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TMS GENERAL STATEMENT OF PURPOSE

1.0 PURPOSE

Establishment of routine operating practices to ensure that
all data generation in the laboratory conforms to specific
requirements for accuracy, precision, and completeness. The
purpose and goal of quality assurance/quality control (QA/QC)
is to ensure that all data generated in the laboratory

conforms to tk specific requirements for accuracy,
precision, and completeness as related to the appropriate
type of analysis, analyte, and matrix. This quality

assurance/quality control plan describes the organization and
procedures routinely incorporated into all analyses performed
by TMS ANALYTICAL SERVICES for the purpose of producing
reliable data.

2.0 METHODS AND MODIFICATIONS

All methods of analyses will follow the specific EPA
methodology for that specific type of analyses. This is to
include all requirements for initial and daily calibration,
method blanks, surrogates and internal standards, external
standards, performance and/or matrix spike samples, and for
all sample preparation procedures.

Customized, client-specific quality control measures can be
added to these basic guidelines to satisfy the special needs

of individual programs. Basic methods of analyses can also
be modified to meet individual programs if no acceptable
method of analysis 1is available. However, 1if such

modification is necessary, the quality control/quality
assurance criteria will be carried over in order to ensure
accurate, precise, and complete data. Laboratory personnel
are available to discuss the design, advantages, and
disadvantages of any modifications to either the gquality
control measures or method of analysis.

3.0 ORGANIZATION

3.1 VICE PRESIDENT, OPERATIONS

The ultimate responsibility for the generation of reliable
laboratory data rests with the Vice President of Operations.
This person 1is vested with the authority to effect those
policies and procedures which ensure that only data of the
highest attainable caliber is produced.




3.2 ANALYTICAL SECTIONS

To assist <the Vice President of Operations in achieving
his/her goals, each Analytical Section as well as the
Document Control Officer is responsible for the
implementation of the established policies and procedures.
Each section possess the authorities commensurate with its
responsibilities for the day-to-day enforcement and
monitoring of laboratory activities.

Unl otherw: :ified, <ttt € 1ior Analyst in ich
analytical section has the responsibility for ensuring tnat
personnel within that section are adequately trained to
perform analyses, that equipment and instrumentation are
calibrated and functioning properly, and that system audits
are performed on a periodic basis. These system audits will
consist of analyses of external check samples to determine
the analyst/instrument capability to identify and quantify
routine analytes.

3.3 DOCUMENT CONTROL OFFICER

The Document Control Officer has the responsibility for the
final review and evaluation of results from each analytical

section. In addition, the preparation of quality assurance
documentation for the 1laboratory 1is a function of the
Document Control Officer. This officer will also review

program plans for consistency with organizational and
contractual requirements and will advise appropriate
personnel of any changes or inconsistencies.

3.4 LABORATORY PERSONNEL

Any effective quality assurance and quality control program
depends not only on organization and management but also on
the efforts of each and every individual on the laboratory
staff. The initial review for acceptablllty of analytical
results rests with the analysts conducting the various tests.
Observations made during the performance of an analytical
method may indicate that the analytical system is not in
control. Analysts must be constantly aware for indications
of perturbat:.ons from the norm and be ready to verify that
the system 1is in control before continuing analyses or
reporting results or analyses.

In addition, laboratory personnel responsible for the
receipt, breakdown, and preparation of samples should be
aware of and note any observations which may affect the
integrity of the final analytical data.




4.0 SAMPLE MANAGEMENT

An organized and efficient sample management system 1is a
necessary and critical foundation on which actual analyses of

samples are based. Sample management includes client file
creation, sample preservation, sample receipt, sample
storacge, chain-of-custody documentation, reporting and

invoicing, and sample retention and disposal.

4.1 CLIENT FILE

Oon notification of a sampling and analysis effort, the
laboratory will create a client file to maintain records

associated with the project. 1In addition to administrative
information, the required analyses and any requested
modifications will be included in the file. As the project

progresses, chain-of-custody, tracking sheets, and analytical
results as -well as any other pertinent information will be
added to the file.

4.2 BOTTLE PREPARATION/SAMPLE PRESERVATION

Sample bottles and sample preservation will Dbe the
responsibility of <he client. In addition, sample
homogenization will also be the responsibility of the client.
In cases where counsel is sought regarding sampling,
bottling, preservation, and/or shipping, TMS will advise
according to the most recent recommendations from the U.S.
Environmental Protection Agency as applicable.

4.3 CHAIN-OF-CUSTODY

Chain-of~-custody procedures document the history of samples
and constitute a crucial part of sampling and analysis
programs. Chain-of=-custody documentation assists and enables
the identification and tracing of a sample from the time of
collection through the time of analysis.

All samples which are received at the laboratory must be
accompanies by a chain-of-custody. The chain-of-custody
should include the following data:

Date

Sample Number

Sample Description
Client/Program

Number of Containers
Preservative (if present)
Analyses Required

* % % % % ¥ %




* Special Instructions/Notes
* Time/Date of Transfer
* Signature of Recipient

Sample containers should include the following data:

Date

Sample Description
Analyses Reguired
Client/Program

* & % *

W 1 samples are received at ti laboratory, the sample
custodian will verify each and every sample against the
chain-of-custody forms, note any discrepancies or losses or
samples, and then sign for receipt of the samples. Samples
will remain under the control of the sample custodian until
samples are transferred to the 1laboratory staff for
processing. Following transfer to the laboratory staff, all
samples must be in custody and such custody documented.

A sample is considered to be in custody if it:

* Is in the physical possession of the
' responsible party.

* Is 1n view of the responsible party

* Is secured by the responsible party to
prevent tampering.

* Is secured by the responsible party in a
restricted area.

4.4 SAMPLE RECEIPT

Samples received at the laboratory are inspected for
integrity, and any field documentation is reviewed for
accuracy and completeness. If chain-of~custody forms do not
accompany the samples, the sample custodian will initiate
these forms. When samples are received with missing or
deficient chain-of-custody forms, the legal traceability of
these samples cannot extend to the time of collection but
must begin at the time of laboratory receipt.

Chain-of-custody and sample integrity problems are noted and
recorded during sample log-in. Client Services is informed
of the deficiencies and will advise the laboratory on the
desired disposition of the samples after contacting the
client.

Each sample that is received by the laboratory is assigned a
unigque sequential sample number which will identify the




sample in the laboratory’s internal tracking system.
Reference to a sample in any communication will include the
assigned sample number to specify which sample is of concern.

4.5 SAMPLE STORAGE

Samples will be stored in a secured area of the type dictated
by the analytical methodology. If a refrigerated area, the
Sample Custodian will monitor and record the temperature
daily.

Sample fractions and extracts will also be stored under the
conditions dictated by the analytical methodology.

4.6 SAMPLE RETENTION AND DISPOSAL

In the case of contracts entered into between TMS Analytical
and the U.S. Environmental Protection Agency, samples and
sample extracts will be retained for the specified time as
outlined in the original contract. At the end of this time,
samples and sample extracts will either be returned to the
U.S. EPA or disposed of in an appropriate manner.

In the case of analyses conducted for private clients, the
samples, sample extracts, packing materials, and shipping
containers will be returned to the client upon verification
of the data and transmission of the final data package.

5.0 ANALYTICAL METHODS

5.1 INSTRUMENT MAINTENANCE

Instruments will be maintained in accordance with
manufacturers’ specifications. More frequent maintenance may
be dictated dependent on operational performance.
Documentation pertaining to the date and type of maintenance
performed will be kept by the Senior Analyst of each
analytical section.

Service contracts via the manufacturer will be used on major
instruments in order to provide routine preventative
maintenance and to ensure rapid response for emergency repair
service. Minimal instrument down time is experienced through
the use of these contracts and is of major importance to
TMS’s goal of fast, accurate analysis.




5.2 INSTRUMENT CALIBRATION

Before any instrument can be used as a measurement device,
the instrumental response to known reference materials must
be determined. The manner in which the various instruments
are calibrated will be dependent on the particular instrument
and the intended use of the instrument. These calibrations
will be based upon the strictest adherence to the guidelines
published by the U.S. EPA for the intended analysis. All
sample measurements will be made within the calibrated range
ef € i1 :rur at. :

Laboratory balances will be calibrated annually and will be
checked before use on a daily basis. A record of daily
checks will be kept on the sample tracking record.

Temperature dependent devices will be <checked daily.

Thermometers used for such checks will be calibrated annually
against a National Bureau of Standards certified thermometer
in the range of interest.

5.3 PERSONNEL TRAINING

Prior to conducting analyses on an independent basis,
analysts will be trained by experlenced personnel in the
complete performance of an analytical method. If
instrumentation is particularly complicated, analysts may be
trained at instrument manufacturers’ training courses. The
analyst is then required to independently generate data on
several method and/or matrix spikes to demonstrate
proficiency in that method analytical method. The type of
data to be generated will be dependent on the analytlcal
method to be performed. Results of this "certification" will
be reviewed by the appropriate analyst for adequacy.

Since method blanks and matrix spikes are required routine
samples in every lot, performance on a day-to-day basis can
be monitored by comparison with the original and cumulative
data on similar samples. Each analytical section and the
document control officer are responsible for ensuring that
samples are analyzed by competent analysts, and that the
resultant data is of the highest level possible for precision
and integrity.

5.4 STANDARD ANALYTICAL METHODS

Analytical methods are routinely conducted as outlined in
published sources. These methods are included in the
appended attachments. Modifications to these methods may be
necessary in order to provide accurate analyses of




particularly complex matrices. When modifications to
standard analytical methods are performed, the specific
alterations as well as the reason for the change will be
reported with the results of analyses. In all cases, the
preferred method of analysis will be the most up to date
method as published by the U.S. Environmental Protection
Agency.

For a listing of currently used analytical methods, forward
to the attachment directory.

5.5 METHODS DEVELOPMENT

When standard (published) methods of analyses are not
applicable to analyses to be performed, methods can be
developed to provide the desired information. However, the
lack of a historical data base does not obviate the necessity
for documented gquality control data to demonstrate the
validity of the 'generated results. Reference material
sources must be identified, and proof of compound identity
and purity must be available. Instrumental operating
parameters as well as calibration data must be documented,
and specific procedures must be noted. Quality control
samples should be analyzed with greater fregquency than with
standard analytical methods to demonstrate the certainty and
uncertainty of generated data. Exact requirements for
demonstrating the reliability of developed methods are
normally dictated by the specific program.

5.6 REFERENCE MATERIALS

Whenever possible, primary reference materials will be
obtained from the National Bureau of Standards of the U.S.
Environmental Protection Agency. In the absence of available
reference materials from these organizations, other reliable

sources will be sought. These reference materials will be
used for instrument calibration, quality control spikes,
internal standards, and/or performance evaluations.

Secondary reference materials may be used for these functions
provided that they are traceable to an NBS standard or have
been compared to an NBS standard within the laboratory.

5.7 REAGENTS

Laboratory reagents will be of the highest quality obtainable
to minimize or eliminate background concentrations of the
analyte to be measured. Reagents must alsc not contain other
contaminants that will interfere with the analyte of concern.




5.8 CORRECTIVE ACTIONS

When an analytical system or methodology is deemed to be
questionable or out-of-control at any level of review,
corrective action must be performed. If possible, the cause
of the situation is determined, and efforts are made to bring
the system back into control. Demonstration of the
restoration to a reliable analytical system will normally be
accomplished by generating satisfactory calibration and/or
quality control sample data. The major consideration in
f :forming cor: :tive action is to ensure the production of
reliable and precise data within the laboratory.

6.0 DATA MANAGEMENT

6.1 DATA COLLECTION

In addition to the data collected in the field and recorded
on the chain-of-custody forms, data describing the processing
of samples will be accumulated in the laboratory and recorded
either on the sample tracking record or in laboratory

notebooks. These records are pertinent to establishment of
sample integrlty and must be dated/initialized to ensure
accuracy. All records are to be placed in the spec;flc

project file for project documentation.

6.2 DATA REDUCTION

Data reduction is performed by the individual analysts and
consists of calculating concentrations in samples from the
raw data obtained from the measuring instruments. The
complexity of the data reduction will be dependent on the
spec;flc analytical method and the number of discrete
operations involved in obtaining a sample that can be
measured.

For those methods utilizing a calibration curve, sample
responses will be applied to the linear regression line to
obtain an initial raw result which is then factored into
equatlons to obtain the estimate of the concentration in the
original sample. Rounding will not be performed until after
the final result is obtained to minimize rounding errors, and
results will not normally be expressed in more than two (2)
significant figures.

Copies of all raw data and the spread sheets used to generate
the final results will be retained in the project file to
allow reconstruction of the data reduction process at a later
date if necessary.




6.3 DATA REVIEW

System reviews are performed at all levels. The individual
analyst constantly reviews the gquality of data through
calibration checks, quality control sample results, and
performance evaluation samples. These reviews are performed
prior to data reduction.

During data reduction, the individual analysts again review
all data to ensure that all quality control/quality assurance
criteria are met. Selected hard copy output of data will be
reviewed by the Senior Analyst to ensure that results are
interpreted correctly. Unusual or unexpected results will be
reviewed by both the individual and Senior Analyst, and a
resolution will be made as to whether the analysis

should be repeated. In addition, the Senior Analyst will
recalculate selected results to verify the calculation
procedure.

The Document Control Officer independently <conducts a
complete review of projects to determine if laboratory and
client quality assurance/quality control regquirements have
been satisfied. Discrepancies will be reported to the
appropriate analytical section for resolution.

Final review 1is completed during the processing of the
completed data package prior to transmission to the clients.
In addition, non-routine audits are performed by regulatory
agencies and client representatives. The level of detail and
the areas of concern during these reviews are dependent on
the specific program requirements.

6.4 DATA REPORTING

Reports will contain final results, methods of analysis,
levels of detection, surrogate recovery data, and method
blank data. In addition, special analytical problems and/or
any modifications will be noted. The number of significant
figures reported will be consistent with the 1limits of
uncertainty inherent in the analytical method. Consequently,
most analytical results will be reported to no more than two
(2) significant figures. Final results will normally be
reported in units commonly used for the analyses performed.
Reported detection limits will be the concentration in the
original matrix and will be calculated according to the
specific methodology used for the analysis.



6.5 DATA ARCHIVING

The laboratory will maintain on file all data within the
project file. This file will be maintained for three (3)
years from the date of invoice unless a written request is
received for an extended retention time.

All raw data files will be archived on a computer disc or
magnetic tape for a period of one (1) vyear from date of
invoice unless a written request is received for an extended
retention time. For retrieval of data, a written work
request to include a gquotation must be submitted prior to
data retrieval.

Client confidentiality will be maintained with retrieved
data. Consequently, the laboratory can honor only those
requests for data authorized by the original client.

7.0 SUBCONTRACTED ANALYSES

The subcontracting of analytical services does not relieve
the laboratory of requirements set forth in this plan.
Adherence to the provisions of this plan will be part of the
subcontracting agreement, and data generated by the
subcontractor laboratory will be reviewed with the same
attitude as those analyses performed by the TMS laboratory.
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LABORATORY MANAGER
DUTIES/RESPONSIBILITIES
1.0 PURPOSE
Establish minimum accountabilities for the Laboratory Manager
to ensure that laboratory commitments are adequately met.
2.0 DUTIES AND RESPONSIBILITIES
2.1 Define project scope with analytical sections.

2.2 Review and approve analysis plans proposed by analytical
sections.

2.3 Assign target completion date for analyses through
client services and analytical sections.

2.4 Review client report completeness when last entry made
on data report. Forward to Document Control.

2.5 Resolve technical problems with analytical sections.

2.6 Forward client file to document control for preparation
of transmission and invoicing.

2.7 Review quality assurance/quality control data of
client’s file. Follow up with analytical sections if
corrective action must be taken.



VICE PRESIDENT - OPERATIONS
DUTIES/RESPONSIBILITIES
1.0 PURPOSE
Establish overall goals and guidelines for growth of the
laboratory. Ensure that data of the highest caliber is
produced via the analytical sections.
2.0 DUTIES AND RESPONSIBILITIES
2.1 Define project with Laboratory Manager.
2.2 Approve proposal pricing.

2.3 Assign overall responsibilities in order to accomplish
company’s goals.




EPA CONTRACT LABORATORY PROGRAM
DUTIES AND RESPONSIBILITIES OF THE PROJECT MANAGER

PURPOSE

Establish minimum accountabilities for the Project Manager to
ensure efficient operation, adequate technical guidance and
adequate data review for the project.

DUTIES AND RESPONSIBILITIES

Dire - the pro: : to ensure that technical goals,
project schedules and project costs are consistent with
the contract.

Inform (by telephone and/or in writing) SMO and EPA
Regional Technical Officer or client Project Officer of
any discrepancies, technical difficulties or other items
affecting smooth progress of sample preparation and
analysis.

Review status, on regular basis with the Administrator
Document Control, of all samples received for analyses.

Provide technical guidance, as regquired, to all project
personnel.

Plan and direct work on a daily or weekly basis, as
appropriate.

Handle client inquiries concerning status of samples.

Complete and submit to SMO a Weekly Progress Report for
each case.




EPA CONTRACT LABORATORY PROGRAM

DUTIES AND RESPONSIBILITIES OF THE }
LABORATORY SUPPORT MANAGER |

PURPOSE

Establish minimum accountabilities pertaining to the EPA-CLP
for the Laboratory Support Manager to ensure proper
coordination of support services such as bottle preparation,
sample pick-up, sample log-in, and maintenance of client
files.

DUTIES AND RESPONSIBILITIES

Coordinate scheduling of in-coming samples with the
Section Managers and SMO.

Activate the client file by forwarding the file
specifying case, number of samples expected, analytes
required, and respective analyses requested to the Sample
Custodian.

Supervise laboratory support personnel; (i.e., Sample
Custodian, etc.) to ensure that laboratory operating
practices pertaining to support services are adequately
implemented.

Meet with Section Managers on a weekly basis to monitor
in-house production needs so that in-coming work can be
efficiently scheduled.

Initiate billing procedures on completion of a project.

Arrange for sample disposal after authorization has been
received from the Project Officer, and ensure that proper
documentation has been entered on the Chain-of-custody
forms regarding final fate of the samples and extracts.



EPA CONTRACT LABORATORY PROGRAM

DUTIES AND RESPONSIBILITIES OF THE
ADMINISTRATOR DOCUMENT CONTROL

1 .POSE

Establish minimum accountabilities for the Document Control
Operation to ensure that sample data and related
documentation for a specified case (group or samples) will be
accounted for when the project is completed.

L___58 A._ REL DON{_JTLITIES

Review quality control data for conformance to
laboratory control limits and contract required
acceptance criteria.

Perform quality assurance/quality control (QA/QC)
review/audit of all analytical case files according to
QA/QC check point procedures.

Waste stream inventory control management and
disposition.

Maintain and facilitate EPA case file purges as defined
by procedure/Statement of Work.

Maintain and facilitate archive storage of Private
Client case files as defined by procedure.

Research all Sample Management Office (SMO) disallowed
payments and prepare documentation for disputes.

Maintain laboratory signature list to current status.

Update and maintain laboratory standard operating
procedures.

Maintain library of analytical procedures.

Function as contact for Contract Evidence Audit Team
(CEAT-TechlLaw) on all EPA related audits.

Provide support to Client Services as needed for case
file research.

Provide back up to other administration staff as
required.



EPA CONTRACT LABORATORY PROGRAM

DUTIES AND RESPONSIBILITIES OF THE
ANALYSTS

PURPOSE
Establish minimum accountabilities for analytical laboratory

personnel to ensure adequate bench level data evaluation and
documentation in a timely, efficient manner.

DUTIES AND RESPONSIBILITIES

Meet with the Project Manager on a daily basis to
discuss priorities and assignments.

Perform analyses according to the work schedule assigned
and analytical SOP's required.

Check samples as appropriate for proper preservations/
preparation before beginning analyses.

Bring instrument problems, analytical problems, any
abnormal occurrences, etc. to the attention of the
Section Manager and/or Supervisor for resolution.
Document the problem and the respective resolution in
the appropriate instrument/laboratory notebook.

Record all observations and results which cannot be
recorded on preprinted data sheets into a bound
laboratory noteboock. At the top of each page, record:

o Title: EPA-CLP SMO Case #/TMS #
o Notebook Number
o Date/analyst's signature

Data from only one case is recorded per page. If the
entire page is not used, a line is drawn diagonally
through the unused portion. The appropriate block at
the bottom of the page is dated and initialed by the
analyst.

When all of the data from a case are compiled, copies of
all applicable notebook entries must be forwarded to the
Document Control Administrator, who will inventory and
file these copies in the appropriate case file.

Record all documents made in logbooks, and other
documents, in ink. If an error is made, corrections are
made by crossing a single line through the error,
entering the correct information, and initialing and
dating the correction.




Complete calculations at the end of each run or batch of
similar runs and enter data into the appropriate
laboratory notebook.

Review quality control data for conformance to
laboratory control limits and contract required
acceptance criteria.

Submit results into the laboratory data management
system at the end of each work shift.




1.0

CLIENT SERVICES
DUTIES/RESPONSIBILITIES

PURPOSE

Establish minimum accountabilities for Client Services to
ensure that client’s needs are accomplished.

2.0
2.1

DUTIES AND RESPONSIBILITIES

Develop and maintain geographical profile of client
base.

Develop and maintain categorical profile of client base.

Develop, co-ordinate, and maintain interface between
client base and analytical sections.

Co-ordinate sample prioritization within analytical
sections and laboratory operations.

Monitor and provide sample status reports to the
operations management.

Provide technical support to the design, implementation,
and operation of the marketing program.

Provide technical support to the client base in order to
meet their needs for data and reporting.




FACILITIES DESCRIPTION



FACILITY DESCRIPTION

™S Analytical Services, 1Inc. occupies a 17000 square foot
facility located in Indianapolis, 1Indiana, approximately 15

minutes from the airport. The facility contains separate/
dedicated laboratory preparation rooms with state of the art
air handling and exhaust systems, three dedicated mass

spectrometry laboratories, an inorganic laboratory, dedicated
glassware cleaning area, and document control areas.

TMS has the capability to perform standard GC/MS and GC/HRMS
methods as well as a variety of specialized MS/MS methods.
The laboratory staff includes low resolution, high resolution,
and tandem mass spectrometer operators, along with staff who
are experienced in sample preparation. The laboratory holds
national EPA contracts for the analysis of samples for dioxin,
and is one of the few laboratories in the CLP program for that
analysis.

Laboratory egquipment available includes gas chromatographs,
liquid chromatographs, assorted spectrophotometers, and
support equipment. The principle laboratory instrumentation
includes a sophisticated tandem guadrapole mass spectrometer,
an EBE geometry computer controlled double focusing mass
spectrometer, and several conventional Hewlett-Packard GC/MS

svstems.

The tandem quadrapole mass spectrometer is a top-of-the-line
SCIEX TAGA 6000E. The instrument is equipped with extended
mass range to 1500 amu, and all available interfaces including
GC, APCI, LPCI, LC, probes, and gas sampling. The instrument
is computer controlled and is capable of all forms of MS/MS
operation, including SIM, parent/daughter SIM, parent scans,
daughter scans, and neutral loss scans. The instrument is
cryopumped and <capable of handling continuous gas loads
directly into the source as high as 40 ml/min. The low
pressure CI source is a bright Townsend discharge that
generates an extremely high ion density.

The high resolution mass spectrometer 1is a VG AutoSpec
hybridized wmagnetic sector with OPUS data analysis and
chemical information system. The present configuratiocn
includes EI, <CI, and probe sources. Due to the great
sensitivity of this instrument, an injection of 1 picogram of
2,3,7,8=-TCDD shows a signal-to-noise ratic greater than 500:1.

The conventional Hewlett-Packard GC/MS systems are capillary
gas chromatographs coupled with mass selective detectors. The
data system supporting the three GC/MSD units is an HP 1000
A-Series computer, Real-Time Executive (RTE-A) operating
system, HP mass spectrometer applications/ data reduction
software and HP peripheral hardware (scanning interface, disc
drives, terminals, printers, etc.) It controls or assists in
instrument tuning; data aquistion, data reduction, repert
production and automation.
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TMS ANALYTICAL SERVICES STANDARD OPERATING PROCEDURE

EPA CONTRACT LABORATORY PROGRAM
HAZARDOUS WASTE DISPOSAL

Metal containers, 1lined with plastic bags shall be available in
the laboratory areas so that any contaminated glassware can be
immediately placed in the container. When the container is full,
the 1id will be crimped shut and then labeled as contaminated
glassware.

Also available and handled in the same way will be metal
containers for possible contaminated conbustables such as paper,
gloves, plastic bench cover, etc. These containers will be
handled in a similar manner and labeled accordingly.

Liquid wastes will be concentrated, evaporated to dryness, and the
residue handled as solid waste.

The Laboratory Support Manger will dispose of accumulated solid
waste by use of approved EPA or commercial disposal facilities.

Any remaining unused samples will be disposed of according to the
requirements of the IFB contract.
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INTRODUCTION

This document comprises part of the Statement of Wcrk (SOW) to be usad
£or analvsis of envircnmental samples £for PCODs and PCOFs under Viar and
‘Company’s Special Analytical Services (SAS) program. The document ilacludes
tae target ceompound list (see Exhibit C), the extracticen procedures and
analytical procedures to be emplcyed (see Exhibit D), the reporzing and
deliverable requirements, including the data reporting forms (see EIxnibit
B), and a glossary of terms used in the SOW (see Exhibit G).

Certain <terms used in this document are designed £for use ia E
Routine Analytical Services (RAS) preograms, and may not be direczly
applicable to analyses performed under SAS, £or instance, Case, SDG, and
Traffic Repor:. It must be understood by the users cf cthis document =hat
such 1t i may be replaced by SaS-specific ti i

The requirements described in this document are supplemented by other
specific requirements contained in the SAS Scope of Work, Contract Letter,
and Regional Client Request Form. Any questions regarding the requirements
in the SOW or any of these other documents should be directed to Viar and
Company. A
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Sample Dacta Summar Package

One Sample Data Summary Package shall be delivered to SMO concurrently
wizh deliverv of other required sample cdata. The Samplie Data Summary
Package consiscts of coples of specified icems Zrom the Sample Daca
Package. These items are listed below and are described under Zart D,
Sample Data Package.

The Sample Data Summary Package shall be ordered as follows and shall be
submitted separataly (i.e., separatad by rubber bands, clips or other
means) directly preceding the Sample Data Package. Sample data forms
shall be arranged in increasing EPA sample number order, considering
both letters and numbers. For example, DBE4OO is a lower sample number
tnan DBF1l00, as £ precedes F in the alphabec.

The Sample Data Summary Package shall contain data for samples in one
SDG of the Case as follows:

1. SDG Narrative.

2. Completed Forms I (PCDD-1, PCDD-2 and PCDD-3) for all samples.
Original and rerun sample data shall be provided on separace forms.

Sample Data Package

The Sample Data Package shall include data for analyses of all samples
in one SDG, including field samples, reanalyses, blanks, matrix spikes,
and duplicate analyses. The Sample Data Package is divided into the
three major units described below.

The Contractor shall rectain a copy of the Sample Data Package for 365
days after final acceptance of data. After chis time, the Contractor

may dispose of the package.
1. SDG Narrative

This document shall be clearly labeled "SDG Narrative” and shall
contain: laboratory name; Case number; sample numbers in the SDG,
differentiating between initial analyses and reanalyses; SDG number;
Contract number; and detailed documentation of any quality control,
sample, shipment and/or analytical problems encountered in
processing the samples reported in the data package.

Whenever data from sample reanalyses are submitted, the Contractor
shall state in the SDG Narrative for each reanalysis, whether it
considers the reanalysis to be billable, and if so, why.

The Contractor must also include any problems encountered, both
technical and administrative, the corrective actions taken and the
resolutions, and an explanation for all flagged edits (i.e., manual
edits) on quantitation lists.

NOTE: If a column is used that has diffarent first and last
elucting isomers than the DB-5 column, che Contractor shall
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fully documenc, in the SDG Narrative, the order of elucion
of the lsomers and identify the Zirstc and last eluting
isomers for that particular column for the window definina
mix and CC3 soluticen.

The SDG Narrative shall contain the following statament, verbacim:
"I certily that this data package is in compliance wich the ctarz

and conditions of the contract, both technically and for
compleceness, for other than the conditions detailed above. Rel=ase
of the data contained in this hardcopy data package has been
authorized by the Laboratory Manager or his designee, as verified by
the Zollowing signature." This sctatement shall be directly foilowed
bv che signacture of the Laboratory Manager or his designee wichx a
typed line below it containing the signer’s name and ticle, and che
date of signacture. Additionally, cthe SDG Narrative itself must be
signed in original signature by the Laboratory Manager or his
designee and datad. ALl copies of the SDG Narrative shall be signed

in original signature.
Traffic Reports

A cop& of the TRs submicted in Part A for all oI the samples in che
SDG shall be delivered. The TRs shall be arranged in increasing EPA

sample numbering order, considering both letters and numbers in
ordering samples. Copies of the SDG Cover Sheet shall be included

wich the copies of the TRs.:

If samples are received at the laboratory with wulti-sample TRs, all
the samples on one multi-sample TR may not necessarily be in the
same SDG. In this instance, the Contractor must make the
appropriate number of photoccpies of the TR so that a copy is
submitted with each data package to which the TR applies.

In addition, in any instance where samples from more than one mulci-

sample TR are in the same data package, the Contractor must submit a
copy of the SDG Cover Sheet with copies of the TRs.

PCDD/PCDF Data
a. Sample Data - in order by EPA sample number
(1) Target Compound List Results (Form I PCDD-1).
(2) Calculation of the Toxicity Equivalence (Form I PCDD-2).
(3) Second Column Confirmation Summary (Form I PCDD-3).
If che TEF is greater chan the limits specified in Exhibic

D, analysis on a column capable of resolving all 2378-
substituted PCDDs/PCDFs is required.
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(3)

Selected Ion Current Profile (SIC?) for each sample and
each analysis of each sample. SICPs must contain the
following header information:

0o EPA sample number.

o Date and time of analysis.

o GC/MS instrument ID.

o Lab file ID.

Total Congener Concentration Results (Form II PCDD).

Quality Control Data

(L)

3

(4)

(3)

(6)

Spiked Sample Results (Form III PCDD-1) - in order by EPA
sample number.

Duplicate Sample Resulcs (Form III PCDD-2) - in order by
EPA sample number.

Method Blank Summary (Form IV PCDD) - in order by EPA
sample number assigned to the blanks.

Window Defining Mix Summary (Form V PCDD-1) - in order by
EPA sample number assigned to the window defining mix.

Chromatographic Resolution Summary (Form V PCDD-2) - in
order by EPA sample number assigned to the standard used
to evaluate the column resolution.

SIC?P for each analysis above [b.(l) - (5)]. SICPs must
contain the header information described in a. (&) above.

Calibration Data

(L)

(2)

Initial Calibration Data (Form VI PCDD-1 and Form VI PCDD-
2) - in order by instrument, if more than one instrument
used.

(a) PCDD/PCDF standard(s) SICPs for the inicial (five-
point) calibration shall be labeled as statad above.

(b) When more than one initial calibration is performed,
the data must be arranged in chronological order by
insctrument.

Continuing Calibration Data (Form VII PCDD-1 and Form VII
PCDD-2) - in order by instrument, if more than one
insctrumenc is used.

(a) PCDD/PCDF standard(s) SICPs for all continuing
calibrations shall be labeled as scated above.
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(b) When more than one continuing calibracion is
performed, the data must be arranged in chronological
order, by imstrumenc.

d. Raw Qualicy Control Daca

(1) Blank Data - in order by EPA sample number assigned to the
blank. SICPs shall be submitted for each blank analyzed
and labeled as above.

(2) Spiked Sample Data - in order by EPA sample number. SICPs
snall be submicted for each spiked sample analyzed and
labeled as above.

Zxcrac

The Contractor shall preserve sample extracts in the dark at room
temperature in bottles/vials with Teflon-lined septa. Extract
bottles/vials shall be labeled with EPA sample number, Case number and
SDG number. A logbook of stored extracts, listing EPA sample numbers
and associated Case and SDG numbers, shall be maintained.

The Contractor is required to retain extracts for 365 days following
data submission. During that time, the Contractor shall submit extracts
and associated logbook pages within seven days following receipt of a
written request from the APO or SMO.
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SECTION III
rORM INSTRUCTICN GUIDE
This section incluces specific instructions for the completion of all
required forms. These instructions are arranged in the following order:
A. General Information and Header Information
3. PCDD/PCDF Sample Data (Form I PCDD-1, PCDD-2 and PCDD-3)

C. 2CDOD/PCOF Total Congener Concentration Summary (Form II)

D. PCDD/PCDF Spiked Sample and Duplicacte Sample Results (Form III PCDD-1 and
PCDD-2)

PCDD/PCDF Method Blank Summary (Form IV)'

m

rey

PCDD/PCDF Window Defining Mix Summary, Chromatographic Resolution
Summary, and Analytical Sequence (Form V PCDD-1, PCDD-2 and PCDD-3)

PCDD/PCDF Initial Calibration Data Summary (Form VI PCDD-1 and PCDD-2)

)

H. PCIOD/PCDF Continuing Calibration Data Summary (Form VII PCDD-1 and PCDD-

- wadt

2)

I. Sample Log-In Sheet (Form DC-1)

“

Cocument Inventory Sheet (Form DC-2)
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The data reporting forms presentad in Section IV have bDeen desizned in
anticipation of the development of a computer-raadaple cata Zormat.
Alzhough a "diskecte deliverable" is not a requirement at cthis time, the
design of the data reporting forms have taken such a future requirement
into consideration. Therefore, the specific length of each fizld on the
Zorms is the approximate length that would be inciuded in a daca elzment
dictionary, with exceptions made in some instances for additional space
on the hardcopy forms for visual claricy.

