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DISCLAIMER

Mention of trade names or commercial products does not constitute
endorsement or recommendation for use by the U.S. Environmental Protection

Agency.

SW-846 methods are designed to be used with equipment from any manufacturer
that results in suitable method performance (as assessed by accuracy, precision,
detection 1imits and matrix compatibility). In several SW-846 methods, equipment
specifications and settings are given for the specific instrument used during
method development, or subsequently approved for use in the method. These
references are made to provide the best possible guidance to laboratories using
this manual. Equipment not specified in the method may be used as long as the
laboratory achieves equivalent or superior method performance. If alternate
equipment is used, the 1aboratory must follow the manufacturer’s instructions for

their particular instrument.

Since many types and sizes of glassware and supplies are commercially
available, and since it is possible to prepare reagents and standards in many
different ways, those specified in these methods may be replaced by any similar
types as long as this substitution does not affect the overall quality of the

analyses.

DISCLAIMER - 1 Revision 0
July 1992
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ABSTRACT

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (SW-846)
provides test procedures and guidance which are recommended for use in conducting
the evaluations and measurements needed to comply with the Resource Conservation
and Recovery Act (RCRA), Public Law 94-580. These methods are approved by the
U.S. Environmental Protection Agency for obtaining data to satisfy the
requirements of 40 CFR Parts 122 through 270. This manual presents the state-of-
the-art in routine analytical testing adapted for the RCRA program. It contains
procedures for field and laboratory quality control, sampling, determining
hazardous constituents in wastes, determining the hazardous characteristics of
wastes (toxicity, ignitability, reactivity, and corrosivity), and for determining
physical properties of wastes. It also contains guidance on how to select

appropriate methods.

Several of the hazardous waste regulations under Subtitle C of RCRA require
that specific testing methods described in SW-846 be employed for certain
applications. Refer to 40 Code of Federal Regulations (CFR), Parts 260 through
270, for those specific requirements. Any reliable analytical method may be used

to meet other requirements under Subtitle C of RCRA.
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Method 7742: Selenium (AA, Borohydride Reduction)
Method 7760A: Silver (AA, Direct Aspiration)
Method 7761: Silver (AA, Furnace Technique)
Method 7770: Sodium (AA, Direct Aspiration)
Method 7780: Strontium (AA, Direct Aspiration)
Method 7840: Thallium (AA, Direct Aspiration)
Method 7841: Thallium (AA, Furnace Technique)
Method 7870: Tin (AA, Direct Aspiration)
Method 7910: Vanadium (AA, Direct Aspiration)
Method 7911: Vanadium (AA, Furnace Technique)
Method 7950: Zinc (AA, Direct Aspiration) -
Method 7951: Zinc (AA, Furnace Technique)

APPENDIX -- COMPANY REFERENCES

NOTE: A suffix of "A" in the method number indicates revision one

(the method has been revised once). A suffix of "B" in the method
number indicates revisicn two (the method has been revised twice).
A suffix of "C" in the method number indicates revision three (the
method has been revised three times). In order to properly document
the method used for analysis, the entire method number including the
suffix letter designation (e.g., A, B, or C) must be identified by the
analyst. A method reference found within the RCRA regulations and the
text of SW-846 methods and chapters refers to the Tatest promulgated
revision of the method, even though the method number does not 1nc1ude
the appropriate 1etter suffix.
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NOTE: A suffix of "A" in the method number indicates revision one
(the method has been revised once). A suffix of "B" in the method
number indicates revision two (the method has been revised twice).
A suffix of "C" in the method number indicates revision three (the
method has been revised three times). In order to properly document
the method used for analysis, the entire method number including the
suffix Tetter designation (e.g., A, B, or C) must be identified by the
analyst. A method reference found within the RCRA regulations and the
text of SW-846 methods and chapters refers to the Tatest promulgated
revision of the method, even though the method number does not include
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PREFACE AND OVERVIEW

PURPOSE OF THE MANUAL

Test Methods for Evaluating Solid Waste (SW-846) is intended to provide a
unified, up-to-date source of information on sampling and analysis related to
compliance with RCRA regulations. It brings together into one reference all
sampling and testing methodology approved by the Office of Solid Waste for use
in implementing the RCRA regulatory program. The manual provides methodology
for collecting and testing representative samples of waste and other materials
to be monitored. Aspects of sampling and testing covered in SW-846 include
quality control, sampling plan development and implementation, analysis of
inorganic and organic constituents, the estimation of intrinsic physical
properties, and the appraisal of waste characteristics.

: The procedures described in this manual are meant to be comprehensive and -

detailed, coupled with the realization that the problems encountered in
sampling and analytical situations require a certain amount of fiexibility.
The solutions to these problems will depend, in part, on the skill, training,
and experience of the analyst. For some situations, it is possible to use
this manual 1in rote fashion. In other situations, 1t will require a
combination of technical abilities, using the manual as guidance rather than
in a step-by-step, word-by-word fashion. Although this puts an extra burden
on the user, it 1s unavoidable because of the variety of sampling and
analytical conditions found with hazardous wastes.

ORGANIZATION AND FORMAT

This manual is divided into two volumes. Volume I focuses on laboratory
activities and is divided for convenience into three sections. Volume IA
deals with quality control, selection of appropriate test methods, and
analytical methods for metallic species. Volume IB consists of methods for
organic analytes. Volume IC 1includes a variety of test methods for
miscellaneous analytes and properties for  use 1in evaluating the waste
characteristics. Volume II deals with sample acquisition and includes quality
control, sampling plan design and implementation, and field sampling methods.
Included for the convenience of sampling personnel are discusssions of the
ground water, land treatment, and incineration monitoring regulations. =~

Volume I begins with an overview of the quality control precedures to be

~ imposed upon the sampling and analytical methods. The quality control chapter

(Chapter One) and the methods chapters are i{nterdependent. The analytical
procedures cannot be used without a -  thorough - understanding of the quality
control requirements and the means to 1implement them. This understanding can
be achieved only be reviewing Chapter One and the analytical methods together.
It is expected that individual 1laboratories, wusing SW-846 as the reference
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source, will select appropriate methods and develop a standard operating
procedure (SOP) to be followed by the laboratory. The SOP should incorporate
the pertinent information from this manual adopted to the specific needs and

circumstances of the individual laboratory as well as to the materials to be
evaluated.

. The method selection chapter (Chapter Two) presents a comprehensive
discussion of the application .of these methods to various matrices in the
determination of groups of analytes or specific analytes. It aids the chemist
in constructing the correct analytical method from - the array of procedures
which may cover the matrix/analyte/concentration combination of interests.
The section discusses the objective  of . the testing program and its
relationship to the choice of an analytical method. Flow charts are presented

along with tables to guide in the selection of .the correct analytical
procedures to form the appropriate method

The analytical methods are separated into distinct procedures describing
specific, independent analytical operations. These 1include extraction,
digestion, cleanup, and determination. This format allows l1inking of the
various steps in the analysis according . to: -the type of sample (e.g., water,
soil, sludge, still bottom); analytes(s) of interest; needed sensitivity; and
available analytical instrumentation. The chapters describing Miscellaneous

Test Methods and Properties, however, give complete methods which are not

amenable to such segmentation to form discrete procedures.

The introductory material at the beginning of each section containing

analytical procedures presents 1information on ‘sample handling and
preservation, safety, and sample preparation. : :

Part II of Volume I (Chapters Seven and Eight) describes the
characteristics of a waste. Sections following the regulatory descriptions
contain the methods used to determine if the waste 1s hazardous because it
exh1b1ts a particular characteristic.

Volume II gives background information on statistical ‘and nonstatistical
aspects of sampling. It also presents practical sampling techniques
appropriate for situations presenting a variety of physical conditions.

A discussion of the regulatory requirements with respect to several
monitoring categories is also given in this volume. These include ground
water monitoring, land treatment, and incineration. The purpose of this
guidance 'is to orient the user to the objective of the analysis, and to assist
in developing data quality objectives, sampling plans, and laboratory SOP S.

Significant interferences, or other problems, may be encountered with
certain samples. In these situations, the analyst is advised to contact the
Chief, Methods Section (WH-562B) Technical Assessment Branch, Office of Solid
Waste, US EPA, Washington, DC 20460 (202-382-4761) for assistance. The
manual is intended to serve all those with a need to evaluate solid waste.
Your comments, corrections, suggestions, and questions concerning any material

contatned in, or omitted from, this manual will be gratefully appreciated.
Please direct your comments to the above address.
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CHAPTER ONE
QUALITY CONTROL

1.0 INTRODUCTION

It is the goal of the U.S. Environmental Protection Agency’s (EPA’s)
quality assurance (QA) program to ensure that all data be scientifically valid,
defensible, and of known precision and accuracy. The data should be of
sufficient known quality to withstand scientific and legal challenge relative to
the use for which the data are obtained. The QA program is management’s tool for
achieving this goal. : '

For RCRA analyses, the recommended minimum requirements for a QA program
and the associated quality control (QC) procedures are provided in this chapter.

The data acquired from QC procedures are used to estimate the quality of
analytical data, to determine the need for corrective action in response to
identified deficiencies, and to ‘interpret results  after corrective action
procedures are implemented. Method-specific QC procedures are incorporated in
the individual methods since they are not applied universally.

A total program to generate data of acceptable quality should include both
a QA component, which encompasses the management procedures and controls, as well
as an operational day-to-day QC component. This chapter defines fundamental
elements of such a data collection program. Data collection efforts involve:

1. design of a project plan to achieve the data quality objectives

(DQos) ;
2. implementation of the project plan; and
3. assessment of the data to determine if the DQOs are met.

The project plan may be a sampling and analysis plan or a waste analysis plan if
it covers the QA/QC goals of the Chapter, or it may be a Quality Assurance
Project Plan as described Tlater in this chapter.

This chapter identifies the minimal QC components that should be used in
the performance of sampling and analyses, including the QC information which
should be documented. Guidance is provided to construct QA programs for field
and Taboratory work conducted in support of the RCRA program.

2.0 QA PROJECT PLAN

It is recommended that all projects which generate environment-related data
in support of RCRA have a QA Project Plan (QAPjP) or equivalent. In some
instances, a sampling and analysis plan or a waste analysis plan may be
equivalent if it covers all of the QA/QC goals outlined in this chapter. In
addition, a separate QAPjP need not be prepared for routine analyses or
activities where the procedures to be followed are described in a Standard

ONE - 1 Revision 1
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Operating Procedures manual or similar document and include the elements of a
QAPjP. These documents should be available and referenced in the documentation
and/or records for the analysis activities. The term "QAPjP" in this chapter
refers to any of these QA/QC documents.

The QAPjP should detail the QA/QC goals and protocols for a specific data
collection activity. The QAPjP sets forth a plan for sampling and analysis
activities that will generate data of a quality commensurate with their intended
use. QAPjP elements should include a description of the project and its
objectives; a statement of the DQOs of the project; identification of those in-
volved in the data collection and their responsibilities and authorities;
reference to (or inclusion of) the specific sample collection and analysis
procedures that will be followed for all aspects of the project; enumeration of
QC procedures to be followed; and descriptions of all project documentation.
Additional elements should be included in the QAPjP if needed to address all
quality related aspects of the data collection project. Elements should be
omitted only when they are inappropriate for the project or when absence of those

elements will not affect the quality of data obtained for the project (see
reference 1).

The role and importance of DQOs and project documentation are discussed
below in Sections 2.1 through 2.6. Management and organization play a critical
role in determining the effectiveness of a QA/QC program and ensuring that all
required procedures are followed. Section 2.7 discusses the elements of an
organization’s QA program that have been found to ensure an effective program.
Field operations and laboratory operations (along with applicable QC procedures)
are discussed in Sections 3 and 4, respectively.

2.1 DATA QUALITY OBJECTIVES

Data quality objectives (DQOs) for the data collection activity describe
the overall level of uncertainty that a decision-maker is willing to accept in
results derived from environmental data. This uncertainty is used to specify the
quality of the measurement data required, usually in terms of objectives for
precision, bias, representativeness, comparability and completeness. The DQOs
should be defined prior to the initiation of the field and laboratory work. The
field and laboratory organizations performing the work should be aware of the
DQOs so that their personnel may make informed decisions during the course of the
project to attain those DQ0Os. More detailed information on DQOs is available

from the U.S. EPA Quality Assurance Management Staff (QAMS) (see references 2 and
4).

2.2 PROJECT OBJECTIVES

A statement of the project objectives and how the objectives are to be
attained should be concisely stated and sufficiently detailed to permit clear
understanding by all parties involved in the data collection effort. This
includes a statement of what problem is to be solved and the information required
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in the process. It also includes appropriate statements of the DQOs (i.e., the
acceptable level of uncertainty in the information).

2.3 SAMPLE COLLECTION

Sampling procedures, locations, equipment, and sample preservation and
handling requirements should be specified in the QAPjP. Further details on
quality assurance procedures for field operations are described in Section 3 of
this chapter. The OSW is developing policies and procedures for sampling in a
planned revision of Chapter Nine of this manual. Specific procedures for
groundwater sampling are provided in Chapter Eleven of this manual.

2.4 ANALYSIS AND TESTING

Analytes and properties of concern, analytical and testing procedures to
be employed, required detection limits, and requirements for precision and bias
should be specified. A1l applicable regulatory requirements and the project DQOs
should be considered when developing the specifications. Further details on the
procedures for analytical operations are described in-Section 4 of this chapter.

2.5 QUALITY CONTROL

The quality assurance program should address both field and laboratory
activities. Quality control procedures should be specified for estimating the
precision and bias of the data. Recommended minimum requirements for QC samples
have been established by EPA and should be met in order to satisfy recommended
minimum criteria for acceptable data quality. Further details on procedures for
field and laboratory operations are described in Sections 3 and 4, respectively,
of this chapter.

2.6 . PROJECT DOCUMENTATION

Documents should be prepared and maintained in conjunction with the data
collection effort. Project documentation should be sufficient to allow review
of all aspects of the work being performed. The QAPjP discussed in Sections 3
and 4 is one important document that should be maintained.

The length of storage time for project records should comply with
regulatory requirements, organizational policy, or project requirements,
whichever is more stringent. It is recommended that documentation be stored for
three years from submission of the project final report.

Documentation should be secured in a facility that adequately
addresses/minimizes its deterioration for the length of time that it is to be
retained. A system allowing for the expedient retrieval of information should
exist.
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Access to archived information should be controlled to maintain the
integrity of the data. Procedures should be developed to identify those
individuals with access to the data.

2.7 ORGANIZATION PERFORMING FIELD OR LABORATORY OPERATIONS

Proper design and structure of the organization facilitates effect1ve and
efficient transfer of information and helps to prevent 1mportant procedures from
being overlooked.

The organizationa1 structure, functional responsibilities, levels of
authority, job descriptions, and lines of communication for all project
activities should be established and documented. One person may cover more than
one organizational function. Each project participant should have a clear
understanding of his or her duties and responsibilities and the relationship of
those responsibilities to the overall data collection effort.

The management of each organization participating in a project invo]ving'

data collection activities should establish that organization’s operational and
QA policies. This information should be documented in the QAPjP. The management
should ensure that (1) the appropriate methodologies are followed as documented
in the QAPjPs; (2) personnel clearly understand their duties and
responsibilities; (3) each staff member has access to appropriate project
documents; (4) any deviations from the QAPjP are communicated to the project

management and documented; and (5) communication occurs between the field,

laboratory, and project management, as specified in the QAPjP. In addition, each
organization should ensure that their activities do not increase the risk to
humans or the environment at or about the project location. Certain projects may
require specific policies or a Health and Safety Plan to provide this assurance.

The management of the participating field or laboratory organization should
establish personnel qualifications and training requirements for the project.
Each person participating in the project should have the education, training,
technical knowledge, and experience, or a combination thereof, to enable that
individual to perform assigned functions. Training should be provided for each
staff member as necessary to perform their functions properly. Personnel
qualifications should be documented in terms of education, experience, and
training, and periodically reviewed to ensure adequacy to current
responsibilities. s : ' '

Each participating field organization or laboratory organization should
have a designated QA function (i.e., a team or individual trained in QA) to
monitor operations to ensure that the equipment, personnel, activities,
procedures, and documentation conform with the QAPjP. To the extent possible,
the QA monitoring function should be entirely separate from, and independent of,
personnel engaged in the work being monitored. The QA function should be
responsible for the QA review.
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2.7.1 Performance Evaluation

Performance evaluation studies are used to measure the performance of the
laboratory on unknown samples. Performance evaluation samples are typically
submitted to the laboratory as blind samples by an independent outside source.
The results are compared to predetermined acceptance limits. Performance
evaluation samples can also be submitted to the laboratory as part of the QA
function during internal assessment of laboratory performance. Records of all
performance evaluation studies should be maintained by the l1aboratory. Problems
identified through participation in performance eva]uat1on studies should be
immediately investigated and corrected.

2.7.2 Internal Assessment by QA Function

Personnel performing field and laboratory activities are responsible for
continually monitoring individual compliance with the QAPjP. The QA function
should review procedures, results and calculations to determine compliance with
the QAPjP. The results of this internal assessment should be reported to
management with requirements for a plan to correct observed deficiencies.

2.7.3 External Assessment

The field and laboratory activities may be reviewed by personnel external
to the organization. Such an assessment is an extremely valuable method for
identifying overlooked problems. The results of the external assessment should
be submitted to management with requ1rements for a plan to correct observed
deficiencies. :

2.7.4 On-Site Evaluation

On-site evaluations may be conducted as part of both internal and external
assessments. The focus of an on-site evaluation is to evaluate the degree of
conformance of project activities with the applicable QAPjP. On-site evaluations
may include, but are not Timited to, a complete review of facilities, staff,
training, instrumentation, procedures, methods, sample collection, analyses, QA
policies and procedures related to the generation of environmental data. Records
of each evaluation should include the date of the evaluation, location, the areas
reviewed, the person performing the evaluation, findings and problems, and
actions recommended and taken to resolve problems. Any problems identified that
are likely to affect data integrity should be brought immediately to the
attention of management.

2.7.4.1 Field Activities

The review of field activities shou]d-be conducted by one or more persons
know]edgeab]e in the activities being reviewed and include evaluating, at a
minimum, the following subjects:

Completeness of Field Reports -- This review determines whether all
requirements for field activities in the QAPjP have been fulfilled, that
complete records exist for each field activity, and that the procedures
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specified in the QAPjP have been implemented. Emphasis on field
documentation will help assure sample integrity and sufficient technical
information to recreate each field event. The results of this
completeness check should be documented, and environmental data affected
by incomplete records should be identified.

Identification of Valid Samples -- This review involves interpretation and
evaluation of the field records to detect problems affecting the repre-
sentativeness of environmental samples. Examples of items that might
indicate potentially invalid samples include improper well development,
improperly screened wells, instability of pH or conductivity, and collec-
tion of volatiles near internal combustion engines. The field records
should be evaluated against the QAPjP and SOPs. The reviewer should docu-
ment the sample validity and identify the environmental data associated
with any poor or incorrect field work.

Correlation of Field Test Data -- This review involves comparing any
available results of field measurements obtained by more than one method.
For example, surface geophysical methods should correlate with direct
methods of site geologic characterization such as Tlithologic 1logs
constructed during drilling operations.

Identification of Anomalous Field Test Data -- This review identifies any
anomalous field test data. For example, a water temperature for one well
that is 5 degrees higher than any other well temperature in the same
aquifer should be noted. The reviewer should evaluate the impact of
anomalous field measurement results on the associated environmental data.

Validation of Field Analyses -- This review validates and documents all
data from field analysis that are generated in situ or from a mobile
laboratory as specified in Section 2.7.4.2. The reviewer should document
whether the QC checks meet the acceptance criteria, and whether corrective
actions were taken for any analysis performed when acceptance criteria
were exceeded.

2.7.4.2 Laboratory Activities

The review of laboratory data should be conducted by one or more persons

knowledgeable in-laboratory activities and include evaluating, at a minimum, the
following subjects:

Completeness of Laboratory Records -- This review determines whether: (1)
all samples and analyses required by the QAPjP have been processed, (2)
complete records exist for each analysis and the associated QC samples,
and that (3) the procedures specified in the QAPjP have been implemented.
The results of the completeness check should be documented, and
environmental data affected by incomplete records should be identified.

Evaluation of Data with Respect to Detection and Quantitation Limits --
This review compares analytical results to required quantitation limits.
Reviewers should document instances where detection or quantitation Timits
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exceed regulatory limits, action levels, or target concentrations
specified in the QAPjP. ‘

Evaluation of Data with Respect to Control Limits -- This review compares

the results of QC and calibration check samples to control criteria.
Corrective action should be implemented for data not within control
limits. The reviewer should check that corrective action reports, and the
results of reanalysis, are available. The review should determine
whether samples associated with out-of-control QC data are identified in
a written record of the data review, and whether an assessment of the
utility of such analytical results is recorded.

Review of Holding Time Data -- This review compares sample holding times
to those required by the QAPjP, and notes all deviations.

Review of Performance Evaluation (PE) Results -- PE study results can be.
helpful in evaluating the impact of out-of-control conditions. This review
documents any recurring trends or problems evident in PE studies and
evaluates their effect on environmental data.

Correlation of Laboratory Data -- This review determines whether the

results of data obtained from related laboratory tests, e.g., Purgeable
Organic Halides (POX) and Volatile Organics, are documented, and whether
the significance of any differences is discussed in the reports.

2.7.5 QA Reports
There should be periodic reporting of pertinent QA/QC information to the

project management to allow assessment of the overall effectiveness of the QA
program. There are three major types of QA reports to project management:

Periodic Report on Key QA Activities -- Provides summary of key QA activi-
ties during the period, stressing measures that are being taken to improve
data quality; describes significant quality problems observed and
corrective actions taken; reports information regarding any changes in
certification/accreditation status; describes involvement in resolution of
quality issues with clients or agencies; reports any QA organizational
changes; and provides notice of the distribution of revised documents
controlled by the QA organization (i.e., procedures).

Report on Measurement Quality Indicators -- Includes the assessment of QC
data gathered over the period, the frequency of analyses repeated due to
unacceptable QC performance, and, if possible, the reason for the unac-
ceptable performance and corrective action taken.

Reports on QA Assessments -- Includes the results of the assessments and
the plan for correcting identified deficiencies; submitted immediately
following any internal or external on-site evaluation or upon receipt of
the results of any performance evaluation studies.
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3.0 FIELD OPERATIONS

The field operations should be conducted in such a way as to provide
reliable information that meets the DQOs. . To achieve this, certain minimal
policies and procedures should be implemented. The OSW is considering revisions
of Chapter Nine and Eleven of this manual. Supplemental information and guidance
is available in the RCRA Ground-Water Monitoring Technical Enforcement Guidance
Document (TEGD) (Reference 3). The project documentation should contain the
information specified below.

3.1 FIELD LOGISTICS

‘The QAPjP should describe the type(s) of field operations to be performed
and the appropriate area(s) in which to perform the work. The QAP3jP should
address ventilation, protect1on from extreme weather and temperatures, access to
stable power, and provision for water and gases of required purity.

Whenever practical, the sampling s1te fac111t1es should be examined prior
to the start of work to ensure that all required items are available. The actual
area of sampling should be examined to ensure that trucks, dr1111ng equ1pment
and personnel have adequate access to the site.

The determination as to whether sample sh1pping is necessary shou]d be made
during planning for the project. This need is established by evaluating the
analyses to be performed, sample holding times, and location of the site and the
laboratory. Shipping or transporting of samples to a laboratory should be done
within a timeframe such that recommended holding times are met.

Samples should be packaged, 1abelled, preserved (e.g., preservative added,
iced, etc.), and documented in an area which is free of contamination and
provides for secure storage. The level of custody and whether sample storage is
needed should be addressed in the QAPjP.

Storage areas for solvents, reagents, standards, and reference materials
should be adequate to preserve their 1dent1ty, concentration, purity, and
stability prior to use. S

Decontamination of sampling equipment may be performed at the location
where sampling occurs, prior to going to the sampling site, or in designated
areas near the sampling site. Project documentation should specify where and how
this work is accomplished. If decontamination is to be done at the site, water
and solvents of appropriate purity should be available. The method of
accomplishing decontamination, including the required materials, so]vents, and
water purity should be spec1f1ed

During the sampling process and during on-site or ig situ ehaTyses, waste

materials are sometimes generated. The method for storage and disposal of these
waste materials that complies with applicable 1local, state and Federal
regulations should be specified. Adequate facilities should be provided for the
collection and storage of all wastes, and these facilities should be operated so
ONE - 8 Revision 1
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as to minimize environmental contamination. Waste storage and disposal
facilities should comply with app]itable federal, state, and local regulations.

The location of long-term and short-term storage for field records, and the
measures to ensure the integrity of the data should be spec1f1ed

3.2 EQUIPMENT/INSTRUMENTATION

The equipment, instrumentation, and supplies at the sampling site should
be specified and should be appropriate to accomplish the activities planned. The
equipment and instrumentation should meet the requirements of specifications,
methods, and procedures as specified in the QAPjP.

3.3 OPERATING PROCEDURES

The QAPjP should describe or make reference to all field activities that
may affect data quality. For routinely performed activities, standard operating
procedures (SOPs) are often prepared to ensure consistency and to save time and
effort in preparing QAPjPs. Any deviation from an established procedure during
a data collection activity should be documented. The procedures should be
available for the indicated activities, and should include, at a minimum, the
information described below.

3.3.1 Sample Management

The numbering and 1abeling system, chain-of-custody procedures, and how the
samples are to be tracked from collection to shipment or receipt by the
laboratory should be specified. Sample management procedures should also specify
the holding times, volumes of sample required by the Tlaboratory, required
preservatives, and shipping requirements. '

3.3.2 Reagent/Standard Preparation

The procedures describing how to prepare standards and reagents should be
specified. Information concerning specific grades of materials used in reagent
and standard preparation, appropriate glassware and containers for preparation
and]szozage and labeling and record keeping for stocks and dilutions should be
include

3.3.3 Decontamination

The procedures describing decontamination of field equipment before and
during the sample collection process should be specified. These procedures
should include cleaning materials used, the order of washing and rinsing with the
cleaning materials, requirements for protecting or covering cleaned equipment,
and procedures for disposing of cleaning materials.

ONE - 9 ~ Revision 1
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3.3.4 Sample Collection

The procedures describing how the sampling operations are actually
performed in the field should be specified. A simple reference to standard
methods is not sufficient, unless a procedure is performed exactly as described
in the published method. Methods from source documents published by the EPA,
American Society for Testing and Materials, U.S. Department of the Interior,
National Water Well Association, American Petroleum Institute, or other
recognized organizations with appropriate expertise should be used, if possible.
The procedures for sample collection should include at least the following:

+ Applicability of the procedure,
+ Equipment required,

+ Detailed description of procedures to be followed in collecting the
samples,

« Common problems encountered and corrective actions to be followed, and
Pkecautions to be taken.

3.3.5 Field Measurements

The procedures describing all methods used in the field to determine a
chemical or physical parameter should be described in detail. The procedures
should address criteria from Section 4, as appropriate.

3.3.6 Equipment Calibration And Maintenance

The procedures describing how to . ensure that field equipment and
instrumentation are in working order should be specified. These describe
calibration procedures and schedules, maintenance procedures and schedules,
maintenance logs, and service arrangements for equipment. Calibration and
maintenance of field equipment and instrumentation should be in accordance with
manufacturers’ specifications or applicable test specifications and should be
documented. :

3.3.7 Corrective Action

The procedures describing how to identify and correct deficiencies in the
sample collection process should be specified. These should include specific
steps to take in correcting deficiencies such as performing additional
decontamination of equipment, resampling, or additional training of field
personnel. The procedures should specify that each corrective action should be
documented with a description of the deficiency and the corrective action taken,
and should include the person(s) responsible for implementing the corrective
action. ' . o
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3.3.8 Data Reduction and Validation

The procedures describing how to compute results from field measurements
and to review and validate these data should be specified. They should include
all formulas used to calculate results and procedures used to independently

verify that field measurement results are correct.

3.3.9 Reporting

The procedures describing the process for reporting the results of field
activities should be specified.

3.3.10 Records Management

The procedures describing the means for generating, controlling, and
archiving project-specific records and field operations records should be
specified. These procedures should detail record generation and control and the
requirements for record retention, including type, time, security, and retrieval
and disposal authorities.

Project-specific records relate to field work performed for a project.
These records may include correspondence, chain-of-custody records, field
notes, all reports issued as a result of the work, and procedures used.

Field operations records document overall field operations and may include
equipment performance and maintenance logs, personnel files, general field
procedures, and corrective action reports.

3.3.11 Waste Disposal

The procedures describing the methods for disposal of waste materials
resulting from field operations should be specified.

3.4 FIELD QA AND QC REQUIREMENTS

The QAPjP should describe how the following elements of the field QC
program will be implemented.

3.4.1 Control Samples

Control samples are QC samples that are introduced into a process to
monitor the performance of the system. Control samples, which may include blanks
(e.g., trip, equipment, and Tlaboratory), duplicates, spikes, analytical
standards, and reference materials, can be used in different phases of the data
collection process beginning with sampling and continuing through transportation,
storage, and analysis.

Each day of sampling, at least one field duplicate and one equipment
rinsate should be collected for each matrix sampled. If this frequency is not
appropriate for the sampling equipment and method, then the appropriate changes
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should be cledrly identified in the QAPjP. When samples are collected for
volatile organic analysis, a trip blank is also recommended for each day that
samples are collected. In addition, for each sampling batch (20 samples of one
matrix type), enough volume should be collected for at least one sample so as to
allow the laboratory to prepare one matrix spike and either one matrix duplicate
or one matrix spike duplicate for each analytical method employed. This means
that the following control samples are recommended:

*Field duplicate (one per day per matrix type)

-Equipment rinsate (one per day per matrix type)

«Trip blank (one per day, volatile organics only)

-Matrix spike (one per batch [20 samples of each matrix type])
«Matrix duplicate or matrix spike duplicate (one per batch)

Additional control samples may be necessary in order to assure data quality to
meet the project-specific DQOs.

3.4.2 Acceptance Criteria

Procedures should be in place for establishing acceptance criteria for
field activities described in the QAPjP. Acceptance criteria may be qualitative
or quantitative. Field events or data that fall outside of established
acceptance criteria may indicate a problem with the sampling process that should
be investigated.

3.4.3 Deviations

A1l deviations from plan should be documented as to the extent of, and
reason for, the deviation. Any activity not performed in accordance with
procedures or QAPjPs is considered a deviation from plan. Deviations from plan
may or may not affect data quality.

3.4.4 Corrective Action

Errors, deficiencies, deviations, certain field events, or data that fall
outside established acceptance criteria should be investigated. In some in-
stances, corrective action may be needed to resolve the problem and restore
proper functioning to the system. The investigation of the problem and any
subsequent corrective action taken should be documented.

3.4.5 Data Handling

A1l field measurement data should be reduced according to protocols
described or referenced in the QAPjP. Computer programs used for data reduction
should be validated before use and verified on a regular basis. All information
used in the calculations should be recorded to enable reconstruction of the final
result at a later date.

Data should be reported in accordance with the requirements of the end-user
as described in the QAPjP.
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3.5 QUALITY ASSURANCE REVIEW

The QA Review consists of internal and external assessments to ensure that
QA/QC procedures are in use and to ensure that field staff conform to these
procedures. QA review should be conducted as deemed appropriate and necessary.

3.6 FIELD RECORDS

Records provide the direct evidence and support for the necessary technical
interpretations, judgments, and discussions concerning project activities. These
records, particularly those that are anticipated to be used as evidentiary data,
should directly support current or ongoing technical studies and activities and
should provide the historical evidence needed for later reviews and analyses.
Records should be legible, identifiable, and retrievable and protected against
damage, deterioration, or loss. The discussion in this section (3.6) outlines
recommended procedures for record keeping. Organizations which conduct field
sampling should develop appropriate record keeping procedures which satisfy
relevant technical and legal requirements.

Field records generally consist of bound field notebooks with prenumbered
pages, sample collection forms, personnel qualification and training forms,
sample location maps, equipment maintenance and calibration forms, chain-of-
custody forms, sample analysis request forms, and field change request forms.
A1l records should be written in indelible ink.

Procedures for reviewing, approving, and revising field records should be
clearly defined, with the lines of authority included. It is recommended that
all documentation errors should be corrected by drawing a single line through the
error so it remains legible and should be initialed by the responsible
individual, along with the date of change. The correction should be written
adjacent to the error.

Records should include (but are not Timited to) the following:

.Calibration Records & Traceability of Standards/Reagents -- Calibration is
a reproducible reference point to which all sample measurements can be
correlated. A sound calibration program should include provisions for
documentation of frequency, conditions, standards, and records reflecting
the calibration history of a measurement system. The accuracy of the
calibration standards is important because all data will be in reference
to the standards used. A program for verifying and documenting the
accuracy of all working standards against primary grade standards should
be routinely followed.

Sample Collection -- To ensure maximum utility of the sampling effort and
resulting data, documentation of the sampling protocol, as performed in
the field, is essential. It is recommended that sample collection records
contain, at a minimum, the names of persons conducting the activity,
sample number, sample location, equipment used, climatic conditions,
documentation of adherence to protocol, and unusual observations. The
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actual sample collection record is usually one of the following: a bound
field notebook with prenumbered pages, a pre-printed form, or digitized
information on a computer tape or disc.

Chain-of-Custody Records -- The chain-of-custody involving the possession
of samples from the time they are obtained until they are disposed or
shipped off-site should be documented as specified in the QAPjP and should
include the following information: (1) the project name; (2) signatures
of samplers; (3) the sample number, date and time of collection, and grab
or composite sample designation; (4) signatures of individuals involved in
sample transfer; and (5) if applicable, the air bill or other shipping
number.

Maps and Drawings -- Project planning documents and reports often contain
maps. The maps are used to document the location of sample collection
points and monitoring wells and as a means of presenting environmental
data. Information used to prepare maps and drawings is normally obtained
through field surveys, property surveys, surveys of monitoring wells,
aerial photography or photogrammetric mapping. The final, approved maps
and/or drawings should have a revision number and date and should be sub-
ject to the same controls as other project records.

QC Samples -- Documentation for generation of QC samples, such as trip and
equipment rinsate blanks, duplicate samples, and any field spikes should
be maintained.

Deviations -- A1l deviations from procedural documents and the QAPjP
should be recorded in the site logbook.

Reports -- A copy of any report issued and any supporting documentation
should be retained.

4.0 LABORATORY OPERATIONS

The laboratory should conduct its operations in such a way as to provide
reliable information. To achieve this, certain minimal policies and procedures
should be implemented.

4.1 FACILITIES

The QAPjP should address all facility-related issues that may impact
project data quality. Each laboratory should be of suitable size and
construction to facilitate the proper conduct of the analyses. Adequate bench
space or working area per analyst should be provided. The space requirement per
analyst depends on the equipment or apparatus that is being utilized, the number
of samples that the analyst is expected to handle at any one time, and the number
of operations that are to be performed concurrently by a single analyst. Other
jssues to be considered include, but are not limited to, ventilation, lighting,
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control of dust and drafts, protection from extreme temperatures, and access to
a source of stable power.

Laboratories should be designed so that there is adequate separation of
functions to ensure that no laboratory activity has an adverse effect on the
analyses. The laboratory may require specialized facilities such as a perchloric
acid hood or glovebox.

Separate space for laboratory operations and appropriate ancillary support
should be provided, as needed, for the performance of routine and specialized

procedures.

As necessary to ensure secure storage and prevent contamination or
misidentification, there should be adequate facilities for receipt and storage
of samples. The level of custody required and any special requirements for
storage such as refrigeration should be described in planning documents.

Storage areas for reagents, solvents, standards, and reference materials
should be adequate to preserve their identity, concentration, purity, and

stability.

Adequate facilities should be provided for the collection and storage of
all wastes, and these facilities should be operated so as to minimize environ-
mental contamination. Waste storage and disposal facilities should comp1y with
applicable federal, state, and Tocal regulations.

The location of Tong-term and short-term storage of laboratory records and
the measures to ensure the integrity of the data should be specified.

4.2 EQUIPMENT/INSTRUMENTATION

Equipment and instrumentation should meet the requirements and specifica-
tions of the specific test methods and other procedures as specified in the
QAPjP. The Tlaboratory should maintain an equipment/instrument description list
that includes the manufacturer, model number, year of purchase, accessories, and
any modifications, updates, or upgrades that have been made.

4.3 OPERATING PROCEDURES

The QAPjP should describe or make reference to all laboratory activities
that may affect data quality. For routinely performed activities, SOPs are often
prepared to ensure consistency and to save time and effort in preparing QAPjPs.
Any deviation from an established procedure during a data collection activity

- should be documented. It is recommended that procedures be available for the

indicated act1v1t1es, and include, at a minimum, the information described
be]ow
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4.3.1 Sample Management

The procedures describing the receipt, handling, scheduling, and storage
of samples should be specified.

Sample Receipt and Handling -- These procedures describe the precautions
to be used in opening sample shipment containers and how to verify that
chain-of-custody has been maintained, examine samples for damage, check
for proper preservatives and temperature, and log samples into the
laboratory sample streams. ’

Sample Scheduling -- These procedures describe the sample scheduling in
the laboratory and includes procedures used to ensure that holding time
requirements are met.

Sample Storage -- These procedures describe the storage conditions for all
samples, verification and documentation of daily storage temperature, and
how to ensure that custody of the samples is maintained while in the
laboratory.

4.3.2 Reagent/Standard Preparation

The procedures describing how to prepare standards and reagents should be
specified. Information concerning specific grades of materials used in reagent
and standard preparation, appropriate glassware and containers for preparation
and storage, and labeling and recordkeeping for stocks and dilutions should be
included.

4.3.3 General Laboratory Techniques

The procedures describing all essentials of laboratory operations that are
not addressed elsewhere should be specified. These techniques should include,
but are not limited to, glassware cleaning procedures, operation of analytical
balances, pipetting techniques, and use of volumetric glassware.

4.3.4 Test Methods

Procedures for test methods describing how the analyses are actually
performed in the laboratory should be specified. A simple reference to standard
methods is not sufficient, unless the analysis is performed exactly as described
in the published method. Whenever methods from SW-846 are not appropriate,
recognized methods from source documents published by the EPA, American Public
Health Association {(APHA), American Society for Testing and Materials (ASTM), the
National Institute for Occupational Safety and Health (NIOSH), or other
recognized organizations with appropriate expertise should be used, if possible.
The documentation of the actual laboratory procedures for analytical methods
should include the following:

Sample Preparation_and Analysis Procedures -- These include applicable
holding time, extraction, digestion, or preparation steps as appropriate
to the method; procedures for determining the appropriate dilution to
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analyze; and any other  information required to perform the analysis
accurately and consistently.

Instrument Standardization -- This includes concentration(s) and frequency
of analysis of calibration standards, linear range of the method, and
calibration acceptance criteria.

Sample Data -- This includes recording requirements and documentation in-
cluding sample identification number, analyst, data verification, date of
analysis and verification, and computational method{s).

Precision and Bias -- This includes all analytes for which the method is
applicable and the conditions for use of this information.

Detection and Reporting Limits -- This includes all analytes in the
method.
Test-Specific QC -- This describes QC activities applicable to the

specific test and references any applicable QC procedures.

4.3.5 Equipment Calibration and Maintenance

The procedures describing how to ensure that laboratory equipment and
instrumentation are in working order should be specified. These procedures
include calibration procedures and schedules, maintenance procedures and
schedules, maintenance logs, service arrangements for all equipment, and spare
parts available in-house. Calibration and maintenance of laboratory equipment
and instrumentation should be in accordance with manufacturers’ specifications
or applicable test specifications and should be documented.

4.3.6 QC

The type, purpose, and frequency of QC samples to be analyzed in the
laboratory and the acceptance criteria should be specified. Information should
include the applicability of the QC sample to the analytical process, the
statistical treatment of the data, and the responsibility of laboratory staff and
management in generating and using the data. Further details on development of
project-specific QC protocols are described in Section 4.4.

4.3.7 Corrective Action

The procedures describing how to identify and correct deficiencies in the
analytical process should be specified. These should include specific steps to
take in correcting the deficiencies such as preparation of new standards and
reagents, recalibration and restandardization of equipment, reanalysis of
samples, or additional training of 1laboratory personnel in methods and
procedures. The procedures should specify that each corrective action should be
documented with a description of the deficiency and the corrective action taken,
and should include the person(s) responsible for implementing the corrective

action.
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4.3.8 Data Reduction and Validation

The procedures describing how to review and validate the data should be
specified. They should include procedures for computing and interpreting the
results from QC samples, and independent procedures to verify that the analytical
results are reported correctly. In addition, routine procedures used to monitor
precision and bias, including evaluations of reagent, equipment rinsate, and trip
blanks, calibration standards, control samples, duplicate and matrix spike
samples, and surrogate recovery, should be detailed in the procedures. More

detailed validation procedures should be performed when required in the contract
or QAPjP.

4.3.9 Reporting

The procedures describing the process for reporting the analytical results
should be specified.

4.3.10 Records Management

The procedures describing the means for generating, controlling, and
archiving laboratory records should be specified. The procedures should detail
record generation and control, and the requirements for record retention, includ-
ing type, time, security, and retrieval and disposal authorities.

Project-specific records may include correspondence, chain-of-custody
records, request for analysis, calibration data records, raw and finished
analytical and QC data, data reports, and procedures used.

Laboratory operations records may include laboratory notebooks, instrument
performance logs and maintenance logs in bound notebooks with prenumbered
pages; laboratory benchsheets; software documentation; control charts;

reference material certification; personnel files; laboratory procedures;
and corrective action reports.

4.3.11 Waste Disposal

The procedures describing the methods for disposal of chemicals including
standard and reagent solutions, process waste, and samples should be specified.

4.4 LABORATORY QA AND QC PROCEDURES

The QAPjP should describe how the following required elements of the
laboratory QC program are to be implemented.

4.4.1 Method Proficiency

Procedures should be in place for demonstrating proficiency with each
analytical method routinely used in the 1laboratory. These should include
procedures for demonstrating the precision and bias of the method as performed
by the laboratory and procedures for determining the method detection limit
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(MDL). A11 terminology, procedures and frequency of determinations associated
with the laboratory’s establishmént of the MDL and the reporting 1imit should be
well-defined and well-documented. Documented precision, bias, and MDL
information should be maintained for all methods performed in the laboratory.

4.4.2 Control Limits

Procedures should be in place for establishing and updating control limits
for analysis. Control 1limits should be established to evaluate laboratory
precision and bias based on the analysis of control samples. Typically, control
limits for bias are based on the historical mean recovery plus or minus three
standard deviation units, and control 1imits for precision range from zero (no
difference between duplicate control sampies) to the historical mean relative
percent difference plus three standard deviation units. Procedures should be in
place for monitoring historical performance and should include graphical (control
charts) and/or tabular presentations of the data.

4.4.3 Laboratory Control Procedures

Procedures should be in place for demonstrating that the laboratory is in
control during each data collection activity. Analytical data generated with
laboratory control samples that fall within prescribed limits are judged to be
generated while the laboratory was in control. Data generated with laboratory
control samples that fall outside the established control limits are judged to
be generated during an "out-of-control" situation. These data are considered
suspect and should be repeated or reported with qualifiers.

Laboratory Control Samples -- Laboratory control samples should be
analyzed for each analytical method when appropriate for the method. A
laboratory control sample consists of either a control matrix spiked with
analytes representative of the target analytes or a certified reference

material.

Laboratory control sample(s) should be analyzed with each batch of samples
processed to verify that the precision and bias of the analytical process
are within control Tlimits. The results of the 1laboratory control
sample(s) are compared to control Tlimits established for both precision
and bias to determine usability of the data.

Method Blank -- When appropriate for the method, a method blank should be
analyzed with each batch of samples processed to assess contamination
levels in the laboratory. Guidelines should be in place for accepting or
rejecting data based on the level of contamination in the blank.

Procedures should be in place for documenting the effect of the matrix on
method performance. When appropriate for the method, there should be at Teast
one matrix spike and either one matrix duplicate or one matrix spike duplicate
per analytical batch. Additional control samples may be necessary to assure data
quality to meet the project-specific DQOs.
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Matrix-Specific Bias -- Procedures should be in place for determining the
bias of the method due to the matrix. These procedures should include
preparation and analysis of matrix spikes, selection and use of surrogates
for organic methods, and the method of standard additions for metal and
inorganic methods. When the concentration of the analyte in the sample is
greater than 0.1%, no spike is necessary. '

Matrix-Specific Precision -- Procedures should be in place for determining
the precision of the method for a specific matrix. These procedures
should include analysis of matrix duplicates and/or matrix spike
duplicates. The frequency of use of these techniques should be based on
the DQO for the data collection activity.

Matrix-Specific Detection Limit. -- Procedures should be in place for
determining the MDL for a specific matrix type (e.g., wastewater treatment
sludge, contaminated soil, etc).

4.4.4 Deviations

Any activity not performed in accordance with laboratory procedures or
QAPjPs is considered a deviation from plan. A1l deviations from plan should be
documented as to the extent of, and reason for, the deviation.

4.4.5 Corrective Action

Errors, deficiencies, deviations, or laboratory events or data that fall
outside of established acceptance criteria should be investigated. In some
instances, corrective action may be needed to resolve the problem and restore
proper functioning to the analytical system. The investigation of the problem
and any subsequent corrective action taken should be documented.

4.4.6 Data Handling

Data resulting from the analyses of samples should be reduced according to
protocols described in the laboratory procedures. Computer programs used for
data reduction should be.validated before use and verified on a regular basis.
A1l information used in the calculations (e.g., raw data, calibration files,
tuning records, results of standard additions, interference check results, and
blank- or background-correction protocols) should be recorded in order to enable
reconstruction of the final result at a Tlater date. Information on the
preparation of the sample (e.g., weight or volume of sample used, percent dry
weight for solids, extract volume, dilution factor used) should also be
maintained in order to enable reconstruction of the final result at a Tater date.

A1l data should be reviewed by a second analyst or supervisor according to
laboratory procedures to ensure that calculations are correct and to detect
transcription errors. Spot checks should be performed on computer calculations
to verify program validity. Errors detected in the review process should be
referred to the analyst(s) for corrective action. Data should be reported in
accordance with the requirements of the end-user. It is recommended that the
supporting documentation include at a minimum:
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Laboratory name and address.

Sample information (including unique sample identification, sample
collection date and time, date of sample receipt, and date(s) of sample

preparation and analysis).

Analytical results reported with an appropriate number of significant
figures.

Detection 1imits that reflect dilutions, interferenées, or correction for
- equivalent dry weight.

Method reference.

Appropriate QC results (correlation with sample batch should be traceable
and documented).

Data qualifiers with appropriate references and narrative on the quality
of the results.

4.5 QUALITY ASSURANCE REVIEW

The QA review consists of internal and external assessments to ensure that
QA/QC procedures are in use and to ensure that laboratory staff conform to these
procedures. QA review should be conducted as deemed appropriate and necessary.

4.6 LABORATORY RECORDS

Records provide the direct evidence and support for the necessary technical
interpretations, judgements, and discussions concerning project activities.
These records, particularly those that are anticipated to be used as evidentiary
data, should directly support technical studies and activities, and provide the
historical evidence needed for later reviews and analyses. Records should be
legible, identifiable, and retrievable, and protected against damage,
deterioration, or Tloss. The discussion in this section (4.6) outlines
recommended procedures for record keeping. Organizations which conduct field
sampling should develop appropriate record keeping procedures which satisfy
relevant technical and legal requirements.

Laboratory records generally consist of bound notebooks with prenunbered
pages, personnel qualification and training forms, equipment maintenance and
calibration forms, chain-of-custody. forms, sample analysis request forms, and
analytical change request forms. All records should be written in indelible ink.

Procedures for reviewing, approving, and revising Taboratory records should
be clearly defined, with the lines of authority included. Any documentation
errors should be corrected by drawing a single line through the error so that it
remains legible and should be initialed by the responsible individual, along with
the date of change. The correction is written adjacent to the error.
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Strip-chart recorder printouts should be signed by the person who performed
the instrumental analysis. If corrections need to be made in computerized data,
a system parallel to the corrections for handwritten data should be in place.

Records of sample management should be available to permit the re-creation

of an analytical event for review in the case of an audit or investigation of a
dubious result.

Laboratory records should include, at least, the-following:

Operating Procedures -- Procedures should be available to those performing
the task outlined. Any revisions to laboratory procedures should be
written, dated, and distributed to all affected individuals to ensure

implementation of changes. Areas covered by operating procedures are
given in Sections 3.3 and 4.3.

Quality Assurance Plans -- The QAPjP should be on file.

Equipment Maintenance Documentation -- A history of the maintenance record
of each system serves as an indication of the adequacy of maintenance
schedules and parts inventory. As appropriate, the maintenance guidelines
of the equipment manufacturer should be followed. When maintenance is
necessary, it should be documented in either standard forms or in

logbooks. Maintenance procedures should be clearly defined and written

for each measurement system and required support equipment.

Proficiency -- Proficiency information on all compounds reported should be
maintained and should include (1) precision; (2) bias; (3) method detec-
tion limits; (4) spike recovery, where applicable; (5) surrogate recovery,
where applicable; (6) checks on reagent purity, where applicable; and
(7) checks on glassware cleanliness, where applicable.

Calibration Records & Traceability of Standards/Reagents -- Calibration is
a reproducible reference point to which all sample measurements can be
correlated. A sound calibration program should include provisions for
documenting frequency, conditions, standards, and records reflecting the
calibration history of a measurement system. The accuracy of the
calibration standards is important because all data will be in reference
to the standards used. A program for verifying and documenting the
accuracy and traceability of all working standards against appropriate

primary grade standards or the highest quality standards available should
be routinely followed.

Sample Management -- A1l required records pertaining to sample management
should be maintained and updated regularly. These include chain-of-
custody forms, sample receipt forms, and sample disposition records.

Original Data -- The raw data and calculated results for all samples
should be maintained in laboratory notebooks, logs, benchsheets, files or
other sample tracking or data entry forms. Instrumental output should be
stored in a computer file or a hardcopy report.
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QC Data -- The raw data and calculated results for all QC and field
samples and standards should be maintained in the manner described in the
preceding paragraph. Documentation should allow correlation of sample
results with associated QC data. Documentation should also include the
source and lot numbers of standards for traceability. QC samples include,
but are not limited to, control samples, method blanks, matrix spikes, and

matrix spike duplicates.

Correspggdence‘-— Project correspondence can provide evidence supporting
technical interpretations. Correspondence pertinent to the project should
be kept and placed in the project files.

Deviations -- A1l deviations from procedural and planning documents should
be recorded in laboratory notebooks. Deviations from QAPjPs should be
reviewed and approved by the authorized personnel who performed the
original technical review or by their designees.

Final Report -- A copy of any report issued and any supporting documenta-
tion should be retained.

5.0 DEFINITIONS

The following terms are defined for use in this document:

ACCURACY The closeness of agréement between an observed value and

BATCH

BIAS:

an accepted reference value. When applied to a set of
observed values, accuracy will be a combination of a
random component and of a common systematic error (or
bias) component.

: A group of samples which behave similarly with respect to
the sampling or the testing procedures being employed and
which are processed as a unit (see Section 3.4.1 for field
samples and Section 4.4.3 for laboratory samples). For QC
purposes, if the number of samples in a group is greater
than 20, then each group of 20 samples or less will all be
handled as a separate batch.

The deviation due to matrix effects of the measured value
(x¢ - x,) from a known spiked amount. Bias can be assessed
by comparing a measured value to an accepted reference
value in a sample of known concentration or by determining
the recovery of a known amount of contaminant spiked into
a sample (matrix spike). Thus, the bias (B) due to matrix
effects based on a matrix spike is calculated as:

B=1(x,-x,)-K
where:
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BLANK:
CONTROL SAMPLE:

DATA QUALITY

OBJECTIVES (DQOs):

DATA VALIDATION:

DUPLICATE:

EQUIPMENT BLANK:
EQUIPMENT RINSATE:

ESTIMATED
QUANTITATION
LIMIT (EQL):

X, = measured value for spiked sample, -
x, = measured value for unspiked sample, and
K = known value of the spike in the sample.

Using the following equation yields the percent recovery
(%R) .

%R = 100 (x, - x,)/ K
see Equipment Rinsate, Method Blank, Trip Blank.

A QC sample introduced into a process to monitor the
performance of the system.

A statement of the overall level of uncertainty that a
decision-maker is willing to accept in results derived
from environmental data (see reference 2, EPA/QAMS, July
16, 1986). This 1is qualitatively distinct from quality
measurements such as precision, bias, and detection limit.

The process of evaluating the available data against the
project DQ0s to make sure that the objectives are met.
Data validation may be very rigorous, or cursory,
depending on project DQ0s. The available data reviewed
will include analytical results, field QC data and lab QC
data, and may also include field records.

see Matrix Duplicate, Field Duplicate, Matrix Spike
Duplicate.

see Equipment Rinsate.

