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Scope and Application

Draft U. S. EPA Method 1668 " describes procedures for measuring the concentrations of 13
tetra- through hepta-chlorinated PCB congeners in water, soil, sediment, sludge, tissue and
other sample matrices by high resolution gas chromatography/high resolution mass
spectrometry (HRGC/HRMS). Brehm Research Laboratories (BRL) has implemented and
validated modifications to Method 1668 that allow the accurate determination of 53 mono-
through deca-PCBs in aqueous, sediment and tissue environmental samples.

This SOP uses Draft U. S. EPA Method 1668 as the framework and incorporates the changes

by referring to the appropriate sections of the method. Draft U. S. EPA Method 1668 is
included in Attachment 1.

The following items in Draft U. S. EPA Method 1668 are modified by this SOP.

¢ Aqueous sample extraction procedure.

o Extraction procedure for very small tissue samples.

» Percent lipid determination in tissue samples.

e Silica gel column.

e Alumina column.

e Labeled compound spiking solution, PAR stock solution and calibration standards.
s  HRGC/HRMS/SIM parameters.

Definitions

The definitions for this SOP are included in Section 24 of Draft U. S. EPA Method 1668.

Procedures

Section 12.2, Extraction of Aqueous Samples Containing Less Than One Percent Solids

Aqueous samples containing less than one percent solids are extracted with methylene
chloride in separatory funnels. This sample preparation procedure is described, in detail, in
Sections 11.4 and 12.1 of U. S. EPA Method 1613 @.
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Sections 11.8 and 12.4, Extraction of Tissue

In U. 8. EPA Method 1668, 10 g of tissue is mixed with sodium sulfate and extracted in a
Soxhlet extraction apparatus. The method does not contain a provision for samples where less
than 10 g of tissue is available for extraction.

BRL uses the Soxhlet extraction procedure when more than 5 g of tissue is available and uses
a grinding procedure when less than 5 g of tissue is available for analysis.

Tissue grinding apparatus — Pyrex glass Tenbroeck tissue grinder, 18 x 130 mm (Corning Inc.,
Corning, NJ).

Tissue grinding procedure:

1. Thoroughly clean the tissue grinder and rinse the apparatus with methanol and methylene
chloride.

Transfer the sample from the sample container to the grinder tube.

Rinse the sample container with 5 mL of methylene and transfer the rinse to the grinder
tube.

4. Partially insert the pestle into the grinding tube, connect the pestle to a stirring motor and
adjust the stirrer speed to approximately 100 rpm.

5. Slowly insert the spinning pestle into the grinding tube until it reaches the bottom of the
tube and then slowly withdraw the pestle so the liquid returns to the bottom of the grinding
tube.

6. Ensure that the entire sample repeatedly passes between the grinding surfaces and grind
the sample for 1 minute.

7. Completely withdraw the pestle and allow the organic material to separate from the
methylene chloride extract.

8. Transfer the methylene chloride extract to a funnel containing a 1 cm thick layer of sodium
sulfate and collect the extract in a tared 40 mL vial positioned below the funnet.

9. Repeat Steps 3 through 8 using two more 5 mL portions of methylene chloride.

10. After the final extraction, rinse the sodium sulfate in the funnel with two 5 mL aliquots of
methylene chloride and collect the rinses with the sample extract in the 40 mL vial.

11. Using the sample extract in the 40 mL vial, proceed with the percent lipid measurement
described below.

Section 12.4, Percent Lipid Determination in Tissue Samples

The lipid measurement procedure described in U. S. EPA Method 1668 requires that the entire
sample extract be concentrated to constant weight in a 60 °C water bath. This SOP extends
the target analytes to include the mono-, di- and tri-PCBs, and experience has shown that
these congener groups are lost during the lipid measurement procedure described in Method
1668.

In this SOP, the lipid measurement procedure is performed on an aliquot of the sample extract.
For samples that were extracted using the Soxhlet extraction procedure in Section 12.4 of
Method 1668, concentrate the extract to approximately 5 mL as described in Section 12.6 and
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quantitatively transfer the concentrated extract to a tared bottle. For small samples that were
extracted using the grinding procedure described above in this SOP, use the extract collected
in the tared 40 mL vial. Transfer 5% of the sample extract to a tared vial, concentrate the
aliquot to constant weight and record the weight of lipid in the vial. Calculate the quantity of
tissue represented by the 5% aliquot and use the formula in Section 12.4.9.3 to calculate the
percent lipid in the sample.

Sections 7.5.1 and 13.3, Silica Gel Column Cleanup
Silica gel, Type 60A, 100-200 mesh (Davisil® 634, Mallinckrodt Baker, Inc., Paris, KY).

The silica gel is extracted in a Soxhlet with methylene chloride for 24 hours and activated at

190 °C for 24 hours if blanks show contamination. If no contamination is observed, the silica
gel is used without further activation. The following three types of silica gel chromatographic
packing materials are prepared.

 Silica gel impregnated with 10% water is prepared by adding 10 g of HPLC grade water to
90 g of silica gel in a 500 mL wide mouth glass bottle fitted with a Teflon lined screw cap.

e Silica gel impregnated with sodium hydroxide is prepared by adding 30 g of 1 N sodium
hydroxide solution to 100 g of silica gel in a 500 mL wide mouth glass bottle fitted with a
Teflon lined screw cap.

e Silica gel impregnated with sulfuric acid is prepared by adding 44 g of concentrated sulfuric
acid to 100 g of silica gel in a 500 mL wide mouth glass bottle fitted with a Teflon lined
screw cap.

For each type of silica prepared, the bottle is shaken until no lumps are visible. After shaking,
the silicas are transferred to 250 mL narrow mouth glass bottles fitted with Teflon lined screw
caps. The silicas are transferred from the 250 mL bottles to the chromatographic columns
immediately prior to use.

The silica gel column cleanup is performed on the concentrated extract from the acid/base
partitioning procedure. The following procedure is used for the silica gel column cleanup.

1. Insert a plug of silanized glass wool into a clean glass column (20 mm OD x 230 mm
long and tapered to a 6 mm tip).

2. Sequentially add the following to the column, tapping the column to settle and level the
silica after each addition:

1.0 g of water impregnated silica gel

2.0 g of sodium hydroxide impregnated silica gel
1.0 g of water impregnated silica gel

4.0 g of sulfuric acid impregnated silica gel

2.0 g of water impregnated silica gel

3. Preelute the column with 30 mL of hexane collecting the eluate in a waste collection
tube.

4. When the hexane level reaches the level of the silica, change the collection tube to a
cleaned 50 mL test tube.

5. Transfer the 5 mL of concentrated sample extract to the column.
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6.

When the level in the column reaches the level of the silica, sequentially rinse the
sample container with two 5 mL portions of hexane and add each rinse to the column.

Elute the column with an additional 75 mL of hexane, collecting the entire eluate in two
50 mL test tubes.

Concentrate the hexane eluate to approximately 1 mL in preparation for the alumina
column cleanup.

If the sample extract is still discolored after the four acid washes specified in Section 12.5.4
have been completed, then 10.0 g of sulfuric acid impregnated silica gel is used instead of the
normal 4.0 g quantity in the silica gel column.

Sections 7.5 and 13.3, Alumina Column Cleanup

An alumina column cleanup is performed on the concentrated eluate from the silica gel
cleanup procedure.

Alumina, basic, 50-200 ym, (ICN Alumina B, Activity |, ICN Biomedicals GmbH).

The alumina is activated at 600+25 °C for more than 16 hours and less than five days in
shallow ceramic pans.

The following procedure is used for the alumina column cleanup.

1.

10.

11.

Construct a disposable column by rémoving the portion of a 10 mL Pyrex disposable
pipette above the 4 mL mark.

Insert a plug of silanized glass wool and carefully push it into the constricted end of the
column using a 1 mL pipet.

Remove the alumina from the furnace, pour the alumina into a 150 mL Pyrex beaker
and allow the alumina to cool in a desiccator for 30 minutes.

Mix the alumina in the beaker.
Add 3.0 g of alumina to each column and tap the columns to settle the alumina.

Transfer the concentrated sample extract from the silica gel column cleanup to the
alumina column.

Sequentially rinse the test tube that contained the sample with two 1 mL portions of
hexane and transfer each rinse to the alumina column.

Elute the alumina column with a total of 15 mL of hexane taking care to always
maintain the level of the liquid in the column above the level of the alumina, and collect
the eluate in a 25 mL test tube.

Position a clean 25 mL test tube below the alumina column and elute the column with a
total of 10 mL of 8% (v/v) methylene chioride-in-hexane.

Elute the column with a total of 15 mL of 50% (v/v) methylene chloride-in-hexane, and
coilect the eluate in the test tube containing the 8% eluate.

Reserve the hexane eluate and concentrate the 8/50% eluate for analysis.
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Section 7.10 and Table 3, Labeled-Compound Spiking Solutions

Eleven labeled PCBs are added to each sample using the nonane solution specified in Section
7.10 and Table 3 of Method 1668. A second stock solution is used to add eight additional
labeled PCBs to each sample. The PCBs included in this Additional Labeled-Compound
Spiking Stock Solution and their concentrations are listed below in SOP Table 1. The
calibration, identification and quantification procedures in Sections 10, 15,16 and 17 of Method
1668 are modified to include these additional labeled PCBs. This stock solution is diluted prior

o use.
SOP Table 1. PCBs in the Additional Labeled-Compound Spiking Stock Solution
IUPAC No. PCB Isomer Concentration in ng/mL
3 "“C4,-4-Monochlorobiphenyl 100
15 "°C4,-4,4'"-Dichlorobiphenyl , 100
31 Cyp-2,4',5-Trichlorobiphenyl 100
37 °C1,-3,4,4-Trichlorobiphenyl 100
47 C,-2,2' 4,4-Tetrachlorobiphenyl 100
95 C4,-2,2',3,5' 6-Pentachlorobiphenyl 100
194 C,-2,2'3,3,4,4' 5,5-Octachlorobiphenyl 100
206 “C,-2,2',3,3',4,4' 5,5 6-Nonachlorobiphenyl 100

Section 7.9 and Table 3, PAR Stock Solutions

Thirteen native PCBs are added to each IPR and OPR sample using the nonane solution
specified in Section 7.9 and Table 3 of Method 1668. A second stock solution is used to add
39 additional native PCBs to the IPR and OPR samples. The PCBs included in this Additional
PAR Stock Solution and their concentrations are listed below in SOP Table 2. This stock
solution is diluted prior to use.

SOP Table 2. Native PCBs in the Additional PAR Stock Solution

IUPAC No. PCB Isomer Concentration in ng/mL
1 2-Monochlorobiphenyl 25
3 4-Monochlorobiphenyl 25
8 2,4'-Dichlorobiphenyl 25
15 4.,4'- Dichlorobiphenyl 25
18 2,2' 5-Trichlorobiphenyl 25
28 2,4 4'-Trichlorobiphenyl 25
37 3,4,4'-Trichlorobiphenyl 25
44 2,2',3,5'-Tetrachlorobiphenyl 50
49 2,2' 4, 5-Tetrachlorobiphenyl 50
52 2,2',5,5 - Tetrachlorobiphenyl 50
66 2,3',4,4-Tetrachlorobiphenyl 50
70 2,3'.4' 5-Tetrachlorobiphenyl 50
74 2,44’ 5-Tetrachlorobiphenyl 50
81 3,4,4' 5-Tetrachlorobiphenyl 50
87 2,2'.3,4 5'-Pentachlorobiphenyl 50
115 2,3,4,4' 6-Pentachlorobipheny! 50
90 2,2',3,4' 5-Pentachlorobiphenyl 50
101 2,2'.4,5,5-Pentachlorobiphenyl 50
99 2,2',4,4' 5-Pentachlorobiphenyl 50
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110 2,3,3',4' 6-Pentachlorobiphenyl 50
119 2,3',4,4' 6-Pentachlorobiphenyl 50
151 2,2',3,5,5' 6-Hexachlorobiphenyl 50
128 2,2',3,3',4,4'-Hexachlorobiphenyl 50
138 2,2',3,4,4',5'-Hexachlorobipheny! 50
158 2,3,3',4,4' 6-Hexachlorobiphenyl 50
149 2,2'3,4',5' 6-Hexachlorobiphenyl 50
153 2,2',4 4' 5 5'-Hexachlorobiphenyl 50
168 2,3'4,4'.5' 6-Hexachlorobiphenyl 50
177 2,2'3,3',4',5 6-Heptachlorobiphenyl 50
183 2,2'3,4,4',5' 6-Heptachlorobiphenyl 50
184 2,2',3,4,4' 6,6'-Heptachlorobiphenyl 50
187 2,2'3,4',5,5' 6-Heptachlorobiphenyl 50
201 2,2',3,3',4,5 5 6'-Octachlorobiphenyl 75
202 2,2'3,3',5,5',6,6'-Octachlorobiphenyl 75
194 2,2'3,3',4,4',5,5-Octachlorobipheny! 75
195 2,2',3,3',4,4',5,6-Octachlorobipheny! 75
206 2,2',3,3',4,4',5,5',6-Octachlorobiphenyi 75
207 2,2',3,3',4,4',5,6,6'-Octachlorobiphenyl 75
209 Decachlorobiphenyl 75

Section 7.13 and Table 4, Calibration Standards

The five calibration standards specified in Section 7.13 and Table 4 of Method 1668 are used
to calculate response factors for the 13 PCBs included in the Method 1668 calibration
standards. Response factors for the 39 additional PCBs Listed in SOP Table 2 are calculated
using a Modified CS3 standard.

This Modified CS3 standard contains:
s All of the components listed for CS3 in Method 1668 Table 4.
* The eight labeled PCBs listed in SOP Table 1 at 100 ng/mL..

e The 39 native PCBs listed in SOP Table 2 at 25 ng/mL for the mono-, di- and tri-PCBs,
50 ng/mL for the tetra-, penta-, hexa- and hepta-PCBs, and 75 ng/mL for the octa-,
nona- and deca-PCBs.

The Modified CS3 standard is used as the calibration verification standard for the PCB
analyses.

Section 10.1.1, GC Operating Conditions
The following column and GC temperature program are used for the PCB analyses.
Column: SPB-Octyl, 30 m long x 0.25 mm ID with 0.25 um film thickness

Temperature Program: 128 °C for 1 minute, ramp at 15 °C/minute to 150 °C, and then ramp at
2 °C/minute to 270 °C

Sections 10, 15, 16 and 17 and Tables 8 and 9, Calibration and Determination

The calibration and determination procedures in Method 1668 are modified to use the
additional labeled standards listed in SOP Table 1. The ions that are monitored for each
labeled surrogate, internal and cleanup standard are listed below in SOP Table 3.
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SOP Table 3. HRMS/SIM Parameters for Labeled Mono- to Deca-Chlorinated Biphenyl

Standards

MS IUPAC | Description Primary | Secondary | Theoretical | Standard
Descriptor | No. ' fon fon Ratio Type(a)

1 3 “C1,-MonoCB | 200.0795 | 202.0766 | 3.13 )

1,2 15 C,,-DiCB 234.0406 | 236.0376 | 1.56 S

2,3 31 C,-TriCB 268.0016 | 269.9986 | 1.04 S

37 “C4,-TriCB S

3,4 52 “Cy-TetraCB | 301.9626 | 303.9597 | 0.77 I

47 ®Cyp-TetraCB S

81 Cy,-TetraCB [

77 ”CQ—TetraCB S

45 95 “Cq,-PentaCB | 337.9207 | 339.9178 | 1.55 S

101 “Cy,-PentaCB I

111 “C4,-PentaCB c

118 Cy-PentaCB )

105 C4o-PentaCB )

126 Cy,-PentaCB S

5,6 138 Ci-HexaCB |371.8817 | 373.8788 |1.24 I

167 “Cy,-HexaCB S

156 C1,-HexaCB )

157 C-HexaCB S

169 C,,-HexaCB S

6,7 178 “Ci,-HeptaCB | 405.8428 | 407.8398 | 1.05 |

180 Cy,-HeptaCB S

189 "Cq,-HeptaCB S

7.8 194 ¥C-OctaCB | 439.8038 | 441.8008 | 0.89 )

8 206 “C1-NonaCB | 473.7647 | 475.7617 | 0.77 S

9 209 “Cy-DecaCB | 511.7199 | 513.817 0.69 )
(a) S = Surrogate or Labeled-Compound Spiking Solution Component, | = Internal Standard

and C = C!eanup Standard.

The HRMS/SIM Parameters for the native Mono- through Deca-CBs are listed below in SOP
Table 4. These parameters supplement the parameters listed in Tables 8 and 9 in Method

1668.

SOP Table 4. HRMS/SIM Parameters for the Mono- Through Deca-CBs.

Mass Descriptor | Congener Group | Primary | Secondary | Theoretical
lon lon lon Ratio
1 Mono-CBs 188.0393 | 190.0363 | 3.13
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1.2 Di-CBs 222.0003 | 223.9974 | 1.56
2,3 Tri-CBs 255.9613 | 257.9584 |1.04
3.4 Tetra-CBs 289.9224 |291.9194 | 0.77
4,5 Penta-CBs 325.8804 | 327.8775 | 1.55
56 Hexa-CBs 359.8415 | 361.8385 |1.24
6,7 Hepta-CBs 393.8025 | 395.7995 |1.05
7,8 Octa-CBs 427.7635 | 429.7606 | 0.89
8 Nona-CBs 461.7246 | 463.7216 | 0.77
9 Deca-CB 497.6826 | 499.6797 | 0.69

QC Limits

The QC limits are specified in Sections 9, 10, 14, 15, 16 and 17 of Draft U. S. EPA Method
1668.

Corrective Action Procedures

Draft U. S. EPA Method 1668 contains procedures for routine corrective actions.

Unforeseen situations may arise during the preparation and analysis of environmental samples.
If possible, corrective action is implemented immediately and the actions are clearly
documented on the sample tracking form or batch cover sheet.’

The need for corrective action may be identified by:
1. Recognition by laboratory personnel that there is a problem.
2. Standard QC procedures.
3. System or performance audits.

Usually, personal experience alerts the analyst to suspicious data or malfunctioning equipment.
Corrective action taken at this point avoids the collection of poor quality data.

Problems that are not immediately detected during the course of analysis may require more
formalized corrective action. The essential steps in the corrective action system followed by
BRL are:

1. Checking the predetermined limits for data acceptability beyond which corrective
action is required.

ldentifying and defining the problem.
Assigning responsibility for investigating the problem.

4. Determining the action required to correct the problem (this may include reanalysis
of the sample).

5. Assigning and accepting responsibility for implementing the corrective action.
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6. Implementing the corrective action.
7. Verifying that the corrective action has eliminated the problem.
8. Documenting the corrective action taken.

References
1. U. 8. EPA Method 1668, "Measurement of Toxic PCB Congeners By Isotope Dilution
HRGC/HRMS," October 4, 1995, Draft Revision.

2. U. S. EPA Method 1613, Revision B, 40 CFR Part 136, Appendix A, “Tetra- Through Octa-
Chlorinated Dioxins and Furans by isotope Dilution HRGC/HRMS."

3. Quality Assurance Manual, Wright State University, Revision No. 7, March 23, 1998.
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Toxic PCBs by Isotope Dilution HRGC/HRMS

1.0
1.1

1.2

1.3

1.4

1.5

1.6

2.0

21

Scope and Application

Recovery Act, the Comprehensive Environmental Response, Compensation and Liability Act, and
the Safe Drinking Water Act. The method is based on 2 compilation of methods from the
technical literature (References 1-3) and on EPA Method 1613. ‘

The toxic PCBs listed in Table | (Reference 4) and other specific congeners may be determined
by this method. : : '

Summary of Method

Flow charts that summarize procedures for sample preparation, extraction, and analysis are given
in Figure | for aqueous and solid samples, Figure 2 for multi-phase samples, and Figure 3 for
tissue samples. ' :
Extraction

211 Aqueous samples (samples containing less than one percent solids)—Stable isotopically

vacuum filtered through a glass-fiber filter on top of a solid-phase extraction (SPE) disk.
Sample components on the filter and disk are eluted with methylene chloride and the eluant
is concentrated for cleanup. . ,

212  Solid, semi-solid, and multi-phase samples (but not tissue)}—The labeled compounds are
spiked into a sample containing 10 g (dry weight) of solids. Samples containing multiple
phases are pressure filtered and Ny aqueous liquid is discarded. Coarse solids are ground or



homogenized. Any non-aqueous liquid from multi-phase samples is combined with the
solids and extracted in an SDS extractor. The extract is concentrated for cleanup.

213 Fish and other tissue—A 20-g aliquot of sample is homogenized, and a 10-g aliquot is
spiked with the labeled compounds. The sample is mixed with sodium sulfate, allowed to
. dry for 12 - 24 hours, and extracted for 18-24 houcs using methylene chloride:hexane (1:1)
in a Soxhlet extractor. 'I'hc extract is evaporated to dryness, and the lipid content is
determined.

2.2 After extraction, samples are cleaned up using back-extraction with sulfuric acid and/or base, and
gel permeation, silica gel, Florisil and activated carbon chromatography. High-performance liquid
chromatography (HPLC) can be used for further isolation of specific isomers or congeners. Prior
to the cleanup procedures cited above, tissue extracts are cleaned up using an anthropogenic
isolation column. :

23 After cleanup, the extract is concentrated to near dryness. Immediately prior to injection, internal
standards are added to each extract, and an aliquot of the extract is injected into the gas
chromatograph. The analytes are separated by the GC and detected by a high-resolution
(210,000) mass spectrometer. Two exact m/z’s are monitored for each analyte.

24 An individual PCB congener is identified by comparing the GC retention time and ion-abundance
ratio of two exact m/z's with the corresponding retention time of an authentic standard and the
theoretical or acquired ion-abundance ratio of the two exact m/z's. Isomer specificity for the
toxic PCBs is achieved using GC columns that resolve these congeners from the other PCBs.

2.5 Quantitative analysis is performed using selected ion curreat profile (SICP) areas, in one of two
ways: '
251 For PCBs with labeled analogs (see Table 1), the GC/MS system is calibrated, and the
concentration of each compound is determined using the isotope dilution technique.
2.5.2 For PCBs without labeled compounds, the GC/MS system is calibrated and the
concentration of each compound is determined using the internal standard technique.

2.6 The quality of the analysis is assured through reproduecible calibration and testing of the
extraction, cleanup, and GC/MS systems.

3.0 Definitions
Definitions are given in the glossary at the end of this method.

4.0 Contamination and Interferences

4.1 Solveats, reagents, glssware, and other sample processing hardware may yield artifacts and/or
elevated baselines causing mmnterpmuon of chromatograms. Specific selection of reagents and
purification of solvents by distillation in all-gw systems may be required. th:e possxb!e,
reagents are cleaned by extraction or solvent rinse.

The non-coplanar PCB congeners 105, 114, 118, 123, 156, 157, 167, and 180 have been
shown to be very difficult to completely eliminate from the laboratory at the MDLs in. this
method, and baking of glassware in a kiln or farnace at 450 - S00 °C may be necessary to
remove these and other contaminants. .
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4.2  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,

4.2.1  Glassware should be rinsed with solvent and washed with a detergent solution as soon after
use as is practical. Sonication of glasswar¢ containing a detergent solution for
approximately 30 seconds may aid in cleaning. Glassware with removable parts, particularly
separatory funnels with fluoropolymer stopcocks, must be disassembled prior to detergent
washing. '

422 After detergent washing, glassware should be rinsed immediately, first with methanol, then

with hot tap water. The tap water rinse is followed by another methanol rinse, then acetone,
and then methylene chloride. ‘

4.23 Baking of glassware in kiln or other high temperature furnace (450 - 500 °C) may be
warranted after particularly dirty samples are encountered. However, baking should be

minimized, as repeated baking of glassware may cause active sites on the glass surface that
may irreversibly adsorb PCBs.

4.24 Immc&iatcly prior to use, the Soxhlet apparatus should be pre-extracted with toluene for

approximately 3 hours (see Sections 12.3.1-12.3.3). The solid-phase extraction apparatus
(Section 6.4.1.5) should be rinsed with methylene chlorideftoluene (80720 mixture).

4.3 All materials used in the analysis shall be demonstrated to be free from interferences by running

4.4

4.5

- reference matrix method blanks initially and with each sample batch (samples started through the
extraction process on a given 12-hour shift, to a maximum of 20 samples).

4.3.1 The reference matrix must simulate, as closely as possible, the sample matrix under test.
Ideally, the reference matrix should not contain the PCBs in detectable amounts, but should
contain potential interferents in the concentrations expected to be found in the samples to
be analyzed.

432 When a reference matrix that simulates the sample matrix under test is not available,
reagent water (Section 7.6.1) can be used to simulate water samples; playground sand
(Section 7.6.2) or white quartz sand (Sectioa 7.3.2) can be used to simulate soils; filter

paper (Section 7.6.3) can be used to simulate papers and similar materials; and com oil
(Section 7.6.4) can be used to simulate tissues.

Interferences coextracted from samples will vary considerably from source to source, depending
on the diversity of the site being sampled. Interfering compounds may be present at
concentrations several orders of magnitude higher than the PCBs. The most frequently encoun-
tered interferences are chlocinated dioxins and dibenzofurans, methoxy biphenyls, hydroxy-

_thcmbymitmlhbleddzmﬁnaﬁonof&e%ﬂsﬂﬁwkvehﬂ:ownhhbhl

Each piece of reusable glassware should be numbered to associzte that glassware with the
processing of a particular sample. This will assist the laboratory in tracking pouible_sourc?s of
contamination for individual samples, identifying glassware associated with highly con‘tammated
samples that may require extra cleaning, and determining when glassware should be discarded.



4.6

5.0
5.1

5.2

8.3

Cleanup of tissue—The natural lipid content of tissue can interfere in the analysis of tissue
samples for the PCBs. The lipid contents of different species and portions of tissue can vary
widely. Lipids are soluble to varying degrees in various organic solvents and may be present in
sufficient quantity to overwhelm the column chromatographic cleanup procedures used for
cleanup of sample extracts. Lipids must be removed by the lipid removal procedures.in Section

13.6, followed by Florisil (Section 13.7), and carbon (Section 13.4) as minimum additiona]
cleanup steps.

Safety

The toxicity or carcinogenicity of each chemical used in this method has not been precisely
determined; however, each compound should be treated as a potential health hazard. Exposure to
these compounds should be reduced to the lowest possible level.

5.1.1 The PCBs have been tentatively classified as known or suspected human or mammalian

carcinogens. On the basis of the available toxicological and physical properties of the
PCBs, pure standards should be handled only by highly trained personnel thoroughly
familiar with handling and cautionary procedures and the associated risks.

512 ntis recommended that the laboratory purchase dilute standard solutions of the analytes in

this method. However, if primary solutions are prepared, they shall be prepared in a hood,
and a NIOSH/MESA approved toxic gas respirator shall be worn when high concentrations
are handled. :

The laboratory is responsible for maintaining a current awareness file of OSHA regulations
regarding the safe handling of the chemicals specified in this method. A reference file of material
safety data sheets (MSDSs) should also be made available to all personnel involved in these
analyses. It is also suggested that the laboratory perform personal hygiene monitoring of each
analyst who uses this method and that the results of this monitoring be made available to the
analyst. Additional information on laboratory safety can be found in References 5-8. The
references and bibliography at the end of Reference 8 are particularly comprehensive in dealing
with the general subject of laboratory safety. '

The pure PCBs and samples suspected to contain these compounds are handled using essentially
the same techniques employed in handling radicactive or infectious materials. Well-ventilated,
controlled access laboratories are required. Assistance in evaluating the health hazards of
particular laboratory conditions may be obtained from certain consulting laboratories and from
State Departments of Health or Labor, many of which have en industrial health service. Each
laboratory must develop a strict safety program for handling these compounds. The practices in
Reference 11 for handling chlorinated dibenzo-p-dioxins and dibenzofurans (CDD2/CDFs) are
also recommended for handling the toxic PCBs.

5.3.1 Facility—When finely divided samples (dusts, soils, dry chemicals) are handled, alt

operations (including removal of samples from sample containers, weighing, transferring,
and mixing) should be performed in a glove box demonstrated to be leak tight or in a fume
hood demonstrated to have adequate air flow. Gross losses to the laboratory ventilation
system must not be allowed. Handling of the dilute solutions normally used in analytical
and animal work presents no inhalation hazards except in the case of an accident.



53.2

533

534

5.3.5

53.6

53.7

538

Protective equipment—Disposable plastic gloves, apron or lab coat, safety glasses or mask,
and a glove box or fume hood adequate for radioactive work should be used. During
analytical operations that may give rise to aerosols or dusts, personnel should wear
respirators equipped with activated carbon filters. Eye protection equipment (preferably full
face shields) must be wom while working with exposed samples or pure analytical
standards. Latex gloves are commonly used to reduce exposure of the hands. When
handling samples suspected or known to contain high concentrations of the PCBs, an
additional set of gloves can also be worn bencath the latex gloves.

Training—Workers must be trained in the proper method of removing contaminated gloves
and clothing without contacting the exterior surfaces.

Personal hygiene—Hands and forearms should be washed thoroughly after each
manipulation and before breaks (coffee, lunch, and shift).

Confinement—Isolated work areas posted with signs, segregated glassware and tools; and
plastic absorbent paper on bench tops will aid in confining contamination.

Effluent vapors—The effluents of sample splitters from the gas chromatograph (GC) and
from roughing purrips on the mass spectrometer (MS) should pass through either a colurnn
of activated charcoal or be bubbled through a trap containing oil or high-boiling alcohols to
condense PCB vapors.

Waste Handling—Good technique includes minimizing contaminated waste. Plastic bag
linecs should be used in waste cans. Janitors and other personnel must be trained in the safe
handling of waste.

Decontamination.

5381 Decontamination of personnel—Use any mild soap with plenty of scrubbing action.

5382 Glassware, tools, and surfaces—Chlorothene NU Solvent is a less toxic solvent that

539

should be effective in removing PCBs. Satisfactory cleaning may be accomplished by
rinsing with Chlorothene, thea washing with any detergent and water. If glassware is

first rinsed with solvent, then the dish water may be disposed of in the sewer. Given

the cost of disposal, it is prudeat to minimize solvent wastes.

Laundry—Clothing known to be contaminated should be collected in plastic bags. Persons
who convey the bags and launder the clothing should be advised of the hazard and trained
in proper handling. The clothing may be put into a washer without contact if the laundecer
knows of the poteatial problem. The washer should be run through a cycle before being

* used again for other clothing.

§3.10°

Wipe tests—A useful method of determining cleanliness of work surfaces and tools is to
wipe the surface with a piece of filter paper. Extraction and analysis by GC with an
electron capture detector (ECD) can achieve a limit of detection of 0.1 pg per wipe;
analysis using this method can achieve an even lower detection limit. Less than 0.1 pg per
wipe indicates acceptable cleanliness; anything higher wamants further cleaning. More than
10 pg on a wipe constitutes an acute hazard and requires prompt cleaning before further use
of the equipment or work space, and indicates that unacceptable work practices have beea
employed. .



6.0 Apparatus and Materials

Note: Brand names, suppliers, and part numbers are for illustration purposes only and no

endorsement is implied. Equivalent

performance may be achieved using apparatus and materials

other than those specified here. Meeting the performance requirements of this method is the
responsibility of the laboratory.

6.1 Sampling equipment for discrete or composite sampling.

6.1.1

Sample bottles and caps.