All characcers which appear on the data reporting forms presented in
Section IV must be reproduced by the Contractor when submitting data,

and the format of the forms submitted mustc be identical to that shown in
the contract. No information may be added, deleced, or moved Zrom its

specified position without prior wrictcten approval of the APO. The names
of the various fields and compounds (e.g., "Lab Code," "2378-TCDD") mus:c
appear as they do on the forms in the contract, including che options
specified in the form (i.e., "Matrix: (Soil/Water/Waste/Ash)" must
appear, not just "Matrix"). For items appearing on the uncompleted
forms (Section IV), the use of uppercase apd lowercase letters is
optional.’

Alphabetic entries made onto the forms by the Contractor shall be in ALL
UPPERCASE lecters (e.g., "SOIL," not "Soil" or "soil"”). If an encry
cdoes not fill the entire blank space provided on the form, nuil
characters shall be used to remove the remaining underscores that
comprise cthe blank line. However, do not remove the underscorss or
vertical bar characters that delineate "boxes” on the forms. The only
exception would be those underscores at the bottom of a "box" that are
intended as a data entry line. (For instance, on Form II, if data must
be entered on the last line of the box, it will replace the
underscores).

Six pieces of information are common to the header section of each data
reporting form. They are Lab Name, Contract, Lab Code, Case No., SAS
No., and SDG No. Except as noted below for SAS No., this information
must be entered on every form and gust match on every form.

The "Lab Name” shall be the name chosen by the Contractor to identcify
the laboratory. It may not exceed 25 characters.

The "lLab Code” is an alpha-numeric abbreviation of up to six letters and
numbers assigned bv EPA to identify the laboratory and aid in data
processing. This lab code shall be assigned by EPA at the time a
contract is awarded and shall not be modified by the Contractor, except
at the direction of EPA. If a change of name or ownership occurs at the
laboratory, the lab code will remain the same unless and uncil the
Contractor is directed by EPA to use another lab code assigned by EPA.

The "Case No." is the EPA-assigned Case number associated with the
sample and reported on the Traffic Report or sample shipping paperwork.

B-7 12/90



The "Conctract" is the number of the EPA contrac: under which the
analyses were performed. In the case of multiple laboratories operating
under a corporate-wide contract, the contract number enterad shall de
that of the corporate contract, regarcless of the facilicy performing
zhe analyses.

The "SDG No." is the EPA sample number of the first sample received in
the SDG. When several samples are received together in the firsc SDG
snipment, the SDG number shall be the lowest sample number (comsidering
both alpha and numeric designations) in the first group of samples

received under the SDG.

The "SAS No." is the EPA-assigned number for analyses perZormed under
Special Analytical Services (SAS). If samples are to be analyzed under
SAS only and reported on these forms, then enter "SAS No.," and leave
“Case No." blank. If samples are analyzed according to the Routine
Analytical Services (IFB) protocols and have additional SAS
requirements, enter both "Case No." and "SAS No." on all forms. If che
analyses have no SAS requirements, leave "SAS No." blank. NOTE: Some
samples in a SDG may have a SAS No., while others do not.

The other information common to most of the forms is the "EPA Sample
No." This number appears either in the upper right-hand cormer of the
form, or as the left column of a table summarizing data from a number of
samples. When the "EPA Sample No." is entered into the triple-spaced
box in the upper right-hand corner of Form I, III or IV, it should be
entered on the middle line of the three lines that comprise the box.

All samples, spiked samples, duplicate samples, blanks and standards
shall be identified with an EPA sample number. For field samples,
spiked samples, and duplicates samples, the EPA sample number is based
on the unique identifying number given in the Traffic Report or sample
shipping records for that sample.

In order to facilitate data assessment, the following sample suffixes
must be used:

X = EPA sample number
EEXS Spiked aliquot of sample "XCXXX"

EXXD = Duplicate aliquot of sample "XOCX"
CCXXRE = Reextracted and reanalyzed aliquot of sample "XCXX"
CXXDL = Diluted analysis of sample "XXCX"

Form V PCDD-3 requires that al] samples analyzed in a given 12-hour
analytical sequence be listed, regardless of whether or not they are
part of the SDG being reported, and regardless of whecther or not they
are EPA samples. Therefore, use "ZZZZZ" as the EPA sample number for
any sample analysis pnot associated with the SDG being reporcted.

For blanks and standards, the following identification scheme must be
used as the "EPA Sample No."

1. Method blanks shall be identified as DFRLX#=.
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Calibration standards shall be identified as CCl=z=, CC2=, Cli=,
CCi= and CCS5#=, corresponding to the calibration solutiomns
idencified in Exhidic D.

)

The window defining mixture shall be identified as WLMm=.
&, The column performance soluction shall be identified as CPS#==.

The "EPA Sample No." musc be unigue within a SDG. Therefore, the
Contractor must replace the two-character "#*" terminator of the
identifier with one or two characters or numbers, or a combination oi
both, To create a unique EPA sample number for each blank and standard
within the SDG. For example, possible identifiers for method blanks
would be DF3LX1, DFBIX2, DFBIKAL, DFBLXB2, DFBLXAB, ectc.

Several ocher pieces of information are common to many of the data
reporting forms. These include “Matrix,"” "Lab Sample ID," "Lab File
ID," "Instrumenc,” and "GC Column."”

For "Matrix," enter "SOIL" for a soil/sediment sample, "WATER"” for an
aqueous sample, and "WASTE" for a chemical waste sample, including the
matrices of oily sludge, wet fuel oil, stillbottoms, oils, or other
materials significantly contaminated with these matrices. Enter "ASH"
for fly ash samples.

"Lab Sample ID" is an optional laboratory-generated intermal identifier.
Up to 12 alpha-numeric characters may be reported here. If the
Contractor does not have a lab sample ID, this field may be left blank.
However, if this identifier is used on anv of the forms, gor accompanying
hardcopy daca deliverables, it must be reported om all the appropriate
forms.

"Lab File ID" is the laboratory-generated name of the GC/MS data system
file containing information pertaining to a particular analysis. Up cto
14 alpha-numeric characters may be used here.

"Instrument” is common to many of the forms, particularly those
containing calibration data. The identifier used by the laboratory must
include some indication of the manufacturer and/or model of the
instrument, and contain additional characters or numbers that
differentiate between all instruments of the same type in the
laboratory. The instrument identifier must be consistent on all forms
wichin che SDG.

"GC Columm® and "ID (mm)" are common to various other forms. These two
fields are to be used to identify the stationary phase of the GC column
(previously called GC Column ID), and the internal diamecer of the GC
column in millimeters (mm). For packed columms, convert the ID from
inches to millimeters as necessary, and enter in the "ID" field.

For rounding off numbers to the appropriace level of precision, observe
the following common rules. If the figure following those to be
recained is less than 5, drop it (round down). If the figure is greacer
than 5, drop it and increase the last digit to be retained by 1 (round
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up). If che figure following cthe last digit to be retained equals 3,
round up iZ the digic to be retained is odd, and round down iI that
digit is even.

PCCD/PCOF Sample Daca

i Form I PCDD-1

This form is used for tabulating and reporting the sample analysis
resulcs for target analytes. It is relatad to Form I P2CDD-2, and
for each sample for which there is a Form I PCDD-1, there must be a
corresponding Form I PCDD-2.

Complecte all header information according to the instructions in
] rt A and as follows:

Encer cthe "Matrix” of the sample being analyzed. The designation
of matrix must reflect which one of the matrix-specific extraction
procedures in Exhibic D was used for extraction of the sample.

For "Sample wt/vol," enter the number of grams (for soil) or
millilicers (for water) of sample used in the first blank line, and
the unics, either "G" or "ML," in the second blank.

For water samples, indicate the extraction procedure used by
enctering "SEPF" for separatory funnel extraction or "CONI" for
continuous liquid-liquid extraction in the field labeled "Water
Sample Prep."

Encter the actual volume of the most concentrated sample extract, in
microlicters, under "Conc. Extract Volume:" This volume will
cypically be 100 microliters, although this volume is split into
two aliquots before analysis.

Encer "GC Column,"” "Instrument,” "Lab Sample ID," and "Lab File ID"
as described in Part A.

"Date Received®" is the date of sample receipt at the laboratory, as
noted on the Traffic Report (i.e., the validated time of sample
receipt, VISR) for that sample. It must be entered as MM/DD/YY.

"Date Extracted" and "Date Analyzed" must also be entered as
MM/DD/YY. If continuous liquid-liquid extraction procedures are
used for water samples, enter the date on which the procedure was
started as the "Dace Extracted."” If separatory funnel procedures
are used for water samples, enter the date on which the procedure
was compleced. The "Date Analyzed” must be the date of the
analysis for which the results are reported on Form I. (If the
sample requires a second column confirmation and is reported omn
Form I PCDD-3, the "Date Analyzed" on Form I PCDD-3 must be the
dace of the second analysis, while the date on Form I PCDD-1 and
PCOD-2 will be the dace of the first analysis.)
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If the sample has been diluted for analysis, enter the "Dilucion
Factor" as a single number, not a fraction. For example, anter
"100.0" fer a 1l to 100 diluticn of the extract. Enter "0.L" for a
concentration of 10 zo 1. If che sample was not diluted, enter

"1.0."

NOTE: "Dilution” refers to sample handling steps -~-her z--- ~“-se
ouclined in EZxhibic D. If the weight or voiume of tne
sample taken for extraction is not the weight or volume
specified in che protocol, this is not a dilution but is
accounted for in the weight/volume term. A dilution refers
specifically to che addition of clean solvent to a measured

- o

volume of the most concentratad sample extracc.

The appropriate concentration unitcs, "NG/L" for water samples or
"UG/KG" for all other matrices, must be entered in the field for

"CONCENTRATION UNITS:"

For each analyte detascted in a sample, enter the absolute retention
time of che detected peak under "PEAK RT." Enter cthe retention

ime .in minutes and decimal minutes, pot seconds or minutas and
seconds. The retention time must be enterad even if the peak did
not meet all of the identification criceria in Exhibit D.

Enter the ion abundance ratio for the two m/z’'s (listed under
"Selected Ions") in the column labeled "ION RATIO." If the ion
abundance ratio falls outside the acceptance limics lisced in
Exhibic D, place an asterisk (*) in the column under the number (#)

symbol.

For target analytes that meet all the identification criteria in
Exhibitc D, che Contractor shall report the concentrations detected
as uncorrected for blank contaminants in the column in the lower
portion of the form labeled "CONCENTRATION." Report all resulcts to

two significant figures.

Under the column labeled "Q" for qualifier, flag each result wich
the specific data reporting qualifiers listed below. The
Contractor is encouraged to use additional flags as needed, but the
definition of such flags must be explicit, must not contradict the
qualifiers listed below, and must be included in the accompanying

Narrative.

For reporting results to EPA, the following contract-specific
qualifiers are to be used. The seven qualifiers lisced below are
not subject to modification by the laboratory. Up to five
qualifiers may be reported on Form I for each analyce.

The seven EPA-defined qualifiers to be used are as follows:

U- Indicates compound was analyzed for but not datected. The
CONCENTRATION column is lef: blank in chis instance, and an
estimated detection limit (EDL) must be calculated based on
the signal-to-noise ratio, as described in Exhibic D. This
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calculation takes into account the sample weight/volume
extracced, the volume of the most concentrated axtract, the
injection volume, and dilution of the most concantrated

extract prior to analvsis. The calculaction does not comns

i
the percent solids content of the sample, as all results a
reported on a wet weight basis.

céer
T2

Indicates an estimated value. This flag is used when the mass
spectral data indicate presence of an analyte meeting all che
identification criceria in Exhibit D, but the resulc is less
than the sample quantitation limit, but greater chan zero.

This flag is used when the analyte is found in the associatad
blank as well as in the sample. It indicactes

p« s3ible/probable blank contamination and warms the data user
to take appropriate action.

This flag identifies analytes whose concentrations exceed the
calibration range of the GC/MS instrument for that specific
analysis. If one or more compounds have a response greater
than full scale, except as noted in Exhibit D, the sample
extract must be diluted and reanalyzed according cto the
specificacions in Exhibic D. All such compounds wich a
response greater than full scale should have the concentration
flagged "E" on the Form I for the original analysis. If the
dilution of the extract causes any compounds idenctified in che
first analysis to be below the calibration range in the second
analysis, the results of both analyses shall be reported on
separate copies of Form I. The Form I for the dilucad sample
shall have the "DL" suffix appended to the EPA sample number.

This flag indicates all compounds identified in an analysis at
a secondary dilucion factor. If a sample extract is
reanalyzed at a higher dilution factor, as in the "E" flag
above, che "DL" suffix is appended to the EPA sample number on
the Form I for the diluted sample, and all concentration
values reported on that Form I are flagged wich the "D" flag.
This flag alerts data users that any discrapancies between the
concentrations reported may be due to dilution of the sample
extract.

This flag indicates that the analyte in question is, in the
opinion of the GC/MS Interpretation Specialist, a PCDD/PCDF,
even though the M-{COCl]+ ion did not meet the requirement of
2.5 times signal-to-noise (see Exhibitc D, Section 11.3).

This flag indicates that the analyte in question was
quantictated using peak heighr=-- rather than peak areas for both
the analyte and its internal standard (see Exhibit D, Seccion
11.4).

Ocher specific flags may be required to properly define the

resulcs. If used, they must be fully described, and such
description must be attached to the Sample Data Summary
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Package and the SDG Narrative. Begin using "NX." IZ more chan
one flag is needed, use "Y" and "Z" as neecad. The
laboratory-defined flags are limicad to che leczars "X, " "V,"
and "Z."

The combinacion of flags "BU" or "UB" is expressly prohibiced.
Blank contaminants are flagged "B" onlv when they are detac:tad in
the sample associated wich the blank.

£ a peak detected in the sample meets all of the identification
criteria except the ion abundance ratio, flag the ion ratio as
indicated above, and report the "Estimated Maximum Possible
Concentracion” as calculacted in Exhibic D under cthe "IMPC/EDL"
column. Do pnot report the value of the EMPC under the column
labeled "CONCENTRATION," as cthat column is only for analyces
meecing all the identification criteria.

£ an analyte was not decected in the sample, enter "U" in che
qualifier column, as described above, and repor:t the Estimated
Detection Limit" as calculated in Exhibit D under cthe "EMPC/EDL"
column. Do pot report the value of the EDL if there is an entry
under "CONCENTRATION." The presence of the "U" alerts che data
user that the reported value is an EDL, otherwise it is assumed to
be an EMPC.

The bottom portion of Form I PCDD-1 contains the fields Zor
reporting the recoveries of the intarnal standard and the cleanup
standard. The recoveries of these standards are crucial in
evaluating cthe effecciveness of this isotope dilution method. For
each intermal standard and the cleanup standard, enter the absolute
retention time of che standard in the sample in minutes and decimal
minutes, as above. Report the ion abundance ratio of each of the
five internal standards under the "ION RATIO" column. Flag any ion
ratios thac fall outside the ion ratio limits listed on the form by
placing an asterisk (*) in the column under the number () symbol.
There is no ion abundance ratio for the cleanup standard, as only
one ion 1s monitored.

Report the percent recovery of the intermal standards and the
cleanup standard, calculated according to Exhibit D, under the
"$REC" column. The quality control limits for recovery are listed
on the form. Flag any recovery outside those limits by placing an
asterisk (*) under che number (#) symbol in the recovery column.
Requirements for reanalysis of samples due to poor recoveries are
given in Exhibit D.

Form I PCDD-2, Toxicity Equivalence Summary

This page of Form I is used to report the results of the toxicicy
equivalence calculations for each sample analyzed. The
concencration of each of the 2,2,7,8-subscicucec PCDD and PCDF
isomers is multiplied by a toxicity equivalence factor (TEF), as
described in Exhibit D, to arrive at a concentzation of 2,3,7,8-
TCDD with an equivalent toxicity. The total of all the coxic
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equivalents detarmines whether or not the sample needs o be
analyzed on a second GC column to more completslv separats the
2378-TCOF from all other TCDD and TCOF isomers (see EIxhibic D).
Complece the header information as above. The header of Torm :
PCDD-2 must mateh the header of Form I PCOD-1 for the same sample.

For each 2,3,7,8-substituced isomer positivelv idenc“‘ed in the
sample, enter the concentration found in the column Lapeled
"CONCENTRATION." If an isomer was not detactad, i.e., flagged "U"
on Form I PCDD-1, for the purposes of this calculation, enter 0.0
(zero) as the concentration. EMPC values are pot included in the
TEF calculations under this SOW.

Mulctiply each concentration times the TEF listed on the £t _ for
that isomer, and enter the product of the two in the column labeled
"TEF-ADJUSTED CONCENTRATION." Add all 17 TEF-adjusted
concentrations together, including any zeros, and enter the total
on the line at the bottom of the form.

If cthe total TEF-adjusted concentration is grsater than the values
listed at the bottom of the form and in Exhibit D, then a second
column confirmation analysis is required (see Exhibit D).

3. Form I PCDD-3, Second Column Confirmation Results

This page of Form I is used to report the results of all second
column confirmation analyses performed. The requirements for
second column confirmation are discussed above and in Exhibit D.
Each time a second column confirmation is performed, the results
are reported on Form I PCDD-3.

Complete the header information as above, except note that the
fields for "GC Column" and "Date Analyzed" must correspond to the
second column confirmation analysis, i.e., they must not match
those fields in the header of Form I PCDD-1 or PCDD-2. Other
fields such as "Instrument,” "Dilution Factor," and "Lab File ID"
may also differ and must correspond to the second column
confirmation analysis.

Complete the information in the lower portion of the form in a
fashion similar to that for Form I PCDD-1, but entering the results
of the second column confirmation.

Encter the data on recovery of the intermal standards and cleanup
standard from the second column confirmation analysis in a fashion
similar to that for the original analysis.

PCDD T°DF Total Congener Concentration Summarv (Form IT)

This form is used to report the total concentration of all PCDD/PCDF
isomers in a given homologue that are dectectad in the sample, including
those isomers that do not represent the 2,3,7,8-substicucted isomers of
greatest toxicological concern. Because there are many isomers in each
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nomologue, it is necessarv to indicacte the number of peaks cthat
represent isomers wichin the homologue. Znter the number of peaks
3a

deteczad in each homologue under "PEAKS." Tror insctance, iI thr
peaks are decected and summed Together, enter "2" under "PEAKS.®

Znter cthe concentration of the total homologue, as calculated in Exhibic
D, under "CONCZINTRATION." Enter qualifiers under the "Q" column, as
described above. If no isomers in a homologue were detacted, encter "U"
as the qualifier, and enter the lowest EDL of any of the 2,3,7,8-
subsctituted isomers under the "EMPC/EDL" column.

If anv of the peaks in a homologue meet all the identification criteria
excent the ion abundance ratio, cthen report the total concencration as

an ZMPC under the "EIMPC/EDL" column.

PCDD/PCDF Spiked Sample and Duplicace Sample Results (Form TI7)

1. PCDD/PCDF Spiked Sample Summary (Form III PCDD-1)

This page of Form III is used to report the accuracy of the spiked
sample analysis, measured as recovery of the 10 spiked analyctes.
Because some of the analytes may also be present in the unspiked
aliquot of the sample, results for both the unspiked and spiked
analyses are reported on Form III.

Complete the header information as in Part A. Enter che EPA sample
number for the spjked sample aliquot in the box at the top of the
form. Similarly, the lab sample ID and lab file ID must refer to
the spiked sample analysis.

Enter cthe "Spike Added"™ of esach of the 10 analytes in picograms
(pg). In the column labeled "Spiked Sample Resulct," entar the
concentration (or EMPC) of each analyte detected in the spiked
sample aliquot. The concentration units must be those indicated at
the top of the form and be appropriate to the sample matrix listed
in the header. Enter the concentration (or EMPC) of each analycte
detected in the original analysis of the unspiked sample aliquot.
If an analyte was not detected in the unspiked aliquot, enter zero
in place of the concentration, and use this value in the
calculations described in Exhibit D. Calculate the recovery of
each spiked analyte as described in Exhibit D, and enter this value
to the nearest whole percentage point in the column labeled "SREC."
Flag any recoveries outside the quality control limits listed on
the form by placing an asterisk (*) in the column under the number
(#) symbol.

In addition to Form III PCDD-1, a copy of Form I must be completed
for the spiked sample analysis as well, following the procedures
described above.

2. PCDD/PCOF Duplicate Sample Summary (Form III PCDD-2)

This page of Form III is used to report the precision of the
duplicate sample analysis, measurad as the relative percent
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difference (RPD) between the resultcs of cthe original and duplicace
analvses of one sample of each matrix in each SDG. In order to
allow diracc comparison of the rasults of both the analvses, che
concentration resulcs from the original and duplicate analvses are
reported on a single copy of Form IZI PCDD-2.

Completz the header information as described in Part 4 above, buc
encer the EPA sample number, lab sample ID, and lab £ile ID of che

duplicate aliquot in these fields on Form III PCDD-2. Enter the
concentration units.

For each target analyte, enter the resulcs from boch the analvses
under the columns "Sample Concentration" and "Duplicace
Concentration." These values must maten those on Form I for chese
aliquots, ex 1t that undetected analytes (flagged "U" on Form I)
are reported as zero on Form III PCDD-2. 1If either or both the
analyses resulted in an EMPC for any analyte, enter the EMPC as the
concentration, and use that value in the calculations.

Calculate the relative percent difference bectween the two
concentrations or EMPCs, as described in Exhibit D, using zero for
undetected analytes, and raport this value tc the nearest whole
percentage point under "RPD." If the analyte was not detected in
either aliquot, enter zero for both concentrations, and report the
RPD as zero as well. Flag all values outside the quality control
limits listed on the forms by entering an asterisk (*) under the
number (#) symbol.

PCOD/PCDF Method Bla umm (Fo 7)Y

This form summarizes the samples associated with each method blank
analysis. A copy of Form IV is required for each blank.

Complete the header information as described in Part A. The EPA sample
number entered in the box at the top of the form shall be the number
assigned to the method blank. The matrix entered on this form refers to
the matrix of the associated samples, as one blank is required each time
that samples of a similar matrix are extracted together. Therefore,
samples of differing matrices cannot be mixed together on a single Form
Iv.

Summarize the samples associated with a given method blank in the box in
the lower portion of the form, entering the EPA sample number, lab
sample ID, lab file ID, and date of analysis of each sample. Include
spiked samples and duplicate samples as well.

PCDD/PC Window Defini Mix Chromatographic Resolution
Summarr, and A <ica eqguence (Fo 7

1. PCDD/PCDF Window Defining Mix Summary (Form V PCDD-1)
This page of Form V is used cto report cthe rasul:ts of the analysis

of the window defining mixture that precedes each initial
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calibration on esach GC column and instrument used for analvsis.
The analysis of tchis mixture is usecd to document the recantion time
window Zor the PCDD/PCDF homologue.

Complece the header information as describad in Part A, encarin
the EPA sample number of the window defining mixcture injection in
the box at the top of the form. The header information musc
correspond to the analysis of the window defining mixture.

In the box in the lower portion of the form, enter the absoluge
retention times of the first and last eluting isomers in each
homologue. Entar the retention times in minutes and decimal
minutes, Dot minutes and seconds, nor seconds.

NCTZ: As there 1s only one possible octachlorinated dioxin and
furan, che retention times of these analytas are not
contained in the window defining mixture, and are not
reported here.

PCDD/PCDF Chromatographic Resolution Summary (Form V PCDD-2)

This page of Form V is used to report the chromatographic
resolution of selected analytes in one of two solutions, depending
on the GC column. The chromatographic resolution of these analytes
is crucial to evaluating the results for the PCDDs/PCDFs reported
in the samples. This evaluation is made every 12 hours curing
whnich samples or standards ars analyzed.

For the DB-5 (or equivalent) column, the chromatographic resolution
is judged from the analysis of the CC3 standard during initial or
continuing calibration. For che SP-2331 (or equivalent) columnm,
the chromatographic resolution is judged from the analysis of the
column performance solution that precedes the analysis of the CC3
standard on this column (see Exhibit D).

Complete one copy of Form V PCDD-2 for each GC column used for
analysis. Complete the header information as described in Part A,
entering the EPA sample number of the CC3 standard or the column
performance solution in the box at the top of the form. Enter the
date and time of analysis of the standard in the header.

Calculate the chromatographic resolution for the GC column
identified in the header according to the procedures in Exhibic D.
For the DB-5 (or equivalent) column, enter only the results from
the CC3 analysis. For the SP-2331 (or equivalent) column, enter
only the results from the column performance solution analysis.

The GC column chosen for the confirmation analysis must meet the
resolution criteria for the other specified column. If the
Contractor chooses a single column for analysis that is designed
such that a second column confirmacion analysis is not required,
then the Contractor must demonstrate that the rasoluction criteria
for both of the specified columns have been metc (see Exhibic D).
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PCDD/PCTF Analytical Sequence (Form V 2CDD-3)

This page of Form V is used to respor:t cthe saquence of analvses,
including the analysis oI the window defining mixcture, the
calibration standards, blanks, samples, duplicates, and spiked
samples. One copy of Form V PCDD-2 is required for each l2-hour
period during which samples, blanks, sctandards, etc. associatad
with the SDG are analyzed.

Complete the header information as described in Part A. Zncer che
inclusive dates and times of the analyses of the first and last
inictial calibration scandards in the fields for "Initc. Calib.
Date(s)" and "Inic. Calib. Times." Daces mustc be in che forma:z
Y/DD/YY, and all times are expressed as HHMM, in military time
(i.e., a 26-hour clock).

In the box in the lower portion of the form, enter the E2A sample
number, lab sample ID, lab file ID, and date and time of analysis
of all standards, samples, blanks, duplicates, spiked samples,
dilutions, reanalyses, etc. All analyses in the l2-hour period
must be listed on Form V. If analysis is not associaced with the
SDG being reported, encer the EPA sample number as "ZZZZZ," as
described in Part A. The l2-hour sequence must end with the
analysis of the appropriacte calibration standard, as described in
Exhibit D. 1In order to meet the requirements of the 12-hour
sequence, the standard must be iniected within 12 hours of the
injection of the standard that began the sequence (CC3 on the DB-35,
and the column performance solution on the SP-2331).

£ che analytical sequence includes the analysis of the initial
calibration standards, these standards and the window deZining mix
aust be included on that copy of Form V, identified by the EPA
sample numbers described in Part A. A copy of the analytical
sequence that includes these initial calibration standards and the
window defining mix must be submitted with each data package to
which the inicial calibracion applies, but the Case number and SAS
number must match those of each data package in which these initial
calibration data are reported.

2CDD/P jci Cali ion Da (Form VI

q
P

PCDD/PCDF Initial Calibration Response Factor Summary (Form VI
PCDD-1)

This form is used to summarize the response factors for each target
analyte, internal standard and cleanup standard calculated from the
inicial calibration. Complete the header information as described
in Part A. Enter the inclusive initial calibration date(s) and
times, as described for Form V PCDD-2. One copy of Form VI PCDD-1
must be completed for each inmitcial calibracion, for each instrument
and GC column used for analysis of samples, and must be accompanied
by a corresponding Form VI PCDD-2.
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1.

Enter the relative response factors (RRF) determined from :h
analysis of each of the calibration standards (CCl cthrough CCS).
Inter RRF wvalues to three decimal places. Calculate the zean RRT,
as described in Exnibict D, and encer in the column "MZIAN X3=."
Calculate the relative standard deviation as a percentage of the
mean (%RSD), and entar under "$RSD." Notae that seven of the native
analytes and the cleanup standard occur gnlv in the CC3 standard,
and therefore, %$RSD calculations are not possible and are not
reported on this form. However, for thesa analytes, enter the
single point RRF as the "MEAN RRF." Also note that as the recovery
standards are used to determine the RRFs of the intermal standards,
no RRF values can be calculated for the recovery standards, and
therefore, they do not appear on Form VI PCDD-1.

All initial calibrations must meet the guality control limits for
$RSD listed on the form.

PCDD/PCDF Inicial Calibration Ion Abundance Ratio Summary (Form VI
PCOD-2)

This page of Form VI is used to report the ion abundance racios for
each of the initial calibration standards. Because the ratio of
the abundances of the two ions monitored for each analycte is
crucial to the idencification of these analytes, the ion abundance
ratios must meet the quality control limits.

For each native analyte, intermal standard and recovery standard,
the two ions monitored for each analyte are listed in the column
labeled "Selected Ioms." Calculate the ratio of the abundances ol
these two ions according to the procedures in Exhibit D, and enter
the ion abundance ratio of each analyte in each of the inicial
calibration standards to two decimal places.

Compare the ion abundance ratios to the quality control limits
shown on the form, and flag anv analyte which did not meet these
limits in one or more of the standards.

Note that the cleanup standard does pot appear on Form VI PCDD-2,
as only one ion is monitored for this analycte, and therefore, no
ion abundance ratio can be calculated.

One copy of Form VI PCDD-2 must be completed for each inicial
calibracion, for each instrument and GC column used for analysis of
samples, and must accompany a corresponding copy of Form VI PCDD-1.

C PCOF Continud alibracio ta Summa
PCDD/PCDF Continuing Calibration Summary (Form VII PCDD-1)

This page of Form VII is used to summarize the resulcs of the
continuing calibracion that must occur in each 12-hour analytical
sequence. The form is used to report the RRF values and ion
abundance ratios of each analyte in the CC3 standard, and to
compare these values to the inicial calibration data reported on
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Form VI. One copv of Form VII PCDD-1 must be completad for each
continuing calibration performed, and must be accompanied dv a
corresponding copvy of Form VII PCDD-2.

Complecz the header information as described in Partc A. The dace
and cime of analysis and lab file ID in the header must correspond
to the analysis of the CC3 standard. Enter the date of the
associated initial calibration in the field for "Inic. Calib.
Date(s):" 1I1f the calendar data changed during the inicial
calibration, enter the inclusive dates of the first and lasc
standards in the associated initial calibration in che fialds for
"Inic. Calib. Data(s)."

For each of the native analytes, internal standards, and che
cleanup scandard, enter the relative response factor (RRF)
determined from the analysis of the continuing calibration standard
in the column labeled "RRF." Enter the mean RRF for each analyte
from the associated initial calibration, in the column labeled
"MEAN RRF." For the seven native analytes and the cleanup standard
that undergo only a single-point calibration, enter the CC3 RRF
from the initial calibration, which is also enctered as the mean RRF
on Form VI. The values reportaed in this column must maceh those
reporzed on the Form VI for the associated initial calibracion.
Calculate the percent difference (3D) between the RRF and cthe mean
RRF for each analyte, and report under "$D." 1If the percent
difference exceeds the quality control limits shown on the form
(z30s), flag chat analyte by placing an asterisk (*) in cthe "RRF
FLAG" column. Report the ion abundance ratio of each analyte under
che "ION RATIO" column. Flag any ion ratio that fails outside the
qualicy control limits shown on the form by placing as asterisk (*)
in the "ION FLAG" column.

Note that because only one ion is monitored for the cleanup
standard, no ion ratio is determined for this analyte. For the
recovery standards, relative response factors are not calculated or
reported on Form VII, but the ion abundance ratios for these
standards must be reported on Form VII.

PCDD/PCDF Continuing Calibration Summary (Form VII PCDD-2)

This page of Form VII is used to summarize the absolute and
relative retention times of the analytes in the continuing
calibration standard that must be analyzed in each l2-hour
analytical sequence. Absolute retention times and relative
retention times are critical to the identification of PCDDs/PCDFs
by this method. One copy of Form VII PCDD-2 must be completed for
each continuing calibration performed and must be accompanied by a
corresponding copy of Form VII PCDD-1.

Complece che header information as described in Part A. The dacte
and time of analysis and lab file ID in the header must correspond
to the analysis of the CC3 standard. Enter the date of the
associated inicial calibration in che field for "Init. Calib.

- Date(s):" 1If the calendar date changed during the initial
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calibration, enter the inclusive dataes of the analyses of the firsc
and last standards in the associated inicial calibraczion in the
fields for "Inic. Calib. Dacza(s)."

For each of the native analytes and the cleanup standard, entar the
relacive retention time (RRT) and absolute retention time (RT) of
the analyte in the calibration standard. RRT is calculated
according to the procedures in Exhibit D, as the RT of the native
analyte divided by che RT of appropriate internmal standard. For
the internal standards and recovery standards, report the only che
absolute retention times. Enter all RTs in minuctes and decimal
minuces. RRTs are reported to two decimal places.
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1DFA EPA SAMPLE NC.

