the spike amounts and spike IDs.

o The person witnessing should make sure they know and understand what is to be spiked and how
much. Check the paperwork to verify.

o Check the syringe for air bubbles and also check the spike volume.

. It is a good idea to also check for cracks in the glassware.

o If client service requires spiking to occur when another analyst is not available, a witness is not
required. In this case, the analyst will serve as his/her own witness and must carefully double
check the spike solutions and spike amounts added to the client samples and associated quality
control samples. The analyst enters his/her initials as both the analyst and witness.
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Appendix Il - LRMS Dioxin Screen Strategy
LRMS Dioxin Screen Strategy

Level 4 Level 4 ievel 4 Level 4

10g 18g Screen Screen Screen Screen

LCL uUCL 5X UCL SXUCL @ Leve! 4 Usinglg Using1g Using 1.25 g Using 2.5

ppt  ppt 10g20ul ig Samp Canc 20ul 500 ub 500 ui 1000 ul.

Analyte pg/g  pgig pglg pa/g po/g vs 20ul {pg/g) vs 20ul {pg/g) vs 20uk {pg/g)

2,3,7,8-TCDD 1 400 2000 20000 100 1000 25000 20000 20000
2,3.7,8-TCDF 1 400 2000 20000 100 1000 25000 20000 20000
1,2,3,7.8-PeCDD 5 2000 10060 100000 500 5000 125000 100000 100000
1,2,3,7.8-PeCDF 5 2000 10060 100000 500 5000 125000 106000 100000
2,3,4.7,.8-PeCDF 5 2000 10800 100000 500 5000 125000 160000 100400
1,2,3.4,7,8-HxCDD 5 2000 10000 100000 500 5000 125000 160000 100000
1,2,3,6,7,8-HxCDD 5 2000 16000 100000 500 5006 125000 1600006 100000
1,2,3,7.8,9-HxCDD 5 2000 10000 100600 500 5000 125000 10000G 104000
1,2,3,4.7,8-HxCDF 5 2000 10000 1000060 506 5080 125000 100000 1006000
1.2,3,6,7,8-HxCDF 5 2000 10000 100000 560 5000 125000 100000 108000
2,3,4,6,7,8-HxCDF 5 2000 10000 100000 500 5000 125000 100000 100000
1,2,3,7,8,9-HxCDF 5 2000 10000 160000 500 5000 125000 100000 100000
1,2,3,4,6,7,.8-HpCDD 5 2006 10000 166000 500 5000 125000 100000 160000
1,2,3,4,6,7,8-HpCDF 5 2000 10000 100000 500 5000 125000 1000060 1460000
1,2,3,4,7,8,9-HpCDF 5 2000 10000 10600C0 500 5000 125000 100060 100000
CCDb 10 4000 20000 200000 1000 10000 250000 200000 200000
OCDF 10 4060 20000 200000 1000 10000 250000 2000080 200000

If levels in screen are greater than the level 4 standard, do not prep. Send for 8280 analysis.

If peaks are observed at 1/5 to 1 time(s) the areas of the level 4 standard, prep at 1 g, 1/10 bench dilution. >
If peaks are observed at 1/50 to 1/5 time(s) the areas of the level 4 standard, prep at 1 g.™™

If no peaks are observed, prep 10 grams.

*** In these cases, the glassware used is treated as contaminated. Post- Clean with solvent before washing.



SOP No.: KNOX-OP-0001
Revision No.: 1

Revision Date: 04/11/11
Page 39 of 39

Appendix IV — Example Determination of Sediment Sample Extraction Amounts Spreadsheet

TestAmerica Knoxville

Determination of Sediment Sample Extraction Amounts

Prep Batch #: 1033072
OR Lot ID: Meth. Code:
Sample | Work Order Percent Percent Extraction
Lot # Number 1D Moisture Solids Amount (g)
1 | H1A280439 1 MDT431AK 51.50 N/A 40 to 41
2 | H1A280448 1 MDT861AK 50.07 N/A 40 to 41
3 | H1A280448 6 MDT911AK 54.08 N/A 40 to 41
4 | H1A280448 7 MDVAC1A! 45.60 N/A 36.8 to 37.7
5 | H1A280448 78 MDVAC1DU 45.60 N/A 36.8 to 37.7
6 | H1A280448 7D MDVAC1DV] 45.60 N/A 36.8 to 37.7
7 | H1A280448 12 MDVDF1AC 54.65 N/A 40 to 41
8 | H1A300404 1 MDWC91AK| 53.07 N/A 40 to 41
9 | H1A300404 2 MDWDA1A! 48.36 N/A 38.7 to 39.7
10| H1A300404 3 DWDC1A 45.28 N/A 36.5 to 37.5
11| H1A300404 5 MDWDE1A! 48.43 N/A 38.8 to 39.8
12| H1A300404 6 MDWDF1A 43.85 N/A 35.6 to 36.5
13| H1A300404 7 DWDG1A 41.62 N/A 34.3 to 35.1
14
15
16
17
18
19
20
21
22
23
24
25

Sediment Extraction Amounts Rev 51

Sediment Extraction Amounts Rev 5

Printed on 2/2/2011 at 4:29 PM
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1.0 Scope and Application
This SOP gives the procedures for extracting semivolatile organic compounds (SVYOCs) in
water samples. The laboratory currently employs two extraction procedures for water
samples: continuous liquid-liquid extraction (CLLE) followed by extract concentration via
Zymark TurboVap technique, and separatory funnel extraction followed by extract
concentration via Kuderna-Danish (K-D) technique.
The CLLE procedure is the laboratory’s defauit procedure. The separatory funnel
procedure can be employed to meet compressed turn-around-times or upon client
request.
The following classes of SVOCs can be extracted using the procedures outlined in this
SOP:
Fraction Analytical Method SOP #
EPA 608
EPA BO81A
EPA 8081B
Organochlorine Pesticides & PCBs EPA 8082 SOP SA-5G-045
EPA 8082A
SM6431B
SM6630C
EPA 614
Organophosphorous Pesticides EPAB141A SOP SA-8G-050
EPA 8141B
i . . EPA 80158
Riesel Ra{‘g;g‘ ;"d%‘ggo‘j Organics EPA 8015C SOP SA-SG-070
{DRO and ORO)
Polychlorinated Biphenyls EPA 680 SOP SA-SM-007
EPA 625
EPA 8270C
EPA 8270D
EPA 8270C_LL
Base Neutrals / Acids & PAHs EPA 8270D_LL SOP SA-SM-033
EPA 8270C_LL_PAH
EPA 8270D_LL_PAH
SMB410B (BNAs)
SM6420C (Phenols)
Toxaphene Congeners (i.e., Parlars)
and Technical Toxaphene EPANE2NE SO SARSH:0SH

Note: Herbicides by EPA 515.1, EPA 615, and EPA 8151 and Pesticides and PCBs hy
EPA--508-—-are—-extracted by separatory—funnel: however, theseprocedures—are very
specialized and are included in their own method-specific SOPs (Herbicides: SA-SG-065;
Pesticides and PCBs: SA-SG-046).

This SOP includes the Work Instructions outlining the extract clean-up procedures
employed by the laboratory. These clean-up procedures include Gel-Permeation

Company Confidential & Proprietary
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Chromatography (GPC), Florisil, copper (sulfur), and suifuric acid as outlined in
Attachment 8 through Attachment 11.

A complete target analyte lists, the reporting limits (RL), the method detection limits
(MDL), and the accuracy and precision criteria associated with this procedure are
provided in the LIMS Method Limit Groups (MLGs).

This SOP was written by and for TestAmerica’s Savannah laboratory.

Summary of Method

Continuous Liquid-Liquid Extraction Procedure

A known volume of sample is adjusted to a specific pH, if required by the analytical
method, transferred to a continuous lquid-liquid extractor, and extracted using the solvent
and conditions specified in Attachment 5. The extract is concentrated to an appropriate
final volume using the Zymark TurboVap apparatus.

Zymark TurboVap Concentration Procedure

After the CLLE procedure is completed, the solvent is transferred to a glass Zymark
concentration tube. The tube is placed in the Zymark TurboVap concentration device,
which has been heated {0 a specified temperature. A stream of nitrogen is directed into
the tube to evaporate the solvent and to concentrate the target compounds. When the
volume of solvent reaches the specified volume, normally 1mL, the nitrogen stream is
automatically stopped. An alarm sounds to alert the analyst, and the extract is removed
from the device and transferred o a storage vial.

If a solvent exchange is required, the exchange solvent is added to the fube, the solvent is
evaporated to the specified final volume, and the extract is transferred to a storage vial.

The extracts are stored at 4°C until the time of analysis.
Separatory Funnel Extraction Procedure

In separatory funnel exiraction a known volume of sample is placed into a separatory
funnel, adjusted to a specified pH if required by the analytical method, and extracted using
the solvent and conditions specified in Attachment 6. The exiract is concentrated to an
appropriate final volume using the Kuderna Danish (KD) concentration procedure.

Kuderna-Danish Concentration Procedure

After the separatory funnel extraction procedure is completed, the extract is transferred to
a glass Kuderna-Danish (K-D) concentration apparatus. The K-D is placed in a water
bath that has been heated to 60-90°C. As the solvent evaporates, the target compounds
are collected in the concentration tube. When the apparent volume of solvent reaches
1mL, the K-D is removed from the water bath and allowed to cool. The extract is removed
from the device and transferred to a storage vial or container.
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If a solvent exchange is required, the exchange solvent is added to the K-D, the solvent is
evaporated to the specified final volume, and the extract is transferred to a storage vial or
container.

The extracts are stored at 4°C until the time of analysis.

Note: The K-D cannot be used for extracts that must be evaporated to a final volume of
1mL or less. Nitrogen blow-down or a micro K-D must be used to evaporate an extract to
1mL or less.

Extract Clean-up Procedures

GPC, Florisil, copper, and acid clean-up procedures can be performed to remove
interferences from extracts as outlined in the Attachment 8 through Attachment 11 of this
SOP.

Method References
This S8OP is based on the following methods: EPA 3510C (Separatory Funnel), EPA
3520C (CLLE), EPA 8276 (CLLE), and the extractions sections of EPA 608, EPA 614,

EPA 625, EPA 680, and SM6431B, SM6630B, SM6410B, and SM6420C (all of which are
performed by CLLE).

Definitions

Refer to the Glossary Section of the Quality Assurance Manual (QAM) for a complete
listing of applicable definitions and acronyms.

interferences

Procedural Interferences

Interferences may be caused by contaminants in solvents, reagents, glassware, and other
sample processing apparatus and can make identification and/or quantification of the
target analytes difficuit.

All sample collection containers are single-use disposable containers which limits the
potential for contamination. All non-disposable labware must be scrupulously cleaned in
accordance with the posted Labware Cleaning Instructions to ensure it is free from
contaminants and does not contribute artifacts.

After cleaning the CLLE apparatus, inspect the glassware for the presence of water,
especially in the small tubing of the extractor. Water can block the solvent return tube and
prevent efficient extraction of the sample. A thorough acetone rinsing will help to

eliminate or minimize this problem.

High purity reagents and solvents are used to help minimize interference problems.
Acetone, hexane, methylene chloride, and sulfuric acid must be verified prior to use in
accordance with the TestAmerica Solvent Lot Testing Program.

Company Confidential & Proprietary



4.2

421

422

424

4.2.5

426

5.0

SOP No. SA-EX-030, Rev. 8
Effective Date: 01/06/2011
Page No.: 5 of 56

Instrument and/or method blanks are routinely used to demonstrate all reagents and
apparatus are free from interferences under the conditions of the analysis.

Matrix Interferences

Matrix interferences may be caused by contaminants that are co-extracted from the
sample matrix. The sample may require cleanup or dilution prior to analysis to reduce or
eliminate the interferences. The clean-ups employed by the laboratory include Gel
Permeation Chromatography (GPC), Florisil, sulfuric acid, and copper (sulfur) clean-ups
as outlined in Attachment 8 through Attachment 11.

Interfering contamination may occur when a sample containing low concentrations of
analytes is analyzed immediately following a sample containing relatively high
concentrations of analyies. As such, samples known to be clean should be processed
first.

Samples with large amounts of sediments or particulate may ciog the solvent return iine of
the CLLE. A layer of glass wool, placed in the bottom of the extractor, may be helpful
when sedimenis or particulate are present.

Sampies with high levels of organic material {oils, particulates, etc.) may cause the
formation of emulsions during the extraction if separatory funnels are used. Emulsions
will cecur most readily if the sample is adjusied to a basic pH. The extract may be filiered
or stirred to remove the emuision. If the emulsion cannot be broken, the sample and
extract should be transferred to a continuous liquid-liquid extractor.

During extract cleanup an emuision may form in the acid/sclvent interface. A small
quantity of sodium sulfate or sodium chioride may be gently added to the emulsion. The
salt will generally cause the emulsion to break up.

Exiracts with particulates and precipitates will clog the Florisil Scolid Phase Extraction
(SPE) cartridges and the GPC. Filter the extract through a syringe with 0.45um filter as
necessary.

Safety

Employees must abide by the policies and precedures in the TestAmerica Environmental
Health and Safety Manual (EHSM), the TestAmerica Savannah Addendum to the EHSM,
and this document.

This procedure may involve hazardous materials, operations, and equipment. This SOP
does not purport to address all of the safety problems associated with its use. It is the
responsibility of the user to follow appropriate safety, waste disposal, and health practices
under the assumption that all samples and reagents are potentially hazardous.

The analyst must protect himself/herself from exposure to the sample matrix. Many of the
samples that are tested may contain hazardous chemical compounds or biological
organisms. The analyst must, at a minimum, wear protective clothing (lab coat), eye
protection (safety glasses or face shield), disposable nitrile gloves, and closed-toe,
nonabsorbent shoes when handling samples.
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Specific Safety Concerns or Requirements

The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely
defined. Each chemical should be treated as a potential health hazard, and exposure to
these chemicals should be minimized.

Methylene chloride is a carcinogen and an irritant. It causes irritation to the respiratory
tract and has a strong narcotic effect with symptoms of mental confusion, light-
headedness, fatigue, nausea, vomiting, and headache. Methylene chloride may be
absorbed through the skin and can cause irritation and pain to the skin and eyes.

Hexane and acetone are flammable solvents. They can cause irritation to the respiratory
tract. Overexposure can cause fatigue, lightheadedness, headache, dizziness, and
blurred vision.

Sodium hydrexide is a severe corrosive. Contact with the skin can cause iritation or
severe burns and scarring. Contact with the eyes can cause irritation, burns, permanent
visicn impairment or even blindness.

Sulfuric acid is a strong oxidizer and is a corrosive. It will react violently when combined
with organic compounds, possibly producing fire. Inhalation can cause irritation of the
nose, throat, mucus membranes, and upper respiratory tract. Contact with the eyes can
cause blurred vision, redness, pain, and even blindness.

Compressed gasses have specific hazards. The employee must be familiar with the
MSDS for each of the compressed gasses. The empioyee must also be familiar with the
compressed gas section (Section 11) of the Environmental Health and Safety Manual.

Primary Materials Used

The following is a list of the materials used in this procedure, which have a serious or
significant hazard rating, and a summary of the primary hazards listed in their MSDS.

Note: This list does not include all materials used in the procedure. A complete list of
materials used in this procedure can be found in the Reagents and Standards Section and
the Equipment and Supplies Section of this SOP

Employees must review the information in the MSDS for sach material before using it for
the first time or when there are major changes to the MSDS. Electronic copies of MSDS
can be found using the "MSDS” button on the Oasis homepage, on the EH&S webpage
on Oasis, and on the QA Navigator.
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Exposure
Material Hazards Limit’ Signs and Symptoms of Exposure
1000ppm Inhalation of vapors irritates the respiratory tract. May
Acetone | Flammable TWA cause coughing, dizziness, dullness, and headache.
Inhalation of vapors irritates the respiratory tract.
Hexane Flammable 500ppm Overexposure may cause lightheadedness, nausea,
frritant TWA headache, and blurred vision. Vapors may cause
irritation to the skin and eyes.
Causes Irritation to respiratory tract. Has a strong
25ppm narcotic effect with symptoms of mental confusicn,
- TWA light-headedness, fatigue, nausea, vomiting and
Methy!‘ene Caxc_lnogen headache. Causes irritation, redness and pain to the
Chloride hrritant |
125ppm skin and eyes. Prolonged contact can cause bumns.
STEL Liquid degreases the skin. May be absorbed through
skin.
Severe irritant. Effects from inhalation of dust or mist
vary from mild irritation o serious damage of the upper
respiratory tract, depending on severity of exposure.
Sodium . 2ma/m® Symptoms may |_nc!ud§ sneezing, sore th_roat ofF runny
. Corrosive o nose. Contact with skin can cause irritation or severe
Hydroxide Ceiling - )
burns and scarring with greater exposures. Causes
irritation of eyes, and with greater exposures it can
cause burns that may result in permanent impairment
of vision, even blindness.
Inhalation produces damaging effects on the mucous
Corrosive membranes and upper respiratory tract. Symptoms
. Oxidizer a may include irritation of the nose and throat, and
Suiﬂ_mc Dehydrator g labored breathing. Symptoms of redness, pain, and
Acid : TWA A
Poison severe burn can occuwr. Contact can cause blurred
Carcinogen vision, redness, pain and severe tissue burns. Can
cause blindness.
10mg/m”
yLv M irritation if inhaled dsorbed through th
Florisil Irritant ay cause irritation if inhaled or adsorbed through the
3 skin.
Smg/m
PEL

"Exposure limit refers to the OSHA regulatory exposure limit.

| Note: Always add acid to water fo prevent violent reactions.

8.0 Equipment and Supplies

6.1 Equipment and Instrumentation

6.1.1

CLLE-specific Equipment

Continuous Liquid-Liquid Exfractor — with compatible condenser, extractor body, and
receiving flask
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Heating Mantle and Adjustable Support — The heating mantle must be connected to a
rheostat to control the temperature.
Rheostat or Variable Transformer

Separatory Funnel-specific Equipment

Separatory funnels — 1L and 2L, Teflon or glass with Teflon stopcocks
Mechanical shaking device

Concentration-specific Equipment

Zymark TurboVap Il concentration device or equivalent — The instrument must be vented
into an operating fume hood.

Concentration tubes — 200mL with 1.0mL tip. Verify in accordance with SOP SA-AN-100:
Support Equipment (Verification and Use).

Kuderna-Danish apparatus — consists of the K-D body, three-ball Snyder column, and a
graduated concentration tube with springs or clips to hold the concentration tube to the K-
D body. Verify the concentration tube in accordance with SA-AN-100: Support Equipment
(Verification and Use).

Water bath — compatible with the K-D apparatuses, located under an operating fume hood

Support Equipment

Analytical Balance — Verify in accordance with SOP SA-AN-100: Support Eguipment
(Verification and Use)

Top-loading Balance — Verify in accordance with SOP SA-AN-100: Support Equipment
(Verification and Use)

Thermometers — Verify in accordance with SOP SA-AN-100: Support Equipment
(Verification and Use)

Cleanup-specific Equipment

Florisil solid phase extraction (3PE) columns — Bakerbond 6mL Solid Phase Extraction
cartridge packed with 1g Florisil. Other size SPE may be used; however, the volume of
elution solvents and sample loading capacity must be adjusted to compensate for the
amount of Florisil. Each lot of cartridges must be verified prior to use.

The lot of Florisil cartridges is acceptable if all the following criteria are met:
- the pesticides in the check mix are recovered at 80-110% percent

- the percent recovery of 2,4,6-trichlorophenol is less than 5%

- there are no peaks interfering with the target compounds are detected

Florisil Cartridge Manifold
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GPC System — includes autoinjector, autosampler, UV detector, glass column, solvent
pump, solvent reservoir, waste reservoir, and applicable software

Lab Supplies

Volumetric Containers — various sizes; Class A, where applicable. Verify in accordance with
SOP SA-AN-100: Laboratory Support Equipment (Verification and Use)

Disposable Graduated Pipettes — various sizes. Verify in accordance with SOP SA-AN-100:
Laboratory Support Equipment (Verification and Use)

Disposable Transfer Pipettes — various sizes

Gas-Tight Syringes — various sizes. Verify in accordance with SOP SA-AN-100: Laboratory
Support Equipment (Verification and Use)

pH paper — Narrow range.

Residual Chiorine Check Strips — starch iodide strips. Store in original, capped container
and use within the manufacturer’'s expiration date.

Filter Paper, grade 414 — 18.5cm diameter

Glass Funnels

Pyrex Glass Wool — rinsed with methylene chioride prior to use

2mL vials with Teflon lined crimp caps or 2mL screw cap vials with PFTE-faced septa:
compatible with the autosampler. Verify in accordance with SOP SA-AN-100: Laborafory
Support Equipment (Verification and Use).

12mL glass vials with Teflon-lined or PFTE-lined caps. A storage vial may be calibrated
by adding a known volume of liquid to the container and marking the volume on the side
of the container.

11mm crimp-type capper and decapper

Detergent — FL-70 or equivalent, used for washing non-disposable labware.

CLLE-specific Lab Supplies

Receiving Flask — 250mL with Teflon stoppers

Boiling Stones

6.2.2 Cleanup-specific Lab Supplies

Vials — 40mL or smaller; equipped with Teflon-lined caps

Filters — 0.45um syringe filters
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Bio-Beads — packing material for GPC column (200-400 mesh)
Glass Sample Tubes — threaded, with a septa in cap

Zymark Tubes — sized to fit the GPC System

Sample Collection Containers

All sample collection containers are single-use disposable containers which limits the
potential for contamination.

The routine sample collection containers supplied by the laboratory are:

1L amber glass container— purchased with Certificate of Analysis attesting to purity.

Reaqents and Standards

Expiration Dates

Expiration dates (time from initial use or receipt o final use) for standard and reagent
materials must be set according to the guidance in this SOP. Note: These are maximum
expiration dates and are not to be considered an absolute guarantee of standard or
reagent quality. Sound judgment must be used when deciding whether to use a standard
or reagent. If there is doubt about the quality of a standard or reagent material, a new
material must be obtained or the standard or reagent material verified. Data quality must
not be compromised to extend a standard’s life —i.e., when in doubt, throw it out.

The expiration date of any standard or reagent must not exceed the expiration date of the
standard or reagent that was used to prepare it; that is, the "children may not outlive the
parents".

Unless listed elsewhere in this SOP, the expiration dates given below apply.

The expiration date for unopened standards and reagents is the manufacturer's expiration
date.

The expiration date for opened stock reagents is the manufacturer’'s expiration date or 5
years from the date opened, whichever is sooner.

The expiration date for opened stock standards is the manufacturer's expiration date or 6
months from the date opened, whichever is sooner.

The expiration_date for prepared reagents is_6 months from the date prepared or the
expiration date of the parent reagent, whichever is sooner.

The expiration date for prepared standards is 3 months from the date prepared or the
expiration date of the parent standard, whichever is sooner.

Reagents
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Reagents must be prepared and documented in accordance with SOP SA-AN-041:
Reagent and Standard Materials Procedures.

Acetone, hexane, methylene chloride, and sulfuric acid must be verified prior to use in
accordance with the TestAmerica Solvent Lot Testing Program.

7.2.1 Purchased Reagents
7.2.1.1 Laboratory Reagent Water — ASTM Type I

7.2.1.2 Methylene Chloride— pesticide quality or equivalent
LIMS Reagent Name: EX_MECL2_00001
Storage: Flammahles Cabinet

7.2.1.3 Acetone—- pesticide quality or equivalent
LIMS Reagent Name: EX_Acetone_00001
Storage: Flammables Cabinet

7.2.1.4 Hexane — residue grade or better
LIMS Reagent Name: EX_Hexane_00001
Storage: Flammables Cabinet

7.2.1.5 Sodium Hydroxide (NaOH) — pellets, reagent grade
LIMS Reagent Name: EX_NaOH_00001
Storage: cool, dry cabinet

7.2.1.6 Sulfuric Acid (H,S0,) — concentrated reagent grade
LIMS Reagent Name: EX_H2504 00001
Storage: cabinet under a hood

7.2.1.7 Sodium Suifate — anhydrous, granular
LIMS Reagent Name: EX_Na2S04_00001
Storage: cool, dry place

7.2.2 Prepared Reagents

7.2.2.1 Sodium Hydroxide Solution (10N) — Dissolve 400g of NaOH pellets into approximately
500mL of reagent water contained in a 2L beaker on a magnetic stirrer. Add the NaOH in
small portions, with constant stirring, to minimize the time it takes to dissolve the pellets.
A good deal of heat will be generated as the NaOH dissolves. After all 400g have been
added and the flask is cooled, carefully dilute to 1000mL with reagent water. Mix the
solution thoroughly and transfer to a storage container. Do not store sodium hydroxide
solution in volumetric glassware or in containers with ground glass joints.
LIMS Reagent Name: EX-10NNaOH_00001
Storage: dry, cool cabinet or under a hood

7.2.2.2 Sulfuric Acid Solution (1:1 v/v) — Slowly and carefully add 500mL of concentrated H,SO,
to 500mL of reagent water contained in a 2L beaker on a magnetic stirrer. Add the acid in
small portions with constant stirring to reduce the heat evolved when the acid and water
are combined. Cool and transfer the solution to a labeled storage container.
LIMS Reagent Name: EX_10N_H2S04_00001
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Storage: dry, cool cabinet or under a hood

7.2.2.3 Sodium Sulfate, Baked — anhydrous, granular, purified by heating for 4 hours at 400°C in
a shallow tray. Store in glass containers.
L IMS Reagent Name: EX_Baked NaS04 _00001
Storage: cool, dry place

7.3 Standards

Standards must be prepared and documented in accordance with SOP SA-AN-041:
Reagent and Standard Materials Procedures. Certificates of analysis or purity must be
received with all purchased standards, and scanned and filed in the Data Archival Folder
on the G-drive.

All of the standards used from this SOP must be stored at a temperature of 4°C (less than
6°C and not frozen). Unless otherwise noted, all purchased standards have an expiration
date of 6 months from date of opening, and all prepared standard have an expiration date
of 3 months from date of preparation.

Note: This standards list is comprised of the routine standards used by the laboratory.
Information on project-specific, non-routine standards is found in the Reagent Module in
LIMS.

7.3.1 Purchased Standards

7.3.1.1 Organochlorine Pesticide Surrogate Stock, 200ug/mL — Purchased from Supelco (catalog
# 505935)
LIMS Reagent Name: SGPESTSURR_0000C1

7.3.1.2 Triphenylphosphate (Crganophosphorous Surrogate Stock), 1000 ug/iml — Purchased
from Restek (catalog # 32281)
LIMS Reagent Name: SG_TPP_00001

7.3.1.3 Pesticide A\B Mix, varied concentrations — Purchased from Ultra (Custom#5454)
LIMS Reagent Name: SG_ABICY_00001

7.3.1.4 Aroclor 1016/1260 Spike Mix, 1000ug/mL — Purchased from Restek (catalog # 32039)
LIMS Reagent Name: SG_AR1660_00001

7.3.1.5 O-terphenyl Standard, 10000ug/L — Purchased from NSI (catalog # C-1341H-TP)
LIMS Reagent Name: SG_CTP_00001

7.3.1.6 #2 Diesel Fuel, 100mg/mL — Purchased from Accustandard (catalog # FU-009-D-200X)
LIMS Reagent Name: SG_DIESEL_00001

7.3.1.7 680 Surrogate Mix, 50ug/mL Decachlorobiphenyl-13C12 — Purchased from Wellington
(catalog # MBP-209)
LIMS Reagent Name: DB(680)SURR

7.3.1.8680 Concentration Calibration Standard, varied concentrations — Purchased from Ultra
Scientific (catalog # CB-681)
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LIMS Reagent Name: LAB(CH) MeOH

7.3.1.9 BNA Surrogate Standard, 10000ug/mL — Purchased from Supelco (catalog # custom

quote)
LIMS Reagent Name: 8270cuSuRR

7.3.1.10 Benzidine Mix, 2000ug/mL — Purchased from NSI (catalog # C-402-22)I
LIMS Reagent Name: BENZIDINES

7.3.1.11  BNA Full Spike Mix — Purchased from NS/ (catalog # Q-4717)
LIMS Reagent Name: BNAFULLSPIKE

7.3.1.12  LL_BNA Spike Mix — Purchased from NSl (catalog number is Q-5118)
LIMS Reagent Name: LLBNASPK

7.3.113  AP9 Spike Mix — Purchased from NSi (catalog number is Q-5131)
LIMS Reagent Name: EXAP9SPK

7.3.1.14  AR_MIX_SPK, client specific PCB spike — Supplied from Solutia to be used with every
batch of 8082 that include samples from the Solutia-Anniston Residential site. The
standard has varied concentrations of Aroclors and has no reported expiration date.

7.3.2 Prepared Standards

7.3.2.1 Working Pesticide / PCB / OP Pesticide Surrogate Mix — prepared by adding 1.25mL
Pesticide Surrogate Stock (200ug/mL) and 2.0mL of Triphenylphosphate (1000 ug/mL)
diluted to a final volume of 500mL in methanol.
LIMS Reagent Name: PESTWkSURR_ xxxxx

7.3.2.2Working Pesticide Spike Mix — prepared by adding 1mL Pesticide Mix A and 1mL
Pesticide Mix B diluted to a final volume of 100mL in hexane.
L.IMS Reagent Name: 608wkSPIKE_xxxxx

7.3.2.3 Working PCB Spike Mix — prepared by adding 1mL of Aroclor 1016/1260 Spike Mix
diluted to a final volume of 100mL in methanol.
LIMS Reagent Name: 1660wkSPIKE_xxxxx

7.3.2.4 Working OP Pesticide Spike Mix — prepared by adding 0.250mL of OP Pesticide MS mix
diluted to a final volume of 50 mL in acetone.
LIMS Reagent Name: tallWKspike_xxxxx

7.3.2.5Working DRO Surrogate Mix — prepared by adding 2.5mL of O-terpheny! standard (2000
ug/L) diluted to a final volume of 250mL in acetone.
LIMS Reagent Name: DROWKSURR_Xxxxxx

7.3.2.6 Working DRO Spike Mix — prepared by adding 1.0mL of #2 Diesel Fuel (100 mg/mL)
diluted to a final volume of 100mL in acetone.
LIMS Reagent Name: DIESELWK_XXxXxx

7.3.2.7 Working 680 Surrogate Mix — prepared by adding 2.5mL of Decachlorobiphenyl-13C12
{50ug/mL) catalog number MBP-209 from Wellington diluted to a final volume of 50mL in
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acetone.
LIMS Reagent Name: 680wkSURR_xxxxx

7.3.2.8 Working 680 Spike Mix — prepared by adding 1.0 mL of Concentration Calibration

Standard mix (varied concentrations) diluted to a final volume of 25 mL in acetone.
LIMS Reagent Name: 680wkSPIKE_xxxxx

7.3.2.9 Working BNA Surrogate Mix — prepared by adding 5.0mL of Organic Acid Surrogates

(10000 ug/mL) and 10.0mL of Base/Neutral Surrogates (5000 ug/mL) diluted to a final
concentration of 500mL in acetone.
LIMS Reagent Name: BNAWKSURR_ xxxxx

7.3.2.10  Working LLBNA / LLPAH Surrogate Mix — prepared by adding 0.5mL of Organic Acid

Surrogates (10000 ug/mL), 1.0mL of Base/Neutral Surrogates (5000 ug/mL), and
0.5mL of O-Terphenyl standard (2000 ug/L) diluted to a final concentration of 500mL
in acetone.

LIMS Reagent Name: LLBNAWKSUR_xxxxx

7.3.211 Working Benzidine Spike Mix — prepared by adding 5.0mL of Benzidine Mix (2000

8.0

8.1

8.1.1

ug/mL) diluted to a final volume 100mL in acetone.
LIMS Reagent Name: BENZIDINwk_xxxxx

Sa e Collection, Preservation, Shipment, and Storage

Aqueous Samples

With the exception of DRO samples, agueous samples are routinely collected in 1L amber
glass containers without preservative. Samples for DRO are routinely collected in 1L
amber glass containers with HCI preservative sufficient to achieve pH<2.

Samples must be iced at the time of collection and maintained at 4°C (less than 6°C but
not frozen} until the time of presaraticn and/or analysis. Samples must be prepared within
7 days of collection and analyzed within 40 days of extraction.

NCMs must be initiated for samples collected in improper containers and containing
improper or insufficient preservatives and/or de-chlorination agents.

Preservation Checks

8.1.1.1 pH Verification

For each sample,

- Place a piece of pH paper in a disposable medicine cup.

- Pour a few drops of sample into the medicine cup and note the color change of the pH
paper.

- If the pH is outside the range of 5-9 (or, for DRO/ORO, pH is >2), initiate a
Nonconformance Memo. Adjust the sample pH to between pH 5-9 (or, for DRO/ORO,
to <2) using either 10N sodium hydroxide or 1:1 sulfuric acid.

Note: Sulfuric acid will cause the pH of the sample to decrease; sodium hydroxide will
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cause the pH of the sample to increase.
Note: To avoid cross-contamination, use a separate medicine cup and piece of pH paper

per sampie. Do not dip the pH paper into the sample container. The pH paper dye may
bleed into the sample and affect sample results.

8.1.1.2 Residual Chlorine Check

9.0

9.1

9.11

For each sample

- Place a piece of starch-iodide paper in a disposable medicine cup.

- Pour a few drops of sample into the medicine cup and note the color change of the
paper.

- If the paper tums blue or black, residual chlorine is present. Initiate a
Nonconformance Memo.

Note: To avoid crass-contamination, use a separate medicine cup and residual chlorine
strip per sample. Do not dip the strip into the sample container.

Quality Control
SOP SA-QA-17: Evaluation of Batch QC Data and the SOP Summary in Attachment 3

provide requirements for evaluating QC data.
Baich QC
EPA 600-Series Methods

An exiraction batch consists of up to 20 environmental samples and the associated QC
items extracted together within a 24 hour period. The default QC items required for each
extraction batch are: a method blank, a laboratory control sample (LCS), a matrix spike
(MS) performed per 10 % of samples or 1 per batch — whichever is greater, and a matrix
spike duplicate (MSD).

This frequency equates to the following:

+ For a batch of 10 or fewer samples, the minimum QC items are a method blank, an
LCS, 1 matrix spike, and a matrix spike duplicate.

e For a batch of 11-20 samples, the minimum QC items are a method blank, an LCS, 1
matrix spike (from sample 1-10), another matrix spike (from sample 11-20), and a
matrix spike duplicate.

The routine container supplied for this method is a 1L container. 1L is required for
extraction. Reduced sample initial volumes may be necessary to achieve the required
batch matrix spike frequency; however, the minimum extraction volume to be used for the
mairix spike samples is 500mL. Note: Final volumes and spike amounts must be
adjusted to compensate for these reduced initial volumes.

If there is insufficient sample to perform the MS/MSD, the LCS must be prepared in

duplicate (i.e., LCS/LCSD). An NCM must he initiated to denote this situation. Insufficient
sample volume is defined as receiving less than a total of 2L.
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Note: If an LCS and LCSD are performed, both QC items must be evaluated and reported.
Acceptable recoveries (as well as %RPD) for both LCS and LCSD are required.

Batch QC must meet the criteria given in Attachment 3 of this SOP.

EPA 3510C, EPA 3520C, EPA 3276, and the SM 6000-Series Methods

An extraction batch consists of up to 20 environmental samples and the associated QC
items extracted together within a 24 hour period. The default QC items required for each
extraction batch are: a method blank, a laboratory control sample (LCS), a matrix spike
(MS), and a matrix spike duplicate (MSD).

The routine container supplied for this method is a 1L container. 1L is required for
extraction. Reduced sample initial volumes may be necessary to achieve the required
batch matrix spike frequency; however, the minimum extraction velume to be used for the
matrix spike samples is 500mL. Note: Final volumes and spike amounts must be
adjusted to compensate for these reduced initial volumes.

If there is insufficient sample to perform the MS/MSD, the LCS must be prepared in

duplicate {i.e., LCS/LCSD). An NCM must be initiated to denote this situation. Insufficient
sample velume is defined as receiving less than a total of 2L.

Note: If an LCS and LCSD are performed, both QC items must be evaluated and reported.
Acceptable recoveries (as well as %RPD) for both LCS and LCSD are required.

Batch QC must meet the criteria given in Attachment 3 of this SOP.
Instrument QC
Refer fo the applicable analytical SOP (Section 1.0) for information on instrument QC.

Corrective Action for Out-of-Control Data

When the quality control parameters do not meet the criteria set forth in this SCP,
corrective action must be taken in accordance with SOP SA-QA-05. Preventive and
Corrective Action Procedures and the QC Summary Table in Attachment 3. SOP SA-QA-
05 provides contingencies for out-of-control data and gives guidance for exceptionally
permitling departures from approved policies and procedures. Nonconformance Memos
must be initiated to document all instances where QC criteria are not met and all
departures from approved policies and procedures.

Procedure

Sample Preparation

Remove the samples from the refrigerator and allow them 1o come to room temperature.
Inspect the samples. Determine if the samples have multiple layers such as sediment or

an oil layer. Consult with the Department Manager or Technical Manager if the sample
matrix is unusual or difficult to categorize.
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Mark the level of the sample on the outside of the container. This marking will be used to
determine the original sample volume actually used in the extraction process. After the
sample has been added to the extractor body, fill the empty container with water to the
mark. Pour the water into a graduated cylinder, and determine the volume. Record the
volume to the nearest S5mL.

Note: If samples are received in duplicate, use the sample bottle that contains the
most volume. Extracting less than 1L of sample will result in elevated reporting
limits. Selecting the sample hottle with the most volume will ensure the lowest
possible RL is used.

Note: If a reduced volume of sample must be extracted in order to provide
sufficient sample volume to meet state or other program QC requirements, the
sample is thoroughly mixed and an aliquot is measured with a graduated cylinder
and poured into the extractor body.

Add surrogate spiking solution directly to the each sample in the sample container, prior to
pouring into separatory funnel or CLLE apparatus. The surrogate solutions are designed
such that 1.0mL of the solution will be added to each sample container to achieve the
required concentration. Be sure to use the correct solutions for the analytical procedure of
concern. The addition of the surrogates must be withessed by another analyst to ensure
that the proper volume of the spiking solution is added o each sample.

Note: If the volume of sample extracted must be reduced to provide sufficient sample
to meet state or other program requirements, the volume of surrogate spiking solution
must be reduced proportionately (i.e., if 500mL is extracted instead of 1L, then only
0.50mL of surrogate is added to the sample).

CLLE Procedures

All glassware preparation steps must be performed under or near a fume hood to
minimize the evaporation of methylene chloride into the lab.

Prepare the continuous liquid-liquid extraction apparatus by rinsing the extractor body,
receiving flask, and condenser with acetone. Pay particular attention to the solvent return
line for the presence of water drops or solids.

Set the extractor body on the holder in front of the fume hood. Add methylene chloride
(50-100mL) to the extractor body in order to fill the drain tube and ensure that a
continuous flow of solvent from the extractor body to the receiving flask is maintained.

Note: Inspect the solvent layer when the sample is added. Large quantities of
sediment may plug the tube such that extraction will not oceur.

In a fume hood, add 70mL of methylene chloride (or 200mL for EPA 8276) to the receiving
flask, and add a few hoiling stones to the flask. Add the same volume to each flask in the
batch. Leave the receiving flask with the methylene chloride under the hood until ready to
attach it to the extractor or cover tightly with aluminum foit.

10.2.4 Securely attach the receiving flask to the exiractor body, and secure the heating mantle
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around the flask.

As soon as possible after the methylene chloride is added to the extractor, gently pour the
entire sample into the extractor body, trying not to let the sample leak into the sidearm. If
the sample leaks into the sidearm, the sidearm can be drained back into the sample
container and the sample can then be poured back into the extractor body.

The extractor body will be approximately one-half to two-thirds full, and the methylene
chloride in the solvent return should be about 3/4 of the way to the receiving flask.

Note: If a sub-sample must be extracted (e.g., half volume is used to perform
MS/MSD) measure the sample volume in a graduated cylinder prior to pouring into the
extractor body.

Add 50mL of methylene chioride to the sample container (or the graduated cylinder, if
used). Swirl the solvent around the inside of the container to thoroughly rinse the sample
bottle (or graduated cylinder), and add this rinse to the extractor body.

Adjust the pH of the samples to the range specified in Attachment 5. The pH is adjusted
by adding small aliquots of 10N sulfuric acid or 10N sodium hydroxide directly to the 1L
sample bottle or sample extraction body. Stir the sample with a Pasteur pipette. To
ensure cross-contamination does not occur, use a new pipette for each sample. Check
the pH after each acid/base addition with pH paper as stated in Section 8.1.1.1.

Note: Suifuric acid will cause the pH of the sample to decrease; sodium hydroxide wil
cause the pH of the sample to increase.

Slowly add reagent water {o the extractor body until the level of the liquid causes the
methylene chioride 1o just flow over to the receiving flask.

Place the condenser securely on the extractor body. Make sure that water is flowing
through the condenser and turn the heating mantle on. Observe the extraction for the first
hour or so to ensure that the solvent is being boiled, condensed, and returned to the
receiving flask. Extract the sampies for the time listed in Attachment 5. The batch start
time and stop time must be recorded in the AD batch in LIMS. If a single pH extraction is
performed, skip to Section 10.2.13; if a two-pH extracticn must be performed, continue to
Section 10.2.10.

10.2.10  If a dual pH exiraction is required, turn the heating mantle “off” to stop the extraction at

10.2.11

the appropriate time, and allow the extraction vessel to cool (at least 30 minutes).
Remove the receiving flask from the exiractor body and cover with a Teflon stopper.
Store extract sealed in the liguid room. Place a new receiving flask on the extractor
body.

Move the extractor body under a hood and adjust the pH of the sample (as indicated
in Aftachment 5) by adding small aliquots of 10N sulfuric acid or 10N sodium
hydroxide. Stir the sample with a disposable Pasteur pipette, and check the pH after
each addition in accordance with Section 8.1.1.1. Do not dip the pH paper into the
sample. Use a pipette to remove a small aliquot of the sample and touch the liquid to
the pH paper.
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Note: Sulfuric acid will cause the pH of the sample to decrease; sodium hydroxide
will cause the pH of the sample to increase.

Turn the heating mantle on and extract the sample at the second pH for the time listed
in Attachment 5.

After the samples have extracted for the required time, turn the heating mantle “off”,
and allow the extraction vessel to cool to room temperature. It is important to allow
the receiving flask to cool before it is removed from the extractor.

Remove the receiving flask from the extractor body to look for signs of water, and
cover it with a Teflon stopper. The extract is stored sealed until the concentration step
Is performed.

Note: If water is present in the receiving flask the sample must be filtered. Store
the extract under a hood until the filiration step is performed. |If filtration is
necessary, working under a hood, place a piece of filter paper into a glass funne!
and add a small amount of purified sodium sulfate. Filter the exiract through the
glass funnel, and coliect the extract directly into a labeled Zymark tube.

Working under a hood, place a piece of filter paper into a glass funnel and add a small
amount of baked sodium sulfate. Filier the extract through the glass funnel and collect
the extract directly into a labeled Zymark tuhe. Repeat the extraction two more times
with fresh 50mL aliquots of methylene chloride, combining each extract into the same
vessel.

Note: The “acid” and “base” extracts are collected in separate Zymark tubes. The
volume of solvent used to exiract the sample {300mL total) will not fit into & single
tube. The two fractions are routinely concentrated and combined prior to analysis.
However, in some situations, separate concentration and analysis of the
acid/neutral and base extracts are required. (Always refer to the worksheet notes
for guidance.)

The extract is now ready for concentration. The sample may be kept tightly covered
with aluminum foil until the concentration step if it is {o be performed the same day.
Otherwise, transfer samples to the refrigerator until the concentration step occurs.  |If,
due to space limitations in the refrigerator, the samples must be stored on the counter
or on carts, they must be shielded from light with a black-out blanket.

Note: If performing GC/MS analysis, the acid/neutral and base extracts are
combined prior to concentration. However, in some situations, separate
concentration and analysis of the acid/neutral and base extracts are required.
(Always refer to the worksheet notes for guidance.)

Rinse the ground-glass joint of the condenser with acetone and wrap in aluminum fofl
before placing the condenser in the rack. Collect the acetone rinsate in a separate
container for disposal.

After the receiving flask has been removed from the extractor body, the methylene

chloride remaining in the extractor body must be properly disposed. The extractor
must be handled with minimum agitation to minimize the amount of solvent allowed to
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evaporate into the lab and stored in the chlorinated solvent waste container. Place the
receiving flask side-arm over the chlorinated waste container. Add tap water to the
extractor body to displace the methylene chloride into the waste container.

The liquid remaining in the extractor body must be poured carefully down the sink and
flushed continuously with water.

10.2.20 Clean the glassware in accordance with the procedures in Attachment 7.

10.3

10.3.1

10.3.2

10.3.4

10.3.5

10.3.6

Separatory Funnel Procedures

Prepare the separatory funnels and receiving flasks or beakers by rinsing with acetone.
Use a separatory funnel that will hold approximately 2 times the volume of sample being
extracted.

Gently pour the entire sample into the separatory funnel.

Note: If a sub-sampie must be extracted (e.g., half volume is used to perform MS/MSD)
measure the sample volume in a graduated cylinder prior to pouring into the extractor
hody.

Add 50mL of methylene chioride to the sample container. Swirl the solvent around the
inside of the container to thoroughly rinse the sample bottle (or graduated cylinder) and
add this rinse to the separatory funnel.

Adjust the pH of the samples to the range specified in Attachment 5. The pH is adjusted
by adding small aliquots of 10N sulfuric acid or 10N sodium hydroxide directly to the
separatory funnel. Shake the separatory funnel to mix the sample with the acid or base.
Check the pH after each acid/base addition with pH paper as stated in Section 8.1.1.1.
Do not dip the pH paper into the sample. Use a pipetie to remove a small aliquoct of the
sample and touch the liquid to the pH paper.

Note: Sulfuric acid will cause the pH of the sample to decrease; sodium hydroxide
will cause the pH of the sample to increase.

Shake each separatory funnel for three minutes with periodic venting (under a hoed) to
release any excess pressure. If a mechanical shaker is used, exiract the sample for five
minutes. The extraction must be performed under or near a hood to minimize the solvent
vapors released into the laboratory. Allow approximately ten minutes for complete
separation between the lower organic and upper water phase.

Note: The separatory funnel must be vented under a hood to remove the methylene
chloride fumes from the lab.

Working under a hood, place a piece of filter paper into a glass funnel and add a small
amount of purified sodium sulfate. Filter the extract through the glass funnel and collect
the extract directly into a labeled collection tube. Repeat the extraction two more times
with fresh 50mL aliquots of methylene chloride, combining each extract into the same
vessel. If a single pH extraction is performed, skip to Section 10.3.11; if a two-pH
extraction must be performed, continue to Section 10.3.7.
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10.3.7 If a dual pH extraction is required, adjust the pH of the sample by adding small aliquots of
10N sulfuric acid or 10N sodium hydroxide. Gently swirl the flask to mix the acid or base
and the sample. Check the pH after each addition. Do not dip the pH paper into the
sample but use a pipette to remove a small aliquot of the sample and touch the liquid to
the pH paper.

Note: Sulfuric acid will cause the pH of the sample to decrease; sodium hydroxide
will cause the pH of the sample to increase.

