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1. Purpose and Scope

The purpose of this document is to define the standard operating procedure (SOP) for
disposal of sediment, water, personal protective equipment (PPE), and other
potentially contaminated materials generated during Newark Bay Study Area
Sediment Quality Triad and Porewater Sampling and Analysis Quality Assurance
Project Plan (SQT QAPP) operations.

This SOP provides procedures for handling potentially contaminated sediment, water,
PPE, and other materials during coring and sampling activities through their ultimate
disposal. Specific information regarding handling and disposal of residuals is provided
in the SQT QAPP.

This SOP may change depending on field conditions, equipment limitations, or
limitations imposed by the procedure. Substantive modifications to this SOP will be
approved in advance by Tierra Solutions Inc.’s (Tierra’s) Facility Coordinator and the
U.S. Environmental Protection Agency’s (USEPA'’s) Remedial Project Manager. The
ultimate procedure employed will be documented in the field notebook.

Other SOPs will be utilized in conjunction with this SOP, including:
e SOP No. 3 — Decontamination
e SOP No. 8 — Documenting Field Activities.

In instances where this SOP will be utilized, a hard copy or electronic version will be
available at the point of use.

2. Procedures

Potentially contaminated sediment, water, PPE, and other materials will be classified
into three categories:

1) solid materials consisting of sediments, sediment samples returned from the
laboratory, used PPE, and other materials used in the handling, processing, and
storage of sediment (addressed in Section 2.2);

2) liquid wastes, such as wastewater, decontamination water, and aqueous samples
returned from the laboratory (addressed in Section 2.3); and

3) spent and residual chemicals (liquids) from decontamination (addressed in
Section 2.3).
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Sediment from samples not processed for chemical analysis may be either archived or
disposed, and will be segregated and handled separately according to its
classification. To the extent practical, liquids generated during
sampling/decontamination operations should be separated from the solid material.
Each type of material should be handled in the manner described in this SOP.

2.1  Equipment List

The following equipment list contains materials that may be needed to carry out the
procedures contained in this SOP. Not all equipment listed below may be necessary

for a specific activity. Additional equipment may be required, pending field conditions.

« PPE or other safety equipment, as required by the Phase Il RIWP Health and
Safety/Contingency Plan, Rev. 1 (Tierra 2007)

e 55-gallon open-top drums (Department of Transportation- [DOT-] approved) with
lid

e 30-gallon (minimum) garbage bags

e permanent marking pens and/or paint pens

e labels

e duct tape

- storage racks

< chemical storage cabinet (meeting Occupational Safety and Health Administration
and National Fire Protection Association Code 30 specifications/Factory Manual
approved)

» field notebook

2.2 Solid Materials

2.2.1 Solid Residuals for Disposal

Solid residuals generated during field activities will be characterized for appropriate off-

site disposal. Characterization procedures will be completed in accordance with the

Waste Characterization QAPP (Tierra 2011). Solid residuals consist of two types of
materials: non-sediment solid materials generated during the collection and processing
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of sediment samples (e.g., used core tubes, aluminum foil, PPE [e.g., gloves, Tyvek®
suits, boot covers]) and sediment solid materials (i.e., left-over sediment not used for
analyses, including waste sediment and residual sediment). Non-sediment and
sediment wastes will be segregated and temporarily stored in separate containers
pending disposal. Loose sediment will be removed from non-sediment waste items
prior to disposal and stored with sediment waste.

If recovered sediment is determined to be unusable, the sediment will be stored in an
appropriate container for disposal as sediment waste. Sediment solid material will be
placed in 55-gallon drums, labeled, and stored temporarily until disposal.

Non-sediment solid materials will be placed in 55-gallon drums, bulk bags, and/or a
roll-off container and stored temporarily pending characterization and off-site disposal
in accordance with the Investigation Work Plan Sediment Investigation Program
Investigation Derived Waste Management Plan (IDW Management Plan; Tierra 2006)
(including any subsequent USEPA-approved modifications). All drums and bags
containing solids residuals will be labeled and handled as described in Section 2.4 of
this SOP.

2.3  Liquid Wastes
2.3.1 Wastewater

Wastewater will be generated during sample collection and decontamination activities.
Water mixed with detergent or chemicals will be treated and handled at the Lister
Avenue groundwater treatment plant. Water from gross decontamination (e.g., to wash
sediment from sampling equipment) will be allowed to flow overboard on the vessel
when decontamination activities occur over water. If decontamination activities occur
in an upland area, the water will be captured and treated at the Lister Avenue
groundwater treatment plant. Sediment recovered during this process will be handled
according to Section 2.2.1 of this SOP.

In the event that wastewater is not treated through the Lister Avenue groundwater
treatment plant, it will be stored at the Lister Avenue Site in appropriate containers
pending characterization for off-site disposal. Modifications to the IDW Management
Plan (Tierra 2006) will be submitted to the USEPA for review and approval for
characterization and off-site disposal.

2.3.2 Chemical Liquid Wastes

Spent solvents, acids, and other residual chemicals generated during the
decontamination process (SOP No. 3 — Decontamination) will be collected and treated
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through the Lister Avenue groundwater treatment plant in accordance with procedures
outlined in the IDW Management Plan (Tierra 2006).

In the event that these liquids are not treated through the Lister Avenue groundwater
treatment plant, they will be stored at the Lister Avenue site in appropriate containers
pending characterization for off-site disposal. Modifications to the IDW Management
Plan (Tierra 2006) will be submitted to the USEPA for review and approval for
characterization and off-site disposal.

2.4 Handling and Tracking of Solid Materials and Containers

As waste sediment and other solid waste materials are generated during field
activities, they will be placed in DOT-approved 55-gallon drums or 30-gallon bags.
Solid waste materials initially placed in bags may be bulked into 55-gallon drums for
storage. The following procedures will be followed for storing sediment and other solid
waste in these drums:

e A drum number will be assigned to each drum by the Field Supervisor or their
designee. The drum number will be clearly marked on multiple places on the
drum.

e Alog will be kept for each drum, listing the materials placed in that drum. All solid
materials will be segregated based on the type of material (e.g., sediment, coring
tubes, PPE, waste plastic, paper, foil) and, to the extent practicable, by where they
were generated (e.g., location within Newark Bay).

e Drums will be closed or covered at the end of the day's work.
e Collection drums may be reused at the processing facility after emptying.

e Drums containing solid materials will be stored in a secured temporary facility until
proper off-site disposal can be coordinated.

2.5 Handling and Tracking of Wastewater and Chemical Liquid Wastes and Containers

As wastewater and chemical liquid wastes are generated during field activities, they
will be treated directly through the on-site Lister Avenue groundwater treatment plant
and/or will be placed in separate DOT-approved 55-gallon drums. The following
procedures will be followed for treating the liquids through the on-site groundwater
treatment plant:

 Asump will be isolated in the processing area to collect and handle liquids.
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e Liquids collected in the sump will be combined and treated with the liquids treated
at the on-site groundwater treatment plant.

e Treated liquids will be monitored, characterized, and disposed in accordance with
the requirements for the on-site groundwater treatment plant.

The following procedures will be followed for storing wastewater and chemical liquid
wastes in drums:

e A separate drum will be used for each non-commingled chemical. Another,
separate drum will be used for chemicals and/or water that have been mixed.

e A drum number will be assigned to each drum by the Field Supervisor or their
designee. The drum number will be clearly marked on multiple places on the
drum.

e Alog will be kept for each drum, listing the materials placed in that drum.
e All drums will be closed or covered at the end of the day's work.
e Collection drums may be reused at the sample processing area after emptying.

< Drums containing wastewater and chemical liquid wastes will be stored in a
secured temporary facility until proper off-site disposal can be coordinated upon
the completion of the sampling event.

2.6  Samples Returned from Off-Site Laboratories

Upon completion of the required chemical analyses, remaining sample material and
sample containers from the laboratory will be returned to the sample processing area.
Returned sample material/containers will be transported under chain of custody
procedures, and remain in custody until disposal. Upon receipt, the chain of custody
form will be signed and the samples will be logged in by a project staff member. The
approximate volume of sample material and the condition of the containers in which
the samples are returned will be checked and recorded in a field notebook.

Samples will be separated into sediment and aqueous sample groups; empty sample
containers will be grouped accordingly by sample matrix. Sediment samples will be
placed in a DOT-approved 55-gallon drum and characterized and disposed off-site in
accordance with the procedures outlined in the IDW Management Plan (Tierra 2006)
(including any subsequent USEPA-approved modifications).
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Aqueous samples returned from the analytical laboratories will be treated through the
Lister Avenue groundwater treatment plan in accordance with procedures outlined in
the IDW Management Plan (Tierra 2006) (including any subsequent USEPA-approved
modifications). In the event that these liquids are not treated through the Lister Avenue
groundwater treatment plant, they will be stored at the Lister Avenue site in
appropriate containers pending characterization for off-site disposal. Modifications to
the IDW Management Plan will be submitted to USEPA for review and approval for
characterization and off-site disposal.

3. Quality Assurance

Disposal procedures will be documented in a field notebook to confirm that disposal
activities are conducted in accordance with the procedures outlined in the SOPs.
Waste manifests will be obtained for solid and aqueous waste disposal to verify that
proper transportation and disposal of these materials has occurred in accordance with
the IDW Management Plan (Tierra 2006) (including any subsequent USEPA-approved
modifications).

4, Documentation
Documentation of sample handling activities will be conducted in accordance with

SOP No. 8 — Documenting Field Activities. In addition, the following information should
be included in the field notebook (at a minimum):

name of person performing residual management or disposal activities
e date and time of activity

< information coordinating container numbers for drums or bags containing solid
materials with sample numbers, core boring numbers, or origin

< information coordinating origin of waste liquid (water or chemical[s]) with specific
waste drum or tank.

5. References
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Investigation Program Investigation Derived Waste Management Plan [Rev. O].
February.

Tierra. 2007. Newark Bay Study Area Remedial Investigation Work Plan [Rev. 1].
Volume 2 Health and Safety/Contingency Plan. September.
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1. Purpose and Scope

The purpose of this document is to define the standard operating procedure (SOP)
for containerizing, preserving, handling, tracking, and shipping samples collected as
part of the associated Newark Bay Study Area (NBSA) Sediment Quality Triad and
Porewater Sampling and Analysis Quality Assurance Project Plan (SQT QAPP).
Samples may include sediment collected or generated for chemical analysis, toxicity
testing, benthic community analysis, bioaccumulation testing and tissue generated
for chemical analysis from the bioaccumulation testing, passive sampler analysis,
and associated quality assurance (QA) analysis. This SOP is intended to be
complete enough so that: 1) the steps that could affect tracking, documentation, or
integrity of samples are explained in sufficient detail and 2) different sampling
personnel following these procedures will deliver samples to the laboratory that are
equally reliable and consistent, and in compliance with regulatory agency
requirements. Specific information regarding sample collection and analysis is found
in the associated SQT QAPP.

This SOP may change depending on field conditions, equipment limitations, or
limitations imposed by the procedure. Substantive modification to this SOP will be
approved in advance by Tierra Solutions, Inc.’s (Tierra’s) Facility Coordinator and
the U.S. Environmental Protection Agency’s (USEPA'’s) Remedial Project Manager.
The ultimate procedure employed will be documented in the field notebook.

Other SOPs will be utilized with this procedure, including:

e SOP No. 4 — Management and Disposal of Residuals

e SOP No. 8 — Documenting Field Activities.

In instances where this SOP will be utilized, a hard copy or electronic version will be
available at the point of use.

2. Procedures

2.1  Equipment List

The following equipment list contains materials that may be needed in carrying out
the procedures contained in this SOP. Not all equipment listed below may be

necessary for a specific activity. Additional equipment may be required, depending
on field conditions.
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e personal protective equipment and other safety equipment, as required by the
Health and Safety/Contingency Plan, Rev. 1 (Tierra 2007)

< inert packing material (e.g., foam peanuts, vermiculite, cardboard)
e colorimetric pH test paper

e nitric acid and pipette

e isopropyl alcohol (70% or higher)

e Teflon® tape

e sample containers as specified in the SQT QAPP

e sample labels

< shipping supplies (e.g., “Environmental Sample” stickers, “This Side Up” labels,
FedEx shipping documents, and hangtags)

e chain of custody

e Sample Delivery Group (SDG) Tracking Logs

e ice chest(s)

e custody seals

e indelible marking pens

e shipping tape

e sealable plastic bags

e temperature blanks (if not provided by the laboratory)
» field notebook

e ice or similar chilling source

e potassium iodide starch paper
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e spatula

e sodium hydroxide and pipette

e plastic lining material

e clear tape.

2.2  Sample Identification and Labeling
2.2.1 Sample Identification Code

The standard sample identification number will consist of a unique 14-character
string used to identify each sample collected and submitted to the laboratories for
analysis, as follows:

Characters 1 and 2: Two characters to describe the water body where the
sample was collected (i.e., for Phase lll this will be NB
for Newark Bay).

Characters 3 and 4: Two digits to describe the phase during which the
sample was collected. For example, the Phase Il SI
Program will be described as “03.”

Characters 5 through 11:  Three characters to describe the sample matrix. For
example, this will be “SED” for sediment and “TIS” for
tissue. The following additional characters will denote
the type of analysis for the different sediment samples:

e SED-BIO - bioaccumulation

e SED-CHM - chemistry

e SED-COM - benthic community

e SED-TOX - toxicity

 SED-POR — porewater

e TIS-BIO — tissue from bioaccumulation testing

Characters 12, 13, and 14: A three-digit number to describe the sample collection
location (sequentially numbered from 001 to 999). Note
that sample numbering for the Phase 11l Program ended
at 135. For the continuation of the Phase Ill Program,
sediment sample locations will begin with 136.
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Location Identifier
Location IDs are pre-assigned and are found in the associated SQT QAPP. The
location ID and location information (coordinates) will be recorded (see SOP No. 8 —
Documenting Field Activities).
Example of Sample Identification Code
The following is an example of a sediment location identification number:
NBO3SED-CHM136

Explanation:

Sample collected from Newark Bay, Phase Il Program, sediment matrix, chemistry
sample, sample location 136

2.2.2 Sample Delivery Group Number Identification Code

The standard SDG number will consist of a unique five-character string used to identify
each SDG submitted to the laboratories for analysis, as follows:

Characters 1 and 2: Two characters to describe the Site. For the Phase Il
Program, this will be “NB” for Newark Bay.

Character 3: One digit to describe the phase during which the sample
was collected. For example, the Phase Ill Program will
be described as “3.”

Characters 4 and 5: A two-digit number to describe the SDG.

The following is an example of an SDG number:

NB303

Explanation:

The samples in this SDG were collected from Newark Bay during the Phase Il
Program. The SDG was the third SDG submitted to the laboratory for analysis.
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2.2.3 Quality Assurance Sample Identification Code
2231 Field Duplicates

Field duplicates will be labeled by a unique 12-character string, as follows:

Characters 1 and 2: Two characters to describe the site. For the NBSA
Remedial Investigation sampling activities, “NB” will be
used.

Characters 3 and 4: Two digits to describe the phase during which the

sample was collected. For example, the Phase llI
Program will be described as “03.”

Characters 5, 6, and 7: Three characters to describe the sample matrix. For
example, this will be “SED” for sediment.

Characters 8, 9, and 10: Three characters to signify a field duplicate. For the
Phase Il Program, this will be “DUP.” Duplicate
samples will be identified in a field notebook and
transferred to the database.

Characters 11 and 12: A two-digit number (proceeded by a hyphen) to describe
the order in which field duplicates are collected within
the project, sequentially numbered

The following is an example of a field duplicate:

NBO3SEDDUP-03

Explanation:

The sample was the third field duplicate collected for sediment during Phase Il of
the NBSA Remedial Investigation.

2232 Field Blanks

Field blank samples will be collected from the sampling equipment at the rate of one
per decontamination event, not to exceed 1 per day.

The samples will be labeled by a unique eight-character string, as follows:
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Characters 4 through 6:

Characters 7 and 8:
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Two characters to describe the site. For the NBSA
Remedial Investigation sampling activities, “NB” will be
used.

One digit to describe the phase during which the sample
was collected. For example, the Phase Ill Program will
be described as “3.”

A three-digit number to describe the order in which field
blanks are collected within the project, sequentially

numbered from the beginning of Phase lIl.

“FB” for field blank.

The following is an example of a field blank:

NB3003FB

Explanation:

This field blank was the third collected during the Phase IIl Program.

2.2.3.3 Rinse Blanks

Rinse blank samples will be collected from the homogenization equipment at the
analytical laboratory at the rate of one per decontamination event, not to exceed 1
per day. The samples will be labeled by a unique eight-character string, as follows:

Characters 1 and 2:

Character 3:

Characters 4 through 6:
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Characters 7 and 8: “RB” for rinse blank.
The following is an example of a rinse blank:
NB3003RB
Explanation:
This rinse blank was the third collected during the Phase Il Program.
2234 Trip Blanks

Trip blanks will be numbered by a unique 13-character string, as follows:

Characters 1 and 2: Two characters to signify a trip blank. For the Phase IlI
Program, these will be “TB.”

Characters 3 through 10:  Eight characters to describe the date using a two-digit
month, two-digit day, and four-digit year (e.g.,
MMDDYYYY).

Characters 11 through 13: A hyphen followed by a two-digit number to describe the
order in which trip blanks were collected that day. Each
cooler with samples for volatile organic compounds
(VOCs), mercury or methylmercury analysis will contain
a trip blank.

The first trip blank will be “01” and will increase sequentially through the day.

The following in an example of a trip blank:

TB01012015-02

Explanation:

This sample is the second trip blank collected on January 1, 2015.
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2.3  Sample Containers and Preservation
2.3.1 Sample Containers

To confirm that the appropriate sample quantities are collected in certified, pre-
cleaned containers, sample containers for this project will be supplied from
commercial suppliers or laboratories. Sample containers will be cleaned to the
quality control standard defined in USEPA Office of Solid Waste and Emergency
Response (OSWER) Directive #9240.0-05A.

Certification of sample container quality per the OSWER directive will be kept in the
Newark Bay project file. The SQT QAPP summarizes container types that will be
provided for collected samples.

Prior to use, the sample containers will be visually inspected for cracks, chips, or
other damage. Damaged sample containers will not be used and will be disposed in
the proper waste receptacle.

2.3.2 Sample Preservation — Chemical Analysis

The contracted laboratory performing the analysis will provide certified, pre-cleaned
containers for sediment containing a pre-determined amount of the required
preservative(s) for field blanks, as appropriate. In cases where field adjustment of pH
is necessary, the procedures outlined below will be followed for the appropriate
analysis.

When possible, the field blank sample containers will be pre-preserved by the
laboratory. The specific preservatives to be used for each chemical analysis are
summarized in the SQT QAPP. Documentation of equipment and methods used in
preservation and field-adjustment of pH will be maintained in a field notebook. The
chemicals and amounts used will be recorded. If refrigeration is necessary, samples
will be placed on ice after collection, and shipping containers will be packed with
additional ice, if needed, prior to shipment via overnight carrier.

2321 pH for Field Blanks for Cyanide Analysis
Aqueous field blank sample bottles for cyanide analysis will be pre-preserved with

sodium hydroxide. Immediately following sample collection, the pH of the preserved
sample will be determined and adjusted, if necessary, using the following procedure:
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1. Close the bottle and gently invert it several times to mix the preservative with the
sample.

2. Pour a small aliquot (a few drops) of the sample into a separate vial.

3. Test the aliquot in the vial with colorimetric pH paper appropriate to the pH being
tested. If the pH of the sample is less than 12, increase the pH of the field blank by
adding 50% sodium hydroxide. Using a pipette, add 0.2 milliliters (mL) (four to five
drops) of sodium hydroxide to the sample. If the pH is greater than 12, go to Step
5.

4. Returnto Step 1.

5. Close the bottle, document in the field notebook in accordance with SOP No. 8 —
Documenting Field Activities, the amount of sodium hydroxide used, the steps
followed, and the number of times repeated. See Section 2.4 Sample Handling
and Shipping for instruction on labeling, handling, and shipping.

6. Dispose of the aliquots used for testing the pH in accordance with SOP No. 4 —
Management and Disposal of Residuals. The amount, type, and procedures will
be documented

2322 pH for Field Blanks for Metals Analysis

Aqueous field blank sample bottles for metals analysis will be preserved with nitric

acid. Immediately following sample collection, the pH of the preserved sample will be

determined and adjusted, if necessary, using the following procedure:

1. Close the bottle and gently invert it several times to mix the preservative with the
sample.

2. Pour a small aliquot (a few drops) of the sample into a separate vial.

3. Test the aliquot in the vial with colorimetric pH paper appropriate to the pH being
tested. If the pH of the sample is greater than 2, lower the pH of the field blank
by adding nitric acid. Using a pipette, add 0.2 mL (four to five drops) of nitric acid

to the sample. If the pH is less than 2, go to Step 5.

4. Returnto Step 1.
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5. Close the bottle, document in the field notebook in accordance with SOP No. 8 —
Documenting Field Activities, the amount of nitric acid used, the steps followed,
and the number of times repeated. See Section 2.4 Sample Handling and
Shipping for instruction on labeling, handling, and shipping.

6. Dispose of the aliquots used for testing the pH in accordance with SOP No. 4 —
Management and Disposal of Residuals. The amount, type, and procedures will
be documented

2323 pH for Field Blanks for Total Organic Carbon Analysis

Aqueous field blank sample bottles for total organic carbon analysis will be preserved
with sulfuric acid. Immediately following sample collection, the pH of the preserved
sample will be determined and adjusted, if necessary, using the following procedure:

1. Close the bottle and gently invert it several times to mix the preservative with the
sample.

2. Pour a small aliquot (a few drops) of the sample into a separate vial.

3. Test the aliquot in the vial with colorimetric pH paper appropriate to the pH being
tested. If the pH of the sample is greater than 2, lower the pH of the field blank by
adding sulfuric acid. Using a pipette, add 0.2 mL (four to five drops) of sulfuric acid
to the sample. If the pH is less than 2, go to Step 5.

4. Returnto Step 1.

5. Close the bottle, document in the field notebook in accordance with SOP No. 8 —
Documenting Field Activities, the amount of sulfuric acid used, the steps followed,
and the number of times repeated. See Section 2.4 Sample Handling and
Shipping for instruction on labeling, handling, and shipping.

6. Dispose of the aliquots used for testing the pH in accordance with SOP No. 4 —
Management and Disposal of Residuals. The amount, type, and procedures will
be documented

2324 pH for Field Blanks for Total Extractable Petroleum Hydrocarbons Analysis

Aqueous field blank sample bottles for total extractable petroleum hydrocarbons
analysis will be preserved with hydrochloride. Immediately following sample collection,
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the pH of the preserved sample will be determined and adjusted, if necessary, using
the following procedure:

1. Close the bottle and gently invert it several times to mix the preservative with the
sample.

2. Pour a small aliquot (a few drops) of the sample into a separate vial.

3. Test the aliquot in the vial with colorimetric pH paper appropriate to the pH being
tested. If the pH of the sample is greater than 2, lower the pH of the field blank by
adding hydrochloride. Using a pipette, add 0.2 mL (4 to 5 drops) of hydrochloride
to the sample. If the pH is less than 2, go to Step 5.

4. Returnto Step 1.

5. Close the bottle, document in the field notebook in accordance with SOP No. 8 —
Documenting Field Activities, the amount of hydrochloride used, the steps
followed, and the number of times repeated. See Section 2.4 Sample Handling
and Shipping for instruction on labeling, handling, and shipping.

6. Dispose of the aliquots used for testing the pH in accordance with SOP No. 4 —
Management and Disposal of Residuals. The amount, type, and procedures will
be documented

2325 Preparation of Field Blanks for Volatile Organic Carbon Analysis

Aqueous field blank sample bottles for VOC analysis will be pre-preserved with
sufficient hydrochloride to lower the field blank below a pH of 2. Field blanks for VOC
analyses will be prepared using the following procedure:

1. Slowly pour field blank into pre-prepared VOC vial until a meniscus is formed on
the top of the vial.

2. Carefully cap the VOC vial and gently invert the vial to check for air bubbles.

3. Repeat process until no air bubbles are present. Dispose VOC samples with air
bubbles in accordance with SOP No. 4 — Management and Disposal of Residuals.

4. Close the bottle, document in the field notebook in accordance with SOP No. 8 —
Documenting Field Activities, the steps followed repeated. See Section 2.4
Sample Handling and Shipping for instruction on labeling, handling, and shipping.
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2.3.2 Sample Preservation — Benthic Community Analysis

The contracted laboratory performing the analysis will provide pre-cleaned containers
for benthic community analysis. After sample collection and sieving to isolate the
benthic organisms, contents of the sieve will be added to a sample jar and preserved
by adding isopropyl alcohol (70-90%). Sample preservation will use the following
procedure:

1. Add sieved materials to sample jar.

2. Pour isopropyl alcohol into the sample jar, filling to 0.25 to 0.5-inches from the top
of the jar.

3. Close the bottle, label according to Section 2.2.4 Sample Labeling, and document,
in the field notebook in accordance with SOP No. 8 — Documenting Field Activities,
the amount of sodium hydroxide used, the steps followed, and the number of
times repeated.

4. If contents fill the jar close to the top without adding preservative, split sample into
two sample jars, and follow Step 2 above.

5. Repeat this process after each sample is sieved.

2.4  Sample Labeling, Handling, and Shipping

A label will be attached to each container used for sampling. An example of a pre-
printed sample label is attached to this SOP. When practical, the project number,
sample matrix, laboratory designation, and sample identification code will be typed

or printed onto the label before sampling. Once affixed to the sample container, the
label will be protected from water and solvents with clear packing tape.

Sample packaging and shipping will be completed in accordance with applicable
regulations, as described below.

2.4.1 Chemical, Sediment Toxicity, and Bioaccumulation Analysis
1. After filling a sample container, affix cap. Clean the outside of each sample

container by wiping it off with a clean paper towel. Verify that residual sediment
has been removed from the outside of the container and from around the cap.
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Securely seal cap with clear tape (except samples to be analyzed for VOCs) and
complete the sample label. Apply the label to the sample container and cover with
clear tape.

Seal each sample container for chemical analysis inside a sealable plastic bag.
Samples for VOC analysis will be packaged together in a sealed plastic bag.
Samples for toxicity testing and bioaccumulation will not be placed in plastic bags.

Place samples on ice, similar chilling source, or in refrigerator immediately after
collection.

Transfer the samples to a plastic-lined ice chest that will be used as a shipping

container. Use inert packaging material (e.g., cardboard, vermiculite) to cushion
the samples and minimize the potential for breakage. Seal the drains on the ice
chest (if present) with shipping tape or plug the drains with silicone sealant or a
similar inert substance.

Place a trip blank for VOCs analysis in each cooler containing sediment samples
for VOCs analysis.

Ice chests will contain ice or similar chilling sources sufficient to maintain a
temperature of 4 degrees Celsius inside the cooler during transport. Use sulfficient
ice to accommodate reasonable delays in shipment. A temperature blank provided
by the analytical laboratory with each cooler will be included in the shipment.

Complete sample tracking documentation as described in Section 2.5 of this SOP,
and place the documents in a sealable plastic bag inside the ice chest, taped to
the inside of the lid. Prior to sealing for shipment, check the list of samples against
the container contents to verify the presence of each sample listed on the chain of
custody.

Secure chest lid with shipping tape by covering the entire seal with tape. Complete
information on the custody seal and affix the custody seal over the taped seal. An
example of a custody seal is attached to this SOP.

For ice chests containing field blanks for dioxin/furan analysis, affix flammable
liquids labels to the outside of chest and carefully complete the dangerous goods
declaration form, as required by the overnight carrier.

Transport the shipping container directly to the laboratory, the laboratory courier,
or to the overnight carrier for overnight delivery. Chemical samples will be shipped
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by close of the same day the sample was collected. Sediment for toxicity and
bioaccumulation analysis will be refrigerated until shipped/transported to the
laboratory.

2.4.2 Porewater Analysis

1. After filling a sample container, affix lid and complete the sample label. Apply the
label to the sample container and cover with clear tape.

2. Clean the outside of each sample container by wiping it off with a clean paper
towel. Verify that residual sediment has been removed from the outside of the
container and from the area under and around the lid.

3. Place samples on ice, similar chilling source, or in refrigerator immediately after
collection.

4. Transfer the samples to the transport vehicle.

5. Complete sample tracking documentation as described in Section 2.5 of this SOP,
and place the documents in a sealable plastic bag inside the ice chest, taped to
the inside of the lid or accompanying the sample containers if shipped by
refrigerated truck. Prior to sealing for shipment, check the list of samples against
the container contents to verify the presence of each sample listed on the chain of
custody.

6. Transport the containers directly to the laboratory.

2.4.3 Benthic Community Analysis

1. After filling a sample container, apply Teflon® tape, affix cap and securely seal with
clear tape. Complete the sample label, apply the label to the sample container
and cover with clear tape.

2. Clean the outside of each sample container by wiping it off with a clean paper
towel. Verify that residual sediment has been removed from the outside of the
container.

3. Transfer the samples to a plastic-lined ice chest that will be used as a shipping

container. Use inert packaging material (e.g., cardboard, vermiculite) to cushion
the samples and minimize the potential for breakage. Seal the drains on the ice
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chest (if present) with shipping tape or plug the drains with silicone sealant or a
similar inert substance.

4. Complete sample tracking documentation as described in Section 2.5 of this SOP,
and place the documents in a sealable plastic bag inside the ice chest, taped to
the inside of the lid. Prior to sealing for shipment, check the list of samples against
the container contents to verify the presence of each sample listed on the chain of
custody.

5. Secure chest lid with shipping tape by covering the entire seal with tape. Complete
information on the custody seal and affix the custody seal over the taped seal. An
example of a custody seal is attached to this SOP.

6. Transport the shipping container directly to the laboratory, the laboratory courier,
or to the overnight carrier for overnight delivery. Samples will be shipped by close
of the same day the sample was collected.

2.5 Sample Tracking

From the time of collection through transport to final destination, the handling of
samples will follow chain of custody procedures.

A sample is considered under the sampler’s custody if one or more of the following
criteria are met:

sample is in the sampler’s possession

sample is in the sampler’s view after being in sampler’s possession

sample was in the sampler’s possession and then locked up to prevent tampering

sample is in a designated secure area.
Samples collected for analysis will be continuously tracked in the sample processing
area and while in transit to the laboratory by using the procedures below. The sample

processing area will be secured (locked) with limited access.

< Individual sample containers will be properly labeled and securely sealed before
being placed in the container for shipment to the laboratory.
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e Pertinent information will be entered on the chain of custody form in the field (see
attached chain of custody form and form key). Assignment of the SDG number,
matrix spike/matrix spike duplicate (MS/MSD) assignments, and the analyses
requested for each sample will be made on both the SDG Tracking Log (see
attached SDG Tracking Form) and the chain of custody form.

e The chain of custody form must include the following, as required by guidance in
SW-846, Test Methods for Evaluating Solid Waste (USEPA 1993): 1) project
name; 2) signature of lead/responsible sampler; 3) sample number, date and time
of collection, and grab or composite sample designation; 4) signatures of
individuals involved in sample transfer; and 5) if applicable, the air bill or other
shipping number.

e The completed chain of custody form will be signed, dated, enclosed in a sealable
plastic bag with a copy of the SDG Tracking Log and placed in the container prior
to shipment. A copy of both documents will be retained by field personnel and
stored in a dedicated binder. Additional copies will be distributed as follows:

o acopy will be faxed or e-mailed to the Facility Coordinator or the Facility
Coordinator’s designee

0 acopy will be faxed or e-mailed to the data validator

0 acopy will be faxed or e-mailed to the laboratory manager/client service
representative at each laboratory being used.

e Samples will be considered in the sampler’s custody while in his/her possession or
within sight, or locked in a secure area prior to shipment. If the person packing the
container and verifying the sample list is different from the sampler, both the
sampler and the packer will sign the chain of custody form.

e Upon receipt at the laboratory, the designated laboratory sample custodian will
sign the chain of custody form indicating receipt of the incoming field samples. The
samples will be checked against the chain of custody form upon arrival at the
laboratory. The receiving personnel will enter all arriving samples into a laboratory
logbook. Any discrepancies between the samples and the chain of custody
form(s), or any evidence of tampering with the shipping container or the custody
seal will be immediately reported to the Facility Coordinator. The sample custodian
will immediately check the temperature of the cooler upon arrival at the laboratory
and record the measured temperature on the chain of custody form and in a
laboratory logbook.
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A completed copy of the chain of custody form will be distributed to the following
individuals on the day of sample receipt at the laboratory:

o0 acopy will be faxed or e-mailed to the Facility Coordinator or the Facility
Coordinator’s designee

o0 acopy will be faxed or e-mailed to the data validator

0 acopy will be faxed or e-mailed to the field office.
The original will be retained by the laboratory's sample custodian.
251 Bulk Sediment Shipment

Bulk sediment samples collected for analysis will be continuously tracked in the
sample processing area and while in transit to the laboratory using the procedures
below. The truck will be secured (locked) with limited access.

< Individual sample containers will be properly labeled and securely sealed before
and during placement in the truck for shipment to the laboratory.

« Sample containers will be kept cool during transportation to the analytical
laboratory, either by using coolers and ice or a refrigerated truck.

e Pertinent information will be entered on the chain of custody form in the field (see
attached chain of custody form and form key). An SDG number will not be
required.

e The chain of custody form must include the following, as required by guidance in
SW-846, Test Methods for Evaluating Solid Waste (USEPA 1993): 1) project
name; 2) signature of lead/responsible sampler; 3) sample number, date and time
of collection, and grab or composite sample designation; 4) signatures of
individuals involved in sample transfer.

e The completed chain of custody form will be signed, dated, and maintained with
the truck driver during transportation to the analytical laboratory. A copy of the
chain of custody will be retained by field personnel and stored in a dedicated
binder. Additional copies will be distributed as follows:

o acopy will be faxed or e-mailed to the Facility Coordinator or the Facility
Coordinator’s designee
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0 acopy will be faxed or e-mailed to the data validator

o0 acopy will be faxed or e-mailed to the laboratory manager/client service
representative at each laboratory being used.

e Samples will be considered in the sampler’s custody while in his/her possession
including within sight, or locked in a secure area prior to shipment. If the person
packing/driving the truck and verifying the sample list is different from the sampler,
both the sampler and the packer/driver will sign the chain of custody form.

e During transportation to the analytical laboratory, if using ice to keep the samples
cool, the driver will make frequent stops to check the status of ice and will
replenish as needed prior to delivery to the analytical laboratory,

e Upon receipt at the laboratory, the designated laboratory sample custodian will
sign the chain of custody form indicating receipt of the incoming field samples. The
samples will be checked against the chain of custody form upon arrival at the
laboratory. The receiving personnel will enter all arriving samples into a laboratory
logbook. Any discrepancies between the samples and the chain of custody
form(s), or any evidence of tampering with the shipping container or the custody
seal will be immediately reported to the Facility Coordinator. The sample custodian
will immediately check the temperature of the cooler or sample upon arrival at the
laboratory and record the measured temperature on the chain of custody form and
in a laboratory logbook, being careful to note what the temperature represents.

A completed copy of the chain of custody form will be distributed to the following
individuals on the day of sample receipt at the laboratory:

0 acopy will be faxed or e-mailed to the Facility Coordinator or the Facility
Coordinator’s designee

0 acopy will be faxed or e-mailed to the data validator
o0 acopy will be faxed or e-mailed to the field office.

The original will be retained by the laboratory's sample custodian.
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3. Documentation
3.1  Field Notes
Documentation of sample handling activities will be conducted in accordance with
SOP No. 8 — Documenting Field Activities. The following information should also be
included in the field notebook (at a minimum):
e sample IDs collected on that day
< brief synopsis of types of equipment and methods used in collecting the samples
e details regarding the field adjustment of preservatives, if necessary.

3.2  Chain of Custody Documentation

Samples will be tracked through chain of custody documentation as described in
Section 2.5 of this SOP.

4, References

Tierra. 2007. Newark Bay Study Area Remedial Investigation Work Plan [Rev. 1].
Volume 2 Health and Safety/Contingency Plan. September.

USEPA. 1993. SW-846, Test Methods for Evaluating Solid Waste, Third Ed., including
Promulgated Update |, Chapter One.
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PROJECT #:
PROJECT NAME: Newark Bay Phase Ill SQT Program

SDG# (2)

SAMPLE #:

)

GEOMORPHIC AREA:  (4)

DATE SAMPLE COLLECTED: (5)

TIME SAMPLE COLLECTED: (6)

LABORATORY: (7)

SAMPLE MATRIX: (8)

ANALYSES REQUIRED: (9)

PRESERVATIVE: (10)

SAMPLER:

(11)

REMARKS:

(12

Key:

(1)
(2)
3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)

Company-specific project number, if appropriate

SDG number

Sample number (e.g., NBO3SED-CHM136)

Geomorphic area (e.g., Subtidal Flats)
Date sample collected (e.g., 1/1/2015)

Time sample collected (24-hour format)

Laboratory used for analyses
Sample matrix type (e.g., sediment)

Analyses required for sample

Preservative(s) used on sample (pre-preserved by the laboratory)

Sampler name

Remarks pertinent to proposed analyses
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CHAIN OF CUSTODY FORM KEY

SDG number (as described in Section 2.2.2 of this SOP) (e.g., NB303). Leave blank for bulk
sediment samples.