6.1.1.1 Liquid samples (waters, sludges and similar materials containing S percent solids or

less}—Sample bottle, amber glass, 1.1-L minimum, with screw cap.

6.1.1.2 Solid samples (soils, sediments, sludges, paper pulps, filter cake, compost, and similar

materials that contain more than § percent solids)}—Sample bottle, wide mouth, amber
glass, 500-mL minimum.

6.1.1.3  If amber bottles are not available, samples shall be protected from light.

6.1.1.4  Bottle caps—Threaded to fit sample bottles. Caps shall be lined with fluoropolymer.
6.1.15 Cleaning. -

6.1.2

6.1.1.5.1 Bottles are detergent water washed, then solvent rinsed before use.
6.1.15.2 Liners are detergent water washed and rinsed with reagent water (Section 7.6.1).

Compositing equipment—Automatic or manual compositing system incorporating glass
containers cleaned per bottle cleaning procedure above. Only glass or fluoropolymer tubing
shall be used. If the sampler uses a peristaltic pump, a minimum length of compressible
silicone rubber tubing may be used in the pump only. Before use, the tubing shall be
thoroughly rinsed with methanol, followed by repeated rinsing with reagent water to
minimize sample contamination. An integrating flow meter is used to collect proportional
composite samples.

6.2 Equipment for glassware cleaning—Laboratory sink with overhead fume hood.
6.3 Equipment for sample preparation.

6.3.1

6.3.2
633

6.3.4
- 6.35

Laboratory fume hood of sufficient size to contain the sample preparation equipment listed
below. :

Glove box (optional).

Tissue homogenizer—VirTis Model 45 Macro homogeaizer (Anwddn Scieatific Products
H-3515, or equivalent) with stainless steel Macro-shaft and Turbo-shear blade.

Meat grinder—Hobart, or equivalent, with 3- to S-mm holes in inner plate.
Equipment for determining percent moisture.

6.3.5.1 Oven—Capable of maintaining a temperature of 110 =5°C.
6.3.52 Dessicator.



6.3.6 Balances.

6.3.6.1
6.3.6.2

Analytical—Capable of weighing 0.1 mg.
Top loading—Capable of weighing 10 mg.

6.4 Extraction apparatus.

6.4.1 Water samples.

6.4.1.1
6.4.1.2
6.4.1.3
6.4.1.4

6.4.1.5

pH meter, with combination glass electrode.
pH paper, wide range (Hydrion Papers, or equivalent).
Graduated cylinder, 1-L capacity.

Liquid/liquid extraction—Separatory funnels, 250-, 500- and 2000-mL, thh
fluoropolymer stopcocks.

Solid-phase extraction.

6.4.1.5.1 1-L filtration apparatus, including glass funnel, frit support, clamp, adapter,

stopper, filtration flask, and vacuum tubing (Figure 4). For wastewater samples,
the apparatus should accept 90 or 144 mm disks. For drinking water or cthcr
samples containing low solids, smaller disks may be used.

6.4152 Vacuum source capable of maintaining 25 in. Hg, equipped with shutoff valve

and vacuum gauge.

6.415.3 Glass-fiber filter—Whatman GMF 150 (or cquxvalem), 1 micron pore size, to fit

filtration apparatus in Section 6.4.1.5.1.

64154 Sohd—phase extraction disk containing octadecyl (C,,) bonded silica uniformly

enmeshed in an inert matrix—Fisher Scientific 14-378F (or equivalent), to fit
filtration apparatus in Section 6.4.1.5.1.

6.4.2 Soxhlct/Dean—Stark (SDS) extractor (Figure 5 and Reference 12) for filters and solid/sludge
samples.

6.4.2.1

6422
6.4.2.3
6.4.24

6425

Soxhlet—S50-mm ID, 200~mL capacity with S500-mL flask (Cal-Glass LG-6900, or
equivalent, except subsmute 500-mL round-bottom flask for 300-mi. flat-bottom
flask).

Thimble—43 x 123 to fit Soxhlet (Cal-Glass LG-6901-122, or eqmvalcnt)
Moxsmre trap—Dean Stark or Barret with flucropolymer stopcock. to fit Soxhlet.

Hcaung mantle—Hemispherical, to fit S00-mL mund-bottom flask (Cal-Glass LG-
8801-112, or equivalent).

Variable transformer—Powerstat (or equivaleat), 110-volt, 10-amp.

6.4.3 Beakers—400- to 500-mL.
6.4.4 Spatulas—Stainiess steel.
6.5 Filtration apparatus.

6.5.1 Pyrex glass wool—Solvent-extracted by SDS for 3 hours minimum.
6.5.2 Glass funnel—125- to 250-mL.
653 Glass-fiber filter- paper—Whatman GEF/D (or equivalent), to fit glass funnel in Section 6.5.2.

7



6.5.4 Drying column—15- to 20-mm [D Pyrex chromatographic column equipped with coarse-
glass frit or glass-wool plug. : A

6.5.5 Buchner funnel—15-cm.

656 Glass-fiber filter paper for Buchner funnel above.

§57 Filtration flasks—1.5- to 2.0-L, with side arm.

658 Pressure filtration apparatus—Millipore YT30 142 HW, or equivalent.
6.6 Centrifuge apparatus.

6.6.1 Centrifuge—Capable of rotating 500-mL centrifuge bottles or 15-mL centrifuge tubes at
5,000 rpm minimum. '

662 Centrifuge bottles—500-mL, with screw-caps, to fit centrifuge.
6.6.3 Centrifuge tubes—12- to 15-mL, with screw-caps, to fit centrifuge.
6.7 Cleanup apparatus.

67.1 Automated gel permeation chromatograph (Analytical Biochemical Labs, Inc, Columbia,
MO, Modei GPC Autoprep 1002, or equivalent).

6711 Column—600-700 mm long x 25 mm ID, packed with 70 g of SX-3 Bio-beads (Bio-
Rad Laboratories, Richmond, CA, or equivalent).

6.7.1.2 Syringe—10-mL, with Luer fitting.

6.7.1.3 Syringe filter holder—stainless steel, and glass- fiber or fluoropolymer filters (Gelman
4310, or equivalent).

6.7.1.4 UV detectors—254-nm, preparative or semi-preparative flow cell (Isco, Inc., Type 6;
Schmadzu, S-mm path length; Beckman-Altex 152W, 8-uL. micro-prep flow cell, 2-
mm path; Pharmacia UV-1, 3-mm flow cell; LDC Milton-Roy UV-3, monitor #1203;
or equivalent).
6.7.2 Reverse-phase high-performance liquid chromatograph.

6721 Column oven and detector—Perkin-Elmer Model LC-65T (or equivalent) operated at
0.02 AUFS at 235 nm. )

6722 Injector—Rheodyne 7120 (or equivalent) with 50-pL sample loop.

6723 Column—Two 6.2 mm x 250 mm Zorbax-ODS columns in scn';s {DuPont
Instruments Division, Wilmington, DE, or equivalent), operated at 30°C and 2.0
mL/min with gradient from TBD percent methanol:acetonitrile to 100 percent
acetonitrile in TBD minutes. :

6.7.24 Pump—Altex 110A (or equivalent).

6.7.3 Pipets.
6.7.3.1 Disposable, Pasteur, 150-mm long x S-mm ID (Fisher Scientific 13-678-6A, of
, equivalent). ' '

6.7.3.2 Disposable, serological, SO-mL (8- 1o 10- mm ID).
6.7.4 Glass chromatographic columns.
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6.74.1 150-mm long x 8-mm ID, (Kontes K-420155, or equivalent) with coarse-glass frit or
- glass-wool plug and 250-mL reservoir.

6.74.2 200-mm long x |5-mm [D, with coarse-glass frit or glass-wool plug and 250-mL
reservoir.

6.7.43 300-mm long x 22-mm ID, with coarse-glass frit, 300-mL reservoir, and glass or
fluoropolymer stopcock.

6. 7 5 Stxmng apparatus for batch silica cleanup of tissue extracts.
6.7.5.1 Mechanical stirrer—Coming Model 320, or equivalent.
6.7.5.2 Bottle—S500- to 600-mL wide-mouth clear glass.

6.76 Oven—For baking and storage of adsorbents, capable of maintaining a constant tcmpcramrc
(£5°C) in the range of 105-250°C.

6.8 Concentration apparatus.

6.8.1 Rotary evaporator—Buchi/Brinkman-American Scientific No. E5S045-10 or equivalent,
equipped with a variable temperature water bath.

6.8.1.1 Vacuum source for rotary evaporator equipped with shutoff valve at the evaporator
and vacuum gauge. )

6.8.1.2 A recirculating water pump and chiller are recommended, as use of tap water for cool-
ing the evaporator wastes large volumes of water and can lead to inconsistent
performance as water temperatures and pressures vary.
6.8.1.3 Round-bottom flask—100-mL and 500-mL or larger with ground-glass fitting
compatible with the rotary evaporator.
6. 8.2 Kudema-Danish (K-D) concentrator.
6.8.2.1 Concentrator tube—10-mL, graduated (Kontes K-570050-102S, or equivalent) with

calibration verified. Ground-glass stopper (size 19/22 joint) is used to prevent
evaporation of extracts.

6.8.22 Evaporation flask—500-mL (Kontes K-570001-0500, or equivalent), attached to
concentrator tube with springs (Kontes K-662750-0012 or equivalent).

6.8.23 Snyder column—-'l‘hrec—ball macro (Kontes K-503000-0232, or equwalem)
6.8.2.4 Boiling chips.

6.8.24.1 Glass or silicon carbide—Approximately 10/40 mesh, extracted with methylene
chloride and baked at 450°C for one hour minimum.

68242 Fluoropolymer (optional}—Extracted with methylene chloride.

6.825 Water bath—Heated, with concentric ring cover, capable of maintaining a temperature
within £2°C, installed in a fume hood.

6.8.3 Nitrogen blowdown appanms——Eqmpped with water bath controlled in zhe range of 30 -
. 60°C (N-Evap, Organomation Associates, Inc., South Berlin, MA, or equivalent), installed
in a fume hood.

6.84 Sample vials



6.841 Amber glass, 2- to 5S-mL with fluoropolymer-lined screw-cap.
6.84.2 Glass, 0.3-mL, conical, with fluoropolymer-lined screw or crimp cap.

6.9 Gas chromatograph—Shall have splitless or on-column injection port for capillary column,

temperature program with isothermal hold, and shall meet all of the performance specifications in
Section 10.

6.9.1 GC columns—The pair of GC columns listed below are capable of resolving all 209 PCB
congeners. Other GC columns may be used so long as PCBs 126 and 169 are each resolved
from their respective most closely eluted leading and trailing congeners. The valley height
between PCB 126 or 169 and its respective most closely eluted leading and trailing
congeners must be less than 10 percent of the height of the shorter of the pair.

6.9.2 Column #l——-30:2:5~m:long % 0.252+0.02-mm ID; 0.25-um film SPB-Octyl (Supelco 2-4218,
or equivalent).

693 Column #2—30x5-m long x 0.25+0.02-mm ID; 0.25-pm film DB-1 (J&W, or equivalent).

6.10 Mass spectrometer—28- to 40-eV electron impact ionization, shall be capable of repetitively
selectively monitoring 12 exact m/z's minimum at high resolution (210,000) during a period less
than 1.5 seconds, and shall meet all of the performance specifications in Section 10.

6.11 GC/MS interface—The mass spectrometer (MS) shall 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 beams. ‘

6.12 Data system—Capable of cbllecting. recording, and storing MS data.

7.0 Reagents and Standards

7.1  pH adjustment and back-extraction. ,
7.1.1  Potassium hydroxide—Dissolve 20 g reagent grade KOH in 100 mL reagent water.
712 Sulfuric acid—Reagent grade (specific gravity 1.84).
7.1.3 Hydrochloric acid—Reagent grade, 6N.
7.14 Sodium chloride—Reagent grade, prepare at 5% (w/v) solution in reagent water.
7.2 Solution drying and evaporation. B
7.2.1 Solution drying—Sodium sulfate, reagent grade, granular, anhydrous (Baker 3375, or
equivalent), rinsed with methylene chleride (20 mL/g), baked at 400°C for 1 hour
" minimum, cooled in a desiccator, and stored in 2 pre~cleaned glass bottle with screw-cap
that prevents moisture from entering. If, after heating, the sodium sulfate develops a
noticeable grayish cast (due to the presence of carbon in the g:rysul matrix), that batch gf
reagent is not suitable for use and should be discarded. Extraction with methylene ?hlondc
(as opposed to simple rinsing) and baking at a lower temperature may produce sodium
sulfate that is suitable for use. ' _
7.2.2 Tissue drying—Sodium sulfate, reagent grade, powdered, treated and stored as above.
723 Prepurified nitrogen.
7.3  Extraction. ‘
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7.3.1  Solvents—Acetone, toluene, cyclohexane, hexane, methanol, methyvlene chloride, and
nonane; distilled in glass, pesticide quality, lot-certified to be free of interferences.

7.3.2 White quartz sand, 60/70 mesh—For Soxhlet/Dean-Stark extraction (Aldrich Chemical, Cat.
No. 27-437-9, or equivalent). Bake at 450°C for 4 hour minimum.

74 GPC calibration solution—Prepare a solution containing 300 mg/mL com oil, TBD mg/mL PCB
209, 1.4 mg/mL pentachlorophenol, 0.1 mg/mL perylene, and 0.5 mg/mL sulfur. [To be modified

if necessary.]

7.5 Adsorbents for sample cleanup.

7.5.1 Silica gel.

7.5.1.1  Activated silica gel—100-200 mesh, Supelco 1-3651 (or equivalent), 100-200 mesh,
- rinsed with methylene chloride, baked at 180°C for a minimum of 1 hour, cooled in a
desiccator, and stored in a precleaned glass bottle with screw-cap that prevents
moisture from entering.

7.5.1.2  Acid silica gel (30% w/w)—Thoroughly mix 44.0 g of conccmratcd sulfuric acid with
100.0 g of activated silica gel in a clean container. Break up aggregates with a stirring
rod until a uniform mixture is obtained. Store in a screw-capped bottle with
fluoropolymer-lined cap.

7.5.1.3 Basic silica gel—Thoroughly mix 30 g of IN sodium hydroxide with 100 g of
activated silica gel in a clean container. Break up aggregates with a stirring rod until a
uniform mixture is obtained. Store in a screw-capped bottle with fluoropolymer-lined

cap.

7.5.1.4 Potassium silicate,

75.14.1

75142

75.143

7.5.14.4

75.145
752 Carbon.

Dissolve 56 g of high purity potassium hydroxide (Aldrich, or equivale:it) in 300
mL of methanol in a 750- to 1000-mL flat-bottom flask.

Add 100 g of activated silica gel (Section 7.4.1. l) and a stirring bar, and stir on
a hot plate at 60-70°C for 1-2 hours.

Decant the liquid and rinse the potassium silicate twice with 100-mL portions of
methancl, followed by 2 single rinse with 100 mL of methylene chloride.

Spread the potassium sxhcate on solvent-rinsed aluminum foil and dry for 2-4
hours in a hood.

Activate ovemight at 200-250°C.

7521 Carbopak C—(Supelco 1-0258, or equivalent).

7522  Celite 545—(Supelco 2-0199, or equivalent).

7523 Thoroughly mix 18.0 g Carbopak Cand 18.0 g Celite 545 to producs a 50% wiw
mixture. Activate the mixture at 130°C for a mmmmm of 6 hours. Store in a
desiccator.

753 Anthropogenic isolation column—Pack the column in Section 6.7.4.3 from bottom to top -
with the following:

H



7531 2 g silica gel (Section 7.5.1.1).

7532 2 g potassium silicate (Section 7.5.1.4).

7533 2 g granular anhydrous sodium sulfate (Section 7.2.1).
7834 10 g acid silica gel (Section 7.5.1.2).

7535 2 g granular anhydrous sodium sulfate.
7.54  Florisil column ‘

7.54.1 Florisil—PR grade, 60-100 mesh (US. Silica Corp, Berkeley Springs, WV, or

equivalent). Fill a clean 1- to 2-L bottle 172 to 273 full with Florisil and place in an
oven at 130-150 °C for a minimum of three days.

7.542 Immediately prior to use, dry pack a 300-mm x 22-mm [D glass column (Section

6.7.4.3) bottom to top with 0.5-1.0 cm of anhydrous sodium sulfate (Section 7.2.1),
10-10.5 cm of warm to hot activated Florisil (Section 7.5.4.1), and 1-2 cm of warm to
hot anhydrous sodium sulfate. Allow the column to cool and wet immediately with
100 mL of n-hexane to prevent water from entering.

7.5.43 Using the procedure in Section 13.7, establish the elution pattemn for each carton of

Florisil received.

7.6 Reference matrices—Matrices in which the PCBs and interfering compounds are not detected by
this method. ' ' '

7.6.1
76.2
763
784

765

Reagent water—Bottled water purchased locally, or prepared by passage through activated
carbon.

High-solids reference matrix—Playground sand or similar material. Prepared by extraction
with methylene chloride and/or baking at 450°C for a minimum of 4 hours,

Paper reference matrix—Glass-fiber filter, Gelman type A, or equivalent. Cut paper to
simulate the surface area of the paper sample being tested.

Tissue reference matrix—Corn or other vegetable oil. May be prepared by extraction with
methylene chloride. :

Other matrices—This method may be verified on any reference matrix by performing the
tests given in Section 9.2. Ideally, the matrix should be free of the PCBs, but in no case
shall the background level of the PCBs in the reference matrix exceed three times the
minimum levels in Table 2. If low background levels of the PCBs are present in the-
refesence matrix, the spike level of the analytes used in Section 9.2 should be increased to
provide a spike-to-background ratio in the range of 1:1 to S:1 (Reference ).

7.7  Standard solutions—Purchased as solutions or mixtures with certification to their purity,
concentration, and authenticity, or prepared from materials of known purity and composition. If
the chemical purity is 98% or greater, the weight may be used without correction to compute the
concentration of the standard. When not being used, standards are stored in the dark at room
lemperature in screw-capped vials with flucropolymer-lined caps. A mark is placed on the vial at
the level of the solution so that solvent loss by evaporation can be detected. If solvent loss has
occurred, the solution should be replaced.

7.8 Stock solutions.
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7.8.1 Preparation—Prepare in nonane per the steps below or purchase as dilute solutions
(Cambridge Isotope Laboratories (CIL), Woburn, MA, or equivalent). Observe the safety
precautions in Section 5, and the recommendation in Section 5.1.2.

782 Dissolve an appropriate amount of assayed reference material in solvent. For example,
weigh | to 2 mg of PCB 126 to three significant figures in a 10-mL ground-glass-stoppered
volumetric flask and fill to the mark with nonane. After the PCB is completely dissolved,
transfer the solution to a clean 15-mL vial with fluoropolymer-lined cap.

7.8.3  Stock standard solutions should be checked for signs of degradation prior to the preparation
of calibration or performance test standards. Reference standards that can be used to
determine the accuracy of calibration standards are available from several vendors.

7.9 PAR stock solution.

7.9.1  All PCBs—Using the solutions in Section 7.8, prepare the PAR stock solution to contain
the PCBs of interest at the concentrations shown in Table 3. When diluted, the solution will
become the PAR (Section 7.14).

7.9.2 If the toxic, non-ortho, co-planar PCBs (PCBs 77, 126, and 169) only are to be determined,
prepare the PAR stock solution to contain these compounds only. '

7.10  Labeled-compound spiking solution.

7.10.1  All toxic PCBs—From stock solutions, or from purchased mixtures, prepare this solution to
contain the labeled compounds in nonane at the concentrations shown in Table 3. This
solution is diluted with acetone prior to use (Section 7.10.3).

7.102 If PCBs 77, 126, and 169 only are to be determined, prepare the labeled-compound solution
to contain these compounds only. This solution is diluted with acetone prior to use (Section
7.10.3). '

7.10.3 Dilute a sufficient volume of the labeled compound solution (Section 7.10.1 or 7.10.2) by a
factor of 50 with acetone to prepare a diluted spiking solution. Each sample requires 1.0
mL of the diluted solution, but no more solution should be prepared than can be used in
one day.

711 Cleanup standard—Prepare PCBs 81 and 111 in nonane at the concentration shown in Table 3.

The cleanup standard is added to all extracts prior to cleanup to measure the efficiency of the
cleanup process.

7.12  Internal standard(s).

7.121  All toxic PCBs—Prepare the intemnal standard soluticn to contain labeled PCBs 52, 101,
138, 178, and 209 in nonane at the concentration shown in Table 3. '

7122 If PCBs 77, 126, and 169 only are to be determined, the internal standard solution may be
' prepared to contain PCBs 52, 101, and 138 only. ‘

7.13  Calibration standards (CS1 through CS5)—Combine the soluticas in Sections 7.9-7.12 to produce
the five calibration solutions shown in Table 4 in nonane. These solutions permit the relative
response (labeled to native) and response factor to be measured as a function of concentration.
The CS3 standard is used for calibration verification (VER). If the PCBs 77, 126, and 169 only
are to be determined, combine the solutions appropriate to these compounds.



1.14

7.15

7.16

717

8.0

8.1

8.2

8.3

8.4

each are required for the blank and OPR with each matrix in each batch,

GC retention time window defining solution and isomer specificity test standard—Used to define
the beginning and ending retention times for the PCB Congeners and to demonstrate isomer
specificity of the GC columns employed for determination of PCB 126. The standard must
contain the compounds listed in Table 5(CIL , or equivalent), at a minimum. It is not
necessary to monitor all of the window-defining compounds if PCBs 77, 126, and 169 only are
to be determined. In this case, a congener-specificity test standard containing the most closely
eluted isomers listed in Table § (CIL , or equivalent) may be used.

QC Check ‘Samplc-—-A. QC’ Check Sample should be obtained from a source independent of the
calibration standards. Ideally, this check sample would be a certified standard reference material
(SRM) containing the PCBs in known concentrations in a sample matrix similar to the matrix

combination with pesticides in cod liver oil, and in combination with 2,3,7,8“TCDD in human
serum,

Stability of solutions—Standard solutions used for quantitative purposes (Sections 7.9 through
7.15) should be analyzed periodically, and should be assayed against reference standards before
further use. . -

Sample Collection, Preservation, Storage, and Holding Times.

Collect samples in amber glass containers following conventional sampling practices (Reference
12).

Aqueous samples

82.1 Samples that flow freely are collected as grab samples or in refrigerated bottles using

automatic sampling equipment.

8.22 If residual chiorine is present, add 80 mg sodium thiosulfate per liter of water. EPA

Methods 330.4 and 330.5 may be used to measure residual chlorine (Reference 13).

823 Adjust sample pH 2-3 with sulfuric acid.
824 Maintain aqueous sa}nples in the dark at 04°C from the time of collection until receipt at

 the laboratory. Store in the dark at 0-4°C.

Solid samples
8.3.4  Solid samples are collected as grab samples using wide-mouth jars. \
8.34 Maintain solid, semi-solid, oily, and mixed-phase samples in the dark at <4°C from the

time of collection until receipt at the laboratory. Store solid, semi-solid, oily, and mixed-
Pphase samples in the dark at <-10°C.

Fish and tissue samples.



8.4.1

8.4.2

8.4.3

R N OV o

Fish may be cleaned, filleted, or processed in other ways in the field, such that the
laboratory may expect to receive whole fish, fish fillets, or other tissues for analysis.

Fish collected in the field should be wrapped in aluminum foil, and must be maintained at a
temperature less than 4°C from the time of collection until receipt at the laboratory.

Samples must be frozen upon receipt at the laboratory and maintained in the dark at <-10°C
until prepared. Maintain unused sample in the dark at <-10°C.

8.5 Holding times.

8.5.1

8.5.2

There are no demonstrated maximum holding times associated with the PCBs in aqueous,
solid, semi-solid, tissues, or other sample matrices. If stored in the dark at 0-4°C and
preserved as given above (if required), aqueous samples may be stored for up to one year.
Similarly, if stored in' the dark at <-10°C, solid, semi-solid, multi-phase, and tissue samples
may be stored for up to one year.

Store sample extracts in the dark at <-10°C until analyzed. If stored in the dark at <-10°C,
sample extracts may be stored for up to one year.

9.0 Quality Assurance/Quality Control

8.1

Each laboratory that uses this method is required to operate a formal quality assurance program
(Reference 14). The minimum requirements of this program consist of an initial demonstration of
laboratory capability, analysis of samples spiked with labeled compounds to evaluate and
document data quality, and analysis of standards and blanks as tests of continued performance.
Laboratory performance is compared to established performance criteria to determine if the
results of analyses meet the performance characteristics of the method.

If the method is to be applied to sample matrix other than water (e.g., soils, filter cake, compost,
tissue) the most appropriate alternate matrix (Sections 7.6.2-7.6.5 and 7.16) is substituted for the
reagent water matrix (Section 7.6.1) in all performance tests.

9.1.1

g.1.2

The analyst shall make an initial demonstration of the ability to generate acceptable
accuracy and precision with this method. This ability is established as described in Section
9.2.

In recognition of advances that are occurring in analytical technology, and to allow the
analyst to overcome sample matrix interferences, the analyst is permitted certain options to
improve separations or lower the costs of measurements. These options include alternate
extraction, concentration, cleanup procedures, and changes in columns and detectors.
Alternate determinative techniques, such as the substitution of spectroscopic of immuno-
assay techniques, and changes that degrade method performance, are not allowed. If an
analytical technique other than the techniques specified in this method is used, that
technique must have a specificity equal to or better than the spec:ﬁczty of the techmques in
this method for the analytes of interest.

9.1.21 Each time a modification is made to this method, the analyst is required to repeat the

procedure in Section 9.2. If the detection limit of the methed will be affected by the -
change, the laboratory is required to demonstrate that the MDL (40 CFR Part 136,
Appendix B) is lower than one-third the regulatory compliance level or one-third the-
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ML in this method, whichever is higher. If calibration will be affected by the change,
the analyst must recalibrate the instrument per Section |0.

9.1.2.2  The laboratory is required to maintain records of medifications made to this method.
These records include the following, at a minimum:

9.1.2.2.1

9.1.2.2.2
9.1.223
9.1.2.24

9.1.225

a)
b)
c)
d)
e)
f)
g)
h)
i)
)]
k)
)]
m)
)
0)
)]

The names, titles, addresses, and telephone numbers of the analyst(s) who
performed the analyses and modification, and of the quality control officer who
witnessed and will verify the analyses and modifications.

A listing of pollutant(s) measured, by name and CAS Registry number.
A narrative stating reason(s) for the modifications.

Results from all quality control (QC) tests comparing the modified method to
this methed, including: '

a) Calibration (Section 10.5-10.7).

b) Calibration verification (Section 15.3).

¢) . Initial precision and recovery (Section 9.2).
d) Labeled compound recovery (Section 9.3).
e) Analysis of blanks (Section 9.3).

f) Accuracy assessment (Section 9.4).

Data that will allow an independent reviewer to validate each determination by
tracing the instrument output (peak height, area, or other signal) to the final
result. These data are to include:

Sample numbers and other identifiers.

Extraction dates.

Analysis dates and times.

Analysis sequence/run chronology.

Sample weight or volume (Section 11).

Extract volume prior to each cleanup step (Section 13).

Extract volume after each cleanup step (Section 13).

Final extract volume prior to injection (Section. 14).

Injection volume (Section 14.3). :

Dilution data, differentiating between dilution of a sample or extract (Section
17.5). ‘

Instrument and operating conditions.

Column (dimensions, liquid phase, solid support, film thickness, etc).
Operating conditions (temperatures, temperature program, flow rates).
Detector (type, operating conditions, etc).

Chromatograms, printer tapes, and other recordings of raw data.

Quantitation reports, data system outputs, and other data to link the raw data to
the results reported.

9.1.3  Analyses of method blanks are required to demonstrate freedom from contamination
(Section 4.3). The procedures and criteria for analysis of a method blank are described in
Sections 9.5 and 15.6. ' :

9.1.4 The laboratory shall spike all samples with labeled compounds to monitor method
performance. This test is described in Section 9.3. When results of these spikes indicate
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atypical method performance for samples, the samples are diluted to bring method
performance within acceptable limits. Procedures for dilution are given in Section 17.5.

9.1.5 The laborgtory shall, on an ongoing basis, demonstrate through calibration verification and
the analysis of the ongoing precision and recovery aliquot that the analytical system is in
control. These procedures are described in Sections 15.1 through 15.5.

9.1.6 The laboratory shall maintain records-to define the quality of data that is generated.
Development of accuracy statements is described in Section 9.4.

9.2 Initial precision and recovery (IPR)—To establish the ability to generate acceptable precision and
recovery, the analyst shall perform the following operations.

9.2.1 For low solids (aqueous) samples, extract, concentrate, and analyze four 1-L aliquots of
reagent water spiked with the diluted labeled compound spiking solution (Section 7.10.3)
and the precision and recovery standard (Section 7.14) according to the procedures in
Sections 11 through 18. For an altemative sample matrix, four aliquots of the alternative
reference matrix (Section 7.6) are used. All sample processing steps that are to be used for
processing samples, including preparation (Section 11), extraction (Section 12), and cleanup
(Section 13), shall be included in this test.

9.22 Using results of the set of four analyses, compute the average concentration (X) of the
B extracts in ng/mL and the standard deviation of the concentration (s) in ng/mL for each
compound, by isotope dilution for PCBs with a labeled analog, and by internal standard for
the PCBs without a labeled analog and the labeled compounds.

923 For each PCB and labeled compound, compare s and X with the corresponding limits for
initial precision and recovery in Table 6. If PCBs 77, 126, and 169 only are to be
determined, compare s and X with the corresponding limits for initial precision and
recovery in Table 6a. If s and X for all compounds meet the acceptance criteria, system
performance is acceptable and analysis of blanks and samples may 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 (Section 9.2). : ’

9.3 The laboratory shall spike all samples with the diluted labeled compound spiking solution
(Section 7.10.3) to assess method performance on the sample matrix.

931 Analyze each sample according to the procedures in Sections 11 through 18.

9.32 Compute the percent recovery of the labeled compounds and the cleanup standard using the
internal standard method (Section 17.2). o

9.3.3 The recovery of each hbdedcompmndmuszbewithintﬁelimitsinnb!e7 when all of
the toxic PCBs are determined, and within the limits in Table 7a when PCBs 77, 126, and
169 only are determined. If the recovery of any compound falls cutside of these fimits,
method performance is unacceptable for that compound in that sample. Additional cleanup
procedures must thea be employed to attempt to bring the recovery within the normal
range. If the recovery cannot be brought within the normal range after all cleanup
procedures have been employed, water samples are diluted and smaller amounts of soils,
sludges, sediments, and other matrices are analyzed per Section 18.4.
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9.4

8.7

9.8

Recovery of labeled compounds from samples should be assessed and records should be
maintained. '

94.1  After the analysis of five samples of a given matrix type (water, soil, sludge, pulp, etc.) for
which'the labeled compounds pass the tests in Section 9.3, compute the average percent
recovery (R) and the standarg deviation of the percent recovery (S,) for the labeled
compounds only. Express the assessment as a percent recovery interval from R - PATGE
+ 2S, for each matrix. For example, if R = 90% and Sg = 10% for five analyses of pulp,

94.2 Update the accuracy assessment for each labeled compound in each matrix on a regular
basis (e.g., after each five to ten new measurements).

contamination (Section 4.3).