10.3.8 Add 50mL of methylene chloride to each separatory funnel.

10.3.9 Shake each separatory funnel for three minutes with periodic venting to release any
excess pressure. The extraction must be perfermed under or near a hood to minimize
the solvent vapors released into the laboratory. Allow ten minutes for complete
separation between the lower organic and upper water phase.

Note: The separatory funnel must be vented under a hood to remove the
methylene chloride fumes from the lab.

10.3.10  Working under a hood, place a piece of filter paper into a glass funnel and add a small
amount of purified sodium sulfate. Filter the extract through the glass funnel and
collect the extract directly into a labeled collection tube. Repeat the extraction two
more times with fresh 50mL aliquots of methylene chloride, combining each extract
into the same vessel.

Note: The “acid” and “base” extracts are collected in separate Zymark tubes. The
volume of solvent used fc extract the sample (300mL total) will not fit into a single
tube. The two fractions are routinely concentrated and combined prior to analysis.
However, in some situations, separate concentration and analysis of the
acid/ineutral and base extracts are required. (Always refer to the worksheet notes
for guidance.)

10.3.11  The extract is now ready for concentration. The sample may be kept under a hood,
tightly covered with aluminum foil until the concentration step if it is to be performed
the same day. Otherwise, transfer samples to the refrigerator until the concentration
step occurs. If, due to space limitations in the refrigerator, the samples must be stored
on the counter or on carts, they must be shielded from light with a black-out blanket.

Note: Perform the extract filiration and drying steps in batches to minimize the
loss of solvent into the lab. Cover the remaining containers tightly with aluminum
foil and leave under or near a hood.

10.3.12  Pour the liquid remaining in the separatory funnel carefully down the sink and flush
continuously with cold tap water. Wash the separatory funnels in accordance with the
applicable glassware cleaning posting for this procedure.

10.3 QC Sample Preparation

10.4.1 Method Blank — Add 1L of reagent water to the extraction vessel. Prepare as a
sample following the steps outlined in Section 10.2 or Section 10.3.
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Laboratory Control Sample — Add 1L of reagent water to the exiraction vessel. Spike
with 1.0mL of the appropriate matrix spiking solution. Be sure to use the correct
solutions for the analysis of concern. The addition of the spike mixes must be
witnessed by another analyst to ensure that the proper volume of the spiking solution
is added to each sample. Prepare as a sample following the steps outlined in Section
10.2 or Section 10.3.

Matrix Spike(s) — Spike sample container with 1.0mL of the appropriate matrix spiking
solution. Be sure to use the correct solutions for the analysis of concern. The addition
of the matrix spike mixes must be witnessed by another analyst to ensure that the
proper volume of the spiking solution is added to each sample. Prepare as a sample
following the steps outlined in Section 10.2 or Section 10.3.

Zymark Concentration Procedures

Note: If the volume of sample extracted has been reduced to provide sufficient sample to
meet state or other program QC requirements, the final volume of the extract must be
reduced proportionately.

Pre-rinse each Zymark concentration tube with acetone and methyiene chloride.

Turn on TurboVap evaporation unit. Set the water bath temperature to 50°C. Set the gas
pressure to zero initially for each cell in the TurboVap unit.

Pre-rinse each concentration cap on the TurboVap evaporation unit with methylene
chloride.

If the sample extracts have been coliected in any container other than a Zymark tube,
transfer the extract to a Zymark tube. Working under a hood, pour 150-200mL of the
extract (depending on the size of the tube) into a labeled Zymark concentration tube, and
place the tube into a cell of the evaporation unit. Repeat for all samples in the analytical
batch. The remaining extract must be tightly covered with a piece of aluminum foil to
minimize evaporation of the solvent.

Carefully close the cover of the Zymark TurboVap unit completely. Make sure that each
tube is seated properly and that the individual covers are positioned directly over each
tube. Note: When the elongated tubes are used, care must be taken to position the tubes
to avoid breaking the tube covers and to completely close the instrument cover.

Concentrate extracts at a constant temperature of 50°C with a pressure range from 4 to
15psi. Zymark tubes with smaller sample volumes are processed with higher pressures
(15psi); while, Zymark tubes with larger volumes (those approaching the red “fill” line) are
processed with lower pressures (4-5psi).

As extracts are concentrated, periodically add more sample until the entire sample has
heen transferred to the Zymark concentration tube.

Concentrate the extract until the cell alarm sounds. This indicates the sample is at
approximately a 1mL volume.
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If the solvent must be exchanged, add 20mL of the exchange solvent to the Zymark
concentration tube. Continue concentration until the cell alarm sounds. This indicates the
sample is at approximately a 1mL volume.

10.5.10  Remove Zymark concentration tubes from evaporation unit as transfer to storage vials

10.6

10.6.1

10.6.2

10.6.3

1064

10.6.5

10.6.6

10.6.7

as outlined in Section 10.7.

Kuderna-Danish Concentration Procedures

Note: If the volume of sample extracted has been reduced to provide sufficient sample to
meet state or other program QC requirements, the final volume of the extract must be
reduced proportionately.

Turn on the water bath and set to the temperature to 60-90°C. Record the temperature of
the waterbath with each bhatch of samples.

Pre-rinse sach K-D apparatus with acetone and methylene chloride. Pay particuiar
attention to the concentration tube and the ground glass joints of the K-D. Add a few
boiling beads to the concentration tube and assemble the K-D apparatus, ensuring that
the concentration tube is secured to the body.

Remove the three-ball Snyder column from the apparatus. Working under a hood, pour
the extract into the labeled K-D apparatus. Replace the Snyder column. Repeat above
step for all samples in analytical batch.

Note: After the extract has been transferred to the K-D, the condenser is attached and the
apparatus can be stored in the lab; that is, the K-D does not need to stay under the hood.
The condenser will prevent methylene chloride and other solvents from evaporating
outside of the hood.

Add a few milliliters of solvent to the top of the Snyder column. Place the K-D into the
water bath. The K-D should be placed as vertically as possible. As the solvent begins to
boil, the column will start to “chatter”. At the proper rate of evaporation, the column will
actively “chatter” but the spaces around the balls will not flood with sofvent.

Watch the K-Ds closely as the solvent level gets low. When the apparent velume of the
solvent reaches 1-2mL, the K-D is removed from the heat and the apparatus is allowed to
cool. As the K-D cools, solvent that has collected in the column will gradually flow down
to the concentration tube. Add a few milliliters of solvent to the top of the column to rinse.

If the solvent must be exchanged, add 25mL of the exchange solvent and set the water
bath to the temperature optimized for that solvent and the target compounds. Return the
K-D to the water bath and concentrate the extract as outlined above.

Add a second 25mL aliguot of the exchange solvent to the K-D and concentrate the
extract until the apparent volume of the extract is 1-2mL. Remove the K-D from the heat
and allow the apparatus to cool. As the K-D cools, solvent that has collected in the
column will gradually flow down to the concentration tube. Add a few milliliters of solvent
to the top of the column to rinse.
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Note: The K-D cannot be used for extracts that must be evaporated to a final volume of
1mL or less. Nitrogen blow-down or a micro K-D must be used to evaporate an extract to
1mL or less.

10.7  Extract Transfer Procedures

10.7.1 Adjust the exiract volume to the required final volume by adding small aliquots of the
required solvent. If the final volume is to be greater than 1mL, add an appropriate volume
of solvent to the tube using a volumetric pipette or calibrated solvent dispensing device.
For example, if the final volume is to be 10mL, adjust the volume in the tube to 1mL and
then add 9mL of solvent to give a final volume of 10mL.

Note: If the extract cannot be evaporated to 1mL, the extract must be transferred {0 a
volumetric flask or to a calibrated storage vial. Use several small aliquots of solvent to
transfer the entire extract {o the vial.

10.7.2 Transfer the final exiract to a Teflon-lined crimp top or 12-mL scintillation vial. Mark the
volume of the extract on the side of the container to allow the analyst to judge whether the
sample exiract has evaporated during storage and handling. Store concentrated extracts
at 4°C until time of analysis.

10.8 Analysis
Refer to the applicable analytical SOP (Section 1.0) for information on sample analysis.

11.0 Calculations / Data Reduction

11.1  Data Reduction

Data reduction and review tasks include the following items:

- Employ spike witness procedures to ensure proper spiking solutions and volume
are used.

- Ensure all LIMS batch Data Type fields are completed so that proper traceability is
maintained.

- Check to ensure that each sample extract is properly identified and that the
extracts are transferred to the analytical groups with proper documentation.

- Mark the final volume of the exiract on the outside of the storage container as a
check on extract evaporation.

- QC items must be treated in the same manner as samples.

- Ensure samples are evaporated at the appropriate rate. Unacceptable surrogate
or spike recoveries may be attributed to evaporating the samples too quickly or to
improper solvent exchange.

- Document any unusual circumstances and procedural violations using the LIM
Nonconformance Module. This can include: samples problematic matrices such
as color, odor, or emulsions; initial or final amount changes; deviations to the SOP,
etc.

Batch data must be reviewed and evaluated in accordance with SOP SA-QA-02: Data
Generation and Review.
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Additional details on data reduction procedures are given in the associated analyticai
SOPs.

Historical Data

Many of the laboratory’s clients submit samples for repeat monitoring purposes. Prior to

analysis, verify TALS Worksheet Notes and/or use the Historical Data Tracker feature to
determine if historical data is available for review.

Calculations

Details on sample calculations are given in the associated analytical SOPs listed in
Section 1.

Method Performance

Reporting Limit Verification (RL\)

At a minimum, RLVs must be performed initially upon method set-up in accordance with
SOP SA-QA-07: Determination and Verification of Detection and Reporting Limits.

For analytes and methods certified by DOD ELAP, RLVs must also be performed quarterly
thereafter. For all other analytes and methods, RLVs must aiso be performed annually
thereafter. Exceptions may be made for project-specific non-routine analytes.

Method Detection Limit (MDL) Study

The MDL is the lowest concentration that can be detected for a given analytical method and
sample matrix with 99% confidence that the analvte is present. MDLs reflect a calculated
(statistical) value determined under ideal laboratory conditions in a clean matrix and may not
be achievable in all environmental matrices. The current MDLs associated with this
procedure are given in the Method Limit Group (MLG) in TALS.

At a minimum, MDL Studies must be performed initially upon method set-up in
accordance with SOP SA-QA-07. Determination and Verification of Detection and
Reporting Limits.

Note: MDL Studies are not required for non-routine analytes provided results are not
reported below the RL (i.e., MDL equals RL in TALS).

Method Detection Limit Verification (MDLV)

At a minimum, MDLVs must be performed initially upon method set-up in accordance with
SOP SA-QA-07: Determination and Verification of Detection and Reporting Limits.

For analytes and methods certified by DOD ELAP, MDLVs must also be performed quarterly

thereafter. For all other analytes and methods, MDLVs must also be performed annually
thereafter.
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Note: MDLVs are not required for non-routine analytes provided resuits are not reported
below the RL (i.e., MDL equals RL in TALS).

QC Limit Generation. Control Charting. and Trend Analysis

EPA 600-Series and SM6000-Series Methods

The control limits for the batch QC items (LCS and MS/MSD) for this procedure are
specified in the reference method and cannot be broadened; therefore, the laboratory
defaults to the method-defined limits and does not utilize in-house or laboratory-derived
limits for the evaluation of batch QC items.

Although the laboratory must default to the method-defined QC limits, contral charting is a
useful tool and is performed io assess analyte recoveries over time to evaluate trends.
Control charting must be performed periodically (at a minimum annually) in accordance
with SOP SA-QA-17: Evaluation of Batch QC Data.

EPA 3510C and EPA 3520C

The control limits for the batch QC items (LCS, MS/MSD, SD) for this procedure are not
specified by the reference method; therefore, the laboratory defaults to in-house and/or
laboratory-derived limits for the evaluation of batch QC items.

Control charting is a useful tool and is performed to assess analyte recoveries aver time to
evaluate trends. Control charting must be performed periodically (at a minimum annually)
in accordance with SOP SA-QA-17: Evaluation of Batch QC Dafa.

Demonstrations of Capability

Initial and continuing demonstration of capability must be performed in accordance with
SOP SA-QA-06: Training Procedures.

Prior to performing this procedure unsupervised, each new analyst who performs this
analysis must demonstrate proficiency per method/analyte combination by successful
completion of an initial demonstration of capability. The IDOC is performed by the
analysis of 4 consecutive LCSs that meet the method criteria for accuracy and precision.
The LCSs must be from a second source than that used to prepare the calibration
standards. The IDOC must be documented on the IDOC Form shown in SOP SA-QA-06
with documentation routed to the QA Department for filing.

Annual continuing demonstrations of capability (CDOCs) are also required per analyst per
method/analyte combination. The CDOC requirement may be met by the consecutive
analysis of four LCS all in the same batch, by the analysis of four LCS analyzed in four
consecutive batches (in different batches on different days), via acceptable results on a
PT study, or analysis of client samples with statistically indistinguishable results when
compared to another cenified analyst. The CDOC must be documented and routed to the
QA Department for filing.

Training Reduirements
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All training must be performed and documented in accordance with SOP SA-QA-06:
Training Procedures.

Note: The SOPs listed in the Reference/Cross-Reference Section are applicable to this
procedure. All employees performing this procedure must also be trained on these SOPs.

Pollution Control

It is TestAmerica’'s policy to evaluate each method and look for opportunities to minimize
waste generated (e.g., examining recycling options, ordering chemicals based on quantity
needed, preparing reagents based on anticipated usage and reagent stability, etc.).
Employees must abide by the policies in Section 13 of the Environmental Health and
Safety Manual and the Savannah Addendum to the EHSM.

This procedure has been evaluated for opportunities {o minimize the waste generated.
Where reasonably feasible, poliution control procedures have been incorporated.

Waste Management

Waste management practices must be conducted consistent with all applicable federal,
state, and local rules and regulations. All waste (i.e., excess reagents, samples, and
method process wastes) must he disposed of in accordance with Section 9 of the
TestAmerica Savannah Addendum to the EHSM.  Waste description rules and fand
disposal restrictions must he followed.

Waste Streams Produced by the Method

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

- Excess aqueous samples — Dispose according to characterization on the sample
disposal sheets. Neutralize non-hazardous samples before disposal into drain/sewer.
Transfer hazardous samples (identified on disposal sheets) to the waste department
for disposal.

- Methylene chioride extracts — Dispose according to characterization on sample
disposal sheets. If non-hazardous, transfer extract to chlorinated waste container. If
hazardous, transfer to hazardous waste department for storage.

- Methylene chloride waste — Transfer to chlorinated waste container,

- Hexane extracts — If non-hazardous, transfer to flammable waste containers and
dispose of as flammable waste. |If hazardous, transfer to the waste disposal
department for disposal as hazardous waste,

- Flammable waste (hexane or acetone from extracts, rinsings, and standards) —
Transfer to a satellite container designated for flammable waste and transfer to waste
disposal department when the container is full.

- Aqueous acidic waste from samples — Collect into the disposal area and neutralize
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before release to the sewer system.

References / Cross-References

SOP SA-AN-041: Reagent and Standard Materials Procedures
SOP SA-AN-100: Laboratory Support Equipment (Verification and Use)
SOP SA-QA-02: Data Generation and Review
SOP SA-QA-05: Preventive and Corrective Action Procedures
SOP SA-QA-06: Training Procedures
SOP SA-QA-07: Determination and Verification of Detection and Reporting Limits (RLs,
MDLs, and IDLs)
SOP SA-QA-17: Evaluation of Baich QC Data
TestAmerica Savannah Quality Assurance Manual
TestAmerica Environmental Health and Safety Manual (CW-E-M-001)
TestAmerica Savannah Addendum to the Environmental Health and Safety Manual
Test Methods for Evaluating Solid Waste, Third Edition (Updates Ill and 1V), SW-846;
EPA Office of Solid Waste and Emergency Response: Washington, DC.
« Chapter 4. Organic Analytes; Revision 3, December 1996
« Chapter 4: Organic Analytes; Revision 4, February 2007
» EPA3500C: Organic Extraction and Sample Preparation; Revision 3, February
2007
+ EPA 3510C: Separatory Funnel Liquid-Liquid Extraction; Revision 3,
December 1996
EPA 3520C: Continuous Liquid-Liquid Extraction; Revision 3, December 1996
EPA 3600C: Cleanup; Revision 3, December 1996
EPA 36208: Florisil Cleanup; Revision 2, December 1996
EPA 3620C: Florisil Cleanup; Revision 3, February 2007
EPA 3640A: Gel-Permeation Cleanup; Revision 1, September 1994
EPA 36608: Sulfur Cleanup; Revision 2, December 1996
EPA 3665A: Sulfuric Acid/Permanganate Cleanup; Revision 1, December
1996
Code of Federal Regulations, Title 40 {Protection of Environment), Chapter 1
(Environmental Protection Agency), Subchapter D (Water Programs), Part 136
(Guidelines Establishing Test Procedures for the Analysis of Pollutants), Appendix A
(Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater)
« EPA608: Organochlorine Pesticides and PCBs
o EPA 614: The Determination of Organophospheorous Pesticides in Municipal
and Industrial Wastewater
« EPAB25: Base/Neutrals and Acids
Standard Methods for the Examination of Water and Wastewater, Online Edition;
American Public Health Association: Washington, DC.
« SMB020: Quality Assurance/Quality Control
«  3SMe410B: Exiractable Base Neufrals and Acids; Liquid-Liquid Extraction Gas
Chromatographic/Mass Spectrometric Method; 2000
« SM6420B: Phenols;, Liquid-Liguid Extraction Gas Chromatographic/Mass
Specirometric Method; 2000
« SM6431B: Polychlorinated Biphenyls (PCBs); Liquid-Liquid Exiraction Gas
Chromatographic Method; 2000
» SM6630C: Organochiorine  Pesticides;,  Liquid-Liquid  Exfraction  Gas
Chromatographic Method II; 2000

L . L] L] . L ] »
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Method Modifications and Clarifications

Incorporation of Other Matrices

This procedure may be modified to analyze other matrices (e.g., TCLP/SPLP leachate
samples) based on the needs of the client. This will need to be arranged by the Project
Manager at the initiation of the project.

The laboratory uses its routine soil RLs (converted for initial and final volumes, etc.) and
soil QC limits to evaluate TCLP/SPLP leachate samples. Water DOCs can be used to
satisfy analyst demonstrations of capability for TCLP/SPLP matrices.

Collection and Handling Preccedures

Once the TCLP/SPLP exiraction procedure has been performed, the TCLP/SPLP
leachate must be transferred to a 1L amber bottle. The TCLP/SPLP leachate must be
preserved in accordance with the associated method and stored at 4°C (less than 6°C
abut not frozen) until the time of extraction. The leachate must be extracted within 7 days
of completion of the TCLP/SPLP leaching procedure.

Note: The sample leachate chosen as the MS/MSD must be spiked prior to adjusting the
pH.

Preparation and Analytical Procedures
TCLP/SPLP matrices are prepared in the same manner as routine water samples as

outlined in this SOP. Refer to Attachment 6 for the extraction conditions. The following
volumes are utilized for TCLP samples for SVOCs:

Volume of Sample Extracted | Final Volume
TCLP PARAMETER o ot
BNA by GC/MS
(EPA 8270C & EPA 8270D) 200 &0
Pesticides by GC
(EPA 8081B) el -

TCLP/SPLP matrices are analyzed in the same manner as routine samples as outlined in
the associated analytical SOPs (Section 1.0).

Other Considerations

The analyte lists in Section t.1-of EPA 608, Section 1.1 of EPA 614, Tables 1, 2, and 3 of
EPA 625, have been expanded to include all analytes currently performed by the
laboratory.

The volume of solvent added to the receiving flask for CLLE has been modified from the
guidance in EPA 3520C and EPA 625. EPA 3520C specifies 300-500mL of methylene
chloride to be added to the receiving flask, and EPA 625 specifies that 200-500mL be
added to the flask. The laboratory adds 70-100mL to the receiving flask. This volume
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provides sufficient solvent volume to efficiently extract the sample since the CLLE is a
closed system, minimizes solvent exposure to the analyst, and allows the extract to be
concentrated faster. Laboratory control standard (LCS) and performance testing (PT)
data using the reduced solvent volumes meet or exceed the minimum accuracy and
precision criteria specified in the reference method. The Methods Update Rule
specifically allows this type of method modification to be made.

The volume of solvent added to the separatory funnel has been modified from the
guidance in EPA 3510C. EPA 3510C specifies 60mL of methylene chloride to be added
to the separatory funnel. The laboratory adds 50mL to the separatory funnel. This
volume provides sufficient solvent volume to efficiently extract the sample, minimizes
solvent exposure to the analyst, and allows the extract to be concentrated faster.
Labaratory control standard (LCS) and performance testing (PT) data using the reduced
solvent volumes meet or exceed the minimum accuracy and precision criteria specified in
the reference method.

EPA 614 requires the use of 15% Methylene Chloride/ Hexane as the extraction solvent.
The laboratory currently performs EPA 614 via continuous liguid-liguid extraction (CLLE).
This preparation technique is not conducive to the 15% MeCl,/Hexane mixture; therefore,
the laboratory prepares all QC samples, MDLs, DOCs, PTs, and field samples using
CLLE with methylene chioride. The Methods Update Rule specifically allows this type of
method maodification to be made.

A specific temperature set-point for the K-D water bath has not been established at this
time, but rather a temperature range of 80-20°C is used. There should he little impact on
the analyte recoveries provided the temperature is hot enough the boil the solvent.

The laboratory’s default required batch QC items differ from those outlined in the
reference methods. For example, there is no method-defined batch precision requirement
listed in EPA Methed 608; however, the EPA does require precision for all samples
analyzed under the Clean Water Act. In order to satisfy this and other client-specific
and/or regulatory program requirements and expectations, matrix spike duplicates and
laboratory control sample duplicates have been incorporated.

Dependent on capacity, and with the approval of Technical Management, the laboratory
may empioy the option to reduce CLLE times from ithose specified in Attachment 5. The
batch QC and an additional RLV performed within the batch will be used to verify
sensitivity and recovery. An NCM must be initiated to denote this situation.

Chapter 4 of SW-846 specifies to send sample collection bottles containing dechlorination
agent for those samples from a chlcrinated water source. Since the laberatory often is not
made aware of the source of the water, dechlorination agent is not routinely provided.
Samples are checked for residual chlorine prior to extraction, and an NCM must be
initiated.for any samples that test positive.

Modifications have been made to the extraction solvents and solvent volumes used for the
SM6000-series procedures to make them consistent with those used by the laboratory for
EPA 3520C. The Methods Update Rule specifically allows this type of method
modification to be made.
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The following Tables, Diagrams, and/or Validation Data are included as Attachments:

Attachment 1:
Attachment 2:
Attachment 3;
Attachment 4:
Aftachment 5:
Attachment 6:
Attachment 7:
Attachment 8:
Attachment 9:

Attachment 10:
Attachment 11:
Attachment 12:
Attachment 13:
Attachment 14:

SOP Summary
Sample Collection, Preservation, and Holding Time Table
QC Summary
Instrument Maintenance and Troubleshooting
Extraction Conditions — CLLE
Extraction Conditions — Separatory Funnel
Glassware Cleaning Procedures
Sulfur Cleanup
Sulfuric Acid Cleanup
Florisil Cleanup
Gel-Permeation Cleanup
Standard Preparation
Zymark Sensor Diagnostic Test and Maintenance Log
Zymark-specific Maintenance Instructions
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Attachment 1:
SOP Summary

Sample Preparation Summary

Continuous Liguid-Liquid Extraction Procedure
In continuous liquid-liquid extraction a known veolume of sample is adjusted to a specific

pH, if required by the analytical method, transferred to a continuous liquid-liquid extractor,
and extracted using the solvent and conditions specified in Attachment 5. The extract is
concentrated to an appropriate final voiume using either the Zymark TurboVap
concentration procedure or the Kuderna Danish (KD) concentration procedure.

Separatory Funnel Extraction Procedure

In separatory funnel extraction a known volume of sample is placed into a separatory
funnel, adjusted o a specified pH if required, and extracted using the solvent and
conditions specified in Attachment 6. The exiract is concentrated to an appropriate final
volume using either the Zymark TurboVap concentration procedure or the Kuderna
Danish (KD) concentration procedure.

Zymark Concentration Procedure

After the extraction procedure is completed, the solvent is transferred o a glass Zymark
concentration tube. The tube is placed in the Zymark concentration device, which has
been heated to a specified temperature. A stream of nitrogen is directed into the tube to
evaporate the solvent and to concentrate the target compounds. When the volume of
solvent reaches the specified volume, normally 1miL, the nitrogen is automatically
stopped. An alarm sounds io alert the analyst, and the extract is removed from the
device and transferred to a storage vial or container.

If 2 solvent exchange is required, the exchange solvent is added to the tuhe, the solvent is
evaporated o the specified final volume, and the extract is transferred to a storage vial or
container. The concentrated extracts are stored at 4°C until the time of analysis.

Kuderna-Danish Procedure

After the extraction procedure is completed, the extract is transferred to a glass Kuderna-
Danish (K-D) concentration apparatus. The K-D is placed in a water bath that has been
heated to 60-90°C. As the solvent evaporates, the target compounds are collected in the
concentration tube. When the apparent volume of solvent reaches 1mL, the K-D is
removed from the water bath and allowed to cool. The extract is removed from the device
and transferred to a storage vial or container.

Note: A specific temperature set-point for the water bath has not heen established at this
time, but rather a temperature range of 60-90°C is used. There should be little impact on
the analyte recoveries provided the temperature is hot enough the boil the solvent.

If a solvent exchange is required, the exchange solvent is added to the K-D, the solvent is

evaporated to the specified final volume, and the extract is transferred to a storage vial or
container. The vials are stored at 4°C until the time of analysis.
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Fraction

Analytical Method

SOP #

Organochlorine Pesticides & PCBs

EPA 608
EPA 8081A
EPA 8081B

EPA 8082
EPA 8082A
SM6431B
SME630C

SOP SA-SG-045

Organophosphorous Pesticides

EPA 614
EPA8B141A
EPA 8141B

SOP SA-SG-050

Diesel Range & Qil Range Organics
{DRO and ORO)

EPA 80158
EPA 8015C
(DRO and ORO)

SOP SA-S5G-070

Polychiorinated Biphenyls

EPA 680

SOP SA-SM-007

Base Neutrals / Acids & PAHs

EPA 625
EPA 8270C
EPA 8270D
EPA 8270C_LL
EPA 8270D_LL
EPA 8270C_LL_PAH
EPA 8270D_LL_PAH
SM6410B (BNAs)
SME420C (Phenols)

SOP SA-SM-033

Toxaphene Congeners (i.e., Parlars)
and Technical Toxaphene

EPA 8276

SOP SA-SM-034
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Attachment 2:
Sample Collection, Preservation, and Holding Time Table

gg:’fr:: Routine Minimum Chemical Thermal Dechlorination
Matrix Conta?ner Sample Size | Sample Size | Preservation Preservation ‘ Agght Holding Time*
(bgftg) 1L amber glass 1L 500mL None 4°C? Ncne 7 days
Water 1L amber glass 1L 500mL None 4°C? None 7 days
(Separatory Funnel) |

"Time from collection to initiation of extraction.
2Samples must be maintained at 0-6°C, with no frozen samples.
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QC Item

Frequency

Criteria

Corrective Action

Batch Definition

Up to 20 field samples prepared

together within a 24-hour time
period

Not Applicable

Not Applicable

Method Blank
{MB)

One per batch

Refer to analytical SOP

Refer to analytical SOP

Laboratory Control
Sample
(LCS)

Cne per batch

Refer to analytical SOP

Refer to analytical SOP

Laboratory Control
Sample Duplicate

One per batch, if insufficient
sample is provided for the

Refer to analytical SOP

Refer to analytical SOP

(LCSD) MS/MSD
EPA 600-Series:
) . One per 10% of samples
Mat?[a g)p[ke Refer to analytical SOP Refer to analytical SOP

EPA 3510C and EPA 3520C;
One per batch

Matrix Spike Duplicate
(MSD)

One per batch

Refer to analytical SOP

Refer to analytical SOP

Initial Demonstration of

[nitially, per analyst, per

Refer to SOP SA-QA-06

Capability i = Refer to SOP SA-QA-06 {Note: Unsupervised work must not
(IDOC) mEtiodanalyicieerigpation begin until successful IDOC has
been obtained.)
Continuing
Demonstration of Annually, per analyst, per
Capability method/analyte combination RCIERerS O SA-CIR00 ReferiniSOR SAXQA6
(CDOC)
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QC ltem Frequency Criteria Corrective Action
Upon method/instrument set-up,
per analyte/method/matrix
Reporting Limit combination.
Verification Refer to SOP SA-QA-07 Refer to SOP SA-QA-07
(RLV) Then quarterly thereafier (for
DOD ELAP) or annually
thereafter (for non-DOD ELAP)
Method Detection Limit | Upon method/instrument set-up,
Study per analyte/method/matrix Refer to SOP SA-QA-07 Refer to SOP SA-QA-07
(MDL) combination
Upon method/instrument set-up,
per analyte/method/matrix
; ; combination.
MD"&%’E{?“*‘ Refer to SOP SA-QA-07 Refer to SOP SA-QA-07

Then quarterly thereafter (for
DOD ELAP) or annually
thereafter (for non-DOD ELAP)
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Attachment 4:
Instrument Maintenance and Troubleshooting

Instrument Labeling
Each instrument must be labeled with its name cor ID {e.g., MSA, ICP-D, etc.). Additionally,
non-operational instruments must be isolated from service or marked as being out of
service. Each piece of equipment has an “Operational / Not Operational” sticker that is
used for this purpose.

Maintenance Loqg
A maintenance log must be established for each piece of equipment used in the {aboratory.
All maintenance that is performed on the instrument must be recorded in the log including:
- analyst or technician performing the maintenance
- date the maintenance was performed
detailed explanation of the reason for the maintenance
resolution of the problem and return to control
all service calls from instrument representatives

Preventive Maintenance

Zymark Maintenance
It is recommended to change the water in the water bath weekly. Add 1-2 drops of

Clear Bath to prevent hacteria and algae growth. Methylene chioride that
dissolves in the water bath will damage the sensors.

The Zymark sensor diagnostic test must be performed weekly. If the sensors do
not meet criteria the sensor may need replacing. Refer to the manufacturer's
manual for replacement procedures if necessary.

The thermometer for the Zymark must be calibrated in accordance with SOP SA-
AN-100: Support Equipment (Verification and Use).

K-D Apparatus Maintenance

The K-D apparatuses must be inspected periodically for leaks and cracks. Leaks
will allow the infiliration of water info the extract and compromise the entire
extraction procedure. Glassware with leaks, cracks, and broken joints must he
repaired or replaced.

Inspect the Snyder columns frequently. The balls in the condenser will sometimes
stick, causing pressure from the evaporating solvent to build up and spew the
extract out of the top of the column. Wetting the column with a small volume of
solvent will help to keep the balls from sticking.

The thermometer for the water bath must be calibrated in accordance with SOP
SA-AN-100: Laboratory Support Equipment (Verification and Use).
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Troubleshooting
Troubleshooting should be documented as outlined above. If possible, troubleshooting is

best performed in a step-wise manner to systematically isolate instrument components.
Refer to the instrument manufacturer’s guides for 'specific information and strategies.
Enlist assistance from fechnical and/or department management as needed.

Contingency Plan
Maintenance contracts are carried for most instrumentation and close contact is maintained
with service personnel to ensure optimal instrument functioning. An extensive spare parts
inventory is maintained for routine repairs. Since instrumentation is standardized
throughout the laboratory netwoerk, spare parts and comporients can be readily exchanged
among the network.

In general, the laboratory has at least one backup unit for each critical unit. In the event of
instrument failure, portions of the sample load may be diverted to duplicate instrumentation,
the analytical technique swiiched to an alternate approved technique (such as manual
colorimetric determination as opposed to automated colorimetric determination), or samples
shipped to another properly certified or approved TestAmerica location.
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Attachment 5:
Extraction Conditions - CLLE
Extraction . ] Final
Methods Extraction Conditions Time Eggfvfsin S‘c:);c::n Volume
{Hours) (mL)
SEMIVOLATILE GC EXTRACTIONS
6088’088g81’ Single pH at neutral pH (5-9) 18-24 MeCl, Hexane 10
614, 8141 Single pH at neutral pH (5-9) 18-24 MeCl, Hexane 10
8015-EXT Single pH as received or at )

(DRO. ORO) pH<2 18-24 MeCl, MeCl, 1.0
SME4318 Single pH at neutral pH (5-9) 18 MeCl, Hexane 10
SMB630C Single pH at neutral pH (5-9) 18 MeCl, Hexane 10

SEMIVOLATILE GC/MS EXTRACTIONS
8270-TCL,

8270-LLPAH, Single pH <2 18-24 MeCl, MeCl, 1.0
8270-K001
8270-AP9, Dual pH:
8270-TCLP | pH<2 followed by pH>12 | 18-24/18-24 1 MeCl, | MeCl, el]

Dual pH:
EPA 625 pH<2 followed by pH>12 24 /24 MeCl; MeCl, 1.0
EPA 625- Dual pH: 1.0 Acid
CPSF pH>12 followed by pH<2. 24 /24 MeCl, MeCl, 1 O Baca
APP, BNPP Extracts are kept separate. :
EPA 680 Single pH at neutral pH (5-9) 18-24 MeCl, Hexane 1.0
Dual pH:
SM64108B pH>11 followed by pH<2. 24 124 MeCl2 MeCI2 1.0
Extracts are kept separate.
Dual pH:
SMB420C pH>11 followed by pH<2. 24 124 MeCi2 MeCl2 1.0
Exiracts are kept separate.
8276 Single pH at neutral pH (5-9) 18-24 MeCl2 Hexane 5.0

'"The EPA 8276 preparation procedures mirror those used for EPA 8081A, with the
exception that 200mL of exiraction solvent is used.
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Attachment 6:
Extraction Conditions — Separatory Funnel
Final
- Extraction Final
Methods Extraction Conditions Solvent Solvont V?lg.tr;e

TCLP
(EPAE’%M Single pH at neutral pH (5-9) MeCl, Hexane 10
EPA 8051B)

TCLP
(EPA 8270C Dual pH:

& pH<2 followed by pH>12 hech MR, L

EPA 8270D)
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Attachment 7:

CLLE BODY BREAKDOWN AND GLASSWARE
CLEANING PROCEDURES

PPE: Lab coat
Eye protection
Kevlar gloves

This procedure assumes that the round-bottom flasks containing the extracts have been
removed and that the CLLE bodies are at room temperature.

1. Turn pnthe fan and startworking at the CLLE position furthest fromthe fan, from the window
ta the center of the room.

2. Remove the condenser and place on the rack. Be careful not to tip the CLLE body forward
and cause metilene chloride to leak on to the table top. Gently rernave the CCLE body from
the rack and camy the CLLE bodies ane at a time to the hood

3. Empty the methyleng chlonde layer into the satelite waste container designated for
chlonnated waste.

4. Turn on the water and pour the water layer from the CLLE into the sink. Rinse the CLLE body
with water and discard dovn the sink. Repe atedly rinse the CLLE body with wateruntil all of the
solids are nnsed down the sink.

Note: Be careful not to pour methylene chloride down the sinkeit vill dissolve the drain
pipes

5 Fill one sice of the sink with hot weater and add about ¥4 cup of FL-70 detergent per gallon of
waler,

6. Note the condibion of the CLLE hody If heavily contarnated, do not place into the soak
water Keep this glasseware separate and cortact the supervisor or deparbmeant manager to
determine the best course of action to clean the glassware
It isimportant to segregate heavily contaminated glassware frorm use until verified clean by
the analysis of a method blank. Discard glassware if the conditon of the glassware cannot
he verffied or if the glassware is obviously not salvageable
7 Place CLLE hodies into soak water and allow to soak for a mimirmum of 10-15 rinutes.
-Scrub the inside of the CLLE bodies wath a soft brush

9 Rinse a rmimrmum of three tirmes vath hot tap veater 1L is ivportant to rernove all of the saap
film at this pomnt

10, With cold water unning, nnse the entire CLLE body wath acetone, paying particular attention
to the smaller glass tubing Itisimpartant to remove as much water as possible framthe CLLE
biody at this point. Discard the acetone dova the sink

10. Place the CLLE body on the rack inverted to help drain the water and acetone and to dry the
CLLE hody.

TestAmerica

FEXD50.03,30.09:2 sy
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ZYMARK TUBE AND CLLE ROUNDBOTTOM FLASK
CLEANING PROCEDURES
PPE: Lab coat

Eye protection
Kevlar gloves or equivalent

1. Mot the condition of the Zymark tubs or receiving flask. If heavily contaminated, do

not place inta the sink. Keep this glassware separate and contact the supervisor or

Department Manager to determine the best course of action to clean the glassware.
Itis important to segregate heavily contaminated glassware from use until verified
clean by the analysis of a method blank, Discard if the condition of the glassware
cannot be verified or if the glassware is obviously not salvageable

2. Rinse gach tube or flask thoroughly with water and discard down the sink drain

3 Fill dishpan with hot water and add about % cup of FL-70 detergent per gallon of
water,

4. For Zymarlctubes, use asmall brush to clean the tip of the tube and a larger brush to
clean the walls of the tube

For recewvingflasks, use a brush thatwill allow you to scrub the inside walls of the flask
5 Rinse each wbe and flask thoroughly a minimurm of three times with hot tap water
until no traces of soap are present in the tubs. It is important to remove all traces of
soap at this point,

6 Rinse each lube and flask thoroughly with acetone and place on covered counter or
raclk to dry

Discard acetone rinses down the sink drain with the cold tap water running.

7 Rinse 2ach tube vath a small aliquot of methylene chloride and place on coverad
counter or fack until reack for use.

Discard methylene chloride in the satellite waste container designated for
chlorinated waste.

TestAmerica
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Attachment 8:
Sulfur (Copper) Cleanup

TesTAmencc: o praon

JUN 19 EAVIMDHMENTAL 168114 Page 1 of 1
Sulfur Cleanup Procedures
Method: 3660B
Summary of Procedure
This procedure is based on EPA Method 28808 and is used in conjunctmn with the
following SOPs:
Method SOP#
EPA 3510C 1 EPA 3520C SA-EX-030
EFA 3550C SA-EX-040
EPA 508 SA-SG-046
EPA B0B / EPA B0S18/ EPA B032A SA-SG-5

The sulfur cleanup uses copper granules to eliminate elemantal sulfur from PCE or
pestivide extracts. Copper is added to the extract, and the wvial is shaken. If sulfuris
present, a black precipitate (copper sulfide) will farm The extract is treated with copper
until no further precipitate is formed.

The method blank and LCS rmust be subjected to the same cleanup steps as the
samples

Perform all cleanup steps under a fume hood or in a well-ventilated area

Reagents
Copper aranules - the surface of the copper should be *shiny”

Cleanup Instructions

1. Ensure the sample extract has been exchanged inta the applicable final solvent (e g,
MTBE for EPA 508, Hewane for EPA BOB/MBOBTBMBORIA) prior to perforring the sulfur
cleanup procedure

2 Add approvamiately 0.1 of “shiny” copper m the vial, and vortex for approarmately
twa minutes

Mote If the estract is for EPA B14 or EPA 81418 1n adedition to one of the analytical
mthods listed above, transfer an aliquot of the extract to another vial for the copper
cleanup

3 0F sulfur is present, a black precipitate will forrn Allew the extract to sit for 2.2
minutes for any additional precipitate to foren and <ettle aut

If the precipitate doss not settle out, addinanal eopper treatrents andfor filtkation
rmay be required.  Contact the Technical Manager for instructions on how to procesd

4 The sample s now ready for analyas as outhned in Section 10 of the assouated
analytical SCOF
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Sulfuric Acid Cleanup Procedures
Method: 3665A

Summary of Procedure
This procedure is hased on £EPA Method 36865A ang is used in conjunction with the

fatlowing SOPs:
Method SOP#
EFA 3510C 7 BEPA 3520C SA-EX-030
EPA 3550C Sh-EX-040
EFA BE0 S55-5M-007
EPA BOB (FCBs anty) / EPA BOBZA SA-SG-045

The acid cleanup procedure 15 used for PCBs only  Sulfuric acid is added to the extract,
and the »wal is shaken The layers are allnwed to separate, and the sarmple fayer is
removed  Lamge organic-soluble compounds that are present in the sampie wili extract
inte the acid and are descarded

Notz This procedure will destroy pesticide compounds  Sulfuric acid cleanups muss
only be used for PCB samples and cannot be used for samples requesting peshicrdes by
EFA B0RYB, EFA 01418, or EFA B0RB

The methied blark and LCS must be subjected to the same cleanup steps.

Pesform afl cleanup steps under a furne heood or s 2 well-ventilated area

Reagents
Suifuric acid (H:30Qy) - reagent grarde, concentrated

Cleanup Instructions
1 Ensure the sarmple edract has been exchanged irta hexang pror o perfonring the
sulfure acid deanup

2 Transter an aliqunt of the extract to a wal for the cleanup The recommended aliquist
wvolurmz is & Bl

3 Add approxisately 2mL of concentrated sulfuric acid and cap the vial Mark the vial
w enate the tofal »olurme on the vial  Also reark the vial to dernte the separation of
the aod (bottorn) layer and the extiact ¢op) tayer

4 Ensurz the aal oap s secure, and gently shake the vial  Open the vial, and allow

any pressure that has buidt up to dissipate  Repest these steps until no pressure is
notec the cag 13 apened, and then shake the waal far one addibonal rmute A

vartex mixer can atso be uzed

5 Allgw the exdtract (tap) layer and the acad (hottom) layer to separate. This separation
may take a few minutes or several hours depending on the nature of the zarmple
extract  Use the rarks on the ade of the vial to judge if the voturme of extract (top?
fayer 1= the =ame as when it wias originally added ta the vial
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B. Rerove the extract (tap) layer fror the vial using a disposahle Pasteur pipette, and
transfer the extract to a clean vial. If greater than 80% of the extract is recovered, no
additional preparation is necessary.

7. if an ernuision has formed {i e, there are bubbles or a doudy area in between the
top and bottormn layers), add sodium sulfate crystals to the vial and gently stir the top
faver with a glass rod. The sodiurn sulfate should help to break the emulsion so the
top layer can he adequately recovered.

8. If the extract has color, perform an additional ceanup by adding Smbk more of
concentrated aciy and repeating Steps 3-6.

MNote: Lise good judgmeant when deterrnining how many acid cleanups to use. Ifit
takes more than three cleanups ta clean the extract, it is recommended to start
over with a smaller @liqunt of sample or to dilute the extract hefore proceeding
with additional cleanups. A diluted extract can be concentrated back to the
equivalent volume after the cleanup steps. Contact the Technical Manager for
assistance with this task.

9. The sample is now ready for analysis as outlined in Section 10 of the associated
analytical SGP.
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Florisil Cleanup Proceduses

Method: 3620C

Summary of Procedure
This procedure is based an EPA Method 3620C and is used in conjunction with the
following SOPs:

Method SOP#
EFA 35160 / EPA 3520C SA-EX-030
EPA 3550C SA-EX-0401
EFA G038/ EPA 808187 EPA B0B2A SA-5G-045

The Florsil cleanup uses a solid phase extraction (SPE) cartvidge to rernove polar
interferences in PCE andior pestitide extracts  After the sample extraction procedure is
completed, 3 measured partion of the pesticidefPCEB extract (usually 1ml) is transferred
ta & 1 Flonsil cantridge . The target and non-target compounds are separated by aiution
with siccessive solvents at ambient {atrmospheric) pressure. The solvent that elutesthe
target compounds s collected and cancentrated to an appropriate finat volume, routinely
the zame volutre az the extrad appliied to the cartridge .

The method blank and LCS must be subjected te the same cleanup steps as the
samples

Ferforen all transfer and deanup steps under a furne hood or in a well-ventilated arga.

Reagents

Hexane — residue grade or better

ACgptong - pe gicide quahty or equisalent
Methyiene chloride — pesticide quality or sguivaient
Sodiura sulfate — granutar, pusfied st 450-500°C

o0 10 Hexane/Acetone Solution — Mix 88ml. of hexane with 10ml. acetone in & Clean
giass  container iarqer volurnes can be prepared at the discretion of the analyst.

50 40 HexanefAcetone Soluton - Mic &0miL of hexane with 40rL acetone in 3 clean
glass container Larger volumes can be prepared at the discretion of the amalyst.

Standards

Florisit Pesticide Chieck Mix — Prepare 3 standard in hexarie containig the compounds
jisted i the followang table. This standard is eguivaient to the I1SMA srid-level standard
oited e CLEF 3090, Reyv 31 Alernatvely, an EPA 8021 midievel calibration standard can
ke used
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Compoundd Concentration Compound Concentration
{pgimL) _ fugimL)
Alpha-BHC 0020 44003 0040
Heptachlor 0.020 44-0DDT 0040
Gamma-BHC 0.020 Methoxychior 0.20
Endosulfan | 0.020 TCMX 0.520
Diieldrin 0.040 0CE 06320
Endnn 0.040

Cleanup Instructions
1. Ensure sarmple extract has heen exchanged into hexans prior ta performing the
cleanup,

2. Prepare the manifold and lahel each Florisil cartridge with the corresponding sarmple
iD.

3. Condition the cartridges as follows:

- Place the SPE cartridges on the manifold

- Rinse each cartridge with amlL B0:40 hexanefacetone with the valves apen
Follow wdth Sl methyleng chicnde  Discard these rinses

- Add gl 80:40 hexanefacetone to each cartridge

- Slowly cpen the valves to allow hexanef/acetone to pasg thraugh the sorizent
beds to the lower frits, allowing & few drops per cartridge to pass thrmugh the
raarnifold to remave ali air bubbles

- Close the valves when there is & least Tmm of sobsent ahove the solvent bed.
Do rot allow the cartridges to become dry, if a cartridge hecomes dry, repeat the
conditioning

Caution Do not allow the SPE cartnidge to oo dry from tis pomt forward. (f the
carfridge goes dry, start over with a new SFE cartiidge and a new aliguot of extract

4. Place the recewing flask beneath the coresponding cartridge

5. Transfer 1 Dmb of the sample extract onto the camesgonding labeled Florisit coluron
Open the valve and aliow the exdract to pass through the cartridge through the
sorbent hed at approximately 2rmliminute When the level of the extract is a few
millimeters above the top of the sorhant layer, wash dowan the sides of the cartridge
with 1.0mb of acetane and allow thiz wash to pass into the sorbent Close the valve
when the solvent layer reaches the top of the colurin. The solvent that has passed
through the cartnidges to this point can be discarded

B Add 8 Omb of 90610 hexane/acetone solution to each canridge  Open the vake and
allow the solvent to pass through the carridge Collect the eluent  As the solvent
ievel gets to the top of the canridge’s sorbant bed, add two additional 1mL aliquats of
hexane to the cartridge and collect these bwo eluates  The final volurme should be
1MmL

—F—Adjust the-extract-velurne 1o-the onginalvolurme{rautinely -1 Oral ) Wsing-the nitrogen

evaporator or hot water bath as outhined in Section 10 of the associated preparation
S5CF
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8. The sample is now ready for analysis as outlined in Section 10 of the associated
analytical SOP.