Page number and total number of pages for the set of chain of custody form submitted with the
samples for analysis.

Analytical laboratory’s internal work order number (to be completed by analytical laboratory).

Address where the analytical results are to be sent, project identifiers (location and internal project
numbers), and sampler’s signature.

Preservation methods and bottles.

Sample ID (e.g., NBO3SED-CHM136); refer to Section 2.2.1 of this SOP for sample and QA
sample IDs.

Date and time (24-hour format) of sample collection.
Check if sample was a composite sample.
Sample matrix (e.g., sediment).

Provide analysis and method for which sample is being submitted. Check the appropriate box for
which analyses the sample is being submitted.

Provide any pertinent comments regarding the sample submitted for analyses (e.g., not enough
sample volume for full analyses).

Provide any special instructions to the analytical laboratory.
Provide any special QA/QC instructions to the analytical laboratory.

Provide details regarding the cooler shipment (analytical laboratory name, whether the cooler was
packed with ice, turnaround requirements, and shipping tracking number).

Provide details as to receipt of cooler (to be completed by analytical laboratory on receipt).
Indicate if the chain of custody seal was intact and the cooler temperature upon receipt.

Signatures for custody to be completed by sampler and analytical laboratory.
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SDG TRACKING LOG

26 of 28

SDG Number (1) SDG Open Date 3)
Sample Matrix 2) SDG Close Date (4)
Sample # Sample ID MS/MSD Comments
1 () 6 )
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Field Blank (8) N/A 9)
Trip Blank (20) N/A (11)
Notes:
1. The SDG must not exceed 20 field samples. Field blanks do not count towards the sample total. Check which of the 20
samples have been collected to include extra volume for MS/MSD and assign as such.
2. Three times the weights listed should be collected for laboratory QC (i.e., MS/MSD/internal laboratory duplicate).
3. Field duplicate is a separate sample, not to be confused with “internal lab duplicate.”
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SDG TRACKING LOG KEY

SDG number (as described in Section 2.2.2 of this SOP) (e.g., NB303).

Matrix of samples in this SDG (e.g., sediment).

Date first sample in SDG is collected.

Date last sample in SDG is collected.

Sample ID (e.g., NBO3SED-CHM136).

Check if an MS or MSD analysis should be performed on this sample. If an MS or MSD is to be
performed, note in the “Comments” column which analysis the MS/MSD should be performed for.

If the sample is not to be analyzed for an MS/MSD, then leave blank.

Provide any pertinent comments regarding the samples submitted for analyses (e.g., “MS for
Herbicide”).

Field blank ID as described in Section 2.2.3.2 of this SOP (e.g., NB3003FB).
Provide any pertinent comments regarding the field blank submitted for analyses.
Trip blank ID as described in Section 2.2.3.4 of this SOP (e.g., TB01012015-02).

Provide any pertinent comments regarding the trip blank submitted for analysis.
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Custody Seal

SEALED BY

1)

pATE_ P  1ime_ 3

Key:
(1) Name of individual sealing ice chest.
(2) Date ice chest is sealed.

(3) Timeice chestis sealed (24-hour format).
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1. Scope and Application

This standard operating procedure (SOP) describes the collection and field screening,
logging, and subsequent sampling of sediment. This SOP is based on and is in
general accordance with the methods used on the Lower Passaic River Restoration
Project Cooperating Parties Group Quality Assurance Project Plan, Surface Sediment
Chemical Analyses and Benthic Invertebrate Toxicity and Bioaccumulation Testing
(Windward 2009). The general procedures to be utilized in obtaining sediment
samples are outlined below. This SOP should be followed for any collecting,
processing, logging, and sampling of sediment.

This SOP may change depending on field conditions, equipment limitations, or
limitations imposed by the procedure. Substantive modification to this SOP will be
approved in advance by Tierra Solutions Inc.’s (Tierra’s) Facility Coordinator and the
U.S. Environmental Protection Agency’s Remedial Project Manager. The ultimate
procedure employed will be documented in field notebook.

Other SOPs will be utilized with this procedure, including:

e SOP No. 1 — Locating Sample Points Using Global Positioning System

e SOP No. 2 — Positioning

e SOP No. 3 — Decontamination

e SOP No. 4 — Management and Disposal of Residuals

e SOP No. 5 — Containers, Preservation, Handling, and Tracking of Samples for
Analysis

e SOP No. 7 — Measuring Surface Water Quality
e SOP No. 8 — Documenting Field Activities.

In instances where this SOP will be utilized, a hard copy or electronic version will be
available at the point of use.

2. Procedure
2.1. Equipment List

The following equipment will be needed during sediment sampling activities:
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personal protective equipment and other safety equipment, as required by the
Health and Safety/Contingency Plan, Rev. 1 (HASCP; Tierra 2007)
sampling vessel adequate for Newark Bay conditions

marine VHF radio

assorted nautical equipment (e.g., anchors, lines, personal flotation devices)
deployment equipment (e.g., winches, generator)
grab sampler (e.g., Van Veen or equivalent)

stainless steel bowl/buckets

10-20-gallon stainless steel bucket/tub
stainless steel spoons/spatulas

mechanical mixer (e.g., portable drill fitted with stainless steel paddle, portable
stainless steel cement mixer)

duct and packing tape

1-quart and 1-gallon freezer bags

tape measure

fathometer

global positioning system (GPS)

Standard No. 30 (600 micron) sieve/sieve bucket
trowel

forceps and magnifying glass

garbage bags

photoionization detector (PID)

transport container with ice
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appropriate sample containers, preservative (70-90%)
labels, and forms
field notebook

erasable whiteboard
permanent waterproof marker or grease pencil

digital camera.
Sediment Sampling
Don personal protective equipment, as required by the HASCP (Tierra 2007).

Navigate to the sampling location in accordance with SOP No 1. — Locating
Sample Points Using a Global Positioning System and SOP No. 2 — Positioning.

Record water quality readings in accordance with SOP No. 7 — Measuring Surface
Water Quality.

Collect sediment using grab sampler.

Verify the sampler has been decontaminated in accordance SOP No. 3 —
Decontamination.

Secure the grab sampler to a cable of adequate length connected to a winch.
In some cases, the grab sampler may be deployed and retrieved manually. Set
the device to close upon contact with sediment surface.

Slowly lower the grab sampler into its deployment orientation, just above the
water surface. If manually deployed, lower the open sampler from the side of
the boat making sure that the end of the rope is secured.

Obtain water depth (to nearest 0.1 foot) from the fathometer and record on the
Grab Sample Collection Form.

Slowly lower the grab sampler into the water to the sediment surface using the
water depth reading to anticipate when the bottom will be encountered. Allow
the device to penetrate the sediment and close, capturing the grab sample.

Record sample location with the GPS.
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g. Record the proposed sample location in the field notebook. Location, date,
time of collection, and description or surrounding area, as well as a
photograph, will be recorded for each sample.

h. Slowly raise the grab sample to the deck of the sampling vessel.

i. Immediately open the sampler top panels. Assess and document the
acceptability of the sample:

i.  jaws are completely closed
. sampler achieved target penetration depth and did not over penetrate
. sampler indicates no loss of surficial sediment from inside the sampler

j- Open the dredge to allow the sediment to empty onto an aluminum foil pan
or stainless steel bowl.

k. Immediately collect sediment for analysis of volatile compounds (e.g., volatile
organic compounds and acid volatile sulfides/simultaneously extracted
metals). Collect these samples prior to collecting the second grab.

I.  Multiple casts will be made adjacent to one another (consistent with SOP
No. 2 — Positioning) and composited at each location until sufficient sample
volume is obtained.

m. Set aside three individual replicate grabs in separate buckets/pans for benthic
community processing.

n. Composite remaining sediment grabs for chemical, bioaccumulation,
porewater, and toxicity processing into decontaminated 10-20-gallon stainless
steel bucket.

5. Homogenize sediment samples for chemical, toxicity, bioaccumulation, and
porewater analyses.

a. Prior to homogenization, remove large unrepresentative materials (e.g.,
stones, shells, twigs).

b. Mix sediment in 10-20 gallon decontaminated stainless steel bucket with

decontaminated mechanical mixer until textural, color, and moisture
homogeneity is achieved.
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6. Collect a small aliquot (approximately 1 ounce) of sediment representative of the
sediment sample and place into a zip-top bag. Perform PID headspace screening
to evaluate/monitor air quality encountered during sampling activities, as follows:

a. Allow sample to equilibrate to an ambient temperature for approximately 15
minutes.

b. Insert ‘sniffer’ of the PID into the zip-top bag and read PID until value spikes
and then stabilizes.

c. Record the peak value displayed by the PID.

d. The aliquot of sediment used for headspace testing will not be sent for
laboratory analysis.

7. Photo-document the sample to provide reference for post-processing questions
regarding descriptions of color/staining, general texture, recovery, etc. Photos will
include the sample identification, date, and time. The photo will also include a view
of a ruler or tape measure for scale.

8. Describe sediment sample according to Unified Soil Classification System and
document any other observations, such as, but not limited to, color, type of organic
materials present, odor?, sheen, and staining.

9. Partition aliquots of homogenized sediment for chemical, toxicity, bioaccumulation,
and porewater analyses into appropriate pre-cleaned sample bottles and buckets
per SOP No. 5 — Containers, Preservation, Handling, and Tracking of Samples for
Analysis

a. During distribution, periodically mix sediment using a stainless steel spoon
or spatula to minimize stratification effects due to differential settling,

10. Sediment samples for benthic community samples will be sieved to isolate the
benthic organisms.

a. Empty contents of one replicate into a standard sieve (No. 30) and examine
and characterize the substrate composition.

1 Sediment should not be smelled intentionally, due to health and safety concerns. However, if
an odor is noted during processing activities, it should be recorded.
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b. After completing the characterization, sieve sediments using bay water over
side of boat to isolate material and benthic organisms larger than the sieve
size.

c. Hand transfer the sieve contents to a sample jar and preserve in the field
using 70-90% isopropyl alcohol.

11. Samples will be packaged and shipped in accordance with the shipping SOP No.
5 — Containers, Preservation, Handling, and Tracking of Samples for Analysis.

3. Waste Management

Investigative-derived waste generated during the sediment sampling activities and
disposable equipment will be transported for off-site disposal in accordance with SOP
No. 4 — Management and Disposal of Residuals.

4. Quality Assurance

Field documentation, data reporting requirements, sampling handling, custody
requirements, packing, handling, and shipping requirements, including laboratory
custody procedures, analytical methods, quality control requirements, and laboratory
specific quality assurance/quality control requirements are stated in the Sediment
Quality Triad and Porewater Sampling and Analysis Quality Assurance Project Plan
(SQT QAPP).

5. Documentation

Documentation of sample handling activities will be conducted in accordance with
SOP No. 8 — Documenting Field Activities. Upon collection of sediment samples, the
sediment sample should be logged in the field notebook.

Digital photographs of typical sediment types observed at the site and any unusual
features should be obtained whenever possible. All photographs should include a ruler
or common object for scale. Photo location, depth, and orientation must be recorded in
the daily log or field notebook, and a label showing this information in the photo is
useful.

6. References

Tierra. 2007. Newark Bay Study Area Remedial Investigation Work Plan [Rev. 1].
Volume 2 Health and Safety/Contingency Plan. September.
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Windward. 2009. Lower Passaic River Restoration Project. Quality Assurance Project
Plan. Surface Sediment Chemical Analyses and Benthic Invertebrate Toxicity and
Bioaccumulation Testing. Final. October 8.
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1. Purpose and Scope

The purpose of this document is to define the standard operation procedure (SOP) for
measurement of surface water quality parameters. Surface water quality parameters
(i.e., pH, temperature, conductivity, salinity, and dissolved oxygen) will be measured,
in-situ, using a multi-parameter water quality meter (YSI 6000 or equivalent). This SOP
describes equipment, field procedures, and quality assurance for measuring surface
water quality. This SOP is based on and is in general accordance with the methods
used on the Treatability Studies — Phase | Removal Action Quality Assurance Project
Plan, CERCLA Non-Time Critical Removal Action, Lower Passaic River Study Area,
Revision 1 (Tierra Solutions, Inc. [Tierra] 2009).

This SOP may change depending on field conditions, equipment limitations, or
limitations imposed by the procedure. Substantive modification to this SOP will be
approved in advance by Tierra Solutions Inc.’s (Tierra’'s) Facility Coordinator and the
U.S. Environmental Protection Agency's Remedial Project Manager. The ultimate
procedure employed will be documented in the field notebook.

Other SOPs will be utilized with this procedure, including:

e SOP No. 1 - Locating Sample Points Using a Global Positioning System

e SOP No. 2 — Positioning

e SOP No. 3 — Decontamination

e SOP No. 8 — Documenting Field Activities.

2. Procedures

In instances where this SOP will be utilized, a hard copy or electronic version will be
available at the point of use.

2.1  Equipment List
The following equipment list contains materials that may be needed in carrying out the

procedures for this SOP. Not all equipment listed below may be necessary for a
specific activity. Additional equipment may be required, pending field conditions:
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e personal protective equipment (PPE) and other safety equipment, as required in
the Health and Safety/Contingency Plan (HASCP), Rev. 1 (Tierra 2007)

e decontamination supplies (see SOP No. 3 — Decontamination)

e vessel(s) adequate for site conditions

e navigation chart(s) for on-water activities

e fathometer

e leadline

e multi-parameter water quality meter (YSI 6000 or equivalent)

e duct tape

e servicing supplies, such as, but not limited to, o-rings, spare parts, clamps, and
miscellaneous hardware

e replacement parts for water quality meter and pump

e disposable plastic beakers

e distilled water

e thermometer

e calibration solutions

e calibration logbook

e decontamination equipment (refer to SOP No. 3 — Decontamination)
e deployment equipment (e.g., winches, generator)

- field notebook.

2.2 Maintenance Procedure

The water quality meters will be maintained according to the manufacturer’s
instructions. Maintenance information will be recorded in the field notebook. A
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replacement water quality meter will be available on site or ready for overnight
shipment, as necessary.

2.3 Calibration Procedures

The water quality meter will be calibrated at the beginning and end of each day of use
following the manufacturer’s instructions. Calibration information will be recorded in the
field notebook and a calibration log will be maintained.

2.4  Sampling Procedures

This section gives the step-by-step procedures for measuring water quality parameters.
Observations made during surface-water quality parameter measurements should be
recorded in the field notebook.

2.4.2 Collecting water quality data.

1. Move sample vessel to location per SOP No. 1 — Locating Sample Points Using a
Global Positioning System and SOP No. 2 — Positioning, and anchor.

2. Record water depth using the fathometer or lead line. Record the time of the water
depth measurement.

3. Water quality parameters will be measured throughout the water column from the
water surface to 2 feet above the sediment surface. Immerse the water quality
meter and allow to soak and to equilibrate for a minimum of one minute. Lower the
water quality meter at a rate of 0.5 feet per second while observing and recording
the data in real time. Stop lowering the water quality meter at a height of 2 feet off
the bottom, taking care not to impact or disturb bottom sediments. If the water
depth is less than 2 feet, carefully lower the water quality meter so the probes are
as close to mid-depth as possible, record in the data-logger, and record the
actions taken in the field log.

4. Retrieve the water quality meter onto the deck of the vessel.
5. Conduct other collection activities at the location.
6. Retrieve the anchor and move the vessel to the next location in accordance with

SOP No. 1 — Locating Sample Points Using a Global Positioning System and SOP
No. 2 — Positioning, or return to marina.
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7. Prior to proceeding to the next location or returning to the marina, if there is visible
sediment on the water quality meter, rinse with Newark Bay water as described in
SOP No. 3 — Decontamination.

3. Quality Assurance

Entering data into the field notebook will document that the process is being followed
and pertinent information is being collected and recorded in accordance with the
procedures outlined in this SOP. Entries in the field notebook will be double-checked
by the samplers to verify that the information is correct.

The data recorded by the water quality meter will be reviewed prior to leaving station.
Calibration standards must be stored properly according to manufacturer’s
instructions. Check and replace all calibration standards per manufacturer’s
suggestions to confirm accurate water quality meter readings.

4. Documentation

Field notes will be kept during calibration, operation, and maintenance activities, in
accordance with SOP No. 8 — Documenting Field Activities. All readings taken and
adjustments made during calibrations and calibration checks will be recorded in the
calibration logbook, as well as with the date and time at which the procedure was
completed. The serial number of the meter will be recorded and details of the
calibration solutions (manufacturer, expiration date, production information, etc.) will be

recorded, if available.

Field notes will be kept during surface water sampling activities in accordance with
SOP No. 8 — Documenting Field Activities.

Information will be recorded in the field notebook during water quality measurements,
including:

e date and time of measurements

< location of water quality meter measurements in New Jersey State Plane
Coordinates (feet)

« weather condition information

< unusual conditions or problems with sampling equipment or water quality meter.
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5. References

Tierra. 2007. Newark Bay Study Area Remedial Investigation Work Plan [Rev. 1].
Volume 2 Health and Safety/Contingency Plan. September.
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1. Purpose and Scope

The purpose of this document is to define the standard operating procedure (SOP) for
the documentation of field activities associated with the Newark Bay Study Area
(NBSA) Sediment Quality Triad and Porewater Sampling and Analysis Quality
Assurance Project Plan (SQT QAPP), including sample collection events, field
measurements, and site visits. Appropriate documentation of field activities provides
an accurate and comprehensive record of the work performed, sufficient for a technical
peer to reconstruct the day's activities and determine that necessary requirements
were met. Field records also provide evidence and support technical interpretations
and judgments. The procedures and systems defined in this SOP help confirm that the
records are identifiable (reference the project task/activity), retrievable, and protected
from loss or damage.

NBSA field data will be recorded in field notebook entries, standardized forms,
annotated maps, or photos. This SOP provides general guidance on field
recordkeeping; additional details for specific procedures (e.g., chain of custody) are
provided in the SOPs for individual tasks.

This SOP may change depending on field conditions, equipment limitations, or
limitations imposed by the procedure. Substantive modification to this SOP will be
approved in advance by Tierra Solutions Inc.’s (Tierra’s) Facility Coordinator and the
U.S. Environmental Protection Agency’s Remedial Project Manager. The ultimate
procedure employed will be documented in the field notebook.

In instances where this SOP will be utilized, a hard copy or electronic version will be
available at the point of use.

2. Guidelines

The description of, and observations made, during field activities often provide the
basis for technical site evaluations and other related written reports. All records and
notes generated in the field will be considered controlled evidentiary documents and
may be subject to scrutiny during litigation. Consequently, it is essential that the Field
Supervisor or designee pay attention to detail and document to the greatest extent
practicable every aspect of field activities.

Field documentation must provide sufficient information and data to enable the

reconstruction of field activities. This will be achieved through the use of field forms or
electronic information loggers (computer or hand-held devices).
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3. Equipment and Materials

The following equipment list contains materials that may be needed in carrying out the

procedures contained in this SOP. Not all equipment listed below may be necessary
for a specific activity. Additional equipment may be required, pending field conditions.

standardized field data forms (electronic and printed copies)
e site maps (electronic and printed copies)

e clipboard

e three-ring binder or equivalent

e camera

e time piece

< hand-held electronic recording device (e.g., laptop)
» field notebook

< black ballpoint pen or Sharpie® (or equivalent).

4. Procedures

4.1  General Requirements

The field records will contain sufficient detail so that the collection effort can be
reconstructed without reliance on the collector's memory.

Pertinent field information will be recorded legibly in field notebook entries or an
electronic log and/or in an appropriate standardized form (as described herein).

Field notebook entries will be signed and dated. No erasures or obliterations will be
made. A single line (i.e., strikeout) will be drawn through incorrect entries and the
corrected entry written next to the original strikeout. Strikeouts are to be initialed and
dated by the originator.

The field notebook will be a bound waterproof notebook with entries made in black
ballpoint pen. All notebook entries will be electronically scanned at the end of each day
or as frequently as possible and saved in the project files.
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Entries will be factual and observational (i.e., no speculation or opinion), and will not
contain any personal information or non-project-related entries. Abbreviations and
acronyms will be defined.

Field information will be recorded immediately — information recorded significantly after
the fact will be dated as such.

Field activities and other events pertinent to the field activities will be documented in
chronological order. Times will be recorded in local time using military format.

4.2 Field Notebook

NBSA field notebooks will be dedicated to the project and will not be used for any
other project or purpose. The field notebook will be a bound waterproof notebook with
entries made in black ballpoint pen. Separate and dedicated field notebooks will be
kept for different operations running concurrently (e.g., sampling on board the vessel,
processing at the field facility); individual tasks making up each operation will be
maintained in the same field notebook, if possible. The cover and binding of each field
notebook will be labeled to identify the operation and dates included with the
notebook; each page in the field notebook will be consecutively numbered. Pages will
not be removed or torn out of the notebook.

The first page of the field notebook will contain the following information:

ARCADIS project manager (PM), key personnel, and their respective phone
numbers

e Tierra PM, and phone number
< Emergency phone numbers
< Emergency contacts and phone numbers for personnel conducting boat work

e Marina contact, address, and phone number

project name and number
A page header will appear on the first page of each field notebook entry (i.e., the

beginning of notes for each day’s events), and activities for each day will be recorded
as a new logbook entry. The page header will include:
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« name of author and other personnel on site (and affiliated organization if

applicable)

e date

e time of arrival (military time)

e proposed activity (task)

current weather and tidal conditions, and weather forecast for the day.

An abbreviated header, containing at least the date, will appear at the top of each
additional page for the active date. Field forms require similar header information.

The field notebook will provide a chronology of events. At a minimum, documentation
in a field notebook will include the following (unless documented on a standard form):

names of visitor(s), including time of arrival and departure, the visitor’s affiliation,
and reason for visit

e summary of project-related communications, including names of people involved
and time

e time daily work commences and ceases

e start and stop times of new tasks

- start and stop times of significant standby time (work interruptions)

< safety or other monitoring data, including units with each measurement

e deviations from approved scope of work, including the necessary approvals
e progress updates

e problems/delays encountered

e unusual events

e initials of author on every page.
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The field notebook will cross-reference the standardized field forms if necessary;
however, whenever possible, details recorded on the standardized forms will not be
replicated in the field notebook.

In case of equipment malfunction or other unforeseen events, additional bound
waterproof field notebooks will be carried by field personnel to serve as backup
documentation methods. If there are additional lines on the page at the end of the
day’s activities, a line will be drawn through the empty space, and initialed and dated,
leaving no room for additional entries. Logbook entries will be electronically scanned at
the end of each day, or as frequently as possible, and electronically saved as
described in Section 4.6.

4.3 Standardized Forms

The information collected on any field forms will be collected and/or scanned and
stored (if a printed form) electronically (described in Section 4.6).

The following rules apply to the standardized forms:

e Each form will be printed (if electronic), signed, and dated by the person
completing the form and stored as described in Section 5.

< There will be no blank spaces on the form — unused spaces will have “not
applicable” or “not available” explanations.

e Field forms require similar header information as field notebook entries (see
Section B of this SOP).

e Atthe end of each day, or as frequently as possible, all forms completed will be
saved as described in Section 4.6.

4.4  Maps and Drawings

Pre-existing maps and drawings that include notations made in the field (i.e., relocating
of sample locations) will be referenced in the field notebook and, like all field records,
include the project/task name and number, site identification, and be signed or initialed

and dated by the person who prepared them.

Maps and drawings will include compass orientation and scale. Sketches will include
points of reference and distances to the reference points.
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If notations are made on electronic map or drawing files, these will be referenced in the
field notebook as described above and initialed and dated by the person who prepared
them. Notations made by hand on maps and drawings will be electronically scanned at
the end of each day, or as frequently as possible, and electronically saved as
described in Section 4.6.

45  Photographs and Other Photo Documentation

Photographs or videos may be taken by the field team to help document site
conditions, sampling locations, or sample characteristics. Photographs and videos will
be identified in the field notebook or on the electronic standard form. If photographs
are collected using a digital camera, camera settings should be modified to capture the
current date and timestamp on the photograph. At a minimum, a log of the photograph
captured, photographer’s name, and camera (if more than one) will be recorded in the
field notebook. Additional information may include the general location, brief
description, differential global positioning system coordinates, direction the
photographer was facing, and/or weather conditions. If necessary, an object will be
included to indicate the scale of the object in the photograph.

Photographs will be electronically saved into a folder at the end of each day, or as
frequently as possible, as described in Section 4.6.

4.6 Electronic Files

Electronic recording devices may include data logging systems, personal digital
assistants (PDASs), laptops, or tablet personal computers.

Sufficient backup systems will be in place to protect against electronic data loss.
Information will be saved to a disk or backed up immediately upon completion. The
backup disk or other media (CD, flash drive) will then be stored in a secure location
separate from the laptop, tablet, or PDA.

Files will be uniquely identified and stored in the project files. File names should
include the date, a description of the file contents or a unique title, and a version
number (i.e., “YYYYMMDD_Name of documentV#). An unedited version of the file will
be maintained and subsequent manipulations tracked.

5. Quality Assurance/Quality Control

Entries in the field forms will be double-checked by the samplers to verify that the
information is correct.
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Completed field forms will be reviewed periodically by the Facility Coordinator and/or
Project Quality Assurance Manager, or their designees, to verify that the requirements
are being met. At a minimum, this should occur at the end of each day. When the
review is complete, the reviewer will append his/her initials and date to the pages
reviewed for documentation purposes.

If information recorded in the field is transcribed to another format, the original record
will be retained for comparison purposes.

6. Data and Records Management

Deviations to the procedures detailed in the SOP will be recorded in the field
notebook.

Notebooks, field forms, chain of custody forms, and all other records associated with
the activities described in this SOP will ultimately be maintained by the investigative
organization.

Field notebook entries, field data forms, and chain of custody forms will be
electronically stored once they have been completed and distributed (if necessary) at
the end of each field day or as frequently as possible. Printed copies of these
documents will be maintained in labeled three-ring binders or contained in some other
organized manner that prevents loss in the field facility. Bound waterproof field
notebooks will be electronically scanned and saved in project files at the end of each
day, or as frequently as possible, to mitigate against the loss of historical entries
should the field notebook be lost in the field.

Distribution of daily forms will be performed according to the needs of the project team
and at the direction of the Field Supervisor or designee.

The Field Supervisor is responsible for reviewing and approving the field records for
accuracy, completeness, and conformance to the procedures in this SOP. The Field
Supervisor is also responsible for confirming that the field records are distributed to the
appropriate personnel during field activities, confirming that records are maintained
properly on site, and for archiving the records upon completion of field activities.
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1. Purpose and Scope

The purpose of this document is to define the standard operating procedure (SOP) for
data management. This SOP describes the procedures necessary to manage field
sampling and laboratory data. In addition to the sample collection efforts, all
requirements set forth in this SOP are to apply to data collected as part of the
sampling activities.

This SOP may change depending on field conditions, equipment limitations, or
limitations imposed by the procedure. Substantive modification to this SOP will be
approved in advance by Tierra Solutions Inc.’s (Tierra’s) Facility Coordinator and the
U.S. Environmental Protection Agency’s (USEPA'’s) Remedial Project Manager. The
ultimate procedure employed will be documented in the field notebook.

Other SOPs will be utilized with this procedure, including:

e SOP No. 8 — Documenting Field Activities.

In instances where this SOP will be utilized, a hard copy or electronic version will be
available at the point of use.

2. Procedures

2.1 Data Handling and Management

The following sections trace the paths of data from generation to final use and storage,
as well as the associated quality reviews for error detection that are performed to
promote data integrity.

2.1.1 Field Data Management

2111 Data Recording

Field data and information collected during sample collection may be recorded by
hand using the associated forms, entering into a field notebook, or by inputting field
data/information directly into an electronic field database (spreadsheet, database, or

equivalent), and will be recorded in accordance with requirements described in SOP
No. 8 — Documenting Field Activities.
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2112 Data Review

Each day after the completion of field activities, a designated team member, who will
be different from the originator of the field data, will perform an on-site review of the
sample collection data/information. This review will include verifying:

« sediment samples were collected at pre-identified sampling locations and that
prescribed sampling procedures were followed

- data and information, as well as associated forms, were completed in their entirety
for each sample

e data and information entered into the database or forms are accurate and
consistent with that recorded in the field notebooks (e.g., sample ID, location, time
of collection).

Once the data have been verified, the selected reviewer will sign and date hard copy
forms and the field notebook. Additionally, hard copy forms and the field notebook will
be electronically scanned. Electronic versions (in Portable Document Format [PDF]
format, or equivalent) of all forms will be placed on a secure network drive accessible
only to project personnel. The data will be sent to the ARCADIS office for review each
day.

Upon receipt of daily documentation (including the electronic field database and
scanned hard copy forms and field notebook), the office data manager will perform a
secondary review of the daily field data for consistency and accuracy.

If an electronic field database is maintained, the office data manager will import the
data sent from the site. If generated, the electronic field database will contain data
collected during sample collection and sample processing activities for the entire
project. The electronic field database will be placed on a secure network drive,
accessible only to project personnel, for storage/filing purposes.

212 Analytical Data Management

2121 Data Recording

The laboratory(ies) will prepare and retain full analytical and quality control (QC)
documentation. Laboratory records (both handwritten and electronic) will be

documented per the procedures contained in the laboratory-specific quality assurance
(QA) manual. Once the hard copy data packages and Electronic Data Deliverables
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(EDDs) are ready, they will be verified by the laboratory for completeness and
compliance prior to submittal to the Quality Assurance Coordinator (QAC).

Due to the nature of the toxicity and benthic community data, EDDs will not be
provided by the laboratories. Instead, data will be provided to the QAC in hard copy
and electronic format via spreadsheet (or equivalent method). The spreadsheets will
be verified by the laboratory for completeness and compliance prior to submittal to the
QAC.

2122 Data Transformation and Data Reductions

Calculations involved in reducing raw data to reportable data are defined in the
specified analytical methods. Automated data processing steps not provided in the
procedures listed can be found in the laboratory-specific QA manuals. Verification of
records and calculations generated by the laboratories will be performed as required
tasks and documented by signature of reviewer/data validation contractor.

Significant digits for hard copy and electronic results will be reported as specified in the
analytical method reference.

2123 Data Transfer

Unverified/unvalidated data will be transferred electronically from the identified
analytical laboratories to the QAC using the EDD format (or spreadsheets, as
described in Section 2.1.2.1 of this SOP), specified in Worksheet No. 29 of the
Sediment Quality Triad and Porewater Sampling and Analysis Quality Assurance
Project Plan (SQT QAPP). The data will be transferred in spreadsheet format (or
equivalent) via e-mail or similar information transfer mechanism.

2.2  Data Tracking and Control

The following sections provide a discussion of the procedures for data tracking,

storage, archiving, retrieval, and security for both hard copy and electronic data and
information.

2.2.1 Data Storage, Archiving, and Retrieval
2211 Hard Copy Files

Hard copies of project documentation and data will be placed in the project file, parts
of which will exist in several locations, including:
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e ARCADIS: Syracuse, New York, and Cranbury, New Jersey
e Field & Technical Services: Pittsburgh, Pennsylvania
e Tierra Solutions, Inc.: East Brunswick, New Jersey.

Such files will initially be maintained in secure locations within each facility. Hard
copies of project documentation and data will be provided to USEPA upon request.

Duplicate copies of pertinent field-related correspondence/documentation will be
maintained at the field office during field operations. Once such field operations have
been completed, this documentation will be transferred to the project file.

Upon completion of the data verification/validation process, project documents and
records will be stored in the project file. At such time that it is deemed appropriate to
archive the project file, either in parts or in its entirety, files may be boxed and shipped
off site to a secure document storage facility. The assigned barcode identifier for each
box being archived will be logged into a tracking spreadsheet with a brief description of
the contents of the box. Archived boxes will be retrieved from the document storage
facility, iffwhen necessary, using the logged barcode identifier.

2212 Electronic Files

Electronic data and information will be maintained and managed by the entities listed
above using password-protected computers and on secure network drives with access
limited to project personnel. Files will generally consist of the same components as the
hard copy files.

Reports (including QA reports), analytical laboratory documentation, data verification
reports, and field data will be in PDF format (or equivalent). Additionally, electronic
copies of EDDs containing verified/validated sample results will be filed in spreadsheet
format, and daily and cumulative electronic field databases will be filed in database
format.

2.2.2 Data Security
Hard copy information/data will be stored in secure areas within the three project file
locations. Electronic data and information will be maintained and managed using

password-protected computers and on secure network drives with access limited to
project personnel.
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2.3 Final Data Evaluation

At her/his discretion, Tierra’s Facility Coordinator may perform data evaluation
activities.

3. Quality Assurance

Appropriate QA/QC procedures will be followed during data management in
accordance with SOP No. 8 — Documenting Field Activities and this SOP.

4, Documentation

Field and laboratory documentation will be maintained in accordance with SOP No.8 —
Documenting Field Activities and this SOP.
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(Sheet 1 of 1)

Date: Q)
SDG: (2)
Analytical Group: 3
Samples Reviewed: (4
Identified Errors:

(5)
Corrective Actions Taken:

(6)

Person Responsible: (7N

**Attach original data table from analytical database, and final data table showing

changes (if applicable) to this form for data tracking/filing purposes. Also, attach any

communications (e.g., e-mails, conversation records) related to the data changes

discussed above.**
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DATA REVIEW FORM KEY
(Sheet 1 of 1)

DESCRIPTION OF ITEMS:

(1) Date of data review (e.g., 1/1/2015).

(2) Sample delivery group number assigned to data package under review.

(3) Analytical group requested for analysis under review (e.g., chlorinated herbicides).
(4) Sample ID(s) of samples chosen for review.

(5) Errors identified during comparison of data table from database to initialed and
dated Form 1s in Data Verification Reports.

(6) Actions taken to correct errors identified during comparison of data table from
database to marked-up Form 1s in Data Verification Reports.

(7) Name of person entering information into this form.
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Screening Values for Tissue - Newark Bay

Tissue
USEPA RSL - Fish Ing
(Risk of 10° or
Hazard of 0.1)

Eco Screening
Values for Tissue

Chemical CAS (mg/kg) CINC Surrogate (mg/kg ww) Source Selected SAL Source
PCB 85 65510-45-4 TBD - - - - -

PCB 87/115 38380-02-8 74472-38-1 TBD - - - - -

PCB 92 52663-61-3 TBD - - - - -

PCB 95/80 38379-99-6 33284-52-5 TBD - - - - -

PCB 97 41464-51-1 TBD - - - - -

PCB 99 38380-01-7 TBD - - - - -

PCBs - Total Aroclors 1336-36-3 0.00158 ca - - 0.00158 Human Health
PCBs - Total Congeners 1336-36-3 0.00158 ca -- -- 0.00158 Human Health
Total PCBs 1336-36-3 0.00158 ca - 0.0231 Back-Calculated NOAEL Mammal Threshold Restum et al. (1998) 0.00158 Human Health
DL-PCBs

PCB 105 32598-14-4 0.000809 ca - 0.092 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000809 Human Health
PCB 114 74472-37-0 0.000809 ca -- 0.092 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000809 Human Health
PCB 118 31508-00-6 0.000809 ca - 0.092 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000809 Human Health
PCB 123 65510-44-3 0.000809 ca -- 0.092 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000809 Human Health
PCB 126 57465-28-8 0.000000243 ca - 0.000027 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000000243 Human Health
PCB 156 38380-08-4 0.000809 ca -- 0.092 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000809 Human Health
PCB 157 69782-90-7 0.000809 ca - 0.092 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000809 Human Health
PCB 167 52663-72-6 0.000809 ca -- 0.092 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000809 Human Health
PCB 169 32774-16-6 0.000000809 ca - 0.000092 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000000809 Human Health
PCB 189 39635-31-9 0.000809 ca -- 0.092 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000809 Human Health
PCB 77 32598-13-3 0.000243 ca -~ 0.00024 Back- Cal?ﬂzzgonAEL Bird Nosek et al. (1992) 0.00024 Ecological
PCB 81 70362-50-4 0.0000809 ca - 0.00012 Back: Caloulated OAEL Bird Nosek et al. (1992) 0.0000809 Human Health
Dioxins/Furans

1,2,3,4,6,7,8-HpCDD 35822-46-9 0.00000243 ca - 0.000275 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.00000243 Human Health
1,2,3,4,6,7,8-HpCDF 67562-39-4 0.00000243 ca - 0.000275 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.00000243 Human Health
1,2,3,4,7,8-HxCDD 39227-28-6 0.000000243 ca - 0.0000275 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000000243 Human Health
1,2,3,4,7,8-HXCDF 70648-26-9 0.000000243 ca - 0.0000275 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000000243 Human Health
1,2,3,4,7,8,9-HpCDF 55673-89-7 0.00000243 ca - 0.000275 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.00000243 Human Health
1,2,3,6,7,8-HxCDD 57653-85-7 0.000000243 ca - 0.0000275 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000000243 Human Health
1,2,3,6,7,8-HXCDF 57117-44-9 0.000000243 ca - 0.0000275 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000000243 Human Health
1,2,3,7,8-PeCDD 40321-76-4 0.000000024 ca - 0.00000275 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000000024 Human Health
1,2,3,7,8-PeCDF 57117-41-6 0.000000809 ca - 0.000092 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000000809 Human Health
1,2,3,7,8,9-HxCDD 19408-74-3 0.000000243 ca - 0.0000275 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000000243 Human Health
1,2,3,7,8,9-HXCDF 72918-21-9 0.000000243 ca - 0.0000275 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000000243 Human Health
2,3,4,6,7,8-HXCDF 60851-34-5 0.000000243 ca - 0.0000275 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000000243 Human Health
2,3,4,7,8-PeCDF 57117-31-4 0.000000081 ca - 0.0000092 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.000000081 Human Health
2,3,7,8-TCDD 1746-01-6 0.000000024 ca - 0.00000195 Fish Tissue Threshold Giesy et al. (2002) 0.000000024 Human Health
2,3,7.8-TCDF 51207-31-9 0.000000243 ca - 0.000012 Back: Caloulated FNOAEL Bird Nosek et al. (1992) 0.000000243 |  Human Health
OCDD 3268-87-9 0.0000809 ca - 0.00916 Back-Calculated NOAEL Mammal Threshold Tillitt et al. (1996) 0.0000809 Human Health

Abbreviations:

C - based on carcinogenic effects, CAS - Chemical Abstracts Service number, DL - dioxin-like, M - maximum contaminant level, mg/kg - milligram per kilogram, N - based on noncarcinogenic effects
NA - not applicable, NDL - non dioxin-like, NOAEL - no observed adverse effect level, PAH - polycyclic aromatic hydrocarbon, PBB - polybrominated biphenyl
PCB - polychlorinated biphenyl, PCN - polychlorinated naphthalene, RSL - regional screening level, TBD - to be determined, pg/L - micrograms per liter, USEPA - U.S. Environmental Protection Agency, ww - wet weight

Notes:

The 4 essential nutrients lacking EPA RSLs will be screened from the BHHRA.
Screening levels for chemicals lacking EPA RSLs will be determined at a later date (TBD).
RSLs reflect residential values from the November 2013 version of the RSLs.