PCDD/PCDF SAMPLE DATA SUMMARY

~az Name: contracrt:
_aro Code: Case No.: SAS No.: SDG No.:
Matrix: (Soil/Water/Waste/Ash) Lab Sample ID:
Sample wt/vol: {(g/mL) Lab File ID:
Water Sample Prep.: (Sepf/Cont) Date Received:
Ccncentrated Ixtract Volume: (ul) Date Extracted:
Znlecticn Volune: (uL) % Solids: Date Analyzed:
GC Colv 1: ID: (mm) Dilution Factor:
CONCENTRATION UNITS: (ng/L or ug/Kg)
SELECTED PEAK ION
ANALYTE IONS RT RATIO # CONCENTRATION Q EMPC/EDL
;
[ 2378-TCDD 320/322
| 2378-TCDF 304/306 | ___
f 12378-?eCOF 340/342
12378=-22CDD 356/358
23478=-PeCDF 340/342
, 123478-HXCDF 374/376
1 123678-HxCDF 374/376
© 123478-HxCDD 3%0/3%2
' 123678-~-HxCOD 390/392
; 123789-HxCDD 390/392
i 234678-HxCDF 374/376
. 123789-HxCDF 374/376
| 1234678-HpCDF 408/410
| 1234678~-HpCDD 424/426
| 1234789-HpCDF 408/410
OCDD 458/460
OCDF 442/444
l
NOTE: Concentrations, EMPCs, and EDLs are calculated on a wet weight basis.
INTERNAL SELECTED PEAK ION ION RATIO RECOVERY
STANDARD IONS RT RATIO # LIMITS REC # LIMITS
! 13C~-2378~TCDF 316/318 0.65-0.89 25-150
j 13C=-2373-TCDD 332/334 0.65-0.89 25~-150
| 13C-123678-HXCDD_| 402/404 1.05-1.43 25-150
| 13C-1234678-HpCDF| 420/422 0.88-1.20 25-150
| 12C=-0CDD 470/472 0.76-1.01 25-150
\ 27Cl-2378-TCDD 328/NA NA NA 25-150
|

-5
T

Column to be used

to flag values outside

FORM I PCDD-1

QC limits
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1DFB EPA SAMPLE NO.
PCCD/PCDF TOXICITY EQUIVALENCE SUMMARY

_ab Name: Contracs:

_ab Code: Case No.: SAS No.: SDG No.:

MazTrix:. (Secil/Water/Waste/Ash) Lab Sample ID:
Sample wt,/vol: (g/mL) Lab File ID:
Water sSample Prep.: ___ (sepf/Cont) Date Received:
Concentrated Extract Volume: _ (ul) Date Extracted:
Injection Volume: _ (ul) % Sclids: __ Date Analyzed:

> Col 1 ID: ( ) Dilutien I :ztor:

CONCENTRATION UNITS: (ng/L or ug/Kg)

TEF-ADJUSTED
ANALYTE CONCENTRATION TEF CONCENTRATION

2378-TCDD
2378-TCDF
12378-PeCDF
| 12278=-PeCDD
| 23478-PeCDF
123478-HxCDF
123678=-HxCDF
123478-HxCDD
123678-HxCDD
123789~HxCDD
234678-HxCDF
123789-HXCDF
1234678-HpCDF
1234678-HpCDD
1234789-HpCDF
oCDD

OCDF

w

wn

OCOMHEHEMILEHOWO O

'._l

OOOOOOOOOOOOO!—‘

'._l

O 0l
0.001
0.001

XXX AR XX

Total

NOTE: Do not include EMPC or EDL values in the TEF-adjusted Concentration.

If the Total Toxic Eguivalent Concentration of the sample is greater than
7 ng/L for an agueous sample, greater than 0.7 ug/Kg for any solid matrlx,
or greate- than 7 ug/Kg for a chemical waste sample, then second column
confirmation of the results may be required.
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PCOD/PCDF SECOND COLUMN CONFIRMATION

_a»> Nane:

1DFC

_arz Ccée:
MatTrix:

Sample wt/vol:

Water Sanmple Prep.:

Case No.:

EPA SAMPLE NO.

SUMMARY

Contract:

SAS No.:

(Soill/Water/Waste/Ash)

(g/mL)

(Sepf/Cont)

Concentrated Extract Volume:

Injection Volume:

GC Column:

(ul) %

ID:

CONCENTRATION UNITS:

(uL)

Solids:

(mm)

Lab Sample ID:

SDG No.:

Lab File ID:

Date Received:
Date Extracted:
Date Analyzed:

Dilution Factor:

(ng/L or ug/Kg)

FORM I PCDD-3

SELECTED PEAK ION
ANALYTE JONS RT RATIO # CONCENTRATION Q EMPC/EDL
|
| 2378-TCDD 320/322
i 2378-TCDF 304/306
; 12373-PeCDF 340/342
¢ 12378-PeCOD 356/358
i 23478-2eCDF 340/342
1 123478-HxXCDF 374/376
| 123678=-HXCDF 374/376
; 123478-HxCDD 390/392
. 123678-HxCDD 390/392
| 123789-HxCDD 390/392
| 234678-HXCDF 374/376
! 123789-HxCDF 374/376
1234678-HpCDF 408/410
1234678-HpCDD 424/426
1234789-HpCDF 408/410
oCcDD 458/460
COCDF 442/444
NOTE: Concentrations, EMPCs, and EDLs are calculated on a wet weight basis.
INTERNAL SELECTED PEAK ION ION RATIO RECOVERY
STANDARD JONS RT RATIO # LIMITS REC # LIMITS
13C-2378=TCDF 316/318 0.65~0.89 25-150
13C-2378-TCDD 332/334 0.65-0.89 25-150
{ 13C-123678-HxCDD_| 402/404 1.05-1.43 25-150
{ 13C-1234678-HpCDF| 420/422 0.88-1.20 25-150
13C-0CDD 470/472 0.76-1.01 25-1350
37C1-2378-TCDD___| 328/NA NA NA 25-150
# Column to be used to flag values outside QC limits
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2DF EPA SAMPLE NO.
PCCD/PCOF TOTAL HOMOLOGUE CONCENTRATION SUMMARY

—_ab Nanme: Contracx«:

- ————

_abd Code: Case No.: SAS No.: SDG No.:

Matrix: (Soil/Water/Waste/Ash) Lab Sample ID:
Sample wt/vol: (g/mL) Lab File ID:
Water Sample Prep.: _____ (sepf/Cont) Date Received:
Concentrated Extract Velume: ___ (ul) Date Extracted:

Injection Volume: (ul) % Solids: Date Analyzed:
¢ : ID: ) 11

CONCENTRATION UNITS: (ng/L or ug/Kqg)

HOMOLOGUE PEAKS CONCENTRATION Q EMPC/EDL

DIOXINS

Tcoctal TCDD

Total PeCDD

Total HxCDD

Total HpCDD

TURANS

Total TCDF

Toctal PeCDF

Total HxCDF

Total HpCDF

NOTE: Concentrations, EMPCs, and EDLs are calculated on a wet weight basis.
The total congener concentrations do not affect the TEF calculations.
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3DFA EPA SAMPLE NO.

PCOD/PCDF SPTXKED SAMPLEZ SUMMARY

_ab Nane: Contract:

_ab Ccde: Case No.: SAS No.: SDG No.:

Matrix: (Soil/Water/Waste/Ash)

CONCENTRATION UNITS: (ng/L or ug/Kg)

SPIKE SPIKED

ADDED SAMPLE SAMPLE % QC
ANALYTE (PG) CONCENTRATION CONCENTRATION REC # LIMIT
| 2378-7T P i___ | 50-150
2278=-TCD: 50-150
12378-PeCDF 50-150
12378-PeCDD 50-150
123678-HxCDF S0-150
123673-HxCDD 50-150
1234678-HpCDF 50-150
1234678-HpCDD 50-150
0C2D 50-150
OCDF 50-150

"SAMFLE CONCENTRATION."
# Czlumn to be used to flag values outside QC limits.

QC limits are advisory.

FORM III PCDD-1

Zf an analyte is not detected in the unspiked sample, enter 0 (zero)

-
as tTae
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_a&b Nane: Contract:

3DFB
PCDD/PCDF DUPLICATI SAMPLEZ SUMMARY

E2A SAMPLE NO.

Czce: Case No.: SAS No.:

iX: (Soil/Water/Waste/Ash)

CONCENTRATION UNITS:

SDG No.:

(ng/L or ug/Xg)

I

If an analyte is not detected in either analysis, enter 0 (zero) as

SAMPLE DUPLICATE Qc
ANALYTE CONCENTRATION CONCENTRATION RPD # LIMITS
2378-TrNN | 50
2278- 50
12375 —revws 50
12378-PeCDD 50
23478-PeCDF 50
123478 -HXCDF 50
123673 =-HXCDF 50
123478-HxCDD 50
123678=-HxCDD 50
123789-ExCDD 50
234678=-HXCDF 50
12378%-HXCDF 50
1234678-HpCDF 50
1234678-HpCDD 50
1234789-HpCDF 50
ccob 50
oleie}3 50

the concentration.

# Column to be used to flag values ocutside QC limits.

QC limits are advisory

FORM III PCDD-2
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4DF EPA SAMPLE NO.
PCDD/PCDF METHOD BLANK SUMMARY

_ap Nanme: Contract: f
Zab Code: Case No.: SAS No.: SDG No.:

Matrix: (Soil/Water/Waste/Ash) Lab Sample ID:

Sample wt/vol: (g/ml)__ Lab File ID:

Water Sample Prep.: ______ (Sepf/Cont) Date Extracted:

Date Analyzed:

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, SPIKES, AND DUPLICATES:

EPA LAB LAB DATE
SAMPLE NOC. SAMPLE ID FILE ID ANALYZED

FORM IV PCDD 10/9¢C



SDFA EPA SAMPLZ NC.
PCDD/PCDF WINDOW DEFINING MIX SUMMARY

—~ab Name: Contract:
Zab Code: _ _ Case No.: SAS No.: SDG No.:
GC Column: ID: (mm) Lab File ID:
Instrument ID: _ Date Analyzed:
Time Analyzed:
RT RT

FIRST LAST
CONGENER ELUTING ELUTING

TCDD

TCDF

. PeCDD

PeCDF

HxCDD

HxCDF

HpCDD

HpCDF

FORM V PCDD-1 10/90




SDFB EPA SAMPLE NO.
PCDD/PCDOF CHROMATOGRAPHIC RESCLUTION SUMMARY

_ab Name: Contract:

—_abd Cocde: Case No.: SAS No.: SDG No.:

SC Column: ID: (mm) Lab File ID:

T

Instrument ID: __ Date Analyzed:

Time Analyzed:

Percent Valley determination for DB-5 (or egquivalent) column -
Tcr the CC3 standard beginning the l2-hour period:
17 =27 3- /13C-1234~"

123478-HxCDD/123678-HxCDD:

QC LIMITS:

Percent Valley between the TCDD isomers must be less than or egual to 25%

Percent Valley between the HxCDD isomers must be less than or egual to 50%
ent Valley Determination for SP-2331 (or eguivalent) Column -

r the Column Performance Sclution beginning the l12-hour period:

1478-TCDD/2378-TCDD:

2378-TCDD/(1237/1238)-TCDD:

QC LIMIT

Percent Valley between the TCDD isomers must be less than or equal to 25%.

FORM V PCDD=-2 10/%0



SDFC
PCOD/PCDOF ANALYTICAL SEQUENCE SUMMARY

_ad Name: Contrac<t:

_ab Code: Case No.: SAS No.: SDG No.:

GC Colunmn: ID: (mm) Instrument ID:

12T. Calib. Date(s):

Znit. Calib. Times:

THE ANALYTICAL SEQUENCE OF STANDARDS, SAMPLES, BLANKS, SPIKIZIS, AND
DUPLICATES IS AS FOLLOWS:

B ora LAB LAB DATE TIME
SAMPLE NO. SAMPLE ID FILE ID ANALYZED | ANALYZED

S —— _A:__ ———

FORM V PCDD-3
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FCOD/PCDOF INITIAL CALIBRATION RESPONSE FACTOR SUMMARY

6DFA

Contract:

Case No.:

ID: (mm)

SAS No.:

Instrument ID:

SDG No.:

"NATIVE AN/ " (TES |
'VS. INTEZRNAL STDS.

2378-TCDD

s====== | =======

RRF (N)

VTN
RRF

%RSD

|
! 2378-TCDF

| 12378-PeCDF
| 12378-PeCDD

' 23478-PeCDF
| 123478-ExCDF
' 123673-HxCDF

| 123478-3xCDD
© 123678-HxCOD

12378$-5xCOD
2346738 -2XCOF
123785-5XCDF
1234678-HpCDF

1234673-HpCDD

1224735-HpCDF
oCoD

OCDF

 INTERNAL STANDARDS
'VS. RECOVERY STDS.
| 13C-2278-TCDD

13C-2378-TCDF

13C-123678-HXCDD_

13C-1234678~-HpCDF

13C-CCoD

37Cl1-2278-TCDD

|
[
}
I
|
i
|
!
|

A single point calibration is performed for seven of the native analytes and
Therefore, no %RSD is reported for these compounds.

the c¢cleanup standard.

QC Linits:

FORM VI PCDD-1

%RSD must be less than or equal to 15.0%.
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6DFB
PCDD/PCDF INITIAL CALIBRATION ION ABUNDANCE RATIO SUMMARY

—_a> Name Contract:

_a&b Code Case No.: SAS No.: SDG No.:

GC Cclumn _ ID: (mm) Instrument ID: _
it. Calib. Date(s):

Znit. Calib. Times:

ION ABUNDANCE RATIO
SELECTED o]e
PIVE ANALY"T IONS CCl ol CC3 CcC4i Ccs |~ 3| LIMITS

b ——+——+ R | SRS | s | Eles EEEDE | SRR | EEESS | E=ENs | Exsssmsmsms
2378-TCDD 320/322 0.65-0.89
2378-TCDF 304/306 0.62-0.89
12378=PeCDF 340/342 1.24-1.86
12378-PeCDD 356/358 1.24-1.86
23478-PeCOF | 340/342 1.24-1.86
123478-HxCDF 1 374/376 1.05-1.43
123678-HxCDF 374/376 1.05-1.43
123473-HxCDD 390/392 1.05-1.43
123678-HxCDD 390/392 1.05-1.43
123789-HxCDD 380/392 1.05-1.43
234678-HxCCT 374/376 1.02-1.43
123789-HxCDF 374/376 1.05-1.43
2234678-HpCDF 408/410 0.838-1.20
1234678-HpCDD 424/426 0.838-1.20
1234788-EDCDF 408/410 0.88-1.20
OCDD 458/460 0.76-1.02
OCDF 442/444 0.76=-1.02

INTERNAL STANDARDS
13C=-2378-TCDD 332/334 0.65-0.89
13C-2378-TCDF 316/318 0.65-0.89
13C-123678-HXCDD_| 402/404 1.05-1.43
13C-1234678-HpCDF| 420/422 0.88-1.20
13C-0CDD 470/472 0.76-1.02

'RECOVERY STANDARDS
13C-1234-TCDD 332/334 0.635-0.89
13C-123789-HxXCDD_| 402/404 1.05-1.43

QC limits represent + 15% window around the theoretical ion abundance ratio.

2 single point calibration is performed for seven of the native analvtes
and the cleanupr standard.

The laboratory must flag any analyte in any calibration solution which does
nct meet the ion abundance ratio QC limit by placing an asterisk in the {lag
column.

FORM VI PCDD=2 10/90



7DFA

PCDD/PCDF CONTINUING CALIBRATION SUMMARY

_az Name: Contract:
~a> Ccce: Case No.: SAS No.: SDG No.:
GC Coluan: ID: Instrument ID:
Cate Analyzed: Time Analyzed:
ZLab File ID: Init. Calib. Date(s):
; SELECTED MEAN RRF ION {ION QcC
INATIVE ANALYTES IONS RR RRF %D |FLAG|RATIO!FLAG| LIMITS ?
2378-TCDD 320/322 0.65~0.3¢
2378-TCDF 304/306 0.65-0.39/|
12378=-PeCDF 340/342 1.24-1.36
12378-PeCDD 356/358 1.24-1.86I
23478-PeCDF 340/342 1.24-1.86]|
123478-HxCDF | 374/376 1.05-1.43]
123678-HXCDF 374/376 1.05-1.43!
| 123478-HxCDD 390/392 1.05-1.43]
1 123678-HxCDD 390/392 1.05-1.43i
123789-HxCDD 390/392 1.05-1.43,
234673-5xCDF 374/376 1.08=-21.43
123789-UxCDF 374/376 1.05-1.43;
12346783-HpCDF 408/410 0.88-1.20,
i 2234678-EpCDD 424/426 0.88-1.201
i 1224789-HpCDF 408/410 0.88-1.20
. QCDD 458/460 0.76-1.02
I QCDF 442/444 0.76-1.02,
‘ |
INTERNAL STANDARDS
VS. RECOVERY STDS.
13C=-2378-TCDD 332/334 0.65-0.89%
13C~-2378-TCDF 316/318 0.65-0.89%
13C-123678-HxCDD_!| 402/404 1.05-1.43
13C-1234678~-HpCDF| 420/422 0.88-1.20
13C-0CDD 470/472 0.76-1.02
37Cl-2378~-TCDD 328/NA NA N2& NA
RECOVERY STANDARDS
13C=-1234-7TCDD 332/334 NA NA NA NA 0.65-0.8¢9
13C-123789-HXCDD_| 402/404 NA NA NA Na 1.05-1.43
QC limits shown are for ion abundance ratios. Maximum %D for RRF is + 30.0%
The labcratory must flag any analyte which does not meet criteria for %D or
ion apundance ratio by placing an asterisk in the appropriate flag column.
FORM VII PCDD-1 10/50




7DFB

PCDD/PCDF CCONTINUING CALIBRATION RETENTION TIME SUMMARY

—ab Name: _
_ab Ccde:

GC Colunn:

Case No.:

Date Analyzed:

Lab File ID:

Init. Calib.

Contract:

SAS No.: SDG No.:

(mm)

Instrument ID:
Time Analyzed:

Date(s):

NATIVE ANALYTES

2378-TCDF

12378-PeCDF

12378-PeCDD

23478-PeCDF

123478-HXCDF

123678-HxCDF

123478-HxCDD

123678-HxCDD

123789-HxCDD

234678-HxCDF

123789-HXCOF

1234678-HpCDF

1234673 =HpCDD

1234789-HpCDF

oCDD

OCDF

INTERNAL STANDARDS

VS. RECOVERY STDS.
13C=-2378-TCDD
13C=-2378-TCDF
13C-123678-HxCDD_
13C-1234678-HpCDF
13C-0CDD

37Cl=-2378-TCDD

NA
NA
NA
NA
NA

RECOVERY STANDARDS
13C-1234-TCDD
13C-123789~-HxCDD_

NA
NA

(RT of analyte)/(RT

FORM VII PCDD-2

cf appropriate internal standard)
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TARGET COMPOUND LIST (TCL) AND
CONTRACT REQUIRED QUANTITATION LIMITS (CRQL)

NOTZ: The values in these tables are quantitation limits, pot absoluce
detection limits. The amount of material necessary to produce a detector
response that can be identified gnd reliably quantified is greater than that
needed to be simply detected above the background noise. The quantitation
limics in these tables are set at the concentrations in the sample equivalent
to the concentration of the lowest calibration standard analyzed for each
analyte. '

Specific quantictation limits are highly matrix-dependent. The quantitation
limits listed herein are provided for guidance and may not always be
achievable.

The CRQL values listed on the following pages are based on the analysis of
samples according the specifications given in Exhibic D. All CRQL values are
reported on a wet weight basis, as are sample data produced using the
specifications in Exhibic D.

12/90



TARGET COMPOUND LIST (TCL) AND CONTRACT REQUIRED QUANTITATION LIMITS (CRCL)

Chemical

Wacer Soil Ash Waste”

PCOD/PCOF CAS Number (ng/L) (ug/Kg) (ug/Kg) (ug/Xg)
2378-7TC0D 1746-01-6 10 1.0 1.0 10
2378-7CDF 51207-31-9 10 1.0 1.0 10
12..J-PeCDF '117-41-6 25 2.5 2.5 25
12378-2eCDD 40321-76-4 25 2.5 2.5 25
23478-PeCDF 57117-31-4 25 2.5 2.5 25
123478 -HxCDF 70648-26-9 25 2.5 2.5 25
123678 -HxCDF 57117-44-9 25 2.5 2.5 25
123478-HxCDD - 39227-28-6 25 2.5 2.5 25
123678-HxCDD 37653-85-7 25 2.5 2.5 25
123789-HxCDD 19408-74-3 25 2.5 2.5 25
234678-HxCDF 60851-34-5 25 2.5 2.5 25
123789-HxCDF 72918-21-9 25 2.5 2.5 25
1234678-HpCDF 67562-39-4 25 2.5 2.5 25
1234678-HpCDD 315822-46-9 25 2.5 2.5 25
2224789 -HpCDF 55673-89-7 25 2.5 2.5 25
QCDD 3268-87-9 50 5.0 5.0 50
QCCF 39001-02-0 50 3.0 5.0 S0

All CRQL values listed here are based on the wet weight of the sample.

Chemical waste includes the matrices of oils, stillbottoms, oily sludge, wet

fuel oil, oil-laced soil, and surface water heavily contaminated with these

mactrices.

c-2
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In addicion,

PC2Ds or PCDFs in the following homologues. However, because
non-2,3,7,8-subscicuted isomers that might be detected in a sample is

data are reported for the total concentration of all decectad

the number of

unpredictable, it is not possible to assign CRQL values to the total homologue
concentrations.

Number of

Number of

Possible 2,3,7,8-Substituced
Homologue CAS Numper Isomers Isomers
Total TCDD 41903-57-3 22 1
Total TCDF 55722-27-3 38 1
To .. DD 36088-22-9 14 1
Total PeCDF 30402-15-4 28 2
Total HxCDD 34465-4608 10 3
Total HxCDF $5684-94-1 16 4
Total HpCDD 37871-00-4 2 1
Total HpCDF 38998-75-3 4 2

There is only one isomer in bocth the OCDD and OCDF homologues, hence the total
concentration is the same as the 2,3,7,8-substictucted concentration listed on
The previous page.

7CDD -
ZCOF -
PeCDD -
PeCDF -
HxCDD -
HxCDF -
HpCDD -
HpCDF -
0CDD -
OCDF -

Tetrachlorinated dibenzo-p-dioxin
Tetrachlorinated dibenzofuran
Pentachlorinated dibenzo-p-dioxin
Pentachlorinaced dibenzofuran
Hexachlorinaced dibenzo-p-dioxin
Hexachlorinated dibenzofuran
Heptachlorinated dibenzo-p-dioxin
Heptachlorinated dibenzofuran
Octachlorinated dibenzo-p-dioxin
Octachlorinaced dibenzofuran

C-3
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1.2

1.3

Scope snd ipvlication

This method is approoriatz for the detaction and gquantizaciva
measurament of 2378-ctecrachlorinacsd dibenzo-p-dioxin (2378-720D),
2378-tetrachlorinataed divenzofuran (2373-TCDF), and che 2,2,7,3-
substicuced penta-, hexa-, hepta- and octachlorinated dibenzo-p-dioxins
(PCODs) and dibenzofurans (PCOFs) in water, soil, £ly ash, and chemical
waste samples including stillbottom, fuel oil, and sludge matrices.

The analytical method reguires the use of high resolution gas
chromacography and low resolution mass spectrometry (HRGC/LIMS) on
sample extracts that have been subjected to specified cleanup
proceduras. The calibration range is dependent on the compound anc cthe

sample size. The sample size varies by samrvle matrix. The Contrac:
Required Quantitation Limits (CRQLs) for each matrix and compound are
listed in EZxhibic C. The upy : limit ¢ € calibri .on ran )z 1ch

compound is 20 times the CRQL. Samples in which any carget compound is
found above the calibration range must be dilutad and reanalyzed.

The protocol requires the calculation of the 2378-TCDD coxicicy
equivalence according to the procedures given in the U.S. Eavironmencal
Protection Agency "Update of Texicity Equivalency Factors (TEFs) for
Zstimating Risks Associated with Exposures to Mixtures of Chisrinated
Dibenzo-p-Dioxins and Dibenzofurans (CDDs/CDFs)" March 1989 (ZPA 625/3-
89/016). This procedure recognized that structure-activicy
relationships exist between the chemical structure of a particular
PCTD/PCDF "and its abilicy to elicit a biological/toxic response in
various in vivo and in vitro test systems."” Of the 210 possidle
chlorinated dibenzo-p-dioxins and chlorinated dibenzofurans, the 17
isomers that bear chlorine atoms in the 2,3,7 and 8 posicions of ctheir
respective structures are the compounds of greatest concern. 7To aid in
the assessment of risks to human health and the enviromment, a factor
is assigned to each of these 17 2,3,7,8-substituted PCDDs and PCDFs
that relates the toxicity of that isomer To a concentration of the most
toxic isomer, 2378-TCDD. These factors are called TEFs. The
concentrations of any of the 17 isomers that are detected in an
environmental sample can then be adjusted by the TEF and summed,
yielding a concentration of 2378-TCDD with an equivalent toxicity.

f the toxicity equivalence is less than 0.7 parts per billion (ppb)
for a soil or fly ash sample, less than 7 parts-per-trillion (ppt) for
an aqueous sample, or less than 7 ppb for a chemical waste, no further
analysis is required. If the toxicity equivalence is greater than or
equal to 0.7 ppb (soil or fly ash), 7 ppt (aqueous), or 7 ppb (chemical
waste), analysis on a column capable of resolving all 2,3,7,8-
substituted PCDDs/PCDFs is required.

For any sample analyzed on a DB-5 (or equivalent) column in which
either 2378-TCDD or 2378-TCDF is reported as an "Estimatad Maximum
Possible Concentration" (see Section 15.7), regardless of TEr-adjusted
concentration or matrix, analysis of the extract is regquired on a
second GC column which provides better specificity for cthese ctwo
isomers.
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This mecthod is also capable of detarmining the total concencration of
all PCODs/PCDFs in a given level of chlorination (i.e., Tocal TCOD,
Total PeCDF, ecc.), alchough complats chromatograpnic separaction of all
210 possible PCDDs/PCDFs is not possible uncder the insctrumencal
conditions described here. The "Total" concentrations are not assizned

oo o

TEF values in the February 1989 TEI procedure, and therefors ares not

included in the toxicity equivalence calculations.

The qualitative identification criteria (see Section 1l) include
requiremencs for retention times, simultaneous detection of three lons
per compound, and limits on the ratio of the abundances of the two most
intense ions produced by each compound. In instances where a signal is
detectad that meets all of the gualitative identification criczeria
except the ion abundance ratio, the method requires calculacion of an
"l i1 :ed ) timum Possible Concentration" (EMPC). \e presence oI
interferences that coelute with the compounds of interastc may cause the
ion abundance ratio to £fall outside the limits for gqualitative
identification and would also affect the quantitative resulcs. The
EMPC is a worst case estimate of the sample concentration that the
signal would represent if it did meet all the identification criteria
(see Section 15.7). Because of the quantitative uncertainty associlatad
with the EMPC values, they are not included in cthe TEF calculations
performed in the mechod.

The data that result from these analyses are reportaed based on the wet
weight of the sample. However, for solid matrices such as
soll/sediments, the percent solid content of the sample is also
reported, if needed by the data user. The percent solids content ol
£ly ash samples is not reported because the fly ash is treated with an

aqueous acid solution prior to extraction.

This method is designed for use only by analysts experienced with
residue analysis and skilled in HRGC/LRMS.

Because of the extreme toxicity of these compounds, the analyst must
take necessary precautions to prevent exposure of personnel to
materials known or believed to contain PCDDs/PCDFs.

Summary of Mechod
Soil/Sediment Extraction

For the purposes of this method, a soil/sediment sample is defined as a
portion of wet soil/sediment which does not contain oil, but which may
contain other solids such as stones, vegetation, etc. The sample
should not contain an obvious liquid phase (see Section 8.4). A& 10 g
aliquot of the soil/sediment sample is spiked with the intermal
standard solution and extracted with toluene in a combination of a
Soxhlet extractor and a Dean Stark water separator (SDS).

water Extraction

For the purposes of this mechod, a water sample is defined as a single
pnase system that is primarily clear water but may contain very small
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2.3

amounts of Zloating, suspended and sectlad particulate matcter.
Mulziple phases should not be present (seae Section 8.4). Approximacely
1 L of the water sample is spiked with the internal standard solution

and filtered to separacte the agueous ancd parciculace fractions. The

-

filzered agueous Zracction is extractad with mecthylane chloride using a
separatory funnel or conctinuous liquid-liquid extractor. The
particulate fraction Is extracted with toluene in a SDS extractor. The

o -

extracts of the two fracctions are then combined for cleanup.
Fly Ash Extraction

For the purposes of this method, a fly ash sample is defined as a solid
matrix from an incineration or other combustion process wnich may
contain water and ot so. ls. It should not con' ia 1 obvi

Liquid phase. A 10 g aliquoct of the fly ash is washed wich dilute
hydrochloric acid, spiked with the internal standard solution, and

extracted with toluene in a SDS extractor.
Chemical Waste Sample Extraction

For the purposes of this method, a chemical waste sample includes
sample matrices of oils, stillbottoms, oily sludge, oil-laced soil, and
surface watar heavily contaminated with the matrices listed above (see
Seccion 8.2). 1Intermal standards are added in the concentracions
lisced in Table 4 to a 1 or 10 g aliquot of chemical waste. Wet fuel
oil and oily sludge samples, showing signs of water, are spiked with
the intermal standard solution, fittad with a reflux condenser and a
Dean Stark water separator to remove the water, and extracted with
toluene. Stillbottom samples are spiked with the intermal standard
solution, refluxed with toluene, and filtered.

leanup and Analysis

Immediately prior to cleanup, all extracts are spiked with a 37(71-2378-
TCDD standard. Because it is added after extraction, the recovery of
this standard may be used to differentiace between losses of analytes
or internal standards during extraction and losses that occur during
the various cleanup procedures. The extracts are subjected to an acid-
base washing treatment and dried. Following a solvent exchange step,
the extract is cleaned up by column chromatographic procedures,
including silica gel, acid alumina, and carbon on celite colummns, to
eliminate sample components that may interfere with the detection and
measurement of PCDDs/PCDFs. The extracts are concentrated and the
solvent is exchanged to tridecane. The recovery standards are added to
an aliquot (50 ul) of the extract and the aliquot is reduced to the
final volume of 50 ul. The remaining 50 ul of extract is retained in
the event that diluctions or reanalyses are tequired. One or two ul of
the concentrated aliquot containing the recovery standards are injected
onto a fused silica capillary column in a gas chromatograph (GC)
interfaced to a mass spectrometer (MS) (see Paragraph 4.1.1).

The identification of PCDD/PCDF isomers is basad on the simul:zaneous

dececcion of cthe two mosc abundant ions in the molecular ion regions
and the M-COCl ion. In addition, the identification of OCDD and five
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of cthe 2,3,7,8-subscicuced isomers, for wnich a 13C-labeled standard is
available in the internal standard and recovery standard sciutions, is
based on their exact retention time (-1 to 3 seconds Zrom the
respective internal or recovery standard signal). The 2,3,7 8-
subscituted isomers for wnich ““C-labeled stancards are not available
in che sample extracts ares identified by the relacive retantion times
of the isomer in the daily standard as compared to the appropriats
incernal sctandard.

The identification of all other PCDD/PCDF isomers is based on their
retention times falling within their respective PCDD/PCDF retention
time windows as established by a window defining mix. Confirmation of
all PCDDs/PCDFs is based on a comparison of the ratio of the integrated
ion abundance of cthe molacular ion species to the theoretical ion
abundance ratio.

The PCDDs/PCDFs are quantitated by comparing the MS response of ghe
detected analyte relative to the MS response of the appropriace toc.
labeled intermal standard (Table 2). The responses of both the ions
monitored for each analyte are used for quantitation. The labelad
internal standards are added prior to sample extraction. Thus, the
quanticative resultcs for cthe native analytes are corrected Zor the
recovery of the intermal standards, based on the assumption that losses
of the intermal standards during sample preparation and analysis are
equal to the losses of the unlabeled PCDDs/PCDFs.

The recovery of the intermal standards is determined by comparing the
MS response of the intermal standard to the MS response of the
appropriate recovery standard (Table 2). The recovery standards are
also isotopically labeled compounds, and are added to each sample
extract and blank aliquot just prior to injection.

Because the ability to quancify the concentrations of the unlabeled
analytes and the precision of the measurements are related to the
recovery of the intermal standards, upper and lower limits are placed
on the percent recovery of cthe intermal standards (see Paragraphs
15.5.2 and 17.1.1).

If cthe concentration of any PCDD/PCDF exceeds the calibration range of
the instrument, a dilution must be performed to bring that
concentration within range. Additional recovery standard solution is
added to the diluted sample extract immediataly prior to reanalysis
(see Section 10.4).

If the MS response of any internal standard in the diluted sample is
less than 10% of its MS response in the continuing calibration
standard, che unlabeled PCDD/PCDF concentrations in the sample are
estimated using the MS responses of the recovery standards (see
Paragrapn 15.3). The purpose of this requirement is to ensure that
there is an adequate MS response for quantitation.