Quality Control
Each lot of Flarisil catndges must be checked and approvad prior to use as follows:

Combine 0.50mL of the 2 4 6-Tnchlorophenol solution, 0.50mL of hexane, and 1.0mL of
the Florisil Festicide Check Mix in a clean, glass container. Concentrate to a final
valurme of 0 80ml and analyze according to SOP SA-5G-045

Corbine 0.50mL of the 2 4 B-Trichlorophenol solution, 0 .80mL of hexane, and 1.0mL of
the Flonsil Pesticide Check M in a clean, glass container. Concentrate to a final
volurne of 0.50mL and performn the cartndge cleanup on this solution as described in
Steps 1 through 8. Analyze according to SOP SA-SG-D45,

The Flansil cartridge lot is acceptable if all pesticides in the check rmix are recovered at

B0-110% percent, if the percent recavery of 2,4 B-trichlorophenal is less than 8%, and if
no peaks nterfering with the target compounds are detected
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Gel-Permeaticn Cleanup Procedures
Method: 3640A

Summary of Procedure
This procedure is hased on EPA Methad 3B4CGA and is used in conjunction with the
following S0Ps”

Method SOP #
EPA 3810C 7 EPA 35200 SA-EX-030
EPA 3550C SA-EX-040
EPAB25/EPA 8270D SA-5M-033
EFABZ70D (LL) SA-SM-0068
EPA 508 ¢ EPA BOBIEB/ EPA R0B2A SA-5G-045

Gel-Permeation Cleanup {GPC) is a size-exclusion cleanup based or the molecufar size
of the analytes rather than molecular weight. Molecules are too large to ever enter the
3PC tead pares pr 50 smalt they freely pass through bead pores are censidered beyond
vesolution ard are not collected. The remaining molecules {those with sizes hetween
the two lirmits) are collected based on the elution times of the calikration cornpounds
GPC is best for samples with large hinlogical moleculas such as plant or animal tissues
GPC will not separate the target analytes from petroleum hydrocarbons

The method hlank, LCS, and MSM SD must he subjected io the same cleanup steps as
the samples as a check on recavery of tha tanget compounds

Perform all transfer and cleanup steps under a fume hood or i a wellventilated ares

Note' Far 2ach 10t of extract that is Inaded onto the GPC instrument, b is last and
routed to the waste resersor The remaining Smil of exiract iz passed through the GPOC
nztrument and collected in the Zymark tubg in a final volume of approvsmately 1540mk of
methylene chigride  This is cancentrated to a final viiume eqguzl ta ane-half the final
volturme normially requirad for that analysis.

Far axarmple; for pedticide analyses by EFS 8021, 10m of extract i< [oaded onts the
GPC instrument and Sl of extract is routed to the waste resersair. The remaming
arril of exdract is passed through the GPC instrurment and collected in a final volurme
of 150ml rrethylezne chlaride  This 150-ml. extractis evagorated to a2 final volume of
approvimately ore miliiliter, exchanged into hexane, and adjusted to a final volure of
bral. The smi final woluree compensates far the S of sarnple Iost in the GPC
instrurnent and is equivalent fo the standard indial sarnple and final extract volumes
for this procedure (e, 10020l wmitial sarmple valurng to 18l fnal extract voluimea)

Reagents
Hexane ~ residue grade or betier

Acetone - pe sticide quality ar equivalent
Methylene chloride — pesbade quality ar eguivalent

Sodium sulfate ~ granular, purified st 450-500%C
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80:10 HexanegdAcrtone Sofution — Mix 90mL ef hexane with 10mbL acetone in a clean
glass container. Larger volumes can be prepared at the discretian of the analyst.

E0: 40 HexanefAcetone Solution - Mix 80mL of hexane with 40mlL acetone in a clean
glass container. Larger volumes tan he prepared at the discretion of the analyst.

Standards
24 B-trichlorophenol standard — prepare at a concentration of D.10ugém in acetone

GPC Calibration Mix — prepare a standard in methylene chloride containing the
cormpounds listed in the following table.

Concentration
Compound (mg/mL)
Sulfur 0.080
Pervlene 0.020
Methoxychlor 020
Com Qi 25
Bis (2-ethylhexd) phthalate 1.0

GPC PCB Check Mix — prepare 3 standard in smethylene chioride contairing PCEB-
101 BACB-1260 at Tug/mlL

GPC Pesticide Spike Mix — prepare a standard in methylene chiaride containing the
corpounds listed in the following tahle

Concentration

Compound {ugimb)
Garnma-BHC {Lindane) 10
Aldrin 10
Heptachlor 10
Endrin 20
4 4-DDT 20
Lueldrin 20

Cleanup Instructions
1 Ensure <ample extract has been exchanged intc methylene chioride prior to
perfarTing the cleanup

]

Be cettain the GIPC has heen calibrated appropriaiely within the last seven days

3. Filter each 10rml sarrple to be cleaned using a ass syringe fitted with a 0 45um
filtker Transfer each filtered sarmple intc a threaded glass tuhe  Cover each tube
with 3 screve cap which has been fited with 3 septum

4 Load all filtered samplas into the sample tray

5 PFlaze the correspondion number of appropriately sized Zymark tubes irto the collect
tray

B. Using the appropnate calibration and rrethiod, set up the pmoper sequence 10 runthe
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loaded samples with the software program. Check more than once to be certain the
sequence, method, and calibration all match 2ach of the Inaded samples.

7. Fill the solvent reservoir with methylerne chloride to a level such that it will NOT go
dry during the cleanup process.

B, Check tube(s) ieading to the waste reservoir to be certain all waste is correctly
collected. Also he certain enough space remains in the waste reservoir to collect the
anticipated volurne af waste fromihe cleanup process.

3, Start the run sagquence using the software program

10. As the autosampler begins operating, visually check that the solvent purrp is
operating nonmally and that there are na teaks in any of the tubing.

11. If the sequence is to run after business hoursfovernight, visually check the system
before leaving for the day — especially the level of solvent in the solvent resenvoir.

12. Concentrate the extract as defailed in Section 10 of the associated preparation SOP.

13. Sample is now ready for analysis as outlined in Section 10 of the assooiatad
analytical 308

Quality Contred

GPC Calibration

The GPC colur must be calibrated prior to use, and every seven days thereafter, in
order ta set the proper coilection time for the methad  To calibrate the GPC instrument,
load 16mL of the GPT Calibration Mix into a designated position an the collect tray. The
flowy rate should be Sml/minute (+/- 0.9mlimin}, the celumn pressure between G and 10
psi, and the spiking solutien fraction is mn for B0 minutes  Venfy the flow rate using a163-
to 25-rrl Class A volumetric flask

The foliowing criteria must be met for the calibration fo pass:

- Peaks must be ebserved and should be syrmrnetrical for all compounds in the
calibration selution.

- Corn oil and phthalate peaks must exibit >85% resolution

- Phthalate and Methaxychlor peaks raust exhibit >B5% resolution

- Meathoxychior and perylene peaks must exhibit >85% resalution

- Perglene and sulfur peaks must not be saturatzd and must exhibit >809% baseline
resofution

- Columns shauld be tested waith the semrvolatiles matnx spiking solution and the
GPC time should continue until either after parylene has elutad or undl at least
85% of the analytes have recovered, whichever tire is Ionger

- The retention time shift for the analkvtes must be =5% when compared to the
retenton time of the last calibration

Calikration of Semivaiatiles — Inhate colurnn eluate nollection just before the elution of

bis(2-ethylhexyl)phithalste and after th2 elution of corm oit - Stap collection just after the
elution of perylene but befare sulfur elutes
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Calibration of Organochionne Pesticdes/PCBs —~ Detenmine the elution times for
phthalate, methaweoychlor, perylene, and sulfur. A time should be chosen that removas
>85% of the phthalate, but collects >85% of the methaychlor. Stop collection just after
the elution of perylene but before sulfur elutes,

Reinject the GPC calibration solution after the appropriate collection and dump Limes
have been set. The retention times for big(2-ethylhexyl)phthalate and perylene must not
vary by more than +- 5% between calibrations

1ali 1
Aralyze a GPC hlank using 5ril of methylene chloride. Concentrate the methylens
chloride that passes through the systern and analyze using the using the same detectors
that will be used to analyze the sarmples. If the blank exceeds half the reporting limit for
the analytes of interest, purmp additional mathylene chloride through the system for 1-2
hours and analyze a new blank

When PCB samples are to be cleaned using the GPC, load 10mL of the PCB Checlc Mix
as a sarpple (after calibration has passed) In order to check thatthe GC can visually see
the AR1660 analytes.

When CLP criteria are required for pesticide sarmples needing GPC cleanup, load 10mL
of the GFC Pest Spike as a sample (after calibration has passed). The recovery from
this sample {as reported by GC according to SOP SA-SG-045) must be hetween 80 and
110%
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Attachmen‘( 13:
Zymark Sel‘nsor Diagnhostic Test and Maintenance Log

ZYMARK SENSOR DIAGNOSTIC TEST AND MAINTENANCE LOG

Turbo Vap # Maintenance Schedule
Date: Weekly: Parform sensor diagnostic test
Initials:

Empty. clean, and renii water bath, recommanded

Thermmometer & “SeR Pape 1 of gboqk 1or Mrectons

[SEnsOR # 1 2 3 a 5 5

||INIT-IAL VALUE

FINAL VALUE

% VALUE

Turbo-Vap Temperature
Display Reading (°C)
Thermometer T_emperature
uigading (°C)

It any of the valugs do not mest the crtena. perfort The Babbie Dislodging Precedere and repeat the dagnostc (t the test St fals, the sensar may feed replacing, Récord anty
additional mRIntehanco. ncluding sensor replacament, sn the spaco provided bolow

Bubble Dislodaing Procedure: wsert a claan Zymark tube and using a purmping motion, caise and lower the tube approximaltety an inch several times,

Criteria:

Finai Value ;wjm empty tuba) =<B7%, S0 < Inetlal Walue < 410
Irptial Vahis fwilhout tube

|IMaintenance Pesformed:

Date & katialg

TestAmerica
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Attachment 14:
Zymark-specific Maintenance Instructions

Zymark Sensor Diagnostic Test

= Lift the concentrator’s cover, remove any tubes, and turn the power on.
*  Press the SELECT DISPLAYED CONDITION button within 4 seconds.
The CONDITION end VALUE displays shiow the current sofrware version, for example:

After 3 seconds the displays reflect the pushwheel sethings.
= Pressthe CELL ONE button and keep it depressed for the next step
The CONDITION and VALUE displays show the matimum bath temperature rating for
cell ene’s seasor_This tests the Sample Temperaure Rating

= Release the CELL OME button, the CONDITION and VALUE displays show
COND. VALUE

Cell # Sensor Output Value
The first digit displayed is the sensor location: The remaning digits are the sensar output
value Inthe above example the sensorlocationis | =ad the sensor output value 1s 210
= Record mihal sensor output value,
= Place aclean, empty Zymark tube into the cell.
=> Record the final 22nsor output valus,
*  Repeat the above process (matked with an =row) foreells 2-6.
= When 2l sensors are tested, press ENDPOINT SELECT 1o esut the diagnostic.
*  Repeat the entire process for sl Turhp-Vaps

Cleaning and Refilling the Water Bath

Turn the unut off and unplug the power cond.
Remove dl glassware.
Remaove the top plate
Carefully i ff the rack out ofthe bath,
Siphor: off the waterin the bath
= Close siphon bulb vent,
= Flace aphon's suchon tubein the water bath.
= Macedrain tubing in sink.
= Syueeze siphon bulb to start
Wipe znd nnse the bath walls
Clean the rack by nnsing with witer.
Replace the rack in the water bath
Replace the top plate
Fiace 2 concentrator tube in fve posiions.
Pour spprosamately 1L of dishlled water through the empty posihon
Add 15 dreps of Clear Bath
Add more dishlled water unhl the level 13 AS HIGH AS theratial solvent level in the sample
tube without cansing an overBow when all six tubes zre in ponition.
Flug in the power cord and turn the power on
= Allow 20-30 munutes for the bath to reach bemperature, the ar to come out of solution, and for
most bubbles to dissipate
*  Perform the Bubble Dislodgng Procedure

TestAmerica
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Revision History

Summary of Changes from Previous Revision:

Minor editorial and grammatical changes and/or clarifications made. Boilerplate text
added.

Incorporated procedures and QC requirements from SM6000-series methods.
Incorporated procedures and QC requirements from EPA 8276 method.

Added requirement to spike sampie bottle with surrogate and spike mixes prior to any
sample manipulation steps (i.e., pouring sample into CLLE or separatory funnel
apparatus). Section 10.1 and Section 10.4.3 (Corporate Internal Audit Finding, May
2010)

Added requirement to rinse original sample container with extraction solvent to ensure
quantitative transfer. (Previously SOP was worded as if this was required only if
sample contained residual chlorine.) Section 10.2.6 and Section 10.3.3. (Corporate
Internal Audit Finding, May 2010)

Added reference to TALS Historical Data Tracker feature. Section 11.1.1

Clarified requirements and frequency for RLVs, MDL Studies, and MDLVs to be
consistent with SOP SA-QA-07 and to include the quarterly frequency as defined by
DOD. Section 12.1 - 12.3 and Attachment 3

Added note that unsupervised work must not begin until acceptable IDOC is obtained.
Atftachment 3

Added requirement that if an LCS and LCSD are performed, both QC items must be
evaluated and reported. Section 9.1.1 and Section 9.1.2

Added note that if, due fo space limitations in the refrigerator, the samples must be
stored on the counter or on carts, they must be shielded from light with a black-out
blanket. Section 10.2.16 and Section 10.3.11
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Scope and Application

This SOP gives the procedures for the extracting semivolatile organic compounds
(8VOCs) in soil and tissue samples. Ultrasonic (sonication) extraction or microwave
extraction is used followed by extract concentration via Zymark TurboVap technique.

The following classes of SVOCs can be extracted using the procedures outlined in this
SOP:

Analyte Class Analytical Method Analytical SOP
PCB Homologues EPA 680 SA-SN-007
Diesel Range Organics _Egi\ i SA-SG-070
Oil Range Organics gg’ﬁ e SA-SG-070
Product Identification = gg}gg SA-8G-070
Chiorinated Pesticides Sl e SA-SG-045
PCBs as Aroclors EEPITAAS%%%%A SA-5G-045
AN T
BNAs =l SA-SM-033

This SOP includes the Work Instructions outlining the extract clean-up procedures
employed by the laboratory. These clean-up procedures include Gel-Permeation
Chromatography (GPC), Florisil, copper (sulfur), and sulfuric acid as outlined in
Attachment 8 through Attachment 11.

This SOP includes the procedures for determining the percent lipid content of tissue
samples, as cutlined in Attachment 5.

Note: Soil results are routinely reported on a dry weight hasis. The procedure for
determining the moisture content of soil samples is given in SOP SA-GE-190:
Solid/Residue Determinations.

A complete target analyte list, the reporting limits (RL), the method detection limits (MDL),
and the accuracy and precision criteria associated with this procedure are provided in the
LIMS Method Limit Groups (MLGs).

This SOP was written by and for TestAmerica’s Savannah laboratory.
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Summary of Method

Sonication Extraction Procedure

A known weight of a sample is combined with anhydrous, purified sodium sulfate to form a
free flowing, sandy mixture. A solvent is added to the dried sample, and the sample is
extracted using an ultrasonic disrupter (i.e., sonicator) for three minuies. The solvent is
decanted, and the extraciion is repeated two more times. The exiract is filtered, solvent
exchanged if required by the analytical procedure, and concentrated to an appropriate
final volume. Attachment 6 defines the extraction conditions for the applicable analytical
procedures.

Microwave Extraction Procedure

A known weight of a sample is transferred to a Teflon extraction vessel. The sample is
spiked with surrogate compounds and an analyte-specific solvent is added to the vessel.
The vessel is placed on the instrument and the sample extracted at an elevated
temperature and pressure. The vessel is cooled to room temperature, the extract is
passed through sodium sulfate to remove the water from the sample, and the extract is
collected in a conceniration tube. The solvent is evaporated and the extract is
concentrated to a nominatl final volume of 1.0mL. If required by the analytical procedure,
the extract may be exchanged to ancther solvent and concentrated to an appropriate final
volume. Attachment 6 defines the extraction conditions for the applicable analytical
preccedures.

Zymark TurboVap Concentration Procedure

After the sonication procedure is completed, the solvent is transferred to a glass Zymark
concentration tube. The tube is placed in the Zymark TurboVap concentration device,
which has been heated to a specified temperature. A stream of nitrogen is directed into
the tube to evaporate the solvent and to concentrate the target compounds. When the
volume of solvent reaches the specified volume, normally 1mL, the nitrogen stream is
automatically stopped. An alarm sounds to alert the analyst, and the extract is removed
from the device and transferred to a storage vial.

If a solvent exchange is required, the exchange sclvent is added to the tube, the solvent is
evaporated io the specified final volume, and the extract is transferred to a storage vial.

The concentrated extracts must be stored in the refrigerator at 0-6°C until the time of
analysis.

Extract Clean-up Procedures
GPC, Florisil, copper, and acid clean-up procedures can be performed to remove

interferences from extracts as outlined in the Attachment 8 through Attachment 11 of this
SOP.
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Percent Lipids Procedures

Percent lipids analysis is routinely requested for tissue samples prepared via sonication
procedures. The percent lipids procedure is summarized in Attachment 5 and involves
weighing the extract before and after drying ovemight. The ratio of the two weighis is
equivalent to the percent lipids content of the sample.

Method References

This SOP is based on the following methods: EPA Method 3550B and EPA Method
3550C (for sonication) and EPA Method 3546 (for microwave). Biological tissue-specific
guidance is taken from EPA Region |V Method OB 10.90 “Extraction and Analysis of
Organics in Biological Tissue.”

Definitions

Refer to the Glossary Section of the Quality Assurance Manuai (QAM) for a complete
listing of applicable definitions and acrenyms.

interferences

Procedural Interferences

Interferences may be caused by contaminants in solvents, reagents, glassware, and other
sample processing apparatus and can make identification and/or quantification of the
target analytes difficult.

All sample collection containers are single-use disposable containers which limits the
potential for contamination. All non-disposable labware must be scrupulously cleaned in
accordance with the posted Labware Cleaning Instructions to ensure it is free from
contaminants and does not contribuie artifacts.

High purity reagents and solvents are used to help minimize interference problems.
Acetone, hexane, methylene chloride, and suifuric acid must be verified prior to use in
accordance with the TestAmerica Solvent Lot Testing Program.

Instrument and/or method bianks are routinely used to demonstrate all reagents and
apparatus are free from interferences under the conditions of the analysis.

Matrix Interferences
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Malrix interferences may be caused by contaminants that are co-extracted from the
sample matrix. The sample may require cleanup or dilution prior to analysis to reduce or
eliminate the interferences.

Biological tissues contain high levels of lipids that are not routinely encountered in
environmental samples. Gel permeation chromatography (GPC) is routinely used to
reduce the lipid concentration of the extract in accordance with Attachment 11.

Samples for PCB analysis-only are often acid cleaned in accordance with Attachment 9.

4.2.3.1 In addition to GPC and acid clean-ups, Florisil and copper clean-ups can be performed to

422

423

424

5.0

5.1

remove interferences from extracts as outlined in the applicable attachments to this SOP.

Interfering contamination may occur when a sample containing low concentrations of
analytes Is processed immediately following a sample containing relatively high
concentrations of analytes. As such, samples known to be clean should he processed
first.

During extract cleanup, an emulsion may form in the acid/solvent interface. A small
quantity of sodium sulfate or sodium chloride may be gently added to the emulsion. The
salt will generally cause the emulsion to break up.

Extracts with particulates and precipitates will clog the Florisil Solid Phase Extraction
(SPE) cartridges and the GPC. Filtration of the extract through a syringe with 0.45um
filter may be necessary.

Safety

Employeas must abide by the policies and procedures in the TestAmerica Environmental
Health and Safety Manual (EHSM), the TestAmerica Savannah Addendum to the EHSM,
and this document.

This procedure may invoive hazardous materials, operations, and eqguipment. This SOP
does not purport to address all of the safety problems associated with its use. It is the
responsibility of the user to follow appropriate safely, waste disposal, and health practices
under the assumption that all samples and reagents are potentially hazardous.

The analyst must protect himself/herself from exposure {o the sample matrix. Many of the
samples that are tested may contain hazardous chemical compounds or biological
organisms. The analyst must, at a minimum, wear protective clothing (lab coat), eve
protection (safety glasses or face shield), disposable nitrile gloves, and closed-toe,
nonabsorbent shoes when handling samples.

Specific Safety Concerns or Reguirements

The toxicity or carcinogenicity of the chemicals used in this procedure has not been
precisely defined. Each chemical must be treated as a potential health hazard, and
exposure to these chemicals must be minimized.

Methylene chloride is a carcinogen and an irritant. It causes irritation to the respiratory
tract and has a strong narcotic effect with symptoms of mental confusion, light-
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headedness, fatigue, nausea, vomiting, and headache. Methylene chioride may be
ahsorbed through the skin and can cause irritation and pain to the skin and eyes.

Hexane and acetone are flammable solvents. They can cause irritation to the respiratory
tract. Overexposure can cause fatigue, lightheadedness, headache, dizziness, and

blurred vision.

Sulfuric acid is a strong oxidizer and is a corrosive. It will react violently when combined
with organic compounds, possibly producing fire. Inhalation can cause irritation of the
nose, throat, mucus membranes, and upper respiratory fract. Contact with the eyes can
cause blurred vision, redness, pain, and even blindness.

Compressed gasses have specific hazards. The employee must be familiar with the
MSDS for each of the compressed gasses. The employee must also be famifiar with the
compressed gas section (Section 11) of the Environmental Health and Safety Manual.

The sonication procedure produces piercing, high frequency noise. It is imperative that the
sonication instruments be housed in the "sonabox” enclosures under the fume hoods to
minimize the effect of the noise.

The microwave procedure produces high temperatures (~100C) and high pressures
(~200psi) during the extraction process. The analyst must be familiar with the
manufacturer’s instructions for properly loading and unioading samples from the device
and for the safe use and handling of the extraction vessels.

Primary Materials Used

The following is a list of the materials used in this procedure, which have a serious or
significant hazard rating, and a summary of the primary hazards listed in their MSDS.

NOTE: This list does not include all materials used in the procedure. A complete list
of materials used in this procedure can be found in the Reagents and Standards Section
and the Equipment and Supplies Section of this SOP

Employees must review the information in the MSDS for each material before using it for
the first time or when there are major changes to the MSDS. Electronic copies of MSDS
can be found using the "MSDS” link on the Oasis homepage, on the EH&S webpage on
Qasis, and on the QA Navigator.
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Exposure
Material Hazards Limit’ Signs and Symptoms of Exposure
1000ppm Inhalation of vapors irritates the respiratory tract. May
Acetone Flammabie TWA cause coughing, dizziness, dullness,pand headache.
Inhalation of vapors irritates the respiratory tract.
HevaEhe Flammable 500ppm Qverexposure may cause lightheadedness, nausea,
Irritant TWA headache, and blurred vision. Vapors may cause
irritation to the skin and eyes.
Causes jrritation to respiratory tract. Has a strong
25ppm narcotic effect with symptoms of mental confusion,
; TWA light-headedness, fatigue, nausea, vomiting and
Mce;mizr;e Calr;';;{]a c:ﬁen headache. Causes irritation, redness and pain to the
125ppm skin and eyes. Prolonged contact can cause burns.
STEL Liquid degreases the skin. May be absorbed through
skin.
Inhalation produces damaging effects on the mucous
Corrosive membranes and upper respiratory tract. Symptoms
sulfuric Oxidizer 1mg/m3 may include irritation of the nose and throat, and
Acid Dehydrator TWA labored breathing. Symptoms of redness, pain, and
Poison severe burn can occur. Contact can cause blurred
Carcinogen vision, redness, pain and severe tissue burns. Can
cause blindness.
10mg/m*
TLV P =
Florisil irritant May cause irritation if inhaled or adsorbed through the
3 skin.
5mg/m
PEL

'Exposure limit refers to the OSHA regulatory exposure limit.

Note: Always add acid to water to prevent violent reactions.

6.0

6.1

6.1.1

Eguipment and Supplies

Equipment and Instrumentation

Sonication-specific Equipment

Microwave Extraction Equipment

Ultrasonic Disrupter (sonicator) — Tekmar Model or equivalent with ¥4-inch horn-type
titanium-tipped sonication probe. The sonicator must be capable of operating in the pulse
mode at full power. The sonicator must have a minimum power wattage of 300 watts.

Sonabox — the sonicator must be placed in the sonabox to reduce noise. The sonabox
must be placed under a fume hood.

Microwave extractor — CEM MARS Model 907501, includes carrousel
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Microwave exiraction vessels — Teflon
Concentration-specific Equipment

Zymark TurboVap 1] concentration device or equivalent — The instrument must be vented
into an operating fume hood.

Concentration tubes — 200mL (for liquids) or 225mL elongated tubes (for scils) with 1.0mL
tip.  Verify in accordance with SOP SA-AN-100: Laboratory Support Equipment
(Verification and Use).

Support Equipment

Top-loading Balance — Verify in accordance with SOP SA-AN-100: Laboratory Support
Equipment (Verification and Use).

Thermometers — Verify in accordance with SOP SA-AN-100: Laboratory Support
Equipment (Verification and Use).

Stainless Steel Blender or Meat Grinder — heavy-duty type capable of blending tissues.
Cleanup-specific Equipment and Supplies
Florisil solid phase extraction (SPE) columns — Bakerbond 6mL Solid Phase Extraction
cartridge packed with 1g Florisil. Other size SPE may he used; however, the volume of
elution solvents and sample loading capacity must be adjusted to compensate for the
amount of Florisil. Each jot of cartridges must be verified prior to use.

The lot of Florisil cartridges is acceptable if all the following criteria are met:

- the pesticides in the check mix are recovered at 80-110% percent

- the percent recovery of 2,4 6-trichlorophenol is less than 5%
- there are no peaks interfering with the target compounds are detected

Florisil Cartridge Manifold

GPC System — includes autoinjector, autosampler, UV detector, glass column, solvent
pump, solvent reservoir, waste reservoir, and applicable software

Other Lab Supplies

Volumetric Containers — various sizes; Class A, where applicable. Verify in accordance with
SOP SA-AN-100: Laboratory Support Equipment (Verification and Use). Includes Tilt-
Pours calibrated for 70mL and 100mL, used to measure and deliver solvents.

Disposable Graduated Pipettes — various sizes. Verify in accordance with SOP SA-AN-
100: Laboratory Support Equipment (Verification and Use).

Disposable Transfer Pipettes — various sizes

Gas-Tight Syringes — various sizes. Verify in accordance with SOP SA-AN-100:
Laboratory Support Equipment (Verification and Use).
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Detergent — FL-70 or equivalent, used for washing non-disposable labware
Pre-Cleaned 500mL Extraction Botties
Filter Funnel - Large glass funnels with 18.5¢em filter paper
Stainless Steel Spatulas
Dry ice
2mL vials with Teflon lined crimp caps or 2mL screw cap vials with PFTE-faced septa:
compatible with the autosampler. Verify in accordance with SOP SA-AN-100: Laboratory
Support Equipment (Verification and Use).
12mL glass vials with Teflon-lined or PFTE-lined caps. A storage vial may be calibrated
by adding a known volume of liquid to the container and marking the volume on the side
of the container. Verify in accordance with SOP SA-AN-100: Laborafory Support
Equipment (Verification and Use).

11mm crimp-type capper and decapper

Sample Collection Containers

All sample collection containers are single-use disposable containers which limits the
potential for contamination.

The routine sample collection containers supplied by the laboratory are:

160z glass soil jars — purchased with Certificate of Analysis attesting to purity.

Reagents and Standards

Expiration Dates
Expiration dates {time from initial use or receipt to final use) for standard and reagent

materials must be set according to the guidance in this SOP. Note: These are maximum
expiration dates and are not to be considered an absolute guarantee of standard or
reagent quality. Sound judgment must be used when deciding whether to use a standard
or reagent. If there is doubt about the quality of a standard or reagent material, a new
material must be obtained or the standard or reagent material verified. Data quality must
not be compromised to extend a standard’s life —i.e., when in doubt, throw it out.

The expiration date of any standard or reagent must not exceed the expiration date of the
standard or reagent that was used to prepare it; that is, the "children may not outlive the
parents".

Reagents
Reagents must be prepared and documented in accordance with SOP SA-AN-41:

Reagent and Standard Materials Procedures.
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Acetone, hexane, and methylene chloride must be verified prior to use in accordance with
the TestAmerica Solvent Lot Testing Program.

Blank Matrix — Ottawa Sand, purified by heating at 400°C for four hours in a shallow tray.
Used for the preparation of soil QC samples.
Storage: sealed glass jar at room temperature
Expiration:
Unopened: Manufacturer's expiration date
Opened: 1 year from purification date

Sodium sulfate, granular, anhydrous — purified by heating at 400°C for four hours in a
shallow tray. Used as a drying agent.
Storage: sealed glass jar at room temperature
Expiration:
Unopened: Manufacturer’s expiration date
Opened: 1 year from purification date

Methylene chioride — pesticide grade or better. Used for EPA 8015B, EPA 8015C, and all
tissue extractions. Used as extraction solvent.
Storage: Flammables cabinet
Expiration:
Unopened: Manufacturer's expiration date
Opened: Manufacturer’s expiration date

Acetone — pesticide grade or better. Used for glassware rinsing and as solvent for some
spiking mixes.
Storage: Flammables cabinet
Expiration:
Unopened. Manufacturer's expiration date
Opened: Manufacturer's expiration date

1:1 acetone/methylene chloride — Purchased in pre-mixed in 215L cycletainers. Used for
EPA 8270C and EPA 8270D, and the low-level and PAH-only variations of these
methods.
Storage: room temperature in cycletainer
Expiration:

Unopened: Manufacturer's expiration date

Cpened: Manufacturer's expiration date

Hexane — residue grade or better. Used for EPA 680 (PCB Homologue analysis)
Storage: Flammables cabinet
Expiration:

Unopened: Manufacturer's expiration date

Opened: Manufacturer’'s expiration date

1:1 Acetone/Hexane — Purchase pre-mixed in 215L cycletainers. Used for EPA 8081,
EPA 8141, and EPA 8082
Storage: room temperature in cycletainer
Expiration:
Unopened: Manufacturer’s expiration date
Opened: Manufacturer's expiration date
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7.2.8 Sulfuric Acid (H,SQO,) — concentrated reagent grade. Used for clean-up procedures.

7.2.9

7.3

7.31

Storage: acids cabinet

Expiration: Manufacturer expiration date
Unopened: Manufacturer's expiration date
Opened: Manufacturer's expiration date

Suifuric Acid Solution (1:1 v/v) — Used for clean-up procedures. Slowly and carefully add
500mL of concentrated H,S0O, 1o 500mL of reagent water contained in a 2L beaker on a
maghnetic stirrer. Add the acid in small portions with constant stirring to reduce the heat
evolved when the acid and water are combined. Cool and transfer the solution to a
labeled storage container.

Storage: acids cabinet

Expiration: 6 months from preparation date

Standards

Standards must be prepared and documented in accordance with SOP SA-AN-41:
Reagent and Standard Materials Procedures. Certificates of analysis or purity must be
received with all purchased standards, and scanned and filed in the Data Archival Folder
on the G-drive.

All of the standards used from this SOP must be stored at a temperature of 4°C (less than
6°C and not frozen). Unless otherwise noted, all purchased standards have an expiration
date of 6 months from date of opening, and all prepared standard have an expiration date
of 3 months from date of preparation.

Note: This standards list is comprised of the routine standards used by the laboratory.
Information on project-specific, non-routine standards is found in the Reagent Module in
LIMS.

Purchased Standards

7.3.1.1 Organochlcrine Pesticide Surrogate Stock, 200ug/mL — Purchased from Supelco (catalog

# 505935)

7.3.1.2 Triphenylphosphate (Organophosphorous Surrogate Stock), 1000 ug/mL — Purchased

from Restek {catalog # 32281)

7.3.1.3 Pesticide Mix A, varied concentrations — Purchased from NSi (catalog # Q-2108)

7.3.1.4 Pesticide Mix B, varied concentrations — Purchased from NSI (catalog # Q-2109)

7.3.1.5 Aroclor 1016/1260 Spike Mix, 1000ug/mL — Purchased from Restek (catalog # 32039)

7.3.1.6 OP Pesticide MS Mix, 1000ug/mL Afrizine, Diazinon, Ethyl Parathion, Methyl Parathion,

Ronnel and Thionazin — Purchased from NS (catalog # Q-2031)

7.3.1.7 O-terphenyl Standard, 2000ug/L — Purchased from Restek (catalog # 31066)

7.3.1.8#2 Diesel Fuel, 100mg/mL — Purchased from Accustandard (catalog # FU-009-D-200X)
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7.3.1.8680 Surrogate Mix, 50ug/mL Decachlorobiphenyl-13C12 — Purchased from Wellington
(catalog # MBP-209)

7.3.1.10 680 Concentration Calibration Standard, varied concentrations — Purchased from
Ultra Scientific (catalog # CB-681)

7.3.1.11 BNA Organic Acid Surrogate Standard, 10000ug/mL — Purchased from NSI
(catalog # C-131-33)

7.3.1.12 Base/Neutral Surrogate Standard, 5000ug/mL — Purchased from NSI (catalog #
C-376-46)

RCTH IS O-Terphenyl Standard, 2000ug/L — Purchased from Restek (catalog # 31066)

7.3.1.14 Benzidine Mix, 2000ug/mL — Purchased from NSI (catalog # C-402-22)I

7.3.1.15 BNA Full Spike Mix — Purchased from NSl (catalog # Q-4717)

7.3.1.16 LL_BNA Spike Mix — Purchased from NSi (catalog number is Q-5118)

7.3.14.17 AP9 Spike Mix — Purchased from NSI (catalog number is Q-5131)

7.3.1.18 AR_MIX_8PK, client specific PCB spike — Supplied from Solutia to be used with
every bhatch of 8082 that include samples from the Solutia-Anniston Residential
site. The standard has varied concentrations of Aroclors and has no reported
expiration date.

7.3.2 Prepared Standards

7.3.2.1 Working Pesticide Surrogate Mix (PESTWkSURR_xxxxx) — prepared by adding 1.25mL
Pesticide Surrogate Stock (200ug/mL) and 2.0mL of Triphenylphosphate (1000 ug/mL)
diluted to a final volume of 500mL in methanol.

7.3.2.2 Working Pesticide Spike Mix (608wkSPIKE_xxxxx) — prepared by adding 1mL Pesticide
Mix A and 1mL Pesticide Mix B diluted to a final volume of 100mL in hexane.

7.3.2.3 Working PCB Spike Mix (1660wkSPIKE_xxxxx) — prepared by adding 1mbL of Aroclor
1016/1260 Spike Mix diluted to a final volume of 100mL in methanol.

7.3.2.4 Working OP Pesticide Spike Mix (fallWWKspike_xxxxx) — prepared by adding 0.250mL of
OP Pesticide MS mix diluted to a final volume of 50 mL in acetone.

7.3.2.5 DROWKSURR_xxxxx is 2.5mL of O-terphenyl standard (2000 ug/L) diluted to a final
volume of 250mL in acetone.

7.3.2.6 DIESELWK _xxxxx is 1.0mL of #2 Diesel Fuel (100 mg/mL) diluted to a final volume of
100mL in acetone.

7.3.2.7 680wWkSURR _xxxxx is 2.5mL of Decachlorobiphenyi-13C12 (50ug/mL) catalog number
MBP-209 from Wellington diluted to a final volume of 50mL in acetone.
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7.3.2.8 680WkSPIKE_xxxxx is 1.0 mL of Concentration Calibration Standard mix (varied

concentrations) diluted to a final volume of 25 mL in acetone.

7.3.2.9 BNAWKSURR _xxxxx is 5.0mL of Organic Acid Surrogates (10000 ug/mL) and 10.0mL of

Base/Neutral Surrogates (5000 ug/mL) diluted to a final concentration of 500mL in
acefone.

7.3.210 LLBNAwWkSUR_xxxxx is 0.5mL of Organic Acid Surrogates (10000 ug/mL), 1.0mL of

Base/Neutral Surrogates (5000 ug/mL), and 0.5mL of O-Terphenyl standard (2000
ug/L) diluted to a final concentration of 500mL in acetone.

7.3.2.11  BENZIDINwK_xxxxx is 5.0mL of Benzidine Mix (2000 ug/mL) diluted to a final volume

8.0
8.1

8.2

100mL in acetone.

Sample Collection, Preservation, Shipment, and Storage

Soil Samples

Soil samples are routinely collected in 160z glass snil containers.

Soil samples must be iced at the time of collection and maintained at 4°C (less than 6°C
but not frozen) until the time of preparation. Samples must be prepared within 14 days of

collection. Extracts must be stored at 4°C (less than 6°C but not frozen) until the time of
ahalysis.

Refer to the associated analytical SOPs for information on analysis holding times.

Tissue Samples

Tissue samples are routinely collected in unpreserved glass containers, with the size
dependent upon the type of tissue being collected, or wrapped in aiuminum foil. Plastic
jars or plastic baggies can be used.

Upon receipt, tissue samples must be placed in the freezer at -10° to -20°C, if preparation
cannot he completed that day, and must be kept frozen until the time of preparation. A
holding time of six months from the date of collection for frozen fish fillets is recommended
by Alabama Department of Envircnmental Management (ADEM) and will be used for all
hiological tissues.

Once the tissue sample has been thawed, it must be stored at 4°C (less than 6°C but not
frozen), and preparation must take place within 14 days.

Refer to the associated analytical SOPs for information on analysis holding times.

Company Confidential & Proprietary



9.0

9.1

8.2

9.3

SOP No. SA-EX-040, Rev. 6
Effective Date: 05/17/2010
Page No.: 14 of 47

Quality Control
SOP SA-QA-17. Evaluation of Batch QC Data and the SOP Summary in Attachment 3 of

each analytical SOP provide requirements for evaluating QC data.
Baich QC

An extraction batch consists of up to 20 environmental samples and the associated QC
items. The minimum QC items required for each extraction batch are: a method blank, a
laboratory control sample (LCS), a matrix spike (MS), and a matrix spike duplicate (MSD)
or a sample duplicate. If there is insufficient sample to perform the MS/MSD or sample
duplicate, this situation must be noted in the Batch Information section of the extraction
log.

The routine container supplied for this method is a 160z (400g) container. Generally 30g
of sample is used for extraction. Reduced sample initial amounts may be necessary to
achieve the required batch matrix spike frequency; however, the minimum extraction
weight fo be used for the matrix spike samples is 15g. Note: Final volumes and spike
amounts must be adjusted to compensate for these reduced initial volumes.

If there is insufficient sample submitted to perform the required matrix spike(s) and/or
sample duplicates, the LCS must be prepared in duplicate (LCS/LCSD). Insufficient
sample is defined as receiving less than a total of 60g. If insufficient sample is provided
to perform the MS/MSD or MS/SD, An NCM must be initiated on all sampies within the
batch to denote this situation

Batch QC must meet the criteria given in Attachment 3 of the associated analytical SOP.

Instrument QC

The instrument QC for the analytical procedures associated with this extraction procedure
are given in the analytical SOPs listed in Section 1.

Corrective Action for Out-of-Control Data

When the quality control parameters do not meet the criteria set forth in this SOP,
corrective action must be taken in accordance with SOP 3A-QA-05: Preventive and
Corrective Action Procedures and the QC Summary Table in Attachment 3 of the
associated analytical SOPs. SOP SA-QA-05 provides contingencies for out-of-control
dala and gives guidance for exceptionally permitting departures from approved policies
and procedures. Nonconformance Memos must be initiated to document all instances
where QC criteria are not met and all departures from approved policies and procedures.
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Procedure

Sample Preparation Procedures

Remove the samples from the refrigerator and allow them to come to room temperature.

Soil samples must be homogenized prior to preparation in accordance with SOP SA-QA-15;
Compositing, Homogenization, and Segregation of Samples.

Tissue samples must be homogenized prior to preparation since organic compounds are
generally not evenly distributed throughout biological tissue. The entire sample should be
ground into a homogenous consistency. To do this, chop the sample into one inch or smaller
chunks and place in the blender or meat grinder. Note: Siightly frozen tissue is easier to
work with at this point. Add dry ice to the blender or meat grinder. Blend or grind on
appropriate power level until the tissue is thoroughly grouind and homogenized. Inspect the
tissue for the presence of “chunks” of tissue. Remove the well-homogenized tissue and
blend the remaining “chunks” until homogenized. Mix the tissue thoroughly and separate
into 10g portions for the required analyses. If the extraction is not to take place soon after
homogenization, the homogenized tissue or the individual 10g portions can be frozen. Note,
however, that the holding begins with the date of the original thawing process.

Weigh the appropriate amount of homogenized sample into a labeled 500mL extraction
bottle or labeled microwave extraction vessel. Refer to Attachment 6 for sample weights for
each of the analytical methods.

Note: A larger amount of tissue may be exiracted if lower reporting limits (RLs) are
recuired for the project. Refer to project notes or project-specific quality assurance ptans
(QAPP) for required RLs.

Add the appropriate surrogate spiking solution to each sample. (Refer to Attachment 7.)
Note: Be sure to use the correct spiking solution for the analytical method of concern.

The addition of the surrogate spiking solutions must be witnessed by another analyst to
ensure the correct spiking sclution and the proper volume of spiking solution is added to
each sample.

Note: If the final volume of the extract must be reduced to achieve the required reporting
limits, the amount of surrogate and matrix spiking solutions must be reduced
proporiionately.

For the sonication procedure, add approximately 60g of granular, purified sodium suifate
to each sample and stir with a glass rod or stainless steel spatula to form a sandy, free-
flowing mixture. The sodium sulfate combines with the water in the sample to “dry” the
sample (i.e., remove the water). Additional sodium sulfate may be required if the sample
is very wet.

Immediately add 70mL of the appropriate extraction solvent as outlined in Attachment 6.
Additional solvent may be needed to cover the sample approximately one inch above the
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solids. Stir the sample to break up any lumps that may have formed. Proceed to Section
10.3.

For the microwave procedure, immediately add 25mL of the appropriate extraction
solvent as outlined in Attachment 7 and cap the vessel. Proceed to Section 10.4.

QC Sample Preparation

QC samples must be processed in the same manner as field samples.

To prepare the method blank, weigh an amount of Ottawa sand equivalent to that used for
samples into a labeled 500mL exiraction bottles or a microwave exiraction vessel.
Process the method blank in the same manner as the associated field samples, beginning
with Section 10.1.5.

Note: If a “control tissue” has been obtained for biological tissue QC, use the control
tissue for the method blank and LCS, treating them in the same manner as the sample
tissues.

To prepare the laboratory control sample (LCS), weigh an amount of Ottawa sand
equivalent to that used for samples into a labeled 500mL extraction boitles or a
microwave extraction vessei(s). Add the appropriate spiking solution to the LCS. Process
the laboratory control sample in the same manner as the associated field samples,
heginning with Section 10.1.5.

The addition of the LCS spiking solutions must be witnessed by another analyst to ensure
the correct spiking selution and the proper volume of spiking solution is added to each
sample.

Note: Some agencies and client quality assurance plans have specific extraction and/or
spiking requirements. Verify project plans and waorksheet notes prior to beginning the
extraction to ensure state and/cr project-specific requirements are followed.

To prepare the matrix spike (MS) and matrix spike duplicate (MSD), weigh two additional
portions of a sample in the batch into labeled 500mL extraction botties or microwave
extraction vessels. Add the appropriate spiking solution to the MS/MSD. Process the
MS/MSD in the same manner as the associated field samples, beginning with Section
10.1.5.

The addition of the MS/MSD spiking solutions must be witnessed by another analyst to
ensure the correct spiking sclution and the proper volume of spiking sciution is added to
each sample.

Note: The MS/MSD or MS/SD may be specified by the client or may be chosen from the
samples in the batch.

Note: Some agencies and client quality assurance plans have specific extraction and/or

spiking requirements. Verify project plans and worksheet notes prior to beginning the
extraction to ensure state and/or project-specific requirements are followed.
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To prepare the sample duplicate (SD), weigh one additional portion of a sample in the
batch into a labeled 500mL extraction bottle or a microwave extraction vessel. Process
the SD in the same manner as the associated field samples, beginning with Section
10.1.5.

Sonication Extraction Procedures

Place each extraction bottle under the hood near the sonicator.
Check the “tune” of the sonicator using the procedure outlined in Attachment 4.

Place the tip of the sonicator horn in the center of the beaker about %% inch below the
surface of the solvent but above the solid portion. More solvent may be added to bring
the level to approximately one inch above the solid layer.

Sonicate each sample for three minutes with the output control knob set at 10, mode
switch set to pulse, and percent duty cycle set at 50%. If the sonication is properly
performed, the solids and solvent will vigorously mix each time the sonicator pulses.

Decant the extract through the filter funnel. Collect the extract in a beaker or directly into
a labeled, “elongated” Zymark tube. Note: If the sample is very wet and requires a large
amount of sodium suifate and a larger volume of solvent, the extracts are collected in
separate Zymark tubes and combined prior to analysis.

Repeat Sections 10.3.3 through 10.3.6 two more times with fresh 70mL portions of
extraction solvent, collecting all extracts in the same Zymark tube.

After the third sonication, pour the sclids portion of the sample into the filter funnel. Rinse
the extraction vessel and solids in the filter funnel with several small aliquots of the
extraction solvent, collecting all of the extraction solvent in the Zymark tube.

Cover the Zymark tube with aluminum foil, and leave it under the hood until ready to
perform the concentration step as outlined in Section 10.5.

Note: Clean the sonicator horn between samples by rinsing with methylene chloride.

Note: The extraction steps from weighing to sonication should be carried out quickly to
minimize the loss of SVOC through evaporation.

Microwave Exiraction Procedures

Make sure that the caps are fastened properly on each extraction vessel.
Place the vessels on the carrousel in the appropriate slot.

Enter the parameters for the extraction on the keyboard. The default parameters are as
follows:
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Parameter Program
y 10 minutes to reach 110°C;
Héne then hold10 minutes
Temperature 110°C
Pressure 50-150psi
<24 Samples:
800 watts
Watts
>24 samples:
1600 watts

Allow the extracts to reach room temperature. Concentrate as described in Section 10.5.

Concentration Procedures

Pre-rinse each Zymark concentration tube with acetone and methylene chloride.

10.4.2 Turn on TurboVap evaporation unit. Set the water bath temperature to 50°C. Set the gas

10.4.3

10.4.4

pressure to zero initially for each cell in the TurboVap unit.

Pre-rinse each concentration cap on the TurboVap evaporation unit with methylene
chloride.

If the sample extracts have been collected in any container other than a Zymark tube,
transfer the extract to a Zymark tube.

Sonication Extracts:

Working under a hood, pour 150-200mL of the extract (depending on the size of the tube)
into a labeled Zymark concentration tube, and place the tube into a cell on the evaporation
uhit. Repeat for remaining samples in the batch. The remaining extract must be tightly
covered with a piece of aluminum foil to minimize evaporation of the solvent.

Microwave Extracts:

- Add a piece of folded filter paper to a clean glass funnel.

- Add approximately 30g of purified sodium sulfate to the funnel.

- Place the funnel over a Zymark tube.