For the individual PCBs currently lacking values (indicated as TBD), a screening value of 0.00158 mg/kg will be used for tissue. This is the screening value for Total PCBs.

Human health fish tissue screening levels were calculated using the USEPA RSL online calculator, set to a HQ of 0.1 and a risk level of 10-6; accessed from http://fepa-prgs.ornl.gov/cgi-bin/chemicals/csl_search.



























































































































































































































































































































































































































































































Congener | CAS registry Congener | CAS registry
CB congener* number number Labeled analog analog number

2,3'5',6-TeCB 73 74338-23-1
2,4,4'5-TeCB 74 32690-93-0
2,4,4'6-TeCB 75 32598-12-2
2'3,4,5-TeCB 76 70362-48-0

3,34,4-TeCB3® 77 32598-13-3 BC,,-3,3'4,4-TeCB?*’ 77L | 105600-23-5
3,3,4,5-TeCB 78  70362-49-1
3,3,4,5-TeCB 79 41464-48-6
3,3,5,5'-TeCB 80  33284-52-5

3,4,4'5-TeCB® 81  70362-50-4 %C,,-3,4,4'5-TeCB’ 81L | 208461-24-9
2,2',3,3',4-PeCB 82  52663-62-4
2,2',3,3',5-PeCB 83  60145-20-2
2,2',3,3',6-PeCB 84  52663-60-2
2,2',3,4,4'-PeCB 85  65510-45-4
2,2',3,4,5-PeCB 86  55312-69-1
2,2',3,4,5'-PeCB 87  38380-02-8
2,2',3,4,6-PeCB 88  55215-17-3
2,2',3,4,6'-PeCB 89  73575-57-2
2,2',3,4',5-PeCB 90  68194-07-0
2,2',3,4',6-PeCB 91  68194-05-8
2,2',3,5,5'-PeCB 92  52663-61-3
2,2',3,5,6-PeCB 93  73575-56-1
2,2',3,5,6'-PeCB 94  73575-55-0
2,2',3,5',6-PeCB 95  38379-99-6
2,2',3,6,6'-PeCB 96  73575-54-9
2,2',3',4,5-PeCB 97 41464-51-1
2,2',3'4,6-PeCB 98  60233-25-2
2,2',4,4' 5-PeCB 99  38380-01-7
2,2',4,4',6-PeCB 100  39485-83-1

2,2'4,5,5-PeCB? 101 37680-73-2 $¥C,,-2,2'4,5,5'-PeCB* 101L  104130-39-4
2,2',4,5,6'-PeCB 102 68194-06-9
2,2',4,5,'6-PeCB 103 60145-21-3

2,2',4,6,6'-PeCB 104  56558-16-8 $3C,,-2,2',4,6,6'-PeCB? 104L 234432-89-4

2,3,3',4,4'-PeCB3® 105  32598-14-4 83C,-2,3,3',4,4'-PeCB’ 105L 208263-62-1
2,3,3',4,5-PeCB 106 70424-69-0
2,3,3',4',5-PeCB 107 70424-68-9
2,3,3',4,5'-PeCB 108  70362-41-3
2,3,3,4,6-PeCB 109  74472-35-8
2,3,3',4',6-PeCB 110  38380-03-9
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Congener | CAS registry Congener | CAS registry
CB congener* number number Labeled analog analog number
2,3,3'5,5'-PeCB 111 39635-32-0 8C,-2,3,3'5,5'-PeCB® 1111 235416-29-2
2,3,3',5,6-PeCB 112 74472-36-9
2,3,3'5',6-PeCB 113 68194-10-5
2,3,4,4'5-PeCB® 114 74472-37-0 3C,,-2,3,4,4' 5-PeCB’ 114 L 208263-63-2
2,3,4,4',6-PeCB 115 74472-38-1
2,3,4,5,6-PeCB 116 18259-05-7
2,3,4'5,6-PeCB 117 68194-11-6
2,3'4,4' 5-PeCB3® 118  31508-00-6 $3C,,-2,3',4,4'5-PeCB’ 118 L 104130-40-7
2,3'4,4'6-PeCB 119  56558-17-9
2,3',4,5,5'-PeCB 120  68194-12-7
2,3',4,5,'6-PeCB 121 56558-18-0
2'3,3'4,5-PeCB 122 76842-07-4
2'3,4,4' 5-PeCB*® 123 65510-44-3 BC,,-2',3,4,4',5-PeCB’ 123L  208263-64-3
2'3,4,5,5'-PeCB 124 70424-70-3
2'3,4,5,6'-PeCB 125 74472-39-2
3,3'4,4' 5-PeCB3® 126 57465-28-8 %C,,-3,3'4,4' 5-PeCB?’ 126L 208263-65-4
3,3,4,5,5'-PeCB 127 39635-33-1
2,2',3,3,4,4'-HxCB? 128  38380-07-3
2,2',3,3',4,5-HxCB 129  55215-18-4
2,2',3,3',4,5-HxCB 130  52663-66-8
2,2'3,3',4,6-HxCB 131 61798-70-7
2,2'3,3',4,6'-HxCB 132 38380-05-1
2,2',3,3',5,5'-HxCB 133 35694-04-3
2,2',3,3',5,6-HxXCB 134 52704-70-8
2,2'3,3',5,6'-HxCB 135 52744-13-5
2,2'3,3',6,6'-HxCB 136 38411-22-2
2,2',3,4,4' 5-HxCB 137 35694-06-5
2,2'3,4,4'5'-HxCB? 138 35065-28-2 3C,,-2,2',3,4,4' 5'-HXCB* 138L 208263-66-5
2,2'3,4,4'6-HxCB 139 56030-56-9
2,2',3,4,4'6'-HxCB 140 59291-64-4
2,2',3,4,5,5'-HxCB 141 52712-04-6
2,2'3,4,5,6-HxCB 142 41411-61-4
2,2'3,4,5,6'-HxCB 143 68194-15-0
2,2',3,4,5',6-HxCB 144 68194-14-9
2,2',3,4,6,6'-HxCB 145 74472-40-5
2,2'3,4'5,5-HxCB 146 51908-16-8
2,2'3,4'5,6-HxCB 147  68194-13-8
2,2'3,4'5,6'-HxCB 148 74472-41-6




Congener | CAS registry Congener | CAS registry
CB congener* number number Labeled analog analog number
2,2',3,4'5',6-HxCB 149 38380-04-0
2,2'3,4'6,6'-HxCB 150  68194-08-1
2,2',3,5,5',6-HxCB 151  52663-63-5
2,2'3,5,6,6'-HxCB 152 68194-09-2
2,2'4,4'5,5-HxCB? 153 35065-27-1
2,2'4,4'5'6-HxCB 154 60145-22-4
2,2'4,4'6,6'-HxCB 155 33979-03-2 13C,,-2,2',4,4',6,6'-HXCB? 1551 234432-90-7
2,3,3',4,4' 5-HxCB® 156 38380-08-4 ¥C,,-2,3,3'4,4' 5-HXCB’ 156L 208263-68-7
2,3,3',4,4'5'-HxCB® 157  69782-90-7 8C,-2,3,3'4,4'5'-HXCB’ 157L 235416-30-5
2,3,3,4,4',6-HxCB 158 74472-42-7
2,3,3',4,5,5'-HxCB 159 39635-35-3
2,3,3',4,5,6-HxCB 160  41411-62-5
2,3,3',4,5',6-HxCB 161 74472-43-8
2,3,3,4'5,5'-HxCB 162 39635-34-2
2,3,3',4'5,6-HxCB 163 74472-44-9
2,3,3',4'5',6-HxCB 164 74472-45-0
2,3,3',5,5',6-HxCB 165 74472-46-1
2,3,4,4'5,6-HxCB 166 41411-63-6
2,3'4,4'5,5'-HxCB® 167  52663-72-6 13C,,-2,3'4,4'5,5'-HXCB’ 167L 208263-69-8
2,3',4,4'5',6-HxCB 168  59291-65-5
3,3'4,4'5,5'-HxCB3® 169  32774-16-6 83C,,-3,3'4,4'5,5'-HXCB?’ 169L 208263-70-1
2,2',3,3'4,4'5-HpCB? 170 35065-30-6 $3C,-2,2'3,3'4,4'5-HpCB 170L | 160901-80-4
2,2'3,3',4,4',6-HpCB 171 52663-71-5
2,2'3,3',4,5,5'-HpCB 172 52663-74-8
2,2'3,3',4,5,6-HpCB 173 68194-16-1
2,2'3,3',4,5,6'-HpCB 174 38411-25-5
2,2',3,3',4,5',6-HpCB 175 40186-70-7
2,2',3,3',4,6,6'-HpCB 176 52663-65-7
2,2',3,3',4'5,6-HpCB 177 52663-70-4
2,2',3,3',5,5',6-HpCB 178  52663-67-9  *C,,-2,2'3,3'5,5',6-HpCB® 178L 232919-67-4
2,2',3,3',5,6,6'-HpCB 179 52663-64-6
2,2'3,4,4'5,5-HpCB? 180  35065-29-3 3C,,-2,2',3,4,4'5,5'-HpCB 180L| 160901-82-6
2,2'3,4,4'5,6-HpCB 181 T4472-47-2
2,2',3,4,4'5,6'-HpCB 182 60145-23-5
2,2'3,4,4'5',6-HpCB 183  52663-69-1
2,2'3,4,4'6,6'-HpCB 184 74472-48-3
2,2'3,455'6-HpCB 185 52712-05-7
2,2'3,4,5,6,6'-HpCB 186 74472-49-4
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Congener | CAS registry Congener | CAS registry
CB congener* number number Labeled analog analog number
2,2',3,4'5,5,6-HpCB? 187  52663-68-0
2,2'3,4'5,6,6-HpCB 188  74487-85-7 C,,-2,2'3,4'5,6,6'-HpCB? 188L | 234432-91-8
2,3,3',4,4'5,5-HpCB® 189  39635-31-9 C,,-2,3,3'4,4'5,5'-HpCB?’ 189L | 208263-73-4
2,3,34,4'5,6-HpCB 190  41411-64-7
2,3,3'4,4'5',6-HpCB 191 74472-50-7
2,3,3,4,5,5,6-HpCB 192 74472-51-8
2,3,34'55',6-HpCB 193 69782-91-8
2,2'3,3',4,4'5,5-0OcCB 194 35694-08-7 | *C,,-2,2',3,3'4,4'5,5'-OcCB* 194L | 208263-74-5
2,2',3,3,4,4'5,6-OcCB? 195  52663-78-2
2,2'3,3',4,4'5,6'-OcCB 196 42740-50-1
2,2',3,3',4,4'6,6'-OcCB 197 33091-17-7
2,2',3,3,4,5,5',6-OcCB 198  68194-17-2
2,2',3,3,4,5,5',6'-OcCB 199 52663-75-9
2,2'3,3,4,5,6,6'-OcCB 200  52663-73-7
2,2'3,3',4,5'6,6-OcCB 201  40186-71-8
2,2'3,3'5,5',6,6'-OcCB 202 2136-99-4 | ¥C,,-2,2',3,3',5,5',6,6'-OcCB? 202L | 105600-26-8
2,2',3,4,4'55',6-OcCB 203 52663-76-0
2,2'3,4,4'5,6,6'-OcCB 204 74472-52-9
2,3,34,4'5,5',6-OcCB 205 74472-53-0 *3C,,-2,3,3'4,4'5,5',6-OcCB? 205L | 234446-64-1
2,2'3,3',4,4'5,5',6-NoCB? 206 40186-72-9 $¥C,,-2,2',3,3'4,4'5,5',6- 206L | 208263-75-6
NoCB?
2,2'3,3,4,4'5,6,6'-NoCB 207 52663-79-3
2,2'3,3,4,5,5'6,6'-NoCB 208 52663-77-1 $C,,-2,2',3,3'4,5,5',6,6'- 208L | 234432-92-9
NoCB?
DeCB? 209 2051-24-3 3C,,-DeCB? 209L | 105600-27-9
1. Abbreviations for chlorination levels
MoCB monochlorobiphenyl HxCB hexachlorobiphenyl
DiCB dichlorobiphenyl HpCB heptachlorobiphenyl
TrCB trichlorobiphenyl OcCB octachlorobiphenyl
TeCB tetrachlorobiphenyl NoCB nonachlorobiphenyl
PeCB pentachlorobiphenyl DeCB decachlorobiphenyl
2. Labeled level of chlorination (LOC) window-defining congener
3. National Oceanic and Atmospheric Administration (NOAA) congener of interest
4, Labeled injection internal standard
5. Labeled clean-up standard
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Table 2. Retention times (RT), RT references, relative retention times (RRTS), estimated method detection limits (EMDLSs), and estimated minimum

levels (EMLs) for the 209 CB congeners on SPB-octyl.

Detection limits and minimum levels -
Matrix and concentration®®
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Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.![ Congener No. 23 RT Ref* | RT® | RRT® [ RRT limits’ (sec)® Quantitation reference® EMDL | EML | EMDL |EML EML
Compounds using 9L (**C,,-2,5-DiCB) as Labeled injection internal standard
CB congener
Monochlorobiphenyls
1 1L 13:44 ( 1.0012 | 0.9988-1.0036( -1+3 1L 82 200 8 20 10
1 2 3L 16:08 | 0.9878 | 0.9847-0.9908 6 1L/3L 4 10 0.4 1 0.5
1 3L 16:21 | 1.0010 0.9990-1.0031| -1+3 3L 88 200 9 20 10
Dichlorobiphenyls
2 4 4L 16:40 | 1.0010 0.9990-1.0030| -1+3 4L 172 500 17 50 20
2 10 4L 16:53 | 1.0140 1.0110-1.0170 6 4L/15L 22 50 2 5 2
2 9 4L 18:55 ] 1.1361 1.1331-1.1391 6 41L/15L 20 50 2 5 2
2 7 4L 19:07 | 1.1481 1.1451-1.1512 6 4L/15L 15 50 2 5 2
2 6 1L 19:26 | 1.1672 1.1642-1.1702 6 4L/15L 13 50 1 5 2
2 5 4L 19:48 | 1.1892 1.1862-1.1922 6 4L/15L 11 50 1 5 2
2 8 4L 19:56 | 1.1972 1.1942-1.2002 6 41L/15L 121 500 12 50 20
2 14 151 21:42 | 0.9267 0.9246-0.9288 6 41L/15L 31 100 3 10 5
2 11 15L 22:42 | 0.9694 0.9673-0.9715 6 4L/15L 105 200 10 20 10
2 13 15L 23:03 | 0.9843 0.9822-0.9865 6 4L/15L
2 12 150 [23:06 | 0.9865 | 0.9843-0.9886 6 AL/15L 28 10| 3 10} 5
2 13/12 15L 23:04 | 0.9851 0.9829-0.9872 6 41L/15L
2 15 15L 23:26 | 1.0007 0.9993-1.0021| -1+3 15L 183 500 18 50 20
Trichlorobiphenyls
3 19 19L 20:19 | 1.0008 0.9992-1.0025( -1+3 19L 42 100 4 10 5
30 19L 22:15 | 1.0961 1.0936-1.0985 6 19L/37L
175 500 17 50 20




Detection limits and minimum levels -
Matrix and concentration®®

Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.}| Congener No. ?? RT Ref* | RT® | RRT® | RRT limits’ (sec)® Quantitation reference® EMDL |EML | EMDL |EML| EML
3 18 19U  [22:23] 11026 | 1.1002-1.1051] 6 19L/37L
3 30/18 19U  [22:19( 1.0993 | 1.0969-1.1018] 6 19L/37L
3 17 19L  |22:49 | 11240 | 1.1215-1.1264] 6 19L/37L 86 | 200 [ o9 20 [ 10
3 27 19U  [23:06 [ 1.1379 | 1.1355-1.1404] 6 19L/37L 50 | 200 6 20 [ 10
3 24 19U [23:14 | 11445 | 1.1420-1.1470] 6 19L/37L 53 | 200 5 20 [ 10
3 16 19U  [23:25[ 11535 | 1.1511-1.1560] 6 19L/37L 3 |00 | 4 10 5
3 32 19L  |24:57 [ 12201 | 1.2266-1.2315] 6 19L/37L 84 | 200 [ 8 20 [ 10
3 34 19L  |[25:17 | 1.2455 | 1.2430-1.2479] 6 19L/37L 74 | 200 7 20 [ 10
3 23 19L  |[25:26 | 12529 | 1.2504-1.2553] 6 19L/37L 50 | 200 5 20 [ 10
3 29 19U [25:47 | 12701 | 1.2660-1.2742] 10 19L/37L
3 26 19L  |25:48 | 12709 | 1.2668-1.2750] 10 19L/37L 83 | 200 8 20 | 10
3 26/29 19L [25:48 | 12709 | 1.2668-1.2750] 10 19L/37L
3 25 37L  [26:04 | 0.8364 | 0.8348-0.8380 19L/37L 55 | 200 5 20 [ 10
3 31 37L  [26:25] 0.8476 | 0.8460-0.8492 19L/37L 152 [s00 | 15 [50 [ 20
3 28 37L  |26:44 | 08578 | 0.8551-0.8604] 10 19L/37L
3 20 37L | 26:49 | 0.8604 | 0.8578-0.8631| 10 19L/37L 1921500 | 19 50 | 20
3 28120 37L  |26:47 ] 08594 | 0.8567-0.8620] 10 19L/37L
3 21 37L  |26:58 | 0.8652 | 0.8626-0.8679] 10 19L/37L
3 33 37L  [27:01] 0.8668 | 0.8642-0.8695] 10 19L/37L 51 1200 f 5 20 | 10
3 21/33 37L  [26:50 [ 0.8658 | 0.8631-0.8684] 10 19L/37L
3 22 37L  |27:29] 0.8818 | 0.8802-0.8834] 6 19L/37L 9 |20 o9 20 [ 10
3 36 37L  [29:05[ 09332 | 0.9316-0.9348] 6 19L/37L 79 200 8 20 | 10
3 39 37L  [29:30 [ 0.9465 | 0.9449-0.9481] 6 19L/37L 85 | 200 [ o9 20 [ 10
3 38 37L  [30:10 [ 09679 | 0.9663-0.9695] 6 19L/37L 83 | 200 | 8 20 [ 10
3 35 37L  [30:42 ] 09850 | 0.9834-0.9866] 6 19L/37L 77 |20 8 20 [ 10
3 37 37L  [31:11] 1.0005 | 0.9995-1.0011] -1+3 37L 132 [s00 | 13 [50 [ 20
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Detection limits and minimum levels -
Matrix and concentration®®

Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.}| Congener No. ?? RT Ref* | RT® | RRT® | RRT limits’ (sec)® Quantitation reference® EMDL | EML | EMDL |EML EML
Labeled Compounds
1 1L 9L 13:43 | 0.7257 0.7125-0.7390 30 9L
1 3L 9L 16:20 | 0.8642 0.8510-0.8774 30 9L
2 4L 9L 16:39 | 0.8810 0.8677-0.8942| 30 9L
2 15L 9L 23:251 1.2390 1.2302-1.2478 20 9L
3 19L 9L 20:18 | 1.0741 1.0608-1.0873 30 9L
3 37L 52L 31:10 | 1.0841 1.0754-1.0928 30 52L
Compounds using 52L (**C,,-2,2',5,5'-TeCB) as Labeled injection internal standard
CB congener
Tetrachlorobiphenyls
4 54 54L 23:51 | 1.0007 0.9993-1.0021| -1+3 54L 118 500 12 50 20
4 50 54L 26:07 | 1.0958 1.0923-1.0993 10 54L/81L/77L
4 53 54L | 26:09 [ 1.0972 | 1.0937-1.1007] 10 54L/81L/I77L 58 20| 6 20 10
4 50/53 54L 26:08 | 1.0965 1.0930-1.1000 10 54L/81L/77L
4 45 54L 26:55 | 1.1294 1.1259-1.1329 10 54L/81L/77L
4 51 54L  |26:58 | 1.1315 | 1.1280-1.1350| 10 54L/81L/77L 1 (200 5 |20 [ 10
4 45/51 54L 26:57 | 1.1308 1.1273-1.1343 10 541L/81L/77L
4 46 54L 27:18 | 1.1455 1.1434-1.1476 54L/81L/77L 101 200 10 20 10
4 52 54L 28:45 | 1.2063 1.2042-1.2084 54L/81L/77L 191 500 19 50 20
4 73 54L 28:52 | 1.2112 1.2091-1.2133 54L/81L/77L 160 500 16 50 20
4 43 54L 28:58 | 1.2154 1.2133-1.2175 54L/81L/77L 94 200 9 20 10
4 69 54L 29:08 | 1.2224 1.2189-1.2259 10 54L/81L/77L
4 49 54l  [29:16 | 1.2280 | 1.2245-1.2315] 10 54L/81L/77L 115 [ 500 11 ) 50 f 20
4 69/49 54L 29:12 | 1.2252 1.2217-1.2287 10 54L/81L/77L
4 48 54L 29:33 | 1.2399 1.2378-1.2420 6 54L/81L/77L 76 200 8 20 10
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Detection limits and minimum levels -
Matrix and concentration®®

Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.}| Congener No. ?? RT Ref* | RT® | RRT® | RRT limits’ (sec)® Quantitation reference® EMDL |EML | EMDL |EML| EML
4 65 54l [29:49 | 1.2510 | 1.2476-1.2545] 10 54L/81L/77L
4 47 54l [29:50 | 1.2517 | 1.2483-1.2552[ 10 54L/81L/77L 195 | 500 | 19 50 20
4 44 54l  [29:53 | 1.2538 | 1.2503-1.2573[ 10 54L/81L/77L
4 44/47/65 54l [29:50 [ 1.2517 | 1.2483-1.2552[ 10 54L/81L/77L
4 62 54l [30:06 | 1.2629 | 1.2594-1.2664] 10 54L/81L/77L
4 75 54l [30:08 | 1.2643 | 1.2608-1.2678] 10 54L/81L/77L 57 [ 200 6 20 | 10
4 59 54l [30:12 | 12671 | 1.2636-1.2706] 10 54L/81L/77L
4 59/62/75 54l [30:00 [ 1.2650 | 1.2615-1.2685] 10 54L/81L/77L
4 42 54l [30:26 | 12760 | 1.2748-1.2790] 6 54L/81L/77L 61 | 200 | 6 20 [ 10
4 41 54l [30:52 | 1.2951 | 1.2916-1.2986] 10 54L/81L/77L
4 71 54l |30:58 | 1.2993 | 1.2958-1.3028] 10 54L/81L/77L 119 | 500 | 12 50 20
4 40 54L  [31:01] 1.3014 | 1.2979-1.3049] 10 54L/81L/77L
4 41/40/71 54l [30:58 | 1.2993 | 1.2958-1.3028] 10 54L/81L/77L
4 64 54l [31:12] 13091 | 1.3070-1.3112[ 6 54L/81L/77L 70 |20 7 20 [ 10
4 72 81L |31:59 | 0.8336 | 0.8323-0.8349| 6 54L/81L/77L 158 [500 | 16 |50 | 20
4 68 8IL |[32:18] 08419 | 0.8406-0.8432] 6 54L/81L/77L 149 [s00 [ 15 [s0 [ 20
4 57 81L [32:46 ] 0.8540 | 0.8527-0.8553] 6 54L/81L/77L 125 [s00 | 12 [s0 [ 20
4 58 81L [33:05] 08623 | 0.8610-0.8636] 6 54L/81L/77L 127 [s00 | 13 [0 [ 20
4 67 81L |33:13 | 0.8658 | 0.8645-0.8671] 6 54L/81L/77L 147 [s00 | 15 [50 | 20
4 63 8IL [33:30] 08732 | 08719-0.8745] 6 54L/81L/77L 138 [s00 | 14 [s0 [ 20
4 61 81L |33:46] 08801 | 0.8775-0.8827] 12 54L/81L/77L
4 70 81L 3353 ] 08831 | 0.8805-0.8858] 12 54L/81L/77L

170 | 500 | 17 |50 | 20
4 76 81L |33:55| 0.8840 | 0.8814-0.8866| 12 54L/81L/77L
4 74 8IL 335708849 | 0.8827-0.8871] 10 54L/81L/77L
4 61/70/74176 81L |33:55] 0.8840 | 0.8814-0.8866] 12 54L/81L/77L
4 66 81L |[34:15] 08927 | 0.8914-0.8940] 6 54L/81L/77L 162 500 | 16 |50 [ 20
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Detection limits and minimum levels -
Matrix and concentration®®
Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.}| Congener No. ?? RT Ref* | RT® | RRT® | RRT limits’ (sec)® Quantitation reference® EMDL |EML | EMDL |EML| EML
4 55 81L 34:28 | 0.8983 0.8970-0.8997 6 54L/81L/77L 120 500 12 50 20
4 56 81L 35:03 | 0.9136 0.9123-0.9149 6 54L/81L/77L 98 200 10 20 10
4 60 81L 35:16 | 0.9192 0.9179-0.9205 6 54L/81L/77L 131 500 13 50 20
4 80 81L 35:32 | 0.9262 0.9248-0.9275 6 54L/81L/77L 175 500 18 50 20
4 79 81L 37:16 | 0.9713 0.9700-0.9726 6 54L/81L/77L 173 500 17 50 20
4 78 81L 37:52 | 0.9870 0.9857-0.9883 6 54L/81L/77L 171 500 17 50 20
4 81 81L 38:23 | 1.0004 0.9996-1.0013| -1+3 81L 177 500 18 50 20
4 77 77L 39:02 | 1.0004 0.9996-1.0013| -1+3 77L 169 500 17 50 20
Labeled compounds
4 54L 52L 23:50 | 0.8290 0.8232-0.8348| 20 52L
4 81L 52L 38:22 | 1.3345 1.3287-1.3403| 20 52L
4 77L 52L 39:01| 1.3571 1.3513-1.3629| 20 52L
Compounds using 101L (**C,,-2,2',4,5,5'-PeCB) as Labeled injection internal standard
CB congener
Pentachlorobiphenyls

5 104 104L | 29:46 | 1.0000 0.9994-1.0017| -1+3 104L 228 500 23 50 20
5 96 104L | 30:17 | 1.0174 1.0146-1.0202| 10 104L/123L/1141/118L/105L 210 500 21 50 20
5 103 104L | 32:11 ] 1.0812 1.0795-1.0829 104L/123L/1141/118L/105L 225 500 23 50 20
5 94 104L | 32:29 | 1.0913 1.0896-1.0929 104L/123L/1141/118L/105L 121 500 12 50 20
5 95 104L | 33:00 | 1.1086 1.1058-1.1114| 10 104L/123L/1141/118L/105L
5 100 104L | 33:06 | 1.1120 1.1092-1.1148| 10 1041L/123L/1141/118L/105L

221 500 22 50 20
5 93 104L | 33:14 | 1.1165 1.1137-1.1193| 10 104L/123L/1141/118L/105L
5 102 104L 33:21 | 1.1204 1.1176-1.1232 10 104L/123L/114L/118L/105L
5 98 104L | 33:26 | 1.1232 1.1204-1.1260| 10 104L/123L/1141/118L/105L
5 95/100/93/102/98 104L | 33:13 | 1.1159 1.1131-1.1187| 15 1041L/123L/1141./118L/105L
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Detection limits and minimum levels -
Matrix and concentration®®

Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.}| Congener No. ?? RT Ref* | RT® | RRT® | RRT limits’ (sec)® Quantitation reference® EMDL |EML | EMDL |EML| EML
5 88 104L |33:48 | 1.1355 | 1.1321-1.1389] 12 104L/123L/114L/118L/105L
5 91 104 |33:55 | 1.1394 | 1.1366-1.1422] 10 104L/123L/114L/118L/105L 118 | 500 | 12 50 20
5 88/91 104L  |33:52 | 11377 | 1.1344-1.1411] 12 104L/123L/114L/118L/105L
5 84 104L  [34:14 | 1.1501 | 1.1484-1.1517 104L/123L/114L/118L/105L 124 [s00 | 12 [s0 [ 20
5 89 104L | 34:44 | 1.1669 | 1.1652-1.1685 104L/123L/114L/118L/105L 195 [s00 | 19 [0 [ 20
5 121 104  |34:57 | 11741 | 1.1725-1.1758 104L/123L/114L/118L/105L 200 [ 500 [ 21 |50 | 20
5 92 123L | 35:26 [ 0.8639 | 0.8627-0.8651 104L/123L/114L/118L/105L 115 [s00 | 12 [s0 [ 20
5 113 123L  [36:01] 0.8781 | 0.8761-0.8801] 10 104L/123L/114L/118L/105L
5 90 123L | 36:03 | 0.8789 | 0.8769-0.8809] 10 104L/123L/114L/118L/105L 241 (1000 | 24 1100 ] 50
5 101 123L | 36:04 | 0.8793 | 0.8773-0.8813] 10 104L/123L/114L/118L/105L
5 113/90/101 123L  |36:03 [ 0.8789 | 0.8769-0.8809] 10 104L/123L/114L/118L/105L
5 83 123L  [36:39 | 0.8935 | 0.8911-0.8960| 12 104L/123L/114L/118L/105L
5 99 123L | 36:41 | 0.8944 | 0.8923-0.8964] 10 104L/123L/114L/118L/105L 217 [ 500 | 22 | 50 | 20
5 83/99 123L | 36:40 | 0.8939 | 0.8915-0.8964] 12 104L/123L/114L/118L/105L
5 112 123L  |36:51 | 0.8984 | 0.8972-0.8996| 6 104L/123L/114L/118L/105L 245 [1000 | 25 [100| 50
5 119 123L  [37:12] 0.9069 | 0.9037-0.9102] 16 104L/123L/114L/118L/105L
5 108 123L  [37:12] 0.9069 | 0.9037-0.9102] 16 104L/123L/114L/118L/105L

149 |s00 | 15 |50 | 20
5 86 123L  |37:17 ] 0.9090 | 0.9057-0.9122] 16 104L/123L/114L/118L/105L
5 97 123L  |37:17 ] 0.9090 | 0.9057-0.9122] 16 104L/123L/114L/118L/105L
5 125 123L  [37:21] 09106 | 0.9074-0.9139] 16 104L/123L/114L/118L/105L
5 87 123L  [37:25 ] 09122 | 0.9102-0.9143] 10 104L/123L/114L/118L/105L
5 [108/119/86/97/125/87| 123L [37:19 | 0.9098 | 0.9065-0.9130] 16 104L/123L/114L/118L/105L
5 117 123L  |37:57 | 09252 | 0.9228-0.9277] 12 104L/123L/114L/118L/105L
5 116 123L  |38:02 [ 09273 | 0.9248-09297] 12 104L/123L/114L/118L/105L 104 1 200 | 10 f 20 | 10
5 85 123L | 38:05| 0.9285 | 0.9265-0.9305] 10 104L/123L/114L/118L/105L
5 117/116/85 123L | 38:00 | 0.9265 | 0.9240-0.9289| 12 104L/123L/114L/118L/105L
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Detection limits and minimum levels -
Matrix and concentration®
Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.}| Congener No. ?? RT Ref* | RT® | RRT® | RRT limits’ (sec)® Quantitation reference® EMDL |EML | EMDL |EML| EML
5 110 123L  [38:16 | 0.9330 | 0.9309-0.9350| 10 104L/123L/114L/118L/105L
5 115 123 |38:18 | 0.9338 | 0.9317-0.9358] 10 104L/123L/114L/118L/105L 243 (1000 | 24 1100 | 50
5 110/115 123L  |38:17 [ 0.9334 | 0.9313-0.9354| 10 104L/123L/114L/118L/105L
5 82 123L  [38:40 | 0.9427 | 0.9415-0.9439 104L/123L/1141/118L/105L 133 | 500 13 50 20
5 111 123L  [38:52 | 0.9476 | 0.9464-0.9488 104L/123L/114L/118L/105L 243 | 1000 | 24 [100| 50
5 120 123L  [39:21 | 0.9594 | 0.9581-0.9606 104L/123L/114L/118L/105L 147 | 500 15 50 20
5 107 123L | 40:39 [ 0.9911 | 0.9890-0.9931| 10 104L/123L/114L/118L/105L
5 124 123L | 40:40 [ 0.9915 | 0.9894-0.9935| 10 104L/123L/114L/118L/105L 200 11000 [ 27 (100 | 50
5 107/124 123L  [40:39 | 0.9911 | 0.9890-0.9931| 10 104L/123L/114L/118L/105L
5 109 123L  |40:54 [ 0.9972 | 0.9959-0.9984| 6 104L/123L/114L/118L/105L 103 | 200 10 20 10
5 123 123L  |41:02 | 1.0004 | 0.9996-1.0012| -1+3 123L 150 | 500 15 50 20
5 106 123L  |41:10 | 1.0037 | 1.0024-1.0049| 6 104L/123L/1141./118L/105L 143 | 500 14 50 20
5 118 118L |41:22 | 1.0004 | 0.9996-1.0012| -1+3 118L 193 | 500 19 50 20
5 122 118L |41:49 | 1.0113 | 1.0101-1.0125| 6 104L/123L/114L/118L/105L 117 | 500 12 50 20
5 114 114L  |41:58 | 1.0004 | 0.9999-1.0012| -1+3 114L 120 | 500 12 50 20
5 105 105L |42:43 | 0.9996 | 0.9992-1.0012| -2+3 105L 109 | 200 11 20 10
5 127 105L  |44:09 | 1.0332 | 1.0320-1.0343| 6 104L/123L/1141/118L/105L 278 | 1000 | 28 [100| 50
5 126 126L |45:58 | 1.0004 | 0.9996-1.0011| -1+3 126L 136 | 500 14 50 20
Labeled compounds
5 104L 101L  [29:46 | 0.8257 | 0.8211-0.8303| 20 101L
5 123L 101L  [41:01 | 1.1378 | 1.1331-1.1424| 20 101L
5 118L 101L  [41:21| 1.1470 | 1.1424-1.1516| 20 101L
5 114L 101L  |41:57 | 1.1637 | 1.1590-1.1683| 20 101L
5 105L 101L  |42:44 | 1.1854 | 1.1808-1.1900| 20 101L
5 126L 101L  |45:57 | 1.2746 | 1.2700-1.2792| 20 101L

Compounds using 138L (**C,,-2,2',3,4,4',5'-HxCB) as Labeled injection internal standard
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Detection limits and minimum levels -
Matrix and concentration®®

Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.}| Congener No. ?? RT Ref* | RT® | RRT® | RRT limits’ (sec)® Quantitation reference® EMDLlEML EMDL |EML EML