A sample of analyte-free media which has been used to
rinse the sampling equipment. It is collected after
completion of decontamination and prior to sampling. This
blank is useful in documenting adequate decontamination of
sampling equipment.

The Tlowest concentration that can be reliably achieved
within specified 1imits of precision and accuracy during
routine laboratory operating conditions. The EQL is
generally 5 to 10 times the MDL. However, it may be
nominally chosen within these guidelines to simplify data
reporting. For many analytes the EQL analyte
concentration is selected as the lowest non-zero standard
in the calibration curve. Sample EQLs are highly matrix-
dependent. The EQLs in SW-846 are provided for guidance
and may not always be achievable.
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FIELD DUPLICATES:

LABORATORY CONTROL
SAMPLE:

MATRIX:

MATRIX DUPLICATE:

MATRIX SPIKE:

MATRIX SPIKE
DUPLICATES:

METHOD BLANK:

METHOD DETECTION
LIMIT (MDL):

Independent samples which are collected as close as
possible to the same point in space and time. They are
two separate samples taken from the same source, stored in
separate containers, and analyzed independently. These
duplicates are useful in documenting the precision of the,
sampling process.

A known matrix spiked with compound(s) representative of
the target analytes. This is used to document laboratory
performance. '

The component or substrate (e.g., surface water, drinking
water) which contains the analyte of interest.

An intralaboratory split sample which is used to document
the precision of a method in a given sample matrix.

An aliquot of sample spiked with a known concentration of
target analyte(s). The spiking occurs prior to sample
preparation and analysis. A matrix spike is used to
document the bias of a method in a given sample matrix.

Intralaboratory split samples spiked with identical
concentrations of target analyte(s). The spiking occurs
prior to sample preparation and analysis. They are used
to document the precision and bias of a method in a given
sample matrix.

An analyte-free matrix to which all reagents are added in
the same volumes or proportions as used in sample
processing. The method blank should be carried through
the complete sample preparation and analytical procedure.
The method blank 1is used to document contamination
resulting from the analytical process.

For a method blank to be acceptable for use with the
accompanying samples, the concentration in the blank of
any analyte of concern should not be higher than the
highest of either:

(1)The method detection limit, or

(2)Five percent of the regulatory limit for that analyte,
or

(3)Five percent of the measured concentration in the
sample.

The minimum concentration of a substance that can be
measured and reported with 99% confidence that the analyte
concentration is greater than zero and is determined from
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analysis of a sample in a given matrix type containing
the analyte.

For operational purposes, when it 1is necessary to
determine the MDL in the matrix, the MDL should be
determined by multiplying the appropriate one-sided 99% t-
statistic by the standard deviation obtained from a
minimum of three analyses of a matrix spike containing the
analyte of interest at a concentration three to five times
the estimated MDL, where the t-statistic is obtained from
standard references or the table below.

No. of samples: t-statistic

VoOoO~NOTOT bW
PPN WWWWaon
w
(<)}

- 10

Estimate the MDL as follows:
Obtain the concentration value that corresponds to:

a) an instrument signal/noise ratio within the range of
2.5 to 5.0, or

b) the region of the standard curve where there is a
significant change in sensitivity (i.e., a break in the
slope of the standard curve).

Determine the variance (S?) for each analyte as follows:

2._1 ¥} ( ,_—)2}
s n—lLEﬂ X;-X

where x; = the ith measurement of the variable x
and x = the average value of x;
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ORGANIC-FREE
REAGENT WATER:

PRECISION:

nm|

Determine the standard deviation (s) for each analyte as
follows:

s = (SZ)UZ
Determine the MDL for each analyte as follows:
MDL =t 1, o =.99(S)

where t . _ o, 1S the one-sided t-statistic appropriate
for the number of samples used to determine (s), at the 99
percent level.

For volatiles, all references to water in the methods
refer to water in which an interferant is not observed at
the method detection 1imit of the compounds of interest.
Organic-free reagent water can be generated by passing tap
water through a carbon filter bed containing about 1 pound
of activated carbon. A water purification system may be
used to generate organic-free deionized water.
Organic-free reagent water may also be prepared by boiling
water for 15 minutes and, subsequently, while maintaining
the temperature at 90°C, bubbling a contaminant-free inert
gas through the water for 1 hour.

For semivolatiles and nonvolatiles, all references to
water in the methods refer to water in which an
interferant is not observed at the method detection limit
of the compounds of interest. Organic-free reagent water
can be generated by passing tap water through a carbon
filter bed containing about 1 pound of activated carbon.
A water purification system may be used to generate
organic-free deionized water.

The agreement among a set of replicate measurements
without assumption of knowledge of the true value.
Precision is estimated by means of duplicate/replicate
analyses. These samples should contain concentrations of
analyte above the MDL, and may involve the use of matrix
spikes. The most commonly used estimates of precision are
the relative standard deviation (RSD) or the coefficient
of variation (CV),

RSD = CV = 100 S/X,
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PROJECT:

QUALITY ASSURANCE
PROJECT PLAN
(QAPjP):

RCRA:

REAGENT BLANK:

REAGENT GRADE:

REAGENT WATER:

REFERENCE MATERIAL:

SPLIT SAMPLES:

STANDARD ADDITION:

STANDARD CURVE:

where:
X = the arithmetic mean of the x; measurements, and S =

variance; and the relative percent difference (RPD) when
only two samples are available.

RPD = 100 [(x, - x,)/{(x, + x;)/2}].

Single or multiple data collection activities that are
related through the same planning sequence.

An orderly assemblage of detailed procedures designed to
produce data of sufficient quality to meet the data

quality objectives for a specific data collection
activity.

The Resource Conservation and Recovery Act.

See Method Blank.

Analytical reagent (AR) grade, ACS reagent grade, and
reagent grade are synonymous terms for reagents which
conform to the current specifications of the Committee on
Analytical Reagents of the American Chemical Society.

Water that has been generated by any method which would
achieve the performance specifications for ASTM Type II
water. For organic analyses, see the definition of
organic-free reagent water.

A material containing known quantities of target analytes
in solution or in a homogeneous matrix. It is used to
document the bias of the analytical process.

Aliquots of sample taken from the same container and
analyzed independently. In cases where aliquots of
samples are impossible to obtain, field duplicate samples
should be taken for the matrix duplicate analysis. These
are usually taken after mixing or compositing and are used
to document intra- or interlaboratory precision.

The practice of adding a known amount of an analyte to a
sample immediately prior to analysis. It is typically
used to evaluate interferences.

A plot of concentrations of known analyte standards versus
the instrument response to the analyte. Calibration
standards are prepared by successively diluting a standard
solution to produce working standards which cover the
working range of the instrument. Standards should be
prepared at the frequency specified in the appropriate
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section.. The calibration standards should be prepared
using the same type of acid or solvent and at the same
concentration as will result in the samples following
sample preparation. This is applicable to organic and
inorganic chemical analyses.

SURROGATE: An organic compound which is similar to the target

analyte(s) in chemical composition and behavior in the
analytical process, but which is not normally found in
environmental samples.

TRIP BLANK: A sample of analyte-free media taken from the laboratory

to the sampling site and returned to the laboratory
unopened. A trip blank is used to document contamination
attributable to shipping and field handling procedures.
This type of blank is useful in documenting contamination
of volatile organics samples.

6.0 REFERENCES

1.

Interim Guidelines and Specifications for Preparing Quality Assurance
Project Plans, QAMS-005/80, December 29, 1980, Office of Monitoring Systems
and Quality Assurance, ORD, U.S. EPA, Washington, DC 20460.

Development of Data Quality Objectives, Description of Stages I and II, July
16, 1986, Quality Assurance Management Staff, ORD, U.S. EPA, Washington, DC
20460.

RCRA Ground-Water Monitoring Technical Enforcement Guidance Document,
September, 1986, Office of Waste Programs Enforcement. OSWER, U.S. EPA,
Washington, DC, 20460.

DQ0 Training Software, Version 6.5, December, 1988, Quality Assurance
Management Staff, ORD, U.S. EPA, Washington, DC 20460.

Preparing Perfect Project Plans, EPA/600/9-89/087, October 1989, Risk
Reduction Engineering Laboratory (Guy Simes), Cincinnati OH.

ASTM Method D 1129-77, Specification for Reagent Water. 1991 Annual Book
of ASTM Standards. Volume 11.01 Water and Environmental Technology.

Generation of Environmental Data Related to Waste Management Activities
(Draft). February 1989. ASTM.

ONE - 29 Revision 1
July 1992



Accuracy 1, 13, 22, 23", 24
Batch 12, 19, 21, 23°
Bias 2, 3, 17-20, 22, 23°-25, 28
Blank 11, 12, 14, 18-20, 23", 24, 25, 28, 29
Equipment Rinsate 11, 12, 14, 18, 24"
Method Blank 19, 24, 257, 28
Reagent Blank 28’
Trip Blank 12, 18, 24, 29’
Chain-of-Custody 9, 11, 13, 14, 18, 21, 22
Control Chart 18, 19
Control Sample 11, 12, 18, 19, 23, 24’
Data Quality Objectives (DQO0) 1-3, 8, 12, 19, 20, 24", 28
Decision-maker 2, 24
Duplicate 11, 12, 14, 18-20, 23, 24", 25, 27, 28
Field Duplicate 11, 12, 24, 25", 28
Matrix Duplicate 12, 19, 20, 24, 25", 28
Matrix Spike Duplicate 12, 19, 20, 23, 24, 25
Equipment Blank 11, 24
Equipment Rinsate 11, 12, 14, 18, 24’
Estimated Quantitation Limit (EQL) 24"
Field Duplicate 12, 24, 25", 28
Laboratory Control Sample 19, 25
Matrix 11, 12, 18-20, 23-25", 26-28
Matrix Duplicate 12, 19, 20, 24, 25", 28
Matrix Spike 12, 18-20, 23, 25°, 26, 27
Matrix Spike Duplicate 12, 19, 20, 23, 24, 25
Method Blank 19, 24, 25, 28
Method Detection Limit (MDL) 18-20, 22, 24, 25°-27
Organic-Free Reagent Water 277, 28
Precision 1-3, 17-20, 22, 24, 25, 27", 28
Project 1-5, 7, 8, 11-14, 17-19, 21, 23, 24, 28’ .
Quality Assurance Project Plan (QAPjP) 1-9, 11, 12, 14, 15, 18, 20, 22, 23, 28
RCRA 1, 8, 28
Reagent Blank 28
Reagent Grade 28
Reagent Water 27, 28
Reference Material 8, 11, 15, 18, 19, 28°
Split Samples 25, 28"
Standard Addition 20, 28
Standard Curve 26, 28
Surrogate 18, 20, 22, 29°
Trip Blank 12, 18, 24, 29°

Definition of term.
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CHAPTER FOUR
'ORGANIC ANALYTES

4,1 SAMPLING CONSIDERATIONS
4.1.1 Introduction

Following the initial and critical step of designing a sampling plan
(Chapter Nine) is the implementation of that plan such that a representative
sample of the solid waste is collected. Once the sample has been collected it
must be stored and preserved to maintain the chemical and physical properties
that it possessed at the time of collection. The sample type, type of containers
and their preparation, possible forms of contamination, and preservation methods
are all items which must be thoroughly examined in order to maintain the
integrity of the samples. This section highlights considerations which must be
addressed in order to maintain a sample’s integrity and representativeness. This
section is, however, applicable only to trace analyses.

Quality Control (QC) requirements need not be met for all compounds
presented in the Table of Analytes for the method in use, rather, they must be
met for all compounds reported. A report of non-detect is considered a
guantitative report, and must meet all applicable QC requirements for that

compound and the method used.

4.1.2 Sample Handlinqg and Preservation

This section deals separately with volatile and semivolatile organics.
Refer to Chapter Two and Table 4-1 of this section for sample containers, sample
preservation, and sample holding time information.

Volatile Qrganics

Standard 40 mL glass screw-cap VOA vials with Teflon lined silicone septa
may be used for both liquid and solid matrices. The vials and septa should be
washed with soap and water and rinsed with distilled deionized water. After
thoroughly cleaning the vials and septa, they should be placed in an oven and
dried at 100°C for approximately one hour.

NOTE: Do not heat the septa for extended periods of time (i.e., more than one
hour, because the silicone begins to slowly degrade at 105°C).

When collecting the samples, liquids and solids should be introduced into
the vials gently to reduce agitation which might drive off volatile compounds.
In general, liquid samples should be poured into the vial without introducing any
air bubbles within the vial as it is being filled. Should bubbling occur as a
result of violent pouring, the sample must be poured out and the vial refilied.
The vials should be completely filled at the time of sampling, so that when the
septum cap is fitted and sealed, and the vial inverted, no headspace is visible.
The sample should be hermetically sealed in the vial at the time of sampling, and
must not be opened prior to analysis to preserve their integrity.
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- due to differing solubility and diffusion properties of gases in
LIQUID matrices at different temperatures, it is possible for the
sample to generate some headspace during storage. This headspace
will appear in the form of micro bubbles, and should not invalidate
a sample for volatiles analysis.

- The presence of a macro bubble in a sample vial generally indicates
either improper sampling technique or a source of gas evolution
within the sample. The latter case is usually accompanied by a
buildup of pressure within the vial, (e.g. carbonate-containing
samples preserved with acid). Studies conducted by the USEPA
(EMSL-Ci, unpublished data) indicate that "pea-sized" bubbles (i.e.,
bubbles not exceeding 1/4 inch or 6 mm in diameter) did not
adversely affect volatiles data. These bubbles were generally
encountered in wastewater samples, which are more susceptible to
variations in gas solubility than are groundwater samples.

At the time of analysis, the aliquot to be analyzed should be taken from the
vial with a gas-tight syringe inserted directly through the septum of the vial.
Only one analytical sample can be taken from each vial. If these guidelines are
not followed, the validity of the data generated from the samples is suspect.

VOA vials for samples with solid or semi-solid matrices (e.g., sludges)
should be completely filled as best as possible. The vials should be tapped
slightly as they are filled to try and eliminate as much free air space as
possible. Two vials should also be filled per sample location.

At least two VOA vials should be filled and labeled immediately at the
point at which the sample is collected. They should NOT be filled near a running
motor or any type of exhaust system because discharged fumes and vapors may
contaminate the samples. The two vials from each sampling location should then
be sealed in separate plastic bags to prevent cross-contamination between
samples, particularly if the sampled waste is suspected of containing high levels
of volatile organics. (Activated carbon may also be included in the bags to
prevent cross-contamination from highly contaminated samples). VOA samples may
also be contaminated by diffusion of volatile organics through the septum during
shipment and storage. To monitor possible contamination, a trip blank prepared
from organic-free reagent water (as defined in Chapter One) should be carried
throughout the sampling, storage, and shipping process.

Semivolatile Organics (including Pesticides, PCBs and Herbicides.)

Containers used to collect samples for the determination of semivolatile
organic compounds should be soap and water washed followed by methanol (or
isopropanol) rinsing (see Sec. 4.1.4 for specific instructions on glassware
cleaning). The sample containers should be of glass or Teflon, and have screw-
caps with Teflon lined septa. In situations where Teflon is not available,
solvent-rinsed aluminum foil may be used as a liner. However, acidic or basic
samples may react with the aluminum foil, causing eventual contamination of the
sample. Plastic containers or lids may NOT be used for the storage of samples
due to the possibility of sample contamination from the phthalate esters and
other hydrocarbons within the plastic. Sample containers should be filled with
care so as to prevent any portion of the collected sample coming in contact with

FOUR - 2 Revision 2
September 1994

L3

& |

€y £3 £33 ¥3 3 L2

Es

€3

F® FD £33 % €%




£ i

€1 vy £33 €Y £33 €1 €11

EJ €3

|

i i

t 3 &3 i3 11

i &3

3

[

the sampler’s gloves, thus causing contamination.  Samples should not be
collected or stored in the presence of exhaust fumes. If the sample comes in
contact with the sampler (e.g. if an automatic sampler is used), run organic-free

reagent water through the sampler and use as a field blank.

4.1.3 Safety

Safety should always be the primary consideration in the collection of
samples. A thorough understanding of the waste production process, as well as
all of the potential hazards making up the waste, should be investigated whenever
possible. The site should be visually evaluated just prior to sampling to
determine additional safety measures. Minimum protection of gloves and safety
glasses should be worn to prevent sample contact with the skin and eyes. A
respirator should be worn even when working outdoors if organic vapors are
present. More hazardous sampling missions may require the use of supplied air

and special clothing.

4,.1.4 C(Cleaning of Glassware

In the analysis of samples containing components in the parts per billion
range, the preparation of scrupulously clean glassware is necessary. Failure to
do so can lead to a myriad of problems in the interpretation of the final
chromatograms due to the presence of extraneous peaks resulting from
contamination. Particular care must be taken with glassware such as Soxhlet
extractors, Kuderna-Danish evaporative concentrators, sampling-train components,
or any other glassware coming in contact with an extract that will be evaporated
to a smaller volume. The process of concentrating the compounds of interest in
this operation may similarly concentrate the contaminating substance(s), which

may seriously distort the results.
The basic cleaning steps are:
1. Removal of surface residuals immediately after use;

Hot soak to loosen and float most particulate material;

Hot water rinse to flush away floated particulates;

WM

Soak with an oxidizing agent to destroy traces of organic compounds;

5. Hotkyater rinse to flush away materials loosened by the deep penetrant
soak;

6. Distilled water rinse to remove metallic deposits from the tap water;

7. Alcohol, e.g., isopropanol or methanol, rinse to flush off any final
traces of organic materials and remove the water; and

8. Flushing the item immediately before use with some of the same solvent
that will be used in the analysis.
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Each of these eight fundamental steps are discussed here in the order in
which they appeared on the preceeding page.

1.

As soon possible after glassware (i.e., beakers, pipets, flasks, or
bottles) has come in contact with sample or standards, the glassware
should be flushed with alcohol before it 1is placed in the hot
detergent soak. If this is not done, the soak bath may serve to
contaminate all other glassware placed therein.

The hot soak consists of a bath of a suitable detergent in water of
50°C or higher. The detergent, powder or liquid, should be entirely
synthetic and not a fatty acid base. There are very few areas of the
country where the water hardness is sufficiently low to ‘avoid the
formation of some hard-water scum resulting from the reaction between
calcium and magnesium salts with a fatty acid soap. This hard-water
scum or curd would have an affinity particularly for many chlorinated
compounds and, being almost wholly water-insoluble, would deposit on
all glassware in the bath in a thin film.

There are many suitable detergents on the wholesale and retail market.
Most of the common Tiquid dishwashing detergents sold at retail are
satisfactory but are more expensive than other comparable products
sold industrially. Alconox, in powder or tablet form, is manufactured
by Alconox, Inc., New York, and is marketed by a number of laboratory
supply firms. Sparkleen, another powdered product, is distributed by
Fisher Scientific Company.

No comments required.

The most common and highly effective oxidizing agent for removal of
traces of organic compounds is the traditional chromic acid solution
made up of concentrated sulfuric acid and potassium or sodium
dichromate. For maximum efficiency, the soak solution should be hot
(40-50°C). Safety precautions must be rigidly observed in the
handling of this solution. Prescribed safety gear should include
safety goggles, rubber gloves, and apron. The bench area where this
operation is conducted should be covered with fluorocarbon sheeting
because spattering will disintegrate any unprotected surfaces.

The potential hazards of using chromic-sulfuric acid mixture are great
and have been well publicized. There are now commercially available
substitutes that possess the advantage of safety in handling. These
are biodegradable concentrates with a claimed cleaning strength equal
to the chromic acid solution. They are alkaline, equivalent to ca.
0.1 N NaOH upon dilution, and are claimed to remove dried blood,
silicone greases, distillation residues, insoluble organic residues,
etc. They are further claimed to remove radioactive traces and will
not attack glass or exert a corrosive effect on skin or clothing. One
such product is "Chem Solv 2157," manufactured by Mallinckrodt and
availabie through laboratory supply firms. Another comparable product
is "Detex," a product of Borer-Chemie, Solothurn, Switzerland.
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5, 6, and 7. No comments required.

8. There is always a possibility that between the time of washing and the
next use, the glassware could pick up some contamination from either
the air or direct contact. To ensure against this, it is good
practice to flush the item immediately before use with some of the
same solvent that will be used in the analysis.

The drying and storage of the cleaned glassware is of critical importance
to prevent the beneficial effects of the scrupulous cleaning from being
nullified. Pegboard drying is not recommended. It is recommended that
Taboratory glassware and equipment be dried at 100°C. Under no circumstances
should such small_items be left in the open without protective covering. The
dust cloud raised by the daily sweeping of the Tlaboratory floor can most

effectively recontaminate the clean glassware.

As an alternate to solvent rinsing, the glassware can be heated to a
minimum of 300°C to vaporize any organics. Do not use this high temperature
treatment on volumetric glassware, glassware with ground glass Jjoints, or

sintered glassware.

4.1.5 High Concentration Samples

Cross contamination of trace concentration samples may occur when
prepared in the same laboratory with high concentration samples. Ideally,
if both type samples are being handled, a laboratory and glassware
dedicated solely to the preparation of high concentration samples would be
available for this purpose. If this is not feasible, as a minimum when
preparing high concentration samples, disposable glassware should be used
or, at least, glassware dedicated entirely to the high concentration
samples. Avoid cleaning glassware used for both trace and high

concentration samples in the same area.
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TABLE 4-1.
SAMPLE CONTAINERS, PRESERVATION, TECHNIQUES, AND HOLDING TIMES

Analyte Class ~ Container Preservative Holding Time

Volatile Orqanics

Concentrated Waste Samples 125 mL widemouth glass Cool, 4°C 14 days
container with Teflon
lined 1id
Liquid Samples
No Residual Chlorine 2 X 40 mL vials with Cool, 4°C’ 14 days |
Present Teflon lined septum caps
Residual Chlorine Present 2 X 40 mL vials with Collect sample in a 125 mL 14 days

Teflon lined septum caps container which has been pre-
preserved with 4 drops of 10%
sodium thiosulfate solution.
Gently swirl to mix sample and
transfer to a 40 mL VOA vial.'

Cool, 4°C
Acrolein and 2 X 40 mL vials with Adjust to pH 4-%; cool, 4°C 14 days
Acrylonitrile Teflon lined septum caps
Soil/Sediments and Sludges 125 mL widemouth glass Cool, 4°C | 14 days
container sealed with a
septum

' Adjust pH <2 with H,S0,, HC1 or solid NaHSsoO,.
FOUR - 6 Revision 2
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Analyte Class

Container

Preservative

Holding Time

Semivolatile Organics/Organochlorine Pesticides/PCBs and Herbicides

Concentrated Waste Samples

Water Samples

No Residual Chlorine
Present

Residual Chlorine Present

Soil/Sediments and Sludges

125 mL widemouth glass
with Teflon lined 1id

1-gal. or 2 x 0.5-gal.,or
4 x 1-L, amber glass
container with Teflon
lined 1id

1-gal. or 2 x 0.5-gal., or
4 x 1-L, amber glass
container with Teflon
lined 1id

250 mL widemouth glass
container with Teflon
lined 1id

None

Cool, 4°C

Add 3 mL 10% sodium thiosulfate
solution per gallon.? Cool, 4°C

Cool, 4°C

Samples must be
extracted within 14
days and extracts
analyzed within 40
days following
extraction.

Samples must be
extracted within 7
days and extracts
analyzed within 40
days following
extraction.

Samples must be
extracted within 7
days and extracts
analyzed within 40
days following
extraction,.

Samples must be
extracted within 14
days and extracts
analyzed within 40
days following
extraction.

2 pre-preservation may be performed in the laboratory prior to field use.
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4.2 SAMPLE PREPARATION METHODS

4.2.1 EXTRACTIONS AND PREPARATIONS

The following

Method
Method
Method
Method
Method
Method
Method
Method
Method

Method

3500A:
3510B:
35208B:
35408B:
3541:

3550A:
3580A:
5030A:
5040A:

5041:

methods are included in this section:

Organic Extraction and Sample Preparation
Separatory Funnel Liquid-Liquid Extraction
Continuous Liquid-Liquid Extraction

Soxhlet Extraction

Automated Soxhlet Extraction

Ultrasonic Extraction

Waste Dilution

Purge-and-Trap

Analysis of Sorbent Cartridges from Volatile
Organic Sampling Train (VOST): Gas
Chromatography/Mass Spectrometry Technique
Protocol for Analysis of Sorbent Cartridges from
Volatile Organic Sampling Train (VOST): Wide-
bore Capillary Column Technique

FOUR - 8 Revision 2
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METHOD 3500A

ORGANIC EXTRACTION AND SAMPLE PREPARATION

1.0 SCOPE AND APPLICATION

1.1 The 3500 Methods are procedures for quantitatively extracting
nonvolatile and semivolatile organic compounds from various sample matrices.
Cleanup and/or analysis of the resultant extracts are described in Chapter Two,

Sections 2.3.2 and 2.3.1, respectively.

1.2 Method 3580 describes a solvent dilution technique that may be used
on non-aqueous nonvolatile and semivolatile organic samples prior to cleanup
and/or analysis.

1.3 The 5000 Methods are procedures for preparing samples containing
volatile organic compounds for quantitative analysis.

1.4 Refer to the specific method of interest for further details.

2.0 SUMMARY OF METHOD

2.1 3500 Methods: A sample of a known volume or weight is solvent
extracted. The resultant extract is dried and then concentrated in a Kuderna-
Danish apparatus (if necessary). Other concentration devices or techniques may
be used in place of the Kuderna-Danish concentrator if the quality control
requirements of the determinative methods are met (Method 8000, Section 8.0).

2.2 5000 Methods: Refer to the specific method of interest.

3.0  INTERFERENCES

3.1 Samples requiring analysis for volatile organic compounds, can be
contaminated by diffusion of volatile organics (particularly chlorofluoro-carbons
and methylene chloride) through the sample container septum during shipment and
storage. A field blank prepared from organic-free reagent water and carried
through sampling and subsequent storage and handling can serve as a check on such

contamination.

3.2 Solvents, reagents, glassware, and other sample processing hardware
may yield artifacts and/or interferences to sample analysis. A1l these materials
must be demonstrated to be free from interferences under the conditions of the
analysis by analyzing method blanks. Specific selection of reagents and
purification of solvents by distillation in all-glass systems may be required.
Refer to Chapter One for specific guidance on quality control procedures.

3.3 Interferences coextracted from the samples will vary considerably
from source to source. If analysis of an extracted sample is prevented due to
interferences, further cleanup of the sample extract may be necessary. Refer to
Method 3600 for guidance on cleanup procedures.

3500A - 1 Revision 1
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3.4 Phthalate esters contaminate many types of products commonly found
in the laboratory. Plastics, in particular, must be avoided because phthalates
are commonly used as plasticizers and are easily extracted from plastic
materials. Serious phthalate contamination may result at any time if consistent
quality control is not practiced.

3.5 Glassware contamination resulting in analyte degradation: Soap
residue on glassware may cause degradation of certain analytes. Specifically,
aldrin, heptachlor, and most organophosphorus pesticides will degrade in this
situation. This problem is especially pronounced with glassware that may be
difficult to rinse (e.g., 500 mL K-D flask). These items should be hand-rinsed
very carefully to avoid this problem.

4.0 APPARATUS AND MATERIALS

4.1 Refer to the specific method of interest for a description of the
apparatus and materials needed.

5.0  REAGENTS

5.1 Refer to the specific method of interest for a description of the
solvents needed.

5.2 Organic-free reagent water. Al1l references to water in this method
refer to organic-free reagent water as defined in Chapter One.

5.3 Stock standards: Stock solutions may be prepared from pure standard
materials or purchased as certified solutions.

5.3.1 Purgeable stock standards: Prepare stock standards in
methanol using assayed 1iquids or gases, as appropriate. Because of the
toxicity of some of the organohalides, primary dilutions of these
materials should be prepared in a hood. ‘

5.3.1.1 Place about 9.8 mL of methanol in a 10-mL tared
ground-glass-stoppered volumetric flask. Allow the flask to stand,
unstoppered, for about 10 min or until all alcohol-wetted surfaces
have dried. Weigh the flask to the nearest 0.0001 g.

5.3.1.2 Using a 100-ul syringe, immediately add two or
more drops of assayed reference material to the flask, then reweigh.
The 1iquid must fall directly into the alcohol without contacting
the neck of the flask.

5.3.1.3 Reweigh, dilute to volume, stopper, then mix by
inverting the flask several times. Calculate the concentration in
milligrams per liter (mg/L) from the net gain in weight. When
compound purity is assayed to be 96% or greater, the weight may be
used without correction to calculate the concentration of the stock
standard. Commercially prepared stock standards may be used at any
concentration if they are certified by the manufacturer or by an
independent source.
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5.3.1.4 Transfenﬁ;;he stock standard solution into a
Teflon-sealed screw-cap bottle. Store, with minimal headspace, at -
10°C to -20°C and protect from light.

5.3.1.5 A1l standards must be replaced after 1 month, or
sooner if comparison with check standards indicates a problem.

5.3.2 Semivolatile stock standards: Base/neutral and acid stock
standards are prepared in methanol. - Organochlorine pesticide standards
are prepared in acetone.

5.3.2.1 Stock standard solutions should be stored in
Teflon-sealed containers at 4°C. The solutions should be checked
frequently for stability. These solutions must be replaced after
six months, or sooner if comparison with quality control check
samples indicate a problem.

5.4 Surrogate standards: A surrogate standard (i.e., a chemically inert
compound not expected to occur in an environmental sample) should be added to
each sample, blank, and matrix spike sample just prior to extraction or
processing. The recovery of the surrogate standard is used to monitor for
unusual matrix effects, gross sample processing errors, etc. Surrogate recovery
is evaluated for acceptance by determining whether the measured concentration
falls within the acceptance Timits. Recommended surrogates for different analyte
groups follow. However, these compounds, or others that better correspond to the
analyte group, may be used for other analyte groups as well. Normally three or
more standards are added for each analyte group.

5.4.1 Base/neutral and acid surrogate spiking solutions: The
following are recommended surrogate standards.

Base/neutral Acid
2-Fluorobiphenyl 2-Fluorophenol
Nitrobenzene-d, 2,4,6-Tribromophenol
Terphenyl-d,, Phenol-d,
5.4.1.1 Prepare a surrogate standard spiking solution in

methanol that contains the base/neutral compounds at a concentration

of 100 mg/L, and the acid compounds at 200 mg/L for water and
sediment/soil samples (low- and medium-level). For waste samples,

?he concentration should be 500 mg/L for base/neutrals and 1000 mg/L
or acids.

5.4.2 Organochlorine pesticide/PCB surrogate spiking solution: The
following are recommended surrogate standards for organochlorine

pesticides/PCBs.

Organochlorine pesticides/PCBs

Dibutylchlorendate (DBC) (if available)
2,4,5,6-Tetrachloro-meta-xylene (TCMX)
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5.4.2.1 Prepare a surrogate standard spiking solution at
a concentration of 1 mg/L in acetone for water and sediment/soil
samples. For waste samples, the concentration should be 5 mg/L.

5.4.3 Purgeable surrogate spiking solution: The following are
recommended surrogate standards for volatile organics.

Purgeable organics

p-Bromofluorobenzene
1,2-Dichloroethane-d,
Toluene-d,

5.4.3.1 Prepare a surrogate spiking solution (as described
in Section 5.3.1 or through secondary dilution of the stock
standard) in methanol containing the surrogate standards at a
concentration of 25 mg/L.

5.5 Matrix spike standards: Select five or more analytes from each

analyte group for use in a spiking solution. The following are recommended
matrix spike standard mixtures for a few analyte groups. These compounds, or
others that better correspond to the analyte group, may be used for other analyte
groups as well.

5.5.1 Base/neutral and acid matrix spiking solution: Prepare a
spiking solution in methanol that contains each of the following
base/neutral compounds at 100 mg/L and the acid compounds at 200 mg/L for
water and sediment/soil samples. The concentration of these compounds
should be five times higher for waste samples.

Base/neutrals Acids
1,2,4-Trichlorobenzene | Pentachlorophenol
Acenaphthene Phenol
2,4-Dinitrotoluene 2-Chlorophenol

Pyrene 4-Chloro-3-methylphenol

N-Nitroso-di-n-propylamine 4-Nitrophenol
1,4-Dichlorobenzene

5.5.2 Organochlorine pesticide matrix spiking solution: Prepare a
spiking solution in acetone or methanol that contains the following
pesticides in the concentrations specified for water and sediment/soil.
The concentration should be five times higher for waste samples.

Pesticide Concentration (mq/L)
Lindane 0.2
Heptachlor 0.2
Aldrin 0.2
Dieldrin 0.5
Endrin 0.5
4,4'-DDT 0.5
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5.5.3 Purgeable matrix spiking solution: Prepare a spiking solution
in methanol that contains the following compounds at a concentration of 25

mg/L.

Purgeable organics

1,1-Dichloroethene
Trichloroethene
Chlorobenzene
Toluene

Benzene

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to the Organic Analyte Chapter,
Section 4.1.

7.0 PROCEDURE

7.1 Semivolatile organic sample extraction: Water, soil/sediment,
sludge, and waste samples requiring analysis for base/neutral and acid
extractables and/or organochlorine pesticides must undergo solvent extraction
prior to analysis. This manual contains four methods that may be used for this
purpose: Method 3510; Method 3520; Method 3540; and Method 3550. The method
that should be used on a particular sample, is highly dependent upon the physical
characteristics of that sample. Therefore, review these four methods prior to
choosing one in particular. Appropriate surrogate standards and, if necessary,
matrix spiking solutions are added to the sample prior to extraction for all four

methods.

7.1.1 Method 3510: Applicable to the extraction and concentration
of water-insoluble and slightly water-soluble organics from aqueous
samples. A measured volume of sample is solvent extracted using a
separatory funnel. The extract is dried, concentrated and, if necessary,
exchanged into a solvent compatible with further analysis. Method 3520
should be used if an emulsion forms between the solvent-sample phases,
which can not be broken up by mechanical techniques.

7.1.2 Method 3520: Applicable to the extraction and concentration
of water-insoluble and slightly water-soluble organics from aqueous
samples. A measured volume of sample is extracted with an organic solvent
in a continuous liquid-liquid extractor. The solvent must have a density
greater than that of the sample. The extract is dried, concentrated and,
if necessary, exchanged into a solvent compatible with further analysis.
The 1imitations of Method 3510 concerning solvent-sample phase separation
do not interfere with this procedure.

7.1.3 Method 3540: This is a procedure for extracting nonvolatile
and semivolatile organic compounds from solids such as soils, sludges, and
wastes. A solid sample is mixed with anhydrous sodium sulfate, placed
into an extraction thimble or between two plugs of glass wool, and
extracted using an appropriate solvent in a Soxhlet extractor. The
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extract is dried, concentrated and, if necessary, exchanged into a solvent
campatible with further analysis.

7.1.4 Method 3550: This method is applicable to the extraction of
nonvolatile and semivolatile organic compounds from solids such as soils,
sludges, and wastes using the technique of ultrasonic extraction. Two
procedures are detailed depending upon the expected concentration of
organics in the sample; a Tow concentration and a high concentration
method. In both, a known weight of sample is mixed with anhydrous sodium
sulfate and solvent extracted using ultrasonic extraction. The extract is
dried, concentrated and, if necessary, exchanged into a solvent compatible
with further analysis.

7.1.5 Method 3580: This method describes the technique of solvent
dilution of non-aqueous waste samples. It is designed for wastes that may
contain organic chemicals at a level greater than 20,000 mg/kg and that
are soluble in the dilution solvent. When using this method, the analyst
must use caution in determining the correct concentration of spike and
surrogate solution to avoid diluting out these compounds when diluting the
sample. The loss of surrogate and spike data should only occur in samples
containing a high concentration of analytes which is unknown at the time
of extraction or where sample interferences could not be eliminated
following the best attempts at extract cleanup .by the laboratory.

7.2 Volatile organic sample preparation: There are three methods for
volatile sample preparation: Method 5030; Method 5040; and direct injection.
Method 5030 is the most widely applicable procedure for analysis of volatile
organics, while the direct injection technique may have 1imited applicability to
aqueous matrices.

7.2.1 Method 5030: This method describes the technique of purge-
and-trap for the introduction of purgeable organics into a gas
chromatograph. This procedure is applicable for use with aqueous samples
directly and to solids, wastes, soils/sediments, and water-miscible
liquids following appropriate preparation. An inert gas is bubbled
through the sample, which will efficiently transfer the purgeable organics
from the aqueous phase to the vapor phase. The vapor phase is swept
through a sorbent trap where the purgeables are trapped. After purging is
completed, the trap is heated and backflushed with the inert gas to desorb
the purgeables onto a gas chromatographic column. Prior to application of
the purge-and-trap procedure, all samples (including blanks, spikes, and
duplicates) should be spiked with surrogate standards and, if required,
with matrix spiking compounds.

7.2.2 Method 5040: This method is applicable to the investigation
of sorbent cartridges from volatile organic sampling train (VOST).

7.3 Sample analysis: Following preparation of a sample by one of the
methods described above, the sample is ready for further analysis. For samples
requiring volatile organic analysis, application of one of the methods described
above is followed directly by gas chromatographic analysis (Methods 8010, 8011,
8015, 8020, 8021, 8030, 8240 and 8260). Samples prepared for semivolatile
analysis may, if necessary, undergo cleanup (See Method 3600) prior to
application of a specific determinative method.
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8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific guidance on quality control
procedures.

8.2 Before processing any samples, the analyst should demonstrate through
the analysis of a reagent water blank that all glassware and reagents are
interference free. Each time a set of samples is processed, a method blank(s)
should be processed as a safeguard against chronic laboratory contamination. The
blank samples should be carried through all stages of the sample preparation and

measurement.

8.3 Surrogate standards should be added to all samples when specified in
the appropriate determinative method in Chapter Four, Section 4.3

8.4 A reagent blank, a matrix spike, and a duplicate or matrix spike
duplicate must be performed for each analytical batch (up to a maximum of 20
samples) analyzed.

8.5 For GC or GC/MS analysis, the analytical system performance must be
verified by analyzing quality control (QC) check samples. Method 8000, Section
8.0 discusses in detail the process of verification; however, preparation of the
QC check sample concentrate is dependent upon the method being evailuated.

8.5.1 Volatile organic QC check samples: QC check sample
concentrates containing each analyte of interest are spiked into reagent
water (defined as the QC check sample) and analyzed by purge-and-trap
(Method 5030). The concentration of each analyte in the QC check sample
is 20 pg/L. The evaluation of system performance is discussed in detail
in Method 8000, beginning with Paragraph 8.6

8.5.2 Semivolatile organic QC check samples: To evaluate the
performance of the analytical method, the QC check samples must be handled
in exactly the same manner as actual samples. Therefore, 1.0 mL of the QC
check sample concentrate is spiked into each of four 1-L aliquots of
reagent water (now called the QC check sample), extracted, and then
analyzed by GC. The variety of semivolatile analytes which may be
analyzed by GC is such that the concentration of the QC check sample
concentrate is different for the different analytical techniques presented
in the manual. Method 8000 discusses in detail the procedure of verifying
the detection system once the QC check sample has been prepared. The
concentrations of the QC check sample concentrate for the various methods

are as follows:

8.5.2.1 Method 8040 - Phenols: The QC check sample
concentrate should contain each analyte at a concentration of 100
mg/L in 2-propanol.

8.5.2.2 Method 8060 - Phthalate esters: The QC check
sample concentrate should contain the following analytes at the
following concentrations in acetone: butyl benzyl phthalate, 10
mg/L; bis(2-ethylhexyl) phthalate, 50 mg/L; di-n-octylphthalate, 50
mg/L; and any other phthalate at 25 mg/L.
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8.5.2.3 Method 8070 - Nitrosamines: The QC check sample
concentrate should contain each analyte at 20 mg/L in methanol or
some other water miscible solvent.

8.5.2.4 Method 8080 - Organochlorine pesticides and PCBs:
The QC check sample concentrate should contain each single-component
analyte at the following concentrations in acetone or some other
water miscible solvent: 4,4’-DDD, 10 mg/L; 4,4’-DDT, 10 mg/L;
endosulfan II, 10 mg/L; endosulfan sulfate, 10 mg/L; endrin, 10
mg/L; and any other single-component pesticide at 2 mg/L . If the
method is only to be used to analyze PCBs, chlordane, or toxaphene,
the QC check sample concentrate should contain the most
representative multicomponent parameter at a concentration of 50
mg/L in acetone.

8.5.2.5 Method 8090 - Nitroaromatics and Cyclic Ketones:
The QC check sample concentrate should contain each analyte at the
following concentrations in acetone: each dinitrotoluene at 20
mg/L; and isophorone and nitrobenzene at 100 mg/L.

8.5.2.6 Method 8100 - Polynuclear aromatic hydrocarbons:
The QC check sample concentrate should contain each analyte at the
following concentrations in acetonitrile: naphthalene, 100 mg/L;
acenaphthylene, 100 mg/L; acenaphthene, 100 mg/L; fluorene, 100
mg/L; phenanthrene, 100  mg/L; anthracene, 100 mg/L;
benzo(k)fluoranthene, 5 mg/L; and any other PAH at 10 mg/L .

8.3.2.7 Method 8110 - Haloethers: The QC check sample
concentrate should contain each analyte at a concentration of
20 mg/L in methanol or some other water miscible solvent.

8.5.2.8 Method 8120 - Chlorinated hydrocarbons: The QC
check sample concentrate should contain each analyte at the
following concentrations in acetone: hexachloro-substituted
hydrocarbons, 10 mg/L; and any other chlorinated hydrocarbon, 100

mg/L.

8.3.2.9 Method 8140/8141 - Organophosphorus compounds:
The QC check sample concentrate should contain each analyte in
acetone at a concentration 1,000 times more concentrated than the
selected spike concentration.

8.3.2.10  Method 8150 - Chlorinated herbicides: The QC
check sample concentrate should contain each analyte in acetone at
a concentration 1,000 times more concentrated than the selected
spike concentration.

8.3.2.11 Method 8250/8270 - Semivolatile organics: The QC
check sample concentrate should contain each analyte in acetone at
a concentration of 100 mg/L.

8.3.2.12 Method 8310 - Polynuclear aromatic hydrocarbons:
The QC check sample concentrate should contain each analyte at the
following concentrations in acetonitrile: naphthalene, 100 mg/L;
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acenaphthyiene, 100 mg/L; acenaphthene, 100 mg/L; fluorene,
100 mg/L; phenanthrene, 100 mg/L; anthracene, 100 mg/L;
benzo(k)fluoranthene, 5 mg/L; and any other PAH at 10 mg/L.

9.0 METHOD PERFORMANCE

9.1 The recovery of surrogate standards is used to monitor unusual matrix
effects, sample processing problems, etc. The recovery of matrix spiking
compounds indicates the presence or absence of unusual matrix effects.

9.2 The performance of this method will be dictated by the overall
performance of the sample preparation in combination with the analytical

determinative method.

10.0 REFERENCES

10.1 None required.
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METHOD 3510B

SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION

1.0 SCOPE AND APPLICATION

1.1  This method describes a procedure for isolating organic compounds
from aqueous samples. The method also describes concentration techniques
suitable for preparing the extract for the appropriate determinative methods

described in Sec. 4.3 of Chapter Four.

1.2 This method is applicable to the isolation and concentration of
water-insoluble and slightly water-soluble organics in preparation for a variety
of chromatographic procedures.

2.0  SUMMARY OF METHOD

2.1 A measured volume of sample, usually 1 liter, at a specified pH (see
Table 1), is serially extracted with methylene chloride using a separatory
funnel. The extract is dried, concentrated (if necessary), and, as necessary,
exchanged into a solvent compatible with the cleanup or determinative method to
be used (see Table 1 for appropriate exchange solvents).

3.0 INTERFERENCES
3.1 Refer to Method 3500.

3.2 Under basic extraction conditions required to separate analytes for
the packed columns of Method 8250, the decomposition of some analytes has been
demonstrated. Organochlorine pesticides may dechlorinate, phthalate esters may
exchange, and phenols may react to form tannates. These reactions increase with
increasing pH, and are decreased by the shorter reaction times available in
Method 3510. Methods 3520/8270, 3510/8270, and 3510/8250, respectively, are
preferred over Method 3520/8250 for the analysis of these classes of compounds.

4.0 APPARATUS AND MATERIALS
4.1 Separatory funnel - 2 liter, with Teflon stopcock.

4.2 Drying column - 20 mm ID Pyrex chromatographic column with Pyrex
glass wool at bottom and a Teflon stopcock.

NOTE: Fritted glass discs are difficult to decontaminate after highly
contaminated extracts have been passed through. Columns without
frits may be purchased. Use a small pad of Pyrex glass wool to
retain the adsorbent. Prewash the glass wool pad with 50 mL of
acetone followed by 50 mL of elution solvent prior to packing the

column with adsorbent.
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4.3 Kuderna-Danish (K-D) apparatus.

4.3.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 or
equivalent). A ground-glass stopper is used to prevent evaporation of

extracts.

4.3.2 Evaporation flask - 500 mL (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs, clamps, or
equivalent.

4.3.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent). ,

4.3.4 Snyder column - Two ball micro (Kontes K-569001-0219 or
equivalent).

4.3.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.4 Boiling chips - Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.5 MWater bath - Heated, with concentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.

4.6 Vials - 2 mL, glass with Teflon 1ined screw-caps or crimp tops.
4.7 pH indicator paper - pH range including the desired extraction pH.
4.8 Erlenmeyer flask - 250 mL.

4.9 Syringe - 5 mL.

4.10 Graduated cylinder - 1 liter.

5.0  REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use
without Tessening the accuracy of the determination. Reagents should be stored
in glass to prevent the leaching of contaminants from plastic containers.

5.2 Organic-free reagent water - All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Sodium hydroxide solution (10N), NaOH. Dissolve 40 g NaOH in
organic-free reagent water and dilute to 100 mL.

5.4 Sodium sulfate (granular, anhydrous), Na,SO,. Purify by heating at
400°C for 4 hours in a shallow tray, or by precleaning the sodium sulfate with
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methylene chloride. If the sodium sulfate is precleaned with methylene chloride,
a method blank must be analyzed, demonstrating that there is no interference from

the sodium sulfate.

5.5 Sulfuric acid solution (1:1 v/v), H,50,. Slowly add 50 mL of H,SO,
(sp. gr. 1.84) to 50 mL of organic-free reagent water.

5.6 Extraction/exchange solvents

5.6.1 Methylene chloride, CH,C1, - Pesticide quality or equivalent.
5.6.2 Hexane, CgH,, - Pesticide quality or equivalent.

5.6.3 2-Propanol, CH,CH(OH)CH, - Pesticide quality or equivalent.
5.6.4 Cyclohexane, CgH;, - Pesticide quality or equivalent.

5.6.5 Acetonitrile, CH,CN - Pesticide quality or equivalent.

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Sec. 4.1.

7.0 PROCEDURE

7.1 Using a 1 Tliter graduated cylinder, measure 1 liter (nominal) of
sample and transfer it quantitatively to the separatory funnel. If high
concentrations are anticipated, a smaller volume may be used and then diluted
with organic-free reagent water to 1 liter. Add 1.0 mL of the surrogate
standards to all samples, spikes, and blanks (see Method 3500 and the
determinative method to be used, for details on the surrogate standard solution
and the matrix spike solution). For the sample in each analytical batch selected
for spiking, add 1.0 mL of the matrix spiking standard. For base/neutral-acid
analysis, the amount added of the surrogates and matrix spiking compounds should
result in a final concentration of 100 ng/ulL of each base/neutral analyte and
200 ng/uL of each acid analyte in the extract to be analyzed (assuming a 1 ul
injection). If Method 3640, Gel-Permeation Cleanup, is to be used, add twice the
volume of surrogates and matrix spiking compounds since half the extract is lost

due to Toading of the GPC column.

7.2 Check the pH of the sample with wide-range pH paper and, if
necessary, adjust the pH to that indicated in Table 1 for the specific
determinative method that will be used to analyze the extract.

7.3 Add 60 mL of methylene chloride to the separatory funnel.

7.4 Seal and shake the separatory funnel vigorously for 1-2 minutes with
periodic venting to release excess pressure.
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NOTE: Methylene chloride creates excessive pressure very rapidly;
therefore, initial venting should be done immediately after the
separatory funnel has been sealed and shaken once. Venting of the
separatory funnel should be into a hood to avoid needless exposure
of the analyst to solvent vapors.

7.5 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-third the size of the solvent layer, the analyst must employ mechanical
techniques to complete the phase separation. The optimum technique depends upon
the sample and may include stirring, filtration of the emulsion through glass
wool, centrifugation, or other physical methods. Collect the solvent extract in
an Erlenmeyer flask. If the emulsion cannot be broken (recovery of < 80% of the
methylene chloride, corrected for the water solubility of methylene chloride),
transfer the sample, solvent, and emulsion into the extraction chamber of a
continuous extractor and proceed as described in Method 3520, Continuous Liquid-
Liquid Extraction.

7.6  Repeat the extraction two more times using fresh portions of solvent
(Secs. 7.3 through 7.5). Combine the three solvent extracts.

7.7 1f further pH adjustment and extraction is required, adjust the pH
of the aqueous phase to the desired pH indicated in Table 1. Serially extract
three times with 60 mL of methylene chloride, as outlined in Secs. 7.3
through 7.5. Collect and combine the extracts and Tabel the combined extract
appropriately.

7.8 If performing GC/MS analysis (Method 8270), the acid/neutral and base
extracts may be combined prior to concentration. However, in some situations,
separate concentration and analysis of the acid/neutral and base extracts may be
preferable (e.g. if for regulatory purposes the presence or absence of specific
acid/neutral or base compounds at Tow concentrations must be determined, separate
extract analyses may be warranted).

7.9 Perform the concentration (if necessary) using the Kuderna-Danish
(K-D) Technique (Secs. 7.10.1 through 7.10.4).

7.10 K-D Technique

7.10.1 Assemble a Kuderna-Danish (K-D) concentrator by
attaching a 10 mL concentrator tube to a 500 mL evaporation flask. Dry
the extract by passing it through a drying column containing about 10 cm
of anhydrous sodium sulfate. Collect the dried extract in a K-D
concentrator. Rinse the Erlenmeyer flask, which contained the solvent
extract, with 20-30 mL of methylene chloride and add it to the column to
complete the quantitative transfer.

7.10.2 Add one or two clean boiling chips to the flask and
attach a three ball Snyder column. Prewet the Snyder column by adding
about 1 mL of methylene chloride to the top of the column. Place the K-D
apparatus on a hot water bath (15-20°C above the boiling point of the
solvent) so that the concentrator tube is partially immersed in the hot
water and the entire lower rounded surface of the flask is bathed with hot
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vapor. Adjust the vertical position of the apparatus and the water
temperature as required to complete the concentration in 10-20 minutes.
At the proper rate of distillation the balls of the column will actively
chatter, but the chambers will not flood. When the apparent volume of
liquid reaches 1 mL, remove the K-D apparatus from the water bath and
allow it to drain and cool for at Teast 10 minutes.

7.10.3 If a solvent exchange is required (as indicated in Table
1), momentarily remove the Snyder column, add 50 mL of the exchange
solvent, a new boiling chip, and reattach the Snyder column. Concentrate
the extract, as described in Sec. 7.11, raising the temperature of the
water bath, if necessary, to maintain proper distillation.

7.10.4 Remove the Snyder column and rinse the flask and its
Tower joints into the concentrator tube with 1-2 mL of methylene chloride
or exchange solvent. If sulfur crystals are a problem, proceed to
Method 3660 for cleanup. The extract may be further concentrated by using
the technique outlined in Sec. 7.11 or adjusted to 10.0 mL with the

solvent last used.

7.11 If further concentration is indicated in Table 1, either the micro-

Snyder column technique (7.11.1) or nitrogen blowdown technique (7.11.2) is used
to adjust the extract to the final volume required.

7.11.1 Micro-Snyder Column Technique

7.11.1.1 If further concentration is indicated in Table 1,
add another clean boiling chip to the concentrator tube and attach
~a two ball micro-Snyder column. Prewet the column by adding 0.5 mL-
of methylene chloride or exchange solvent to the top of the column.
Place the K-D apparatus in a hot water bath so that the concentrator
tube is partially immersed in the hot water. Adjust the vertical
position of the apparatus and the water temperature, as required, to
complete the concentration in 5-10 minutes. At the proper rate of
distillation the balls of the column will actively chatter, but the
chambers will not flood. When the apparent volume of Tiquid reaches
0.5 mL, remove the K-D apparatus from the water bath and allow it to
drain and cool for at least 10 minutes. Remove the Snyder column
and rinse the flask and its lower joints into the concentrator tube
with 0.2 mL of extraction solvent. Adjust the final volume to 1.0-

2.0 mL, as indicated in Table 1, with solvent.

7.11.2 Nitrogen Blowdown Techniqué

7.11.2.1 Place the concentrator tube in a warm bath (35°C)

and evaporate the solvent volume to 0.5 mL using a gentle stream of
clean, dry nitrogen (filtered through a column of activated carbon).