9.5.1 Prepare, extract, clean up, and concentrate a method blank with each sample batch (samples
of the same matrix started through the extraction process on the same 12-hour shift, to a

matrix for the batch, €.8. 2 I-L reagent water blank (Section 7.6.1), high-solids reference
matrix blank (Section 7.6.2), paper matrix blank (Section 7.6.3); tissue blank (Section 7.6.4)
or altemnative reference matrix blank (Section 7.6.5). Analyze the blank immcdiately after
analysis of the OPR (Section 15.5) to demonstrate freedom from contamination,

952 If any PCB (Table 1) is found in the blank at greater than the minimum level (Table 2) or

Depending on specific program mquirenmtx..ﬁe!d replicates may be collected to‘d?te'rmine the
precision of the sampling technique, and spiked samples may be required to determine the
accuracy of the analysis when the internal standard methed is used.
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10.0 Calibration

10.1 Establish the operating conditions necessary to meet the minimum retention times for the internal
standards in Section 10.2.4 and the relative retention times for the PCBs in Table 2.
10.1.1  Suggested GC operating conditions:

Injector temperature:  290°C

Interface temperature:  290°C

Initial temperature: 150°C

Initial time: 2 minutes

Temperature program: 150 to 200°C at 10°C/minute

200 to 280°C at 2.0°C/minute

Note: All portions of the column that connect the GC to the ion source shall remain at or

above the interface temperature specified above during analysis. to preclude condensation of less
volatile compounds.

The GC conditions may be optimized for compound separation and sensitivity. Once
optimized, the same GC conditions must be used for the analysxs of all standards, blanks,
IPR and OPR aliquots, and samples.

10.1.2 Mass spectrometer (MS) resolution—Obtain a selected ion current profile (SICP) of each
analyte in Table 3 at the two exact m/z's specified in Table 8 and at 210,000 resolving
power by injecting an authentic standard of the PCBs either singly or as part of a mixture
in which there is no interference between closely eluted components.

10.12.1 The analysis time for PCBs may exceed the long-term mass stability of the mass
spectrometer. Because the instrument is operated in the high-resolution mode, mass
drifts of a few ppm (cg S ppm in mass) can have serious adverse effects on
instrument performance. Therefore, a mass-drift correction is mandatory and a lock-
mass m/z from PFK is used for drift correction. The lock-mass m/z is dependent on
the exact mfz's mounitored within each descriptor, as shown in Table 8. The level of
PFK metered into the HRMS during analyses should be adjusted so that the amplitude
of the most intense selected lock-mass m/z signal (regardless of the descriptor
numbes) does not exceed 10% of the full-scale deflection for a given set of detector
parameters. Under those conditions, sensitivity changes that might occur during the
analysis can be more effectively monitored..

Note: Excessive PFK (or any other reference substance) may cause noise problems and
contamination of the ion source necessitating increased frequency of source cleaning.
-10.12.2 If the HRMS has the capability to monitor resolution during the analysis, it is

acceptable to terminate the analysis when the resolution falls below 10,000 to save
reanalysis time.




10.1.23 Using a PFK molecular leak, tune the instrument to meet the minimum required

resolving power of 10,000 (10% valley) at m/z 304.9824 or any other reference signal
close to m/z 305 (from PeCB). For each descriptor (Table 8), monitor and record the
resolution and exact m/z’s of three to five reference peaks covering the mass range of
the descriptor. The resolution must be greater than or equal to 10,000, and the
deviation between the exact m/z and the theoretical m/z (Table 8) for each exact m/z
monitored must be less than 5 ppm. -

10.2 Ion abundance ratios, minimum levels, signal-to-noise ratios, and absolute retention times—
Choose an injection volume of either 1 or 2 pL, consistent with the capability of the
HRGC/HRMS instrument. Inject a | or 2 pL aliquot of the CS1 calibration solution (Table 4)
using the GC conditions frgm Section 10.1.1. If PCBs 77, 126, and 169 only are to be
determined, the operating conditions and specifications below apply to analysis of those
compounds only.

10.2.1

Measure the SICP areas for each analyte, and compute the ion abundance ratios at the exact
m/z's specified in Table 8. Compare the computed ratio to the theoretical ratio given in
Table 9.

10.2.1.1  The exact m/z's to be monitored in each descriptor are shown in Table 8. Each group

or descriptor shall be monitored in succession as a function of GC retention time to
ensure that all of the toxic PCBs are detected. Additional m/z’s may be monitored in
each descriptor, and the m/z's may be divided among more than the descriptors listed
in Table 8, provided that the laboratory is able to monitor the m/z’s of all the PCBs °
that may elute from the GC in a given retention-time window. If PCBs 77, 126, and
169 only are to be determined, the descriptors may be meodified to include only the
exact myz’s for the tetra-, penta-, and hexa-, congeners, and the lock m/z’s.

10212 The mass spectrometer shall be operated in a mass-drift correction mode, using PFK

1022 .
- Table 9 for their respective ion abundance ratios; otherwise, the mass spectrometer shall be

10.23

10.24

to provide lock m/z's. The lock mass for cach group of m/z’s is shown in Table 8.
Each lock mass shall be monitored and shall not vary by more than +20% throughout
its respective retention time window. Variations of the lock mass by more than 20%
indicate the presence of coeluting interferences that may significantly reduce the
sensitivity of the mass spectrometer. Reinjection of another aliquot of the sample
extract will not resolve the problem. Additional cleanup of the extract may be required
to remove the interferences.

All PCBs and labeled compounds in the CSI standard shall be within the QC limits in

adjusted and this test repeated until the m/z ratios fall within the limits specified. If the
adjustment alters the resolution of the mass spectrometer, resolution shall be verified
(Section 10.1.2) prior to repeat of the test.

Verify that the HRGC/HRMS instrument meets the minimum levels in Table 2. The peaks
representing the PCBs and labeled compounds in the CS! calibration standard must have
signal-to-noise ratios (S/N) greater than or equal to 10.0. Otherwise, the mass spectrometer
shall be adjusted and this test repeated until the minimum levels in Table 2 are met.

The absolute retention time of PCB 169 (Section 7.12) shall exceed 20 minutes on the
SPB-Octy! column, and the retention time of PCB 157 shall exceed 25 minutes on the DB-
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I column; otherwise, the GC temperature program shall be adjusted and this test repeated
until the above-stated minimum retention time criteria are met.

10.3 Retention-time windows—Analyze the window defining mixtures (Section 7.15) using the
optimized temperature program in Section 10.1. Table 5 gives the elution order (first/last) of the
window-defining compounds. If PCBs 77, 126, and 169 only are to be determined, the window-
defining tetra-, penta-, and hepta- PCBs are the only compounds that need to be tested.

10.4 Isomer specificity

10.4.1 Analyze the isomer specificity test standards (Section 7.15) using the procedure in Section
14 and the optimized conditions for sample analysis (Section 10.1.1).

10.42 Compute the percent valley between the GC peaks that elute most closely to PCB 126 and
169 on the SPB-Octy! column and to PCB 156/157 on the DB-1 column, per Figures 6 and
1. ‘

10.4.3  Verify that the height of the valley between the most closely eluted isomers and the PCBs
given in Section 10.4.2 is less than 25% (computed as 100 x/y in Figures 6 and 7). If the
valley exceeds 25%, adjust the analytical conditions and repeat the test or replace the GC
column and recalibrate (Sections 10.1.2 through 10.7).

10.5 Calibration by isotope dilution—Isotope dilution calibration is used for the native PCBs for
which labeled compounds are added to samples prior to extraction. The reference compound for
each native compound is shown in Table 2.

10.5.1 A calibration curve encompassing the concentration range is prepared for each compound to
be determined. The relative response (RR) (labeled to native) vs. concentration in standard
solutions is plotted or computed using a linear regression. Relative response is determined
according to the procedures described below. Five calibration points are employed.

10.52 The response of each native PCB relative to its labeled analog is determined using the area

: responses of both the primary and secondary exact m/z’s specified in Table 8, for each
calibration standard, as follows:

L L 42)C,
(A1, + A2) C,

Where: ’

Al_ and A2, = The areas of the primary and secondary miZs for the FCB.

Al, and A2, = Themofﬁcpﬁnwya&dmadmyﬂisﬁrth&hbeledcompowﬂ.
C, = The concentration of the labeled compound in the calibration standard (Table 4).
C, = The concentration of the native compound in the calibration standard (Table 4).

10.53 To calibrate the analytical system by isotope dilution, inject a volume of calibration
standards CS1 through CSS (Section 7.13 and Table 4) identical to the volurne chosen in
Section 10.2, using the procedure in Section 14 and the conditions in Section 10.1.1 and
Table 2. Compute the relative response (RR) at each concentration.
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1054 Linearity—If the relative response for any compound is constant (less than 20% coefficient
of variation) over the five-point calibration range, an averaged relative response may be
used for that compound; otherwise, the complete calibration curve for that compound shall
be used over the five-point calibration range.

10.6 Calibration by internal standard—The internal standard method is applied to determination of the
native PCBs for which a labeled compound is not available, and to the determination of labeled
compounds for intralaboratory statistics (Sections 9.4 and 15.5.4). )

10.6.1 Response factors—Calibration requires the determination of response factors (RF) defined
by the following equation:

_ (4l +42) C,
A1, + 42) C,
Where:
Al and A2, = The areas of the primary and secondary m|Zs for the PCB.
Al and A2, = The areas of the primary and secondary m|Zs for the internal standard.
C, = The concentration of the internal standard (Table 4).
C, = The concentration of the compound in the calibration standard (Table 4).

Hu

it

Note: There is only one m/z for PCBs 81 and 111 [This note may not be necessary]. See Table

1062 To calibrate the analytical system by internal standard, injéct 1.0 or 2.0 pL of calibration
standards CS1 through CS5 (Section 7.13 and Table 4) using the procedure in Section 14

and the conditions in Section 10.1.1 and Table 2. Compute the response factor (RF) at each
concentration.

1063 Linearity—If the response factor (RF) for any compound is constant (less than 35%
coefficient of variation) over the five-point calibration range, anh averaged response factor
may be used for that compound; otherwise, the complete calibration curve for that
compound shall be used over the five-point range. ‘

10.7 Combined calibration—By using calibration solutions (Section 7.13 and Table 4) containing the
native PCBs, labeled compounds, and the internal standards, a single set of analyses can be used
to produce calibration curves for the isotope dilution and internal standard methods. These curves
are verified each shift (Section 15.3) by analyzing the calibration verificaticn standard (VER,
Table 4). Recalibration is required if any of the calibration verification criteria (Section 15.3)
cannot be met. ' -

10.8 Data storage—MS data shall be collected, recorded, and stored.

10.8.1 Data acquisition—The signal at each exact m/z shall be collected repetitively throughout the
monitoring period and stored on a mass storage device.
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10.8.2 Response factors and multipoint calibrations—The data system shall be used to record and
maintain lists of response factors (response ratios for isotope dilution) and multipoint
calibration curves. Computations of relative standard deviation (coefficient of variation)
shall be used to test calibration linearity. Statistics on initial performance (Section 9.2) and
ongoing performance (Section 15.5) should be computed and maintained, either on the
instrument data system, or on a separate computer system.

11.0 Sample Preparation

1.1 Sample preparation involves modifying the physical form of the sainple 5o that the PCBs can be
extracted efficiently. In general, the samples must be in a liquid form or in the form of finely
divided solids in order for efficient extraction to take place. Table 10 lists the phases and
suggested quantities for extraction of various sample matrices.

For samples known or expected to contain high levels of the PCBs, the smallest sample size
representative of the entire sample should be used (see Section 17.5).

For all samples, the blank and [PR/OPR aliquots must be processed through the same steps as
the sample to check for contamination and losses in the preparation processes.-

1111 For samples that contain particles, percent solids and particle size are determined using the
procedures in Sections 11.2 and 11.3, respectively.

1112 Aqueous samples—Because PCBs may be bound to suspended particles, the preparation of
aqueous samples is dependent on the solids content of the sample.

11121 Aqueous samples containing one percent solids or less are prepared per Section 11.4
and extracted directly using the SPE technique in 12.2.

11122 For aqueous samples containing greater than cae percent solids, a sample aliquot
sufficient to provide 10 g of dry solids is used, as described in Section 11.5.

1113 Solid samples are prepared using the procedure described in Section 11.5 followed by
extraction via the SDS procedure in Section 12.3.

11.1.4  Multiphase samples—The phase(s) containing the PCBs is separated from the non-PCB
phase using pressure filtration and centrifugation, as described in Section 11.6. The PCBs
will be in the organic phase in a multiphase sample in which an organic phase exists.

1115 Procedures for grinding, homogenization, and blending of various sample phases are given
in Section 11.7. .

- 1.6 Tissue samples—Preparation procedures for fish and other tissues are given in Section 11.8.

112 Determination of percent suspended solids.

Note: This aliquot is used for determining the solids content of the sample, not for

determination of PCBs.

1121 Aqueous liquids and multi-phase samples consisting of mainly an aqueous phase.
11211  Desiccate and weigh a GF/D filter (Section 6.5.3) to three significant figures.
11.21.2  Filter 10.0 = 0.02 mL of well-mixed sample through the filter.

11.21.3  Dry the filter a minimum of 12 hours at 110 £ 5°C and cool in a desiccator.
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11.214  Calculate percent solids as follows:

% solids = “eight of sample aliquot after drying (g) - weight of filter @ 100
10 g

1122 Non-aqueous liquids, solids, semi-solid samples, and multi-phase samples in which the
main phase is not aqueous; but not tissues.

11.22.1  Weigh 5 to 10 g of sample to three signiﬁca:'xt figures in a tared beaker.
11222 Dry a minimum of 12 hours at 110 £ 5°C, and cool in a desiccator.
11223 Calculate percent solids as follows:

lids = weight of sample aliquot after drying
% so weight of sample ahquat before dtymg x 100

113 Determination of particle size.

11.3.1 Spread the dried sample from Section 11.22.2 on a piece of filter paper or aluminum foil
in a fume hood or glove box.

1132 Estimate the size of the particles in the sample. If the size of the largest particles is greater
: than 1 mm, the particle size must be reduced to I mm or less prior to extraction usmg the
procedures in Section 11.7.

114 Preparation of aqueous samples containing one percent suspended solids or less.

1141 Aqueous samples containing one percent suspended solids or less are prepared using the
procedure below and extracted using the SPE technique in Section 12.2.
1142 Preparation of sample and QC aliquots.
11421 Mark the original level of the sample on the sample bottle for reference. Weigh the
sample plus bottle to x1 g.

11422  Spike 1.0 mL of the diluted labeled-compound spiking solution (Section 7.10.3) into
the samplebonle.Cxpdaebwleandrmxﬁ\eamp!eby careful shaking. Allow the
sample to equilibrate for 1 to 2 hours, with occasional shaking.

11.42.3 For each sample or sample batch (to a maximum of 20 samples) to be extracted
during the same 12-hour shift, place two 1.0-L aliquots of reagent water in clean
sample bottles or flasks.

11.42.4 Spike 1.0 mL of the diluted labeled-compound spiking solution (Section 7.10.3) into
both reagent water aliquots. One of these aliquots will serve as the method blank.

11425 Spike 1.0 mL of the PAR standard (Section 7.14) into the remaining reagent water
aliquot. This aliquot will serve as the OPR (Section 15.5). ’

11426 Add S mL of methanol to the sample and QC aliquots. Cap and shake the samplc and
' QC aliquots to mix thoroughly, and proceed to Section 12.2 for extraction.
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11.5 Preparation of samples containing greater than one percent solids.

11.5.1

11.5.2

11.5.3

1154

Weigh a well-mixed aliquot of each sample (of the same matrix type) sufficient to provide

10 g of dry solids (based on the solids determination in Section 11.2) into a clean beaker or
glass jar.

Spike 1.0 mL of the diluted labeled compound spiking solution (Section 7.10.3) into the
sample. ‘

For each sample or sample batch (to a maximum of 20 samples) to be extracted during the

same 12 hour shift, weigh two 10-g aliquots of the appropriate reference matrix (Section
7.6) into clean beakers or glass jars. '

Spike 1.0 mL of the diluted labeled compound spiking solution (Section 7.10.3) into each

-reference matrix aliquot. One aliquot will serve as the method blank. Spike 1.0 mL of the

1155
11.5.8

1157

1158

PAR standard (Section 7.14) into the other reference matrix aliquot. This aliquot will serve
as the OPR (Section 15.5).

Stir or tumble and equilibrate the aliquots for 1 to 2 hours.

Decant excess water. If necessary to remove water, filter the sample through a glass-fiber
filter and discard the aqueous liquid.

If particles >1 mm are present in the sample (as determined in Section 11.3.2), spread the
sample on clean alurninum foil in a hoed. After the sample is dry, grind to reduce the
particle size (Section 11.7).

Extract the sample and QC aliquots using the SDS procedure in Section 12.3.

116 Multiphase samples. - '

11.6.1

11.62

11.6.3

11.64 -

Using the percent solids determined in Section 11.2.1 or 11.2.2, determine the volume of
sample that will provide 10 g of solids, up to 1 L of sample.

Pressure filter the amount of sample determined in Section 11.6.1 through Whatman GF/D
glass-fiber filter paper (Section 6.5.3). Pressure filter the blank and OPR aliquots through
GF/D papers also. If necessary to separate the phases and/or settle the solids, centrifuge
these aliquots prior to filtration. _ : :

Discard any aqueous phase (if present). Remove any non-aqueous liquid present and reserve
the maximum amourt filtered from the sample (Section 11.6.1) or 10 g, whichever is less,
for combination with the solid phase (Section 12.3.5).

If particles >1 mm are present in the sample (as determined in Section 11.3.2) and the
sample is capable of being dried, spread the sample and QC aliquots oan clean aluminum
foil in a hood. Afer the aliquots are dry or if the sample cannot be dried, reduce the
particle size using the procedures in Section 11.7 and extract the reduced particles using the
SDS procedure in Section 12.3. If particles >1 mm are not present, extract the particles and
filter in the sample and QC aliquots directly using the SDS procedure in Section 12.3.

11.7 Sample grinding, homogenization, or blending—Samples with particle sizes greater than | mm
(as determined in Section 11.3.2) are subjected to grinding, homogenization, or blending. The
method of reducing particle size to less than | mm is matrix-dependent. In general, hard particles
can be reduced by grinding with a mortar and pestle. Softer particies can be reduced by grinding
in a Wiley mill or meat grinder, by homogenization, or in a blender.
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174

11.7.2

173

.74

11.7.5

Each size-reducing preparation procedure on each matrix shall be verified by running the
tests in Section 9.2 before the procedure is employed routinely.

The grinding, homogenization, or blending procedures shall be carried out in a glove box or
fume hood to prevent particles from contaminating the work environment.

Grinding—Certain papers and pulps, slurries, and amorphous solids can be ground in a
Wiley mill or heavy duty meat grinder. In some cases, reducing the temperature of the
sample to freezing or to dry ice or liquid nitrogen temperatures can aid in the grinding
process. Grind the sample aliquots from Sections 11.5.7 or 11.6.4 in a clean grinder. Do not

allow the sample temperature to exceed 50°C. Grind the blank and reference matrix aliquots
using a clean grinder.

Homogenization or blending—Particles that are not ground effectively, or particles greater
than | mm in size after grinding, can often be reduced in size by high speed

" homogenization or blending. Homogenize and/or blend the particles or filter from Sections

11.5.7 or 11.6.4 for the sample, blank, and OPR aliquots.
Extract the aliquots using the SDS procedure in Section 12.3.

11.8  Fish and other tissues—Prior to processing tissue samples, the laboratory must determine the
exact tissue to be analyzed. Common requests for analysis of fish tissue include whole fish-skin
on, whole fish—skin removed, edible fish fillets (filleted in the field or by the laboratory), specific

organs, and other portions. Once the appropriate tissue has been determined, the sample must be
homogenized. :

11.8.1

Homogenization.

11.8.1.1 Samples are homogenized while still frozen, where practical. If the laboratory must

dissect the whole fish to obtain the appropriate tissue for analysis, the unused tissues
may be rapidly refrozea and stored in a clean glass jar for subsequent use.

11.8.1.2 Each analysis requires 10 g of tissue (wet weight). Therefore, the laboratory should

homogenize at least 20 g of tissue to allow for re-extraction of a second aliquot of the
same homogenized sample, if re-analysis is required. When whole fish analysis is
necessary, the eatire fish is homogenized. ‘

11.8.1.3 Homogenize the sample in a tissue homogenizer (Section 6.3.3) or grind in a meat

grinder (Section 6.3.4). Cut tissue too large to feed into the grinder into smalles
pieces. To assure homogeneity, grind three times.

11.3.’i 4 Transfer approximately 10 g (wet weight) of homogenized tissue to a ckan, tared,

400- to SO0-mi, beaker.

11815 Transfer the remaining homogenized tissve to a clean jar with a fluoropolymer-lined

1182

lid. Seal the jar and store the tissue at <-10°C. Retum any tissue that was not
homogenized to its original container and store at <-10°C.

QC aliquots.

11.821 Prepare a methed blank by adding approximately 10 g of the oily liquid reference

matrix (Section 7.6.4) to a 400- to SO0-mL beaker.

11.82.2 Prepare a precision and recovery aliquot by adding approximately 10 g of the oily

liquid reference matrix (Section 7.6.4) to a separate 400- to S00-mL beaker. Record
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the weight to the nearest 10 mg. If the initial precision and recovery test is to be
performed, use four aliquots; if the ongoing precision and recovery test is to be
performed, use a single aliquot.

11.83 Spiking.

11.83.1  Spike 1.0 mL of the labeled compound spiking solution (Section 7.10.3) into the
sample, blank, and QPR aliquot. ’ '

11832 Spike 1.0 mL of the PAR standard (Section 7.14) into the OPR aliquot.
1184  Extract the aliquots using the procedures in Section 12.4.

12.0 Extraction and Concentration

121 Extraction procedures include solid phase (Section 12.2) for aqueous liquids; Soxhlet/Dean-Stark
(Section 12.3) for solids and filters; and Soxhlet extraction (Section 12.4) for tissues. Acid/base
back-extraction (Section 12.5) is u3ed for initial cleanup of extracts.

Macro-concentration procedures include rotary evaporation (Section 12.6.1), heating mantle
(Section 12.6.2), and Kuderna-Danish (K-D) evaporation (Section 12.6.3). Micro-concentration
uses nitrogen blowdown (Section 12.7).

122 SPE of samples containing less than one percent solids.
1221 Disk preparation.

122,11 Remove the test tube from the suction flask (Figure 4). Place 2n SPE disk on the base
of the filter holder and wet with methylene chioride. While holding a GMF 150 filter
above the SPE disk with tweezers, wet the filter with methylene chloride and lay the
filter on the SPE disk, making sure that air is not trapped between the filter and disk.
Clamp the filter and SPE disk between the 1-L glass reservoir and the vacuum
filtration flask. ‘

12212 Rinse the sides of the reservoir with approx 15 mL of methylene chloride using a
squeeze bottle or pipet. Apply vacuum momentarily until a few drops appear at the
drip tip. Release the vacuum and allow the filtes/disk to soak for approx one minute.
Apply vacuum and draw all of the methylene chloride through the filtec/disk. Repeat
the wash step with approx 15 mL of acetone and allow the filter/disk to air dry.

1222 Sample extraction.

12221 Pre-wet the disk by adding approx 20 mL of methanol to the reservoir. Pull most of
the methanol through the filter/disk, retaining a layer of methano! approx 2 mm thick
on the filter. Do not allow the filter/disk to go dry from this point until the extraction
is completed. '

12222 Add approx 20 mL of reagent water to the reservoir and pull most through, leaving a
layer approx 2 mm thick on the filter/disk. T

12223 Allow the sample (Section 11.4.2.2) to stand for 1-2 hours, if necessary, to seitle the
suspended particles. Decant the clear layer of the sample, the biank (Section 11.4.2.4),
or IPR/OPR aliquot (Section 11.4.2.5) into the reservoir and turn on the vacuum to
begin the extraction. Adjust the vacuum to complete the extraction in no less than 10
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12.2.2.4

12225

12.22.6

minutes. For samples containing a high concentration of particles (suspended solids),
the extraction time may be an hour or longer.

Before all of the sample has been pulled through the filter/disk, add approx 50 mL of
reagent water to the sample bottle, swirl to suspend the solids (if present), and pour

into the reservoir. Pull through the filter/disk. Use additional reagent water rinses until
all solids are removed. ’

Before all of the sample and rinses have been pulled through the filter/disk, rinse the
sides of the reservoir with small portions of reagent water.

Partially dry the filter/disk under vacuum for approx 3 minutes.

12.23 Elution of the filter/disk.

12.2.3.1

12.23.2

12.2.3.3

12234

Release the vacuum, remove the entire filter/disk/reservoir assembly from the vacuum
flask, and empty the flask. Insert a test tube for eluant collection into the flask. The
test tube should have sufficient capacity to contain the total volume of the elution
solvent (approx 50 mL) and should fit around the drip tip. The drip tip should
protrude into the test tube to preclude loss of sample from spattering when vacuum is
applied. Reassemble the filter/disk/reservoir assembly on the vacuum flask. '

Wet the filter/disk with 4-5 mL of acetone. Allow the acetone to spread evenly across
the disk and soak for 15-20 seconds. Pull the acetone through the disk, releasing the
vacuum whea approx | mm thickness remains on the filter.

Rinse the sample bottle with approx 20 mL of methylene chloride and transfes to the
resecvoir. Pull approx half of the solvent through the filter/disk and release the
vacuum. Allow the filter/disk to soak for approx | minute. Pull all of the solvent
through the disk. Repeat the bottle rinsing and elution step with another 20 mL of
methylene chloride. Pull all of the solvent through the disk.

Release the vacuum, remove the filter/disk/reservoir assémbiy. and remove the test
tube containing the sample solution. Quantitatively transfer the solution to a 250-mL
separatory funnel and proceed to Section 12.5 for back-extraction.

123 SDS extraction of samples containing particles.

12.3.1  Charge a clean extraction thimble (Section 6.4.2.2) with 5.0 g of 1007200 mesh silica
- (Section 7.5.1.1) topped with 100 g of quartz sand (Section 7.3.2).

Note: Do not disturb the silica layer throughout the extraction process.

1232  Place the thimble in a clean extractor. Place 30 to 40 mL of toluene in the receiver and 200
to 250 ml of toluene in the flask. )

1233 Pre-extract the glassware by heating the flask until the toluene is boiling. When properly
adjusted, 1 to 2 drops of toluene will fall per second from the condenser tip into the
receiver. Extract the apparatus for a minimum of 3 hours.

1234  After pre-extraction, cool and disassemble the apparatus. Rinse the thimble with toluene and
allow to air dry.
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1235

1236

12.3.7

1238 °

12.3.9

e

Load the wet sample and/or filter from Sections 11.5.8, 11.6.4, 11.7.3, or 11.7.4 and any
nonaqueous liquid from Section 11.6.3 into the thimble and manually mix into the sand
layer with a clean metal spatula, carefully breaking up any large lumps of sample.

Reassemble the pre-extracted SDS apparatus, and add a fresh charge of toluene to the
receiver and reflux flask. Apply power to the heating mantle to begin refluxing. Adjust the
reflux rate to match the rate of percolation through the sand and silica beds until water
removal lessens the restriction to toluene flow. Frequently check the apparatus for foaming
during the first 2 hours of extraction. If foaming occurs, reduce the reflux rate until
foaming subsides.

Drain the water from the receiver at 1 to 2 hours and 8 to 9 hours, or sooner if the receiver
fills with water. Reflux the sampie for a total of 16 to 24 hours. Cool and disassemble the
apparatus. Record the total volume of water collected.

Remove the distilling flask. Drain the water from the Dean-Stark receiver and add any
toluene in the receiver to the extract in the flask. 4

Concentrate the extracts from particles (Sections 11.5-11.7) to approximately 10 mL using
the rotary evaporator or heating mante (Section 12.6.1 or 12.6.2), transfer to a 250-mL
separatory funnel, and proceed with back-extraction (Section 12.5).

124 Extraction of tissue

1241
124.2

12.4.3
1244
1245

12.46
1247

1248

12.4.9

Add 30 to 40 g of powdered anhydrous sodium sulfate to each of the beakers (Section
11.8.4) and mix thoroughly. Cover the beakers with aluminum foil and allow to equilibrate
for 12-24 hours. Remix prior to extraction to prevent clumping. ‘

Assemble and pre-extract the Soxhlet apparatus per Sections 12.3.1-12.3.4, except use the
methylene chloride:hexane (1:1) mixture for the pre-extraction and rinsing and omit the
quartz'sand. The Dean-Stark moisture trap may also be omitted, if desired.

Reassemble the pre-extracted Soxhlet apparatus and 2dd a fresh charge of methylene
chloride:hexane to the reflux flask.

Transfer the sample/sodium sulfate mixture (Section 12.4.1) to the Soxhlet thimble, and
install the thimble in the Soxhlet apparatus. .

Rinse the beaker with several portions of solvent mixture and add to the thimble. Fill the
thimble/receiver with solvent. Extract for 18 to 24 hours. '

After extraction, cool and disassemble the apparatus.

Quantitatively transfer the extract to a macro-concentration device (Secticn 12.6), and
concentrate to near dryness. Set aside the concentration appatatus for re-use.

Complete the removal of the solvent using the nitrogen blowdown procedure (Section 12.7)
and a water bath temperature of 60°C. Weigh the receiver, record the weight, and return the
receiver to the blowdown apparatus, concentrating the residue until a constant weight is
Percent lipid determination—The lipid content is determined by extraction of tissue with the
same solvent system (methylene chloride:hexane) that was used in EPA's National Dioxin
Study (Reference 15) so that lipid contents are consistent with that study.
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124.9.1  Redissolve the residue in the receiver in hexane and spike 1.0 mL of the cleanup

standard (Section 7.11) into the solution.

12492  Transfer the residue/hexane to the anthropogenic isolation column (Section 13.6.1),

retaining the boiling chips in the concentration apparatus. Use several rinses to assure
that all material is transferred. If necessary, sonicate or heat the receiver slightly to

assure that all material is re-dissolved. Allow the receiver to dry. Weigh the receiver
and boiling chips. ‘

12493 Calculate the lipid content to the nearest three significant figures as follows:

Percent lipid = Weight of residue (g) x 100
: Weight of tissue (g)

12494 It is not necessary to determine the lipid content of the blank, IPR, or OPR aliquots.
125  Back-extraction with base and acid.

1251

1252

1253

1254

1255
1256

Spike 1.0 mL of the cleanup standard (Section 7.11) into the separatory funnels containing
the sample and QC extracts from Section 12.2.3.4 or 12.39. ‘

Partition the extract against 50 mL of potassium hydroxide solution (Section 7.1.1). Shake
for 2 minutes with periodic venting into a hood. Remove and discard the aqueous layer.
Repeat the base washing until no color is visible in the aqueous layer, to a maximum of
four washings. Minimize contact time between the extract and the base to prevent degrada-
tion of the PCBs. Stronger potassium hydroxide solutions may be employed for back-
extraction, provided that the laboratory meets the specifications for labeled compound
recovery and demonstrates acceptable performance using the procedure in Section 9.2,

Partition the extract against 50 mL of sodium chloride solution (Section 7.1.4) in the same
way as with base. Discard the aqueous layer. '

Partition the extract against 50 mL of sulfuric acid (Secticn 7.1.2) in the same way as with
base. Repeat the acid washing until no color is visible in the aqueous layer, to a maximum
of four washings. :

Repeat the partitioning against sodium chloride sofution and discard the aqueous layer.
Pour each extract through a drying column containing 7 to 10 cm of granular anhydrous

- sodium sulfate (Section 7.2.1). Rinse the separatory funnel with 30 to 50 mL of solvent,

and pour through the drying column. Collect each extract in a‘round-bottom flask. Re-
coucentrate the sample and QC aliquots per Sections 12.6-12.7, and clean up the samples
and QC aliquots per Section 13.