- Working under a hood, rinse the fittering funnel and labeled Zymark tube with
methylene chloride. Discard the solvent in the waste container.

- Working with one sample at a time and continuing to work under a hood, pour the
extract from the extraction vessel into the funnel. It is important that the extract
contact the sodium sulfate to remove the water from the extract.

- Rinse the microwave vessel with 20mL of extraction solvent and pour through the
funnel and collect in the Zymark tube. Repeat with three additional 20mL aliquots of
solvent.

- Rinse the funnel with three 20mL aliquots of solvent and allow the solvent to drain
and collect in the tube.

- Place the tube into a cell on the evaporation unit. Repeat for remaining samples in
the batch.
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Carefully close the cover of the Zymark TurboVap unit completely. Make sure that each
tube is seated properly and that the individual covers are positioned directly over each
tube. Note: When the elongated tubes are used, care must be taken to position the tubes
to avoid breaking the tube covers and to completely close the instrument cover.

Concentrate extracts at a constant temperature of 50°C with a pressure range from 4 to
15psi. Zymark tubes with smaller sample volumes are processed with higher pressures
(15psi); while, Zymark tubes with larger volumes (those approaching the red “fill” line) are
processed with lower pressures (4-5psi).

As extracts are concentrated, periodically add more sample until the entire sample has
been transferred to the Zymark concentration tube.

Concentrate the extract until the cell alarm sounds. This indicates the sample is at a 1mL
volume. (Note: For many soil extracts, the alarm will beep prior to this point, so extra
care must be taken to observe samples between this point and when 1mL is actually
achieved.)

If the solvent must be exchanged, add 20mL of the exchange solvent to the Zymark
concentration tube. Contintie concentration until the cell alarm sounds. This indicates the
sample is at a 1mL volume.

10.4.10 Remove Zymark concentration tubes from evaporation unit and transfer to storage

10.5

10.5.1

10.5.2

10.6

vials as outlined in the following Section.
Extract Transfer Procedures

Adjust the extract volume to the required final volume by adding small aliquots of the
required solvent. If the final volume is to be greater than 1mL, add an appropriate volume
of solvent to the tube using a volumetric pipetie or calibrated solvent dispensing device.
For example, if the final volume is to be 10mL, adjust the volume in the tube to 1mL and
then add 9mL of solvent to give a final volume of 10mL.

Note: If the extract cannot be evaporated to 1mL, the extract must be transferred 1o a
volumetric flask or to a calibrated storage vial. Use several small aliquots of solvent to
transfer the entire extract to the vial.

Transfer the final extract to a Tefion-lined crimp top or 12-mL scintillation vial. Mark the

volume of the extract on the side of the container to allow the analyst to judge whether the
sample extract has evaporated during storage and handling. Store concentrated extracts

at 4°C until time of analysis.

Analysis

Details on sample analysis are given in the associated analytical SOPs listed in Section 1.
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Calculations / Data Reduction

Data Reduction

Data reduction and review tasks include the following items:

- Employ spike witness procedures to ensure proper spiking solutions and volume
are used.

- Ensure all LIMS batch Data Type fields are completed so that proper traceability is
maintained.

- Check to ensure that each sample exiract is properly identified and that the
extracts are transferred to the analytical groups with proper documentation.

- Mark the final volume of the extract on the outside of the storage container as a
check on extract evaporation.

- QC items must be treated in the same manner as samples.

- Ensure samples are evaporated at the appropriate rate. Unacceptable surrogate
or spike recoveries may be attributed to evaporating the samples too quickly or to
improper solvent exchange.

- Document any unusual circumstances and procedural violations using the LIMS
Nonconformance Module. This can include: samples problematic matrices such
as color, odor, or emulsions; initial or final amount changes; deviations to the SOP,
insufficient sample provided to perform batch QC (such as MS/MSD), etc.

Batch data must be reviewed and evaluated in accordance with SOP SA-QA-02: Data
Generation and Review.

Additional details on data reduction procedures are given in the associated analytical
SOPs.

Historical Data
Many of the lahoratory’s clients submit samples for repeat monitoring purposes. Prior to

analysis, verify LIMS Worksheet Notes to determine if historical data is available for
review.

Calculations

Details on sample calculations are given in the associated analytical SOPs listed in
Section 1.

Method Performance

Method Detection Limit Study (MDL)

The method detection limit (MDL) is the lowest concentration that can be detected for a given
analytical method and sample matrix with 99% confidence that the analyte is present. MDLs
reflect a calculated (statistical) value determined under ideal laboratory conditions in a clean
matrix and may not be achievable in all environmental matrices. The current MDLs
associated with this procedure is given in the Method Limit Group (MLG) in LIMS.
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At a minimum, the MDL must be determined initially upon method set-up and annually
thereafter, and verified annually in accordance with SOP SA-QA-07: Determination of
Detection Limits (MDLs and IDLs).

Note: Tissue matrices are non-routine, and the laboratory is not currently NELAC certified
for this matrix. Additionally, Ottawa sand (as opposed o a “true” tissue matrix} is used for
tissue QC samples unless the laboratory is specifically requested by the client to procure
a “tfrue” tissue matrix. As such, the soil MDL is converted to tissue units and used to
satisfy the MDL requirement for this matrix.

Reporting Limit Verification

Reporting limits must be verified annually in accordance with SA-QA-07: Determination
and Verification of Reporting and Detection Limits.

Demonstrations of Capability

Initial and continuing demonstration of capability must be performed in accordance with
SOP SA-QA-06: Training Procedures.

Prior to performing this procedure unsupervised, each new analyst who performs this
analysis must demonstrate proficiency per method/analyte combination by successful
completion of an initial demonstration of capability. The IDOC is performed by the
analysis of 4 consecutive LCSs that meet the method criteria for accuracy and precision.
The LCSs must be from a second source than that used to prepare the calibration
standards. The IDOC must be documented on the IDOC Form shown in SOP QA06 with
documentation routed to the QA Department for filing.

Annual continuing demonstrations of capability (CDOCs) are also required per analyst per
method/analyte combination. The CDOC requirement may be met by the consecutive
analysis of four LCS all in the same batch, by the analysis of four LCS analyzed in four
consecutive batches (in different batches on different days), via acceptable resuits on a
PT study, or analysis of client samples with statistically indistinguishable results when
compared to another certified analyst. The CDOC must be documented and routed to the
QA Department for filing.

Note: Tissue matrices are hon-routine, and the laboratory is not currently NELAC certified
for this matrix. Additionally, Ottawa sand (as opposed to a “true” tissue matrix) will be
used for tissue QC samples unless the laboratory is specifically requested by the client to
procure a “true” tissue matrix. As such, the soil DOC is used to satisfy the DOC
requirement for this matrix.

Training Requirements
All training must be performed and documented in accordance with SOP SA-QA-06:

Training Procedures.
Note: The SOPs listed in the Reference/Cross-Reference Section are applicable to this

procedure. All employees performing this procedure must also be trained on these SOPs,
and/or have a general understanding of these procedures, as applicable.
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Pollution Control

It is TestAmerica’s policy to evaluate each method and look for opportunities to minimize
waste generated (e.g., examining recycling options, ordering chemicals based on quantity
needed, preparing reagents based on anticipated usage and reagent stability, etc.).
Employees must abide by the policies in Section 13 of the Environmental Health and
Safety Manual.

This procedure has been evaluated for opportunities to minimize the waste generated.
Where reasonably feasible, poliution control procedures have been incorporated.

Waste Management

Waste management practices must be conducted consistent with all applicable federal,
state, and local rules and regulations. All waste (i.e., excess reagenis, samples, and
method process wastes) must be disposed of in accordance with Section 9 of the
TestAmerica Savannah Addendum to the EHSM. Waste description rules and land
disposal restrictions must be followed.

Waste Streams Produced by the Method

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

- Excess soil and solid samples — Dispose according to characterization on sample
disposal sheets. Transfer non-hazardous samples to TCLP container for
characterization in hazardous waste department. Transfer hazardous samples
(identified on disposal sheets) to waste department for disposal.

- Methylene chloride extracts — Dispose according to characterization on sample
disposal sheets. If non-hazardous, transfer extract to chlorinated waste container. If
hazardous, transfer to hazardous waste department for storage.

- Methylene chloride waste — Transfer to chlorinated waste container.

-  Hexane extracts — If non-hazardous, transfer to flammable waste containers and
dispose of as flammable waste. If hazardous, transfer to the waste disposal
department for disposal as hazardous waste.

- Flammable waste (hexane or acetone from extracts, rinsings, and standards) —
Transfer to a satellite container designated for flammable waste and transfer to waste
disposal department when the container is full.

- Agueous acidic waste from samples — Collect into the disposal area and neutralize
before release to the sewer system.

References / Cross-References
« SOP SA-AN-100: Laboratory Support Equipment (Verification and Use)
« SOP SA-AN-41: Reagent and Standard Materials Procedures
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SOP SA-GE-190: Solid/Residue Determinations
SOP SA-QA-02: Data Generation and Review
SOP SA-QA-05: Preventive and Corrective Action Procedures
SOP SA-QA-06: Training Procedures
SOP SA-QA-07: Determination and Verification of Detection and Reporting Limits
SOP SA-QA-15. Homogenization, Compositing, and Segregation of Samples
SOP SA-QA-17: Evaluation of Batch QC Data
TestAmerica Savannah Quality Assurance Manual
TestAmerica Environmental Health and Safety Manual (CW-E-M-001)
TestAmerica Savannah Addendum to the Environmental Health and Safety Manual
Test Methods for Evaluating Solid Waste, Third Edition (Updates Il and V), SW-846;
EPA Office of Solid Waste and Emergency Response: Washington, DC.
« Chapter 4: Organic Analytes; Revision 3, December 1996
« Chapter 4. Organic Analytes; Revision 4, February 2007
« EPA 3500C: Organic Extraction and Sample Preparation; Revision 3, February
2007
EPA 3550B: Ultrasonic Extraction; Revision 2, December 1396
EPA 3550C: Ultrasonic Extraction; Revision 3, February 2007
EPA 3600C: Cleanup; Revision 3, December 1996
EPA 3620B: Florisil Cleanup; Revision 2, December 1996
EPA 3620C: Florisif Cleanup; Revision 3, February 2007
EPA 3640A: Gel-Permeation Cleanup; Revision 1, September 1994
EPA 3645: Microwave Exiraction; Revision 0, February 2007
EPA 36608: Suffur Cleanup; Revision 2, December 1996
EPA 3665A: Sulfuric Acid/Permanganate Cleanup; Revision 1, December
1996
» Tekmar sonicator instruction manual.
“Extraction and Analysis of Organics in Biological Tissues”, Method 0B 10/90, USEPA
Environmental Services Division, Region 1V, Analytical Support Branch, Athens, GA.

L] » L[] * L] L] * * L

Method Modifications

This procedure may be modified to analyze other matrices (e.g., wipe samples) based on
the needs of the client. This will need to be arranged by the Project Manager at the
initiation of the project. The instructions for the preparation of wipe samples are given in
the Wipe-specific Work Instruction (FQAD086).

Tissue matrices are non-routine, and the laboratory is not currently NELAC certified for
these matrices. The laboratory uses its routine soil RLs (converted for initial and final
volumes, etc.), and soil QC limits to evaluate tissue samples. Soil DOCs can be used to
satisfy analyst demonstrations of capability for these types of non-routine matrices.
Ottawa sand is used as the blank matrix for tissue samples unless a “true” tissue matrix is
required by the project.

The initial amount and final volumes used for organochlorine pesticide, PCBs as Aroclors,
and organophosphorous pesticide extractions have been changed from 30g and 10mL to
15g and 5mL. This change is not a significant method modification as the ratio of initial
amount to final volume is consistent.
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16.4 The volumes used for the extraction solvents have been modified from the reference
method from three 100mL portions to three 70mL portions. All MDL studies, DOCs, and
PTs have been performed in this manner and have met acceptance criteria which indicate
this modification has fittle impact on the data.

17.0

Attachments

The following Tables, Diagrams, and/or Validation Data are included as Attachments:

Attachment 1:
Attachment 2:
Attachment 3:
Attachment 4:
Attachment 5:
Attachment 6:
Attachment 7:
Attachment 8:
Attachment 9:

Attachment 10:
Attachment 11:
Attachment 12:
Attachment 13:
Attachment 14:

SOP Summary
Sample Collection, Preservation, and Holding Time Table
QC Summary
Instrument Maintenance and Troubleshooting
Determination of Percent Lipids
Extraction Solvents and Volumes
Sample and QC Sample Spiking Solutions
Sulfur Cleanup
Sulfuric Acid Cleanup
Florisil Cleanup
Gel-Permeation Cleanup
Standard Preparation
Zymark Sensor Diagnostic Test and Maintenance Log
Zymark Instructions for the Sensor Diagnostic Test and Cleaning and
Refilling the Water Bath
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Attachment 1:
SOP Summary

Sample Preparation Summary

Sonication Extraction Procedure

A known weight of a sample is combined with anhydrous, purified sodium sulfate to form a
free flowing, sandy mixiure. A solvent is added to the dried sample, and the sample is
extracted using an ultrasonic disrupter (i.e., sonicator) for three minutes. The solvent is
decanted, and the extraction is repeated two more times. The extract is filtered and
concentrated to an appropriate final volume. Aitachment 6 defines the extraction
conditions for the applicable analytical procedures.

Note: The routine initial weights are given in Aftachment 6 for each procedure. If the
sample contains high levels of contaminants (target or non-target), a smallier aliquot of the
sample may be weighed and extracted according to this procedure. The minimum weight
of sample is 1g.

Microwave Extraction Procedure

A known weight of a sample is transferred to a Teflon extraction vessel. The sample is
spiked with surrogate compounds and an analyte-specific solvent is added to the vessel.
The vessel is placed on the instrument and the sample extracted at an elevated
temperature and pressure. The vessel is cooled to room temperature, the extract is
passed through sodium sulfate to remove the water from the sample, and the extract is
collected in a concentration tube. The solvent is evaporated and the extract is
concentrated to a nominal final volume of 1.0mL. If required by the analytical procedure,
the extract may be exchanged to another solvent and concentrated to an appropriate final
volume. Attachment 6 defines the extraction conditions for the applicable analytical
procedures.

Zymark TurboVap Concentration Procedure
After the extraction procedure is completed, the solvent is transferred to a glass Zymark

concentration tube. The tube is placed in the Zymark TurboVap concentration device,
which has been heated to a specified temperature. A stream of nitrogen is directed into
the tube to evaporate the soilvent and to concentrate the target compounds. When the
volume of solvent reaches the specified volume, normally 1mL, the nitrogen is
automatically stopped. An alarm sounds to alert the analyst, and the extract is removed
from the device and transferred to a storage vial or container.

If a solvent exchange is required, the exchange solvent is added to the tube, the solvent is

evaporated to the specified final volume, and the extract is transferred to a storage vial or
container. The concentrated extracts are stored at 4°C until the time of analysis.
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Sample Analysis Summary
Samples are analyzed in accordance with the appropriate method-specific SOP.

Analyte Class Analytical Method Analytical SOP
PCB Homologues EPA 680 SA-SNI-007
Diesel Range Organics EIF:’):: gg} ch; SA-8G-070
Oil Range Organics S gg}gg SA-SG-070
Product Identification Sl SA-SG-070
Chlorinated Pesticides S Uy SA-SG-045
PCBs as Aroclors EEPTS%%E%A SA-5G-045
BNAs gl SA-SM-033
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Attachment 2:
Sample Collection, Preservation, and Holding Time Table

Listed below are the holding times and preservation requirements:

a Routine . .
Matrix | Sample Container Sample Size Preservation Holding Time
Less than 6°C
X . 15g-30g :
Soll 160z glass soil jar with no frozen 14 days
(See Attachment 6) samples

. glass jar or i 500 6 months frozen

oD aluminum foil 10g L 14 days once defrosted
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Attachment 3:

QC Summary

QC ltem

Frequency

Criteria

Caorrective Action

Batch Definition

Up to 20 field samples exiracted
together within 24-hour time
period

Not Applicable

Not Applicable

Method Blank
(MB)

One per batch

Refer to analytical SOP

Refer to analytical SOP

Laboratory Control
Sample
(LCS)

One per batch

Refer to analytical SOP

Refer to analytical SCP

Laboratory Control
Sample Duplicate

One per batch

Refer to analytical SOP

Refer to analytical SOP

{LCSD)
Mat?r\);ss)pike Cne set per batch Refer to analytical SOP Refer to analytical SOP
IR S(p;\i/‘kSeDD)upﬂcate One set per hatch Refer to analytical SOP Refer to analytical SOP
. One set per batch
Sampifs%t;pllcate {Can be performed in lieu of Refer to analytical SOP Refer to analyticai SOP
MSD)
Initial Demonstration of Initially, per REIEY iRl SO S ARaRs UG
Capability analyst/matrix/method/analyte Refer to SOP SA-QA-06 . .
(IDOC) comnation (Unsupelwsed work cannot begin
until acceptable IDOC is achieved.)
Continuing
Demonstration of Anng ally, per
Capability analystfmatrlx/met_hod/analyte Refer to SOP SA-QA-06 Refer to SOP SA-QA-06
(CDOC} combinaticn
) ... | Upon method/instrument set-up,
Metiod ?P:ES'O” Hmit | nd then annually thereafter Refer to SOP SA-QA-07 Refer to SOP SA-QA-07

(Includes MDLV)
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QC Item Frequency Criteria Corrective Action

Upon method/instrument set-up,
and then annually thereafter
(for non-routine methods,
matrices, or analytes)

Reporting Limit
Verification
(RLV)

Refer to SOP SA-QA-07 Refer to SOP SA-QA-07
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Attachment 4:
Instrument Maintenance and Troubleshooting

Instrument Labeling
Each instrument must be laheled with its name or iD (e.qg., MSA, ICP-D, etc.). Additionally,
non-operational instruments must be isolated from service or marked as being out of
service, Each piece of equipment has an “Operational / Not Operational” sticker that is
used for this purpose.

Maintenance Log
A maintenance log must be established for each piece of equipment used in the laboratory.

All maintenance that is performed on the instrument must be recorded in the log including:
- analyst or technician performing the maintenance

date the maintenance was performed

detailed explanation of the reason for the maintenance

resolution of the problem and return to control

all service calls from instrument representatives

Preventive Maintenance
Refer to the instrument manufacturer's guides for trouble-shooting items.

Chipped or broken glassware must be removed from service.

Sanicator Weekly Maintenance

- Turn the instrument off. Disconnect both horns from the back of the instruments.

- Place beth horns on a clean padded surface.

- Remove the 1" tip from the horn. Inspect the tip for any pitting and any irregularities.
The tip is to be replaced with a new tip if any pitting or irregularities are found. Clean
the tip and its threads with a paper towel and methylene chlcride.

- Check to ensure that the connection with the horn is tight and free of any foreign
matter.

- Carefully reinsert the 1" tip into the horn and tighten the tip. Care must be taken to
ensure that the tip is as tight as possible, re-inspect the tip for any irregularities after
tightening.

- Perform the above procedure on the second horn.

- After maintenance is complete, re-connect the bottom horn and re-tune the
instrument. If the horn will not re-tune, see the department manager.

- Any horn that cannot be re-tuned will be replaced. If the instrument will not tune, a
service technician will be called. The instrument will not be used until all tuning criteria
are met.

Sonicator Tuning

A tune check must be performed on the sonic dismembrator each day it is used. This
tune is to ensure that the sonic dismembrator is operating within the manufacturer's
specifications and that the instrument is delivering the minimum wattage output specified
by the procedure. Full maintenance is performed as needed by the Department Manager
or Supervisor.
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- All checks and adjustments to the sonicator must be documented in the maintenance
log.

- Unplug the top horn connection on the rear panel of the instrument.

- Check to ensure that the bottom horn connection is as tight as possible.

- Turn the pulser switch off.

- Turn the output to 10.

- Check to ensure that the horn being tuned is free of obstruction.

- Carefully push the tune switch in. At the same time, adjust the tuning knob so that the
output meter reads as low as possible. The output meter must read below 20%. If the
instrument will not tune to bhelow 20%, a shift supervisor must be informed
immediately.

Note: The iuning switch must not be held in for longer than 10 seconds. Holding the
switch in for more than 10 seconds may cause the horn being tuned to overheat.

Microwave Maintenance

Other than wiping down the inside of the microwave unit on an as needed basis, with a
paper towel moistened with reagent water, there are no maintenance procedures
performed by the laboratory. This type of equipment is covered under a service contact,
and the service technician is contacted if the equipment malfunctions. Unacceptable
recoveries for laboratory control samples (LCS) could indicate a service call is warranted.

Zymark Maintenance

It is recommended to change the water in the water bath weekly. Add 1-2 drops of Clear
Bath to prevent bacteria and algae growth. Methylene chloride that dissolves in the water
bath will damage the sensors.

The Zymark sensor diagnostic test must be performed weekly. If the sensors do not mest
criteria the sensor may need replacing. Refer to the manufacturers manual for
replacement procedures if necessary.

The thermometer for the Zymark must be calibrated in accordance with SOP SA-AN-100:
Support Equipment (Verification and Use).

Contingency Plan
Maintenance contracts are carried for most instrumentation and close contact is maintained

with service personnel to ensure optimal instrument functioning. Since instrumentation is
standardized throughout the laboratory network, spare parts and components can be readily
exchanged among the network.

In general, the laboratory has at least one backup unit for each critical unit. In the event of
instrument failure, portions of the sample load may be diverted to duplicate instrumentation,
the analytical technique switched to an alternate approved technique, or samples shipped to
another properly certified or approved TestAmerica location.

Company Confidential & Proprietary



SOP No. SA-EX-040, Rev. 6
Effective Date: 05/17/2010
Page No.: 32 of 47

Atiachment 5:

TestAmerica il

Page 1 of 1

Py QALY 20 A IS 25T G

Determination of Percent Lipids

Summary of Procedure )

Percent lipids is determined by weighing a sampie prior to and after drying. The ratio of
thie weights is eguivalent to the percent lipids conient of the sample. The percent lipids
are determined on the tissue sample extract prior to GPC extract cleanup. The final
volume of the extract must he adjusted to 10mL prior to the determination of the percent
lipids.

Standards

Cnd liver oit - cormimercially available
Storage: room temperature;
CExpiration: Unopened: Manufacturer's expiration date; Opened: Manufacturer's
expiration date

Pereent Lipids QC Check Standard — add 100 of coed liver oil to a 100mL volurnetric flask
and dilute to volurme with methylene chioride.  Each 1.0mL aliquot of this solution
containg 100mg of lipid

Expiration. 12 manths from preparation date

Procedure

Clean an aluminum weigh boat. Note: From this point onward the beat must be handled
with tonge and pratected from particulates. Recard the weight of the clean aluminum
weigh boat  Transfer 1 Dml of the extract (final valurne 10mL) into the aluminurt weigh
boat  Place the boatin a hood and atlow the solvent to evaporate overnight. Reweigh
the hoat

Calzulate the percerit lipids as follows:

% Lipids = Q"’";W@' ® 100
sV Qf sconple
FV

Vhere:

W = weight of residue and aluminum weigh boat {g)

Wi = tare weight of the alurmnum weigh aoat ()

Weample = wieight of sample exiracted (g}

SY = volume of sample added 1o the aluminun weigh boat
FW = fimal wolurne of the extract (ml )

Note If percent lipids are to he determined on the samples, a method bisnk and
laboratory contrai standard (LCS) roust be prepared and analyzed The LCS is prepared
by adding 1 Ol of the percent Lipids QC Check Standard to 10g of Citawa sand. The
reethed blank is prepared by adding Trel of salvent (MeCI2 ar Hexane depending on
project} to 10g of Ottawa sand.  These are extracted in the same manner as the
sarples. Assuming a sample weight of 1Dg, the percent lipids in the GC Check sample
is 1 0%. The QC chack sample must recaver with 0 80 0 1.20%.
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Attachment 6:

Extraction Volumes and Soclvents

Soil Samples
R c on Extraction Final Final
Method Analyte Class Amount Solvent Solvent Volume
(9) (mL)
EPA 8081A . .
EPA 80818 Chlorinated Pesticides
EPA 8082 1:1 Acetone
EPA 8082A PCBs 13 /Hexane | Tiexane ol
EPA 8141A Organophosphorous
EPA 8141B Pesticides
EPA 8270C 1:1 Acetone
EPA 8270D SIS &0 / MeCl, hiClSl; i-0
EPA 680 PCB Homologues 30 Hexane Hexane 1.0
EPA 80158 DRO, ORO, &
EPA 8015C | Product Identification EL MeLh MeCls LY
Tissue Samples
Extraction . Final
Extraction Final
Method Analyte Class Amount Solvent Bl Volume
(9) (mL)
EPA 8081A . iy
EPA 80818 Chlorinated Pesticides
EPA 8082
EPA 8082A PCBs 10 MeCl, Hexane 10
EPA B141A Organophosphorous
EPA 81418 Pesticides
EPA 8270C
EPA 8270D BNAs 10 MeCl, MeCly 1.0
EPA 680 PCB Homologues 10 MeCl, Hexane 1.0
EPA 8015B DRO, OROQ, &
EPA 8015C | Product Identification i MeCly el Y
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Method Analyte Class Surrogate Standard LCS/MS/MSD Standard
Earaeiis Chlorinated Pesticides
EPA 80818
EPA 8082 608wWKSPIKE_xxxxx
PCBs PESTWKSURR _xxxxx 1660WkSPIKE_xxxxx
EEL 80024 tallwk SPIK 3000
EPA 8141A | Organophosphorous =
EPA 81418 Pesticides
EPA 8270C BNAs BNAWKSURR_Xxxxxx BNAFULLSPK _xxxxx
EPA 8270D BENZIDINEwK_xxxxx
LLPAH LLBNAWKSURR _ xXxXxx LL BNASPIKE xxxxx
EPA 680 PCB Homologues 680WKSURR_x0xxx B80WkSPIKE _Xxxxx
EPA 8015B DRO, ORO, & , DIESELwWK _xxxxx
EPA 8015C | Product Identification | PROWKSURR 000X | opoukspike. xioo
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Attachment 8:
Sulfur (Copper) Cleanup
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Sulfur Cleanup Procedures
Method: 3660B

Summary of Procedure
This procedure is based on EPA Method 3660B and is used in conjunction with the
following 50Ps:

— Method SOP #
EPA 36100 / EPA 3620C GAEA-030
EPA 3550C SAEX-040
EFA 508 SASG.046
EPA BB/ EPA B0B1B7 EPA BOB2A SA-5G-045

The suffur cleanup uses copper granules to elimhate elernental sulfur fram PCE or
pesticide axdtracts. Copper is added o the exract, and the vial is shaken I sulfur is
present, a black precipitate (copper sulfide} will form. The extract is treated with copper
until no further precipitate is formed

The methnd biank and LCS rmust be subjected to the same cleanup steps s the
sarnples.

Perform all cleanup steps under a furme hoad or in a well-ventilated area

Reagents
Copper granules — the surface of the copper should be "shiy”

Cleanup Instructions

1. Ensure the sampie extract has been exchanged into the applicable final solvent {e.g.,
MTEE for EPA 508, Hexane for EPA 608/6081B/8082A) prior to performing the sulfur
cleanup procedure

Add approvimately 0 1g of "shiny” copper to the vial, and vartex far approximately
two minutes

N

Mote: If the extract is far EPA 614 or EPA B141B in addition to ene of the analytical
methnds listed abeve, transfer an aliquot of the extract to another vial for the copper
cleanup.

3. If sulfur is present, 3 black precipitate will farm Alow the extract to sit for 2-3
minutes for any additional precipitate to form and settle out

If the precipitate does not settle aut, additional copper treatrents andior filtration
miay be required  Contact the Tachnical Manager for instructions on how to proceed

4. The samngple is rov ready for analysis as outlined i Sechon 10 of the assooiated
anaiytical SOF

Company Confidential & Proprietary



SOP No. SA-EX-040, Rev. 6
Effective Date: 05/17/2010
Page No.: 36 of 47

Attachment 9:
Sulfuric Acid Cleanup
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Sulfuric Acid Cleanup Procedures
Method: 3665A

Summary of Procedure
This procedure is hased on EPA Method 3B85A and is used in conjurichion with the

following SOPs:
Method SOP#
EPA 3510C/ EPA 3520C SA-EX-030
EFA 3550C SA-EX-040
EPA BHD SA-EM-007
EPA B0B (PCEs only) f EFA BOB2A SA-S5G-045

The acid cleanup procedure is used for PCBs unly  Sulfuric adid is added 1o the extract,
and the wal is shaken The layers are allowed to separate, and the sample fayer is
rermoved.  Large organic-soluble compounds that are present in the sarnple will extract
inte the acid and are discarded

Mote This procedure will destroy pesticide corpounds  Sulfuric acid cleanups must
nnty e usad for PCB samples and cannot he used for samples requesting pesticides by
EFA 80818, EFPA R1418, or EFA BBB

The method blark and LCS rrust be subjected to the same cl2anup steps

Peiform ai clesnup steps under a fume heod or in a-well-ventilated area.

Reagents
Suifuric acid (H;50y) — reagesnt grade, concentrated

Cleanup Instructions
1, Ensure the sample extract has been ecchanged into hexane proer to perforrning the
sulfunc acid cleanup

(53

Transter an aliquint of the exfract to a wal for the cleanup  The recormmended aliqunt
volurrs is 5 8ml

3 Add approximately 2mL af eoncentrated sulfric acid and cap the vial  Mark the viai
10 flenotr the fatal volurme on the vial  Also mark the vial to denote the separation of
the acd (bottorn) laver and the extract {op) tayer

4 Ensurz the wal cag 1= secure, and gently shake the vial  Open the wial, and allow
any prezsure that has built up ta dissipate Repeat these steps until Ao preszure iz
noted when the cag s opened, and then shake the wal for oneg addibonal rnute. &
vartex mixer tcan also he used.

5 Allow the exdract (tep) laysr and the s (bottom) tayer to separate. This separation
may take a few frinutes or several hours depending on the nature sf the sampls
extraci  Uze the marks an the sde uf the wial to judge if the velume of extract (topj
layer 1= the same as when it was originally added t3 the vial
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6. Remove the extract (top} layer from the vial using a disposable Pasteur pipette, and

transfer the exiract to a clean vial. If greater than £0% of the extract is {eccwmed no
additional preparation is necessary

7. If an emulsion has formed (i.e., there are bubbles or a choudy area in bebasen the
top and bottom iayers), add sodiurn sulfate crystals o the vial and geptly stir the top
layer with a glass rod. The sodium sulfate should help to break the erulsion so the
top Jayer can be adeguately recovered .

8. If the extract has color, perform an additional eleanup by addmg {imL tore of
concentrated acid and repeating Steps 3-6,

Note: Use good judgment when determining how many acid cleanups touse  Ifit
takes more than three cleanups to clean the edract, it is recornmended to start
over wath a smaller aliquot of sample or to dilute the extract before proceeding
with additional cleanups. A diluted &dract can be concentrated back to the
equivalent volume after the cleanup steps. Contact the Technical Manager for
assistance with this task.

9. The sample is now ready for analysis as outlined in Section 10 of the associated
analytical SOP.
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Attachment 10:
Florisil Cleanup
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Florisil Cleanup Procedures
Method: 3620C

Summary of Procedure
This procedure is based on EFA Method 3520C and is used in conjunction with the
following SOFs:

Method SOP #
EPA 3510C/ EPA 3520C SA-EX-G20
ERA 3650C SA-EX-D40
EFA BUB/ EPA B0B1B/ EPA BUG2A SA-5G-D45

The Florisll cleanup uses a solid phase extraction (SFPE) catridge to remove polar
interferences in PCB andfor pesticide extracts. After the sample extraction procedure is
completed, a rmeasured portion of the pesticide/PCB extract {usvally 1mL}is transferred
to a 19 Florisil cantricfge, The target and non-target compounds are separated by elution
with suctessive solvents at ambent {atmospheric) pressure, The solvent that elutes the
target cormpounds is collected and concentrated to an appropriate final volume, routinely
the same volume as the gxtract applied to the cartridge

The method blank and LCS must be subjected to the same cleanup steps as the
sarmples

Perform all fransfer and clearup steps under a fume hood or in 3 wellventilated area

Reagents

Hexane - residue grade or better

Anetone — pesticide guality or equivalent
Methylene chilaride — pesticide quality or enuivalent
Sodium sulfate — granular, purfied at 450-500°C

30 10 HexanefAcetone Solution ~ Mix 90niL of hexane with 10mL acetone m a clean
glass containgr Largervolumes can be prepared at the discretion of the analyst.

B0 40 HexanefAcetone Solstion ~ Mix 80raL of hexane with 40rnl acetone in a clean
glass container Larger volumes can be prepared at the discretion of the analyst.

Standards

Flonsil Pesticide Check Mix — Prepare a standard in hexane contaming the compounds
listed in the followang table  This standard is equivalent to the |SMA mid-level standard
cited in CLF 3780, Rey 3 1 Alternatively, an ERA 8081 rnidlevel calibration etandard can
be used
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Compound Concentration Compound Concentration
{ugiml) {ug/mL)

Alphz-BHC .020 4 400D .040
Heptachlar 0.020 44-00T D 04D
Garmma-BHC 0.020 Methoxychior 0,20
| Endosulfan | 0.030 TCMX D0.020

Dieldrin 0.040 DCE 0.020

Endrin 0.040

Cleanup Instructions
1. Ensure sarmple extract has been exchanged into hexane prior to performing the
cleanup,

2. Prepare the manifold and tabel each Florisil cartridge with the corresponding sarmple
iD.

3. Condition the cartridges as follows:

Place the SPE cartridges an the manifold.

- Rinse each cartridge with 5mi BO40 hexanelacetone with the valves apen
Follow with &l methylens chioride  Discard these rinses

- Add 5l B0:40 hexanefacetnne fo each cantridge

- Slowly open the valves to allow hexanefacetone to pass through the sorbent
beds to the lower frits, allowing a few drops per cartndge to pass thnugh the
ranifold to remove all air bubkles

- Cioge the valves when there is at least Trnm of salvent above the salvent bed.
Da not allow the cartridges to beearme dry, if a cartridge hecomes dry, repeat the
conditioning

Caution: 0o not alaw the SPE cartndoe to gn dry from this point forward | the
cariridge goes dry, start over with a new SPE cartidge and 2 new aligunt of exract

4. Place the receiving flask bereath the corresponding cartridge

5 Transfer 1 Omb of the sarmple extract onte the comesponding labzied Flensil colurmn
Open the valve and aliow the exract to pass through the cartridge through the
sorbent hed at appraximately Zmiiminute When the level of the extract is a few
millirneters above the top of the sothent layer, wash down the sides of the cartridge
with 1.0mE of acetone and allow this wash to pass ita the serbent. Close the valve
when the solvent layer reaches the top of the coluron The sslvent thal has passed
through the cartridges to this paint can be discarded

[

Adid 80mbL of 8019 hexanefacetone solution to each cartridge. Open the vale and
allowy the solvent ta pass through the cartridlge  Collect the eluent As the solvent
level gets to the top of the canridge’s sorhent bed, add hwe additional 1mL afiguots of
hexane to the cartridge and collect these hwo eluates  The firal volurne shoulkd be
11mi

7 Adjust the extract volurne 10 the anginal volumne (routingly 1 Omil) using the mtrogen

evaporator or hot water bath as guthned in Section 10 of the associated preparation
S0P
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B. The sample is now ready for analysis s outlined in Section 1 ¢f the associated
analytical SOF

Quality Control
Each Iot of Florisil esitridges mus

 Be checked and approved prisr o use as follows:

Combine [).50mL B fhe 2 4,6-Trichlorophenal solution, 0.50mL of hexane, and 1 OmL of
the Florisil Pesticide Check Mix in a clean, glass container. Concentrate to 2 final
volume aff) 50ml and analyze according to SOP SA-56-045.

Cornbine 0.50rL of the 2 4 B-Trichlorophenol solution, 0.50mL of hexane, and 1.0mL of
the Florisil Pesticide Check Mix in a clean, glass container Concentrate to a final
volume of 0.50mL and perforn the cartndge cleanup on this solubon as descrbed in
Steps 1 through 8. Analyze according to SOP SA-8G-045.

The Flonsil cartridge lot is acceptable if all pesticides i the check mix are recovered at

B0-110% percent, if the percent recovery of 2,4 G-trichlorophenol is less than 5%, and if
no peaks interfering wath the target compounds are detected.
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Gel-Permeation Cteanup Procedures
Method: 3640A

Summary of Procedure
This procedure is hased on EPA Method 38404 and s used in conjunclion with the
following SOPs:

Method SOP #
EPA 3610C f EPA 3520C SA-EX-030
EPA 3550C SA-EX-040
EFPA B25 /EPA 82700 SA-5M-033
EFABZVOD (LU} Sa-5h-008
EFA 508/ EPA B0R18/ EPA B0B3A SA-5G-045

Gel-Permeation Cleanup (GPC) is a size-exclusion deanup based on the molecular size
of the analytes rather than rmoleculsr weight  Malecules are too larga to ever enter the
GPC bead pores or so small they freely pass through bead pores are considered beyond
restluticn and are nat collected. The remainng molecules {those with sizes between
the two limits) are collected based on the elution fimes of the calibration compounds
GPC is best for samples with large hiological rolecules such as plant or anima! tissues
GPC wilt not separate the target analytes from petroleum hydracarbons

The method blank, LCS, and M3MSD rmust be subjected ta the same cleanup steps as
the samples as a check nn recovery of the tamyet campounds

Ferform all transfer and cleanup steps under a fume haod or in a well-ventiated area

Moter For each 0¥l of extract that is loaded onta the GPC instrument, Sml. is lost and
routed to the waste raservoir  Thz remaining Smi. of extract is passed thraugh the GRC
instrurnent and coltected in the Zymark tirhe in a final volurme af approximatety 150mL of
methylene chloride  This is concentrated to 3 final volume equal to one-half the final
volurne normally required for that analysis

Far example for pesticide analyses by ERS 8081, 10mL of evtract is Inaded onto the
GPT instrurnent and SmlL of extract is routed to the waste resersir The rercaining
Al of extract is passed through the GPC instrument and collected sn a final volume
of 180ral methylene chioride. This 150-mil extract is evaporated 0 3 final valume of
approxmately ong milkliter, exchanged inte hexane, and adjustad 1o a final valume of
Sl The Sml final volurre cornpensates fer the Sml of sample lost in the GPC
instrareant and iz equivaient ta the standard mival sample and final extract velumes
for this procedure (i 2., 1800rd nibal sample volume to 180 final exdract valusne)

Reagents
Hexane - residue grade or hettar

Acetong — pesticide guality nr equivalent
Methylene chionde — pestitide quality or equivalent

Sndiurn suifaks — granufar, purified at 450-500°C
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90:10 HexanefAceione Solution — Mix 90mL of hexane with 10mL acetene in a ciean
glass container. Larger volumes can be prepared at the discretion of the analyst.

B0-40 Hexane/Acetone Solution - Mix B0mL of hexane with 40mL acetone in a clean
glass container. Larger volumes can be prepared at the discretion of the analyst.

Standards

2.4 B-trichiorophenol standard — prepare at a concentration of 0 10pg/ml. in acetone.

GPC Calibration Mix — prepare a standard in methyleng chioride containing the
compounds fisted in the follawing table.

Compound CO?;;?::;IOH
Sulfur 0.080
Pendene 0.020
Methoxythior 020
Com Dl 25
Bis (2-ethylhexl} phthalate 1.0

3PC PCB Check Mix — prepare a standard in methylene chloride containing PCB-
101 8/FCB-1280 at TugdmlL

GBFC Pesticide Spike Mix — prepare a standard in methylens chioride containing the
compounds listed in the fallowing table.

Concentration

Compound (ug/mL)
Garnma-BHC (Lingdane) 10
Aldrip 10
Heptachlar 10
Endrin 20
44007 20
Dieldrin 20

Cleanup Instructions
1 Ensure sample extract has been exchanged into rmethyiene chloride prior o
performing the cleanup

[

8e certain the GPL has been calbrated appropriataly within the last seven days.

3 Filter each 10mL sample to be cleaned using a2 glass syringe fitted with a 04%um

filter Transfer each filtered sarmplie into a threaded glass tube.

with @ screw cap which has been fitted with a septum.

4 taad all filtered sarnples into the sample tray.

Caver each tuhe

& Place the corresponding nurmber of appropriately sized Zymark tubes into the collect

tray

i Using the appropriate calibration and method, set up the proper sequence to run the
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loaded samples with the software program. Check more than once to be certain the
sequence, method, and calibration all match each of the loaded sanples.

7. Fill the solvent reservoir with methylene chioride to a level such that it will NOT go
dry during the cleanup process

8. Check tube(s) leading to the waste reservair to be certain all waste is correctly
collected. Also be certain enough space remains in the waste reservoir to collect the
anticipated volume of waste fromthe cleanup procass,

9. Sfart the run sequence using the software pragram.

10, As the autosarrpler begins operating, wisually check that the solvent pump is
operating normially and that there are no leaks in any of the tubing.

11.¥f the sequence is to run after business hoursfovernight, visually check the systern
hefore leaving for the day - espedially the level of sclvent in the solveni reservoir

12. Concentrate the extract as detailed in Section 10 of the associated preparation SOP.

13. Sample is now ready for analysis as ouflined in Section 10 of the associated
analytical SOP.

Quality Contrel

GP jhrati

The GPC column roust be calirated prior to use, and every seven days thergafter, in
order t6 set the proper coliection tirne for the method, To calibrate the GPC instrument,
inad! 10mL of the GPC Calibration Mix into a designated position on the collect tray The
flow rate should be Srmlfminute (+- 0 Smilfrmin), the colurmn pressure hetween B and 10
ps1, anid the spiking solution fraction is nin for BO minutes. Yerify the flow rate using a 10-
10 25-mb Class A volumetnic Hlask.

The following critera must be met for the calibration to pass:

FPeals must be observed and should be symmetrical for all compounds in the
calibration solution

- Corn oil and phthalate peaks must exhibit =85 % resalution

- Phthalate and Methoxychlor peaks must exhibit >55% resolution

- Methaxychlor and peryiene peaks must exhibit >25% resolution

- Perylene and sulfur peaks rnust not be saturated and raust exhikit »B0% baseline
resolution

- Colurnns should be tected with the semvolatiles rratnx spiking solution and the
GPC tirne showld conbrive uatil either after perylens has eluted or untl at least
85 % of the analytes have recavered, whichgver time ¢ longer

- The retention tims shift for the analytes must ke <5% when cormpared to the
retenion time of the last calibration

Calibration of Semivolatiles — Inmate column eluate collection just hefore the elution of

s(Z-ethyihiexyl)phthalate and after the elution of corn ol Stop collection just after the
2iution of perylene but before sulfur elutes
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Calipration of Organochlorine PesticdestPCBs —~ Detenmine the elution times for
phihalate, methoxychlor, pendene, and sulfur. A time should be chosen that remaves
>85% of the phthalate, but coliects >95% of the methoxychier.  Stop collection just after
the elution of perylene but before sulfur elutes.

Reinject the GPC calibraticn salution after the appropriate coliection and dump times
have been set. The retention times for bis(2-ethylhexyl)phthalate and perylens nust not
vary by more than +/- 5% between calibrations.

GPC Quality Control Samples
Analyze a GPC blank using &mil. of methylens chlaride. Concentrate the methylene
chionide that passes through the systern and analyze using the using the same detectars
that will be used to analyze the samples. |f the blank exceeds half the reporting linmit for
the analytes of interest, pump additional methyiene chioride through the system for 1-2
hours and analyze & new hlank.

When PCB samples are to be deaned using the GPC, load 10mL of the PCB Check hix
as a sarnple (after calibration has passed) in order to check that the GC can visually see
the AR16B0 analytes.

When CLP criteria are required for pesticide samples needing GPC cleanup, load 10mL
of tha GFPC Pest Spike as a sample {after calibration has passed]. The recovery from
this sarnple (as reported by GC according tx S0P SA-5(3-085) rmust be between 80 and
110%.
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Attachment 13:
Zymark Sensor Diagnostic Test and Maintenance Log

ZYMARK SENSOR DIAGNOSTIC TEST AND MAINTENANCE LOG

Turbo Vap #: Maintenance Schedule

Date. Woekly: Perform sensor dagnesie test

Initials: Empty, clean, and refill water tath, recommended
Thermometer #. “Sce page 1 of logbook for directons.,

[SENSOR # 7 2 3 a 5 6

INITIAL VALUE

FINAL VALUE

% VALUE

Turbo-Vap Temperature
Display Reading (°C)
Therrnometer Temperature
HReading {*C)

¢t any of the vawes <o not meet the ¢riera, cerfora tha Bubdie Uslodging Frocedure and repeat the diagnostic. If the test stiftaills. the sensar may need repiacing Recad any
adgtional rmamtenance, nciudng senzor reclacement, M e woaee orewsed heloe
Bubble Disioaging Procedure: msem a dean Zymark tube and using a pumpiog motion. rase and bmaer the tube approximately an inch several imes

Criteria:

Final Value (with emply tube)

=<f7TH SO« ikl Vaiue < 410
Inetial wanse (without tubs) T ) i £

Maintenance Performed:

Date & Intigls

FEXG33.05 08 0683

TestAmerica
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Attachment 14:
Zymark-specific Maintenance Instructions

Zymark Sensor Diagnostic Test

Lift the concentrator’s caver, remove any tubes, and turn the power on
Press the SELELT DISPLAYED COMDITIOM butten within 4 seconds.
The CONDITION and VﬁLUE displays show the current sofiware version, for example:
After 3 secands the displays reflect the pushwheel seitings.
= Pressthe CELL ONE butten and keep it depressed for the next step.
The COMDITION and VALUE displays show the mazimum bath temperaturz rating for
celi one’s sensor. This tests the Sample Temperahure Rating.
= Release the CELL ONE button, the CONDITION and VALUE displays show
ZOND VALUE

1 t

Cell # Sensor Output Value
The first digit displayed isthe sensor locahon The remaining digits are the sensor output
value. In the ehove examiple, the sensorlocation is | and the sensor sutput value s 218
=> Record initial semsor output value
= Place adean, empty Zymark tube t1to the cell.
= Record the final sensor output walue
Repeat the abowe process (marked with an arvew) for cells 2-6.
Wihen sl sensars are testad, press ENDPOINT SELECT to exit the diagnostic
Repeat the enhire process for &l Tutho-Vaps

Cleaning and Refilling the Water Bath

Tasn the unit off and unplug e pawer cord.
Remove al glassware
Remove the top plate
Carefully li # the rack out of the bath,
Siphon offthe water in the bath
= Clese siphon bulh vent
= Place aphon’s suction tube in the water bath.
=> Place drain twbing in sink.
= Sgueezs siphon bulb fo start.
Wipe =ad finse the bath walls
Clean the rack by tinsing with wabet.
Replace the rack in the weater bath
Replace the top plate
Place a concentrator tube 1 e pasiticns.
Pour gpprosamaely 1L of disslled water throngh the empty positien
Add 15 drops of Claar Bath
Al more distilied water untif the level iz AS HIGH AS the initial solvent level s the sanple
tube wathout cansing an everSow when all six tubes are in position.
Plug in the power cord and turn the pawer cn
Allow 20-30 minutes for the bath o reach taperature, the air to come sut of solution, and for
mastbubbles to dissipate.
Ferform the Bubble Disladging Frocedure

FEX022:9508.06:0 =

TestAmerica

i 1w ’,

Company Confidential & Proprietary



18.0

SOP No. SA-EX-(40, Rev. 6
Effective Date: 05/17/2010
Page No.: 47 of 47

Revision History

Summary of Changes from Previous Revision:

Review and revision of this SOP was precipitated by the addition of the microwave
extraction procedure to the laboratory's capabilities. This SOP was re-written to
incorporate this procedure. All applicable sections (inciuding SOP title) have been
revised to accommodate.