CAUTION: New plastic tubing must not be used between the
carbon trap and the sample, since it may
introduce interferences.
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7.11.2.2 The internal wall of the tube must be rinsed down
several times with methylene chloride or appropriate solvent during
the operation. During evaporation, the tube solvent level must be
positioned to avoid water condensation. Under normal procedures,
the extract must not be allowed to become dry.

CAUTION: When the volume of solvent is reduced below 1 ml,
semivolatile analytes may be lost.

7.12 The extract may now be analyzed for the target analytes using the
appropriate determinative technique(s) (see Sec. 4.3 of this Chapter). If
analysis of the extract will not be performed immediately, stopper the
concentrator tube and store refrigerated. }f the extract will be stored longer
than 2 days it should be transferred to a vial with a Teflon lined screw-cap or
crimp top, and labeled appropriately.

8.0  QUALITY CONTROL

8.1 Any reagent blanks or matrix spike samples should be subjected to
exactly the same analytical procedures as those used on actual samples.

8.2 Refer to Chapter One for specific quality control procedures and
Method 3500 for extraction and sample preparation procedures.
9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data.

10.0 REFERENCES

1. U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim
Final Rule and Proposed Rule," October 26, 1984.
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METHOD 35108

SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION
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METHOD 3520B

CONTINUOUS LIQUID-LIQUID EXTRACTION

1.0 SCOPE AND APPLICATION

1.1 This method describes a procedure for isolating organic compounds
from aqueous samples. The method also describes concentration techniques
suitable for preparing the extract for the appropriate determinative steps
described in Sec. 4.3 of Chapter Four.

1.2 This method is applicable to the iso]atioh and concentration of
water-insoluble and slightly soluble organics in preparation for a variety of
chromatographic procedures.

1.3 Method 3520 is designed for extraction solvents with greater density
than the sample. Continuous extraction devices are available for extraction
solvents that are Tess dense than the sample. The analyst must demonstrate the
effectiveness of any such automatic extraction device before employing it in

sample extraction.

2.0  SUMMARY OF METHOD

2.1 A measured volume of sample, usually 1 liter, is placed into a
continuous liquid-liquid extractor, adjusted, if necessary, to a specific pH (see
Table 1), and extracted with organic solvent for 18-24 hours. The extract is
dried, concentrated (if necessary), and, as necessary, exchanged into a solvent
compatlb]e with the cleanup or determ1nat1ve method being emp]oyed (see Table 1

for appropriate exchange solvents).

3.0 INTERFERENCES
3.1 Refer to Method 3500.

3.2 Under basic extraction conditions required to separate analytes for
the packed columns of Method 8250, the decomposition of some analytes has been
demonstrated. Organochlorine pesticides may dechlorinate, phthalate esters may
exchange, and phenols may react to form tannates. These reactions increase with
increasing pH, and are decreased by the shorter reaction times available in
Method 3510. Methods 3520/8270, 3510/8270, and 3510/8250, respectively, are
preferred over Method 3520/8250 for the analysis of these classes of compounds.

4.0 APPARATUS AND MATERIALS

4.1 Continuous liquid-liquid extractor - Equipped with Teflon or glass
connecting joints and stopcocks requiring no lubrication (Kontes 584200-0000,
584500-0000, 583250-0000, or equivalent).

4.2 Drying column - 20 mm ID Pyrex chromatographic column with Pyrex
glass wool at bottom and a Teflon stopcock.

35208 - 1 Revision 2
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NOTE: Fritted glass discs are difficult to decontaminate after highly
contaminated extracts have been passed through. Columns without
frits may be purchased. Use a small pad of Pyrex glass wool to
retain the adsorbent. Prewash the glass wool pad with 50 mL of
acetone followed by 50 mL of elution solvent prior to packing the
column with adsorbent.

4.3 Kuderna-Danish (K-D) apparatus

4.3.1 Concentrator tube - 10 mL graduated (Kontes K-570050-1025 or
equivalent). A ground glass stopper is used to prevent evaporation of

extracts.

4.3.2 Evaporation flask - 500 mL (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs, clamps, or
equivalent.

4.3.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent).

4.3.4 Snyder column - Two ball micro (Kontes K-569001-0219 or
equivalent).

4.3.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.4 Boiling chips - Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.5 Water bath - Heated, with concentric -ring cover, capable of
temperature control (+ 5°C). The bath should be used in a hood.

4.6 Vials - 2 mL, glass with Teflon Tined screw-caps or crimp tops.
4.7 pH indicator paper - pH range including the desired extraction pH.
4.8 Heating mantle - Rheostat controlled.

4.9 Syringe - 5 mL.

5.0  REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use
without lessening the accuracy of the determination. Reagents should be stored
in glass to prevent the leaching of contaminants from plastic containers.

5.2 Organic-free reagent water - All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

3520B - 2 Revision 2
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5.3 Sodium hydroxide solution (1ON), NaOH. Dissolve 40 g NaOH in
organic-free reagent water and dilute to 100 mL.

5.4 Sodium sulfate (granular, anhydrous), Na,S50,. Purify by heating at
400°C for 4 hours in a shallow tray, or by precleaning the sodium sulfate with .
methylene chloride. If the sodium sulfate is precleaned with methylene chloride,
a method blank must be analyzed, demonstrating that there is no interference from

the sodium sulfate.

5.5 Sulfuric acid solution (1:1 v/v), H,S0,. Slowly add 50 mL of H,SO,
(sp. gr. 1.84) to 50 mL of organic-free reagent water.

5.6 Extraction/exchange solvents

5.6.1 Methylene chloride, CH,C1, - Pesticide quality or equivalent.
5.6.2 Hexane, C.H,, - Pesticide quality or equivalent.

5.6.3 2-Propanol, (CH,),CHOH - Pesticide quality or equivalent.
5.6.4 Cyclohexane, C4H,, - Pesticide quality or equivalent.

5.6.5 Acetonitrile, CH,CN - Pesticide quality or equivalent.

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Sec. 4.1.

7.0 PROCEDURE

7.1 Using a1 liter graduated cylinder, measure out 1 1iter (nominal) of
sample and transfer it quantitatively to the continuous extractor. If high
concentrations are anticipated, a smaller volume may be used and then diluted
with organic-free reagent water to 1 liter. Check the pH of the sample with wide-
range pH paper and adjust the pH, if necessary, to the pH indicated in Table 1
using 1:1 (V/V) sulfuric acid or 10 N sodium hydroxide. Pipet 1.0 mL of the
surrogate standard spiking solution into each sample into the extractor and mix
well. (See Method 3500 and the determinative method to be used, for details on
the surrogate standard solution and the matrix spike solution.) For the sample
in each analytical batch selected for spiking, add 1.0 mL of the matrix spiking
standard.” For base/neutral-acid analysis, the amount of the surrogates and
matrix spiking compounds added to the sample should result in a final
concentration of 100 ng/ul of each base/neutral analyte and 200 ng/ulL of each
acid analyte in the extract to be analyzed (assuming a 1 ul injection). If
Method 3640, Gel-Permeation Cleanup, is to be used, add twice the volume of
surrogates and matrix spiking compounds since half the extract is lost due to

loading of the GPC column.

7.2 Add 300-500 mL of methylene chloride to the distilling flask. Add
several boiling chips to the flask.
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7.3 Add sufficient water to the extractor to ensure proper operation and
extract for 18-24 hours.

7.4 Allow to cool; then detach the boiling flask. If extraction at a
secondary pH is not required (see Table 1), the extract is dried and concentrated
using one of the techniques referred to in Sec. 7.7.

7.5 Carefully, while stirring, adjust the pH of the aqueous phase to the
second pH indicated in Table 1. Attach a clean distilling flask containing
500 mL of methylene chloride to the continuous extractor. Extract for 18-24
hours, allow to cool, and detach the distilling flask.

7.6 If performing GC/MS analysis (Method 8270), the acid/neutral and base
extracts may be combined prior to concentration. However, in some situations,
separate concentration and analysis of the acid/neutral and base extracts may be
preferable (e.g. if for regulatory purposes the presence or absence of specific
acid/neutral and base compounds at low concentrations must be determined,
separate extract analyses may be warranted).

7.7 Perform concentration (if necessary) using the Kuderna-Danish (K-D)
Technique (Secs. 7.8.1 through 7.8.4).

7.8 K-D Technique

7.8.1 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10
mL concentrator tube to a 500 mL evaporation flask. Dry the extract by
passing it through a drying column containing about 10 cm of anhydrous
sodium sulfate. Collect the dried extract in a K-D concentrator. Rinse
the flask which contained the solvent extract with 20-30 mL of methylene
chloride and add it to the column to complete the quantitative transfer.

7.8.2 Add one or two clean boiling chips to the flask and attach a
three ball Snyder column. Prewet the Snyder column by adding about 1 mL
of methylene chloride to the top of the column. Place the K-D apparatus
on a hot water bath (15-20°C above the boiling point of the solvent) so
that the concentrator tube is partially immersed in the hot water and the
entire lower rounded surface of the flask is bathed with hot vapor.
Adjust the vertical position of the apparatus and the water temperature,
as required, to complete the concentration in 10-20 minutes. At the
proper rate of distillation the balls of the column will actively chatter,
but the chambers will not flood. When the apparent volume of 1liquid
reaches 1 mL, remove the K-D apparatus from the water bath and allow it to
drain and cool for at least 10 minutes. Remove the Snyder column and
rinse the flask and its lower joints into the concentrator tube with 1-2
mL of extraction solvent.

7.8.3 If a solvent exchange is required (as indicated in Table 1),
momentarily remove the Snyder column, add 50 mL of the exchange solvent,
a new boiling chip, and reattach the Snyder column. Concentrate the
extract, as described in Sec. 7.9, raising the temperature of the water
bath, if necessary, to maintain proper distillation.

3520B - 4 Revision 2
September 1994

EY £ % &£ 3 X

i |

£3 £

F3 s

k|

E3 ¥ £



E 3 & _

U B S |

I |

E 1 €3 € 1

E 1 £ 3

£ 1 €. i

e o i _— i

7.8.4 Remove the Snyder column and rinse the flask and its lower
joints into the concentrator tube with 1-2 mL of methylene chloride or
exchange solvent. If sulfur crystals are a problem, proceed to Method
3660 for cleanup. The extract may be further concentrated by using the
techniques outlined in Sec. 7.9 or adjusted to 10.0 mL with the solvent

last used.

7.9 If further concentration is indicated in Table 1, either the micro-
Snyder column technique (7.9.1) or nitrogen blowdown technique (7.9.2) is used
to adjust the extract to the final volume required.

7.9.1 Micro-Snyder Column Technique

7.9.1.1 Add another one or two clean boiling chips to the
concentrator tube and attach a two ball micro-Snyder column. Prewet
the column by adding 0.5 mL of methylene chloride or exchange
solvent to the top of the column., Place the K-D apparatus in a hot
water bath so that the concentrator tube is partially immersed in
the hot water. Adjust the vertical position of the apparatus and
the water temperature, as required, to complete the concentration in
5-10 minutes. At the proper rate of distillation the balls of the
column will actively chatter, but the chambers will not flood. When
the apparent volume of Tiquid reaches 0.5 mL, remove the K-D
apparatus from the water bath and allow it to drain and cool for at
least 10 minutes. Remove the Snyder column, rinse the flask and its
lower joints into the concentrator tube with 0.2 mL of methylene
chloride or exchange solvent, and adjust the final volume to 1.0 to
2.0 mL, as indicated in Table 1, with solvent.

7.9.2 Nitrogen Blowdown Technique

7.9.2.1 Place the concentrator tube in a warm bath (35°C)

and evaporate the solvent volume to 0.5 mL using a gentle stream of
clean, dry nitrogen (filtered through a column of activated carbon).

CAUTION: New plastic tubing must not be used between the
carbon trap and the sample, since it may
introduce interferences.

7.9.2.2 The internal wall of the tube must be rinsed down
several times with methylene chloride or appropriate solvent during
the operation. During evaporation, the tube solvent Tevel must be
positioned to avoid water condensation. Under normal procedures,
the extract must not be allowed to become dry.

CAUTION: When the volume of solvent is reduced below 1 ml,
semivolatile analytes may be lost.

7.10 The extract may now be analyzed for the target analytes using the
appropriate determinative technique(s) (see Sec. 4.3 of this Chapter). If
analysis of the extract will not be performed immediately, stopper the
concentrator tube and store refrigerated. If the extract will be stored longer
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than 2 days it should be transferred to a vial with a Teflon lined screw-cap or
crimp top, and labeled appropriately.

8.0 QUALITY CONTROL

8.1 Any reagent blanks, matrix spike, or replicate samples should be
subjected to exactly the same analytical procedures as those used on actual
samples.

8.2 Refer to Chapter One for specific quality control procedures and
Method 3500 for extraction and sample-preparation procedures.

9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data.

10.0 REFERENCES

1. U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the

Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim
Final Rule and Proposed Rule," October 26, 1984.
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TABLE 1.
SPECIFIC EXTRACTION CONDITIONS FOR VARIOUS DETERMINATIVE METHODS
Exchange Exchange Volume Final
solvent solvent of extract extract
Initial Secondary required required required volume

eterminative extraction extraction for for for for
iethod pH pH analysis cleanup cleanup (mb) analysis (mL)
040 <2 none 2-propanol hexane 1.0 1.0,10.0°
1060 as received none hexane hexane 2.0 10.0
061 as received none hexane hexane 2.0 10.0
1070 as received none methanol methylene chloride 2.0 10.0
080 5-9 none hexane hexane 10.0 10.0
1081 5-9 none hexane hexane 10.0 10.0
090 5-9 none hexane hexane 2.0 1.0
1100 as received none none cyclohexane 2.0 1.0
1110 as received none hexane hexane 2.0 10.0
1120 as received none hexane hexane 2.0 1.0
1121 as received none hexane hexane 2.0 1.0
1140 6-8 none hexane hexane 10.0 10.0
3141 as received none hexane hexane 10.0 10.0
32505 >11 <2 none - - 1.0
32705 <? >11 none - - 1.0
3310 as received none acetonitrile - - 1.0
3321 as received none methanol - . - 1.0
3410 as received none methylene chloride methylene chloride 10.0 0.0 (dry)

= O

Phenois may be analyzed, by Method 8040, using a 1.0 mL 2-propanol extract by GC/FID. Method 8040 also contains an optional
derivatization procedure for phenols which resuits in a 10 mL hexane extract to be analyzed by GC/ECD.

The specificity of GC/MS may make cleanup of the extracts unnecessary. Refer to Method 3600 for guidance on the cleanup
procedures available if required.

Loss of phthalate esters, organochlorine pesticides and phenols can occur under these extraction conditions (see Sec. 3.2).
[f further separation of major acid and neutral components is required, Method 3650, Acid-Base Partition Cleanup, is

recommended. Reversal of the Method 8270 pH sequence is not recommended as analyte losses are more severe under the base first
continuous extraction (see Sec. 3.2).
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METHOD 35408B
SOXHLET EXTRACTION

1.0 SCOPE AND APPLICATION

1.1 Method 3540 is a procedure for extracting nonvolatile and semi-
volatile organic compounds from solids such as soils, sludges, and wastes. The
Soxhlet extraction process ensures intimate contact of the sample matrix with the

extraction solvent.

1.2 This method is applicable to the isolation and concentration of water
insoluble and slightly water soluble organics in preparation for a variety of

chromatographic procedures.

2.0  SUMMARY OF METHOD

2.1 The solid sample is mixed with anhydrous sodium sulfate, placed in
an extraction thimble or between two plugs of glass wool, and extracted using an
appropriate solvent in a Soxhlet extractor. The extract is then dried,
concentrated (if necessary), and, as necessary, exchanged inte a solvent
compatible with the cleanup or determinative step being employed.

3.0  INTERFERENCES
3.1 Refer to Method 3500.

4.0 APPARATUS AND MATERIALS
4.1 Soxhlet extractor - 40 mm ID, with 500 mL round bottom flask.

4.2 Drying column - 20 mm ID Pyrex chromatographic column with Pyrex
glass wool at bottom.

NOTE: Fritted glass discs are difficult to decontaminate after highly
contaminated extracts have been passed through. Columns without
frits may be purchased. Use a small pad of Pyrex glass wool to
retain the adsorbent. Prewash the glass wool pad with 50 mL of
acetone followed by 50 mL of elution solvent prior to packing the

column with adsorbent.

4.3 Kuderna-Danish (K-D) apparatus

4.3.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 or
equivalent). A ground glass stopper is used to prevent evaporation of

extracts.

4.3.2 Evaporation flask - 500 mL (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs, clamps, or
equivalent.
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4.3.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent).

4.3.4 Snyder column - Two ball micro (Kontes K-569001-0219 or
equivalent).

4.3.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.4 Boiling chips - Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.5 MWater bath - Heated, with concentric ring cover, capable of
temperature control (+ 5°C). The bath should be used in a hood.

4.6 Vials - Glass, 2 mL capaci}y, with Teflon lined screw or crimp top.
4.7 Glass or paper thimble or glass wool - Contaminant free.

4.8 Heating mantle - Rheostat controlled.

4.9 Disposable glass pasteur pipet and bulb.

4.10 Apparatus for determining percent dry weight.

4.10.1 Oven - Drying.
4.10.2 Desiccator.
4.10.3 Crucibles - Porcelain or disposable aluminum.

4.11 Apparatus for grinding
4.12 Analytical balance - 0.0001 g.

5.0  REAGENTS

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

5.2 Organic-free reagent water. Al1 references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Sodium sulfate (granular, anhydrous), Na,SO,. Purify by heating at
400°C for 4 hours in a shallow tray, or by precleaning the sodium sulfate with
methylene chloride. If the sodium sulfate is precleaned with methylene chloride,
a method blank must be analyzed, demonstrating that there is no interference from
the sodium sulfate.
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6.0

4.1.

7.0

5.4 Extraction solvents

5.4.1 Soil/sediment and aqueous siudge sampies shall be extracted
using either of the following solvent systems:

5.4.1.1 Acetone/Hexane  (1:1)  (v/v), CH,COCH,/CcH,,.
Pesticide quality or equivalent.

NOTE: This solvent system has lower disposal cost and lower
toxicity.

5.4.1.2 Methylene chloride/Acetone (1:1 v/v),
CH,C1,/CH,COCH,. Pesticide quality or equivaient.

5.4.2 Other samples shall be extracted using the following:

5.4.2.1 Methylene chloride, CH,C1,. Pesticide quality or
equivalent. :

5.4.2.2 Toluene/Methanol (10:1) (v/v), CgHsCH,/CH,0H.
Pesticide quality or equivalent.

5.5 Exchange solvents
5.5.1 Hexane, CgH,,. Pesticide quality or equivalent.
5.5.2 2-Propanol, (CH;),CHOH. Pesticide quality or equivalent.
5.5.3 Cyclohexane, CgH,,. Pesticide quality or equivaient.

5.5.4 Acetonitrile, CH,CN. Pesticide quaiity or equivalent.

SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analysis, Sec.

PROCEDURE
7.1 Sample Handling

7.1.1 Sediment/soil samples - Decant and discard any water Tayer on
a sediment sample. Mix sample thoroughly, especially composited samples.
Discard any foreign objects such as sticks, leaves, and rocks.

7.1.2 Waste sampies - Samples consisting of multiphases must be
prepared by the phase separation method in Chapter Two before extraction.
This procedure is for solids only.

7.1.3 Dry waste samples amenable to grinding - Grind or otherwise
subdivide the waste so that it either passes through a 1 mm sieve or can

3540B - 3 Revision 2
September 1994



be extruded through a 1 mm hole. Introduce sufficient sample into the
grinding apparatus to yield at least 10 g after grinding.

7.1.4 Gummy, fibrous, or oily materials not amenable to grinding
should be cut, shredded, or otherwise broken up to allow mixing, and
maximum exposure of the sample surfaces for extraction. The professional
judgment of the analyst is required for handling these difficult matrices.

7.2 Determination of sample % dry weight - In certain cases, sample
results are desired based on dry weight basis. When such data are desired, a
portion of sample for this determination should be we1ghed out at the same t1me
as the portion used for analytical determination.

WARNING: The drying oven should be contained in a hood or vented.
Significant l1aboratory contamination may result from a heavily
contaminated hazardous waste sample.

However, samples known or suspected to contain significant concentrations
of toxic, flammable, or explosive constituents should not be oven dried because
of concerns for personal safety. Laboratory discretion is advised. It may be
prudent to delay oven drying of the weighed-out portion until other analytical
results are available.

7.2.1 Immediately after weighing the sample for extraction, weigh 5-
10 g of the sample into a tared crucible. Determine the % dry weight of
the sample by drying overnight at 105°C. Allow to cool in a desiccator
before weighing:

% dry weight = g of dry sample x 100
g of sample

7.3 Blend 10 g of the solid sample with 10 g of anhydrous sodium sulfate
and place in an extraction thimble. The extraction thimble must drain freely for
the duration of the extraction period. A glass wool plug above and below the
sample in the Soxhlet extractor is an acceptable alternative for the thimble.
Add 1.0 mL of the surrogate standard spiking solution onto the sample (see Method
3500 for details on the surrogate standard and matrix spiking solutions). For
the sample in each analytical batch selected for spiking, add 1.0 mL of the
matrix spiking standard. For base/neutral-acid analysis, the amount added of the
surrogates and matrix spiking compounds should result in a final concentration
of 100 ng/ulL of each base/neutral analyte and 200 ng/ul of each acid analyte in
the extract to be analyzed (assuming a 1 ul injection). If Method 3640, Gel
Permeation Chromatography Cleanup, is to be used, add twice the volume of
surrogates and matrix spiking compounds since half the extract is lost due to
loading of the GPC column.

7.4 Place approximately 300 mL of the extraction solvent (Sec. 5.4) into
a 500 mL round bottom flask containing one or two clean boiling chips. Attach
the flask to the extractor and extract the sample for 16-24 hours at 4-6
cycles/hr.

7.5 Allow the extract to cool after the extraction is complete.
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7.6 Assemble a Kuderna-Danish (K-D) concentrator (if necessary) by
attaching a 10 mL concentrator tube to a 500 mL evaporation flask.

7.7 Dry the extract by passing it through a drying column containing
about 10 cm of anhydrous sodium sulfate. Collect the dried extract in a K-D
concentrator. Wash the extractor flask and sodium sulfate column with 100 to 125
mL of extraction solvent to complete the quantitative transfer.

7.8 Add one or two clean boiling chips to the flask and attach a three
ball Snyder column. Prewet the Snyder column by adding about 1 mL of methylene
chloride to the top of the column. Place the K-D apparatus on a hot water bath
(15-20°C above the boiling point of the solvent) so that the concentrator tube
is partially immersed in the hot water and the entire Tower rounded surface of
the flask is bathed with hot vapor. Adjust the vertical position of the
apparatus and the water temperature, as required, to complete the concentration
in 10-20 minutes. At the proper rate of distillation the balls of the column
will actively chatter, but the chambers will not flood. When the apparent volume
of liquid reaches 1-2 mL, remove the K-D apparatus from the water bath and allow

it to drain and cool for at least 10 minutes.

7.9 If a solvent exchange is required (as indicated in Table 1),
momentarily remove the Snyder column, add approximately 50 mL of the exchange
solvent and a new boiling chip, and reattach the Snyder column. Concentrate the
extract as described in Sec. 7.8, raising the temperature of the water bath, if
necessary, to maintain proper distillation. When the apparent volume again
reaches 1-2 mL, remove the K-D apparatus from the water batch and allow it to

drain and cool for at least 10 minutes.

7.10 Remove the Snyder column and rinse the flask and its lower joints
into the concentrator tube with 1-2 mL of methylene chloride or exchange solvent.
If sulfur crystals are a problem, proceed to Method 3660 for cleanup. The
extract may be further concentrated by using the techniques described in Sec.
7.11 or adjusted to 10.0 mL with the solvent last used.

7.11 If further concentration is indicated in Table 1, either micro Snyder
column technique (Sec. 7.11.1) or nitrogen blowdown technique (Sec. 7.11.2) is
used to adjust the extract to the final volume required.

7.11.1 Micro Snyder Column Technique

7.11.1.1 Add another one or two clean boiling chips to the
concentrator tube and attach a two ball micro Snyder column. Prewet
the column by adding about 0.5 mL of methylene chloride or exchange
sclvent to the top of the column. Place the K-D apparatus in a hot
water bath so that the concentrator tube is partially immersed in
the hot water. Adjust the vertical position of the apparatus and
the water temperature, as required, to complete the concentration in
5-10 minutes. At the proper rate of distillation the balls of the
column will actively chatter, but the chambers will not flood. When
the apparent volume of Tliquid reaches 0.5 mL, remove the K-D
apparatus from the water bath and allow it to drain and cool for at
least 10 minutes. Remove the Snyder column and rinse the flask and
its lower Jjoints with about 0.2 mL of solvent and add to the
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concentrator tube. Adjust the final volume to 1.0-2.0 mL, as
indicated in Table 1, with solvent.

7.11.2 Nitrogen Blowdown Technique

7.11.2.1 Place the concentrator tube in a warm water bath
(approximately 35°C) and evaporate the solvent volume to the
required level using a gentle stream of clean, dry nitrogen
(filtered through a column of activated carbon).

CAUTION: Do not use plasticized tubing between the carbon
trap and the sample.

7.11.2.2 The internal wall of the tube must be rinsed down
several times with the appropriate solvent during the operation.
During evaporation, the solvent level in the tube must be positioned
to prevent water from condensing into the sample (i.e., the solvent
level should be below the level of the water bath). Under normal
operating conditions, the extract should not be allowed to become
dry.

CAUTION: When the volume of solvent is reduced below 1 mL,
semivolatile analytes may be lost.

7.12 The extracts obtained may now be analyzed for the target analytes
using the appropriate organic technique(s) (see Sec. 4.3 of this Chapter). If
analysis of the extract will not be performed immediately, stopper the
concentrator tube and store in a refrigerator. If the extract will be stored
longer than 2 days, it should be transferred to a vial with a Teflon lined screw
cap or crimp top, and labeled appropriately.

8.0  QUALITY CONTROL

8.1 Any reagent blanks or matrix spike samples should be subjected to
exactly the same analytical procedures as those used on actual samples.

8.2 Refer to Chapter One for specific quality control procedures and
Method 3500 for extraction and sample preparation procedures.

9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data.

10.0 REFERENCES

1. U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim
Final Rule and Proposed Rule," October 26, 1984.
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TABLE 1.
SPECIFIC EXTRACTION CONDITIONS FOR VARIOUS DETERMINATIVE METHODS
Exchange Exchange Volume Final
solvent solvent of extract extract
required required required volume
Determinative Extraction for for for for
method pH analysis cleanup cleanup (mL) analysis (mL)
8040° as received 2-propanol hexane 1.0 1.0, 10.0°
8060 as received hexane hexane 2.0 10.0
8061 as received hexane hexane 2.0 10.0
8070 as received methanol methylene chloride 2.0 10.0
8080 as received hexane hexane 10.0 10.0
8081 as received hexane hexane 10.0 10.0
8090 as receijved hexane hexane 2.0 1.0
8100 as received none cyclohexane 2.0 1.0
8110 as receijved hexane hexane 2.0 10.0
8120 as received hexane hexane 2.0 1.0
8121 as received hexane hexane 2.0 1.0
8140 as received hexane hexane 10.0 10.0
8141 as received hexane hexane 10.0 10.0
8250 as received none -- -- 1.0
8270%¢ as received none -- -- 1.0
8310 as received acetonitrile -- -- 1.0
8321 as received methanol -- -- 1.0
8410 as received methylene chloride methylene chloride 10.0 0.0 (dry)

® To obtain separate acid and base/neutral extracts, Method 3650 should be performed following concentration
of the extract to 10.0 miL.

® Phenols may be analyzed by Method 8040 using a 1.0 mL 2-propanol extract and analysis by GC/FID. Method 8040

also contains an optical derivatization procedure for phenols which results in a 10 mL hexane extract to be
analyzed by GC/ECD.

¢ The specificity of GC/MS may make cleanup of the extracts unnecessary. Refef to Method 3600 for guidance
on the cleanup procedures available if required.
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METHOD 3541
AUTOMATED SOXHLET EXTRACTION

1.0 SCOPE AND APPLICATION

1.1 Method 3541 describes the extraction of organic analytes from soil,
sediment, sludges, and waste solids. The method uses a commercially available,
unique, three stage extraction system to achieve analyte recovery comparable to
Method 3540, but in a much shorter time. There are two differences between this
extraction method and Method 3540. In the initial extraction stage of Method
3541, the sample-loaded extraction thimble is immersed into the boiling solvent.
This ensures very rapid intimate contact between the specimen and solvent and
rapid extraction of the organic analytes. In the second stage the thimble is
elevated above the solvent, and is rinse-extracted as in Method 3540. In the
third stage, the solvent is evaporated, as would occur in the Kuderna-Danish
(K-D) concentration step in Method 3540. The concentrated extract is then ready
for cleanup (Method 3600) followed by measurement of the organic analytes.

1.2 The method is applicable to the extraction and concentration of water
insoluble or slightly water soluble polychlorinated biphenyls (PCBs) in
preparation for gas chromatographic determination using either Method 8080 or
8081. This method is applicable to soils, clays, solid wastes and sediments
containing from 1 to 50 ug of PCBs (measured as Arochlors) per gram of sample.
It has been statistically evaluated at 5 and 50 ug/g of Arochlors 1254 and 1260,
and found to be equivalent to Method 3540 (Soxhlet Extraction). Higher
concentrations of PCBs are measured following volumetric dilution with hexane.

1.3 The method is also applicable the extraction and concentration of
semivolatile organics in preparation for GC/MS analysis by Method 8270 or by
analysis using specific GC or HPLC methods.

2.0  SUMMARY OF METHOD

2.1 PCBs: Moist solid samples (e.g., soil/sediment samples) may be air-
dried and ground prior to extraction or chemically dried with anhydrous sodium
sulfate. The prepared sample is extracted using 1:1 (v/v) acetone:hexane in the
automated Soxhlet following the same procedure as outlined for semivolatile
organics in Sec. 2.1. The extract is then concentrated and exchanged into pure
hexane prior to final gas chromatographic PCB measurement.

2.2 Other semivolatile organics: A 10-g solid sample (the sample is pre-
mixed with anhydrous sodium sulfate for certain matrices) is placed in an
extraction thimble and usually extracted with 50 mL of 1:1 (v/v) acetone/hexane
for 60 minutes in the boiling extraction solvent. The thimble with sample is
then raised into the rinse position and extracted for an additional 60 minutes.
Following the extraction steps, the extraction solvent is concentrated to 1 to

2 mL.
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3.0 INTERFERENCES
3.1 Refer to Method 3500.

3.2 The extraction thimble and the o-rings used to seal the extraction
cup are both a source of interference. Both should be checked by including a
method blank and following the extraction procedure as written. Solvent rinsing
or extraction, prior to use, may be necessary to eliminate or reduce
interferences. Viton seals contributed least to the interference problem,
however, even they contributed some interference peaks when the extraction
solvent was analyzed by the electron capture detector. Use of butyl or EPDM
rings are not recommended since they were found to contribute significant
background when the extraction solvent was 1:1 v/v hexane/acetone or 1:1 v/v
methylene chloride/acetone.

4.0 APPARATUS AND MATERIALS

4.1 Automated Soxhlet Extraction System - with temperature-controlled oil
bath (Soxtec, or equivalent). Tecator bath 0il (catalog number 1000-1886) should
be used with the Soxtec. Silicone o0il must not be used because it destroys the
rubber parts. See Figure 1. The apparatus is used in a hood.

4.2 Accessories and consumables for the automated Soxhlet system. (The
catalog numbers are Fisher Scientific based on the use of the Soxtec HT-6,
however, other sources that are equivalent are acceptable.)

4.2.1 Cellulose extraction thimbles - 26 mm ID x 60 mm
contamination free, catalog number 1522-0034, or equivalent.

4.2.2 Glass extraction cups (80 mL) - (set of six required for the
HT-6), catalog number 1000-1820.

4.2.3 Thimble adapters - (set of six required for the HT-6),
catalog number 1000-1466.

4.2.4 Viton seals - catalog number 1000-2516.
4.3 Syringes - 100 and 1000 uL and 5 mL.
4.4 Apparatus for Determining Percent Dry Weight
4.4.1 Drying Oven.
4.4.2 Desiccator.
4.4.3 Crucibles, porcelain.
4.4.4 Balance, analytical.

4.5 Apparatus for grinding - Fisher Cyclotec, Fisher Scientific catalog
number 1093, or equivalent.
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4.6 Spatula

4.7 Graduated cylinder - 100 mlL.
4.8 Aluminum weighing dish - VWR Scientific catalog number 25433-008 or
equivalent,

4.9 Graduated, conical-bottom g]ass'tubes - 15 mL, Kimble catalog number
45166 or equivalent, or 10 mL KD concentrator tube.

5.0  REAGENTS

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

5.2 Organic-free reagent water. A1l references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Sodium sulfate (granular, anhydrous), Na,S0,. Purify by heating at
400°C for 4 hours in a shallow tray, or by precleaning the sodium sulfate with
methylene chloride. A method blank must be analyzed, demonstrating that there
is no interference from the sodium sulfate.

5.4 Extraction solvents:
5.4.1 Organochlorine pesticides/PCB extraction:

5.4.1.1 Acetone/hexane (1:1 v/v), CH4COCH,/CgH, , -
Pesticide quality or equivalent. ;

5.4.2 Semivolatile organics extraction:

5.4.2.1  Acetone/hexane (1:1 v/v), CH,COCH,/CgH,, .
Pesticide quality or equivalent.

5.4.2.2 Acetone/methylene chloride (1:1 v/v),
CH,COCH,/CH,C1,. Pesticide quality or equivalent.

5.5 Hexane, CgH,,. Pesticide quality or equivalent.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Sec. 4.1. _
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7.0

PROCEDURE
7.1 Sample handling

7.1.1 Sediment/soil samples - Decant and discard any water layer
on a sediment sample. Mix sample thoroughly, especially composited
samples. Discard any foreign objects such as sticks, leaves, and rocks.

7.1.1.1 PCBs or high-boiling organochlorine pesticides -
Air-dry the sample at room temperature for 48 hours in a glass tray
or on hexane-cleaned aluminum foil, or dry the sample by mixing with
anhydrous sodium sulfate until a free-flowing powder is obtained
(see Sec. 7.2).

NOTE : Dry, finely ground soil/sediment allows the best
extraction efficiency for non-volatile, non-polar
organics, e.g., PCBs, 4,4'-DDT, etc. Air-drying
is not appropriate for the analysis of the more
volatile organochlorine pesticides (e.g. the
BHCs) or the more volatile of the semivolatile
organics because of Tosses during the drying
process.

7.1.2 Dried sediment/soil and dry waste samples amenable to
grinding - Grind or otherwise subdivide the waste so that it either passes
through a 1 mm sieve or can be extruded through a 1 mm hole. Introduce
sufficient sample into the grinding apparatus to yield at least 20 g after
grinding. Disassemble grinder between samples, according to
manufacturer’s instructions, and clean with soap and water, followed by
acetone and hexane rinses.

NOTE: The same warning on loss of volatile analytes applies to the
grinding process. Grinding should only be performed when
analyzing for non-volatile organics.

7.1.3 Gummy, fibrous, or oily materials not amenable to grinding
should be cut, shredded, or otherwise broken up to allow mixing, and
maximum exposure of the sample surfaces for extraction. If grinding of
these materials is preferred, the addition and mixing of anhydrous sodium
sulfate with the sample (1:1) may improve grinding efficiency. The
professional Jjudgment of the analyst is required for handling such
difficult matrices.

7.1.4 Multiple phase waste samples - Samples consisting of multiple
phases must be prepared by the phase separation method in Chapter Two
before extraction. This procedure is for solids only.

7.2 For sediment/soil (especially gummy clay) that is moist and cannot

be air-dried because of loss of volatile analytes - Mix 5 g of sample with 5 g
of anhydrous sodium sulfate in a small beaker using a spatula. Use this approach
for any solid sample that requires dispersion of the sample particles to ensure
greater solvent contact throughout the sample mass.
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7.3 Determination of sample percent dry weight - In certain cases, sample
results are desired based on dry weight basis. When such data are desired, a
portion of sample for this determination should be weighed out at the same time
as the portion used for analytical determination.

WARNING: The drying oven should be contained in a hood or vented.
Significant laboratory contamination may result from the
drying of a heavily contaminated hazardous waste sample.

7.3.1 Immediately after weighing the sample for extraction, weigh
5-10 g of the sample into a tared crucible. Determine the % dry weight of
the sample by drying overnight at 105°C. Allow to cool in a desiccator

before weighing:

% dry weight = g_of dry sample x 100
g of sample

7.4 Check the heating 0i1 Tevel in the automated Soxhlet unit and add oil
if needed. See service manual for details. Set the temperature on the service
unit at 140°C when using hexane-acetone (1:1, v/v) as the extraction solvent.

7.5 Press the "MAINS" button; observe that the switch lamp is now "ON".

7.6 Open the cold water tap for the reflux condensers. Adjust the flow
to 2 L/min to prevent solvent loss through the condensers.

7.7 Weigh 10 g of sample into extraction thimbles. For samples mixed
with anhydrous sodium sulfate, transfer the entire contents of the beaker (Sec.
7.2) to the thimble. Add surrogate spikes to each sample and the matrix
spike/matrix spike duplicate to the selected sample.

NOTE: When surrogate spikes and/or matrix spikes contain relatively
volatile compounds (e.g., trichlorobenzenes, BHCs, etc.), steps 7.8,
7.9, and 7.10 must be performed quickly to avoid evaporation losses
of these compounds. As the spike is added to the sample in each
thimble, the thimble should immediately be transferred to the
condenser and lowered into the extraction solvent.

7.8 Immediately transfer the thimbles containing the weighed samples into
the condensers. Raise the knob to the "BOILING" position. The magnet will now
fasten to the thimble. Lower the knob to the "RINSING" position. The thimble
will now hang just below the condenser valve.

7.9 Insert the extraction cups containing boiling chips, and load each
with 50 mL of extraction solvent (normally 1:1 (v/v) hexane:acetone, see Sec.
5.4). Using the cup holder, lower the locking handle, ensuring that the safety
catch engages. The cups are now clamped into position. (The seals must be pre-
rinsed or pre-extracted with extraction solvent prior to initial use.)

7.10 Move the extraction knobs to the "BOILING" position. The thimbles
are now immersed in solvent. Set the timer for 60 minutes. The condenser valves
must be in the "OPEN" position. Extract for the preset time.
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7.11 Move the extraction knobs to the "RINSING" position. The thimbles
will now hang above the solvent surface. Set timer for 60 minutes. Condenser
valves are still open. Extract for the preset time.

7.12 After rinse time has elapsed, close the condenser valves by turning
each a quarter-turn, clockwise.

7.13 When all but 2 to 5 mL of solvent have been collected, open the
system and remove the cups.

7.14 Transfer the contents of the cups to 15 mL graduated, conical-bottom
glass tubes. Rinse the cups using hexane (methylene chloride if 1:1 methylene
chloride-acetone was used for extraction and analysis is by GC/MS) and add the
rinsates to the glass tubes. Concentrate the extracts to 1 to 10 mL. The final
volume is dependent on the determinative method and the quantitation limit
required. Transfer a portion to a GC vial and store at 4°C until analyses are
performed.

NOTE: The recovery solvent volume can be adjusted by adding
solvent at the top of the condensers. For more details
concerning use of the extractor, see the operating manual
for the automated extraction system.

7.15 Shutdown
7.15.1 Turn "OFF" main switch.
7.15.2 Turn "OFF" cold water tap.
7.15.3 Ensure that all condensers are free of solvent. Empty

the solvent that is recovered in the evaporation step into an appropriate
storage container.

7.16 The extract is now ready for cleanup or analysis, depending on the
extent of interfering co-extractives. See Method 3600 for guidance on cleanup
methods and Method 8000 for guidance on determinative methods. Certain cleanup
and/or determinative methods may require a solvent exchange prior to cleanup
and/or determination.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for general quality control procedures and to
Method 3500 for specific extraction and sample preparation QC procedures.

8.2 Before processing any samples, the analyst should demonstrate through
the analysis of an organic-free solid matrix (e.g., reagent sand) method blank
that all glassware and reagents are interference-free. Each time a set of
samples is extracted, or when there is a change in reagents, a method blank
should be processed as a safeguard against chronic laboratory contamination. The
blank samples should be carried through all stages of the sample preparation and
measurement. This is especially important because of the possibility of
interferences being extracted from the extraction cup seal.
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8.3 Standard quality assurance practices should be used with this method.
Field duplicates should be collected to validate the precision of the sampling
technique. Each analysis batch of 20 or less samples must contain: a method
blank, either a matrix spike/matrix spike duplicate or a matrix spike and
duplicate sample analysis, and a Tlaboratory control sample, unless the
determinative method provides other guidance. Also, routinely check the

integrity of the instrument seals.

8.4 Surrogate standards must be added to all samples when specified in
the appropriate determinative method.

9.0 METHOD PERFORMANCE

9.1 Multi-laboratory accuracy and precision data were obtained for PCBs
in soil. Eight Taboratories spiked Arochlors 1254 and 1260 into three portions
of 10 g of Fuller’s Earth on three non-consecutive days followed by immediate
extraction using Method 3541. Six of the Taboratories spiked each Arochlor at
5 and 50 mg/kg and two laboratories spiked each Arochlor at 50 and 500 mg/kg.
A1l extracts were analyzed by Oak Ridge National Laboratory, Oak Ridge, TN, using
Method 8081. These data are listed in a table found in Method 8081, and were

taken from Reference 1.

9.2 Single-laboratory accuracy data were obtained for chlorinated
hydrocarbons, nitroaromatics, haloethers, and organochlorine pesticides in a clay
soil. The spiking concentrations ranged from 500 to 5000 uxg/kg, depending on
the sensitivity of the analyte to the electron capture detector. The spiking
solution was mixed into the soil during addition and then immediately transferred
to the extraction device and immersed in the extraction solvent. The data
represents a single determination. Analysis was by capillary column gas
chromatography/electron capture detector following Methods 8081 for the
organochlorine pesticides, 8091 for the nitroaromatics, 8111 for the
hydrocarbons, and 8121 for the chlorinated hydrocarbons. These data are listed
in a table located in their respective methods and were taken from Reference 2.

9.3 Single-laboratory accuracy and precision data were obtained for
semivolatile organics in soil by spiking at a concentration of 6 mg/kg for each
compound. The spiking solution was mixed into the soil during addition and then
allowed to equilibrate for approximately 1 hr prior to extraction. Three
determinations were performed and each extract was analyzed by gas
chromatography/mass spectrometry following Method 8270. The low recovery of the
more volatile compounds 1is probably due to volatilization Tosses during
equilibration. These data are listed in a Table located in Method 8270 and were

taken from Reference 2.

10.0 REFERENCES

1. Stewart, J. “Intra-Laboratory Recovery Data for the PCB Extraction
Procedure"; Oak Ridge National Laboratory, Oak Ridge, TN, 37831-6138;

October 1989.
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Lopez-Avila, V. (Beckert, W., Project Officer), "Development of a Soxtec
Extraction Procedure for Extracting Organic Compounds from Soils and
-~ Sediments", EPA 600/X-91/140, US EPA, Environmental Monitoring Systems
Laboratory-Las Vegas, October 1991.
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Automated Soxhlet Extraction System
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METHOD 3550A
ULTRASONIC EXTRACTION

See DISCLAIMER-1. See manufacturer’s specifications for operational settings.

1.0 SCOPE AND APPLICATION

1.1 Method 3550 is a procedure for extracting nonvolatile and semi-
volatile organic compounds from solids such as soils, sludges, and wastes. The
ultrasonic process ensures intimate contact of the sample matrix with the
extraction solvent.

1.2 The method is divided into two sections, based on the expected
concentration of organics in the sample. The 1low concentration method
(individual organic components of < 20 mg/kg) uses a larger sample size and a
more rigorous extraction procedure (lower concentrations are more difficult to
extract). The medium/high concentration method (individual organic components
of > 20 mg/kg) is much simpler and therefore faster.

1.3 It is highly recommended that the extracts be cleaned up prior to
analysis. See Chapter Four (Cleanup), Sec. 4.2.2, for applicable methods.

2.0  SUMMARY OF METHOD

2.1 Low concentration method - A 30 g sample is mixed with anhydrous
sodium sulfate to form a free-flowing powder. This is solvent extracted three
times using ultrasonic extraction. The extract is separated from the sample by
vacuum filtration or centrifugation. The extract is ready for cleanup and/or
analysis following concentration.

2.2 Medium/high concentration method - A 2 g sample is mixed with

anhydrous sodium sulfate to form a free-flowing powder. This is solvent
extracted once using ultrasonic extraction. A portion of the extract is removed

for cleanup and/or analysis.

3.0 INTERFERENCES
3.1 Refer to Method 3500.

4.0 APPARATUS AND MATERIALS
4.1 Apparatus for grinding dry waste samples.

4.2 Ultrasonic preparation - A horn type device equipped with a titanium
tip, or a device that will give equivalent performance, shall be used.

3550A - 1 Revision 1
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4.2.1 Ultrasonic Disrupter - The disrupter must have a minimum power

wattage of 300 watts, with pulsing capability. A device designed to

reduce the cavitation sound is recommended. Follow the manufacturers
instructions for preparing the disrupter for extraction of samples with
low and medium/high concentration.

Use a 3/4" horn for the lTow concentration method and a 1/8" tapered
microtip attached to a 1/2" horn for the medium/high concentration method.

4.3 Sonabox - Recommended with above disrupters for decreasing cavitation
sound (Heat Systems - Ultrasonics, Inc., Model 432B or equivalent).

4.4 Apparatus for determining percent dry weight.

4.4.1 Oven - Drying.

4.4.2 Desiccator.

4.4.3 Crucibles - Porcelain or disposable aluminum.
4.5 Pasteur glass pipets - 1 mL, disposable.
4.6 Beakers - 400 mL.
4.7 Vacuum or pressure filtration apparatus.

4.7.1 Buchner funnel.

4.7.2 Filter paper - Whatman No. 41 or equivalent.
4.8 Kuderna-Danish (K-D) apparatus.

4.8.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 or
equivalent). A ground glass stopper is used to prevent evaporation of

extracts.

4.8.2 Evaporation flask - 500 mL (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs, clamps, or
equivalent.

4.8.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent).

4.8.4 Snyder column - Two ball micro (Kontes K-569001-0219 or
equivalent).

4.8.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.9 Boiling chips - Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).
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4.10 Water bath - Heated, with concentric ring cover, capable of
temperature control (+ 5°C). The batch should be used in a hood.

4.11 Balance - Top Toading, capable of accurately weighing to the nearest
0.01 g.

4.12 Vials - 2 mL, for GC autosampler, with Teflon lined screw caps or
crimp tops.

4.13 Glass scintillation vials - 20 mL, with Teflon lined screw caps.

4.14 Spatula - Stainless steel or Teflon.

4.15 Drying column - 20 mm ID Pyrex chromatographic column with Pyrex
glass wool at bottom.

NOTE : Fritted glass discs are difficult to decontaminate after
highly contaminated extracts have been passed through.
CoTumns without frits may be purchased. Use a small pad of
Pyrex glass wool to retain the adsorbent. Prewash the glass
wool pad with 50 mL of acetone followed by 50 mL of elution
solvent prior to packing the column with adsorbent.

4.16 Syringe - 5 mL.

5.0  REAGENTS

5.1 Reagent grade inorganic chemicals shall be used in all tests. Unless
otherwise specified, it is intended that all inorganic reagents shall conform to
the specifications of the Committee on Analytical Reagents of the American
Chemical Society, where such specifications are available. Other grades may be
used, provided it is first ascertained that the reagent is of sufficiently high
purity to permit its use without Tessening the accuracy of the determination.

5.2 Organic-free reagent water. All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Sodium sulfate (granular, anhydrous), Na,S0,. Purify by heating at
400°C for 4 hours in a shallow tray, or by precleaning the sodium sulfate with
methylene chloride. If the sodium sulfate is precleaned with methylene chloride,
a method blank must be analyzed, demonstrating that there is no interference from

the sodium sulfate.
5.4 Extraction solvents.

5.4.1 Low concentration soil/sediment and aqueous sludge samples
shall be extracted using a solvent system that gives optimum, reproducible
recovery for the matrix/analyte combination to be measured. Suitable

solvent choices are given in Table 1.
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6.0

4.1.

7.0

5.4.2 Methylene chloride:Acetone, CH,C1,:CH,COCH, (1:1, wv:v).
Pesticide quality or equivalent.

5.4.3 Methylene chloride, CH,C1,. Pesticide quality or equivalent.
5.4.4 Hexane, CgH,,. Pesticide quality or equivalent.

5.5 Exchange solvents.
5.5.1 Hexane, C4H,,. Pesticide quality or equivalent.
5.5.2 2-Propanol, (CH;),CHOH. Pesticide quality or equivalent.
5.5.3 Cyclohexane, CgH,,. Pesticide quality or equivalent.
5.5.4 Acetonitrile, CH,CN. Pesticide quality or equivalent.

5.5.5 Methanol, CH,0H. Pesticide quality or equivalent.

SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this Chapter, Organic Analytes, Sec.

PROCEDURE
7.1 Sample handling

7.1.1 Sediment/soil samples - Decant and discard any water layer on
a sediment sample. Mix sample thoroughly, especially composited samples.
Discard any foreign objects such as sticks, leaves, and rocks.

7.1.1.2 Determine the dry weight of the sample (Sec. 7.2)
remaining after decanting. Measurement of soil pH may be required.

7.1.2 Waste samples - Samples consisting of multiphases must be
prepared by the phase separation method in Chapter Two before extraction.
This procedure is for solids only.

7.1.3 Dry waste samples amenable to grinding - Grind or otherwise
subdivide the waste so that it either passes through a 1 mm sieve or can
be extruded through a 1 mm hole. Introduce sufficient sample into the
grinder to yield at least 100 g after grinding.

7.1.4 Gummy, fibrous or oily materials not amenable to grinding
should be cut, shredded, or otherwise broken up to allow mixing, and
maximum exposure of the sample surfaces for extraction. The professional
judgment of the analyst is required for handling of these difficult

matrices.
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7.2 Determination of percent dry weight - In certain cases, sample
results are desired based on a dry weight basis. When such data are desired, or
required, a portion of sample for this determination should be weighed out at the
same time as the portion used for analytical determination.

WARNING: The drying oven should be contained in a hood or vented.
Significant laboratory contamination may result from drying a
heavily contaminated hazardous waste sample.

However, samples known or suspected to contain significant concentrations
of toxic, flammable, or explosive constituents should not be overdried because
of concerns for personal safety. Laboratory discretion is advised. It may be
prudent to delay overdrying of the weighed-out portion until other analytical

results are available.

7.2.1 Immediately after weighing the sample for extraction, weigh 5-
10 g of the sample into a tared crucible. Determine the % dry weight of
the sample by drying overnight at 105°C. Allow to cool in a desiccator

before weighing:

% dry weight = g of dry sample x 100
g of sample

7.3 Extraction method for samples expected to contain low concentrations
of organics and pesticides (< 20 mg/kg):

7.3.1 The following step should be performed rapidly to avoid loss
of the more volatile extractables. Weigh approximately 30 g of sample
into a 400 mL beaker. Record the weigh to the nearest 0.1 g. Nonporous
or wet samples (gummy or clay type) that do not have a free-flowing sandy
texture must be mixed with 60 g of anhydrous sodium sulfate, using a
spatula. If required, more sodium sulfate may be added. After addition
of sodium sulfate, the sample should be free flowing. Add 1 mL of
surrogate standards to all samples, spikes, standards, and blanks (see
Method 3500 for details on the surrogate standard solution and the matrix
spike solution). For the sample in each analytical batch selected for
spiking, add 1.0 mL of the matrix spiking standard. For base/neutral-acid
analysis, the amount added of the surrogates and matrix spiking compounds
should result in a final concentration of 100 ng/ul of each base/neutral
analyte and 200 ng/ul of each acid analyte in the extract to be analyzed
(assuming a 1 ul injection). If Method 3640, Gel-Permeation Cleanup, is
to be used, add twice the volume of surrogates and matrix spiking
compounds since half of the extract is lost due to loading of the GPC
column. Immediately add 100 mL of 1:1 methylene chloride:acetone.

7.3.2 Place the bottom surface of the tip of the #207 3/4 in.
disrupter horn about 1/2 in. below the surface of the solvent, but above

the sediment layer.

7.3.3 Extract ultrasonically for 3 minutes, with output control knob
set at 10 (full power) and with mode switch on Pulse (pulsing energy
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rather than continuous energy) and percent-duty cycle knob set at 50%
(energy on 50% of time and off 50% of time). Do not use microtip probe.

7.3.4 Decant the extract and filter it through Whatman No. 41 filter
paper (or equivalent) in a Buchner funnel that is attached to a clean 500
mL filtration flask. Alternatively, decant the extract into a centrifuge
bottle and centrifuge at low speed to remove particles.