126 Macro-concentration—Extracts in toluene are concentrated using a rotary evaporator or a heating
mantle; extracts in methylene chloride or hexane are concentrated using a rotary evaporator,
heating mantle, or Kudemna-Danish apparatus.

12.6.1

Rotary evaporation—Concentrate the extracts in separate round-bottorn flasks.
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12.6.1.1

12.6.1.2

126.13

G Qo

Assemble the rotary evaporator according to manufacturer's instructions, and warm
the water bath to 45°C. On a daily basis, preclean the rotary evaporator by
concentrating 100 mL of clean extraction solvent through the system. Archive both

the concentrated solvent and the solvent in the catch flask for a contamination check

if necessary. Between samples, three 2- to 3-mL aliquots of solvent should be rinsed
down the feed tube into a waste beaker.

Attach the round-bottom flask containing the sample extract to the rotary evaporator.
Slowly apply vacuum to the system, and begin rotating the sample flask.

Lower the flask into the water bath, and adjust the speed of rotation and the
temperature as required to complete concentration in 15 to 20 minutes. At the proper
rate of concentration, the flow of solvent into the receiving flask will be steady, but
no bumping or visible boiling of the extract will occur.

Note: If the rate of concentration is too fast, analyte loss may occur.

12.6.1.4

126.15

When the liquid in the concentration flask has reached an apparent volume of
approximately 2-mL, remove the flask from the water bath and stop the rotation.
Slowly and carefully admit air into the system. Be sure not to open the valve so
quickly that the sample is blown out of the flask. Rinse the feed tube with
approximately 2 mL of solvent.

Proceed to Section 12.6.4 for preparation for back-extraction or micro-concentration
and solvent exchange.

1262 Heating mantle—Concentrate the extracts in separate round-bottom flasks.

12.6.2.1

12.6.2.2

12623

Add one or two clean boiling chips to the round-bottom flask, and attach a three-ball
macro Snyder column. Prewet the column by adding approximately 1 mL. of solvent
through the top. Place the round-bottom flask in a heating mantle, and apply heat as
required to complete the concentration in 15 to 20 minutes. At the proper rate of
distillation, the balls of the column will actively chatter, but the chambers will not
flood.

When the liquid has reached an apparent volume of approximately 10 mL, remove the
round-bottom flask from the heating mantle and allow the solvent to drain and cool
for at least 10 minutes. Remove the Snyder column and rinse the glass Jomt into the
receiver with small portions of solveat.

‘Proceed to Section 12.6.4 for pmparanon for back-extraction or micro-concentration

and solvent exchange.

126.3 Kudema-Danish (K-D}——Conccmram the extracts in separate SC0-mL K-D flasks equipped
with 10-mL concentrator tubes. The K-D technique is used for solvents such as methylene
chloride and hexane. Toluene is difficult to concentrate using the K-D techaique unless a
water bath fed by a steam generator is-used.

12.6.3.1

Add 1 to 2 clean boiling chips to the receiver. Attach a tfiree-ball macro Snyder
column. Prewet the column by adding approximately | mL of solvent through the top.
Place the K-D apparatus in a hot water bath so that the entire lower rounded surface
of the flask is bathed with steam.
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1263.2

12.6.3.3

12.6.34

12.6.3.5

12.6.3.6

12.6.3.7

Adjust thc vertical position of the apparatus and the water temperature as required to
compiete the concentration in 15 to 20 minutes. At the proper rate of distillation, the
balls of the column will actively chatter but the chambers will not flood.

When the liquid has reached an appareat volume of | mL, remove the K-D apparatus
from the bath and allow the solvent to drain and cool for at least 10 minutes. Remove
the Snyder column and rinse the flask and its lower joint into the concentrator tube
with 1 to 2 mL of solvent. A 5-mL syringe is recommended for this operation,

Remove the three-ball Snyder column, add a fresh boiling chip, and attach a two ball
micro Snyder column to the concentrator tube. Prewet the column by adding
approximately 0.5 mL of solvent through the top. Place the apparatus in the hot water
bath. '

Adjust the vertical position and the water temperature as required to complete the
concentration in 5 to 10 minutes. At the proper rate of distillation, the balls of the
column will actively chatter but the chambers will not flood.

When the liquid reaches an apparent volume of 0.5 mL, remove the apparatus from
the water bath and allow to drain and cool for at least 10 minutes.

Proceed to 12.6.4 for preparation for back-extraction or micro-concentration and
solvent exchange.

126.4 Preparation for back-extraction or micro-concentration and solvent exchange.

12.6.4.1

12.64.2

For back-extraction (Section 12.5), transfer the extract to a 250-mL separatory funnel.
Rinse the conceatration vessel with small portions of hexane, adjust the hexane
volume in the separatory funnel to 10 to 20 mL, and proceed to back-extraction
(Section 12.5).

For determination of the weight of residue in the extract, or for clean-up procedures
other than back-extraction, transfer the extract to a blowdown- vial using 2-3 rinses of
solvent. Proceed with micro-concentration and solvent exchange (Section 12.7).

12.7 Micro-concentration and solvent exchange.

1271  Extracts to be subjected to GPC or HPLC cleanup are cxdaangéd into methylene chloride.
Extracts to be cleaned up using silica gel, carbon, and/or Florisil are exchanged into
hexane.

1272 Transfer the vial containing the sample extract to a nitrogen blowdown device. Adjust the
flow of nitrogen so that the surface of the solvent is just visibly disturbed.

Note: A large vortex in the solvent may cause analyte loss.

1273 Lower the vial into a 45°C water bath and continue concentrating.

127341

12732

If the extract is to be concentrated to dryness for weight determination (Sections
12.4.8 and 13.6.4), blow dry until a constant weight is obtained.

If the extract is to be concentrated for injection into the GC/MS or the solvent is to be
exchanged for extract cleanup, proceed as follows: x
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1274

1275

1276

1277

[E2E-TTNTW. VI Sod

When the volume of the liquid is approximately 100 pl., add 2 to 3 mL of the desired
solvent (methylene chloride for GPC and HPLC, or hexane for the other cleanups) and

continue concentration to approximately 100 pL. Repeat the addition of solvent and
concentrate once more.

[f the extract is to be cleaned up by GPC, édjust the volume of the extract to 5.0 mL with
methylene chloride. If the extract is to be cleaned up by HPLC, further concentrate the
extract to 30 pL. Proceed with GPC or HPLC cleanup (Section 13.2 or 13.5, respectively).

If the extract is to be cleaned up by column chromatography (silica gel, Carbopak/Celite, or
Floristl), bring the final volume to 1.0 mL with hexane. Proceed with column cleanups
(Sections 13.3 - 13.4 and 13.7). :

If the extract is to be concentrated for injection into the GC/MS (Section 14), quantitatively
transfer the extract to a 0.3-mL conical vial for final concentration, rinsing the larger vial
with hexane and adding the rinse to the conical vial. Reduce the volume to approximately
100 pL.. Add 10 pL of nonane to the vial, and evaporate the solvent to the level of the
nonane. Seal the vial and label with the sample number. Store in the dark at room temper-
ature until ready for GC/MS analysis. If GC/MS analysis will not be performed on the same
day, store the vial at <-10°C. -

13.0 Extract Cleanup

13.1  Cleanup may not be necessary for relatively clean samples (e.g., treated effluents, groundwater,
drinking water). If particular circumstances require the use of a cleanup procedure, the analyst
may use any or all of the procedures below or any other appropriate procedure. Before using a
cleanup procedure, the analyst must demonstrate that the requirements of Section 9.2 can be met
using the cleanup procedure. If PCBs 77, 126, and 169 only are to.be determined, the cleanup
procedures may be optimized for isolation of these compounds.

13.1.1

13.12

13.13

13.14

13.15

Gel permeation chromatography (Section 13.2) removes high molecular weight interferences
that cause GC column performance to degrade. It should be used for all soil and sediment
extracts. It may be used for water extracts that are expected to contain high molecular
weight organic compounds (e.g., polymeric materials, humic acids). It may also be used for
lissue extracts after initial cleanup on the anthropogenic isolation column (Section 13.6).

Acid, neutral, and basic silica gel (Section 13.3) and Florisil (Section 13.7) are used to
remove nonpolar and polar interferences.

. Carbopak/Celite (Section 13.4) can be used to separate PCBs 77, 126, and 169 from the -

mono~- and di- ortho-substituted PCBs, if desired.
HPLC (Section 13.5) is used to provide specificity for certain congeners and congener.
groups.

The anthropogenic isolation column (Section 13.6) is used for removal of lipids from tissue
samples.

132 Gel permeation chromatography (GPC).

13.21

Column packing.

13.21.1  Place 70 to 75 g of SX-3 Bio-beads (Section 6.7.1.1) in a 400- to S00-mL beaker.
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13.21.2

13.2.13

13.2.14

Cover the beads with methylene chloride and allow to swell overnight (a minimum of
12 hours).

Transfer the swelled beads to the column (Section 6.7.1.1) and pump solvent through
the column, from bottom to top, at 4.5 to 5.5 miL/minute prior to connecting the
column to the detector.

After purging the column with solvent for 1 to 2 hours, adjust the column head
pressure to 7 to 10 psig and purge for 4 to 5 hours to remove air. Maintain a head
pressure of 7 to 10 psig. Connect the column to the detector (Section 6.7.1.4).

13.22 Column calibration.

13.22.1
13.22.2

13.223

13.2.24
13.225

Load S mL of the calibration solution (Section 7.4) into the sample loop.

Inject the calibration solution and record the signal from the detector. The elution
pattern will be com oil, PCB 209, pentachlorophenol, perylene, and sulfur.

Set the "dump time" to allow >85% removal of the com oil and >85% collection of
PCB 209. _
Set the "collect time" to the peak minimum between perylene and sulfur.

Verify the calibration with the calibration solution after every 20 extracts. Calibration
is verified if the recovery of the pentachlorophenol is greater than 85%. If calibration
is not verified, the system shall be recalibrated using the calibration solution, and the

A previous 20 samples shall be re-extracted and cleaned up using the calibrated GPC

system.

13.23 Extract cleanup—GPC requires that the column not be overloaded. The column specified in
this method is designed to handle'a maximum of 0.5 g of high molecular weight matenial in
a S-mL extract. If the extract is known ar expected to contain more than 0.5 g, the extract
is split into aliquots for GPC, and the aliquots are combined after elution from the column.
The residue content of the extract may be obtained gravimetrically by evaporating the

solvent from a 50-uL aliquot. :

13.2.31 Filter the extract or load through the filter holder (Section 6.7.1.3) to remove the

particles. Load the 5.0-mL extract onto the calumn.
13232 Elute the extract using the calibration data determined in Section 13.2.2. Collect the

eluate in a clean 400- to S00-mL beaker. ,

13233 Rinse the sample loading tube thoroughly with methylene chloride between extracts to
prepare for the next sample. ‘

13234 If a particularly dirty extract is encountered, a 5.0-mL methylene chloride blank shall
be run through the system to check for carry-over.

13.235

Concentrate the eluate per Section 12.6 and Section 12.7 for further cleanup or
injection into the GC/MS. i

133 Silica gel cleanup.

1331 Placea glass-woél plug in a 15-mm ID chromatography column (Section 6.7.4.2). Pfdc the
column bottom to top with: 1 g silica gel (Section 7.5.1.1), 4 g basic silica gel (Section
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1332

13.33
13.34
1335

13.36

IGWIOY {ood

75.13), 1 g si.lica gel, 8 g acid silica gel (Section 7.5.1.2), 2 g silica gel, and 4 g granular
anhydrous sodium suifate (Section 7.2.1). Tap the column to settle the adsorbents. :
Pr.c-c.e!utc the column with 50 to 100 mL of hexane. Close the stopcock when the hexane s
within l mm of the sodium sulfate. Discard the eluate. Check the column for channeling. If
channeling is present, discard the column and prepare another.

Apply the concentrated extract to the column. Open the stopcock until the extract is within
| mm of the sodium sulfate. : '

Rinse the receiver twice with -mL portions of hexane, and apply sci:aratcly to the column.
Elute the PCBs with 25 mL of hexane and collect the eluate.

Concentrate the eluate per Section 12.6 and 12.7 for further cleanup or injection into the

-HPLC or GO/MS.

For extracts of samples known to contain large quantities of other organic compounds (such
as paper mill effluents), it may be advisable to increase the capacity of the silica gel
column. This may be accomplished by increasing the strengths of the acid and basic silica
gels. The acid silica gel (Section 7.5.1.2) may be increased in strength to as much as 44%
wiw (7.9 g sulfuric acid added to 10 g silica gel). The basic silica gel (Section 7.5.1.3) may
be increased in strength to as much as 33% w/w (50 mL IN NaOH added to 100 g silica
gel), or the potassium silicate (Section 7.5.1.4) may be used.

Note: The use of stronger acid silica gel (44% whv) may lead to charring of organic
compounds in some extracts. The charred material may retain some of the analytes and lead to
lower recoveries of the PCBs. Increasing the strengths of the acid and basic silica gel may also
require different volumes of hexane than those specified above to elute the analytes from the
column. Thergfore, the performance of the method after such modifications must be verified by
the procedure in Section 9.2. ’

13.4 Carbon column (Reference 16) :

13.4.1

13.42

1343
1344

13.45

Cut both ends from a 50-mL disposable serological pipet {Section 6.7.3.2) to produce a 20-
cm column. Fire-polish both ends and flare both eads if desired. Insest a glass-wool plug at
one end, and pack the column with 3.6 g of Carbopak/Celite (Section 7.5.2.3) to form an
adsorbent bed 20 cm long. Insert a glass-wool plug on top of the bed to hold the adsorbent
in place. - .

Pre-elute the column with 20 mL each in succession of toluene, methylene chloride, and
hexane.

Whea the solvent is within 1 mm of the column packing, apply the n-hexane sample extract
to the column. Rinse the sample container twice with {-mL portions of hexane and apply -
separately to the column. Apply 2 mL of hexane to complete the transfer.

Elute the column with 25 mL of n-hexane and collect the eluate. This fraction will contain
the mono- and di-ortho PCBs. If carbon particles are present in the eluate, filter through-
glass-fiber filter paper.

Elute the column with 15 mL of methanol and discard the eluate. The fraction discarded
will contain residual lipids and other potential interferents, if present.
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1346 Elute the column with 15 mL of toluene and collect the eluate. This fraction will contain
PCBs 77, 126, and 169. If carbon particles are present in the eluate, filter through glass-
fiber filter paper.

13.47 Concentrate the fractions per Section 12.6 and 12.7 for further cleanup or injection into the
HPLC or GC/MS.

13.5 HPLC (Reference 7).
13.5.1 Column calibration.

13.5.11

13.5.1.2

13513

13.5.14

-Prepare a calibration standard containing the toxic congeners and other congeners of -

interest at a concentration of approximately TBD pg/uL in methylene chloride.

Inject 30 pL of the calibration solution into the HPLC and record the signal from the
detector. Collect the eluant for reuse. The elution order will be the mono- through
deca- congeners.

Establish the collection time for the congeners of intcrest. Following calibration, flush
the injection system with copious quantities of methylene chloride, including a
minimum of five 50-pL injections while the detector is monitored, to ensure that
residual PCBs are removed from the system.

Verify the calibration with the calibration solution after every 20 extracts. Calibration
is verified if the recovery of the PCBs from the calibration standard (Section 13.6.1.1)
is 75 to 125% compared to the calibration (Section 13.5.1.1). If calibration is not
verified, the system shall be recalibrated using the calibration solution, and the
previous 20 samples shall be re-extracted and cleaned up using the calibrated system.

13.52 Extract cleanup—HPLC requires that the column not be overioaded. The column specified
in this method is designed to handle a maximum of 30 pL of extract. If the extract cannot
be concentrated to less than 30 plL, it is spht into fractions and the fractions are combined
after elution from the column.

-13.5.2.1

13.5.2.2
13.5.2.3

13524 -

13525

Rinse the sides of the vial twice with 30 pL of mcthﬂcne chloride and reduce to 30
pL with the evaperation apparatus (Section 6.8.3).

Inject the 30 pL extract into the HPLC.

Elute the extract using the calibration data determined in Section 13.5.1. Collect the
fraction(s) in a clean 20-mL concentrator tube containing 5 mL of hexane:acetone (1:1
viv).

If an extract containing greater than TBD ng/mL of tetal PCBs is encountered, a 30-
pL methylene chloride blark shail be run through the system to check for carry-over.

Concentrate the eluate per Section 12.7 for injection into the GC/MS.

13.6  Anthropogenic isolation column (References 1-2)—Used for removal of lipids from tissue

extracts.

13.6.1 Prepare the column as given in Section 7.5.3.

1362 Pre-elute the column with 100 mL of hexane. Drain the hexane layer to the top of the
column, but do not expose the scdium suifate. -
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13.6.3 Load the sample and rinses (Section 12.4.9.2) onto the column by draining each portion to

the top of the bed. Elute the PCBs from the column into the apparatus used for
concentration (Section 12.4.7) using 200 mL of hexane.

13.6.4 Concentrate the cleaned up extract (Sections 12.6-12.7) to constant weight per Section

12.7.3.1. If more than 500 mg of material remains, repeat the cleanup using a fresh
anthropogenic isolation column. ‘ '

13.6.5 Redissolve the extract in a solvent suitable for the additional cleanups to be used (Section

13.2-13.5 and 13.7).

13.6.6 Spike 1.0 mL of the cleanup standard (Section 7.11) into the residue/solvent.
13.6.7 Clean up the extract using the procedures in Sections 13.2-13.5 and 13.7. Florisil (Section

13.7) and carbon (Section 13.4) are recommended as minimum additional cleanup steps.

13.6.8 Following cleanup, concentrate the extract to 10 pL as described in Section 12.7 and

proceed with the analysis in Section 14.
Florisil cleanup (Reference 18).

137.1 Begin to drain the n-hexane from the column (Section 7.5.4). Adjust the flow rate of eluant

to 4.5-5.0 mL/min. :

13.72 When the n-hexane is within 1 mm of the sodium sulfate, apply the sample extract (in

hexane) to the column. Rinse the sarnple container twice with 1-mL pottions of hexane and
apply to the column.

13.73 Elute the mono-ortho and di-ortho PCBs with approx 165 mL of n-hexane and collect the

eluate. Elute the non-ortho co-planar PCBs with approx 100 mL of 6% ether:hexane and
collect the eluate. The exact volumes of solvents will need to be determined for each batch
of Florisil. I the mono/di-ortho PCBs are not to be separated from the non-ortho co-planar
PCBs, elute all PCBs with 6% ctherhexane.

137.4 Concentrate the eluate(s) per Sections 12.6-12.7 for further cleanup or for injection into the

14.0

14.1
14.2

14.3

HPLC or GC/MS.

HRGC/HRMS Analysis

Establish the operating conditions given in Section 10.1.

Add 10 pL of the appropriate internal standard solution (Section 7.12) to the sample extract
immediately prior to injection to minimize the possibility of loss by evaporation, adsorption, of
reaction. If an extract istoberemalymdandcvapcnﬁmhasmned.donotwdmm
instrument internal standard solution. Rather, bring the extract back to its previous volume (¢.g.
19 pL) with pure nonane only (18 uL. if 2 pL injections are used). :

Inject 1.0 or 2.0 pL of the concentrated extract containing the intemnal standard solution, using
on-column or splitless injection. The volume injected must be identical to the volume used for
calibration (Section 10). Start the GC column initial isothermal hold upon injection. Start MS
data collection after the solvent peak elutes. Stop data coilection after the BC,,-PCB 209 has
eluted. [f PCBs 77. 126, and 169 only are to be determined, stop data collection after ’C,,-PCB
169 has eluted. Return the column to the initial temperature for analysis of the next extract or
standard.

37




15.0
15.1

152

153

System and Laboratory Performance

At the beginning of each 12-hour shift during which analyses are performed, GC/MS system
performance and calibration are verified for all native PCBs and labeled compounds. For these
tests, analysis of the CS3 calibration verification (VER) standard (Section 7.13 and Table 4) and
the congener specificity test standards (Section 7.15 and Table S) shall be used to verify all
performance criteria. Adjustment and/or recalibration (Section 10) shall be performed until all
performance criteria are met. Only after all performance criteria are met may samples, blanks,
IPRs, and OPRs be analyzed.

MS resolution—A static resolving power of at least 10,000 (10% valley definition) must be
demonstrated at the appropriate m/z before any analysis is performed. Static resolving power
checks must be performed at the beginning and at the end of each 12-hour shift according to
procedures in Section 10.1.2. Corrective actions must be implemented whenever the resolving
power does not meet the requirement. ‘

Calibration verification.

15.3.1 Inject the VER standard using the procedure in Section 14.
18.3.2 The m/z abundance ratios for all PCBs shall be within the limits in Table 9; otherwise, the

mass spectrometer shall be adjusted until the m/z abundance ratios fall within the limits
specified, and the verification test shall be repeated. If the adjustment alters the resolution
of the mass spectrometer, resolution shall be verified (Section 10.1.2) prior to repeat of the
verification test. ,

15.3.3  The peaks representing each native PCB and labeled compound in the VER standard must

be present with a S/N of at least 10; otherwise, the mass spectrometer shall be adjusted and
the verification test repeated.

1534 Compute the concentration of each native PCB compound by isotope dilution (Section 17.1)

for those compounds that have labeled analogs (Table 1). Compute the concentration of
each native compound that does not have a labeled analog and of esch labeled compound
by the intemal standard method (Section 17.3). These concentrations are computed based on
the calibration data in Section 10.

1535 For each compound, compare the concentration with the calibration verification limit in

154

Table 6. If PCBs 77, 126, and 169 only are to be determined, compare the concentration to
the limit in Table 6a. If all compounds meet the acceptance criteria, calibration has been
verified and analysis of standards and sample extracts may proceed. If, however, any
compound fails its respective limit, the measurement system is not performing properdy for
that compound. In this event, prepare a fresh calibration standard or correct the problem
causing the failure and repeat the resolution (Section 15.2) and verification (Section 15.3)
tests, or recalibrate (Section 10)..

Retention times and GC resolution.

15.4.1 Retention times.

15.4.1.1 Absolute—The absolute retention times of the GCMS intemal standards in the
verification test (Section 15.3) shail be within =15 seconds of the retention times
obtained during calibration (Section 10.2.4).
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15.41.2  Relative—The relative retention times of native PCBs and labeled compounds
verification test (Section 15.3) shall be within S percent of the relative retention
given in Table 2. :

15.4.2 GC resolution.

15.42.1  Inject the isomer specificity standards (Section 7.15) on their respective columns,

15.42.2  The valley height between PCBs 123 and 118 at m/z 325.8804 shall not exceed 10
percent on the SPB-Octyl column, and the valley height between PCBs 156 and 157
shall not exceed 10 percent at m/z 359.8415 on the DB-1 column (Figures 6 and 7).

15.4.3 If the absolute retention time of any compound is not within the limits specified or if the
congeners are not resolved, the GC is not performing properly. In.this event, adjust the GC
and repeat the verification test (Section 15.3) or recalibrate (Section 10), or replace the GC
column and either verify calibration or recalibrate.

15.5 Ongoing precision and recovery.

15.5.1 Anélyzc the extract of the ongoing precision and recovery (OPR) aliquot (Section 11.4.2.5,
11.54, 11.6.2, 11.7.4, or 11.8.3.2) prior to analysis of samples from the same batch.

1552 Compute the concentration of each native PCB by isotope dilution for those compounds
that have labeled analogs (Section 10.5). Compute the concentration of the native PCBs that
have no labeled analog and each labeled compound by the internal standard method
(Section 10.6).

15.53 For each PCB and labeled compound, compare the concentration to the OPR limits given in
Table 6. If PCBs 77, 126, and 169 only are to be determined, compare the concentration to-
the limits in Table 6a. If all compounds meet the acceptance criteria, system performance is
acceptable and analysis of blanks and samples may proceed. If, however, any individual

»

concentration falls outside of the range given, the extraction/concentration processes are not
being performed properly for that compound. In this event, correct the problem, re-prepare,
extract, and clean up the sample batch and repeat the ongoing precision and recovery test

(Section 15.5).

1554  Add results that pass the specifications in Section 15.5.3 to initial and previous ongoing
data for each compound in each matrix. Update QC charts to form a graphic representation
of continued laboratory pesformance. Develop a statement of laboratory accuracy for each
congener in each matrix type by calculating the average percent recovery (R) and the
standard deviation of percent recovery (S,). Express the accuracy as a recovery interval
from R - 25, to R + 2S;. For example, if R = 95% and S, = 5%, the accuracy is 85 to
105%. ’

15.6 Blank—Analyze the method blank extracted with each sample batch immediately following
analysis of the OPR aliquot to demonstrate freedom from contamination and freedom from
~ carryover from the OPR analysis. The results of the analysis of the blank must meet the
specifications in Sectica 9.5.2 before sample analyses may proceed.

16.0 Qualitative Determination

A PCB or labeled compound is identified in a standard, blank, or sample when all of the criteria in
Sections 16.1 through 16.4 are met.
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16.1

16.2

16.3

16.4

16.5

16.6

17.0
171

The signals for the two €Xact m/z's in Table 8 must be present and must maximize within the
same two seconds.

The ratio of the integrated areas of the two exact m/z’s specified in Table 8 must be within the
limit in Table 9, or within +10 percent of the ratio in the midpoint (CS3) calibration or
calibration verification (VER), whichever is most recent.

Confirmatory analysis—Isomer specificity for PCBs 156 and 157 cannot be achieved on the
SPB-Octyl column. Therefore, any sample in which these PCBs are tentatively identified by
analysis on the SPB-Octyl column and when rigorous identification is required must have a
confirmatory analysis performed on a DB-1 or equivalent GC column. The operating conditions
in Section 10.1.1 may be adjusted to optimize the analysis on the second GC column, but the
GC/MS must meet the mass resolution and calibration specifications in Section 10.

If the criteria for identification in Sections 16.1-16.5 are not met, the PCB has not been identified

and the results may not be reported for regulatory compliance purposes. If interferences preclude
identification, a new aliquot of sample must be extracted, further cleaned up, and analyzed.

Quantitative Determination )

Isotope dilution quantitation—By adding a known amount of 3 labeled compound to every
sample prior to extraction, correction for recovery of the PCB can be made because the native
compound and its labeled analog exhibit similar effects upon extraction, concentration, and gas
chromatography. Relative response (RR) values are used in conjunction with the initial cali-
bration data described in Section 10.5 to determine concentrations directly, so long as labeled
compound spiking levels are constant, using the following equation:

A1, + A2) C,
C L) = 2 ¥ !
« (nglmL) (A1, + A2) RR

wihere:
Cea = The concentration of the PCB in the extract, and the
other terms are as defined in Section 1052

Any peaks representing the other congeners are quantitated using an average of the response
factors from all of the labeled PCBs isomers at the same level of chlorination.



172 Internal standard quantitation and labeled compound recovery

17.2.¢ Compute fhe concentrations of labeled analogs (including the cleanup standard) in the
extract using the response factors determined from the initial calibration data (Section 10.6)
and the following equation:

(Al, + A2) C,

(Al, + A2) RF

C,, (ng/mL) =

* where:
C,, = The concentration of the labeled compourd in the extract.

The other terms are defined in Section 10.6.1

1722 Using the concentration in the extract determined above, compute the percent recovery of
the labeled compounds (mcludmg the cleanup standard) using the following equation:

Concentration. found (ug/mL) < 100
Concentration spiked (ug/mL)

chovery (%) =

17.3 The concentration of a native PCB in the solid phase of the sample is computed using the
concentration of the compound in the extract and the weight of the solids (Section 11.2.2.3), as

follows:

C,x V)
W,

g

Concentration in solid (ng/kg) =

where:
C = The concentration of the compound in the extract.

Ve = The extract volume in mL.
W, = The sample weight (dry weight) in kg.

174 The concentration of a native PCB in the aqueous phase of the sample is computed using the
concentration of the compound in the extract and the volume of water extracted (Section 11.4),

as follows:
' : (Cox V)
Concentration in aqueous phase (pgfl) = —v

. 3
where: -
C,. = The concentration of the compound in the extract. -
V“-Theexzractvolumeb:m!..
V, = The sample volume in liters.
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17.5 If the SICP area at either quantitation m/z for any compound exceeds the calibration range of the
system, a smaller sample aliquot is extracted.

17.5.1

1752

17.53

For aqueous samples containing 1% solids or less, dilute 100 mL, 10 mL, etc., of sample to
I L with reagent water and re-prepare, extract, clean up, and analyze per Sections 11 - 14,

For samples containing greater than 1% solids, extract'an amount of sample equal to 1/10,
1/100, etc., of the amount used in Section 11.5.1. Re-prepare, extract, clean up, and analyze
per Sections 11-14.

If a smaller sample size will not be representative of the entire sample, dilute the sample
extract by a factor of 10, adjust the concentration of the instrument internal standard to 100
pg/uL. in the extract, and analyze an aliquot of this diluted extract by the internal standard
method.

17.6  Results are reported to three significant figures for the PCBs and labeled compounds found in all
standards, blanks. and samples.

17.6.1

Reporting units and levels.

17.6.1.1  Aqueous samples—Report results in pg/L (parts-per-quadrillion).
17.6.1.2  Samples containing greater than 1% solids (soils; sediments, filter cake, composty—

Report results in ng/kg based on the dry weight of the sample. Report the percent
solids so that the result may be corrected.

17.6.1.‘3 Tissues—Report results in ng/kg of wet tissue, not on the basis of the lipid content of

the sample. Report the percent lipid content, so that the data user can calculate the
concentration on a lipid basis if desired. :

17.6.1.4 Reporting level.

1762

1763 -

1764

17.6.1.41 Standards (VER, IPR, OPR) and samples—Report results at or above the
minimum leve] (Table 2). Report results below the minimum level as not
detected or as required by the regulatory authority.
17.6.1.42 Blanks—Report results above the MDL or as required by the regulatory
authority. Do not blank-correct results. If a blank accompanying a sample result
shows contamination above the MDL for the congener, flag the sample resuit
and report the results for the sample and the accompanying blank.
Results for PCBs in samples that have been diluted are reported at the least dilute level at
which the areas at the quantitation myz's are within the calibration range (Section 17.5).
For PCBs having a labeled analog, results are reported at the least dilute level at which the
area at the quantitation m/z is within the calibration range (Section 17.5) and the labeled
compound recovery is within the normal range for the method (Section 9.3 and Tables 6,
6a, 7, and 7a). . L
Additionally, if requested, the total concentration of ali congeners at a given level of
chlorination (i.e., total TCB, total PeCB, total HxCB, eic.) may be reported by summing the
concentrations of all congeners identified in that level of chlorination, including both the
toxic and other congeners. ‘
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18.0
18.1

18.2

18.3

18.4

Meathod 1688

Analysis of Complex Samples

Some samples may contain high levels (>10 ng/L; >1000 ng/kg) of the compounds of interest,
interfering compounds, and/or polymeric materials. Some extracts will not concentrate to 10 pL
(Section 12.7); others may overload the GC column and/or mass spectrometer.