Added requirement to Safety section to ensure sonication is performed in sonahox
within fume hood. Section 5.0

Added reference to the preparation of wipe samples {also performed via sonication)
and the Wipe-specific Work Instruction (FQAQ886). Section 16.1

Added note regarding Zymark alarm sounding prior to achieving 1tmL final volume.
Section 10.4.8

Referenced SOP titles and document control numbers have been revised to reflect
current versions.

Corrected final volume for pesticide and PCB fractions from 10mbL to 5SmL.

Attachment 6
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Scope and Application

This SOP gives the procedures for the determination of total cyanide, amenable cyanide,
and weak acid dissociable (WAD) cyanide via MIDI distillation or Micro distillation followed
by colorimetric analysis using the Lachat Autoanalyzer. The routine matrices associated
with this procedure are water and soils.

The reporting limits (RL), the method detection limits (MDL), and the accuracy and
precision criteria associated with this procedure are provided in the LIMS Method Limit
Groups (MLGs).

This SOP was written by and for TestAmerica's Savannah laboratory.

Summary of Method

When total cyanide is requested, the sample is refluxed with a strong acid. The cyanide
(as HCN) is released and distilled into an absorber-scrubber containing NaOH solution.
The cyanide ion in the absorbing solution is then determined colorimetrically at a
wavelength of 570nm. The cyanide is converted to cyanogen chloride (CNCI) by reaction
with chloramine-T at pH <8 without hydrolyzing to the cyanate ion. After the reaction is
complete, a colored complex is formed upon the addition of pyridine-barbituric acid
reagent.

When amenable cyanide is requested, the sample is treated with residual chlorine
(calcium hypochlorite) for one hour. After one hour, the excess chlorine is destroyed and
the sample is distilled and analyzed for cyanide. The cyanide amenable to chlorination is
the difference between the total cyanide and the cyanide measured in the sample after
treatment with chlorine. If cyanide amenable to chlorination is requested for a soil sample,
the sample is extracted with a sodium hydroxide solution. A portion of the leachate is
distilled and reported as the extractable cyanide, and a portion of the leachate is treated
with chlorine and distiled. The leaching procedure is required because the direct
chlorination of the sample may solubilize metal cyanides that will not be recovered by the
direct distillation of the soil.

When weak acid dissociable cyanide is requested, the analysis is performed in the same

manner as total cyanide except the sample is refluxed with a weak acid (i.e., acetic acid)
and buffered with zinc acetate.

Company Confidential & Proprietary
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This SOP is based on the following methods:

Method Type
MothbdhhiumbER Preparation Analytical {nalyte
EPA 335.1 X X Amenable Cyanide
EPA 335.4 X X Total Cyanide
Total Cyanide
ERASG2A X s Amenable Cyanide
Total Cyanide
EPREDIE i« A Amenable Cyanide
EPA 9013 .
X Total Cyanide
(followegpblg\/ gEonéBQ)O l2er (Soils Only) Amenable Cyanide
SM4500-CN G
(followed by SM4500-CN C X Amenable Cyanide
and SM4500-CN E)
SM4500-CN' |
(followed by SM4500-CN C X Weak Acid Dissociable Cyanide
and SM4500-CN E)
SM4500-CN" C X e
(followed by SM4500-CN'E) | (Distillation) oo A e
Total Cyanide
SM4500-CN E X Amenable Cyanide
Weak Acid Dissociable

3.0 Definitions
Refer to the Glossary Section of the Quality Assurance Manual (QAM) for a complete
listing of applicable definitions and acronyms.

4.0 Interferences

41 Procedural Interferences

411 Interferences may be caused by contaminants in solvents, reagents, glassware, and other
sample processing apparatus and can make identification and/or quantification of the
target analytes difficult.

4.1.2 Al sample collection containers are single-use disposable containers which limits the
potential for contamination. All non-disposable labware must be scrupulously cleaned in
accordance with the posted Labware Cleaning Instructions to ensure it is free from
contaminants and does not contribute artifacts.

4.1.3 High purity reagents and solvents are used to help minimize interference problems.

Hydrochloric acid and sulfuric acid must be verified prior to use in accordance with the
TestAmerica Solvent Lot Testing Program.

Company Confidential & Proprietary
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Instrument and/or method blanks are routinely used to demonstrate all reagents and
apparatus are free from interferences under the conditions of the analysis.

Mairix Interferences

Matrix interferences may be caused by contaminants that are co-extracted from the
sample matrix. The sample may require dilution prior to analysis to reduce or eliminate
the interferences.

Carbonates dissolved in the distillate will be released as carbon dioxide in the colorimetric
reaction. The carbon dioxide gas will cause air spikes and peak shifts. If carbonates are
present in the distillate, add a smalil portion of hydrated lime (calcium hydroxide) to the
distillate and shake the distillate to mix. Filter an aliquot of the treated sample for
analysis.

Chiorine and sulfide may be present in samples. Chiorine will cause a negative
interference. Sulfide will cause a positive interference with the colorimetric determination
of cyanide. The samples must be screened for chlorine and sulfide upon arrival in the
lab. Refer to Section 8 for information on the screening procedure.

Nitrates and nitrites can cause a positive interference when the concentration exceeds
10mg/L and certain organic materials are present in the sample. The addition of 2g of
reagent grade sulfamic acid to the sample at the time of distillation will eliminate the
formation of cyanide from nitrates, nitrites, and organic materials. If nitrates and nitrites
are suspected to be present, samples should be screened for their presence upon arrival
in the lab. Refer to Section 8 for information on the screening procedure.

Interfering contamination may occur when a sample containing low concentrations of
analytes is analyzed immediately following a sample containing relatively high
concentrations of analytes. As such, samples known to be clean should be analyzed first.
To prevent carryover into stibsequent samples, analysis of reagent blanks may be needed
after the analysis of a sample containing high concentraticns of analytes.

Safety

Employees must abide by the policies and procedures in the TestAmerica Environmental
Health and Safety Manual (EHSM), the TestAmerica Savannah Addendum to the EHSM,
and this document.

This procedure may involve hazardous materials, operations, and equipment. This SOP
does not purport to address all of the safety problems associated with its use. It is the
responsibility of the user to follow appropriate safety, waste disposal, and health practices
under the assumption that all samples and reagents are potentially hazardous.

The analyst must protect himself/herself from exposure to the sample matrix. Many of the
samples that are tested may contain hazardous chemical compounds or biological
organisms. The analyst must, at a minimum, wear protective clothing (lab coat), eye
protection (safety glasses or face shield), disposable nitrile (or equivalent) gloves, and
closed-toe, nonabsorbent shoes when handling samples.

Company Confidential & Proprietary
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Specific Safety Concerns or Requirements

Hydrochloric acid is extremely hazardous as an oxidizer, a corrosive, a poison, and is
reactive. Inhalation of the vapors can cause coughing, choking, irritation of the nose,
throat, and respiratory tract, breathing difficulties, and lead to pneumonia and pulmonary
edema. Contact with the skin can cause severe burns, redness, and pain. Acid vapors
are irritating and can cause damage to the eyes. Contact with the eyes can cause
permanent damage.

Potassium cyanide and sodium cyanide will give off hydrogen cyanide (HCN) gas if
combined with strong acids. Inhalation of CN gas can cause irritation, dizziness, nausea,
unconsciousness and potentially death.

Pyridine is flammable and will cause severe irritation to the respiratory tract. It can cause
dizziness, headaches, nausea, and shortness of breath. Vapors can cause irritation of the
eyes. Contact with the eyes can cause severe irritation, possible corneal burns and eye
damage.

Sodium hydroxide is a severe corrosive. Contact with the skin can cause irritation or
severe burns and scarring. Contact with the eyes can cause irritation, burns, permanent
vision impairment or even blindness.

Sulfuric acid is a strong oxidizer and is a corrosive. It will react violently when combined
with organic compounds, possibly producing fire. Inhalation can cause irritation of the
nose, throat, mucus membranes, and upper respiratory tract. Contact with the eyes can
cause blurred vision, redness, pain, and even blindness.

Primary Materials Used

The following is a list of the materials used in this procedure, which have a serious or
significant hazard rating, and a summary of the primary hazards listed in their MSDS.

NOTE: This list does not include all materials used in the procedure. A complete list
of materials used in this procedure can be found in the Reagents and Standards Section
and the Equipment and Supplies Section of this SOP

Employees must review the information in the MSDS for each material before using it for
the first time or when there are major changes to the MSDS. Electronic copigs of MSDS
can be found using the “MSDS” link on the Oasis homepage, on the EH&S webpage on
Oasis, and on the QA Navigator.
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Material Hazards Exposure Limit' Signs and Symptoms of Exposure
Contact with concentrated solution may cause
Corrosive 1050m serious damage to the skin and eyes. Inhalation
Acetic Acid? Poison T\?\?A of concentrated vapors may cause serious
Flammabie damage to the lining of the nose, throat, and
fungs. Breathing difficulties may occur.
Symptoms of inhalation include respiratory tract
Cadmium Poison 0.002mg (CdYm® | irritation, nausea and dyspnea. Ingestion causes
Carbonate Irritant TWA salivation, choking, vomiting, stomach pains and
diarrhea.
Inhalation of vapors can cause coughing,
choking, inflammation of the nose, throat, and
upper respiratory tract, and in severe cases,
Hydrochloric Corrosive S5ppm pulmonary edema, circulatory failure, and death.
Acid? Poison Ceiling Can cause redness, pain, and severe skin burns.

Vapors are irritating and may cause damage to
the eyes. Contact may cause severe burns and
permanent eye damage.

Company Confidential & Proprietary
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Material

Hazards

Exposure Limit’

Signs and Symptoms of Exposure

Potassium
Cyanide,
Sodium
Cyanide

Poison
Corrosive

5mg/m?
TWA as CN

This material will form Hydrogen Cyanide
(HCN) gas when combined with strong acids.
Breathing HCN gas may result in death.
Corrosive to the respiratory tract. May cause
headache, weakness, dizziness, {abored
breathing nausea and vomiting, which can be
followed by weak and irregular heartbeat,
unconsciousness, convulsions, coma and death.
Solutions are corrosive to the skin and eyes, and
may cause deep Ulcers, which heal slowly. May
be absorbed through the skin, with symptoms
similar to those noted for inhalation. Symptoms
may include redness, pain, blurred vision, and
gye damage.

Potassium
Permanganate

Oxidizer

5mg/m® for Mn
Cmpds

Causes irritation to the respiratory tract.
Symptoms may include coughing, shortness of
breath. Dry crystals and concentrated solutions
are caustic causing redness, pain, severe bums,
brown stains in the contact area and possible
hardening of outer skin layer. Diluted solutions
are only mildly irritating to the skin. Eye contact
with crystals (dusts) and concentrated solutions
causes severe irritation, redness, and blurred
vision and can cause severe damage, possibly
permanent.

Pyridine

Flammable
Irritant

Sppm
TWA

severe iritation to the
respiratory tract. Symptoms of overexposure
include headache, dizziness, nausea, and
shorthess of breath. Causes severe irritation
possibly burns, to the skin. Symptoms include
redness and severe pain. Absorption through the
skin may occur, resulting in toxic effects similar to
inhalation. May act as a photosensitizer. Vapors
cause eye irritation. Splashes cause severe
irritation, possible corneal burns and eye
damage.

Inhalation causes

Sodium
Arsenite

Faoison
Reproductive
Hazard
Carcinogen

0.010 mg(As) / m?
TWA

Symptoms of inhalation include respiratory tract
irritation. Causes skin irritation, and may be fatal
if absorbed through skin.
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Material

Hazards

Exposure Limit'

Signs and Symptoms of Exposure

Sodium
Hydroxice

Corrosive

2mg/m®
Ceiling

Severe irritant. Effects from inhalation of dust or
mist vary from mild irritation to serious damage of
the upper respiratory tract, depending on severity
of exposure. Symptoms may include sneezing,
sore throat or runny nose. Contact with skin can
cause irritation or severe burns and scarring with
greater exposures. Causes irritation of eyes, and
with greater exposures it can cause burns that
may result in permanent impairment of vision,
even blindness.

Sulfuric Acid?

Corrosive
Oxidizer
Dehydrator
Poison
Carcinogen

1mg/m?®
TWA

Inhalation produces damaging effects on the
mucous membranes and upper respiratory tract.
Symptoms may include irritation of the nose and
throat, and labored breathing. Symptoms of
redness, pain, and severe burn can Occur.
Contact can cause blurred vision, redness, pain
and severe tissue burns. Can cause blindness.

'Exposure limit refers to the OSHA regulatory exposure limit.

“Always add acid to water to prevent violent reactions.

6.0 Equipment and Supplies

6.1 Equipment and Instrumentation

Lachat Quickchem 8000

Analytical Balance — Verify in accordance with SOP SA-AN-100: Laboratory Support
Equipment (Verification and Use).

Magnetic stir plate

6.2 Lab Supplies

Volumetric Containers — various sizes; Class A, where applicable. Verify in accordance with
SOP SA-AN-100: Laboratory Support Equipment (Verification and Use).

Disposable Graduated Pipettes — various sizes. Verify in accordance with SOP SA-AN-100:
Laboratory Support Equipment (Verification and Use).

Disposable Transfer Pipeites — various sizes
Autosampler cups or fubes

Mechanical Pipettes — various sizes. Verify in accordance with SOP SA-AN-100: Laboratory
Support Equipment (Verification and Use).
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pH paper — narrow range and wide range; provides a quick and easy way to approximate
the pH of a sample to determine if a sample has been properly preserved or if the pH of a
sample is in the proper range for a preparation step.
Residual Chlorine Check Strips — starch iodide strips; provide a quick and easy way to
verify if the sample was dechlorinated properly. Store in original, capped container and
use within the manufacturer’s expiration date.
DPD-Free Chlorine Reagent, Powder Pillows
Lead acetate paper — used to indicate the presence of sulfide
Nitrate/Nitrite test strips
Teflon stir bars
Detergent — used for washing non-disposable labware
Midi-distillation apparatus — purchased from Kimble-Chase
Micro-distillation apparatus — purchased from Hach
Sample Collection Containers

All sample collection containers are single-use disposable containers which limits the
potential for contamination.

The routine sample collection containers supplied by the laboratory are:

250mL plastic containers — purchased with Certificate of Analysis attesting to purity.

Reaqents and Standards

Expiration Dates

Expiration dates (time from initial use or receipt to final use) for standard and reagent
materials must be set according to the guidance in this SOP. Note: These are maximum
expiration dates and are not to be considered an absolute guarantee of standard or
reagent quality. Sound judgment must be used when deciding whether to use a standard
or reagent. If there is doubt about the quality of a standard or reagent material, a new
material must be obtained or the standard or reagent material verified. Data quality must
not be compromised to extend a standard's life — i.e., when in doubt, throw it out.

The expiration date of any standard or reagent must not exceed the expiration date of the
standard or reagent that was used to prepare it; that is, the "children may not outlive the
parents”.

Unless listed elsewhere in this SOP, the expiration dates given below apply.

The expiration date for unopened standards and reagents is the manufacturer's expiration
date.
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7.1.2 The expiration date for opened stock reagents is the manufacturer's expiration date or 5
years from the date opened, whichever is sooner.

7.1.3 The expiration date for opened stock standards is the manufacturer's expiration date or 3
months from the date opened, whichever is sooner.

7.1.4 The expiration date for prepared reagents is 6 months from the date prepared or the
expiration date of the parent reagent, whichever is sooner.

7.1.5 The expiration date for prepared standards is 1 month from the date prepared or the
expiration date of the parent standard, whichever is sooner.

7.2 Reagents

Reagents must be prepared and documented in accordance with SOP SA-AN-41:
Reagent and Standard Materials Procedures. Unless stated otherwise in the SOP, all
standards and reagents are stored at room temperature.

7.2.1 Preparatory Reagents

7.2.1.1 Blank Matrix — Ottawa Sand. Used for the preparation of soil QC samples.

7.2.1.2 Laboratory Reagent Water — ASTM Type |.

7.2.1.3 Hydrochloric acid and sulfuric acid must be verified prior to use in accordance with the
TestAmerica Solvent Lot Testing Program.

7.2.1.4 Calcium Hypochlorite — reagent grade

7.2.1.5 Calcium Hypochlorite solution (0.35M), Ca(OCl), — Combine 5g Calcium hypochlorite to
100mL reagent water and shake before using.

7.2.1.6 Sodium arsenite (NaAsO,) - reagent grade, used to eliminate interferences from chlorine
and to destroy the excess chlorine in the cyanide amenable to chlorination procedure.

7.2.4.7 Cadmium carbonate (CdCOQs) - reagent grade, used to eliminate interferences from
sulfides

7.2.1.8 Sulfamic acid (H.NSOsH) - reagent grade, used to eliminate interferences from nitrates
and nitrites

7.2.1.9 Scdium hydroxide (NaOH) - reagent grade

CAUTION: Heat will be evolved as the sodium hydroxide is dissolved in the water.
Sodium hydroxide solutions are caustic and will cause skin burns and destroy unprotected
clothing.

7.21.10 Sodium Hydroxide (NaOH) — 1.0N solution (purchased solution) for MicroDist
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7.21.11 Dilution solution (0.25N sodium hydroxide) - Dissolve 10g of sodium hydroxide in
800mL of reagent water in a 1L volumetric flask. Dilute to volume with reagent
water. Transfer the reagent to a 1L PLASTIC container.

7.2.1.12 Sodium hydroxide (50%) - Measure 100mL of reagent water into a 400mL beaker.
Place the beaker on a magnetic stir plate and add a Teflon stir bar to the beaker.
Weigh out 100g of sodium hydroxide into a plastic container. Add a small quantity
of the sodium hydroxide from the container to the reagent water in the beaker on
the magnetic stir plate. As the sodium hydroxide dissolves, add more of the
sodium hydroxide from the beaker until all 100g have been added. Cool and
transfer the reagent to a PLASTIC container.

72143 Sulfuric acid (H.S0,) - reagent grade, concentrated

7.2.1.14 Sulfuric acid solution (1:1) - Measure 500mL of reagent water into a 2L beaker.
Place the beaker on a magnetic stir plate and add a Teflon stir bar to the beaker.
Carefully and slowly add 500mL of concentrated sulfuric acid to the reagent water in the
beaker on the magnetic stir plate. Transfer the reagent to a 1L botile. Do not store
reagents in volumetric glassware.

CAUTION: Use extreme caution when preparing this solution. Heat will be evolved as the
acid and water combine. This solution will cause skin burns and destroy unprotected

clothing.
7.2.1.15 Magnesium chloride hexa-hydrate (MgCl,-6H,0) - reagent grade
7.2.1.16 Magnesium chloride solution - While stirring, add 510g MgCl,-6H,0O in 500mL of

reagent water in a 1L volumetric flask. After the salt dissolves, dilute to volume with
reagent water. Transfer the reagent to a 1L bottle. Do not store reagents in volumetric
glassware.

7.2.117 Micro-Dist 7.11M sulfuric acid / 0.79 magnesium chloride solution — Note: This
procedure should be performed under a hood as HCI fumes will be released.

Place a 500mL beaker on a top-loading balance and tare the beaker. Place 110.8g of
deionized water and add 32.2g magnesium chloride hexa-hydrate. Completely dissolve
the magnesium chloride. Slowly add 1399 concentrated sulfuric acid in increments of 40g
at a time, swirling and allowing to cool. HCI fumes will be released. Transfer the
solution to a storage container and cover loosely until the solution cools to room
temperature. When cool, tightly cap the container.

7.21.18 Acetic acid — reagent grade

7.2.1.18 Acetic acid 1:9 — Prepared using 10mL acetic acid and 80mL reagent water.
7.2.1.18 Sodium Acetate Trihydrate — reagent grade

7.2.1.20 Acetic Buffer Solution — Prepared with 410g sodium acetate trihydrate. Add glacial

acetic acid until a pH 4-5 is obtained (~500mL). Dilute to 1L with reagent water.

7.2.1.21 Zinc Acetate — reagent grade
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7.2.1.22 Zinc Acetate Buffer Solution — Prepared by adding 120g zinc acetate to
approximately 500mL reagent water. Bring to 1L final volume with reagent water.

7.2.1.23 Methyl red color indicator stock — purchased from Ricca

7.2.1.24 Methyl red color indicator solution — Prepared by adding 10mL methyl red color

indicator stock to 90mL of reagent water.
7.2.2  Analytical Reagents
7.2.2.1 Sodium hydroxide (NaOH) - reagent grade. Record the date opened on the container.

7.2.2.2 Sodium hydroxide solution, 0.25 N - (Diluent solution) Dissolve 10 g NaOH pellets in
800mL DI water. Cooal to room temperature and ditute to 1000mL with DI water. Transfer
o a labeled plastic container for storage.

7.2.2.3 Barbituric acid (C4H4N2O5) - reagent grade
7.2.2.4 Pyridine (CsHsN) - reagent grade
7.2.2.5 Hydrochloric acid (HCI) - concentrated, reagent grade

7.2.2.6 Pyridine-barbituric acid reagent - This solution must be prepared exactly as written and
must be prepared under a hood.

Place a stir bar and 15.0g of barbituric acid into a 1000-mL volumetric flask. Wash the
walls of the flask with approximately 100mL of reagent water, swirfing the flask to wet all
of the barbituric acid. Add via a 100-mL glass graduated cylinder, 75.0mL of pyridine.
Place the volumetric flask on the stir plate and begin mixing. While mixing, add via a 25-
mL graduated cylinder, 15.0mL of concentrated hydrochloric acid. Remove the magnetic
stirring bar, bring to volume with reagent water. The solution should become clear when
diluted to volume. Transfer this solution to an amber glass container for storage at 4C.
For reference only: the pH of this solution should be 5.6 + 0.2.

7.2.2.7 Potassium dihydrogen phosphate (KH:PO.) - reagent grade

7.2.2.9 Phosphate Buffer - To about 800mL DI contained in a 1000mL volumetric flask, add 97.0g
KH,PO,. Add a magnetic stirring bar and mix vigorously until the salt has dissolved.
Remove the magnetic stir bar. Dilute to 1000mL with DI water. Store the solution in a
plastic container.

7.2.210 Chloramine-T (1-CHaCsH4-4-SO,NCINa*3H,0) - reagent grade
7.2.2.11 Chloramine-T reagent - Dissolve by swirling 2.0g Chloramine-T in about 250mL of
reagent water contained in a 500mL volumetric flask. Bring to volume with DI water and

mix until homogeneous. For reference only: the pH of this solution should be 8.9 £ 0.2.
This reagent must be prepared daily.

7.2.2.12 Silver nitrate solution (AgNO3) - purchased at 0.141N

7.2.213 Rhodanine indicator - reagent grade
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Standards

Standards must be prepared and documented in accordance with SOP SA-AN-47:
Reagent and Standard Materials Procedures. Certificates of analysis or purity must be
received with all purchased standards, and scanned and filed in the Data Archival Folder
on the G-drive. Unless stated otherwise in the SOP, all standards and reagents are
stored at room temperature.

Cyanide Stock Standards

Two stock standards are prepared from different sources of cyanide. The potassium
cyanide stock standard is used to prepare the calibration standards and the spiking
solution for the LCS and MS/MSD. The sodium cyanide stock standard is used to prepare
the initial and continuing verification standards.

Potassium Cyanide (KCN) - reagent grade

KCN Stock Standard, 1000mgCN/L - Transfer 2.503g of KCN and 2g of NaOH into a 1L
volumetric flask. Add 400-500mL of reagent water and swirl the flask to dissolve the KCN
and NaOH. Dilute to volume with reagent water and transfer the stock standard to a
labeled plastic container.

Sodium Cyanide (NaCN) - reagent grade
NaCN Stock Standard, 1000 mgCN/L - Transfer 1.885g of NaCN and 2g of NaOH into a
1L volumetric flask. Add 400-500mL of reagent water and swirl the flask to dissolve the

NaCN and NaOH. Dilute {o volume with reagent water and transfer the stock standard to
a labeled plastic container.

Standardization of the Cyanide Stock Standards

The 1000mg/L cyanide stock standards (KCN and NaCN) are standardized sach time an
intermediate (10mg/L) is prepared or the 1000mg/L standard goes out of date.

7.3.2.1 Add three 1.0mL aliguots of the 1000mg/L cyanide stock standard into each of three

250mL Erlenmever flasks. Add 99mL of the 0.25N dilution solution to each flask. Add
100mL of the 0.25N dilution solution to a fourth Eflenmeyer flask to serve as a blank.

Note: It is important that the pH is above 12 or the indicator will not give a clear endpoint.

7.3.2.2 Add 2-4 drops of rhodanine indicator and a Teflon stir bar to each beaker and place the

flask on a magnetic stirrer.

7.3.2.3 Titrate each cyanide solution with 0.0141N silver nitrate. Titrate the solution drop-wise

near the endpoint until one drop of the titrant changes the color from yellow to salmon-
pink. Record all standardization information into the cyanide stock standard
standardization log.

Calculate the concentration of the cyanide stock standard as follows:
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mg o 1000 mL

v (mg /L) =287 @55 04

Ve meq 1L

Where:

Na = normality of the silver nitrate solution

Va = volume of the silver nitrate solution used in titration (mL)
V, = volume of cyanide stock standard titrated (mL)

The concentration of the cyanide solution is the average of the three individual
calculations:

CN |+ CN 5 + CN 3

CN gy = =

7.3.3 Cyanide Intermediate Standards

The intermediate standards are prepared from the cyanide stock standards (after
standardization) according to the following equation:

Vo w = Cm; & Vun
T Catpen

Where:

Vaock = Volume of stock standard required to prepare the intermediate standard (mL)

Cstock = cONcentration of the cyanide stock standard {mg/L) (use CNayg)

Cint = concentration of the intermediate standard to prepare (mg/L)

Vint = volume of intermediate standard to prepare (mL)

7.3.3.1 KCN Cyanide Intermediate Standard, 10mg/L - To a 1000mL volumetric flask, add Vgiou
mL stock cyanide solution and bring to volume with diluent solution.

7.3.3.2 NaCN Cyanide Intermediate Standard, 10mg/L - To a 1000mL volumetric flask, add Vstoek
mL stock cyanide solution and bring to volume with diluent solution.

7.3.4 Standardization of Cyanide Intermediate Standards
The standardization of the intermediate cyanide standards must occur once per week.
7.3.4.1 Add thres 10.0mL aliquots of the 10mg/L Cyanide Intermediate standard into each of
three 250mL Erlenmeyer flasks. Add 90mL of 0.25N NaOH into each flask. Add 100mL
of the 0.25N dilution solution to a fourth Erlenmeyer flask to serve as a blank.

Note: It is important that the pH is above 12 or the indicator will not give a clear endpoint.

7.3.4.2 Add 2-4 drops of rhodanine indicator and a Teflon stir bar to each beaker and place the
flask on a magnetic stirrer.

7.3.4.3 Titrate each cyanide solution with 0.0141N silver nitrate. Titrate the solution drop-wise
near the endpoint until one drop of the titrant changes the color from yellow to salmon-
pink.
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Calculate the concentration of the cyanide stock standard using the calculation in 8.1.3.3.
Cyanide Calibration and Verification Standards
Use the 10mg/L KCN cyanide working standard to prepare calibration standards as shown

below. Calculate the amount needed according to the standardized value of the
intermediate stock. Bring all calibration standards to final volume with diluent solution.

Standard Final Volume

Concentration (mL)
(mg/L)

0.5 1000
0.3 1000
0.1 1000
0.07 1000
0.04 1000
0.01 1000
0.030 1000
0.005 1000
Cal Blank 100

ICVICCV

The ICV and the CCV are prepared from the NaCN Intermediate Cyanide Standard at a
concentration of 200ug/L. Add 20mL of the 10mg/L NaCN Intermediate Standard to a
1000mL volumetric flask and dilute to a final volume of 250mL with 0.25N NaOH (diluent
solution).  Calculate the amount needed according to the standardized value of
intermediate stock.

|CB/CCB

The 0.25N NaOH diluent solution is used as the ICB and CCB.

Sample Collection, Preservation, Shipment. and Storage

Agueocus Samples

Non-drinking water samples are routinely collected in 250mL plastic containers containing
0.5mL NaOH preservative. The preservative should be sufficient to achieve a sample pH
of >12.

Drinking water samples are routinely collected in 250mL plastic containers containing
200ul sodium arsenite dechlorination agent. Once collected, 10 drops of 1:1 NaOH
preservative is added to the container. The preservative should be sufficient to achieve a
sample pH of >12. The dechlorination agent should be sufficient to remove residual
chlorine from the sample.

Samples must be iced at the time of collection and maintained at 4°C (less than 6°C but
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not frozen) until the time of preparation (distillation) and analysis. Samples must be
distilled and analyzed within 14 days of collection. Distillates must be stored at 4°C (less
than 6°C but not frozen) until the time of analysis.

Note: SW-846 Methods 9012A and 9012B require samples to be prepared within 14 days
of collection and do not specify an analysis holding time. The laboratory has adopted
EPA Region IV guidance (as stated per SC DHEC) for cyanide distillates and requires
analysis of the sample within 24 hours of distillation. Therefore, samples must be
prepared within 14 days of collection and analyzed within 24 hours of preparation.

Note: If samples are received unpreserved, preservation upon receipt at the laboratory is
not performed. A 48-hour holding time is applied.

NCMs must be initiated for samples collected in improper containers and containing
improper or insufficient preservatives and/or de-chlorination agents.

Preservation Checks

8.1.1.1 pH Verification

For each sample,

- Place a piece of pH paper in a disposable medicine cup.

- Pour a few drops of sample into the medicine cup and note the color change of the pH
paper.

- If the pH is <12, initiate @ Nonconformance Memo. Adjust the sample pH to >12 using
50% NaOH. Do not add more preservative than 1% of the volume of the sample. For
example, if the sample volume is 500mL, do not add more than SmL of preservative.

Note: To avoid cross-contamination, use a separate medicine cup and piece of pH paper
per sample. Do not dip the pH paper into the sample container. The pH paper dye may
hleed into the sample and affect sample results.

8.1.1.2 Residual Chlorine Check

8.1.1.2.1 Residual Chlorine Check Strips

For each sample,

- Place a piece of starch-iodide paper in a disposable medicine cup.

- Pour a few drops of sample into the medicine cup and note the color change of
the paper.

- If the paper turns blue or black, residual chiorine is present. Initiate a
Nonconformance Memo. Dechlorinate the sample with sodium arsenite.

Note: To avoid cross-contamination, use a separate medicine cup and residual
chlorine strip per sample. Do not dip the strip into the sample container.

8.1.1.2.2 Residual Chlorine Powder Pillows - This is the required method for drinking water

samples.
- Place the appropriate volume of sample (5mL or 10mL) for the powder pillow that

you are using into a disposable medicine cup.
- Add one of the DPD-Free Chlorine Reagent Powder Pillows to the sample in the
cup and swirl to mix
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- Allow sufficient time for color development — usually 5-10 minutes — according to
the manufacturer's recommendation

- If the solution turns pink in color then chlorine is present. Initiate a
Nonconformance Memo and dechlorinate the sample with sodium arsenite

8.1.1.3 Sulfide Check

Upon arrival in the laboratory, the sample must be checked with lead acetate paper for the
presence of sulfides. Pour a small aliquot of the sample into a plastic cup. Wet a strip of
lead acetate paper with acetic acid and test the aliquot. If the lead acetate paper turns
black, add cadmium carbonate to the sample and shake the container to mix. Check the
sulfide content again with the lead acetate paper. Continue adding cadmium carbonate to
the sample until the lead acetate paper no longer turns black when exposed to the
sample. Samples treated for sulfide must be filtered immediately to remove the cadmium
sulfide (CdS) precipitate from the matrix.

8.1.1.4 Nitrate/Nitrite Check

8.2

9.0

9.1

If nitrates and nitrites are suspected, prior to analysis (but not necessarily upon receipt),
samples must be screened for nitrates and nitrites. Pour a small aliquot of the sample into
a plastic cup. Test the aliquot with a Nitrate/Nitrite test strip. If the strip indicates the
presence of Nitrate/Nitrite, add 29 of reagent grade sulfamic acid to 50mL of sample.
Note the addition is performed at the beginning of the distillation process.

Soil Samples

Soil samples are routinely collected in 250mL plastic containers.

Samples must be iced at the time of collection and maintained at 4°C (less than 6°C but
not frozen) until the time of preparation. SW-846 Methods 9012A and 9012B require
samples to be prepared within 14 days of collection and do not specify an analysis holding
time. The laboratory has adopted EPA Region IV guidance (as stated per SC DHEC) for
cyanide distillates and requires analysis of the sample within 24 hours of distillation.
Therefore, samples must be prepared within 14 days of collection and analyzed within 24
hours of preparation.

Quality Control
SOP SA-QA-17: Evaluation of Batch QC Data and the SOP Summary in Attachment 3
provide requirements for evaluating QC data.

Batch QC

A preparation batch consists of up to 20 environmental samples and the associated QC
items. The minimum QC items required for each digestion batch are: a method blank, a
laboratory control sample (LCS), a matrix spike (MS), a matrix spike duplicate (MSD), and
a sample duplicate.

If there is insufficient sample to perform the MS/MSD or sample duplicate, the LCS must

be prepared in duplicate (i.e., LCS/LCSD). An NCM must be initiated to denote this
situation.
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Batch QC must meet the criteria given in Attachment 4 of this SOP.
Note: The EPA Manual for the Certification of Laboratories Analyzing Drinking Water
requires a LFB at the MRL to be performed each day. Therefore, if analyzing drinking

water compliance samples, another LCS spiked at the reporting limit must be prepared
with each batch.

Instrument QC

Initial Calibration {ICAL)

The instrument must be calibrated in accordance with SOP SA-QA-16: Evaluation of
Calibration Curves. This SOP provides requirements for establishing the calibration curve
and gives the applicable formulas.

Instrument calibration is performed by analyzing a series of known standards. The
calibration curve must consist of a minimum of 3 standards and a blank. The lowest level

calibration standard must be at or below the reporting limit, and the remaining standards will
define the working range of the analytical system.

The initial calibration standard concentrations currently in use in the laboratory are defined
in Section 7.5. Refer to Section 7.0 for the standard preparation instructions. Other
standard concentrations may be used provided they support the reporting limit and are fully
documented in accordance with SOP SA-AN-41.

The regression coefficient (%) of the regression curve must be greater than 0.995 for the
initial calibration curve to be acceptable.

Second Source Initial Calibration Verification (ICV)

The calibration curve must be verified initially — prior to any sample analyses — in
accordance with SOP SA-QA-16 with a standard obtained from a second source.

The ICV must be within 10% to be acceptable.

Refer to Section 7.0 for the standard preparation instructions. Another standard
concentration may be used provided it is mid-level and fully documented in accordance with
SOP SA-AN-41.

Initial Calibration Blank (ICB) / Continuing Calibration Blank (CCB)

The instrument must be shown to be free from contamination by the analysis of calibration
blanks. Initial calibration blanks are analyzed at the beginning of each day. Continuing
calibration blanks must be analyzed after every 10 injections.

Initial and continuing calibration blanks must be <1/2RL to be acceptable.

Continuing Calibration Verification

The initial calibration curve must be verified after every 10 injections (or 2 hours,
whichever comes first) with a mid-level standard.
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The CCV must be within 10% to be acceptable.

Refer to Section 7.0 for the standard preparation instructions. Another standard
concentration may be used provided it is mid-level and fully documented in accordance with
SOP SA-AN-41.

Corrective Action for Qut-of-Control Data

When the quality control parameters do not meet the criteria set forth in this SOP,
corrective action must be taken in accordance with SOP SA-QA-05: Preventive and
Corrective Action Procedures the QC Summary Table in Attachment 3. SOP SA-QA-05
provides contingencies for out-of-control data and gives guidance for exceptionally
permitting departures from approved policies and procedures. Nonconformance Memos
must be initiated to document all instances where QC criteria are not met and all
departures from approved policies and procedures.

Procedure

Sample Preparation

Remove the samples from the refrigerator and allow them to come to room temperature.
Chlorination Step for Amenable Cyanide

Note: The steps for the chlorination of the samples must be performed under a properly
functioning fume hood.

Transfer 50mL of a water sample or 50mL of a soil leachate (Section 10.1.2) to a beaker.
A smaller volume of sample or leachate may be used if the cyanide coencentration is
known to be high.

Place the beaker onto a magnetic stir plate in a fume hood. Add a Teflon stir bar to the
beaker and stir the sample.

Check the pH of sample with pH paper. The pH of the sample must be maintained at >11
for the duration of the chlorination procedure.

Test the chlorine level in the sample using potassium iodide-starch paper. |f the paper
turns blue, residual chlorine is present in the sample. If the test paper is clear, add 0.5mL
of calcium hypochlorite solution to the stirring sample. Test the sample again with the
potassium iodide-starch paper. If the test paper turns blue, enough calcium hypochlorite
solution has been added. If the paper remains clear, add calcium hypochlorite solution
until the paper turns blue. An excess of chlorine must be maintained throughout this
procedure.

Check the sample every 15 minutes with potassium iodide-starch paper and wide range

pH paper. If the Kl paper is blue, check the sample again in 15 minutes. If the paper is
clear, add a 0.5mL of calcium hypochlorite solution to the sample and check the sample
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again with the test paper. Continue adding small volumes of calcium hypochlorite solution
until the test paper remains blue.

If the pH >11, check the sample again in 15 minutes. If the pH <11, add a few drops of
50% NaOH and check the pH again. Continue adding small aliquots of 50% NaOH until
the pH remains >11.

Continue stirring the sample for a total of 1 hour, checking the chlorine level and pH every
15 minutes and adjusting as needed.

After 1 hour, add approximately 0.5g of sodium arsenite to the stirring sample. Test the
sample with potassium iodide-starch paper. If the test paper remains white, add a second
0.5g portion of sodium arsenite to the sample. If the test paper turns blue, add sodium
arsenite in 0.5g increments until the test paper remains white. Add approximately 0.5g
excess of sodium arsenite to the sample.

The sample is now ready to be distilled and analyzed.
10.1.2 Soil Leaching Procedure

Soil samples must be homogenized prior to preparation in accordance with SOP SA-QA-15:
Compositing, Homogenization, and Segregation of Samples.

The pH of the sample must be maintained at pH >10 throughout the leaching procedure.
In most cases, the addition of 200mL of 0.25N NaOH will be sufficient to maintain the pH.

Transfer 10g (+/-0.5g) of a homogenized soil sample to a labeled, 250mL plastic
container. Record the weight of the sample to the nearest 0.1g.

Add 200mL of 0.25N sodium hydroxide to the container. Cap the container and mix
thoroughly. Check the pH with narrow range pH paper. If the pH is not greater than 10,
add small aliquots of 50% NaOH to bring the pH above 10.

Securely cap the container and place the container in a rotary spinning device for 16
hours.

Remove the containers from the rotator and allow the samples to settle. Allow the sample
leachate to settle and decant into a separate labeled container. Check the pH of the
leachate. If the pH is greater than 10, the sample is ready for distillation. if the pH is less
than 10, the leaching procedure is repeated with a smaller aliquot of solid.

Note: If the leachate pH is less than 10, the pH of the sample should be determined. If the
sample pH is highly acidic the sample is not likely to contain cyanide amenable to the
leaching procedure.

10.1.3 Sample Distillation — Midi Distillation
The distillation batch for cyanide may include both soils and liquids. The same method

blank and LCS (distilled standards) can be used for both matrices. MS/MSD are required
at a frequency of 5% for all matrices.
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Remove the samples from the storage refrigerator and allow the samples to come to room
temperature. Assemble the distillation apparatus as shown in the manufacturer's
manual. Place 50mL of 0.25N NaOH into each absorber tube.

Add the samples to the distillation tubes. Add sulfamic acid if nitrates are present.

Mix the liquid sample by inverting the container several times and transfer 50mL of a liquid
sample, the cyanide-amenable-to-chlorination sample, or soil leachate to the distillation
tube.

Note: If cyanide-amenable-to-chlorination is requested on a soil matrix, the total cyanide
must also be determined on the soil leachate.

Homogenize soil samples by stirring with a stainless steel spatula. Add 1g of the well-
mixed soil sample to the distillation tube. Add 50mL of 0.25N sodium hydroxide (ditution
solution) to the distillation tube. Record the weight of the sample to the nearest 0.1g on
the cyanide distillation log.

Connect the glassware and the tubing. Tumn on the pump and the condenser water.
Inspect each unit to ensure that there are no leaks in the glassware or in the tubing.

If the sample contains nitrate, add 2g of reagent grade sulfamic acid to the tube before
adding the sample.

If performing total cyanide or amenable cyanide, add 2mL of the magnesium
chloride solution followed by 5mL of 1:1 sulfuric acid to each flask through the
distillation head. Rinse the inlet tube with a small aliquot of reagent water.

If performing weak acid dissociable cyanide, add 2mL of the acetic buffer and 2mL
of the zinc acetate buffer solution 1o each flask through the distillation head. Add
6-10 drops of the methyl red indicator solution to the sample, followed by
approximately 2mL 1:9 acetic acid. Rinse the inlet tube with a small aliquot of
reagent water. (Note: sample should turn orange/red in color when methyl red
indicator is added. |f sample does not change color, add more acetate buffer and
re-test.)

Set the timer to 100 minutes and the heating block temperature to approximately 125°C.

After the samples have been distilled, turn off the pump and allow tubes to cool for
approximately 20 minutes.

Pour the scrubber solution into a labeled 100mL storage container.

Store the distillate in the dark in the refrigerator until ready to perform the colorimetric
analysis. The distillate must be analyzed within 24 hour of distillation and 14 days of
collection.

Sample Distillation — Micro-Distillation

Preheat the heater block to 120°C (+3°C). Add 6 mL (0.1 mL) of sample to the sample
tube. The sample shall not be diluted prior to distillation. If the prefilled collector tubes
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are not being used, add 1.5mL (0.1 mL) of the 1.0N NaOH to each collector tube. Add
0.75mL of the (7.11M/0.79M) sulfuric acid/magnesium chioride solution to each sample
tube and immediately cap with a collector tube and press to seal.

Place the assembled tubes into the heater block and heat for approximately 30 minutes.
After approximately 30 minutes, remove each tube from the block and immediately pull off
the sample tube.

Invert each collector tube and allow it to cool. Mix the distillate and detach the upper
portion. Dilute the distillate to 6mL (£0.1 mL) with DI water and mix. The distillate is now
sufficiently diluted to 0.25N NaOH and is ready for analysis. Seal the distillate until
analysis.

QC Sample Preparation

The method blank is performed using only the reagents used for the distillation; that is,
add 50mL of 0.25N NaCH to the empty distillation unit and assume a sample weight of
1.0q.

Add 0.15mL of the KCN cyanide intermediate solution (10mg/L) to each matrix spike (MS)
and matrix spike duplicate (MSD) sample.

The concentration of cyanide added to the liquid sample is:

0.15mL®10mg/L _ 0.00015 L ®10 mg/L
50mL 0.050 L

= 0.030 mg/L =30ug/L

The concentration of cyanide added to the soil/solid sample is:

0.15mL®10mg/L _ 0.00015 L @10 mg/L

— , : — = 1.5mg/kg (if % solids = 100)
(1 g)(solids) (0.0010 kgj(solids) '

Where:
(solids) is the decimal equivalent of the percent solids (percent solids/100)

Every day that samples are distilled, two calibration standards are distilled and analyzed.
Refer to the standardization section (Section 7) for calculations.

Analysis

Instrument Operating Conditions

The instrument conditions listed in this SOP are provided for guidance purposes. The
actual conditions used by the laboratory may be slightly different from those listed here
and must be documented in the instrument maintenance log, data system, and/or run log.

Instrument maintenance must be performed in accordance with Attachment 4 of this SOP.

Set up the manifold as shown in the Lachat manual. Fill water containers with fresh DI water.
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Place the GRY/GRY line into the pyridine-barbituric acid reagent, the ORN/ORN line into the
chloramine-T reagent, the other ORN/ORN line in the phosphate buffer reagent, and the
YLW/YLW line into the 0.25N NaOH.

Clamp down the pump platens and turn on the pump. Aliow a lag time of 10 minutes to
assure a good reagent mix.

Input data system parameters. Place standards and samples into the autosampler and start
analysis. After a tray is complete, pump DI water through the manifold for 10 minutes.

Initial and Continuing Calibration

Calibrate the instrument using the standards and criteria described given in Section 9.2.
Once the calibration has been established and verified with an ICV in accordance with
Section 9.2, sample analysis may proceed.

Verify the calibration curve with a continuing calibration verification using the standards
and criteria described given in Section 9.2.

Sample Analysis

Remove the distillates from the refrigerator and allow them to come to room temperature.
The samples must be injected using the same injection volume used for the calibration
standards. Samples that are known to be relatively clean should be analyzed first. Samples
suspected of containing high concentrations should be analyzed last. Instrument blanks may

be analyzed after suspected high concentration samples to allow the detector response to
stabilize.

The default procedure is to include QC items (method blank, LCS, MS/MSD, and SD) in
determining the maximum number of samples in the clock.

Example Analytical Sequence

An example analytical sequence is listed below.

Description Comments

Blank

Initial Calibration

ICV Second Source

ICB

Samples & Batch

BC ltens Up to 10 injections, including QC. Not to exceed 2 hours.

CcCcV

CCB

Samples & Batch

ac Iterns Up to 10 injections, including QC. Not to exceed 2 hours.

Ccv

CCB
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Calculations / Data Reduction

Data Reduction

Data must be evaluated in accordance with SOP SA-QA-02: Data Generation and
Review.

Dilutions

Unless otherwise specified by a client QAPP, results from a single analysis are reported
as long as the target analyte is in the upper half if the calibration range. When reporting
results from dilutions, appropriate data flags must be used or qualification in a case
narrative provided to the client.

Historical Data

Many of the laboratory’s clients submit samples for repeat monitoring purposes. Prior to
analysis, verify LIMS Worksheet Notes to determine if historical data is available for
review.

Chemical Relationships

When available, the following chemical relationships must be evaluated for each sampie.
If these relationships are not met the Department Manager must be contacted
immediately.

- Total Cyanide > Amenable Cyanide
- Total Cyanide > Weak Acid Dissociable Cyanide

Drinking Water Compliance Evaluation

Public water suppliers (PWS) are governed by EPA-specified Maximum Contaminant
Levels (MCL) above which indicates noncompliance. The MCL associated with this
procedure is 0.20mg/L. Notify the PM immediately via a Nonconformance Memo if any
drinking water sample contains a detection above this level.

Calculations

The calculations associated with batch QC determinations are given in SOP SA-QA-17.
Applicable calculations include accuracy (% recovery) and precision (%RPD).

The calculations associated with initial and continuing calibrations and are given in SOP
SA-QA-16. Applicable calculations include determination for: calibration factor, standard
deviation, relative standard deviation, relative response factor, and relative standard
deviation.