In order to provide information on recovery of the analytes of intarest
from the sample matrix, the laboratory must prepare a second aliquot of

one sample of each matrix in each Sample Delivery Group (SDG) and spike
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with the analyvtes at concentrations specified in Section 13. This
guot is analyzed and the recovery of che spiked analytes is

ail
determined.

in order to provide information on the precision of the analysis in che
sample mactrix, the laboratory must perform a duplicace analysis on one
sample of each matrix in each SDG. The samples to be analyzed in
duplicate may be specified by the Region in advance; however, i no
samples are so specified, the laboratory must select a sample of aach
matrix for duplicate analyses. The precision of the analysis is
determined as the relative percent differsnce of the concentrations as

specified in Section l4.

Due to a wvariety.of situations that may occur during contracs
:rformance, the laboractory shall be 1 |uired to reextract and
Teanalyze certain samples or groups of samples. 'As used hereaftar,
except in the case of dilutions, the term "rerun" shall indicate sample
reextraccion, cleanup and reanalysis. When dilutions are required, che
original extract shall be diluted and reanalyzed (see Section 10.4).

When the rerun is required due to macrix effects, interferences or
other problems encounterad, the Govermment will pay che Contractoer Zor
the reruns. Such reruns shall be billable and accountable under the
specified contract allotment of automatic reruns. When the rerun is
required due to Contractor materials, equipment or instrumentation
sroblems or lack of Contractor adherence to specified contrac:t
orocedures, the rerun shall not be billable nor accountable under che
terms of cthis contract. The Contractor’s failure to perZorm any of the
sample reruns specified herein, eicher billable or nombillable, shall
be construed as Contractor nonperformance and may result in the
termination of the contract for default. Specific requirements for
reextraction and reanalysis are given in Section 17.

NOTE: A contaminated method blank is the only circumstance that may
require more than one rerun per sample.

ITncerferen

Any compound that yields ions listed in Table 5 and also elutes within
the retention time window of the corresponding homologue is a potential
interference. PCDDs/PCDFs are often associated with other chlorinated
compounds such as polychlorinacted biphenyls (PCBs) and polychlorinated
diphenyl ethers (PCDPEs). These compounds may be found at
concentrations several orders of magnitude higher than thac of cthe
analytes of interest and may otherwise interfere with the analysis of
PCDDs/PCDFs. Therefore, the retention time of the target analytes must
be verified using reference standards and compared to retention time
windows established during the calibration. While the cleanup
procedures specified in this method are designed to minimize these
interferences, some samples may ultimactely require additional cleanup
steps to achleve the decection limics.

Solvents, reagents, glassware, and other sample processing hardwara may
yield discrete artifacts and/or elevated baselines wnich may causa
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misinterpretation of chromatographic data. All of these matarials
snall be demonstratad to be free from incerferants under cthe condizions

3

of analvsis by rurmning laboratory method blanks.

NCTZ: 3ecause of the possibilitv of contamination, analysts should
avoid using PVC gloves. However, latex gloves may be adequate.

The use of high purity reagents and solvents helps to minimize
incterference problems. Purification of solvents by distillation in all
glass systams may be necessary.

High resolution capillary columns are used to resolve as many PCDD/PCDF
isomers as possible. No single column is known to resolve all 210 of
the isomers. The columns employed by the laboratory in these analvsas
m : be cay; »>le of r¢ »lving the 17 2,3,7,8-substicu 1 . )Ds/PCDFs
sufiiciencly to meet the method specifications (see Section 7.1).

Apparatus and Equipment

Brand names and catalog numbers are for illustrative purposes only and
do not imply an endorsement by EPA. Equivalency of materials from
other suppliers may be demonstrated by performing analyses that meet
the specifications of this method.

Gas Chromatograph/Mass Spectrometer/Data System (GC/MS/DS)

4.1 The GC snhall be capable of temperature programming and be
equipped with all required accessories, such as syringes,
gases, and a capillary column. The GC injection port shall be
designed for capillary columns; a splitless or an on-column
injection technique is recommended. A 2 ul injection volume is
assumed throughout this method; however, with some GC injection
ports, other volumes may be more appropriate. A 1 ul injection
volume may be used if adequate semnsicivity and precision can be
demonstrated.

NOTE: The injection volume for all sample extracts, blanks,
qualicy control (QC) samples and calibration solutions
shall be the same.

4.1.2 Mass spectral data shall be obtained using a low resolution
instrument that utilizes 70 volts (nominal) electxron energy in
the electron impact mode. The system shall be capable of
selected ion monitoring (SIM) for at least 18 ions per cycle,
with a cycle time of 1 second or less. Minimum integration
time for SIM is 25 milliseconds per m/z. The integration time
used to analyze samples shall be identical to the time used to
analyze the initial and continuing calibration solutioms and QC
samples. Total data acquisicion time per cycle (18 ions) must
not exceed 1 second.

An interfaced data system is required to acquire, stors, reduce
and output mass spectral daca.

b
.
I
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L.1.4 GC/MS interfaces constructed of all glass or glass-lined
materials are required. Glass can be deactivated by silanizin
with dichlorodimethylsilane. Inserting a Zused silica column

irectly into the MS source is racommended; care mus:t be Zaiken
not to expose the end oI the column to the eleccron beam.

4.1.3 The Contractor shall use a magnetic media storage device
capable of recording data suicable for long-term ofI-line
storage. The Contractor shall record all raw GC/MS daca
acquired during the entire contract period on magnetic media in
appropriate instrument manufacturer formact.

GC Cclumn

demonstrate the required separation of all 2378-specific isomers
wnether a dual column or a single column analysis is chosen. Column
operating conditions shall be evaluated at the beginning and end of
each 12-hour period during which samples or concentration calibracion
solutions are analyzed (see Section 7.4).

ot ! .lic¢ capil. v colum required. The columns shall

Isomer sﬁecificicy for all 2,3,7,8-substitutad PCDDs/PCDFs cannot be
achieved on the 60 m DB-5 column. In order to determine the
concentration of the individual 2,3,7,8-substicucted isomers, if the
toxicicy equivalence is greater chan 0.7 ppb (solids), 7 ppt (aqueous),
or 7 ppb (chemical waste), the sample extract shall be rzanalyzed on a
80 m SP-2330 or SP-2331 (or equivalent) GC column.

For any sample analyzed on a DB-5 (or equivalent) column in which
either 2378-TCDD or 2378-TCDF is reported as an Estimated Maximum
Possible Concentration (see Section 15.7), regardless of TEF-adjuscad
concencration or matrix, analysis of the extract is required on a
second GC column which provides becter specificity for these two
isomers.

Analysis on a single column is acceptable if the required separation of
all cthe 2378-specific isomers is demonstratad and the minimum
acceptance criteria outlined in Sectioms 7.1, 7.2 and 7.3 are met. See
Section 1l for the specifications for the analysis of the 2378-specific
isomers using both dual columns and single columnms.

Miscellaneous Equipment

The following list of items does not necessarily constitute an
exhaustive compendium of the equipment needed for this analytical
metchod.

4.3.1 Nicrogen evaporation apparatus (N-Evap* Analytical Evaporator
Model lll. Organomation Association Inc., Northborough, Ma, or
equivalent).

-~
W
"~

Balance capable of accurately weighing + 0.0l g.
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4.3.3 Water bath. Equipped with concentric ring cover and
teamperature concrolled wichin + 2°C.

4.3.4 Stainless sta2el (or glass) pan large enough to hold contents of
_-pint sample conctainers.

4.3.3 Glove box. For use in preparing standards Irom neat matarials
and in handling scil/sediment samples containing fine
particulates that may pose a risk of exposure.

4.3.6 Rotary evaporator, R-110. Buchi/Brinkman - American Scientific
No. ES045-10 or equivalenc.

4.3.7 Centrifuge. Capable of operating at 400 x G wich a 250-300 mlL
¢ Yi

4.3.8 Drying oven.

4.3.9 Vacuum oven. Capable of drying solvent-washed solid reagencs
at 110°C.

4.3.10 Mechanical shaker. A magnetic stirrer, wrist-action or
placform-cype shaker, that produces vigorous agitation. Used
for pre-treatment of fly ash samples.

Glassware

441 Extraction jars. Amber glass with Teflon-lined screw cap;
minimum capacity of approximately 200 ml; must be compatible
with mechanical shaker to be used.

4.6.2 Kuderna-Danish (KD) Apparatus. 500 mL evaporating flask, 10 mL
graduated concentrator tubes with ground glass stoppers, three
ball macro-Synder column.

4.4.3 Disposable Pasteur pipets, 150 mm long x 5 mm ID.

4.4.4 Disposable serological pipets, 10 mL for preparation of the
carbon column specified in Section 9.10.

4.4.5 Vials. 0.3 mL and 2 mL amber borosilicate glass with conical
shaped reservoir and screw caps lined with Teflon-faced
silicone disks.

4.4.6 Funnels. Glass; appropriate size to accommodate filter paper
(12.5 cm).

4.6.7 Chromatography Columns. 300 mm x 10.5 mm glass chromatographic
column ficted wich Teflon stopcock.

L.46.8 Soxhlet Apparatus, 500 mL flask, all glass. Complete with

glass extractor body, condemsar, glass extraction thimbles,
heating mantle, and variable transformer for heat control.
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Extraction thimbles must be of sufficient size o nold
100 g of sand, 5 g of silica gel, and at least 10 g of
solid sample, with room tTo mix the sand and sampie in
the thimble.

4
(@]
e
(D]

P
[
0

Dean Stark Water Separactor Apparatus, with a Teflon sctopcock.
Must fit bectween Soxhlet extractor body and condenser.

4.4.10 Concencractor tubes. 15 mlL conical centrifuge cubes.

4.4.11 Separatory funnels. 125 mL and 2 L separatory funnels wich a
Teflon stopcock.

.12 Continuous Liquid-Liquid Extractor. 1 L sample capacicy,
suitable for use with heavier than water solvents.

I
£
¢

4.4.13 Boiling chips. Teflon boiling chips washed with hexane prior
to use.

4.4.14 Buchner funnel. 15 cm.
4.4.15 'Filcration flask. For use with Buchner funnel, 1 L capacity.
Glassware Cleaning Procedures

Reuse of glassware should be minimized to avoid the risk of using
contaminated glassware. All glassware that is reused shall be
scrupulously cleaned as soon as possible after use, applying the
following procedure.

4.5.1 Rinse glassware with cthe last solvent used in ic.
4.5.2 Wash with hot water containing detergent.

4.5.3 Rinse with copious amounts of tap water and several portions of
distilled water. Drain dry.

4.5.4 Rinse with high purity acetone and hexane.

4.5.5 After glassware is dry, store inverted or capped with aluminum
foil in a clean environment.

Do pnot bake reusable glassware as a routine part of cleaning. Baking
may be warranted after particularly dircy samples are encountered, but
should be minimized, as repeated baking may cause active sites on the
glass surface that will irreversibly adsorb PCDDs/PCDFs.

CAUTION: The analysis for PCDDs/PCDFs in water samples is for much
lower concentrations than in soil/sedimenc, fly ash, or
chemical waste samples. Extreme care must be taken to prevent
cross-contamination becween soil/sediment, fly asn, chemical
waste and water samples. Therefore, it is strongly
recommended that separate glassware be reserved for analyzing
water samples.
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Praextraction of Glassware

It is required that all glassware be rinsed or preexcracted wicth
solvent immediacely before use. The SDS arparatus and continuous
~iquid-iiquid extractors must be preextracted for approximataly thrae
nours immediately prior to use. The pooled waste solvent for a set of
extractions may be concentrated and analyzed as a mechod of
demonstrating that the glassware was free of contamination.

It is recommended that each piece of reusable glassware be numbered in
such a fashion that the laboratory can associate all reusable glassware
wich the processing of a particular sample. This procedure will assistc
che laboratory in tracking down possible sources of contaminatzien for
individual samples, identifying glassware associated wich highly
contaminated samples that may require ext: cleaning, and dete .ning
when glassware should be discarded.

Reagents and Consumable Materjals

Brand names and catalog numbers are for illustrative purposes only and
do not imply an endorsement by EPA. Equivalency of materials from
other suppliers may be demonstrated by performing analyses that mee:
the specifications of this methed.

Solvents. High puricy, distilled-in-glass: hexane, methanol,
methylene chloride, toluene, isooctane, cyclonexane, acectone, tridecane
(or nonane).

Filcters

wn

2.1 Filter paper. Whatman No. 1l or equivalent.
5.2.2 Glass fiber filter. 15 cm, for use with Buchner funnel.

5.2.3 0.45 micron, Millipore or equivalent, PTFE or other material
compatible with toluene. Rinse with toluene.

White quarcz sand. 60/70 mesh, for use in the SDS extractor. Bake at
450°C for 4 hours minimum. '

Glass wool, silanized. Extract with mechylene chloride and hexane
before use.

Sodium Sulfate. Granular, anhydrous. Before use, heat to 400°C in a
shallow tray for approximately &4 hours, cool in a desiccator, and store
in a glass jar.

Potassium Hydroxide. ACS grade, prepare a 20% (w/v) solution in
distilled wacer.

Sulfuric Acid, concencraced. ACS grade, specific gravicy 1l.84.

Sodium Chloride. ACS grade, prepare a 3% (w/v) solution in disctilled
water.
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5.11

5.12

Hydrochloric Acid, concentrated. ACS grade, specific gravicy L1.17
Prepare a 1N soiution in distilled water feor pretreatmenc of Ily ash
samples.

Column Chromatograpny Reagents

Alumina, acidic AG4, Bio Rad Laboratories (catalogue #132-1240)
or equivalent. Soxhlet extract with methylene chloride for 21

hours and activate by heating in a foil-covered glass container
for 24 hours at 190°C.

5.10.

5.10.2 Charcoal Carbon. Active carbon AX-21 (Anderson Development
Company, Adrian, MI, or eguivalent), prewashed with mechanol
and dried jia wvaguo at 1ll0°C.

5.10.3 Celite 545 (Supelco or equivalent).

5.10.4 Silica gel. High puricy grade, type 60, 70-230 mesh; Soxhlet
extract with methylene chloride for 21 hours and activate by
heating in a foil-covered glass container for 24 hours ac

190°C.

5.10.5 Silica gel impregnated with 2% (w/w) sodium hydroxide. Add 1
part by weight of 1 M NaOH solution to 2 parts silica gel
(extracted and activated) in a screw-cap bottle and mix wich a
glass rod until ZIree of lumps.

5.10.6 Silica gel impregnated wich 40% (w/w) sulfuric acid. Add 2
parts by weight concentrated sulfuric acid to 3 parts silica
gel (extracted and activated), mix with a glass rod until free
of lumps, and store in a screw-cap glass bottle.

Calibration Solutiens (Table 3)

Five tridecane (or nonane) solutions (CCl-CCS) containing 10 unlabeled
and 7 carbon-labeled PCDDs/PCDFs at known concentrations which are used
to calibrate the instrument. One of these five solutions (CC3) is used
as the continuing calibration solution and contains 7 additionmal
unlabeled 2,3,7,8-substituted isomers that are commercially supplied
(see Paragraph 7.3.2.1). The concentration ranges are homologue-
dependent with the lowest concentrations associated with tetra- and
pentachlorinated dioxins and furans (0.1-2.0 ng/ul), and the higher
concentrations associated with the hexa- through octachlorinaced
homologues (0.5-10.0 ng/ul). Depending on the availabilicty of
materials, the Environmental Monitoring Systems Laboratory (EMSL-LV)
will provide these solutions, with the exception of the additional
2,3,7,8-substituted isomers for cthe CC3 solution.

Internal Scandard Solution (Table &)
The solution contains the five internal standards in tridecane (or
nonane) at the nominal concentrations listed in Table &. Depending on

the availabilicy of materials, EMSL-L7 will provide the solution. Mix
10 uL with 1.0 oL of acetone before adding to each sample and blank.
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Recovery Standard Solution

. : ; ] -
e Dexane solution contains the recovery standards, ‘3Clo-l234--CDD
5 2

The 1

1 ~o - . - - - . -
and “7C:,-123789-dxCDD, at concentrations of 3.0 ng/ul, in a solvent:
other than tridecane or nonane (see Seccion 10.2). Depending upon :the
availability of mataerials, EMSL-LV will provide the solution.

Continuing Calibration Solution

This solution contains standards to be used for icentification and
guantitation of target analytes. In order to have all 2,3,7,8-
substicucad isomers and the cleanup standard present for quancizacion
purposes, a commercially supplied supplemental standarc and the cleanup
standard soiution are combined wich the EPA-supplied CC4 solution to
produce the (_J solution (see Paragraph 7.4.1). _.is solution is
identified in Table 3.

Window Defining Mix

This solution is to be obtained by the laboratory through commercial

vendors. The solution contains the first and last eluting isomer of

each homologue (see Table 9) and is used to verify cthat cthe switching
times bectween the descriptors have been appropriataly set.

The window defining mix need not contain any of the labeled intermal or
rzcovery standards, as no gquantitative measuraments are based on this
mixture. However, these standards and other isomers mayv be added to
che mixcture liscted in Table 7 at the discretion of the laboratory, so
long as the additional contents of the mixture are clearly specified in
every SDG Narrative.

If che laboratory employs a GC column that has a differant elution
order than those specified here, the laboratory must ensure that the
first and last eluting isomers in each homologue are represented in the
window defining mix used to evaluate that column. The concencracions
of any additional isomers should be approximately the same as those
listed in Table 9.

EMSL-LV does not supply the window defining mix (see Table 9).
Supplemental Calibration Solution

This solution contains seven 2,3,7,8-substitutad PCDD/PCDF isomers to
be added to the CC4 solution to produce the CC3 solution that is used
for identification and quantitation of target analytes. EMSL-LV does
not supply this solution (see Table 10).

Cleanup Standard
This solution contains 37Cla-2378-TCDD at a concentration of 5 ng/ul (3

ug/mL) in tridecane (or nonane) and is added to all sample extracts

prior o cleanup. The solution may be added at this concentration or
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diluted into a larger volume of solvent (see Paragrapn 9.7.1). The
recovery of this compound is used to judge the afficiancv of che
clsanup procedures.

Matrix Spiking Standard

This solution contains 10 of the 2,3,7,8-substituced isomers, at the
concentracions listed in Table 1l in tridecane (or nonane), and is used
Tto prepare the spiked sample aliquot (see Section 13). Dilute 10 ul of
this standard to 1.0 mlL with acetone and add to the aliquot chosen for
spiking.

Column Performance Solution

Tt .Cory must obta L ylution tf »n | commercial vend

The solution contains 2378-TCDD and the other TCDD isomers (1478-TCDD
and che 1237/1238-TCDD pair) that elute closest to 2378-TCDD on the SP-
2331 (or equivalent) column. The solution is used to verify the
chromatographic resolution of che SP-2331 (or equivalent) GC column.
The concentrations of these isomers should be approximataly 0.3 ng/ul
in tridecane (or nonane).

If the laboratory employs a GC column that has a different elution
order than chose specified here, the laboratory must ensure that che
isomers eluting closest to 2378-TCDD are represented in the column
perZormance solution.

EMSL-LV does not supply the column performance solution.
Mass Calibratio

Mass calibration of the MS is recommended prior to analyzing the
calibration solutions, blanks, samples and QC samples. It is
recommended that the instrument be tuned to greater sensitivity in the
high mass range in order to achieve better response for the later
eluting compounds. Optimum results using FC-43 for mass calibration
may be achieved by scanning from 222-510 amu every one second or less,
utilizing 70 volts (nominal) electron energy in the electron ionization
mode. Under these conditions, m/z 414 and m/z 502 should be 30-50% of
m/z 264 (base peak).

Retenti Windows and i o rget vtes

Prior to the calibration of the GC/MS system, it is necessary to
establish the appropriate switching times for the SIM descriptors (see
Table 7) and to verify the chromatographic resolution. The switching
times are dectermined by the analysis of the window defining mix,
containing the first and last eluting isomers in each homologue (seae
Table 9). Chromatographic resolution is verified by the analysis of
one of two solutions, depending on the GC column used for analysis.

Two tvpes of calibration procedures, initial and continuing, are
required. The initial calibration is required before any samples are

analyzed for PCDDs/PCDFs, and intermittencly throughout sample

D-16 12/90




analysis, as dicraced bv the resulcs of the continuing calibracion (sae
A \

Section 7.4). The continuing calibratzion is requirad at the beginning

of each l2-hour ctime period during wnich samples are analyzed.
Samples snall pot be analyzed until acceptabls descriptor switching
times, chromatographic resolution, and calibrations, as described in
Seczions 7.1, 7.2, 7.3 and 7.4, are achieved and documented. The

sequence of analyses is shown in Table 13.

Window Defining Mix

The window defining mix shall be analyvzed before any calibration
standards in order to evaluate the descriptor switching times. The
commercially available mix (see Section 5.15) contains the Zirsct and
last eluting isomers in each homol¢ 1. ! u are railable for

v rious columns. The mix for the Lp-3 (or equivalent) column may not

be appropriate for the SP-2331 or other columns.

The ions in each of the four recommended descriptors are arranged so
that there is overlap becween the descriptors. The ions for the TCDD,
TCDF, PeCDD and PeCDF isomers are in the first descriptor, the ions for
the PeCDD, PeCDF, HxCDD and HxCDF isomers are in the second descriptor,
the ions for che HxCDD, HxCDF, HpCDD and HpCDF isomers are in the third
descriptor, and the ions for the HpCDD, HpCDF, OCDD and OCDF isomers
are in the fourth descriptor.

The descriptor switching times are set such that the isomers that elute
from che GC during a given retention time window will also be those
isomers for which the ions are monitored. For the homologues that
overlap between descriptors, the laboratory may use discretion in
sectting the switching times. However, do not set descriptor switching
cimes such that a change in descriptors occurs at or near the expeccted
retention time of any of the 2,3,7,8-substicuted isomers.

The window defining mix need not contain any of the labeled intermal or
recovery standards, as no quantitative measurements are based on this
mixture. However, these standards and octher isomers may be added to
the mixture listed in Table 7 at the discretion of the laboratory, so
long as the addicional contents of the mixture are clearly specified in
every SDG Narrative.

7.1.1 Analyze a 2 ul aliquot of the window defining mix, using the GC
column conditions in Table 1.

7.1.2 Adjust the descriptor switching times and the GC columm
conditions as needed to ensure that the isomers eluta in the
appropriate ion descriptors (see Table 7).

7.1.3 The window defining mix must be analyczed at the following
frequency:

7.1.3.1 Before initial calibration on each insctrument and GC
column used Zor analysis.
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7.1.3.2 Each time a new inicial calibration is performed,
regardless of reason.
7103032 Zach time adjustments or instrument maincenance

P
activities ars performed that may affec: raczention
times.

7.1.3.4 Any time the igtenc ion time of either the 13C12-
1234-TCDD or “~Cy,-123789-HxCDD recovery standards
in anv analysis varies by more than 10 saconds from
its retention time in the most recent continuing
calibration standard (see Paragrapns 7.3.2.3,
7.5.2.1 and 11.1.4)

If che labori 'ty plovs a | column tl : has a d: ierentc
elution order than those columns specified here, the laboratory
nust ensure that the first and last eluting isomers in each
homologue are represented in the window defining mix used to
evaluate that column. The concentrations of any additional
isomers should be approximately the same as those listed in

.Table 9.

Analysis on a single GC column (as opposed to sicuations
requiring a second column confirmation) is acceptable if cthe
required separation of all of che 2,3,7,8-substitucted isomers
is demonstrated and the resolution cricteria for both the DB-5
and S? 2331 (or equivalent) columns are met (see Paragrapns
7.3.2.1 and 7.2.3).

7.2  Chromatographic Resolution

7.

7

2.

2.

1

2

For analyses on a DB-5 (or equivalent) GC column, cthe
chromatographic resolution is evaluated by the analysis of the
CC3 standard during both the initial and continuing calibration
procedures (see Paragraphs 7.3.2.1 and 7.4.2).

For analyses on a SP-2331 (or equivalent) GC column, the
chromatographic resolution is evaluated before the analysis of
any calibration standards by the analysis of a commercially
available column performance mixture (see Section 5.19) tchat
contains the TCDD isomers that elute most closely with 2378-
TCDD on this GC column (1478-TCDD and the 1237/1238-TCDD pair).

Analyze a 2 ul aliquot of this solution, using the column
overating conditions and descriptor switching times previously
established.

Note: The column performance mixture may be combined with the
window defining mix into a single solution, provided
that the combined solution contains the isomers needed
to determine that the criceria for both analysas can be
met.
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GC Resolution Criceria for SP-2331 or Equivalsnc Column. The
chromatographic peak separation between unlabeled 2373-TCDD and
the peaks representing all octher unlabeled TCDD isomers shall
be resolved with a valley of < 25 pergent, wnere:

~1
(3%
(98]

Valley = (x/y)(1C0).

y = the peak height of any TCDD isomer.

x = cthe distinczion from the baseline to the bottom of the
valley between adjacent peaks, measured as shown in
Figure 5.

The resolution criteria must be evaluatad using measuraments
made on the selected ion current profile (SICP) for che
appropriace ions for each isomer. Measurements ars not made
Zrom to . ion current profiles.

Further analyses may not proceed until the GC resolution
criteria have been met.

7.2.4 If the laboratory uses a GC column other than those specified
here, the laboratory must ensure that the isomers eluting
‘closest to 2378-TCDD on that column are used to evaluate GC
column resolution. The chromatograpnic peak separation between
unlabeled 2378-TCDD and the peaks representing all other
unlabeled TCDD isomers shall be resolved with a valley of £ 25
percent.

7.2.5 Analysis on a single GC column (as opposed to situactions
requiring a second column confirmation) is acceptable if the
required separation of all of che 2,3,7,8-substituted isomers
is demonstratad and the resolution criteria for both the DB-S5
and SP-2331 (or equivalent) columns ars met (see Paragraphs
7.3.2.1 and 7.2.3).

Inizial Calibration

Once the window defining mix has been analyzed and the descriptor
switching times have been verified (and after the analysis of the
column performance solution if using a GC column other than DB-5), the
five concentration calibration solutions (CCl-CCS), described in Table
3, shall be analyzed prior to any sample analysis. The CCl, CC2, CC4
and CC5 solutions shall be used as provided by EPA. The CC3 solution
is prepared by combining CC4 solution, the supplemental calibration
solution, and the intermal, cleanup, and recovery standard solutions as
described in Paragraph 7.4.1.

7.3.1 Analyze a 2 ul (see Paragraph 4.1.1) aliquot of each of the
five concentracion calibration solutions, beginning with CC3
solution (see Paragraph 7.4.1). The following MS/DS conditions
snall be used:

D-19 12/90




7

.3

.2

7.3.1.1 Acquire SIM data for each of the lons lisctad in
Table 5 including the ions to monitor incsrfaring
compounds. See Table 7 Zor the racommenced MS
descriptors.

7.3.1.2 The ctotal cycle ctime for data acquisicion must be

less cthan one second. Acguire at least five data
points for each ion during che elution of the GC
peak.

The Contractor shall not proceed with the sample analysis until
an acceptable initial calibration has been performed and
documented according to the following criteria: GC resolution,
ion abundance ratios, retention times, and inscrument

.C1VvicTy.

7.3.2.1 GC Resolution Criteria for DB-3 or Equivalent
ColuT . The chromatographic Esak separation between
the ““Cy,-2378-TCDD peak and "“Cy7-1234-TCDD isomers
shall be resolved with a valley of < 25 percent, in
all calibration standards, where:

Valley = (x/y)(100).

y = the peak height of 13C1.2~2378-'1'CDD.

x = measured using the “~C;7-1234-TCDD peak as shown
in Figure 5.

In addition, the chromatographic peak separation
between the 123478-HxCDD and 123678-HxCDD in the CC3
solution shall be resolved with a valley of < 50
percent, calculated in a similar fashion as above.

The resolution criteria must be evaluatad using
measurements made on the SICP for the appropriate
ions for each isomer. Measurements are not made
from total ion current profiles.

7.3.2.2 The relative ion abundance criteria for PCDDs/PCDFs
listed in Table 6 must be met for all PCDD/PCDF
peaks, including the labeled intarmal and recovery
standards, in all solutions. The lower and upper
limics of the ion abundance ratios represent a + 15
percent window around the theoretical abund§9ce
ratio for each pair of selected ioms. e °'Cl
2378-TCDD cleanup standard contains no ~~°Cl, thus
the ion abundance ratio eriterion does not apply to
this compound.

7.3.2.3 For all calibration solutions, the retention times
of the isomers must fall within the appropriate
recention time windows established by the window
defining mix analysis. 1In addition, the ab§glu:a
retention times of the recoverv standards, “°Cj3-
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3.

3

1234-7COD and 3¢1,-123678-HxCDD, shall not change
by more than 10 saconds between the inicial CC3
analysis and the analysis of any other standarz.

~4

.3.2.4 MS Sensicivity. For all calibration solutions,
including the CCl soluction, the signal-to-noise
ratio (S/N) must be greatar than 2.5 for che
unlabeled PCDD/PCDF ions, and greacer cthan 10 for
the internal standard and recovery standard ions.

Calculate the relative response factors (RRFs) for the 17
unlabeled target analytes relative to their appropriace
internal standards (RRF,) (see Table 8), according to che
gsrmulae below. For the seven unlabeled analytes and the

Clyg-: '8-T0 ) (5 SIS 1 i Cove only in t! CC3
solution, only one RRF is calculated for each analyte. For the
other 10 unlabeled analytes, calculate the RRF of each analyce
in each calibration standard.

Calculate che RRFs for the five labeled intermal standards and
the cleanup standard relative to the appropriate racovery
standard (RRF;;) (see Table 8), in each calibracion scandard,
according to the following formulae:

(At v agh) x Qg

RRFp T 7

(A4s™ + Ajs") X Qqp

(Aisl + Aisz) X Qrs
RRF;c = T 3

(Aps™ + Ars™) X Q4g
where:

Anl and Anz = integrated areas of the two quantitation ions
of the isomer of interest (Table 3).

L and Aisz = integrated areas of the two quantitation ions
of the appropriate internmal standard (Table
5).

Ajg

1 and Arsz = integrated areas of the two quantitation ions

of the appropriate recovery standard (Table
5).

Arg

Qa = quantity of unlabeled PCDD/PCDF analyte injected (ng).
Qjs = Qquantity of appropriate intermal standard injected (ng).
= quantity of appropriate recovery standard injected (ng).

Qrs

For quantitations involving che use of peak heights instead of
peak areas, see Section 1ll.4.
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.5

6

There is only one gquantitation ion for the 37Cl cleanup

standard. Calculate cthe relative response factor as described
for RRTjg, using one arza Ior the cleanup standard ané the sum

-
of the areas of the ions Zrom the recovery stanca

o
rd
The RRF, and RRF;. are dimensionless quanticties; theralore, the

units used to express the Qp, Qjg and Qg must de the same.

NOT

1

This protocol is based on the assumption czhat i the 10
unlabeled 2,3,7,8-subscizuted isomers provided in the
EPA standard solutions meet linearity criteria, cthen the
seven addicional 2,3,7,8-substituted isomers and the
cleanup standard in the CC3 solution mav De assumed to
have a sufficiently linear response to be usec for
quantitation. These eignt RRFs cannot be usel to
determine percent relative standard deviacion, but ars
used for percent difference determinations (as described
in Paragraph 7.4.6.4) and quantitation of target
analytes.

Calculate the relative response factors for the native
PCDDs/PCDFs relative to the recovery standards (RRI.g) where:

RRF.¢ = RRF, X RRF;

This relative response factor is necessary when the sample is
diluted to the exzent that the MS response of the intermal
standard is less than 10 percent of its MS response in the
continuing calibration standard (see Sectiom 15.3).

Relative Response Factor Criteria. Calculate the mean RRF and
percent relative standard deviation ($RSD) of the £ive RRFs
(CC1l-CCS) for each unlabeled PCDD/PCDF and labeled intermal
standards present in all five concentration calibration
soluctions.

No mean RRF or $RSD calculactions are possible for the 2,3,7,8-
substituted isomers or the cleanup standard found only in the
CC3 solutien.

Standard Deviation
$RSD = x 100

Mean RRF

The %RSD of the five RRFs (CCl-CCS) for the unlabeled
PCDDs/PCDFs and the internal standards must not exceed 15.0
percent,

The response factors to be used for determining the total
homologue concentrations are described in Section 15.2.
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If any of the requiremencs listed in Paragraphs or
are not met, the Contractor is respomsible for ¢
corrective action before sample analyses ars per

following suggestions may be useZul.

7.3.7.1 Check and adjust the GC and/or MS operating
conditions.

7.3.7.2 Replace the GC column.

7.3.7.3 Adjust the MS for greater or lesser resolution using

FC-43 (see Section 6).
7.3.7.4 Recalibrate the mass scale.

Once the correcti- actions hav been completed, the Contractor
must perform a new inictial calibration thac does meet all the
QC requirements, beginning with analysis of the window defining
mix, before sample analyses may proceed.

Continuing Calibracion

The continuing calibration comsists of two parts: evaluation of the
chromatographic resolution and verification of the RRF values to be
used for quantitation. At the beginning of each l2-hour period, cthe
chromatographic resolution is verified in the same fashion as in the

PP
~nlco

al calibration: chrough the analysis of che CC3 solution on the

DB-5 (or equivalent) column or througnh the analysis of the column
performance solution on the SP-2331 (or equivalent) column.