CB congener
Hexachlorobiphenyls
6 155 155L | 35:44 [ 1.0000 | 0.9995-1.0014] -1+3 155L 339 1000 | 34 [100] 50
6 152 155L  |36:07 | 1.0107 | 1.0093-1.0121] 6 155L/156L/157L/167L/169L 238 [1000 [ 24 [100 | s0
6 150 155L |36:15 | 1.0145 | 1.0131-1.0159] 6 155L/156L/157L/167L/169L 328 [1000 [ 33 [100] 50
6 136 155L | 36:44 | 1.0280 | 1.0266-1.0294] 6 155L/156L/157L/167L/169L 91 [ 200 | o9 20 [ 10
6 145 155L | 37:00 | 1.0354 | 1.0340-1.0368] 6 155L/156L/157L/167L/169L 317 |1000 | 32 [100] 50
6 148 155L | 34:26 | 1.0756 | 1.0742-1.0770] 6 155L/156L/157L/167L/169L 324 [1000 [ 32 [100] 50
6 151 155L |39:10 | 1.0961 | 1.0938-1.0984] 10 155L/156L/157L/167L/169L
6 135 155L  |39:17 | 1.0993 | 1.0970-1.1017] 10 155L/156L/157L/167L/169L 1121500 | 11 50 20
6 154 155L  |39:21 [ 1.1012 | 1.0989-1.1035| 10 155L/156L/157L/167L/169L
6 151/135/154 155L |39:15 | 1.0984 | 1.0961-1.1007| 10 155L/156L/157L/167L/169L
6 144 155L  |39:47 | 11133 | 1.1119-1.1147] 6 155L/156L/157L/167L/169L 167 [s00 | 17 [s0 [ 20
6 147 155L | 40:09 | 1.1236 | 1.1213-1.1259] 10 155L/156L/157L/167L/169L
6 149 155L | 40:12 | 11250 | 1.1227-1.1273] 10 155L/156L/157L/167L/169L 179 | 500 | 18 50 20
6 147/149 155L | 40:10 | 1.1241 | 1.1217-1.1264] 10 155L/156L/157L/167L/169L
6 134 155L | 40:27 | 1.1320 | 1.1297-1.1343] 10 155L/156L/157L/167L/169L
6 143 155L | 40:30 | 1.1334 | 1.1311-1.1357| 10 155L/156L/157L/167L/169L 134 | 500 | 13 50 20
6 134/143 155L | 40:29 [ 1.1329 | 1.1306-1.1353| 10 155L/156L/157L/167L/169L
6 139 155L | 40:47 | 1.1413 | 1.1390-1.1437] 10 155L/156L/157L/167L/169L
6 140 155L | 40:48 | 1.1418 | 1.1305-1.1441] 10 155L/156L/157L/167L/169L 196 | 500 | 20 50 20
6 139/140 155L | 40:47 | 1.1413 | 1.1390-1.1437] 10 155L/156L/157L/167L/169L
6 131 155L | 41:03 | 1.1488 | 1.1474-1.1502 155L/156L/157L/167L/169L 1210 [ s00 [ 12 [50 | 20
6 142 155L |41:13 | 1.1535 | 1.1521-1.1549 155L/156L/157L/167L/169L 311 1000 [ 31 [100| 50
6 132 155L | 41:36 | 1.1642 | 1.1618-1.1665| 10 155L/156L/157L/167L/169L 125 [s00 | 12 [s0 [ 20
6 133 155L | 41:57 | 11740 | 1.1726-1.1754] 6 155L/156L/157L/167L/169L 169 [s00 | 17 [s0 [ 20
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Detection limits and minimum levels -
Matrix and concentration®®

Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.}| Congener No. ?? RT Ref* | RT® | RRT® | RRT limits’ (sec)® Quantitation reference® EMDL |EML | EMDL |EML| EML
6 165 167L |42:23 | 0.8864 | 0.8853-0.8874] 6 155L/156L/157L/167L/169L 361 |1000 | 36 |100| 50
6 146 167L |42:38 | 0.8916 | 0.8906-0.8926] 6 155L/156L/157L/167L/169L 182 [s00 | 18 [50 [ 20
6 161 167L | 42:47 | 0.8947 | 0.8937-0.8958] 6 155L/156L/157L/167L/169L 352 |1000| 35 [100] 50
6 153 167L |43:17 [ 0.9052 | 0.9035-0.9069] 10 155L/156L/157L/167L/169L
6 168 167L | 43:21 | 0.9066 | 0.9048-0.9083] 10 155L/156L/157L/167L/169L 130 | 500 | 13 50 20
6 153/168 167L | 43:19 | 0.9059 | 0.9041-0.9076] 10 155L/156L/157L/167L/169L
6 141 167L |43:34 | 09111 | 0.9101-0.9122 155L/156L/157L/167L/169L 93 |[200 [ 9 20 | 10
6 130 167L | 44:01 | 0.9205 | 0.9195-0.9216 155L/156L/157L/167L/169L 136 [ 500 | 14 |50 | 20
6 137 167L | 44:14 | 0.9251 | 0.9240-0.9261 155L/156L/157L/167L/169L 300 [1000 | 30 [100] 50
6 164 167L | 44:22 | 0.9278 | 0.9268-0.9289 155L/156L/157L/167L/169L 136 500 | 14 |50 | 20
6 138 167L | 44:42 | 09348 | 09324-09373] 14 155L/156L/157L/167L/169L
6 163 167L | 44:42 [ 09348 | 0.9324-09373] 14 155L/156L/157L/167L/169L
6 129 167L | 44:47 | 0.9366 | 0.9341-0.9300| 14 155L/156L/157L/167L/169L S e T B
6 160 167L | 44:53 | 0.9387 | 0.9369-0.9404] 10 155L/156L/157L/167L/169L
6 | 138/163/129/160 167L | 44:47 [ 09366 | 0.9341-0.9390| 14 155L/156L/157L/167L/169L
6 158 167L |45:05 | 0.9428 | 0.9418-0.9439] 6 155L/156L/157L/167L/169L 96 | 200 10 [20] 10
6 166 167L | 45:59 | 0.9617 | 0.9599-0.9634] 10 155L/156L/157L/167L/169L
6 128 167L | 46:00 | 0.9651 | 0.9634-0.9669] 10 155L/156L/157L/167L/169L 124 | 500 | 12 50 20
6 128/166 167L | 46:04 [ 0.9634 | 0.9617-0.9651] 10 155L/156L/157L/167L/169L
6 159 167L |46:59 | 0.9826 | 0.9815-0.9836] 6 155L/156L/157L/167L/169L 348 [1000 [ 35 [100]| 50
6 162 167L |47:18 | 0.9892 | 0.9881-0.9902] 6 155L/156L/157L/167L/169L 355 [1000 [ 35 |100| S50
6 167 167L | 47:49 | 1.0000 | 0.9997-1.0010 -1+3 167L 115 [s00 | 11 [s0 [ 20
6 156 156L/157L | 49:05 | 0.9993 | 0.9983-1.0003] 6 156L/157L
6 157 156L/157L [ 49:09 | 1.0007 | 0.9990-1.0024] 10 156L/157L 1321500 | 13 [ 50 | 20
6 156/157 156L/157L [ 45:07 | 1.0000 | 0.9990-1.0010] 6 156L/157L
6 169 169L |52:31 | 1.0003 | 0.9997-1.0010 -1+3 169L 161 500 | 16 |50 | 20
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Detection limits and minimum levels -
Matrix and concentration®®
Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.}| Congener No. ?? RT Ref* | RT® | RRT® | RRT limits’ (sec)® Quantitation reference® EMDL | EML | EMDL |EML EML
Labeled compounds
6 155L 138L 35:44 | 0.7997 0.7960-0.8034( 20 138L
6 167L 138L 47:49 | 1.0701 1.0664-1.0739] 20 138L
6 156L 138L | 49:05 | 1.0985 1.0974-1.0996| 20 138L
6 157L 138L 49:08 | 1.0996 1.0959-1.1033| 20 138L
6 156L/157L 138L 49:07 | 1.0992 1.0981-1.1003| 20 138L
6 169L 138L 52:30 | 1.1749 1.1738-1.1761| 20 138L
Compounds using 194L(**C,,-2,2",3,3",4,4',5,5'-OcCB) as Labeled injection internal standard
CB congener
Heptachlorobiphenyls
7 188 188L | 41:51 | 1.0000 | 0.9996-1.0012| -1+3 188L 235 500 23 50 20
7 179 188L 42:19 | 1.0112 1.0100-1.0123 6 188L/189L 229 500 23 50 20
7 184 188L 42:45 | 1.0215 1.0203-1.0227 6 188L/189L 403 1000 40 100 50
7 176 188L | 43:15 | 1.0335 1.0323-1.0346 6 188L/189L 385 | 1000 39 100 50
7 186 188L 43:45 | 1.0454 1.0442-1.0466 6 188L/189L 407 1000 41 100 50
7 178 188L 45:06 | 1.0777 1.0765-1.0789 6 188L/189L 221 500 22 50 20
7 175 188L 45:46 | 1.0936 1.0924-1.0948 6 188L/189L 383 1000 38 100 50
7 187 188L 46:02 | 1.1000 1.0988-1.1012 6 188L/189L 191 500 19 50 20
7 182 188L 46:14 | 1.1047 1.1035-1.1059 6 188L/189L 398 1000 40 100 50
7 183 188L 46:42 | 1.1159 1.1147-1.1171 6 188L/189L
7 185 188L | 46:53 | 1.1203 | 1.1101-1.1215| 6 188L/189L 401 11000 | 40 1100} 50
7 183/185 188L 46:47 | 1.1179 1.1167-1.1191 6 188L/189L
7 174 188L 47:02 | 1.1239 1.1227-1.1251 6 188L/189L 186 500 19 50 20
7 177 188L 47:30 | 1.1350 1.1338-1.1362 6 188L/189L 141 500 14 50 20
7 181 188L 47:52 | 1.1438 1.1426-1.1450 6 188L/189L 396 1000 40 100 50
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Detection limits and minimum levels -
Matrix and concentration®®

Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.}| Congener No. ?? RT Ref* | RT® | RRT® | RRT limits’ (sec)® Quantitation reference® EMDL |EML | EMDL |EML| EML
7 171 188L | 48:10 | 1.1509 | 1.1489-1.1529] 10 188L/189L
7 173 188L |48:11| 11513 | 1.1501-1.1525| 6 188L/189L 374 (1000 | 37 1100 50
7 171/173 188L | 48:10 | 1.1509 | 1.1489-1.1529] 10 188L/189L
7 172 189L  |49:47 | 0.9035 | 0.9026-0.9044] 6 188L/189L 377 1000 [ 38 [100] 50
7 192 189L  |50:06 | 0.9093 | 0.9083-0.9102] 6 188L/189L 420 [1000 [ 42 [1200| s0
7 193 189L |50:26 | 0.9153 | 0.9144-09162] 6 188L/189L
7 180 189L" [50:27 | 0.9156 | 0.9147-0.9165] 6 188L/189LH 136 | 500 | 14 [ 50 | 20
7 180/193 189L  [50:26 | 0.9153 | 0.9144-09162] 6 188L/189L
7 191 189L  |50:51 | 0.9229 | 0.9220-0.9238] 6 188L/189L 418 | 1000 [ 42 [100 | s0
7 170 1891 [51:54 [ 0.9419 | 0.9410-0.9428] 6 188L/189L ™ 162 500 | 16 |50 | 20
7 190 189l | 52:26 | 0.9516 | 0.9507-0.9525| 6 188L/189L 234 [ 500 [ 23 [ 50 [ 20
7 189 189L [55:07 | 1.0003 | 0.9997-1.0009] -1+3 189L 177 [s00 | 18 [s0 [ 20

Octachlorobiphenyls
8 202 202L [47:32 ] 1.0004 | 0.9996-1.0011] -1+3 202L 442 1000 44 J100] 50
8 201 202L | 48:31] 1.0210 | 1.0193-1.0228] 10 202L/205L 440 |1000 | 44 [100| 50
8 204 202L  [49:11 | 1.0351 | 1.0340-1.0361 202L/205L 447 1000 [ 45 [1200| s0
8 197 202L [ 49:27 | 1.0407 | 1.0396-1.0417 202L/205L
8 200 202L | 49:40 | 1.0452 | 1.0442-1.0463 202L/205L 245 1000 | 25 100 50
8 197/200 202L | 49:33 | 1.0428 | 1.0417-1.0438 202L/205L
8 198 202L  [52:30 [ 1.1049 | 1.1031-1.1066] 10 202L/205L
8 199 202L |[52:32 | 1.1056 | 1.1045-1.1066] 6 202L/205L 203 [ 500 | 20 |50 | 25
8 198/199 202L [52:31 ] 11052 | 1.1035-1.1070] 10 202L/205L
8 196 205L  |53:13 [ 09207 | 0.9198-0.9216] 6 202L/205L 429 [1000 | 43 [100| 50
8 203 205L |53:26 [ 0.9245 | 0.9236-0.9253] 6 202L/205L 444 1000 [ 44 [1200| s0
8 195 205L | 54:55 [ 09501 | 0.9493-0.9510] 6 202L/205L 427 1000 | 43 [1200 | s0
8 194 205L |57:19 [ 0.9916 | 0.9908-0.9925] 6 202L/205L 170 [s00 | 17 [s0 [ 20
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Detection limits and minimum levels -
Matrix and concentration®®
Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.}| Congener No. ?? RT Ref* | RT® | RRT® | RRT limits’ (sec)® Quantitation reference® EMDL |EML | EMDL |EML| EML
8 205 205L | 57:49 | 1.0003 | 0.9997-1.0009| -1+3 205L 449 | 1000 45 100 50
Nonachlorobiphenyls
208 208L | 54:33 | 1.0003 [ 0.9997-1.0009| -1+3 208L 455 | 1000 46 100 50
207 208L | 55:32 | 1.0183 1.0174-1.0193 6 208L/206L 453 | 1000 45 100 50
206 206L [59:37 | 1.0003 | 0.9997-1.0008| -1+3 206L 451 | 1000 45 100 50
Decachlorobiphenyl
10 209 200L [61:15| 1.0003 | 0.9997-1.0008| -1+3 | 209L 153 [ 500 | 15 |50 | 20
Labeled compounds
7 188L 194L | 41:51 0.7304 | 0.7275-0.7333| 20 194L
7 180L 194L | 50:27 | 0.8805 | 0.8775-0.8834| 20 194L
7 170L 194L | 51:53 | 0.9055 | 0.9026-0.9084| 20 194L
7 189L 194L | 55:06 | 0.9616 | 0.9587-0.9645| 20 194L
8 202L 194L | 47:31 | 0.8293 | 0.8264-0.8322| 20 194L
8 205L 194L | 57:48 | 1.0087 1.0044-1.0131 30 194L
9 208L 194L | 54:32 | 0.9517 | 0.9488-0.9546| 20 194L
9 206L 194L | 59:36 | 1.0401 1.0358-1.0445( 30 194L
10 209L 194L | 61:14 | 1.0686 1.0643-1.0730f 30 194L
Labeled clean-up standards
3 28L 52L 26:44 1 0.9266 | 0.9209-0.9324| 20 52L
5 111L 101L | 38:51 | 1.0777 1.0730-1.0823 20 101L
7 178L 138L | 45:05 | 1.0090 1.0052-1.0127( 20 138L
Labeled injection internal standards
2 9L 138L | 18:54 | 0.4230 | 0.4183-0.4276| 25 138L
4 52L 138L | 28:45| 0.6434 | 0.6388-0.6481| 25 138L
5 101L 138L | 36:03 | 0.8068 | 0.8021-0.8115| 25 138L
6 138L 138L | 44:41( 1.0000 | 0.9996-1.0011| 100 138L
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Detection limits and minimum levels -
Matrix and concentration®®

Water Other Extract
cl Window (pg/L) (ng/kg) [ (pg/pL)
No.}| Congener No. ?? RT Ref* | RT® | RRT® | RRT limits’ (sec)® Quantitation reference® EMDL |EML | EMDL |EML| EML
8 194L 138L 57:18 | 1.2824 1.2777-1.2870 25 138L

10.

11.

Number of chlorines on congener.
Suffix "L" indicates labeled compound.

Multiple congeners in a box indicates a group of congeners that co-elute or may not be adequately resolved on a 30-m SPB-octyl column. Congeners
included in the group are listed as the last entry in the box.

Retention time (RT) reference used to locate target congener.

Retention time of target congener.

Relative retention time (RRT) between the RT for the congener and RT for the reference.

RRT limits based on RT window.

RT window width necessary to attempt to unambiguously identify the congener in the presence of other congeners.

Labeled congeners that form the quantitation reference. Areas from the exact m/z’s of the congeners listed in the quantitation reference are summed,
and divided by the number of congeners in the quantitation reference. For example, for congener 10, the areas at the exact m/z’s for 4L and 15L are

summed and the sum is divided by 2 (because there are 2 congeners in the quantitation reference).

EMDLs and EMLs with common laboratory interferences present. Without interferences, EMDLs and EMLs will be, respectively, 5 and 10 pg/L for
aqueous samples, 0.5 and 1.0 ng/kg for soil, tissue, and mixed-phase samples, and EMLs for extracts will be 0.5 pg/uL.

If congeners 170L and 180L are included in the calibration and spiking solutions, these congeners should be used as RT and quantitation references.
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Table 3. Concentrations of native and labeled chlorinated biphenyls in stock solutions, spiking solutions,
and final extracts

Solution concentrations
CB congener Stock (ug/mL) | Spiking (ng/mL) | Extract (ng/mL)
Native Toxics/LOC!

20 1.0 50
3 20 1.0 50

20 1.0 50
15 20 1.0 50
19 20 1.0 50
37 20 1.0 50
54 20 1.0 50
77 20 1.0 50
81 20 1.0 50
104 20 1.0 50
105 20 1.0 50
114 20 1.0 50
118 20 1.0 50
123 20 1.0 50
126 20 1.0 50
155 20 1.0 50
156 20 1.0 50
157 20 1.0 50
167 20 1.0 50
169 20 1.0 50
188 20 1.0 50
189 20 1.0 50
202 20 1.0 50
205 20 1.0 50
206 20 1.0 50
208 20 1.0 50
209 20 1.0 50

Native congener mix stock solutions?

MoCB thru TrCB 25
TeCB thru HpCB 5.0
OcCB thru DeCB 7.5
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CB congener

Solution concentrations

Stock (ug/mL) | Spiking (ng/mL) | Extract (ng/mL)

Labeled Toxics/LOC/window-defining®

1L 1.0 2.0 100
3L 1.0 2.0 100
4L 1.0 2.0 100
15L 1.0 2.0 100
19L 1.0 2.0 100
37L 1.0 2.0 100
54L 1.0 2.0 100
77L 1.0 2.0 100
81L 1.0 2.0 100
104L 1.0 2.0 100
105L 1.0 2.0 100
114L 1.0 2.0 100
118L 1.0 2.0 100
123L 1.0 2.0 100
126L 1.0 2.0 100
155L 1.0 2.0 100
156L 1.0 2.0 100
157L 1.0 2.0 100
167L 1.0 2.0 100
169L 1.0 2.0 100
188L 1.0 2.0 100
189L 1.0 2.0 100
202L 1.0 2.0 100
205L 1.0 2.0 100
206L 1.0 2.0 100
208L 1.0 2.0 100
209L 1.0 2.0 100
Labeled clean-up*
28L 1.0 2.0 100
1111 1.0 2.0 100
178L 1.0 2.0 100
Labeled injection internal®
oL 5 1000 100
52L 5 1000 100
101L 5 1000 100
138L 5 1000 100
194L 5 1000 100
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Solution concentrations
CB congener Stock (ug/mL) | Spiking (ng/mL) | Extract (ng/mL)
Diluted combined 209 congener®
Solution concentration (ng/mL)
Standard Native Labeled
Native congeners
MoCB thru TrCB 25
TeCB thru HpCB 50
OcCB thru DeCB 75
Labeled Toxics/LOC/window-defining 100
Labeled Cleanup 100
Labeled Injection internal 100

Stock solution: Section 7.8.1; Spiking solution: Section 7.11
Section 7.8.1.2

Stock solution: Section 7.9.1; Spiking solution: Section 7.12
Stock solution: Section 7.9.2; Spiking solution: Section 7.13
Stock solution: Section 7.9.3; Spiking solution: Section 7.14

Section 7.10.2.2.2
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Table 4. Composition of individual native CB congener solutions®

Solution identifier

A2 B2 C2 D2 E2
Accu-Standard part number
M-1668A-1 M-1668A-2 M-1668A-3 M-1668A-4 M-1668A-5
2 13 25
10 17 21
12 29 69 4
18 20 47 15
24 46 42 19
14 23 65 64 16
11 28 59 70 37
30 22 40 102 54
27 39 67 97 43
32 53 76 115 44
34 51 80 123 74
26 73 93 134 56
31 48 84 131 77
33 62 101 163 104
36 71 112 180 98
38 68 86 125
35 58 116 110
50 61 109/107 126
45 55 154 155
52 60 147 138
49 94 140 169
75 100 146 188
41 91 141 189
72 121 164 202
57 90 158 205
63 99 182 208
66 108/109 174 206
79 117 173 209
78 111 193
81 107/108
96 118
103 114
95 150
88 145
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Solution identifier

A2 B2 C2 D2 E2
Accu-Standard part number
M-1668A-1 M-1668A-2 M-1668A-3 M-1668A-4 M-1668A-5
89 135
92 149
113 139
83 132
119 165
87 168
85 137
82 160
120 128
124 162
106 157
122 184
105 186
127 187
152 185
136 181
148 192
151 197
144 199/201
143 203
142
133
161
153
130
129
166
159
167
156
179
176
178
175
183
177
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Solution identifier

A2

B2

C2

D2

E2

Accu-Standard part number

M-1668A-1

M-1668A-2

M-1668A-3

M-1668A-4

M-1668A-5

171

172

191

170

190

201/200

204

200/199

198

196

195

194

207

Total number of
congeners

83

54

29

15

28

Congeners present in each standard solution are listed in elution order for each level of chlorination.
Congener number (Table 1) listed first; BZ number listed second where ambiguous. See Table 3 for
concentrations of congeners in stock solutions and Table 5 for concentrations in calibration standard.
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Table 5. Concentration of CB congeners in calibration and calibration verification standards

Solution concentration (ng/mL)

CS-0.2 CS-3
CB congener Congener | (Hisens)? CS-1 CS-2 | (VER) | CS-4 CS-5
Native Toxics/LOC
2-MoCB 1 0.2 1.0 5.0 50 400 2000
4-MoCB 3 0.2 1.0 5.0 50 400 2000
2,2'-DiCB 4 0.2 1.0 5.0 50 400 2000
4,4'-DiCB 15 0.2 1.0 5.0 50 400 2000
2,2'6'-TrCB 19 0.2 1.0 5.0 50 400 2000
3,4,4-TrCB 37 0.2 1.0 5.0 50 400 2000
2,2',6,6'-TeCB 54 0.2 1.0 5.0 50 400 2000
3,34,4-TeCB 77 0.2 1.0 5.0 50 400 2000
3,4,4'5-TeCB 81 0.2 1.0 5.0 50 400 2000
2,2'4,6,6'-PeCB 104 0.2 1.0 5.0 50 400 2000
2,3,3',4,4'-PeCB 105 0.2 1.0 5.0 50 400 2000
2,3,4,4'5-PeCB 114 0.2 1.0 5.0 50 400 2000
2,3'4,4' 5-PeCB 118 0.2 1.0 5.0 50 400 2000
2'3,4,4' 5-PeCB 123 0.2 1.0 5.0 50 400 2000
3,3',4,4',5-PeCB 126 0.2 1.0 5.0 50 400 2000
2,2'4,4'6,6'-HxCB 155 0.2 1.0 5.0 50 400 2000
2,3,3',4,4'5-HxCB 156 0.2 1.0 5.0 50 400 2000
2,3,3',4,4'5'-HxCB 157 0.2 1.0 5.0 50 400 2000
2,3,4,4'55-HxCB 167 0.2 1.0 5.0 50 400 2000
3,3'4,4'55-HxCB 169 0.2 1.0 5.0 50 400 2000
2,2'3,4'5,6,6'-HpCB 188 0.2 1.0 5.0 50 400 2000
2,3,3,4,4'55-HpCB 189 0.2 1.0 5.0 50 400 2000
2,2',3,3',5,5,6,6'-OcCB 202 0.2 1.0 5.0 50 400 2000
2,3,34,4'5,5',6-OcCB 205 0.2 1.0 5.0 50 400 2000
2,2'3,3',4,4'5,5',6-NoCB 206 0.2 1.0 5.0 50 400 2000
2,2'3,3',4'5,5,6,6'-NoCB 208 0.2 1.0 5.0 50 400 2000
DeCB 209 0.2 1.0 5.0 50 400 2000
Labeled Toxics/LOC/window-defining
3C,,-2-MoCB 1L 100 100 100 100 100 100
3C,,-4-MoCB 3L 100 100 100 100 100 100
¥C,,-2,2'-DiCB 4L 100 100 100 100 100 100
¥C,,-4,4'-DiCB 151 100 100 100 100 100 100
13C,,-2,2',6-TrCB 19L 100 100 100 100 100 100
3C,,-3,4,4-TrCB 37L 100 100 100 100 100 100
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Solution concentration (ng/mL)

Cs-0.2 Cs-3
CB congener Congener* | (Hisens)? CS-1 CS-2 | (VER) | CS-4 CS-5
13C,,-2,2',6,6'-TeCB 54L 100 100 100 100 100 100
%C,,-3,3'4,4-TeCB 77L 100 100 100 100 100 100
3C,,-3,4,4',5-TeCB 81L 100 100 100 100 100 100
13C,,-2,2',4,6,6'-PeCB 104L 100 100 100 100 100 100
3C,,-2,3,3'4,4'-PeCB 105L 100 100 100 100 100 100
C,,-2,3,4,4'5-PeCB 114L 100 100 100 100 100 100
13C,,-2,3'4,4'5-PeCB 118L 100 100 100 100 100 100
3C,,-2',3,4,4'5-PeCB 123L 100 100 100 100 100 100
¥C,,-3,3'4,4'5-PeCB 126L 100 100 100 100 100 100
BC,,-2,2',4,4'6,6'-HxCB 155L 100 100 100 100 100 100
3C,,-2,3,3'4,4'5-HXCB 156L 100 100 100 100 100 100
C,,-2,3,3'4,4'5"-HxCB 157L 100 100 100 100 100 100
C,,-2,3',4,4'5,5'-HxCB 167L 100 100 100 100 100 100
C,,-3,3',4,4'5,5'-HxCB 169L 100 100 100 100 100 100
13C,,-2,2',3,4',5,6,6'-HpCB 188L 100 100 100 100 100 100
3C,,-2,3,3'4,4'5,5'-HpCB 189L 100 100 100 100 100 100
$¥C,,-2,2',3,3'5,5',6,6'-OcCB 202L 100 100 100 100 100 100
¥C,,-2,3,3'4,4'5,5',6-0cCB 205L 100 100 100 100 100 100
3C,,-2,2',3,3'4,4'5,5',6-NoCB 206L 100 100 100 100 100 100
¥C,,-2,2',3,3'4'5,5',6,6'-NoCB 208L 100 100 100 100 100 100
¥C,,-DeCB 209L 100 100 100 100 100 100
Labeled clean-up
B3C,,-2,4,4-TrCB 28L 100 100 100 100 100 100
¥C,,-2,3,3'5,5'-PeCB 111L 100 100 100 100 100 100
3C,,-2,2',3,3'5,5',6-HpCB 178L 100 100 100 100 100 100
Labeled injection internal
3C,,-2,5-DiCB oL 100 100 100 100 100 100
¥C,,-2,2'5,5'-TeCB 52L 100 100 100 100 100 100
$¥C,,-2,2',4'5,5'-PeCB 101L 100 100 100 100 100 100
13C,,-2,2',3'4,4'5'-HxCB 138L 100 100 100 100 100 100
$3C,,-2,2',3,3'4,4'5,5'-0cCB 194L 100 100 100 100 100 100

2.

Suffix "L" indicates labeled compound

Additional concentration used for calibration of high sensitivity HRGC/HRMS systems
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Table 6. QC acceptance criteria for chlorinated biphenyls in VER, IPR, OPR, and samples®

IPR

Labeled compound

Congener Test conc VER* OPR recovery in samples
Congener number? (ng/mL)? (%) RSD (%) X (%) (%) (%)

2-MoCB 1 50 70-130 40 60-140 50-150
4-MoCB 3 50 70-130 40 60-140 50-150
2,2-DiCB 4 50 70-130 40 60-140 50-150
4,4'-DiCB 15 50 70-130 40 60-140 50-150
2,2'6-TrCB 19 50 70-130 40 60-140 50-150
3,4,4-TrCB 37 50 70-130 40 60-140 50-150
2,2'6,6'TeCB 54 50 70-130 40 60-140 50-150
3,3'4,4-TeCB 77 50 70-130 40 60-140 50-150
3,4,4'5-TeCB 81 50 70-130 40 60-140 50-150
2,2'4,6,6'-PeCB 104 50 70-130 40 60-140 50-150
2,3,3',4,4'-PeCB 105 50 70-130 40 60-140 50-150
2,3,4,4'5-PeCB 114 50 70-130 40 60-140 50-150
2,3'4,4' 5-PeCB 118 50 70-130 40 60-140 50-150
2',3,4,4'5-PeCB 123 50 70-130 40 60-140 50-150
3,3',4,4'5-PeCB 126 50 70-130 40 60-140 50-150
2,2'4,4'6,6'-HxCB 155 50 70-130 40 60-140 50-150
2,3,3'4,4' 5-HxCB?® 156 50 70-130 40 60-140 50-150
2,3,3',4,4' 5'-HxCB?® 157 50 70-130 40 60-140 50-150
2,3,4,4'55-HxCB 167 50 70-130 40 60-140 50-150
3,3'4,4'55-HxCB 169 50 70-130 40 60-140 50-150
2,2'3,4'5,6,6'-HpCB 188 50 70-130 40 60-140 50-150
2,3,3,4,4'55-HpCB 189 50 70-130 40 60-140 50-150
2,2'3,3',5,5',6,6'-OcCB 202 50 70-130 40 60-140 50-150
2,3,3,4,4'5,5',6-OcCB 205 50 70-130 40 60-140 50-150
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Labeled compound

Congener Test conc VER* IPR OPR recovery in samples
Congener number? (ng/mL)? (%) RSD (%) X (%) (%) (%)
2,2',3,3,4,4'5,5',6-NoCB 206 50 70-130 40 60-140 50-150
2,2'3,3,4,5,5'6,6'-NoCB 208 50 70-130 40 60-140 50-150
DeCB 209 50 70-130 40 60-140 50-150
3C,,-2-MoCB 1L 100 50-150 50 20-135 15-140 15-150
3C,,-4-MoCB 3L 100 50-150 50 20-135 15-140 15-150
3C,,-2,2'-DiCB 4L 100 50-150 50 35-135 30-140 25-150
3C,,-4,4'-DiCB 15L 100 50-150 50 35-135 30-140 25-150
BC,-2,2',6-TrCB 19L 100 50-150 50 35-135 30-140 25-150
3C,,-3,4,4-TrCB 37L 100 50-150 50 35-135 30-140 25-150
13C,,-2,2',6,6'-TeCB 54L 100 50-150 50 35-135 30-140 25-150
13C12-3,3',4,4'-TeCB 77L 100 50-150 50 35-135 30-140 25-150
3C,,-3,4,4'5-TeCB 81L 100 50-150 50 35-135 30-140 25-150
$3C,,-2,2',4,6,6'-PeCB 104L 100 50-150 50 35-135 30-140 25-150
13C,,-2,3,3'4,4'-PeCB 105L 100 50-150 50 35-135 30-140 25-150
C,,-2,3,4,4'5-PeCB 114L 100 50-150 50 35-135 30-140 25-150
BC.,-2,3'4,4'5-PeCB 118L 100 50-150 50 35-135 30-140 25-150
83C,,-2',3,4,4'5-PeCB 123L 100 50-150 50 35-135 30-140 25-150
3C,,-3,3'4,4'5-PeCB 126L 100 50-150 50 35-135 30-140 25-150
B3C,,-2,2',4,4',6,6'-HXCB 155L 100 50-150 50 35-135 30-140 25-150
8C,-2,3,3'4,4'5 -HxCB® 156L 100 50-150 50 35-135 30-140 25-150
8C,-2,3,3'4,4'5'-HXCB® 157L 100 50-150 50 35-135 30-140 25-150
3C,,-2,3',4,4'5,5'-HXCB 167L 100 50-150 50 35-135 30-140 25-150
C,,-3,3',4,4'5,5'-HxCB 169L 100 50-150 50 35-135 30-140 25-150
$3C,-2,2',3,4'5,6,6'-HpCB 188L 100 50-150 50 35-135 30-140 25-150
$C,,-2',3,3'4,4'5,5-HpCB 189L 100 50-150 50 35-135 30-140 25-150
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Labeled compound

Congener Test conc VER* IPR OPR recovery in samples

Congener number? (ng/mL)? (%) RSD (%) X (%) (%) (%)
8C,-2,2'3,3'5,5,6,6'-OcCB 202L 100 50-150 50 35-135 30-140 25-150
3C,,-2,3,3'4,4'5,5',6-0cCB 205L 100 50-150 50 35-135 30-140 25-150
$C,,-2,2'3,3'4,4',5,5',6-NoCB 206L 100 50-150 50 35-135 30-140 25-150
C,,-2,2',3,3'4,5,5',6,6'-NoCB 208L 100 50-150 50 35-135 30-140 25-150
$3C,-2,2,3,3'4,4'5,5,6,6'-DeCB 209L 100 50-150 50 35-135 30-140 25-150

Cleanup standard

B3C,,-2,4,4-TrCB 28L 100 60-130 45 45-120 40-125 30-135
$C.,-2,3,3'5,5'-PeCB 1111 100 60-130 45 45-120 40-125 30-135
$3C,,-2,2'3,3'5,5',6-HpCB 178L 100 60-130 45 45-120 40-125 30-135

QC acceptance criteria for IPR, OPR, and samples based on a 20 pL extract final volume

Suffix "L" indicates labeled compound.

See Table 5.

Section 15.3.