The calculation to determine final concentration is given as follows:
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FinalConcentration= CONCygn0, ® I QD
Ixdw

Where:
CONCsampie= Concentration of the sample
F = Final volume/weight
| = Initial volume/weight
D = Dilution factor
dw = % Moisture decimal equivalent

Note: All dry weight corrections are performed automatically in LIMS.

The concentration of amenable cyanide for liquids is the total cyanide concentration minus
the cyanide concentration of the sample after treatment with chlorine as detailed in
Section 7.

Method Performance

Method Detection Limit Study (MDL)

The method detection limit (MDL) is the lowest concentration that can be detected for a given
analytical method and sample matrix with 99% confidence that the analyte is present. MDLs
reflect a calculated (statistical) value determined under ideal laboratory conditions in a clean
matrix and may not be achievable in all environmental matrices. The current MDL
associated with this procedure is given in the Method Limit Group (MLG) in LIMS.

At a minimum, the MDL must be determined initially upon method set-up and annually
thereafter, and verified annually in accordance with SOP SA-QA-07: Determination and
Verification of Detection and Reporting Limits (RLs, MDLs, and IDLs).

Reporting Limit Verification (RLV)

Reporting limit verifications must be performed initially, and then annually thereafter, for non-
routine matrices in accordance with SOP SA-QA-07: Determination and Verification of
Detection and Reporting Limits.

Determination of the Instrument Detection Limit (1DL)

The instrument detection limit (IDL) is the concentration of analyte that can be statistically
distinguished from the background noise of the instrument. The IDL limit must be
determined annually, at a minimum, for each analyte in accordance with SOP SA-QA-07:
Determination and Verification of Detection and Reporting Limits (RLs, MDLs, and IDLs).

The IDL is defined as three times the average of the standard deviation of seven replicate
analyses of the IDL solution performed over three non-consecutive days. The IDL may he
elevated above the background noise (blank levels). The current IDL associated with this
procedure is given in the Equipment Limit Group (ELG) in LIMS.
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124 QC Limit Generation, Control Charting. and Trend Analysis

12.5

12.6

13.0

The control limits for the batch QC items (LCS, MS/MSD, and SD) for this procedure are
specified in the reference method and cannot be broadened; therefore, the laboratory
defaults to the method-defined limits and does not utilize in-house or laboratory-derived
limits for the evaluation of batch QC items.

Although the taboratory must default to the method-defined QC limits, control charting is a
useful tool and is performed to assess analyte recoveries over time to evaluate trends.
Control charting must be performed periodically (at a minimum annually) in accordance
with SOP SA-QA-17: Evaluation of Batch QC Data.

Demonstrations of Capability

Initial and continuing demonstration of capability must be performed in accordance with
SOP SA-QA-06: Training Procedures.

Prior to performing this procedure unsupervised, each new analyst who performs this
analysis must demonstrate proficiency per method/analyte combination by successful
completion of an initial demonstration of capability. ~ The IDOC is performed by the
analysis of 4 consecutive LCSs that meet the method criteria for accuracy and precision.
The LCSs must be from a second source than that used to prepare the calibration
standards. The IDOC must be documented on the [DOC Form shown in SOP SA-QA-06
with documentation routed to the QA Department for filing.

Annual continuing demonstrations of capability (CDOCs) are also required per analyst per
method/analyte combination. The CDOC requirement may be met by the consecutive
analysis of four LCS all in the same batch, by the analysis of four LCS analyzed in four
consecutive batches (in different batches on different days), or via acceptable results on a
PT study. The CDOC must be documented and routed to the QA Department for filing.

Training Requirements

All training must be performed and documented in accordance with SOP SA-QA-06:
Training Procedures.

Note: The SOPs listed in the Reference/Cross-Reference Section are applicable to this

procedure. All employees performing this procedure must also be trained on these SOPs,
and/or have a general understanding of these procedures, as applicable.

Pollution Confrol

It is TestAmerica's policy to evaluate each method and look for opportunities to minimize
waste generated (e.g., examining recycling options, ordering chemicals based on quantity
needed, preparing reagents based on anticipated usage and reagent stability, etc.).
Employees must abide by the policies in Section 13 of the Environmental Health and
Safety Manual.
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This procedure has been evaluated for opportunities to minimize the waste generated.
Where reasonably feasible, pollution control procedures have been incorporated.

Waste Management

Waste management practices must be conducted consistent with all applicable federal,
state, and local rules and regulations. All waste (i.e., excess reagents, samples, and
method process wastes) must be disposed of in accordance with Section 9 of the
TestAmerica Savannah Addendum to the EHSM. Waste description rules and land
disposal restrictions must be followed.

Waste Streams Produced by the Method

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

Excess aqueous samples — Dispose according to characterization on the sample
disposal sheets. Neutralize non-hazardous samples before disposal into drain/sewer.
Transfer hazardous samples (identified on disposal sheets) to the waste department
for disposal.

Excess soil and solid samples — Dispose according to characterization on sample
disposal sheets. Transfer non-hazardous samples to TCLP container for
characterization in hazardous waste department. Transfer hazardous samples
(identified on disposal sheets) to waste department for disposal.

Alkaline distillates — Neutralize before disposal in the sanitary sewer system.

Pyridine waste for reagents and waste stream from instrument — isolate and transfer to
the waste department for disposal as pyridine waste.

Metals bearing waste — samples (distillation residues) that have had cadmium
carbonate and sodium arsenite added to them must be transferred to a waste
container and disposed of as metal bearing waste.

References / Cross-References

Ll Ld L3 Ll - L]

L ] L[ ] L L » *

SOP SA-AN-41: Reagent and Standard Materials Procedures

SOP SA-AN-100: Laboratory Support Equipment (Verification and Use)

SOP SA-QA-02: Data Generation and Review

SOP SA-QA-05: Preventive and Corrective Action Procedures

SOP SA-QA-06: Training Procedures

SOP SA-QA-07: Determination and Verification of Detection and Repoiting Limits (RLs,
MDLs, and IDLs)

SOP SA-QA-15: Homogenization, Compositing, and Segregation of Samples
SOP SA-QA-16: Evaluation of Calibration Curves

SOP SA-QA-17: Evaluation of Batch QC Data

TestAmerica Savannah Quality Assurance Manual

TestAmerica Environmental Health and Safety Manual

TestAmerica Savannah Addendum to the Environmental Health and Safety Manual
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« Lachat QuickChem Method 10-2004-00-1-A Determination of Cyanide in Water;
Revision Date: 6 June 1996,
« Standard Methods for the Examination of Water and Wastewater, Online Edition;
American Public Health Association: Washington, DC
»  SM4020: Quality Assurance/Quality Control
« SM4500-CN C: Cyanide, Total Cyanide After Distillation; 1999
+ SM4500-CN" E: Cyanide, Colorimetric Method; 1999
» SM4500-CN° G: Cyanide, Cyanides Amenable to Chlorination after
Distiflation; 1999
« Methods for Chemical Analysis of Water and Wastes; U.S. EPA Office of Research and
Development: Cincinnati, OH, March, 1983
« EPA 335.1: Cyanide, Amenable to Chiorination (Titrimetric;
Spectrophotometric); 1974
«» EPA 3354: Determination of Total Cyanide by Semi-Automated
Colotimetry, Revision 1.0, August 1993
« Test Methods for Evaluating Solid Waste, Third Edition On-iine; U.S. EPA Office of Soiid
Waste and Emergency Response: Washington, DC
» EPA 9012A: Total and Amenable Cyanide (Automated Colorimetric with
Off-line Distillation); Revision 1, December 1996
- EPA 9012B: Total and Amenable Cyanide (Automated Colorimetric with
Off-line Distillation); Revision 2, November 2004
« EPA 9013: Cyanide Extraction Procedure for Solids and Oils, Automated
Ferricyanide AAl) ; Revision 0, July 1992

Method Modifications and Clarifications

This procedure may be modified to analyze other matrices based on the needs of the
client. This will need to be arranged by the Project Manager at the initiation of the project.
Wipe, waste, and tissue matrices are non-routine, and the laboratory is not currently
NELAC ceriified for these matrices. The laboratory uses its routine soil RLs (converted for
initial and final volumes, etc.), and soil QC limits to evaluate wipe, waste, and tissue
samples. Soil DOCs can be used to satisfy analyst demonstrations of capability for these
types of non-routine matrices. Ottawa sand is used as the blank matrix for tissue samples
unless a “true” tissue matrix is required by the project.

SW-846 Methods 9012A and 9012B require samples to be prepared within 14 days of
collection and do not specify an analysis holding time. The laboratory has adopted EPA
Region IV guidance (as stated per SC DHEC) for cyanide distillates and requires analysis
of the sample within 24 hours of distillation.

The EPA Manual for the Certification of Laboratories Analyzing Drinking Water requires a
LFB at the MRL to be performed each day. The labcratory meets this requirement by
preparing an LCS at the RL in each batch of drinking water samples. The EPA DW
Manual does not specify criteria for the low-level LCS; therefore, the laboratory defaults to
50-150%.

Currently, only total cyanide water samples are prepared using the Micro distillation

procedure. Total cyanide soil samples, amenable cyanide samples, and WAD cyanide
samples are prepared using the MIDI distillation procedure.

Company Confidential & Proprietary



16.5

16.6

17.0

SOP No. SA-GE-040, Rev. 7TA
Effective Date: 04/12/2010
Page No.: 29 of 36

The reagent volumes utilized have been modified from the reference methods o
accommodate the reduced volumes needed for the MIDI distillation and the micro
distillation procedures. Method-specified reagent ratios have been maintained.

The EPA Manual for the Certification of Laboratories Analyzing Drinking Water requires
residual chlorine in cyanide samples be removed with ascorbic acid. Standard Methods
4500 CN" B advises against the use of ascorbic acid because it can form cyanide during
the distillation process. For this reason, the laboratory has chosen to use sodium arsenite
as the dechlorination agent as recommended in both SM 4500 CN" B and EPA 335.4.

Attachments

The following Tables, Diagrams, and/or Validation Data are included as Attachments:

Attachment 1. SOP Summary

Attachment 2: Sample Collection, Preservation, and Holding Time Table
Attachment 3: QC Summary

Attachment 4: Instrument Maintenance and Troubleshooting
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Attachment 1:
SOP Summary

Sample Preparation and Analysis Summary

When total cyanide is requested, the sample is refluxed with a strong acid. The cyanide
(as HCN) is released and distilled into an absorber-scrubber containing NaOH solution.
The cyanide ion in the absorbing solution is then determined colorimetrically at a
wavelength of 570nm. The cyanide is converted to cyanogen chioride (CNCI) by reaction
with chloramine-T at pH <8 without hydrolyzing to the cyanate ion. After the reaction is
complete, a colored complex is formed upon the addition of pyridine-barbituric acid
reagent.

When amenable cyanide is requested, the sample is treated with residual chlorine
(calcium hypochlorite) for one hour. After one hour, the excess chlorine is destroyed and
the sample is distilled and analyzed for cyanide. The cyanide amenable to chlorination is
the difference between the total cyanide and the cyanide measured in the sample after
treatment with chlorine. If cyanide amenable to chlorination is requested for a soil sample,
the sample is extracted with a sodium hydroxide solution. A portion of the leachate is
distilled and reported as the extractable cyanide, and a portion of the leachate is treated
with chiorine and distilled. The leaching procedure is required because the direct
chlorination of the sample may solubilize metal cyanides that will not be recovered by the
direct distillation of the soil.

When weak acid dissociable cyanide is requested, the analysis is performed in the same
manner as total cyanide except the sample is refluxed with a weak acid (i.e., acetic acid)
and buffered with zinc acetate.

Analytical Sequence
An example analytical sequence is listed below.

Description Comments

Blank

Initial Calibration

ICV Second Source

ICB

Samples & Batch

Qc items Up to 10 injections, including QC. Not to exceed 2 hours.

CCV

CCB

Samples & Batch

Qc ltems Up to 10 injections, including QC. Not to exceed 2 hours.

CcCV

CCB

Company Confidential & Proprietary



SOP No. SA-GE-040, Rev. 7A
Effective Date: 04/12/2010
Page No.: 31 of 36

Attachment 2:
Sample Collection, Preservation, and Holding Time Table

Listed below are the routine sample collection containers, preservatives, and holding times:

Minimum Dechlorination
Matrix Sample Container | Sample Size | Preservation Agent Holding Time'
Water . 50mL — MIDI
(Non-DW) 250mL Plastic 6mL — Micro NaOH None 14 Days
Water . 50mL - MIDI , . :
(DW) 250mL Plastic 6L - Micro NaOH Sodium Arsenite 14 days
Soil 8oz 19 NA NA 14 days

"Inclusive of preparation and analysis.

Note: Analysis must occur within 24 hours of preparation.
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QC ltem

Frequency Criteria

Corrective Action

Initial Calibration
(ICAL)

- Minimum 4 stds and 1
blank

Daily 2 >0.995

Recalibrate

Initiai Calibration
Verification
(ICV)

- Second Source

. 5
After each ICAL Within £10% of the true value

Recalibrate

Continuing Calibration

At the beginning and end of the analysis,

Terminate the analysis, fix the problem

Verification and after every 10 samples'(m 2 hours, | Within £10% of the true value and reanalyze the affected samples.
(CCV) whichever comes first)
Calibration Blank ‘ Terminate the analysis, correct problem
(ICB/CCB) AIrEERS ey ReShl's M and reanalyze the previous 10 samples.

Batch Definition

No more than 20 field samples, prepared

together within a 24 hour time period ot Apglicable

Not Applicable

Method Blank

One per batch Result < MDL

Evaluate according to SOP SA-QA-17

Laboratory Control
Sample
(LCS)

Cne per batch Within limits listed in the MLG

Evaluate according to SOP SA-QA-17

L aboratory Control
Sample Duplicate
(LCSD)

One per batch, when insufficient sample

is provided for MS/MSD/SD Within limits listed in the MLG

Evaluate according to SOP SA-QA-17

Low-Level Laboratory
Control Sample
(LLCS)

Drinking Water Only: One per batch Within limits listed in the MLG

Evaluate according to SOP SA-QA-17

Matrix Spike
(MS)

One per batch Within limits listed in the MLG

Evaluate according to SOP SA-QA-17

*Low recovery may indicate presence
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QC ltem Frequency Criteria Corrective Action
of residual chiorine. Recheck fresh
portion of sample with DPD pillows.
Evaluate according tc SOP SA-QA-17
MEHTHRESRIKEbHEIEaLE One per batch Within fimits listed in the MLG *Low recovery may indicate presence

(MSD)

of residual chlorine. Recheck fresh
portion of sample with DPD pillows.

Sample Duplicate

One per batch Within limits listed in the MLG

Evaluate according to SOP SA-QA-17

(SD)
initial Demonstration of Initially, per analyst, per
C(alll:p)gagl)ty analyte/method/matrix combination Refer to SOP SA-QA-06 Refer to SOP SA-QA-068
Continuing
Demonstration of Annually, per analyst, per ; ‘
Capability analyte/method/matrix combination Refer to SOP SA-QA-06 Refer to SOP SA-QA-06
(CDOC)

Study ¥ o Refer to SOP SA-QA-07 Refer to SOP SA-QA-07
(MDL) then annually thereafter

{Includes MDLV)

Reporting Limit
Verification
(RLV)

Upon analyte set-up, per
analyte/method/matrix combination, and
then annually thereafter
(for non-routine analytes where MDL
Study is not performed)

Refer to SOP SA-QA-07

Refer to SOP SA-QA-07
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Attachment 4:
Instrument Maintenance and Troubleshooting

Instrument Labeling
Each instrument must be labeled with its name or ID (e.g., MSA, ICP-D, etc.). Additionally,
non-ocperational instruments must be isolated from service or marked as being out of
service. Each piece of equipment has an “Operational / Not Operational” sticker that is
used for this purpose.

Maintenance Log
A maintenance log must be established for each piece of equipment used in the laboratory.

All maintenance that is performed on the instrument must be recorded in the log including:
- analyst or technician performing the maintenance
- date the maintenance was performed
- detailed explanation of the reason for the maintenance
- resolution of the problem and return to control
- all service calls from instrument representatives

Preventive Maintenance
Refer to the instrument manufacturer’'s guides for trouble-shooting items.

LABORATORY EQUIPMENT PREVENTIVE MAINTENANCE SCHEDULE

Service Interval

EQUIPMENTITEM | D|W|{M|Q]| SA | A|AN SERVICE LEVEL
Flow Cell X Flush with water, prior to initial
analysis and after shutdown.
Pump Tubes X Verify none have collapsed.
Replace as needed.
Pump Ol X Verify sufficient level. Change as
2 — needed.
Tubing X Inspect daily. Change as needed
and is reagent gets into lines.

D=daily; W=Weekly; M=monthly; Q=Quarterly; SA=semi-annually; A=annually; AN=as needed

Contingency Plan
Maintenance contracts are carried for most instrumentation and close contact is maintained
with service personnel to ensure optimal instrument functioning. An extensive spare parts
inventory is maintained for routine repairs. Since instrumentation is standardized
throughout the laboratory network, spare parts and components can be readily exchanged
among the network.

In general, the laboratory has at least one backup unit for each critical unit. In the event of
instrument failure, portions of the sample load may be diverted to duplicate instrumentation,
the analytical technique switched to an alternate approved technique (such as manual
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colorimetric determination as opposed to automated colorimetric determination), or samples
shipped to another properly certified or approved TestAmerica location.

Glassware Cleaning:

Rinse the glassware thoroughly with reagent water to remove all traces of soap. Soap residue
that remains in the glassware may cause foaming in the distillation apparatus. The glassware
should be rinsed with 10% nitric acid after rinsing with water to remove traces of cyanide and
hasic active sites and rinsed with deionized water to remove the acid residue.
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Revision History

Summary of Changes from Previous Revision:

GE40:02.27.09:6 (eff. date: 03/27/09) to SA-GE-040, Rev. 7 (eff. date: 04/12/10):

Updated to new TestAmerica SOP template. Significant formatting and content
changes made. Minor editorial changes made. Significant amount of new text has
been added.

Performed comparison of method versus SOP versus laboratory procedures and
made revisions and/or notations as needed. SOP has updated to reflect current
instrument configuration, standards and reagents and applicable recipes, etc.
Expanded method modification and clarification section.

Revised title of SOP.

Incorporated Micro Distillation procedures.

incorporated WAD cyanide procedures.

Revised method references to reflect current methods performed.

Changed the chlorination solution for amenable cyanide (as stated in method and
required by SC DHEC). Samples were previously chlorinated with Clorox. They are
now chlorinated with calcium hypochlorite.

Holding time for 9012A/9012B to analyze the distillates was revised to match EPA
Region 4 guidance (as required by SC DHEC). The sample must be analyzed within
24 hours of distillation instead of 14 days of collection.

Added the use of DPD Free Chlorine pillows as the required procedure for drinking
water samples. Included information to incorporate this check if MS/MSD fails.
Revised [CB/CCB criteria to be <1/2RL.

Changed TWA for sodium arsenite from 0.2mg to 0.010mg.

Added requirement that if samples are received unpreserved, then a 48-hour holding
time is applied.

Summary of Changes:

SA-GE-040, Rev. 7 (eff. date; 04/12/10) to SA-GE-040, Rev. 7A (eff. date: 04/12/10):

Revised holding time in Section 10.1.3 to reflect 24 hours from distillation in addition to
14 days from collection.

Approval Signature:

Chuclua &,Q-Q April 13. 2010

Andrea Teal Date
Quality Assurance Manager
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Scope and Application

This SOP gives the procedures for the determination of total and dissolved sulfide in water
and soil samples by titration. This procedure can also be used to determine the acid
soluble and insoluble sulfide concentrations of a water and soil samples that have
undergone the EPA 9030B distillation procedure.

A complete target analyte list, the reporting limits (RL), the method detection limits (MDL),
and the accuracy and precision criteria associated with this procedure are provided in the
LIMS Method Limit Groups (MLGS).

This SOP was written by and for TestAmerica’s Savannah laboratory.

Summary of Method

Sample Preparation

Total Sulfide: treat the sample with zinc acetate and sodium hydroxide. The sulfide is
precipitated as zinc sulfide. The precipitate is captured by centrifugation or filtration and
reconstituted in reagent water.

Dissolved Sulfide: the insoluble matter (suspended solids, particulates, color) may be
removed from an unpreserved sample by pre-treatment with sodium hydroxide and
aluminum chloride. The flocculation is allowed to settle and the liquid fraction is decanted
and titrated for sulfide.

Note: The sample pre-treatment should be performed in the field.

Acid Soluble Sulfides (distillation): a known volume or weight of sample is placed in a
specially designed reaction vessel. The vessel is swept with nitrogen to remove oxygen.
The vessel is heated to 70 + 5°C, and concentrated sulfuric acid is added to the sample
under a nitrogen atmosphere which prevents the oxidation of sulfide to sulfate or other
sulfur oxides not detected by this procedure. The liberated hydrogen sulfide is swept by
the nitrogen flow into a scrubber solution containing zinc acetate. The presence of sulfide
is evidenced by a white flocculation, zinc sulfide, in the scrubber solution. The acid
soluble fraction includes dissolved hydrogen sulfide, unionized hydrogen sulfide, and acid
soluble metal sulfides.

Insoluble Sulfides (distillation): a known volume or weight of sample is placed in a
specially designed reaction vessel. The vessel is swept with nitrogen to remove oxygen.
The vessel is heated to 100°C and concentrated hydrochloric acid is added to the sample
under a nitrogen atmosphere. The liberated hydrogen sulfide is swept by the nitrogen
flow into a scrubber solution containing zinc acetate. The presence of sulfide is evidenced
by a white flocculation, zinc sulfide, in the scrubber solution. ~ The insoluble sulfide
digestion is more rigorous and includes metal sulfides such as iron and tin sulfides.

Note: The laboratory’s default procedure will be to use the acid soluble digestion
unless both acid soluble and insoluble sulfides are requested.
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Sample Analysis

Sulfide is oxidized to sulfate in the presence of an excess of standardized iodine in an
acidic medium. The mass of sulfide present in a sample is proportional to the amount of
iodine required to oxidize the sulfide to sulfate. The excess iodine is back titrated with
standardized sodium thiosulfate. The addition of starch indicator near the endpoint
provides a clear endpoint.

The scrubber solutions are titrated in the same manner as routine samples. These
solutions are basic and may require additional 6N HCI to bring the pH into the proper
range for the titration. Samples that have undergone the preliminary preparation steps
generally do not have matrix interferences or require zinc acetate separation or aluminum
chloride flocculation.

This SOP is based on the following methods: EPA 376.1, EPA 9030B, EPA 9034, and
SM4500-S* F. Note: Based on the 2007 Method Update Rule, EPA Method 376.1 is not

approved for NPDES work. Standard Methods 4500-S” F is the approved NPDES
method.

Definitions

Refer to the Glossary Section of the Quality Assurance Manual (QAM) for a complete
listing of applicable definitions and acronyms.

Interferences

Procedural Interferences

Interferences may be caused by contaminants in solvents, reagents, glassware, and other
sample processing apparatus and can make identification and/or quantification of the
target analytes difficuit.

All sample collection containers are single-use disposable containers which limits the
potential for contamination. All non-disposable labware must be scrupulously cleaned in
accordance with the posted Labware Cleaning Instructions to ensure it is free from
contaminants and does not contribute artifacts.

High purity reagents and solvents are used to help minimize interference problems.
Hydrochloric acid and sulfuric acid must be verified prior to use in accordance with the
TestAmerica Solvent Lot Testing Program.

Instrument and/or-method -blanks-are—routinely - used -to-demonstrate -all- reagents- and
apparatus are free from interferences under the conditions of the analysis.

Aqueous samples must be collected with a minimum of aeration to avoid the oxidation of
sulfide to certain sulfur compounds that are not detected by this method.
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4,16 Highly colored samples may impair the endpoint determination. Color may be diluted out
by the addition of Reagent water (which will not affect the titration), or the sulfide can be
precipitated with ZnAc and NaOH.

4.1.7 If the starch indicator is added too early in the titration, the iodine will bind with the starch
and the titration will yield high bias results. The starch indicator must be added when a
pale yellow color remains.

4.1.8 Reducing substances such as thiosulfate, sulfite and various organic compounds interfere
with the iodometric titration by reacting with the iodine

4.2 Matrix Interferences

421 Matrix interferences may be caused by contaminants that are co-extracted from the
sample matrix.

4.2.2 Interfering contamination may occur when a sample containing low concentrations of
analytes is analyzed immediately following a sample containing relatively high
concentrations of analytes. As such, samples known to be clean should be analyzed first.
To prevent carryover into subsequent samples, analysis of reagent blanks may be needed
after the analysis of a sample containing high concentrations of analytes.

4.2.3 Sulfite, thiosulfate, and hydrosulfite in concentrations which exceed 10mg/L decompose in
acid to form sulfur dioxide which will be adsorbed in the zinc acetate scrubber solution.
Sulfur dioxide will react with the iodine to yield false positive results. The addition of
formaldehyde to the scrubber solution will prevent the sulfur dioxide from reacting with the
iodine.

4.2.4 If a substantial amount of solids are present, they may interfere with the stir bar during the
reaction time, causing low recoveries due to insufficient stirring.

5.0 Safety

Employees must abide by the policies and procedures in the TestAmerica Environmental
Health and Safety Manual (EHSM), the TestAmerica Savannah Addendum to the EHSM,
and this document.

This procedure may involve hazardous materials, operations, and equipment. This SOP
does not purport to address all of the safety problems associated with its use. It is the
responsibility of the user to follow appropriate safety, waste disposal, and health practices
under the assumption that all samples and reagents are potentially hazardous.

The analyst must protect himself/herself from exposure to the sample matrix. Many of the
“samples that are tested may contain hazardous chemical compounds or “biological = -
organisms. The analyst must, at a minimum, wear protective clothing (lab coat), eye
protection (safety glasses or face shield), disposable nitrile gloves, and closed-toe,

nonabsorbent shoes when handling samples.
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Specific Safety Concerns or Requirements

Sodium hydroxide is a severe corrosive. Skin contact can cause irritation or severe burns
and scarring. Contact with the eyes can instantly cause irritation, burns, permanent vision
impairment or blindness. Contact will destroy unprotected clothing.

Acetic acid is a corrosive. Contact with concentrated acetic acid can cause damage to the
skin and eyes. Inhalation of concentrated vapors may cause damage to the lining of the
nose, throat, and lungs.

Sulfuric acid is an oxidizer, a corrosive, a poison, and is reactive. Contact with the skin
can cause severe burns, redness, and pain. Acid vapors are irritating and can cause
damage to the eyes. Contact with the eyes can cause permanent damage. Contact will
destroy unprotected clothing.

Hydrochloric acid is extremely hazardous as an oxidizer, a corrosive, a poison, and is
reactive. It must always be handled under a properly functioning fume hood. It has a
strong suffocating odor and inhalation of the vapors can cause coughing, choking,
irritation of the nose, throat, and respiratory tract, breathing difficulties, and lead to
pneumonia and pulmonary edema. Contact with the skin can cause severe burns,
redness, and pain. Acid vapors are irritating and can cause damage to the eyes. Contact
with the eyes can cause permanent damage. Contact will destroy unprotected clothing.

Hydrogen sulfide (H,S) gas is extremely poisonous. Exposure to large amounts of
hydrogen sulfide gas can cause nausea, headaches, diarrhea, and even death. Although
very high levels of hydrogen sulfide rarely occur in environmental samples, the analyst
must be careful when handling these potentially dangerous samples.

The odor threshold for hydrogen sulfide is between 0.025ug/L and 0.25ug/L. This means
you will smell hydrogen sulfide gas (a rotten egg smell) at levels that are not considered
toxic -- only bothersome. If the "rotten egg” smell is present when the sample is opened,
the analysis of the sample should take place under a ventilation hood, or at a minimum, in
a well ventilated area. Do not perform this analysis alone or in an isolated area-make sure
that another lab employee is nearby.

The employee needs to follow all guidelines for glassware handling. Hand protection
must be utilized when trying to separate ground glass fittings. Latex gloves do not provide
protection from cuts from glassware.

Primary Materials Used

The following is a list of the materials used in this procedure, which have a serious or
significant hazard rating, and a summary of the primary hazards listed in their MSDS.

NOTE: This list does not include all materials used in the procedure. A complete list
of materials used in this procedure can be found in the Reagents and Standards Section
and the Equipment and Supplies Section of this SOP

Employees must review the information in the MSDS for each material before using it for
the first time or when there are major changes to the MSDS. Electronic copies of MSDS

Company Confidential & Proprietary



SOP No. SA-GE-085, Rev. 6
Effective Date: 01/15/2010
Page No.: 6 of 32

can be found using the "MSDS Online” button on the Oasis homepage, on the EH&S
webpage on Oasis, and on the QA Navigator.

Material

Hazards

Exposure
Limit'

Signs and Symptoms of Exposure

Acetic Acid

Corrosive
Poison
Flammable

10ppm-
TWA

Contact with concentrated solution may cause serious
damage to the skin and eyes. Inhalation of concentrated
vapors may cause serious damage to the lining of the nose,
throat, and lungs. Breathing difficulties may occur.

Formaldehyde

Poison

260 mg/m®
-TWA

Inhalation of vapors may cause respiratory irritation leading
to frequent bronchial infection. Eye contact causes redness,
watering, and itching. Skin contact causes itching, scaling,
and reddening or blistering.

lodine

Poison
Corrosive
Oxidizer

0.1ppm —
Ceiling

Vapors severely irritate and can burn the mucous
membranes and respiratory tract. Liquid contact may cause
blistering burns, irritation, and pain. Vapors may be severely
irritating to the skin. Vapors are severely irritating and may
cause damage to the eyes. Contact may cause severe
burns and permanent eye damage.

Sodium
Hydroxide

Corrosive

2mg/m’® —
Ceiling

Severe irritant. Effects from inhalation of dust or mist vary
from mild irritation to serious damage of the upper
respiratory tract, depending on severity of exposure.
Symptoms may include sneezing, sore throat or runny nose.
Contact with skin can cause irritation or severe burns and
scarring with greater exposures. Causes irritation of eyes,
and with greater exposures it can cause burns that may
result in permanent impairment of vision, even blindness.

Sodium Sulfide

Corrosive

10ppm —
TWA

15ppm —
STEL

Will form Hydrogen Sulfide (HS) gas if combined with strong
acids. Inhalation of HS gas may be fatal. Symptoms include
painful  conjunctivitis, headache, nausea, dizziness,
coughing and, in extreme cases, pulmonary edema and
possible death. Irritant. Contact with skin can produce
serious caustic burns with painful inflammation and possible
destruction of tissue. Inflammation, tearing and pain may be
expected. Severe contact can cause destruction of tissue.

Sulfuric Acid

Corrosive
Oxidizer
Dehydrator
Poison
Carcinogen

1 mg/m®—
TWA

Inhalation produces damaging effects on the mucous
membranes and upper respiratory tract. Symptoms may
include irritation of the nose and throat, and labored
breathing. Symptoms of redness, pain, and severe burn can
occur. Contact can cause blurred vision, redness, pain and
severe tissue burns. Can cause blindness.

Hydrochloric Acid

Corrosive
Poison

5ppm —
Ceiling

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

'Exposure limit refers to the OSHA regulatory exposure limit.

Note: Always add acid to water to prevent violent reactions.
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Equipment and Supplies

Equipment and Instrumentation

Analytical Balance - Verify in accordance with SOP SA-AN-100: Support Equipment
(Verification and Use)

Top-loading Balance — Verify in accordance with SOP SA-AN-100: Support Equipment
(Verification and Use)

Thermometers — Verify in accordance with SOP SA-AN-100: Support Equipment
(Verification and Use)

Centrifuge

10mL burette with 0.02mL increments — Verify in accordance with SOP SA-AN-100:
Support Equipment (Verification and Use)

Gas evolution apparatus (Attachment 5) consisting of the following:
- 500mL three neck round bottom flask with 24/40 standard taper joints.
- 125mL dropping funnel with Teflon stopcock

o Rubber stopper
o Oval stir bars and elongated stir bars
o Purge gas outlet arm
o Gas scrubbing bottles
- Tubing: Nalgene, 5/16" 1D
- Heating stir plate
- Nitrogen gas with regulator
- Glass dishes for water baths

Note: If insoluble sulfides are to be determined, the glass tubing leading to the scrubber is
replaced by Teflon or propylene tubing.

Lab Supplies

Volumetric Containers — various sizes; Class A, where applicable. Verify in accordance with
SOP SA-AN-100: Support Equipment (Verification and Use).

Mechanical Pipettes — various sizes. Verify in accordance with SOP SA-AN-100: Support
Equipment (Verification and Use).

Disposable Graduated Pipettes — various sizes. Verify in accordance with SOP SA-AN-100:
Support Equipment (Verification and Use). .

pH paper (narrow range) — provides a quick and easy way to approximate the pH of
a sample to determine if a sample has been properly preserved or if the pH of a
sample is in the proper range for a preparation step.

Lead Acetate (PbAc) Paper
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Disposable eyedroppers
Stir Plate
Teflon Stir Bars
Suction bulb
Desiccator
50mL disposable centrifuge tubes
Detergent — used for washing non-disposable labware.
Sample Collection Containers

All sample collection containers are single-use disposable containers which limits the
potential for contamination.

The routine sample collection containers supplied by the laboratory are purchased with a
Certificate of Analysis attesting to purity and are as follows:

Water Samples:
o Total Sulfide: 250mL plastic, containing 2N zinc acetate and NaOH
. Dissolved (Soluble) Sulfide: 300mL glass BOD bottles containing 0.60mL 6N
NaOH and 0.60mL AICl; solution.

Soil Samples: 40z glass containers

Reagents and Standards

Expiration Dates

Expiration dates (time from initial use or receipt to final use) for standard and reagent
materials must be set according to the guidance in this SOP. Note: These are maximum
expiration dates and are not to be considered an absolute guarantee of standard or
reagent quality. Sound judgment must be used when deciding whether to use a standard
or reagent. If there is doubt about the quality of a standard or reagent material, a new
material must be obtained or the standard or reagent material verified. Data quality must
not be compromised to extend a standard’s life — i.e., when in doubt, throw it out.

The expiration date of any standard or reagent must not exceed the expiration date of the
standard or reagent that was used to prepare it; that is, the "children may not outlive the
“parents”.

Unless listed elsewhere in this SOP, the expiration dates given below apply.

The expiration date for unopened standards and reagents is the manufacturer’s expiration
date.
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7.1.2 The expiration date for opened stock reagents is the manufacturer's expiration date or 5
years from the date opened, whichever is sooner.

7.1.3 The expiration date for prepared reagents is 6 months from the date prepared or the
expiration date of the parent reagent, whichever is sooner.

7.2 Reagents

Reagents must be prepared and documented in accordance with SOP SA-AN-41:
Reagent and Standard Materials Procedures.

Hydrochloric acid and sulfuric acid must be verified prior to use in accordance with the
TestAmerica Solvent Lot Testing Program.

Unless otherwise listed, all reagents are stored at room temperature.

7.2.1 Blank Matrix — Ottawa sand; Used for the preparation of soil QC samples

7.2.2 Laboratory Reagent Water — ASTM Type

7.2.3 Glacial Acetic Acid (CH;COOH) — reagent grade

7.2.4  Zinc Acetate [Zn(CH3;COQ), * 2H,0] — reagent grade

7.2.5 Zinc Acetate (2N) — Dissolve 449 of zinc acetate in 80mL of reagent water in a 100mL
volumetric flask. Dilute to 100mL with reagent water. Transfer this solution to a glass or
plastic container for storage.

7.2.6 Zinc Acetate (0.5M) — Dissolve 110g zinc acetate in 800mL reagent water. Add 1mL of
concentrated HCI and dilute to 1L with reagent water. Transfer this solution to a glass or

plastic container.

Note: HCI is added to this reagent to prevent the precipitation of zinc hydroxide
simultaneously with the zinc sulfide.

7.2.7 Sodium Hydroxide (NaOH) — reagent grade.

7.2.8 Sodium Hydroxide (6N) — In a 100mL volumetric flask, dissolve 24.0g NaOH in 80mL
reagent water. Place a stir bar in the volumetric flask, and stir the solution on a stir plate
until all of the NaOH has dissolved. Remove the stir bar and dilute to 100mL with reagent
water. Transfer this solution to a plastic container for storage.

7.2.9 Formaldehyde (37% solution) — reagent grade

— 72710 Sulfuric Acid (H,S0;,) = concentrated; reagent grade —
7.2.11 Hydrochloric Acid (HCI) — concentrated; reagent grade
7.2.12 Hydrochloric Acid (6N) — Under a ventilation hood, in a 1L glass beaker, place

approximately 400mL of reagent water. Place the beaker on a stir plate. Place a large
stir bar in the beaker and begin stirring the water. Slowty add 400mL of concentrated HCI.
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Allow this solution to mix until cooled to room temperature. Carefully transfer this solution
to a glass or plastic container for storage.

7.2.15 Potassium lodide (K!) — reagent grade

7.2.16 Starch Solution — reagent grade, commercially prepared. Transfer starch solution to a
plastic squirt bottle. 5,

7.2.17 Potassium lodate (KIO3) — reagent grade
7.2.18 Potassium lodate Solution

7.2.18.4  Dry 3-4g of KIOs at 180°C for a minimum of two hours. Allow to cool. Transfer to an
airtight container, and store in a dessicator until needed for the standardization of the
Sodium Thiosulfate Solution.

7.2.18.2 Using an analytical balance, weigh out 1.2 -1.5g of dried KIO;, measured to the
nearest 0.0001g. Quantitatively transfer the weighed KiO3 to a 250mL volumetric
flask, using several aliquots of reagent water to completely transfer the KIO3. Dilute to
volume with reagent water. Mix this solution and transfer to a glass or plastic
container.

Calculate the normality of the KIO; as follows:

A

N(KIO3) =
35.67g/eq®0.25L

Where:
A = weight of KIOj3 (in grams)
35.67g/eq = equivalent weight of KIOs
Record the normality of the KIO; on the Standardization Log.
7.2.19 Sodium Thiosulfate (Na,S,03) Solution (0.025N) — commercially prepared

Note: This solution must be standardized weekly against the Potassium lodate
Solution as detailed below.

72191 Rinse a 10mL burette with the Sodium Thiosulfate Solution (NaS,03). Fill the burette
with the N828203.

7.2.19.2 Weigh approximately 3.0g Kl (potassium iodide) into each of three 250mL Erlenmeyer
flasks. Add approximately 50mL reagent water and a stir bar to each flask. Begin
stirring this solution. Add 2mL 6N HCI to the Kl solution in each flask. Mix this
solution until the Kl dissolves.
Treat each flask individually from this point on.

7.2.19.3  Using a volumetric pipette, transfer 2.5mL of the KIOj3 solution to the Kl-acid solution.
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Titrate with 0.025N Na,S,03 to a pale yellow color. Add 1mL of starch indicator
solution (the solution will turn blue) and titrate drop-wise to a colorless endpoint.
Record the Na,S,0s titer in the Standardization Log.

Note: It is critical the analyst titrate to the palest yellow color distinguishable BEFORE
adding the starch indicator otherwise the starch will bind with the excess iodine and
cause biased high results. ‘

Titrate the other two standardization aliquots, recording all three titers in the log.

Calculate the normality (N) of the Na;S,04 as follows:

y_ A®B
V
Where:
A = mL of KIOj titrated
B = N of KIO;

V = mL Na;S,0; required to reach the endpoint
Record the normality of each solution in the Standardization Log.

Calculate the average of the three standardization analyses. Use the average
normality in the calculation of the normality of the lodine Solution.

7.2.20 lodine (l2) Solution (0.10N) — commercially prepared

7.2.201

7..2.20.2

7.2.20.3

7.2.20.4

7.2.20.5

Note: This solution must be standardized weekly and whenever a new bottle is
opened as detailed below.

Rinse the 10mL burette with the standardized Na,S,0;. Fill the burette with the
standard Na,S,03 to prepare for titration.

Using a volumetric pipette, transfer 2.5mL of 0.10N I, to each of three 250mL
Erenmeyer flasks.

Add 2mL of 6N HCI and approximately 50mL. of reagent water to each of the flasks.

Place the flask on a stir plate and add a stir bar. While stirring, titrate the iodide

solution with the standardized Na,S,0; to a pale yellow color. Add approximately 1mL

of the starch indicator solution, and titrate to a colorless endpoint.

Note: It is critical the analyst titrate to the palest yellow color distinguishable BEFORE

adding the starch indicator otherwise the starch will bind with the excess iodine and
“cause biased highresults.

Titrate each of the flasks containing the iodide solution and record the volume (mL) of
Na,S,05 required for each standardization in the Standardization Log.

Calculate the normality (N) of the I, solution as follows:
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MI2) = @

Where:
A = mL of standard Na,S,0;
B = normality of standard Na,S,03
V=mLof I,

Record the normalities determined for the I, along with the average normality of the
iodine solution in the Standardization Log.

Use the average normality in the calculation of the sulfide concentration.

7.2.21 Dessicant — Drierite

7.3

8.0

Standards

Standards must be prepared and documented in accordance with SOP SA-AN-41:
Reagent and Standard Materials Procedures. Certificates of analysis or purity must be
received with all purchased standards, and scanned and filed in the Data Archival Folder
on the G-drive.

Unless otherwise listed, all standards are stored at room temperature.

Sodium Sulfide Nonahydrate (Na,S+9H,0) — reagent grade. This solid must be stored in a
dessicator at all times.
Storage: Dessicator
Expiration:
Unopened: Manufacturer’'s expiration date or five years from receipt
Opened: Manufacturer’s expiration date or five years from receipt

Sulfide Stock Standard (approximately 10,000mg/L S) — In a 100mL volumetric flask,
dissolve 7.51g of Na,S+9H,0 in 80mL reagent water. Place a stir bar in the solution, and
stir on a stir plate until the solid is dissolved. Remove the stir bar and dilute to 100mL with
reagent water. Test the solution with narrow range pH paper. The pH must be >9. If the
pH is >9, then additional NaOH is added until pH >9 is achieved.

Storage: Room temperature, in 125mL plastic bottle

Expiration: Standardize weekly

Note: This stock solution must be standardized after preparation using the titration
procedure given in Section 10. Transfer 0.25mL of the stock standard to a flask
containing 2.5mL of 0.10N iodine and 2mL of 6N HCI. Perform the standardization in
triplicate and use the average for the preparation of intermediate, spiking, and
calibration standards.

Sample Collection, Preservation, Shipment, and Storage

Refer to Attachment 2 for a summary of bottles types, preservatives, and holding time
requirements.
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Agueous Samples

Total Sulfide

Aqueous samples are routinely collected in 250mL plastic containers containing 2N zinc
acetate and NaOH. Samples should be collected with zero headspace.

Samples must be iced at the time of collection and maintained at 4°C (less than 6°C but
not frozen) until the time of preparation and/or analysis. Samples must be prepared and
analyzed within 7 days of collection.

NCMs must be initiated for samples collected in improper containers and containing
improper or insufficient preservatives. NCMs must be initiated for samples that are
received containing headspace.

Preservation Checks

A Sulfide Verification

For each sample, upon sample receipt,

- Visually inspect the sample for a white precipitate indicating the presence of zinc
sulfide (ZnS).

- Place a piece of lead acetate (PbAc) paper in a disposable medicine cup.

- Wet the PbAc paper with concentrated acetic acid.

- Pour a few drops of sample into the medicine cup and note the color change of the
PbAc paper.

- If the PbAc paper remains white the sample is properly preserved with zinc acetate
(ZnAc).

- If the PbAc paper turns black the sample contains un-precipitated sulfide. Initiate a
Nonconformance Memo. Add a small aliquot of 2N ZnAc to the sample container.
Shake the sample gently to mix the ZnAc with the sample. Allow the precipitate to
settle. Check for the presence of sulfide again and repeat as necessary until all of the
sulfide in solution has been precipitated.

- Record the approximate volume of 2N ZnAc added to the sample.

Note: To avoid cross-contamination, use a separate medicine cup and piece of pH paper
per sample. Do not dip the PbAc paper into the sample container. The PbAc paper dye
may bleed into the sample and affect sample results.

2 pH Verification

For each sample, upon sample receipt,

- Place a piece of pH paper in a disposable medicine cup.

- Pour a few drops of sample into the medicine cup and note the color change of the pH
paper.

- If the pH is not greater than 9, initiate a Nonconformance Memo. Adjust the sample
pH to >9 using 6N NaOH.

Note: To avoid cross-contamination, use a separate medicine cup and piece of pH paper
per sample. Do not dip the pH paper into the sample container. The pH paper dye may
bleed into the sample and affect sample results.
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Dissolved (Soluble) Sulfide

Aqueous samples are routinely collected in 300mL glass BOD bottles containing 0.60mL
6N NaOH and 0.60mL AICl; solution. Samples should be collected with zero headspace.

Note: The sodium hydroxide and aluminum chloride should be added in the field
when the sample is taken from its source. If this is not possible, the reagents must be
added to the sample upon arrival in the lab and the analysis started as soon as
possible.

Samples must be iced at the time of collection and maintained at 4°C (less than 6°C but
not frozen) until the time of preparation and/or analysis. Samples must be analyzed within
7 days of collection.

NCMs must be initiated for samples collected in improper containers and containing
improper or insufficient preservatives. NCMs must be: initiated for samples that are
received containing headspace.

Soil Samples

Soil samples are routinely collected in 40z glass containers. The soil container must be
filled completely to avoid any exposure to air.

Samples must be iced at the time of collection and maintained at 4°C (less than 6°C but
not frozen) until the time of preparation and/or analysis. Samples must be analyzed within
14 days of collection.

NCMs must be initiated for samples that are received containing headspace.

Quality Control
SOP SA-QA-17: Evaluation of Batch QC Data and the SOP Summary in Attachment 3

provide requirements for evaluating QC data.
Batch QC
Batch QC must meet the criteria given in Attachment 3 of this SOP.

A preparation / analysis batch consists of up to 20 environmental samples and the
associated QC items analyzed together within a 24 hour period.

EPA Method 376.1 — Agqueous Samples

This method does not specify any QC items. The laboratory's minimum default QC items
required for each analytical batch are: a method blank, a laboratory control sample (LCS),
a matrix spike (MS), and a matrix spike duplicate (MSD). If there is insufficient sample to
perform the MS/MSD, this situation must be noted in the Batch Information section of the
extraction fog.

The routine container supplied for this method is a 250mL container. 250mL is required
for analysis. If there is insufficient sample to perform the required matrix spike(s) and/or
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sample duplicates, an NCM must be initiated on all affected samples to denote this
situation and the LCS must be performed in duplicate (i.e., LCSD). Insufficient sample
volume is defined as receiving less than a total of 750g.

MRL LCS for DW

The EPA Manual for the Certification of Laboratories Analyzing Drinking Water requires a
LFB at the MRL to be performed each day. Therefore, if analyzing drinking water
samples, an LCS at the RL must also be included in the required batch QC.

Standard Methods 4500-S* F — Aqueous Samples

The minimum QC items required for each analytical batch are: a method blank, a
laboratory control sample (LCS), a matrix spike (MS), a matrix spike duplicate (MSD), and
a sample duplicate. If there is insufficient sample to perform the MS/MSD or sample
duplicate, this situation must be noted in the Batch Information section of the extraction
log.