Analyze a smaller aliquot of the sample (Section 17.5) when the extract will not concentrate to
10 pL after all cleanup procedures have been exhausted.

Several labocatories have reported that elimination of several of the toxic PCBs, particularly
non-co-planar congeners 105, 114, 118, 123, 156, 157, and 167 are difficult to eliminate.
Backgrounds of these congeners can therefore interfere with the determination of these congeners
in environmental samples. Care should therefore be excercised in the determination of these

‘congeners.

Recovery of labeled compounds—In most samples, recoveries of the labeled compounds will be
similar to those from reagent water or from the alternate matrix (Section 7.6).

18.4.1 If the recovery of any of the labeled compounds is outside of the normal range (Table 7N, a

diluted sample shall be analyzed (Section 17.5).

18.42  If the recovery of any of the labeled cdmpounds in the diluted sample is outside of normal

range, the calibration verification standard (Section 7.13) shall be analyzed and calibration
verified (Section 15.3).

18.43 If the calibration cannot be verified, a new calibration must be performed and the original

sample extract reanalyzed.

184.4  If the calibration is verified and the diluted sample does not meet the limits for labeled

19.0
19.1

19.2

20.0
20.1

compound recovery, the method does not apply to the sample being analyzed and the result
‘may not be reported for regulatory compliance purposes. In this case, alternate extraction
and cleanup procedures in this method must be employed to resolve the interference. If all
cleanup procedures in this method have been employed and labeled compound recovery
remains outside of the normal range; extraction and/or cleanup procedures that are beyond
this scope of this method will be required to analyze these samples. :

Poliution Prevention

The solvents used in this method pose little threat to the environment when managed properly.
The solvent evaporation techniques used in this method are amenable to solvent recovery, and it
is recommended that the laboratory recover solvents wherever feasible.

Standards should be prepared in volumes consistent with laboratory use to minimize disposal of
standards. :

Waste Management

It iz the laboratory's responsibility to comply with all federal, state, and local regulations
goveming waste management, particularly the hazardous waste identification rules and land
disposal restrictions, and to protect the air, water, and land by minimizing and controlling all
releases from fume hoods and bench operations. Compliance is also required with any sewage
discharge permits and regulations.
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202

203

204

20.5

21.0

T o e,

Samples containing HC! or H,S0, to pH <2 are hazardous and must be neutralized before being
poured down a drain or must be handied as hazardous waste.

The PCBs decompose above 800°C. Low-level waste such as absorbent paper, tissues, animal
remains, and plastic gloves may be burned in an appropriate incinerator. Gross quantities
(milligrams) should be packaged securely and disposed of through commercial or governmental
channels that are capable of handling extremely toxic wastes. :

[This section may need to be modified to accommodate the PCBs: Liquid or soluble waste
should be dissolved in methanol or ethanol and irradiated with ultraviolet light with a wavelength
shorter than 290 nm for several days. Use F40 BL or equivalent lamps. Analyze liquid wastes,
and dispose of the solutions when the PCBs can no longer be detected.)

For further information on waste management, consult "The Waste Management Manual for
Laboratory Personnel” and "Less is Better-Laboratory Chemical Management for Waste
Reduction,” available from the American Chemical Society's Department of Government
Relations and Science Policy, 1155 16th Street N.W., Washington, D.C. 20036.

Method Performance

For this draft version of Method 1668, performance was validated and preliminary data were collected
in a single laboratory.
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23.0 Tables and Figures

Table 1. Toxic Polychlorinated Biphenyls Determined by Isotope Dilution and Intermnal

Standard High Resolution Gas Chromatography (HRGC)/Hagh Resolution Mass
Spectrometry (HRMS)

Native compound “C,, analog
pPce' CAS Registy  IUPAC CAS Registry
3,34,4-TC8 32598-13-3 n ' 160901-67-7
23,34,4-PeCB 32598-14-4 105 160901-70-2
2,3,4,4,5-PeC8 74472-370 - 114 160901-72-4
2.3,4,4',5-PeCB 31508-00-6 118 160901-73-5
2,3.4,4,5-PeCB 65510-44-3 123 160901-74-6
3,3.4,4,5-PeCB 57465-28-8 126 160901-757
2,3,3,4,4,5-HxCB 38380-08-4 156 160901-77-9
2,3,3,44,5HxCB 69782-90-7 157 160901-78-0
2,3,4,4'55HxCB 52663-726 167 161627-18-5
3,3'4,4'55-HxCB 32774-16-6 169 160301-73-1
2233 ,4.4,5HpC8 ' 35065-30-5 170 160901-80-4
22.34,455HpCB 35065-29-3 180 160901-82-8
2,33,4,455HpC8 39635-31-9 189 160901-83-7
Cleanup standards i -
BC,344'5-TCB 8t . 160901688
BC,233.5,5-PeCB ' 151 I 160801-71-3
Intemal standards _
“C,;22,55-TC8 , 52 160501-66-6 -
%C,;22,4,4,5-PeCB 101 160901-63-9
UC2.2,34,4,5-HxCB 138 160901-76-8
C,-22,33.55,6-HpCB 178 160901-81-5
Final eluter standard : .

“Cc,0C8 209 160901-84-8
1. Polychiorinated bipheryis
TC8 =  Telrachiorobiphenyl )
PeCB = Pentachiorobiphenyl
HC8 = Hexachiorobiphenyl
HpCB =  Heptachiorobiphenyl
DCB = Decachiorobiphenyl
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Mathod 1668

Table 4. Concentration of PCBs in Calibration and Calibration Verification Solutions

1. Suffix "L* indicates labeled compound

2. Section 15.3,

IUPAC

Toxic PCB congener (1)
3,3',4,4'-TCB 77
2,3,3',4,4'-PeCB 108
2,3,4,4',5-PeCB. 114
2,3',4,4' S-PeCB 118
2',3,4,4',5-PeCB 123
3,3',4,4',5-PeCB 126
2.3,3‘,4,4 , 5-HxCB 156
2,3,3',4,4',5"'-HxCB 157
2,3',4,4',5,5'-HxCB 167
3.3',4,4',5,5'~ch3 169
2,2',3,3',4,4',5-HpCB 170
2,2',3,4,4',5,5'-HpCB 180
2,3,3',4, 4',5,5'-HpCB 189
Labeled congener
13C12-3,3',4,4'-TCB 77L
13C12-2,3,3',4,4"'-PeCB 105L
13C12-2,3',4,4',5-PeCB 118L
13C12-3,3',4,4',5-PeCB 126L
13C12-2,3,3',4,4'7S—HXCB 156L
13C12-2,3,3',4,4"',:5'-HxCB 157L
13C12-3,3¢ ,4,4 S ‘5t -HxCB 169L
13C12-2,2! ,3,4 +5,5'-HpCB  180L
13C12-2,3,31,4, .5, 5'—HpCB 18SL

13C12-DCB 209L
Cleanup standards
13C12-3,4,4'5-TCB 81L
13C12-2,3,3',5,5!'-PeCB 111L
Internal standards
13C12-2,2',5,5'-TCB 52L
13C12-2,2 +4,5,5'-PeCB 101L
13C12-2,2‘,3.4,4‘,5'—HxCB 138L
13C12-2,2',3,3+*,5,5*,6-HpCE 178L
Notesg:

Solution concentration (ng/mL)

9]
ey

S

U’IU\UIUTU’SUI‘

UMM NDNNO

100
100
100
100
100
100
100
100
100
200

N O
nwn

100
100
100
100

VER (2)
cs2 cs3
2 10
10 50
10 50
10 50
10 50
10 50
20 100
20 100
20 100
20 100
20 100
20 100
20 100
100 100
100 100
100 100
100 100
100 100
100 100
100 100
100 100
100 100
200 200
2 10
10 50
100 100
1000 . 100
100 100
100 100

calibration verification solution

49

cs4

40
200
200
200
200
200
400
400
400
400
400
400
400

100
100
100
100
100
100
100

100 -

100
200

40
200

100
100
100
100

1000
1000
1000
1000
1000
2000
2000
2000
2000
2000
2000
2000

100
100
100
100
- 100
100 .
100
100
100
200

200
1000

100
100
100
100



GC Retention Time Window Definining Solution and Con

Table 5. gener Specificity
Test Standard (Section 7.15) (1,2)

Congener

group First eluted (3) Last eluted

TCB 54 2,2',6,6" 77 3,3',4,4'

PeCB 104 2,2',4,6,6" 126 3,3',4,4',5

HxCR 155 2,2',4,4',6,6" 169 3,3',4,4',5,5"

HpCB 188 2,2',3,4'5,6,6" 189 2,3,3',4,4',5,5"

SPB-Octyl resolution test compounds

123 2',3,4,4',5-PeCB
118 2,3',4,4',5-PeCB
114 2,3,4,4',5-PeCB

.DB-1 column

resolution test compounds

1s6 2,3,3',4,4',5-HXCB

157 2,3,34,4 .S5'-HxCB

Notes: :

1. All compounds ‘are at a concentration of 100 ng/mL in nonane.

2. It is not necessary to monitor for the earliest eluted compounds if the

toxic PCBs only are to be determined. If the co-planar PCBs (77, 126, 169)
only are to be determzned it is necessary to resolve these co-planar PCBs
and potentlally lnterferlng compounds only; i.e., use of the compounds
listed in this Table is not required. _
3. The earliest eluted compound in each congener group is provided for
those instances in which-all PCBs in that congener group are to be '
determined. 1If the toxic PCBs only (Table 1) are to be determined, use of
the first eluted compounds is not required. -
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Meatnod 1668

Table 6. Preliminary Acceptance Criteria for Performance Testes When All Toxic
PCBs are Tested' - Concentration (ng/mL) .
IPR (2.3)

Congener IUPAC Test s X OPR VER
313‘14'4'-TCB . 77 20 5.6 16‘26 14‘32 16"26
2,3,3',4,4'-PeCB 105 1000 172 720-1500 680-1600 780-130Q
2,3.4,4',5-PeCB 114 1000 390 160-2800 130-3300 770-1300
2, 3' 4,4',5-PeCB 118 1000 172 720-1500 680-1600 780-1300
2',3,4, 4' 5-PeCB 123 1000 390 160-2800 130-3300 770-1300
3,37,4 ,5-PeCB 126 100 17  72-150 68-160 78-130
2,3,3' 4,4',5~HxCB 156 1000 222 740-1600 640-1700 780-1300
2,3,3',4,4',5'-HxCB 157 1000 222 740-1600 640-1700 780-1300
2,3',4,4 +5,5’ -HxCB 167 1000 222 740-1600 640-1700 780-1300
3,3’,4,4’ ,S S’ -HxCB 169 200 45 148-320 128-340 156-260
2,2',3,3',4,4',5-HpCB 170 2000 33 152-260- 140-280 172-232
2,27,3,4,4° ,5.5'-HpCB 180 1000 165 760-1300 700-1400 860-1160
2,3,3',4,4",5,5' -HpCB 189 200 33 152-260 140-280 172-232
13C12-3,37,4,4'-TCB 77L 100 37  28-134 20-175 71-140
13C12-2,3,3" 4,4'—PeCB 105L 100 39 16-279 13-328 77-130
13C12-2,3" , ,S-PeCB 118L 100 39 16-279 13-328 77-130-
13C12-3,3", ,5-PeCB 126L 100 39 16-279 13-328 77-130
13C12-2, 3, 3 ,4 4' S-HxCB 156L 100 43  24-157 17-20S 70-143
13C12-2,3,37,4,4',5' -8BxCB 157L 100 43  24-157 17-205 70-143
13C12-3,37,4,4',5,5' -HxCB 169L 100 43  24-157 17-205 70-143
13C€12-2,2%,3,4,4',5,5'-HpCB  180L 100 41 28-141 20-186 72-138
13C12-2,3, 3'.4 4"5 S’—HpCB 189L 200 82 56-282 40-372 144-276
Cleanup standards : V
13C12-3,4,4'5-TCB 81L 20 7.2 8-31 6-38 15-26
13C12-2,3,3',5,S'-PeCB : 111L 100 36 39-154 31-191 79-127

Table 6a. Preliminary Acceptance
126, and 169 only are Tested (1)
Native PCB IUPAC
3,3',4,4'-TCB 77
3,3',4,4',5-PeCB 126
3,3',4,4',5,5'-HxCB 169
13C12-3,3’,4,4'-TCB 77L
13C12-3,3°, */5-PeCB 126L
13C12-3, 3" 4 4' 5,5’ -HxCB 169L
Cleanup standarda
13C12-3,4,4'5-TCB 81L
13C12-2,3,3',5,5'-PeCB 111L

Notes:

Criteria for Performance Tests when PCBsgs 77,

Concentration (ng/mL)
IPR (2,3)

Test _s_ X OPR .VER
20 5.4 17-25 15-30 16-25
100 17 72-150 68-160 78-130
200 45. 148-320 128-340 156-260
100 34 32-115 . 25-141 76-131
100 17 72-150 68-160 78-130
200 45 148-320 128-340 156-260
20 7.2 8-31 6-38 15-26

36 39-154 31-191 79-127

100

1. Preliminary criteria transferred from Method 1613.
concentration in the final extract, assuming a 20 ulL volume.
2. s = standard deviation of the concentration

3. X =

average concentration
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Table 7. Labeled Compound Recovery in Samples When All PCBs are Tested

Test Labeled compound

conc recovery
Native PCB IUPAC (ng/mL) (ng/mL) (%)
13C12-3,3',4,4'-TCB 77 100 24-169 24-169
13C12-2,3,3',4,4"'-PeCB 105 100 21-178 21-178
13C12-2,3',4,4"',5-PeCB 118 100 21-178 21-178
13C12-3,3',4,4"',5-Pe(CB 126 100 21-178 21-178
13C€12-2,3,3',4,4',5-HxCB = 156 100 26-152 26-152
13C12-2,3,3',4,4"',5'-HxCB 157 100 26-152 26-152
13C12-2,3',4,4',5,5'-HxCB 167 100 26-152 26-152
13C12-3,3',4,4',5,5'-HxCB 169 - 100 26-152 26-152
13C12-2,2',3,4,4',5,5'-HpCB 180 100 23-143 23-143
13C12-2,3,3',4,4',5,5'-HpCB 189 100 23-143 23-143
Cleanup standards
13C12-3,4,4'5-TCB . ’ 81 20 7-40 35-197

13C12-2,3,3',5,5'-PeCB 111 100 -35-197 35-197

xr
¥

-

Table 7a. Labeled Compound Recovery When PCBs 77, 126, an@ 169 Only are
Tested (1) : A e »

*

Test Labeled compound
_ . conc . recovexy
Native PCB IUPAC (ng/mL) (ng/mbL) _(%)
13C12-3,3',4,4'-TCB S i/ 100 29-140 29-140
13C12-3,3',4,4',5-PeCB 126 100 21-178  21-178
13C12-3,3',4,4',5,5'-HxCB 169 100 26-152  26-152
Cleanup standards |
13C12-3,4,4'S-TCB 81 20 8-33 42-164

13C12-2,3,3',5,5'-PeCB 111 100 35-197 35-197
Note: |

1. Preliminary criteria transferred from Method 1613. Criteria are given
as concentration in the final extract, assuming a 20 ulL volume.
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Table 8. Descriptors, Exact m/z's, m/z Types, and Elemental Compositions of the

PC
Descr-
iptor
1.
2.
3.
1. Nucgli
H = 1.007
35C1 = 34
2. TCB =
PeCB =
HxCB =
HpCB =
DCB =

Bs
Exact m/z :
m/z (1) type Elemental composition
289.9224 M Cl2 H6 35Cl4
291.9194 M+2 Cl2 Hé 35Cl3 37Cl4
292.9825 Lock C7 Fl1l
301.9626 M 13C12 H6 35Cl4
303.9597 M+2 13Cl12 H6 35Cl3 37Cl
325.8804 M+2 Cl12 HS 35Cl4 37C1
327.8775 M+4 C12 HS 35C1l3 37Cl2
330.97%2 QC C7 F13
325.8804 - M+2 C12 HS 35Cl4 37Cl
327.8775 M+4 C12 HS 35Cl3 37Cl2
337.9207 M+2Z 13C12 HS 35Cl4 37Cl
339.9178 M+4 13C12 HS 35Cl3 37Cl2
354.9892 Lock C9F13 .
359.8415" M+2 C12, H4 35Cl15 37C1
361.8385. M+4 Cl2 H4 35Cl4 37Cl2
371.8817 “M+2 13C12 H4 35Cl1l5 37Cl1
373.8788 M+4 13C12 H4 35Cl4 37Cl2
393.8025 M+2 C12 H3 35Cl1lé 37Cl
395.7996 M+4 C12 H3 35C1S 37Cl2
405.8428 M+2 13C12 H3 35Clé 37Cl
407.8398 M+4 13C12 H3 35C1lS 37Cl2
442.9728 Lock C10 F17
509.7229 M+4 13C12 35Cl1l10 37Cl2
511.7199 M+6 13C12 35Cl1l9 37C13
513.7170 HM+8 13C12 35C18 37Cl4
dic masses used
825 C = 12.00000
.968853 37C1 = 36.965903
Tetrachlorobiphenyl
Pentachlorobiphenyl
Hexachlorobiphenyl
‘Heptachlorobiphenyl
Decachlorobiphenyl

3. 13C labeled compound
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*

Substance (2)

TCB
TCB
PFK
PeCB
PeCB
PeCB
PeCB

PFK

PeCB
PeCh
PeCB
PeCB
PFK

PFK

(3)
(3)

(3)
(3)

(3)°

(3)

(3)
(3)

DCB (3}

(3)
(3)

13C = 13.00335S
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Table 9. Thearetical lon Abundance Ratios and QC Limits

Clorine m/z's form- Theoreti- QC Limit (1)

atoms ing ratio cal ratio Lower Upper
4 M/ (M+2) 0.77 0.65 0.89
S (M+2) / (M+4) 1.55 1.32 1.78
6 M/ (M+2) 0.51 0.43 0.59
6 (M+2) / (M+4) 1.24 1.05 1.43
7 M/ (M+2) 0.44 0.37 0.51
7 (M+2) / (M+4) 1.05 0.88 1.20

-8 (M+2)/ (M+4) 0.89 0.76 1.02

.1. QC limits represent +/- 15 percent windows

abundance ratio. These limits are preliminary.

~
-

-

-
- -
\.
-
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Table 10. Suggested Sample Quantities to be Extracted for Various Matrices'

Percent Quantity
Sample matrix* Example solids Phase extracted
Single-phase .
Aqueous Drinking water : <t - 1000 mL
Groundwater
Treated wastewater
Solid Dry soil >20 Solid 10g
Compost
Organic Waste sobvent <1 Organic 10g
Waste od
Organic polymer
Tissue Fish - Organic 10g
Human adipose
Multi-phase
Liouid/Solid
Agqueous/Solid Wet sod 1-30 ~ Soid 109
Untreated effiusnt
Fiter cake
Paper pulp
Organic/sobid Indusitrial sludge 1-100 Both 109
Oly wasis
Liquid/Liouid
Agueous/organic In-process effluent : 3 Organic 10g
' Untreated effiuert
Drum wasia :
Aqueous/organic/solid Undreated effluent >1 Organic & sofid 10g
Drum wasis

-

1. mmdmbumm&ammmmgdso&ds(&ymight).cmﬁudaqmwm
MWWMﬁmtomdmemmﬁgmme«m
sofids, a lesser volume is used so &t 10 grams of sofids (dry weighl) will be extracted.

2 mmmmmmmwmmhmmmW&mhmmamm
systamh'wtid\medmeptmism.wuywﬁbeptﬁmwmdhmadsabedmmeanemataphasa
because of their low solubdfity in water. '

3. mmmmmmmwwmmmmmmmwmmm
are extracted separately, and the extracts are combined for cleanup and analysis. :
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Figure 4 Solid-phase Extraction Apparatus
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Figure 5 Soxhlet/Dean-Stark Extractor
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240 Glossary of Definitions and Purposes

These definitions and purposes are specific to this method but have been conformed to
common usage as much as possible.

241 Units of weight and measure and their abbreviations

24.1.1 Symbols
°C degrees Celsius

pb microliter
im micrometer
< less than

> greater than
Y% percent

24.1.2 Alphabetical abbreviations
amp ampere
cm centimeter

g gram

h hour

1D inside diameter
in. inch

L liter

M Molecular ion
m meter

mg milligram

min  minute

mL mitliliter

mm  millimeter :

.m/z  mass-to-charge ratio

N normal; gram molecular weight of solute divided by hydrogen equnvalent of solute,
per. liter of solution

OD  outside diameter

Pg picogram )

ppb  part-per-billion

ppm  part-per-million

ppq  part-per-quadirillion

ppt.  part-per-trillion ,

psig  pounds-per-square inch gauge

viv volume per unit volume ‘

wiv  weight per unit volume

24.2 Definitions and acronyms (in alphabetical order).
Analyte—A PCB tested for by this method. The analytes are listed in Table 1.
Calibration standard (CAL)}—A solution prepared from a secondary standard and/or stock

solutions and used to calibrate the response of the instrument with respect to analyte
concentration.
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' . Cm ey sy e U CANOMA LI 3(dndard (US3) that is
used in to verify calibration. See Table 4.

CS1, €S2, CS3, CS4, CS5—See Calibration standards and Table 4.
DCB—Decachlorobiphenyl (PCB 209)

Field blank—An aliquot of reagent water or other reference matrix that is placed in a
sample container in the laboratory or the field, and treated as a sample in all respects,
including exposure to sampling site conditions, storage, preservation, and all analytical
procedures. The purpose of the field blank is to determine if the field or sample
transporting procedures and environments have contaminated the sample.

GC—Gas chromatograph or gas chromatography.

GPC—Gel permeation chromatograph or gel permeation chromatography.
HpCB—Heptachlorobiphenyl

HPLC—High performance liquid chromatograph or high performance liquid
chromatography. ' ‘

HRGC—High resolution GC.

HRMS—High resolution MS.

HxCB—Hexachlorobiphenyl

IPR—Initial precision and recovery, four aliquots of the diluted PAR standard analyzed to
establish the ability to generate acceptable precision and accuracy. An IPR is performed
prior to the first time this method is used and any time the method or instrumentation is

modified.

K-D—Kudema-Danish concentrator; a device used to concentrate the analytes in a
solvent.

Laboratory blank—See Method blank. |

Laborétory control sample (LCS)}—See Ongoing precision and recovery standard (OPR).
Laboratory reagent blank—See Method blank.

May—This action, activity, or procedural step is neither required nor prohit;ited.

May not—This action, activity, or procedural step is prohibited.

Method blank—An aliquot of reagent water that is treated exactly as a sémple including

exposure to all glassware, equipment, solvents, reagents, intemal standards‘. aqd
surrogates that are used with samples. The method blank is used to determine if
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Minimqm level (ML)—The level ét which the entire analytical system must give a
recognizable signal and acceptable calibration point for the analyte. 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.

Must—This action, activity; or procedural step is required.

OPR—Ongoing precision and recovery standard (OPR); a laboratory blank spiked with
known quantities of analytes. The OPR 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. ' .

PAR—Precision and recovery standard; secondary standard that is diluted and spiked to
form the IPR and OPR. ’

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

Preparation blank—See Method blank.

Primary dilution standard—A solution containing the specified analytes that is purchased
or prepared from stock solutions and diluted as needed to prepare calibration solutions
and other solutions.

Quality control check sample (QCS)—A sample containing all or a subset of the analytes
at known concentrations. The QCS is obtained from a source external to the laboratory
or is prepared from a source of standards different from the source of calibration
standards. It is used to check laboratory performance with test materials prepared
external to the normal preparation process.

PeCB—Pentachlorobiphenyl

PCB—Polychiorinated biphenyl

Reagent water—water demonstrated to be free from the analytes of interest and
potentially interfering substances at the method detection limit for the analyte.

Relative standard deviation (RSD)—The standard deviation times 100 divided by the
mean. Also termed “coefficient of variation.*

RF—Response factor. See Section 10.6.1.
RR—Relative response. See Section 10.5.2.

RSD—See Relative.standard deviation.
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and semi-soid materials (Reference 12 and Figure 5).

Should—This action, activity, or procedural step is suggested but not required.

' glCP—Selected ion current profile; the line described by the signal at an exact mv/z.
SPE—Solid-phase extraction; an extraction technique in which an analyte is extracted
from an aqueous sample by.passage over or through a material capable of reversibly
adsorbing the anatyte. Also termed liquid-solid extraction.

Stock solution—A solution containing an analyte that is prepared using a reference
material traceable to EPA, the National Institute of Science and Technology (NIST), or a
source that will attest to the purity and authenticity of the reference material.

TCB—Tetrachlorobiphenyl

VER—See Calibration verification standard.
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Wright State University, Brehm Research Laboratories
SOP for Total Polychlorinated Biphenyls by GC-MS
Revision 1, July 1, 1999, Page 2

Scope and Application

This SOP describes the sample preparation and gas chromatographic-mass spectrometric
(GC-MS) procedures that Brehm Research Laboratories uses to measure the concentration of
total polychlorinated biphenyls (PCBs) in extracts of aqueous and solid environmental samples.
The PCBs are separated on a capillary GC column and detected using a mass spectrometer
operating in the selected ion monitoring (SIM) mode. The PCBs are identified by using GC
retention time windows and ion intensity ratios and the results of the analysis are reported as
totals for each PCB congener group and these group totals are summed to obtain totai PCBs.

Surrogate standards, internal standards, matrix spikes and laboratory control samples are used
to measure the performance of the method.

The sensitivity of this procedure depends on the level of interferences within the sample
matrix. For samples containing relatively low concentrations of interferences, the target
method detection limits (MDLs) for total PCBs are 2.5 pg/mL in 1 L aqueous samples and 250
Pg/g in 10 g solid samples. The actual MDLs achieved using this SOP are higher for other
types of samples (groundwater, wastewater, soil, sediment, flyash, biological tissue, sludge,
chemical waste, etc.).

Refer to U. S. EPA Method 8082 and Method 1668 for additional information about the
analysis of PCBs, definitions of terms, corrective actions and specifications for the apparatus
and materials.

Procedures

Summary

A measured volume or weight of sample (typically 1 L for liquids and 2 g to 30 g for solids) is
extracted using the appropriate matrix-specific sample extraction procedures. Solid samples
are extracted with acetone/hexane (1/1) using the Soxhlet extraction procedure givenin U. 8.
EPA Method 3540C". Aqueous samples are extracted with methylene chloride using the
separatory funnel procedure given in U. S. EPA Method 3510C®.

Surrogate standards are added to each sample prior to extraction to measure the efficiency of
the extraction and preparation procedures. The sample extracts are cleaned up using acid and
base partitioning, silica gel column chromatography and alumina column chromatography.,
Prior to GC-MS analysis an internal standard is added to the extract.

The prepared extracts are analyzed using a GC-MS operating in the SIM mode. The GC-MS
chromatographic retention time windows and response factors are determined using all 209
PCBs. The delimited peak data from the GC-MS is transferred to an Excel spreadsheet where
the retention time and m/z ratio of each peak is evaluated and the PCB concentrations are
calculated.
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Apparatus

Sample Extraction and Preparation

Unless specified in this SOP, the extraction and sample preparation equipment is described in
U. S. EPA Methods 1668, 3540C and 3510C.

Capillary GC column

XTi-5, 30 m long x 0.25 mm ID with 0.25 um film thickness, fused silica (Restek Corporation,
Bellefonte, PA)

Gas Chromatograph Settings and Temperature Program
Injector Temperature: 300 °C
Interface Temperature: 320 °C

Temperature Program:
80 °C for 1 minute, then ramp at 6 °C/minute to 300 °C and hold for 3 minutes

Pressure Program:
81.10 kPa for 1 minute, then ramp at 3.30 kPa/minute to 200 kPa and hold for 3 minutes

Carrier Gas: Helium

Total Carrier Gas Flow: 37.80 mL/minute

Flow Controller: Splitless

Gas Chromatograph-Mass Spectrometer

Shimadzu 17A gas chromatograph

Shimadzu QP5050A mass spectrometer

A summary of the SIM parameters for this SOP is included in Attachment 1.

Reagents

Sample Extraction and Preparation

Unless specified in this SOP, the reagents are described in U. S. EPA Methods 1668, 3540C
and 3510C.

Surrogate Standard Solution

This isooctane solution contains the three labeled PCBs listed in Table 1. Each sample is
spiked with 10.0 L. of this solution prior to extraction.

Table 1. Labeled PCBs in the Surrogate Standard Solution

PCB Concentration in ng/plL
3C15-3,3' 4,4 -TetraCB 0.50
3C,-3,3',4,4' 5-PentaCB 0.50
3C,-3,3',4,4' 5,5-HexaCB 0.50
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Internal Standard Solution

This isooctane solution contains the labeled PCB listed below in Table 2. Each sample extract
is spiked with 10.0 pL of this solution prior to GC-MS analysis.

Table 2. Labeled PCB in the Internal Standard Solution
PCB Concentration in ng/uL
13C,,-2,3' 4,4' 5-PentaCB 0.50

Native Standard Solution

This isooctane solution contains the PCBs listed below in Table 3. Each matrix spike, matrix
spike duplicate and laboratory control sample is spiked with 5.0 pL of this solution prior to

extraction.
Table 3. PCBs in the Native Standard Solution
PCB Concentration in ng/pL
3,3'.4,4-TetraCB (77) 1.00
2,3,3',4,4'-PentaCB (105) 1.00
2,3',4,4',5-PentaCB (118) 1.00
3,3'.4,4',5-PentaCB (126) 1.00
3,3',4,4',5,5-HexaCB (169) 1.00
2,3,4,4',5-PentaCB (114) 1.00
2,2',3,3',4,4'-HexaCB (128) 1.00
2,2',3,4,4',5-HexaCB (138) 1.00
2,2'4,4',5,5'-HexaCB (153) 1.00
2,3,3'4,4' 5-HexaCB (156) 1.00
2,2'3,4,4',5,5'-HeptaCB (180) 1.00
3,4,4',5-TetraCB (81) 1.00
2,3,3',4',6-PentaCB (110) 1.00
2,2',4,5,5-PentaCB (101) 1.00
2,4-DiCB (8) 1.00
2,2',5-TriCB (18) 1.00
2,4,4-TriCB (28) 1.00
2,2',3,5-TetraCB (44) 1.00
2,2',5,5-TetraCB (52) 1.00
2,3',4,4'-TetraCB (66) 1.00
2,2',3,3'4,4',5-HeptaCB (170) 1.00
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2,2',3,4,5,5',6-HeptaCB (187) 1.00
2,2',3,3',4,4',5,6-OctaCB (195) 1.00
2,2'3,3'4,4',5,5'6-Nona CB 1.00
(206)

DecaCB (209) 1.00

Calibration Standards

Five isooctane solutions containing native and labeled PCBs at known concentrations are used
to calibrate the GC-MS. The concentrations of the PCBs in the five solutions are listed below

in Table 4.