PCBs 156 and 157 are tested as the sum of two concentrations
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Table 7. Scan descriptors, levels of chlorination, m/z information, and substances monitored by

HRGC/HRMS
Function and
chlorine level m/z* m/z type m/z formula Substance

Fn-1; CI-1 188.0393 M 2C,, Hy %Cl Cl-1CB
190.0363 M+2 2C, Hy,¥'Cl Cl-1CB
200.0795 M 13C_, Hy ®CI Cc,, Cl-1CB
202.0766 M+2 3¢, H, ¥'Cl ’c,, Cl-1CB
218.9856 lock C,F PFK

Fn-2; Cl-2,3 222.0003 M 2C, Hg *Cl, Cl-2pPCB
223.9974 M+2 2C,, Hy ®C1 ¥ Cl Cl-2 PCB
225.9944 M+4 2C,, H, 7Cl, Cl-2 PCB
234.0406 M 13C,, Hy *Cl, BC,, Cl-2PCB
236.0376 M+2 BC,Hg*CI¥ ClI BC,, Cl-2PCB
242.9856 lock Cq Fo PFK
255.9613 M ¢ H, *Cl, CI-3PCB
257.9584 M+2 2c . H,*Cl,¥Cl CI-3PCB
268.0016 M BC, H; *Cl, BC,, CI-3PCB
269.9986 M+2 13C,, H, ®Cl, ¥'Cl ’c,, CI-3PCB

Fn-3 255.9613 M ¢ H, *Cl, CI-3PCB

Cl-3,4,5 257.9584 M+2 2c . H,*Cl,¥Cl CI-3PCB
259.9554 M-+4 2C, H, ®Cl*Cl, CI-3PCB
268.0016 M 3C,, H, ®Cl, C,, CI-3PCB
269.9986 M+2 13C,, H, ®Cl, ¥'Cl ’c,, CI-3PCB
280.9825 lock Cs Fuy PFK
289.9224 M 2C, Hg *Cl, Cl-4 PCB
291.9194 M+2 2c,, H, ®Cl, ¥Cl Cl-4 PCB
293.9165 M+4 2c . H, ®Cl, ¥Cl, Cl-4 PCB
301.9626 M BC, He *Cl, BC,, Cl-4PCB
303.9597 M+2 BC, Hg ®Cl,*'Cl BC,, Cl-4PCB
323.8834 M 13C,, H5 *Cl, Cl-5 PCB
325.8804 M+2 2c ., H5 %Cl, ¥'Cl CI-5PCB
327.8775 M+4 2c,, H5 *Cl, ¥'Cl, Cl-5 PCB
337.9207 M+2 BC,, H5 *Cl,*Cl BC,, CI-5PCB
339.9178 M+4 3¢, H5 %Cl, ¥'Cl, ’c,, CI-5PCB
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Function and
chlorine level m/z* m/z type m/z formula Substance
Fn-4 289.9224 M 2c,, Hy ®Cl, Cl-4 PCB
Cl-4,5,6 291.9194 M+2 2C, Hg *Cl,¥'Cl Cl-4 PCB
293.9165 M+4 2c ., H, ¥Cl, ¥Cl, Cl-4 PCB
301.9626 M 1C,, H, ®Cl, 7Cl C,, Cl-4 PCB
303.9597 M+2 BC,, Hs *Cl,¥'Cl, BC,, Cl-4PCB
323.8834 M 2C, Hy *Clg Cl-5 PCB
325.8804 M+2 2c,, H, ®Cl, ¥Cl CI-5PCB
327.8775 M-+4 2c . H, ®Cl, ¥'Cl, CI-5PCB
330.9792 lock C, Fis PFK
337.9207 M+2 BC, Hy*Cl,*"Cl BC,, CI-5PCB
339.9178 M+4 13C,, H, ®Cl, ¥'Cl, ’c,, CI-5PCB
359.8415 M+2 2c,, H, ®Cl, ¥Cl Cl-6 PCB
361.8385 M+4 2c,, H,*Cl,%Cl, Cl-6 PCB
363.8356 M+6 2C, H, *Cl,¥'Cl, Cl-6 PCB
371.8817 M+2 13C,, H, ®Cl, ¥Cl ’c,, Cl-6 PCB
373.8788 M-+4 1c,, H, ®Cl, 7'Cl, 1’c,, CI-6 PCB
Fn-5 323.8834 M 2C,, Hs *Cl; Cl-5 PCB
Cl-5,6,7 325.8804 M+2 2c,, Hy %Cl, ¥'Cl CI-5PCB
327.8775 M+4 2c ., H, ®Cl, ¥Cl, CI-5PCB
337.9207 M+2 13C,, H, *Cl, ¥Cl 1’c,, CI-5PCB
339.9178 M+4 BC,, Hs *Cl,¥'Cl, C,, CI-5PCB
354.9792 lock CoFys PFK
359.8415 M+2 2c,, H, ®Cl, ¥Cl Cl-6 PCB
361.8385 M+4 2c . H,*Cl,¥Cl, Cl-6 PCB
363.8356 M+6 2C,, H, *Cl,¥Cl, Cl-6 PCB
371.8817 M+2 BC, H,*Cl*Cl BC,, Cl-6 PCB
373.8788 M+4 1c,, H, ®Cl, ¥Cl, ’c,, CI-6 PCB
393.8025 M+2 2c,, H, ®Cl, ¥Cl CI-7 PCB
395.7995 M+4 2c,, H, %Cl ¥Cl, Cl-7 PCB
397.7966 M+6 2C,, Hy *Cl, ¥'Cl, CI-7 PCB
405.8428 M+2 13C,, H, ®Cl, ¥'Cl ’c,, CI-7PCB
407.8398 M+4 13C,, H, ®Cl, 7'Cl, ’c,, CI-7PCB
454.9728 QC CyFy PFK
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Function and
chlorine level m/z* m/z type m/z formula Substance

Fn-6 393.8025 M+2 2C, H; ®CI,¥Cl ClI-7 PCB

Cl-7,8,9,10 395.7995 M+4 2C,, Hy *Cl;¥'Cl, ClI-7 PCB
397.7966 M+6 2c ., H, ®Cl,¥Cl, Cl-7 PCB
405.8428 M+2 13C,, H, ®Cl, ¥'Cl ’c,, CI-7PCB
407.8398 M+4 BC,, Hy *CI,¥'Cl, B¢C,, CI-7PCB
427.7635 M+2 2c,, H, *Cl, ¥Cl CI-8 PCB
429.7606 M+4 2c . H, ®Cl, ¥Cl, CI-8 PCB
431.7576 M+6 2c . H, ®Cl, Cl, CI-8 PCB
439.8038 M+2 BC,, H, *Cl, ¥Cl C,, CI-8PCB
441.8008 M-+4 BC, H, ®Clg¥'Cl, B¢C,, CI-8PCB
442.9728 QC Cyo Fus PFK
454.9728 lock Cy, Frs PFK
461.7246 M+2 2c,, H, %Cl, ¥'Cl Cl-9 PCB
463.7216 M-+4 2C, H, *Cl,*'Cl, CI-9 PCB
465.7187 M+6 2c . H, ®Cl, 7Cl, Cl-9 PCB
473.7648 M+2 13C,, H, ®Cl, ¥Cl 1’c,, CI-9 PCB
475.7619 M+4 BC,, H, *Cl,¥Cl, C,, CI-9PCB
495.6856 M+2 2C, H,*Cl,*"Cl Cl-10 PCB
497.6826 M+4 ¢, %Cl, 7Cl, Cl-10 PCB
499.6797 M+6 ¢, %Cl, ¥Cl, Cl-10 PCB
507.7258 M+2 3¢, %Cl, ¥'Cl 13C, Cl-10 PCB
509.7229 M-+4 BC, ®Cly¥Cl, BC,, Cl-10 PCB
511.7199 M+6 13c,, %Cl, 7Cl, 1’c,, CI-10 PCB

1. Isotopic masses used for accurate mass calculation

'H
12C
13C
35Cl
37CI
19F

1.0078
12.0000
13.0034
34.9689
36.9659
18.9984
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Table 8. Theoretical ion abundance ratios and QC limits

Chlorine atoms | m/zs forming ratio | Theoretical ratio | Lower QC limit | Upper QC limit
1 m/m+2 3.13 2.66 3.60
2 m/(m+2) 1.56 1.33 1.79
3 m/(m+2) 1.04 0.88 1.20
4 m/(m+2) 0.77 0.65 0.89
5 (M+2)/(m+4) 1.55 1.32 1.78
6 (M+2)/(m+4) 1.24 1.05 1.43
7 (M+2)/(m+4) 1.05 0.89 1.21
8 (M+2)/(m+4) 0.89 0.76 1.02
9 (M+2)/(m+4) 0.77 0.65 0.89

10 (M+4)(m+6)] 1.16 0.99 1.33
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Table 9. Suggested Sample Quantities to be Extracted for Various Matrices*

Percent Quantity
Sample matrix? Example solids Phase extracted
Single-phase
Agueous Drinking water
Groundwater <1 —3 1000 mL
Treated wastewater
Solid Dry soil
Compost >20 Solid 109
Ash
Organic Waste solvent
Waste oil <1 Organic 10¢g
Organic polymer
Tissue Fish .
: — Organic 10¢g
Human adipose
Multi-phase
Liquid/Solid
Aqueous/Solid Wet soil
Untreated effluent
Digested municipal sludge 1-30 Solid 10¢g
Filter cake
Paper pulp
Organic/solid Industrial sludge
- 1-100 Both 10g
Oily waste
Liquid/Liquid
Aqueous/organic In-process effluent
Untreated effluent <1 Organic 10g
Drum waste
Aqueous/organic/solid Untreated effluent . .
>1 Organic & solid 10g
Drum waste

1. The quantity of sample to be extracted is adjusted to provide 10 g of solids (dry weight). One liter of aqueous
samples containing one percent solids will contain 10 grams of solids. For aqueous samples containing greater
than one percent solids, a lesser volume is used so that 10 grams of solids (dry weight) will be extracted.

2. The sample matrix may be amorphous for some samples. In general, when the CBs are in contact with a multi-
phase system in which one of the phases is water, they will be preferentially dispersed in or adsorbed on the
alternate phase because of their low solubility in water.

3. Aqueous samples are filtered after spiking with the labeled compounds. The filtrate and the materials trapped
on the filter are extracted separately, and the extracts are combined for cleanup and analysis.
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Prep per § 11.5

Spike Labeled Toxics/LOC
window-definers per
§115.2.2

Particle
size >1mm?
(from §11.3)

Yes
Y

No

Grind per § 11.7

Determine % solids

§11.2

Determine particle size

§11.3

SDS extraction
per §812.3

Solids > 1%?
(from § 11.2)

Prep per § 11.4

Y
Spike Labeled Toxics/LOC
window-definers per
§114.22

A

Extract per § 12.2.1,
§12.2.2,0r812.2.3

Y

Spike Cleanup standard per
§1251

Y

Back extract per
§125

Y

Transfer through
Na,SO, per § 12.5.6

3

Concentrate per
§12.6-8§12.7

v

Clean up per
§13.2-8§13.50r§13.7

!

Concentrate per
§12.6-§12.7

v

Spike injection internal
standard per § 14.2

v

Analyze per
§14-818

SCC-99-020

Figure 1 Flow Chart for Analysis of Aqueous and Solid Samples
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Determine % solids
per §11.2

Determine particle size
per§11.3

¥
Spike Labeled Toxics/LOC
window-definers per §
11.6.2

Pressure filter aliquot per
§11.6.2

Aqueous Non-aqueous (organic)

!

Solids

Reserve 10g or

A

Particle

) amount up to
Discard size <1 mm? 1L, whichever is
(from § 11.3) less
Grind per § 11.7
SDS extract per B
§123
Spike Cleanup standard per
§1251 Concentrate per
§12.6-812.7
A
Back extract A
per §12.5 Clean up per
§13.2- 8135, §13.7
Transfer through
Na,SO, per 12.5.6 Concentrate per
- §12.6-§812.7
Spike injection internal
standard per § 14.2
A
. . ) Analyze per
Figure 2 Flow Chart for Analysis of Multi-Phase Samples §14-§18
SCC-99-018
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Homogenize tissue
per §11.8.1

!

Remove 10 ¢
per §11.8.1.4

!

Spike Labeled Toxics/LOC
window-definers per § 11.8.3

!

Soxhlet extract
per § 12.4

!

Concentrate to dryness
per§12.47-812.4.8

!}

Determine % lipids per
§1249

{

Redissolve in n-Cg and spike
cleanup standard
per§12.4.9.1

v

Remove lipids per
§13.6

!

Concentrate per
§126-812.7

v

Clean up per
§13.2-8135,813.7

!

Concentrate per
§126-812.7

v

Spike injection internal
standard per § 14.2

v

Analyze per § 14 - § 18

SCC-99-019

Figure 3 Flow Chart for Analysis of Tissue Samples
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Figure 4 Solid-phase Extraction Apparatus
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§2-027-02

Figure 5 Soxhlet/Dean-Stark Extractor
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Figure 6 Octyl column resolution test #1: Separation of CI-3 congeners 34 and 23 with valley <40% (i.e.
100x/y < 40%)

Method 1668A with corrections and changes through August 20, 2003

102



3 176 STIT
] 153/130
1 189
] 179 1% 175 182 85 177 152 190
] 138 184 185 178 187 183 181 172 191 1
] /)
E ¥y
] b
UL v B UYLl t\/\f\ ANLA

Figure 7 Octyl column resolution test #2: Separation of CI-7 congeners 187 and 182 with valley < 40%
(i.e. 100 x/y < 40%)
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Figure 8. CB congeners at each level of chlorination on the SPB-octyl column
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24.0 Glossary

These definitions and purposes are specific to this Method but have been conformed to
common usage to the extent possible.

24.1 Units of weight and measure and their abbreviations
24.1.1 Symbols
°C  degrees Celsius
pL  microliter
MM  micrometer
< less than
> greater than
% percent
24.1.2 Alphabetical abbreviations

cm centimeter

g gram
h hour

ID inside diameter
in. inch

L liter

M Molecular ion
m meter

mg  milligram

min  minute

mL  milliliter

mm  millimeter

m/z  mass-to-charge ratio

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

OD  outside diameter

pg picogram

ppb  part-per-billion

ppm  part-per-million

ppq  part-per-quadrillion

ppt  part-per-trillion

psig pounds-per-square inch gauge

v/iv. volume per unit volume

w/v  weight per unit volume
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24.2 Definitions and acronyms (in alphabetical order)
Analyte—A CB 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 HRGC/HRMS instrument.

Calibration verification standard (VER)—The mid-point calibration standard (CS-3) that is used to
verify calibration. See Table 5.

CB—chlorinated biphenyl congener. One of the 209 individual chlorinated biphenyl congeners
determined using this Method. The 209 CBs are listed in Table 1.

CS-0.2, CS-1, CS-2, CS-3, CS-4, CS-5—See Calibration standards and Table 5.
DeCB—decachlorobipheny! (PCB 209)
DiCB—dichlorobiphenyl

Estimated method detection limit (EMDL)—The lowest concentration at which a CB can be
detected with common laboratory interferences present. EMDLS are listed in Table 2.

Estimated minimum level (EML)—The lowest concentration at which a CB can be measured
reliably with common laboratory interferences present. EMLs are listed in Table 2.

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—heptachlorobipheny!l

HPLC—High performance liquid chromatograph or high performance liquid chromatography
HRGC—High resolution GC

HRMS—High resolution MS

HxCB—nhexachlorobiphenyl

Labeled injection internal standard—All five, or any one of the five, **C,,-labeled CB congeners
spiked into the concentrated extract immediately prior to injection of an aliquot of the extract into the

HRGC/HRMS. The five Labeled injection internal standards in this Method are CBs with congener
numbers 9, 52, 101, 138, and 194.
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Internal standard—a labeled compound used as a reference for quantitation of other labeled
compounds and for quantitation of native CB congeners other than the congener of which it is a
labeled analog. See Internal standard quantitation.

Internal standard quantitation—A means of determining the concentration of (1) a naturally
occurring (native) compound by reference to a compound other than its labeled analog and (2) a
labeled compound by reference to another labeled compound.

IPR—Initial precision and recovery; four aliquots of a reference matrix spiked with the analytes of
interest and labeled compounds and analyzed to establish the ability of the laboratory to generate
acceptable precision and recovery. An IPR is performed prior to the first time this Method is used
and any time the Method or instrumentation is modified.

Isotope dilution quantitation—A means of determining a naturally occurring (native) compound by
reference to the same compound in which one or more atoms has been isotopically enriched. In this
Method, all 12 carbon atoms in the biphenyl molecule are enriched with carbon-13 to produce *C,-
labeled analogs of the chlorinated biphenyls. The **C,,-labeled CBs are spiked into each sample and
allow identification and correction of the concentration of the native compounds in the analytical
process.

K-D—Kuderna-Danish concentrator; a device used to concentrate the analytes in a solvent
Laboratory blank—See Method blank

Laboratory 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 prohibited.

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

Method blank—An aliquot of reagent water that is treated exactly as a sample including exposure to
all glassware, equipment, solvents, reagents, internal standards, and surrogates that are used with
samples. The Method blank is used to determine if analytes or interferences are present in the
laboratory environment, the reagents, or the apparatus.

Minimum level of quantitation (ML)—The level at 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.

MoCB—monochlorobiphenyl

MS—Mass spectrometer or mass spectrometry

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

NoCB-nonachlorobiphenyl
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OcCB—octachlorobiphenyl

OPR—O0ngoing precision and recovery standard (OPR); a method blank spiked with known
guantities 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.

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

Preparation blank—See Method blank

Quiality 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—polychlorinated 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 10.5
RR—Relative response. See Section 10.4
RSD—See Relative standard deviation

SDS—Soxhlet/Dean-Stark extractor; an extraction device applied to the extraction of solid and semi-
solid materials (Reference 11 and Figure 5).

Signal-to-noise ratio (S/N)—The height of the signal as measured from the mean (average) of the
noise to the peak maximum divided by the width of the noise.

Should—This action, activity, or procedural step is suggested but not required.
SICP—Selected ion current profile; the line described by the signal at an exact m/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 analyte.
Also termed liguid-solid extraction.
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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.

TeCB—tetrachlorobiphenyl

TEF—Toxicity equivalency factor; an estimate of the toxicity of a specific congener relative to
2,3,7,8-tetrachlorodibenzo-p-dioxin.

TEQ—the toxicity equivalent concentration in an environmental sample. It is the sum of the
concentrations of each individual toxic PCB and each individual 2,3,7,8-substituted, tetra-through
octachlorinated, dibenzo-p-dioxin and dibenzofuran multiplied by their respective TEFs (Reference
1).

TEQpcz—the portion of the TEQ attributable to the toxic PCBs.

TrCB—trichlorobiphenyl

Unigue GC resolution or uniquely resolved—Two adjacent chromatographic peaks in which the
height of the valley is less than 40 percent of the height of the shorter peak (See section 6.9.1.1.2 and
Figures 6 and 7 for unique resolution specific to the SPB-octyl column).

VER—See Calibration verification.
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Appendix A—Preliminary information for determination of 209 CBs on the
DB-1 Column

1.0

1.1

1.2

Column and Conditions
Column—30 + 5-m long x 0.25 + 0.02-mm ID; 0.25 um film DB-1 (J&W, or equivalent).

Suggested GC operating conditions:

Injector temperature: 270 °C

Interface temperature: 290 °C

Initial temperature: 75°C

Initial time: 2 minutes

Temperature program:  75-150 °C at 15 °C/minute
150-270 °C at 2.5 °C/minute

Final time: 7 minutes

Carrier gas velocity: 40 cm/sec at 200 °C

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

2.0

2.1

2.2

2.3

2.4

Operating Information

Congener solutions—Mixes of individual congene4rs that will allow separation of all w09
congeners on the DB-1 column had not been developed at the date of writing of these
corrections to Method 1668A.

Elution order data—The congener mixes developed for the SPB-octyl column (Table 4 of
Method 1668A) were run on the DB-1 column. Although some congeners in these mixes co-
elute, the mixes allow determination of retention times for many congeners on the DB-1
column. These retention times are shown in Appendix Table A-1.

Window-defining congeners—The beginning and ending congeners at each level of
chlorination are the same as for the SPB-octyl column. See Table 2 in Method 1668A.

Scan descriptors—The 6-function scan descriptors are shown in Appendix Table A-2.
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Table A-1. Retention time (RT) references, quantitation references, and relative retention times (RRTs) for CB congeners using a DB-1 column.

Congener Retention time and quantitation Congener
Labeled or native CB! number? references number RT RRT RRT QC limits®
3C,,-2-MoCB* 1L 13C,,-4-MoCB*® 3L 09:17 0.8855 0.8776-0.8935
2-MoCB 1 13C,,-2-MoCB* 1L 09:17 1.0000 0.9964-1.0072
3-MoCB 2 13C,,-4-MoCB*® 3L 10:22 0.9889 0.9809-0.9968
13C,,-4-MoCB*® 3L 3C,,-2,2'5,5'-TeCB’ 52L 10:29 0.5561 0.5473-0.5650
4-MoCB 3 13C,,-4-MoCB*® 3L 10:29 1.0000 0.9968-1.0064
B¢C,,-2,2"-DiCB* 4L 13C,,-4,4'-DiCB** 15L 11:08 0.7591 0.7477-0.7705
2,2'-DiCB 4 3c,,-2,2'-DiCB* 4L 11:08 1.0000 0.9925-1.0075
2,6-DiCB 10 13C,,-4,4'-DiCB** 15L 11:10 0.7614 0.7500-0.7727
2,5-DiCB 9 13C,,-4,4'-DiCB** 15L 12:08 0.8273 0.8216-0.8330
2,4-DiCB 7 13C,,-4,4'-DiCB** 15L 12:09 0.8284 0.8227-0.8341
2,3-DiCB 6 13C,,-4,4'-DiCB** 15L 12:31 0.8534 0.8477-0.8591
2,4'-DiCB® 8 13C,,-4,4'-DiCB** 15L 12:43 0.8670 0.8614-0.8727
2,3-DiCB 5 13C,,-4,4'-DiCB** 15L 12:46 0.8705 0.8648-0.8761
1%C,,-2,2',6-TrCB* 19L 18C,,-2,4,4'-TrCB® 28L | 13:31 0.7990 0.7892-0.8089
2,2',6-TrCB 19 BC,,-2,2',6-TrCB* 19L 13:31 1.0000 0.9975-1.0049
3,5-DiCB 14 13C,,-4,4'-DiCB** 15L 13:36 0.9273 0.9216-0.9330
2,4,6-TrCB 30 BC,,-2,4,4-TrCB? 28L 14:06 0.8335 0.8286-0.8384
3,3-DiCB 11 13C,,-4,4'-DiCB** 15L 14:11 0.9670 0.9614-0.9727
3,4-DiCB 13 13C,,-4,4'-DiCB** 15L 14:26 0.9841 0.9784-0.9898
3,4-DiCB 12 13C,,-4,4'-DiCB** 15L 14:27 0.9852 0.9795-0.9909
2,2' 5-TrCB" 18 BC,,-2,4,4-TrCB? 28L 14:36 0.8631 0.8581-0.8680
BC,,-4,4-DiCB*® 15L 3C,,-2,2'5,5'-TeCB’ 52L 14:40 0.7781 0.7692-0.7869
4,4'-DiCB 15 13C,,-4,4'-DiCB** 15L 14:40 1.0000 0.9977-1.0043
2,2'4-TrCB 17 BC,,-2,4,4-TrCB? 28L 14:43 0.8700 0.8650-0.8749
2,3',6-TrCB 27 BC,,-2,4,4-TrCB? 28L 15:06 0.8926 0.8877-0.8975
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Congener Retention time and quantitation Congener
Labeled or native CB! number? references number RT RRT RRT QC limits®
2,3,6-TrCB 24 B3C,,-2,4,4-TrCB® 28L 15:06 0.8926 0.8877-0.8975
2,2'3-TrCB 16 B3C,,-2,4,4-TrCB® 28L 15:26 0.9123 0.9074-0.9172
2,4',6-TrCB 32 B3C,,-2,4,4-TrCB® 28L 15:29 0.9153 0.9103-0.9202
15C,,-2,2',6,6'-TeCB* 54L 13C,,-3,3'4,4'-TeCB*5? 77L | 16:02 0.6139 0.6075-0.6203
2,2',6,6'-TeCB 54 ¥C,-2,2',6,6'-TeCB* 54L 16:02 1.0000 0.9979-1.0042
2',3,5-TrCB 34 B3C,,-2,4,4'-TrCB® 28L 16:03 0.9488 0.9438-0.9537
2,3,5-TrCB 23 B3C,,-2,4,4-TrCB® 28L 16:07 0.9527 0.9478-0.9576
2,4,5-TrCB 29 B3C,,-2,4,4-TrCB® 28L 16:18 0.9635 0.9586-0.9685
2,3'5-TrCB 26 B3C,,-2,4,4-TrCB® 28L 16:29 0.9744 0.9695-0.9793
2,3'4-TrCB 25 B3C,,-2,4,4-TrCB® 28L 16:36 0.9813 0.9764-0.9862
2,4'5-TrCB 31 B3C,,-2,4,4-TrCB® 28L 16:52 0.9970 0.9921-1.0020
18C,,-2,4,4'-TrCB® 28L 13C,,-2,2'5,5'-TeCB’ 52L | 16:55 0.8974 0.8930-0.9019
2,4,4-TrCB® 28 B3C,,-2,4,4-TrCB® 28L 16:55 1.0000 0.9980-1.0039
2,2'4,6-TeCB 50 3C.,-3,3'4,4'-TeCB**® 77L 16:55 0.6477 0.6414-0.6541
2,3,4-TrCB 21 B3C,,-2,4,4-TrCB® 28L 17:21 1.0256 1.0207-1.0305
2,2'5,6'-TeCB 53 3C,-3,3'4,4'-TeCB**® 77L 17:26 0.6675 0.6611-0.6739
2,3,3-TrCB 20 B3C,,-2,4,4-TrCB® 28L 17:22 1.0266 1.0217-1.0315
2',3,4-TrCB 33 B3C,,-2,4,4-TrCB® 28L 17:24 1.0286 1.0236-1.0335
2,2',4,6'-TeCB 51 3C.,-3,3'4,4'-TeCB**® 77L 17:42 0.6777 0.6713-0.6841
2,3,4-TrCB 22 B3C,,-2,4,4-TrCB® 28L 17:43 1.0473 1.0424-1.0522
2,2',3,6-TeCB 45 3C.,-3,3'4,4'-TeCB**® 77L 18:00 0.6892 0.6828-0.6956
3,3,5-TrCB 36 B3C,,-2,4,4-TrCB® 28L 18:16 1.0798 1.0749-1.0847
2,2',3,6'-TeCB 46 3C.,-3,3'4,4'-TeCB**® 77L 18:24 0.7045 0.6981-0.7109
3,4'5-TrCB 39 B3C,,-2,4,4-TrCB® 28L 18:37 1.1005 1.0956-1.1054
1C,,-2,2',5,5'-TeCB’ 52L 13C,,-2,2'5,5'-TeCB’ 52L | 1851 1.0000 0.9956-1.0044
2,2'5,5-TeCB" 52 3C.,-3,3'4,4'-TeCB**® 77L 18:51 0.7218 0.7154-0.7281
2,3'4,6-TeCB 69 3C,-3,3'4,4'-TeCB**® 77L 18:52 0.7224 0.7160-0.7288
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Congener Retention time and quantitation Congener
Labeled or native CB! number? references number RT RRT RRT QC limits®
2,3',5',6-TeCB 73 3C,-3,3'4,4'-TeCB**® 77L 18:57 0.7256 0.7192-0.7320
2,2',4,5'-TeCB 49 3C,-3,3'4,4'-TeCB**® 77L 19:00 0.7275 0.7211-0.7339
2,2',3,5-TeCB 43 3C.,-3,3'4,4'-TeCB**® 77L 19:04 0.7301 0.7237-0.7364
3,4,5-TrCB 38 B3C,,-2,4,4-TrCB® 28L 19:12 1.1350 1.1300-1.1399
2,2'4,4'-TeCB 47 3C,-3,3'4,4'-TeCB**® 77L 19:15 0.7371 0.7307-0.7435
2,4,4',6-TeCB 75 3C.,-3,3'4,4'-TeCB**® 77L 19:20 0.7403 0.7339-0.7466
2,2'4,5-TeCB 48 3C.,-3,3'4,4'-TeCB**® 77L 19:20 0.7403 0.7339-0.7466
2,3,5,6-TeCB 65 3C,-3,3'4,4'-TeCB**® 77L 19:31 0.7473 0.7409-0.7537
2,3,4,6-TeCB 62 3C,-3,3'4,4'-TeCB**® 77L 19:36 0.7505 0.7441-0.7569
3,3,4-TrCB 35 B3C,,-2,4,4-TrCB® 28L 19:41 1.1635 1.1586-1.1685
13C,,-2,2'4,6,6'-PeCB* 104L 13C,,-2,3',4,4' 5-PeCB5? 118L | 19:45 0.7037 0.6977-0.7096
2,2'4,6,6'-PeCB 104 $3C,-2,2',4,6,6'-PeCB* 104L 19:45 1.0000 0.9983-1.0034
2,2'3,5'-TeCB® 44 3C.,-3,3'4,4'-TeCB**® 77L 19:55 0.7626 0.7562-0.7690
1%C,,-3,4,4'-TrCB* 37L 1C,,-2,4,4'-TrCB® 28L | 20:03 1.1852 1.1803-1.1901
3,4,4'-TrCB 37 3C,,-3,4,4-TrCB* 37L 20:03 1.0000 0.9983-1.0033
2,3,3',6-TeCB 59 3C,-3,3'4,4'-TeCB**® 77L 20:05 0.7690 0.7626-0.7754
2,2',3,4'-TeCB 42 3C.,-3,3'4,4'-TeCB**® 77L 20:07 0.7703 0.7639-0.7766
2,3',5,5-TeCB 72 3C.,-3,3'4,4'-TeCB**® 77L 20:36 0.7888 0.7824-0.7951
2,3',4',6-TeCB 71 3C.,-3,3'4,4'-TeCB**® 77L 20:36 0.7888 0.7824-0.7951
2,3,4',6-TeCB 64 3C,-3,3'4,4'-TeCB**® 77L 20:37 0.7894 0.7830-0.7958
2,2',3,4-TeCB 41 3C.,-3,3'4,4'-TeCB**® 77L 20:39 0.7907 0.7843-0.7971
2,2',3,6,6'-PeCB 96 83C,-2,3',4,4' 5-PeCB®® 118L 20:48 0.7411 0.7352-0.7470
2,3,4,5-TeCB 68 3C.,-3,3'4,4'-TeCB**® 77L 20:52 0.7990 0.7926-0.8054
2,2',3,3-TeCB 40 3C.,-3,3'4,4'-TeCB**® 77L 20:58 0.8028 0.7996-0.8060
2,3,3',5-TeCB 57 3C.,-3,3'4,4'-TeCB**® 77L 21:21 0.8175 0.8143-0.8207
2,2'4,5,'6-PeCB 103 83C,-2,3',4,4' 5-PeCB®® 118L 21:22 0.7613 0.7553-0.7672
2,3'4,5-TeCB 67 3C,-3,3'4,4'-TeCB**® 77L 21:38 0.8283 0.8251-0.8315
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Congener Retention time and quantitation Congener
Labeled or native CB! number? references number RT RRT RRT QC limits®
2,2'4,4'6-PeCB 100 83C,-2,3',4,4' 5-PeCB®® 118L 21:41 0.7726 0.7666-0.7785
2,3,3,5'-TeCB 58 3C,-3,3'4,4'-TeCB**® 77L 21:43 0.8315 0.8283-0.8347
2,3,4',5-TeCB 63 3C.,-3,3'4,4'-TeCB**® 77L 21:51 0.8366 0.8334-0.8398
2,2',3,5,6'-PeCB 94 83C,-2,3',4,4' 5-PeCB®® 118L 22:05 0.7868 0.7809-0.7928
2,4,4'5-TeCB 74 3C,-3,3'4,4'-TeCB**® 77L 22:07 0.8468 0.8437-0.8500
2,3,4,5-TeCB 61 3C.,-3,3'4,4'-TeCB**® 77L 22:11 0.8494 0.8462-0.8526
2,3',4'5-TeCB 70 3C.,-3,3'4,4'-TeCB**® 77L 22:20 0.8551 0.8519-0.8583
2',3,4,5-TeCB 76 3C,-3,3'4,4'-TeCB**® 77L 22:25 0.8583 0.8551-0.8615
2,2',3',4,6-PeCB 98 83C,-2,3',4,4' 5-PeCB®® 118L 22:28 0.8005 0.7975-0.8034
2,3'4,4'-TeCB" 66 3C.,-3,3'4,4'-TeCB**® 77L 22:29 0.8609 0.8577-0.8641
2,2'4,5,6'-PeCB 102 83C,-2,3',4,4' 5-PeCB®® 118L 22:32 0.8029 0.7999-0.8058
2,2',3,5',6-PeCB 95 83C,-2,3',4,4' 5-PeCB®® 118L 22:34 0.8040 0.8011-0.8070
2,2',3,5,6-PeCB 93 83C,-2,3',4,4' 5-PeCB*® 118L 22:36 0.8052 0.8023-0.8082
3,3',5,5-TeCB 80 3C.,-3,3'4,4'-TeCB**® 77L 22:45 0.8711 0.8679-0.8743
2,2',3,4,6-PeCB 88 83C,-2,3',4,4' 5-PeCB®® 118L 22:49 0.8129 0.8100-0.8159
2,2',3,4',6-PeCB 91 83C,-2,3',4,4' 5-PeCB®® 118L 22:55 0.8165 0.8135-0.8195
2,3,3,4'-TeCB 55 3C.,-3,3'4,4'-TeCB**® 77L 22:57 0.8787 0.8756-0.8819
2,3'4,5,'6-PeCB 121 83C,-2,3',4,4' 5-PeCB*® 118L 23:04 0.8219 0.8189-0.8248
2,3,3,4'-TeCB 56 3C.,-3,3'4,4'-TeCB**® 77L 23:24 0.8960 0.8928-0.8992
2,3,4,4'-TeCB 60 3C,-3,3'4,4'-TeCB**® 77L 23:24 0.8960 0.8928-0.8992
$¥C,-2,2',4,4',6,6'-HxCB* 155L $3C,-2,3'4,4'5,5-HXCB>® 167L 23:43 0.7104 0.7054-0.7154
2,2'4,4'6,6'-HxCB 155 $3C,-2,2'4,4',6,6'-HxCB* 155L 23:43 1.0000 0.9986-1.0028
2,2',3,3',6-PeCB 84 83C,-2,3',4,4' 5-PeCB*® 118L 23:44 0.8456 0.8426-0.8486
2,2',3,5,5'-PeCB 92 83C,-2,3',4,4' 5-PeCB*® 118L 23:50 0.8492 0.8462-0.8521
2,2',3,4,6'-PeCB 89 83C,-2,3',4,4' 5-PeCB®® 118L 23:53 0.8510 0.8480-0.8539
2,2',3,4',5-PeCB 90 83C,-2,3',4,4' 5-PeCB®® 118L 24:07 0.8593 0.8563-0.8622
13C,,-2,2'4,5,5'-PeCB’ 101L 13C,,-2,2',4,5,5'-PeCB’ 101L | 24:11 1.0000 0.9966-1.0034
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Congener Retention time and quantitation Congener
Labeled or native CB! number? references number RT RRT RRT QC limits®
2,2'4,55'-PeCB® 101 83C,-2,3',4,4' 5-PeCB®® 118L 24:11 0.8616 0.8587-0.8646
2,3,3',5',6-PeCB 113 83C,-2,3',4,4' 5-PeCB®® 118L 24:23 0.8688 0.8658-0.8717
3,3',4,5-TeCB 79 3C.,-3,3'4,4'-TeCB**® 77L 24:27 0.9362 0.9330-0.9394
2,2'4,4'5-PeCB 99 83C,-2,3',4,4' 5-PeCB®® 118L 24:28 0.8717 0.8688-0.8747
2,2',3,4',6,6'-HxCB 150 $3C,-2,3'4,4'5,5-HXCB>® 167L 24:52 0.7449 0.7399-0.7499
2,3'4,4',6-PeCB 119 83C,-2,3',4,4' 5-PeCB®® 118L 24:54 0.8872 0.8842-0.8901
2,3,3',5,6-PeCB 112 83C,-2,3',4,4' 5-PeCB*® 118L 25:00 0.8907 0.8878-0.8937
2,3,3',4,5'-PeCB 108 83C,-2,3',4,4' 5-PeCB®® 118L 25:09 0.8961 0.8931-0.8990
2,2',3,5,6,6'-HxCB 152 $3C,-2,3'4,4'5,5-HXCB>® 167L 25:17 0.7574 0.7524-0.7624
2,2',3,3',5-PeCB 83 83C,-2,3',4,4' 5-PeCB*® 118L 25:20 0.8919 0.8890-0.8949
2,2',3',4,5-PeCB 97 83C,-2,3',4,4' 5-PeCB®® 118L 25:22 0.9038 0.9008-0.9068
2,2',3,4,5-PeCB 86 83C,-2,3',4,4' 5-PeCB®® 118L 25:27 0.9068 0.9038-0.9097
$C,,-3,4,4',5-TeCB* 81L $¥C,-2,2',5,5-TeCB’ 52L 25:32 1.3546 1.3457-1.3634
3,4,4'5-TeCBY 81 3C,,-3,4,4',5-TeCB**® 77L 25:32 1.0000 0.9987-1.0026
2',3,4,5,6'-PeCB 125 83C,-2,3',4,4' 5-PeCB®® 118L 25:36 0.9121 0.9091-0.9151
2,3,4'5,6-PeCB 117 83C,-2,3',4,4' 5-PeCB®® 118L 25:37 0.9127 0.9097-0.9157
2,2',3,4,5'-PeCB 87 83C,-2,3',4,4' 5-PeCB®® 118L 25:38 0.9133 0.9103-0.9163
3,3',4,5-TeCB 78 3C.,-3,3'4,4'-TeCB**® 77L 25:40 0.9598 0.9566-0.9630
2,2',3,4,6,6'-HxCB 145 $3C,-2,3'4,4'5,5-HXCB*® 167L 25:42 0.7698 0.7649-0.7748
2,3,4,4',6-PeCB 115 83C,-2,3',4,4' 5-PeCB®® 118L 25:44 0.9169 0.9139-0.9198
$C,-2,3,3',5,5'-PeCB?® 1111 83C,-2,2',4,5,5'-PeCB’ 101L 25:51 1.0689 1.0655-1.0724
2,3,3',5,5'-PeCB 111 83C,-2,3',4,4' 5-PeCB®® 118L 25:51 0.9210 0.9181-0.9240
2,2',3,4,4'-PeCB 85 83C,-2,3',4,4' 5-PeCB*® 118L 25:51 0.9210 0.9181-0.9240
2,3,4,5,6-PeCB 116 83C,-2,3',4,4' 5-PeCB*® 118L 25:48 0.9192 0.9163-0.9222
3C,,-3,3',4,4-TeCB*5° 77L $¥C,-2,2',5,5-TeCB’ 52L 26:07 1.3855 1.3767-1.3943
3,3'4,4'-TeCB5Y 77 3C.,-3,3'4,4'-TeCB**® 77L 26:07 1.0000 0.9987-1.0026
2,2',3,3',6,6'-HxCB 136 $3C,-2,3'4,4'5,5-HXCB>® 167L 26:10 0.7793 0.7743-0.7843
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Congener Retention time and quantitation Congener
Labeled or native CB! number? references number RT RRT RRT QC limits®
2,3'4,55'-PeCB 120 83C,-2,3',4,4' 5-PeCB®® 118L 26:12 0.9335 0.9305-0.9365
2,2',3,4'5,6'-HxCB 148 $3C,-2,3'4,4'5,5-HXCB>® 167L 26:14 0.7858 0.7808-0.7908
2,3,3',4',6-PeCB 110 83C,-2,3',4,4' 5-PeCB*® 118L 26:16 0.9359 0.9329-0.9388
2,2'4,4'5,6'-HxCB 154 $3C,-2,3'4,4'5,5-HXCB>® 167L 26:44 0.8008 0.7983-0.8033
2,2',3,3',4-PeCB 82 83C,-2,3',4,4' 5-PeCB®® 118L 26:48 0.9549 0.9519-0.9578
2,2',3,5,5',6-HxCB 151 $3C,-2,3'4,4'5,5-HXCB®® 167L 27:18 0.8178 0.8153-0.8203
2,2',3,3',5,6'-HxCB 135 $3C,-2,3'4,4'5,5-HXCB>® 167L 27:31 0.8243 0.8218-0.8268
2',3,4,5,5'-PeCB 124 83C,-2,3',4,4' 5-PeCB®® 118L 27:36 0.9834 0.9804-0.9863
2,2',3,4,5',6-HxCB 144 $3C,-2,3'4,4'5,5-HXCB>® 167L 27:38 0.8278 0.8253-0.8303
2,3,3',4',5-PeCB 107 83C,-2,3',4,4' 5-PeCB*® 118L 27:40 0.9857 0.9828-0.9887
2,2',3,4'5,6-HxCB 147 $3C,-2,3'4,4'5,5-HXCB>® 167L 27:44 0.8308 0.8283-0.8333
2,3,3',4,6-PeCB 109 83C,-2,3',4,4' 5-PeCB®® 118L 27:45 0.9887 0.9857-0.9917
2,2',3,4'5',6-HxCB 149 $3C,-2,3'4,4'5,5-HXCB*® 167L 28:01 0.8392 0.8367-0.8417
2,2',3,3',5,6-HxCB 134 $C,-2,3'4,4'5,5-HXCB*® 167L 28:35 0.8562 0.8537-0.8587
2,2',3,4,5,6'-HxCB 143 $3C,-2,3'4,4'5,5-HXCB>® 167L 28:34 0.8557 0.8532-0.8582
$3C,-2'3,4,4',5-PeCB® 123L 83C,-2,2'4,5,5'-PeCB’ 101L 27:53 1.1530 1.1496-1.1564
2'3,4,4' 5-PeCBY 123 BC,,-2',3,4,4'5-PeCB*® 123L 27:53 1.0000 0.9988-1.0024
2,2',3,4,4'6-HxCB 139 $3C,-2,3'4,4'5,5-HXCB*® 167L 28:01 0.8392 0.8367-0.8417
2,3,3',4,5-PeCB 106 83C,-2,3',4,4' 5-PeCB*® 118L 28:04 1.0000 0.9970-1.0030
$3C,-2,3'4,4' 5-PeCB®® 118L 83C,-2,2'4,5,5'-PeCB’ 101L 28:04 1.1606 1.1571-1.1640
2,3'4,4' 5-PeCB®° 118 83C,-2,3',4,4' 5-PeCB*® 118L 28:04 1.0000 0.9988-1.0024
2,2',3,4,4'6'-HxCB 140 $3C,-2,3'4,4'5,5-HXCB>® 167L 28:12 0.8447 0.8422-0.8472
¥C.,-2,3,4,4' 5-PeCB® 114L 83C,-2,2',4,5,5'-PeCB’ 101L 28:38 1.1840 1.1806-1.1875
2,3,4,4' 5-PeCBY 114 $3C,-2,3,4,4'5-PeCB® 114L 28:38 1.0000 0.9988-1.0023
2',3,3',4,5-PeCB 122 83C,-2,3',4,4' 5-PeCB®® 118L 28:48 1.0261 1.0232-1.0291
2,2',3,3',4,6-HxCB 131 $3C,-2,3'4,4'5,5-HXCB>® 167L 28:52 0.8647 0.8622-0.8672
2,2',3,4,5,6-HxCB 142 $3C,-2,3'4,4'5,5-HXCB>® 167L 28:59 0.8682 0.8657-0.8707