The routine container supplied for this method is a 250mL container. 250mL is required
for analysis. If there is insufficient sample to perform the required matrix spike(s) and/or
sample duplicates, an NCM must be initiated on all affected samples to denote this
situation and the LCS must be performed in duplicate (i.e., LCSD). Insufficient sample
volume is defined as receiving less than a total of 750g.

MRL LCS for DW

The EPA Manual for the Certification of Laboratories Analyzing Drinking Water requires a
LFB at the MRL to be performed each day. Therefore, if analyzing drinking water
samples, an LCS at the RL must also be included in the required batch QC.

EPA Methods 9030B and 9034 — Aqueous Samples

The minimum QC items required for each analytical batch are: a method blank, a
laboratory control sample (LCS), a matrix spike (MS), and a matrix spike duplicate. If
there is insufficient sample to perform the MS/MSD, this situation must be noted in the
Batch Information section of the extraction log.

The routine container supplied for this method is a 250mL container. 250mL is required
for analysis. If there is insufficient sample to perform the required matrix spike(s) and/or
sample duplicates, an NCM must be initiated on all affected samples to denote this
situation and the LCS must be performed in duplicate (i.e., LCSD). Insufficient sample
volume is defined as receiving less than a total of 750mL.

EPA Methods 9030B and 9034 — Soil Samples
The minimum QC items required for each analytical batch are: a method blank, a
laboratory control sample (LCS), a matrix spike (MS), and a matrix spike duplicate. If
there is insufficient sample to perform the MS/MSD, this situation must be noted in the
Batch Information section of the extraction log.

The routine container supplied for these methods is a 40z container. 10g is required for
analysis. If there is insufficient sample to perform the required matrix spike(s) and/or
sample duplicates, an NCM must be initiated on all affected samples to denote this
situation and the LCS must be performed in duplicate (i.e., LCSD). Insufficient sample
volume is defined as receiving less than a total of 15g.
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Instrument QC

There are no instrument QC items associated with this procedure.

Corrective Action for Out-of-Control Data

When the quality control parameters do not meet the criteria set forth in this SOP,
corrective action must be taken in accordance with SOP SA-QA-05: Preventive and
Corrective Action Procedures the QC Summary Table in Attachment 3. SOP SA-QA-05
provides contingencies for out-of-control data and gives guidance for exceptionally
permitting departures from approved policies and procedures. Nonconformance Memos
must be initiated to document all instances where QC criteria are not met and all
departures from approved policies and procedures.

Procedure

Sample Preparation

Soil samples must be homogenized prior to preparation in accordance with SOP SA-QA-15:
Compositing, Homogenization, and Segregation of Samples.

Total Sulfide Sample Preparation

Allow samples to come to room temperature before titration. No other sample preparation
is required prior to titration unless samples are highly colored or interferences are present.

For highly colored samples and samples with known or suspected interferences, the
sulfide must be separated from the interference as follows. The sample must have been
properly preserved upon arrival in the lab. The sulfide in a properly preserved sample will
be precipitated as zinc sulfide.

10.1.1.1  Draw a line on the sample container indicating the sample level in the container, using

a water-proof marker.

10.1.1.2 Shake the sample container vigorously. Pour the sample into centrifuge tubes, cap,

and centrifuge at 3/4 speed for approximately 3-5 minutes.

10.1.1.3 Decant the supernatant and discard. Add approximately 25-30mL of DI water to each

centrifuge tube and shake vigorously to loosen the precipitate in the bottom of the
centrifuge tube.

10.1.1.4 Pour the contents of each centrifuge tube back into the original sample container.

Dilute the precipitate back to the volume of the original sample indicated by the black
line on the sample container.

10.1.1.5 The prepared sample is titrated as in Section 10.3.

10.1.2 Dissolved (Soluble) Sulfide Sample Preparation — Un-distilled

The dissolved (soluble) sulfide sample should have been prepared in the field prior to
arrival in the laboratory. If the dissolved (soluble) sulfide sample was treated in the field
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with NaOH and AICls, allow the precipitate to settle and decant the supernatant liquid for
titration (Section 10.3).

If the sample was not prepared in the field, initiate an NCM. Add 0.6mL of 1N NaOH and
0.6mL of AICI; solution to 300mL unpreserved sample. Cap the container, and rotate the
container vigorously for 1 minute. Test the pH of the solution with wide range pH paper.
The pH should be between 6 and 9. If the pH is not between 6 and 9, add 1N NaOH
drop-wise until the proper pH is obtained. Allow the sample to settle 15 minutes or until a
clear supernatant can be withdrawn. Withdraw the clear supernatant and titrate as in
Section 10.3.

10.1.3 Dissolved (Soluble) Sulfide Sample Preparation — Distilled
10.1.3.1  Distillation Apparatus Set-up
Prepare the distillation apparatus as shown in Attachment 5.

10.1.3.1.1 Fill glass dishes 3/4 full with water and place on the heating/stir plate. Set heating/stir
plate setting between 2 and 3. Allow the water to heat for one hour.

10.1.3.1.2 Check the temperature of each water bath to ensure a temperature of 70°C + 5°C.
Adjust each water bath within this range. Record water bath temperatures in the
distillation log.

10.1.3.1.3 Using clamps, suspend the 500mL three-neck flask in the water bath. Place an oval
stir bar in the three-neck flask.

10.1.3.1.4 With the stopcock closed, carefully fill 125mL dropping funnels with 50mL
concentrated sulfuric acid (H,SQ,4). Place the rubber stopper in the top of the dropping
funnel. Place the dropping funnel in the center neck of the three-neck flask. Use a
clamp to provide support for the dropping funnel.

10.1.3.1.5 Into each of two scrubbing bottles, add 10 + 0.5mL of 0.5M zinc acetate, 5.0 £ 0.1mL
of 37% formaldehyde and 100mL DI water.

10.1.3.1.6 Attach prepared gas scrubbing bottles as shown in Attachment 5.
10.1.3.1.7 Connect the inlet nitrogen tube.
10.1.3.2 Sample Preparation — Soils

10.1.3.2.1 Weigh 10g of the homogenized sample in a weigh boat or into a small beaker. Record
the sample ID and the weight of the sample to the nearest 0.1g in the distillation log.

10.1.3.2.2 Remove the nitrogen inlet tube and transfer each sample into separate, labeled
reaction vessels. Reagent water is used to completely transfer the samples into the
reaction vessels. Replace the nitrogen inlet tube.

10.1.3.2.3 Remove the nitrogen inlet tube and add approximately 250mL of reagent water to
each distillation flask. Replace the nitrogen inlet tube.
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10.1.3.3 Sample Preparation — Liquids
10.1.3.3.1 Shake the sample vigorously to homogenize the sample.

10.1.3.3.2 Using a volumetric flask or graduated cylinder, quickly measure 250mL of sample.
Remove the nitrogen inlet tube and pour the sample aliquot into the three-neck flask.
Replace the nitrogen inlet tube. Record the sample ID and sample volume in the
distillation log.

10.1.3.4 Distillation Procedure

10.1.3.4.1 Turn nitrogen gas on at the tank. Adjust the regulator so that 3-5 bubbles per second
are being produced in each of the gas scrubbers. Purge the system for 15 minutes to
remove all oxygen.

10.1.3.4.2 Open the stopcock on the dropping funnel so that the H,SOy4 is flowing at a rate of
about 1 drop/second. When all of the H,SO, has been dropped into the sample, close
the stopcock.

10.1.3.4.3 Purge, stir and maintain a temperature of 70 +5°C for a total of 90 minutes. Record
the start time (the time at which the acid began to drop) in the distillation log.

10.1.3.4.4 After 90 minutes, turn off the nitrogen flow, and turn off the heat source. Record the
end time (time the nitrogen supply and heat source are turned off) in the distillation
log.

10.1.3.4.5 Remove the gas scrubbers from the distillation apparatus. Pour scrubber solutions
containing the sample distillate into a 250mL volumetric flask. Rinse the scrubbers
with small guantities of reagent water and add to the sample distillate. Dilute the
distillate to 250mL using reagent water.

10.1.3.4.6 Transfer the sample to a 250mL plastic container. Label sample container with the
sample ID, batch ID, date prepped, and analyst’s initials.

10.1.3.4.7 Distillates should be analyzed as soon as possible after distillation. If this is not
possible, store distillates at 4°C (less than 6 but not frozen) until analysis.

10.1.3.4.8 Using narrow range pH paper, test the pH of the sample remaining in the distillation
flask. Record the pH in the distillation log.

10.1.3.4.9 If the pH is greater than 1, the sample must be redistilled using an amount of acid
sufficient to bring the pH to less than 1.

_ _The amount of acid required to bring the pH to less than 1 can be determined by

taking an aliquot of sample equivalent to the weight of sample contained in the
distillation flask and adding concentrated H,SO, until the pH is less than 1. Record
the amount of acid required. When redistilling the sample, add the amount of
concentrated acid determined from the aliquot of sample and an excess of 10mL.

10.1.3.4.10  The prepared sample is titrated as in Section 10.3.
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10.1.4 Insoluble Sulfide Sample Preparation — Distilled

If both soluble and insoluble sulfides are requested, the sample is prepared according to
the procedures in this section. This is a more rigorous digestion that will liberate and
collect soluble and insoluble sulfides from the sample. If the sample is to be analyzed
only for insoluble sulfides, the sample may be dried (soils or solids) or evaporated
(aqueous) prior to the digestion and distillation. Insoluble sulfides are not volatile.

The digestion procedure for the soluble + insoluble or insoluble sulfide is the same as
used for the soluble sulfide with the following exceptions:

1) the digestion acid is concentrated hydrochloric

2) the temperature of the digestion is increased to 100°C

3) the tubing between the digestion vessel and the scrubber is changed to Teflon or
propylene

10.1.4.1 Distillation Apparatus Set-up
Prepare the distillation apparatus as shown in Attachment 5.

10.1.4.1.1 Fill glass dishes 3/4 full with water and place on the heating/stir plate. Set heating/stir
plate setting between 2 and 3. Allow the water to heat for one hour.

10.1.4.1.2 Check the temperature of each water bath to ensure a temperature of 100°C + 5°C.
Adjust each water bath within this range. Record water bath temperatures in the
distillation log.

10.1.4.1.3 Using clamps, suspend the 500mL three-neck flask in the water bath. Place an oval
stir bar in the three-neck flask.

10.1.4.1.4 With the stopcock closed, carefully fill 125mL dropping funnels with 50mL
concentrated hydrochloric acid (HCI). Place the rubber stopper in the top of the
dropping funnel. Place the dropping funnel in the center neck of the three-neck flask.
Use a clamp to provide support for the dropping funnel.

10.1.4.1.5 Into each of two scrubbing bottles, add 10 + 0.5mL of 0.5M zinc acetate, 5.0 + 0.1mL
of 37% formaldehyde and 100mL DI water.

10.1.4.1.6 Attach prepared gas scrubbing bottles as shown in Attachment 5.
10.1.4.1.7 Connect the inlet nitrogen tube.
10.1.4.2 Sample Preparation — Soils

10.1.4.2.1 Weigh 10g of the homogenized sample in a weigh boat or into a small beaker. Record
the sample ID and the weight of the sample to the nearest 0.1g in the distillation log.

10.1.4.2.2 Remove the nitrogen inlet tube and transfer each sample into separate, labeled

reaction vessels. Reagent water is used to completely transfer the samples into the
reaction vessels. Replace the nitrogen inlet tube.
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Remove the nitrogen inlet tube and add approximately 250mL of reagent water to
each distillation flask. Replace the nitrogen inlet tube.

Sample Preparation — Liquids
Shake the sample aliquot submitted vigorously to homogenize the sample.

Using a volumetric flask or graduated cylinder, quickly measure 250mL of sample.
Remove the nitrogen inlet tube and pour the sample aliquot into the three-neck flask.
Replace the nitrogen inlet tube. Record the sample ID and sample volume in the
distillation log.

Distillation Procedure

Turn nitrogen gas on at the tank. Adjust the regulator so that 3-5 bubbles per second
are being produced in each of the gas scrubbers. Purge the system to remove all
oxygen for 15 minutes.

Open the stopcock on the dropping funnel so that the HCl is flowing at a rate of about
1 drop/second. When all of the HCl has been added into the sample, close the
stopcock.

Purge, stir and maintain a temperature of 70°C for a total of 90 minutes. Record the
start time (the time at which the acid began to drop) in the distillation log.

After 90 minutes, turn off the nitrogen flow, and turn off the heat source. Record the
end time (time the nitrogen supply and heat source are turned off) in the distillation
log.

Remove the gas scrubbers from the distillation apparatus. Pour scrubber solutions
containing the sample distillate into a 250mL volumetric flask. Rinse the scrubbers
with small quantities of DI water and add to the sample distillate. Dilute the distillate to
250mL using DI water.

Transfer the sample to a 250mL plastic container. Label sample container with the
sample ID, batch ID, date prepped, and analyst’s initials.

Distillates should be analyzed as soon as possible after distillation. If it is not possible
to analyze right away, store distillates at 4°C (less than 6 but not frozen) until analysis.

Using narrow range pH paper, test the pH of the sample remaining in the distillation
flask. Record the pH in the distillation log.

If the pH is greater than 1, the sample must be redistilled using an amount of acid
sufficient to bring the pH to less than 1.

The amount of acid required to bring the pH to less than 1, can be determined by
taking an aliquot of sample equivalent to the weight of sample contained in the
distillation flask and adding concentrated HCI until the pH is less than 1. Record the
amount of acid required. When redistilling the sample, add the amount of
concentrated acid determined from the aliquot and an excess of 10mL.
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10.1.4.4.10 The prepared sample is titrated as in Section 10.3.

10.2

10.3

10.3.1

10.3.2

10.3.3

10.3.4

10.3.5

10.3.6

10.3.7

10.3.8

10.3.9

QC Sample Preparation

All QC samples are prepared in the same manner as samples using the appropriate steps
from Section 10.1.

Analysis

Remove the samples or distillates from the refrigerator and allow them to come to room
temperature.  The default procedure is to include QC items (method blank, LCS, MS/MSD,
and SD) in determining the maximum number of samples in the batch.

Rinse the 10mL burette with the standardized Na,S,03. Fill the burette with the Na,S,0O3 to
prepare for titration.

Using a volumetric pipette, transfer 2.5mL of standardized I, solution into a 500mL or
1000mL glass beaker (beaker size is dependent upon sample size). Place this solution on a
stir plate. Add a large stir bar.

Add 2mL of 6N HCI.

Using a permanent marker, mark a line on the sample bottle at the liquid level BEFORE
removing any sample.

Remove the beaker from the stir plate. Pipette the entire sample under the surface of the
lodine/HCI mixture using an automated pipetter and 50mL disposable pipettes. Rinse the
sample container with DI water and pour washings in the iodine-acid mixture also. Place the
beaker back on the stir plate and continue stirring.

Note: If only one sample container was submitted for sulfide analysis, a sample aliquot may
be analyzed instead of the entire sample. If this is the case, the sample must be shaken well
to mix the sample liquid with the precipitated sulfide.

If the solution turns colorless upon the addition of the sample, check the pH of the solution
with pH paper. Place a drop of the sample on the pH paper. Do not dip the pH paper into
the sample. If the pH is greater than 2, add 6N HCI in 2mL increments until the pH is less
than 2. If the pH is less than 2 and the solution has turned colorless, add 0.10N I in 1mL
increments until an orange color persists.

Record the sample ID, method number, matrix, LIMS batch ID, and total amount of |, added
to the solution in the sulfide run log.

10.3.10Turn on the stir plate to allow for mixing during titration.

10.3.11Titrate the sample solution with Na,S,03 to a pale yellow color.

10.3.12Add 1mL of starch indicator. The solution will turn blue.
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Note: It is critical that the analyst titrate to the palest yellow color distinguishable BEFORE
adding the starch indicator solution because the starch will bind with the iodine and cause
biased high results.

10.3.13Continue to titrate drop-wise until the sample solution turns colorless. Record the titer in the

sulfide run log.

10.3.14Fill the sample bottle with tap water to the previously marked level. Measure the volume of

11.1.1

11.1.2

11.2.1

11.2.2

water in the sample container with a graduated cylinder. The volume of water measured will
equal the volume of sample actually titrated if the entire sample aliquot was measured.
Record the sample volume titrated in the sulfide run log.

Calculations / Data Reduction

Data Reduction

Data must be evaluated in accordance with SOP SA-QA-02: Data Generation and
Review.

MS/MSD Evaluation

If the concentration of a target analyte in the un-spiked (native) sample is more than four
times the theoretical concentration of the matrix spike, the recovery is not reported and
the data is flagged.

Historical Data

Many of the laboratory’s clients submit samples for repeat monitoring purposes. Prior to
analysis, verify LIMS Worksheet Notes to determine if historical data is available for
review.

Calculations

The calculations associated with batch QC determinations are given in SOP SA-QA-17.
Applicable calculations include accuracy (% recovery) and precision (%RPD).

The calculation to determine final concentration is given as follows:

Liquids
mg.S (_A®B)—(C®D) ® 32.06 mg S ® 1000 mL
L 14 2 meq I, 1L
Where:
~ A=mL of standardized I,
B=Nofl,

C = mL of standardized Na,S,0;
D =N of N828203
V = volume of sample (mL)
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Soils
mg S S (A®B);‘(1C®D) ® 32.06 mg S ® 1000 g
kg W®solids o\, 2meql,  lhkg
Where:
A = mL of standardized |,
B=Nofl,

C = mL of standardized Na;S,03

D = N of Na;S,0; from Section

W = weight of sample (g)

FV = final volume of the distillate (mL)
Vt = volume of distillate titrated (mL)
solids = (percent solids)/100

Method Performance

Method Detection Limit Study (MDL)

Method detection limits as generated in accordance with 40CFR Part 136 Appendix B are
not applicable to this procedure. The reporting limit is based on the lowest discernable
value achievable by the instrument/labware.

The reporting limit must be verified annually (i.e., RLV) in accordance with the procedures
outlined in SOP SA-QA-07: Determination and Verification of Detection and Reporting
Limits.

QC Limit Generation, Control Charting, and Trend Analysis

The control limits for the batch QC items (e.g., LCS, MS/MSD, SD) for this procedure are
specified in the reference method and cannot be broadened; therefore, the laboratory
defaults to the method-defined limits and does not utilize in-house or laboratory-derived
limits for the evaluation of batch QC items.

Although the laboratory must default to the method-defined QC limits, control charting is a
useful tool and is performed to assess analyte recoveries over time to evaluate trends.
Control charting must be performed periodically (at a minimum annually) in accordance
with SOP SA-QA-17: Evaluation of Batch QC Data.

Demonstrations of Capability

Initial and continuing demonstration of capability must be performed in accordance with
SOP SA-QA-06: Training Procedures.

Prior to performing this procedure unsupervised, each new analyst who performs this
analysis must demonstrate proficiency per method/analyte combination by successful
completion of an initial demonstration of capability. The IDOC is performed by the
analysis of 4 consecutive LCSs that meet the method criteria for accuracy and precision.
The LCSs must be from a second source than that used to prepare the calibration
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standards. The IDOC must be documented on the IDOC Form shown in SOP SA-QA-06
with documentation routed to the QA Department for filing.

Annual continuing demonstrations of capability (CDOCs) are also required per analyst per
method/analyte combination. The CDOC requirement may be met by the consecutive
analysis of four LCS all in the same batch, by the analysis of four LCS analyzed in four
consecutive batches (in different batches on different days), via acceptable results on a
PT study, or analysis of client samples with statistically indistinguishable results when
compared to another certified analyst. The CDOC must be documented and routed to the
QA Department for filing.

Training Requirements

All training must be performed and documented in accordance with SOP SA-QA-06:
Training Procedures.

Note: The SOPs listed in the Reference/Cross-Reference Section are applicable to this

procedure. All employees performing this procedure must also be trained on these SOPs,
and/or have a general understanding of these procedures, as applicable.

Pollution Control

It is TestAmerica’s policy to evaluate each method and look for opportunities to minimize
waste generated (e.g., examining recycling options, ordering chemicals based on quantity
needed, preparing reagents based on anticipated usage and reagent stability, etc.).
Employees must abide by the policies in Section 13 of the Environmental Health and
Safety Manual and the TestAmerica Savannah Addendum to the EHSM.

This procedure has been evaluated for opportunities to minimize the waste generated.
Where reasonably feasible, pollution control procedures have been incorporated.

Waste Management

Waste management practices must be conducted consistent with all applicable federal,
state, and local rules and regulations. All waste (i.e., excess reagents, samples, and
method process wastes) must be disposed of in accordance with Section 9 of the
TestAmerica Savannah Addendum to the EHSM.  Waste description rules and land
disposal restrictions must be followed.

Waste Streams Produced by the Method

_ The following waste streams are produced when this method is carried out:

- Excess aqueous samples — Dispose according to characterization on the sample
disposal sheets. Neutralize non-hazardous samples before disposal into drain/sewer.
Transfer hazardous samples (identified on disposal sheets) to the waste department
for disposal.

- Excess soil and solid samples — Dispose according to characterization on sample

Company Confidential & Proprietary



SOP No. SA-GE-085, Rev. 6
Effective Date: 01/15/2010
Page No.: 25 of 32

disposal sheets. Transfer non-hazardous samples to TCLP container for
characterization in hazardous waste department. Transfer hazardous samples
(identified on disposal sheets) to waste department for disposal.

- Acidic residue from the distillation flasks must be neutralized before disposal into the
sewer system.

- Non-hazardous acidic and alkaline wastewater and samples must be neutralized
before disposal into the sewer system.

15.0 References /| Cross-References

SOP SA-AN-41: Reagent and Standard Materials Procedures
SOP SA-AN-100: Support Equipment (Verification and Use)
SOP SA-QA-02: Data Generation and Review
SOP SA-QA-05: Preventive and Corrective Action Procedures
SOP SA-QA-06: Training Procedures
SOP SA-QA-07: Determination and Verification of Detection and Reporting Limits
SOP SA-QA-15: Homogenization, Compositing, and Segregation of Samples
SOP SA-QA-17: Evaluation of Batch QC Data
TestAmerica Savannah Quality Assurance Manual
TestAmerica Environmental Health and Safety Manual (CW-E-M-001)
TestAmerica Savannah Addendum to the Environmental Health and Safety Manual
Standard Methods for the Examination of Water and Wastewater, Online Edition;
American Public Health Association: Washington, DC
« SM4020: Quality Assurance/Quality Control
. SM4500-S* F: Sulfide, lodometric Method, 2000
« Methods for Chemical Analysis of Water and Wastes; U.S. EPA Office of Research and
Development: Cincinnati, OH, March, 1983
o EPA 376.1: Sulfide (Titrimetric, lodine);, 1978
« Test Methods for Evaluating Solid Waste, Third Edition On-line; U.S. EPA Office of Solid
Waste and Emergency Response: Washington, DC
. EPA 9030B: Acid-Soluble and Acid-Insoluble Sulfides: Distillation; Revision
2, December 1996
« EPA 9030B: Titrimetric Procedure for Acid-Soluble and Acid-Insoluble
Sulfides; Revision 0, December 1996

16.0 Method Modifications and Clarifications

16.1  This procedure may be modified to analyze other matrices (e.g., waste or tissue samples)
based on the needs of the client. This will need to be arranged by the Project Manager at
the initiation of the project. Wipe, waste, and tissue matrices are non-routine, and the
laboratory is not currently NELAC certified for these matrices.” The laboratory uses its™ —
routine soil RLs (converted for initial and final volumes, etc.), and soil QC limits to
evaluate wipe, waste, and tissue samples. Soil DOCs can be used to satisfy analyst
demonstrations of capability for these types of non-routine matrices. Ottawa sand is used
as the blank matrix for tissue samples unless a “true” tissue matrix is required by the

project.
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The EPA Manual for the Certification of Laboratories Analyzing Drinking Water requires a
LFB at the MRL to be performed each day. The laboratory meets this requirement by
preparing an LCS at the RL in each batch of drinking water samples. The EPA DW
Manual does not specify criteria for the low-level LCS; therefore, the laboratory defaults to
50-150%.

The laboratory has incorporated the minimum batch QC items as outlined in Section 9.1.
Some additional QC items are routinely performed above those required in the reference
methods (i.e., LCSD and MS/MSD) to satisfy common regulatory and/or client requests for
precision data and/or to facilitate scheduling and data evaluation.

Based on the 2007 Method Update Rule, EPA Method 376.1 is not approved for NPDES
work. Standard Methods 4500-S% F is the approved NPDES method.

Attachments
The following Tables, Diagrams, and/or Validation Data are included as Attachments:

Attachment 1: SOP Summary

Attachment 2: Sample Collection, Preservation, and Holding Time Table
Attachment 3: QC Summary

Attachment 4: Instrument Maintenance and Troubleshooting
Attachment 5: Gas Evolution Apparatus
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Attachment 1:
SOP Summary

Sample Preparation Summary

Total Sulfide: treat the sample with zinc acetate and sodium hydroxide. The sulfide is
precipitated as zinc sulfide. The precipitate is captured by centrifugation or filtration and
reconstituted in reagent water.

Dissolved Sulfide: the insoluble matter (suspended solids, particulates, color) may be
removed from an unpreserved sample by pre-treatment with sodium hydroxide and
aluminum chloride. The flocculation is allowed to settle and the liquid fraction is decanted
and titrated for sulfide.

Note: The sample pre-treatment should be performed in the field.

Acid Soluble Sulfides (distillation): a known volume or weight of sample is placed in a
specially designed reaction vessel. The vessel is swept with nitrogen to remove oxygen.
The vessel is heated to 70 + 5°C, and concentrated sulfuric acid is added to the sample
under a nitrogen atmosphere which prevents the oxidation of sulfide to sulfate or other
sulfur oxides not detected by this procedure. The liberated hydrogen sulfide is swept by
the nitrogen flow into a scrubber solution containing zinc acetate. The presence of sulfide
is evidenced by a white flocculation, zinc sulfide, in the scrubber solution. The acid
soluble fraction includes dissolved hydrogen sulfide, unionized hydrogen sulfide, and acid
soluble metal sulfides.

Insoluble Sulfides (distillation): a known volume or weight of sample is placed in a
specially designed reaction vessel. The vessel is swept with nitrogen to remove oxygen.
The vessel is heated to 100°C and concentrated hydrochloric acid is added to the sample
under a nitrogen atmosphere. The liberated hydrogen sulfide is swept by the nitrogen
flow into a scrubber solution containing zinc acetate. The presence of sulfide is evidenced
by a white flocculation, zinc sulfide, in the scrubber solution. The insoluble sulfide
digestion is more rigorous and includes metal sulfides such as iron and tin sulfides.

Note: The laboratory’s default procedure will be to use the acid soluble digestion
unless both acid soluble and insoluble sulfides are requested.

Sample Analysis Summary

Sulfide is oxidized to sulfate in the presence of an excess of standardized iodine in an

acidic medium. The mass of sulfide present in a sample is proportional to the amount of

iodine required to oxidize the sulfide to sulfate. The excess iodine is back titrated with

standardized sodium thiosulfate. The addition of starch indicator near the endpoint
—provides a clear endpoint.- - — — —

The scrubber solutions are titrated in the same manner as routine samples. These
solutions are basic and may require additional 6N HCI to bring the pH into the proper
range for the titration. Samples that have undergone the preliminary preparation steps
generally do not have matrix interferences or require zinc acetate separation or aluminum
chloride flocculation.
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Attachment 2:
Sample Collection, Preservation, and Holding Time Table
- . Minimum Y
Matrix Methods Sample Container Sample Size Preservation Decle::::ltlon Holding Time "
Water: EPA 376.1
Total Suh;i de SM4500S2-F 250mL plastic 250mL 2N ZnAc/NaOH None 7 days
EPA 9034
Solid:
Total Sulfide EPA 9034 40z glass 5g None None 14 days
) EPA 376.1 0.60mL 6N
Dconrer i | SMas0os2F [ S00M GeSS BOD | 250mL | NaOH /0.60mL None 7 days
EPA 9034 AlICl;
Solid:
Dissolved Sulfide EPA 9034 40z glass 59 None None 14 days
Water: . 7 Days?
Acid Soluble EPA 9030/9034 250mL plastic 250mL 2N ZnAc/NaOH None 8 Hours®
Solid: 14 Days”
Acid Soluble EPA 9030/9034 40z glass 5g None None 8 Hours>
. 2
picicch EPA9030/9034 | 250mL plastic 250mL | 2N ZnAc/NaOH None PSS,
Acid Insoluble 8 Hours
Solid: 14 Days®
Acid Insoluble EPA 9030/9034 40z glass 5g None None 8 Hours®

'Unless noted, holding time is from collection to analysis
2From collection to distillation (or analysis, if undistilled)
From distillation to analysis
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QC Summary
QC ltem Frequency Criteria Corrective Action
Prepared/Analyzed together w/in 24-hr
Batch Definition timeframe; not to exceed 20 field Not Applicable Not Applicable
samples
MetrijE}Blank One per batch result <1/2 RL Evaluate according to SOP SA-QA-17
Laboratory Control
Sample One per batch Within limits listed in the MLG | Evaluate according to SOP SA-QA-17
(LCS)
Low-Level Laboratory
Control Sample : i & batch | Within limits listed in the MLG | Evaluate according to SOP SA-QA-17
(LLCS) (Drinking Water only)
Ma’tEK:1 E?)plke One per bach Within limits listed in the MLG Evaluate according to SOP SA-QA-17
Matrix S(pl)\iAkSeDE))uplicate One per batch Within limits listed in the MLG Evaluate according to SOP SA-QA-17
SampI?SEIDDL;pIicate One per batch Within limits listed in the MLG Evaluate according to SOP SA-QA-17
Initial Demonstration of Initially:
Capability Y. Within limits listed in the MLG Refer to SOP SA-QA-06
Per analyst
(IDOC)
Continuing |
Demonstration of Annually; ek .
Capability Per analyst Within limits listed in the MLG Refer to SOP SA-QA-06
(CDOC)
Reporting Limit Annually, at a minimum Refer to SOP SA-QA-07 Refer to SOP SA-QA-07
Verification
(RLV)
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Attachment 4:
Instrument Maintenance and Troubleshooting

Instrument Labeling

Each instrument must be labeled with its name or ID (e.g., MSA, ICP-D, etc.). Additionally,
non-operational instruments must be isolated from service or marked as being out of
service. Each piece of equipment has an “Operational / Not Operational” sticker that is
used for this purpose.

Maintenance Log
A maintenance log must be established for each piece of equipment used in the laboratory.
All maintenance that is performed on the instrument must be recorded in the log including:
- analyst or technician performing the maintenance
date the maintenance was performed
detailed explanation of the reason for the maintenance
resolution of the problem and return to control
all service calls from instrument representatives

Preventive Maintenance
Inspect the glass joints and connections for leaks and cracks each time the apparatus is
used. Replace or repair parts that are defective.

The apparatus should be observed while the distillation and purging process is going on.
The presence of a steady stream of bubbles indicates that the system is leak-tight. A
distillation unit that does not have a steady stream of bubbles should be inspected for
leaks.

Desiccator Maintenance
Upright Desiccators with Doors

The following checks must be performed daily:
» Desiccant is active

» Hygrometer is in the low humidity zone

« Door is making an air tight seal

The desiccator door must remain closed and seated whenever possible.

When the desiccant turns from blue to light purple, discard desiccant, in
accordance with the TestAmerica Savannah Addendum to the EHSM, and refill
pan with fresh desiccant.

Contingency Plan
_In general, the laboratory has at least one backup unit for each critical unit. In the event of

instrument failure, portions of the sample load may be diverted to duplicate instrumentation,
the analytical technique switched to an alternate approved technique (such as manual
colorimetric determination as opposed to automated colorimetric determination), or samples
shipped to another properly certified or approved TestAmerica location.
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Attachment 5:
Gas Evolution Apparatus

H,8Q, (HCI for Acid Insoiuble Sulfides)
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and a
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with Magnetic Stirrer W Scrubbing
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Siirring Ber ) L]

Company Confidential & Proprietary



18.0

SOP No. SA-GE-085, Rev. 6
Effective Date: 01/15/2010
Page No.: 32 of 32

Revision History

Summary of Changes from Previous Revision:

Updated to new TestAmerica SOP template. Significant formatting and content
changes made. Minor editorial changes made. Performed review of SOP versus
method versus laboratory procedure and made changes as applicable. Updated
standards and reagents information/recipes/storage/expiration to reflect current
practice. Included additional information into Method Modifications and Clarifications
Section.

Incorporated SOP GE100: Sulfide by lodometric Titration. SOP GE100 has been

made obsolete.

Incorporated information from SOP AN22: Desiccator Maintenance and Use. This
SOP is now obsolete.

Revised title of SOP to clarify target analytes.

Removed method modification allowing pouring the scrubber solution into the beaker
as opposed to using a pipette. This modification is no longer allowed, and a pipette
must be used. (Per SC DHEC Desk Audit response, 2009)

Changed routine sample collection container from ZnAc to ZnAc/NaOH.

Removed reference to pH/Pb/Ac Screening Log. No longer used.

Revised required batch QC items and included information on determination of
insufficient sample for MS/MSD. Added requirement to perform LCS/LCSD if
MS/MSD cannot be performed.

Added Low-Level LCS requirement for drinking water samples.

Added requirement to perform annual RLV.

Changed temperature requirements in distillation procedure.

Added reference to MUR and note that EPA 376.1 is not approved for NPDES.
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Scope and Application

This SOP gives the procedures for the preparation of metals in water and leachate
samples prior to analysis by ICP (SOP SA-ME-070: Elements by ICP) or ICP/MS (SOP
SA-ME-074: Elements by ICP/MS).

A complete target analyte list, the reporting limits (RL), the method detection limits (MDL),
and the accuracy and precision criteria associated with this procedure are provided in the
LIMS Method Limit Groups (MLGs).

This SOP was written by and for TestAmerica’s Savannah laboratory.

Summary of Method

Total Recoverable Metals: A known volume of sample, usually 50mL, is transferred to a
digestion vessel. The sample is refluxed with dilute nitric acid and hydrochloric acid at
approximately 95°C. After the sample has evaporated to approximately 10-20mL, the
sample is brought up to the original volume with reagent water. The laboratory utilizes
two versions of the Total Recoverable preparation procedure. One version is equivalent
to the EPA 3005A procedure and the second procedure is equivalent to the EPA 200.7
and 200.8 procedures.

Total Metals and TCLP/SPLP Leachates: A known volume of sample, usually 50mL, is
transferred to a digestion vessel. The sample is refluxed with nitric acid at approximately
95°C. After the sample has digested, as evidenced by a clear, pale yellow color, HCl is
added and the sample is brought up to the original volume with reagent water. This
procedure is equivalent to EPA 3010A, and is utilized as the total metals preparation
procedure for the EPA 200.7 and EPA 200.8.

Acid Extractable Metals: A known volume of sample, usually 50mL, preserved with nitric
acid, is transferred to a digestion vessel. Hydrochloric acid is added and the sample is
heated on a hot block for 15 minutes. The sample is filtered and the final volume adjusted
ta the originatl volume. This procedure is equivalent to Standard Methods 3030C.

Silica Samples for EPA 200.7 and EPA 6010C: Liquid samples are filtered. The filtered
liquid samples are analyzed by ICP.

Drinking water samples for EPA 200.7 and EPA 200.8 with a turbidity concentration of
less than 1INTU may be analyzed with no digestion. The exception to this rule is silver,
which requires sample digestion prior to analysis. If the sample turbidity is >1NTU, then
the EPA 200.7 or the EPA Method 200.8 preparation procedure is used.

Sampiles filtered for the determination of dissolved metals do not require digestion if the

following criteria are met:

1) The sample has a low COD (<20mg/L);

2) The sample has a turbidity <1NTU ;

3) The sample is colorless with no significant odor ; and

4} The sample is of one liquid phase and is free of suspended particulates or precipitates
after acidification.
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Note: Generally the lab will digest samples for dissolved metals, even if the above criteria
are met, as the presence of organics in the native sample may lead to false positives for
arsenic and selenium.

This SOP is based on the following methods: EPA 200.7, EPA 200.8, EPA 3005A, EPA
3010A, and Standard Methods 3030C.

Definitions

Refer to the Glossary Section of the Quality Assurance Manual (QAM) for a complete
listing of applicable definitions and acronyms.

Interferences

Procedural Interferences

Interferences may be caused by contaminants in solvents, reagents, glassware, and other
sample processing apparatus and can make identification and/or quantification of the
target analytes difficult.

All sample collection containers are single-use disposable containers which limits the
potential for contamination. All non-disposable labware must be scrupulously cleaned in
accordance with the posted Labware Cleaning Instructions to ensure it is free from
contaminants and does not contribute artifacts.

High purity reagents and solvents are used to help minimize interference problems.
Hydrochloric acid and nitric acid must be verified prior to use in accordance with the
TestAmerica Solvent Lot Testing Program.

Instrument and/or method blanks are routinely used to demonstrate all reagents and
apparatus are free from interferences under the conditions of the analysis.

Matrix Interferences

Matrix interferences may be caused by contaminants that are co-extracted from the
sample matrix. The sample may require cleanup or dilution prior to analysis to reduce or
eliminate the interferences.

Interfering contamination may occur when a sample containing low concentrations of
analytes is analyzed immediately following a sample containing relatively high
concentrations of analytes. As such, samples known to be clean should be analyzed first.
To prevent carryover into subsequent samples, analysis of reagent blanks may be needed
after the analysis of a sample containing high concentrations of analytes.

Turbidity Matrix Interferences

4.2.3.1 The presence of floating debris and coarse sediments which settle out rapidly will give a low

reading. Air bubbles will affect the results positively.
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4.2.3.2 The presence of true color, that is the color of water which is due to dissolved substances

that absorb light, will cause turbidities to be low, although this effect is generally not
significant with drinking waters.

4.2.3.3 Light absorbing materials such as activated carbon in significant concentrations can cause

5.0

5.1

52

low readings.

Safety

Employees must abide by the policies and procedures in the TestAmerica Environmental
Health and Safety Manual (EHSM), the TestAmerica Savannah Addendum to the EHSM,
and this document.

This procedure may involve hazardous materials, operations, and equipment. This SOP
does not purport to address all of the safety problems associated with its use. It is the
responsibility of the user to follow appropriate safety, waste disposal, and health practices
under the assumption that all samples and reagents are potentially hazardous.

The analyst must protect himself/herself from exposure to the sample matrix. Many of the
samples that are tested may contain hazardous chemical compounds or biological
organisms. The analyst must, at a minimum, wear protective clothing (lab coat), eye
protection (safety glasses or face shield), disposable latex or nitrile gloves, and closed-
toe, nonabsorbent shoes when handling samples.

Specific Safety Concerns or Requirements

Nitric and hydrochloric acids are extremely hazardous as oxidizers, corrosives, poisons,
and are reactive. [nhalation of the vapors can cause coughing, choking, irritation of the
nose, throat, and respiratory tract, breathing difficulties, and lead to pneumonia and
pulmonary edema. Contact with the skin can cause severe burns, redness, and pain.
Nitric acid can cause deep ulcers, and staining of the skin to a yellow or yellow-brown
color. These acid vapors are irritating and can cause damage to the eyes. Contact with
the eyes can cause permanent damage.

Samples that contain high concentrations of carbonates or organic matter, or samples that
are at elevated pH can react violently when acids are added. Acids must be added to
samples under a hood to avoid splash/splatter hazards and/or possibly toxic vapors that
will be given off when the samples are acidified.

Primary Materials Used

The following is a list of the materials used in this procedure, which have a serious or
significant hazard rating, and a summary of the primary hazards listed in their MSDS.

NOTE: This list does not include all materials used in the procedure. A complete list
of materials used in this procedure can be found in the Reagents and Standards Section
and the Equipment and Supplies Section of this SOP

Employees must review the information in the MSDS for each material before using it for
the first time or when there are major changes to the MSDS. Electronic copies of MSDS
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can be found using the “MSDS” link on the Oasis homepage, on the EH&S webpage on
Oasis, and on the QA Navigator.

Exposure

Material Hazards Limit' Signs and Symptoms of Exposure
Inhalation of vapors can cause coughing, choking,
inflammation of the nose, throat, and upper respiratory
tract, and in severe cases, pulmonary edema,
circulatory failure, and death. Can cause redness,
pain, and severe skin burns. Vapors are irritating and
may cause damage to the eyes. Contact may cause
severe burns and permanent eye damage.

Hydrochloric | Corrosive 5ppm -
Acid? Poison Ceiling

Nitric acid is extremely hazardous; it is corrosive,
reactive, an oxidizer, and a poison. Inhalation of
vapors can cause breathing difficulties and lead to
20D - pneumonia and pulmonary edema, which may be fatal.
Corrosive 'FI?\‘/)VA Other symptoms may include coughing, choking, and
Nitric Acid? Oxidizer 4o0m - irritation of the nose, throat, and respiratory tract. Can

Poison Sp'lr')EL cause redness, pain, and severe skin burns.
Concentrated solutions cause deep ulcers and stain
skin a vyellow or yellow-brown color. Vapors are
irritating and may cause damage to the eyes. Contact
may cause severe burns and permanent eye damage.

"Exposure limit refers to the OSHA regulatory exposure limit.

“Always add acid to water to prevent violent reactions.

6.0 Equipment and Supplies

6.1 Equipment and Instrumentation

Thermometers — Verify in accordance with SOP SA-AN-100: Laboratory Support Equipment
(Verification and Use)

Digestion block — capable of maintaining a sample digestion temperature of 95+5°C. The
temperature of the digestion block must be monitored and recorded for each batch. The
temperature is measured in a beaker or digestion vessel containing reagent water.
Turbidimeter — Hach Model 2100AN

6.2 Lab Supplies

Volumetric Containers — various sizes; Class A, where applicable. Verify in accordance with
SOP SA-AN-100: Laboratory Support Equipment (Verification and Use)

Mechanical Pipettes — various sizes. Verify in accordance with SOP SA-AN-100: Laboratory
Support Equipment (Verification and Use)
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Disposable Graduated Pipettes — various sizes. Verify in accordance with SOP SA-AN-100:
Laboratory Support Equipment (Verification and Use)

pH paper — provides a quick and easy way to approximate the pH of a sample to
determine if a sample has been properly preserved or if the pH of a sample is in the
proper range for a preparation step. pH paper should be checked upon receipt, as
follows, to make sure that it is functioning properly.

- Examine the pH paper. If the paper is discolored or looks worn, it may be
defective.

- Place a piece of pH paper on a watch glass or other suitable surface and add a
few drops of a certified buffer solution onto the paper.

- Compare the color of the pH paper to the reference colors. If the colors match,
the paper can be used. If not, acquire new paper.

Detergent — Alconox or equivalent, used for washing non-disposable labware.

Digestion vessels — appropriate volume for use with digestion block. Verify for volume
accuracy per fot in accordance with SOP SA-AN-100: Laboratory Support Equipment
(Verification and Use)

0.45um polypropylene filters and syringes

Sample Cells for Turbidimeter — clear and colorless. The cells must be kept clean, and
discarded when they become scratched or etched.

Disposable Medicine Cups
Sample Collection Containers

All sample collection containers are single-use disposable containers which limits the
potential for contamination.

The routine sample collection containers supplied by the laboratory are:

250mL plastic — purchased with Certificate of Analysis attesting to purity.

Reagents and Standards

Expiration Dates

Expiration dates (time from initial use or receipt to final use) for standard and reagent
materials must be set according to the guidance in this SOP. Note: These are maximum
expiration dates and are not to be considered an absolute guarantee of standard or
reagent quality. Sound judgment must be used when deciding whether to use a standard
or reagent. If there is doubt about the quality of a standard or reagent material, a new
material must be obtained or the standard or reagent material verified. Data quality must
not be compromised to extend a standard’s life —i.e., when in doubt, throw it out.

The expiration date of any standard or reagent must not exceed the expiration date of the
standard or reagent that was used to prepare it; that is, the "children may not outlive the
parents".
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Reagents
Reagents must be prepared and documented in accordance with SOP SA-AN-41:

Reagent and Standard Materials Procedures.

Hydrochloric acid and nitric acid must be verified prior to use in accordance with the
TestAmerica Solvent Lot Testing Program.

Laboratory Reagent Water — ASTM Type |

Nitric acid (HNO3): reagent grade. Stable under ordinary conditions of use and storage.
Storage: Store in a cool, dry, ventilated storage area with acid resistant floors and good
drainage. Store away from sunlight, heat, water, and incompatible materials.
Expiration:

Unopened: Manufacturer's expiration date

Opened: 5 years from date of opening
Hydrochloric acid (HCI): reagent grade. Stable under ordinary conditions of use and
storage.
Storage: Store in a cool, dry, ventilated storage area with acid resistant floors and good
drainage. Store away from sunlight, heat, water, and incompatible materials.
Expiration:

Unopened: Manufacturer’'s expiration date

Opened: 5 years from date of opening

Standards

Standards must be prepared and documented in accordance with SOP SA-AN-41:
Reagent and Standard Materials Procedures. Certificates of analysis or purity must be
received with all purchased standards, and scanned and filed in the Data Archival Folder
on the G-drive.

Turbidity Standards

7.3.1.1 Formazin Stock Standard — 7500NTU Hach Ampoule

Storage: Store at room temperature
Expiration: Manufacturer’s expiration date

7.3.1.2 Formazin Stock Standard — 4000NTU Hach Solution

Storage: Store at room temperature
Expiration: Manufacturer's expiration date

7.3.1.3 Formazin Calibration Standards

Fgfnr:giir]:rgtt;(r’\r:i::d Volurr;iac:dIZrdmazm Final Volume | Concentration of CAL STD
(NTU) (mL) (mt) (NTO) )
4000 0.50 100 20
4000 5.0 100 200
4000 25 100 1000
4000 30 30 4000
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7500 30 30 7500

Expiration and storage: These standards must be prepared fresh on each day of use.

7.3.1.4 Second Source Calibration Verification Standards

7.3.2

Gelex turbidity standards, one standard for each instrument range — Stray Light, 0-2NTU, 0-
20NTU, 0-200NTU, and 200-4000NTU.

Storage: Store at room temperature

Expiration: Manufacturer's expiration date

ICP Spiking Solutions

7.3.2.1ICP Spiking Solution 1 is a solution purchased from SPEX (catalogue number SPIKE-1).

The concentrations of the analytes in this solution are listed on the accompanying
certificate of analysis.

Storage: Store this solution at room temperature.

Expiration: Replace this solution by the manufacturer’'s expiration date or sooner if needed
or required.

7.3.2.2 Single Element Stock Standards — purchased from CPI, Inorganic Ventures, or equivalent

vendor, at the concentrations listed below.

Arsenic (As) — 1000mg/L
Barium (Ba) — 1000mg/L
Boron (B) — 1000mg/L
Cadmium (Cd) — 1000mg/L
Calcium (Ca) — 10000mg/L
Chromium (Cr) — 1000mg/L
Lead (Pb) — 1000mg/L
Magnesium (Mg) — 10000mg/L
Molybdenum (Mo) — 1000mg/L
Potassium (K) — 10000mg/L
Selenium (Se) — 1000mg/L
Silver (Ag) — 1000mg/L
Sodium (Na) — 10000mg/L
Strontium (Sr) — 1000mg/L

Tin (Sn) — 1000mg/L

Titanium (Ti) — 1000mg/L

Storage: Store in a cool, dry, ventilated storage area with acid resistant floors and good
drainage. Store away from sunlight, heat, water, and incompatible materials.
Expiration: Manufacturer's expiration date.