Table 4. Contents of the Five GC-MS Calibration Standards
Component of the Calib Std 1 | Calib Std 2 | Calib Std 3 | Calib Std 4 | Calib Std 5
Calibration Standard

(ng/uL) (ng/uL) (ng/uL) (ng/uL) (ng/pL)

Each of the 209 Native | 0.200 0.100 0.050 0.020 0.010
PCBs
Each of the Surrogate | 0.200 0.100 0.050 0.020 0.010
Standards listed in
Table 1
Each of the Internal 0.100 0.100 0.100 0.100 0.100
Standard listed in
Table 2

Aroclor Standards

Individual standards of Aroclor 1242, 1248, 1254 and 1260 (Supelco, Bellefonte, PA) were
prepared at 20 ng/uL in isooctane.

Procedures

Extraction

Samples are extracted and processed in batches. A batch of sam

fewer samples that are extracted on the same day.

Solid Samples

ples consists of twenty or

The solid samples are extracted with hexane/acetone (1/1) using the Soxhlet extraction
procedures described, in detail, in U. S. EPA Method 3540C. Prior to Soxhlet extraction the
solid is spiked with the Surrogate Standard Solution.
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Aqueous Samples

The aqueous samples are extracted with methylene chloride using the separatory funnel
extraction procedures described, in detail, in U. S. EPA Method 3510C. Prior to extraction the
aqueous sample is spiked with the Surrogate Standard Solution.

Blanks
A blank is prepared with each batch of samples.

For solid samples, the blanks are prepared by removing an aliquot of each Soxhlet prewash,
spiking it with the Surrogate Standard Solution and processing it through all the cleanup
procedures.

For aqueous samples, the blanks are prepared by collecting an aliquot of each final separatory
funnel rinse, spiking it with the Surrogate Standard Solution and processing it through all the
cleanup procedures.

MS/MSD Samples

Matrix Spike and Matrix Spike Duplicate (MS/MSD) samples are prepared with each batch of
samples.

The MS/MSD samples are prepared by spiking solid and aqueous samples with the Native
Standard Solution and the Surrogate Standard Solution prior to extraction. The samples
extracted and processed with the batch of samples through all the cleanup procedures.

Laboratory Control Samples

A Laboratory Control Sample (LCS) is prepared with each batch of samples. When the results
for samples or matrix spikes indicate a problem due to the sample matrix itself, this sample
verifies that the analytes can be detected in a clean matrix.

The LCS sample for a batch of solid samples is prepared by spiking a Soxhlet extraction
thimble with the Native Standard Solution and the Surrogate Standard Solution. The thimble is
extracted with the other solid samples and the extract is processed with the batch of samples
through all the cleanup procedures.

The LCS sample for a batch of aqueous samples is prepared by adding the Native Standard
Solution and the Surrogate Standard Solution to a separatory funnel containing high-purity
HPLC grade water. The volume of high-purity water is approximately the same as the sample
volumes being extracted. The LCS sample is extracted and the extract is processed with the
batch of samples through all the cleanup procedures.

Other QA Samples

Include any other QA samples that are required by the project QAPP. These may include field
blanks, field duplicates, equipment rinses, etc.
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Extract Concentration

The sample extracts are concentrated using the nitrogen blowdown procedures given in
Section 12.7 of U. S. EPA Method 1668.

Cleanup

Acid and Base Partitioning

The sample extracts are back-extracted with acid and base using the procedures given in
Section 12.5 of U. S. EPA Method 1668.

Silica Gel Column Cleanup

Silica gel, Type 60A, 100-200 mesh (Davisil® 634, Mallinckrodt Baker, Inc., Paris, KY). The
silica gel is extracted in a Soxhlet with methylene chloride for 24 hours and activated at 190 °C
for 24 hours if blanks show contamination. If no contamination is observed, the silica gel is
used without further activation. The following three types of silica gel chromatographic packing
materials are prepared.

» Silica gel impregnated with 10% water is prepared by adding 10 g of HPLC grade water to
90 g of silica gel in a 500 mL wide mouth glass bottle fitted with a Teflon lined screw cap.

» Silica gel impregnated with sodium hydroxide is prepared by adding 30 g of 1 N sodium
hydroxide solution to 100 g of silica gel in a 500 mL wide mouth glass bottle fitted with a
Teflon lined screw cap.

¢ Silica gel impregnated with sulfuric acid is prepared by adding 44 g of concentrated sulfuric
acid to 100 g of silica gel in a 500 mL wide mouth glass bottle fitted with a Teflon lined
screw cap.

For each type of silica prepared, the bottle is shaken until no lumps are visible. After shaking,
the silicas are transferred to 250 mL narrow mouth glass bottles fitted with Teflon lined screw
caps. The silicas are transferred from the 250 mL bottles to the chromatographic columns
immediately prior to use.

The silica gel column cleanup is performed on the concentrated extract from the acid/base
partitioning procedure. The following procedure is used for the silica gel column cleanup.

1. Insert a plug of silanized glass wool into a clean glass column (20 mm OD x 230 mm
long and tapered to a 6 mm tip).

2. Sequentially add the foliowing to the column, tapping the column to settle and level the
silica after each addition:

1.0 g of water impregnated silica gel

2.0 g of sodium hydroxide impregnated silica gel
1.0 g of water impregnated silica gel

4.0 g of sulfuric acid impregnated silica gel

2.0 g of water impregnated silica gel

3. Preelute the column with 30 mL of hexane collecting the eluate in a waste collection
tube.
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4.

When the hexane level reaches the level of the silica, change the collection tube to a
cleaned 50 mL test tube.

Transfer the 5 mL of concentrated sample extract to the column.

When the level in the column reaches the level of the silica, sequentially rinse the
sample container with two 5 mL portions of hexane and add each rinse to the column.

Elute the column with an additional 75 mL of hexane, collecting the entire eluate in two
50 mL test tubes.

Concentrate the hexane eluate to approximately 1 mL in preparation for the alumina
column cleanup.

If the sample extract is still discolored after the four acid washes specified in Section 7.5.1.1
have been completed, then 10.0 g of sulfuric acid impregnated silica gel is used instead of the
normal 4.0 g quantity in the silica gel column.

Alumina Column Cleanup

Alumina, basic, 50-200 ym, (ICN Alumina B, Activity I, ICN Biomedicals GmbH). The alumina
is activated at 600425 °C for more than 16 hours and less than five days in shallow ceramic

pans.

The alumina column cleanup is performed on the concentrated eluate from the silica gel
cleanup procedure. The following procedure is used for the alumina column cleanup.

1.

10.

11.

Construct a disposable column by removing the portion of a 10 mL Pyrex disposable
pipette above the 4 mL mark.

Insert a plug of silanized glass wool and carefully push it into the constricted end of the
column using a 1 mL pipet.

Remove the alumina from the furnace, pour the alumina into a 150 mL Pyrex beaker
and allow the alumina to cool in a desiccator for 30 minutes.

Mix the alumina in the beaker.
Add 3.0 g of alumina to each column and tap the columns to settle the alumina.

Transfer the concentrated sample extract from the silica gel column cleanup to the
alumina column.

Sequentially rinse the test tube that contained the sample with two 1 mL portions of
hexane and transfer each rinse to the alumina column.

Elute the alumina column with a total of 15 mL of hexane taking care to always
maintain the level of the liquid in the column above the level of the alumina, and collect
the eluate in a 25 mL test tube.

Position a clean 25 mL test tube below the alumina column and elute the column with a
total of 10 mL of 8% (v/v) methylene chloride-in-hexane.

Elute the column with a total of 15 mL of 50% (v/v) methylene chloride-in-hexane, and
collect the eluate in the test tube containing the 8% eluate.

Reserve the hexane eluate and concentrate the 8/50% eluate for analysis.
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Final Concentration and Spiking

Concentrate the 8/50% eluate from the alumina column to approximately 1 mL using the
nitrogen blowdown procedure given in Section 12.7 of U. S. EPA Method 1668 and
quantitatively transfer the extract to a 3 mL vial. Concentrate the extract in the vial to less
than 40 uL and use a syringe to adjust the final volume to 40 ML using isooctane. Add 10 pL of
the Internal Standard Solution to the sample extract and refrigerate the extract until GC-MS
analysis.

GC-MS Analysis

PCB Elution Windows

Operating the mass spectrometer in the full-scan mode, inject a solution containing all 209
PCBs. Collect and process the data to define the earliest and latest eluting PCB for the mono-
through deca-CB chlorination groups and the elution windows for the labeled standards. These
windows are used used to qualitatively identify the PCBs in the sample extracts. Table 5 lists
typical retention time windows that are achieved using the operating conditions specified in this
SOP.

Table 5. Typical Elution Windows for the 209 PCBs and the Labeled Standards.

PCBs Retention Time (minutes)
Beginning End of
of Window Window

MonoCB 13.30 16.20

DiCB 15.70 19.80

TriCB 17.80 23.10

TetraCB 19.60 26.20

°C12-3,3'4,4-TetraCB 25.03 26.03

PentaCB 21.70 28.80

°C1,-3,3',4,4' 5-PentaCB 25.80 26.80

°C1,-2,3'4,4' 5-PentaCB 27.55 28.55

HexaCB 23.70 31.30

°C,-3,3'4,4' 5,5-HexaCB 20.84 30.84

HeptaCB 26.40 32.00

OctaCB 28.80 32.90

NonaCB 31.50 34.00

DecaCB 33.70 34.70

PCB M/Z Ratios

The m/z monitored by the MS for each PCB chiorination group is listed in Table 6. This table
also lists the theoretical ratio for the primary and secondary m/z, the acceptable m/z range and
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the minimum and maximum values of the m/z ratio. These ratios are used to qualitatively
identify the PCBs in the sample extracts.

Table 6. lon Intensity ratios for the PCB Congener Groups and Labeled Standards

PCBs lon Ratios of lon Intensities

Monitored (Primary/Secondary)

Pri Sec | Theoretical| Range Min Max
MonoCB 188 190 3.13 +0.30 2.19 4.07
DiCB 222 224 1.56 +0.30 1.09 2.03
TriCB 256 258 1.04 +0.30 0.73 1.35
TetraCB 290 292 0.77 +0.30 0.54 1.00
13C12-3,3',4,4'—T<-3trz=\CB 302 304 0.77 1+ 0.30 0.54 1.00
PentaCB 326 328 1.55 +0.30 1.09 2.02
13012-3,3',4,4',5- 338 340 1.55 +0.30 1.09 2.02
PentaCB
C12-2,3'4,4',5- 338 340 1.55 1 0.30 1.09 2.02
PentaCB
HexaCB 360 362 1.24 +0.30 0.87 1.61
*C1,-3,3'4,4' 5,5 372 | 374 1.24 +0.30| 0.87 1.61
HexaCB
HeptaCB 394 396 1.05 +0.30 0.74 1.37
OctaCB 428 430 0.89 +0.30 0.62 1.16
NonaCB 462 464 0.77 +0.30 0.54 1.00
DecaCB 498 500 1.16 + 0.50 0.58 1.74

GC-MS Calibration

Analyze the five Calibration Standards listed in Table 4 while operating the GC-MS in the SIM
mode. Typical values for the SIM parameters are included in Attachment 1. These
parameters are based on the elution windows listed in Table 5 and the m/z ratios listed in Table
6.

Record the peak areas for each m/z in a calibration standard, calculate a response factor for
each PCB congener and then calculate an average response factor for the PCB congener
group in the calibration standard. Calculate an average response factor for each PCB
congener group by averaging the response factors from each calibration standard. This
response factor is used to calculate the concentration of the PCB congener group in the
sample extracts. Table 7 lists typical response factors for the PCB congener groups and the
surrogate standards.

The relative standard deviation (RSD) of the average response factors for each PCB congener
group in the five calibration standards must be less than 30%. If the RSD is greater than 30%
then repeat the GC-MS calibration.
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Table 7. Typical Average PCB Response Factors.
PCBs Average Response Factors
MonoCB 1.840
DiCB 1.738
TriCB 1.721
TetraCB 0.966
PentaCB 0.926
HexaCB 0.878
HeptaCB 0.697
OctaCB 0.590
NonaCB 0.586
DecaCB 0.591
°C4,-3,3'4,4-TetraCB 0.869
3C12-2,3'4,4',5-PentaCB 0.836
°C1,-3,3'4,4',5,5"-HexaCB 0.778

Aroclor Standards

Analyze standards of Aroclor 1242, 1248, 1254 and 1260 using the same SIM parameters that
are used to analyze the samples. Record the peak areas and calculate the total concentration
for each congener group. The relative concentrations of the congener groups in the samples
can be compared to the relative concentrations in the Aroclor standards to help identify the
source of the PCBs. Typical chromatograms and relative concentrations for the four Aroclors
are included in Attachment 2.

Sample Analysis

Using the same GC-MS-SIM conditions that were used for the calibration, inject aliquots of the
sample extracts. A calibration verification standard, Calibration Standard 3 identified in Table
4, must be analyzed at the beginning of an analysis sequence, after every twenty samples and
at the end of the analysis sequence.

The response factor calculated from the calibration verification standard must not exceed a +
40% difference when compared to the mean response factor from the initial calibration.
Sample analysis can proceed as long as the initial calibration verification standard and
verification standards interspersed with the samples meet instrument QC requirements. If this
criterion is exceeded and maintenance cannot correct any instrument performance problems a
new initial calibration must be performed.
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Calculations

The GC-MS data system is used to detect and delimit the peaks in the standard and sample
chromatograms. This raw peak data is saved in a data file and then transferred to an Excel
spreadsheet where macros are used to automatically perform the following evaluations and
calculations.

1. Identify the retention times of peaks where the secondary m/z elutes within one second of
the primary m/z for each congener group.

2. Filter the peaks identified in Step 1 to accept only those peaks that elute within the PCB
congener windows established during the full scan analysis of the 209 PCBs.

Calculate the m/z ratio of each peak that passes the criterion in Step 2.

Filter the m/z ratios calculated in Step 3 to accept only those peaks that have m/z ratios
between the minimum and maximum m/z ratios listed in Table 6.

5. Calculate the quantity represented by each peak using the response factors for the
congener group.

6. Sum the quantities for each congener group and calculate the concentration of each
congener group in the sample by using the sample dilution and sample size.

7. Sum the concentrations for the congener groups to obtain the total PCB concentration for
the sample.

A write-protected copy of this spreadsheet is maintained on the GC-MS data system.

Analysis of Quality Control Samples

Measure the concentration of PCBs in the blank, MS/MSD and LCS samples and the recovery
of the surrogate and internal standards.

Evaluate the quality control samples using the requirements specified in the project QAPP.
Follow the corrective actions in the QAPP for any parameters that do not meet the quality
control requirements.

Corrective Action Procedures
Corrective action procedures for PCB analyses are listed in this SOP and U. S. EPA Methods
8082 and 1668.

Unforeseen situations may arise during the preparation and analysis of environmental samples.
If possible, corrective action is implemented immediately and the actions clearly documented
on the sample tracking form or batch cover sheet.®

The need for corrective action may be identified by:
1. Recognition by laboratory personnel that there is a problem.
2. Standard QC procedures.
3. System or performance audits.



Wright State University, Brehm Research Laboratories
SOP for Total Polychlorinated Biphenyls by GC-MS
Revision 1, July 1, 1999, Page 13

Usually, personal experience alerts the analyst to suspicious data or malfunctioning equipment.
Corrective action taken at this point avoids the collection of poor quality data.

Problems that are not immediately detected during the course of analysis may require more
formalized corrective action. The essential steps in the corrective action system followed by
BRL are:

1. Checking the predetermined limits for data acceptability beyond which corrective
action is required.

Identifying and defining the problem.
Assigning responsibility for investigating the problem.

Determining the action required to correct the problem (this may include reanalysis
of the sample).

5. Assigning and accepting responsibility for implementing the corrective action.
6. Implementing the corrective action.
7. Verifying that the corrective action has eliminated the probiem.
8. Documenting the corrective action taken,
References
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Attachment 1

Gas Chromatography-Mass Spectrometry-Selected lon Monitoring Parameters
for the Analysis of Total PCB.
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** Header **
Developer :
Date Time :

** GC Parameters *¥*
[ Injector ]

FILE = TPCB_SIM.MET

Temp.(°C) : 300.00

[ Oven ]

Initial Temp.(°C) : 80.00

Initial Time(min) :  1.00

Temp. Program : RATE(°C/min)}
6.00

Equil. Time(min) : 1.00

[ Flow Controller ] Splitless

Carr.Gas Press(kPa) : 81.10
Carr.Gas Press Time(min): 1.00
Press. Program :

3.30
Total Flow(ml/min) : 37.80
Sampling Time(min) : 1.00
[ Column ]
Length(m) : 30.00
Diameter(mm) :  0.25
[ Interface ]
Temp. (°C) : 320.00

[ High Pressure Injection ]
High Pressure Inj. Mode :
Injection Pressure(kPa) :
Injection Time(min) :

OFF
0
0.00

** SIM Parameters *¥

[ Acquisition ]

Detector Volts(kV)

Ion Set Max.

Solvent Cut Time(min)

Sampling Rate(sec)

Micro Scan Width

-- lon Set # 1--

Acquisition Time(min) :
M/2

188.00

190.00

222.00

224.00

234.00

236.00

256.00

258.00

268.00

270.00

290.00

CH12 292.00

Real Time Monitor
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.

[x]
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TIC Time Scale(min) : 5.

TIC Intensity Scale
SIM Intensity Scale
Monitoring M/Z*Factor :

-- lon Set # 2--
Acquisition Time(min) :
M/Z
222.00
224.00
234.00
236.00
256.00
258.00
268.00
270.00

0
=
CO~N OB N

1.

(1) 188.
(2) 222.
(3) 256.

18.

50

12.00
0.
0.30

12

13.00 -

* %

Brehm Laboratories

igs
00/02/16 14:22:15

TEMP(°C)
300.00

TIME(min)
3.00

RATE(kPa/min) PRESS(kPa) TIME(min)

200.00 3.00

18.00
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. e
[ o 0 o }

20.00
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CH 9
CH10
CH11
CH12

Real Time Monitor
TIC Time Scale(min)
TIC Intensity Scale
SIM Intensity Scale
Monitoring M/Z*Factor

290.00
292.00
302.00
304.00

-- Ion Set #

Acquisition Time(min)

(2]
x
OO NN NN -

Real

M/Z
256.00
258.00
268.00
270.00
290.00
292.00
302.00
304.00
326.00
328.00
338.00
340.00

Time Monitor

TIC Time Scale(min)
TIC Intensity Scale
SIM Intensity Scale
Monitoring M/Z*Factor

-- lon Set #

Acquisition Time(min)

[w]
==
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CH11
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Real Time Monitor
TIC Time Scale(min)
TIC Intensity Scale
SIM Intensity Scale

M/2
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292.00
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338.00
340.00
360.00
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23.50

5.00
0
0

Monitoring M/Z*Factor : (1) 290.00

Acquisition Time(min)

-- lon Set #
M/2
CH 1 326.00
CH 2 328.00
CH 3 338.00
CH 4 340.00
CH 5 360.00
CH 6 362.00
CH 7 372.00
CH 8 374.00
CH 9 394.00
CH10 396.00
CH11 406.00
CH12 408.00

Real Time Monitor
TIC Time Scale(min)
TIC Intensity Scale
SIM Intensity Scale

Monitoring M/Z*Factor :

(2) 302.00
(3) 326.00
(4) 360.00

26.20

5.00

0

0
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(4) 372.00 *

-- lon Set # 6--
Acquisition Time(min) : 28.80
M/Z
360.00
362.00
372.00
374.00
394.00
396.00
406.00
408.00
428.00
CH10 430.00
CH11 440.00
CH12 442.00
Real Time Monitor
TIC Time Scale(min) : 5.00
TIC Intensity Scale : 0
SIM Intensity Scale : 0
Monitoring M/Z*Factor : (1) 360.00
(2) 372.00
(3) 394.00
(4) 428.00

)
-
OO~ O W -

-- lon Set # 7--

Acquisition Time(min) : 31.20
M/Z

394.00

396.00

406.00

408.00

428.00

430.00

440.00

442.00

462.00

CH10 464.00

CH11 474.00

CH12 476.00

Real Time Monitor
TIC Time Scale(min) : 5.00
TIC Intensity Scale : 0
SIM Intensity Scale : 0
Monitoring M/Z*Factor : (1) 394.00

(2) 428.00
(3) 462.00

[w]
E
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-- lon Set # 8--
Acquisition Time(min) : 32.10
M/Z
428.00
430.00
440.00
442.00
462.00
464 .00
474,00
476.00
498.00
CH10 500.00
CH11 510.00
CH12 512.00
Real Time Monitor
TIC Time Scale(min) : 5.00
TIC Intensity Scale : 0
SIM Intensity Scale : 0
Monitoring M/Z*Factor : (1) 428.00
(2) 462.00
(3) 498.00

o
=
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[ MS Program ]
--- not used ---
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Aftachment 2

Capillary Gas Chromatography-Mass Spectrometry-Selected lon Monitoring Chromatograms
and Congener Group Totals for Aroclors 1242, 1248,1254 and 1260
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Sample

1D

Sample Amcunt
Dilution Factor
Type

Operator

Method File Name :

vial No.

*** Chromatogram

]

Report Ho. = 5

: 1242
: 1242
H
I
: Unknown

s JGS
TPCB_SIM.MET
1

dede R

L\

i

L

Data :

1242.001
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% 16 18

lonset : 1 SIM = 3000000
TIiC

Ionset : 2 SiM = 3000000
TIC

Ionset : 3 SIM = 3000000
TiC

Ionset : 4 SIM = 3000000
TiC

Ionset : 5 SIM = 3000000
TIC

Ionset : 6 SIM = 3000000
TiC

Ionset : 7 SIM = 3000000
Tic

Ionset : 8 SIM = 3000000
: Tic
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1242

Total
Descriptor Area
MonoCB 1060183
DiCB 11238583
TriCB 23682177
TetraCB 12676228
PentaCB 2063530
HaxaCB 40103
HeptaC2 10826
CctaCB 0
NanoCB 0
DecaCB 0

1242.ds
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*%* CLASS-5000 *** Report No. = 6 Data : 1248.D01 00/01/04 17:18:13

Sample s 1248

Y : 1248

Sample Amount HE

pilution Factor : 1

Type : Unknown
Operator T JGS

Method File Name : TPCB_SIM.MET

e es

vial Ho. 1

*%% Chromatogram ***

[l
Iy
Qi,:w

14

lonset : 1 SIM = 3000000
TIC

lonset : 2 SIM = 3000000
TIC

Ionset : 3 SIM = 3000000
TiC

Jonset : 4 SIM = 3000000
TIiC

Ionset : 5 SIM = 3000000
TIC

lonset : & SIM = 3000000
Tic

lonset : 7 SIM = 3000000
TIC

Ionset : & SIM = 30000C0

Tic
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Descriptor

MonoCB
DiCce
TriCB
TetraCB
FentaCB
HexaCR
HeptaCB
OctaCB
NanoCB
DecaCB

1248

Total
Area

0
469775
16543679
23512926
5124985
449377
124346
96405
0
0

1248.xls
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*k* CLASS-5000 *** Report No. = 7 Data : 1254.D01 00/01/05 09:09:53

Sample : 1254

ID : 1254

Sample Amount HE

Ditution Factor : 1

Type ¢ Unknown
Operator : JGS

Method File Name : TPCB_SIM.MET
Vial No. : 1

**% Chromatogram ***

]
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28 30 32
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fonset : 1 SIM = 3000000
TiC

Ionset : 2 SIM = 3000000
TIC

Ionset : 3 SIM = 3000000
TIiC

Ionset : 4 SIM = 3000000
TicC

Ionset : 5 SIM = 3000000
TicC

Ionset : 6 SIM = 3000000
TIC

Ionset : 7 SIM = 3000000
Tic

Ionset : 8 SIM = 30300000
Tic
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Descriptor Area

MonoCR 0
DiCB 26082
TriCB 926886
TetraCB 12046178
PentaCB 33299210
HexaCg 16956127
HeptaCB 2217592
OctaCB 234483
NancCB G
DecaCB 4]

1254 xls



Drenm Laporavories
% CLASS-5000 *** Report No. = 8 Data : 1260.D01 00/01/04 15:23:30

Sample : 1260

1D : 1260

Sample Amount : 1

Dilution Factor : 1

Type Unknown
Operator 4GS
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Descriptor

MonoCB
DiCB
TriCB
TetraCB
PentaCB
HexaCB
HeptaCB
OctaCB
NanoCB
DecaCB

Total
Area

38687
95767
181062
415255
3726919
15332796
11426936
2204580
163487
28613

total_pcbs SAMPLE XXX xis
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YSI MODEL 33 BENCH TOP CONDUCTIVITY METER: ANALOG
MODEL YSI MODEL 52 BENCH TOP D.O. METER: DIGITAL MODEL
YSI MODEL 85 FIELD D.O./CONDUCTIVITY METER
YSI MODEL 57 BENCH TOP D.O. METER: ANALOG MODEL
[WSU-BURTON]
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YSI Model 33 Bench Top Conductivity Meter: Analog Model

Calibration procedure:

1. Turn the knob to the red line option and use the needle adjustment knob to align the needie
directly over top of the red line as viewed in the mirror.

2. Pour enough conductivity standard into an 80 mL beaker to submerge probe completely. Do
not touch the probe to the side of the beaker. Turn knob to the 10X option.

3. The standard should have a conductivity of 1412 umhos/cm. The acceptable range is 1300
to 1400 umhos/cm. If the calibration is not within range try again, then remake standard and
repeat the calibration process.

4. Record the obtained value in the calibration book and proceed if the value is in specified
range.

Measuring a Discrete Sample

Keep the knob on the 10X option for most samples. Place sample in a milliQ rinsed
80mL beaker and submerge probe. Read the value as described above. Switch the knob to the
1X option if the value is below 500umhos/cm.\

Conductivity Standard

The standard in the lab is made according to Standard Methods 20" Edition. 1998. P 2-
47. 2510 B. Laboratory Method. In a volumetric flask dissolve 745.6 mg KCl in 1L millQ. Stir this
solution on a stir plate with a stir bar until the KCI has dissolved. The conductivity of this solution
should be 1412umhos/cm at 25C.

YSI Model 52 Bench Top D.O. Meter: Digital Model

Calibration Procedure

1.) Rotate dial to calibrate.

2.) Pull plastic cap off the probe.

3.) Wait until the meter does a self-check.

4.) Let the meter warm up for ten minutes before going on to step 5.

5.) Hit the confirm button when the meter says, “ Calibrate in Percent.”

6.) The meter will read, “Calibrate to 17.2%”, press the skip button and arrow down the percent
value to 98%, press the confirm button.

7.) Wait until the meter displays “Calibrated to 98%".

8.) Rotate dialto D.O. — Temp.

9.) When taking a reading, make sure the probe is moving at least one foot per minute to get an
correct reading.

10.)Turn off When finished.

YSI Model 85 Field D.O./Conductivity Meter

Calibration Procedure

1.) Ensure that the sponge inside the instrument’s calibration chamber is wet. Insert the probe
into the calibration chamber.

2.) Turn the instrument on by pressing the ON/OFF button on the front of the instrument. Press
the MODE button until dissolved oxygen is displayed in %. Wait for the dissolved oxygen and
temperature readings to stabilize (usually 15 minutes is required).

3.) Use two fingers to press and release both the UP ARROW and DOWN ARROW buttons at
the same time.

4.) The LCD will prompt you to enter the local altitude in hundreds of feet. Use the arrow keys to
increase or decrease the altitude. When the proper altitude appears on the LCD, press
theENTER button once. Enter the number 7, indicating 700 feet, if it is not already displayed.

5.) The model 85 will now display CAL in the lower left of the display, the calibration value should
be displayed in the lower right of the display and the current % reading (before calibration)
should be on the main display. Make sure that the current % reading (large display) is stable,
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then press the ENTER button. The display should read SAVE then should rerun to the
Normal Operation Mode.

Each time the Model 58 is turned off, it must be re-calibrated before taking a measurement.

9)

YSI Model 57 Bench Top D.O. Meter: Analog Model

Rotate dial to 0-20, 0-10, or 0-5.

Make sure plastic cap is on the probe.

Allow the meter to warm up for 15 minutes.

Turn the knob to the red line option and use the needle adjustment knob to align the needle
directly over top of the red line as viewed in the mirror.

Rotate knob to temperature and read the temperature on the face of the meter in deg C.
Turn the knob to the zero option and use the needle adjustment knob to align the needie
directly over top of the zero line as viewed in the mirror.

Given the temperature of the meter, find the expected D.O. on the chart taped on the meter.
Turn the knob to 0-20, 0-10, or 0-5 and use the needle adjustment knob to align the needle
directly over top of the expected D.O. (per the chart).

The meter is now ready to read samples.

10) Stir the probe in a motion similar to stirring a cup of coffee and at that speed.
11) Turn off when finished.
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ALKALINITY [WSU-BURTON]
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ALKALINITY

Calibration:
1) Place 25 ml of standard in small flask.
2) Add a few drops of phenolphthalein solution to sample:

a) if the sample turns pink (pH = 8.3 indicator), go to # 3

b) if the sample remains clear, go to #4
3) Titrate the sample with 0.02 N H,SO, until the sample remains clear, then reset the buret to zero by
refilling.
4) Add a few drops of bromcresol green-methyl red indicator (pH = 4.5 indicator) until the sample turns to
a greenish-blue.
5) Titrate the sample again with 0.02N H,SO, until the sample turns pink.
6) Calculate alkalinity:

Alkalinity = [(ml of titrant)/ (sample volume)] (1000) = mg/l CaC0;
7) The alkalinity should be around 200 mg/!
Discrete Sample:
Determine the alkalinity of a sample by following the above procedure.
Reagents:
Standard:
1.) The standard is made by diluting the 1N sodium carbonate stock solution that we have. To 1000ml of
milliQ add 10ml of the 1N stock solution to make a .01 N solution:
(1N)(X) = (1000m!)(0.01), X = 10ml 1N sodium carbonate.
Ref: Standard Methods 19" Edition. 2-26
Bromcresol green-methyl red solution:
1) Dissolve 100 mg of bromcresol green in 100 mls of 95% ethyl or isopropyl alcohol.
2) Dissolve 20 mg of methyl red in the same 100 mis of alcohol.
3) Shake well.
4) Refrigerate between use.
Ref: Standard Methods 19" Edition. 2-26
Phenolphthalein solution:
1) Dissolve 5 g phenolphthalein in 500 ml of 95% ethy! or isopropyl alcohol.
2) Add 500 mi distilled water.
3) Mix weill.
4) Refrigerate between use.

Ref: Standard Methods 19" Edition. 2-26
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HARDNESS (EDTA TITRIMETRIC METHOD) [WSU-BURTON]
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HARDNESS (EDTA Titrimetric Method)

Calibration:

1) Place 25 mL of hardness standard in a small erylenmeyer flask.

2) Add a dropper full of ammonia buffer to sample.

3) Add enough Eriochrome Black T powder to sample to produce a pink to purplish color.

4) Make sure buret meniscus is on zero, begin titration, remembering to swirl the sample. Cease the
titration at the point the sample turns from pink to blue.

Herdness = (mL of EDTAXfector )
(volume of sample)

(1000) =mgl. CaCO3

5) The hardness of the standard should be 200 mg/L +/- 10 units.

Discrete Sample:
Repeat above procedure to determine the hardness of a sample.