7.3.5 Repeat the extraction two or more times with two additional
100 mL portions of solvent. Decant off the solvent after each ultrasonic
extraction. On the final ultrasonic extraction, pour the entire sample
into the Buchner funnel and rinse with extraction solvent. Apply a vacuum
to the filtration flask, and collect the solvent extract. Continue
filtration until all visible solvent is removed from the funnel, but do
not attempt to completely dry the sample, as the continued application of
a vacuum may result in the loss of some analytes. Alternatively, if
centrifugation is used in Sec. 7.3.4, transfer the entire sample to the
centrifuge bottle. Centrifuge at Tow speed, and then decant the solvent
from the bottle.

7.3.6 Assemble a Kuderna-Danish (K-D) concentrator (if necessary) by
attaching a 10 mL concentrator tube to a 500 mL evaporator flask.
Transfer filtered extract to a 500 mL evaporator flask and proceed to the
next section.

7.3.7 Add one to two clean boiling chips to the evaporation flask,
and attach a three ball Snyder column. Prewet the Snyder column by adding
about 1 mL methylene chloride to the top. Place the K-D apparatus on a
hot water bath (80-90 °C) so that the concentrator tube is partially
immersed in the hot water and the entire Tower rounded surface of the
flask is bathed with hot vapor. Adjust the vertical position of the
apparatus and the water temperature, as required, to complete the
concentration in 10-15 min. At the proper rate of distillation the balls
of the column will actively chatter, but the chambers will not flood with
condensed solvent. When the apparent volume of liquid reaches 1 mL,
remove the K-D apparatus and allow it to drain and cool for at least 10
min.

7.3.8 If a solvent exchange is required (as indicated in Table 1),
momentarily remove the Snyder column, add 50 mL of the exchange solvent
and a new boiling chip, and re-attach the Snyder column. Concentrate the
extract as described in Sec. 7.3.10, raising the temperature of the water
bath, if necessary, to maintain proper distillation. When the apparent
volume again reaches 1-2 mL, remove the K-D apparatus and allow it to
drain and cool for at least 10 minutes.

7.3.9 Remove the Snyder column and rinse the flask and its lower
joints into the concentrator tube with 1-2 mL of methylene chloride or
exchange solvent. If sulfur crystals are a problem, proceed to Method
3660 for cleanup. The extract may be further concentrated by using the
technique outlined in Sec. 7.3.10 or adjusted to 10.0 mL with the solvent
last used.
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7.3.10 If further concentration is indicated in Table 1, either

micro Snyder column technique (Sec. 7.3.10.1) or nitrogen blow down
technique (Sec. 7.3.10.2) is used to adjust the extract to the final
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volume required.

7.3.10.1 Micro Snyder Column Technique

7.3.10.1.1 Add a clean boiling chip and attach a
two ball micro Snyder column to the concentrator tube. Prewet
the column by adding approximately 0.5 mL of methylene
chloride or exchange solvent through the top. Place the
apparatus in the hot water bath. Adjust the vertical position
and the water temperature, as required, to complete the
concentration in 5-10 minutes. At the proper rate of
distillation the balls of the column will actively chatter,
but the chambers will not flood. When the liquid reaches an
apparent volume of approximately 0.5 mL, remove the apparatus
from the water bath and allow to drain and cool for at least
10 minutes. Remove the micro Snyder column and rinse its
lower joint with approximately 0.2 mL of appropriate solvent
and add to the concentrator tube. Adjust the final volume to
the volume required for cleanup or for the determinative

method (see Table 1).
7.3.10.2 Nitrogen Blowdown Technique

7.3.10.2.1 Place the concentrator tube in a warm
water bath (approximately 35 °C) and evaporate the solvent
volume to the required level using a gentle stream of clean,
dry nitrogen (filtered through a column of activated carbon).

CAUTION: Do not use plasticized tubing between the
carbon trap and the sample.

7.3.10.2.2 The internal wall of the tube must be
rinsed down several times with the appropriate solvent during
the operation. During evaporation, the solvent level in the
tube must be positioned to prevent water from condensing into
the sample (i.e., the solvent level should be below the level
of the water bath). Under normal operating conditions, the
extract should not be allowed to become dry.

CAUTION: When the volume of solvent is reduced below
1 mL, semivolatile analytes may be lost.

If analysis of the extract will not be performed immediately, stopper
the concentrator tube and store refrigerated. If the extract will be stored
longer than 2 days, it should be transferred to a vial with a Teflon lined cap

and labeled appropriately.
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7.5 Extraction method for samples expected to contain high concentrations

of organics (> 20 mg/kg):

8.0

7.5.1 Transfer approximately 2 g (record weight to the nearest 0.1
g) of sample to a 20 mL vial. Wipe the mouth of the vial with a tissue to

- remove any sample material. Record the exact weight of sample taken. Cap

the vial before proceeding with the next sample to avoid any cross
contamination.

7.5.2 Add 2 g of anhydrous sodium sulfate to sample in the 20 mL
vial and mix well.

7.5.3 Surrogate standards are added to all samples, spikes, and
blanks (see Method 3500 for details on the surrogate standard solution and
on the matrix spike solution). Add 1.0 mL of surrogate spiking solution
to sample mixture. For the sample in each analytical batch selected for
spiking, add 1.0 mL of the matrix spiking standard. For base/neutral-acid
analysis, the amount added of the surrogates and matrix spiking compounds
should result in a final concentration of 100 ng/ul of each base/neutral
analyte and 200 ng/ulL of each acid analyte in the extract to be analyzed

(assuming a 1 ul injection). If Method 3640, Gel-Permeation Cleanup, is

to be used, add twice the volume of surrogates and matrix spiking
compounds since half the extract is lost due to loading of the GPC column.

7.5.4 Immediately add whatever volume of solvent is necessary to
bring the final volume to 10.0 mL considering the added volume of
surrogates and matrix spikes. Disrupt the sample with the 1/8 in. tapered
microtip ultrasonic probe for 2 minutes at output control setting 5 and

with mode switch on pulse and percent duty cycle at 50%. Extraction

solvents are:

1. For nonpolar compounds (i.e., organochlorine pesticides and
PCBs), use hexane or appropriate solvent.

2. For extractable priority pollutants, use methylene chloride.

7.5.5 Loosely pack disposable Pasteur pipets with 2 to 3 cm Pyrex
glass wool plugs. Filter the extract through the glass wool and collect
5.0 mL in a concentrator tube if further concentration is required.
Follow Sec. 7.3.10 for details on concentration. Normally, the 5.0 mL
extract is concentrated to approximately 1.0 mL or less.

7.5.6 The extract is ready for cleanup or analysis, depending on the
extent of interfering co-extractives.
QUALITY CONTROL

8.1 Any reagent blanks or matrix spike samples should be subjected to

exactly the same analytical procedures as those used on actual samples.
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8.2 Refer to Chapter One for specific quality control procedures and

Method 3500 for extraction and sample preparation procedures.

9.0

10.0

METHOD PERFORMANCE

9.1 Refer to the determinative method for performance data.

REFERENCES

U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim

Final Rule and Proposed Rule," October 26, 1984.

U.S. EPA, Interlaboratory Comparison Study: Methods for Volatile and
Semi-Volatile Compounds, Environmental Monitoring Systems Laboratory,
Office of Research and Development, Las Vegas, NV, EPA 600/4-84-027, 1984.

Christopher S. Hein, Paul J. Marsden, Arthur S. Shurtleff, "Evaluation of
Methods 3540 (Soxhlet) and 3550 (Sonication) for Evaluation of Appendix IX
Analytes form Solid Samples", S-CUBED, Report for EPA Contract 68-03-33-
75, Work Assignment No. 03, Document No. SSS-R-88-9436, October 1988.
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TABLE 1.
EFFICIENCY OF EXTRACTION SOLVENT SYSTEMS®

Solvent System‘

A B C D E

Compound CAS No.® ABN° %R SD %R SD %R SD %R SD %R SD
4-Bromophenyl phenyl ether 101-55-3 N 64.2 6.5 56.4 0.5 86.7 1.9 84.5 0.4 73.4 1.0
4-Chloro-3-methylphenol 59-50-7 A 66.7 6.4 74.3 2.8 97.4 3.4 89.4 3.8 84.1 1.6
bis(2-Chloroethoxy)methane 111-91-1 N 71.2 4.5 58.3 5.4 69.3 2.4 74.8 4.3 37.5 5.8
bis(2-Chloroethyl) ether 111-44-4 N 42.0 4.8 17.2 3.1 41.2 8.4 61.3 11.7 4.8 1.0
2-Chloronaphthalene 91-58-7 N 86.4 8.8 78.9 3.2 100.8 3.2 83.0 4.6 57.0 2.2
4-Chlorophenyl phenyl ether 7005-72-3 N 68.2 8.1 63.0 2.5 9.6 2.5 80.7 1.0 67.8 1.0
1,2-Dichlorobenzene 95-50-1 N 33.3 4.5 15.8 2.0 27.8 6.5 53.2 10.1 2.0 1.2
1,3-Dichlorobenzene 541-73-1 N 29.3 4.8 12.7 1.7 20.5 6.2 46.8 10.5 0.6 0.6
Diethyl phthalate 84-66-2 N 2.8 1.6 23.3 0.3 121.1 3.3 99.0 4.5 94.8 2.9
4,6-Dinitro-o-cresol 534-52-1 A 66.1 8.0 63.8 2.5 74.2 3.5 55.2 5.6 63.4 2.0
2,4-Dinitrotoluene 121-14-2 N 68.9 1.6 65.6 4.9 85.6 1.7 68.4 3.0 64.9 2.3
2,6-Dinitrotoluene 606-20-2 N 70,0 7.6 68.3 0.7 88.3 4.0 65.2 2.0 59.8 0.8
Heptachlor epoxide 1024-57-3 N 65.5 7.8 58.7 1.0 86.7 1.0 84.8 2.5 77.0 0.7
Hexachlorobenzene 118-74-1 N 62.1 8.8 56.5 1.2 95.8 2.5 89.3 1.2 78.1 4.4
Hexachlorobutadiene 87-68-3 N 55.8 8.3 41.0 2.7 63.4 4.1 76.9 8.4 12.5 4.6
Hexachlorocyclopentadiene 77-47-4 N 26.8 3.3 19.3 1.8 35.5 6.5 46.6 4.7 9.2 1.7
Hexachloroethane 67-72-1 N 28.4 3.8 15.5 1.6 31.1 7.4 57.9 10.4 1.4 1.2
5-Nitro-o-toluidine 99-55-8 B 52.6 26.7 64.6 4.7 74.7 4.7 27.9 4.0 34.0 4.0
Nitrobenzene 98-95-3 N 59.8 7.0 38.7 5.5 46.9 6.3 60.6 6.3 13.6 3.2
Phenol 108-95-2 A 51.6 2.4 52.0 3.3 65.6 3.4 65.5 2.1 50.0 8.1
1,2,4-Trichlorobenzene 120-82-1 N 66.7 5.5 49.9 4.0 73.4 3.6 84.0 7.0 20.0 3.2
® Percent recovery of analytes spiked at 200 mg/kg into NIST sediment SRM 1645
®  Chemical Abstracts Service Registry Number
¢ Compound Type: A = Acid, B = Base, N = neutral
9 A = Methylene chloride

B = Methylene chloride/Acetone (1/1)

C = Hexane/Acetone (1/1)

D = Methyl t-butyl ether

E = Methyl t-butyl ether/Methanol (2/1)

3550A - 10 Revision 1

September 1994

FEs F3 1 % FEFAE FY [ 13 FE®OET




M

¥661 Jaquaidas
[ uoLsLA®Yy [T - V0SS¢E

aoueptnb 10} 009 poyisl 01 4343y

os|e 0%08 POY3I3W

U0 L3EA3UIDUOD acpzoppom pawuojuaad aq pLNoOYS (G9E POYIdW ‘SIOBAIX3 |BAInau/aseq pue piLoe ajeuedas uieiqo oj

‘paatnbau Ji ayqelleae saunpadoud dnuea|d ayjl uo

*fJessadauun s3doedixa 3yl jo dnued|d> ayew Aew SW/29 40 A3LdLjLdads ay)l

*1231/29 Aq pazkieue
8q 0] J0BJXS Buexay W Q[ ® Ul SI|NS34 yYdLym sjousyd 404 Bunpadoad UOLIEZLIRALUSP |BIL3dO UR SULBIUOD

*Q14/29 Aq 3oeua3xd |ouedoad-z w @Q°T ®© Buirsn ‘Qp08 POoYyIdW Aq ‘pezAeue aq Aew s|ouayd

W 0T0T 03 32'UIX3 3yi 40

(K4p) 0°0 0°0I 3pLUO YD BUI|AYIaW SpLAO|YD dud[AYy3dW  POALIIBL S 01+8

0°1 -- -- [oueylaw  PIALIIAA Se 12€8

01 -- -- 3| l43LUO}BOE  pPAALIIBL Se 01€8

0°1 -- -- 8UOU  PBALIIDA S® ,0228

0°1 -- -- 3UOU  paALdJIAJ Se »«0628

0°1 0°2 auexay uexsy  paALladad se 1218

0°1 0°¢ auexay auexay  paALddaJ Se 0218

0°01 0°2 auexay duexay  paALddaJ Sse 0118

0°1 0°2 auexayo 24D 3UOU  PaAL3IBL Se 0018

0°1 0°'¢ auexay auexay  paALIAUL Se 0608

0°01 0°01 auexay 3UEX3Y  PAALIIAUL S 1808

0°01 0°01 auexay auexay  paALddaJL se 0808

0°01 0°2¢ IpLUOYD aud Ayl [OUBYJBW  PAALIDAJ SsE 0.08

0°0T 0°2 auexay JuUexay  paALadAL Se 1908

0°0I 02 auexay dueXxay  paAladad Se 0908

q0°01 ‘01 01 auexay |ouedoud-z poALadR4 se 0908

(7w) sisAeue (Jw) dnuea|d dnuea|d sLsA|eue Hd poyiau

404 404 404 A0} uoL3oeuIX] dALjRULWIDYIQ

auWn | oA pa4tnbau pasaLnbau paJLnbau
310'ULXD 3}oB41XD 40 JUdA|0S JUdA |OS
leut4 aun (oA abueyox3 abueyox3

SQOHLIW JATLYNIWY3IL3Q SNOTYVA Y04 SNOTLIANOD NOILIVYLIXT JI4IJ3dS
*¢ 318vl

E3 B3 £33 €Y L1 Uy 1 oy o1 r3 L1 £33 £

FE3 £ 131 11



METHOD 3550A
ULTRASONIC EXTRACTION

7.5.2 Add anhydrous
sodium sulfate to
sample

!

7.5.3 Add surrogate
standards to ail
samples, spikes,

and blanks

y

7.5.4 Adjust
volume; disrupt
sample with tapered
microtip ultrasonic
probe

7.1 Prepare sampies
using appropriate method
for the waste matrix

|

7.2 Determine the
percent dry weight
of the sample

7.5.2
Is orgenic

concentration
axpected to be
< 20 mg/kg?

7.551s
further

concentration
required?

7.5.5 Filter

Yeos

7.3.1 Add surrogate
standarde to all
samples, spikes,

and blanks

I

7.3.2-7.3.5
Sonicate sample at
ieast 3 times

!

7.3.7 Dry and
collect extract in
K-D concentrator

through glass wool
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7.3.8 Concsntrats
extract and collect
in K-D concentrator
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METHOD 3550A
continued

7.3.9 Add exchange
solvent;
concentrate extract

7.3.81s
Yes a solvent
exchange
required?

7.3.10 Use Method
3660 for cleanup

7.3.10 Do
sulfur crystals
form?

Yeos

7.3.11 Further
concentrate and/or
adjust volume

Cleanup or
analyze
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METHOD 3580A
~ WASTE DILUTION

1.0 SCOPE AND APPLICATION
1.1 This method describes a solvent dilution of a non-aqueous waste
sample prior to cleanup and/or analysis. It is designed for wastes that may

contain organ1c chemicals at a concentration greater than 20,000 mg/kg and that
are soluble in the dilution solvent.

1.2 It is recommended that an aliquot of the diluted sample be cleaned
up. See this chapter, Organic Analytes, Section 4.2.2 (Cleanup).

2.0 SUMMARY OF METHOD

2.1 One gram of sample is weighed into a capped tube, and the sample is
diluted to 10.0 mL with an appropriate solvent.

3.0  INTERFERENCES
3.1 Refer to Method 3500.

4.0 APPARATUS AND MATERIALS

4.1 Glass scintillation vials: At least 20 mL, with Teflon or aluminum
foil lined screw-cap, or equivalent.

4.2 Spatula: Stainless steel or Teflon.

4.3 Balance: Capable of weighing 100 g to the nearest 0.01 g.
4.4 Vials and caps: 2 mL for GC autosampler.

4.5 Disposable pipets: Pasteur.

4.6 Test tube rack.

4.7 Pyrex glass wool.

4.8 Volumetric flasks, Class A: 10 mL (optional).

5.0  REAGENTS

5.1 Sodium sulfate (granular, anhydrous), Na,SO,. Purify by heating at
400°C for 4 hours in a shallow tray, or by prec]ean1ng the sodium sulfate with
methylene chloride. If the sodium sulfate is precleaned with methylene chloride,

3580A - 1 Revision 1
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a method blank must be analyzed, demonstrating that there is no interference from
the sodium sulfate.

5.2 Methylene chloride, CH,C1, - Pesticide quality or equivalent.

5.3 Hexane, CH, - Pesticide quality or equivalent.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1.

7.0  PROCEDURE

7.1 Samples consisting of multiphases must be prepared by the phase
separation method (Chapter Two) before extraction.

7.2 The sample dilution may be performed in a 10 mL volumetric flask.
If disposable glassware is preferred, the 20 mL scintillation vial may be
calibrated for use. Pipet 10.0 mL of extraction solvent into the scintillation
vial and mark the bottom of the meniscus. Discard this solvent.

7.3 Transfer approximately 1 g of each phase of the sample to separate
20 mL vials or 10 mL volumetric flasks (record weight to the nearest 0.1 g).
Wipe the mouth of the vial with a tissue to remove any sample material. Cap the
vial before proceeding with the next sample to avoid any cross-contamination.

7.4 Add 2.0 mL surrogate spiking solution to all samples and blanks. For
the sample in each analytical batch selected for spiking, add 2.0 mL of the
matrix spiking standard. For base/neutral-acid analysis, the amount added of the
surrogates and matrix spiking compounds should result in a final concentration
of 200 ng/uL of each base/neutral analyte and 400 ng/uL of each acid analyte in
the extract to be analyzed (assuming a 1 ul injection). If Method 3640, Gel-
permeation cleanup, is to be used, add twice the volume of surrogates and matrix
spiking compounds since half the extract is lost due to loading of the GPC
column. See Method 3500 and the determinative method to be used for details on
the surrogate standard and matrix spiking solutions.

7.5 Immediately dilute to 10 mL with the appropriate solvent. For
compounds to be analyzed by GC/ECD, e.g., organochlorine pesticides and PCBs, the
dilution solvent should be hexane. For base/neutral and acid semivolatile
priority pollutants, use methylene chloride. If the dilution is to be cleaned
up by gel permeation chromatography (Method 3640), use methylene chloride as the
dilution solvent for all compounds.

7.6 Add 2.0 g of anhydrous sodium sulfate to the sample.

7.7 Cap and shake the sample for 2 min.
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7.8 Loosely pack disposable Pasteur pipets with 2-3 cm glass wool plugs.
Filter the extract through the glass wool and collect 5 mL of the extract in a

tube or vial.

7.9 The extract is ready for cleanup or analysis, depending on the extent
of interfering co-extractives.

8;0 QUALITY CONTROL

8.1 Any reagent blanks and matrix spike samples should be subjected to
exactly the same analytical procedures as those used on actual samples.

8.2 Refer to Chapter One for specific quality control procedures and
Method 3500 for extraction and sample preparation procedures.

9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data.

10.0 REFERENCES
10.1 None applicable.
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METHOD 3580A
WASTE DILUTION

7.1 Does
sample
contain more
than 1
phase?

7.1 Use phase
separation method
(Chapter 2)

7 6 Add anhydrous
ammonium sulfate

7.3 Transfer 1 g of
each phase to
separate vials or

flasks

!

7.4 Add surrogate
spiking solution to
all samples and
blanks

7.4 Add matrax
spirking standard to
sample selected for

spaking

7 S Dilute with

7.7 Cap and shake

7.8 Filter through
glass wool

appropriate solvent

3580A - 4
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METHOD 5030A
PURGE -AND-TRAP

1.0 SCOPE AND APPLICATION

1.1 This method describes sample preparation and extraction for the
analysis of volatile organics by a purge-and-trap procedure. The gas
chromatographic determinative steps are found in Methods 8010, 8015, 8020, 8021
and 8030. Although applicable to Methods 8240 and 8260, the purge-and-trap
procedure is already incorporated into Methods 8240 and 8260.

1.2 Method 5030 can be used for most volatile organic compounds that have
boiling points below 200°C and are insoluble or slightly soluble in water.
Volatile water-soluble compounds can be included in this analytical technique;
however, quantitation 1imits (by GC or GC/MS) are approximately ten times higher
because of poor purging efficiency. The method is also Timited to compounds that
elute as sharp peaks from a GC column packed with graphitized carbon lightly
coated with a carbowax or a coated capillary column. Such compounds include Tow
molecular weight halogenated hydrocarbons, aromatics, ketones, nitriles,
acetates, acrylates, ethers, and sulfides.

1.3  Water samples can be analyzed directly for volatile organic compounds
by purge-and-trap extraction and gas chromatography. Higher concentrations of
these analytes in water can be determined by direct injection of the sample into

the chromatographic system.

1.4 This method also describes the preparation of water-miscible 1iquids,
non-water-miscible liquids, solids, wastes, and soils/sediments for analysis by
the purge-and-trap procedure.

2.0 SUMMARY OF METHOD

2.1 The purge-and-trap process: An inert gas is bubbled through the
solution at ambient temperature, and the volatile components are efficiently
transferred from the aqueous phase to the vapor phase. The vapor is swept
through a sorbent column where the volatile components are adsorbed. After
purging is compieted, the sorbent column is heated and backflushed with inert gas
to desorb the components onto a gas chromatographic column.

2.2 If the sample introduction technique in Section 2.1 is not
applicable, a portion of the sample is dispersed in methanol to dissolve the
volatile organic constituents. A portion of the methanolic solution is combined
with water in a specially designed purging chamber. It is then analyzed by
purge-and-trap GC following the normal water method.

3.0  INTERFERENCES

3.1 Impurities in the purge gas, and from organic compounds out-gassing
from the plumbing ahead of the trap, account for the majority of contamination

problems. The analytical system must be demonstrated to be free from
5030A - 1 Revision 1
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contamination under the conditions of the analysis by running laboratory reagent
blanks. The use of non-TFE plastic coating, non-TFE thread sealants, or flow
controllers with rubber components in the purging device should be avoided.

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly methylene chloride and fluorocarbons) through the septum seal of
the sample vial during shipment and storage. A trip blank prepared from
organic-free reagent water and carried through sampling and handling protocols
serves as a check on such contamination.

3.3 Contamination by carryover can occur whenever high-concentration and
low-concentration samples are analyzed sequentially. Whenever an unusually
concentrated sample is analyzed, it should be followed by an analysis of
organic-free reagent water to check for cross-contamination. The trap and other
parts of the system are subject to contamination. Therefore, frequent bake-out
and purging of the entire system may be required.

3.4 The 1laboratory where volatile analysis is performed should be
completely free of solvents.
4.0 APPARATUS AND MATERIALS

4.1 Microsyringes - 10 ul, 25 uL, 100 uL, 250 ul, 500 ul, and 1,000 ul.
These syringes should be equipped with a 20 gauge (0.006 in ID) needle having a
length sufficient to extend from the sample inlet to within 1 cm of the glass
frit in the purging device. The needle length will depend upon the dimensions
of the purging device employed.

4.2 Syringe valve - Two-way, with Luer ends (three each), if applicable
to the purging device.

4.3 Syringe - 5 mL, gas-tight with shutoff valve.
4.4 Analytical balance - 0.0001 g.
4.5 Top-loading balance - 0.1 g.

4.6 Glass scintillation vials - 20 mL, with screw-caps and Teflon 1iners
or glass culture tubes with screw-caps and Teflon liners.

4.7 Volumetric flasks, Class A - 10 mL and 100 mL, with ground-glass
stoppers.

4.8 Vials - 2 mL, for GC autosampler.

4.9 Spatula - Stainless steel.

4.10 Disposable pipets - Pasteur.

4.11 Purge-and-trap device: The purge-and-trap device consists of three

separate pieces of equipment: the sample purger, the trap, and the desorber.
Several complete devices are commercially available.

5030A - 2 Revision 1
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4.11.1 The recommended purging chamber is designed to accept 5
mL samples with a water column at least 3 cm deep. The gaseous headspace
between the water column and the trap must have a total volume of less
than 15 mL. The purge gas must pass through the water column as finely
divided bubbles with a diameter of less than 3 mm at the origin. The
purge gas must be introduced no more than 5 mm from the base of the water
column. The sample purger, illustrated in Figure 1, meets these design
criteria. Alternate sample purge devices may be used, provided equivalent

performance is demonstrated.

4.11.2 The trap must be at Teast 25 cm long and have an inside
diameter of at least 0.105 in. Starting from the inlet, the trap must
contain the following amounts of adsorbents: 1/3 of 2,6-diphenylene oxide
polymer, 1/3 of silica gel, and 1/3 of coconut charcoal. It is
recommended that 1.0 cm of methyl silicone-coated packing be inserted at
the inlet to extend the 1ife of the trap (see Figures 2 and 3). If it is
not necessary to analyze for dichlorodifluoromethane or other fluoro-
carbons of similar volatility, the charcoal can be eliminated and the
polymer increased to fill 2/3 of the trap. If only compounds boiling
above 35°C are to be analyzed, both the silica gel and charcoal can be
eliminated and the polymer increased to fill the entire trap. Before
initial use, the trap should be conditioned overnight at 180°C by
backflushing with an inert gas flow of at least 20 mL/min. Vent the trap
effluent to the hood, not to the analytical column. Prior to daily use,
the trap should be conditioned for 10 min at 180°C with backflushing. The
trap may be vented to the analytical column during daily conditioning;
however, the column must be run through the temperature program prior to

analysis of samples.

4.11.3 The desorber should be capable of rapidly heating the
trap to 180°C for desorption. The polymer section of the trap should not
be heated higher than 180°C, and the remaining sections should not exceed
220°C during bake-out mode. The desorber design illustrated in Figures 2

and 3 meet these criteria.

4.11.4 The purge-and-trap device may be assembled as a separate
unit or may be coupled to a gas chromatograph, as shown in Figures 4

and 5.
4,11.5 Trap Packing Materials

4.11.5.1 2,6-Diphenylene oxide polymer - 60/80 mesh,
chromatographic grade (Tenax GC or equivalent).

4.11.5.2 Methyl silicone packing - OV-1 (3%) on
Chromosorb-W, 60/80 mesh or equivalent.

4.11.5.3 Silica gel - 35/60 mesh, Davison, grade 15 or
equivalent. :

4.11.5.4 Coconut charcoal - Prepare from Barnebey Cheney,
CA-580-26 lot #M-2649, or equivalent, by crushing through 26 mesh
screen.

5030A - 3 Revision 1
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4.12 Heater or heated oil bath - capable of maintaining the purging
chamber to within 1°C, over a temperature range from ambient to 100°C.

5.0  REAGENTS

5.1 Organic-free reagent water - A1l references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.2 Methanol, CH,0H - Pesticide quality or equivalent. Store away from
other solvents.

5.3 Reagent Tetraglyme - Reagent tetraglyme is defined as tetraglyme in
which interference is not observed at the method detection 1imit of the compounds
of interest.

5.3.1 Tetraglyme (tetraethylene glycol dimethyl ether, Aldrich #17,
240-5 or equivalent), CH,,0.. Purify by treatment at reduced pressure in
a rotary evaporator. ?he %etrag1yme should have a peroxide content of
less than 5 ppm as indicated by EM Quant Test Strips (available from
Scientific Products Co., Catalog No. P1126-8 or equivalent).

CAUTION: Glycol ethers are suspected carcinogens. All solvent
handling should be done in a hood while using proper
protective equipment to minimize exposure to liquid and
vapor.

Peroxides may be removed by passing the tetraglyme through a column
of activated alumina. The tetraglyme is placed in a round bottom flask
equipped with a standard taper joint, and the flask is affixed to a rotary
evaporator. The flask is immersed in a water bath at 90-100°C and a vacuum
is maintained at < 10 mm Hg for at least two hours using a two stage
mechanical pump. The vacuum system is equipped with an all glass trap,
which is maintained in a dry ice/methanol bath. Cool the tetraglyme to
ambient temperature and add 100 mg/L of 2,6-di-tert-butyl-4-methyl-phenol
to prevent peroxide formation. Store the tetraglyme in a tightly sealed
screw cap bottle in an area that is not contaminated by solvent vapors.

5.3.2 In order to demonstrate that all interfering volatiles have
been removed from the tetraglyme, an organic-free reagent water/tetraglyme
blank must be analyzed.

5.4 Polyethylene glycol, H(OCH,CH,) OH. Free of interferences at the
detection 1imit of the analytes.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 Refer to the introductory material to this chapter, Organic Analytes,
Section 4.1. Samples should be stored in capped bottles, with minimum headspace,
at 4°C or less.
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7.0  PROCEDURE

7.1 Initial calibration: Prior to using this introduction technique for
any GC method, the system must be calibrated. General calibration procedures are
discussed in Method 8000, while the specific determinative methods and Method

3500 give details on preparation of standards.

7.1.1 Assemble a purge-and-trap device that meets the specification
in Section 4.10. Condition the trap overnight at 180°C in the purge mode
with an inert gas flow of at least 20 mL/min. Prior to use, condition the
trap daily for 10 min while backflushing at 180°C with the column at 220°C.

7.1.2 Connect the purge-and-trap device to a gas chromatograph.

7.1.3 Prepare the final solutions containing the required
concentrations of calibration standards, including surrogate standards,
directly in the purging device. Add 5.0 mL of organic-free reagent water
to the purging device. The organic-free reagent water is added to the
purging device using a 5 mL glass syringe fitted with a 15 cm 20-gauge
needle. The needle 1is inserted through the sample inlet shown in
Figure 1. The internal diameter of the 14-gauge needle that forms the
sample inlet will permit insertion of the 20-gauge needle. Next, using a
10 uL or 25 ulL micro-syringe equipped with a long needle (Section 4.1),
take a volume of the secondary dilution solution containing appropriate
concentrations of the calibration standards. Add the aliquot of
calibration solution directly to the organic-free reagent water in the
purging device by inserting the needle through the sample inlet. When
discharging the contents of the micro-syringe, be sure that the end of the
syringe needle is well beneath the surface of the organic-free reagent
water. Similarly, add 10 ul of the internal standard solution. Close the

2-way syringe valve at the sample inlet.

7.1.4 Carry out the purge-and-trap analysis procedure using the
specific conditions given in Table 1.

7.1.5 Calculate response factors or calibration factors for each
analyte of interest using the procedure described in Method 8000.

7.1.6 The average RF must be calculated for each compound. A system
performance check should be made before this calibration curve is used.
If the purge-and-trap procedure is used with Method 8010, the following
five compounds are checked for a minimum average response factor:
chloromethane; 1,1-dichioroethane; bromoform; 1,1,2,2-tetrachloroethane;
and chlorobenzene. The minimum acceptable average RF for these compounds
should be 0.300 (0.250 for bromoform). These compounds typically have RFs
of 0.4-0.6, and are used to check compound stability and to check for
degradation caused by contaminated lines or active sites in the system.
Examples of these occurrences are:

7.1.6.1 Chloromethane: This compound is the most likely
compound to be lost if the purge flow is too fast.

7.1.6.2 Bromoform: This compound is one of the compounds

most likely to be purged very poorly if the purge flow is too slow.
5030A - 5 Revision 1
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7.2
calibration.

7.3

Cold spots and/or active sites in the transfer lines may adversely
affect response.

7.1.6.3 ’Tetrachloroethane and 1,1-dichloroethane: These
compounds are degraded by contaminated transfer lines in purge-and-
trap systems and/or active sites in trapping materials.

On-going calibration: Refer to Method 8000 for details on continuing

Sample preparation
7.3.1 Water samples

7.3.1.1 Screening of the sample prior to purge-and-trap
analysis will provide guidance on whether sample dilution is
necessary and will prevent contamination of the purge-and-trap
system. Two screening techniques that can be utilized are: the use
of an automated headspace sampler (modified Method 3810), interfaced
to a gas chromatograph (GC), equipped with a photo ionization
detector (PID), in series with an electrolytic conductivity detector
(HECD); and extraction of the sample with hexadecane (Method 3820)
and analysis of the extract on a GC with a FID and/or an ECD.

7.3.1.2 A1l samples and standard solutions must be allowed
to warm to ambient temperature before analysis.

7.3.1.3 Assemble the purge-and-trap device. The operating
conditions for the GC are given in Section 7.0 of the specific
determinative method to be employed.

7.3.1.4 Daily GC calibration criteria must be met (Method
8000) before analyzing samples.

7.3.1.5 Adjust the purge gas flow rate (nitrogen or
helium) to that shown in Table 1, on the purge-and-trap device.
Optimize the flow rate to provide the best response for
chloromethane and bromoform, if these compounds are analytes.
Excessive flow rate reduces chloromethane response, whereas
insufficient flow reduces bromoform response.

7.3.1.6 Remove the plunger from a 5 mL syringe and attach
a closed syringe valve. Open the sample or standard bottle, which
has been allowed to come to ambient temperature, and carefully pour
the sample into the syringe barrel to just short of overflowing.
Replace the syringe plunger and compress the sample. Open the
syringe valve and vent any residual air while adjusting the sample
volume to 5.0 mL. This process of taking an aliquot destroys the
validity of the liquid sample for future analysis; therefore, if
there is only one VOA vial, the analyst should fill a second syringe
at this time to protect against possible loss of sample integrity.
This second sample is maintained only until such time when the
analyst has determined that the first sample has been analyzed
properly. Filling one 20 mL syringe would allow the use of only one
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syringe. If a second analysis is needed from a syringe, it must be
analyzed within 24 hr. Care must be taken to prevent air from

Teaking into the syringe.

7.3.1.7 The following procedure 1is appropriate for
diTuting purgeable samples. All steps must be performed without
delays until the diluted sample is in a gas-tight syringe.

7.3.1.7.1 Dilutions may be made in volumetric flasks
(10 mL to 100 mL). Select the volumetric flask that will
allow for the necessary dilution. Intermediate dilutions may
be necessary for extremely large dilutions.

7.3.1.7.2 Calculate the approximate volume of
organic-free reagent water to be added to the volumetric flask
selected and add slightly less than this quantity of organic-

free reagent water to the flask.

7.3.1.7.3 Inject the proper aliquot of samples from
the syringe prepared in Section 7.3.1.5 into the flask.
Aliquots of Tess than 1 mL are not recommended. Dilute the
sample to the mark with organic-free reagent water. Cap the
flask, invert, and shake three times. Repeat the above

procedure for additional dilutions.

7.3.1.7.4 Fill a 5 mL syringe with the diluted sample
as in Section 7.3.1.5.

7.3.1.8 Add 10.0 ul of surrogate spiking solution (found
in each determinative method, Section 5.0) and, if applicable, 10 uL
of internal standard spiking solution through the vaive bore of the
syringe; then close the valve. The surrogate and internal standards
may be mixed and added as a single spiking solution. Matrix spiking
solutions, if indicated, should be added (10 ulL) to the sample at

this time.

7.3.1.9 Attach the syringe-syringe valve assembly to the
syringe valve on the purging device. Open the syringe valves and
inject the sample into the purging chamber.

7.3.1.10 Close both valves and purge the -sample for the
time and at the temperature specified in Table 1.

7.3.1.11 At the conclusion of the purge time, attach the
trap to the chromatograph, adjust the device to the desorb mode, and
begin the gas chromatographic temperature program and GC data
acquisition. Concurrently, introduce the trapped materials to the
gas chromatographic column by rapidly heating the trap to 180°C
while backflushing the trap with inert gas between 20 and 60 mL/min

for the time specified in Table 1.

7.3.1.12 While the trap is being desorbed into the gas

chromatograph, empty the purging chamber. Wash the chamber with a
minimum of two 5 mL flushes of organic-free reagent water (or
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methanol followed by organic-free reagent water) to avoid carryover
of pollutant compounds into subsequent analyses.

7.3.1.13 After desorbing the sample, recondition the trap
by returning the purge-and-trap device to the purge mode. Wait 15
sec; then close the syringe valve on the purging device to begin gas
flow through the trap. The trap temperature should be maintained at
180°C for Methods 8010, 8020, 8021, 8240 and 8260 and 210°C for
Methods 8015 and 8030. Trap temperatures up to 220°C may be
employed. However, the higher temperatures will shorten the useful
life of the trap. After approximately 7 min, turn off the trap
heater and open the syringe valve to stop the gas flow through the
trap. When cool, the trap is ready for the next sample.

7.3.1.14 If the initial analysis of a sample or a dilution
of the sample has a concentration of analytes that exceeds the
initial calibration range, the sample must be reanalyzed at a higher
dilution. When a sample is analyzed that has saturated response
from a compound, this analysis must be followed by a blank organic-
free reagent water analysis. If the blank analysis is not free of
interferences, the system must be decontaminated. Sample analysis
may not resume until a blank can be analyzed that is free of
interferences.

7.3.1.15 A1l dilutions should keep the response of the
major constituents (previously saturated peaks) in the upper half of
the linear range of the curve. Proceed to Method 8000 and the
specific determinative method for details on calculating analyte
response.

7.3.2 Water-miscible liquids:

7.3.2.1 Water-miscible 1liquids are analyzed as water
samples after first diluting them at least 50-fold with organic-free
reagent water.

7.3.2.2 Initial and serial dilutions can be prepared by
pipetting 2 mL of the sample into a 100 mL volumetric flask and
diluting to volume with organic-free reagent water. Transfer
immediately to a 5 mL gas-tight syringe.

7.3.2.3 Alternatively, prepare dilutions directly in a 5
mL syringe filled with organic-free reagent water by adding at least
20 pl, but not more than 100 ulL of liquid sample. The sample is
ready for addition of surrogate and, if applicable, internal and
matrix spiking standards.

7.3.3 Sediment/soil and waste samples: It is highly recommended

that all samples of this type be screened prior to the purge-and-trap GC
analysis. These samples may contain percent quantities of purgeable
organics that will contaminate the purge-and-trap system, and require
extensive cleanup and instrument downtime. See Section 7.3.1.1 for
recommended screening techniques. Use the screening data to determine
whether to use the low-concentration method (0.005-1 mg/kg) or the high-
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concentration method (>1 mg/kg).

7.3.3.1 Low-concentration method: This is designed for
samples containing individual purgeable compounds of <1 mg/kg. It
is limited to sediment/soil samples and waste that is of a similar
consistency (granular and porous). The Tow-concentration method is
based on purging a heated sediment/soil sample mixed with
organic-free reagent water containing the surrogate and, if
applicable, internal and matrix spiking standards. Analyze all
reagent blanks and standards under the same conditions as the

samples.

7.3.3.1.1 Use a 5 g sample if the expected
concentration is <0.1 mg/kg or a 1 g sample for expected
concentrations between 0.1 and 1 mg/kg.

7.3.3.1.2 The GC system should be set up as in
Section 7.0 of the specific determinative method. This should
be done prior to the preparation of the sample to avoid loss
of volatiles from standards and samples. A heated purge
calibration curve must be prepared and used for the
quantitation of all samples analyzed with the low-
concentration method. Follow the initial and daily
calibration instructions, except for the addition of a 40°C
purge temperature for Methods 8010, 8020, and 8021.

7.3.3.1.3 Remove the plunger from a 5 mL Luerlock type
syringe equipped with a syringe valve and fill until
overflowing with organic-free reagent water. Replace the
plunger and compress the reagent water to vent trapped air.
Adjust the volume to 5.0 mL. Add 10 ul each of surrogate
spiking solution and internal standard solution to the syringe
through the valve. (Surrogate spiking solution and internal
standard solution may be mixed together.) Matrix spiking
solutions, if indicated, should be added (10 ul) to the sample

at this time.

7.3.3.1.4 The sample (for volatile organics) consists
of the entire contents of the sample container. Do not
discard any supernatant liquids. Mix the contents of the
sample container with a narrow metal spatula. Weigh the
amount determined in Section 7.3.3.1.1 into a tared purge
device. Note and record the actual weight to the nearest 0.1

g.

7.3.3.1.5 Determination of sample % dry weight - In
certain cases, sample results are desired based on dry weight
basis. When such data is desired, a portion of sample for
this determination should be weighed out at the same time as
the portion used for analytical determination.

WARNING: The drying oven should be contained in a
hood or vented. Significant Tlaboratory
contamination may result from a heavily
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contaminated hazardous waste sample.

7.3.3.1.5.1 Immediately after weighing the sample
for extraction, weigh 5-10 g of the sample into a tared
crucible. Determine the % dry weight of the sample by
drying overnight at 105°C. Allow to cool in a
desiccator before weighing:

% dry weight = g of dry sample x 100
g of sample

7.3.3.1.6 Add the spiked organic-free reagent water to
the purge device, which contains the weighed amount of sample,
and connect the device to the purge-and-trap system.

NOTE: Prior to the attachment of the purge device,
Sections 7.3.3.1.4 and 7.3.3.1.6 must be
performed rapidly and without interruption to
avoid loss of volatile organics. These steps

must be performed in a laboratory free of solvent
fumes.

7.3.3.1.7 Heat the samg]e to 40°C + 1°C (Methods 8010,
8020 and 8021) or to 85°C + 2°C (Methods 8015 and 8030) and
purge the sample for the time shown in Table 1.

7.3.3.1.8 Proceed with the analysis as outlined in
Sections 7.3.1.11-7.3.1.15. Use 5 mL of the same organic-free
reagent water as in the reagent blank. If saturated peaks
occurred or would occur if a 1 g sample were analyzed, the
high-concentration method must be followed.

7.3.3.1.9 For matrix spike analysis of
low-concentration sediment/soils, add 10 plL of the matrix
spike solution to 5 mL of organic-free reagent water (Section
7.3.3.1.3 ). The concentration for a 5 g sample would be
equivalent to 50 pg/kg of each matrix spike standard.

7.3.3.2 High-concentration method: The method is based on
extracting the sediment/soil with methanol. A waste sample is
either extracted or diluted, depending on its solubility in
methanol. Wastes (i.e. petroleum and coke wastes) that are
insoluble in methanol are diluted with reagent tetraglyme or
polyethylene glycol (PEG). An aliquot of the extract is added to
organic-free reagent water containing surrogate and, if applicable,
internal and matrix spiking standards. This is purged at the
temperatures indicated in Table 1. A1l samples with an expected
concentration of >1.0 mg/kg should be analyzed by this method.

7.3.3.2.1 The sample (for volatile organics) consists
of the entire contents of the sample container. Do not
discard any supernatant liquids. Mix the contents of the
sample container with a narrow metal spatula. For
sediment/soil and waste that are insoluble in methanol, weigh
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4 g (wet weight) of sample into a tared 20 mL vial. Use a
top-Toading balance. Note and record the actual weight to 0.1
gram and determine the percent dry weight of the sample using
the procedure in Section 7.3.3.1.5. For waste that is soluble
in methanol, tetraglyme, or PEG, weigh 1 g (wet weight) into
a tared scintillation vial or culture tube or a 10 mL
volumetric flask. (If a vial or tube is used, it must be
calibrated prior to use. Pipet 10.0 mL of methanol into the
vial and mark the bottom of the meniscus. Discard this

solvent.)

7.3.3.2.2 For sediment/soil or solid waste, quickly
add 9.0 mL of appropriate solvent; then add 1.0 mL of the
surrogate spiking solution to the vial. For a solvent
miscible sample, dilute the sample to 10 mL with the
appropriate solvent .after adding 1.0 mL of the surrogate
spiking solution. Cap and shake for 2 min.

NOTE: Sections 7.3.3.2.1 and 7.3.3.2.2 must be
performed rapidly and without interruption to
avoid loss of volatile organics. These steps
must be performed in a Tlaboratory free from

solvent fumes.

7.3.3.2.3 Pipet approximately 1 mL of the extract into
a GC vial for storage, using a disposable pipet. The
remainder may be discarded. Transfer approximately 1 mL of
reagent methanol to a separate GC vial for use as the method
blank for each set of samples. These extracts may be stored

at 4°C in the dark, prior to analysis.

7.3.3.2.4 The GC system should be set up as in
Section 7.0 of the specific determinative method. This should
be done prior to the addition of the methanol extract to

organic-free reagent water.

7.3.3.2.5 Table 2 can be used to determine the volume
of methanol extract to add to the 5 mL of organic-free reagent
water for analysis. If a screening procedure was followed,
use the estimated concentration to determine the appropriate
volume. Otherwise, estimate the concentration range of the
sample from the low-concentration analysis to determine the
appropriate volume. If the sample was submitted as a high-
concentration sample, start with 100 ul. A1l dilutions must
keep the response of the major constituents (previously
saturated peaks) in the upper half of the linear range of the

curve.

7.3.3.2.6 Remove the plunger from a 5.0 mL Luerlock
type syringe equipped with a syringe valve and fill until
overflowing with organic-free reagent water. Replace the
plunger and compress the water to vent trapped air. Adjust
the volume to 4.9 mL. Pull the plunger back to 5.0 mL to
allow volume for the addition of the sample extract and of
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standards. Add 10 gl of internal standard solution. Also add
the volume of methanol extract determined in Section 7.3.3.2.5

and a volume of methanol solvent to total 100 ulL (excluding
methanol in standards).

7.3.3.2.7 Attach the syringe-syringe valve assembly to
the syringe valve on the purging device. Open the syringe

valve and inject the water/methanol sample into the purging
chamber.

7.3.3.2.8 Proceed with the analysis as outlined in the
specific determinative method. Analyze all reagent blanks on
the same instrument as that used for the samples. The
standards and blanks should also contain 100 uL of methanol
to simulate the sample conditions.

7.3.3.2.9 For a matrix spike in the high-concentration
sediment/soil samples, add 8.0 mL of methanol, 1.0 mL of
surrogate spike solution and 1.0 mL of matrix spike solution.

Add a 100 uL aliquot of this extract to 5 mL of water for

purging (as per Section 7.3.3.2.6).

7.4 Sample analysis:

7.4.1 The samples prepared by this method may be analyzed by Methods
8010, 8015, 8020, 8021, 8030, 8240, and 8260. Refer to these methods for
appropriate analysis conditions.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 3500 for sample preparation procedures.

8.2 Before processing any samples, the analyst should demonstrate through
the analysis of a calibration blank that all glassware and reagents are
interference free. Each time a set of samples is extracted, or there is a change
in reagents, a method blank should be processed as a safeguard against chronic
laboratory contamination. The blanks should be carried through all stages of
the sample preparation and measurement.

8.3 Standard quality assurance practices should be used with this method.
Field duplicates should be collected to validate the precision of the sampling
technique. Laboratory replicates should be analyzed to validate the precision
of the analysis. Spiked samples should be carried through all stages of sample
preparation and measurement; they should be analyzed to validate the sensitivity
and accuracy of the analysis. If the spiked samples do not indicate sufficient
sensitivity to detect < 1 pg/g of the analytes in the sample, then the
sensitivity of the instrument should be increased, or the sample should be
subjected to additional cleanup.

5030A - 12 Revision 1
July 1992

£E

Ea 12

Ex

¥ 1 1

FEa F1

E:

X

Fa

E |

FEs F3 £1 11 E



E ¥ E 1 E 1 § 3

i

[

i E_ 1

i

i i

E 1 E 3 E 1 B 1§ 1

E 1

9.0

10.0

METHOD PERFORMANCE
9.1 Refer to the determinative methods for performance data.

REFERENCES

U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim
Final Rule and Proposed Rule," October 26, 1984.
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TABLE 1

PURGE-AND-TRAP OPERATING PARAMETERS

Analysis Method

8015

8020/8021 8030

Purge gas Nitrogen or Nitrogen or Nitrogen or Nitrogen or
Helium Helium Helium Helium
Purge gas flow rate
(mL/min) 20 40 20
Purge time (min) 11.0 + 0.1 15.0 + 0.1 11.0 + 0.1 15.0 + 0.1
Purge temperature (°C) rAmbient 85 + 2 Ambient 85 + 2
Desorb temperature (°C) 180 180 180
Backflush inert gas flow
(mL/min) 20-60 20-60 20-60
Desorb time (min) 1.5 4 1.5
5030A - 14 Revision 1
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TABLE 2
QUANTITY OF METHANOL EXTRACT REQUIRED FOR ANALYSIS OF
HIGH-CONCENTRATION SOILS/SEDIMENTS

Approximate Volume of
Concentration Range Methanol Extract®
500-10,000 wg/kg 100 L
1,000-20,000 ug/kg 50 ul
5,000-100,000 ug/kg 10 pl
25,000-500,000 ug/kg 100 uL of 1/50 dilution b

Calculate appropriate dilution factor for concentrations exceeding this table.
®The volume of methanol added to 5 mL of water being purged should be kept
constant. Therefore, add to the 5 mL syringe whatever volume of methanol is
necessary to maintain a volume of 100 ul added to the syringe.

®Dilute an aliquot of the methanol extract and then take 100 uL for analysis.

5030A - 15 Revision 1
July 1992



Figure 1
Purging Chamber
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Figure 2
Trap Packing and Construction for Method 8010

Packing Procedure Construction
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Figure 3
Trap Packing and Construction for Methods 8020 and 8030

Packing Procedure Construction
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Figure 4
Purge-and-Trap System
Purge-Sorb Mode
For Method 8010, 8020, and 8030
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Figure 5
Purge-and-Trap System
Desorb Mode -
For Method 8010, 8020, and 8030
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METHOD 5030A
PURGE-AND-TRAP
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METHOD 5040A

ANALYSIS OF SORBENT CARTRIDGES FROM VOLATILE ORGANIC SAMPLING TRAIN (VOST):
GAS _CHROMATOGRAPHY/MASS SPECTROMETRY TECHNIQUE

1.0  SCOPE AND APPLICATION

1.1 Method 5040 was formerly Method 3720 in the Second Edition of this
manual .

1.2 This method covers the determination of volatile principal organic
hazardous constituents (POHCs), collected on Tenax and Tenax/charcoal sorbent
cartridges using a volatile organic sampling train, VOST (1). Much of the
description for purge-and-trap GC/MS analysis is described in Method 8240 of this
chapter. Because the majority of gas streams sampled using VOST will contain a
high concentration of water, the analytical method is based on the quantitative
thermal desorption of volatile POHCs from the Tenax and Tenax/charcoal traps and
analysis by purge-and-trap GC/MS. For the purposes of definition, volatile POHCs

are those POHCs with boiling points less than 100°C.

1.3 This method is applicable to the analysis of Tenax and Tenax/
charcoal cartridges used to collect volatile POHCs from wet stack gas effluents

from hazardous waste incinerators.

1.4 The sensitivity of the analytical method for a particular volatile
POHC depends on the level of interferences and the presence of detectable levels
of volatile POHCs in blanks. The desired target detection limit of the
analytical method is 0.1 ng/L (20 ng on a single pair of traps) for a particular
volatile POHC desorbed from either a single pair of Tenax and Tenax/charcoal
cartridges or by thermal desorption of up to six pairs of traps onto a single
pair of Tenax and Tenax/charcoal traps. The resulting single pair of traps is
then thermally desorbed and analyzed by purge-and-trap GC/MS.

1.5 This method is recommended for use only by experienced mass
spectroscopists or under the close supervision of such qualified persons.

2.0  SUMMARY OF METHOD

2.1 A schematic diagram of the analytical system is shown in Figure 1.
The contents of the sorbent cartridges are spiked with an internal standard and
thermally desorbed for 10 min at 180°C with organic-free nitrogen or helium gas
(at a flow rate of 40 mL/min), bubbled through 5 mL of organic-free reagent
water, and trapped on an analytical adsorbent trap. After the 10 min.
desorption, the analytical adsorbent trap is rapidly heated to 180°C, with the
carrier gas flow reversed so that the effluent flow from the analytical trap is
directed into the GC/MS. The volatile POHCs are separated by temperature
programmed gas chromatography and detected by Tow-resolution mass spectrometry.
The concentrations of volatile POHCs are calculated using the internal standard

technique.
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3.0

4.0

5.0

refer

INTERFERENCES
3.1 Refer to Methods 3500 and 8240.