Method 1668A with corrections and changes through August 20, 2003




Congener Retention time and quantitation Congener
Labeled or native CB! number? references number RT RRT RRT QC limits®
2,2',3,3',5,5'-HxCB 133 $3C,-2,3'4,4'5,5-HXCB>® 167L 28:59 0.8682 0.8657-0.8707
2,2',3,3',4,6'-HxCB 132 $3C,-2,3'4,4'5,5-HXCB>® 167L 29:32 0.8847 0.8822-0.8872
2,3,3',5,5',6-HxCB 165 $3C,-2,3'4,4'5,5-HXCB>® 167L 29:21 0.8792 0.8767-0.8817
3C,,-2,2',3,4'5,6,6'-HpCB* 188L $C,-2'3,3',4,4'5,5-HpCB*** 189L 29:22 0.9511 0.7327-0.7411
2,2',3,4'5,6,6'-HpCB 188 ¥C,-2,2',3,4',5,6,6'-HpCB* 188L 29:22 1.0000 0.9989-1.0023
2,2',3,4'5,5'-HxCB 146 $3C,-2,3'4,4'5,5-HXCB®® 167L 29:24 0.8807 0.8782-0.8832
13C,,-2,3,3'4,4'-PeCB? 105L 13C,,-2,2',4,5,5'-PeCB’ 101L | 29:30 1.2198 1.2130-1.2267
2,3,3',4,4'-PeCB®° 105 $3C,-2,3,3',4,4'-PeCB*® 105L 29:30 1.0000 0.9989-1.0023
2,3,3',4,5',6-HxCB 161 $3C,-2,3'4,4'5,5-HXCB>® 167L 29:32 0.8847 0.8822-0.8872
2,2'4,4'55'-HxCB" 153 $3C,-2,3'4,4'5,5-HXCB>® 167L 29:48 0.8927 0.8902-0.8952
2,2',3,4,4'6,6'-HpCB 184 $C,-2'3,3',4,4'5,5-HpCB*** 189L 29:49 0.7482 0.7440-0.7524
3,3,4,5,5'-PeCB 127 83C,-2,3',4,4' 5-PeCB®® 118L 29:57 1.0671 1.0641-1.0701
2,3'4,4'5',6-HxCB 168 $3C,-2,3'4,4'5,5-HXCB*® 167L 29:59 0.8982 0.8957-0.9006
2,2',3,4,5,5'-HxCB 141 $C,-2,3'4,4'5,5-HXCB*® 167L 30:31 0.9141 0.9116-0.9166
2,2',3,3'5,6,6'-HpCB 179 $C,-2'3,3',4,4'5,5-HpCB*** 189L 30:33 0.7666 0.7624-0.7708
2,2',3,4,4'5-HxCB 137 $3C,-2,3'4,4'5,5-HXCB>® 167L 30:51 0.9241 0.9216-0.9266
2,2',3,3,4,5'-HxCB 130 $3C,-2,3'4,4'5,5-HXCB®® 167L 30:57 0.9271 0.9246-0.9296
2,2',3,3'4,6,6'-HpCB 176 $C,-2'3,3',4,4'5,5-HpCB*** 189L 31:01 0.7783 0.7742-0.7825
$¥C,-2,2',3,4,4' 5'-HXCB’ 138L $3C,-2,2',3,4,4'5-HXCB’ 138L 31:20 1.0000 0.9973-1.0027
2,2'3,4,4'5'-HxCB® 138 $3C,-2,3'4,4'5,5-HXCB>® 167L 31:20 0.9386 0.9361-0.9411
2,3,3',4'5',6-HxCB 164 $3C,-2,3'4,4'5,5-HXCB>® 167L 31:22 0.9396 0.9371-0.9421
2,3,3',4'5,6-HxCB 163 $3C,-2,3'4,4'5,5-HXCB>® 167L 31:28 0.9426 0.9401-0.9451
2,3,3',4,5,6-HxCB 160 $3C,-2,3'4,4'5,5-HXCB*® 167L 31:33 0.9451 0.9426-0.9476
2,3,3',4,4',6-HxCB 158 $3C,-2,3'4,4'5,5-HXCB*® 167L 31:35 0.9461 0.9436-0.9486
2,2',3,4,5,6,6'-HpCB 186 $C,-2'3,3',4,4'5,5-HpCB*** 189L 31:36 0.7930 0.7888-0.7972
2,2',3,3',4,5-HxCB 129 $3C,-2,3'4,4'5,5-HXCB>® 167L 31:48 0.9526 0.9501-0.9551
$C,,-3,3'4,4' 5-PeCB*® 126L 83C,-2,2'4,5,5'-PeCB’ 101L 31:49 1.3156 1.3088-1.3225
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Congener Retention time and quantitation Congener
Labeled or native CB! number? references number RT RRT RRT QC limits®
3,3',4,4' 5-PeCB5Y 126 3C,,-3,3'4,4' 5-PeCB*® 126L 31:49 1.0000 0.9990-1.0021
2,3,4,4'5,6-HxCB 166 $3C,-2,3'4,4'5,5-HXCB>® 167L 32:13 0.9651 0.9626-0.9675
3C,,-2,2',3,3',5,5',6-HpCB’ 178L ¥C,-2,2',3,3'5,5',6-HpCB’ 178L 32:14 1.0000 0.9974-1.0026
2,2',3,3'5,5,6-HpCB 178 $C,-2'3,3',4,4'5,5-HpCB*** 189L 32:14 0.8089 0.8068-0.8110
2,2',3,3'4,5',6-HpCB 175 $C,-2'3,3',4,4'5,5-HpCB*** 189L 32:33 0.8168 0.8147-0.8189
2,3,3',4,5,5'-HxCB 159 $3C,-2,3'4,4'5,5-HXCB®® 167L 32:43 0.9800 0.9775-0.9825
2,2'3,4'5,5',6-HpCB® 187 $C,-2'3,3',4,4'5,5-HpCB*** 189L 32:46 0.8223 0.8202-0.8243
2,2',3,4,4'5,6'-HpCB 182 $C,-2'3,3',4,4'5,5-HpCB*** 189L 32:47 0.8227 0.8206-0.8248
2,2'3,3",4,4'-HxCB® 128 $3C,-2,3'4,4'5,5-HXCB>® 167L 32:52 0.9845 0.9820-0.9870
2,3,3',4'5,5'-HxCB 162 $3C,-2,3'4,4'5,5-HXCB>® 167L 33:00 0.9885 0.9860-0.9910
2,2',3,4,4'5',6-HpCB 183 $C,-2'3,3',4,4'5,5-HpCB*** 189L 33:06 0.8306 0.8285-0.8327
18C,,-2,3'4,4',5,5'-HXCB®? 167L 13C,,-2,2'3,4,4' 5'-HXCB’ 138L | 33:23 1.0654 1.0628-1.0681
2,3'4,4' 55 -HxCBY 167 $3C,-2,3'4,4'5,5-HXCB*® 167L 33:23 1.0000 0.9990-1.0020
2,2',3,4,5,5',6-HpCB 185 $C,-2'3,3',4,4'5,5-HpCB*** 189L 33:43 0.8461 0.8440-0.8482
2,2',3,3'4,5,6'-HpCB 174 $C,-2'3,3',4,4'5,5-HpCB*** 189L 34:07 0.8561 0.8540-0.8582
2,2',3,4,4'5,6-HpCB 181 $C,-2'3,3',4,4'5,5-HpCB*** 189L 34:11 0.8578 0.8557-0.8599
2,2',3,3'4'5,6-HpCB 177 $C,-2'3,3',4,4'5,5-HpCB*** 189L 34:22 0.8624 0.8603-0.8645
2,2'3,3',4,4'6-HpCB 171 $C,-2'3,3',4,4'5,5-HpCB*** 189L 34:40 0.8699 0.8678-0.8720
3C,,-2,3,3'4,4',5 -HXCB? 156L $3C,-2,2',3,4,4'5-HXCB’ 138L 34:40 1.1064 1.1037-1.1090
2,3,3',4,4' 5-HxCB*Y 156 ¥C,-2,3,3'4,4'5 -HXCB?® 156L 34:40 1.0000 0.9990-1.0019
$C,-2,2',3,3',5,5',6,6'-OcCB* 202L $C,,-CI8-PCB-194° 194L 34:56 0.8265 0.8245-0.8285
2,2',3,3',5,5',6,6'-OcCB 202 C,,-2,2',3,3',5,5',6,6'-OcCB* 202L 34:56 1.0000 0.9990-1.0019
$¥C.,-2,3,3'4,4' 5'-HXCB® 157L $C,-2,2',3,4,4' 5-HXCB’ 138L 34:57 1.1154 1.1128-1.1181
2,3,3',4,4' 5'-HxCBY 157 $C,-2,3,34,4' 5-HXCB?® 157L 34:57 1.0000 0.9990-1.0019
2,2',3,3',4,5,6-HpCB 173 $C,-2'3,3',4,4'5,5-HpCB*** 189L 35:04 0.8800 0.8779-0.8821
2,2',3,3',4,5,6,6'-OcCB 201 $¢C,,-CI8-PCB-194° 194L 35:25 0.8379 0.8360-0.8399
2,2',3,4,4'5,6,6'-OcCB 204 $C,,-CI8-PCB-194° 194L 35:36 0.8423 0.8403-0.8442
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Congener Retention time and quantitation Congener
Labeled or native CB! number? references number RT RRT RRT QC limits®
2,2',3,3'4,5,5-HpCB 172 $C,-2'3,3',4,4'5,5-HpCB*** 189L 35:41 0.8954 0.8934-0.8975
2,3,3'4,5,5',6-HpCB 192 $C,-2',3,3',4,4'5,5-HpCB*** 189L 35:51 0.8996 0.8975-0.9017
2,2',3,3',4,4',6,6'-OcCB 197 $C,,-CI8-PCB-194° 194L 35:55 0.8498 0.8478-0.8517
2,2'3,4,4'5,5-HpCB® 180 $C,-2'3,3',4,4'5,5-HpCB*** 189L 36:07 0.9063 0.9042-0.9084
2,3,3,4'5,5',6-HpCB 193 $C,-2'3,3',4,4'5,5-HpCB*** 189L 36:20 0.9118 0.9097-0.9138
2,3,3,4,4'5',6-HpCB 191 $C,-2'3,3',4,4'5,5-HpCB*** 189L 36:34 0.9176 0.9155-0.9197
2,2',3,3,4,5,6,6'-OcCB 200 $C,,-CI8-PCB-194° 194L 36:49 0.8711 0.8691-0.8730
¥C.,-3,3'4,4'5,5'-HxCB** 169L $3C,-2,2',3,4,4'5-HXCB’ 138L 37:19 1.1910 1.1883-1.1936
3,3'4,4'5,5'-HxCB5Y 169 $C,,-3,3'4,4'5,5-HXCB** 169L 37:19 1.0000 0.9991-1.0018
2,2'3,3',4,4',5-HpCB® 170 $C,-2'3,3',4,4'5,5-HpCB*** 189L 37:44 0.9469 0.9448-0.9490
2,3,3',4,4'5,6-HpCB 190 $C,-2'3,3',4,4'5,5-HpCB*** 189L 37:56 0.9519 0.9498-0.9540
2,2',3,3,4,5,5,6-OcCB 198 $cC,,-CI8-PCB-194° 194L 38:34 0.9125 0.9105-0.9144
2,2',3,3',4,55',6'-OcCB 199 $C,,-CI8-PCB-194° 194L 38:43 0.9160 0.9140-0.9180
2,2',3,3',4,4'5,6'-OcCB 196 $C,,-CI8-PCB-194° 194L 39:05 0.9247 0.9227-0.9267
2,2',3,4,4'5,5',6-OcCB 203 $C,,-CI8-PCB-194° 194L 39:05 0.9247 0.9227-0.9267
$¥C,-2'3,3',4,4' 5,5-HpCB*** 189L ¥C,-2,2',3,3'5,5',6-HpCB’ 178L 39:51 1.2363 1.2311-1.2415
2,3,3',4,4'5,5'-HpCBY 189 $C,-2'3,3',4,4'5,5-HpCB*** 189L 39:51 1.0000 0.9992-1.0017
2,2'3,3',4,4'5,6-OcCB® 195 $C,,-CI8-PCB-194° 194L 40:45 0.9641 0.9621-0.9661
$C,-2,2',3,3,4,5,5,6,6'-NoCB* 208L $C,,-Cl9-PCB-206*° 206L 41:03 0.9149 0.9131-0.9168
2,2',3,3',4,55'6,6'“NoCB 208 3C,,-2,2',3,3',4,5,5',6,6'-NoCB* 208L 41:03 1.0000 0.9992-1.0016
2,2',3,3',4,4'5,6,6'“NoCB 207 $C,,-Cl9-PCB-206*° 206L 41:32 0.9257 0.9238-0.9276
15C,,-2,2',3,3'4,4'5,5-0OcCB® 194L 18C,,-2,2'3,3',5,5',6-HpCB’ 178L | 42:16 1.3113 1.3061-1.3164
2,2',3,3',4,4'55-0cCB 194 $¢C,,-CI8-PCB-194° 194L 42:16 1.0000 0.9992-1.0016
18C,,-2,3,3',4,4' 5,5',6-OcCB* 205L 13C,,-CI8-PCB-194° 194L | 4244 1.0110 1.0091-1.0130
2,3,3,4,4'5,5,6-OcCB 205 $C,-2,3,34,4'5,5,6-0cCB* 205L 42:44 1.0000 0.9992-1.0016
$C,-2,2,3,3'4,4'5,5,6-NoCB** 206L ¥C,-2,2',3,3'5,5',6-HpCB’ 178L 44:52 1.3919 1.3868-1.3971
2,2'3,3',4,4'5,5',6-NoCB® 206 $C,,-Cl9-PCB-206*° 206L 44:52 1.0000 0.9993-1.0015
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5C,,-2,2',3,3',4,4'5,5',6,6'-DeCB** 209L C,,-2,2',3,3',5,5',6-HpCB’ 178L | 46:55 1.4555 1.4504-1.4607
2,2'3,3',4,4'5,5',6,6'-DeCB® 209 $3C,-Cl10-PCB-209** 209L 46:55 1.0000 0.9993-1.0014
1. Abbreviations for chlorination levels
MoCB monochlorobiphenyl HxCB hexachlorobiphenyl
DiCB dichlorobiphenyl HpCB heptachlorobipheny!l
TrCB trichlorobiphenyl OcCB octachlorobiphenyl
TeCB tetrachlorobiphenyl NoCB nonachlorobiphenyl
PeCB pentachlorobiphenyl DeCB decachlorobiphenyl
2. Suffix "L" indicates labeled compound.
3. For native CBs determined by isotope dilution quantitation, RRT QC limits were constructed using -2 to +4 seconds around the retention

time for the labeled analog. For native CBs determined by internal standard quantitation, RRT QC limits were constructed using a £ 2
percent window around the retention time for retention times in the range of 0.8-1.2 and a * 4 percent window around the retention time
for retention times <0.8 and >1.2. These windows may not be adequate for analyte identification (See the note in Section 16.4)

4. Labeled level of chlorination (LOC) window-defining congener

5. Labeled level of chlorination (LOC) quantitation congener

6. National Oceanic and Atmospheric Administration (NOAA) congener of interest
7. Instrument internal standard

8. Clean-up standard

9. Labeled internal standard for World Health Organization (WHO) toxic congener

10. WHO toxic congener
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Table A-2. Scan descriptors, levels of chlorination, m/z information, and substances monitored by HRGC/HRMS

Function and chlorine level m/z m/z type m/z formula Substance

Fn-1 188.0393 M 2C,, Hg *CI Cl-1PCB

Cl-1 190.0363 M+2 2C, Hy¥'Cl Cl-1P CB
200.0795 M BC, Hy *Cl BC, Cl-1PCB
202.0766 M+2 B3C,, Hg ¥Cl ¢C,, ClI-1 PCB
218.9856 lock C,Fg PFK

Fn-2 222.0003 M 12C, Hg *Cl, Cl-2PCB

Cl-2,3 223.9974 M+2 2C, Hg*Cl1¥ Cl Cl-2PCB
225.9944 M+4 2C,, Hy ¥'Cl, Cl-2PCB
234.0406 M 13C,, Hg *Cl, 3¢, Cl-2 PCB
236.0376 M+2 BC, Hg*Cl¥ Cl BC, Cl-2PCB
242.9856 lock Cs Fo PFK
255.9613 M 2C,, H, *Cl, CI-3PCB
257.9584 M+2 2C,, H, ®*Cl,*Cl Cl-3PCB

Fn-3 255.9613 M 12C, H; *Cl, CI-3PCB

Cl-345 257.9584 M+2 2C, H, #Cl1,%Cl CI-3PCB
259.9554 M+4 2C,, H, ®*CI*'Cl, CI-3PCB
268.0016 M B3C,, H; *Cl, BC,, CI-3PCB
269.9986 M+2 BC, H; *C1,*Cl BC, CI-3PCB
280.9825 lock Cs Fiu PFK
289.9224 M 2C,, Hqs *Cl, Cl-4PCB
291.9194 M+2 2C,, Hs *ClI,*Cl Cl-4 PCB
293.9165 M+4 12C,, Hg *Cl,*'Cl, Cl-4PCB
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Function and chlorine level m/z m/z type m/z formula Substance
301.9626 M BC,, Hs ®Cl, B¢c,, Cl-4 PCB
303.9597 M+2 13C,, H; *Cl, *'Cl 3C,, Cl-4 PCB
323.8834 M 2C,, Hs *Cl, CIl-5 PCB
325.8804 M+2 2C,, Hs *Cl,*Cl Cl-5PCB
327.8775 M+4 2C,, Hs ®*CI,¥'Cl, Cl-5 PCB
337.9207 M+2 13C,, H; *Cl, *'Cl 3C,, CI-5 PCB
339.9178 M+4 3¢C,, H; ®*Cl,*'Cl, 3¢, CI-5 PCB
Fn-4 289.9224 M 2C,, Hs ®Cl, Cl-4 PCB
Cl-4,5,6 291.9194 M+2 2C,, Hs ®ClI,¥Cl Cl-4 PCB
293.9165 M+4 2C,, Hg *Cl, *'Cl, Cl-4 PCB
301.9626 M+2 13C,, H; *Cl, *'Cl 3C,, Cl-4 PCB
303.9597 M+4 B3C,, Hs ®Cl,*'Cl, 3¢C,, Cl-4 PCB
323.8834 M 2C,, Hs *Cl;q Cl-5 PCB
325.8804 M+2 2C,, H; *Cl, *'Cl Cl-5 PCB
327.8775 M+4 2C,, H; *Cl, *'Cl, CIl-5 PCB
330.9792 lock C,Fys PFK
337.9207 M+2 B¢C,, Hs *Cl,*Cl B3¢c,, CI-5 PCB
339.9178 M+4 13C,, H; *Cl, *'Cl, 3C,, CI-5 PCB
359.8415 M+2 13C,, H, *CI;*Cl Cl-6 PCB
361.8385 M+4 B¢, H, ®*Cl,*Cl, Cl-6 PCB
363.8356 M+6 B¢C,, H, ®*Cl,¥Cl, Cl-6 PCB
371.8817 M+2 13C,, H, *CI; *'Cl 3C,, CI-6 PCB
373.8788 M+4 3¢, H, ®Cl,*Cl, 3¢, Cl-6 PCB
Fn-5 323.8834 M 2C,, Hs *Clq Cl-5PCB
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Cl-5,6,7,8 325.8804 M+2 2C,, Hs *Cl,*Cl Cl-5 PCB
327.8775 M+4 2C,, H; *Cl, *'Cl, Cl-5 PCB
337.9207 M+2 13C,, H; *Cl, *'Cl 3¢, CI-5 PCB
339.9178 M+4 BC,, Hs ®*CI;*'Cl, 3¢, CI-5 PCB
354.9792 lock CoFy; PFK
359.8415 M+2 2C,, H, *CI; *'Cl Cl-6 PCB
361.8385 M+4 2c,, H, ®Cl,*Cl, Cl-6 PCB
363.8356 M+6 2C,, H, ®*Cl,*Cl, Cl-6 PCB
371.8817 M+2 B¢C,, H, ®*CI;*Cl ¢c,, Cl-6 PCB
373.8788 M+4 13C,, H, *Cl,*Cl, 3C,, Cl-6 PCB
393.8025 M+2 2C,, H; *CI; *'Cl Cl-7 PCB
395.7995 M+4 2C,, H, ®*CI; *'Cl, Cl-7PCB
397.7966 M+6 2C,, H, ®Cl,¥Cl, Cl-7PCB
405.8428 M+2 13C,, H; *CI; *'Cl 35C,, CI-7PCB
407.8398 M+4 13C,, H; *CI; *'Cl, 3C,, CI-7PCB
427.7635 M+2 2C,, H, *Cl, *Cl Cl-8 PCB
429.7606 M+4 2C,, H, ®*CI;¥Cl, Cl-8 PCB
431.7576 M+6 2C,, H, *CI; *'Cl, Cl-8 PCB
439.8038 M+2 3¢C,, H, ®*Cl, *Cl 3C,, CI-8 PCB
441.8008 M+4 B3¢C,, H, ®*CI; *Cl, 3¢C,, Cl-8 PCB
454.9728 QC CuFy, PFK

Fn-6 427.7635 M+2 2C,, H, *Cl, *'Cl Cl-8 PCB

ClI-8,9,10 429.7606 M+4 2C,, H, *Cl *'Cl, Cl-8 PCB
431.7576 M+6 2C,, H, *CI;*'Cl, Cl-8 PCB
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439.8038 M+2 B¢C,, H, ®*Cl,*ClI B3¢c,, Cl-8 PCB
441.8008 M+4 13C,, H, *CI; *'Cl, 3C,, CI-8 PCB
442.9728 QC CioFis PFK
454.9728 lock CiiFis PFK
461.7246 M+2 2C,, H, ®*Cl;¥Cl Cl-9 PCB
463.7216 M+4 2C,, H, *Cl, *'Cl, Cl-9 PCB
465.7187 M+6 2C,, H, *Cl ¥'Cl, Cl-9 PCB
473.7648 M+2 BC,, H, ®*Cl;¥Cl 3¢C,, CI-9 PCB
475.7619 M+4 B¢C,, H, ®*Cl,*Cl, B3¢, CI-9 PCB
495.6856 M+2 3¢, H,*Cl, ¥Cl CI-10 PCB
499.6797 M+4 2¢,,*Cl, ¥Cl, Cl-10 PCB
501.6767 M+6 2¢,,*Cls ¥Cl, Cl-10 PCB
507.7258 M+2 BC,,H,*Cly,¥Cl ¢, Cl-10 PCB
509.7229 M+4 13C,,H, *Cl; ¥'Cl, 3C,, Cl-10 PCB
511.7199 M+6 3C,,H, *Cl; ¥Cl, 3¢C,, CI-10 PCB

1. Isotopic masses used for accurate mass calculation

'H 1.0078
2C 12.0000
BC  13.0034
Cl 34.9689
¥Cl  36.9659
F  18.9984
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METHOD 6020A

INDUCTIVELY COUPLED PLASMA-MASS SPECTROMETRY

SW-846 is not intended to be an analytical training manual. Therefore, method
procedures are written based on the assumption that they will be performed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject
technology.

In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods which contain general
information on how to perform an analytical procedure or technique which a laboratory can use
as a basic starting point for generating its own detailed Standard Operating Procedure (SOP),
either for its own general use or for a specific project application. The performance data
included in this method are for guidance purposes only, and are not intended to be and must
not be used as absolute QC acceptance criteria for purposes of laboratory accreditation.

1.0 SCOPE AND APPLICATION

1.1 Inductively coupled plasma-mass spectrometry (ICP-MS) is applicable to the
determination of sub-ug/L concentrations of a large number of elements in water samples and in
waste extracts or digests (Refs. 1 and 2). When dissolved constituents are required, samples
must be filtered and acid-preserved prior to analysis. No digestion is required prior to analysis
for dissolved elements in water samples. Acid digestion prior to filtration and analysis is
required for groundwater, agueous samples, industrial wastes, soils, sludges, sediments, and
other solid wastes for which total (acid-soluble) elements are required.

1.2 ICP-MS has been applied to the determination of over 60 elements in various
matrices. Analytes for which EPA has demonstrated the acceptability of this method in a multi-
laboratory study on solid and aqueous wastes are listed below.

Element CASRN?

Aluminum (Al 7429-90-5
Antimony (Sb) 7440-36-0
Arsenic (As) 7440-38-2
Barium (Ba) 7440-39-3
Beryllium (Be) 7440-41-7
Cadmium (Cd) 7440-43-9
Calcium (Ca) 7440-70-2
Chromium (Cn 7440-47-3
Cobalt (Co) 7440-48-4
Copper (Cu) 7440-50-8
Iron (Fe) 7439-89-6
Lead (Pb) 7439-92-1
Magnesium (Mg) 7439-95-4
Manganese (Mn) 7439-96-5
Mercury (Hg) 7439-97-6
Nickel (Ni) 7440-02-0
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Element CASRN?

Potassium (K) 7440-09-7
Selenium (Se) 7782-49-2
Silver (AQ) 7440-22-4
Sodium (Na) 7440-23-5
Thallium (T 7440-28-0
Vanadium V) 7440-62-2
Zinc (Zn) 7440-66-6

4Chemical Abstract Service Registry Number

Acceptability of this method for an element was based upon the multi-laboratory
performance compared with that of either furnace atomic absorption spectrophotometry or
inductively coupled plasma-atomic emission spectrometry. It should be noted that one multi-
laboratory study was conducted in 1988 and advances in ICP-MS instrumentation and software
have been made since that time and additional studies have been added with validation and
improvements in performance of the method. Performance, in general, exceeds the multi-
laboratory performance data for the listed elements. It is expected that current performance will
exceed the multi-laboratory performance data for the listed elements (and others) that are
provided in Sec. 13.0. The lower limit of quantitation and linear ranges will vary with the
matrices, instrumentation, and operating conditions. In relatively simple matrices, quantitation
limits will generally be below 0.1 pug/L. Less sensitive elements (like Se and As) and
desensitized major elements may be 1.0 pg/L or higher.

13 If this method is used to determine any analyte not listed in Sec. 1.2, it is the
responsibility of the analyst to demonstrate the accuracy and precision of the method in the
waste to be analyzed. The analyst is always required to monitor potential sources of
interferences and take appropriate action to ensure data of known quality (see Sec. 9.0). Other
elements and matrices may be analyzed by this method if performance is demonstrated for the
analyte of interest, in the matrices of interest, at the concentration levels of interest in the same
manner as the listed elements and matrices (see Sec. 9.0).

1.4 An appropriate internal standard is required for each analyte determined by ICP-
MS. Recommended internal standards are °Li, °Sc, #Y, '®Rh, **°In, ***Tb, **Ho, "“Ge, and
209Bj. The lithium internal standard should have an enriched abundance of °Li, so that
interference from lithium native to the sample is minimized. Other elements may need to be
used as internal standards when samples contain significant native amounts of the
recommended internal standards.

15 Prior to employing this method, analysts are advised to consult the each
preparative method that may be employed in the overall analysis (e.g., a 3000 series method)
for additional information on quality control procedures, development of QC acceptance criteria,
calculations, and general guidance. Analysts also should consult the disclaimer statement at
the front of the manual and the information in Chapter Two for guidance on the intended
flexibility in the choice of methods, apparatus, materials, reagents, and supplies, and on the
responsibilities of the analyst for demonstrating that the techniques employed are appropriate
for the analytes of interest, in the matrix of interest, and at the levels of concern.

In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements. The information contained in this method is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgments necessary to generate
results that meet the data quality objectives for the intended application.
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1.6 Use of this method is restricted to use by, or under supervision of, properly
experienced and trained personnel, including spectroscopists who are knowledgeable in the
recognition and in the correction of spectral, chemical, and physical interferences in ICP-MS.
Each analyst must demonstrate the ability to generate acceptable results with this method.

2.0 SUMMARY OF METHOD

2.1 Prior to analysis, samples should be solubilized or digested using the appropriate
sample preparation methods (see Chapter Three). When analyzing groundwater or other
agueous samples for dissolved constituents, acid digestion is not necessary if the samples are
filtered and acid preserved prior to analysis (refer to Sec. 1.1).

2.2 This method describes the multi-elemental determination of analytes by ICP-MS in
environmental samples. The method measures ions produced by a radio-frequency inductively
coupled plasma. Analyte species originating in a liquid are nebulized and the resulting aerosol
is transported by argon gas into the plasma torch. The ions produced by high temperatures are
entrained in the plasma gas and extracted through a differentially pumped vacuum interface and
separated on the basis of their mass-to-charge ratio by a mass spectrometer. The ions
transmitted through the mass spectrometer are quantified by a channel electron multiplier or
Faraday detector and the ion information is processed by the instrument’s data handling
system. Interferences must be assessed and valid corrections applied or the data qualified to
indicate problems. Interference correction must include compensation for background ions
contributed by the plasma gas, reagents, and constituents of the sample matrix.

3.0 DEFINITIONS

Refer to Chapter One, Chapter Three, and the manufacturer's instructions for definitions
that may be applicable to this procedure.

4.0 INTERFERENCES

4.1 Solvents, reagents, glassware, and other sample processing hardware may
yield artifacts and/or interferences to sample analysis. All these materials must be
demonstrated to be free from interferences under the conditions of the analysis by analyzing
method blanks. Specific selection of reagents and purification of solvents by distillation in
all-glass systems may be necessary. Refer to each method to be used for specific guidance on
guality control procedures and to Chapter Three for general guidance on the cleaning of
glassware. Also refer to the preparative methods to be used for discussions on interferences.

4.2 Isobaric elemental interferences in ICP-MS are caused by isotopes of different
elements forming atomic ions with the same nominal mass-to-charge ratio (m/z). A data system
must be used to correct for these interferences. This involves determining the signal for another
isotope of the interfering element and subtracting the appropriate signal from the analyte
isotope signal. Since commercial ICP-MS instruments nominally provide unit resolution at 10%
of the peak height, very high ion currents at adjacent masses can also contribute to ion signals
at the mass of interest. Although this type of interference is uncommon, it is not easily
corrected, and samples exhibiting a significant problem of this type could require resolution
improvement, matrix separation, or analysis using another verified and documented isotope, or
use of another method.
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4.3 Isobaric molecular and doubly-charged ion interferences in ICP-MS are caused by
ions consisting of more than one atom or charge, respectively. Most isobaric interferences that
could affect ICP-MS determinations have been identified in the literature (Refs. 3 and 4).
Examples include ArCl* ion on the "As signal and MoO" ions on the cadmium isotopes. While
the approach used to correct for molecular isobaric interferences is demonstrated below using
the natural isotope abundances from the literature (Ref. 5), the most precise coefficients for an
instrument can be determined from the ratio of the net isotope signals observed for a standard
solution at a concentration providing suitable (<1%) counting statistics. Because the *Cl natural
abundance of 75.77% is 3.13 times the *'Cl abundance of 24.23%, the chloride correction for
arsenic can be calculated (approximately) as follows (where the *Ar®’CI* contribution at m/z 75
is a negligible 0.06% of the “°Ar**CI* signal):

Corrected arsenic signal (using natural isotopes abundances for coefficient approximations) =
(m/z 75 signal) - (3.13) (m/z 77 signal) + (2.73) (m/z 82 signal),

where the final term adjusts for any selenium contribution at 77 m/z.

NOTE: Arsenic values can be biased high by this type of equation when the net signal at m/z
82 is caused by ions other than #Se*, (e.g., ®BrH* from bromine wastes [Ref. 6]).

Similarly:

Corrected cadmium signal (using natural isotopes abundances for coefficient approximations) =
(m/z 114 signal) - (0.027)(m/z 118 signal) - (1.63)(m/z 108 signal),

where last 2 terms adjust for any **Sn* or **MoO"* contributions at m/z 114.

NOTE: Cadmium values will be biased low by this type of equation when %*ZrO* ions
contribute at m/z 108, but use of m/z 111 for Cd is even subject to direct (**ZrOH") and
indirect (**ZrO*) additive interferences when Zr is present.

NOTE: As for the arsenic equation above, the coefficients could be improved. The most
appropriate coefficients for a particular instrument can be determined from the ratio of
the net isotope signals observed for a standard solution at a concentration providing
suitable (<1%) counting precision.

The accuracy of these types of equations is based upon the constancy of the observed
isotopic ratios for the interfering species. Corrections that presume a constant fraction of a
molecular ion relative to the "parent” ion have not been found (Ref. 7) to be reliable, e.g., oxide
levels can vary with operating conditions. If a correction for an oxide ion is based upon the ratio
of parent-to-oxide ion intensities, the correction must be adjusted for the degree of oxide
formation by the use of an appropriate oxide internal standard previously demonstrated to form
a similar level of oxide as the interferent. For example, this type of correction has been
reported (Ref. 7) for oxide-ion corrections using ThO*/Th* for the determination of rare earth
elements. The use of aerosol desolvation and/or mixed gas plasmas have been shown to
greatly reduce molecular interferences (Ref. 8). These techniques can be used provided that
the lower limits of quantitation, accuracy, and precision requirements for analysis of the samples
can be met.