7.3.2.3 ICP Spiking Solution 2 — Add 1mL of nitric acid and 5mL of hydrochloric acid to a 100-mL

volumetric flask containing about 50mL of laboratory reagent water. Add the appropriate
volume of each single element stock standard to the flask. Dilute to volume with reagent
water, and mix thoroughly. Transfer the spiking solution to a labeled storage container.

Parent Volume Final Final

Element Standard Added | Volume | Concentration
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Concentration (mL) (mL) (mg/L)
(mg/L)

Boron (B) 1000 10 100
Calcium (Ca) 10000 5.0 500
Magnesium (Mg) 10000 5.0 500
Molybdenum (Mo) 1000 5.0 50
Potassium (K) 10000 5.0 100 500
Sodium (Na) 10000 5.0 500
Strontium (Sr) 1000 5.0 50
Tin (Sn) 1000 10 100
Titanium (Ti) 1000 10 100

Storage: Store in a cool, dry, ventilated storage area with acid resistant floors and good
drainage. Store away from sunlight, heat, water, and incompatible materials.

Expiration: Prepare this solution every 180 days or sooner as needed or required. The
expiration date must not exceed the expiration date of any of the components.

7.3.2.4 Silica/Silicon Standards

Silicon (Si) stock solutions are usually purchased for this procedure.

The following

conversion is used to adjust any volumes or concentrations appropriately:

7.3.2.41

7.3.24.2

’7 Element

g Sio,
2.14

Stock SiO, Standard, 10000mg/L Si / 21400mg/L SiO, — purchased from CPI.
Store at room temperature. This standard must be used by the manufacturer’s
expiration date or within 6 months from the date of opening, whichever comes first.
Storage: Store in a cool, dry, ventilated storage area with acid resistant floors and
good drainage. Store away from sunlight, heat, water, and incompatible materials.
Expiration: Prepare this solution every 180 days or sooner as needed or required.
The expiration date must not exceed the expiration date of any of the components.

Silicon (Si) stock solutions are usually purchased for this procedure. The following
conversion is used to adjust any volumes or concentrations appropriately:

_Sio,
214

Si

Intermediate SiO, Standard, 467mg/L Si/ 1000mg/L SiO, — Add 20mL to 30mL of
reagent water to a clean, plastic 100-mL volumetric flask. Add the volume of the
Stock SiO, Standard given in the table below to the volumetric flask. Dilute to
volume with reagent water. Store the standard at room temperature. This
standard must be used by its parent standard’s expiration date or within 6 months
of preparation, whichever comes first.

Final
Conc.

Final
Volume

Volume
Stock SiO, Std

Conc.
Stock SiO, Std
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(mg/L) (mL) (mL) (mg/L)
Silica (SiO») 21400 L0 1ae 1000
[Silicon (Si)] [10000] [467]

Storage: Store in a cool, dry, ventilated storage area with acid resistant floors and
good drainage. Store away from sunlight, heat, water, and incompatible materials.
Expiration: Prepare this solution every 180 days or sooner as needed or required.
The expiration date must not exceed the expiration date of any of the components.

7.3.3 ICP/MS Spiking Solutions

7.3.3.1 Single Element Stock Standards — purchased from CPI, Inorganic Ventures, or equivalent
vendor, at the concentrations listed below.

Aluminum (Al) — 10000mg/L
Antimony (Sb) — 1000mg/L
Arsenic (As) — 1000mg/L
Barium (Ba) — 1000mg/L
Beryllium (Be) — 1000mg/L
Boron (B) — 1000mg/L
Cadmium (Cd) — 1000mg/L
Calcium (Ca) — 10000mg/L
Chromium (Cr) — 1000mg/L
Cobalt (Co) — 1000mg/L
Copper (Cu) — 1000mg/L

Iron (Fe) — 10000mg/L

Lead (Pb) — 1000mg/L
Magnesium (Mg) — 10000mg/L
Manganese (Mn) — 1000mg/L
Mercury (Hg) — 1000mg/L
Molybdenum (Mo) — 1000mg/L
Nickel (Ni) — 1000mg/L
Potassium (K) — 10000mg/L
Selenium (Se) — 1000mg/L
Silver (Ag) — 1000mg/L
Sodium (Na) — 10000mg/L
Strontium (Sr) — 1000mg/L
Thallium (TI) — 1000mg/L

Tin (Sn) — 1000mg/L
Titanium (Ti) — 1000mg/L
Vanadium (V) — 1000mg/L
Zinc (Zn) — 1000mg/L

Storage: Store in a cool, dry, ventilated storage area with acid resistant floors and good
drainage. Store away from sunlight, heat, water, and incompatible materials.
Expiration: Manufacturer’s expiration date.

7.3.3.2 ICP/MS Spiking Solution 1 — Add 2mL of nitric acid and 0.5mL of hydrochloric acid to a
100-mL volumetric flask containing about 50mL of laboratory reagent water. Add the
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appropriate volume of each single element stock standard to the flask. Dilute to volume
with reagent water, and mix thoroughly. Transfer the spiking solution to a labeled storage

container.
Sf:;g::d Volume Final Final
Element c ] Added Volume | Concentration
oncentration (mL) (mL) (mglL)
(mglL)

Aluminum (Al) 10000 1 100
Antimony (Sb) 1000 1 10
Arsenic (As) 1000 0.4 4
Barium (Ba) 1000 2 20
Beryllium (Be) 1000 0.5 5
Boron (B) 1000 2 20
Cadmium (Cd) 1000 0.5 5
Calcium (Ca) 10000 1 100
Chromium (Cr) 1000 2 20
Cobalt (Co) 1000 2 20
Copper (Cu) 1000 2.5 25
Iron (Fe) 10000 1 100

Lead (Pb) 1000 0.5 100 5
Magnesium (Mg) 10000 1 100
Manganese (Mn) 1000 5 50
Molybdenum {(Mo) 1000 2 20
Nickel (Ni) 1000 2 20
Potassium (K) 10000 1 100

Selenium (Se) 1000 0.5 5
Sodium (Na) 10000 1 100
Strontium (Sr) 1000 2 20

Thallium (TI) 1000 0.5 5
Tin (Sn) 1000 2 20
Titanium (Ti) 1000 2 20
Vanadium (V) 1000 2 20
Zinc (Zn) 1000 2 20

Storage: Store in a cool, dry, ventilated storage area with acid resistant floors and good
drainage. Store away from sunlight, heat, water, and incompatible materials.

Expiration: Prepare this solution every 180 days or sooner as needed or required. The
expiration date must not exceed the expiration date of any of the components.

7.3.3.3 ICP/MS Spiking Solution 2 — Add 10mL of hydrochloric acid to a 100-mL volumetric flask
containing about 50mL of laboratory reagent water. Add the appropriate volume of each
single element stock standard to the flask. Dilute to volume with reagent water, and mix
thoroughly. Transfer the spiking solution to a labeled storage container.

Parent : .
Volume Final Final
Standard .
Element ; Added Volume | Concentration
Concentration (mL) (mL) (mgiL)
(mg/L) S
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Mercury (Hg) 1000 0.05 100 0.5
Silver (Ag) 1000 0.5 5

Storage: Store in a cool, dry, ventilated storage area with acid resistant floors and good
drainage. Store away from sunlight, heat, water, and incompatible materials.

Expiration: Due to mercury requirements, prepare this solution every 28 days or sooner as
needed. The expiration date must not exceed the expiration date of any of the
components.

Sample Collection, Preservation, Shipment, and Storage

Agueous Samples

Total Metals

Aqueous samples are routinely collected in 250mL plastic containers containing 3mL of a
1:3 nitric acid preservative. The preservative should be sufficient to achieve a sample pH
of less than 2.

Although no temperature preservation is required, samples are routinely iced at the time
of collection at 4°C (less than 6°C but not frozen). Samples are stored at room
temperature until the time of digestion. Samples must be digested and analyzed within
180 days of sample collection. If mercury is requested the samples must be digested and
analyzed within 28 days of collection. Digestates are stored at room temperature until the
time of analysis.

NCMs must be initiated for samples collected in improper containers and containing
improper or insufficient preservatives.

Note: The holding time for samples from North Carolina that require Standard Method
3030C digestion is 72 hours; that is, the digestion must be initiated within 72 hours of
collection.

Dissolved Metals

Aqueous samples for dissolved metals are routinely filtered at the time of sampling and
collected in 500-mL plastic containers containing 3mL of a 1:3 nitric acid preservative.
The preservative should be sufficient to achieve a sample pH of less than 2.

Although no temperature preservation is required, samples are routinely iced at the time
of collection at 4°C (less than 6°C but not frozen). Samples are stored at room
temperature until the time of digestion. Samples must be digested and analyzed within
180 days of sample collection. If mercury is requested the samples must be digested and
analyzed within 28 days of collection. Digestates are stored at room temperature until the
time of analysis.

Note: If the sample is to be filtered in the laboratory, the sample must be collected in 500-
mL plastic container with no preservatives. The sample must be stored at 4°C (less than
6°C but not frozen) until filtered. Once filtered, the laboratory will add nitric acid to obtain

Company Confidential & Proprietary



8.1.3

8.2

SOP No. SA-ME-050, Rev. 12
Effective Date: 03/03/2010
Page No.: 13 of 37

a pH of less than 2.

NCMs must be initiated for samples collected in improper containers and containing
improper or insufficient preservatives.

Note: The holding time for samples from North Carolina that require Standard Method
3030C digestion is 72 hours; that is, the digestion must be initiated within 72 hours of
collection.

Silica Samples

Aqueous samples for silica are routinely collected in 500-mL plastic containers.

Samples must be iced at the time of collection and maintained at 4°C (less than 6°C but
not frozen) until the time of filtration and analysis. Samples must be filtered and analyzed
within 180 days of collection.

NCMs must be initiated for samples collected in improper containers.

Note: Acid preserved samples routinely collected for ICP analyses and acid digested
samples should not be used for the analysis of silica. Also note that glass containers
should be avoided.

Preservation Checks — pH Verification

For each sample, prior to sample preparation,

- Place a piece of pH paper in a disposable medicine cup.

- Pour a few drops of sample into the medicine cup and note the color change of the pH
paper.

- Ifthe pH is outside the range of less than 2, initiate a Nonconformance Memo. Adjust
the sample pH to less than 2 using 1:1 nitric acid.

- Mix well and hold for 24 hours. If pH is still greater than 2 repeat the process.

Note: To avoid cross-contamination, use a separate medicine cup and piece of pH paper
per sample. Do not dip the pH paper into the sample container. The pH paper dye may
bleed into the sample and affect sample results.

NOTE: Samples that are not at pH <2 upon arrival in the lab may contain cyanide or
sulfide or may be highly buffered. Working under a hood minimizes the hazard that may
be caused by the evolution of hydrogen cyanide or hydrogen sulfide upon acidification of
the sample. Be aware that acid/base neutralization reaction may be violent and evolve a
significant amount of heat.

TCLP/SPLP Leachate Samples

Once the TCLP/SPLP extraction procedure has been performed, the leachate is
transferred to a plastic container and refrigerated at 4°C (less than 6°C with no frozen
samples). TCLP/SPLP leachates must be stored at 4°C (less than 6°C with no frozen
samples) until the time of preparation and/or analysis. The leachate sample must be
digested and analyzed within 180 days of completion of the TCLP/SPLP extraction. If
mercury is requested, the leachate sample must be digested and analyzed within 28 days
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of completion of the TCLP/SPLP extraction.

Quality Control
SOP SA-QA-17: Evaluation of Batch QC Data and the SOP Summary in Attachment 3 of

the associated analytical SOPs provide requirements for evaluating QC data.
Batch QC
EPA 200.7 and EPA 200.8 — Drinking Water

An extraction batch consists of up to 20 environmental samples and the associated QC
items extracted together within a 24 hour period.

The minimum QC items required for each extraction batch are: a method blank and a
laboratory control sample (LCS), and a matrix spike (MS) to be performed on a minimum
of 10% of samples or one per batch — whichever is greater.

This frequency equates to the following:

e For a batch of 10 or fewer samples, the minimum QC items are a method blank, an
LCS, and 1 matrix spike.

o For a batch of 11-20 samples, the minimum QC items are a method blank, an LCS, 1
matrix spike (from sample 1-10), and another matrix spike (from sample 11-20).

The routine container supplied for this method is a 250mL container. 50mL is required for
extraction. Reduced sample initial volumes may be necessary to achieve the required
batch matrix spike frequency; however, the minimum extraction volume to be used for the
matrix spike samples is 25mL. Note: Final volumes and spike amounts must be adjusted
to compensate for these reduced initial volumes.

If there is insufficient sample volume to perform the required matrix spike(s), an NCM
must be initiated on all affected samples to denote this situation. Insufficient sample
volume is defined as receiving less than a total of 100mL.

Note: There is no method-defined batch precision requirement for this method. For
clients who require precision to be reported, the matrix spike must be prepared in
duplicate (i.e., MS/MSD). If precision is required for the project and insufficient sample
volume is provided to perform the MS/MSD, the LCS must be prepared in duplicate
(LCS/LCSD). An NCM must be initiated on all samples within the batch to denote this
situation

Note: The EPA Manual for the Certification of Laboratories Analyzing Drinking Water
requires a LFB at the MRL to be performed each day. Therefore, if analyzing drinking
water samples by EPA Methods 200.7 or 200.8, an LCS at the RL must also be included
in the required batch QC.

Batch QC must meet the criteria given in Attachment 3 of the associated analytical SOP.

EPA 200.7 and EPA 200.8 — Clean Water Act
An extraction batch consists of up to 20 environmental samples and the associated QC
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items extracted together within a 24 hour period.

The minimum QC items required for each extraction batch are: a method blank and a
laboratory control sample (LCS), a matrix spike (MS) to be performed on a minimum of
10% of samples or one per batch — whichever is greater, and a matrix spike duplicate.

This frequency equates to the following:

e For a batch of 10 or fewer samples, the minimum QC items are a method blank, an
LCS, 1 matrix spike, and a matrix spike duplicate.

e For a batch of 11-20 samples, the minimum QC items are a method blank, an LCS, 1
matrix spike (from sample 1-10), another matrix spike (from sample 11-20), and a
matrix spike duplicate.

The routine container supplied for this method is a 250mL container. 50mL is required for
extraction. Reduced sample initial volumes may be necessary to achieve the required
batch matrix spike frequency; however, the minimum extraction volume to be used for the
matrix spike samples is 25mL. Note: Final volumes and spike amounts must be adjusted
to compensate for these reduced initial volumes.

If there is insufficient sample volume to perform the required matrix spike(s), an NCM
must be initiated on all affected samples to denote this situation. Insufficient sample
volume is defined as receiving less than a total of 100mL.

Note: There is no method-defined batch precision requirement for this method; however,
the EPA does require precision for all samples analyzed under the Clean Water Act. If
insufficient sample volume is provided to perform the MS/MSD, the LCS must be
prepared in duplicate (LCS/LCSD). An NCM must be initiated on all samples within the
batch to denote this situation

Batch QC must meet the criteria given in Attachment 3 of the associated analytical SOP.

EPA Methods 3005A and 3010A and Standard Methods 3030C

A digestion batch consists of up to 20 environmental samples and the associated QC
items. The minimum QC items required for each digestion batch are: a method blank, a
laboratory control sample (LCS), a matrix spike (MS), and a matrix spike duplicate (MSD)
or a sample duplicate. If there is insufficient sample to perform the MS/MSD or sample
duplicate, this situation must be noted in the Batch Information section of the extraction

log.

The routine container supplied for this method is a 250mL container. 50mL is required for
extraction. Reduced sample initial volumes may be necessary to achieve the required
batch matrix spike frequency; however, the minimum extraction volume to be used for the
matrix spike samples is 25mL. Note: Final volumes and spike amounts must be adjusted
to compensate for these reduced initial volumes.

If there is insufficient sample volume to perform the required matrix spike(s) and/or

sample duplicates, an NCM must be initiated on all affected samples to denote this
situation. Insufficient sample volume is defined as receiving less than a total of 100mL.
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Note: If insufficient sample volume is provided to perform the MS/MSD or MS/SD, the
LCS must be prepared in duplicate (LCS/LCSD). An NCM must be initiated on all
samples within the batch to denote this situation
Batch QC must meet the criteria given in Attachment 3 of the associated analytical SOP.
9.2 Instrument QC
Details on instrument QC are given in the associated analytical SOPs listed in Section 1.
9.2.1 Turbidimeter Instrument QC
9.2.1.1 Turbidimeter Initial Calibration (ICAL)
The instrument must be calibrated quarterly (every 3 months) in accordance with SOP
SA-QA-16: Evaluation of Calibration Curves. This SOP provides requirements for
establishing the calibration curve and gives the applicable formulas.
Instrument calibration is performed by analyzing a series of known standards. The
calibration curve must consist of a minimum of 5 standards and a blank. The lowest level

calibration standard must be at or below the reporting limit, and the remaining standards will
define the working range of the analytical system.

The initial calibration standard concentrations currently in use in the laboratory are as
follows:

Standa_rd Level Conc(;:rr;_g)atlon
1 20
2 200
3 1000
4 4000
5 7500

Refer to Section 7.3 for the standard preparation instructions.  Other standard
concentrations may be used provided they support the reporting limit and are fully
documented in accordance with SOP SA-AN-41.

Fill the sample cell with 30mL turbidity-free Dt water. Apply a thin bead of silicone oil to
the cell and spread uniformly. Remove excess oil with a Kimwipe. Place the sample cell
in the instrument and press ‘enter’. The instrument will give a result after 60 seconds.
Repeat for each Formazin calibration standard.

9.2.1.2 Turbidimeter Second Source Initial Calibration Verification (ICV)

The calibration curve must be verified initially — prior to any sample analyses — in
accordance with SOP SA-QA-16 with a standard obtained from a second source.

Determine the turbidity of the Gelex standards by applying silicone oil to the prepared
standard and placing in instrument. Place lowest NTU Gelex standard in the instrument
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first and press ‘enter. The value displayed is used to calculate the true value of the
standard. The turbidity of each Gelex standard must be determined three times. The
average of these three readings will be used as the true value for the upcoming quarter.
The average must be within 15% of the first true value calculated. Repeat for each Gelex
standard.

9.2.1.3 Turbidimeter Initial Calibration Blank (ICB) / Continuing Calibration Blank (CCB)
The instrument must be shown to be free from contamination by the analysis of calibration
blanks. Initial calibration blanks are analyzed immediately following the initial calibration.
Continuing calibration blanks are analyzed after each CCV.

Initial and continuing calibration blanks must be <RL to be acceptable.

If the blank is significantly above 0.50 NTU, the sample cell may be scratched and may
need to be replaced.

9.2.1.4 Turbidimeter Continuing Calibration Verification

The initial calibration curve must be verified initially, after every ten samples, and at the
end of the analysis with low level Gelex standard (0-2NTU) standard.

The CCV must be within 10% of the true value to be acceptable.

The continuing calibration verification standard concentration currently in use in the
laboratory is the low level Gelex standard (0-2NTU) standard.

Note: This continuing calibration verification (CCV) is a second source standard and can
also be referred to as the quality control sample (QCS) or the laboratory control sample
(LCS).

9.2.1.5 Turbidimeter Reporting Limit Check Standard

The instrument must be verified at the beginning of each batch with a reporting limit check
standard.

The RL check standard must be within 50% of the true value to be acceptable.

The RL check standard concentration currently in use in the laboratory is 0.1NTU. Refer to
Section 7.3.5 for the standard preparation instructions. Another standard concentration may
be used provided the reporting limit for the associated samples are elevated and the
standard is fully documented in accordance with SOP SA-AN-41.

9.2.1.6 Turbidimeter Linear Calibration Range

For EPA Method 180.1, the linear calibration range (LCR) must be determined initially as
part of an analyst's initial demonstration of capability and verified every 6 months
thereafter. The initial demonstration of linearity uses as many standards as necessary to
insure the curve is linear. The continued demonstration of linearity consists of a minimum
of 3 standards and a blank.
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For the linearity to be verified the standards must be within +/- 10% of the initial value to
be acceptable. If this criterion is not met, the initial demonstration of linearity must be
performed.

Note: This study is not meant to extend the linear range of the calibration. If turbidity is
measured at a concentration greater than 40NTU, the sample must be analyzed at a
dilution to bring the target analyte into the range of the initial calibration.

Corrective Action for Out-of-Control Data

When the quality control parameters do not meet the criteria set forth in this SOP,
corrective action must be taken in accordance with SOP SA-QA-05: Preventive and
Corrective Action Procedures the QC Summary Table in Attachment 3 of the associated
analytical SOP. SOP SA-QA-05 provides contingencies for out-of-control data and gives
guidance for exceptionally permitting departures from approved policies and procedures.
Nonconformance Memos must be initiated to document all instances where QC criteria
are not met and all departures from approved policies and procedures.

Procedure

Sample and QC Sample Preparation

Unless otherwise requested, groundwater and surface waters are to be prepared using
the total recoverable metals procedure given in Section 10.1.3. TCLP/SPLP samples
must be digested for total metals (Section 10.1.4). Note that there are different spiking
solutions for routine and TCLP/SPLP matrix spikes.

10.1.1 Dissolved Metals

10.1.1.1 Results reported as “dissolved metals” are defined as the concentrations of

analytes in a liquid sample that will pass through a 0.45um membrane filter prior to
acidification/preservation. The filtration step can occur in the field or in the
laboratory. In either case, the sample must be unpreserved prior to filtration and
then filtered using a 0.45um filter.

10.1.1.2 Field filtered samples are usually preserved in the field, immediately after filtration.

Unpreserved samples sent to the laboratory for lab filtration must be preserved
immediately after filtration.

10.1.1.3 If the taboratory filters the samples, the reagent water used to prepare the method

blank and laboratory control samples associated with the “dissolved metals”
samples must be filtered through the same type of filter used to filter the field
samples.

Note: The LCS should be spiked prior to filtration.

10.1.1.4 A comparison between total and dissolved results is good practice, and logic

should follow that total results should be equal or greater than dissolved results,
especially if the dissolved metals are lab filtered. Comparable hits with less than
20% RPD should be considered equal. Any other discrepancies should be
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discussed with the Department Manager or Supervisor, Technical Manager, or the
Project Manager.

The laboratory’s standard practice is to digest all non-silica liquid samples;

however, samples filtered for the determination of dissolved metals do not require

digestion if the sample:

- has a low COD (<20mg/L);

- has a turbidity <1 NTU;

- is colorless with no significant odor; and

- is of one liquid phase and free of suspended particulates or precipitates after
acidification

10.1.2 Turbidity Determination for Drinking Water Samples

Drinking water samples with a turbidity concentration of less than 1INTU may be analyzed
without digestion. The exception to this rule is silver, which requires sample digestion
prior to analysis. The turbidity of drinking water samples is checked using the procedures
outlined in this section. If the turbidity of the sample is not checked, the digestion
procedure must be performed.

10.1.2.1

10.1.2.2

10.1.2.3

10.1.2.4

Turn on turbidimeter and allow it to warm up 15-30 minutes.

Verify the instrument is operating properly by the analysis of a continuing calibration
verification sample initially, after every 25 samples, and at the end of the run with the
lowest available Gelex standard (0-2). The Gelex standard must recover within
+10% of the true value to be acceptable.

Analyze a DI water blank (CCB). The DI water blank must be less than 1NTU to be
acceptable. If the DI water blank is greater the 1NTU, check to be certain the
sample cell is clean. If the blank is significantly above 1NTU, the sample cell may
be scratched and may need to be replaced.

Determine the turbidities for all samples by filling the cell with sample and placing
the cell in the sample well of the turbidimeter. Record these turbidities in the Metals
Turbidity Logbook. Be certain to rinse the cells between samples with DI water to
avoid contamination.

10.1.3 Total Recoverable Metals (EPA 3005A)

This digestion procedure is used to prepare aqueous samples for total recoverable metals
determination by ICP and ICP/MS.

10.1.3.1

Transfer a 50mL aliquot (or an appropriate volume diluted to 50mL with reagent
water) of a well-mixed sample to a 50mL digestion block vial.

Note: If there is not sufficient volume to use a 50mL aliquot, the lab can use a
smaller volume of sample, proportional volumes of reagents, and adjust the final
digestate volume back to the original volume of the sample used. For example, if
25mL of sample is digested, one half of the routine volumes of reagent are used
and the final volume of the digestate is brought back to 25mL. When a smaller

Company Confidential & Proprietary



10.1.3.2

10.1.3.3

SOP No. SA-ME-050, Rev. 12
Effective Date: 03/03/2010
Page No.: 20 of 37

aliquot is used, the digestion analyst must be careful not to allow the sample digest
to evaporate completely.

Add 50mL of reagent water to a digestion block vial to serve as the method blank.
This QC sample is taken through all digestion and sample preparation steps to
monitor for contamination that may be due to glassware, reagents, or sample
handling.

Add 0.50mL of the appropriate spiking solutions to a 50-mL aliquot of reagent
water to serve as the laboratory control spike (LCS). If a duplicate laboratory
control spike (LCSD) is required, spike a second 50-mL aliquot of reagent water
with 0.50mL of the appropriate spiking solutions.

Analytical Method Matrix QC Spiking Solutions

(Spex) ICP Spike 1

6010 Aqueous LCS/MS/MSD ICP Spike 2

ICP/MS Spike 1

6020 Aqueous LCS/MS/MSD ICP/MS Spike 2

10.1.3.4

10.1.3.5

10.1.3.7

10.1.3.8

Add 0.50mL of the appropriate spiking solutions to each of two 50mL aliquots of
the client sample designated as the matrix spike samples (MS and MSD).

Add 2.5mL of concentrated HCI and 1.0mL of concentrated HNO3 to each sample.
Gently heat the digestion vessel until the sample refluxes. The sample must not
be heated to boiling; that is, bubbles are not formed in the liquid in the bottom of
the digestion vessel. The sample/acid solution is refluxing when the liquid
evaporates and drops of liquid condense on the sides of the digestion vessel and
fall back into the digestion vessel. Evaporate the sample until the volume is
approximately 15mL. Do not allow any portion of the vessel bottom to become dry
at any time during the digestion.

Note: If a volume of sample smaller than 50mL is digested, the amount of acid
should be reduced proportionately.

Wash down the inside of the digestion vessel with reagent water. Dilute the
sample digestate to 50mL with reagent water.

Note: The digestate may be diluted to a volume less than the original volume if
sample pre-concentration is required to meet lower reporting limits. The pre-
concentration must be limited to a factor of four.

The sample is now ready for analysis via the appropriate analytical SOP.

10.1.4 Total Metals (EPA 3010, EPA 200.7, and EPA 200.8)

This digestion procedure is used for the preparation of aqueous samples for total metal
determination by ICP and ICP/MS.

10.1.4.1

Transfer a 50mL aliquot (or an appropriate volume diluted to 50mL with reagent
water) of a well-mixed sample to a 50mL digestion block vial.
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Note: If there is not sufficient volume to use a 50mL aliquot, the lab can use a
smaller volume of sample, proportional volumes of reagents, and adjust the final
digestate volume back to the original volume of the sample used. For example, if
25mL of sample is digested, one half of the routine volumes of reagent are used
and the final volume of the digestate is brought back to 25mL. When a smaller
aliquot is used, the digestion analyst must be careful not to allow the sample digest
to evaporate completely.

Add 50mL of reagent water to a digestion block vial to serve as the method blank.
This QC sample is taken through all digestion and sample preparation steps to
monitor for contamination that may be due to glassware, reagents, or sample
handling.

Add 0.50mL of the appropriate spiking solutions to a 50-mL aliquot of reagent
water to serve as the laboratory control spike (LCS). If a duplicate laboratory
control spike (LCSD) is required, spike a second 50-mL aliquot of reagent water
with 0.50mL of the appropriate spiking solutions.

Analytical Method Matrix QcC Spiking Solutions

6010/ 200.7 Aqueous LCS/MS/MSD

(Spex) ICP Spike 1
ICP Spike 2

6020/ 200.8 Aqueous LCS/MS/MSD

ICP/MS Spike 1
ICP/MS Spike 2

10.1.4.4

10.1.4.5

10.1.4.6

10.1.4.7

10.1.4.8

Add 0.50mL of the appropriate spiking solutions to two 50mL aliquots of the client
sample designated as the matrix spike samples (MS and MSD).

Add 1.5mL of concentrated HNO; to each sample. Gently heat the digestion
vessel until the sample refluxes. The sample must not be heated to boiling; that is,
bubbles are not formed in the liquid in the bottom of the digestion vessel. The
sample/acid solution is refluxing when the liquid evaporates and drops of liquid
condense on the sides of the digestion vessel and fall back into the digestion
vessel. Evaporate the sample until the volume is approximately 5-10mL. Do not
allow any portion of the vessel bottom to become dry at any time during the
digestion.

Note: If a volume of sample smaller than 50mL is digested, the amount of acid
should be reduced proportionately.

Remove the digestion vessels from the digestion block and cool the digestion
vessels to room temperature. Add another 1.5mL portion of concentrated HNOs.
Continue heating the sample on the digestion block. Again, at the proper
temperature, the sample should gently reflux in the digestion vessel. Do not allow
the sample to bail.

Continue heating the sample and adding additional 1.5mL portions of concentrated
HNO; until the digestate is light in color or does not change in appearance after
subsequent additions of HNO;. If a sample requires more than 6mL of acid to
digest, contact the Department Manager for guidance.

Evaporate the digestate until the volume is approximately 5-10mL.
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Add 2.5mL of concentrated HCI and warm the sample digestate for 15 minutes.

Wash down the inside of the digestion vessel with reagent water. Dilute the
sample digestate to 50mL with reagent water.

Note: The digestate may be diluted to a volume less than the original volume if
sample pre-concentration is required to meet lower reporting limits. The pre-
concentration should be limited to a factor of four.

The sample is now ready for analysis via the appropriate analytical SOP.

10.1.5 Total Metals and TCLP/SPLP Samples (EPA 3010)

This digestion procedure is used for the preparation of TCLP/SPLP leachate samples for
total metal determination by ICP. Note that the LCS is spiked with the routine analytes to
allow the TCLP/SPLP samples to be digested along with aqueous samples.

10.1.5.1

10.1.5.2

10.1.5.3

Transfer a 5mL aliquot (diluted to 50mL) for TCLP or a 50mL aliquot for SPLP of a
well-mixed sample to a clean 50mL digestion vessel. lLarger volumes may be
digested at the discretion of the lab. The volume of spike solution added should
be adjusted proportionately.

Add 5mL of extraction fluid diluted to 50mL for TCLP or 50mL for SPLP to a
digestion vessel to serve as the method blank. This QC sample is taken through
all digestion and sample preparation steps to monitor for contamination that may
be due to glassware, reagents, or sample handling. A blank for each type of
extraction fluid must be digested and analyzed.

Add 0.50mL of the appropriate spiking solutions to a 5mL aliquot of extraction fluid
diluted to 50mL for TCLP or to a 50mL aliquot of extraction fluid for SPLP. This is
designated as the laboratory control spike (LCS). If required, perform a LCSD by
following the same procedure as the LCS. The routine ICP spiking solution is
used for the TCLP/SPLP LCS because of frequent client requests for reporting
more analytes from the TCLP/SPLP leachate than are currently regulated.
Preparing an LCS with all of the target analytes eliminates re-digestion and
provides QC for the requested analytes.

Note: If both Extraction Fluid 1 and Extraction Fluid 2 are included in the batch,
use Extraction Fluid 1 for the LCS and LCSD. Refer to SOP EX15: Toxicity
Characteristic Leaching Procedure (TCLP) and Synthetic Precipitation Leaching
Procedure (SPLP) for information on the TCLP/SPLP extraction fluids.

Analytical Method Matrix QcC Spiking Solutions

(Spex) ICP Spike 1

6010 TCLP/SPLP MS ICP Spike 2

(Spex) ICP Spike 1

6010 TCLP/SPLP LCS ICP Spike 2

10.1.5.4

For the matrix spike, add 0.50mL of each ICP spiking solution (1 and 2) to a
separate 5mL aliquot of the client sample (diluted to 50mL) for TCLP or to a
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separate 50mL aliquot of the client sample for SPLP designated as the matrix
spike.

Note: The TCLP/SPLP digestion batch consists of twenty or fewer field samples
and the associated QC items. A TCLP/SPLP digestion batch must not exceed 20
field samples. Every TCLP/SPLP digestion batch will have a method blank (MB),
a laboratory control sample (LCS), and a matrix spike (MS).

Add 1.5mL of concentrated HNO; to each sample. Gently heat the digestion
vessel until the sample refluxes. The sample is not heated to boiling; that is,
bubbles are not formed in the liquid in the bottom of the digestion vessel. The
sample/acid solution is refluxing when the liquid evaporates and drops of liquid
condense on the sides of the digestion vessel and fall back into the digestion
vessel. Evaporate the sample until the volume is approximately 5mL. Do not allow
any portion of the vessel bottom to become dry at any time during the digestion.

Note: If a volume of sample smaller than S0mL is digested, the amount of acid
should be reduced proportionately.

Remove the digestion vessels from the digestion block and cool the digestion
vessels to room temperature. Add another 1.5mL portion of concentrated HNO;.
Continue heating the sample on the digestion block. Again, at the proper
temperature, the sample should gently reflux in the digestion vessel. Do not allow
the sample to boil.

Continue heating the sample and adding additional 1.5mL portions of concentrated
HNO; until the digestate is light in color or does not change in appearance after
subsequent additions of HNG;. If a sample requires more than 6mL of acid to
digest, contact the Department Manager for guidance.

Evaporate the digestate until the volume is approximately 5-10mL.

Add 2.5mL of concentrated HCI and warm the sample digestate for 15 minutes.

Wash down the inside of the digestion vessel with reagent water. Dilute the
sample digestate to 50mL with reagent water.

The sample is now ready for analysis by ICP.

10.1.6 Acid-Extractable Metals (SM3030C)

This digestion procedure is used for the preparation of aqueous samples for acid-
extractable metals by ICP and ICP/MS.

10.1.6.1

Transfer a 50mL aliquot (or an appropriate volume diluted to 50mL with reagent
water) of a well-mixed sample to a 50mL digestion block vial.

Note: If there is not sufficient volume to use a 50mL aliquot, the lab can use a
smaller volume of sample, proportional volumes of reagents, and adjust the final
digestate volume back to the original volume of the sample used. For example, if
25mL of sample is digested, one half of the routine volumes of reagent are used
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and the final volume of the digestate is brought back to 256mL. When a smaller
aliquot is used, the digestion analyst must be careful not to allow the sample digest
to evaporate completely.

10.1.6.2 Add 50mL of reagent water to a beaker that has been designated as the method
blank. This QC sample is taken through all digestion and sample preparation
steps to monitor for contamination that may be due to glassware, reagents, or
sample handling.
10.1.6.3 Add 0.50mL of the appropriate spiking solutions to a 50mL aliquot of reagent water
designated as the laboratory control spike (LCS). If a duplicate laboratory control
spike (LCSD) is required, spike a second 50mL aliquot of reagent water with
0.50mL of the appropriate spiking solutions.
Analytical Method Matrix QC Spiking Solutions
6010 Aqueous LCS/MS/MSD (Spex) ICP Spike 1
ICP Spike 2
6020 Aqueous LCS/MS/MSD ICP/MS Spike 1
ICP/MS Spike 2
10.1.6.4 Add 0.50mL of the appropriate spiking solutions to each of two 50mL aliquots of
the client sample designated as the matrix spikes sample (MS and MSD).
10.1.6.6 Add 2.5mL of 1:1 HCI to each sample and QC item.
Note: If a volume of sample smaller than 50mL is digested, the amount of acid
should be reduced proportionately.
10.1.6.7 Heat for 15 minutes on a hot block.
10.1.6.8 Allow the digest to cool and filter through a 0.45um filter. Adjust the final volume to
50mL or to the original volume.
10.1.6.9 The sample is now ready for analysis by ICP or ICP/MS.

10.1.7 Total Recoverable Metals (EPA 200.8 and EPA 200.7)

This digestion procedure is used for the preparation of water and drinking water samples
for total recoverable metal determination by ICP and ICP/MS.

10.1.7.1

Transfer a 50mL aliquot (or an appropriate volume diluted to 50mL with reagent
water) of a well-mixed sample to a clean 50mL block digestion vial.

Note: If there is not sufficient volume to use a 50mL aliquot, the lab can use a
smaller volume of sample and bring the final digestate volume back to the original
volume of the sample used. That is, if 25mL of sample is digested, the final
volume of the digestate should be brought back to 25mL. If a smaller aliquot is
used, the digestion analyst must be careful not to allow the sample digest to
evaporate completely.
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Add 50mL of reagent water to a block digestion vial that has been designated as
the method blank. This QC sample is taken through all digestion and sample
preparation steps to monitor for contamination that may be due to glassware,
reagents, or sample handling.

Add 0.50mL of the appropriate spiking solutions to a 50-mL aliquot of reagent
water designated as the laboratory control spike (LCS). If a duplicate laboratory
control spike (LCSD) is required, spike a second 50mL aliquot of reagent water
with 0.50mL of the appropriate spiking solutions.

Analytical Method Matrix QC Spiking Solutions

200.7 DW and TR Aqueous LCS/MS/MSD (Spex) ICP Spike 1

ICP Spike 2

200.8 DW and TR Aqueous LCS/MS/MSD ICP/MS Spike 1

ICP/MS Spike 2

10.1.7.4

10.1.7.6

101.7.7

10.1.7.8

Add 0.50mL of the appropriate spiking solutions to each of two 50mL aliquots of
the client sample designated as the matrix spikes sample (MS and MSD).

Add 1.0 mL of (1:1) HNO; and 0.5 mL of (1:1) HCl to each sample. Gently heat
the block digestion vial and reduce the sample volume to about 10mL without
boiling; that is, bubbles are not formed in the liquid in the bottom of the block
digestion vial. Do not allow any portion of the vessel bottom to become dry at any
time during the digestion.

Note: If a volume of sample smaller than 50mL is digested, the amount of acid
should be reduced proportionately.

Wash down the inside of the block digestion vial with reagent water. Dilute the
sample digestate to 50mL with reagent water. Transfer the digest to a labeled
storage container, usually a 125mL plastic vial. Allow any undissolved material to
settle out or centrifuge the sample to remove particulate matter. A portion of the
sample may be filtered, if necessary, to remove particulates but care must be
taken to avoid contamination of the sample during filtration.

Note: The digestate may be diluted to a volume less than the original volume if
sample concentration is required to meet lower reporting limits. The pre-
concentration should be limited to a factor of four.

The sample is now ready for analysis by ICP and ICP/MS.

10.1.8 Silica Samples

10.1.81

10.1.8.3

Samples are prepared by filtration of an unpreserved aliquot through a 0.45um
syringe filter. The sample must be kept refrigerated until time of analysis. Note:
The same number of syringe filters should be used for the method blank, LCS, and
the samples.

The method blank is prepared by filtering an amount of reagent water equal to the
volume of sample that is filtered.
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10.1.8.4 The LCS is prepared by spiking 10mL of reagent water with 0.10mL of SiO.

Intermediate Standard, and passing it through a 0.45um syringe filter. The SiO-
spike concentration in the LCS is 10mg/L.

10.1.8.5 The matrix spike and/or matrix spike duplicate (MS/MSD) are prepared by adding

10.2

11.0

11.1.1

11.1.2

12.0

121

0.10mL of SiO, Intermediate Standard solution to two separate 10mL aliquots of
the sample to be spiked and filtering through a 0.45um filter. The SiO, spike
concentration in the MS/MSD is 10mg/L.

Analysis

Details on sample analysis are given in the associated analytical SOPs listed in Section 1.

Calculations / Data Reduction

Data Reduction

Data must be evaluated in accordance with SOP SA-QA-02: Data Generation and
Review.

Historical Data

Many of the laboratory’s clients submit samples for repeat monitoring purposes. Prior to
analysis, verify LIMS Worksheet Notes to determine if historical data is available for
review.

Chemical Relationships

When available, the following chemical relationships must be evaluated for each sample.
If these relationships are not met the Department Manager must be contacted
immediately.

« Total Results are > Dissolved results (e.g. metals)

Calculations

Details on sample calculations are given in the associated analytical SOPs listed in

Section 1.

Method Performance

Method Detection Limit Study (MDL)

The method detection limit (MDL) is the lowest concentration that can be detected for a given
analytical method and sample matrix with 99% confidence that the analyte is present. MDLs
reflect a calculated (statistical) value determined under ideal laboratory conditions in a clean
matrix and may not be achievable in all environmental matrices. The current MDL
associated with this procedure is given in the Method Limit Group (MLG) in LIMS.
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At a minimum, the MDL must be determined initially upon method set-up and annually
thereafter, and verified annually in accordance with SOP SA-QA-07: Determination and
Verification of Detection and Reporting Limits.

Determination of the Instrument Detection Limit (IDL)

The instrument detection limit (IDL) is the concentration of analyte that can be statistically
distinguished from the background noise of the instrument. The IDL limit must be
determined annually, at a minimum, for each analyte in accordance with SOP SA-QA-07:
Determination and Verification of Detection and Reporting Limits.

The IDL is defined as three times the average of the standard deviation of seven replicate
analyses of the IDL solution performed over three non-consecutive days. The IDL may be
elevated above the background noise (blank levels). The current IDL associated with this
procedure is given in the Equipment Limit Group (ELG) in LIMS.

QC Limit Generation, Control Charting, and Trend Analysis

The control limits for the batch QC items (LCS, MS/MSD, SD) for this procedure are
specified in the reference method and cannot be broadened; therefore, the laboratory
defaults to the method-defined limits and does not utilize in-house or laboratory-derived
limits for the evaluation of batch QC items.

Although the laboratory must default to the method-defined QC limits, control charting is a
useful tool and is performed to assess analyte recoveries over time to evaluate trends.
Control charting must be performed periodically (at @ minimum annually) in accordance
with SOP SA-QA-17: Evaluation of Batch QC Data.

Demonstrations of Capability

Initial and continuing demonstration of capability must be performed in accordance with
SOP SA-QA-06: Training Procedures.

Prior to performing this procedure unsupervised, each new analyst who performs this
analysis must demonstrate proficiency per method/analyte combination by successful
completion of an initial demonstration of capability. The IDOC is performed by the
analysis of 4 consecutive LCSs that meet the method criteria for accuracy and precision.
The LCSs must be from a second source than that used to prepare the calibration
standards. The IDOC must be documented on the IDOC Form shown in SOP SA-QA-06
with documentation routed to the QA Department for filing.

Annual continuing demonstrations of capability (CDOCs) are also required per analyst per
method/analyte combination. The CDOC requirement may be met by the consecutive
analysis of four LCS all in the same batch, by the analysis of four LCS analyzed in four
consecutive batches (in different batches on different days), via acceptable results on a
PT study, or analysis of client samples with statistically indistinguishable results when
compared to another certified analyst. The CDOC must be documented and routed to the
QA Department for filing.
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Training Requirements
All training must be performed and documented in accordance with SOP SA-QA-06:
Training Procedures.

Note: The SOPs listed in the Reference/Cross-Reference Section are applicable to this
procedure. All employees performing this procedure must also be trained on these SOPs,
and/or have a general understanding of these procedures, as applicable.

Pollution Control

It is TestAmerica’s policy to evaluate each method and look for opportunities to minimize
waste generated (e.g., examining recycling options, ordering chemicals based on quantity
needed, preparing reagents based on anticipated usage and reagent stability, etc.).
Employees must abide by the policies in Section 13 of the Environmental Health and
Safety Manual.

This procedure has been evaluated for opportunities to minimize the waste generated.
Where reasonably feasible, pollution control procedures have been incorporated.

Waste Management

Waste management practices must be conducted consistent with all applicable federal,
state, and local rules and regulations. All waste (i.e., excess reagents, samples, and
method process wastes) must be disposed of in accordance with Section 9 of the
TestAmerica Savannah Addendum to the EHSM. Waste description rules and land
disposal restrictions must be followed.

Waste Streams Produced by the Method

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

- Excess aqueous samples — Dispose according to characterization on the sample
disposal sheets. Neutralize non-hazardous samples before disposal into drain/sewer.
Transfer hazardous samples (identified on disposal sheets) to the waste department
for disposal.

- Acidic sample digestions: Neutralize before disposal into drain/sewer system.

References / Cross-References

SOP SA-AN-100: Laboratory Support Equipment (Verification and Use)

SOP SA-AN-41: Reagent and Standard Materials Procedures

SOP SA-QA-02: Data Generation and Review

SOP SA-QA-05: Preventive and Corrective Action Procedures

SOP SA-QA-06: Training Procedures

SOP SA-QA-07: Determination and Verification of Detection and Reporting Limits
SOP SA-QA-15: Homogenization, Compositing, and Segregation of Samples
SOP SA-QA-17: Evaluation of Batch QC Data

TestAmerica Savannah Quality Assurance Manual
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« TestAmerica Environmental Heaith and Safety Manual (CW-E-M-001)

« TestAmerica Savannah Addendum to the Environmental Health and Safety Manual

« Methods 3005A and 3010A: Test Methods for Evaluating Solid Waste, Third Edition,
SW-846; vs. EPA Office of Solid Waste and Emergency Response: Washington, DC.

« Methods 200.7 and 200.8 (Drinking Water): Methods for the Determination of Metals
in Environmental Samples, May 1994, Supplement 1. (EPA 600/R-94/111).

» Standard Methods for the Examination of Water and Wastewater, Online Edition;
American Public Health Association: Washington, DC 2004.

Method Modifications

The EPA 200.7 and EPA 200.8 reference methods were written specifically for drinking
water and source water samples; however, the laboratory may perform other types of
water samples using this procedure.

The EPA Manual for the Certification of Laboratories Analyzing Drinking Water requires a
LFB at the MRL to be performed each day. The laboratory meets this requirement by
preparing an LCS at the RL in each EPA Method 200.7 and 200.8 batch of drinking water
samples. The EPA DW Manual does not specify criteria for the low-level LCS; therefore,
the laboratory requires qualitative detection of the LL-LCS to be acceptable.

Attachments
The following Tables, Diagrams, and/or Validation Data are included as Attachments:

Attachment 1: SOP Summary

Attachment 2: Sample Collection, Preservation, and Holding Time Table
Attachment 3: QC Summary

Attachment 4: Instrument Maintenance and Troubleshooting
Attachment 5: Turbidity Curve Form

Attachment 6: Turbidity Form
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Attachment 1: SOP Summary

Sample Preparation Summary

Total Metals and TCLP/SPLP leachates: A known volume, usually 50mL, of sample is
transferred to a digestion vessel. The sample is refluxed with nitric acid at approximately
95°C. After the sample has digested, as evidenced by a clear, pale yellow color, HCI is
added and the sample is brought up to the original volume with reagent water. The
laboratory utilizes two versions of the Total Recoverable preparation procedure. One
version is equivalent to the EPA 3005A procedure and the second procedure is equivalent
to the EPA 200.7 and 200.8 procedures.

Total Recoverable Metals: A known volume, usually 50mL, of sample is transferred to a
digestion vessel. The sample is refluxed with dilute nitric acid and hydrochloric acid at
approximately 95°C. After the sample ha