APPARATUS AND MATERIALS
4.1 Thermal desorption unit:

4.1.1 The thermal desorption unit (for 1Inside/Inside VOST
cartridges, use Supelco "clamshell" heater; for Inside/Outside VOST
cartridges, user-fabricated unit is required) should be capable of
thermally desorbing the sorbent resin tubes. It should also be capable of
heating the tubes to 180 + 10°C with flow of organic-free nitrogen or
helium through the tubes.

4,2 Purge-and-trap unit:

4.2.1 The purge-and-trap unit consists of three separate pieces of

equipment: the sample purger, trap, and the desorber. It should be
capable of meeting all requirements of Method 5030 for analysis of
purgeable organic compounds from water.

4.3 GC/MS system: As described in Method 8240.

REAGENTS

5.1 Organic-free reagent water. All references to water in this method
to organic-free reagent water, as defined in Chapter One.

5.2 Methanol, CH,0H - Pesticide grade, or equivalent.
5.3 Analytical trap reagents:

5.3.1 2,6-Diphenylene oxide polymer: Tenax (60/80 mesh), chromato-
graphic grade or equivalent.

5.3.2 Methyl silicone packing: 3% OV-1 on Chromosorb W (60/80 mesh)
or equivalent.

5.3.3 Silica gel: Davison Chemical (35/00 mesh), Grade 15, or
equivalent.

5.3.4 Charcoal: Petroleum-based (SKC Lot 104 or equivalent).
5.4 Stock standard solution:

5.4.1 Stock standard solutions will be prepared from pure standard
materials or purchased as certified solutions. The stock standards should
be prepared in methanol using assayed liquids or gases, as appropriate.
Because of the toxicity of some of the organohalides, primary dilutions of
these materials should be prepared in a hood. A NIOSH/MESA approved toxic
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gas respirator should be used when the analyst handles high concentrations
of such materials.
5.4.2 Fresh stock standards should be prepared weekly for volatile

POHCs with boiling points of <35°C. Al1 other standards must be replaced
monthly, or sooner if comparison with check standards indicates a problem.

5.5 Secondary dilution standards:

5.5.1 Using stock standard solutions, prepare, in methanol,
secondary dilution standards that contain the compounds of interest,
either singly or mixed together. The secondary dilution standards should
be prepared at concentrations such that the desorbed calibration standards

will bracket the working range of the analytical system.

5.6 4-Bromofluorobenzene (BFB) standard:

5.6.1 Prepare a 25 ng/ul solution of BFB in methanol.

5.7 Deuterated benzene:

5.7.1 Prepare a 25 ng/ul solution of benzene-dg; in methanol.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 Refer to Method 0030, Chapter Ten.

6.2 Sample trains obtained from the VOST should be analyzed within 2-6
weeks of sample collection.

7.0  PROCEDURE
7.1 Assembly of PTD device:

7.1.1 Assemble a purge-and-trap desorption device (PTD) that meets
all the requirements of Method 5030 (refer to Figure 1).

7.1.2 Connect the thermal desorption device to the PTD device.
Calibrate the PTD-GC/MS system using the internal standard technique.

7.2 Internal standard calibration procedure:

7.2.1 This approach requires the use of deuterated benzene as the
internal standard for these analyses. Other internal standards may be
proposed for use in certain situations. The important criteria for
choosing a particular compound as an internal standard are that it be
similar in analytical behavior to the compounds of interest and that it
can be demonstrated that the measurement of the internal standard be
unaffected by method or matrix interferences. Other internal standards
that have been used are ethylbenzene-d,, and, 1-2-dichloroethane-d,. One
adds 50 ng of BFB to all sorbent cartridges (in addition to one or more
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internal standards) to provide continuous monitoring of the GC/MS
performance relative to BFB.

7.2.2 Prepare calibration standards at a minimum of three
concentration levels for each analyte of interest.

7.2.3 The calibration standards are prepared by spiking a blank
Tenax or Tenax/charcoal trap with a methanolic solution of the calibration
standards (including 50 ng of the internal standard, such as deuterated
benzene), using the flash evaporation technique. The flash evaporation
technique requires filling the needle of a 5.0 ul syringe with clean
methanol and drawing air into the syringe to the ‘1.0 ul mark. This is
followed by drawing a methanolic solution of the calibration standards
(containing 25 ug/ul of the internal standard) to the 2.0 ul mark. The
glass traps should be attached to the injection port of a gas
chromatograph while maintaining the injector temperature at 160°C. The
carrier gas flow through the traps should be maintained at about 50
mL/min.

7.2.4 After directing the gas flow through the trap, the contents of
the syringe should be slowly expelled through the gas chromatograph
injection port over about 15 sec. After 25 sec have elapsed, the gas flow
through the trap should be shut off, the syringe removed, and the trap
analyzed by the PTD-GC/MS procedure outlined in Method 8240. The total
flow of gas through the traps during addition of calibration standards to
blank cartridges, or internal standards to sample cartridges, should be 25
mL or less.

7.2.5 Analyze each calibration standard for both Tenax and Tenax/
charcoal cartridges according to Section 7.3. Tabulate the area response
of the characteristic ions of each analyte against the concentration of
the internal standard and calculate the response factor (RF) for each
compound, using Equation 1.

RF = Ascis/AisCs (1 )
where:

A, = Area of the characteristic ion for the analyte to be
measured.

A, = Area of the characteristic ion for the internal

~ standard.

Ce = Amount (ng) of the internal standard.

C, = Amount (ng) of the volatile POHC in calibration
standard.

If the RF value over the working range is a constant (<10% RSD), the
RF can be assumed to be invariant, and the average RF can be used for
calculations. Alternatively, the results can be used to plot a
calibration curve of response ratios, A /A, versus RF.
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7.2.6 The working calibration curve or RF must be verified on each
working day by the measurement of one or more of the calibration
standards. If the response varies by more than +25% for any analyte, a
new calibration standard must be prepared and analyzed for that analyte.

7.3 The schematic of the PTD-GC/MS system is shown in Figure 1. The
sample cartridge is placed in the thermal desorption apparatus (for Inside/
Inside VOST cartridges, use Supelco "clamshell" heater; for Inside/Outside VOST
cartridges, user fabricated unit is required) and desorbed in the purge-and-trap
system by heating to 180°C for 10 min at a flow rate of 40 mL/min. The desorbed
components pass into the bottom of the water column, are purged from the water,
and collected on the analytical adsorbent trap. After .the 10 min desorption
period, the compounds are desorbed from the analytical adsorbent trap into the
GC/MS system according to the procedures described in Method 8240.

7.4 Qualitative analysis

7.4.1 The qualitative identification of compounds determined by this
method is based on retention time, and on comparison of the sample mass
spectrum, after background correction, with characteristic ions in a
reference mass spectrum. The reference mass spectrum must be generated by
the Tlaboratory using the conditions of this method. The characteristic
ions from the reference mass spectrum are defined to be the three ions of
greatest relative intensity, or any ions over 30% relative intensity if
less than three such ions occur in the reference spectrum. Compounds
should be identified as present when the criteria below are met.

7.4.1.1 The intensities of the characteristic ions of a
compound maximize in the same scan or within one scan of each other.
Selection of a peak by a data system target compound search routine,
where the search 1is based on the presence of a target
chromatographic peak containing ions specific for the target
compound at a compound-specific retention time, will be accepted as

meeting this criterion.

7.4.1.2 The RRT of the sample component is within
t 0.06 RRT units of the RRT of the standard component.

7.4.1.3 The relative intensities of the characteristic
ions agree within 30% of the relative intensities of these ions in
the reference spectrum. (Example: For an ion with an abundance of
50% in the reference spectrum, the corresponding abundance in a
sample spectrum can range between 20% and 80%.)

7.4.1.4 Structural isomers that produce very similar mass
spectra should be identified as individual isomers if they have
sufficiently different GC retention times. Sufficient GC resolution
is achieved if the height of the valley between two isomer peaks is
less than 25% of the sum of the two peak heights. Otherwise,
structural isomers are identified as isomeric pairs.

7.4.1.5 Identification is hampered when sample components
are not resolved chromatographically and produce mass spectra
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containing ions contributed by more than one analyte. When gas

chromatographic peaks obviously represent more than one sample,

component (i.e., a broadened peak with shoulder(s) or a valley
between two or more maxima), appropriate selection of analyte
spectra and background spectra is important. Examination of
extracted ion current profiles of appropriate ions can aid in the
selection of spectra, and in qualitative identification of
compounds. When analytes coelute (i.e., only one chromatographic
peak is apparent), the identification criteria can be met, but each
analyte spectrum will contain extraneous ions contributed by the
coeluting compound.

7.4.2 For samples containing components not associated with the
calibration standards, a library search may be made for the purpose of
tentative identification. The necessity to perform this type of
identification will be determined by the type of analyses being conducted.
Guidelines for making tentative identification are:

(1) Relative intensities of major ions in the reference spectrum
(ions > 10% of the most abundant ion) should be present in the sample
spectrum.

(2) The relative intensities of the major ions should agree within
+ 20%. {(Example: For an jon with an abundance of 50% in the standard

spectrum, the corresponding sample ion abundance must be between 30 and
70%) .

(3) Molecular ions present in the reference spectrum should be
present in the sample spectrum.

(4) Ions present in the sample spectrum but not in the reference
spectrum should be reviewed for possible background contamination or
presence of coeluting compounds.

(5) Ions present in the reference spectrum but not in the sample
spectrum should be reviewed for possible subtraction from the sample
spectrum because of background contamination or coeluting peaks. Data

system library reduction programs can sometimes create these
discrepancies.

Computer generated 1library search vroutines should not wuse
normalization routines that would misrepresent the library or unknown
spectra when compared to each other. Only after visual comparison of the
sample with the nearest Tlibrary searches will the mass spectral
interpretation specialist assign a tentative identification.

7.5 Quantitative analysis

7.5.1 When an analyte has been qualitatively identified,
quantitation should be based on the integrated abundance from the EICP of
the primary characteristic ion chosen for that analyte. If the sample
produces an interference for the primary characteristic ion, a secondary
characteristic ion should be used.

5040A - 6 Revision 1
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7.5.1.1 Using the internal standard calibration procedure,
the amount of analyte in the sample cartridge is calculated using
the response factor (RF) determined in Section 7.2.5 and Equation 2.

Amount of POHC = ACC./A,RF (2)
where:
A, = Area of the characteristic ion for the analyte to be
measured.
A, = Area for the characteristic ion of the internal
standard.
C. = Amount (ng) of internal standard.

7.5.1.2 The choice of methods for evaluating data
collected using VOST for incinerator trial burns is a regulatory
decision. The procedures used extensively by one user are outlined

below.

7.5.1.3 The total amount of the POHCs of interest
collected on a pair of traps should be summed.

7.5.1.4 The observation of high concentrations of POHCs of
interest in blank cartridges indicates possible residual
contamination of the sorbent cartridges prior to shipment to and use
at the site. Data that fall in this category (especially data
indicating high concentrations of POHCs in blank sorbent cartridges)
should be qualified with regard to validity, and blank data should
be reported separately. The applicability of data of this type to
the determination of DRE is a regulatory decision. Continued
observation of high concentrations of POHCs in blank sorbent
cartridges indicates that procedures for cleanup, monitoring,
shipment, and storage of sorbent cartridges by a particular user be
investigated to eliminate this problem.

7.5.1.5 If any internal standard recoveries fall outside
the control 1imits established in Section 8.4, data for all analytes
determined for that cartridge(s) must be qualified with the
observation.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 0030 for sample preparation procedures.

8.2 Each laboratory that uses this method is required to operate a formal
quality control program. The minimum requirements of this program consist of an
initial demonstration of laboratory capability and the analysis of blank Tenax
and Tenax/charcoal cartridges spiked with the analytes of interest. The
laboratory is required to maintain performance records to define the quality of
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data that are generated. Ongoing performance checks must be compared with
established performance criteria to determine if results are within the expected
precision and accuracy limits of the method.

8.2.1 Before performing any analyses, the analyst must demonstrate
the ability to generate acceptable precision and accuracy with this
method. This ability is established as described in Section 7.2.

8.2.2 The 1laboratory must spike all Tenax and Tenax/charcoal
cartridges with the internal standard(s) to monitor continuing laboratory
performance. This procedure is described in Section 7.2.

8.3 To establish the ability to generate acceptable accuracy and
precision, the analyst must spike blank Tenax and Tenax/charcoal cartridges with
the analytes of interest at two concentrations in the working range.

8.3.1 The average response factor (RF) and the standard deviation
(s) for each must be calculated.

8.3.2 The average recovery and standard deviation must fall within
the expected range for determination of volatile POHCs using this method.

The expected range for recovery of volatile POHCs using this method is 50-
150%.

8.4 The analyst must calculate method performance criteria for the
internal standard(s).

8.4.1 Calculate wupper and lower control 1limits for method

performances using the average area response (A) and standard
deviation(s) for internal standard:

Upper Control Limit (UCL)
Lower Control Limit (LCL)

A + 3s
A - 3s

The UCL and LCL can be used to construct control charts that are
useful in observing trends in performance. The control Timits must be

replaced by method performance criteria as they become available from the
U.S. EPA.

8.5 The laboratory is required to spike all sample cartridges (Tenax and
Tenax/charcoal) with internal standard.

8.6 Each day, the analyst must demonstrate through analysis of blank
Tenax and Tenax/charcoal cartridges and organic-free reagent water that
interferences from the analytical system are under control.

8.7 The daily GC/MS performance tests required for this method are
described in Method 8240.

9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data.
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METHOD 5040A
ANALYSIS OF SORBENT CARTRIDGES FROM VOLATILE ORGANIC SAMPLING TRAIN (VOST):
GAS CHROMATOGRAPHY/MASS SPECTROMETRY TECHNIQUE
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- METHOD 5041

R PROTOCOL FOR ANALYSIS OF SORBENT CARTRIDGES FROM VOLATILE ORGANIC
SAMPLING TRAIN (VOST): WIDE-BORE CAPILLARY COLUMN TECHNIQUE

- 1.0 SCOPE AND APPLICATION

y - 1.1 This method describes the analysis of volatile principal organic
i hazardous constituents (POHCs) collected from the stack gas effluents of

- hazardous waste incinerators using the VOST methodology (1). For a comprehensive
. description of the VOST sampling methodology see Method 0030. The following
1 compounds may be determined by this method:
d
m
C Compound Name CAS No.*®
R
! Acetone 67-64-1
il Acrylonitrile 107-13-1
: Benzene 71-43-2
~ Bromodichloromethane 75-27-4
i Bromofoym® 75-25-2
Bromomethane® 74-83-9
o Carbon disulfide 75-15-0
- Carbon tetrachloride 56-23-5
Chlorobenzene 108-90-7
- Chlorodibromomethane 124-48-1
j Chloroethane® 75-00-3
ot Chloroform 67-66-3
Chloromethane® 74-87-3
™ Dibromomethane 74-95-3
- 1,1-Dichloroethane 75-35-3
1,2-Dichloroethane 107-06-2
e 1,1-Dichloroethene 75-35-4
— trans-1,2-Dichloroethene 156-60-5
1,2-Dichloropropane 78-87-5
e cis-1,3-Dichloropropene 10061-01-5
trans-1,3-Dichloropropene 10061-02-6
it Ethylbenzene® 100-41-4
Iodomethane 74-88-4
~ Methylene chloride 75-09-2
- Styrene® 100-42-5
1,1,2,2-Tetrachloroethane® 79-34-5
i Tetrachloroethene 127-18-4
- Toluene 108-88-3
- (continued)
hJ
~
™
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Compound Name CAS No.®
1,1,1-Trichloroethane 71-55-6
1,1,2-Trichloroethane 79-00-5
Trichloroethene 79-01-6
Trichlorofluoromethane 75-69-4
1,2,3-Trichloropropane® 96-18-4
Vinyl chloride® 75-01-4
Xylenes® :

Chemical Abstract Services Registry Number.
®  Boiling point of this compound is above 132°C. Method 0030 is not
appropriate for quantitative sampling of this analyte.

¢ Boiling point of this compound is below 30°C. Special precautions must

be taken when sampling for this analyte by Method 0030. Refer to Sec. 1.3 for
discussion.

1.2 This method is most successfully applied to the analysis of non-polar
organic compounds with boiling points between 30°C and 100°C. Data are applied
to the calculation of destruction and removal efficiency (DRE), with limitations
discussed below.

1.3 This method may be applied to analysis of many compounds which boil
above 100°C, but Method 0030 is always inappropriate for collection of compounds
with boiling points above 132°C. AT1 target analytes with boiling points greater
than 132°C are so noted in the target analyte list presented in Sec. 1.1. Use
of Method 0030 for collection of compounds boiling between 100°C and 132°C is
often possible, and must be decided based on case by case inspection of
information such as sampling method collection efficiency, tube desorption
efficiency, and analytical method precision and bias. An organic compound with
a boiling point below 30°C may break through the sorbent under the conditions
used for sample collection. Quantitative values obtained for compounds with
boiling points below 30°C must be qualified, since the value obtained represents
a minimum value for the compound if breakthrough has occurred. In certain cases,
additional QC measures may have been taken during sampling very low boilers with
Method 0030. This information should be considered during the data
interpretation stage.

When Method 5041 is used for survey analyses, values for compounds boiling
above 132°C may be reported and qualified since the quantity obtained represents
a minimum value for the compound. These minimum values should not be used for
trial burn DRE calculations or to prove insignificant risk.

1.4 The VOST analytical methodology can be used to quantitate volatile
organic compounds that are insoluble or slightly soluble in water. When
volatile, water soluble compounds are included in the VOST organic compound
analyte list, quantitation limits can be expected to be approximately ten times
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higher than quantitation limits for watér insoluble compounds (if the compounds
can be recovered at all) because the purging efficiency from water (and possibly

from Tenax-GC®) is poor.

1.5 Overall sensitivity of the method is dependent upon the level of
interferences encountered in the sample and the presence of detectable
concentrations of volatile POHCs in blanks. The target detection limit of this
method is 0.1 pg/m®* (ng/L) of flue gas, to permit calculation of a DRE equal to
or greater than 99.99% for volatile POHCs which may be present in the waste
stream at 100 ppm. The upper end of the range of applicability of this method
is limited by the dynamic range of the analytical instrumentation, the overall
loading of organic compounds on the exposed tubes, and breakthrough of the
volatile POHCs on the sorbent traps used to collect the sample. Table 1 presents
retention times and characteristic ions for volatile compounds which can be
determined by this method. Table 2 presents method detection limits for a range
of volatile compounds analyzed by the wide-bore VOST methodology.

1.6 The wide-bore VOST analytical methodology is restricted to use by, .
or under the supervision of, analysts experienced in the use of sorbent media,
purge-and-trap systems, and gas chromatograph/mass spectrometers, and skilled in
the interpretation of mass spectra and their use as a quantitative tool.

2.0 SUMMARY OF METHOD

2.1 The sorbent tubes are thermally desorbed by heating and purging with
organic-free helium. The gaseous effluent from the tubes is bubbled through
pre-purged organic-free reagent water and trapped on an analytical sorbent trap
in a purge-and-trap unit (Figure 2). After desorption, the analytical sorbent
trap is heated rapidly and the gas flow from the analytical trap is directed to
the head of a wide-bore column under subambient conditions. The volatile organic
compounds desorbed from the analytical trap are separated by temperature
programmed high resolution gas chromatography and detected by continuously
scanning low resolution mass spectrometry (Figure 3). Concentrations of volatile
organic compounds are calculated from a multi-point calibration curve, using the

method of response factors.

3.0  INTERFERENCES

3.1 Sorbent tubes which are to be analyzed for volatile organic compounds
can be contaminated by diffusion of volatile organic compounds (particularly
Freon® refrigerants and common organic solvents) through the external container
(even through a Teflon® lined screw cap on a glass container) and the Swageloke
sorbent tube caps during shipment and storage. The sorbent tubes can also be
contaminated if organic solvents are present in the analytical Taboratory. The
use of blanks is essential to assess the extent of any contamination. Field
blanks must be prepared and taken to the field. The end caps of the tubes are
removed for the period of time required to exchange two pairs of traps on the
VOST sampling apparatus. The tubes are recapped and shipped and handled exactly
as the actual field samples are shipped and handled. At Teast one pair of field
blanks is included with each six pairs of sample cartridges collected.
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3.2 At Tleast one pair of blank cartridges (one Tenax-GC®, one
Tenax-GC®/charcoal) shall be included with shipment of cartridges to a hazardous
waste incinerator site as trip blanks. These trip blanks will be treated like
field blanks except that the end caps will not be removed during storage at the
site. This pair of traps will be analyzed to monitor potential contamination
which may occur during storage and shipment.

3.3 Analytical system blanks are vrequired to demonstrate that
contamination of the purge-and-trap unit and the gas chromatograph/mass
spectrometer has not occurred or that, in the event of analysis of sorbent tubes
with very high concentrations of organic compounds, no compound carryover is
occurring. Tenax® from the same preparation batch as the Tenax® used for field
sampling should be used in the preparation of the method (laboratory) blanks.
A sufficient number of cleaned Tenax® tubes from the same batch as the field
samples should be reserved in the laboratory for use as blanks.

3.4 Cross contamination can occur whenever Tow-concentration samples are
analyzed after high-concentration samples, or when several high-concentration
samples are analyzed sequentially. When an unusually concentrated sample is
analyzed, this analysis should be followed by a method blank to establish that
the analytical system is free of contamination. If analysis of a blank
demonstrates that the system is contaminated, an additional bake cycle should be
used. If the analytical system is still contaminated after additional baking,
routine system maintenance should be performed: the analytical trap should be
changed and conditioned, routine column maintenance should be performed (or
replacement of the column and conditioning of the new column, if necessary), and
bakeout of the ion source (or cleaning of the ion source and rods, if required).
After system maintenance has been performed, analysis of a blank is required to
demonstrate that the cleanliness of the system is acceptable.

3.5 Impurities in the purge gas and from organic compounds out-gassing
in tubing account for the majority of contamiration problems. The analytical
system must be demonstrated to be free from contamination under the conditions
of the analysis by analyzing two sets of clean, blank sorbent tubes with organic-
free reagent purge water as system blanks. The analytical system is acceptably
clean when these two sets of blank tubes show values for the analytes which are
within one standard deviation of the normal system blank. Use of plastic
coatings, non-Teflon® thread sealants, or flow controllers with rubber
components should be avoided.

3.6 VOST tubes are handled in the laboratory to spike standards and to
position the tubes within the desorption apparatus. When sorbent media are
handled in the laboratory atmosphere, contamination is possible if there are
organic solvents in use anywhere in the laboratory. It is therefore necessary
to make daily use of system blanks to monitor the cleanliness of the sorbents and
the absence of contamination from the analytical system. A single set of system
blank tubes shall be exposed to normal Tlaboratory handling procedures and
analyzed as a sample. This sample should be within one standard deviation of
normal VOST tube blanks to demonstrate lack of contamination of the sorbent
media.

3.7 If the emission source has a high cohcentration of non-target organic
compounds (for example, hydrocarbons at concentrations of hundreds of ppm), the
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presence of these non-target compounds will interfere with the performance of the
VOST analytical methodology. If one oy more of the compounds of interest
saturates the chromatographic and mass spectrometric instrumentation, no
quantitative calculations can be made and the tubes which have been sampled under
the same conditions will yield no valid data for any of the saturated compounds.
In the presence of a very high organic loading, even if the compounds of interest
are not saturated, the instrumentation is so saturated that the linear range has
been surpassed. When instrument saturation occurs, it is possible that compounds
of interest cannot even be identified correctly because a saturated mass
spectrometer may mis-assign masses. Even if compounds of interest can be
identified, accurate quantitative calculations are impossible at detector
saturation. No determination can be made at detector saturation, even if the
target compound itself is not saturated. At detector saturation, a negative bias
will be encountered in analytical measurements and no accurate calculation can
be made for the Destruction and Removal Efficiency if analytical values may be

biased negatively.

3.8 The recoveries of the surrogate compounds, which are spiked on the
VOST tubes immediately before analysis, should be monitored carefully as an
overall indicator of the performance of the methodology. Since the matrix of
stack emissions is so variable, only a general guideline for recovery of 50-150%
can be used for surrogates. The analyst cannot use the surrogate recoveries as
a guide for correction of compound recoveries. The surrogates are valuable only
as a general indicator of correct operation of the methodology. If surrogates
are not observed or if recovery of one or more of the surrogates is outside the
50-150% range, the VOST methodology is not operating correctly. The cause of the
failure in the methodology is not obvious. The matrix of stack emissions
contains large amounts of water, may be highly acidic, and may contain large
amounts of target and non-target organic compounds. Chemical and surface
interactions may be occurring on the tubes. If recoveries of surrogate compounds
are extremely low or surrogate compounds cannot even be identified in the
analytical process, then failure to observe an analyte may or may not imply that
the compound of interest has been removed from the emissions with a high degree
of efficiency (that is, the Destruction and Removal Efficiency for that analyte

is high).

4.0 APPARATUS AND MATERIALS

4.1 Tube desorption apparatus: Acceptable performance of the methodology
requires: 1) temperature regqulation to ensure that tube temperature during
desorption is reqgulated to 180°C + 10°; 2) good contact between tubes and the
heating apparatus to ensure that the sorbent bed is thoroughly and uniformly
heated to facilitate desorption of organic compounds; and 3) gas-tight
connections to the ends of the tubes to ensure flow of desorption gas through the
tubes without leakage during the heating/desorption process. A simple clamshell
heater which will hold tubes which are 3/4" in outer diameter will perform
acceptably as a desorption apparatus.

4.2 Purge-and-trap device: The purge-and-trap device consists of three
separate pieces of equipment: a sample purge vessel, an analytical trap, and a
desorber. Complete devices are commercially available from a variety of sources,
or the separate components may be assembled. The cartridge thermal desorption
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apparatus is connected to the sample purge vessel by 1/8" Teflon® tubing
(unheated transfer Tine). The tubing which connects the desorption chamber to
the sample purge vessel should be as short as is practical.

4.2.1 The sample purge vessel is required to hold 5 mL of organic-
free reagent water, through which the gaseous effluent from the VOST tubes
is routed. The water column should be at least 3 cm deep. The gaseous
headspace between the water column and the analytical trap must have a
total volume of less than 15 mL. The purge gas must pass through the
water column as finely divided bubbles with a diameter of less than 3 mm
at the origin. The sample purger shown in Figure 4 meets these
requirements. Alternate sample purging vessels may be used if equivalent
performance is demonstrated.

4.2.2 The analytical trap must be at least 25 cm and have an
internal diameter of at least 0.105 in. The analytical trap must contain
the following components:

2,6-diphenylene oxide polymer: 60/80 mesh, chromatograph grade
(Tenax-GC®, or equivalent)

methyl silicone packing: 0V-1 (3%) on Chromosorb-W 60/80
mesh, or equivalent

silica gel: 35/60 mesh, Davison grade 15 or
equivalent

coconut charcoal: prepare from Barneby Cheney,

CA-580-26, or equivalent, by
crushing through 26 mesh
screen.

The proportions are: 1/3 Tenax-GC®, 1/3 silica gel, and 1/3
charcoal, with approximately 1.0 cm of methyl silicone packing. The
analytical trap should be conditioned for four hours at 180°C with gas flow
(10 mL/min) prior to use in sample analysis. During conditioning, the
effluent of the trap should not be vented to the analytical column. The
thermal desorption apparatus is connected to the injection system of the
mass spectrometer by a transfer line which is heated to 100°C.

4.2.3 The desorber must be capable of rapidly heating the analytical
trap to 180°C for desorption. The polymer section of the trap should not
exceed 180°C, and the remaining sections should not exceed 220°C, during
bake-out mode.

4.3 Gas chromatograph/mass spectrometer/data system:

4.3.1 Gas chromatograph: An analytical system complete with a
temperature programmable oven with sub-ambient temperature capabilities
and all required accessories, including syringes, analytical columns, and
gases.
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4.3.2 Chromatographic column: 30 m x 0.53 mm ID wide-bore fused
silica capillary column, 3 um film thickness, DB-624 or equivalent.

4.3.3 Mass spectrometer: capable of scanning from 35-260 amu every
second or less, using 70 eV (nominal) electron energy in the electron
ionization mode and producing a mass spectrum that meets all of the
criteria in Table 3 when 50 ng of 4-bromoflucrobenzene (BFB) is injected

into the water in the purge vessel.

4.3.4 Gas chromatograph/mass spectrometer interface: Any gas
chromatograph to mass spectrometer interface that gives acceptable
calibration points at 50 ng or less per injection of each of the analytes,
and achieves the performance criteria for 4-bromofluorobenzene shown in
Table 3, may be used. If a glass jet separator is used with the wide-bore
column, a helium make-up flow of approximately 15 mL, introduced after the
end of the column and prior to the entrance of the effluent to the

separator, will be required for optimum performance.

4.3.5 Data system: A computer system that allows the continuous
acquisition and storage on machine readable media of all mass spectra
obtained throughout the duration of the chromatographic program must be
interfaced to the mass spectrometer. The computer must have software that
allows searching any gas chromatographic/mass spectrometric data file for
ions of a specified mass and plotting such ion abundances versus time or
scan number. This type of plot is defined as an Extracted Ion Current
Profile (EICP). Software must also be available that allows the
integration of the ion abundances in any EICP between specified time or
scan number Timits. The most recent version of the EPA/NIST Mass Spectral

Library should also be available.

4.4 Wrenches: 9/16", 1/2", 7/16", and 5/16".

4.5 Teflon® tubing: 1/8" diameter.

4.6 Syringes: 25 ul syringes (2), 10 ul syringes (2).

4.7 Fittings: 1/4" nuts, 1/8" nuts, 1/16" nuts, 1/4" to 1/8" union, 1/4"

to 1/4" union, 1/4" to 1/16" union.

4.8 Adjustable stand to raise the level of the desorption unit, if

required.

4.9 Volumetric flasks: 5 mL, class A with ground glass stopper.

4.10 Injector port or equivalent, heated to 180°C for loading standards

onto VOST tubes prior to analysis.

4.11 Vials: 2 mL, with Teflon® lined screw caps or crimp tops.

4.12 Syringe: 5 mL, gas-tight with shutoff valve.
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5.0  REAGENTS

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

5.2 Organic-free reagent water - All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.2.1 It is advisable to maintain the stock of organic-free reagent
water generated for use in the purge-and-trap apparatus with a continuous
stream of inert gas bubbled through the water. Continuous bubbling of the
inert gas maintains a positive pressure of inert gas above the water as a
safeqguard against contamination.

5.3 Methanol, CH,0H. Pesticide quality or equivalent. To avoid
contamination with other Tlaboratory solvents, it is advisable to maintain a
separate stock of methanol for the preparation of standards for VOST analysis and
to regulate the use of this methanol very carefully.

5.4 Stock standard solutions - Can be prepared from pure standard
materials or can be purchased as certified solutions. Stock standard solutions
must be prepared in high purity methanol. A1l preparation of standards should
take place in a hood, both to avoid contamination and to ensure safety of the
analyst preparing the standards.

5.4.1 Place about 4 mL of high purity methanol in a 5 mL volumetric
flask. Allow the flask to stand, unstoppered, for about 10 min, or until
all alcohol wetted surfaces have dried.

5.4.1.1 Add appropriate volumes of neat liquid chemicals
or certified solutions, using a syringe of the appropriate volume.
Liquid which is added to the volumetric flask must fall directly
into the alcohol without contacting the neck of the flask. Gaseous
standards can be purchased as methanol solutions from several
commercial vendors.

5.4.1.2 Dilute to volume with high purity methanol,
stopper, and then mix by inverting the flask several times. Calcu-
late concentration by the dilution of certified solutions or neat
chemicals.

5.4.2 Transfer the stock standard solution into a Teflon® sealed
screw cap bottle. An amber bottle may be used. Store, with minimal
headspace, at -10°C to -20°C, and protect from light.

5.4.3 Prepare fresh standards every two months for gases. Reactive
compounds such as styrene may need to be prepared more frequently. All
other standards must be replaced after six months, or sooner if comparison
with check standards indicates a problem.
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5.5 Secondary dilution standards: Using stock standard solutions,
prepare, in high purity methanol, secondary dilution standards containing the
compounds of interest, either singly or mixed together. Secondary dilution
standards must be stored with minimal headspace and should be checked frequently
for signs of degradation or evaporation, especially just prior to preparing

calibration standards from them.

5.6 Surrogate standards: The recommended surrogates are toluene-dg,
4-bromofluorobenzene, and 1,2-dichloroethane-d,. Other compounds may be used as
surrogate compounds, depending upon the requirements of the analysis. Surrogate
compounds are selected to span the elution range of the compounds of interest.
Isotopically labeled compounds are selected to preclude the observation of the
same compounds in the stack emissions. More than one surrogate is used so that
surrogate measurements can still be made even if analytical interferences with
one or more of the surrogate compounds are encountered. However, at least three
surrogate compounds should be used to monitor the performance of the methodology.
A stock surrogate compound solution in high purity methanol should be prepared
as described in Sec. 5.4, and a surrogate standard spiking solution should be
prepared from the stock at a concentration of 250 ug/i0 mL in high purity
methanol. Each pair of VOST tubes (or each individual VOST tube, if the tubes
are analyzed separately) must be spiked with 10 ub of the surrogate spiking

solution prior to GC/MS analysis.

5.7 Internal standards: The recommended internal standards are
bromochloromethane, 1,4-difluorobenzene, and chiorobenzene-d,. Other compounds
may be used as internal standards as long as they have retention times similar
to the compounds being analyzed by GC/MS. The internal standards should be
distributed through the chromatographic elution range. Prepare internal standard
stock and secondary dilution standards in high purity methanol using the
procedures described in Secs. 5.2 and 5.3. The secondary dilution standard
should be prepared at a concentration of 25 mg/L of each of the internal standard
compounds. Addition of 10 ulL of this internal standard solution to each pair
of VOST tubes (or to each VOST tube, if the tubes are analyzed individually) is
the equivalent of 250 ng total.

5.8 4-Bromofluorobenzene (BFB) standard: A standard solution containing
25 ng/ul of BFB in high purity methanol should be prepared for use as a tuning

standard.

5.9 Calibration standards: Calibration standards at a minimum of five
concentrations will be required from the secondary dilution of stock standards
(see Secs. 5.2 and 5.3). A range of concentrations for calibration can be
obtained by use of different volumes of a 50 mg/L methanol solution of the
calibration standards. One of the concentrations used should be at a
concentration near, but above, the method detection 1imit. The remaining
concentrations should correspond to the expected range of concentrations found
in field sampies but should not exceed the Tinear range of the GC/MS analytical
system (a typical range for a calibration would be 10, 50, 100, 350, and 500 ng,
for example). Each calibration standard should contain each analyte for
detection by this method. Store calibration standards for one week only in a

vial with no headspace.
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5.10 Great care must be taken to maintain the integrity of all standard
solutions. A1l standards of volatile compounds in methanol must be stored at
-10° to -20°C in amber bottles with Teflon® lined screw caps or crimp tops. In
addition, careful attention must be paid to the use of syringes designated for
a specific purpose or for use with only a single standard solution since cross
contamination of volatile organic standards can occurs very readily.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING
6.1 See Method 0030 for the VOST Sampling Methodology.

6.2 VOST samples are collected on paired cartridges. The first of the
pair of sorbent cartridges is packed with approximately 1.6 g of Tenax-GC®
resin. The second cartridge of the pair is packed with Tenax-GC® and petroleum
based charcoal (3:1 by volume; approximately 1 g of each). In sampling, the
emissions gas stream passes through the Tenax-GC® layer first and then through
the charcoal layer. The Tenax-GC® is cleaned and reused; charcoal is not reused
when tubes are prepared. Sorbent is cleaned and the tubes are packed. The tubes
are desorbed and subjected to a blank check prior to being sent to the field.
When the tubes are used for sampling (see Figure 5 for a schematic diagram of the
Volatile Organic Sampling Train (VOST)), cooling water is circulated to the
condensers and the temperature of the cooling water is maintained near 0°C. The
end caps of the sorbent cartridges are placed in a clean, screw capped glass
container during sample collection.

6.3 After the apparatus 1is TJleak checked, sample collection is
accomplished by opening the valve to the first condenser, turning on the pump,
and sampling at a rate of 1 liter/min for 20 minutes. The volume of sample for
any pair of traps should not exceed 20 liters. An alternative set of conditions
for sample collection requires sampling at a reduced flow rate, where the overall
volume of sample collected is 5 liters at a rate of 0.25 L/min for 20 minutes.
The 20 minute period is required for collecting an integrated sample.

6.4 Following collection of 20 1liters of sample, the train is leak
checked a second time at the highest pressure drop encountered during the run to
minimize the chance of vacuum desorption of organics from the Tenax®.

6.5 The train is returned to atmospheric pressure and the two sorbent
cartridges are removed. The end caps are replaced and the cartridges are placed
in a suitable environment for storage and transport until analysis. The sample
is considered invalid if the leak test does not meet specifications.

6.6 A new pair of cartridges is placed in the VOST, the VOST is Teak
checked, and the sample collection process is repeated until six pairs of traps
have been exposed.

6.7 A1l sample cartridges are kept in coolers on cold packs after
exposure and during shipment. Upon receipt at the laboratory, the cartridges are
stored in a refrigerator at 4°C until analysis.
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PROCEDURE

Desorption/Carrier Gas

Purge-and-Trap Concentrator

Analytical Trap Desorption Flow
Purge Temperature

Purge Time

Analytical Trap Desorb Temperature

Analytical Trap Desorb Time

Gas Chromatograph
Column

Carrier Gas Flow

Makeup Gas Flow

Injector Temperature
Transfer Oven Temperature
Initial Temperature
Initial Hold Time

Program Rate

Final Temperature

Final Hold Time

Mass Spectrometer
Manifold Temperature
Scan Rate

Mass Range

Electron Energy
Source Temperature

7.1 Recommended operating conditions for cartridge desorber,
purge-and-trap unit, and gas chromatograph/mass spectrometer using the wide-bore
column are:

Cartridge Desorption Qven

Desorb Temperature 180°C

Desorb Time 11 minutes

Desorption Gas Flow 40 mL/min

Helium, Grade 5.0

2.5 mL/min helium
Ambient

11 minutes

180°C

5 minutes

DB-624, 0.53 mm ID x 30 m thick
film (3 um) fused silica capillary,
or equivalent

15 mL/min

15 mL/min

200°C

240°C

5°C

2 minutes

6°C/min

240°C

1 minute, or until elution ceases

105°C

1 sec/cycle
35-260 amu

70 eV (nominal)
According to
specifications

manufacturer’s

7.2 Each GC/MS system must be hardware tuned to meet the criteria in

Table 3 for a 50 ng injection of 4-bromofluorobenzene (2 ulL injection of the BFB
standard solution into the water of the purge vessel). No analyses may be
initiated until the criteria presented in Table 3 are met.

7.3 Assemble a purge-and-trap device that meets the specifications in
Method 5030. Condition the analytical trap overnight at 180°C in the purge mode,
with an inert gas flow of at Teast 20 mL/min. Prior to use each day, condition
the trap for 10 minutes by backflushing at 180°C, with the column at 220°C.

7.4  Connect the purge-and-trap device to a gas chromatograph.
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7.5 Assemble a VOST tube desorption apparatus which meets the
requirements of Sec. 4.1.

7.6 Connect the VOST tube desorption apparatus to the purge-and-trap
unit.

7.7 Calibrate the instrument using the internal standard procedure, with
standards and calibration compounds spiked onto cleaned VOST tubes for
calibration.

7.7.1 Compounds in methanolic solution are spiked onto VOST tubes
using the flash evaporation technique. To perform flash evaporation, the
injector of a gas chromatograph or an equivalent piece of equipment is
required.

7.7.1.1 Prepare a syringe with the appropriate volume of
methanolic standard solution (either surrogates, internal standards,
or calibration compounds).

7.7.1.2 With the injector port heated to 180°C, and with
an inert gas flow of 10 mL/min through the injector port, connect
the paired VOST tubes (connected as in Figure 1, with gas flow in
the same direction as the sampling gas flow) to the injector port;
tighten with a wrench so that there is no leakage of gas. If
separate tubes are being analyzed, an individual Tenax® or
Tenax®/charcoal tube is connected to the injector.

7.7.1.3 After directing the gas flow through the VOST
tubes, slowly inject the first standard solution over a period of 25
seconds. MWait for 5 sec before withdrawing the syringe from the
injector port.

7.7.1.4 Inject a second standard (if required) over a
period of 25 seconds and wait for 5 sec before withdrawing the
syringe from the injector port.

7.7.1.5 Repeat the sequence above as required until all of
the necessary compounds are spiked onto the VOST tubes.

7.7.1.6 Wait for 30 seconds, with gas flow, after the last
spike before disconnecting the tubes. The total time the tubes are
connected to the injector port with gas flow should not exceed 2.5
minutes. Total gas flow through the tubes during the spiking
process should not exceed 25 mL to prevent break through of adsorbed
compounds during the spiking process. To allow more time for
connecting and disconnecting tubes, an on/off valve may be installed
in the gas line to the injector port so that gas is not flowing
through the tubes during the connection/disconnection process.

7.8 Prepare the purge-and-trap unit with 5 mL of organic-free reagent
water in the purge vessel.
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7.9 Connect the paired VOST tubes to the gas Tines in the tube desorption
unit. The tubes must be connected so that the gas flow during desorption will
be opposite to the flow of gas during sampling: i.e., the tube desorption gas
passes through the charcoal portion of the tube first. An on/off valve may be
installed in the gas line leading to the tube desorption unit in order to prevent
flow of gas through the tubes during the connection process.

7.10 Initiate tube desorption/purge and heating of the VOST tubes in the
desorption apparatus.

7.11 Set the oven of the gas chromatograph to subambient temperatures by
cooling with liquid nitrogen.

7.12 Prepare the GC/MS system for data acquisition.

7.13 At the conclusion of the tube/water purge time, attach the analytical
trap to the gas chromatograph, adjust the purge-and-trap device to the desorb
mode, and initiate the gas chromatographic program and the GC/MS data
acquisition. Concurrently, introduce the trapped materialis to the gas
chromatographic column by rapidly heating the analytical trap to 180°C while
backflushing the trap with inert gas at 2.5 mL/min for 5 min. [Initiate the
program for the gas chromatograph and simultaneously initiate data acquisition

on the GC/MS system.

7.14 While the analytical trap is being desorbed into the gas
chromatograph, empty the purging vessel. Wash the purging vessel with a minimum
of two 5 mL flushes of organic-free reagent water (or methanol followed by
organic-free reagent water) to avoid carryover of analytes into subsequent

analyses.

7.15 After the sample has been desorbed, recondition the analytical trap
by employing a bake cycle on the purge-and-trap unit. The analytical trap may
be baked at temperatures up to 220°C. However, extensive use of high
temperatures to recondition the trap will shorten the useful Tife of the
analytical trap. After approximately 11 minutes, terminate the trap bake and
cool the trap to ambient temperatures in preparation for the next sample. This
procedure is a convention for reasonable samples and should be adequate if the
concentration of contamination does not saturate the analytical system. If the
organic compound concentration is so high that the analytical system is saturated
beyond the point where even extended system bakeout is not sufficient to clean
the system, a more extensive system maintenance must be performed. To perform
extensive system maintenance, the analytical trap is replaced and the new trap
is conditioned. Maintenance is performed on the GC column by removing at least
one foot from the front end of the column. If the chromatography does not
recover after column maintenance, the chromatographic column must be replaced.
The ion source should be baked out and, if the bakeout is not sufficient to
restore mass spectrometric peak shape and sensitivity, the ion source and the
quadrupole rods must be cleaned.

7.16 Initial calibration for the analysis of VOST tubes: It is essential
that calibration be performed in the mode in which analysis will be performed.
If tubes are being analyzed as pairs, calibration standards should be prepared
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on paired tubes. If tubes are being analyzed individually, a calibration should
be performed on individual Tenax® only tubes and Tenax®/charcoal tubes.

7.16.1 Prepare the calibration standards by spiking VOST tubes
using the procedure described in Sec. 7.7.1. Spike each pair of VOST
tubes (or each of the individual tubes) immediately before analysis.
Perform the calibration analyses in order from Tow concentration to high
to minimize the compound carryover. Add 5.0 mL of organic-free reagent
water to the purging vessel. Initiate tube desorb/purge according to the
procedure described above.

E® F2 DX

7.16.2 Tabulate the area response of the characteristic primary
ions (Table 1) against concentration for each target compound, each
surrogate compound, and each internal standard. The first criterion for
quantitative analysis 1is correct identification of compounds. The
compounds must elute within + 0.06 retention time units of the elution
time of the standard analyzed on the same analytical system on the day of
the analysis. The analytes should be quantitated relative to the closest
eluting internal standard, according to the scheme shown in Table 4.
Calculate response factors (RF) for each compound relative to the internal
standard shown in Table 4. The internal standard selected for the
calculation of RF is the internal standard that has a retention time
closest to the compound being measured. The RF is calculated as follows:

RF = (Ax/cis)/(Ais/cx)

where:

L 3

A, = area of the characteristic ion for the compound being
measured.

A_ = area of the characteristic ion for the specific internal
standard.

C. = concentration of the specific internal standard.

C, = concentration of the compound being measured.

7.16.3 The average RF must be calculated for each compound. A
system performance check should be made before the calibration curve is
used. Five compounds (the System Performance Check Compounds, or SPCCs)
are checked for a minimum average response factor. These compounds are
chloromethane, 1,1-dichloroethane, bromoform, 1,1,2,2-tetrachloroethane,
and chlorobenzene. The minimum acceptable average RF for these compounds
should be 0.300 (0.250 for bromoform). These compounds typically have RFs
of 0.4 - 0.6, and are used to check compound instability and check for
degradation caused by contaminated lines or active sites in the system.
Examples of these occurrences are:

£3 1 F% €% K3 Yy £E8 ¥

L |

F® ¥ 3% 3 €% F X ¥

7.16.3.1 Chloromethane: This compound is the most likely
compound to be Tost if the purge flow is too fast.
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7.16.3.2 Bromoform: This compound is one of the compounds
most likely to be purged very poorly if the purge flow is too slow.
Cold spots and/or active sites in transfer lines may adversely
affect response. Response of the primary quantitation ion (m/z 173)
is directly affected by the tuning for 4-bromofluorobenzene at the
ions of masses 174 and 176. Increasing the ratio of ions 174 and 176
to mass 95 (the base peak of the mass spectrum of
bromofluorobenzene) may improve bromoform response.

7.16.3.3 1,1,2,2-Tetrachloroethane and 1,1-dichloroethane:
These compounds are degraded by contaminated transfer lines in
purge-and-trap systems and/or active sites in trapping materials.

7.16.4 Using the response factors from the initial calibration,
calculate the percent relative standard deviation (%RSD) for the

Calibration Check Compounds (CCCs).
%RSD = (SD/X) x 100

where:
%RSD = percent relative standard deviation
RF, = individual RF measurement
RF = mean of 5 initial RFs for a compound (the 5 points
over the calibration range)
SD = standard deviation of average RFs for a compound,

where SD is calculated:

(RF,-RF)?

sD = \fZil — N

The %RSD for each individual CCC should be less than 30 percent.
This criterion must be met in order for the individual calibration to be
valid. The CCCs are: 1,1-dichloroethene, chloroform, 1,2-dichloropropane,

toluene, ethylbenzene, and vinyl chloride.

7.17 Daily GC/MS Calibration

7.17.1 Prior to the analysis of samples, purge 50 ng of the
4-bromofluorobenzene standard. The resultant mass spectrum for the BFB
must meet all of the criteria given in Table 3 before sample analysis
begins. These criteria must be demonstrated every twelve hours of

operation.

7.17.2 The initial calibration curve (Sec. 7.16) for each compound
of interest must be checked and verified once every twelve hours of
analysis time. This verification is accomplished by analyzing a
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calibration standard that is at a concentration near the midpoint
concentration for the working range of the GC/MS and checking the SPCC
(Sec. 7.16.3) and CCC (Sec. 7.16.4).

7.17.3 System Performance Check Compounds (SPCCs): A system
performance check must be made each twelve hours of analysis. If the SPCC
criteria are met, a comparison of response factors is made for all
compounds. This is the same check that is applied during the initial
calibration. If the minimum response factors are not achieved, the system
must be evaluated, and corrective action must be taken before analysis is
allowed to begin. The minimum response factor for volatile SPCCs is 0.300
(0.250 for bromoform). If these minimum response factors are not
achieved, some possible problems may be degradation of the standard
mixture, contamination of the injector port, contamination at the front
end of the analytical column, and active sites in the column or
chromatographic system. If the problem is active sites at the front end
of the analytical column, column maintenance (removal of approximately 1
foot from the front end of the column) may remedy the problem.

7.17.4  Calibration Check Compounds: After the system performance
check has been met, CCCs listed in Sec. 7.16.4 are used to check the
validity of the initial calibration. Calculate the percent difference
using the following equation:

(RF, - RF.) x 100
% Difference =

RF,

]
where:

RF, = average response factor from initial calibration

RF, = response factor from current calibration check standard.

If the percent difference for any compound is greater than 20, the
laboratory should consider this a warning limit. Benzene, toluene, and
styrene will have problems with response factors if Tenax® decomposition
occurs (either as a vresult of sampling exposure or temperature
degradation), since these compounds are decomposition products of Tenax®.
If the percent difference for each CCC is less than 25%, the initial
calibration is assumed to be valid. If the criterion of percent
difference less than 25% is not met for any one CCC, corrective action
MUST be taken. Problems similar to those listed under SPCCs could affect
this criterion. If a source of the problem cannot be determined after
corrective action is taken, a new five-point calibration curve MUST be
generated. The criteria for the CCCs MUST be met before quantitative

analysis can begin.

7.17.5 Internal standard responses and retention times in the
check calibration standard must be evaluated immediately after or during
data acquisition. If the retention time for any internal standard changes
by more than 30 seconds from the last check calibration (12 hr), the
chromatographic system must be inspected for malfunctions and corrections
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must be made, as required. A factor which may influence the retention
times of the internal standards on sample tubes is the Tlevel of overall
organic compound loading on the VOST tubes. If the VOST tubes are very
highly Tloaded with either a single compound or with multiple organic
compounds, retention times for standards and compounds of interest will be
affected. If the area for the primary ion of any of the internal
standards changes by a factor of two (-50% to +100%) from the last daily
calibration check, the gas chromatograph and mass spectrometer should be
inspected for malfunctions and corrections must be made, as appropriate.
If the level of organic loading of samples is high, areas for the primary
jons of both compounds of interest and standards will be adversely
affected. Calibration check standards should not be subject to variation,
since the concentrations of organic compounds on these samples are set to
be within the linear range of the instrumentation. If dinstrument
malfunction has occurred, analyses of samples performed under conditions
of malfunction may be invalidated.

7.18 GC/MS Analysis of Samples

7.18.1 Set up the cartridge desorption unit, purge-and-trap
unit, and GC/MS as described above.

7.18.2 BFB tuning criteria and daily GC/MS calibration check
criteria must be met before analyzing samples.

7.18.3 Adjust the helium purge gas flow rate (through the
cartridges and purge vessel) to approximately 40 mL/min. Optimize the
flow rate to provide the best response for chloromethane and bromoform, if
these compounds are analytes. A flow rate which is too high reduces the
recovery of chloromethane, and an insufficient gas flow rate reduces the
recovery of bromoform.

7.18.4 The first analysis performed after the tuning check and
the calibration or daily calibration check is a method blank. The method
blank consists of clean VOST tubes (both Tenax® and Tenax®/charcoal) which
are spiked with surrogate compounds and internal standards according to
the procedure described in Sec. 7.7.1. The tubes which are used for the
method blanks should be from the same batch of sorbent as the sorbent used
for the field samples. After the tubes are cleaned and prepared for
shipment to the field, sufficient pairs of tubes should be retained from

‘the same batch in the 1laboratory to provide method blanks during the

analysis.

7.18.5 The organic-free reagent water for the purge vessel for
the analysis of each of the VOST samples should be supplied from the
laboratory inventory which is maintained with constant bubbling of inert
gas to avoid contamination.

7.18.6 If the analysis of a pair of VOST tubes has a
concentration of analytes that exceeds the initial calibration range, no
reanalysis of desorbed VOST tubes is possible. An additional calibration
point can be added to bracket the higher concentration encountered in the
samples so that the calibration database encompasses six or more points.
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Alternatively, the data may be flagged in the report as "extrapolated
beyond the upper range of the calibration." The use of the secondary ions
shown in Table 1 is permissible only in the case of interference with the
primary quantitation ion. Use of secondary ions to calculate compound
concentration in the case of saturation of the primary ion is not an
acceptable procedure, since a negative bias of an unpredictable magnitude
is introduced into the quantitative data when saturation of the mass
spectrum of a compound is encountered. If high organic loadings, either
of a single compound or of multiple compounds, are encountered, it is
vital that a method blank be analyzed prior to the analysis of another
sample to demonstrate that no compound carryover is occurring. If
concentrations of organic compounds are sufficiently high that carryover
problems are profound, extensive bakeout of the purge-and-trap unit will
be required. Complete replacement of the contaminated analytical trap,
with the associated requirement for conditioning the new trap, may also be
required for VOST samples which show excessive concentrations of organic
compounds. Other measures which might be required for decontamination of
the analytical system include bakeout of the mass spectrometer,
replacement of the filament of the mass spectrometer, cleaning of the ion
source of the mass spectrometer, and/or (depending on the nature of the
contamination) maintenance of the chromatographic column or replacement of
the chromatographic column, with the associated requirement for
conditioning the new chromatographic column.