4.4 Additionally, solid phase chelation may be used to eliminate isobaric interferences
from both element and molecular sources. An on-line method has been demonstrated for
environmental waters such as sea water, drinking water and acid decomposed samples. Acid
decomposed samples refer to samples decomposed by methods similar to Methods 3052,
3051, 3050 or 3015. Samples with percent levels of iron and aluminum should be avoided. The
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method also provides a method for preconcentration to enhance quantitation limits
simultaneously with elimination of isobaric interferences. The method relies on chelating resins
such as imminodiacetate or other appropriate resins and selectively concentrates the elements
of interest while eliminating interfering elements from the sample matrix. By eliminating the
elements that are direct isobaric interferences or those that form isobaric interfering molecular
masses, the mass region is simplified and these interferences can not occur. The method has
been proven effective for the certification of standard reference materials and validated using
SRMs (Refs. 13 through 15). The method has the potential to be used on-line or off-line as an
effective sample preparation method specifically designed to address interference problems.

4.5 Physical interferences are associated with the sample nebulization and transport
processes as well as with ion-transmission efficiencies. Nebulization and transport processes
can be affected if a matrix component causes a change in surface tension or viscosity.
Changes in matrix composition can cause significant signal suppression or enhancement (Ref.
9). Dissolved solids can deposit on the nebulizer tip of a pneumatic nebulizer and on the
interface skimmers (reducing the orifice size and the instrument performance). Total solid
levels below 0.2% (2,000 mg/L) are recommended (Ref. 10) to minimize solid deposition. An
internal standard can be used to correct for physical interferences, if it is carefully matched to
the analyte so that the two elements are similarly affected by matrix changes (Ref. 11). When
intolerable physical interferences are present in a sample, a significant suppression of the
internal standard signals (to less than 30% of the signals in the calibrations standard) will be
observed. Dilution of the sample fivefold (1+4) will usually eliminate the problem (see Sec. 9.5).

4.6 Memory interferences or carry-over can occur when there are large concentration
differences between samples or standards which are analyzed sequentially. Sample deposition
on the sampler and skimmer cones, spray chamber design, and the type of nebulizer affect the
extent of observed memory interferences. The rinse period between samples must be long
enough to eliminate significant memory interference.

5.0 SAFETY

5.1 This method does not address all safety issues associated with its use. The
laboratory is responsible for maintaining a safe work environment and 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 be available to all personnel
involved in these analyses.

5.2 Concentrated nitric and hydrochloric acids are moderately toxic and extremely
irritating to skin and mucus membranes. Use these reagents in a hood and if eye or skin
contact occurs, flush with large volumes of water. Always wear safety glasses or a shield for
eye protection when working with these reagents. Hydrofluoric acid is a very toxic acid and
penetrates the skin and tissues deeply if not treated immediately. Injury occurs in two stages;
first, by hydration that induces tissue necrosis and then by penetration of fluoride ions deep into
the tissue and by reaction with calcium. Boric acid and other complexing reagents and
appropriate treatment agents should be administered immediately. Consult appropriate safety
literature and have the appropriate treatment materials readily available prior to working with
this acid. See Method 3052 for specific suggestions for handling hydrofluoric acid from a safety
and an instrument standpoint.

5.3 Many metal salts are extremely toxic if inhaled or swallowed. Extreme care must
be taken to ensure that samples and standards are handled properly and that all exhaust gases
are properly vented. Wash hands thoroughly after handling.
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5.4 The acidification of samples containing reactive materials may result in the release
of toxic gases, such as cyanides or sulfides. For this reason, the acidification and digestion of
samples should be performed in an approved fume hood.

6.0 EQUIPMENT AND SUPPLIES

6.1 Inductively coupled plasma-mass spectrometer -- A system capable of providing
resolution, better than or equal to 1.0 amu at 10% peak height is required. The system must
have a mass range from at least 6 to 240 amu and a data system that allows corrections for
isobaric interferences and the application of the internal standard technique. Use of a
mass-flow controller for the nebulizer argon and a peristaltic pump for the sample solution is
recommended.

6.2 Argon gas supply -- High-purity grade (99.99%).

7.0 REAGENTS AND STANDARDS

7.1 Reagent- or trace metals-grade chemicals must be used in all tests. Unless
otherwise indicated, it is intended that all reagents conform to the specifications of the
Committee on Analytical Reagents of the American Chemical Society, where such
specifications are available. Other grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without lessening the accuracy of the
determination.

7.2 Acids used in the preparation of standards and for sample processing must be of
high purity. Redistilled acids are recommended because of the high sensitivity of ICP-MS.
Nitric acid at less than 2% (v/v) is required for ICP-MS to minimize damage to the interface and
to minimize isobaric molecular-ion interferences with the analytes. Many more molecular-ion
interferences are observed when hydrochloric and sulfuric acids are used (Refs. 3 and 4).
Concentrations of antimony and silver between 50-500 pg/L require 1% (v/v) HCI for stability; for
concentrations above 500 pg/L Ag, additional HCI will be needed. Consequently, accuracy of
analytes requiring significant chloride molecular ion corrections (such as As and V) will degrade.

7.3 Reagent water -- All references to water in the method refer to reagent water,
unless otherwise specified. Reagent water must be free of interferences.

7.4 Standard stock solutions for each analyte may be purchased or prepared from
ultra-high purity grade chemicals or metals (99.99 or greater purity). See Method 6010 for
instructions on preparing standard solutions from solids.

7.4.1 Bismuth internal standard stock solution (1 mL = 100 ug of Bi) -- Dissolve
0.1115 g of Bi,O, in @ minimum amount of dilute HNO,. Add 10 mL of conc. HNO, and
dilute to 1,000 mL with reagent water.

7.4.2 Germanium internal standard stock solution (1 mL = 100 ug of Ge) --
Dissolve 0.2954 g of GeCl, in a minimum amount of dilute HNO,. Add 10 mL of conc.
HNO, and dilute to 1,000 mL with reagent water.

7.4.3 Holmium internal standard stock solution (1 mL = 100 ug of Ho) --
Dissolve 0.1757 g of Ho,(CO,),C5H,0 in 10 mL of reagent water and 10 mL of HNO,. After
dissolution is complete, warm the solution to degas. Add 10 mL conc. of HNO; and dilute
to 1,000 mL with reagent water.
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7.4.4 Indium internal standard stock solution (1 mL = 100 pug of In) -- Dissolve
0.1000 g of indium metal in 10 mL of conc. HNO,. Dilute to 1,000 mL with reagent water.

7.4.5 Lithium internal standard stock solution (1 mL = 100 pg of °Li) -- Dissolve
0.6312 g of 95-atom-% °Li, Li,CO, in 10 mL of reagent water and 10 mL of HNO,. After
dissolution is complete, warm the solution to degas. Add 10 mL conc. of HNO, and dilute
to 1,000 mL with reagent water.

7.4.6 Rhodium internal standard stock solution (1 mL = 100 ug of Rh) --
Dissolve 0.3593 g of ammonium hexachlororhodate (Ill) (NH,);RhCl, in 10 mL reagent
water. Add 100 mL of conc. HCI and dilute to 1,000 mL with reagent water.

7.4.7 Scandium internal standard stock solution (1 mL = 100 g of Sc) --
Dissolve 0.15343 g of Sc,0, in 10 mL (1+1) of hot HNO,;. Add 5 mL of conc. HNO; and
dilute to 1,000 mL with reagent water.

7.4.8 Terbium internal standard stock solution (1 mL = 100 ug of Tb) -- Dissolve
0.1828 g of Th,(CO,),5H,0 in 10 mL (1+1) of HNO,. After dissolution is complete, warm
the solution to degas. Add 5 mL of conc. HNO, and dilute to 1,000 mL with reagent water.

7.4.9 Yttrium internal standard stock solution (1 mL = 100 pg of Y) -- Dissolve
0.2316 g of Y,(CO,),C3H,0 in 10 mL (1+1) of HNO,. Add 5 mL conc. of HNO, and dilute to
1,000 mL with reagent water.

7.4.10 Titanium interference stock solution (1 mL = 100 pg of Ti) -- Dissolve
0.4133 g of (NH,),TiF4 in reagent water. Add 2 drops of conc. HF and dilute to 1,000 mL
with reagent water.

7.4.11 Molybdenum interference stock solution (1 mL = 100 pg of Mo) --
Dissolve 0.2043 g of (NH,),M00, in reagent water. Dilute to 1,000 mL with reagent water.

7.4.12  Gold preservative stock solution for mercury (1 mL = 100 pg) --
Recommend purchasing as high purity prepared solution of AuCl, in dilute hydrochloric
acid matrix.

7.5 Mixed calibration standard solutions are prepared by diluting the stock-standard
solutions to levels in the linear range for the instrument in a solvent consisting of 1% (v/v) HNO,
in reagent water. The calibration standard solutions must contain a suitable concentration of an
appropriate internal standard for each analyte. Internal standards may be added on-line at the
time of analysis using a second channel of the peristaltic pump and an appropriate mixing
manifold. Generally, an internal standard should be no more than 50 amu removed from the
analyte. Recommended internal standards include °Li, “°Sc, #°Y, '®Rh, *°In, **°Tb, ***Ho, "“Ge
and ®Bi. Prior to preparing the mixed standards, each stock solution must be analyzed
separately to determine possible spectral interferences or the presence of impurities. Care
must be taken when preparing the mixed standards to ensure that the elements are compatible
and stable together. Transfer the mixed standard solutions to freshly acid-cleaned FEP
fluorocarbon or previously unused polyethylene or polypropylene bottles for storage. For all
intermediate and working standards, especially low level standards (i.e., <1 ppm), stability must
be demonstrated prior to use. Fresh mixed standards must be prepared as needed with the
realization that concentrations can change on aging. (Refer to Sec. 10.3.1 for guidance on
determining the viability of standards.)

7.6 Blanks -- Three types of blanks are required for the analysis. The calibration
blank is used in establishing the calibration curve. The method blank is used to monitor for
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possible contamination resulting from either the reagents (acids) or the equipment used during
sample processing including filtration. The rinse blank is used to flush the system between all
samples and standards.

7.6.1 The calibration blank consists of the same concentration(s) of the same
acid(s) used to prepare the final dilution of the calibrating solutions of the analytes [often
1% HNO, (v/v) in reagent water] along with the selected concentrations of internal
standards such that there is an appropriate internal standard element for each of the
analytes. Use of HCI for antimony and silver is cited in Sec. 7.2.

7.6.2 The method blank must contain all of the reagents in the same volumes
as used in the processing of the samples. The method blank must be carried through the
complete procedure and contain the same acid concentration in the final solution as the
sample solution used for analysis (refer to Sec. 9.9).

7.6.3 The rinse blank consists of 1 to 2% of HNO, (v/v) in reagent water.
Prepare a sufficient quantity to flush the system between standards and samples. If
mercury is to be analyzed, the rinse blank should also contain 2 pg/mL (ppm) of AuCl,
solution.

7.7 The interference check solution (ICS) is prepared to contain known concentrations
of interfering elements that will demonstrate the magnitude of interferences and provide an
adequate test of any corrections. Chloride in the ICS provides a means to evaluate software
corrections for chloride-related interferences such as **CI*°O* on *'V* and “°Ar®*CI* on "As".

Iron is used to demonstrate adequate resolution of the spectrometer for the determination of
manganese. Molybdenum serves to indicate oxide effects on cadmium isotopes. The other
components are present to evaluate the ability of the measurement system to correct for various
molecular-ion isobaric interferences. The ICS is used to verify that the interference levels are
corrected by the data system within quality control limits.

NOTE: The final ICS solution concentrations in Table 1 are intended to evaluate corrections
for known interferences on only the analytes in Sec. 1.2. If this method is used to
determine an element not listed in Sec. 1.2, the analyst should modify the ICS
solutions, or prepare an alternative ICS solution, to allow adequate verification of
correction of interferences on the unlisted element (see Sec. 9.7).

7.7.1 These solutions must be prepared from ultra-pure reagents. They can be
obtained commercially or prepared by the following procedure.

7.71.1 Mixed ICS solution | may be prepared by adding 13.903 g of
AI(NO,),C9H,0, 2.498 g of CaCO, (dried at 180 EC for 1 hr before weighing),
1.000 g of Fe, 1.658 g of MgO, 2.305 g of Na,CO,, and 1.767 g of K,CO, to 25 mL
of reagent water. Slowly add 40 mL of (1+1) HNO,. After dissolution is complete,
warm the solution to degas. Cool and dilute to 1,000 mL with reagent water.

7.7.1.2 Mixed ICS solution Il may be prepared by slowly adding
7.444 g of 85 % H,PO,, 6.373 g of 96% H,SO,, 40.024 g of 37% HCI, and 10.664 g
of citric acid C;0,H, to 100 mL of reagent water. Dilute to 1,000 mL with reagent
water.

7.7.1.3 Mixed ICS solution Il may be prepared by adding 1.00 mL
each of 100-pg/mL arsenic, cadmium, selenium, chromium, cobalt, copper,
manganese, nickel, silver, vanadium, and zinc stock solutions to about 50 mL of

6020A - 8 Revision 1
February 2007



reagent water. Add 2.0 mL of concentrated HNO,, and dilute to 100.0 mL with
reagent water.

7.7.1.4  Working ICS solutions

7.7.14.1 ICS-A may be prepared by adding 10.0 mL of
mixed ICS solution | (Sec. 7.7.1.1), 2.0 mL each of 100-pug/mL titanium
stock solution (Sec. 7.4.9) and molybdenum stock solution (Sec. 7.4.10),
and 5.0 mL of mixed ICS solution Il (Sec. 7.7.1.2). Dilute to 100 mL with
reagent water. ICS solution A must be prepared fresh weekly.

7.7.1.4.2 ICS-AB may be prepared by adding 10.0 mL of
mixed ICS solution | (Sec. 7.7.1.1), 2.0 mL each of 100-pug/mL titanium
stock solution (Sec. 7.4.9) and molybdenum stock solution (Sec. 7.4.10),
5.0 mL of mixed ICS solution Il (Sec. 7.7.1.2), and 2.0 mL of mixed ICS
solution Il (Sec. 7.7.1.3). Dilute to 100 mL with reagent water. Although
the ICS solution AB must be prepared fresh weekly, the analyst should be
aware that the solution may precipitate silver more quickly.

7.8 The initial calibration verification (ICV) standard is prepared by the analyst (or a
purchased second source reference material) by combining compatible elements from a
standard source different from that of the calibration standard, and at concentration near the
midpoint of the calibration curve (see Sec. 10.4.3 for use). This standard may also be
purchased.

7.9 The continuing calibration verification (CCV) standard should be prepared in the
same acid matrix using the same standards used for calibration, at a concentration near the
mid-point of the calibration curve (see Sec. 10.4.4 for use).

7.10 Mass spectrometer tuning solution. A solution containing elements representing all
of the mass regions of interest (for example, 10 pg/L of Li, Co, In, and Tl) must be prepared to
verify that the resolution and mass calibration of the instrument are within the required
specifications (see Sec. 10.2). This solution is also used to verify that the instrument has
reached thermal stability (see Sec. 11.4).

8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE
8.1 See the introductory material in Chapter Three, "Inorganic Analytes."

8.2 Only polyethylene or fluorocarbon (TFE or PFA) containers are recommended for
use in this method.

9.0 QUALITY CONTROL

9.1 Refer to Chapter One for additional guidance on quality assurance (QA) and
quality control (QC) protocols. When inconsistencies exist between QC guidelines, method-
specific QC criteria take precedence over both technique-specific criteria and those criteria
given in Chapter One, and technique-specific QC criteria take precedence over the criteria in
Chapter One. Any effort involving the collection of analytical data should include development
of a structured and systematic planning document, such as a Quality Assurance Project Plan
(QAPP) or a Sampling and Analysis Plan (SAP), which translates project objectives and
specifications into directions for those that will implement the project and assess the results.
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Each laboratory should maintain a formal quality assurance program. The laboratory should
also maintain records to document the quality of the data generated. All data sheets and
guality control data should be maintained for reference or inspection.

9.2 Refer to a 3000 series method (Method 3005, 3010, 3015, 3031, 3040, 3050,
3051, or 3052) for appropriate QC procedures to ensure the proper operation of the various
sample preparation techniques.

9.3 Instrument detection limits (IDLs) are a useful tool to evaluate the instrument noise
level and response changes over time for each analyte from a series of reagent blank analyses
to obtain a calculated concentration. They are not to be confused with the lower limits of
guantitation, nor should they be used in establishing this limit. It may be helpful to compare the
calculated IDLs to the established lower limit of quantitation, however, it should be understood
that the lower limit of quantitation needs to be verified according to the guidance in Sec. 10.2.3.

IDLs in pg/L can be estimated by calculating the average of the standard deviations of
three runs on three non-consecutive days from the analysis of a reagent blank solution with
seven consecutive measurements per day. Each measurement should be performed as though
it were a separate analytical sample (i.e., each measurement must be followed by a rinse and/or
any other procedure normally performed between the analysis of separate samples). IDLs
should be determined at least every three months or at a project-specific designated frequency
and kept with the instrument log book. Refer to Chapter One for additional guidance.

9.4 Initial demonstration of proficiency

Each laboratory must demonstrate initial proficiency with each sample preparation (a 3000
series method) and determinative method combination it utilizes by generating data of
acceptable accuracy and precision for target analytes in a clean matrix. If an autosampler is
used to perform sample dilutions, before using the autosampler to dilute samples, the laboratory
should satisfy itself that those dilutions are of equivalent or better accuracy than is achieved by
an experienced analyst performing manual dilutions. The laboratory must also repeat the
demonstration of proficiency whenever new staff members are trained or significant changes in
instrumentation are made.

9.5 Dilute and reanalyze samples that exceed the linear dynamic range or use an
alternate, less sensitive calibration for which quality control data are already established.

9.6 The intensities of all internal standards must be monitored for every analysis. If
the intensity of any internal standard in a sample falls below 70% of the intensity of that internal
standard in the initial calibration standard, a significant matrix effect must be suspected. As an
example, if the initial calibration internal standard response is 100,000 cps, anything below
70,000 cps in the sample would be unacceptable. Under these conditions, the established
lower limit of quantitation has degraded and the correction ability of the internal standardization
technique becomes questionable. The following procedure is followed -- First, make sure the
instrument has not drifted by observing the internal standard intensities in the nearest clean
matrix (calibration blank, Sec. 7.6.1). If the low internal standard intensities are also seen in the
nearest calibration blank, terminate the analysis, correct the problem, recalibrate, verify the new
calibration, and reanalyze the affected samples. If drift has not occurred, matrix effects need to
be removed by dilution of the affected sample. The sample must be diluted fivefold (1+4) and
reanalyzed with the addition of appropriate amounts of internal standards. If the first dilution
does not eliminate the problem, this procedure must be repeated until the internal-standard
intensities rise to the minimum 70% limit. Reported results must be corrected for all dilutions.
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9.7 To obtain analyte data of known quality, it is necessary to measure more than the
analytes of interest in order to apply corrections or to determine whether interference
corrections are necessary. For example, tungsten oxide moleculars can be very difficult to
distinguish from mercury isotopes. If the concentrations of interference sources (such as C, Cl,
Mo, Zr, W) are such that, at the correction factor, the analyte is less than the limit of
guantification and the concentration of interferents are insignificant, then the data may go
uncorrected. Note that monitoring the interference sources does not necessarily require
monitoring the interferant itself, but that a molecular species may be monitored to indicate the
presence of the interferent. When correction equations are used, all QC criteria must also be
met. Extensive QC for interference corrections are required at all times. The monitored masses
must include those elements whose hydrogen, oxygen, hydroxyl, chlorine, nitrogen, carbon and
sulfur molecular ions could impact the analytes of interest. Unsuspected interferences may be
detected by adding pure major matrix components to a sample to observe any impact on the
analyte signals. When an interference source is present, the sample elements impacted must
be flagged to indicate (a) the percentage interference correction applied to the data or (b) an
uncorrected interference by virtue of the elemental equation used for quantitation. The isotope
proportions for an element or molecular-ion cluster provide information useful for quality
assurance.

NOTE: Only isobaric elemental, molecular, and doubly charged interference corrections
which use the observed isotopic-response ratios or parent-to-oxide ratios (provided
an oxide internal standard is used as described in Sec. 4.2) for each instrument
system are acceptable corrections for use in Method 6020.

9.8 For each batch of samples processed, at least one method blank must be carried
throughout the entire sample preparation and analytical process, as described in Chapter One.
A method blank is prepared by using a volume or weight of reagent water at the volume or
weight specified in the preparation method, and then carried through the appropriate steps of
the analytical process. These steps may include, but are not limited to, prefiltering, digestion,
dilution, filtering, and analysis. If the method blank does not contain target analytes at a level
that interferes with the project-specific DQOSs, then the method blank would be considered
acceptable.

In the absence of project-specific DQOSs, if the blank is less than 10% of the lower limit of
guantitation check sample concentration, less than 10% of the regulatory limit, or less than 10%
of the lowest sample concentration for each analyte in a given preparation batch, whichever is
greater, then the method blank is considered acceptable. If the method blank cannot be
considered acceptable, the method blank should be re-run once, and if still unacceptable, then
all samples after the last acceptable method blank should be reprepared and reanalyzed along
with the other appropriate batch QC samples. These blanks will be useful in determining if
samples are being contaminated. If the method blank exceeds the criteria, but the samples are
all either below the reporting level or below the applicable action level or other DQOs, then the
sample data may be used despite the contamination of the method blank.

9.9 Laboratory control sample (LCS)

For each batch of samples processed, at least one LCS must be carried throughout the
entire sample preparation and analytical process. The laboratory control samples should be
spiked with each analyte of interest at the project-specific action level or, when lacking project-
specific action levels, at approximately mid-point of the linear dynamic range. Acceptance
criteria should either be defined in the project-specifc planning documents or set at a laboratory
derived limit developed through the use of historical analyses. In the absence of project-specific
or historical data generated criteria, this limit should be set at + 20% of the spiked value.
Acceptance limits derived from historical data should be no wider that + 20%. If the laboratory
control sample is not acceptable, then the laboratory control sample should be re-run once and,

6020A - 11 Revision 1
February 2007



if still unacceptable, all samples after the last acceptable laboratory control sample should be
reprepared and reanalyzed.

Concurrent analyses of standard reference materials (SRMs) containing known amounts
of analytes in the media of interest are recommended and may be used as an LCS. For solid
SRMs, 80 - 120% accuracy may not be achievable and the manufacturer’s established
acceptance criterion should be used for soil SRMs.

9.10 Matrix spike, unspiked duplicate, or matrix spike duplicate (MS/Dup or MS/MSD)

Documenting the effect of the matrix, for a given preparation batch consisting of similar
sample characteristics, should include the analysis of at least one matrix spike and one
duplicate unspiked sample or one matrix spike/matrix spike duplicate pair. The decision on
whether to prepare and analyze duplicate samples or a matrix spike/matrix spike duplicate must
be based on a knowledge of the samples in the sample batch or as noted in the project-specific
planning documents. If samples are expected to contain target analytes, then laboratories may
use one matrix spike and a duplicate analysis of an unspiked field sample. If samples are not
expected to contain target analytes, laboratories should use a matrix spike and matrix spike
duplicate pair.

For each batch of samples processed, at least one MS/Dup or MS/MSD sample set should
be carried throughout the entire sample preparation and analytical process as described in
Chapter One. MS/MSDs are intralaboratory split samples spiked with identical concentrations
of each analyte of interest. The spiking occurs prior to sample preparation and analysis. An
MS/Dup or MS/MSD is used to document the bias and precision of a method in a given sample
matrix.

Refer to Chapter One for definitions of bias and precision, and for the proper data
reduction protocols. MS/MSD samples should be spiked at the same level, and with the same
spiking material, as the corresponding laboratory control sample that is at the project-specific
action level or, when lacking project-specific action levels, at approximately mid-point of the
linear dynamic range. Acceptance criteria should either be defined in the project-specifc
planning documents or set at a laboratory-derived limit developed through the use of historical
analyses per matrix type analyzed. In the absence of project-specific or historical data
generated criteria, these limits should be set at + 25% of the spiked value for accuracy and 20
relative percent difference (RPD) for precision. Acceptance limits derived from historical data
should be no wider that £ 25% for accuracy and 20% for precision. Refer to Chapter One for
additional guidance. If the bias and precision indicators are outside the laboratory control limits,
if the percent recovery is less than 75% or greater than 125%, or if the relative percent
difference is greater than 20%, then the interference test discussed in Sec. 9.11 should be
conducted.

9.10.1 The relative percent difference between spiked matrix duplicate or
unspiked duplicate determinations is to be calculated as follows:

. D, & Dy,
RPD * ——————=— x 100

( *D, % Dz*)
2

where:

RPD = relative percent difference.
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first sample value.
second sample value (spiked or unspiked duplicate).

9.10.2 The spiked sample or spiked duplicate sample recovery should be within
+ 25% of the actual value, or within the documented historical acceptance limits for each
matrix.

9.11 If less than acceptable accuracy and precision data are generated, additional
guality control tests (Secs. 9.11.1 and 9.11.2) are recommended prior to reporting concentration
data for the elements in this method. At a minimum these tests should be performed with each
batch of samples prepared/analyzed with corresponding unacceptable data quality results.
These test will then serve to ensure that neither positive nor negative interferences are affecting
the measurement of any of the elements or distorting the accuracy of the reported values. If
matrix effects are confirmed, the laboratory should consult with the data user when feasible for
possible corrective actions which may include the use of alternative or modified test procedures
so that the analysis is not impacted by the same interference.

9.11.1 Post digestion spike addition

If the MS/MSD recoveries are unacceptable, the same sample from which the
MS/MSD aliquots were prepared should also be spiked with a post digestion spike.
Otherwise another sample from the same preparation should be used as an alternative.
An analyte spike is added to a portion of a prepared sample, or its dilution, and should be
recovered to within 80% to 120% of the known value. The spike addition should produce
a minimum level of 10 times and a maximum of 100 times the lower limit of quantitation. If
this spike fails, then the dilution test (Sec. 9.11.2) should be run on this sample. If both
the MS/MSD and the post digestion spike fail, then matrix effects are confirmed.

9.11.2 Dilution test

If the analyte concentration is sufficiently high (minimally, a factor of 10 above the
lower limit of quantitation after dilution), an analysis of a 1:5 dilution should agree within
10% of the original determination. If not, then a chemical or physical interference effect
should be suspected.

9.12 Ultra-trace analysis requires the use of clean chemistry preparation and analysis
techniques. Several suggestions for minimizing analytical blank contamination are provided in
Chapter Three.

10.0 CALIBRATION AND STANDARDIZATION

10.1 Set up the instrument with proper operating parameters established as detailed
below. The instrument should be allowed to become thermally stable before beginning (usually
requiring at least 30 min of operation prior to calibration). For operating conditions, the analyst
should follow the instructions provided by the instrument manufacturer.

10.2 Conduct mass calibration and resolution checks in the mass regions of interest.
The mass calibration and resolution parameters are required criteria which must be met prior to
any samples being analyzed. If the mass calibration differs more than 0.1 amu from the true
value, then the mass calibration must be adjusted to the correct value. The resolution must also
be verified to be less than 0.9 amu full width at 10% peak height.
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10.2.1 Before using this procedure to analyze samples, data should be available
documenting the initial demonstration of performance. The required data should
document the determination of the linear dynamic ranges; a demonstration of the desired
method sensitivity and instrument detection limits; and the determination and verification
of the appropriate correction equations or other routines for correcting spectral
interferences. These data should be generated using the same instrument, operating
conditions, and calibration routine to be used for sample analysis. These data should be
kept on file and be available for review by the data user or auditor.

10.2.2  Sensitivity, instrumental detection limit, precision, linear dynamic range,
and interference corrections need to be established for each individual target analyte on
each particular instrument. All measurements (both target analytes and constituents
which interfere with the target analytes) need to be within the instrument linear range
where the correction equations are valid.

10.2.3 The lower limits of quantitation should be established for all isotope
masses utilized for each type of matrix analyzed and for each preparation method used
and for each instrument. These limits are considered the lowest reliable laboratory
reporting concentrations and should be established from the lower limit of quantitation
check sample and then confirmed using either the lowest calibration point or from a low-
level calibration check standard.

10.2.3.1 Lower limit of quantitation check sample

The lower limit of quantitation check (LLQC) sample should be analyzed
after establishing the lower laboratory reporting limits and on an as needed basis
to demonstrate the desired detection capability. Ideally, this check sample and the
low-level calibration verification standard will be prepared at the same
concentrations with the only difference being the LLQC sample is carried through
the entire preparation and analytical procedure. Lower limits of quantitation are
verified when all analytes in the LLQC sample are detected within £ 30% of their
true value. This check should be used to both establish and confirm the lowest
quantitation limit.

10.2.3.2 The lower limits of quantitation determination using reagent
water represents a best case situation and does not represent possible matrix
effects of real-world samples. For the application of lower limits of quantitation on
a project-specific basis with established data quality objectives, low-level matrix-
specific spike studies may provide data users with a more reliable indication of the
actual method sensitivity and minimum detection capabilities.

10.2.4  Specific recommended isotopes for the analytes noted in Sec. 1.2 are
provided in Table 2. Other isotopes may be substituted if they can provide the needed
sensitivity and are corrected for spectral interference. Because of differences among
various makes and models of mass spectrometers, specific instrument operating
conditions cannot be provided. The instrument and operating conditions utilized for
determination must be capable of providing data of acceptable quality for the specific
project and data user. The analyst should follow the instructions provided by the
instrument manufacturer unless other conditions provide similar or better performance for
a given task.

10.3 All masses which could affect data quality should be monitored to determine
potential effects from matrix components on the analyte peaks. The recommended isotopes to
be monitored are listed in Table 2.
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10.4 All analyses require that a calibration curve be prepared to cover the appropriate
concentration range based on the intended application and prior to establishing the linear
dynamic range. Usually, this means the preparation of a calibration blank and mixed calibration
standard solutions (Sec. 7.5), the highest of which would not exceed the anticipated linear
dynamic range of the instrument. Check the instrument standardization by analyzing
appropriate QC samples as follows.

10.4.1 Individual or mixed calibration standards should be prepared from known
primary stock standards every six months to one year as needed based on the
concentration stability as confirmed from the ICV analyses. The analysis of the ICV, which
is prepared from a source independent of the calibration standards, is necessary to verify
the instrument performance once the system has been calibrated for the desired target
analytes. Itis recommended that the ICV solution be obtained commercially as a certified
traceable reference material such that an expiration date can be assigned. Alternately,
the ICV solution can be prepared from an independent source on an as needed basis
depending on the ability to meet the calibration verification criteria. If the ICV analysis is
outside of the acceptance criteria, at a minimum the calibration standards must be
prepared fresh and the instrument recalibrated prior to beginning sample analyses.
Consideration should also be given to preparing fresh ICV standards if the new calibration
cannot be verified using the existing ICV standard.

NOTE: This method describes the use of both a low-level and mid-level ICV standard
analysis. For purposes of verifying the initial calibration, only the mid-level ICV
needs to be prepared from a source other than the calibration standards.

10.4.1.1 The calibration standards should be prepared using the same
type of acid or combination of acids and at similar concentrations as will result in
the samples following processing.

10.4.1.2 The response of the calibration blank should be less than the
response of the typical laboratory lower limit of quantitation for each desired target
analyte. Additionally, if the calibration blank response or continuing calibration
blank verification is used to calculate a theoretical concentration, this value should
be less than the level of acceptable blank contamination as specified in the
approved quality assurance project planning documents. If this is not the case, the
reason for the out-of-control condition must be found and corrected, and the
sample analyses may not proceed or the previous ten samples need to be
reanalyzed.

10.4.2 For the initial and daily instrument operation, calibrate the system
according to the instrument manufacturer’s guidelines using the mixed calibration
standards as noted in Sec. 7.5. The calibration curve should be prepared daily with a
minimum of a calibration blank and a single standard at the appropriate concentration to
effectively outline the desired quantitation range. Flush the system with the rinse blank
(Sec. 7.6.3) between each standard solution. Use the average of at least three
integrations for both calibration and sample analyses. The resulting curve should then be
verified with mid-level and low-level initial calibration verification standards as outlined in
Sec. 10.4.3.

Alternatively, the calibration curve can be prepared daily with a minimum of a
calibration blank and three non-zero standards that effectively bracket the desired sample
concentration range. If low-level as compared to mid- or high-level sample concentrations
are expected, the calibration standards should be prepared at the appropriate
concentrations in order to demonstrate the instrument linearity within the anticipated
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sample concentration range. For all multi-point calibration scenarios, the lowest non-zero
standard concentration should be considered the lower limit of quantitation.

NOTE: Regardless of whether the instrument is calibrated using only a minimum number
of standards or with a multi-point curve, the upper limit of the quantitation range
may exceed the highest concentration calibration point and can be defined as the
"linear dynamic" range, while the lower limit can be identified as the "lower limit of
guantitation limit" (LLQL) and will be either the concentration of the lowest
calibration standard (for multi-point curves) or the concentration of the low level
ICV/CCV check standard. Results reported outside these limits would not be
recommended unless they are qualified as estimated. See Sec. 10.4.4 for
recommendations on how to determine the linear dynamic range, while the
guidance in this section and Sec. 10.4.3 provide options for defining the lower
limit of quantitation.

10.4.2.1 To be considered acceptable, the calibration curve should
have a correlation coefficient greater than or equal to 0.998. When using a multi-
point calibration curve approach, every effort should be made to attain an
acceptable correlation coefficient based on a linear response for each desired
target analyte. If the recommended linear response cannot be attained using a
minimum of three non-zero calibration standards, consideration should be given to
adding more standards, particularly at the lower concentrations, in order to better
define the linear range and the lower limit of quantitation. Conversely, the extreme
upper and lower calibration points may be removed from the multi-point curve as
long as three non-zero points remain such that the linear range is narrowed and
the non-linear upper and/or lower portions are removed. As with the single point
calibration option, the multi-point calibration should be verified with both a mid- and
low-level ICV standard analysis using the same 90 - 110% and 70 - 130%
acceptance criteria, respectively.

10.4.2.2 Many instrument software packages allow multi-point
calibration curves to be "forced" through zero. It is acceptable to use this feature,
provided that the resulting calibration meets the acceptance criteria, and can be
verified by acceptable QC results. Forcing a regression through zero should NOT
be used as a rationale for reporting results below the calibration range defined by
the lowest standard in the calibration curve.

10.4.3 After initial calibration, the calibration curve should be verified by use of
an initial calibration verification (ICV) standard analysis. At a minimum, the ICV standard
should be prepared from an independent (second source) material at or near the mid-
range of the calibration curve. The acceptance criteria for this mid-range ICV standard
should be £10% of its true value. Additionally, a low-level initial calibration verification
(LLICV) standard should be prepared, using the same source as the calibration standards,
at a concentration expected to be the lower limit of quantitation. The suggested
acceptance criteria for the LLICV is £30% of its true value. Quantitative sample analyses
should not proceed for those analytes that fail the second source standard initial
calibration verification, with the exception that analyses may continue for those analytes
that fail the criteria with an understanding these results should be qualified and would be
considered estimated values. Once the calibration acceptance criteria is met, either the
lowest calibration standard or the LLICV concentration can be used to demonstrate the
lower limit of quantitation and sample results should not be quantitated below this lowest
standard. In some cases depending on the stated project data quality objectives, it may
be appropriate to report these results as estimated, however, they should be qualified by
noting the results are below the lower limit of quantitation. Therefore, the laboratory’s
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guantitation limit cannot be reported lower than either the LLICV standard used for the
single point calibration option or the low calibration and/or verification standard used
during initial multi-point calibration. If the calibration curve cannot be verified within these
specified limits for the mid-range ICV and LLICV analyses, the cause needs to be
determined and the instrument recalibrated before samples are analyzed. The analysis
data for the initial calibration verification analyses should be kept on file with the sample
analysis data.

10.4.4 Both the single and multi-point calibration curves should be verified at the
end of each analysis batch and after every 10 samples by use of a continuing calibration
verification (CCV) standard and a continuing calibration blank (CCB). The CCV should be
made from the same material as the initial calibration standards at or near the mid-range
concentration. For the curve to be considered valid, the acceptance criteria for the CCV
standard should be £10% of its true value and the CCB should contain target analytes less
than the established lower limit of quantitation for any desired target analyte. If the
calibration cannot be verified within the specified limits, the sample analysis must be
discontinued, the cause determined and the instrument recalibrated. All samples following
the last acceptable CCV/CCB must be reanalyzed. The analysis data for the CCV/CCB
should be kept on file with the sample analysis data.

The low level continuing calibration verification (LLCCV) standard should also be
analyzed at the end of each analysis batch. A more frequent LLCCV analysis, i.e., every
10 samples may be necessary if low-level sample concentrations are anticipated and the
system stability at low end of the calibration is questionable. In addition, the analysis of a
LLCCV on a more frequent basis will minimize the number of samples for re-analysis
should the LLCCYV fail if only run at the end of the analysis batch. The LLCCV standard
should be made from the same source as the initial calibration standards at the
established lower limit of quantitation as reported by the laboratory. The acceptance
criteria for the LLCCV standard should be + 30% of its true value. If the calibration cannot
be verified within these specified limits, the analysis of samples containing the affected
analytes at similar concentrations cannot continue until the cause is determined and the
LLCCV standard successfully analyzed. The instrument may need to be recalibrated or
the lower limit of quantitation adjusted to a concentration that will ensure a compliant
LLCCV analysis. The analysis data for the LLCCV standard should be kept on file with the
sample analysis data.