NCTE:

7.4.1

The l2-hour time period is defined as beginning with the
injection of the CC3 solution on the DB-5 (or equivalent) column
or the injection of the column performance solution on the S?-
2331 (or equivalent) column. The 12-hour period continues until
12:00 hours have elapsed according to the system clock. To be
included in a given 12-hour time period, a sample or standard
must be jpnjected within 12:00 hours of the CC3 solution or the
column performance solution.

Prepare the CC3 solution by combining the following volumes of
the solutions listed in Section 5:

500 ul CC4 Solution

125 uL Supplemental Calibration Solution

50 uL Internal Standard Solution

50 ulL Recovery Standard Solution

50 wulL Cleanup Standard Solution

225 ul Tridecane (or nonane)

co yield a final volume of 1.0 mL at the concentrations
specified for the CC3 solution in Table 3.
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For the DB-5 (or equivalent) column, begin the 12-hour period
by analyzing the CC3 solution. Inject a 2 ul aliquot of the
continuing calibration solution (CC3) into the GC/MS. The
identical GC/MS/DS conditions used for the analysis of the
initial calibration solutions must be used for the continuing
calibraction solution (see Paragraph 7.3.1). Evaluacte the
chromatographic resolution using the QC criteria in Paragraph
7.3.2.1.

ror the SP-2331 (or equivalent) column, or other columns wich
different elution orders, begin the 1l2-hour period by analyzing
a 2 ul aliquot of the appropriate column perZormance solution.
Evaluate the chromatographic resolution using the QC criteria
in Paragrapn 7.2.3 or 7.2.4. 1If chis solution meets the QC
criteria, proceed with the analysis of a 2 aliquot of t!

CC3 solution. The identical GC/MS/DS conditions used for cthe
analysis of the initial calibration solutions must be used for
the continuing calibration solution (see Paragraph 7.3.1).

Calculate the RRFs for the 17 unlabeled target analytes
relative to their appropriate intermal standards (RRF,) and the

‘response factors for the five labeled internal standards and

the cleanup standard relative to the appropriate racovery
standard (RRF;g), according to the following formulae:

(85" + a9) % Qg

RRF T 3
(Ajs™ + Ajg7) X Qp
(Aisl + Aisz) X Qrs
RRFis - T 7
(Ars + Ars ) % Qis

2 1 2
» Aps”, Ars”, Qn. Qis and Qg

are defined in Paragraph 7.3.3.

There is only one quantitation ion for the 37Cl cleanup
standard. Calculate the relative response factor as described
for RRFj¢, using one area for the cleanup standard and the sum
of the areas of the ions from the recovery standard.

The RRF, and RRF;; are dimensionless quantities; therefore, the
units used to express the Qp, Qjs and Qrg must be the same.

Calculate the RRFs for the native PCDDs/PCDFs relative to the
recovery standards (RRF.g), where RRF.. = RRF, x RRF;;. This
relative response factor is necessary for calculations when the
sample is diluted (see Section 15.3).

Continuing Calibration Criceria. The Contractor shall not
proceed with sample analysis unctil an acceptable continuing
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calibration has been performed and doc nted according to the
following criteria: GC resolution, ion abundance ractios,
retention times, instrument sensitivicy, and response faccors.

7.4.6.1 GC Column Resolution Criteria. The chromatograpnic
resolution on the DB-5 (or equivalent) column mustc
meet the QC cricteria in Paragrapn 7.3.2.1. The
chromatographic resolution on the S§2-2231 (or
equivalent) column must meet cthe QC criteria in
Paragraph 7.2.3. 1In addition, the chromacograpnic
peak separation becween the 123478-HxCDD and the
123678-HxCDD in the CC3 solution snall be resolived
with a valley of £ 50 percenc.

7.4.6.2 Ion Abunc 11ce Criceria. Tt 1 o - ion abundanc
listed in Table 6 snall be met for all PCDD/PCDT
peaks, including the labeled incermal and recovery
standards.

7.4.6.3 Instrument Sensitivicy Criteria. For the CC3
solution, the S/N ratio shall be greater than 2.5
for che unlabeled PCDD/PCDF ions, and greater than
10.0 for cthe labeled internmal and recovery
standards.

7.4.6.4 Response Faczor Criteria. The measured RRIs of esach
analvce and internal standard in the CC3 solution
must be within +# 30.0 percent of the mean RRFs
established during initial calibration for the ZPA-
supplied standards and within # 30.0 percent of the
single point RRFs astablished during inictial
calibration for the supplemental calibration
standards and the cleanup standards.

% Difference = (RRF; - RRF.) x 100

RRF;
where:

RRF; = Relative response factor establisned during
initial calibracion.

RRF. = Relative response factor established during
continuing calibracion.

If any of the criceria listed in Paragraph 7.4.6 are not mec,
the Contractor must take corrective actions and reanalyze the
continuing calibration standard (CC3). If the critaria in
Paragraph 7.4.6 are mec after the corrective action, then
sample analysis may begin, as described in Section 10.

If the criteria in Paragraph 7.4.6 are not mec afcer the

corrective acticn, then the Contractor must perIorm a new
inicial calibracion, beginning wich cthe analysis of cthe window
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defining mix. This new inici
the QC criceria in Sections 7

al calibration must mee:z all of
.1, 7.2 and 7.3 before sampls2

analysis may begin.

Instrument Sensitivicy Check

In order to demonstrate that the GC/MS/DS system has recained adequace
sensitivity during che course of sample analyses, the Contractor must
analyze the lowest of the standards (CCl) at the end of each l2-hour
period during which samples and standards are analyczed.

7.5.1 Analyze a 2 ul aliquot of the CCl sclution, using che identical
instrumental conditions used for analysis of samples and

standar

7.5.2 The CCl solution analyzed at the end of the l2-hour period musc
meet the following QC criceria:

7.5.2.1

7.5.2.2

7.5.2.3

Retention Time Criteria. The abiglute retention
f%me of the recovery standards, C12-1234-TCDD and

C12-123678-dxCDD, shall not change by more than 10
seconds between the initial CC3 analysis and the
ending CCl analysis. If the retention times of
either of these standards changes by more than + 10
seconds, the Contractor must adjust the swicching
times of cthe descriprors and analvze the window
defining mix before proceeding with furcher
analyses.

All the analytes in the CCl solution mustc meet the
ion abundance ratio criteria in Table 6.

Instrument Sensitivity Criteria. For the CCl
solution, the S/N ratio shall be greater than 2.5
for the unlabeled PCDD/PCDF ions and greater than
10.0 for the labeled intermal and recovery
standards.

7.5.3 If the analysis of the CCl solution at the end of the l2-hour

period fails ejther the ion abundance ratio or S/N criteria

above, the Contractor musc:

7.5.3.1 Take corrective action.

7.5.3.2 Perform a new initial calibration, beginning wich
the analysis of the window defining mix.

7.5.3.3 Start a new analytical sequence (see Table 13).

7.5.3.4 Reanalyze all samples originally analyzed in che

preceding l2-hour time period in which:

7.5.3.4.1 No PCDDs/PCDFs wers detected.
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43,2 Neither 2378-TCDD or 2378-TCDF were
dezected, even 1iZ other PCDDs or PCDFs
were dececcad.

~d
w

7.3.4.3.3 Any 2,3,7,8-substituted PCDD or PCDF is
reported as an tstimated Maximum
Possible Concentration (see Section
15.7).

These reanalyses are necessary because poor S/N
racios indicate a loss of senmsitivicy chat could
lead to false negacive rasults, underescimation of
concentrations, or could cause ion abundance racios
to fall outside the QC limics.

Homogenization

Although sampling personnel will actempt to collect homogeneous
samples, the Conctractor shall examine each sample and decermine if the
sample needs phase separation or mixing. The extent to which phase
separation or mixing is required will depend on the sample type.

The Contractor is respomsible for taking a representative sample

aliguot from the phase or phases to be analyzed. This responsibilicy

entails efforts to make the sample phase as homogeneous as possible.
tirring is recommended when possible.

Sample Types

§.2.1 For the purpose of this method, a chemical waste sample
includes the sample matrices of oils, oily sludge, stillbottom,
oil-laced soil, and surface water heavily contaminated with any
of the above matrices. The sample may contain particulates and
an obvious non-aqueous liquid phase.

8.2.2 For the purpose of this method, a soil/sediment sample is
defined as a single phase solid system composed of soil or
sediment. The sample may contain stones and vegetation, but
should not contain an obvious aqueous or non-aqueous liquid
Phase.

CAUTION: Finely divided soils contaminated with PCDDs/PCDFs
are hazardous because of the potential for
inhalation or ingestion of particles containing the
analytes. Such samples should be handled in a
confined environment (e.g., a closed hood or a glove
box).

8.2.3 For the purpose of this mechod, a watar sample is defined as a
single phase system, che primary component of which is water.
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The sample may include floating, suspended and sectled
particulate mactaer in quantities cthat do not cause saveres
problems with f£iltracion or extraccion.

Sample Preservation

g§.3.1

8§.3.2

8.3.3

Water Samples. Each water sample received will consist of ac
least two l-liter (or quart) amber glass bottles. Store at 4 =+
2°C from collection uncil extraction. Do not freeze. afcer a
portion of the sample is removed for analysis, che unused
portion of the sample is stored at 4 + 2°C in a locked, limited
access area for at least 60 days Irom the dace of data
submission.

Soil/Fly Ash/Chemical Waste Samples. Each soil/fly
ash/chemical waste sampie received will be contained in a 1-
pint glass jar surrounded by vermiculite in a sealed mertal
paint can. Until a portion is removed for analysis, the sealed
sample must be stored in a locked, limited access area at room
temperature. Do not freeze. After a portion is removed for
analysis, the unused portion of the sample is returned to its
original container and stored at room temperature for at least
60 days from the date of data submission.

To minimize the potential for photodecomposition, all samples
must be protected from light from the time of receipc uncil
extraction.

Sample Handling and Preextraction Treatment

8.4.1

8.4.2

8.4.3

8.4.4

If a soil/sediment sample contains an obvious aqueous liquid
pnase, decant or centrifuge the sample to separate the phases
(see Paragraph 8.4.7).

If a soil/sediment sample does not contain an obvious liquid
phase, homogenize the sample by careful stirring wich a clean
glass rod or spatula.

If a soil/sediment sample contains an obvious non-aqueous
liquid phase, or contains more than two phases (i.e. non-
aqueous liquid/aqueous liquid/solid), contact the Sample
Management O0ffice (SMO) in order to determine which phase(s)
should be analyzed.

All water samples are filtered prior to extraction, and the
filtered liquid and the particulates are extractad separately
(see Section 9.5). If a water sample contains significant
amounts of suspended particulates, centrifuge the sample and
decant the water from the particulates before filcering
(Paragraph 8.4.7).

If a watar sample contains an obvious non-aqueous ligquid phase

cr a nen-particulace solid phase, contact SMO in ordar to
determine which phase(s) should be analyzed.
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.6 If a water sample does not contain significanc amounts of
suspended particulactes, nomogenize the sample by carefully
shaking the capped sample bottle.

w
=
o

wo
£
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Cencrifugarion. 1I1f centrifugation of a sample is necessarv,
place the entirs sample in a suitable centrifuge boctle(s) with
a 250-300 mli capacicy, and cencrifuge for 30 minuces atc 400 x
G. Decant the liquid phase into a clean container. Remove the
solid phase by careful pouring or using a clean spatula or
glass rod. Proceed with the analysis of the appropriate phase
or phases.

CAUTION: A phase that is not analyzed may contain PCDDs/PCDFs
and should be handled and disposed of appropriataly.

Extracscion Procedures

Four types of extraction procedures are employed in these analyses
depending on the sample matrix. Chemical waste samples are extractad
by refluxing wich a Dean Stark water separator. Fly ash samples and
soil/sediment samples are extracted in a combination of a Soxhlet
extractor and a Dean Stark wacter separator. Water samples are filtered
and then the filtrate is extracted using either a separatory funnel
procedure or a continuous liquid-liquid extraction procedure. The
filtered particulaces are extracted in a combination of a Soxhlet
extractor and a Dean Stark water separator.

Chemical Waste Sample Extraction

9.1.1 Assemble a flask (50 mL or 125 mL, see below), a Dean Stark
trap, and a condenser, and preextract with toluene for three
hours. Preextraction will ensure that the glassware is as clean
as possible and minimize cross-contamination problems. Discard
the used toluene, or pool it for lacer analysis to verify the
cleanliness of the glassware.

9.1.2 0ily Sludge/Wet Fuel 0il. Weigh about 1 g of sample to two
decimal places into a tared preextracted 125-mL flask. Add 1
nl of the acetone-diluted intermal standard solution (see
Section 5.12) co the sample in the flask. Attach the
preextracted Dean Stark water separator and condenser Cto the
flask, and extract the sample by refluxing it with 50 aL of
toluene for at least three hours.

Continue refluxing the sample until all the water has been
removed. Cool the sample, and filcer the toluene extract
through a rinsed glass fiber filter into a 100 mlL round bottom
flask. Rinse the filter with 10 mL of toluene, and combine the
extract and rinsate. Concentrate the combined solution o
approximately 10 mL using a rotary evaporator as described in
Section 9.6.

9.1.3 Stillbottom/0il. Weigh about 1 g of sample to two decimal
places into a ctared preextracted SO-mL flask. Add 1 mL of the
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acetone-diluced internal standard solution (see Section 5.12)
to the sample in the £flask. Actcach the preextracted Dean Stark

water separator and concanser t2 the flask, and extracc the
sample by refiuxing it wich 30 ml of toluene Ior at lsast chrae
nours.

Cool the sample, and Iilcer the toluene extract through a
rinsed glass fiber filcer into a 100 mL round botcom flask.
Rinse the filter with 10 mL of toluene, and combine the axtract
and rinsace. Concentrate the combined solution to
approximacely 10 ol using a rotary evaporator as described in
Seccion 9.6.

8.1.4 Prepare a sample aliquot for the duplicace sample analysis and
a sample aliquot for the spikecd sample analy=<is, using the
procedures in Sactions 13 and 14 and at the _‘equency given in
those sections.

Soxhlet-Dean Stark (SDS) Apparatus

The combination of a Soxhlet extractor and a Dean Stark moisture trap
is used for the removal of water and extraction of PCDDs/PCDFs from
samples of fly ash, soil/sediment, and the particulace £raction of
water samples. The combination consists of a Soxhlet extractor body
with a Dean Stark moisture trap ficted between the extractor and che
condenser (see Figure 4).

Procedures for the use of this apparatus were developed by the Dow
Chemical Company and have been tested by the EPA Industrial Technology
Division, Office of Water Regulations and Standards. Those tasts
indicate that based on the recovery of labeled analytes, the extraction
ov SDS apparatus is as good, or better, than extraction by Soxhlet
alone.

For soil/sediment samples, the results of these analyses are reported
based on the wet weight of the sample. However, use of the SDS
apparatus allows the water content of a sample to be determined from
the same aliquot of sample that is also extracted for analysis. The
amount of water evolved from the sample during extraction is used to
approximate the percent solids content of the sample. The percent
solids data may be employed by the data user to approximate the dry
weight concentrations. The percent solids determination does not apply
to the extraction of particulates from the filcration of water samples
or to the extraction of fly ash samples which are treated with an HCl
solution prior to extraction.

Further, as described here, the SDS apparatus allows the extraction of
sample matrices containing water without the addition of drying agents
such as sodium sulfata. The use of sodium sulfate during extraction
may be responsible for the loss of analytes, through adsorption onto
carbon particles produced by baking this reagent at high temperatures
in order to remove organic contaminants, and by trapping analytes in
pores in the sodium sulfate as moiscure is adsorbed.
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The following procedures apply to all uses of cthe SDS apparatus Zor
extraccing matrices covered by this prococol.

NOTZ: It may be necessarv to wrap portions ol the SDS apparatus with
aluminum foil or glass wool to obtain proper operacion.

9.2.1 Refer to Section 4.5 for detailed instructions on cleaning
glassware such as the SDS apparatus. In particular, do not
bake the components of the SDS apparatus as part of routine
cleaning, as repeated baking of glassware can cause active
sites on the glass surface that will adsorb PCDDs/PCDFs and
other analytes. All glass parts of the SDS apparatus,
including the cthimbles, mus:t be preexcractad with coluene Zor
approximactely chree hours immediacely prior to use.

p: ttraction will ensure cthact the glassware is as c. 1 as
possible and minimize cross-contamination problems. Discard
the used toluene, or pool it for later analysis to verify che
cleanliness of the glassware,.

"~

The extraction of soil/sedimenc, fly ash, and particulatss from
water samples will require the use of a Soxhlet thimble. Prior
to preextraction, prepare the thimble by adding 5 g of 70,230
mesh silica gel to the thimble to produce a thin layer in che
bottom of the thimble. This layer will trap fine particles in
the thimble. Add 80-100 g of quartz sand on top of the silica
gel, and place the thimble in the extractor.

9.2.

§.2.3 After preextraction for three hours, allow the apparatus <o
cool and remove the thimble. ix the appropriate weight of
sample with the sand in the thimble, being careful not to
disturb the silica gel layer.

IZ che sample aliquot to be extracted contains large lumps or
is otherwise not easily mixed in the thimble, the sand and
sample may be mixed in another container. Transfer
approximately 2/3 of the sand from the thimble to a clean
container, being careful not to disturb the silica gel layer
when transferring the sand. Thoroughly mix the sand and che
sample and a clean spatula, and transfer the sand/sample
mixture to the thimble.

If a sample with particularly high moisture content is to be
extracted, it may be helpful to leave a small conical
depression in the material in the thimble. This procedure will
allow the water to drain through the thimble more quickly
during the early hours of the extraction. As the moisture is
removed during the first few hours of extraction, the
depression will collapse, and the sample will be uniformly
extractad.

D-31 12/90




[99)

LG

Fly ash ¢ »>le Extraction
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9.3.5

weigh about 10 g of cthe fly ash to two decimal places, and
transfer to an extraction jar (Paragraph 4.4.1). add 1 ml
the acectone-dilutad intarnal szandard solution (Seccion 5.

to the sample.

of
2)

-
-

Add 150 ml of 1 N HCl to the fly ash sample in the jar. Seal
the jar with the Teflon-lined screw cap, place on a mechanical
shaker, and shake for chree hours at room temperacture.

Rinse a Wwhatman =l (or equivalent) fi r paper with ctoluene,
and then filter the sample through &t ilter paper in a
Buchner funnel into a 1 L receiving flask. Wasn the fly asia
with approximately 500 mL distilled water.

Mix the f£ly ash with che sand in a preextracced thimble, and
place the filter paper on top of the sand. Place the thimble
in a SDS extractor, add 200 mL coluene, and extract for 16
hours.

-The solvent must cycle completely through the system 5-10 cimes

per hour. Cool and filter the toluene extract through a rinsed

glass fiber filcer into a 500 mL round-bottom flask. Rinse the

filter wich 10 mL of toluene. Concentrate the extract as

described in Section 9.6.

NOTZ: A blank must be analyzed using a piece of filter paper
handled in the same manner as the fly ash sample.

Prepare a sample aliquot for the duplicace sample analysis and
a sample aliquot for the spiked sample analysis, using the
procedures in Sections 13 and 14 and at the frequency given in
those sactions.

Soil/Sediment Sample Extraction

NOTE:

9.4.1

9.4.2

9.4.3

Extremely wet samples may require centrifugaction to remove
standing water before extraction (see Paragraph 8.4.7).

Weigh about 10 grams of the soil to two decimal places and
transfer to a preextracted thimble (see Paragraph 9.2.2). Mix
the sample with the quartz sand, and add 1 mL of the acetone-
diluted internal standard solution (see Sectiom 5.12) to the
sample/sand mixture. Add small portions of the solution at
several sites on the surface of the sample/sand mixture.

Place the thimble in the SDS apparatus. Aadd 200 to 250 mlL
toluene co the SDS apparatus, and reflux for 16 hours. The
solvent must cycle completely chrough the system 5-10 times per
hour.

Estimate cthe percent solids content of the soil/sediment sample
by measuring the volume of wacter evolved during the SDS

D-32 12/90




extraction procedure. For extremely wet samples, the Dean
Stark trap may need to be drained one or more times during the
l6-nour exctraction. Collect the water from the :trap, and
measure its volume to the nearsst 0.1 mL. Assume a density of
1.0 g/ml, and calculate the percent solids content according o
the formula below:

(Wet weight of sample - Weight of water)
Percent Solids = x 100
Wet weignht of sample

Concentrate this extract as described in Seczion 9.56.

Prapare a sample aliquot for the duplicatz sample analysis and
'le aliquot for the spiked sample analysis, using che

‘ i :t 13 ar 1la i at 1e . :quency v in

those sections.

.3 Water Sample Extraction

9

9

5.

.5

1

.2

Allow the sample to come to ambient temperature, then mark the

.water meniscus on the side of the l-L sample bottle for

determination of the exact sample volume. Add 1 mL of che
acetone-diluted intermal standard solution (see Section 5.12)
to the sample bottle. Cap the bottle, and mix the sample by
gently shaking for 30 seconds. Filter the sample through a
0.45 micron f£ilter that has been rinsed with ctoluene.

NOTE: Reagent water used as a blank must also be filtered in a
similar fashion and subjected to the same cleanup and
analysis as the water samples.

If the total dissolved and suspended solids contents are too
much to filcer through the 0.45 micron filter, centrifuge the
sample, decant, and then filter the aqueous phase (see
Paragraph 8.4.7). Combine the solids from the centrifuge
bottle(s), the particulate on the filter and the filter itself,
and proceed with the SDS extraction in Paragraph 9.5.4.

The filtered aqueous sample is poured into a 2-L separatory
funnel. Add 60 mL mechylene chloride to the sample botrtle,
seal, and shake for 60 seconds to rinse the inner surface.
Transfer the solvent to the separatory funnel and extract the
sample by shaking the funnel for two minutes with periodic
venting. Allow the organic layer to separate from the water
phase for a minimum of 10 minutes. If the emulsion interface
between layers is more than one-cthird the volume of the solvent
layer, the Contractor shall employ mechanical techniques to
complete the phase separation (i.e., glass stirring rod).
Drain the methylene chloride extract into a 500-mL KD
concentrator (mounted with a 10-mL concentrator tube) by
passing the extract through a funnel packasd with a glass wool
plug and half-filled with anhydrous sodium sulfate. Extract
the water sample two more times using 60 mL of fresh methylene
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chloride each time. Drain each extract through the funnel into
che KD concentrator. Af:zesr the third extraction, rinse the
sodium sulfacs wich ac least 30 mlL of fresh mechylene chloride.
Concentrate this extract as describec in Section 9.5,

9.5.3 A continuous liguid-liquid extractor may be used in place of a
separatory funnel when experience with a sample from a given
source indicates that a serious emulsion problem will zesult or
an emulsion is encountered using a separatory funnel. The
following procedure is used for a continuous ligquid-liquid
extractor.

Preextract the continuous liquid-liquid extractor for thrae
hours with methylene chloride and reagent water. TFilcar che
sample as in Paragraph 9.5.1. Allow the extractor to cool,
discard the methylene chloride, and add the filtered aqueous
sample to the continuous liquid-liquid extractor. Add 60 mL of
methylene chloride to the sample bottle, seal and shake for 30

seconds.

Transfer the solvent to the extractor. Repeat the sample
.bottle rinse with an addictional 50 to 100 mL porcion of
methylene chloride and add the rinse to the extractor. Add 200
to 500 mL methylene chloride to the distilling flask and
sufficient reagent water to ensure proper operation. Excract
for 16 hours. Allow to cool, then detach the flask and dry the
sample by running it througn a rinsed funnel packed with a
glass wool plug and 5 g of anhydrous sodium sulfate into a 500
mL KD flask. Proceed to Section 9.6.

9.5.4 Combine the filtered particulate portion of the sample wich the
quartz sand in the extraction chimble. Add the filcter on top
of the particulate/sand mixture, and place the thimble into a
preextracted SDS apparatus.

Add 200 to 250 mL of toluene to the SDS apparatus and reflux
for 16 hours. The solvent must cycle complecely through the
system 5-10 times per hour. Concentrate this extract as
described in Section 9.6.

9.5.5 Decermine the original sample volume by refilling the sample
bottle to the mark and transferring che liquid to a l-L
graduated cylinder. Record the sample volume to the nearest 5
al.

9.5.6 Prepare a sample aliquot for the duplicate sample analysis and
a sample aliquot for the spiked sample analysis, using the

procedures in Sections 13 and 14 and at the frequency given in
those sections.

Macro-Concentration Procedures (All Mactrices)

Prior to cleanup, extracts from all matrices must be concentrated o
approximately 10 mL. In addition, the concentrated extracts from the
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agueous filctracte and the filtered particulat2s must be combined prior

o cleanup.

Two procedures may be used for macro-concentration,

Kuderma-lanish (K-D) or rotary evaporator. Concentration oI toluene by
K-D requires the use of a heating mancle, as toluene boils above che
cemperature of a water bath. The =Two procecuras ars described in
general terms below.

$.6.1

9.6.2

Concentracion by K-D

9.6.2.1

9.6.2.2

9.6.2.3

9.6.2.4

Add one or two clean boiling chips to the round
poccom f£flask from tne SDS extractor or the raflux
flask. Attach a three-ball macro Snyder column.

Pre-wet the column by acdding approximately 1 ml of
toluene through the top. Place the round bottom

£l ¢ in  he: ;1 ot id 1y he = [ i
to complete the concentration in 15-20 minutes. At
the proper rate of distillation, the balls of the
column will actively chatter but the chambers will
not flood.

-Concentration by Rotary Evaporator

Assemble the rotary evaporater according co
manufaccturer’s insctructions, and warm the water bath
to 45°C. On a daily basis, preclean the rotary
evaporator by concentracing 100 mlL of clean
extraction solvent through the system. Archive both
the concentrated solvent and the solvent in the
catch flask for contaminacion check if necessary.
Between samples, three 2-3 mL aliquots of toluene
should be rinsed down the fzed tube into a waste
beaker.

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

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

NOTE: If the race of concentration is toeo fast,
analyte loss may occur.

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

Exctracts of Chemical Waste, Fly Ash, and Soil/Sediment Samples

For chemical waste, fly ash, and soil/sediment
samples, the extract must be concentrated to
approximactely 10 mL prior to acid-base washing
treatment. Concentrate the extract by either of che
two procedures listed above.

Transfer the concentrated extrac:s to a 125 mL
separatory funnel. Rinse the flask with toluene and
add cthe rinse to the separatory funmnel. Proceed
with acid-base washing treatment per Section 9.7.

EXtracts ol Aqueous Filtrates

Exctracts of the aqueous filtrate of water samples
are in methylene chloride which is concentraced co
approximately 10 mLl by K-D or rotary avaporator
prior to combining with the toluene extract of the
particulates. If using K-D, the methylene chloride
can be concentrated in a water bath instead of a
heacing mantle.

Compine the extract of the filtrate with the extracc
of the particulates as described in Section 9.6.

Extracts of Parcticulates from Aqueous Samples

£ the extract is from the particulaces from an
aqueous sample, it must be concentrated to
approximately 10 mL by either K-D or rotary
evaporator, and combined with the concentrated
extract of the filtrate (Paragraph 9.6.4.1) prior to
acid-base washing treatment.

Assemble a glass funnel filled approximately one-
half full wich sodium sulface such that the funnel
will drain into the K-D concentrator or round bottom
flask from Paragraph 9.6.4.1 containing the
concentrated mechylene chloride extract of the
filcrate. (You may use the same funnel from
Paragraph 9.5.2 or 9.5.3.) Pour che concentrated
toluene extract of the particulates through the
sodium sulfate into the K-D concencracoer or round
bottom flask. Rinse the flask from the particulace
extract with three 15-20 mL volumes of hexane, and
pour each rinse through the sodium sulfate into the
K-D concentrator or round bottom flask.
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9.6.5.3 Concencrate the combined extract to approximacasly 10
mL (che volume of the toluene) by eizher X-D or
recar evaporator.

9.6.5.% Transfer the concentratad combined extrac: to a 123

ml separatory funnel. Rinse the concentrator wich
three 5 mL volumes oI hexane, and add each rinse to
the separatory funnel. Preoceed with acid-base
washing treatment per Section 9.7.

Extract Cleanup Procedures (All Matrices)

L Prior to cleanup, all extracts are spiked wich cth 3"CI‘;-2378-
TCOD cleanup standard (Sectien 5.17). The recovery of chis
standard is used to monitor the efficiency of the cleanup

1 o dur 5. Spil 5 ul of 1e cleanup stand. |_(or a larger
volume of diluted solution containing 25 ng of ~’Cl,-2378-TCDD)
into each separatory funnel containing an extract, resulting in
a concentration of 0.25 ng/ul in the final extract analyzed by
GC/MS.

9.7

9.7.2 .Particion the concentrated extract against 40 ml of
concencrated suliuric acid. Shake for two minutes. Remove and
discard che acid layver (bottom). Repeat the acid wasning until
no color is visible in the acid layer. (Perform acid washings
a maximum of four times.)

CAUTION: Concentrated sulfuric acid is hazardous and should
be handled wich care.

9.7.3 Partition the concentrated extract against 40 mlL of 3 percent
(w/v) sodium chloride. Shake for two minutes. Remove and
discard the aqueous layer (bottom).

9.7.4  Partition the concentrated extract against 40 mL of 20 percent
(w/v) potassium hydroxide (KOH). Shake for two minutes.
Remove and discard the base layer (bottom). Repeat the base
washes until color is not visible in the bottom layer (perform
base washes a maximum of four times). Strong base (KOH) is
known to degrade certain PCDDs/PCDFs; therefore, contact time
should be minimized.

9.7.5 Partition the concentrated extract against 40 mL of 5 percent
(w/v) sodium chloride. Shake for two minutes. Remove and
discard the aqueous layer (bottom). Dry the organic layer by
pouring it through a funnel containing a rinsed filter half-
filled with anhydrous sodium sulface. Collect the extract in
an appropriacte size (100-250 mlL) round bottom flask. Wash the
separatory funnel with two 15-mL portions of hexane, pour
through the funnel and combine the exctracts. Concentrate the
extracts to 1.0 mL using the procedures described in Seccion
9.8.
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Micro-Concentration of Excracts

Do

& -

or to column chromatograpnic cleanup proceduras, the extracts Zrom

all matrices must be concencracted to approximatzly 1.0 mlL. This
concentration may be accomplished using eicher K-D or rotary
evaporator, followed by nicrogen evaporacion.

9.

9.

8.1

o
(%]

.8.3

.8.4

Concentrate the extracts to approximately 1 ml, using the
procedures in Paragraph 9.6.1 or 9.6.2.

When the liquid in che concentration flask has reached an
apparent volume of 1 mL, cransfer the extract to a conical
centrifuge tube using chree 2-3 aml rinses of hexane.

Transfer the centrifuge tube containing the sample extract to a
nicrogen evaporation device. Adjust che flow of nicrogen so
that the surface of the solvent is just visibly disturbed.

NOTE: A large vortex in cthe solvent may cause analyte loss.

Lower the tube into a 45°C water bath and continue

_concentrating. When the volume of the liquid is approximatealy
100 ul, add 2-3 mL of the hexane and continue concentration to

a final volume of 1.0 mL. Proceed wich column chromatography
as described in Section 9.9.

Silica Gel and Alumina Column Chromatographic Procadurs

9

9.

9.1

9.2

Column 1. Insert a glass wool plug onto the bottom of a
gravicy column (1l em x 30 cm glass column) ficted with a Taeflon
stopcock. Add 1 g silica gel and tap the column gently to
settle the silica gel. Add 2 g sodium hydroxide-impragnated
silica gel, 1 g silica gel, & g sulfuric acid-impregnaced
silica gel, and 2 g silica gel (see Section 5.10). Tap the
column gently after each addition. A small positive pressure
(5 psi) of clean nitrogen may be used if needed.

Column 2. Insert a glass wool plug onto the bottom of a
gravity column (1 cm x 30 cm glass column) fitted with a Teflon
stopcock. Add 6 g of the activated acid alumina (see Paragraph
5.10.1). Tap the cop of the column gently.

Check each new batch of silica gel and alumina and maintain the
results of the analyses on file for examination during EPA on-
site evaluations. 'To accomplish this, combine 50 ul of che
continuing calibration solution (CC3) with 950 ul of hexane.
Process this solution through both columns in the same manner
as a sample extract (Paragraphs 9.9.3 chrough 9.9.9).
Concentrate the continuing calibration solution to a final
volume of 50 uL. Proceed to Section 10. 1If che recovery of
any of the analytes is less than 80%, the batch of alumina or
silica gel musc not be used.
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add hexane o each column until che packing is free of air
bubbles. A small positive pressure (5 psi) of clean dry
nitrogen may be used if needed. Check the columns Zor
channeling. IZI channeling is present, discard the column.
CAUTION: Do not tap a wetted column.

Assemble the two columns such thact the 2luate from Column 1
(silica gel) drains directly into Column 2 (alumina).

aApply the hexane solution from Paragraph 9.8.4 to the top of
the silica gel column. Rinse the vial wich enough hexane (L-2
mL) co complete the quantitative transfer of the sample to the
surface of the silica.

U 90 of t RUSES 4 u : £ 1 Col 1 directly
onto Column 2 which contains the alumina.

CAUTION: Do not allow the alumina column to run dry.