Reagents:

Ammonia Buffer

1) In a 100 mi beaker place 80 ml of MilliQ water and dissolve 1.179 g EDTA and 0.780 g MgSO4
(7TH20).

2) Place 16.9 g of NH,Cl in a 250ml volumetric flask.

3) Under the hood, add 143 ml of NH,OH to the 250 ml volumetric flask, then shake by hand to mix.

4) Add the 80ml solution from # 1 to the 250ml volumetric flask, then top off to the line with MilliQ water.

5) Invert several times to mix.

6) Place this new solution in the ammonia buffer bottle that has been labeled with the contents, the date
prepared and your initials.

7) The ammonia buffer needs to be replaced monthly.

EDTA

1) Weigh out 3.723 g analytical reagent-grade EDTA (ethylenediaminetetraacetace).

2) Dissolve EDTA in 1000 ml of MilliQ water.

3) Mix well on stir plate.

4) The factor must now be determined. Place 25ml of calcium carbonate standard (1mi=1mg CaCOs) in
an erlenmeyer flask and treat it as a sample. It should take 25ml of the EDTA to induce the sample to
change from pink to blue. Divide the volume of EDTA that caused the color change by 25ml. This number
is the factor in the equation above.

Erichrome Black T

1) 100 gm NaCl (sodium chloride)
2) 0.5 g Erichrome black T

3) Mix well

Hardness Standard
Mix 200mil of calcium carbonate standard (1mi=1mg CaCO3 ) with 800ml of milliQ on a stir plate. The
hardness when determined should be 200 mg/L.

Reference for reagents: Standard Methods 19" Edition. 2-36 — 2-38.
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HORIBA CONDUCTIVITY METER [WSU-BURTON]
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Horiba Conductivity Meter

Calibration Procedure

1.
2.
3.
4

5.

Press the power button

Drop 1.41 mS/cm standard solution from the tiny bottle onto the cell.

Press the CAL/MODE button to display the cal mark and 1.41mS/cm

Calibration is complete when the cal mark disappears. Wash the sensor with DI, and wipe
any residual water with a tissue if available.

A blinking CAL mark indicates that the unit is not calibrated. Check that the correct standard
solution was used and calibrate again.

Measurement of Discrete Samples.

1.
2.
3

4.

Check that the > mark indicates either of the mS/cm or uS/cm modes, and drop the sample
solution onto the sensor cell.

When the © mark appears, read the figure.

The range automatically switches between the mS/cm and uS/cm ranges according to the
concentration of the sample solution.

Wash the sensor with DI and wipe any residual water with a tissue if available.

Maintenance
Standard may be bought from:

Spectrum Technologies INC.
23839 W. Andrew Rd.
Plainfield, iL. 60544

Tel: 800-248-8873

Tel: 815-436-4440

FAX: 815-436-4460

WWW.specmeters.com

Option 1: Pack of 4 bottles: $33
Option 2: 230ml bottle $13, stock # 2251
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TURBIDITY (FOR HF SCIENTIFIC D MODEL DRT-15CE)
[WSU-BURTON]
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1)

2)

3)

4)

Turbidity
(for HF Scientific D model DRT-15CE)

The instrument must first be standardized before taking a sample measurement.
Switch the range knob to the“10” position and place the Reference Standard (0.02
NTU) in the optical well and adjust the reference knob until the display reads 0.02
NTU. You are now ready to read a sample.

Make sure sample cuvette is clean and free of debris (inside and outside) before
loading a sample.

Fill the cuvette within approximately 2 (12 mm) of the top with sample then place
cuvette in instrument well and take the reading directly from the display. Select the
appropriate range for best readability.

Instrument must be at room temperature before taking a measurement (instrument
should not be cold).
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MEASURING AMMONIA USING THE ACCUMET AP63 METER AND
THE ACCUMET ION PROBE [WSU-BURTON]

WNSWCTRPT\20064033 100\QAPP\QAPP_APPE_TOC.DOC 09/05/00



4/00
Measuring Ammonia Using The Accumet AP63 Meter And The Accumet lon Probe

Before you begin, a few notes:

* Accurate NH; readings can be achieved with as little as a 10 mL water sample which requires only 100 plL of
ISA

* You will be mixing 3 standards (1,10,100 mg/L) of 10 mL each, so MAKE A NEW SET OF STANDARDS
EACH TIME YOU CALIBRATE!! (see recipe below). These standards will deteriorate rapidly, so use them
within 5 min of mixing.

IMMEDIATELY BEFORE MIXING STANDARDS

You must replenish or replace the internal fill solution each time you use the probe.

Unscrew the membrane from the probe and expell all the internal fill solution.

Rinse probe with only a few mL. of internal fill solution.

Fill the the membrane cap half way with internal fill solution and screw it back onto the probe

Fill the probe with internal fill solution then soak it in 1000 ppm ammonia standard while you mix the standard
series (see below).

O wN -

MIXING THE CALIBRATION STANDARD SERIES (1, 10, and 100 mg NHs/mL) (note: 1 mL = 1000 uk)

1. Into each of 3 labeled cups place 9.0 mL of Millipore water. For accuracy, use an Eppendorf pipet to
dispense the water.

2. Into the cup labeled 100, pipet in exactly 1.0 mL of the 1000 ppm NH, standard using the Eppendorf pipeter.
Mix thoroughly by either swirling gently or repeatedly sucking the mixture into a plastic disposable pipet.
Throw both the pipet tip and the disposable pipet away.

3. Using a fresh pipet tip, place 1.0 mL of the 100 mg/L standard into the cup labeled 10 then mix as above
with a fresh disposable pipet.

4. Using a fresh pipet tip, place 1.0 mL of the 10 mg/L standard into the cup labeled 1 then mix as above with
a fresh disposable pipet.

5. Add the following amounts of ISA into the standards: 100 uL to the 1, 90pL to the 10, and 90 uL to the 100.

CALIBRATION PROCEDURE:

1. Record all values in NH3 QA manual.

2. Turn on the Accumet meter. If "ION" is not displayed in the window, press the MODE button until it does.

3. To clear the previous calibration data press SETUP twice until “cir”’ appears in the window, then press ENTER.

4. At this point the meter's window will have either two or three dashes displayed. We prefer 3 dashes for 3
significant digits.

The instrument is now ready to be standardized with the NH; concentrations to be used. See
above for the recipes to mix these standards. THE ACCURACY OF THESE STANDARDS IS
IMPORTANT FOR GOOD RESULTS.

5. Rinse & dry the probe, then press STD followed by SETUP until the 1 appears in the small standardization
area press STD and swirl the cup under the probe until a MEASURE appears in the large display window.

A 1.00 WILL NOT appear in the display window. Once the word MEASURE appears you can go
on to the 10 mg/L. standard

6. Once you have completed step 4, rinse & dry the probe then place it in the 10 mg/L standard. Press STD
followed by SETUP until 10 appears in the small standardization area. Press STD and swirl the cup and wait
for the word MEASAURE and a 10.0 to appear in the large display window. After the 10.0 appears, you can
move onto the 100 mg/L standard.

7. Rinse & dry the probe then place it into the 100 mg/L standard. Press STD followed by SETUP until 100
appears in the small standardization area. Swirl the cup until the word MEASAURE and a 100 are displayed
in the large window.



10.

1.

4/00

Immediately after the 100 has appeared in the display, press the SETUP button to display the slope. If the
value is -59 + 4 mV, you can accept it by pressing ENTER.
The instrument is now ready to be used. It will remain calibrated for 12 hours. You can turn it off between
readings to save battery power and the calibration will be saved. Each time you turn it back on, you must
program in the slope by pressing SETUP and then press ENTER.
To read a sample (10 mL sample w/100 uL of ISA added) do the following:

a. if STABLE already displayed in the window, press the AUTO key twice

b. if STABLE is not already displayed, press the AUTO key only once
Record the reading in the large display window when STABLE appears.
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Tissue Extraction Method (micro method)

Note: Tissues need to spiked with an internal surrogate standard BEFORE extraction —
This is routinely done by someone in Dr. Tiernan’s lab (Gary). You need to make an
appointment in advance for someone to come down to do this and it should occur right
after weights are taken before freezing and BEFORE extraction.

Supplies needed:

HPLC grade Methylene Chloride (MeCl)
HPLC grade Methanol

Clean dried NaSO4 (sodium sulfate)

Glass wool

Tissue grinder — 2 pieces: vial and plunger
Test tube rack.

40 ml amber bottles with Teflon lids

5 ml sterile glass pipettes with bulb

Small glass funnels

Vial labels

Tissue samples with wet weights and spiked with surrogate(s)
Foil

Test tube brush

Waste receptacle

Sharpie

Safety glasses and lab coat

Glassware cleansing protocol: (in this order)
1) Rinse thoroughly with MilliQ water

2) Rinse well once with Methanol

3) Rinse 3 times with Methanol chloride (MeCl)

Weighing tissues: (prior to extraction)

1) Place sticker on vial and label with: location, date, sample type (water, sed, tissue
etc.), sample number....

2) Screw lid on vial then place vial on the 5 place balance and record weight as “vial
weight”.

3) Place CLEAN tissue sample (no debris) in vial and remove ALL water. Cap vial
then place on 5 place balance and record weight as “vial + tissue wet weight”

4) Tissue wet weight is the difference between the “vial + tissue wet wt” — “vial wt”.




Extraction method:

1) Clean tissue grinder apparatus according to cleansing protocol

2) Wash tissue out of vial into grinder receptacle with 2 mls of MeCl. Place four more 2
ml aliquots of MeCl, one 2 ml injection at a time, into the vial; swirl around container
walls then empty into the tissue grinder. These washings assure that you have rinsed
the entire sample from the vial into the grinder. You should have your tissue sample
and a total of 10 mls MeCl in the tissue grinder at this time.

3) Begin grinding of tissues with the plunger. Be sure to grind all tissue samples for the
same amount of time (2 min) or same number of grinding motions with the plunger
(20 times).

4) Carefully transfer the ground tissue into funnel with glass wool and NaSO4 that
drains into a clean 40 ml amber bottle with a Teflon lid. Best to use bottles new out
of the package but it not available, make sure that bottles have been washed according
to the above cleansing protocol.

5) Add 10 mls of MeCl to the grinder from which you just ground your tissue sample
from then grind 10-12 times to wash rest of tissue residue from the walls. After 1-2
minutes, pour this sample into the same 40 ml bottle with your ground tissue sample.

6) Wash any last remaining tissue residues from the grinding apparatus by placing the
plunger in the grinder then place 5 ml of MeCl in the grinder. Carefully swirl and
plunge the MeCl to cleanse then place this washing sample into the 40 ml amber
bottle with your tissue sample. Your 40 ml amber bottle should have approximately
25 mls of sample in it.

7) Cap bottle and store in freezer. Samples, however, are not ready for analysis, sample
clean up, and concentration must occur first (Tiernan’s lab does this part).

10 mls - (2 X 5 mls)
10 mls - (1 X 10 mls)

S5mls- (1 X5 mls)
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pH SOP 5.2.0

Effective 2/10/99
Page 1 of 3
SOP No. 5.2.0
pH (Electrometric) EPA METHOD 150.1
Effective 2/10/99

Revision No. 0

Author: QM%‘/L\ -2//9//‘77

Robert Rogers Date
Director: W— 2’/ 1o / 49
Douglas Fort Date

1. APPARATUS
1.1. pH Meter
1.2. pH Electrode
1.3. Magnetic Stirrer

1.4. Glass Beaker

2. REAGENTS
2.1. Buffer Solutions at pH 4, 7, and 10
2.2. Deionized (DI) Water

2.3. Potassium Chloride filling solution

3. ELECTRODE STORAGE

3.1. Submerge electrode in pH 4 or pH 7 buffer solution for routine storage between
measurements. Make sure filling solution hole on side of electrode is open (not

covered).

3.2. For long term storage (electrode removed from service), disconnect from meter, remove
filling solution, close filling solution hole by rotating cover, and cap end of electrode.

4. CALIBRATION PROCEDURE

4.1. Calibrate pH meter each day before initial use.

G:\Administration\Active SOP\SOP 5.2.0 pH.doc



pH SOP 5.2.0
Effective 2/10/99
Page 2 of 3

4.2. Choose 2 buffer solutions which will bracket the expected pH range of the samples to be
measured, generally pH buffers 7 and 4 or 7 and 10.

4.3. Remove electrode from storage solution. Rinse with DI water and blot dry with
chemwipe.

4.4. Check internal filling solution level and verify that vent is open and clear of any
obstructions.

4.5. Submerge electrode tip in pH 7 standard buffer solution while stirring on magnetic
stirrer. '

4.6. Press and release the “pH/mV” button until digital display indicates pH mode.

4.7. Press “Standardize” button. The meter recognizes the buffer and flashes a buffer icon.
When the signal is stable the buffer is entered.

4.8. The meter displays the % slope of the electrode as 100%.
4.9. Remove electrode, rinse and blot dry.

4.10. Immerse electrode in the second buffer (pH 4 or 10) and press “Standardize” again.
The meter recognizes the buffer and displays the first and second buffer icons.

4.11. The meter displays the % slope of the electrode. The display also indicates either Good
Electrode or Electrode Error. The Electrode Error indicates the % slope is outside the
acceptable range of 90 and 105% and the measurement will not be accepted. If this
occurs, refer to Troubleshooting section of the User’s Manual.

4.12. If Good Electrode is displayed, the meter is ready for pH measurements of samples.

5. pH MEASUREMENT PRODEDURE
5.1. Remove electrode from the storage solution. Rinse with DI water and blot dry.

5.2. Place electrode and stir bar in a beaker containing the sample and stir until reading has
stabilized. Use a 50 to 100ml beaker with 25 to 50ml of sample. ’

5.3. Record pH reading in logbook.

5.4. Discard sample volume used for pH determination and repeat steps 5.1 through 5.3 if
there are more samples to measure.

5.5. Recheck pH 7 and record after every 10 samples or after each interrupted use.
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pH SOP 5.2.0
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Page 3 of 3

6. REFERENCES

6.1. Standard Methods for the Examination of Water and Wastewater, 17® Edition, p. 4-100,
Method 4500-H+, 1989.

6.2. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, March 1983,
p. 150.1, Method 150.1.

6.3. Accumet Basic pH Meter User’s Guide, Fisher Scientific, 300403.1, Rev. D.
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Dissolved Oxygen SOP 5.3.0

Effective 7/1/98
Page 1 of 2
SOP No. 5.3.0
Dissolved Oxygen EPA METHOD 360.1
Effective 7/1/98

Revision No. 0

Author: /\Q///CUL é@@gﬂ 7/ =498

Debbie Powell Date
Director:m 7 - (- T&
Douglas Fort Date

1. APPARATUS
1.1.  YSI Model 57 dissolved oxygen meter.
1.2. Dissolved oxygen probe
1.3. BOD bottle (calibration chamber)

Note: When not is use, the DO probe should be in the BOD bottle with about 1 inch of DI water
in it to provide a humid environment for probe storage.

2. CALIBRATION
2.1.  Switch meter to off and adjust meter needle to zero.
2.2.  Switch to redline and adjust.

2.3.  Warm up meter for 15 minutes to stabilize. (Probe should be in BOD bottle; blot
membrane dry with Kimwipe if any water is on it.)

2.4.  Switch to “zero” knob and adjust to 0, on mg/L scale.
2.5.  Salinity knob should be adjusted to 0, unless instructed otherwise.

2.6.  Switch to TEMP knob and read.

C:\My Documents\SOPs\SOP 5.3.0 Dissolved Oxygen.doc



Dissolved Oxygen SOP 5.3.0

Effective 7/1/98
Page 2 of 2
2.7. Temperature (table 1) and altitude (table 2), located on the back of the meter,

2.8.

2.9.

should be used to determine the correct calibration. (Example for correct
calibration is on the back of the meter.)

Switch to D.O. Range 0-10 ppm (mostly used in lab) and calibrate after the needle
has stopped drifting. Record saturation used for calibration in the D.O. bench
book. Saturation for Stillwater at 25 degrees C is usually between 8.0 and 8.4

mg/L D.O.

Always check the membrane for air bubbles. Membranes are to be changed in
accordance to the manufacturers instructions.

3. DISSOLVED OXYGEN PROCEDURE

3.1

3.2

3.3.

34.

3.5.

3.6.

Label beaker(s) with correct sample number and sample LD.
Pour approximately 50 mLs of sample into the designated beaker.

Record the date, your initials, sample number(s), sample description(s), and
sample temperature(s) in the D.O. bench book.

Immerse D.O. probe into the sample. Gently swirl the probe and read the D.O.
value (mg/L D.O.) once the meter has stabilized. Record the reading in the D.O.
bench book.

Assure there are no air bubbles on or under (inside) the probe membrane surface
when taking D.O. readings. Notify supervisor to replace membrane if air bubbles
are present in the membrane.

Rinse the probe with DI water and return to the storage bottle.

4. REFERENCE

4.1.

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, March
1983, p. 360.1, Method 360.1.

C:\My Documents\SOPs\SOP 5.3.0 Dissolved Oxygen.doc
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Total Hardness SOP 5.4.0

Effective 7/1/98
Page 1 of 3
SOP No. 5.4.0
Total Hardness EPA METHOD 130.2
Effective 7/1/98

Revision No. 0

Author: AQ//L/;Q /4@4%/ 7-/- &cg/ l

Debbie Powell Date
Director: W -1 13
Douglas Fort Date

1. APPARATUS
1.1.  Graduated buret and stand
1.2.  Erlenmeyer flask (250 mL)
1.3.  Finnpipette Digital pipetter (1-5 mL)

1.4.  Graduated cylinder (50 or 100 mL)

2. REAGENTS
2.1.  Titrant - TitraVer (EDTA) Standard Solution 0.02N
2.2. ManVer — Harndess Indicator powder on ManVer — Hardness Solution
2.3.  Buffer Solution: Hardness 1; pH 10.1 + 0.1

2.4. Hardness Standard Solution 20 gpg or 342 mg/L and 2mg/L Fe

3. TOTAL HARDNESS DETERMINATION

3.1.  Record the date, your initials, sample number, and sample description in the Total
Hardness bench book.

3.2.  Record the sample volume, dilution water volume, and ending dilution factor
(DF) in the Total Hardness bench book.
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3.3.  Label flask with sample name and sample I.D. number.

3.4. Measure 50 mL of sample with a graduated cylinder and pour into a 250 mL
Erlenmeyer flask.

3.5.  Add 1 mL of Buffer Solution Hardness 10.1 + 0.1 to the sample, using the
“Finnpipette Digital” pipetter.

3.6.  Add one scoop of one ManVer 2 Hardness Indicator powder or 4 drops of
ManVer Hardness Solution to each sample.

3.7. Read and record initial buret volume of TitraVer (EDTA) in the Total Hardness

- bench book.

3.8.  Carefully titrate until the sample color turns “true” blue.

3.9.  After the titration is complete, read and record the volume of TitraVer (EDTA) in
the buret in the Total Hardness bench book.

3.10. Subtract the “initial” reading from the “final” reading and record this number in
the Total Hardness bench book.

3.11. Record the hardness in the bench book and on the appropriate test sheets.

3.12. Do not exceed 30% of the sample volume with titrant. If more than 15 mL of
titrant is used, the sample must be diluted. This is accomplished by using 25 mL
of sample and 25 mL of DI water, resulting in a dilution factor (DF) of 2.0. The
multiplication factor (20) must be multiplied by the DF (2.0), resulting in 40.0 as
the new multiplication factor of 20.

3.13. Perform a standard, spike, and sample duplicate on one of every ten samples or
10% per analyst/day. Record and plot the results in the Total Hardness bench
book.

3.14. The standard concentration is 342 mg/L and is tested and results recorded in the
Total Hardness bench book in the same manner as the samples. Divide the actual
test result by 342 mg/L, multiply by 100, and record and plot the results in the
bench book as % standard error.

3.15. Perform a spike by adding 25 mL of Hardness Standard Solution to 25 mL of

sample and testing for hardness. Record results in the bench book and calculate
the % spike recovery (Spiked value — sample value / 342 * 100).
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3.16. Perform duplicate testing on one out of every ten samples and record results.
Divide the duplicate value by the original sample value, multiply by 100, and

record as % duplicate error.
4. REFERENCE

4.1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, March
1983, p. 130.2, Method 130.2.
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Revision No. 0

Author: /QAZ/J:AX g“lx*@éﬂ 7 - / - 9/ |

Debbie Powell Date
Director: m 1-1-9¢
Douglas Fort Date

NOTE: USE PLATINUM PROBE (10.40 ON PLUG END) WHEN STANDARDIZING WITH
CONDUCTIVITY STANDARDS ABOVE 10.0 pumhos AND ON WASTEWATER SAMPLES.
USE GOLD PROBE ONLY ON R.O. WATERS.
1. APPARATUS

1.1.  Cole-Parmer conductivity meter

1.2.  Platinum probe (10.40 on the plug)

1.3.  Gold probe (10.49 on the plug)

1.4, Three 250 mL Erlenmeyer flasks

2. REAGENTS

2.1. KCl standard solutions (two concentrations).

3. METER SET-UP
3.1.  RefTemp °C. Unless instructed otherwise, leave at 25°.

3.2.  Slope %/°C.
3.3.  Zero“A” Range. This should always be set to the middle (the long) line.

3.4.  Cell Constant. This will be adjusted when calibrating.
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3.5. Range. The ranges are A-F, with D being the most frequently used.

3.6.

Function. A.T.C. (Automatic Temperature Compensation). When ATC is ON,
the meter compensates for sample temperature. Cell constant is for calibration.
Temp is the temperature reading of the inside of the probe. Set K “D” Range is
for reading the cell constant after calibration.

4. METER CALIBRATION

4.1.

42.

42.

4.4.

4.5.

4.6.

4.7.

4.38.

4.9.

4.10.

4.11.

4.12.

4.13.

4.14.

4.15.

Attach either the Platinum probe or the Gold probe to the back of the meter.
Turn the meter on (no warm up time required).

Turn the Range knob to D.

Turn the Function knob to Set K “D” Range.

Note the cell constant number on the probe plug.

Select “Set K function and set Cell Constant display to plug cell constant.
Turn the Function knob to ATC ON.

Fill 3-250 mL Erlenmeyer flasks with DI water. Dip the probe tip into each flask
and swirl to rinse.

Dip the probe into a 50 mL flask containing the conductivity standard.
Repeatedly dip the probe into the standard until the same reading occurs three
consecutive times.

Record the standard concentration used in the Conductivity bench book.
The standard should be renewed every two days, or as needed.

The tip of the probe should be immersed about 1.5 inches into the conductivity
standard.

Adiust the Cell Constant knob until the meter reads the same as the conductivity
standard.

Record the final number reading in the Conductivity bench book.

Turn the function knob to Set K “D” Range.
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4.16. Record the Cell Constant number in the Conductivity bench book.

4.17. Dip the probe into each of the flasks of deionized water.

4.18. Store the probe on the probe holder until ready for use.

5. CONDUCTIVITY TEST PROCEDURE

5.1

5.2.

5.3.

54.

5.5.

Record the date, your initials, sample number, sample description, dilution factor
DF), and meter range in the Conductivity bench book.

Remove probe from the probe holder.

Dip probe into sample at least 3 times, then immerse probe in sample to a depth of
approximately 1.5 inches. Repeat this step until the meter reading is stabilized
and gives the same reading three consecutive times.

The reading that appears at least three consecutive times on the digital display is
the conductivity and should be recorded in the Conductivity bench book and on
the appropriate data sheet. Rinse the probe tip after each meter reading using the
3 DI water flasks as in Step 4.9.

Perform a standard, spike, and sample duplicate on one of every ten readings or
10% per analyst per day. Record and plot the results in the Conductivity bench
book.

6. REFERENCE

6.1.

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, March
1983, p. 120.1, Method 120.1.
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SOP No. 5.6.0
Total Alkalinity EPA METHOD 310.1
Effective 7/1/98
Revision No. 0

Author: M@ 4”%@% ; 7“/ “C/y/\?

Debbie Powell Date
Director: }I/@/’f 7 -~ 7 ¢
Douglas Fort Date

1. APPARATUS
1.1.  Cole-Parmer pH meter (readable to + 0.05 pH units)
1.2.  Graduated buret and stand
1.3.  Magnetic stirrer and bar
1.4.  Glass beaker (100 mL)

1.5.  Graduated cylinder (50 or 100 mL)

2. REAGENTS

2.1.  Titrant — 0.02N Sulfuric Acid (H;SOs) for alkalinity <1000 mg/L. CaCOs,

2.2.  Alkalinity standard - 25,000 mg/L (0.05 N) as CaCOs,

3. TOTAL ALKALINITY TEST PROCEDURE

3.1.  Assure pH meter is calibrated to range of detection and record results in the pH
bench book.

3.2.  Record the date, your initials, sample number, sample description, and meter
number in the Total Alkalinity bench book.

3.3.  Label beakers with the correct sample I.D. (e.g., Cushing Natcon 4326).
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3.4.  Using a graduated cylinder, pour 50 mL of sample into a 100 mL beaker.

3.5.  Place beaker containing thé stir bar and sample onto the magnetic stirrer under the
buret.

3.6.  Rinse probe with DI water and blot dry with Kimwipe.

3.7.  While stirring, place the pH probe in the probe holder and immerse probe tip into
the beaker. Measure pH and record in the Alkalinity bench book.

3.8.  Record initial buret volume.

3.9.  Titrate with 0.02 N Sulfuric Acid solution to pH 4.5 and record final buret volume
of titrant used.

3.10. Calculate Total Alkalinity by multiplying the difference of the initial titrant
volume (A) and the final titrant volume (B) by 20.

(B - A) * 20 = Total Alkalinity

3.11. Record the final calculated value in the Total Alkalinity bench book and on the
appropriate data sheets.

3.12. Rinse the probe with DI water and blot dry with Kimwipe between samples and
when returning to pH 4 buffer.

3.13. Perform a pH check, total alkalinity standard, and sample duplicate on one every
ten samples or 10% per analyst per day. Record and plot the results in the Total
Alkalinity bench book.

3.14. The standard is located in the walk-in refrigerator. Add 0.5 mL of alklainity
standard with the “Finnpipette Digital” pipetter to a 50 or 100 mL graduated
cylinder. Bring this up to 50 mL volume, with DI water. This dilution should
give an alkalinity of 250 mg/L of CaCOs.

3.15. Record final alkalinity results on chemistry sheets.

4. REFERENCE

4.1.

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, March

1983, p. 310.1, Method 310.1.
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SOP No. 5.7.0
Ammonia ISE EPA Method 350.3
APPROVED FOR NPDES WITH DISTILLATION
Effective 7/1/98
Revision No. 0

Author: 4 Q L/ ”j/ C/M—//’Q?’/,U‘&M 7 ’/ - 95

" Debbie Powell Date
Director: E’/ étjif 7" (- Cig
Douglas Fort Date

1. APPARATUS
1.1.  Fisher Scientific “Accumet” pH meter 50
1.2.  Ammonia probe
1.3.  Erlenmeyer flask 50 mL
1.4.  Magnetic stirrer
1.5.  Graduated cylinder (50 or 100 mL)

1.6.  Glass beaker 100 mL

2. REAGENTS
2.1.  Orion Ammonia pH adjusting ISA
2.2.  Orion Ammonia electrode filling solution
23. Ni;rogen Ammonium Standard Solution (10.0 £ 0.1 mg/L as Nitrogen)

2.4.  Ammonia Nitrogen Standard Solution (1.0 mg/L as Nitrogen)
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3. INSTRUMENT CALIBRATION

3.1

3.2

3.3.

34

3.5.

3.6.

3.7.

The calibration of this instrument drifts over time. It must be calibrated
immediately prior to measuring the ammonia of samples. It is best to wait until
all samples are ready before calibrating the probe.

Prepare a series of standard solutions covering the concentration range of the
samples to be tested. (The BLAB normally uses a 0.1, 1.0, and 10.0 mg/L
calibration series.)

3.2.1. 50 mL of 0.1 mg/L Nitrogen Ammonium Standard Solution (add 5 mL of
1.0 mg/L standard to 45 mL of deionized water).

3.2.2. 50 mL of 1.0 mg/L Nitrogen Ammonium Standard Solution.

3.2.3. 50 mL of 10.0 mg/L Nitrogen Ammonium Standard Solution.

Place small magnetic stir bars in the three beakers of Standard solution. Make

sure each beaker is appropriately labeled.
Set meter to Channel B (Ion Select Electrode).

Place the 50 mL of 0.1 mg/L solution on the stir plate and immerse the ammonia
probe (NOT the pH probe) in the solution. The channel button is located on the
low left-hand side of the meter.

Add 1.0 mL of Ammonia pH-Adjusting ISA to the solution. The solutions should
turn blue. If the solution does not turn blue, add an additional 1.0 mL to the
solution. NOTE: Do not add the ISA until you are ready to immerse the probe in
the solution.

After the meter has stabilized, follow these steps.

3.7.1. Press STANDARDIZE.

3.7.2. Press ONE (adding a standard).

3.7.3. Press 0.1 (for standardizing the 0.1 mg/L solution).

3.7.4. Press ENTER.

3.7.5. The meter will accept the solution when it has stabilized.
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3.8.  Rinse the probe with DI water.

3.9. Repeat steps 3.5. through 3.8. for each of the other two standard solutions,
entering the appropriate standard concentration as prompted by the meter. Record
the results in the NH3-N bench book.

3.10. Record results in the designated standard columns on the bench book.

3.11. Ifthe meter outputs the message, “The apparent drift is too high....”, follow these
steps:

3.11.1. Make new standard solutions.
3.11.2. Press STANDARDIZE.
3.11.3. Press 2 (clear existing standards).
3.11.4. Press CLEAR.
3.11.5. Press mV and wait until stable.
S.l 1.6. Press Ion.
3.11.7. Press STANDARDIZE.
3.11.8. Press 1 (update or add standard).
3.11.9. Press ENTER for mg/L.
3.11.10. Enter‘ the concentration.
3.11.11. Press ENTER and resume with steps 3.7. through 3.10. Repeat if
necessary.
4. AMMONIA - NITROGEN (NH;3-N) TEST PROCEDURE
4.1.  Label beakers with the appropriate sample number and description.
42. Pour 50.0 mL sample in a beaker using a graduated cylinder.

43. Record the date, your initials, sample number, sample description, and dilution
factor (DF) in the NH;3-N bench book.
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4.4.  Assure NH3-N meter is calibrated to the range of detection before use.
4.1.1. Place the sample on the stir plate.
4.1.2. Rinse the probe with DI water and put it in the probe holder.

4.1.3. Immerse the ammonia probe in the sample, assuring there are no air
bubbles in the probe.

4.1.4. Add 1 mL of Ammonia pH-Adjusting ISA.
4.1.5. Follow prompts from the meter.
4.1.6. Record the highest reading just as the meter stabilizes and begins to drop.
4.1.7. Rinse probe with DI water and continue with the next sample.

4.5 Perform NH;3-N standard check (5.0 mg/L), sample duplicate, and standard spike
on one of every ten samples or 10% per analyst per day. Record and plot the

results in the NH3-N bench book. The standard is made by diluting 25 mL of the
10.0 mg/L ammonium nitrogen standard with 25 mL of DI water, into a graduated

cylinder.