10.5 Verify the magnitude of elemental and molecular-ion isobaric interferences and the

adequacy of any corrections at the beginning of an analytical run or once every 12 hr, whichever
is more frequent. Do this by analyzing the interference check solutions A and AB. The analyst
should be aware that precipitation from solution AB may occur with some elements, specifically
silver. Refer to Sec. 4.0 for a discussion on interferences and potential solutions to those
interferences if additional guidance is needed.

NOTE: Analysts have noted improved performance in calibration stability if the instrument is

exposed to the interference check solution after cleaning sampler and skimmer cones.
Improved performance is also realized if the instrument is allowed to rinse for 5 or 10
min before the calibration blank is run.

10.6 The linear dynamic range is established when the system is first setup, or

whenever significant instrument components have been replaced or repaired, and on an as
needed basis only after the system has been successfully calibrated using either the single or
multi-point standard calibration approach.
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The upper limit of the linear dynamic range needs to be established for each wavelength
utilized by determining the signal responses from a minimum of three, preferably five, different
concentration standards across the range. The ranges which may be used for the analysis of
samples should be judged by the analyst from the resulting data. The data, calculations and
rationale for the choice of range made should be documented and kept on file. A standard at
the upper limit should be prepared, analyzed and quantitated against the normal calibration
curve. The calculated value should be within 10% (+10%) of the true value. New upper range
limits should be determined whenever there is a significant change in instrument response. At a
minimum, the range should be checked every six months. The analyst should be aware that if
an analyte that is present above its upper range limit is used to apply a spectral correction, the
correction may not be valid and those analytes where the spectral correction has been applied
may be inaccurately reported.

NOTE: Some metals may exhibit non-linear response curves due to ionization and self-
absorption effects. These curves may be used if the instrument allows it; however the
effective range must be checked and the second order curve fit should have a
correlation coefficient of 0.998 or better. Third order fits are not acceptable. These
non-linear response curves should be revalidated and/or recalculated on a daily basis
using the same calibration verification QC checks as a linear calibration curve. Since
these curves are much more sensitive to changes in operating conditions than the
linear lines, they should be checked whenever there have been moderate equipment
changes. Under these calibration conditions, quantitation is not acceptable above or
below the calibration standards. Additionally, a non-linear curve should be further
verified by calculating the actual recovery of each calibration standard used in the
curve. The acceptance criteria for the calibration standard recovery should be +10%
of its true value for all standards except the lowest concentration. A recovery of £30%
of its true value should be achieved for the lowest concentration standard.

10.7 The analyst should (1) verify that the instrument configuration and operating
conditions satisfy the project-specific analytical requirements and (2) maintain quality control
data that demonstrate and confirm the instrument performance for the reported analytical
results.

11.0 PROCEDURE

11.1 Preliminary treatment of most matrices is necessary because of the complexity and
variability of sample matrices. Groundwater and other agueous samples designated for a
dissolved metals determination which have been prefiltered and acidified will not need acid
digestion. However, all associated QC samples (i.e., method blank, LCS and MS/MSD) must
undergo the same filtration and acidification procedures. Samples which are not digested must
be matrix-matched with the standards. Solubilization and digestion procedures are presented in
Chapter Three, "Inorganic Analytes."

CAUTION: If mercury is to be analyzed, the digestion procedure must use mixed nitric and
hydrochloric acids through all steps of the digestion. Mercury will be lost if the
sample is digested when hydrochloric acid is not present. If it has not already
been added to the sample as a preservative, Au should be added to give a final
concentration of 2 mg/L (use 2.0 mL of 7.4.12 per 100 mL of sample) to preserve
the mercury and to prevent it from plating out in the sample introduction system.

11.2 Initiate appropriate operating configuration of the instrument’s computer according

to the instrument manufacturer's instructions.
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11.3 Set up the instrument with the proper operating parameters according to the
instrument manufacturer's instructions.

11.4 Operating conditions -- The analyst should follow the instructions provided by the
instrument manufacturer. Allow at least 30 min for the instrument to equilibrate before analyzing
any samples. This must be verified by an analysis of the tuning solution (Sec. 7.10) at least four
integrations with relative standard deviations of #5% for the analytes contained in the tuning
solution.

CAUTION: The instrument should have features that protect itself from high ion currents. If
not, precautions must be taken to protect the detector from high ion currents. A
channel electron multiplier or active film multiplier suffers from fatigue after being
exposed to high ion currents. This fatigue can last from several seconds to hours
depending on the extent of exposure. During this time period, response factors are
constantly changing, which invalidates the calibration curve, causes instability, and
invalidates sample analyses.

11.5 Calibrate the instrument following the procedure outlined in Sec. 10.0.

11.6  Flush the system with the rinse blank solution (Sec. 7.6.3) until the signal levels
return to the DQO or method's levels of quantitation (usually about 30 sec) before the analysis
of each sample (see Sec. 10.0). Nebulize each sample until a steady-state signal is achieved
(usually about 30 sec) prior to collecting data. Flow-injection systems may be used as long as
they can meet the performance criteria of this method.

11.7 Regardless of whether the initial calibration is performed using a single high
standard and the calibration blank or the multi-point option, the laboratory should analyze an
LLCCV (Sec. 10.4.4). For all analytes and determinations, the laboratory must analyze an ICV
and LLICV (Sec. 10.4.3) immediately following daily calibration. It is recommended that a CCV
LLCCV, and CCB (Sec. 10.4.4) be analyzed after every ten samples and at the end of the
analysis batch.

11.8 Dilute and reanalyze samples that are more concentrated than the linear range for
an analyte (or species needed for a correction) or measure an alternate but less-abundant
isotope. The linearity at the alternate mass must be confirmed by appropriate calibration (see
Sec. 10.2 and 10.4). Alternatively apply solid phase chelation chromatography to eliminate the
matrix as described in Sec. 4.4.

12.0 DATA ANALYSIS AND CALCULATIONS

12.1 The quantitative values must be reported in appropriate units, such as micrograms
per liter (ug/L) for aqueous samples and milligrams per kilogram (mg/kg) for solid samples. If
dilutions were performed, the appropriate corrections must be applied to the sample values. All

results should be reported with up to three significant figures.

12.2 If appropriate, or required, calculate results for solids on a dry-weight
basis as follows:

(1) A separate determination of percent solids must be performed.

(2) The concentrations determined in the digest are to be reported on
the basis of the dry weight of the sample.
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Concentration (dry weight)(mg/kg) * CxV
W xS

Where,

C = Digest Concentration (mg/L)
V = Final volume in liters after sample preparation
W = Weight in kg of wet sample

S= % Solids
100

Calculations must include appropriate interference corrections (see Sec. 4.2 for
examples), internal-standard normalization, and the summation of signals at 206, 207, and 208
m/z for lead (to compensate for any differences in the abundances of these isotopes between
samples and standards).

12.3 Results must be reported in units commensurate with their intended use and all
dilutions must be taken into account when computing final results.

13.0 METHOD PERFORMANCE

13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance. The data do not represent required performance criteria for users of
the methods. Instead, performance criteria should be developed on a project-specific basis,
and the laboratory should establish in-house QC performance criteria for the application of this
method. These performance data are not intended to be and must not be used as absolute QC
acceptance criteria for purposes of laboratory accreditation.

13.2 In an EPA multi-laboratory study (Ref. 12), twelve laboratories applied the ICP-MS
technique to both aqueous and solid samples. Table 3 summarizes the method performance
data for aqueous samples. Performance data for solid samples are provided in Table 4. These
data are provided for guidance purposes only.

13.3 Table 5 summarizes the method performance data for aqueous and sea water
samples with interfering elements removed and samples preconcentrated prior to analysis.
Table 6 summarizes the performance data for a simulated drinking water standard. These data
are provided for guidance purposes only.

14.0 POLLUTION PREVENTION

14.1 Pollution prevention encompasses any technique that reduces or eliminates the
guantity and/or toxicity of waste at the point of generation. Numerous opportunities for pollution
prevention exist in laboratory operation. The EPA has established a preferred hierarchy of
environmental management techniques that places pollution prevention as the management
option of first choice. Whenever feasible, laboratory personnel should use pollution prevention
techniques to address their waste generation. When wastes cannot be feasibly reduced at the
source, the Agency recommends recycling as the next best option.
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14.2  For information about pollution prevention that may be applicable to laboratories
and research institutions consult 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 St., N.W. Washington, D.C. 20036, http://www.acs.org.

15.0 WASTE MANAGEMENT

The Environmental Protection Agency requires that laboratory waste management
practices be conducted consistent with all applicable rules and regulations. The Agency urges
laboratories to protect the air, water, and land by minimizing and controlling all releases from
hoods and bench operations, complying with the letter and spirit of any sewer discharge permits
and regulations, and by complying with all solid and hazardous waste regulations, particularly
the hazardous waste identification rules and land disposal restrictions. For further information
on waste management, consult The Waste Management Manual for Laboratory Personnel
available from the American Chemical Society at the address listed in Sec. 14.2.
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17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA

The following pages contain the tables referenced by this method. A flow diagram of the
procedure follows the tables.

6020A - 22 Revision 1
February 2007



TABLE 1

RECOMMENDED INTERFERENCE CHECK SAMPLE COMPONENTS
AND CONCENTRATIONS

Solution Solution A Solution AB
Component Concentration (mg/L) Concentration (mg/L)

Al 100.0 100.0
Ca 300.0 300.0
Fe 250.0 250.0
Mg 100.0 100.0
Na 250.0 250.0
P 100.0 100.0
K 100.0 100.0
S 100.0 100.0
C 200.0 200.0
Cl 2000.0 2000.0
Mo 2.0 2.0

Ti 2.0 2.0

As 0.0 0.100
Cd 0.0 0.100
Cr 0.0 0.200
Co 0.0 0.200
Cu 0.0 0.200
Mn 0.0 0.200
Hg 0.0 0.020
Ni 0.0 0.200
Se 0.0 0.100
Ag 0.0 0.050
Vv 0.0 0.200
Zn 0.0 0.100

These data are provided for guidance purposes only.
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TABLE 2

RECOMMENDED ISOTOPES FOR SELECTED ELEMENTS

Element of Interest Mass(es)
Aluminum 27

Antimony 121,123

Arsenic 75

Barium 138, 137, 136, 135, 134
Beryllium 9

Bismuth (1S) 209

Cadmium 114,112,111, 110, 113, 116, 106
Calcium (1) 42, 43, 44, 46, 48
Chlorine (1) 35, 37, (77, 82)?
Chromium 52, 53, 50, 54
Cobalt 59

Copper 63, 65

Germanium (IS) 74

Holmium (IS) 165

Indium (IS) 115, 113

Iron (1) 56, 54, 57, 58
Lanthanum (1) 139

Lead 208, 207, 206, 204
Lithium (IS) 6°, 7

Magnesium (1) 24, 25, 26
Manganese 55

Mercury 202, 200, 199, 201

Molybdenum (1)
Nickel

98, 96, 92, 97, 94, (108)?
58, 60, 62, 61, 64

Potassium (1) 39

Rhodium (IS) 103

Scandium (1S) 45

Selenium 80, 78, 82, 76, 77, 74
Silver 107, 109

Sodium (1) 23

Terbium (IS) 159

Thallium 205, 203
Vanadium 51, 50

Tin (1) 120, 118

Yttrium (IS) 89

Zinc 64, 66, 68, 67, 70

@ These masses are also useful for interference correction (Sec. 4.2).

® Internal standard must be enriched in the °Li isotope. This minimizes interference from

indigenous lithium.
NOTE: Method 6020 is recommended for only those analytes listed in Sec.1.2. Other elements are
included in this table because they are potential interferents (labeled I) in the determination of
recommended analytes, or because they are commonly used internal standards (labeled 1S). Isotopes
are listed in descending order of natural abundance. The most generally useful isotopes are underlined
and in boldface, although certain matrices may require the use of alternative isotopes.
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TABLE 3

EXAMPLE ICP-MS MULTI-LABORATORY PRECISION AND ACCURACY DATA

FOR AQUEOUS SOLUTIONS

Comparability®

b

Element %RSD Range N s¢
Range
Aluminum 95-100 11-14 14-14 4
Antimony d 50-7.6 16 - 16 3
Arsenic 97 - 114 7.1-48 16 - 16 4
Barium 91-99 43-9.0 16 - 16 5
Beryllium 103 - 107 8.6-14 13-14 3
Cadmium 98 - 102 46-7.2 18 - 20 3
Calcium 99 - 107 5.7-23 17 -18 5
Chromium 95 - 105 13-27 16 - 18 4
Cobalt 101 -104 8.2-85 18-18 3
Copper 85-101 6.1-27 17 -18 5
Iron 91 - 900 11-150 10-12 5
Lead 71-137 11-23 17 -18 6
Magnesium 98 - 102 10-15 16 - 16 5
Manganese 95-101 8.8-15 18 -18 4
Nickel 98-101 6.1-6.7 18-18 2
Potassium 101 -114 9.9-19 11-12 5
Selenium 102 - 107 15-25 12-12 3
Silver 104 - 105 52-7.7 13-16 2
Sodium 82-104 24 - 43 9-10 5
Thallium 88 - 97 9.7-12 18-18 3
Vanadium 107 - 142 23 - 68 8-13 3
Zinc 93 -102 6.8-17 16 - 18 5

Data obtained from Ref. 12.
& Comparability refers to the percent agreement of mean ICP-MS values to those of the

reference technique (ICP-AES or GFAA).

PN is the range of the number of ICP-MS measurements where the analyte values exceed the
limit of quantitation (3.3 times the average IDL value). A larger number gives a more reliable

comparlson

S is the number of samples with results greater than the limit of quantitation.

4 No comparability values are provided for antimony because of evidence that the reference
data is affected by an interference.

These data are provided for guidance purposes only.

6020A - 25

Revision 1

February 2007



TABLE 4

EXAMPLE ICP-MS MULTI-LABORATORY PRECISION AND ACCURACY DATA
FOR SOLID MATRICES

Comparability®

Element %RSD Range NP s°
Range
Aluminum 83-101 11-39 13-14 7
Antimony d 12-21 15-16 2
Arsenic 79 -102 12 -23 16 - 16 7
Barium 100 - 102 19-34 15-16 7
Beryllium 50 - 87 8.6-14 12-14 5
Cadmium 93 - 100 6.2-25 19-20 5
Calcium 95-109 4.1 - 27 15-17 7
Chromium 77 - 98 11-32 17 -18 7
Cobalt 43 - 102 15-30 17 -18 6
Copper 90 - 109 9.0-25 18 -18 7
Iron 87 -99 6.7-21 12-12 7
Lead 90 - 104 5.9-28 15-18 7
Magnesium 89 -111 7.6 -37 15-16 7
Manganese 80 -108 11-40 16 - 18 7
Nickel 87-117 9.2-29 16 - 18 7
Potassium 97 - 137 11-62 10-12 5
Selenium 81 39 12 1
Silver 43 - 112 12 -33 15-15 3
Sodium 100 - 146 14 -77 8-10 5
Thallium 91 33 18 1
Vanadium 83 -147 20-70 6-14 7
Zinc 84 -124 14 -42 18-18 7

Data obtained from Ref. 12.
& Comparability refers to the percent agreement of mean ICP-MS values to those of the
reference technique.

PN is the range of the number of ICP-MS measurements where the analyte values exceed the
I|m|t of quantitation (3.3 times the average IDL value).

S is the number of samples with results greater than the limit of quantitation.

4No comparability values are provided for antimony because of evidence that the reference
data is affected by an interference.

These data are provided for guidance purposes only.
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EXAMPLE METHOD PERFORMANCE DATA FOR AQUEOUS AND SEA WATER SAMPLES*
WITH INTERFERING ELEMENTS REMOVED

TABLE 5

AND SAMPLES PRECONCENTRATED PRIOR TO ANALYSIS

CONCENTRATION (ng/mL)®

ELEMENT ISOTOPE

9.0 mL 27.0 mL CERTFIED
Manganese 55 1.8+0.05 1.9+0.2 1.99+0.15
Nickel 58 0.32+0.018 0.32+0.04 0.30£0.04
Cobalt 59 0.033+0.002 0.028+0.003 0.025+0.006
Copper 63 0.68+0.03 0.63+0.03 0.68+0.04
Zinc 64 1.6+0.05 1.8+0.15 1.97+0.12
Copper 65 0.67+0.03 0.6+0.05 0.68+0.04
Zinc 66 1.6+0.06 1.8+0.2 1.97+0.12
Cadmium 112 0.020+0.0015 0.019+0.0018 0.019+0.004
Cadmium 114 0.020+0.0009 0.019+0.002 0.019+0.004
Lead 206 0.013+0.0009 0.019+0.0011 0.019+0.006
Lead 207 0.014+0.0005 0.019+0.004 0.019+0.006
Lead 208 0.014+0.0006 0.019+0.002 0.019+0.006

Data obtained from Ref. 12.
A The dilution of the sea-water during the adjustment of pH produced 10 mL samples containing 9 mL of sea-water and 30

mL samples containing 27 mL of sea-water. Samples containing 9.0 mL of CASS-2, n=5; samples containing 27.0 mL of

CASS-2, n=3.

B Concentration (ng/mL) + 95% confidence limits.

These data are provided for guidance purposes only.
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TABLE 6

ANALYSIS OF NIST SRM 1643b, TRACE METALS IN WATER*
AND SAMPLES PRECONCENTRATED PRIOR TO ANALYSIS

CONCENTRATION (ng/mL)?

ELEMENT ISOTOPE
DETERMINED CERTFIED
Manganese 55 30+1.3 2812
Nickel 58 50+2 4943
Cobalt 59 27+1.3 261
Nickel 60 51+2 4943
Copper 63 23+1.0 21,9104
Zinc 64 67+1.4 6612
Copper 65 22+0.9 219104
Zinc 66 67+1.8 6612
Cadmium 111 20+0.5 201
Cadmium 112 19.9+0.3 20+1
Cadmium 114 19.8+0.4 201
Lead 206 23+£0.5 23.7£0.7
Lead 207 23.9+0.4 23.7£0.7
Lead 208 24.240.4 23.7£0.7
Data obtained from Ref. 12.
A 5.0 mL samples, n=5.
B Concentration (ng/mL) + 95% confidence limits.
These data are provided for guidance purposes only.
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TABLE 7

COMPARISON OF TOTAL MERCURY RESULTS IN HEAVILY CONTAMINATED SOILS

Mercury in ug/g

Soil Sample ICP-MS CVAA
1 27.8 29.2
2 442 376
3 64.7 58.2
. 339 589
5 281 454
6 23.8 21.4
7 217 183
8 157 129
9 1670 1360
10 735 64.8
11 2090 1830
12 96.4 85.8
13 1080 1190
14 294 258
15 3300 2850
16 301 281
17 2130 2020
18 247 226
19 2630 2080

Source: Ref. 16.
These data are provided for guidance purposes only.
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METHOD 6020

INDUCTIVELY COUPLED PLASMA - MASS SPECTROMETRY

11.1 Use
appropriate
digestion procedure
(Chapter Three.)

10.3 Monitor all
masses that could
affect data quality, as
recomended.

v

11.2 Initiate
operating
configuration of
instrument
computer.

10.4 Prepare
calibration curve
covering appropriate
calibration range by
analyzing the
appropriate QC
samples.

11.3 Set up and
stabilize
instrument.

v

10.4.3 Verify
calibration with ICV
prepared from a
different stock
solution. Also analyze
a LLICV sample.

11.4 Set up
operating conditions
as recomended.

v

11.7 Analyze a CCV,
LLCCV, and CCB after
each 10 samples.

10.2 Perform mass
calibration and
resolution checks.

!

10.6 Nebulize each
sample until a steady-
state signal is
achieved; Collect data.

10.2.3.1 Analyze
lower limit QC

Y

Does

curve?

No

response Yes
exceed <—>»
calibration

12.2 Calculate
concentration.

v

6020A - 30

10.4.3 Determine
problem and correct
it; Recalibrate.

¢ Yes

ICV results
outside +/-
10% range
of actual

10.5 Before analysis
and every 12 hr,
analyze interference
check solutions A and
AB.

v

11.6 Flush system
with rinse blank
before the analysis of
each sample.

11.8 Dilute sample
and realalyze or
measure a less

abundant isotope.
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Reworded section.
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Reflect current procedure

Changed sample storage temperature to 0° to 6°C, but
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Reagents and Reflect current procedure Added reference to 1-P-QM-FOR-9009182.

Standards
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samples.
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Lancaster Laboratories | and Fish Tissue for Analysis of Metals by 1-P-QM-WI -9015160
Environmental ICP and ICP-MS

Reference:

1. Test Methods for Evaluating Solid Wastes, SW-846 Method 3050B,
December 1996.

2. Chemical Hygiene Plan, current version.

Cross Reference:

Document | Document Title

Analysis #6142, 6123, 6125, 10801, 6126, | Metals by Inductively Coupled Plasma Mass Spectrometry
6127, 6129, 6128, 6132, 6131, 6133, 6134, | for SW-846 Methods 6020/6020A (aqueous, solid, tissue),
6140, 6136, 6137, 6138, 6143, 6139, 6135, | CLP 5.2 (aqueous, solid, tissue) and EPA 200.8 (aqueous)
6124, 6141, 6146, 6144, 6147, 6145, ...

Analysis #6966, 1643, 6935, 7914, 6946, Metals by Inductively Coupled Plasma Atomic Emissions
6947, 1650, 6949, 6952, 6951, 6953, 1654, | Spectroscopy for SW-846 Methods 6010A/B/C (aqueous,

1662, 1656, 1657, 6958, 6960, 1667, solid, tissue), CLP 2.1(water/solid/tissue), CLP
6961,10145, 6955, 6944, 6936, 6969, 4.0(water/solid/tissue), CLP 5.2 (water/solid/tissue) and
7968, ... EPA 200.7(aqueous)

1-P-QM-FOR-9009182 Working Instructions for Prep Solutions and Standards
Purpose:

This digestion procedure is for the preparation of solid samples for analysis by ICP and
ICP/MS following SW-846 protocol.

Scope:

This method is used for preparation of metals in solid samples for analysis by ICP and
ICP/MS.

Basic Principles:
A representative sample is digested with repeated additions of nitric acid (HNO3) and

hydrogen peroxide (H202). Hydrochloric acid (HCI) is added to the initial digestate and
the sample is refluxed. The resultant digestate is diluted and analyzed.
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This method is not a total digestion technique for most samples; it is a very strong acid
digestion that dissolves almost all elements that could become “environmentally
available.” By design, elements bound in silicate structures are not normally dissolved
by this procedure.

Definitions:
1. ACS - American Chemical Society
2. D - Sample Duplicate
3. DOC - Demonstration of Capability
4. IDOC - Initial Demonstration of Capability
5. LCS/LCSD - Laboratory Control Sample/ Laboratory Control Sample
Duplicate
6. LCSW- Laboratory Control Sample Water
7. LLENS - the computer program that integrates a PC with an analytical
balance to collect data directly from the balance. The program organizes the
data and transmits the readings to the LIMS.
8. LIMS - Laboratory Information Management Systems
9. LLI Sample ID — unigue 7-digit number assigned to a client sample.
10. LOQ - Limit of Quantitation
11. MDL — Method Detection Limit
12. MS (R) — Matrix Spike
13. MSD (M) — Matrix spike duplicate
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14. PB/PBW-Preparation Blank/ Preparation Blank Water
15. QC - Quality Control

16. Method Blank - equivalent to a Preparation Blank. A designated sample
designed to monitor for sample contamination during the analysis process. A
volume of reagent laboratory water is typically used to monitor water sample
analysis, while solids blanks consist of a purified solid matrix or just the
reagents used in the test. The blank demonstrates that no artifacts were
introduced during the analysis process.

17. SOP- Standard Operating Procedure
18. U or US — unspiked background sample
Interferences:

When analyzing sample by ICP-MS using this digestion procedure we follow the
instrument manufacturer’s guidelines to eliminate polyatomic interferences typically
caused by Chlorine. The process we follow involves the use of a collision/reaction cell
on the ICP-MS. Below is a description of how the collision/reaction cell works.

Reaction Process - The primary method of interference removal is through a reaction
event. When using a reaction gas, either the target interference is more reactive than
the target analyte, leading to preferential removal of the interferent or (less commonly)
the target analyte is more reactive and is converted to a new species at a different mass
which is free from any existing or newly-formed overlap

Collision Process - The primary method of interference removal is through a non-
reactive event. This process of interference removal is kinetic energy discrimination
(KED). Energy Discrimination is most commonly used with an inert gas, which means
the interference removal process is not affected by reactions in the cell.
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Safety Precautions and Waste Handling:

All laboratory waste is accumulated, managed, and disposed of in accordance with all
federal, state and local laws and regulations.

See Chemical Hygiene Plan for general information regarding employee safety, waste
management, and pollution prevention.

Preparing samples for inorganic analysis involves working with concentrated acids and

other chemicals which are dangerous if not handled carefully:

Nitric acid (HNO3) — This acid can cause skin burns. Add nitric acid to
samples in a hood or use the designated dispensing equipment to avoid
exposure to toxic fumes.

Hydrochloric acid (HCI) — This acid can cause skin burns. Never mix HCI
with concentrated H2SO4 to avoid a violent reaction. Always use in a fume

hood or use the designated dispensing equipment.

Hydrogen peroxide (H202) - This is a strong oxidizing agent and causes
severe burns. Avoid contact with skin.

When diluting strong acids, never add water to acid; always add acid to water.

Store concentrated acids in the prep room acid lockers. Only acids are to be stored in
these lockers. (Store solvents in the flammable liquid storage cabinet.) Some
concentrated acids are kept in the acid reagent bottles on prep room counters. Fill
reagent bottles in an operating fume hood using caution to avoid spills.

Perform acid digestions in hoods that are turned on and have active alarms. Notify a
supervisor immediately if the hood is malfunctioning or the alarm sounds.

Samples that contain dust may be hazardous. Open in a fume hood.
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When a hazardous flag is added indicating possible cyanide, special precautions are
required to avoid exposure to hydrogen cyanide gas. Contact your supervisor prior to
adding acid. Always open these samples and add the acid in a hood.

Use spill pillows to absorb large acid spills (small spills are cleaned with wet paper
towels.) Use SPILL-X-A powder or equivalent to neutralize any remaining acid and then
rinse the area thoroughly with water. Spill pillows and SPILL-X-A are stored on the prep
room shelf.

Dispose of acid waste properly. Collect all acid digestions, waste solutions, and expired
reagent solutions in waste containers. When the acid waste containers are full, a
designated acid waste handler transfers the waste to the acid neutralization tank.

Personnel Training and Qualifications:

All personnel performing this procedure must have documentation of reading,
understanding, and agreeing to follow the current version of this SOP and a
documented Demonstration of Capability (DOC).

Initially, each employee performing this digestion procedure must work with an
experienced employee for a period of time until they can independently set up batches
and perform the necessary steps outlined in this procedure. Proficiency is measured
through documentation of the critical steps in this procedure, over checking of data as
well as an IDOC.

The IDOC and the DOC consists of four laboratory control samples that are carried
through all steps of the analysis and meet the defined acceptance criteria. The criteria
include the calculation of mean accuracy and standard deviation.

Sample Collection, Preservation, and Handling:

Solid samples require no chemical preservation.

Samples must be submitted in glass or plastic containers and stored at 0° to 6°C, but

not frozen, prior to digestion. Samples must be digested within 6 months (180 days) of
sample collection.
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Digested samples are stored in polypropylene bottles at room temperature.

Apparatus and Equipment:

1.

Polypropylene containers and covers (digestion vessels) - certified clean and
Class A equivalent

Whatman No. 41 filter paper or equivalent

Funnels

Environmental Express HotBlock (block digestor) - adjustable and capable of
maintaining a temperature of 90 to 95°C

Balance capable of reading 0.01 g

Chemware Ultra-Pure PTFE boiling stones, or equivalent.

Computer and software LLENS (Lancaster Laboratories Electronic Notebook
System)

Reagents and Standards:

For reagent preparation, shelf life, and storage conditions, see Form
1-P-QM-FOR-9009182.

1.

Nitric acid (HNO3) _ Fisher, Trace Metal Grade, or equivalent. Store at room
temperature. Re-evaluate annually.

Nitric acid (1:1) — Add 500 mL of HNO3 to 500 mL of reagent water. Store in
polypropylene at room temperature. Expires 6 months from date of
preparation. (Different volumes are acceptable but ratios must stay the
same.)
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3. Hydrogen peroxide, 30% (H.0,) — Fisher, Certified ACS or equivalent. Store

at room temperature. Re-evaluate annually.

4. Hydrochloric acid (HCI) — Baker Instra-Analyzed, or equivalent. Store at
room temperature. Re-evaluate annually.
NOTE: Itis acceptable to prepare using multiples of indicated weights and
volumes if ratios are maintained.
Calibration:

Not applicable.

Procedure:

1. Turn block digestor on and allow block to reach the Control Point setting that

5.

provides 90° to 95°C sample temperature. (The block temperature setting is
not necessarily the sample temperature.) See below for Block Digestor
Instructions section.

Weigh 1.00 to 1.05 g (to the nearest 0.01 g) of a well mixed sample into a
polypropylene digestion vessel. (If the sample is watery use 5.00 to 5.05
grams for analysis. Additional information on non-standard matrices is found
at the end of the procedure section.) Add 1.00 to 1.49 g of Chemware Ultra-
Pure PTFE boiling stones to the digestion vessel for the blank and LCS.
Enter the blank and LCS weight as 1.0000 to 100.0000 final volume in the
LLENS. For sample batch spiking procedures see 1-P-QM-FOR-9009182.
All spiking must be performed prior to starting the digestion procedure.

Add 10 mL of (1:1) HNOg, swirl to mix, and cover with a polypropylene cover.

Place sample vessel in block digestor. Heat (reflux) the sample at 90° to
95°C for 10 to 15 minutes without boiling.

Remove vessel from digestion block and allow sample to cool.
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6. Add 5 mL of concentrated HNO3. Replace cover, return vessel to digestion

10.

11.

12.

13.

block and heat for 30 minutes.

NOTE: If brown fumes are generated (indicating oxidation of the sample by
HNO3) continue the process of adding 5 mL HNOS3 and heating until no
brown fumes are given off by the sample. This indicates that the reaction
with HNOg is complete. Add the same amount of HNOj3 to the entire
digestion batch.

With cover on, heat at 90° to 95°C without boiling for 2 hours. Maintain a
covering of solution over the bottom of the vessel at all times (add reagent
water if necessary).

Remove vessel from digestion block and allow sample to cool.

Add 2 mL of reagent water and 3 mL of 30% H,0O,. With cover on, return
vessel to digestion block and heat until effervescence subsides. Care must
be taken to ensure that losses do not occur due to excessively vigorous
effervescence.

Continue to add 30% H,0, in 1-mL aliquots with warming until the
effervescence is minimal or until the general sample appearance is
unchanged.

NOTE: Do not add more than a total of 10 mL 30% H>0O,.

With cover on, continue heating the acid-peroxide digestate at 90° to 95°C
without boiling for 2 hours. Maintain a covering of solution over the bottom of
the vessel at all times (add reagent water if necessary).

Remove sample vessel from digestion block and allow to cool.

Add 10 mL of HCI. With the cover on, return vessel to digestion block and
heat at 90° to 95°C for 15 minutes.
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14. Remove sample vessel from digestion block.

15.

If floating particulate is evident after digestion, the sample must be filtered.

Filter through Whatman No. 41 filter paper into a polypropylene

container.

Wash sample vessel, residue, and paper thoroughly with reagent water.

If any samples are filtered, the prep blank and LCS must also be filtered.

16. Adjust volume to the 100mL mark on the digestion vessel with reagent water
and mix. Seal vessel with a screw cap. The sample is now ready for
analysis.

NOTE: When special limits of quantitation are required by the client, use more sample

weight.

For wipe samples:

When wipes are digested by this method, one blank media each must be used for the
batch preparation blank, the laboratory control sample (LCS), and the laboratory control
sample duplicate (LCSD). Refer to Form 1-P-QM-FOR-9009182 for the spiking of the
LCS and LCSD. Digest wipes in their own batch. Use reagent water to rinse any
particulate matter from the wipe container into the vessel containing the wipe before
digesting. If brown fumes are evolved during wipe sample digestion, perform only

two 5 mL HNO3 additions with 30-minute refluxing each; add the same amount of HNO3
to the entire batch. Proceed with digestion.

For fish tissue samples:

When fish tissues are digested by this method, refer to Form 1-P-QM-FOR-9009182 for
the spiking of the LCS, LCSD (if needed), R (matrix spike), and M (matrix spike
duplicate). Add 1.00 to 1.49 g of Chemware Ultra-Pure PTFE boiling stones to the
digestion vessel for the blank and LCS. Digest fish tissues in their own batch.
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Block Digestor Instructions:

Turn block digestor on by pressing rocker switch located on the cord.

Wait about 8 seconds until controller display indicates current block
temperature.

PRESS and hold STAR (*) key.

The display shows Control Point temperature.

The digits can be changed to the desired value by pressing the up and down
arrow keys while holding the (*) key.

Confirm Control Point temperature is set to the block temperature that
provides 90° to 95°C.

NOTE: See HotBlock Control Point Temperature Logbook to obtain control
point temperature setting for the HotBlock being used. If necessary, adjust

Control Point temperature to the proper setting as instructed below.

NOTE: Polypropylene containers must not be heated above 130°C.

Calculations:

Not applicable

Statistical Information/Method Performance:

Not applicable to this procedure. See analysis method.
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Quality Assurance/Quality Control:

For sample batch spiking instructions see form 1-P-QM-FOR-9009182. Refer to ICP
section when prepping ICP analysis. Refer to ICP/MS section when prepping ICP/MS
analysis. Prepare a method blank, sample duplicate, sample matrix spike, sample
matrix spike duplicate, and laboratory control sample with every digestion batch

(20 samples or less). Each piece of batch QC is digested following the procedure in this
SOP. If any samples are filtered the prep blank and LCS must also be filtered.

Refer to ICP Analysis #6966, 1643, 6935, ... for sample batch quality control
requirements, acceptance criteria and corrective action.

Refer to ICP/MS Analysis #6142, 6123, 6125, 10801, 6126, ... for sample batch quality
control requirements, acceptance criteria and corrective action.
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Introduction

Method 1631 (the "Method") supports technology-based and water quality-based monitoring programs
authorized under the Clean Water Act (CWA; the "Act").

CWA Sections 301 and 306 require EPA to publish effluent standards that restrict the direct discharge of
pollutants to the nations waters, and CWA Sections 307(b) and (c) require EPA to promulgate nationally
applicable pretreatement standards which restrict pollutant discharges into sewers flowing to publicly
owned treatment works (POTWs). The effluent limitations guidelines are published at CFR parts 401-
503.

CWA Section 303 requires each State to set a water quality standard for each body of water within its
boundaries. A State water quality standard consists of a designated use or uses of a water body or a
segment of a water body, the water quality criteria that are necessary to protect the designated use or uses,
and an antidegradation policy. CWA Section 304(a) requires EPA to publish water quality criteria that
reflect the latest scientific knowledge concerning the physical fate of pollutants, the effects of pollutants
on ecological and human health, and the effect of pollutants on biological community diversity,
productivity, and stability. These water quality standards serve two purposes: (1) they establish the water
quality goals for a specific water body, and (2) they are the basis for establishing water quality-based
treatment controls and strategies beyond the technology-based controls required by CWA Sections 301(b)
and 306.

In 1987, amendments to the CWA required States to adopt numeric criteria for toxic pollutants
(designated in Section 307(a) of the Act) based on EPA Section 304(a) criteria or other scientific data,
when the discharge or presence of those toxic pollutants could reasonably be expected to interfere with
designated uses. Method 1631 was specifically developed to provide reliable measurements of mercury
at EPA WQC levels.

In developing methods for determination of trace metals, EPA found that one of the greatest difficulties
was precluding sample contamination during collection, transport, and analysis. The degree of difficulty,
however, is highly dependent on the metal and site-specific conditions. Method 1631 is designed to
preclude contamination in nearly all situations. It also contains procedures necessary to produce reliable
results at the lowest WQC levels published by EPA. In recognition of the variety of situations to which
this Method may be applied, and in recognition of continuing technological advances, Method 1631 is
performance based. Alternative procedures may be used so long as those procedures are demonstrated to
yield reliable results.

Requests for additional copies of this draft Method should be directed to:
U.S. EPA Sample Control Center
6101 Stevenson Avenue

Alexandria, VA 22304-3540
703/461-2100

iii
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Note: This Method is performance based. The laboratory is permitted to omit steps or modify
procedures provided that all performance requirements in this Method are met. The laboratory
must not omit or modify any procedure defined by the term “shall” or “must” and must perform
all quality control tests.
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Method 1631, Revision E

Mercury in Water by Oxidation, Purge and Trap, and Cold Vapor
Atomic Fluorescence Spectrometry

Scope and Application

Method 1631, Revision E (the "Method") is for determination of mercury (Hg) in filtered and
unfiltered water by oxidation, purge and trap, desorption, and cold-vapor atomic fluorescence
spectrometr