Add 20 mL of hexane to Column 2, and elute until che hexane

level is just below the top of the alumina. Do not discard the
elutad hexane, but collect in a separace flask and store it for
later use, as it may be useful in determining where cthe labeled
analytes are being lost if recoveries are less than 30 percent.

Add 20 mL of 20% methylene chloride/80% hexane (v/v) to Column
2 and collect the eluate.

Concentrate the extract to approximately 2 to 3 al using the
procedures in Section 9.8.

CAUTION: Do not concentrate the eluate to drymess. The
sample is now ready to be transferred to the carbon

column.

Carbon Column Chromatographic Procedure

9.10.1

9.10.2

Thoroughly mix 5.35 g active carbon AX-21 and 62.0 g Celice 545
to produce a 7.9% w/w mixture. Activate the mixture at 130°C
for six hours, and store in a desiccartor.

Check each new batch of the Carbon/Celite and maintain the
results from the analyses for examination during EPA on-site
evaluations. To accomplish this, add 50 ul of the continuing
calibration solution to 950 ulL of hexane. Process the spiked
solution in the same manner as a sample extract (Paragraphs
9.10.2 through 9.10.6). Concentrate the continuing calibration
solution to 50 ul and proceed with Section 9.10. If the
recovery of any of the analyctes is less cthan 80%, this batch of
Carbon/Celite mixture may not be used.

Prepare a 4-inch glass column by cutting off each end of a 10-
mlL disposable serological pipet. Fire polish both ends and
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9.10.3

9.10.4

9.10.5

flare if desired. Insert a glass wool plug at one end of the
column, and pack it with 1 g of the Carbon/Celice mixzure.
Insert an additional glass wool plug in the other end.

CalTION: It is very important that the column be packed
properly to ensure that carbon fines are not carried
into the eluate. PCDDs/PCDFs will adhers to the
carbon fines and grezatly reduce recovery. If carbon
fines are carried into the eluate in Paragraph
9.10.5, filcer the eluate using a 0.45 micron filcer
(pre-rinsed with toluene), then proceed to Section
9.11.

Rinse the column with:
.10.3.1 4 mL Toluene.

9.10.3.2 2 mL of Methylene Chloride/Methanol/Toluene (75:20:3
v/v).

9.10.3.3 &4 mL of Cyclohexane/Methylene Chloride (50:50 v/v).

Discard all the column rinsaces.

While the column is still wet, transfer the concentratad eluate
from Paragraph 9.9.9 to the prepared carbon column. Rinse the
eluate container wicth two 0.5 mL portions of hexane and
transfer the rinses to the AX-21 carbon column. Elute the
column wich che following sequence of solvents.

9.10.4.1 10 mL of Cyclohexane/Methylene Chloride (50:350 v/v).

9.10.4.2 S mL of Methylene Chloride/Methanol/Toluene (75:20:5
v/v).

NOTE: The above two eluates may be collected, combined and
used as a check on column efficiency.

Once the solvents have eluted through the column, turn the
column over, elute the PCDD/PCDF fraction with 20 mL of
toluene, and collect the eluate.

Final Concentration

9.11.1

9.11.2

Evaporate the toluene fraction from Paragraph 9.10.5 to
approximately 1.0 mL in a rotary evaporator (see Section 9.8).
Transfer the extract to a 2.0 mlL conical vial using a toluene
rinse.

CAUTION: Do not evapcrate the sample extract to dryness.
Add 100 uL tridecane (or nonane) to the extract and raduce the

volume to 100 ulL using a gentle stream of clean dry nicrogen.
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10.3

10.4

The final excrac: volume should be 100 ul of tridecane (or
nonane). Seal cthe vial and store the sample extract in the
dark at ambient temperaturs uncil just prior to GC/MS analysis.

GC/MS Analvsis

Remove the extract of the sample or blank from storage. Genctly swirl
cthe solvent on the lower portion of the vial to ensure complets
dissolution of the PCDDs/PCDFs.

Transfer a 50 ul aliquot of the exctract to a 0.3 ml vial, and add
suficient recovery standard solucion to yield a concenctration of 0.5
ng/ul in a 50 ul vol .. Reduce the volume of the extract back down co
SO ul using a gentle stream of dry nitrogen.

iz a 2 ul  .iquoct « ¢! : ice inco GC/Ms i ument (see
Paragraph 4.1.1). Reseal the vial from Paragraph 9.11.2, containing
the original concentraced extrac:.

Analyze the extract by GC/MS, and monitor all of the ions listed in
Table 7. The same MS parameters used to analyze the calibracion
solucions shall be used for the sample excracts.

Dilutions

10.4.1 If che concenctration of any PCDD/PCDF in the sample has
exceeded the calibration range or the detactor has been
saturated, a dilucion shall be performed.

An appropriate dilucion will result in the largest peak in the
c¢iluted sample falling between the mid-point and high-point of
the calibraction range.

10.4.2 Dilutions are periormed using an aliquot of the original
extract, of which approximately 50 ul remain from Paragraph
9.11.2. Remove an appropriate size aliquot from che vial and
add it to a sufficient volume of tridecane (or nonane) in a
clean 0.3 mL conical vial. Add sufficient recovery standafg
solution to yield a concentration of 0.5 ng/ul (1.0 ng/ul *-C-
OCDD). Reduce the volume of the extract back down to 50 ul
using a gentle stream of dry nitrogen.

10.4.3 The dilution faccor is defined as the total volume of the
sample aliquot and clean solvent divided by the volume of the
sample aliquoc that was diluted.

10.4.4 Inject 2 ul of the diluted sample extract into the GC/MS, and
analyze according to Section 10.3.

10.4.5 Diluted samples in which the MS response of any intermal
standard is > 10% of the MS response of that internal standard

in the most recent continuing calibration standard arz
quantified using the intermal standards.
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Diluted samples in which the MS response of any intermal
standard is < 10% of the MS response of that internal standard
in the most recen: continuing calibration standard ars
quantified using the recovery standards (see Section 13.3).

dentificarion Criczeria

¢4

For a gas chromatographic peak to be unambiguously identified as a PCDD
or PCDF, it must meet zll of the following criteria.

Retention Times

Retantion times are required for all chromatograms; scan numbers are
optional. Retention times shall either be printad at the apex of each
peak on the chramati :am, or each peak shall be unambiguously labeled
with an identi__er wnat refers to che quantitation report. The
chromatogram, the quantitation report, or a combination of both shall
contain the retention time of each peak and its area.

11.1.1 1In order to make a positive identification of the 2,3,7,8-
substituted isomers for which an isotopically labeled intermal
er recovery standard is present in the sample extractc, the
absolucte retention time (RT) at the maximum peak height of the
analyte must be within -1 to 3 seconds of the retention time of
the corresponding labeled standard.

In order to make a positive identification of the 2,3,7,8-
substicuted isomers for wnich a labeled standard is not
available, the relative retention time (RRT) of the analyrte
must be within 0.05 RRT units of the RRT established by the
continuing calibration. The RRT is calculated as follows:

[
[
-
(5]

retention time of analyte
RRT =

retention time of corresponding intermal standard

vll.l.3 For non-2,3,7,8-substituted compounds (tetra through hepta),

the retention time must be within the retention time windows
established by the window defining mix for the corresponding
homologue (see Section 7.1).

11.1.4 In order to assure that retention time shifts do not adversely
affect the identification of PCDDs/PCDFs, the absolute

- retention times of the two recovery standards added to every
sample extract immediately prior to analysis may not shift by
more than + 10 seconds from their retention times in the
continuing calibration standard (see Paragraph 17.1.4).

Peak Identification
All of the specified ions listed in Table 5 for each PCDD/PCDF

homologue and labeled standards must be present in the SIC?. The ion
current response for the two quantitation ions and the M-[COCl]+ ions
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12.

12.

1

for the analvtes must maximize $imulctaneously (+ 2 seconds). Thi
requirement also applies to the intarnal standards and recovery

standards. Ffor the cleanup standard, only one ion is monitored.
Signal-To-Noise Ratio

The integrated ion current for each analyte ion listed in Table 5 mustc
be at least 2.5 times background noise and must not have saturated the
dectector. The intermal standard ions must be at least 10.0 times
background noise and must not have saturated the detector. However, iZ
the M-(COCl]+ ion does not meet the 2.3 times S/N requirement buc

meets all the other criteria listed in Section 1l and, in the judgement
of the GC/MS Interpretation Specialist the peak is a PCDD/PCCF, che
peak may bDe reported as positive and the data flagged on Form I. See
the instructions in Exhibit B for Form I.

Ion Abundance Ratios

The relative ion abundance criteria listed in Table 6 for native
analytes and intermal standards must be met using peak areas to
calculate ratios.

11.4.1 1IZ interferences are present and ion abundance ratios are not
met using peaks areas, but all other qualitative identification
criteria are met (RT, S/N, presence of all three ions), then
the Contractor may use peak heights to evaluate the ion ratio.

'_‘
’—l
=
o

If, in the judgement of the GC/MS Interpretation Specialist the
peak is a PCDD/PCDF, then report the ion abundance ratios
determined using peak heights, guapntitate the peaks using peak
heights rather than areas for both the target analyte and the
internal standard, and flag the data on Form I.

Polychlorinated Diphenyl Ether (PCDPE) Interfarences

The identification of a GC peak as a PCDF cannot be made if a signal
having S/N greater than 2.5 is detected at the same retention time (= 2
seconds) in the corresponding PCDPE channel (see Table 5). If a PCDPE
is detected, it shall be documented in the SDG Narrative, and an
Estimated Maximum Possible Concentration (EMPC) shall be calculaced for
this GC peak according to Section 15.7, regardless of the ion abundance
ratio, and reported on Form I.

Method Blanks

A minimum of one blank per matrix shall be analyzed with each SDG. If
samples of the same matrix are extracted in different episodes (i.e.,
different shifts or days), one blank per matrix must be prepared for
each episode. When water samples in a SDG are extracted using both the
separatory funnel and continuous liquid-liquid extraction procedures,
at least one blank must be preparasd by each procedure.
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Method 3lank Cricaria

ey

12.2. Acceptable laboratorv method blanks must not contain any

chemical interference or electronic noise at cthe m/z of =
specified unlabeled PCDD/PCDF ions that is greater chan 3
percent of the signal of the appropriats internal scandardé

guantitation ion.

12.2.2 A peak that meets idencificacion cricteria as a PCDD/PCDF in cthe
mechod blank must not exceed 2 percent of the signal of the
appropriate internal standard.

12.2.3 If che method blank exctracted along with a group of samples is
contaminatad per Paragravh 12.2.1 or 12.2.2, chen the
associated positive ¢ 1les ~~° any samples containing peaks
that do not meet all of the i1gentification criteria in Section

11l must be rerun.

12.2.4 If all cthe criceria listed above are not met, check solvents,
rsagents, apparatus and glassware to locate and eliminate the
source of contamination before any more samples are axtracced
and before any positive samples are reextracted.

12.2.5 Test each new lot of reagents or solvents by using them to
prepare a method blank and analyze it according the procedures
in this exhibiz. If new lots of reagents or solvents contain
interfering contaminants, purify or discard them. Maintain
records of all such blanks on file for examination during Z2A
on-site evaluations.

Spiked Sampie Analvsis

In order to provide data on the accuracy of the analytical mechod, the
laboratory is required to prepare and analyze a spiked sample for each
matrix being analyzed. For each SDG, the laboratory must prepare a
spiked sample for all of the following matrix types that occur in the
SDG:

o Water
0o Soil/Sediment
o Chemical Wascte

o Fly ash

If a matrix is not represenced in a SDG, then no spiked sample is
required for that matrix. If the Region or samplers have identified a
particular sample to be used for the spike, the laboratory must use an
aliquot of that sample. If the Region or samplers have not identified
a specific sample for spiking, then the laboratory may choose a sample
from the SDG; however, the sample chosen must pot be a sample
identified by the Region as a field or ctrip blank.
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Prepare cthe spiked sample aliquet by taking che same weight (or
of the representative matrix as is indicaced in Sections 9.1 to
placing it in a clean container of suitable size.

add 1.0 mL of the spiking solution in Section 5.18 and Table 1l to cthe
aliquot. Manually mix the sample to distribute the spiking solutionm,
and let the aliquot equilibrate for one hour.

Prepare and extract the spiked sample aliquot in the same fashion as is
used for field samples, and carry che aliquot through the entire
analytical procedure including cleanup.

Calculate the concentration of each analyte according to che procedures
in Sectien 15.

Calculate the recovery of each spikad analyte, using the following
equacion:

Amount found - Amount in unspiked sample x 100

Rspike - Amount spiked

where the recovery (R) 1s expressed as a percentage

The recovery of each spiked analyte must be in the range of 30-150
percent. If the recovery of any analyte falls outside this range, cthe
laboratory must recheck all calculations, and coniirm that the spiking
solutions were added and were at the correct concentrations, but no
further action is necessary by the laboratory at this time. Recovery
limits for these analytes will be developed at a later date.

o)

uplicace Sample Analvsis

In order to provide data on the precision of the analytical mechod, the
laboractory is required to prepare and analyze a duplicate of one sample
for each matrix being analyzed. For each SDG, the laboratory must
prepare a duplicate sample for all of the following matrix types that
occur in the SDG:

o Water
o Soil/Sediment
o Chemical Wasce

o Fly ash

If a matrix is pot represented in a SDG, then no duplicate sample is
required for that matrix. If the Region or samplers have identcified a
particular sample to be used for the duplicate, the laboracory must use
an aliquot of that sample. If cthe Region or samplers have not
identified a specific sample for use as the duplicace, then the
laboratory may choose a sample from cthe SDG; however, the sample chosen
musT not be a sample identified by the Region as a field or trip blank.
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Prepare the duplicate sample aliquot by taking the same weight (or
volume) of the representative matrix as is indicated in Sections 2.1 co
9.5 and carrying ic througn the entire analytical procedure including
extraction, cleanup and analysis.

Calculate the concentration of each analyte detected in the duplicace
sample according the procedures in Section 15.

Calculate the precision of each decected analyte in the original and
duplicate analyses, expressed as che Relative Percent Difference (R2D),
according to the following equation:

|__Sampla Result - Duplicate Result | x 100
RPD = (Sample Result + Duplicate Result)/2

e RPD ¢ any detected analyte must be less than or equal to 50
percent. If the RPD of any detacted analyte falls above this limic,
the laboratory must recheck all calculations, but no further action is
necessary by the laboratory at this time. RPD limits for these
analytes will be developed at a later date.

Calculations

For GC peaks that have mec all the identification criteria outlined in
Section 11, calculate the concentration of the individual PCDD or PCDF
isomers using the following formulae:

ALL MATRICES COTHER THAN WATER

Qis x (Apl + agd)

Cn (ug/kg) = T 5
W x (A{g” + Ajs”) X RRF,
WATER
1 2
Qis x ( + )
¢ (ng/L) = is - An 2An
Vx (Ajg” + Aig") X RRF,
Where:

Anl and Anz = integrated ion abundances (peak areas) of the
quantictation ions of the isomer of interest

(Table 5).

1 and Aisz = integrated ion abundances (peak areas) of the
quantication ions of the appropriate intermal
standard (Table 5).

Ajs

NOTE: In instances where peak heights are used to evaluate ion
abundance ratios due to interfsrences (see Section
11.4), substitute peak heights for areas in the
formulae above.
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W = weight of sample extracted, in grams.
v = volume of sample extraczed, in 1

Qis = quanticy (ng) of the appropriate intarnal standard
added co the sample prior to extracti

BRF, = calculatad relative response factor Irom continuing

calibration (see Section 7.3).

Tor solids matrices, the units of ng/g that result from the formula
above are ecuivalent to ug/Kg. Using isotope dilution techniques for
quantitation, the concentration data are recovery corrected, and
therefore, the volume of the Iinal extract and the injection volume are
implicit in cthe value of Qjg.

15.1.1 For homologues that contain only one 2,3,7,8-substitucted isomer
(Tt ), PeCDD, HpCDD and TC! ., the RRF of the 2,3,7,8-
substicuted isomer from the continuing calibration (seze
Paragraph 7.3.2.3) will be used to gquantitate both the 2,3,7,8-
substicuted isomers and the non-2,3,7,8-subscituted isomers.

15.1.2 For homologues that contain more than one 2,3,7,8-substituted
isomer (HxCDD, PeCDF, HxCDF and HpCDF), the RRF used to
calculace the concentration of each 2,3,7,8-substituced isomers
will be the RRF determined for that isomer during the
continuing calibration (see Paragraph 7.3.2.3).

15.1.3 TFor homologues that contain one or more noun-2,3,7,8-substituted

isomers, the RRT used to calculate the concentration of chese
isomers will be the lowest of the RRFs determined during cthe
continuing calibration (see Paragraph 7.3.2.3) for che 2,3,7,8-
substituted isomers in that homologue. This RRF will yield the
highest possible concentration for the non-2,3,7,8-substitucted
isomers.

NOTE: The relative response factors of given isomers wichin
any homologue may be different. However, for the
purposes of these calculations, it will be assumed that
every non-2,3,7,8-substituted isomer for a given
homologue has the same relative response factor. In
order to minimize the effect of this assumption on risk
assessment, the 2,3,7,8-substituted isomer with the
lowest RRF was chosen as representative of each
homologue. All relative response factor calculations
for the non-2378-substictuted isomers in a given
homologue are based on that isomer.

15.2 1In addition to the concentrations of specific isomers, the total
homologue concentrations are also reported. Calculate the total
concentration of each homologue of PCDDs/PCDFs as follows:

Total concentracion = sum of the concentracions of every

positively idencified isomer oI each
PCOD/PCDF homologue.
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The total must include the non-2,3,7,8-substicucad isomers as well as
the 2,3,7,8-substicuted isomers chat arz also reportad separatalv. The
total number of GC peaks included in the total homologue concencrz:zion
must be specified (see Lxhibit B).

If the area of any internal standard in a diluted sample is less than
10 percent of the area of that internmal standard in the continuing
calibration standard, then the unlabeled PCDD/PCDF concentrations in
the sample shall be estimated using the recovery standard, using the
formulae that follow. The purpose is to ensure that there is an
adequate MS response for quantitaction in a diluted sample. While use
of a smaller aliquot of cthe sample might require smaller dilucions and
therefore vield a larger area for the int2rnal standard in the dilucted
extract, this practice leads to other concerns about the homogeneity oI

1e le a : 1 N of ¢! .iquot ¢ NS o
extraction.

ALL MATRICEZS OTHER THAN WATER

Qrs * (Al + an) x D
W x (Arsl + A:SZ) X RRFpg

Ch (ug/kg) =

WATER

Qrs X (Ags + Ag2) x. D

Cp (ng/L) = > >
VX (Aps® + Aps®) x RRFpg

D = dilution factor (see Paragraph 10.4.3).

A‘nl: Aﬂnzv Arsln Arszy Qrs' RRFrs, W and V
3.4

are defined in Paragraphs 7.3.3 and and Section 15.1.

Report results for soil/sediment, fly ash, and chemical waste samples
in micrograms per kilograms (ug/kg) and water samples in nancgrams per
licer (ng/L), as described in Exhibic B.

Calculate the percent recovery for each internal standard and the
cleanup standard in the sample extract, Rjg, using the formula:

1

(Aig™ + Aisz) X Qrs

- x 100%

Ris

(Arsl + Arsz) x RRFjg X Qig

1 2 1 2
Aig™, Aig", Arg”, Arg”, Qis, Qrs and RRFj4
are defined in Paragraph 7.3.3 and Section 15.1.

NOTE: When calculating the recovery of the 37C14-2378-TCDD cleanup
standard, only one m/z is monitored for this standard;
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therefore, only one peak aresa will be usedlin the numerator of
this formula. Use both peak areas of che C12-1234-7TCOD
recovery standard In the denominactor.

The 13C12-123A-TCDD is used to quanctitace_cthe :Z2tra internal
standards and the cleanup stancdard, and “~Cy,-123789-dxCDD is
used to quantitate the HxCDD, HpCDF and OCDD intermal scandards
(see Table 8).

[
n
wn
[

15.5.2 1If che original sample, prior to any dilutions, has any
intermal standard with a percent recovery of less than 25% or
greater than 150%, reextraction and reanalysis cf that sample
is required (see Section 17).

Sample Specific Estimated Detection Limit

The sample specific Estimated Detection Limic (EDL) is the estimace
made by the laboratory of the concentration of a given analyte required
to produce a signal with a peak height of at least 2.5 times the
background signal level. The estimate is specific to a particular
analyvsis of the sample and will be aiffected by sample size, dilution,
etc. :

An EDL is calculated for each 2,3,7,8-substituted isomer chat is not
identified, regardless of whether or not non-2,3,7,8-substituted
isomers in that homologue are present. The EDL is also calculated for
2,3,7,8-substituted isomers giving responses for both the quantitation
ions that are less than 2.5 times the background level.

Use the formulae below to calculate an EDL for each absent 2,3,7,8-
substituted PCDD/PCDF. The background level (Hy) is dectermined by
measuring the height of the noise at the expected retention times of
both the quantication ions of the particular 2,3,7,8-substicuted
isomer. The expected recention time is determined from the most recent
analysis of the CC3 standard on the same GC/MS system.

ALL MATRICES OTHER THAN WATER

2.5 x Qig X (Hel + Hy?) x D

EDL (ug/kg) = T 3
W x (Hig® + Hig®) x RRFp
WATER
2.5 x Qg X (Hel + Hy2) x D
EDL (ng/L) = 1 3
V x (Hig~ + Hig) x RRFj
Where:
H L and H.z - Peak heights of the noise for
X "4 g

both of the quantiration ions of the
2,3,7,8-substicuced isomer of
interesc.
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H; ~and Hisz - Peak heights of both the gquantitation
ions of che appropriate intcermal
standards.

D = dilucion facctor (see Paragrapn 10.4.3).

Qjs, RRFLp, W and V are defined in Paragraph 7.3.3 and Seccion
15

Estimaced Maximum Possible Concentration
An estimated maximum possible concencration (EMPC) is calculated for
2,3,7,8-substituced isomers that are characterized by a response w
S/N of at least 2.5 for both the quancitation ions, but that do ne
meet all the identification criteria in Section 11.
Calculate the EMPC according to the following formulae:

ALL MATRICES OTHER THAN WATER

(Axl + sz) X Qijg x D

EMPC (ug/L) =

(Aigt + A;5%) x RRF, x W

(Axl + sz) X Qijs x D

EMPC (ng/L) =

(Ajst + Ajg?) x RRF, x V
Where:
Axl and sz = areas of both quantitation ioms.

Aisl. Aisz. Qig, RRF, D, W, and V are defined in Paragraph
7.3.3 and 10.4.3 and Section 15.1.

Toxicity Equivalency Factor (TEF) Calculation

The 2378-TCDD toxicity equivalence of PCDDs/PCDFs present in the sample
is calculated according to the method recommended by the Chlorinated
Dioxins Workgroup (CDWG) of the EPA and the Centers for Disease Control
(CDC). This method assigns a 2378-TCDD toxicitcy equivalency factor
(TEF) to each of the 17 2,3,7,8-substictuted PCDDs/PCDFs shown in Table
11 ("Update of Toxicity Equivalency Factors (TEFs) for Estimating Risks
Associated wich Exposures to Mixtures of Chlorinated Dibenzo-p-Dioxins
and Dibenzofurans (CDDs/CDFs)" March 1989 (EPA 625/3-89/016)). The
2378-TCDD toxicity equivalence of che PCDDs/PCDFs present in the sample
is calculacted by summing cthe product of the TEF and the concentration
for each of the compounds listed in Table 11.
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The exclusion of hdmologues such as mono-, di-, tri- and the non-
2,2,7,8-substituted isomers in the higher homologues does not mean that
they are not toxic. Their toxicity, as estimated at this time, is much
iess than the toxicity of the compounds listed in Tadbla ll. Hence,
only cthe 2,3,7,8-substicuced isomers are included in che TET
calculations. The procedurs for calculating che 2378-TCDD roxic
equivalence cited above is not claimed by the CDWG to be basad on a
thoroughly established scientific foundation. Rather. the procedure

represents a "Consensus Recommendation on Science Policy.”

When calculating che 2378-TCDD ctoxicitcy equivalence of a sample, cthe
Contractor snall include only those 2,3,7,8-substituced isomers thac
were dectectad in the sample and met all of the qualizaczive
identification criceria in Section l1l1. Do not include EMPC or EDL
values in the TEF calculations. Further instructions regarding che
calculacion of the 2378-TCDD toxicity equivalence may be found in
Exhibic B.

The 2378-TCDD toxicity equivalence of a sample is used in Sections 16
and 17 of this procedure to determine when second column confirmation
or reextractions and reanalyses may be required.

Isomer Svecificicy

Isomer specificity for all 2,3,7,8-substitucad PCDDs/PCDFs cannot be
achieved on the 60 m DB-5 column alone. Historically, problems have
been assocliated wich che separation of 2378-TCDD from 1237-TCDD and
1268-TCDD, and separacion of 2378-TCDF from 2347-TCDF. Because of the
toxicologic concern associated with 2378-TCDD and 2378-TCDF, additiomal
analyses may be required for some samples, as described below.

If che toxicity equivalence calculated in Section 15 is greater than
0.7 ppb (soil/sediment or fly ash), 7 ppb (chemical wasce), or 7 ppt
(aqueous), becter isomer specificity is required than can be achieved
on the DB-5 column. The Contractor may utilize eicher of che two
options listed below to achieve adequate isomer specificicy.

16.1.1 The sample extract may be reanalyzed on a 60 m SP-2330 or SP-
2331 (or equivalent) GC column in order to achieve better GC
resolution, and therefore, better identification and
quantitation of the individual 2,3,7,8-substituted isomers.

16.1.2 The sample extract may be analyzed on a single GC columm
capable of resolving all 2,3,7,8-substituted PCDDs/PCDFs from
other isomers, but not necessarily resolving all the non-
2,3,7,8-substituted isomers from one another.

Regardless of GC column used, for a gas chromatograpnic peak to be
identified as a 2,3,7,8-substictuced PCDD/PCDF isomer, it mustc meet the
ion abundance, signal-to-noise, and retention time criceria listed in
Section 1ll. In addition, when using any GC column other than those
specified here (DB-5, SP-2330 or SP-2331), che Contractor shall clearly
document, in the SDG Narrative, the elution order of all che analytes
of interest on any such column.
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For any sample analyzed on a DB-5 (or equivalentc) column in wnich
either 2378-TCDD or 2378-TCDF is resportad as an EMPC, ragardlass

TEF-adjusted concentration or matrix, analysis of the extract is

(o]
Yy

required on a second GC column wnich provides better specificicy for
chese two isomers.

Reguired Sample Reruns

Due to a variety of situacions that may occur during contracc
performance, the laboratory shall be required to reextract and
reanalyze cercain samples or groups of samples. Excepc in the case of
diluctions, the term "rerun” snall indicacs sample reextracction, cleanup
and reanalysis. When dilurions are required, che original exzract
snall be diluced and reanalyzed.

When che rerun is required due to matrix effects, interferences, or
other problems encouncered, the Government will pay che Contractor for
the reruns. Such reruns shall be billable and accouncable under che
specified conctract alloctment of automacic reruns. When the rerun is
required due to Contractor materials, equipment or instrumentation
problems, or lack of Conctractor adherence to specified contract
procedures, the rerun shall not be billable nor accountable under the
terms of this contracc.

The following sample reruns may be billable as such under the contrace,
as defined below.

-

7.1.1 If che original sample has a percent recovery of any intermal
standard or the cleanup scandard outside of the range of 25-150
percent, then reextraction and reanalysis are required.

NOTE: This rerun is billable only if the Contractor can
demonstrate that cthe intermal standards or cleanup
standard were added to the original sample in accordance
with contract specifications, and that the same
standards are out of criteria in the reextraction and
reanalysis.

17.1.2 If the internal standards are not present with at least a 10/1
S/N ratio at their respective m/z's (316, 318, 332, 334, 402,
404, 420, 422, 470 and_472), then reextraction and reanalysis
are required. If che °’Cl,-2378-TCDD is not present with at
least a 10/1 S/N ratio at m/z 328, then reextraction and
reanalysis are required.

NOTE: This rerun is billable only if the Contractor can
demonstrate that the intermal scandards or cleanup
standard were added to the original sample in accordance
with contract specifications, and that che same
standards are out of criteria in the reextraction and
reanalysis.

17.1.3 If any of che internal standard ion abundance ratios as
specifiad in Table 6 are outside the concract specified control
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iimics, cthe Contractor must reanalyze che sampls extract on a
second GC column with different eluction charactsristcics, as
discussecd in Section 16. No reextraction is required Zor such
an analysis. This reanalvsis is only billaple iZ cthe same
internal standarZ lon abundance ratios are outsicde the control
limics on the second column, indicating matrix efZac:ts may have
occurred.

£ the absolute retention time of either the l3C12-1234-TCDD or
°C19-123789-HxCDD recovery standard in a sample excract shifts
by greater than 10 seconds from the retention time of that
standard in the continuing calibration standard, then cthe
sample extract must De reanalvzed after the Contractor has
investigated the cause of the retention time shiftc and ctaken
corrective action. No reextraction is required for such an
analysis. T L is only bill 0 1iZ same
recovery standard retention time shifts by greater than 10
seconds in the second analysis, indicating matrix effects may
have occurred.

44

If che calculated concentration of the unlabeled PCDDs/PCDFs exceeded
the initial calibration range, the sample extract shall be diluted and
reanalyzed (see Section 10.4). Such sample dilutions are billable
under the contracct.

NCTZ: Cnly one dilution shall be billable per sample and gnlv as an
additional analysis with no extraction.

The foilowing sample reruns shall be performed at the Contraccor'’s
expense and shall pot be billable under the tarms of the contract.

17.3.1 All positive samples associated with a contaminated mecthod
blank and any samples which contain peaks that do not meet all
of the qualitative identification eriteria in Seczion 1l
associated with a contaminated method blank must be reextracted
and reanalyzed. Acceptable laboratory method blanks must not
contain any chemical interference or electronic noise at the
m/z of the specified unlabeled PCDD/PCDF ions that is greater
than five percent of the signal of the appropriate intermal
standard quantitation ion. A peak that meets identification
criteria in the mechod blank must not exceed two percent of the
signal of the appropriate intermal standard.

17.3.2 1If c?g chromatographic peak separation between l3C12-2378-TCDD
and “°Cy9-1234-TCDD is not resolved with a valley of < 25% on
the DB-5 (or equivalent) column, or 2378-TCDD is not resolved
from the closest eluting isomer with a valley of < 25% on the
SP-2331 (or equivalent) column, then the Contractor shall
adjust the GC/MS operating conditions and rerun the affected
sample. This criterion applies to sample analyses. If chis
criterion is not met for a cslibration sctandasrd, all associaced
samples musc be rerun.
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17.3.3 If a falcs positive is reported for a blind QC sample submitzad
by the l._zion, the Contractor shall reextract and reanalyze the
entira SDG upon notification by SMO.

t -
~1

.3.4 IZf che analysis resulcs for a blind QC sample do not fall
within the acceptance windows establisned by EPA, the
Contraccor shall reextract and reanalvze the entire SDG upon

notification by SMO.

A native spike and duplicate shall be performed for each group of
samples reextracted and reanalyzed under Section 17.3.

17.4.1 If a concurrant PCDD/PCDF SDG is being processed, the native
spike and duplicate from that SDG may be shared with the rerun
samples if the total number of samples does not exceed 20. The
native spike and duplicate data shall be reported in the data
packages for both SDGs, but are only billable once, under the
original SDG for which they were prepared. If the total number
of samples exceeds 20, an addictional native spike and duplicace

must be analyzed.

17.4.2 °IZ no other PCDD/PCDF SDG is being processed at the time of
reanalysis, che native spike and duplicate shall be chosen from
the SDG for which the rerun samples are required. The native
spike and duplicacte analyses are only billable in inscances
wvhere one or more of the associated rerun samples are also
pillable.
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TABLE 1. SUGGESTED OPERATING CONDITIONS FOR A DB-5 (OR EQUIVALENT) COLUMN

Stationary Phase DB-5 (or equivalenct)

Film Thickness 0.25 um

Column Dimensions 60 m x 0.32 mm

Helium Linear Velocity 35 - 40 cm/sec at 240°C
Inicial Temperature 170°C

Initial Time 10 minuces

Temperature Program increase to 320°C at 8°/minuce
Hold Time :il OCDF .u

Total Time 40-45 minutes
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TABLE 2.