7.19 Data Interpretation
7.19.1 Qualitative analysis:

7.19.1.1 The qualitative identification of compounds
determined by this method is based on retention time, and on
comparison of the sample mass spectrum, after background correction,
with characteristic ions in a reference mass spectrum. The
reference mass spectrum must be generated by the laboratory using
the conditions of this method. The characteristic ions from the
reference mass spectrum are defined to be the three ions of greatest
relative intensity, or any ions over 30% relative intensity if less
than three such ions occur in the reference spectrum. Compounds
should be identified as present when the criteria below are met.

7.19.1.1.1 The intensities of the characteristic ions
of a compound maximize in the same scan or within one scan of
each other. Selection of a peak by a data system target
compound search routine where the search is based on the
presence of a target chromatographic peak containing ions
specific for the target compound at a compound specific
retention time will be accepted as meeting this criterion.

7.19.1.1.2 The RRT of the sample component is + 0.06
RRT units of the RRT of the standard component.

7.19.1.1.3 The relative intensities of the
characteristic ions agree within 30% of the vrelative
intensities of these 1ions in the reference spectrum.
(Example: For an ion with an abundance of 50% in the
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reference spectrum, the corresponding abundance in a sample
spectrum can range between 20% and 80%.)

7.19.1.1.4 Structural isomers that produce very similar
mass spectra should be identified as individual isomers if
they have sufficiently different GC retention times.
Sufficient GC resolution is achieved if the height of the
valley between two isomer peaks is less than 25% of the sum of
the two peak heights. Otherwise, structural isomers are

identified as isomeric pairs.

7.19.1.1.5 Identification 1is hampered when sample
components are not resolved chromatographically and produce
mass spectra containing ions contributed by more than one
analyte. When gas chromatographic peaks obviously represent
more than one sample component (i.e., a broadened peak with
shoulder(s) or a valley between two or more maxima),
appropriate selection of analyte spectra and background
spectra is important. Examination of extracted ion current
profiles of appropriate ions can aid in the selection of
spectra, and in qualitative identification of compounds. When
analytes coelute (i.e., only one chromatographic peak is
apparent), the identification criteria can be met, but each
analyte spectrum will contain extraneous ions contributed by

the coeluting compound.

7.19.1.2 For samples containing components not associated
with the calibration standards, a Tibrary search may be made for the
purpose of tentative identification. The necessity to perform this
type of identification will be determined by the type of analyses
being conducted. Guidelines for making tentative identification

are:

(1) Relative intensities of major ions in the reference
spectrum (ions > 10% of the most abundant ion) should be present in

the sample spectrum.

(2) The relative intensities of the major ions should agree
within + 20%. (Example: For an jon with an abundance of 50% in the
standard spectrum, the corresponding sample ion abundance must be
between 30 and 70%).

(3) Molecular ions present in the reference spectrum should
be present in the sample spectrum.

(4) Ions present in the sample spectrum but not in the
reference spectrum should be reviewed for possible background
contamination or presence of coeluting compounds.

(5) Ions present in the reference spectrum but not in the
sample spectrum should be reviewed for possible subtraction from the
sample spectrum because of background contamination or coeluting
peaks. Data system library reduction programs can sometimes create

these discrepancies.
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Computer generated library search routines should not use
normalization routines that would misrepresent the 1library or
unknown spectra when compared to each other. Only after visual
comparison of sample with the nearest library searches will the mass
spectral interpretation specialist assign a tentative
identification.

7.19.2 Quantitative analysis:

7.19.2.1 When a compound has been identified, the
quantitative analysis of that compound will be based on the
integrated abundance from the extracted ion current profile of the
primary characteristic ion for that compound (Table 1). In the
event that there is interference with the primary ion so that
quantitative measurements cannot be made, a secondary ion may be
used.

NOTE: Use of a secondary ion to perform quantitative
calculations in the event of the saturation of the
primary ion is not an acceptable procedure because of
the unpredictable extent of the negative bias which is
introduced. Quantitative calculations are performed
using the internal standard technique. The internal
standard used to perform quantitative calculations shall
be the internal standard nearest the retention time of
a given analyte (see Table 4).

7.19.2.2 Calculate the amount of each identified analyte
from the VOST tubes as follows:

Amount (ng) = (ACy)/(A.RF)

where:
A, = area of the characteristic ion for the analyte to be
measured.
A. = area of the characteristic ion of the internal standard.

O
]

amount (ng) of the internal standard.

7.19.2.3 The choice of methods for evaluating data
collected using the VOST methodology for incinerator trial burns is
a regulatory decision. Various procedures are used to decide
whether blank correction should be performed and how blank
correction should be performed. Regulatory agencies to which VOST
data are submitted also vary in their preferences for data which are
or which are not blank corrected.

7.19.2.4 The total amount of the POHCs of interest
collected on a pair of traps should be summed.
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7.19.2.5 The occurrence of high concentrations of analytes
on method blank cartridges indicates possible residual contamination
of sorbent cartridges prior to shipment and use at the sampling
site. Data with high associated blank values must be qualified with
respect to validity, and all blank data should be reported
separately. - No blank corrections should be made in this case.
Whether or not data of this type can be applied to the determination
of destruction and removal efficiency is a regulatory decision.
Continued observation of high concentrations of analytes on blank
sorbent cartridges indicates that procedures for cleanup and quality
control for the sampling tubes are inadequate. Corrective action
MUST be applied to tube preparation and monitoring procedures to
maintain method blank concentrations below detection 1limits for

analytes.

7.19.2.6 Where applicable, an estimate of concentration for
noncalibrated components in the sample may be made. The formulae
for quantitative calculations presented above should be used with
the following modifications: The areas A, and A, should be from the
total ion chromatograms, and the Response Factor for the
noncalibrated compound should be assumed to be 1. The nearest
eluting internal standard free from interferences in the total ion
chromatogram should be used to determine the concentration. The
concentration which is obtained should be reported indicating: (1)
that the value is an estimate; and (2) which internal standard was

used. :

7.19.2.7 If any internal standard recoveries fall outside
the control limits established in Sec. 8.4, data for all analytes
determined for that cartridge(s) must be qualified with the
observation. Report results without correction for surrogate
compound recovery data. When duplicates are analyzed, report the
data obtained with the sample results.

8.0 QUALITY CONTROL

8.1 Each Tlaboratory that uses these methods is required to operate a
formal quality control program. The minimum quality control requirements are
specified in Chapter One. In addition, this program should consist of an initial
demonstration of Taboratory capability and an ongoing analysis of check samples
to evaluate and document data quality. The laboratory must maintain records to
document the quality of the data generated. Ongoing data quality checks are
compared with established performance criteria to determine if the results of
analyses meet the performance characteristics of the method. When sample
analyses indicate atypical method performance, a quality control check standard
(spiked method blank) must be analyzed to confirm that the measurements were
performed in an in-control mode of instrument operation.

8.2 Before processing any samples, the analyst should demonstrate,
through the analysis of a method blank (Taboratory blank sorbent tubes, reagent
water purge) that interferences from the analytical system, glassware, sorbent
tube preparation, and reagents are under control. Each time a new batch of
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sorbent tubes is analyzed, a method blank should be processed as a safeguard
against chronic laboratory contamination. Blank tubes which have been carried
through all the stages of sorbent preparation and handling should be used in the
analysis.

8.3 The experience of the analyst performing the GC/MS analyses is
‘invaluable to the success of the analytical methods. Each day that the analysis
is performed, the daily calibration check standard should be evaluated to
determine if the chromatographic and tube desorption systems are operating
properly. Questions that should be asked are: Do the peaks look normal? Is the
system response obtained comparable to the response from previous calibrations?
Careful examination of the chromatogram of the calibration standard can indicate
whether column maintenance is required or whether the column is still usable,
whether there are leaks in the system, whether the injector septum requires
replacing, etc. If changes are made to the system (such as change of a column),
a calibration check must be carried out and a new multipoint calibration must be
generated.

8.4 Required instrument quality control is found in the following
sections:

8.4.1 The mass spectrometer must be tuned to meet the specifications
for 4-bromofluorobenzene in Sec. 7.2 (Table 3).

8.4.2 An initial calibration of the tube desorption/purge-and-trap/
GC/MS must be performed as specified in Sec. 7.7.

8.4.3 The GC/MS system must meet the SPCC criteria specified in Sec.
7.16.3 and the CCC criteria in Sec. 7.16.4 each twelve hours of instrument
operation.

8.5 To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

8.5.1 A quality control (QC) check sample concentrate is required
containing each analyte at a concentration of 10 mg/L in high purity
methanol. The QC check sample concentrate may be prepared from pure
standard materials or purchased as certified solutions. If the QC check
sample concentrate is prepared by the laboratory, the QC check sample
concentrate must be prepared using stock standards prepared independently
from the stock standards used for calibration.

8.5.2 Spike four pairs of cleaned, prepared VOST tubes with 10 ul
of the QC check sample concentrate and analyze these spiked VOST tubes
according to the method beginning in Sec. 7.0.

8.5.3 Calculate the average recovery (X) in ng and the standard
deviation of the recovery (s) in ng for each analyte using the results of
the four analyses.

8.5.4 The average recovery and standard deviation must fall within
the expected range for determination of volatile organic compounds using
the VOST analytical methodology. The expected range for recovery of
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volatile organic compounds using this method is 50-150%. Standard
deviation will be compound dependent, but should, in general, range from
15 to 30 ng. More detailed method performance criteria must be generated
from historical records in the laboratory or from interlaboratory studies
coordinated by the Environmental Protection Agency. Since the additional
steps of sorbent tube spiking and desorption are superimposed upon the
methodology of Method 8260, direct transposition of Method 8260 criteria
is questionable. If the recovery and standard deviation for all analytes
meet the acceptance criteria, the system performance is acceptable and the
analysis of field samples may begin. If any individual standard deviation
exceeds the precision limit or any individual recovery falls outside the
range for accuracy, then the system performance is unacceptable for that

analyte.

NOTE: The large number of analytes listed in Table 1 presents a
substantial probability that one or more will fail at least
one of the acceptance criteria when all analytes for this

method are determined.

8.5.5 When one or more of the analytes tested fails at least one of
the acceptance criteria, the analyst must proceed according to one of the

alternatives below.

8.5.5.1 Locate and correct the source of any problem with
the methodology and repeat the test for all the analytes beginning

with Sec. 8.5.2.

8.5.5.2 Beginning with Sec. 8.5.2, repeat the test only
for those analytes that have failed to meet acceptance criteria.
Repeated failure, however, will confirm a general problem either
with the measurement system or with the applicability of the
methodology to the particular anaiyte (especially if the analyte in
question is not listed in Table 1). If the problem is identified as
originating in the measurement system, locate and correct the source
of the problem and repeat the test for all compounds of interest

beginning with Sec. 8.5.2.

8.6 To determine acceptable accuracy and precision 1imits for surrogate

standards, the following procedure should be performed.

8.6.1 For each sample analyzed, calculate the percent recovery of
each surrogate compound in the sample.

8.6.2 Once a minimum of thirty samples has been analyzed, calculate
the average percent recovery (p) and the standard deviation of the percent
recovery (s) for each of the surrogate compounds.

8.6.3 Calculate the upper and lower control Timits for method
performance for each surrogate standard. This calculation is performed as

follows:

Upper Control Limit (UCL) = p + 3s
Lower Control Limit (LCL) = p - 3s
5041 - 23 Revision 0
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For reference, the comparable control limits for recovery of the
surrogate compounds from water and soil in Method 8240 are:

4-Bromofluorobenzene Water: 86-115% Soil: 74-121%
1,2-Dichloroethane-d, Water: 76-114% Soil: 70-121%
Toluene-dg Water: 88-110% Soil: 81-117%

The control limits for the VOST methodology would be expected to be
similar, but exact data are not presently available. Individual laboratory
control limits can be established by the analysis of replicate samples.

8.6.4 If surrogate recovery is not within the l1imits established by
the laboratory, the following procedures are required: (1) Verify that
there are no errors in calculations, preparation of surrogate spiking
solutions, and preparation of internal standard spiking solutions. Also,
verify that instrument performance criteria have been met. (2) Recalculate
the data and/or analyze a replicate sample, if replicates are available.

(3) If all instrument performance criteria are met and recovery of.

surrogates from spiked blank VOST tubes (analysis of a method blank) is
acceptable, the problem is due to the matrix. Emissions samples may be
highly acidic and may be highly loaded with target and non target organic
compounds. Both of these conditions will affect the ability to recover
surrogate compounds which are spiked on the field samples. The surrogate
compound recovery is thus a valuable indicator of the interactions of
sampled compounds with the matrix. If surrogates spiked immediately
before analysis cannot be observed with acceptable recovery, the
implications for target organic analytes which have been sampled in the
field must be assessed very carefully. If chemical or other interactions
are occurring on the exposed tubes, the failure to observe an analyte may
not necessarily imply that the Destruction and Removal Efficiency for that
analyte is high.

8.7 It is recommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific practices that are
most productive depend upon the needs of the laboratory and the nature of the
samples analyzed. Field duplicates may be analyzed to assess the precision of
the environmental measurements. When doubt exists over the identification of a
peak on the chromatogram, confirmatory techniques such as gas chromatography with
a dissimilar column or a different ionization mode using a mass spectrometer may
be used, if replicate samples showing the same compound are available. Whenever
possible, the 1laboratory should analyze standard reference materials and
participate in relevant performance evaluation studies.

9.0 METHOD PERFORMANCE

9.1 The method detection 1imit (MDL) is defined in Chapter One. The MDL
concentrations listed in Table 2 were obtained using cleaned blanked VOST tubes
and reagent water. Similar results have been achieved with field samples. The
MDL actually achieved in a given analysis will vary depending upon instrument
sensitivity and the effects of the matrix. Preliminary spiking studies indicate
that under these conditions, the method detection 1imit for spiked compounds in
extremely complex matrices may be larger by a factor of 500-1000.
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TABLE 1.

RETENTION TIMES AND CHARACTERISTIC IONS FOR VOLATILE COMPOUNDS
WHICH CAN BE ANALYZED BY METHOD 5041

Retention Primary Ion  Secondary Ion(s)
Compound Time (min) Mass Mass(es)
Acetone 7.1 43 58
Acrylonitrile 8.6 53 52, 51
Benzene 13.3 78 52, 77
Bromochloromethane 12.0 128 49, 130, 51
Bromodichloromethane 16.0 83 85, 129
4-Bromofluorobenzene 23.4 95 174, 176
Bromoform 22.5 173 171, 175, 252
Bromomethane 4.1 94 96, 79
Carbon disulfide 7.1 76 78
Carbon tetrachloride 12.6 117 119, 121
Chlorobenzene 20.5 112 114, 77
Chlorodibromomethane 19.3 129 208, 206
Chloroethane 4.2 64 66, 49
Chloroform 12.2 83 85, 47
Chloromethane 3.0 50 52, 49
Dibromomethane 15.4 93 174, 95
1,1-Dichloroethane 10.0 63 65, 83
1,2-Dichloroethane 13.3 62 64, 98
1,1-Dichloroethene 6.4 96 61, 98
trans-1,2-Dichloroethene 8.6 96 61, 98
1,2-Dichloropropane 15.2 63 62, 41
cis-1,3-Dichloropropene 17.0 75 77, 39
trans-1,3-Dichloropropene 18.2 75 77, 39
1,4-Difluorobenzene 14.2 114 63, 88
Ethylbenzene 21.1 106 91
Todomethane 7.0 142 127, 141
Methylene chloride 8.1 84 49, 51, 86
Styrene 22.3 104 78, 103
1,1,2,2-Tetrachloroethane 24.0 83 85, 131, 133
Tetrachloroethene 18.6 164 129, 131, 166
Toluene 17.4 92 91, 65
1,1,1-Trichloroethane 12.4 97 99, 117
1,1,2-Trichloroethane 18.4 97 83, 85, 99
Trichloroethene 14.5 130 95, 97, 132
Trichlorofluoromethane 5.1 101 103, 66
1,2,3-Trichloropropane 24.0 75 110, 77, 61
Vinyl chloride 3.2 62 64, 61
Xylenes* 22.2 106 91

* The retention time given is for m- and p-xylene, which coelute on the wide-bore
o-Xylene elutes approximately 50 seconds later.

column.
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TABLE 2.
PRELIMINARY METHOD DETECTION LIMITS AND BOILING POINTS
FOR VOLATILE ORGANICS ANALYZED BY METHOD 5041*

Detection Boiling

Compound CAS Number Limit, ng Point, °C
Chloromethane 74-87-3 58 -24
Bromomethane 74-83-9 26 4
Vinyl chloride 75-01-4 14 -13
Chloroethane 75-00-3 21 13
Methyiene chloride 75-09-2 9 40
Acetone 67-64-1 35 56
Carbon disulfide 75-15-0 11 46
1,1-Dichloroethene 75-35-4 14 32
1,1-Dichloroethane 75-35-3 12 57
trans-1,2-Dichloroethene 156-60-5 11 48
Chloroform 67-66-3 11 62
1,2-Dichloroethane 107-06-2 13 83
1,1,1-Trichloroethane 71-55-6 8 74
Carbon tetrachloride 56-23-5 8 77
Bromodichloromethane .. 75-27-4 11 88
1,1,2,2-Tetrachloroethane 79-34-5 23 146
1,2-Dichioropropane 78-87-5 12 95
trans-1,3-Dichloropropene 10061-02-6 17 112
Trichloroethene 79-01-6 11 87
Dibromochioromethane 124-48-1 21 122
1,1,2-Trichloroethane 79-00-5 26 114
Benzene 71-43-2 26 80
cis-1,3-Dichloropropene 10061-01-5 27 112
Bromoform 75-25-2 26 150
Tetrachloroethene 127-18-4 11 121
Toluene 108-88-3 15 111
Chlorobenzene, 108-90-7 15 132
Ethylbenzene 100-41-4 21 136
Styrene’™” 100-42-5 46 145
Trichlorofiuoromethane 75-69-4 17 24
lodomethane 74-88-4 9 43
Acrylonitrile 107-13-1 13 78
Dibromomethane . 74-95-3 14 97
1,2,3-Trichloropropane 96-18-4 37 157
22 138-144

total Xylenes'

* The method detection limit (MDL) is defined as the minimum concentration of a
substance that can be measured and reported with 99% confidence that the analyte
concentration is greater than zero and is determined from analysis of a sample 1in
a given matrix containing the analyte. The detection Tlimits cited above were
determined according to Title 40 CFR, Part 136, Appendix B, using standards spiked
onto clean VOST tubes. Since clean VOST tubes were used, the values cited above
represent the best that the methodology can achieve. The presence of an emissions
matrix will affect the ability of the methodology to perform at its optimum level.

** Not appropriate for quantitative sampling by Method 0030.
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TABLE 3.
KEY ION ABUNDANCE CRITERIA FOR 4-BROMOFLUOROBENZENE

Mass Ion Abundance Criteria

50 15 to 40% of mass 95

75 30 to 60% of mass 95

95 base peak, 100% relative abundance

96 5 to 9% of mass 95

173 ) less than 2% of mass 174

174 greater than 50% of mass 95

175 5 to 9% of mass 174

176 greater than 95%, but less than 101% of mass 174
177 : 5 to 9% of mass 176

5041 - 28 Revision 0
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TABLE 4.

VOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES

ASSIGNED FOR QUANTITATION

Bromochloromethane

Acetone
Acrylonitrile
Bromomethane
Carbon disulfide
Chloroethane
Chloroform
Chloromethane
1,1-Dichloroethane
1,2-Dichloroethane

1,2-Dichloroethane-d, (surrogate)

1,1-Dichloroethene
Trichloroethene
trans-1,2-Dichloroethene
Todomethane

Methylene chloride
Trichlorofluoromethane
Vinyl chloride

1,4-Difluorobenzene

Benzene
Bromodichloromethane
Bromoform

Carbon tetrachloride
Chlorodibromomethane
Dibromomethane
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
1,1,1-Trichloroethane
1,1,2-Trichloroethane

Chlorobenzene-d5

4-Bromofluorobenzene (surrogate)
Chlorobenzene
Ethylbenzene

Styrene
1,1,2,2-Tetrachloroethane

Tetrachloroethene
Toluene

Toluene-dg (surrogate)
1,2,3-Trichloropropane
Xylenes

Revision 0
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- METHOD 5041
PROTOCOL FOR ANALYSIS OF SORBENT CARTRIDGES FROM VOLATILE ORGANIC
SAMPLING TRAIN: WIDE-BORE CAPILLARY COLUMN TECHNIQUE

- 7.10 Initiate T,Zd:.f;zthe
| > tube desorption/ ' g area response

‘ . d

o p:;g:i:; of all compounds
of interest.

a

) v v

7.1 Conditione for
| cartridge 7.11 Set the GC 7.16.3
e desorption oven, oven to subambient Caiculate the
o urge-and-tra temperature everage RF for
sl eopncoantutor, GpC, WIlth liquid each .compound
and MS. nitrogen. of interest.
N y ‘ v
W
7.2 Daily, tune 7.16.4 Calculate
a the GC/MS with 7.12 Prap the he %RSD
“W GC/MS system the
| BFB and check for dat for the CCCe.
s calibration curve or data The %RSD must
(see Section 7.17), aquisition. be <30%.
7 v Y v
|
! 7.13 Aftar the tube/
- 7.3-7.6 watar purge time, 7.18 GFIMS
s Assemble the attach the analysis of
“ system. analytical trap to sampies.
the GC/MS for
desorption.
: I !
7.7.1 Calibrate the
instrument system . 7.18.1 Quelitative
o using the internal std. 7.14 Wash purging analysie of date
. procedure. Stds. and vessel with two end ident. guidslines
- calibration compounds & mL fh.uhec of of compounds.
! are spiked into cleaned orgenic-free
- VOST tubes using the reagent water.
i flash evaporation ¢
| hnique.
“ tec ¢
7.19.2 Quentitative
“ . analysis of data for
7.16 Recondition the the compounds of
” 7.8 Prep the analytical trap by interest.
purge-and-trep making it cut at
unit with 8 mL temps up to 220 C for
’ organic-free 11 min. Trap replacement
i H reegent water. may be necessary
? H if the analytical trap
is saturated beyond
i cleanup.
: H 7.9 Connect
i paired VOST
‘ tubes to the
| - gas lines for
b p 7.18.1 Prep
: d .
; A esorption calibration stde.
i as in 7.7.1. Add
} water to vessel
and desorb.
1
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4.2 SAMPLE PREPARATION METHODS

4.2.2 CLEANUP

The following methods are included in this section:

Method 3600B:
Method 3610A:
Method 3611A:

Method 3620A:
Method 3630B:
Method 3640A:
Method 3650A:
Method 3660A:
Method 3665:

Cleanup
Alumina Column Cleanup
Alumina Column Cleanup and Separation

Petroleum Wastes

Florisil Column Cleanup
Silica Gel Cleanup
Gel-Permeation Cleanup
Acid-Base Partition Cleanup

Sulfur Cleanup
Sulfuric Acid/Permanganate Cleanup

of
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METHOD 3600B
CLEANUP

1.0  SCOPE AND APPLICATION

1.1  Method 3600 provides general guidance on selection of cleanup methods
that are appropriate for the target analytes of interest. Cleanup methods are
applied to the extracts prepared by one of the extraction methods, to eliminate
sampie interferences., The following table lists the cleanup methods and provides

a brief description of the type of cleanup.
SW-846 CLEANUP METHODS

Method # Method Name Cleanup Type
3610 Alumina Cleanup Adsorption
3611 Alumina Cleanup & Separation Adsorption
for Petroleum Waste
3620 Florisil Cleanup Adsorption
3630 Silica Gel Cleanup Adsorption
3640 Gel-Permeation Cleanup Size-Separation
3650 Acid-Base Partition Cleanup Acid-Base Partitioning
3660 Sulfur Cleanup Oxidation/Reduction
3665 Sulfuric Acid/Permanganate Oxidation/Reduction
Cleanup

1.2 The purpose of applying a cleanup method to an extract is to remove
interferences and high boiling material that may result in: (1) errors in
quantitation (data may be biased low because of analyte adsorption in the
injection port or front of the GC column or biased high because of overlap with
an interference peak); (2) false positives because of interference peaks falling
within the analyte retention time window; (3) false negatives caused by shifting
the analyte outside the retention time window; (4) rapid deterioration of
expensive capillary columns; and, (5) instrument downtime caused by cleaning and
rebuilding of detectors and ion sources. Most extracts of soil and waste require
some degree of cleanup, whereas, cleanup for water extracts may be unnecessary.
Highly contaminated extracts (e.g. sample extracts of oily waste or soil
containing oily residue) often require a combination of cleanup methods. For
example, when analyzing for organochlorine pesticides and PCBs, it may be
necessary to use gel permeation chromatography (GPC), to eliminate the high
boiling material and a micro alumina or Florisil column to eliminate

interferences with the analyte peaks on the GC/ECD.

3600B - 1 Revision 2
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1.3 The following techniques have been applied to extract purification:
adsorption chromatography; partitioning between immiscible solvents; gel
permeation chromatography; oxidation of interfering substances with acid, alkali,
or oxidizing agents. These techniques may be used individually or in various
combinations, depending on the extent and nature of the co-extractives.

1.3.1 Adsorption column chromatography - Alumina (Methods 3610
and 3611), Florisil (Method 3620), and silica gel (Method 3630) are useful
for separating analytes of a relatively narrow polarity range away from
extraneous, interfering peaks of a different polarity. These are
primarily used for cleanup of a specific chemical group of relatively
non-polar analytes, i.e., organochlorine pesticides, polynuclear aromatic
hydrocarbons (PAHs), nitrosamines, etc.. Solid phase extraction
cartridges have been added as an option.

1.3.2 Acid-base partitioning (Method 3650) - Useful for
separating acidic or basic organics from neutral organics. It has been
applied to analytes such as the chlorophenoxy herbicides and phenols. It
is very useful for separating the neutral PAHs from the acidic phenols
when analyzing a site contaminated with creosote and pentachlorophenol.

1.3.3 Gel permeation chromatography (GPC) (Method 3640) - The
most universal cleanup technique for a broad range of semivolatile
organics and pesticides. It 1is capable of separating high

molecular-weight, high boiling material from the sample analytes. It has
been used successfully for all the semivolatile base, neutral, and acid
compounds associated with the EPA Priority Pollutant and the Superfund
Target Compound 1list prior to GC/MS analysis for semivolatiles and
pesticides. GPC may not be applicable to elimination of extraneous peaks
on a chromatogram which interfere with the analytes of interest. It is,
however, useful for the removal of high boiling materials which would
contaminate injection ports and column heads, prolonging column 1life,
stabilizing the instrument, and reducing column reactivity.

1.3.4 Sulfur cleanup (Method 3660) - Useful in eliminating
sulfur from sample extracts, which may cause chromatographic interference
with analytes of interest.

1.4 Several of the methods are also useful for fractionation of complex
mixtures of analytes. Use the solid phase extraction cartridges in Method 3630
(Silica Gel) for separating the PCBs away from most organochlorine pesticides.
Method 3611 (Alumina) is for the fractionation of aliphatic, aromatic and polar
analytes. Method 3620 (Florisil) provides fractionation of the organochlorine
pesticides.

1.5 Cleanup capacity is another factor that must be considered in
choosing a cleanup technique. The adsorption methods (3610, 3620, and 3630)
provide the option of using standard column chromatography techniques or solid
phase extraction cartridges. = The decision process in selecting between the
different options available generally depends on the amount of interferences/high
boiling material in the sample extract and the degree of cleanup required by the
determinative method. The solid phase extraction cartridges require less elution
solvent and less time, however, their cleanup capacity is drastically reduced
when comparing a 0.5 g or 1.0 g Florisil cartridge to a 20 g standard Florisil

3600B - 2 Revision 2
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column. The same factor enters into the choice of the 70 g gel permeation column
specified in Method 3640 versus a high efficiency column.

1.6 Table 1 indicates the recommended cleanup techniques for the
indicated groups of compounds. This information can also be used as guidance for
compounds that are not Tisted. Compounds that are chemically similar to these
groups of compounds should behave similarly when taken through the cleanup
procedure,however, this must be demonstrated by determining recovery of standards

taken through the method.

2.0  SUMMARY OF METHOD

2.1 Refer to the specific cleanup method for a summary of the procedure.

3.0 INTERFERENCES

3.1 Analytical interferences may be caused by contaminants in solvents,
reagents, glassware, and other sample processing hardware. All of these
materials must be routinely demonstrated to be free of interferences, under the

conditions of the analysis, by running laboratory reagent blanks.

3.2 More extensive procedures than those outlined in the methods may be
necessary for reagent purification.

4.0 APPARATUS AND MATERIALS

4.1 Refer to the specific cleanup method for apparatus and materials
needed.

5.0 REAGENTS

5.1 Refer to the specific cleanup method for the reagents needed.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1.

7.0  PROCEDURE

7.1 Prior to using the cleanup procedures, samples normally undergo
solvent extraction. Chapter Two, Section 2.0, may be used as a guide for
choosing the appropriate extraction procedure based on the physical composition
of the waste and on the analytes of interest in the matrix (see also Method 3500
for a general description of the extraction technique). For some organic
liquids, extraction prior to cleanup may not be necessary.

36008 - 3 Revision 2
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7.2 Most soil/sediment and waste sample extracts will require some degree
of cleanup. The extract is then analyzed by one of the determinative methods.
If interferences still preclude analysis for the analytes of interest, additional
cleanup may be required.

7.3 Many of the determinative methods specify cleanup methods that should
be used when determining particular analytes (e.g. Method 8061, gas
chromatography of phthalate esters, recommends using either Method 3610 (Alumina
column cleanup) or Method 3620 (Florisil column cleanup) if interferences prevent
analysis. However, the experience of the analyst may prove invaluable in
determining which cleanup methods are needed. As indicated in Section 1.0 of
this method, many matrices may require a combination of cleanup procedures in
order to ensure proper analytical determinations.

7.4 Guidance for cleanup is specified in each of the methods that follow.

The amount of extract cleanup required prior to the final determination depends

on the concentration of interferences in the sample, the selectivity of both the

$xtraction procedure and the determinative method and the required detection
imit.

7.5 Following cleanup, the sample is concentrated to whatever volume is
required in the determinative method. Analysis follows as specified in the
determinative procedure.

8.0 QUALITY CONTROL
8.1 Refer to Chapter One for specific quality control procedures.

8.2 The analyst must demonstrate that the compounds of interest are
being quantitatively recovered by the cleanup technique before the cleanup is
applied to actual samples. For sample extracts that are cleaned up, the
associated quality control samples (e.g. spikes, blanks, replicates, and
duplicates) must also be processed through the same cleanup procedure.

8.3 The analysis using each determinative method (GC, GC/MS, HPLC)
specifies instrument calibration procedures using stock standards. It is
recommended that cleanup also be performed on a series of the same type of

standards to validate chromatographic elution patterns for the compounds of
interest and to verify the absence of interferences from reagents.

9.0 METHOD PERFORMANCE

9.1 Refer to the specific cleanup method for performance data.

10.0 REFERENCES
10.1 Refer to the specific cleanup method.

3600B - 4 Revision 2
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TABLE 1.

RECOMMENDED CLEANUP TECHNIQUES FOR INDICATED GROUPS OF COMPOUNDS

Analyte Group

Determinative®

Method

Cleanup
Method Options

Phenols

Phthalate esters

Nitrosamines

Organochlorine pesticides & PCBs
PCBs

Nitroaromatics and cyclic ketones
Polynuclear aromatic hydrocarbons
Chlorinated hydrocarbons
Organophosphorus pesticides
Chlorinated herbicides
Semivolatile organics

Petroleum waste

PCDDs and PCDFs by LR/MS

PCDDs and PCDFs by HR/MS

N-methyl carbamate pesticides

8040
8060/8061
8070
8080/8081
8080/8081
8090
8100/8310
8120/8121
8140/8141
8150/8151
8250/8270
8250/8270
8280
8290
8318

3630°, 3640, 3650, 8040°
3610, 3620, 3640
3610, 3620, 3640
3620, 3640, 3660
3665

3620, 3640

3611, 3630, 3640
3620, 3640

3620

81507, 81517, 3620
3640, 3650, 3660
3611, 3650

8280

8290

8318

®  The GC/MS Methods, 8250 and 8270, are also appropriate determinative methods
for all analyte groups, unless lower detection limits are required.

b - Cleanup applicable to derivatized phenols.

¢ Method 8040 includes a derivatization technique followed by GC/ECD analysis,
if interferences are encountered using GC/FID.

¢ Methods 8150 and 8151 incorporate an acid-base cleanup step as an integral

part of the methods.
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METHOD 3610A
ALUMINA COLUMN CLEANUP

1.0 SCOPE AND APPLICATION

1.1 Scope: Alumina is a highly porous and granular form of aluminum
oxide. It is available in three pH ranges (basic, neutral, and acidic) for use
in column chromatography. It is used to separate analytes from interfering
compounds of a different chemical polarity.

1.2 General Applications (Gordon and Ford):

1.2.1 Basic (B) pH (9-10): USES: Basic and neutral compounds stable
to alkali, alcohols, hydrocarbons, steroids, alkaloids, natural pigments.
DISADVANTAGES: Can cause polymerization, condensation, and dehydration
reactions; cannot use acetone or ethyl acetate as eluants.

1.2.2 Neutral (N): USES: Aldehydes, ketones, gquinones, esters,
lactones, glycoside. DISADVANTAGES: Considerably less active than the

basic form.

1.2.3 Acidic (A) pH (4-5): USES: Acidic pigments (natural and
synthetic), strong acids (that otherwise chemisorb to neutral and basic
alumina).

1.2.4 Activity grades: Acidic, basic, or neutral alumina can be
prepared in various activity grades (I to V), according to the Brockmann
scale, by addition of water to Grade 1 (prepared by heating at 400-450°C
until no more water is lost). The Brockmann scale (Gordon and Ford, p.
374) is reproduced below:

Water added (wt. %): 0 3 ) 10 15
Activity grade: I I1 IT1 Iv v
RF (p-aminoazobenzene): 0.0 0.13 0.25 0.45 0.55

1.3 Specific applications: This method includes guidance for cleanup of
sample extracts containing phthalate esters and nitrosamines. For alumina column
cleanup of petroleum wastes, see Method 3611, ATumina Column Cleanup of Petroleum

Wastes.

2.0 SUMMARY OF METHOD

2.1 The column is packed with the required amount of adsorbent, topped
with a water adsorbent, and then loaded with the sample to be analyzed. Elution
of the analytes is effected with a suitable solvent(s), leaving the interfering
compounds on the column. The eluate is then concentrated (if necessary).

3610A - 1 Revision 1
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3.0  INTERFERENCES

3.1 A reagent blank should be performed for the compounds of interest
prior to the use of this method. The level of interferences must be below the
method detection 1imit before this method is performed on actual samples.

3.2 More extensive procedures than those outlined in this method may be
necessary for reagent purification.

4.0 APPARATUS AND MATERIALS

4.1 Chromatography column: 300 mm x 10 mm ID, with Pyrex glass wool at
bottom and a Teflon stopcock.

NOTE: Fritted glass discs are difficult to decontaminate after
highly contaminated extracts have been passed through.
Columns without frits may be purchased. Use a small pad of
Pyrex glass wool to retain the adsorbent. Prewash the glass
wool pad with 50 mL of acetone followed by 50 mL of elution
solvent prior to packing the column with adsorbent.

4.2 Beakers: 500 mL.

4.3 Reagent bottle: 500 mL.

4.4 Muffle furnace.

4.5 Kuderna-Danish (K-D) apparatus:

4.5.1 Concentrator tube: 10 mL, graduated (Kontes K-570050-1025 or
equivalent). A ground-glass stopper is used to prevent evaporation of

extracts.

4.5.2 Evaporation flask: 500 mL (Kontes K-570001-500 or
equivalent).  Attach to concentrator tube with springs, clamps, or
equivalent.

4.5.3 Snyder column: Three ball macro (Kontes K-503000-0121 or
equivalent). : _

4.5.4 Snyder column: Two ball micro (Kontes K-569001-0219 or
equivalent). :

4.5.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.6 Boiling chips: Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.7 Water bath: Heated, with concentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.

4.8 Vials: Glass, 2 mL capacity, with Teflon lined screw caps or crimp
tops.

3610A - 2 Revision 1
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5.0

4.9 Erlenmeyer flasks: 50 and 250 mL

REAGENTS

5.1 Organic-free reagent water - A11 references to water in this method

refer to organic-free reagent water, as defined in Chapter One.

5.2 Sodium sulfate: Sodium sulfate (granular, anhydrous), Na,SO,.

Purify by heating at 400°C for 4 hours in a shallow tray, or by prec]ean1ng the
sodium sulfate with methylene chloride. If the sodium sulfate is precleaned with
methylene chloride, a method blank must be analyzed, demonstrating that there is
no interference from the sodium sulfate.

6.0

5.3 Eluting solvents:

5.3.1 Diethyl Ether, C,H;0C,H;. Pesticide quality or equivalent.
Must be free of peroxides as 1nd1cated by test strips (EM Quant, or
equivalent). Procedures for removal of peroxides are provided with the
test strips. After cleanup, 20 mL of ethyl alcohol preservative must be

added to each liter of ether.
5.3.2 Methanol, CH,0H - Pesticide quality or equivalent.
5.3.3 Pentane, CH;(CH,);CH; - Pesticide quality or equivalent.
5.3.4 Hexane, CH,, - Pesticide quality or equivalent.

5.3.5 Methylene chloride, CH,C1, - Pesticide quality or equivalent.

5.4 Alumina:

5.4.1 For c1eanup of phthalate extracts: Alumina-Neutral, activity
Super I, W200 series (ICN Life Sciences Group, No. 404583, or equivalent).
To prepare for use, place 100 g of alumina into a 500 mL beaker and heat
for approximately 16 hr at 400°C. After heating, transfer to a 500 mlL
reagent bottle. Tightly seal and cool to room temperature. When cool,
add 3 mL of organic-free reagent water. Mix thoroughly by shaking or
rolling for 10 min and let it stand for at least 2 hr. Keep the bottle

sealed tightly.

5.4.2 For cleanup of nitrosamine extracts: Alumina-Basic, activity
Super I, W200 series (ICN Life Sciences Group, No. 404571, or equivalent).
To prepare for use, place 100 g of alumina into a 500 mL reagent bottle
and ‘add 2 mL of organic-free reagent water. Mix the alumina preparation
thoroughly by shaking or rolling for 10 min and let it stand for at least
2 hr. The preparation should be homogeneous before use. Keep the bottle
sealed tightly to ensure proper activity.

SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,

Section 4.1.

3610A - 3 Revision 1
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7.0

PROCEDURE
7.1 Phthalate esters:

7.1.1 Reduce the sample extract volume to 2 mL prior to cleanup.
The extract solvent must be hexane.

7.1.2 Place approximately 10 g of alumina into a 10 mm ID
chromatographic column. Tap the column to settle the alumina and add 1-2
cm of anhydrous sodium sulfate to the top.

7.1.3 Pre-elute the column with 40 mL of hexane. The rate for all
elutions should be about 2 mL/min. Discard the eluate and, just prior to
exposure of the sodium sulfate layer to the air, quantitatively transfer
the 2 mL sample extract onto the column using an additional 2 mL of hexane
to complete the transfer. Just prior to exposure of the sodium sulfate
layer to the air, add 35 mL of hexane and continue the elution of the
column. Discard this hexane eluate.

7.1.4 Next, elute the column with 140 mL of 20% ethyl ether in
hexane (v/v) into a 500 mL K-D flask equipped with a 10 mL concentrator
tube. Concentrate the collected fraction using the Kuderna-Danish
technique. No solvent exchange is necessary. Adjust the volume of the
cleaned up extract to whatever volume is required (10.0 mL for Method
8060) and analyze. Compounds that elute in this fraction are as follows:

Bis(2-ethylhexyl) phthalate
Butyl benzyl phthalate
Di-n-butyl phthalate
Diethyl phthalate

Dimethyl phthalate
Di-n-octyl phthalate.

7.2 Nitrosamines:
7.2.1 Reduce the sample extract to 2 mL prior to cleanup.

7.2.2 Diphenylamine, if present in the original sample extract, must
be separated from the nitrosamines if N-nitrosodiphenylamine is to be
determined by this method.

7.2.3 Place approximately 12 g of the alumina preparation into a 10
mm ID chromatographic column. Tap the column to settle the alumina and
add 1-2 cm of anhydrous sodium sulfate to the top.

7.2.4 Pre-elute the column with 10 mL of ethyl ether/pentane
(3:7)(v/v). Discard the eluate (about 2 mL) and, just prior to exposure
of the sodium sulfate layer to the air, quantitatively transfer the 2 mL
sample extract onto the column using an additional 2 mL of pentane to
complete the transfer.

7.2.5 Just prior to exposure of the sodium sulfate layer to the air,
add 70 mL of ethyl ether/pentane (3:7)(v/v). Discard the first 10 mL of
eluate. Collect the remainder of the eluate in a 500 mL K-D flask

3610A - 4 Revision 1
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equipped with a 10 mL concentrator tube. This fraction contains N-
nitroso-di-n-propylamine.

7.2.6 Next, elute the column with 60 mL of ethyl ether/pentane
(1:1)(v/v), collecting the eluate in a second 500 mL K-D flask equipped
with a 10 mL concentrator tube. Add 15 mL of methanol to the K-D flask.
This fraction will contain N-nitrosodimethylamine, most of the N-nitroso-
di-n-propylamine, and any diphenylamine that is present.

7.2.7 Concentrate both fractions using the Kuderna-Danish Technique
(if necessary), using pentane to prewet the Snyder column. When the
apparatus is cool, remove the Snyder column and rinse the flask and its
lower joint into the concentrator tube with 1-2 mL of pentane. Adjust the
final volume to whatever is required in the appropriate determinative
method (Section 4.3 of this chapter). Analyze the fractions.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 3600 for cleanup procedures.

8.2 The analyst should demonstrate that the compounds of interest are
being quantitatively recovered before applying this method to actual samples.

8.3 For sample extracts that are cleaned up using this method, the
associated quality control samples must also be processed through this cleanup

method.

9.0 METHOD PERFORMANCE

9.1 Performance data are not available.

10.0 REFERENCES

1. U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim
Final Rule and Proposed Rule," October 26, 1984.
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METHOD 3611A

ALUMINA COLUMN CLEANUP AND SEPARATION OF PETROLEUM WASTES

1.0 SCOPE AND APPLICATION

1.1 Method 3611 was formerly Method 3570 in the Second Edition of this
manual.

1.2 Specific application: This method includes guidance for separation
of petroleum wastes into aliphatic, aromatic, and polar fractions.

2.0 SUMMARY OF METHOD

2.1 The column js packed with the required amount of adsorbent, topped
with a water adsorbent, and then loaded with the sample to be analyzed. Elution
of the analytes is effected with a suitable solvent(s), leaving the interfering
compounds on the column. The eluate is then concentrated (if necessary).

3.0 INTERFERENCES

3.1 A reagent blank should be performed for the compounds of interest
prior to the use of this method. The Tevel of interferences must be below the
method detection 1imit before this method is performed on actual samples.

3.2 More extensive procedures than those outlined in this method may be
necessary for reagent purification.

3.3 Caution must be taken to prevent overloading of the chromatographic
column. As the column loading for any of these types of wastes approaches
0.300 g of extractable organics, separation recoveries will suffer. If
overloading is suspected, an aliquot of the base-neutral extract prior to cleanup
may be weighed and then evaporated to dryness. A gravimetric determination on
the aliquot will indicate the weight of extractable organics in the sample.

3.4 Mixtures of petroleumwastes containing predominantly polar solvents,
i.e., chlorinated solvents or oxygenated solvents, are not appropriate for this

method.

4.0 APPARATUS AND MATERIALS

4.1 Chromatography column: 300 mm x 10 mm ID, with Pyrex glass wool at
bottom and a Teflon stopcock.

NOTE: Fritted glass discs are difficult to decontaminate after highly
contaminated extracts have been passed through. Columns without
frits may be purchased. Use a small pad of Pyrex glass wool to
retain the adsorbent. Prewash the glass wool pad with 50 mL of
acetone followed by 50 mL of elution solvent prior to packing the
column with adsorbent.
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4.2 Beakers: 500 mL.

4.3 Reagent bottle: 500 mL.

4.4 Muffle furnace.

4.5 Kuderna-Danish (K-D) apparatus:

4.5.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 or
equivalent). A ground-glass stopper is used to prevent evaporation of

extracts.

4.5.2 Evaporation flask - 500 mL (Kdntes K-570001-500 or
equivalent). Attach to concentrator tube with springs, clamps, or
equivalent. :

4.5.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent).

4.5.4 Snyder column - Two ball micro (Kontes K-569001-0219 or
equivalent).

4.5.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.6 Boiling chips: Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.7 Water bath: Heated with concentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.

4.8 Erlenmeyer flasks: 50 and 250 mL.

5.0 REAGENTS

5.1 Sodium sulfate: (granular, anhydrous), NaSO,. Purify by heating at
400°C for 4 hours in a shallow tray, or by precleaning fhe sodium sulfate with
methylene chloride. If the sodium sulfate is precleaned with methylene chloride,
a method blank must be analyzed, demonstrating that there is no interference from
the sodium sulfate.
5.2 Eluting solvents:

5.2.1 Methanol, CH,0H - Pesticide quality or equivalent.

5.2.2 Hexane, CH, - Pesticide quality or equivalent.

5.2.3 Methylene chloride, CH,C1, - Pesticide quality or equivalent.

5.3 Alumina: Neutral 80-325 MCB chromatographic grade or equivalent.
Dry alumina overnight at 130°C prior to use.

3611A - 2 Revision 1
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1.

7.0 PROCEDURE

7.1 It is suggested that Method 3650, Acid-Base Partition Cleanup, be
performed on the sample extract prior to alumina cleanup.

7.2 Place approximately 10 g of alumina into a chromatographic column,
tap to settie the alumina, and add 1 cm of anhydrous sodium sulfate to the top.

7.3  Pre-elute the column with 50 mL of hexane. Discard the eluate and,
Jjust prior to exposure of the sodium sulfate layer to the air, quantitatively
transfer the 1 mL sample extract onto the column using an additional 1 mL of
hexane to complete the transfer. To avoid overloading the column, it is
suggested that no more than 0.300 g of extractable organics be placed on the

column (see Section 3.3).

7.4 Just prior to exposure of the sodium sulfate to the air, elute the
column with a total of 15 mL of hexane. If the extract is in 1 mL of hexane, and
if 1 mL of hexane was used as a rinse, then 13 mL of additional hexane should be
used. Collect the effluent in a 50 mL flask and Tlabel this fraction
"base/neutral aliphatics.” Adjust the flow rate to 2 mL/min.

7.5 Elute the column with 100 mL of methylene chloride and collect the
effluent in a 250 mL flask. Label this fraction "base/neutral aromatics.”

7.6 Elute the column with 100 mL of methanol and collect the effluent in
a 250 mL flask. Label this fraction "base/neutral polars."

7.7 Concentrate the extracts (if necessary) by the standard K-D technique
to the volume (1-10 mL) required in the appropriate determinative method (Chapter
Four). Analyze the fractions containing the analytes of interest.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 3600 for cleanup procedures.

8.2 The analyst should demonstrate that the compounds of interest are
being quantitatively recovered before applying this method to actual samples.

8.3 For sample extracts that are cleaned up using this method, the
associated quality control samples must also be processed through this cleanup

method.

3611A - 3 Revision 1
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9.0 METHOD PERFORMANCE

9.1 The precision and accuracy of the method will depend upon the overall
performance of the sample preparation and analysis.

9.2 Rag o0il is an emulsion consisting of crude oil, water, and soil
particles. It has a density greater than crude oil and less than water. This
material forms a layer between the crude o0il and water when the crude oil is
allowed to gravity separate at the refinery. A rag oil sample was analyzed by
a number of laboratories according to the procedure outlined in this method. The
results of these analyses by GC/MS for selected components in the rag oil are

presented in Table 1. Reconstructed ion chromatograms from the GC/MS analyses
are included as Figures 1 and 2.

10.0 REFERENCES

1. U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim
Final Rule and Proposed Rule," October 26, 1984,

3611A - 4 Revision 1
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Table 1.

RESULTS OF ANALYSIS FOR SELECTED COMPONENTS IN RAG OIL

i i

E 1

L} 1 E1 E1 1 63

i F & i

1

Mean Standard b
Analyte Conc. (mg/kg)® Deviation %RSD
Naphthalene 216 42 19
Fluorene 140 66 47
Phenanthrene 614 296 18
2-Methylnaphthalene 673 120 18
Dibenzothiophene 1084 286 26
Methylphenanthrene 2908 2014 69
Methyldibenzothiophene 2200 1017 46
Average Surrogate Recovery
Nitrobenzene-d, 58.6 11
Terphenyl-d,, 83.0 2.6
Phenol-d, 80.5 27.6
Naphthalene-d, 64.5 5.0
® Based on five determinations from three Tlaboratories.
®  Percent Relative Standard Deviation.
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ALUMfNA COLUMN CLEANUP
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METHOD 3611A
AND SEPARATION OF PETROLEUM WASTES

7.4 Elute
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METHOD 3620A

FLORISIL COLUMN CLEANUP

1.0 SCOPE AND APPLICATION

1.1 Florisil, a registered trade name of the Floridin Co., is a magnesium
silicate with acidic properties. It is used for general column chromatography
as a cleanup procedure prior to sample analysis by gas chromatography.

1.2 General applications: Cleanup of pesticide residues and other

chlorinated hydrocarbons; the separation of nitrogen compounds from hydrocarbons;
the separation of aromatic compounds from aliphatic-aromatic mixtures; and
similar applications for use with fats, oils, and waxes (Floridin).
Additionally, Florisil is considered good for separations with steroids, esters,
ketones, glycerides, alkaloids, and some carbohydrates (Gordon and Ford).

1.3 Specific applications: This method includes guidance for cleanup of
sample extracts containing the following analyte groups: phthalate esters;
nitrosamines; organochlorine pesticides; nitroaromatics; haloethers; chlorinated

hydrocarbons; and organophosphorus pesticides.

2.0 SUMMARY OF METHOD

2.1 The column is packed with the required adsorbent, topped with a water
adsorbent, and then loaded with the sample to be analyzed. Elution is effected
with a suitable solvent(s) leaving the interfering compounds on the column. The

eluate is then concentrated (if necessary).

3.0  INTERFERENCES

3.1 A reagent blank should be performed for the compounds of interest
prior to the use of this method. The level of interferences must be below the
method detection limit before this method is performed on actual samples.

3.2 More extensive procedures than those outlined in this method may be
necessary for reagent purification.

4.0 APPARATUS AND MATERIALS

4.1 Beaker - 500 mL.

4.2 Chromatograbhic column - 300 mm Tong x 10 mm ID or 400 mm long Xx
20 mm ID, as specified in Section 7.0; with Pyrex glass wool at bottom and a

Teflon stopcock.

NOTE: Fritted glass discs are difficult to decontaminate after highly
contaminated extracts have been passed through. Columns without
frits may be purchased. Use a small pad of Pyrex glass wool to
retain the adsorbent. Prewash the glass wool pad with 50 mL of

36204 - 1 Revision 1
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acetone followed by 50 mL of elution solvent prior to packing the
column with adsorbent.

4.3 Kuderna-Danish (K-D) apparatus.

4.3.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 or
equivalent). Ground-glass stopper is used to prevent evaporation of

extracts.

4.3.2 Evaporation flask - 500 mL (Kontes K-570001-0500 or
equivalent). Attach to concentrator tube with springs, clamps, or
equivalent.

4.3.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent).

4.3.4 Snyder column - Two ball micro (Kontes K-569001-0219 or
equivalent).

4.3.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).
4.4 Muffle furnace.
4.5 Reagent bottle - 500 mL.

4.6 Water bath - Heated, with concentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.

4.7 Boiling chips - Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.8 Erlenmeyer flasks - 50 and 250 mL.

4.9 Top-loading balance - 0.01 g.

5.0 REAGENTS

5.1 Organic-free reagent water - A1l references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.2 Florisil - Pesticide residue (PR) grade (60/100 mesh); purchase
activated at 1250°F (677°C), stored in glass containers with ground-glass
stoppers or foil-lined screw caps.