5. REFERENCES

5.1.  Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, March
1983, p. 350.3, Method 350.3. ‘
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SOP No. 5.8.0
Total Residual Chlorine EPA METHOD 330.4
(Titrimetric, DPD-FAS)
Effective 7/1/98
Revision No. 0

Author: /Qé//xu/ /gw&d/ 7-/-7&

1. APPARATUS

1.1

1.2

1.3.

1.4.

L.5.

1.6.

1.7.

Debbie Powell Date
Director: W 7“ [~ C’g
Douglas Fort Date
Micro-buret
Graduated cylinder (100 mL)

Titration flasks (Erlenmeyer, 250 mL)
Scoop (1.0 g)

Adjustable pipetter (1.0 mL — 5.0 mL)
Adjustable pipetter (0.1 mL — 2.0 mL)

Volumetric flask (1.0 L)

2. REAGENTS

2.1

2.2.

Phosphate buffer solution - Dissolve 24.0 g of Na;HPOy, and 46.0 g of KH,POs,
in 800 mL of DI water. Dissolve 800 mg EDTA in 100 mL of DI water.
Combine these two solutions and diluteto 1.0 L. Add 20.0 mg HgCl> asa
preservative.

DPD indicator solution - Add 2.0 mls of concentrated H,SO4 to 800 mls of DI
water. Dissolve 200 mg EDTA and 1.0 g DPD oxalate in the acidified DI water.
Dilute to 1.0 liter, store in designated container (amber glass stopper bottle).
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Discard the reagent when it becomes discolored. CAUTION: The DPD oxalate
is toxic, avoid ingestion and skin contact.

2.3.  Standard ferrous ammonium sulfate (FAS) titrant - Purchase ready made from
HACH (equivalent to 100 pg CI/1.0 mL).

2.4. Potassium Iodide (KI) crystals.
2.5.  Sodium Arsenite solution - Place 500 mg NaAsO; in a flask and dilute to 100 mL
with DI water.
3. TOTAL RESIDUAL CHLORINE (Cl;) TEST PROCEDURE

3.1.  This method gives a convenient direct reading (mL titrant = mg/L Clz) up to
4.0 mg/L.. An aliquot should be diluted if higher concentrations are present.

3.2.  Place 5.0 mL phosphate buffer in a 250 mL titration flask.
3.3. Add 5.0 mL DPD indicator.

3.4.  Add approximately 1.0 g KI.

3.5. Add 100 mL of sample. Swirl to mix.

3.6. Wait 2 minutes for color to develop. A red color indicates the presence of Cl,,
The darker the color, the higher the concentration of Cl,.

3.7.  Titrate with FAS titrant until the red color is discharged. Record the volume of
titrant used in the Cl; bench book.

3.8.  Perform standard, sample duplicate, and standard spike on one of every ten
readings or 10% per analyst per day. Record and plot data in the bench book.

3.9. Perform the following titration steps on new sample if oxidized manganese is
present.

3.9.1. Place 5.0 mL phosphate buffer in titration flask.
3.9.2. Add one crystal of KI.
3.93. Add 0.5 mL of NaAsO, solution.

3.9.4. Add 100 mL of sample. Swirl to mix.
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3.9.5. Add 5.0 mL DPD indicator. Swirl to mix.

3.9.6. Titrate with FAS titrant until the red color is discharged. Record the
volume of titrant used in the bench book.

3.9.7. Perform standard, sample duplicate, and standard spike on one of every
ten readings or 10% per analyst per day. Record and plot data in bench

book.

4. CALCULATIONS

4.1, The mL of titrant is equal to the mg/L Total Residual Chlorine. If oxidized
manganese is present, subtract the amount of titrant used in the second titration

(step 3.9.6.) from the first titration (step 3.7) to obtain the mg/L Total Residual
Chlorine.

5. REFERENCE

5.1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, March
1983, p. 330.4, Method 330.4.
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Revision No. 0

Author: M 794&»—4. 6—/— 95

Ronald Helems Date
Director: W b-2-95
Douglas Fort Date

1. APPARATTUS

1.1.  Dionex 300 Chromatography Series system:
Automated Sampler
Advanced Chromatography Module
2 Gradient Pumps (Flow rate: 2.0 mL/min)

2. REGENTS

2.1.  Anion eluant concentrate - 0.18 M sodium carbonate (CAS RN 497-19-8) and
0.17M Sodium bicarbonate (CAS RN 144-55-8) prepared by dissolving 19.0782 g
sodium carbonate and 14.2817 g sodium bicarbonate into 1 liter deionized water.
The eluant is prepared by transferring 10 mL of the concentrate and adding
sufficient deionized water to make 1 liter of solution.

2.2. Stock Standard Solutions - Accuion reference stock standard solutions for all
anions are purchased from Accustandard, Inc., New Haven, CT 06513. These
standards are traceable to the National Institute of Standards.

2.2.1. For each day’s run, working standards are made up by diluting appropriate
volumes of the stock standard solutions for each anion to give a g
concentration in the middle of the calibration range for each ion. The
levels normally employed are as follows:

Fluoride 1.0 mg/L
Chloride 2.5 mg/L
Nitrite 1.0 mg/L as N
Bromide 1.0 mg/L
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Nitrate 1.0 mg/L as N
Phosphate 1.0 mg/L as P
Sulfate 2.5 mg/L

3. TEST PROCEDURE

3.1

3.2

3.3.

34.

3.5.

3.6.

3.7

Turn on computer at power strip located on the printer.

Turn on Dionex system by pressing blue power button located at the top left
corner of the detector module.

Turn on power for the Degassing module and open the main valve on the helium
tank. Place reservoir switches to on and adjust pressure at degas module and
pressure regulator on eluant bottle to 5 psi.

Pull out the cabinet containing the system 1 pumps. Located just inside the
cabinet are two female luer adapters. Using a plastic syringe, flush 5 mL of DI
water into the rear adapter followed by 5 mL of air. Repeat procedure with the
forward adapter.

With system 1 in local mode, push the start button to begin pump flow, while at
the same time push the remote button on the conductivity detector to turn on the
detector. (Never allow the pump to run without power to the detector.
Conversely, never allow the detector to have power without the pumps
running). The conductivity reading should drop steadily and then stabilize in
about 15 minutes depending on how much time has elapsed since the system was
last run.

Start the Dionex software from Windows Program Manager. If the autosampler .
will be utilized, start the Schedule program and enter the appropriate sample data
into the file. Next, start the Run program. Make sure the chromatography
module system 1, conductivity detector, and system 1 pumps are in remote mode
and load the method; either ANIONS1.MET or ANIONS1B.MET. Load the

appropriate schedule file.

Load samples into the 5 mL polyvials up to the mark. Insert a filter cap into the
vial and push down with plunger tool until it is flush with the top of the vial.

Push the Run button and wait for the Ready light to come on. The analysis is now
ready to be started by clicking on start in the Run screen.
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4. QUALITY CONTROL

4.1. Instrument calibration is carried out using a set of six concentration levels for
each ion (lowest level is 0). The highest level for each ion is double that listed
above for the working standards. Four intermediate levels between the lowest and
highest are utilized for the calibration. When these calibration samples are run on
the instrument, the calibration curve is automatically calculated by the Dionex
software for each individual ion species. For analyses of unknown samples,
analyte values exceeding the calibration range require that the sample be diluted
an appropriate amount to yield data within the calibration range.

42. For each days’ analyses a working standard containing the levels of each ion of
interest is prepared with the concentrations listed in Part 2.3. During the course of
each days analyses a deionized water aliquot is analyzed first to demonstrate that
glassware and reagent contamination are under control. This is followed by an
aliquot of the working standard. Similar deionized water and standard solutions
are analyzed after every 10 samples. For each run, duplicate samples spiked with
the standard are analyzed every 20 samples of a minimum of one per batch. Spike
recovery, duplicate error and standard recovery are plotted on control charts using

a computer charting program.
43. Before analyzing any samples, the analyst must demonstrate that glassware and
reagent contamination are under control by analyzing an aliquot of deionized

water. The analyst should spike and analyze a minimum of 5% of all samples and
run a minimum of 5% of all samples in duplicate.

S. REFERENCES

5.1.  United States Environmental Protection Agency. The Determination of Inorganic
Anions in Water by Ion Chromatography. Method 300.0, August 1991.
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Ronald Helems Date
Director: y@ﬁ% L-2-95
Douglas Fort Date

1. APPARATUS

1.1.  Dionex 300 Chromatography Series system:
Automated Sampler
Advanced Chromatography Module
2 Gradient Pumps (Flow rate: 2.0 mL/min)

2. REGENTS

2.1.  Cation eluant concentrate - 20.0 mM methanesulfonic acid (CAS RN 75-75-2)
prepared by adding 1.922 g into a volumetric flask and diluting to 1 liter with
deionized water.

2.2.  Stock Standard Solutions - Certified reference stock standard solutions for
lithium, sodium, potassium and calcium are purchased from Fisher Scientific, Fair
Lawn, NJ 07410. The reference standard for the ammonium ion is purchased
from Orion Research, Inc., Beverly, MA 01915.

2.2.1. For each day’s run, working standards are made up by diluting appropriate
volumes of the stock standard solutions for each cation to give a
concentration in the middle of the calibration range for each ion. The
levels normally employed are as follows:

Lithium 1.0 mg/L

Sodium 5.0 mg/L
Ammonium 5.0 mg/L
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Potassium 5.0 mg/L
Magnesium 5.0 mg/L
Calcium 5.0 mg/L

3. TEST PROCEDURE
3.1.  Tum on computer at poWer strip located on the printer.

3.2.  Tum on Dionex system by pressing blue power button located at the top left
corner of the detector module.

3.3, Turn on power for the Degassing module and open the main valve on the helium
tank. Place reservoir switches to on and adjust pressure at degas module and
pressure regulator on eluant bottle to 5 psi.

3.4. Pull out the cabinet containing the system 1 pumps. Located just inside the
cabinet are two female luer adapters. Using a plastic syringe, flush 5 mL of DI
water into the rear adapter followed by 5 mL of air. Repeat procedure with the
forward adapter.

3.5. With system 1 in local mode, push the start button to begin pump flow, while at
the same time push the remote button on the conductivity detector to turn on the
detector. (Never allow the pump to run without power to the detector.
Conversely, never allow the detector to have power without the pumps running).
The conductivity reading should drop steadily and then stabilize in about 15
minutes depending on how much time has elapsed since the system was last run.

36.  Start the Dionex software from Windows Program Manager. If the autosampler
will be utilized, start the Schedule program and enter the appropriate sample data
into the file. Next, start the Run program. Make sure the chromatography
module system 1, conductivity detector, and system 1 pumps are in remote mode
and load the method; either CATIONS3.MET or CATIONS3B.MET. Load the

appropriate schedule file.

3.7.  Load samples into the 5 mL polyvials up to the mark. Insert a filter cap into the -
vial and push down with plunger tool until it is flush with the top of the vial.
Push the Run button and wait for the Ready light to come on. The analysis is now
ready to be started by clicking on start in the Run screen.
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4.

5.

QUALITY CONTROL

4.1.

42.

4.3.

Instrument calibration is carried out using a set of six concentration levels for
each ion (lowest level is 0). The highest level for each ion is double that listed
above for the working standards. Three intermediate levels between the lowest
and highest are utilized for the calibration. When these calibration samples are
run on the instrument, the calibration curve is automatically calculated by the
Dionex software for each individual ion species. For analyses of unknown
samples, analyte values exceeding the calibration range require that the sample be
diluted an appropriate amount to yield data within the calibration range.

For each days’ analyses a working standard containing the levels of each ion of
interest is prepared with the concentrations listed in Part 2.3. During the course of
each days analyses a deionized water aliquot is analyzed first to demonstrate that
glassware and reagent contamination are under control. This is followed by an

.aliquot of the working standard. Similar deionized water and standard solutions

are analyzed after every 10 samples. For each run, duplicate samples spiked with

the standard are analyzed every 20 samples of a minimum of one per batch. Spike
recovery, duplicate error and standard recovery are plotted on control charts using
a computer charting program.

Before analyzing any samples, the analyst must demonstrate that glassware and
reagent contamination are under control by analyzing an aliquot of deionized
water. The analyst should spike and analyze a minimum of 5% of all samples and
run a minimum of 5% of all samples in duplicate.

REFERENCES

5.1

Dionex Corporation Operator’s manual, 1996.
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F. PROTOCOL FOR EVALUATING DATA USABILITY FOR HISTORICAL
DATA SETS

F.1 INTRODUCTION

A number of historical data sets exist for the Housatonic River. These data sets need to be
evaluated to determine if and how the data may be used in the ongoing EPA Supplemental
Investigation, which includes the Modeling Study and the Human Health and Ecological Risk
Assessments. The evaluation process needs to be both rigorous and transparent. This appendix
establishes six criteria that could be used to determine the usability of data sets. Guidance on the

application of these criteria is also presented.

The process for evaluating data sets against the six criteria is summarized in Figure F-1,
“Proposed Decision Criteria Matrix.” The six criteria are similar to those described in EPA’s
Guidance for Data Useability in Risk Assessment (99-0086), but have been modified to better
adhere to the needs of the Housatonic River Project. EPA Criterion III (“Data Sources”) was
found to be not applicable because it deals with determining whether a single study is
sufficiently comprehensive to have considered all or most contaminants of potential concern.
Because this issue has already been sufficiently investigated using the current data, it is not a
factor in evaluating the usability of historical data sets. Criterion 6 in Figure F-1, which does not
appear in the EPA guidance, was created to allow consideration of the age of a data set and to
allow a somewhat more subjective evaluation of the apparent overall quality of the study from

which it was developed. Each of the six criteria is defined in terms of four levels of usability:

= Level A: Acceptable, unrestricted use
= Level B: Acceptable, use with caution, some use restrictions may apply
= Level C: Conditionally acceptable for limited uses
= Level D: Not acceptable
The remainder of this appendix provides detailed guidance for evaluating each data set and

assigning a score for each criterion. In addition to a separate score for each criterion, the data set

will be assigned an overall score that will be equivalent to the lowest score applied to
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Figure F-1 Proposed Decision Criteria Matrix for Evaluating Usability of Historical Data

Level A - Acceptable,
Unrestricted Use

Level B - Acceptable,
Use with Caution, Some
Use Restrictions May

Apply

Level C - Conditionally
Acceptable for Limited
Uses

Level D - Not Acceptable

Criterion 1: Overall
Quality of and Level of
Detail in Report(s)

Accompanying report provides
complete description of study
design with justification and
rationale.

Report is generally complete
and well-written but lacks
sufficient detail in a few areas.

Accompanying report is
incomplete but does provide
sufficient information for one or
more parameters of interest.

No information available on
background and conduct of
study.

Criterion 2: Formal
Documentation of
Procedures

Work Plan, Quality Assurance
Plan, chain-of-custody records,
SOPs, and similar field and
laboratory documentation exist
and are available for review.

Documentation exists for most
areas but is insufficient or
lacking in a few areas
considered non-critical.

Documentation generally not
available but sufficient
information is known or
available via other sources to
establish validity of field and
analytical procedures.

Documentation non-existent,
not available for review, or
status unknown.

Criterion 3: Analytical
Methods Used and
Detection Limits
Achieved

Analytical procedures follow
documented standard methods
such as EPA or ASTM.

Analytical procedures non-
standard but sufficiently
documented to establish
validity of and ensure
confidence in data.

Analytical procedures non-
standard and not well-
documented, but data are
believed to be valid due to
other information provided.

Insufficient information
provided or available via other
sources to establish validity of
data.

Criterion 4: Data
Review, Validation, and
Quality Assurance

Study incorporated all or most
of the full range of QA/QC
procedures, e.g., blanks,
spikes, dups, data review, and
data validation.

Study generally employed and
documented established
QA/QC procedures but did not
conduct data validation.

Non-standard or incomplete
QA/QC procedures were
followed.

No QA/QC procedures
employed or documented.

Criterion 5: Assessment
of Data Quality
Indicators

Study had established DQls
and data substantially meet all
acceptability criteria for
completeness, comparability,
representativeness, precision,
and accuracy.

DAQls not established, but data
appear to meet minimum
standards for DQls.

DQlIs not established; data
appear to not satisfy minimum
standards for one or more non-
critical DQls.

Data fail to meet minimum
standards for one or more
critical DQIs, or not possible to
evaluate DQlIs.

Criterion 6: Data History
and Overall Apparent
Data Quality

Data are recent (i.e., within
past 5 years), reported in
standard units, and are
reasonable and internally
consistent. Methods followed
meet current standards for
scientific investigation and
were followed consistently.

Data appear to be of
acceptable quality but derive
from a study conducted prior to
1995. Methods may not meet
current standards but are
judged to have produced data
equivalent to current
methodologies.

Portions of the data appear to
be of questionable quality due
to age, changes in methods,
and/or failure to follow current
standards for scientific
investigation.

The overall data quality is
questionable due to outmoded
methodologies, poor
performance, and/or apparent
lack of consistency with current
standards.

MK01|0:\20122001.001\QAPP\QAPP Matrix.xls

Date: 03/01
Page 2 of 11



Contract No.: DACW-33-00-D-0006
DCN: GE-021601-AAHM

Date: 03/01

Page 3 of 11

any single criterion, e.g., a data set that is ranked Level A for four of the criteria and Level B for

two would be considered Level B overall.

F.2 CRITERION 1: OVERALL QUALITY AND LEVEL OF DETAIL IN REPORTS

This criterion applies to the technical report and/or narrative that accompanies a data set. This
information is needed to evaluate the study design and procedures, allowing a determination of
the likely overall quality of the data. It also allows the data evaluator to determine if the
procedures were followed properly or if there were any deviations from the work plan. In
general, the more of this type of information that is provided to support a data set, the greater the
degree of confidence in the data. Isolated data sets, i.e., those that are not supported by sufficient
background information, cannot be evaluated for usability and therefore cannot be considered

usable.

As will be the case for all criteria outlined in this appendix, four different conditions are
described that result in a data set being scored from Level A (the highest score, indicating a data
set can be used without restriction) to Level D (not usable). Data evaluators should follow these
descriptions when scoring data sets. It is recognized that this process is somewhat subjective and

evaluators are expected to use professional judgment in awarding a score.

F.2.1 Level A: Acceptable, Unrestricted Use

For this criterion, a Level A data set must be accompanied by a narrative report that provides
complete details of the study design and includes at least some discussion of the underlying
reasons for selecting the stated sampling locations and methods. The sampling locations must be
provided accurately and precisely and the procedure(s) used to locate the stations should also be
provided. The analytical methods followed should be fully described, including supporting

information such as detection limits, qualifiers, and procedures for handling non-detects.

F.2.2 Level B: Acceptable, Use With Caution, Some Use Restrictions May Apply

A Level B data set is one accompanied by a narrative report that generally provides an adequate

description of the study and its methods, but does not meet the stringent requirements for Level
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A. Examples of deficiencies that might cause a report to be downgraded to Level B would
include failure to specify how sampling stations were located, or failure to specify how non-
detects were treated. In such cases, the data are considered to be generally usable, but some
consideration should be given to the potential for reaching erroneous conclusions if, to continue
with the two previous examples, the sampling locations were only approximately located or if
non-detects were reported as blanks or zero values. This evaluation can only be performed in the

context of the actual use of the data.

F.2.3 Level C: Conditionally Acceptable for Limited Uses

The intention of the Level C score for this criterion is to identify data sets that are accompanied
by reports that are largely insufficient for proper evaluation, but which may contain data on
parameters for which such limitations are less important and which therefore may be used. It is
also intended to apply to data sets that may have certain critical historical data that are necessary
for a particular study and cannot be obtained from another source. In such cases, the investigator
must proceed carefully and understand the limitations that will likely be imposed on the

conclusions.

F.2.4 Level D: Not Acceptable

Level D data sets will in general exist independently of a written narrative report and will

therefore not be reliable in regard to design and methodology. Such data sets should not be used.

F.3 CRITERION 2: FORMAL DOCUMENTATION OF PROCEDURES

This criterion applies to what is thought of as “formal” Quality Assurance documentation that is
currently required for all studies done under contract to EPA and is also typically prepared for
studies that have a reasonable probability of being closely scrutinized, particularly as part of
legal proceedings. This documentation consists of four general types of records: Work Plans
and/or Quality Assurance Project Plans (QAPP), chain-of-custody, standard operating

procedures (SOP) or protocols, and field/analytical records.
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Work Plans, which may be separate from or combined with a QAPP, describe the procedures to
be used in a study to ensure that the work is conducted properly and completely. They are
expected to be complete and prepared in sufficient detail so that different properly trained

professionals could conduct the work scope in exactly the same manner.

Chain-of-custody, at a minimum, allows the reviewer to ensure that a data point is clearly linked
to a particular geographic location and date/time. So-called “full-scale” chain-of-custody is the
documentation that also ensures a particular sample has been handled properly and not tampered

with. In general, full-scale chain-of-custody is necessary for enforcement or cost recovery.

SOPs or protocols are written detailed procedures that describe clearly how the components of a
study (typically field and laboratory procedures) are to be carried out. In general, the term SOP
applies to “standardized” procedures that are usually part of a company’s routine way of
conducting business; protocols are specialized or nonroutine procedures that may be prepared for
a specific project or task. The same level of detail applies to both, and the two terms are intended
to be equivalent for the purposes of this data evaluation. SOPs/protocols may be incorporated

into Work Plans or QAPPs or may be stand-alone documents.

Field and analytical records are less standardized, but are intended to provide a permanent record
of what was actually done as part of the study. Such records may be critical to resolving issues in

data interpretation and are necessary if a data set is to achieve a Level A rating.

F.3.1 Level A: Acceptable, Unrestricted Use

To achieve a Level A rating, a data set must be accompanied by the full suite of documentation

described above, including full-scale chain-of custody.

F.3.2 Level B: Acceptable, Use with Caution, Some Use Restrictions May Apply

Level B for this criterion is intended to describe data sets that in general have the documentation
described above, but for which the documentation may be insufficient, inadequate, or poorly
prepared in some areas that are deemed to be noncritical. For example, a data set that appears to
have SOPs in place for the majority of the field procedures but is lacking SOPs for all may be

graded Level B. Similarly, a data set that was sent to a recognized analytical laboratory and
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analyzed using standard procedures may be graded Level B even if the actual SOP from the
laboratory cannot be obtained. This rating would also apply to data sets for which the necessary
documentation is not currently available but can be easily accessed or provided by a third party if

necessary.

F.3.3 Level C: Conditionally Acceptable for Limited Uses

Level C for this criterion is primarily intended to apply to data sets that are lacking much of the
necessary documentation but are believed to be of high quality because of our knowledge
regarding the source, i.e., the company or principal investigator. It is also intended to apply to
data derived from recognized laboratories that may no longer be in business or may be difficult
to correspond with for other reasons. In these cases, it is assumed that the study was conducted in
a manner consistent with a documented Level A or B study, but the documentation was never

prepared or is otherwise unavailable.

F.3.4 Level D: Not Acceptable

Data sets for which none or very little of the required documentation is available and about

which there is insufficient information to qualify for Level C are not acceptable for use.

F.4 CRITERION 3: ANALYTICAL METHODS USED AND DETECTION LIMITS
ACHIEVED

This criterion concerns both the actual analytical methods used to develop the data and the
application of those methods to achieve sufficiently low detection limits. In general, it is
preferable that the methods used in a study are routine and federally documented. In practice,
this means either approved EPA methods or ASTM methods, with the EPA methods generally
being preferred. Although other types of analytical methods may be usable for particular studies

if properly documented, there is an element of uncertainty introduced.

Detection limits actually achieved must be sufficiently low in comparison with concentrations
that are known or likely to be of concern for the particular study. The general expectation is that
the Sample Quantitation Limit (SQL) should be below the concentration of concern, which

dictates that the Method Detection Limit (MDL) should generally be less than 20% of the
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concentration of concern. MDLs and SQLs near the concentration of concern introduce

additional uncertainty and may also compromise the identification of particular analytes.

F.4.1 Level A: Acceptable, Unrestricted Use

To achieve a Level A rating, all analytes of interest in the data set must have been quantified
using standard EPA-approved analytical methods current as of the date the study was conducted,
or well-documented and accepted ASTM methods. MDLs achieved must be as specified in the
method descriptions. For truly unrestricted use, the SQLs should be at or below concentrations
known or expected, based on other information such as EPA guidance or criteria, to be of

concern.

F.4.2 Level B: Acceptable, Use with Caution, Some Use Restrictions May Apply

The Level B rating for this criterion is intended to apply to those data sets that were developed
using nonstandard methods, but which have been sufficiently documented to satisfy the
evaluators that the data are equivalent in quality to data developed using EPA or ASTM
methods. Level B data sets for this criterion would also include data that were analyzed by EPA
or ASTM methods that have since been revised to improve detection limits or analyte
identification but which were current at the time of the study. Implicit in this criterion is the
assessment that the modification to the procedures does not in some way invalidate the previous

version of the method.

F.4.3 Level C: Conditionally Acceptable for Limited Uses

Level C data sets for this criterion would include data that were developed using nonstandard
methods that have not been well-documented but which are believed to be of sufficient quality to
be used in limited applications. In general, this level is intended to apply to data sets that might
have been developed using experimental or developmental methods by highly qualified firms,

laboratories, or individuals.
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F.4.4 Level D: Not Acceptable

Data sets developed using unknown analytical methods, developed using nonstandard or poorly
documented methods about which nothing more is known, or data sets developed using known

unsatisfactory methods will be judged to be not acceptable.

F.5 CRITERION 4: DATA REVIEW, VALIDATION, AND QUALITY ASSURANCE

This criterion deals with the range and variety of QA and QC methods available to ensure that
the data are of known quality. These include such methods and procedures as blank samples,
spikes, and duplicates. Furthermore, it also concerns the review conducted on the data following
receipt from the analytical laboratory; such review typically falls into two categories: review and
formal validation. The latter usually requires that the appropriate QC procedures were built into

the sample collection and analysis process.

F.5.1 Level A: Acceptable, Unrestricted Use

The Level A rating for this criterion is reserved for data sets that have undergone a formal
validation process. Although it is preferable that all data in the data set were part of batches that
were formally validated, it is acceptable if the level of validation was reduced to a subset of the
data for well-documented reasons consistent with known quality of laboratory performance. For
example, the WESTON tissue data being developed by Texas A&M Geochemical and
Environmental Research Group (GERG) would be considered a Level A data set in spite of the
fact that currently only approximately 15% of the data receive formal validation. This reduction
was warranted by consistently high performance at GERG, which allowed the level of validation

to be reduced as a cost-saving measure.

F.5.2 Level B: Acceptable, Use with Caution, Some Use Restrictions May Apply

Level B data sets are those that have been subjected to a rigorous data review and have been
fully described and documented, but which have not received formal data validation. Such a
review would typically include examination of completeness and should be accompanied by data

for blanks and duplicates. It is assumed that a Level B study would have been conducted with
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established written QA/QC procedures and that the review is conducted to ensure compliance

with these procedures.

F.5.3 Level C: Conditionally Acceptable for Limited Uses

A rating of Level C will be applied to data sets that have received limited documented review or
for which QA/QC procedures were not properly specified, but which are believed to be of

reasonable quality due to other known factors.

F.5.4 Level D: Not Acceptable

Data sets that have received no documented review or for which the level of review is not known

will be considered unacceptable for use.

F.6 CRITERION 5: ASSESSMENT OF DATA QUALITY INDICATORS

Data quality indicators (DQIs) are a means of defining data quality in terms of data quality
objectives. This criterion is concerned with the following five DQIs: precision, accuracy,
representativeness, completeness, and comparability (PARCC). As part of the evaluation of a
data set for Criterion 5, each of these DQIs must be evaluated against the goals established in the
planning phase of the study. A detailed description of the individual DQI and their application is
beyond the scope of this criteria support document but is readily available from EPA and other

sources.

F.6.1 Level A: Acceptable, Unrestricted Use

To achieve a rating of Level A, data sets must have been developed as part of a study that had
predefined DQI for all or most of the five parameters. Furthermore, each DQI should have been
substantially achieved by the study. Alternatively, if a study failed to achieve one or more of its
established DQI but then discussed the implications of that failure and concluded that the DQOs
were still achieved, that study could also receive a Level A rating at the discretion of the

evaluator.
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F.6.2 Level B: Acceptable, Use with Caution, Some Use Restrictions May Apply

For this criterion, Level B is intended to apply to data sets that were developed without formal
DQIs being established as part of the planning process, but which did evaluate (or allow the
evaluator to obtain) the DQIs achieved after the fact. In effect, this rating indicated that DQIs
were achieved that were consistent with those for Level A data sets and that would likely have

been established had the planning process included them.

F.6.3 Level C: Conditionally Acceptable for Limited Uses

Level C data sets include those that also did not have DQI established in the planning phase of
the study and, furthermore, appear to have not satisfied what might be considered reasonable
standards for one or more of the noncritical DQI parameters (i.e., completeness, comparability).
For example, 90% is a typical completeness goal. A data set that established a completeness goal
of 90% and achieved it would (for this one parameter) be considered Level A. A data set that
achieved 90% completeness in the absence of a specified goal would be Level B. A data set that
achieved 70% completeness would be Level C. Data from such a data set may be used if, at the
discretion of the investigator, the failure to achieve a reasonable completeness did not unduly

bias the data for a particular analyte.

F.6.4 Level D: Not Acceptable

Data sets are considered to be Level D for this criterion if it is not possible to evaluate the typical

DQIs or if the study failed to achieve a reasonable result for one or more of the critical DQIs.

F.7 CRITERION 6: DATA HISTORY AND OVERALL APPARENT DATA QUALITY

This criterion is somewhat more subjective than the preceding ones and is intended to allow the
evaluator to exercise a greater degree of professional judgment regarding a data set. Because of
changes in methodology, both field and analytical, and the (often) inability to obtain answers to
specific questions for older data sets, their use can be questionable. This criterion also recognizes
that trained evaluators may use many indicators, including personal knowledge of individuals

and organizations, that are not easily captured in an objective rating scheme.
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F.7.1 Level A: Acceptable, Unrestricted Use

Level A will apply only to data sets developed in whole or in substantial part recently, defined as
within the last 5 years, and for which the evaluator has no reason to question their validity. In
addition, to qualify for Level A, the study that produced them must have used methods that are
consistent with current practice and there should be some objective indication that the proposed
methods were actually followed conscientiously by the individuals conducting the work. In
effect, this rating indicates that the study is fully equivalent to the work currently being

conducted by WESTON and its subcontractors.

F.7.2 Level B: Acceptable, Use with Caution, Some Use Restrictions May Apply

Level B for this criterion is essentially equivalent to Level A, but the study and data are older
than 5 years or the stringent standards of Level A with regard to methods and practices either are
not satisfied or cannot be determined. To qualify for Level B, however, the study must still have
produced data that are equivalent to what would have been produced using current
methodologies. Nonetheless, investigators should examine such data sets carefully to ensure that

the particular data and data uses would not be invalidated by the age of the data.

F.7.3 Level C: Conditionally Acceptable for Limited Uses

Level C applies if, in the professional opinion of the evaluator, portions of the data appear to be
of questionable quality based primarily on the methods used and/or the apparent adherence to
those methods during the performance of the work. Other data from the study may be usable, but

investigators should exercise caution and should use such data only if necessary.

F.7.4 Level D: Not Acceptable

Data sets will be considered not acceptable if, in the professional opinion of the evaluator, the
data are of questionable quality due to methodology or any other reason. This assessment may be
made in spite of acceptable performance on any or all of the more objective criteria discussed

above.
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