Reference:

2378-TCDD TOXICITY EQUIVALENCY FACTORS (TEFs) FOR PCDDs/PCDrs

Apalvece

2378-7TCDD
2378-TCDF
12378-PeCDF
12378-PeCDD
23478-PeCDF
123478 -HxCDF
123678-HxCDF
123478 -HxCDD
123678-HxCDD
123789 -HxCDD
234678-Hx
1234678 -HpCDF
1234678 -HpCDD
1234789 -HpCDF
0CDD

OCDF

e eNeNoNeNeoNeoNoNoNoNoNeoReNeo N e Ny

.001
.001

"Update of Toxicity Equivalency Factors (TEFs) for Estimating
Risks Associated with Exposures to Mixtures of Chlorinacted
Dibenzo-p-Dioxins and Dibenzofurans (CDDs/CDFs)," March 1989,

(EPA 625/3-89/016)
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TABLE 3. CONCENTRATION CALIBRATION SOLUTIONS

i | | l | l l
| Analyte | ccl | cc2 | ce3 [ ccs [ CcCS |
! l l | | | i
| | I I l I I
| 2378-TCOD | 0.1 | 0.25 | 0.5 | 10 | 2.0 |
| 2378-TCOF | 0.1 | 0.25 | 0.5 | 1.0 | 2.0 |
| 12378-2eCDF | 0.1 | 0.25 | 0.5 | 1.0 | 2.0

| 12278-P2CDD | 0.1 | 0.25 | 0.5 | 1.0 | 2.0 |
1423478-PeCDF T T P T T S
|%123478-HXCDF O O TS O 1 N T

| 123678-HxCL. | 0.25 | 0.625 | 1.25 | S| 5.0 |
|%123478-HxCOD I eee | eee ] 1025 | eee | -

| 123678-ExCDD | 0.25 | 0.625 | 1.25 | 2.5 | 5.0 |
|*123789-ExCDD | eee | e ] 1025 | eee | e
|%234678 -HXCDF | eee | eee ] 1025 ] eee | eee
|*123789 -HXCDF | ee | eee ] 1025 e | eee
11234789 -HpCDF- | eee ] eee L1225 | eee | eee
| 1234678 -HpCDF [ 0.25 | 0.625] 1.25 | 2.5 | 5.0

| 1234678-HpCDD | 0.25 | 0.625 | 1.25 | 2.5 | 5.0 |
| 0CDD | 0.5 | 1.25 | 2.5 | 5.0 | 10.0 |
" ocoF | 0.5 | 1.25 | 2.5 | 5.0 | 10.0 |
s l l I I | [
| 57C19-2378-TCDD [ 0.5 | 0.5 | 0.5 | 0.5 | 0.3

- 13ci3-2378-TCDF | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 |
| *2C13-123678-HxCDD [ 0.5 | 0.5 | 0.5 | 0.5 | 0.5

| 1lcyy-1234678-HpCDF | 1.0 | 1.0 | 1.0 [ 1.0 | 1.0 |
| =3¢15-0CDD | 1.0 | 1.0 | 10 | 1.0 | 1.0 |
- I | l | | |
| =3C12-1234-TCDD | 0.5 | 0.5 | 0.5 | 0.5 | 0.5

| +3c15-123789-HxCDD | 0.5 | 05 | 0.5 | 0.5 | 0.5 |
i3, | [ [ l [ |
| 27¢1,-2378-TCDD | eee | eee ] 0.25 | eee | eee

All concentrations are in ng/ul.

*Supplemental commercial standard. Do not perform %RSD calculations on these
analytes. (See Paragraph 7.4.1 for CC3 standard preparation.)
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TABLE 4. INTERNAL STANDARD, RECOVERY STANDARD, AND
CLZANUP STANDARD SOLUTIONS

INTEZRNAL STANDARD SOLUTION

Internal Sgan~-~~is Concentration
13¢,5-2378-TCDD S ng/ul
L3¢,5-2378-1COF 5 ng/ul
13¢)5-123678-HxCDD 5 ng/ul
13¢.5-1234678-HpCDF 10 ng/ul
L3¢7 ocop 10 ng/ul
RECOVERY STANDARD SOLUTION
Recoverv Standards Concentration
L3¢,,-1234-1CDD | 5 ng/ul
‘ 3¢{5-123789-HxCDD 5 ng/ul
|
?
CLEANUP STANDARD SOLUTION
Cleanup Standards Concentration
37¢1,-2378-TCDD 5 ng/ul
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TABLE 5.

0t
(b

Internal Standards

L3 C12-4378 -TCDD
::C12 123678 -HXCDD

3

;5C1~-2378 TCDF
*3¢15-1234678-HPCDF

Recoverwv Standards

.« -

:fclz-'zs -TCDD

Cio- 123789-HxCDD

Cleanup Standard

37¢14-2378-TCDD

Polychlorinaced
diphenyl echers

HxCDPE
HpCDPE
OCDPE
NCDPE
DCDPE

320
356
3%0
424
458

304
340
374
408
Iy

332
402
470
316
420

332
402

328

376
410
446
480
S51la4

322
358
392
426
460

306
342
376
410
i

334
404
472
318
422

334
404

(L)

259
293
327
36l
395

243
277
311
345
379

IONS SPECIFIED FOR SELECTED ION MONITORING FOR PCDDs/PCDFs

(1) There is only one quantitation ion monitored for the cleanup standard.
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TABLE 6. CRITERIA FOR ISOTOPIC RATIO MEASUREMENTS FOR PCDDs/PCDFs

Anglivea
Ans.vEe

7DD
PeCDD
HxCDD
HpCDD
0CDD

TCDF
PeCCF
HxCDF
HpCDF
OCOF

Internal Standards

L13¢15-1234-TCOD

13

; C19-123678-HxCDD
t3¢i5-0C0D
13¢15-2378-TCOF
3¢y5-1234678 -HPCDF

Recovery Standards

-1234-TCDD
19-123789-HxCDD

Selected Theoretical
-ons Ton Abundance
320/322 0.77
356/358 1.55
390/392 1.24
424 /626 1.04
458/460 0.89
304/306 0.77
340/342 1.55
374/376 1.24
408/410 1.04
44274644 0.89
332/334 0.77
402/404 1.24
470/472 0.89
316/318 0.77
420/422 1.04
332/334 0.77
402/404 1.24
D-60
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.05 -
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.88 -
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1
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.89
.86
.43
.20
.02

.89
.86
.43
.20
.02

.89
.63
.01
.89
.20

.89
.63
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TABLE 7. RECOMMENDED SELECTED ION MONITORING DESCRIPTORS

Zescriptor 1 Descriptor 2 Descripzor 3 Descriptor 4
243 277 311 343
289 283 327 361
277 311 345 379
293 327 361 395
304 338 374 408
306 340 376 , 410
316 342 390 420
31 354 392 422
320 356 402 424
322 358 404 426
328 374 408 INY]
332 376 410 INNA
334 390 420 458
340 392 422 460
342 402 424 470
356 . 404 426 472
158 ' 410 WA 480
37 L46 480 S5l4

The loms at m/z 376 (HxCDPE), 410 (HpCDPE), &46 (OCDPE), 480 (NCDPE) and Sl&
(DCDPE) represent the polychlorinated diphenyl ethers.

The ions in each of the Zour recommended descriptors are arranged so that
there is overlap between the descriptors. The ions for the TCDD, TCDF, PeCDD
and PeCDF isomers are in the first descriptor, the ions for the PeCDD, PeCDF,
HXCDD and HXCDF isomers are in the second descriptor, the ions for the HxCDD,
HxXCDF, HpCDD and HpCDF isomers are in the third descriptor, and the ions for
che HpCDD, HpCDF, OCDD and OCDF isomers are in the fourth descriptor.

NOTE: The descriptors used by the laboratory must be documented, and this
information must be available for examination during the EPA on-site
evaluatiouns.
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TABLZ 8. RELATIONSHIP OF INTERNAL STANDARDS TO ANALITES, AND RELATIONSHIP OF
RECOVERY STANDARDS TO ANALYTES, INTERNAL STANDARDS AND CLEANUP? STANDARD

INTEZRNAL STANDARDS VS. ANALVYTZ

132y,-7COD 13¢, ,-HxCDD 13¢,,-0rnn 13¢,,-1coF L3¢, ,-HpCDF
TCoD HxCDD 0cDD TCDF HXCDF
PeCDD HpCDD OCDF PeCDF HPCDF
RECOVERY STANDARDS VS. "TTES, INTERNAL STANDARDS AND CLEANUP STANDARD
L3¢ ,-1234-TCDD 13¢,,-123789-HxCDD
TCDD HxCDD
TCDF HXCDF
PeCDD HpCDD
- PeCDF HpCDF
0CDD
0CDF
13¢y5-2378-1CDD 13¢y,-123678-HxCDD
32C12-2378-TCOF 13¢,5-1236678-HpCDF
cl,-2378-TCDD L3¢y5-0coD
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TABLE 9. PCDD/PCDF ISOMERS IN THE WINDOW DEFINING MIX FOR A 60 M DB-5 (OR
EQUIVALENT) COLUMN

Firsc Last Approximate
Homologue Eluced Eluced Cencentracion
TC3D 1368- 1289- 0.5
TCOF 1368- 1289- 0.3
PeCDD 12479- 12389- 0.5
PeCDF 13468- 12389- 0.5
HxCDD 124679- 123467- 1.25
HxCDF 123468- 123489- 1.25
HpCDD 1234679- 1234678- 1.25
HpCDF 1234678- 1234789- 1.25
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TABLE 10. SUPPLIMENTAL CALIBRATION SOLUTION

Concentration (ng/ul)

Analvce

23478-PeCDF I
122789 -HxCDD 10
123478-HxCDD 10
123478 -HxCDF 10
123789-HxCDF 10
234678 -HxCDF 10
1234789 -HpCDF 10

The supplemental calibration solution is commercially
supplied and is used for preparation of the CC3 solution.
(See Paragraph 7.4.1 for CC3 preparation.)
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This solution
acetone prior

Analvse

2378-TCDD
2378-TCDF
12378-PeCDF
12378-PeCDD
123678 -HXCDF
123678-HxCDD
1234678 -HpCDF
1234678 -HpCDD
0CDD i
OCDF

TABLE 11. MATRIX SPIKING SOLUTION

Concentration (ng/ul)

a O O O O O©
(%]
un

12.5
12.5

D-65

is prepared in tridecane (or nonane) and diluted wich
to use (see Section 5.18).
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TABLE 12. COLUMN PERFORMANCZ SOLUTION FOR A SP?-2331 (OR EQUIVALENT) COLUM

Approximate
Isomer Concenzrations (ng/ul)
1478-TCDD 0.5
2378-7C0D 0.5
1237/1238-TCDD 0.5

The commercially supplied column perZormance solution may be combined wich
the window defining mix, provided that the combined soultion concains che
isomers needed to determine that the critaria for both analyses can be me:
(see Paragrapn 7.2.2).
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TABLE 13. EXAMPLE ANALYTICAL SEQUENCES

Analvsis

=
-
£
®

Window Defining Mix

Column Performance Solution (S2-2331)
Hour 0 cc3

CCl (Initial Calibration)

cc2

ccs

CCS

Blanks and Samples

(o]

o
o}
o

Hour 12 CcCl
Column Performance Solution (SP-2331)
Hour O cc3
’ Blanks and Samples
(o]

o
o
o}

Hour 12 cCl

Column Performance Solution (SP-2331)
Hour O cc3

Blanks and Samples

(o]

°

°

etc.
CCl (whenever the sequence does end)

NOTE: Matrix spike and duplicate samples may be analyzed in
place of any "sample"” listed above.
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GLOSSARY

2I30CT - a measursd portion of a sample taken for analysis.

S

ANALYSIS DATE/TIMEI - the date and milicary cime of the injection of the

I3 L VDY

sample, standard or blank into the GC/MS or GC sysctem.
BLANK - see Method Blank.

CASE - a finite, usually predetermined number of samples collectad over a
given time period Zrom a particular site. Case numbers are assigned by the
Sampi2 Management Office. A Case consists of one or more Sample Deliverw
Sroups.

CONC T TRAC 7 'ION SOLUTION (* . 3) - »luctions (t: lec 2)
containing known amounts of selected analytes, five intermal standards and
two recovery standards that are analyzed prior to sample analysis. The
solutions are used to determine the ratio of the instrument response of che
anaiytes to that of the appropriate internal standard and the intermal
standards cto that of the recovery standards.

CONTINUING CALI3RATION SOLUTION - a mixture of known amounts of analytes that
is analyzed every 12 hours to demonstrate continued acceptable GC/MS
perZormance and establish the recention time windows for each homologue. The
same solution is used for the mid-level concentration calibraction solution,

-~
(PR

24Y - unless otherwise specified, day shall refer to calendar day.

ZSTIMATED DETECTION LIMIT (EDL) - che concentration of a analyte required to
srocuce a signal with peak height of at least.2.5 times the background signal
level. The EDL is calculated for each 2,3,7,8-substituted isomer for which

the response of the quantitation and confirmation ions is less than 2.5 times

the background level.

ESTIMATED MAXIMUM POSSIBLE CONCENTRATION (EMPC) - the concentration of a
given analyte that would produce a signal with a given peak area. The EMPC
is caiculated for 2,3,7,8-subsctituted isomers for which the quantitation
and/or the confirmation ion(s) has signal-to-noise in excess of 2.5 but does
not meet identification criceria.

FIELD BLANK - a portion of chemical waste, soil or water that is not
contaminated with PCDDs/PCDFs and is submitted with the samples. The field
blank is used to check for contamination from the time of sample collection
through the time of sample analysis.

HOMOLOGUE - a member or members of a particular homologous series that has
the same molecular weight but not necessarily the same structural
arrangement. For example, the 28 pentachlorinated dibenzofurans are
homologues.
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HOMCLOGOUS SERIES - a series of organic compounds in wnich each successive
member has one more atom or group of atoms than cthe preceding member. The
straignht chain hydrocarbons and the polychlorinataed dibenzo-p-dioxins are
examp.es of a homologous series.

IN-HOUSE - at the Contractor’'s Zfacilicy.

INITIAL CALIBRATION - analysis of analytical standards for a series of
diZferent specified concencrations. The inicial calibraction used zo define
the linearity and dymamic range of the response of the mass spectrometer to
the target compounds.

IYTERVAL STAYDARDS (Tables 2 and &) - 3¢15-2378-TCoD, 13Cy-123678-HxCDD,
~%C1,-0CDD, *°Cy7-2378-TCDF and “°C15-1234678-EpCDF (in isooctane) ars added
o every sample and are present at the same concentration in every blank,
gualicy control sample, and concentracion calibracion solution. The intarnal
standards are added to the sample before extraction and are used to measurea

the concentrations of the analyctes.

ISOMER - chemical compounds that contain the same number of atoms of the same
elements, but differ in structural arrangement and properties. For example,
1234-7CDD and 2378-TCDD are structural isomers.

_ABORATORY - symonymous with the term Contractor.

CW RESOLUTION MASS SPECTROMETRY - a mass spectrometric ctechnique capable of

achieving unic mass (i.e., 1 amu) resolucion becween compounds introducad
into che instrument.

MATRIX - the predominant material that comprises the sample to be analyzed.
Tor the purpose of this conctract, a sample matrix may be water, soil or
chemical waste (including scillbottoms, fuel oil, sludge and fly ash). Matrix
is not synonymous with phase (liquid or solid).

METHOD BLANK (previously termed reagent blank) - an analytical control
consisting of all reagents, intermal standards and surrogate standards that
is carried through the entire analytical procedure. The method blank is used
to define the level of laboratory background contamination.

NARRATIVE (SDG Narrative) - the portion of the data package which includes
laboractory, contract, Case and sample number identification, and descriptive
documentation of any problems encountered in processing the samples, along
icth corrective action taken and problem resolution. Complete SDG Narrative
specifications are included in Exhibic B.

PERCENT MOISTURE - an approximation of the amount of water in a soil/sediment
sample made by drying an aliquot of the sample at 105°C. The percent
moisture determined in this manner also includes contributions from all
compounds that may volatilize at 105°C, including water. Percent moisture is
decermined Irom decanted samples and from samples that are not decanted.

RFORMANCE EVALUATION (PE) SAMPLE - a chemical wasce, soil or water sample
taining known amounts of unlabeled PCDDs/PCDFs.
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POLYCHLORINATED DIRENZO-P-DIOXINS (PCDDs) AND POLYCHLORINATED DIBZENZOFURANS
(?C2Fs) - compounds (Figure 2) that ccntain from one to eignht chlorine atoms.
The 13 2,3,7,8-substizucad 2CDDs (total PCDDs is 73) and PCDOfs (total PCDrs
is 1I%) are shown in Table 13. The number of isomers at diffzrent
n_orinaction levels is shown in Table 12.

PRCTOCCL - describes the exact procedures to be followed with respect <o
sample receipt and handling, analytical mechods, data reporting and
deliverables, and document control. Synonymous with Statement of Work (SOW).

REAGENT WATER - water in which an interferent is not observed at or above the
minimum quantitation limit of the parameters of incerest.

REZCOVERY - a dectermination oI the accuracy of the analytical proceduras made
bv comparing measured for a forcil, . Dple against the
) valt oo ¢ . 1llowit eq

measured value

s$Recovery = Trown valae x 100%

RECOVERY STANDARD (Tabie 9) - +3Cy5-1234-TCDD and -3Cy5-123789-HxCDD are
added to every blank, quality control sample, and sample extract aliquot jusc
prior tTo analysis and are present in all solutions except the intermal
standards solutions. Recovery standards are used to measure the racovery of
the incermal standards. When a dilution is required (see Exhibit D,
Paragrapn 13.2.5), recovery standards are used to gquantitata the native
?C0Ds/PCDFs; the TCDD recovery standard is used to quantitate the tetra- and
penta- isomers and the HxCDD recovery standard is used to quanticate the
hexa- through octa- isomers.

RELATIVE RESPONSE FACTOR (RRF) - the ratio of the rasponse of the mass
spectrometer to a known amount of an analyte relative to that of a known
amount of an internal standard as measured in the inictial and continuing
calibrations. The RRF is used to determine instrument performance and is
used in the quantitation calculations.

RESOLUTION (also termed separation) - the separation between peaks on a
chromatogram. Resolution is calculated by dividing the height of the valley
between the peaks by the peak height of the smaller peak being resolved,
multipled by 100.

RINSATE - a portion of the solvent that is used to rinse sampling equipment.
The rinsate is later analyzed to demonstrate that samples were not
contaminacted during collection.

SAMPLE - a portion of material to be analyzed that is contained in single or
multiple containers and identified by a unique sample number.

AMPLE DELIVERY GROUP (SDG) - a unit within a single Case that is used <o
identify a group of samples for delivery. A SDG is a group of 20 or fewer
samples within a Case, received over a period of up to l4 calendar days.

Data Zrom all samples in a SDG are due concurrently. A SDG is defined by one
of the following, whichever occurs firsct:

G-4 12/90




o Case:; or
o Zach 20 samples within a Case; or

Each l4-day calendar period during which samples in a Case are
received, beginning wich receipt of the f£irst sample in the Case or
SDG.

Samples may be assigned to SDGs by matrix (i.e., all soils in one $DG, all
waters in another), at the discretion of the laboratory.

SAMPLE NUMBER (EZPA Sample Number) - a unique identification number designated
by ZPA for each sample. The EPA sample number appears on the sample Traffie

—

Reporsc wnich documents informacion on that sample.

SELECTEID ICN MONITORING - a mass spectrometric technique whereby ions with
predetermined mass/charge ratios (m/z) are monitored, as opposed to scanning
MS procedures in which all m/z's between two limitcs are monicored.

SIGNAL-TO-NOISE (S/N) RATIO - the ratio of analyte signal to random
background signal. To determine the ratio, display each characteristic ion
using a window 100 scans wide, and draw a base line from the lowest point in
the 100 scan window. The noise is defined as the height of the largest
signal (excluding signal due to PCDDs/PCDFs or other chemicals) wichin che
100 scan window. The signal is defined as the height of the PCDD/PCDF peak.
IZ the data system determines the ratio, the Contractor shall demonscrace
comparability between the above criteria and the automatad S/N determination.
Chemical noise is leit to the judgement of the analyst.

SO0IZ - synonymous with soil/sediment and sediment.

STANDARD ANAIYSIS - an analytical determination made with known quanticies of
carget compounds. The standard analysis is used to detarmine response
faccors.

SURROGATES (Surrogate Standard) - the compounds added to every blank, sample,
matrix spike, matrix spike duplicate, and standard. Surrogates are used to
evaluate analytical efficiency by measuring recovery. Surrogates are
brominated, fluorinated, or isotopically labelled compounds not expectad to
be decected in environmental media.

TIME - when recording time on any deliverable item, time shall be expressed
as milicary time, (i.e., a 24-hour clock).

TOXICITY EQUIVALENCY FACTOR (TEF) - a method of converting concentrations of
PCDDs/PCDFs to an equivalent concentration of 2378-TCDD to obtain an
estimation of the toxicity of the entire sample. (Update of Toxicity
Equivalency Factors (TEFs) for Estimating Risks Associated with Exposures to
Mixtures of Chlorinated Dibenzo-p-Dioxins and Dibenzofurans (CDDs/CDFs),
March 1989, (EPa 625/3-89/016).

TRAFFTIC REPORT (TR) - an EPA sample identification form filled out by the

sampler, which accompanies the sample during shipment to the laboractory and
documents sample condition and receiptc by che laboratory.
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TWELVE-HCUR TIME PERICD - the 1l2-hour time period begins with the injection
of the CC3 solution on the DB-5 (or equivalent) column or the injection of
the column performance solution on the SP-2331 (or equivalenc) column. The
12-hour period continues until 12:00 hours have elapsed according to the
systam clock. To be included in a given l2-hour time period, a sample or
sctancard must be iniected wichin 12:00 hours of the CC3 solution or the
column periormance solution.

VALIDATZED TIME OF SAMPLE RECEZIPT (VISR) - the date on which a sample is

received at the Contractor’s facility, as recorded on the shipper’s delivery
receipt and sample Traffic Reporc.
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ABSTRACTED PROCEDURES




10.
11.
12.
13.

14.

15.

le.

17.

Always check the sample's chain-of-custody records for special
instructions.

Weigh out approximately 5 grams of sample to 3 significant
figures into a 40 ml vial. Record weight on extraction sheet.

Include the 4 laboratory performance samples: 5 grams of
Anhydrous Sodium Sulfate, 5 grams of soil blank (OCL34...), S
grams of soil spike (OCL35...), and a PE sample. Include 1 set

of performance samples for each set of 24 or fewer samples.

Add 50 ul of Spike I to the soil spike performance sample, then
set this sample aside.

Add 50 ul of Spike II to all the other samples (excluding soil
spike).

Add some anhydrous sodium sulfate to all samples.

Add 6 ml of 2:1 acetonitrile / methylene chloride extracting
solution to all samples. (Additional extracting solution may be
added if necessary.)

Shake vials well on vortex mixer.

Allow sample to extract at least 1 hour, shake samples 3 to 4
more times on mixer during this time.

Centrifuge samples at 1500 RPM's for 2 minutes.
Pipet off extracting solution into a clean 40 ml vial.
Discard original vial with soil into the holding box.

Add 10 ml of water to extract, mix and immediately centrifuge
for 1 minute.

If an emulsion occurs, add approximately 1 to 2 pipets full of
methylene chloride and centrifuge without mixing for
approximately 5 minutes.

Pull off methylene chloride bubble (bottom layer) with a clean
syringe and place in a clean 20 ml vial.

Evaporate off solvent on the hot plate with N2, just to dryness.
(If there is water in the sample, add a few ml of Acetone and
dry down.) Add approximately 1 ml of cyclohexane to sample.

Proceed to Option A cleanup.



10.

11.

12.

13.

Prepare method blank and native spike each using 1 liter of
distilled —water. Spike the method blank with 50 ul of Spike
II and the native spike with 50 ul Spike II and 3 ng of native.

About 1 liter of sample is necessary to obtain good results.
Measure out the sample in a clean 1 liter graduated cylinder.
Record exact amount on extraction sheet.

Pour the sample into a clean 2 liter separatory funnel and place
in the ringstand.

Spike the sample with 50 ul of Spike II.

Measure out 100 ml of methylene chloride, rinse it through the
orlglnal sample bottle and the 1 liter graduated cylinder, then
pour it into the separatory funnel.

Shake separatory funnel under the hocod, venting frequently to
release built up gas.

Allow the layers to separate.

Drain off methylene chloride extract layer (bottom layer) into a
clean 500 ml flask.

Repeat steps 5 through 7 two more times so a total of 300 ml of
methylene xhloride is used.

Rotovap the methylene chloride extract (with water bath set at
50 degrees Celcius and RPM's to 90) until approximately 1 ml of
extract is left in the flask.

Transfer the sample to a clean 40 ml vial, using 5 ml of
methlyene chloride per rinse. Rinse the flask thoroughly, at
least 3 times.

Dry sample down just to dryness on the hot plate under a stream
of N2, then add approximately 1 ml of cyclohexane.

Proceed to Option A cleanup.



5.

6.

PROCEDURES FOR FAST TURNAROUND OF WIPES

With each set of 24 or fewer wipes, include a blank (Spike II
only) and a wipe spike (Spike II and 3 ng of native TCDD, using
piece of filter paper.) Always check the sample's chain-of-
custody / release form for special instructions. (i.e., they
may request a sample to be spiked to certain level with native
TCDD, 1in this case a spike of TMS may not be needed).

Extract wipes in their original sample vials if possible, other-
wise, place the wipe in a clean, appropriate size vial.

Add 50 ul of spike II to each sample.

Add enough hexane to just about cover the wipe (but try not to
add any more than necessary)

Allow samples to extract for at least 1 hour.

Pull about 35 ml of the hexane off of the sample and place in a
clean 40 ml vial. Dry down hexane on hot plate with N2. If
more than 35 ml of hexane were used to extract the sample,
continue pulling off the extract, adding to the previous 40 ml
vial. Evaporate until dryness. (If more than 100 ml of hexane
was used, you may consider filtering the hexane through a Watman
41 filter into a 500 ml flask, then evaporating the hexane on
the rotovap to save time.)

Add approximately 1 ml of cyclchexane, after evaporating the
hexane.

Proceed to option A cleanup.
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10.

11.

e e e L = s

wWith each set of 24 or fewer sweeper bags, include 1 methcd
blank (Spike II only) and one sweeper bag spike (Spike II and 3
ng native TCDD). Use a clean piece of filter paper as the
matrix. Be sure to check the sample's chain-cf-custody/release
form for special instructions. (i.e., if the client sends a
swgiper bag to be spiked by TMS, we may not need to do another
spike.)

Choose an appropriate sized sample vial (a gorpak jar may be
needed to hold the entire sweeper bag).

?eccrd the weight of each sweeper b: , in case it may be needed
at .

Add 50 ul of Spike II to each sample.
Add enough hexane toc the sample to extract it well.

If the volume of hexane used to extract the sample is small
enough (approximately 100 ml or less), pull off the hexane and
dry 1t down in a 40 ml vial following the same procedure as for
wipes. (If the sample is very dirty, you may want to water wash
it.)

If the volume of hexane is large, filter the sample into a 500
ml flask through a Watman 41 paper filter. Rinse the filter
and funnel with clean hexane after all the sample has gone
through.

Evaporate the sclvent on the rotovap (set water bath temperature
to 50 degrees Celcius and RPM's to 90) until approximately 1 ml
of solvent is left in the flask.

Transfer the sample to a clean 40 ml vial doing at least 3
rinses with approximately 5 ml of hexane each.

Dry samples to just dryness on the hot plate under a stream of

Proceed to Option A cleanup.




10.
11.
12.
13.

14.

15.

ls.

With each set of 24 or fewer air samples, include one method
blank (Spike II only) and one air spike (Spike II and 3 ng
native TCDD) on foam puffs.

For each sample, record the cartridge number printed or etched
on the glass cartridge holding the foam puff.

Add 50 ul of Spike II to the foam puff (sample).

Place the sample (includes glass cartridge, foam puff and filter
paper, if present) upside down into a large, clean soxhlet
g5 or. :

Place the extractor on top of a clean 1 liter flask.

Add 500 ml of methylene chloride to each sample, pouring it into
the top of the large extractor and allow it to cycle into the
flask.

Place the extractor and flask on the hot plate extraction
apparatus, fitting the large condenser on top of the extractor
and making sure the chiller is turned on. Set the hot plate to
six (6).

Allow the airs to cycle and extract for at least 4 hours (16
cycles minimum).

Shut off the hot plate and allow the flask to cool.

Remove the flask and soxhlet with air puff from the hot plate.
Cycle as much of the solvent as possible into the flask.
Place soxhlet and extracted air puff under a hood.

Evaporate off the solvent on the rotovap (set to 50 degrees
Celcius and RPM's to 90) until approximately 1 ml of solvent
is left in the flask.

Transfer the sample to a clean 40 ml vial, with at least 3 flask
rinses, approximately 5 ml of methylene chloride with each
rinse.

Evaporate the solvent on the hot plate under a stream of N2,
just to dryness.

Proceed to Option A.




1c0.

11.
12.

Pack silica and alumina columns according to procedure.

Place columns in rack, with silica column on top draining into
the alumina column.

Wet the columns with about 1 ml of clean cyclohexane.

As soon as the liquid reaches the surface of the silica column,
add the sample in about 1/2 ml of cyclohexane.

Wash the columns with 3 x 1 ml portions of clean cyclohexane
ra! a2t fre 1e stock.

Remove the silica column, then wash the alumina column with an
additional 1/2 ml portion of clean cyclohexane.

Replace the waste vial container with a clean 3.7-ml vial, then
elute the dioxin with 3 ml of the methylene chloride in
cyclohexane mix. (Place the expended columns and prewashes in
reserve, discarding only after the analysis has successfully
been performed.)

Evaporate the eluate under a stream of nitrogen on the blowdown

apparatus, being very careful to take the solution just nearly
to dryness, and being careful that the vial is not heated in the

dry state.
Cap the labeled vial, and put it aside for mass spec analysis.

Return to vial rack and replace silica and alumina columns above
prewash vial.

Elute columns with 4 to 5 ml of CH2Cl2 into prewash vial.

Discard columns into cold trash and save prewash.



PROCEDURES FOR OPTION D

Column prep:

1.
2.

File off pipet (leaving just pipette barrel).

Stuff glass wool into nonfiled end of tube and place 1 and 1/2
inches from other end.

Add about 3/4 of an inch celite and 3/4 of an inch special
carbon (AX-21).

Stuff glass wool to keep celite and carbon from moving.

If not using columns immediately, place in hexane jar for
storage.

Chemical prep:

1.
2.
3.

10.

Set up column and prewash vial. Celite side up, carbon down.
Add 1 ml benzene wait until it is adsorbed on column.

Add 1 ml tertiary solvent mix and wait until it is adsorbed on
column.

Add 1 ml binary solvent mix and wait until it is adsorbed on
column.

Add sample and 3 vial rinses of cyclohexane.
Add 2 ml binary mix and wait until it is adsorbed on column.

Add 1 ml tertiary mix and wait until it is adsorbed ‘on column.

Flip column and reverse elute with approximately 7 ml of toluene

or until 10 ml wvial is two-thirds full.

Evaporate just to dryness and transfer to a small 3.7 ml vial
with 4 to 5 washes of cyclohexane.

Evaporate just to dryness, and place vial aside for GC/MS
analysis.




PROCEDURES FOR METHOD #8280 = COLUMN CHEROMATOGRAPHY

Use large columns for method #8280.

’..I

2. Place glass wool into the bottom of each column.

3. For each sample, pack column with 5.0 grams of silica gel and
top with sodium sulfate.

4. TFor each sample, add small amount of sodium sulfate and pack
column with 5.0 grams of alumina, top with sodium sulfate.

5. Place silica column on top of alumina coclv~~ der hood.

6. Elute columns with 20 ml hexane.

7. Add sample followed by 3 washes of sample vial in hexane.

8. Flush columns with 4 - 20 ml portions of hexane.

9. Remove silica column and flush alumina column with 10 ml hexane.

10. Strip alumina with methylene chloride and hexane
a. 15 ml 25% CH2CL2 in hexane
b. 15 ml 60% CH2CL2 in hexane
or (20 ml 60%) only
11. Evaporate samples and blank down to approximately 1 ml.

12. Transfer volume to 3.7 ml vials and wash 40 ml vials with CH2Cl2
2 to 3 times.

13. Evaporate CH2CL2 down to about 0.5 ml (bearly visible)
l14. Add recovery standards (25 ul of R.S.)

15. Transfer volume with hexane to autosampler vial.
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14.

15.
16.

17.

PROCEDURES FOR ACID-BASE WASH
This procedure is performed on any sample which appears to be
extremely dirty or oily (black).
Weigh out approximately 1.0 g of sample into a 40 ml vial.
Spike with appropriate internal standard.
Add 20 ml hexane to vial and mix.
Allow mixture to shake at least 2 to 3 hours on shaker.

Retrieve sample from shaker and add 3 or 4 ml of 20% KOH, shake
while venting.

KdH should settle to the bottom of vial in a visible layer.
Pipet out KOH layer and discard into acid/base waste.

Repeat the KOH wash, not to exceed 4 times until KOH layer
appears "relatively" clear. (May not need to repeat KOH wash,
if first wash is clear.)

Wash sample mixture with 5% NaCL approximately 3 or 4 ml.

NaCl wash procedure is the same as KOH, only wash once with
NaClL, discard pipeted NaCl into acid/base waste.

Wash sample with concentrated H2S04 using 3 or 4 ml.

Sample may need centifuging to separate the H2S04 layer to the
bottom of the vial.

Pull off H2S04 layer and discard into acid/base waste. Repeat
H2S04 wash not to exceed 4 times until a clear layer of H2S04
is reached.

Add 3 to 4 ml 7.7 buffer. Shake, let settle and pull off.

Clear layer may not be reached after 4 washes, if so, add some
Na2sO4 into sample vial and mix.