5.2.1 Deactivation of Florisil - for cleanup of phthalate esters.
To prepare for use, place 100 g of Florisil into a 500 mL beaker and heat
for approximately 16 hr at 40°C. After heating, transfer to a 500 mL
reagent bottle. Tightly seal and cool to room temperature. When cool add
3 mL of organic-free reagent water. Mix thoroughly by shaking or rolling
for 10 min and let stand for at least 2 hr. Keep the bottle sealed

tightly.
5.2.2 Activation of Florisil - for cleanup of nitrosamines,
3620A - 2 Revision 1
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organochlorine pesticides and PCBs, nitroaromatics, haloethers,
chlorinated hydrocarbons, and organophosphorus pesticides. Just before
use, activate each batch at least 16 hr at 130°C in a glass container
loosely covered with aluminum foil. Alternatively, store the Florisil in
an oven at 130°C. Cool the Florisil before use in a desiccator. (Florisil
from different batches or sources may vary in adsorptive capacity. To
standardize the amount of Florisil which is used, the use of lauric acid
value is suggested. - The referenced procedure determines the adsorption
from hexane solution of lauric acid (mg) per g of Florisil. The amount of
Florisil to be used for each column is calculated by dividing 110 by this

ratio and multiplying by 20 g (Mills).
5.3 Sodium sulfate (granular, anhydrous), NaZSO4'- Purify by heating at

400°C for 4 hours in a shallow tray, or by precleaning the sodium sulfate with

methylene chloride.

If the sodium sulfate is precleaned with methylene chloride,

a method blank must be analyzed, demonstrating that there is no interference from
the sodium sulfate.

6.0

5.4 Eluting solvents

5.4.1 Diethyl ether, ngOCZH - Pesticide quality or equivalent.
Must be free of peroxides, as 1n3icated by test strips (EM Quant or
equivalent). Procedures recommended for removal of peroxides are provided
with the test strips. After cleanup, 20 mL ethyl alcohol preservative

must be added to each liter of ether.
5.4.2 Acetone, CH;COCH; - Pesticide quality or equivalent.
5.4.3 Hexane, CH, - Pesticide quality or equivalent.
5.4.4 Methylene chloride, CH,C1, - Pesticide quality or equivalent.
5.4.5 Pentane, CHy(CH,);CH; - Pesticide quality or equivalent.

5.4.6 Petroleum ether (boiling range 30-60°C) - Pesticide quality or
equivalent.

SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,

Section 4.1.

7.0

PROCEDURE
7.1 Phthalate esters

7.1.1 Reduce the sample extract volume to 2 mL prior to cleanup.
The extract solvent must be hexane.

7.1.2 Place approximately 10 g of deactivated Florisil (Section
5.1.1) into a 10 mm ID chromatographic column. Tap the column to settle
the Florisil and add approximately 1 cm of anhydrous sodium sulfate to the

3620A - 3 Revision 1
July 1992



top.

7.1.3 Preelute the column with 40 mL of hexane. The rate for all
elutions should be about 2 mL/min. Discard the eluate and, just prior to
exposure of the sodium sulfate layer to the air, quantitatively transfer
the 2 mL sample extract onto the column using an additional 2 mL of hexane
to complete the transfer. Just prior to exposure of the sodium sulfate
layer to the air, add 40 mL of hexane and continue the elution of the
column. Discard this hexane eluate.

7.1.4 Next, elute the column with 100 mL of 20% ethyl ether in
hexane (v/v) into a 500 mL K-D flask equipped with a 10 mL concentrator
tube. Concentrate the collected fraction as needed. No solvent exchange
is necessary. Adjust the volume of the cleaned-up extract to whatever
volume is vrequired (10 mL for Method 8060) and analyze by gas
chromatography. Compounds that elute in this fraction are:

Bis(2-ethylhexyl) phthalate
Butyl benzyl phthalate
Di-n-butyl phthalate
Diethyl phthalate

Dimethyl phthalate
Di-n-octyl phthalate

7.2 Nitrosamines
7.2.1 Reduce the sample extract volume to 2 mL prior to cleanup.

7.2.2 Add a weight of activated Florisil (nominally 22 g)
predetermined by calibration (Section 5.1.2) into a 20 mm ID
chromatographic column. Tap the column to settle the Florisil and add
about 5 mm of anhydrous sodium sulfate to the top.

7.2.3 Pre-elute the column with 40 mL of ethyl ether/pentane (15:85)
(v/v). Discard the eluate and, just prior to exposure of the sodium
sulfate Tayer to the air, quantitatively transfer the 2 mL sample extract

onto the column using an additional 2 mL of pentane to complete the
transfer.

7.2.4 Elute the column with 90 mL of ethyl ether/pentane (15:85)
(v/v) and discard the eluate. This fraction will contain the
diphenylamine, if it is present in the extract.

7.2.5 Next, elute the column with 100 mL of acetone/ethyl ether
(5:95) (v/v) into a 500 mL K-D flask equipped with a 10 mL concentrator
tube. This fraction will contain all of the nitrosamines listed in the
scope of the method.

7.2.6 Add 15 mL of methanol to the collected fraction, concentrate
as needed using pentane to prewet the K-D column and set the water bath at
70 to 75°C. When the apparatus is cool, remove the Snyder column and rinse
the flask and its lower joint into the concentrator tube with 1 to 2 mL of
pentane.
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7.3 Organochlorine pesticides, haloethers, and organophosphorus

pesticides (see Tables 1 and 2 for fractionation patterns of compounds tested)

7.3.1 Reduce the sample extract volume to 10 mL prior to cleanup.
The extract solvent must be hexane.

7.3.2 Add a weight of activated Florisil (nominally 20 g),
predetermined by calibration (Section 5.1.2), to a 20 mm 1ID
chromatographic column. Settle the Florisil by tapping the column. Add
anhydrous sodium sulfate to the top of the Florisil to form a layer 1 to
2 cm deep. Add 60 mL of hexane to wet and rinse the sodium sulfate and
Florisil. Just prior to exposure of the sodium sulfate to air, stop the
elution of the hexane by closing the stopcock on the chromatographic

column. Discard the eluate.

7.3.3 Adjust the sample extract volume to 10 mL with hexane and
transfer it from the K-D concentrator tube to the Florisil column. Rinse
the tube twice with 1-2 mL hexane, adding each rinse to the column.

7.3.4 Place a 500 mL K-D flask and clean concentrator tube under the
chromatographic column. Drain the column into the flask until the sodium
sulfate layer is nearly exposed. Elute the column with 200 mL of 6% ethyl
ether in hexane (v/v) (Fraction 1) using a drip rate of about 5 mL/min.
A11 of the haloethers are in this fraction. Remove the K-D flask and set
aside for later concentration. Elute the column again, using 200 mL of
15% ethyl ether in hexane (v/v) (Fraction 2), into a second K-D flask.
Perform a third elution using 200 mL of 50% ethyl ether in hexane (v/v)
(Fraction 3), and a final elution with 200 mL of 100% ethyl ether

(Fraction 4), into separate K-D flasks.

7.3.5 If necessary, concentrate the eluates by standard K-D
techniques using the water bath at about 85°C (75°C for Fraction 4).
Adjust the final volume to whatever volume is required (1-10 mL).

7.4 Nitroaromatics and isophorone

7.4.1 Reduce the sample extract volume to 2 mL prior to cleanup.

7.4.2 Add a weight of activated Florisil (nominally 10 g)
predetermined by calibration (Section 5.1.2) into a 10 mm 1ID
chromatographic column. Tap the column to settle the Florisil and add
about 1 cm of anhydrous sodium sulfate to the top.

7.4.3 Pre-elute the column with methylene chloride/hexane (1:9)
(v/v) at about 2 mL/min. Discard the eluate and, just prior to exposure
of the sodium sulfate layer to the air, quantitatively transfer the sample
extract onto the column using an additional 2 mL of hexane to complete the
transfer. Just prior to exposure of the sodium sulfate layer to the air,
add 30 mL of methylene chloride/hexane (1:9) (v/v) and continue the
elution of the column. Discard the eluate.

7.4.4 Elute the column with 90 mL of ethyl ether/pentane (15:85)
(v/v) and discard the eluate. This fraction will contain the
diphenylamine, if it is present in the extract.
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7.4.5 Next, elute the column with 100 mL of acetone/ethyl ether
(5:95) (v/v) into a 500 mL K-D flask equipped with a 10 mL concentrator
tube. This fraction will contain all of the nitrosamines listed in the
scope of the method.

7.4.6 Add 15 mL of methanol to the collected fraction, concentrate
using pentane to prewet the K-D column, and set the water bath at 70 to
75°C. When the apparatus is cool, remove the Snyder column and rinse the
flask and its lower joint into the concentrator tube with 1 to 2 mL of
pentane.

7.4.7 Next, elute the column with 30 mL of acetone/methylene
chloride (1:9) (v/v) into a 500 mL K-D flask equipped with a 10 mL
concentrator tube. Concentrate the collected fraction, while exchanging
the solvent to hexane. To exchange the solvent, reduce the elution
solvent to about 10 mL. Add 50 mL of hexane, a fresh boiling chip, and
return the reassembled K-D apparatus to the hot water bath. Adjust the
final volume of the cleaned-up extract to whatever volume is required (1-
10 mL). Compounds that elute in this fraction are:

2,4-Dinitrotoluene
2,6-Dinitrotoluene
Isophorone
Nitrobenzene.

7.5 Chlorinated hydrocarbons

7.5.1 Reduce the sample extract volume to 2 mL prior to cleanup.
The extract solvent must be hexane.

7.5.2 Add a weight of activated Florisil (nominally 12 gq)
predetermined by calibration (Section 5.1.2) into a 10 mm 1ID
chromatographic column. Tap the column to settle the Florisil and add
about 1 to 2 cm of anhydrous sodium sulfate to the top.

7.5.3 Preelute the column with 100 mL of petroleum ether. Discard
the eluate and, just prior to exposure of the sodium sulfate layer to the
air, quantitatively transfer the sample extract to the column by
decantation and subsequent petroleum ether washings. Discard the eluate.
Just prior to exposure of the sodium sulfate layer to the air, begin
eluting the column with 200 mL of petroleum ether and collect the eluate
in a 500 mL K-D flask equipped with a 10 mL concentrator tube. This
fraction should contain all of the chlorinated hydrocarbons:

2-Chloronaphthalene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
1,2,4-Trichlorobenzene.
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7.5.4 Concentrate the fraction, using hexane to prewet the column.
“When the apparatus is cool, remove the Snyder column and rinse the flask
and its lower joint into the concentrator tube with hexane. Adjust the
final volume of the cleaned-up extract to whatever volume is required

(1-10 mL).

.8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 3600 for cleanup procedures.

8.2 The analyst should demonstrate that the compounds of interest are
being quantitatively recovered before applying this method to actual samples.

8.3 For sample extracts that are cleaned up using this method, the
associated quality control samples should also be processed through this cleanup

method.

9.0 METHOD PERFORMANCE

9.1 Table 1l indicates the distribution of chlorinated pesticides, PCB’s,
and haloethers in various F]orisi] column fractions.

9.2 Table 2 indicates the distribution of organophosphorus pesticides in
various Florisil column fractions.

10.0 REFERENCES

1. Gordon, A.J. and R.A. Ford, The Chemist’s Companion: A Handbook of
Practical Data, Techniques, and References (New York: John Wiley & Sons,
Inc.), pp. 372, 374, and 375, 1972.

2. Floridin of ITT System, Florisil: Properties, Application, Bibliography,
Pittsburgh, Pennsylvania, 5M381DW.

3. Mills, P.A., "Variation of Florisil Activity; Simple Method for Measuring
Absorbent Capacity and its use in Standardizing Florisil Columns," Journal
of the Association of Official Analytical Chemists, 51, 29, 1968.

4. U.S. Food and Drug Association, Pesticides Analytical Manual {(Volume 1),
July 1985.

5. U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim
Final Rule and Proposed Rule," October 26, 1984.
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TABLE 1
DISTRIBUTION OF CHLORINATED PESTICIDES, PCBs,

AND HALOETHERS INTO FLORISIL COLUMN FRACTIONS -
Percent Recovery by Fraction®
Parameter 1 2 3 E
|
»
Aldrin 100 w
@ -BHC ' 100 |
B-BHC 97 -
y-BHC | 98 &
8-BHC 100 ﬁ
Chlordane 100 -
4,4'-DDD 99 B
4,4’ -DDE 98 -
4,4’ -DDT 100 ?
Dieldrin 0 100 ull
Endosulfan 1 37 64 o
Endosulfan I1I 0 7 91
Endosulfan sulfate 0 0 106 m
Endrin 4 96 -
Endrin aldehyde 0 68 26 |
Haloethers R -
Heptachlor 100 |
Heptachlor epoxide 100 -
Toxaphene 96
PCB-1016 97 -
PCB-1221 97 -
PCB-1232 95 4
PCB-1242 97 -
PCB-1248 103 -
PCB-1254 90 -
PCB-1260 95 -
-
® Eluant composition: Fraction 1 - 6% ethyl ether in hexane |
Fraction 2 - 15% ethyl ether in hexane .
Fraction 3 - 50% ethyl ether in hexane |
R = Recovered (no percent recovery data presented). - ?
f
SOURCE: U.S. EPA and FDA data. -
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TABLE 2

DISTRIBUTION OF ORGANOPHOSPHORUS PESTICIDES
INTO FLORISIL COLUMN FRACTIONS

Percent Recovery by Fraction®

Parameter 1 2 3 4
Azinphos methyl 20 80
Bolstar (Sulprofos) ND ND ND ND
Chlorpyrifos >80
Coumaphos NR NR NR
Demeton 100
Diazinon 100
Dichlorvos NR NR NR
Dimethoate ND ND ND ND
Disulfoton 25-40
EPN >80
Ethoprop v ) v
Fensulfothion ND ND ND ND
Fenthion R R
Malathion 5 95
Merphos v v v
Mevinphos ND ND ND ND
Monochrotophos ND ND ND ND
Naled NR NR NR
Parathion 100
Parathion methyl 100
Phorate 0-62
Ronnel >80
Stirophos (Tetrachlorvinphos) ND ND ND ND
Sulfotepp v v
TEPP ND ND ND ND
Tokuthion (Prothiofos) >80
Trichloronate >80
8 ETuant composition: Fraction 1 - 200 mL of 6% ethyl ether in hexane
Fraction 2 - 200 mL of 15% ethyl ether in hexane
Fraction 3 - 200 mL of 50% ethyl ether in hexane
Fraction 4 - 200 mL of 100% ethyl ether
R = Recovered (no percent recovery information presented) (U.S. FDA).
NR = Not recovered (U.S. FDA).
v = Variable recovery (U.S. FDA).
ND = Not determined.

SOURCE: U.S. EPA and FDA data.

3620A - 9 Revision 1
July 1992



?7 1.1 Reduce volume
of sample extract
ta 2 mlL

METHOD 3620A

FLORISIL COLUMN CLEANUP

Phthalate Esters

|

7.1.2 Place
Florisil inte
chromatographic
column; add
anhydrous sodium
sulfate

1l

7.1.3 Preelute
column with hexane;
transfer sample
extract, add hexane

7 1 4 Elute column
with ethyl ether in
hexane

|

7.1 4 Concentrate
fraction; adjust
volume; analyze

3620A - 10

Nitrosamines

7.2.1 Reduce volume
of sample extract
to 2 mL

7.2.2 Put Florisil
into
chromatographic
column; add
anhydrous sodium
sulfate

|

7.2.3 Preelute
column with ethyl
ether/pentane;
transfer extract;
add pentane

7.2.4 Elute column
with ethyl
ether/pentane

J

7 2.5 Elute column
with acetone/ethyl
ether 1nto flask
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METHOD 3620A
continued

Organochlorine
pesticides, haloethers
and organophosphorous

Nitroaromataics
and isophorone

7 3.1 Reduce volume
of sample extract
to 2 mL

Chlorinated

7 4.1 Reduce volume
of sample extract
to 2 mL

7.2.6 Add methanol

to fraction;
concentrate

hydrocarbons

7 3.2 Add Florisil
to chromatographic
calumn; add
anhydrous sodium
sulfate then
hexane, discard
eluate

7 5.1 Reduce volume
of sample extract
to 2 mL

7 4 2 Put Florasil
slurry 1n
chromatographic
column; add
anhydrous sodium
sulfate

|

7 3 3 Adjust sample
extract volume;
transfer to column
rinse with hexane

7 5 2 Place
Florisal 1n
chromatographic
colum; add
anhydrous sodium
sulfate

7.4 3 Transfer
sample extract anto
column; add
methylene
chloride/hexane,
discard eluate

7 3 4 Drain column;
elute column 4
times into separate
flasks

7 S 3 Preelute
calumn with
petroleum ether:
transfer sample
extract to calumn,
discaro eicate

7 4 4 Elute column
with
acetone/methylene
chloride. exchange
solvent to hexane

[

L

7 3 5 Concentrate
eluates; adjust
volume

7 5 4 Concentrate
fraction, agjust
final volume

7 4 4 Concentrate
fraction; adjust
final volume

|

Analyze by GC
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METHOD 36308
SILICA GEL CLEANUP

1.0 SCOPE AND APPLICATION

1.1 Silica gel is a regenerative adsorbent of amorphous silica with
weakly acidic properties. It is produced from sodium silicate and sulfuric acid.
Silica gel can be used in column chromatography for the separation of analytes
from interfering compounds of a different chemical polarity. It may be used
activated, after heating to 150 - 160°C, or deactivated with up to 10% water.

1.2 This method includes guidance for standard column cleanup of sample
extracts containing polynuclear aromatic hydrocarbons, derivatized phenolic
compounds, organochlorine pesticides, and PCBs as Aroclors.

1.3 This method also provides cleanup procedures using solid-phase
extraction cartridges for pentafluorobenzyl bromide-derivatized phenols,
organochlorine pesticides, and PCBs as Aroclors. This technique also provides
the best separation of PCBs from most single component organochlorine pesticides.
When only PCBs are to be measured, this method can be used in conjunction with

sulfuric acid/permanganate cleanup (Method 3665).

1.4 Other analytes may be cleaned up using this method if the analyte
recovery meets the criteria specified in Sec. 8.0.

2.0 SUMMARY OF METHOD

2.1 This method provides the option of using either standard column
chromatography techniques or solid-phase extraction cartridges. Generally, the
standard column chromatography techniques use larger amounts of adsorbent and,
therefore, have a greater cleanup capacity.

2.2 In the standard column cleanup protocol, the column is packed with
the required amount of adsorbent, topped with a water adsorbent, and then loaded
with the sample to be analyzed. Elution of the analytes is accomplished with a
suitable solvent(s) that leaves the interfering compounds on the column. The
eluate is then concentrated (if necessary).

2.3 The cartridge cleanup protocol uses silica solid-phase extraction
cartridges packed with 1 g or 2 g of adsorbent. Each cartridge is solvent washed
immediately prior to use. Aliquots of sample extracts are loaded onto the
cartridges, which are then eluted with suitable solvent(s). A vacuum manifold
is required to obtain reproducible results. The collected fractions may be
further concentrated prior to gas chromatographic analysis.

2.4 The appropriate gas chromatographic method is listed at the end of
each technique. Analysis may also be performed by gas chromatography/mass

spectrometry (Method 8270).

36308 - 1 Revision 2
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3.0  INTERFERENCES

3.1 Solvents, reagents, glassware, and other sample processing hardware
may yield discrete artifacts and/or elevated baselines causing misinterpretation
of gas chromatograms. Al1l these materials must be demonstrated to be free from
interferences under the conditions of the analysis, by analyzing reagent blanks.
See Sec. 8 for guidance on a reagent blank check.

3.2 Phthalate ester contamination may be a problem with certain
cartridges The more inert the column and/or cartridge material (i.e., glass or
Teflon), the less problem with phthalates. Phthalates create interference
problems for all method analytes, not just the phthalate.esters themselves.

3.3 More extensive procedures than those outlined in this method may be
necessary for reagent purification.

4.0 APPARATUS AND MATERIALS

4.1 Chromatographic column - 250 mm long x 10 mm ID; with Pyrex glass
wool at bottom and a Teflon stopcock.

NOTE: Fritted glass discs are difficult to decontaminate after highly
contaminated extracts have been passed through. Columns without
frits may be purchased. Use a small pad of Pyrex glass wool to
retain the adsorbent. Prewash the glass wool pad with 50 mL of
acetone followed by 50 mL of elution solvent prior to packing the
column with adsorbent.

4.2 Beakers - 500 mL.

4.3 Vials - 2, 10, 25 mL, glass with Teflon lined screw-caps or crimp
tops.

4.4 Muffle furnace.
4.5 Reagent bottle - 500 mL.
4.6 Erlenmeyer flasks - 50 and 250 mL.

4.7 Vacuum manifold: VacElute  Manifold SPS-24 (Analytichem
International), Visiprep (Supelco, Inc.) or equivalent, consisting of glass
vacuum basin, collection rack and funnel, collection vials, replaceable stainless
steel delivery tips, built-in vacuum bleed valve and gauge. The system is
connected to a vacuum pump or water aspirator through a vacuum trap made from a
500 mL sidearm flask fitted with a one-hole stopper and glass tubing.

5.0  REAGENTS

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

=, 5.2 Organic-free reageht water. All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

wl 5.3 Silica gel for chromatography columns.

5.3.1 Silica Gel for Phenols and Polynuclear Aromatic Hydrocarbons:
" 100/200 mesh desiccant (Davison Chemical grade 923 or equivalent). Before
o use, activate for at least 16 hr. at 130°C in a sha]]ow glass tray, loosely

covered with foil.

i i
[

" 5.3.2 Silica Gel for Organochlorine pesticides/PCBs: 100/200 mesh
desiccant (Davison Chemical grade 923 or equivalent). Before use,
activate for at least 16 hr. at 130°C in a shallow glass tray, loosely

E 3 K 3 K i

T D B

FA,
- covered with foil. Deactivate it to 3.3% with reagent water in a 500 mL
glass jar. Mix the contents thoroughly and allow to equilibrate for 6

hours. Store the deactivated silica gel in a sealed glass jar inside a

desiccator.

5.4 Silica cartridges: 40 um particles, 60 A pores. The cartridges with
which this method was developed consist of 6 mL serological-grade polypropylene
tubes, with the 1 g of silica held between two polyethylene or stainless steel
frits with 20 um pores. 2 g silica cartridges are also used in this method, and
0.5 g cartridges are available. The compound elution patterns must be verified
when cartridges other than the specified size are used.

5.5 Sodium sulfate (granular, anhydrous), Na,S0,. Purify by heating at
400°C for 4 hours in a shallow tray, or by precleaning the sodium sulfate with
methylene chloride. A method blank must be analyzed in order to demonstrate that
there is no interference from the sodium sulfate.

5.6 Eluting solvents

a 5.6.1 Cyclohexane, CgH,, - Pesticide quality or equivalent.

5.6.2 Hexane, CgH,, - Pesticide quality or equivalent.
[aa}
NJ 5.6.3 2-Propanol, (CH;),CHOH - Pesticide quality or equivalent.
- 5.6.4 Toluene, CgHsCH, - Pesticide quality or equivalent.
o 5.6.5 Methylene chloride, CH,C1, - Pesticide quality or equivalent.
- 5.6.6 Pentane, CgH,, - Pesticide quality or equivalent.
WJ
5.6.7 Acetone, CH,COCH, - Pesticide quality or equivalent.
==
uJ 5.6.8 Diethyl Ether, C,Hs0C,H;. Pesticide quality or equivalent.
Must be free of peroxides as indicated by test strips (EM Quant, or
e equivalent). Procedures for removal of peroxides are provided with the
ad
- 36308 - 3 Revision 2
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6.0

4.1.

7.0

test strips. After cleanup, 20 mL of ethanol preservative must be added
to each liter of ether.

SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes, Sec.

PROCEDURE
7.1 General Guidance

7.1.1 The procedure contains two cleanup options for the derivatized
phenols and organochlorine pesticides/Aroclors, but only one technique for
the polynuclear aromatic hydrocarbons (PAHs) - (standard column
chromatography). Cleanup techniques by standard column chromatography for

all analytes are found in Sec. 7.2. Cleanup techniques by solid-phase

cartridges for derivatized phenols and PAHs are found in Sec. 7.3. The
standard column chromatography techniques are packed with a greater amount
of silica gel adsorbent and, therefore, have a greater cleanup capacity.
A rule of thumb relating to cleanup capacity is that 1 g of sorbent
material will remove 10 to 30 mg of total interferences. (However,
capacity is also dependent on the sorbent retentiveness of the
interferences.) Therefore, samples that exhibit a greater degree of
sample interference should be cleaned up by the standard column technique.
However, both techniques have Tlimits on the amount of interference that
can be removed. If the interference is caused by high boiling material,
then Method 3640 should be used prior to this method. If the interference
is caused by relatively polar compounds of the same boiling range as the
analytes, then multiple column or cartridge cleanups may be required. If
crystals of sulfur are noted in the extract, then Method 3660 should be
utilized prior to this method. The cartridge cleanup techniques are often
faster and use less solvent, however they have Tess cleanup capacity.

7.1.2 Allow the extract to reach room temperature if it was in cold
storage. Inspect the extracts visually to ensure that there are no
particulates or phase separations and that the volume is as stated in the
accompanying documents. Verify that the solvent is compatible with the
cleanup procedures. If crystals of sulfur are visible or if the presence
of sulfur is suspected, proceed with Method 3660.

7.1.3 If the extract solvent is methylene chloride, for most cleanup
techniques, it must be exchanged to hexane. (For the PAHs, exchange to
cyclohexane as per Sec. 7.2.1). Follow the standard Kuderna-Danish
concentration technique provided in each extraction method. The volume of
methylene chloride should have been reduced to 1 - 2 mL. Add 40 mL of
hexane, a fresh boiling chip and repeat the concentration as written. The
final volume required for the cleanup techniques is normally 2 mL.

3630B - 4 Revision 2
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7.2

Standard Column Cleanup Techniques
7.2.1 Polynuclear aromatic hydrocarbons

7.2.1.1 Before the silica gel cleanup technique can be
utilized, the extract solvent must be exchanged to cyclohexane. The
exchange is performed by adding 4 mL of cyclohexane following
reduction of the sample extract to 1-2 mL using the macro Snyder
column. Attach the two ball micro Snyder column and reduce the

volume to 2 mL.

CAUTION: When the volume of solvent is reduced below 1 mL,
semivolatile analytes may be lost. If the
extract goes to dryness, the extraction must be
repeated.

7.2.1.2 Prepare a slurry of 10 g of activated silica gel

(Sec. 5.3.1) in methylene chloride and place this into a 10 mm ID
chromatographic column. Tap the column to settle the silica gel and
elute the methylene chloride. Add 1 to 2 cm of anhydrous sodium
sulfate to the top of the silica gel.

7.2.1.3 Pre-elute the column with 40 mL of pentane. The
rate for all elutions should be about 2 mL/min. Discard the eluate
and, just prior to exposure of the sodium sulfate layer to the air,
transfer the 2 mL cyclohexane sample extract onto the column using
an additional 2 mL cyclohexane to complete the transfer. Just prior
to exposure of the sodium sulfate layer to the air, add 25 mL of
pentane and continue the elution of the column. Discard this

pentane eluate.

7.2.1.4 Next, elute the column with 25 mL of methylene
chloride/pentane (2:3)(v/v) into a 500 mL K-D flask equipped with a
10 mL concentrator tube. Concentrate the collected fraction to
whatever volume is required (1-10 mL). Proceed with HPLC (Method
8310) or GC analysis (Method 8100). Validated components that elute
in this fraction are:

Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene

Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene

Pyrene
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7.2.2 Derivatized Phenols

7.2.2.1 This silica gel cleanup procedure is performed on
sample extracts that have undergone pentafluorobenzyl bromide
derivatization, as described in Method 8040. The sample extract
must be in 2 mL of hexane at this point.

7.2.2.2 Place 4.0 g of activated silica gel (Sec. 5.3.1)
into a 10 mm ID chromatographic column. Tap the column to settle
the silica gel and add about 2 g of anhydrous sodium sulfate to the
top of the silica gel.

7.2.2.3 Pre-elute the column with 6 mL of hexane. The
rate for all elutions should be about 2 mL/min. Discard the eluate
and, just prior to exposure of the sodium sulfate layer to the air,
pipet onto the column 2 mL of the hexane solution that contains the
derivatized sample or standard. Elute the column with 10.0 mL of
hexane and discard the eluate.

7.2.2.4 Elute the column, in order, with 10.0 mL of 15%

toluene in hexane (Fraction 1); 10.0 mL of 40% toluene in hexane"

(Fraction 2); 10.0 mL of 75% toluene in hexane (Fraction 3); and
10.0 mL of 15% 2-propanol in toluene {Fraction 4). A1l elution
mixtures are prepared on a volume:volume basis. Elution patterns
for the phenolic derivatives are shown in Table 1. Fractions may be
combined, as desired, depending upon the specific phenols of
interest or level of interferences. Proceed with GC analysis
(Method 8040).

7.2.3 Organochlorine Pesticides and Aroclors

7.2.3.1 Transfer a 3 g portion of deactivated silica gel
(Sec. 5.3.2) into a 10 mm ID glass chromatographic column and top it
with 2 to 3 cm of anhydrous sodium sulfate.

7.2.3.2 Add 10 mL of hexane to the top of the column to
wet and rinse the sodium sulfate and silica gel. Just prior to
exposure of the sodium sulfate layer to air, stop the hexane eluate
flow by closing the stopcock on the chromatographic column. Discard
the eluate.

7.2.3.3 Transfer the sample extract (2 mL in hexane) onto
the column. Rinse the extract vial twice with 1 to 2 mL of hexane
and add each rinse to the column. Elute the column with 80 mL of
hexane (Fraction I) at a rate of about 5 ml/min. Remove the
collection flask and set it aside for later concentration. Elute
the column with 50 mL of hexane (Fraction II) and collect the
eluate. Perform a third elution with 15 mL of methylene chloride
(Fraction III). The elution patterns for the organochlorine
pesticides, Aroclor-1016, and Aroclor-1260 are shown in Table 2.

7.2.3.4 Prior to gas chromatographic analysis, the
extraction solvent must be exchanged to hexane. Fractions may be
combined, as desired, depending upon the specific
3630B - 6 Revision 2
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pesticides/Aroclors of interest or Jlevel of interferences. If
mixtures of Aroclors and pesticides are expected, it is best to
analyze Fraction I separately, since it contains the Aroclors
separated from most pesticides. Proceed with GC analysis as per

Method 8081.
Cartridge Cleanup Techniques
7.3.1 Cartridge Set-up and Conditioning

7.3.1.1 Arrange the 1 g silica cartridges (2 g for phenol
cleanup) on the manifold in the closed-valve position. Other size
cartridges may be used, however the data presented in the Tables are
all based on 1 g cartridges for pesticides/Aroclors and 2 g
cartridges for phenols. Therefore, supporting recovery data must be
developed for other sizes. Larger cartridges will probably require

larger volumes of elution solvents.

7.3.1.2 Turn on the vacuum pump and set pump vacuum to 10
inches (254 mm) of Hg. Do not exceed the manufacturer’s
recommendation for manifold vacuum. Fiow rates can be controlled by
opening and closing cartridge valves.

7.3.1.3 Condition the cartridges by adding 4 mL of hexane
to each cartridge. Slowly open the cartridge valves to allow hexane
to pass through the sorbent beds to the lower frits. Allow a few
drops per cartridge to pass through the manifold to remove all air
bubbles. C(lose the valves and allow the solvent to soak the entire
sorbent bed for 5 minutes. Do not turn off the vacuum.

7.3.1.4 Slowly open cartridge valves to allow the hexane
to pass through the cartridges. Close the cartridge valves when
there is still at Teast 1 mm of solvent above the sorbent bed. Do
not allow cartridges to become dry. If cartridges go dry, repeat

the conditioning step.
7.3.2 Derivatized Phenols

7.3.2.1 Reduce the sampie extract volume to 2 mL prior to
cleanup. The extract solvent must be hexane and the phenols must
have undergone derivatization by pentafluorobenzyl bromide, as per

Method 8040.

7.3.2.2 Transfer the extract to the 2 g cartridge that has
been conditioned as described in Sec. 7.3.1. Open the cartridge
valve to allow the extract to pass through the cartridge bed at

approximately 2 mL/minute.

7.3.2.3 When the entire extract has passed through the
cartridges, but before the cartridge becomes dry, rinse the sample
vials with an additional 0.5 mL of hexane, and add the rinse to the
cartridges to complete the quantitative transfer.

36308 - 7 Revision 2
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7.3.2.4 Close the cartridge valve and turn off the vacuum
after the solvent has passed through, ensuring that the cartridge
never gets dry.

7.3.2.5 Place a 5 mL vial or volumetric flask into the
sample rack corresponding to the cartridge position. Attach a
solvent-rinsed stainless steel solvent guide to the manifold cover
and align with the collection vial.

7.3.2.6 Add 5 mL of hexane to the cartridge. Turn on the
vacuum pump and adjust the pump pressure to 10 inches (254 mm) of
Hg. Allow the solvent to soak the sorbent bed for 1 minute or Tess.
STowly open the cartridge valve, and collect the eluate (this is
Fraction 1, and should be discarded).

NOTE: If cartridges smaller than 2 g are used, then Fraction
1 cannot be discarded, since it contains some of the
phenols.

7.3.2.7 Close the cartridge valve, replace the collection
vial, and add 5 mL of toluene/hexane (25/75, v/v) to the cartridge.
Slowly open the cartridge valve and collect the eluate into the
collection vial. This is Fraction 2, and should be retained for
analysis.

7.3.2.8 Adjust the final volume of the eluant to a known
volume which will result in analyte concentrations appropriate for
the project requirements (normally 1 - 10 mL). Table 3 shows
compound recoveries for 2 g silica cartridges. The cleaned up
extracts are ready for analysis by Method 8040.

7.3.3 Organochlorine Pesticides/Aroclors

NOTE: The silica cartridge procedure is appropriate when
polychlorinated biphenyls are known to be present.

7.3.3.1 Reduce the sample extract volume to 2 mL prior to
cleanup. The extract solvent must be hexane.

7.3.3.2 Use the 1 g cartridges conditioned as described in
Sec. 7.3.1.

7.3.3.3 Transfer the extract to the cartridge. Open the
cartridge valve to allow the extract to pass through the cartridge
bed at approximately 2 mL/minute.

7.3.3.4 When the entire extract has passed through the
cartridges, but before the cartridge becomes dry, rinse the sample
vials with an additional 0.5 mL of solvent, and add the rinse to the
cartridges to complete the quantitative transfer.

7.3.3.5 Close the cartridge valve and turn off the vacuum
after the solvent has passed through, ensuring that the cartridge
never goes dry.

36308 - 8 Revision 2
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7.3.3.6 Place a 5 mL vial or volumetric flask into the
sample rack corresponding to the cartridge position. Attach a
solvent-rinsed stainless steel solvent guide to the manifold cover
and align with the collection vial.

7.3.3.7 Add 5 mL of hexane to the cartridge. Turn on the
vacuum pump and adjust the pump pressure to 10 inches (254 mm) of
Hg. Allow the solvent to soak the sorbent bed for 1 minute or less.
Slowly open the cartridge valve and collect the eluate into the

collection vial (Fraction 1).

7.3.3.8 Close the cartridge valve, replace the collection
vial, and add 5 mL of diethyl ether/hexane (50/50, v/v) to the
cartridge. Slowly open the cartridge valve and collect the eluate
into the collection vial (Fraction 2).

7.3.3.9 Adjust the final volume of each of the two
fractions to a known volume which will vresult in analyte
concentrations appropriate for the project requirements (normally 1
- 10 mL). The fractions may be combined prior to final adjustment
of volume, if analyte fractionation is not required. Table 4 shows
compound recoveries for 1 g silica cartridges. The cleaned up
extracts are ready for analysis by Method 8081.

8.0  QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 3600 for cleanup procedures. ’ :

8.2 A reagent blank (consisting of the elution solvents) must be passed
through the column or cartridge and checked for the compounds of interest, prior
to the use of this method. This same performance check is required with each new
Tot of adsorbent or cartridges. The level of interferences must be below the
method detection limit before this method is performed on actual samples.

8.3 The analyst must demonstrate that the compounds of interest are being
quantitatively recovered before applying this method to actual samples. See the
attached Tables for -acceptable recovery data. For compounds that have not been

tested, recovery must be > 85%.

8.3.1 Before any samples are processed using the solid-phase
extraction cartridges, the efficiency of the cartridge must be verified.
A recovery check must be performed using standards of the target analytes
at known concentration. Only Tots of cartridges that meet the recovery
criteria for the spiked compounds can be used to process the samples.

8.3.2 A check should also be performed on each individual lot of
cartridges and for every 300 cartridges of a particular lot.

8.4 For sample extracts that are cleaned up using this method, the
associated quality control samples should also be processed through this cleanup

method.
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9.0 METHOD PERFORMANCE

9.1 Table 1 provides performance information on the fractionation of
phenolic derivatives using standard column chromatography.

9.2 Table 2 provides performance information on the fractionation of
organochlorine pesticides/Aroclors using standard column chromatography.

9.3 Table 3 shows recoveries of derivatized phenols obtained using 2 g
silica cartridges.

9.4 Table 4 shows recoveries and fractionation of organochlorine
pesticides obtained using 1 g silica cartridges.
10.0 REFERENCES
1. U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures
for the Analysis of Pollutants Under the Clean Water Act; Final Rule
and Interim Final Rule and Proposed Rule," October 26, 1984.

2. U.S EPA "Evaluation of Sample Extract Cleanup Using Solid-Phase
Extraction Cartridges," Project Report, December 1989.
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SILICA GEL FRACTIONATION OF PFBB DERIVATIVES

TABLE 1

Percent Recovery by Fraction®

Parameter 1 2 3 4
2-Chlorophenol 90 1
2-Nitrophenol 9 90
Phenol 90 10
2,4-Dimethylphenol 95 7
2,4-Dichlorophenol 95 1
2,4,6-Trichlorophenol 50 50
4-Chloro-3-methylphenol 84 14
Pentachlorophenol 75 20
4-Nitrophenol 1 90
® Eluant composition:

Fraction 1 - 15% toluene in hexane.

Fraction 2 - 40% toluene in hexane.

Fraction 3 - 75% toluene in hexane.

Fraction 4 - 15% 2-propanol in toluene.
Data from Reference 1 (Method 604)
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TABLE 2
DISTRIBUTION AND PERCENT RECOVERIES OF ORGANOCHLORINE
PESTICIDES AND PCBs AS AROCLORS IN SILICA GEL COLUMN FRACTIONS®®<*¢

Fraction I Fraction I1 Fraction II1 Total Recovery
Compound Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc.
1 2 1 2 1 2 1 2

alpha-BHC' 82(1.7) 74(8.0) 82(1.7) 74(8.0)
beta-BHC 107(2.1) 98(12.5) 107(2.1) 98(12.5)
gamma-BHC 91(3.6) 85(10.7) 91(3.6) 85(10.7)
delta-BHC 92(3.5) 83(10.6) 92(3.5) 83(10.6)
Heptachlor 109(4.1) 118(8.7) 109(4.1) 118(8.7)
Aldrin 97(5.6) 104(1.6) 97(5.6) 104(1.6)
Heptachlor epoxide 95(4.7) 88(10.2) 95(4.7) 88(10.2)
Technical chlordane 14(5.5) 22(5.3) 19(6.8) 39(3.6) 29(5.0) 37(5.1) 62(3.3) 98(1.9)
Endosulfan 1 95(5.1) 87(10.2) 95(5.1) 87(10.2)
4,4’ -DDE 86(5.4) 94(2.8) 86(5.4) 94(2.8)
Dieldrin 96(6.0) 87(10.6) 96(6.0) 87(10.6)
Endrin 85(10.5) 71(12.3) 85(10.5) 71(12.3)
Endosulfan II 97(4.4) 86(10.4) 97(4.4) 86(10.4)
4,4’ -DDDf 102(4.6) 92(10.2) 102(4.6) 92(10.2)
Endrin aldehyde 81(1.9) 76(9.5) 81(1.9) 76(9.5)
Endosulfan sulfate 93(4.9) 82(9.2) 93(4.9) 82(9.2)
4,4’ -pDT' . 86(13.4) 73(9.1) 15(17.7) 8.7(15.0) 101(5.3) 82(23.7)
4,4’ -Methoxychlor 99(9.9) 82(10.7) 99(9.9) 82(10.7)
Toxaphene' 15(2.4) 17(1.4) 73(9.4) 84(10.7) 88(12.0) 101(10.1)
Aroclor-1016 86(4.0) 87(6.1) 86(4.0) 87(6.1)
Aroclor-1260 91(4.1) 95(5.0) 91(4.1) 95(5.0)
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TABLE 2
(Continued)

Effluent composition: Fraction I, 80 mL hexane; Fraction II, 50 mL hexane; Fraction III, 15 mL methylene
chloride.

Concentration 1 is 0.5 g per column for BHCs, Heptachlor, Aldrin, Heptachlor epoxide, and Endosulfan I; 1.0
pg per column for Dieldrin, Endosulfan II, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, Endrin, Endrin aldehyde, and

Endosulfan sulfate; 5 ug per column for 4,4’-Methoxychlor and technical Chlordane; 10 pg per column for
Toxaphene, Aroclor-1016, and Aroclor-1260.

For Concentration 2, the amounts spiked are 10 times as high as those for Concentration 1.

Values given represent the average recovery of three determinations; numbers in parentheses are the standard
deviation; recovery cutoff point is 5 percent.

Data obtained with standards, as indicated in footnotes b and c, dissolved in 2 mL hexane.

It has been found that because of batch-to-batch variation in the silica gel material, these compounds cross
over in two fractions and the amounts recovered in each fraction are difficult to reproduce.
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TABLE 3
PERCENT RECOVERIES AND ELUTION PATTERNS FOR 18

E32 2 E3

e

E3 £ B

PHENOLS FROM 2 g SILICA CARTRIDGES®
Fraction 2
Average Percent

Compound Recovery RSD
Phenol 74.1 5.2
2-Methylphenol 84.8 5.2
3-Methylphenol 86.4 4.4
4-Methy1phenol 82.7 5.0
2,4-Dimethylphenol 91.8 5.6
2-Chlorophenol 88.5 5.0
2,6-Dichlorophenol 90.4 4.4
4-Chloro-3-methylphenol : 94.4 7.1
2,4-Dichlorophenol 94.5 7.0 il
2,4,6-Trichlorophenol 97.8 6.6
2,3,6-Trichlorophenol ; 95.6 7.1
2,4,5-Trichlorophenol 92.3 8.2
2,3,5-Trichlorophenol 92.3 8.2
2,3,5,6-Tetrachlorophenol 97.5 5.3
2,3,4,6-Tetrachlorophenol 97.0 6.1
2,3,4-Trichlorophenol 72.3 8.7
2,3,4,5-Tetrachlorophenol 95.1 6.8
Pentachlorophenol 96.2 8.8

E

o

Silica cartridges (Supelco, Inc.) were used; each cartridge was conditioned
with 4 mL of hexane prior to use. Each experiment was performed in duplicate
at three spiking concentrations (0.05 ug, 0.2 ug, and 0.4 ug per compound per
cartridge). Fraction 1 was eluted with 5 mL hexane and was discarded.
Fraction 2 was eluted with 5 mL toluene/hexane (25/75, v/v).

Data from Reference 2

F1 ED
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TABLE 4
PERCENT RECOVERIES AND ELUTION PATTERNS FOR 17 ORGANOCHLORINE
PESTICIDES AND AROCLORS FROM 1 g SILICA CARTRIDGES®

Fraction 1 Fraction 2
Average Percent Average Percent

Compound Recovery RSD Recovery RSD
alpha-BHC 0 98.7 2.3
gamma-BHC 0 94.8 1.9
beta-BHC 0 94.3 3.0
Heptachlor 97.3 1.3 0
delta-BHC 0 90.8 2.5
Aldrin 95.9 1.0 0
Heptachlor epoxide 0 97.9 2.1
Endosulfan 1 0 102 2.3
4,4’ -DDE 99.9 1.7 0
Dieldrin 0 92.3 2.0
Endrin 0 117 2.6
4,4’ -DDD 10.7 41 92.4 3.3
Endosulfan II 0 96.0 2.2
4,4’ -DDT 94.1 2.0 0
Endrin aldehyde 0 59.7 2.6
Endosulfan sulfate 0 97.8 2.1

0 98.0 2.4

4,4’ -Methoxychlor
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254

bt et b et —
O bt (DN
[eo2F e  We o PCRN N

Aroclor 1264 112

Silica cartridges (Supelco, Inc. lot SP0161) were used; each cartridge was
conditioned with 4 mL hexane prior to use. The organochlorine pesticides were
tested separately from PCBs. Each organochlorine pesticides experiment was
performed in duplicate, at three spiking concentrations (0.2 ug, 1.0 ng, and
2.0 ug per compound per cartridge). Fraction 1 was eluted with 5 mL of
hexane, Fraction 2 with 5 mL of diethyl ether/hexane (50/50, v/v). PCBs were
spiked at 10 ug per cartridge and were eluted with 3 mL of hexane. The values
given for PCBs are the percent recoveries for a single determination.

Data from Reference 2
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>10-30 mg

METHOD 3630B

SILICA GEL CLEANUP

OC Pesticide
PCBs & Phenols

Concentration
of

interferences.

7.2 Standard
Column Cleanup.

Derivatized
Phenola

OC Pesticides
& PCBs

7.2.2.1 Do PFBS8

derivatization on

sampie extract
(8040).

7.2.3.1 Deactivate
gilica gel, prepare
column.

v

—

7.2.2.2 Place
activatsd silica gel
in chromatographic

column; add
anhydrous N8 ,S0, .

7.2.3.2 Elute the
GC column
with haxane,

v

v

7.2.2.3 Presiute
column with hexane;
pipet haxane
solution onto column;
elute.

7.2.3.3 Transfer
extract onto column
and elute with
speacified solvents.

v

v

7.2.2.4 Elute column
with specifiad
solvents.

7.3.4 Exchenge the
elution solvent
to hexane (Section
7.1.3)

Anaslyzs
by GC
{Method
8040).

Analyze
by GC
Method
8081.

36308 -
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7.3 Cartridge
Clesnup.

-

7.3.1 Certridge
Set-up &
Conditioning.

Derivatized
Phanols

y

OC Pesticides
& PCBse

7.3.2.1 Do PF8B

derivatization on

ssmple extrect
(8040).

7.3.3.1 Exchange
solvant to
hexane.

v

v

7.3.2.3&7.3.2.4
Transfer extract
to certridge.

7.3.3.3&7.3.34
Transfar sxtract
to cartridge,

v

v

7.3.2.6 & 7.3.2.7
Rinse cartridge
with hexsne &

7.3.3.8 & 7.3.3.7
Etuts cartridge
with hexane as

discard. Fraction 1.
7.3.2.8 Elute 7.3.3.8 Eluts

cartridge with
toluene/hsxane.

cartridges with
ather/hexane as
Fraction it

Analyze by
GC Method

8040 or
GC/MS

Analyze
aach fraction
by GC

Method
8081.
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METHOD 36308
(continued)

®

{PAHSs)

v

7.2 Standard
Column Cleanup.

v

7.2.1.1 Exchange

extract solvent to

cyclohexane during
K-D procedure.

v

7.2.1.2 Prepare

slurry activated

silica gel, prepare
column.

v

7.2.1.3 Preslute
column with
pentane, transfer
extract onta column
and elute with
pentane.

v

7.2.1.4 Elute
column with
CH, Cl, /pentane;
concentrate
collected fraction;
adjust volume.

Analyze
by GC Method
8100 or
GC/MS
Method
8270.
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METHOD 3640A
GEL -PERMEATION CLEANUP

1.0 SCOPE AND APPLICATION

1.1 Gel-permeation chromatography (GPC) is a size exclusion cleanup
procedure using organic solvents and hydrophobic gels in the separation of
synthetic macromolecules (1)}. The packing gel is porous and is characterized by
the range or uniformity (exclusion range) of that pore size. In the choice of
gels, the exclusion range must be larger than the molecular size of the molecules
to be separated (2). A cross-linked divinylbenzene-styrene copolymer (SX-3 Bio

Beads or equivalent) is specified for this method.

1.2  General cleanup application - GPC is recommended for the elimination

from the sample of lipids, polymers, copolymers, proteins, natural resins and
polymers, cellular components, viruses, steroids, and dispersed high-molecular-
weight compounds (2). GPC is appropriate for both polar and non-polar analytes,
therefore, it can be effectively used to cleanup extracts containing a broad

range of analytes.

1.3 Specific application - This method includes guidance for cleanup of
sample extracts containing the following analytes from the RCRA Appendix VIII and
Appendix IX Tists:

Compound Name CAS No.?
Acenaphthene 83-32-9
Acenaphthylene 208-96-8
Acetophenone 98-86-2
2-Acetylaminofluorene 53-96-3
Aldrin 309-00-2
4-Aminobiphenyl 92-67-1
Aniline 62-53-3
Anthracene 120-12-7
Benomy] 17804-35-2
Benzenethiol 108-98-5
Benzidine 92-87-5
Benz(a)anthracene 56-55-3
Benzo(b)fluoranthene 205-99-2
Benzo(a)pyrene 50-32-8
Benzo(ghi)perylene 191-24-2
Benzo(k)fluoranthene 207-08-9
Benzoic acid 65-85-0
Benzotrichloride 98-07-7
Benzyl alcohol 100-51-6
Benzyl chloride 100-44-7
alpha-BHC 319-84-6

319-85-7

beta-BHC

3640A - 1 Revision 1
September 1994



Compound Name

gamma-BHC

delta-BHC

4-Bromophenyl phenyl ether
Butyl benzyl phthalate
2-sec-butyl-4,6-dinitrophenol (Dinoseb)
Carbazole

Carbendazim
alpha-Chlordane
gamma-Chlordane
4-Chloro-3-methylphenol
4-Chloroaniline
Chlorobenzilate
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl) ether
Bis(2-chloroisopropyl) ether
2-Chloronaphthalene
2-Chlorophenol
4-Chlorophenol
3-Chlorophenol
4-Chlorophenyl phenyl ether
3-Chloropropionitrile
Chrysene

2-Cresol

3-Cresol

4-Cresol

Cyclophosphamide

DDD

DDE

DDT

Di-n-butyl phthalate
Diallate

Dibenzo(a,e)pyrene
Dibenzo(a,i)pyrene
Dibenz(a,j)acridine
Dibenz(a,h)anthracene
Dibenzofuran
Dibenzothiophene
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
trans-1,4-Dichloro-2-butene
cis-1,4-Dichloro-2-butene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
3,3'-Dichlorobenzidine
2,6-Dichlorophenol
2,4-Dichlorophenoxyacetic acid (2,4-D)
2,4-Dichlorophenol
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Compound Name

i 2,4-Dichlorotoluene 95-73-8
L 1,3-Dichloro-2-propanol 96-23-1
Dieldrin 60-57-1
™ Diethyl phthalate 84-66-2
; Dimethoate 60-51-5
w Dimethyl phthalate 131-11-3
o p-Dimethylaminoazobenzene : 60-11-7
L 7,12-Dimethyl-benz(a)anthracene 57-97-6
ked 2,4-Dimethylphenol 105-67-9
3,3-Dimethylbenzidine 119-93-7
" 4,6-Dinitro-o-cresol 534-52-1
' 1,3-Dinitrobenzene 99-65-0
2,4-Dinitrophenol 51-28-5
o 2,4-Dinitrotoluene 121-14-2
; 2,6-Dinitrotoluene 606-20-2
| - Diphenylamine 122-39-4
‘ Diphenyl ether 101-84-8
M 1,2-Diphenylhydrazine 122-66-7
e Disulfoton 298-04-4
‘ Endosulfan sulfate 1031-07-8
| . Endosulfan I 959-98-8
‘ Endosulfan Il 33213-65-9
- Endrin 72-20-8
- Endrin aldehyde 7421-93-4
i Endrin ketone 53494-70-5
| Ethyl methane sulfonate 62-50-0
; Ethyl methacrylate 97-63-2
i Bis(2-ethylhexyl) phthalate 117-81-7
. Famphuy 52-85-7
‘ Fluorene 86-73-7
- Fluoranthene 206-44-0
L Heptachlor 76-44-8
| - Heptachlor epoxide 1024-57-3
; Hexachlorobenzene 118-74-1
B Hexachlorobutadiene 87-68-3
D Hexachlorocyclopentadiene 77-47-4
; Hexachloroethane 67-72-1
.- Hexachloropropene 1888-71-7
. Indeno(1,2,3-cd)pyrene 193-39-5
: Isodrin 465-73-6
- Isophorone 78-59-1
Pl cis-Isosafrole 17627-76-8
i trans-Isosafrole 4043-71-4
‘ Kepone 143-50-0
B Malononitrile 109-77-3
- Merphos 150-50-5
f Methoxychlor 72-43-5
e 3-Methylcholanthrene 56-49-5
™
| 3640A - 3 Revision 1
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3640A - 4

- Compound Name CAS No.?
2-Methylnaphthalene 91-57-6
Methyl parathion 298-00-0
4,4’ -Methylene-bis(2-chloroaniline) 101-14-4
Naphthalene 91-20-3
1,4-Naphthoquinone 130-15-4
2-Naphthylamine 91-59-8
1-Naphthylamine 134-32-7
5-Nitro-o-toluidine 99-55-8
2-Nitroaniline 88-74-4
3-Nitroaniline 99-09-2
4-Nitroaniline 100-01-6
Nitrobenzene 98-95-3
2-Nitrophenol 79-46-9
4-Nitrophenol 100-02-7
N-Nitrosodi-n-butylamine 924-16-3
N-Nitrosodiethanolamine 1116-54-7
N-Nitrosodiethylamine 55-18-5
N-Nitrosodimethylamine 62-75-9
N-Nitrosodiphenylamine 86-30-6
N-Nitrosodi-n-propylamine 621-64-7
N-Nitrosomethylethylamine 10595-95-6
N-Nitrosomorpholine 59-89-2
N-Nitrosopiperidine 100-75-4
N-Nitrosopyrolidine 930-55-2
Di-n-octyl phthalate 117-84-0
Parathion 56-38-2
Pentachlorobenzene 608-93-5
Pentachloroethane 76-01-7
Pentachloronitrobenzene (PCNB) 82-68-8
Pentachlorophenol 87-86-5
Phenacetin 62-44-2
Phenanthrene 85-0]1-8
Phenol 108-95-2
1,2-Phenylenediamine 95-54-5
Phorate 298-02-2
2-Picoline 109-06-8
Pronamide 23950-58-5
Pyrene 129-00-0
Resorcinol 108-46-3
Safrole 94-59-7
1,2,4,5-Tetrachlorobenzene 95-94-3
2,3,5,6-Tetrachloronitrobenzene 117-18-0
2,3,5,6-Tetrachlorophenol 935-95-5
2,3,4,6-Tetrachlorophenol 58-90-2
Tetraethyl dithiopyrophosphate (Sulfotep) 3689-24-5
Thiosemicarbazide 79-19-6
2-Toluidine 106-49-0
4-Toluidine 95-53-4
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Compound Name

Thiourea, 1-(o-chlorophenyl) 5344-82-1
Toluene-2,4-diamine 95-80-7
1,2,3-Trichlorobenzene 87-61-6
1,2,4-Trichlorobenzene 120-82-1
2,4,6-Trichlorophenol 88-06-2
2,4,5-Trichlorophenol 95-95-4
2,4,5-Trichlorophenoxyacetic acid (2,4,5-T) : 93-76-5
2,4,5-Trichlorophenoxypropionic acid (2,4,5-TP) 93-72-1
Warfarin 81-81-2

® Chemical Abstract Services Registry Number.