Proceed to option A, using the "big" columns and option D, if
needed.
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1.0 SAMPLE CUSTODY PROCEDURE - SECEPTION AND "~~"7TNG

1.1

Purpose: to describe procedures for sample reception
and logging that will ensure integrity and continuous
custody of samples.

l1.1.1

Management will notify the Sample Custodians when
to expect the arrival of samples. Samples are
accepted daily between 9:00 a.m. to 5:00 p.m. If
the Project Manager has agreed in advance to
accept a shipment of samples from EPA at other
times, management will make arrangements to have
the Sample Custodians or a designated alternate
_ Et 2 .ve the : npl¢

The Sample Custodians will receive all samples,
sign and date all shipping manifests, record date
and time of sample receipt, examine all samples
and documentatioen, record all data on the
appropriate forms, initiate the preparation of
the case file, be responsible for appropriate
sample storage, and control access to the
samples.

Upon receipt of a sample shipment, the Sample Custodians

shall:

1.2.1

Receive the samples from the carrier in the
sample receiving area.

Sign and date the carrier's shipping documents
(airbill).

Start a Sample Receipt/Condition Documentation
Form for the shlpment, recording all regquired
data as it comes available.

Inspect outer shipping container for
presence/absence and condition of:

1.2.4.1 custody seals, locks, "evidence tape",
etc.

1.2.4.2 container breakage and/or container
integrity.

Open the outer shipping container and remove
paperwork not attached to individual samples
(chain-of-custody, traffic reports, etc.). Sign
and date each document as appropriate.

Individual samples will be observed for apparent
completeness, damage (intact, broken, leaking,
properly iced, etc.).

Presence of sample tags. If present:
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1.2.8
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1.2.10

1.2.7.1 Record sample tag numbers on the Sample
Receipt/Condition Documentation form. A
single sample may arrive in more than

one container (water samples, in
particular, may have more than one
container for one sample). All tag

numbers for a single sample must be
grouped together and recorded with the
appropriate SMO number. Samples will be
recorded in increasing SMO number order.

1.2.7.2 Compare chain-of-custody records with

sample tags. Note if tag numbers are
listed on the chain-of-custody. If so,
record these numbers in the space
provided. Document whether these
r-— ters agree or 1f there is a
discrepancy between chain-of-custody.
Check other information (samples

preservative, etc.) recorded on the
chain-of-custody for agreement with
sample tags.

A bound master sample log-in book is maintained

" for the project. Information contained will

include, at a minumum, case number, number of
samples received, data and time receive, and
notation of any special problems. Record receipt
of shipment in EPA/CLP logbook.

Verify and record agreement or non-agreement of

information on sample documents (i.e., sample
tags, chain-of-custody records, = SMO traffic
reports, airbills, shipping manifests, etc.). If
there is non-agreement, record the

roblems/inconsistencies for the case file, and
inform the document control officer or management
who will contact SMO for direction/clarification.
Minimum documentation of sample condition will
include the following items. (If additional
space is needed to document problems,
inconsistencies, or observations, this
information will be recorded in the CLP-logbook
and referenced on the Sample Receipt/Condition
Documentation form with the book number and page
number of the entry.)

Start a case file by numbering a folder with the

case number and placing 1in the folder the
completed sample receipt/condition documentation
form, the chain-of-custody records, the SMO
traffic reports, sample tags, and all other
paperwork relating to receipt of this shipment
(Items such as sample tags which might easily
fall out of the folder shall be placed in an
envelope marked with the case number and placed
in the file). If the tag is suspected of being
contaminated, is wet, or cannot be removed, place




a memorandum in the file indicating where the tag
can be found and why it is not in the file. All
tags must be accounted for.
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SAMPIE STORAGE PROCEDURE

2.1

Purpose: to establish procedures for storage of samples
and extracts to ensure adequate maintenance of sample
integrity.

Samples will be maintained in the sample storage room.
The samples will be stored in the containers in which
they arrived. Solid samples not requiring refrigeration
will be stored accordingly, while water samples or other
samples that may require refrigeration will be stored as
required by documentation received with the samples.

2.2.1 Integrity of the sample stc ¢ will 1
maintained at all times. The Sample Custodian
will ensure controlled access to the room.
Whenever samples are removed from the sample
storage room, all transfers of samples will be
accounted for in the appropriate file or
analytical record.

2.2.2 Sample extracts will be stored in a sample
storage room.

2.2.3 After analysis, sample extracts will be preserved
in bottles/vials with teflon-lined septa, and
segregated by case number.

2.2.3.1 Within 180 days after data submission,
management will authorize the disposal
of sample extracts, or

2.2.3.2 Management will provide the sample
extracts to the USEPA within seven (7)
days after a request by the Sample
Management Office (SMO).
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STAY™"RD OPERATING PR™"TDURES FOR DATA ASSEMBLY

3.1

(W]
[ 8]

A procedure for organization and assembly of all documents
relating to each EPA case will be implemented.

This procedure will ensure that all documents are compiled
in one 1location for submission to EPA, preferably in
single case files in case number order, and are arranged
by SMO sample number.

Prepare case file folders:

3.2.1 Using aporopriates file folders. assign one folder
to each 1se ac ir _ ro number.

3.2.2 Place all documents, sample tags, SMO forms, and
laboratory~-generated data, pertaining to one case
in the folder.

3.2.3 Documents should be arranged by document type
within the case folders, 1i.e., all sample tags
together, all traffic reports together, all hard-

" copy Mass Spectra together and in order by SMO
number, etc.

3.2.4 These document case files will be filed in one
location and stored in a secure area.

3.2.5 The kinds of documents that will be contained in
case and sample files are described in Tables I.

The system may include a document numbering and inventory
procedure.

3.3.1 Assignment of accountable numbers to laboratory-
generated data.

3.3.1.1 Each document of a case may be inventoried
and assigned a serialized number (an
identifier) associating it with a
particular case and region. For example:

Serialized
SMO Case # - Region $# - Document #
232 2 0240

3.3.1.2 All documents pertaining to each case
including, but not limited to,  the
following may be numbered and inventoried:

3.3.1.2.1 Sample traffic records, weekly

reports.

3.3.1.2.2 Custody records, sample tags,
airbills, internal custody
records.

3.3.1.2.3 Laboratory logboocks, personal
logbooks, instrument logbooks,
benchsheets.

3.3.1.2.4 Laboratory data (sorted by




sample), calibration and
quality control results.

Data summaries and reports.

All other documents, forms, or
records referencing the
samples. [The laboratory's name
and/or logo should appear on
all forms.]

W w
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e
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Preparation of a document inventory

3.3.2.1 A document inventory list provides a

3.3.2.2
3.3.2.3

3.3.2.4

record of all documents, and their
corresponding document numbers, that are
included in the completed case file.

A separate document inventory 1list is
~rep: 32d for each case.

se Laboratory will retain copies of the
document inventory 1lists for case files
purged to NEIC.

If case documents are not individually
numbered, the number of documents for each
document type must be recorded.




TMS

ANALYTICAL SERVICES STANDARD OPERATING PROCEDURE
EPA CONTRACT LABORATORY PROGRAM

STANDARD OPERATING PROCEDURES FOR TRACKING SAMPLE ANALYSES

4.1

4.11

Both the preparation and the analysis of samples will be
documented.

All notebook pages, bench sheets, graphs, computer
printouts, chromatogranms, GC/MS spectra and other
laboratory case related documents will contain the EPA
case/sample number, date, signature (initials) of the
analyst and other pertinent information.

Upon completion of analysis, data will be filed in the
sropri :  « ¢ ] £il

Copies of QA/QC data will be placed in the appropriate
case files.

Instrument logs will be maintained for each gas
chromatograph-mass apectrometer (GC/MS), gas chromatograph
(GC) .

Copies of the instrument logs will be placed in the
appropriate case files.

Organic sample preparation and analysis records should be
completed on a per case basis, as each step of sample
preparation and analysis is completed. All sample
preparation information will be documented in laboratory
notebook or other appropriate form. All sample analysis
data will be documented using instrument logbooks,
computer printouts, chromatograph tracings, analyst's
laboratory notebooks, and/or other laboratory documents.
When sample preparation or analysis is finished, the
completed documents should be placed in the appropriate
sample and/or case files.

If for any reason the original data cannot be placed in a
sample/case file, this shall be documented and the
location of the original data noted on the case file
inventory.

All notes, comments and calculations made on or added to
case related data/documents will be signed and dated by
the author/analyst/reviewver.

Corrections made to any documents placed in the case files
shall be made as follows:

4.10.1 Draw a single line through the incorrect data.
4.10.2 Initial and date the line.
4.10.3 Write in the correct data.

All data will be recorded in ink.
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STANDARD OPERATING PROCEDURES FOR HANDLING CONFIDENTIAL
DOCUMENTS

S.1

All documents received with a group of samples and/or
generated in the course of their analysis shall be kept
confidential. Standard Business Records Confidentiality
practices shall apply.

Documents specifically marked CONFIDENTIAL that may
accompany the samples, are to be treated separately from
other case-related documents.

Prc ¢ 3 for handlir documents marked CONFIDENTIAL:

5.3.1 Contact SMO to assure that receipt of these
document(s) 1is correct and necessary for analysis
of the samples. If not required for analysis,
return as directed by SMO.

5.3.2 If the document(s) are necessary to execute the

" sample analyses, place the document(s) in a secure

file separate from the regular files and under the

control of a designated individual. This

individual keeps this file of confidential

document (s) secure at all times and only allow
authorized personnel access on an as needed basis.

5.3.3 Receipt of confidential documentation, its |use,
duplication, and ultimate disposition shall be
documented in a Confidential Document Log.
Duplication of confidential documents shall be kept
to a minimum and done with the concurrence of the
Project Officer or his deputy.

5.3.4 Management shall remove and retain for one year the
cover sheet of any confidential material disposed
of and note the disposition in the Confidential
Document Log. Disposal of confidential documents
should only be done at the direction of the EPA
Project Manager and/or the EPA Contracting Officer.
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STANDARD OPERATING PROCEDURES FOR DOCUME DATA PACKAGE

6.1

SHIPPING

The delivery schedule of data/documents will be as
described in Exhibit B of the Statement of Work.

The shipping of data/documents will be documented. The
information documented will include the following:

6.2.1 Date shipped

6.2.2 Addressee

6.2.3 What was sent, including case number, if

i ropriat

6.2.4 heuwnod of snipment (Federal Express, UPS Overnight,
First Class Mail, etc.)

6.2.5 Airbill or invoice number, if applicable

6.2.6 By whom sent

All data/documents shipped shall have custody seals placed
so that opening the package will cause the seals to be
broken.

The method used must assure delivery to each user (the
Region, SMO, and EMSL) at the same time. In the event the
packages cannot be shipped at the same time, priority

shipping shall be given to the Region's data package.
A list of data/documents shipped should be retained.

The case files shall be purged in accordance with the
schedule in Exhibit B of the Statement of Work and these
documents will be shipped as stated above.
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SAFE H*»PY TV~ _AND DISPOSITION OF HAZARDOUS MATERIALS

Purpose: to provide general procedures and guidelines
for the safe handling and disposition of hazardous
materials.

The toxicity or carcinogenicity of each reagent used in
this method has not been precisely defined: therefore,
each chemical compound should be treated as a potential

health hazard. From this viewpoint, exposure to these
chemicals must be reduced to the lowest possible level by
wl :ever means Y The laboratory st Lt (nt in

a file of materia. sarety data sheets regaraing tne safe
handling of the chemicals specified in this method.

7.2.1 The following precautions for safe handling of
2,3,7,8-TCDD in the laboratory are presented as
guidelines only, and are based on safe handling
.practices included in USEPA Method 613. (4). The
precautions for safe handling and use are
necessarily general in nature because detailed,
specific recommendations can be made only for the
particular exposure and circumstances of each
individual usage. Although 2,3,7,8-TCDD is
extremely toxic to laboratory animals, it has been
handled for years without injury in analytical and
biological laboratories. Techniques used in
handling radioactive and infectious materials are
applicable to 2,3,7,8-TCDD.

7.2.1.1 Protective Equipment: Throw-away plastic
gloves, apron or lab coat, safety glasses
and lab hood adequate for radioactive
work.

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

7.2.1.3 Personal Hygiene: Thorough washing of
hands and forearenms after each
manipulation and before breaks (coffee,
lunch, and shift) with any mild soap and
plenty of scrubbing action.

7.2.1.4 Confinement: Isolated work area, posted
with signs:; segregated glassware and
tools; and plastic-backed absorbent paper
on benchtops.

7.2.1.5 Waste: Good technique includes



7.2.1.6

7.2.1.7

7.2.1.8

7.2.1.9

minimizing contaminated waste. Plastic
bag 1liners should be used in waste cans.
Janitors should not handle wastes.

Disposal of wWastes: 2,3,7,8 - TCDD
decomposes above 800 degrees Celcius.
Waste should be packaged securely and
disposed through commercial or
governmental channels that are capable of
handling high-level or extremely toxic
wastes. Liquids should be allowed to
evaporate in a good hood and in a
disposable container; residues may then
be handled as above. Metal containers,
lined with plastic bags shall be
available in the laboratory areas so that
any contaminated lassware can be
immediately placed in the container.
When the container is full, the lid will
be crimped shut and then labeled as
contaminated glassware.

Glassware, Tools and Surfaces:

Satisfactory cleaning may be
accomplished by rinsing with 1,1,1-
trichlorocethane, then washing with any
detergent and water. Dishwater may be
disposed to the sewer. Organic rinses
should be disposed of as mentioned above.

Laundry: Clothing known to be
contaminated should be disposed with the
precautions described under Section
7.2.1.6. Lab coats or other clothing
worn in 2,3,7,8-TCDD work may be
laundered. Clothing should be collected
in plastic bags. Persons who convey the
bags and launder the clothing should be
advised of the hazard and trained in
proper handling. The clothing may be put
into a washer without contact if the
launderer knows the problem. The washer
should be run through a cycle before
being used again for other clothing.
Disposable garments may be used to avoid
a laundry problem, but they must be
properly disposed or incinerated.

Wipe Test: A useful method to determine
cleanliness of work surfaces and tools is
to wipe the surface with a piece of
filter paper, which is extracted and
analyzed by gas chromatography (limit of
sensitivity of approximately 0.1 ug per
wipe). Less than 4 pg/cm2 2,3,7,8-TCDD
indicates acceptable cleanliness;
anything higher warrants further
cleaning. More than 400 pg/cm2 indicates



7.2.1.10

. 7.2.1.11

an acute hazard that requires prompt
cleaning before further use of the
equipment or work space and indicates
that unacceptable work practices have
been employed in the past.

Inhalation: Any procedure that may
produce airborne contamination should be
performed with good ventilation. Gross
losses to a ventilation system are not
allowed. Handling of the dilute
solutions normally used in analytical and
animal work presents no inhalation
hazards except in case of an accident.
Finely divided soils contaminated with
2,3,7,8-TCDD are hazardous because of the
potential - inhalation. St 1 samp. s
should Dbe nandled in a confined
environment, such as a hood or glove box,
or laboratory personnel should wear masks
fitted with a particulate filter and
charcoal sorbent.

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

8.1

NOTE:

Purpose: to establish a procedure for cleaning
analytical glassware to ensure that sample integrity is
not violated by contaiminated glassware.

Procedures are as follows:

8.2.1

Wash with Hexane once, draining the washings into
the contaminated solvent storage containers.

Wash with Acetone once, draining the washings
¢ ninat >In 1t o mt

Wash glassware with phosphate-free detergent
(e.g., Alcanox). Rinse thoroughly with tap
water.

Rinse with acetone and hang on glassware rack to

.dry.

After glassware is dry, store inverted in
appropriate clean environment.

Disposition of potentially contaminated organic
solvents used to rinse glassware should follow
procedure
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10.0 BALANCE CHECK PROCEDURE
10.1 The toploading balances will be checked as follows:

10.1.1

10.1.2

10.1.3

After cleaning the pan thoroughly, the tare bar
will be pressed to set the balance to zero.

The 10 g weight will be placed on the balance

and the weight observed. If the balance reads
within 0.01 g of the nominal weight, record the
balance as calibrated. If this is not met,

adjust the balance until this criterion is met
id r¢ »Hrd -d. Jly.

The 10 g weight will be verified on a gquarterly
basis againast the set of NBS traceable class S
weights.
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11.1.2

11.1.3
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11.0 SAMPLE IDENTIFICATION PROCEDURES
PURPOSE:

Establish procedures to create and maintain
sample identity.

In order to maintain sample identity, each
sample received must have a unique sample
identification (sample ID) number. Two
methods of numbering are discussed below:

10 ¢ 1ple } :

Sample containers are typically labeled with
SMO sample numbers with the following format:

XXYYYY

where "XX" represents a letter prefix, and
"YYYY" represents a four (4) digit number.

These numbers may be used by the laboratory
for continuous identification of the sample
from receipt to completion of analysis. Each
fraction can be identifiedby using the SMO
number and a suffix. For example, a BNA
extract could be identified as XXYYYY-BNA.

Laboratory Assigned Number

The laboratory may assign any unique number to
each sample received. However, adequate

cross-reference between the laboratory number
and the SMO number should be monitored in the
sample receipt and data summary documentation.

containers (ie, bottles and extract vials)

should be clearly identified with the appropriate
sample numbers. Suggested guidelines for numbering

sample

11.2.1

containers are listed below:

During the sample receiving process, the
sample custodian or other appropriate
personnel will assure that each sample
container is identified with a unique

sample ID number and that this number is
recorded in the sample receipt documentation.
If a laboratory ID number is to be used, the
number will be reco*rded on label and the
label attached to the sample container

for written on the container label.




11.2.2

11.2.3

The sample custodian will then remove the
sample tag and place it in the appropriate
case file. If stick- on labels are used
instead of tie-on sample tags, this fact
should be noted in the comment section of the
log-in sheet. If tags are disposed of due to
suspected contamination, this disposal should
be noted on the sample receipt documentation.

Extract vial numbers should corresy 1d to the
sample numbers they originated from. These
numbers should be recorded on the sample

1 ot . { g i v ]
have tne sample 1L numbers artixed in a manner
to assure that the identities of the extracts
are maintained.
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12.0 CASE FILE PURGE

12.1

12.2

12.3

12.4

PURPOSE: To define procedures for CLP Contract Case
File Purge.

12.1.2 Submit case file 180 days after EDS or within 7
days after receipt of written request by PO or
SMO.

EPA case file purging will be monitored and
1 intair 1 on a monthly ! sis. T! Document
Control Officer will be responsible for the
identification and disposition of case files.

The Sample Log Book will be the reference point to be
used in identifying case files for purging.

12.2.1 Identify all cases with a six month old or
older completion date.

12.2.2 Note in log book the month the case file is

being purged.
12.2.3 Pull case file.
12.2.4 Copy Document Inventory form from case file.
All files to be purged are to documented on the Sample
Management Office Case File Purge Inventory Log
(exhibit 1).
12.3.1 Record case number.
12.3.2 Record purge date.
12.3.3 Record original case file date of receipt.
12.3.4 File case in shipping carton.
Once shipping carton is filled, prepare for
distribution.

12.4.1 Copy Sample Management Office Case File Purge
Inventory Log form.

12.4.2 Prepare case file purge cover letter (exhibit
2).

12.4.3 Place inventory and letter in sealed envelop
inside shipping carton.




12.4.4 Seal carton.
12.4.5 Prepare address label to the following address:

Mr. Jeff Worthington
TECH LAW

12600 W. Colfax Avenue
Suite C310

Lakewood, CO 80215

12.4.6 Place label on carton and protect with shipping
tape.

12.4.7 Prepare appropriate UPS materials for ground
shipping.

File Case File Inventory and Document Inventory forms
in the EPA Case Purge file.
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STATEMENT OF QUALIFICATIONS FOR DIOXINS

1. Name, address, and telephone number of laboratory:
TMS Analytical Services, Inc.
7726 Moller Road
Indianapolis, IN 46268
Phone Number 317-875-5894
FAX Number 317-872-6189
2. Contact persons:

Primary contact: Janet Sachs
Secondary contact: Jay Shearard

3. Description of analytical procedures:
CLP Method for Isomer Specific Analysis of 2,3,7,8-TCDD/TCDF

EPA Region VII "Protocol for Analysis of Soils and Sediments
for 2,3,7,8-TCDD by Tandem Mass Spectrometry" as outlined in
the RFP WA87-J060.

EPA Method 8280, latest revision by EPA HQ Staff
EPA Method 1613, latest revision by EPA HQ Staff

NOTE: All procedures are performed to CLP laboratory standards
wherever applicable. All sample extraction procedures, sample
cleanup procedure, computatlonal procedures, report formats,
methods cited above. Clients may spec1fy spec1f1c sample cleanup
procedures from the literature if desired. If it is necessary to
use a procedure from another source, such as a literature reference
or a procedure desired by EPA, these requirements are applied to
that procedure to the extent that they are applicable.

4. Instrumentation description:
VG AutoSpec EBE geometry computer controlled double focusing
mass spectrometer with OPUS data analysis and chemical
information system
Sciex TAGA 6000E Tandem Mass Spectrometer
Hewlett-Packard 5970 MSD with RTE-A Computer Data System

Hewlett-Packard 5985 Mass Spectrometer with RTE Data Systen




5. Detection limits:
For GC/MS Analysis:

Soil/Sediment: 20-50 ppt for 2,3,7,8-TCDD
10-25 ppt for 2,3,7,8-TCDF
"100 ppt for PeCDD/PeCDF
100 ppt for HxCDD/HXCDF
"200 ppt for HpCDD/HpCDF
500 ppt for OCDD/OCDF

Water: 0.1-0.5 ppt for 2,3,7,8=-TCDD
0.1-0.5 ppt for 2,3,7,8-TCDF
"1 ppt for PeCDD/PeCDF
"1l 17t €far HxCPDH/Hy"NF
"2 ppt _DOr HpC_D/Hp _JF
"2 ppt for OCDD/OCDF

For GC/MS/MS Analysis:
Soil, Sediment, and Other Solids:
1.0-5.0 ppt for 2,3,7,8-TCDD or TCDF
Water: 0.2-0.5 ppt for 2,3,7,8-TCDD or TCDF

Detection limits are highly dependent upon the sample matrix and
must be calculated for each analysis. In general, if the samples
are normal type samples that are relatively clean, these detection
limits can be routinely met. If, however, soil samples come from
chemical waste disposal sites, or include asphalt, olls, tar, etc.
then detection 1limits can rise sharply. The instrumental
sensitivity is rarely the 1limiting factor. Both the HRMS and
GC/MS/MS techniques offer more certainty for achieving the desired
detection limits because of their selectivety, but only the tandem
option is suitable for rapid sample screening at low cost.

6. Sample capacity:

The laboratory is currently capable of processing approximately 100
samples per week for total PCDD's and PCDF's by Method 8280,
depending on the sample matrix. An additional 250-300 samples per
week can be processed for GC/MS and/or GC/MS/MS analysis of samples
for 2,3,7,8-TCDD.

7. 8Sample turn-around:

Sample turn-around is normally three weeks from date of receipt.
Other turn-around times are available with special arrangement.

The laboratory has been a very high volume, quick turn-around
support laboratory for EPA and can process on a one-day turn-around
basls as many as 300 TCDD samples per week for analysis by tandem
mass spectrometry according to EPA protocol. In addition, for two
years the laboratory was the sole support for quick turn-around
dioxin analysis for EPA Region VII in the Times Beach, MO area,
amassing a record of better than 99% on-time delivery for lé6-hour
data turn-around. The broad range of instrumentation, methodology,
and personnel ensure that client needs are achieved promptly
without sacrificing accuracy or precision.



FACILITY DESCRIPTION

TMS Analytical Services, Inc. occupies a 17,000 square foot
facility located in Indlanapolls, IN, approx1mately 15 minutes

from the airport. The fac111ty contalns separate dedicated
laboratory preparation rooms with state of the art air handling
and exhaust systems, three dedicated mass spectrometry

laboratories, an_ inorganic laboratory, dedicated glassware
cleaning area, and document control areas.

TMS has the capability to perform standard GC/MS and GC/HRMS
1 :hods ¢ well as a variety of »ecialized MS/MS 1 thods. The
laboratory staff includes low resolution, high resolution, and
tandem mass spectrometer operators, along with staff experienced
in sample preparation. The laboratory holds national EPA
contracts for the analysis of samples for dioxin, and is one of
the few laboratories in the CLP program for such analysis.

Laboratory equipment available includes gas chromatographs,
liquid chromatographs, assorted spectrophotometers, and support
equipment. The principle laboratory instrumentation includes a
sophisticated tandem gquadrapole mass spectrometer, an EBE
geometry computer controlled double focusing mass spectrometer,
as well as conventional Hewlett-Packard GC/MS systems.

The tandem gquadrapole mass spectrometer is a top-of-the-line
SCIEX TAGA 6000E. The instrument is equipped with extended mass
range to 1500 amu, and all available interfaces including GC,
APCI, LPCI, LC, probes, and gas sampling. The instrument is
computer controlled and is capable of all forms of MS/MS
operation, including SIM, parent/daughter SIM, parent scans,
daughter scans, and neutral ‘1loss scans. The 1instrument is

cryopumped and capable of handling continuous gas loads directly
into the source as high as 40 ml/min. The 1low pressure CI
source 1is a brlght Townsend discharge that generates an
extremely high ion density.

The high resolution mass spectrometer is a VG AutoSpec
hybridized magnetic sector with OPUS data analysis and chemical
information system. The present configuration includes, EI, CI,
and probe sources. Due to the great sensitivity of this
instrument, an 1njectlon of 1 picogram of 2,3,7,8-TCDD shows a
signal-to-noise ratio greater than 500:1.

The conventional Hewlett-Packard GC/MS systems are capillary gas
chromatographs coupled with mass selective detectors. The data
systen supportlng the three GC/MSD units is an HP 1000 A-Series
computer, Real-Time Executive (RTE-A) operating system, HP mass
spectrometer applications/data  reduction software and HP
peripheral hardware (scanning interface, disc drives, terminals,
printers, etc.) It controls or assists in instrument tuning,
data acquisition, data reduction, report production and
automation.




PAST PERFORMANCE

TMS Analytical Services has been performing rapid turn-around Dioxin
analysis since 1984. The following is a partial 1listing of
Government contracts that TMS has received during the past few years:

Type of
Contract # Agency Contract Type of Work
2142G VIAR/EPA SAS Rapid Turnaround Dioxin Analysis
4948C VIAR/EPA SAS Method 8280 PCDD/PCDF Analysis
2212G VIAR/EPA SAS Rapid Turnaround Dioxin Analysis
22046G VIAR/EPA SAS Rapid Turnaround Dioxin Analysis
4761B VIAR/EPA SAS Method 8280 PCDD/PCDF Analysis
2205G VIAR/EPA SAS Rapid Turnaround Dioxin Analysis
2691X VIAR/EPA SAS Rapid Turnaround Dioxin Analysis
4761B VIAR/EPA SAS Method 8280 PCDD/PCDF Analysis
2843G VIAR/EPA SAS Rapid Turnaround Dioxin Analysis
4246A VIAR/EPA SAS Method 8280 PCDD/PCDF Analysis
4470C VIAR/EPA SAS Method 8280 PCDD/PCDF Analysis
4430G VIAR/EPA SAS Method Develop. Dioxin Analysis
68-01-7390 VIAR/EPA CLP Rapid & RAS Dioxin Analysis
5615-G VIAR/EPA SAS Method 8290 PCDD/PCDF Analysis

In addition to performing CLP government contract work, TMS has
performed dioxin analysis for a wide variety of private clients.
References from both EPA and private clients are available upon
request.




SAMPLING AND DATA REPORTING INFORMATION

QA/QC procedures:

TMS Analytical Services was one of the few laboratories in the
U.S.EPA Contract Laboratory Program designated for the analysis of
dioxin, and routinely analyzes samples from various EPA regions.
TMS follows U.S.EPA guidelines regarding sample preparation,
reporting, and QA/QC requirements. Brief descriptions of these
guidelines can be provided upon request. Specific QA/QC
descriptions are also given 1n the methodology for Rapid Analysis of
TANN hv Tandam Mass Snec+rometrv; Isamer £=2cific Analysie nf

A ;> Analysi! ¢ Poly 1lor: i1 I 1w 1. ¢in
Polychlorinated Dibenzofurans by Analysis of Polychlorinated
Dibenzodioxin and Polychlorinated Dibenzofurans by High Resolution
Gas Chromatography/High Resolution Mass Spectrometry (Method 8290).

The prices for analyses include the final summary report and all
laboratory QA/QC requirements. EPA procedures require that a
laboratory method -blank be run with each set of samples, as well as
daily calibration checks and, in some cases, column performance
checks. These samples are supplied by TMS at no cost. However, EPA
programs also usually include a requirement to duplicate one or more
samples in each shipment, and also frequently require that duplicate
samples be spiked with known quantities of the PCDD/PCDF's.
Requirements for this type of sample are at the discretion of the
client and are billable at the quoted prices.

If no samples are designated for QA/QC purposes, the laboratory
shall include the minimum number of QA/QC samples required to
fulfill EPA requirements. These samples are billable at the quoted
price and serve to ensure the reliability of the data.

Sampling procedures:

Samples may be submitted in any of the recommended standard EPA
packaging. For solid samples, either wide-mouth bottles (such as
Qorpak bottles available from American Scientific Products or
specially cleaned containers available from I-Chem) should be used.
A minimum of 10 grams for a single attempt is required; however, a
sample size of 50-100g is recommended be sent to allow for any
necessary repeat analysis. For water samples, two one-liter bottles
are required, one for analysis and one for any necessary reanalysis.
Adsorptive materials must not be used for sampling water. Please
consult EPA procedures before sampling. EPA requires water samples
be maintained at 0-4 degrees C., and all samples should be protected
from light. It is the client's responsibility to ship the sample in
compliance with DOT regulations.

Please note that all samples will be returned after analysis. Final
disposal of these samples is the responsibility of the submitting
laboratory. This is necessary since even if samples are negative
for dioxins and furans, they may contain other hazardous materials.
If found to be hazardous, these samples can usually be returned to
the original site, provided agreement is obtained with the
appropriate agencies.



Turn-around times:

Turn-around times from receipt of sample at TMS are as follows:

Rapid Analysis of TCDD/TCDF 48 Hours
Method 8280 (Congeners) 30 Days
Method 1613 (High Resolution) 45 Days

Faster turn-around may be available with special arrangement. If
such is the case, verbal results will be given within the specified
time period, wi*th written copy following seven (7) days after verbal
notification. _irn—-around times listed are for soil, sediment,
still bottoms, sluc 2s, fly ash, water, air filtevws, wipe samples,
etc., which are ame.,able to cleanup by standard _2A cleanup
procedures. For complex matrices that are not adequately cleaned up
by standard EPA procedures (such as asphalt, tar, etc.), or for
requirements for unusually low detection limits (such as 1 ppt in
paper sludge, 1 ppt in fish tissue, etc.), turn-around times
guarantee the completion of one attempt by standard EPA cleanup
procedures, as outlined in the appropriate methodology, on or before
the due date.

Limits of detection:

Limits of detection are calculated for each sample based on signal-
to-noise ratios for the carbon-13 labeled internal standards used.
This limit of detection is somewhat matrix dependent, but for
2,3,7,8-TCDD in normal samples, limits of detection below 300 ppt
are readily achieved for soils, sediments, and similar samples;
limits of detection below 1 ppt are readily achieved for most water
samples. Guidelines for the limits of detection to be expected for
other congener groups in other matrices are given in the
appropriate methodology. Results comparable to these are
guaranteed. If lower detection limits are needed, requests must be
made in advance. For most solid matrices, detection limits at or
below 10 ppt can be reached.

Quantitation range:

The quantitation range is generally set to give maximum accuracy
close to the action levels for dioxins and furans, i.e., close to 1
ppb for solids and 1 ppt for water. Values above 20 times this
level are outside the calibration range, but are reported as
extrapolated values. If a sample is known to be heavily
contaminated and an accurate number at that high level is needed,
the analysis can be adjusted accordingly with advance notice.

Transmission of results:

Results are transmitted first either by telephone, by FAX, or
directly to the client's computer. This initial notification of
results is then followed by hard copy of the final analytical report
showing sample identification and results.



Billing policy:

Although the large majority of samples are cleaned up and
successfully analyzed by standard EPA cleanup procedures, some
samples do not yield results on the first analysis attempt. 1If this
occurs, the client is notified that a repeat analysis is underway.
If the client does not wish to pursue the analysis further and does
not wish that analysis repeated, there is no charge for the first
attempt. If the client does wish to proceed, and the sample yields
valid 1 sults upon re-analysis, the client is charged only for the
valid result. However, if the sample again does not yield valid
results and QA/QC criteria are met for tr 1 :hod controls and
related sample groups, the EPA cleanup methods are assumed to be
inadequate to handle that sample matrix and the client is charged
the billable price. If the client desires, further method
development work can be done at a mutually agreed upon rate.

Certain classes of complex matrix samples are known to give serious
problems with every known cleanup method, partlcularly when coupled
with a need for low limits of detection. For this type of sample,
the client will be informed in advance that the billable price will
be applied to all analysis attempts.

Invoicing will be itemized, completed, and mailed the same day as
the final hard copy report. Payment is due upon receipt.