Table 1 presents average percent recovery and percent RSD data for these
analytes, as well as the retention volumes of each analyte on a single GPC
system. Retention volumes vary from column to column. Figure 1 provides
additional information on retention volumes for certain classes of compounds.
The data for the semivolatiles were determined by GC/MS, whereas, the pesticide
data were determined by GC/ECD or GC/FPD. Compounds not amenable to GC were
determined by HPLC. Other analytes may also be appropriate for this cleanup
technique, however, recovery through the GPC should be >70%.

1.4 Normally, this method is most efficient for removing high boiling
materials that condense in the injection port area of a gas chromatograph (GC)
or the front of the GC column. This residue will ultimately reduce the
chromatographic separation efficiency or column capacity because of adsorption
of the target analytes on the active sites. Pentachlorophenol is especially
susceptible to this problem. GPC, operating on the principal of size exclusion,
will not usually remove interference peaks that appear in the chromatogram since
the molecular size of these compounds is relative similar to the target analytes.
Separation cleanup techniques, based on other molecular characteristics (i.e.,
polarity), must be used to eliminate this type of interference.

2.0  SUMMARY OF METHOD

2.1 The column is packed with the required amount of preswelled
absorbent, and is flushed with solvent for an extended period. The column is
calibrated and then Toaded with the sample extract to be cleaned up. Elution is
effected with a suitable solvent(s) and the product is then concentrated.

3.0 INTERFERENCES

3.1 A reagent blank should be analyzed for the compound of interest prior
to the use of this method. The level of interferences must be below the
estimated quantitation limits (EQLs) of the analytes of interest before this

method is performed on actual samples.
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3.2 More extensive procedures than those outlined in this method may be
necessary for reagent purification.

4.0 APPARATUS

4.1 Gel-permeation chromatography system - GPC Autoprep Model 1002 A
or B, or equivalent, Analytical Biochemical Laboratories, Inc. Systems that
perform very satisfactorily have also been assembled from the following
components - an HPLC pump, an auto sampler or a valving system with sample loops,
and a fraction collector. All systems, whether automated or manual, must meet
the calibration requirements of Sec. 7.2.2.

4.1.1 Chromatographic column - 700 mm x 25 mm ID glass column. Flow
is upward. (Optional) To simplify switching from the UV detector during
calibration to the GPC collection device during extract cleanup, attach a
double 3-way valve (Rheodyne Type 50 Teflon Rotary Valve #10-262 or
equivalent) so that the column exit flow can be shunted either to the UV
flow-through cell or to the GPC collection device.

4.1.2 Guard column - (Optional) 5 cm, with appropriate fittings to
connect to the inlet side of the analytical column (Supelco 5-8319 or
equivalent).

4.1.3 Bio Beads (S-X3) - 200-400 mesh, 70 g (Bio-Rad Laboratories,
Richmond, CA, Catalog 152-2750 or equivalent). An additional 5 g of Bio
Beads are required if the optional guard column is employed. The quality
of Bio Beads may vary from lot to lot because of excessive fines in some
lots. The UV chromatogram of the Calibration solution should be very
similar to that in Figure 2, and the backpressure should be within 6-
10 psi. Also, the gel swell ratio in methylene chloride should be in the
range of 4.4 - 4.8 mL/g. In addition to fines having a detrimental effect
on chromatography, they can also pass through the column screens and
damage the valve.

4.1.4 Ultraviolet detector - Fixed wavelength (254 nm) with a semi-
prep flow-through cell.

4.1.5 Strip chart recorder, recording integrator or laboratory data
system.

4.1.6 Syringe - 10 mL with Luerlok fitting.

4.1.7 Syéinge filter assembly, disposable - Bio-Rad "Prep Disc"
sample filter assembly #343-0005, 25 mm, and 5 micron filter discs or
equivalent. Check each batch for contaminants. Rinse each filter
assembly (prior to use) with methylene chloride if necessary.

4.2 Analytical balance - 0.0001 g.
4.3 Volumetric flasks, Class A - 10 mL to 1000 mL
4.4 Graduated cylinders
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5.0 REAGENTS
5.1 Methylene chloride, CH,C1,. Pesticide quality or equivalent.

5.1.1 Some brands of methylene chloride may contain unacceptably
high levels of acid (HC1). Check the pH by shaking equal portions of
methylene chloride and water, then check the pH of the water layer.

5.1.1.1 If the pH of the water layer is < 5, filter the
entire supply of solvent through a 2 in. x 15 in. glass column
containing activated basic alumina. This column should be
sufficient for processing approximately 20-30 Titers of solvent.
Alternatively, find a different supply of methylene chloride.

5.2 Cyclohexane, CgH,,. Pesticide quality or equivalent.

5.3  n-Butyl chloride, CH,CH,CH,CH,C1. Pesticide quality or equivalent.

5.4 GPC Calibration Solution. Prepare a calibration solution in
methylene chloride containing the following analytes (in elution order):
Compound ma/L
corn oil 25,000
bis(2-ethylhexyl) phthalate 1,000
methoxychlor 200
peryliene 20
sulfur 80

NOTE: Sulfur is not very soluble in methylene chloride, however, it is
soluble in warm corn oil. Therefore, one approach is to weigh out
the corn o0il, warm it and transfer the weighed amount of sulfur into
the warm corn 0il. Mix it and then transfer into a volumetric flask
with methylene chloride, along with the other calibration compounds.

Store the calibration solution in an amber glass bottle with a Teflon 1ined
screw-cap at 4°C, and protect from light. (Refrigeration may cause the corn oil
to precipitate. Before use, allow the calibration solution to stand at room
temperature until the corn oil dissolves.) Replace the calibration standard
solution every 6 months, or more frequently if necessary.

5.5 Corn 0il Spike for Gravimetric Screen. Prepare a solution of corn
oil in methylene chloride (5 g/100 mL).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes, Sec.
4.1.
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7.0 PROCEDURE

7.1

It is very important to have consistent Taboratory temperatures

during an entire GPC run, which could be 24 hours or more. If temperatures are
not consistent, retention times will shift, and the dump and collect times
determined by the calibration standard will no longer be appropriate. The ideal
laboratory temperature to prevent outgassing of the methylene chloride is 72°F.

7.2

GPC Setup and Calibration
7.2.1 Column Preparation

7.2.1.1 Weigh out 70 g of Bio Beads (SX-3). Transfer them
to a quart bottle with a Teflon lined cap or a 500 mL separatory
funnel with a large bore stopcock, and add approximately 300 mL of
methylene chloride. Swirl the container to ensure the wetting of
all beads. Allow the beads to swell for a minimum of 2 hours.
Maintain enough solvent to sufficiently cover the beads at all
times. If a guard column is to be used, repeat the above with 5 g
of Bio Beads in a 125 mL bottle or a beaker, using 25 mL of
methylene chloride.

7.2.1.2 Turn the column upside down from its normal
position, and remove the inlet bed support plunger (the inlet
plunger is Tlonger than the outlet plunger). Position and tighten
the outlet bed support plunger as near the end as possible, but no
closer than 5 cm (measured from the gel packing to the collar).

7.2.1.3 Raise the end of the outlet tube to keep the
solvent in the GPC column, or close the column outlet stopcock if
one is attached. Place a small amount of solvent in the column to
minimize the formation of air bubbles at the base of poured column
packing.

7.2.1.4 Swirl the bead/solvent slurry to get a homogeneous
mixture and, if the wetting was done in a quart bottle, quickly
transfer it to a 500 mL separatory funnel with a large bore
stopcock. Drain the excess methylene chloride directly into the
waste beaker, and then start draining the slurry into the column by
placing the separatory funnel tip against the column wall. This
will help to minimize bubble formation. Swirl occasionally to keep
the sTurry homogeneous. Drain enough to fill the column. Place the
tubing from the column outlet into a waste beaker below the column,
open the stopcock (if attached) and allow the excess solvent to
drain. Raise the tube to stop the flow and close the stopcock when
the top of the gel begins to look dry. Add additional methylene
chloride to just rewet the gel.

7.2.1.5 Wipe any remaining beads and solvent from the
inner walls of the top of the column with a Taboratory tissue.
Loosen the seal slightly on the other plunger assembly (long
plunger) and insert it into the column. Make the seal just tight
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enough so that any beads on the glass surface will be pushed
forward, but loose enough so that the plunger can be pushed forward.

CAUTION: Do not tighten the seal if beads are between the
seal and the glass surface because this can

damage the seal and cause Teakage.

7.2.1.6 Compress the column as much as possible without
applying excessive force. Loosen the seal and gradually pull out
the plunger. Rinse and wipe off the plunger. Slurry any remaining
beads and transfer them into the column. Repeat Sec. 7.2.1.5 and
reinsert the plunger. If the plunger cannot be inserted and pushed
in without allowing beads to escape around the seal, continue
compression of the beads without tightening the seal, and Toosen and
remove the plunger as described. Repeat this procedure until the
plunger is successfully inserted.

7.2.1.7 Push the plunger until it meets the gel, then
compress the column bed about four centimeters. '

7.2.1.8 Pack the optional 5 cm column with approximately
5 g of preswelled beads (different gquard columns may require
different amounts). Connect the guard column to the inlet of the

analytical column.

7.2.1.9 Connect the column inlet to the solvent reservoir
(reservoir should be placed higher than the top of the column) and
place the column outlet tube in a waste container. Placing a
restrictor in the outlet tube will force air out of the column more
quickly. A restrictor can be made from a piece of capillary
stainless steel tubing of 1/16" 0D x 10/1000" ID x 2". Pump
methylene chloride through the column at a rate of 5 mL/min for one

hour.

7.2.1.10 After washing the column for at least one hour,
connect the column outlet tube, without the restrictor, to the inlet
side of the UV detector. Connect the system outlet to the outlet
side of the UV detector. A restrictor (same size as in Sec.
7.2.1.9) in the outlet tube from the UV detector will prevent bubble
formation which causes a noisy UV baseline. The restrictor will not
effect flow rate. After pumping methylene chloride through the
column for an additional 1-2 hours, adjust the inlet bed support
plunger until approximately 6-10 psi backpressure is achieved. Push
the plunger in to increase pressure or slowly pull outward to reduce

pressure.

7.2.1.11 When the GPC column is not to be used for several
days, connect the column outlet line to the column inlet to prevent
column drying and/or channeling. If channeling occurs, the gel must
be removed from the column, reswelled, and repoured as described
above. If drying occurs, methylene chloride should be pumped
through the column until the observed column pressure is constant
and the column appears wet. Always recalibrate after column drying
has occurred to verify retention volumes have not changed.
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7.2.2 Calibration of the GPC Column

7.2.2.1 Using a 10 mL syringe, load sample loop #1 with
calibration solution (Sec. 5.6). With the ABC automated system, the
5 mL sample loop requires a minimum of 8 mL of the calibration
solution. Use a firm, continuous pressure to push the sample onto
the loop. Switch the valve so that GPC flow is through the UV flow-
through cell.

7.2.2.2 Inject the calibration solution and obtain a UV
trace showing a discrete peak for each component. Adjust the
detector and/or recorder sensitivity to produce a UV trace similar
to Figure 2 that meets the following requirements. Differences
between manufacturers’ cell volumes and detector sensitivities may
require a dilution of the calibration solution to achieve similar
results. An analytical flow-through detector cell will require a
much less concentrated solution than the semi-prep cell, and
therefore the analytical cell is not acceptable for use.

7.2.2.3 Following are criteria for evaluating the UV
chromatogram for column condition.

7.2.2.3.1 Peaks must be observed, and should be
symmetrical, for all compounds in the calibration solution.

7.2.2.3.2 Corn oil and phthalate peaks must exhibit
>85% resolution.

7.2.2.3.3 Phthalate and methoxychlor peaks must
exhibit >85% resolution.

7.2.2.3.4 Methoxychlor and perylene peaks must exhibit
>85% resolution.

7.2.2.3.5 Perylene and sulfur peaks must not be
saturated and must exhibit >90% baseline resolution.

7.2.2.3.6 Nitroaromatic compounds are particularly
prone to adsorption. For example, 4-nitrophenol recoveries
may be low due to a portion of the analyte being discarded
after the end of the collection time. Columns should be
tested with the semivolatiles matrix spiking solution. GPC
elution should continue until after perylene has eluted, or
long enough to recover at least 85% of the analytes, whichever
time is longer.

7.2.2.4 Calibration for Semivolatiles - Using the
information from the UV trace, establish appropriate collect and
dump time periods to ensure collection of all target analytes.
Initiate column eluate <collection just before elution of
bis(2-ethylhexyl) phthalate and after the elution of the corn oil.
Stop eluate collection shortly after the elution of perylene.
Collection should be stopped before sulfur elutes. Use a "wash"
time of 10 minutes after the elution of sulfur. Each laboratory is
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required to establish its specific time sequences. See Figure 2 for
general guidance on retention time. Figure 1 illustrates retention
volumes for different classes of compounds.

7.2.2.5 Calibration for Organochlorine Pesticides/PCBs -
Determine the elution times for the phthalate, methoxychlor,
perylene, and sulfur. Choose a dump time which removes >85% of the
phthalate, but collects >95% of the methoxychlor. Stop collection
after the elution of perylene, but before sulfur elutes.

7.2.2.6 Verify the flow rate by collecting column eluate
for 10 minutes in a graduated cylinder and measure the volume, which
should be 45-55 mL (4.5-5.5 mL/min). If the flow rate is outside of
this range, corrective action must be taken, as described above.
Once the flow rate is within the range of 4.5-5.5 mL/min, record the
column pressure (should be 6-10 psi) and room temperature. Changes
in pressure, solvent flow rate, and temperature conditions can
affect analyte retention times, and must be monitored. If the flow
rate and/or column pressure do not fall within the above ranges, a
new column should be prepared. A UV trace that does not meet the
criteria in Sec. 7.2.2.3 would also indicate that a new column
should be prepared. It may be necessary to obtain a new lot of Bio
Beads if the column fails all the criteria.

7.2.2.7 Reinject the calibration solution after
appropriate collect and dump cycles have been set, and the solvent
flow and column pressure have been established.

7.2.2.7.1 Measure and record the volume of collected
GPC eluate in a graduated cylinder. The volume of GPC eluate
collected for each sample extract processed may be used to
indicate problems with the system during sample processing.

7.2.2.7.2 The retention times for bis(2-ethylhexyl)
phthalate and perylene must not vary more than +5% between

calibrations. If the retention time shift is >5%, take
corrective action. Excessive retention time shifts are caused
by:

7.2.2.7.2.1 Poor laboratory temperature control or
system leaks.

7.2.2.7.2.2 An unstabilized column that requires
pumping methylene chloride through it for several more
hours or overnight.

7.2.2.7.2.3 Excessive Tlaboratory temperatures,
causing outgassing of the methylene chloride.

7.2.2.8 Analyze a GPC blank by loading 5 mL of methylene
chloride into the GPC. Concentrate the methylene chloride that
passes through the system during the collect cycle using a Kuderna-
Danish (KD) evaporator. Analyze the concentrate by whatever
detectors will be used for the analysis of future samples. Exchange
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the solvent, if necessary. If the blank exceeds the estimated
quantitation 1limit of the analytes, pump additional methylene
chloride through the system for 1-2 hours. Analyze another GPC
blank to ensure the system is sufficiently clean. Repeat the
methylene chloride pumping, if necessary.

7.3 Extract Preparation

7.3.1 Adjust the extract volume to 10.0 mL. The solvent extract
must be primarily methylene chloride. A1l other solvents, e.q.
1:1 methylene chloride/acetone, must be concentrated to 1 mL (or as Tow as
possible if a precipitate forms) and diluted to 10.0 mL with methylene
chloride. Thoroughly mix the extract before proceeding.

7.3.2 Filter the extract through a 5 micron filter disc by attaching
a syringe filter assembly containing the filter disc to a 10 mL syringe.
Draw the sample extract through the filter assembly and into the 10 mL
syringe. Disconnect the filter assembly before transferring the sample
extract into a small glass container, e.g. a 15 mL culture tube with a
Teflon lined screw cap. Alternatively, draw the extract into the syringe
without the filter assembly. Attach the filter assembly and force the
extract through the filter and into the glass container. The latter is
the preferred technique for viscous extracts or extracts with a Tot of
solids. Particulate larger than 5 microns may scratch the valve, which
may result in a system leak and cross-contamination of sample extracts in
the sample Toops. Repair of the damaged valve is quite expensive.

NOTE: Viscosity of a sample extract should not exceed the viscosity
of 1:1 water/glycerol. Dilute samples that exceed this
viscosity.

7.4 Screening the Extract

7.4.1 Screen the extract to determine the weight of dissolved
residue by evaporating a 100 ulL aliquot to dryness and weighing the
residue. The weight of dissolved residue 1oaded on the GPC column cannot
exceed 0.500 g. Residues exceeding 0.500 g will very likely result in
incomplete extract cleanup and contamination of the GPC switching valve
(which results in cross-contamination of sample extracts).

7.4.1.1 Transfer 100 ul of the filtered extract from
Sec. 7.3.2 to a tared aluminum weighing dish.
7.

‘ 4.1.2 A suggested evaporation technique is to use a heat
lamp. Set up a 250 watt heat lamp in a hood so that it is
8 + 0.5 cm from a surface covered with a clean sheet of aluminum
foil. Surface temperature should be 80-100°C (check temperature by
placing a thermometer on the foil and under the Tamp). Place the
weighing dish under the lamp using tongs. Allow it to stay under
the lamp for 1 min. Transfer the weighing dish to an analytical
balance or a micro balance and weigh to the nearest 0.1 mg. If the
residue weight is less than 10 mg/100 ul, then further weighings are
not necessary. If the residue weight is greater than 10 mg/100 ulL,
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then determine if constant weight has been achieved by placing the
weighing dish and residue back under the heat lamp for 2 or more
additional 0.5 min. intervals. Reweigh after each interval.
Constant weight is achieved when three weights agree within +10%.

7.4.1.3 Repeat the above residue analysis on a blank and
a spike. Add 100 ulL of the same methylene chloride used for the
sample extraction to a weighing dish and determine residue as above.
Add 100 pl of a corn oil spike (5 g/100 mL) to another weighing dish
and repeat the residue determination.

7.4.2 A residue weight of 10 mg/100 ul of extract represents 500 mg
in 5 mL of extract. Any sample extracts that exceed the 10 mg/100 ul
residue weight must be diluted so that the 5 mL loaded on the GPC column
does not exceed 0.500 g. When making the dilution, keep in mind that a
minimum volume of 8 mL is required when Toading the ABC GPC unit.
Following is a calculation that may be used to determine what dilution is

necessary if the residue exceeds 10 mg.

Y mL taken = 10 mL final x 10 mg maximum

for dilution volume X mg of residue
Example:

Y mL taken = 10 mL final x 10 mg maximum

for dilution volume 15 mg of residue

Y mL taken for dilution = 6.7 mL

Therefore, taking 6.7 mL of sample extract from Sec. 7.3.2, and
diluting to 10 mL with methylene chloride, will result in 5 mlL of diluted
extract loaded on the GPC column that contains 0.500 g of residue.

NOTE: This dilution factor must be included in the final calculation
of analyte concentrations. In the above example, the dilution

factor is 1.5.

7.5 GPC Cleanup

7.5.1 Calibrate the GPC at 1least once per week following the
procedure outlined in Secs. 7.2.2 through 7.2.2.6. Ensure that UV trace
requirements, flow rate and column pressure criteria are acceptable.
Also, the retention time shift must be <5% when compared to retention
times in the last calibration UV trace.

7.5.1.1 If these criteria are not met, try cleaning the
column by loading one or more 5 mL portions of butyl chloride and
running it through the column.  Butyl chloride or 9:1 (v/v)
methylene chloride/methanol removes the discoloration and
particulate that may have precipitated out of the methylene chloride
extracts. Backflushing (reverse flow) with methylene chloride to
dislodge particulates may restore lost resolution. If a guard
column is being used, replace it with a new one. This may correct
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the problem. If column maintenance does not restore acceptable
performance, the column must be repacked with new Bio Beads and

s

calibrated.
7.5.2 Draw a minimum of 8 mL of extract (diluted, if necessary, and
filtered) into a 10 mL syringe. - m
i
7.5.3 Attach the syringe to the turn lock on the injection port. -
Use firm, continuous pressure to push the sample onto the 5-mL sample
loop. If the sample is difficult to load, some part of the system may be fﬁ
blocked. Take appropriate corrective action. If the back pressure is

E

normal (6-10 psi), the blockage is probably in the valve. Blockage may be
flushed out of the valve by reversing the inlet and outlet tubes and
pumping solvent through the tubes. (This should be done before sample
loading.)

NOTE: Approximately 2 mL of the extract remains in the 1ines between
the injection port and the sample Toop; excess sample also
passes through the sample Toop to waste.

£l ER K

7.5.4 After loading a loop, and before removing the syringe from the
injection port, index the GPC to the next lToop. This will prevent loss of
sample caused by unequal pressure in the loops.

.

7.5.5 After loading each sample loop, wash the loading port with
methylene chloride in a PTFE wash bottle to minimize cross-contamination.
Inject approximately 10 mL of methylene chloride to rinse the common
tubes.

i3

7.5.6 After loading all the sample loops, index the GPC to the 00
position, switch to the "RUN" mode and start the automated sequence.
Process each sample using the collect and dump cycle times established in
Sec. 7.2.2.

7.5.7 Collect each sample in a 250 mL Erlenmeyer flask, covered with
aluminum foil to reduce solvent evaporation, or directly into a Kuderna-
Danish evaporator. Monitor sample volumes collected. Changes in sample
volumes collected may indicate one or more of the following problems:

7.5.7.1 Change in solvent flow rate, caused by channeling
in the column or changes in column pressure.

7.5.7.2 Increase in column operating pressure due to the
absorption of particles or gel fines onto either the guard column or
the analytical column gel, if a guard column is not used.

7.5.7.3 Leaks in the system or significant variances in
room temperature.

7.6 Concentrate the extract by the standard K-D technique (see any of the
extraction methods, Sec. 4.2.1 of this chapter). See the determinative methods
(Chapter Four, Sec. 4.3) for the final volume.
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7.7 It should be remembered that only half of the sample extract is
processed by the GPC (5 mL of the 10 mL extract is loaded onto the GPC column),
and thus, a dilution factor of 2 (or 2 multiplied by any dilution factor in Sec.
7.4.2) must be used for quantitation of the sample in the determinative method.

8.0  QUALITY CONTROL

8.1 Refer to Chapter One and Method 3600 for specific quality control
procedures.

8.2 The analyst should demonstrate that the compound(s) of interest are
being quantitatively recovered before applying this method to actual samples.

8.3 For sample extracts that are cleaned up using this method, the
associated quality control samples must also be processed through this cleanup

method.

9.0 METHOD PERFORMANCE

9.1 Refer to Table 1 for single laboratory performance data.

10.0 REFERENCES
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TABLE 1
GPC RECOVERY AND RETENTION VOLUMES FOR RCRA
APPENDIX VIII ANALYTES

Compound % Rec' % RSD? Ret. Vol.® (mL)
Acenaphthene 97 2 196-235
Acenaphthylene 12 10 196-235
Acetophenone 94 7 176-215
2-Acetylaminofluorene 97 2 156-195
Aldrin 99 9 196-215
4-Aminobiphenyl 96 7 176-215
Aniline 93 4 196-235
Anthracene 89 2 196-235
Benomy] 131 8 146-195 @
Benzenethiol 92 11 196-235
Benzidine 95 5 176-215
Benz(a)anthracene 100 3 196-235
Benzo(b)fluoranthene a3 5 196-235
Benzo(a)pyrene 93 3 196-235
Benzo(ghi)perylene 90 6 196-235 -
Benzo(k)fluoranthene 91 4 196-235 aj |
Benzoic acid 66 7 176-195 !
Benzotrichloride 93 7 176-215
Benzyl alcohol 95 17 176-215 ™
Benzyl chloride 99 4 176-215 -
alpha-BHC 84 13 196-215 ‘
beta-BHC 94 9 196-215 -
gamma-BHC 93 4 196-215 -
delta-BHC 102 7 216-255
4-Bromophenyl phenyl ether 93 1 176-215 m |
Butyl benzyl phthalate 104 3 136-175 P
2-sec-butyl-4,6-dinitrophenol (Dinoseb) 103 18 176-195 e
Carbazole 99 5 196-255 :
Carbendazim 131 8 146-195 -
alpha-Chlordane 97 2 196-235 -
gamma-Chlordane 93 2 196-215 ‘
4-Chloro-3-methylphenol 87 1 196-255
4-Chloroaniline 88 3 196-235
Chlorobenzilate 92 5 176-235
Bis(2-chloroethoxy)methane 89 1 156-195
Bis(2-chloroethyl) ether 76 2 156-215
Bis(2-chloroisopropyl) ether 83 2 156-195
2-Chloronaphthalene 89 1 196-235
2-Chlorophenol 90 1 196-215
3-Chlorophenol 86 3 196-215
4-Chlorophenol 87 2 196-215
4-Chlorophenyl phenyl ether 98 2 176-215
3-Chloropropionitrile 80 5 176-215
Chrysene 102 1 196-235
2-Cresol 91 1 196-215
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TABLE 1 {continued)

Compound % Rec' %RSD? Ret. Vol.® (mL)
3-Cresol 70 3 196-215
4-Cresol 88 2 196-215
Cyclophosphamide 114 10 146-185
DDD 94 4 196-235
DDE 94 2 196-235
DDT 96 6 176-215
Di-n-butyl phthalate 104 3 136-175
Diallate 97 6 156-175
Dibenzo(a,e)pyrene 94 10 216-235
Dibenzo(a,i)pyrene 99 8 216-235
Dibenz(a,j)acridine 117 9 176-195
Dibenz(a,h)anthracene 92 5 196-235
Dibenzofuran 94 1 176-235
Dibenzothiophene 94 3 196-235
1,2-Dibromo-3- ch]oropropane 83 2 176-215
1,2-Dibromoethane 121 8 196-215
trans-l,4-Dich1oro-2-butene 107 6 176-195
cis-1,4-Dichloro-2-butene 106 6 176-215
1,2-Dichlorobenzene 81 1 196-235
1,3-Dichlorobenzene 81 1 196-235
1,4-Dichlorobenzene 81 1 196-235
3,3’-Dichlorobenzidine 98 3 176-215
2,6-Dichlorophenol 86 3 196-215
2,4-Dichlorophenoxyacetic acid (2,4-D) 80 NA 76-215
2,4-Dichlorophenol 87 2 96-215
2,4-Dichlorotoluene 70 9 196-235
1,3-Dichloro-2-propanol 73 13 176-215
Dieldrin 100 5 196-215
Diethyl phthalate 103 3 136-195
Dimethoate 79 15 146-185
3,3’-Dimethoxybenzidine® 15 11 156-195
Dimethyl phthalate 100 1 156-195
p-Dimethylaminoazobenzene 96 1 176-215
7,12-Dimethyl-benz(a)anthracene 77 1 176-215
2,4-DimethyTpheno] 93 2 176-215
3,3'-Dimethylbenzidine 93 2 156-215
4,6-Dinitro-o-creso] 100 1 156-195
1,3-Dinitrobenzene 99 2 156-195
2,4-Dinitrophenol 118 7 176-195
2,4-Dinitrotoluene 93 4 156-195
2,6-Dinitrotoluene 101 2 156-175
Diphenylamine 95 6 176-235
Diphenyl ether 67 12 196-215
1,2-Diphenylhydrazine 92 1 176-215
Disulfoton 81 15 146-165
Endosulfan sulfate 94 2 176-195
Endosulfan I 99 8 176-215
3640A - 17 Revision 1
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TABLE 1 (continued)

Compound % Rec’ %RSD? Ret. Vol.? (mL)
Endosulfan II 92 6 196-215
Endrin 95 6 196-215
Endrin aldehyde 97 1 176-215
Endrin ketone 94 4 176-215
Ethyl methane sulfonate 62 7 176-235
Ethyl methacrylate 126 7 176-195
Bis(2-ethylhexyl) phthalate 101 1 120-145
Famphur 99 NA 126-165
Fluorene 95 1 176-235
Fluoranthene 94 1 196-235
Heptachlor 85 2 195-215
Heptachlor epoxide 91 11 156-195
Hexachlorobenzene 108 2 196-235
Hexachlorobutadiene 86 2 176-215
Hexachlorocyclopentadiene 89 3 176-215
Hexachloroethane 85 1 196-235
Hexachloropropene 91 2 196-235
Indeno(1,2,3-cd)pyrene 79 13 216-255
Isodrin 98 5 196-235
Isophorone 68 7 156-195
cis-Isosafrole 90 4 176-215
trans-Isosafrole 88 16 156-195
Kepone 102 NA 196-235
Malononitrile 111 9 156-195
Merphos 93 12 126-165
Methoxychlor 94 6 156-195
3-Methylcholanthrene 74 12 176-195
2-Methylnaphthalene 67 6 196-215
Methyl parathion 84 13 146-185
4,4’ -Methylene-bis(2-chloroaniline) 96 1 176-215
Naphthalene 95 7 196-215
1,4-Naphthogquinone 73 7 176-215
2-Naphthylamine 94 8 196-235
1-Naphthylamine 96 6 196-235
5-Nitro-o-toluidine 77 2 176-195
2-Nitroaniline 96 8 176-215
3-Nitroaniline 96 2 176-215
4-Nitroaniline 103 8 176-215
Nitrobenzene 86 2 176-195
2-Nitrophenol 95 3 176-195
4-Nitrophenol 77 3 196-215
N-Nitroso-di-n-butylamine 89 4 156-175
N-Nitrosodiethanolamine 104 3 146-185
N-Nitrosodiethylamine 94 2 156-175
N-Nitrosodimethylamine 86 13 156-195
N-Nitrosodiphenylamine 99 2 156-195
N-Nitrosodi-n-propylamine 85 4 156-175
3640A - 18 Revision 1
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TABLE 1 (continued)

Compound % Rec’ %RSD? Ret. Vol.* (mlL)
N-Nitrosomethylethylamine 83 7 156-175
N-Nitrosomorpholine 86 4 156-195
N-Nitrosopiperidine 84 4 156-195
N-Nitrosopyrolidine 92 1 156-175
Di-n-octyl phthalate 83 4 120-156
Parathion 109 14 146-170
Pentachloraobenzene 95 2 196-235
Pentachloroethane 74 1 196-235
Pentachloronitrobenzene (PCNB) 91 8 156-195
Pentachlorophenol 102 1 196-215
Phenacetin 100 3 156-195
Phenanthrene 94 2 196-235
Phenol 83 2 156-195
1,2-Phenylenediamine 91 1 196-215
Phorate 74 NA 116-135
2-Picoline 99 14 156-215
Pronamide 105 15 156-195
Pyrene 98 2 215-235
Resorcinol 70 6 196-215
Safrole 93 1 176-215
Streptozotocin® 6 48 225-245
1,2,4,5-Tetrachlorobenzene 96 2 196-235
2,3,5,6-Tetrachloro-nitrobenzene 85 9 176-215
2,3,4,6-Tetrachlorophenol 95 1 196-215
2,3,5,6-Tetrachlorophencol 96 7 196-215
Tetraethyl dithiopyrophosphate (Sulfotep) 89 14 116-135
Thiosemicarbazide 74 3 146-185
2-Toluidine 92 3 176-235
4-Toluidine 87 8 176-235
Thiourea, 1-(o-chiorophenyl) 75 11 166-185
Toluene-2,4-diamine 69 7 176-215
1,2,3-Trichlorobenzene 87 1 196-235
1,2,4-Trichlorobenzene 89 1 196-235
2,4,5-Trichlorophenol 77 1 216-235
2,4,6-Trichlorophenol 95 1 216-235
2,4,5-Trichlorophenoxyacetic acid (2,4,5-T) 71 23 156-235
2,4,5-Trichlorophenoxypropionic acid 67 NA 216-215
Warfarin 94 2 166-185

NA = Not applicable, recovery presented as the average of two determinations.

® Not an appropriate analyte for this method.

' The percent recovery is based on an average of three recovery values.

2 The % relative standard deviation is determined from three recovery values.

3 These Retention Volumes are for guidance only as they will differ from column to

column and from system to system.
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Figure 1
GPC RETENTION VOLUME OF CLASSES OF ANALYTES
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Figure 2

UV CHROMATOGRAM OF THE CALIBRATION SOLUTION
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METHOD 3640A :
GEL-PERMEATION CLEANUP 1

7.1 Ensure ambient temp. consistent
throughout GPC run.

!

7.2 GPC Setup and Calibration

|

t | 7'

7.2.1 Column Preparation 7.2.1.6 Compress column. Slurry
remaining beads and repeat Section
J 7.2.1.5 and column compression. |
7.2.1.1 Place Bio Beads and MeCl ‘ f
in a container. Swirl and ‘
allow beads to swell. 7.2.1.7 Compress column bed
‘ approximately four cm. |
7.2.1.2 Remove column inlet bed T H
support plunger. Position and tighten Pl
outiet bed support plunger to column end. 7.2.1.8 Pack option 5 cm. guard - ,
column w/ roughly 5 gm. . [
* preswelled beads. \
7.2.1.3 Ensure GPC column outlet ‘
contains solvent. Place smalf amount -
solvent in column to minimize 7.2.1.9 Connect column inlet to
bubble formation. solvent reservoir. Pump MeCl at
5 mi/min. for 1 hr.

! I

7.2.1.4 Transfer bead mixture into
sep. funnel. Drain excess solvent;

7.2.1.10 Connect column outlet to

drain beads into column. Keep UV-Vis detector. Place restrictor ;
beads wet throughout. at detector outlet. Run MeCl for f
additional 1-2 hrs. Compress A
‘ : column bed to provide 6-10 psi A
backpressure. “
7.2.1.5 Loosen seal on opposite
plunger assembly, insert into column. {

7.2.1.11 Connect outlet line to column
inlet when column not in use. Repack
column when channeling is observed.
Assure consistent backpressure when
beads are rewetted after drying.

3640A - 22 Revision 1
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7.2.2 Calibration of the GPC column

1

7.2.2.1 Load sample loop with
calibration solution.

!

7.2.2.2 Inject calibration soin.; adjust
recorder or detector sensitivity
to produce similar UV trace as Fig. 2.

'

7.2.2.3 Evaluation criteria for
UV chromatogram.

!

7.2.2.4 Calibration for Semivolatiles

Use information from UV trace to
obtain collect and dump times.
Initiate collection before bis(2-ethylhexyl)
phthalate, stop after perylene. Stop run
before sulfur eiutes.

'

7.2.2.5 Calibration for Organochiorine
Pesticides/PCBs

Choose dump time which removes
> 85% phthalate, but collects at
times > $5% methoxychlor. Stop
collection between perylene and
sulfur elution.

'

7.2.2.6 Verify column flow rate and
backpressure. Corract
inconsistencies when criteria
are not met.

METHOD: 3640A
continued

'

7.2.2.7 Reinject calibration soin. when
collect and dump cycles are set,
and column criteria are met.

I

7.2.2.7.1 Measure and record
volume of GPC eluate.

I

7.2.2.7.2 Correct for retention time
shifts of > +/- 5% for
bis(2-ethylhexyl) phthalate
and perylene.

]

7.2.2.8 Inject and analyze GPC blank
for column cleanliness. Pump
through MeCl as column wash.
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7.3 Extract Preparation

S

¥

7.3.1 Adjust extract volume to 10 mL.
Primary solvent should be MeCl.

k!

7.3.2 Filter extract through 5 micron filter
disc/syringe assembly into small
glass container.

R

7.4 Screening the Extract

!

7.4.1 Screen extract by determining
residue wt. of 100 uL aliquot.

v

7.4.1.1 Transfer 100 ulL of filtered
extract from Section 7.3.2 to tared
aluminum weighing dish.

k]

7.4.1.2 Evaporate extract solvent under
heating lamp. Weigh residue to nearest
0.1 mg.

'

7.4.1.3 Repeat residue analysis of Section
7.4.1.2 w/blank and spike sample.

K}

7.4.2 Use dilution example to determine
necessary dilution when residue
wis. > 10mg.

METHOD 3640A
continued

3640A - 24

l

r 7.5 GPC Cleanup J

7.5.1 Calibrate GPC weekly. Assure
column criteria, UV trace, retention
time shift criteria are met.

'

7.5.1.1 Clean column w/buty| chioride
loadings, or replacement of
guard column.

Y

7.5.2 Draw 8 mL extract into syringe.

9

7.5.3 Load sampie into injection loop.

R

7.5.4 Index GPC to next loop to
prevent sample loss.

R!

7.5.5 Wash sample part w/MeCl
between sample loadings.

3

7.5.6 At end of loadings, index GPC to
00, switch to "RUN" mode, start
automated sequence.

¥

7.5.7 Collect sample into aluminum foil
covered Erlenmeyer flask or into
Kuderna-Danish evaporator.

K

7.6 Concentrate extract by std.
Kuderna-Danish technique.

K|

7.7 Note dilution factor of GPC method
into final determinations.

Revision 1
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METHOD 3650A

ACID-BASE PARTITION CLEANUP

1.0 SCOPE AND APPLICATION

1.1 Method 3650 was formerly Method 3530 in the second edition of this

manual.

1.2 Method 3650 is a liquid-liquid partitioning cleanup method to
organic acids and phenols,
analytes, e.g. amines, aromatic hydrocarbons, and halogenated organic compounds,

separate acid analytes, e.g.

using pH adjustment.

analysis or further cleanup (e.g., alumina cleanup).
be separated by this method:

from base/neutral

It may be used for cleanup of petroleum waste prior to
The following compounds can

Compound Name CAS No.® Fraction
Benz(a)anthracene 56-55-3 Base-neutral
Benzo(a)pyrene 50-32-8 Base-neutral
Benzo(b)fluoranthene 205-99-2 Base-neutral
Chlordane 57-74-9 Base-neutral
Chlorinated dibenzodioxins Base-neutral
2-Chlorophenol 95-57-8 Acid
Chrysene 218-01-9 Base-neutral
Creosote 8001-58-9 Base-neutral and Acid
Cresol(s) Acid
Dichlorobenzene(s) Base-neutral
Dichlorophenoxyacetic acid 94-75-7 Acid
2,4-Dimethylphenol 105-67-9 Acid
Dinitrobenzene 25154-54-5 Base-neutral
4,6-Dinitro-o-cresol 534-52-1 Acid
2,4-Dinitrotoluene 121-14-2 Base-neutral
Heptachlor 76-44-8 Base-neutral
Hexachlorobenzene 118-74-1 Base-neutral
Hexachlorobutadiene 87-68-3 Base-neutral
Hexachloroethane 67-72-1 Base-neutral
Hexachlorocyclopentadiene 77-47-4 Base-neutral
Naphthalene 91-20-3 Base-neutral
Nitrobenzene 98-95-3 Base-neutral
4-Nitrophenol 100-02-7 Acid
Pentachlorophenol 87-86-5 Acid
Phenol 108-95-2 Acid
Phorate 298-02-2 Base-neutral
2-Picoline 109-06-8 Base-neutral
Pyridine 110-86-1 Base-neutral
Tetrachlorobenzene(s) Base-neutral
Tetrachlorophenol(s) Acid
Toxaphene -8001-35-2 Base-neutral
Trichlorophenol(s) Acid
2,4,5-TP (Silvex) 93-72-1 Acid
® Chemical Abstract Services Registry Number.

3650A - 1 Revision 1
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2.0 SUMMARY OF METHOD

2.1 The solvent extract from a prior solvent extraction method is shaken
with water that is strongly basic. The acid analytes partition into the aqueous
layer, whereas, the basic and neutral compounds stay in the organic solvent. The
base/neutral fraction is concentrated and is then ready for further cleanup, if
necessary, or analysis. The aqueous layer is acidified and extracted with an
organic solvent. This extract is concentrated (if necessary) and is then ready
for analysis of the acid analytes.

3.0  INTERFERENCES

3.1 More extensive procedures than those outlined in this method may be
necessary for reagent purification.

3.2 A method blank must be run for the compounds of interest prior to
use of the method. The interferences must be below the method detection limit
before this method is applied to actual samples.

4.0 APPARATUS AND MATERIALS

4.1 Drying column - 20 mm ID Pyrex chromatographic column with Pyrex
glass wool at bottom, or equivalent.

NOTE: Fritted glass discs are difficult to clean after highly contaminated
extracts have been passed through them. Columns without frits are
recommended. Use a small pad of Pyrex glass wool to retain the
adsorbent. Prewash the glass wool pad with 50 mL of acetone
followed by 50 mL of elution solvent prior to packing the column
with adsorbent.

4.2 Kuderna-Danish (K-D) apparatus

4.2.1 Concentrator tube - 10 mL graduated (Kontes K570050-1025 or
equivalent). A ground glass stopper is used to prevent evaporation of the
extracts.

4.2.2 Evaporation flask - 500 mL (K-570001-0500 or equivalent).
Attach to concentrator tube with springs, clamps, or equivalent.

4.2.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent).

4.2.4 Snyder column - Two ball micro (Kontes K569001-0219 or
equivalent).

4.2.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.3 Vials - Glass, 2 mL capacity with Teflon lined screw-caps or crimp
tops.

4.4 Water bath - Heated, concentric ring cover, temperature control of
+ 2°C. Use this bath in a hood.

3650A - 2 Revision 1
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4.5 Boiling chips - Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.6 pH indicator paper - pH range including the desired extraction pH.

4.7 Separatory funnel - 125 mL.
4.8 Erlenmeyer flask - 125 mL.

5.0  REAGENTS

5.1 Reagent grade inorganic chemicals shall be used in all tests.
Unless otherwise indicated, it is intended that all inorganic reagents shall
conform to the specifications of the Committee on Analytical Reagents of the
American Chemical Society, where such specifications are available. Other grades
may be used, provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without 1lessening the accuracy of the

determination.

5.2 Organic-free reagent water - All references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Sodium hydroxide, NaOH, (10N) - Dissolve 40 g of sodium hydroxide
in 100 mL of organic-free reagent water.

5.4  Sulfuric acid, H,S0,, (1:1 v/v in water) - Slowly add 50 mL H,SO, to
50 mL of organic-free reagen% water.

5.5 Sodium sulfate (granular, anhydrous), Na,SO, - Purify by heating at
400°C for 4 hours in a shallow tray, or by precleaning %he sodium sulfate with
methylene chloride. If the sodium sulfate is precleaned with methylene chloride,
a method biank must be analyzed, demonstrating that there is no interference from

the sodium sulfate.
5.6 Solvents:
5.6.1 Methylene chloride, CH,C1, - Pesticide quality or equivalent.

5.6.2 Acetone, CH;COCH; - Pesticide quality or equivalent.
5.6.3 Methanol, CH,0H - Pesticide quality or equivalent.

5.6.4 Diethyl Ether, C,H,0CH, - Pesticide quality or equivalent.
Must be free of peroxides as indicated by test strips (EM Quant, or
equivalent). Procedures for removal of peroxides are provided with the
test strips. After cleanup, 20 mL of ethyl alcohol preservative must be

added to each 1iter of ether.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING
6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1. -

3650A - 3 Revision 1
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7.0  PROCEDURE

7.1 Place 10 mL of the solvent extract from a prior extraction procedure
into a 125 mL separatory funnel.

7.2 Add 20 mL of methylene chloride to the separatory funnel.

7.3 Slowly add 20 mL of prechilled organic-free reagent water which has
been previously adjusted to a pH of 12-13 with 10N sodium hydroxide.

7.4 Seal and shake the separatory funnel for at least 2 minutes with
periodic venting to release excess pressure. ‘

NOTE: Methylene chloride creates excessive pressure very rapidly;

therefore, initial venting should be done immediately after the
separatory funnel has been sealed and shaken once. The separatory
funnel should be vented into a hood to prevent unnecessary exposure
of the analyst to the organic vapor. -

7.5 Allow the organic layer to separate from the aqueous phase for a
minimum of 10 minutes. If the emulsion interface between layers is more than
one-third the size of the solvent layer, the analyst must employ mechanical
techniques to complete the phase separation. The optimum technique depends upon
the sample, and may include stirring, filtration of the emulsion through glass
wool, centrifugation, or other physical methods.

7.6 Separate the aqueous phase and transfer it to a 125 mL Erlenmeyer
flask. Repeat the extraction two more times using 20 mL aliquots of dilute
sodium hydroxide (pH 12-13). Combine the aqueous extracts. '

7.7 MWater soluble organic acids and phenols will be primarily in the
aqueous phase. Base/neutral analytes will be in the methylene chloride. If the
analytes of interest are only in the aqueous phase, discard the methylene
chloride and proceed to Section 7.8. If the analytes of interest are only in the
methylene chloride, discard the aqueous phase and proceed to Section 7.10.

7.8 Externally cool the 125 mL Erlenmeyer flask with ice while adjusting
the aqueous phase to a pH of 1-2 with sulfuric acid (1:1). Quantitatively
transfer the cool aqueous phase to a clean 125 mL separatory funnel. Add 20 mL
of methylene chloride to the separatory funnel and shake for at least 2 minutes.
Allow the methylene chloride to separate from the aqueous phase and collect the
methylene chloride in an Erlenmeyer flask.

7.9 Add 20 mL of methylene chloride to the separatory funnel and extract
at pH 1-2 a second time. Perform a third extraction in the same manner combining
the extracts in the Erlenmeyer flask.

7.10 Assemble a Kuderna-Danish (K-D) concentrator (if necessary) by
attaching a 10 mL concentrator tube to a 500 mL evaporation flask.

7.11 Dry both acid and base/neutral fractions by passing them through a
drying column containing about 10 cm of anhydrous sodium sulfate. Collect the

dried fractions in K-D concentrators. Rinse the €Erlenmeyer flasks which
3650A - 4 Revision 1
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contained the solvents and the columns with 20 mL of methylene chloride to
complete the quantitative transfer.

7.12 Concentrate both acid and base/neutral fractions as follows: Add
one or two boiling chips to the flask and attach a three ball macro-Snyder
column. Prewet the Snyder column by adding about 1 mL of methylene chloride to
the top of the column. Place the K-D apparatus on a hot water bath (80-90°C) so
that the concentrator tube is partially immersed in the warm water. Adjust the
vertical position of the apparatus and the water temperature as required 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.
When the apparent volume of liquid reaches 1 mL, remove the K-D apparatus from
the water bath and allow it to cool. Remove the Snyder column and rinse the
flask and its lower joints into the concentrator tube with 1-2 mL of methylene
chloride. Concentrate the extract to the final volume using either the micro-
Snyder column technique (7.12.1) or nitrogen blowdown technique (7.12.2).

7.12.1 - Micro-Snyder Column Technique

7.12.1.1 Add another one or two boiling chips to the
concentrator tube and attach a two ball micro-Snyder column. Prewet
the column by adding 0.5 mL of methylene chloride to the top of the
column. Place the K-D apparatus in a hot water bath (80-90°C) so
that the concentrator tube is partially immersed in the hot water.
Adjust the vertical position of the apparatus and the water
temperature as required to complete the concentration in 5-10
minutes. At the proper rate of distillation the balls of the column
will actively chatter but the chambers will not flood. When the
apparent volume of the 1liquid reaches 0.5 mL, remove the K-D
apparatus and allow it to cool. Remove the Snyder column and rinse
the flask and its lower joints into the concentrator tube with 0.2
mL of methylene chloride. Adjust the final volume to 1 mL with

methylene chloride.
7.12.2 Nitrogen Blowdown Technique

7.12.2.1 Place the concentrator tube in a warm water bath
(35°C) and evaporate the solvent volume to 1.0-2.0 mL using a gentle
stream of clean, dry nitrogen (filtered through a column of
activated carbon).

CAUTION: Do not use plasticized tubing between the carbon
trap and the sample.

7.12.2.2  The internal wall of the concentrator tube must be
rinsed down several times with the appropriate solvent during the
operation. During evaporation, the tube solvent level must be
positioned to avoid condensation water. Under normal procedures,
the extract must not be allowed to become dry.

CAUTION: When the volume of solvent is reduced below 1 mL,
semivolatile analytes may be lost.

7.13 The acid fraction is now ready for analysis. If the base/neutral
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fraction requires further cleanup by the alumina column cleanup for petroleum
waste (Method 3611), the solvent may have to be changed to hexane. If a solvent
exchange is required, momentarily remove the Snyder column, add approximately 5
mL of the exchange solvent and a new boiling chip, and reattach the Snyder
column. Concentrate the extract as described in Section 7.12.1.1, raising the
temperature of the water bath, if necessary, to maintain proper distillation.
When the apparent volume again reaches 1 mL, remove the K-D apparatus from the
water bath and allow it to drain and cool for at least 10 minutes. Repeat the
exchange 2 more times. If no further cleanup of the base/neutral extract is
required, it is also ready for analysis.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for general quality control procedures and
Method 3600 for cleanup procedures.

8.2 The analyst must demonstrate that the compounds of interest are
being quantitatively recovered before applying this method to actual samples.

8.3 For samples that are cleaned using this method, the associated
quality control samples must be processed through this cleanup method.

9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data.

10.0 REFERENCES

1. Test Methods: Methods for Organic Chemical Analysis of Municipal and
Industrial Wastewater; U.S. Environmental Protection Agency. Office of
Research and Development. Environmental Monitoring and Support Laboratory.
ORD Publication Offices of Center for Environmental Research Information:
Cincinnati, OH, 1982; EPA-600/4-82-057.
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METHOD 3650A
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METHOD 3660A
'SULFUR_CLEANUP

1.0 SCOPE AND APPLICATION

1.1 Elemental sulfur is encountered in many sediment samples (generally
specific to different areas in the country), marine algae, and some industrial
wastes. The solubility of sulfur in various solvents is very similar to the
organochlorine and organophosphorus pesticides. Therefore, the sulfur
interference follows along with the pesticides through the normal extraction and
cleanup techniques. In general, sulfur will usually elute entirely in Fraction

1 of the Florisil cleanup (Method 3620).

1.2  Sulfur will be quite evident in gas chromatograms obtained from
electron capture detectors, flame photometric detectors operated in the sulfur
or phosphorous mode, and Coulson electrolytic conductivity detectors in the
sulfur mode. If the gas chromatograph is operated at the normal conditions for
pesticide analysis, the sulfur interference can completely mask the region from

the solvent peak through Aldrin.

1.3 Three techniques for the elimination of sulfur are detailed within
this method: (1) the use of copper powder; (2) the use of mercury; and (3) the
use of tetrabutylammonium sulfite. Tetrabutylammonium sulfite causes the least
amount of degradation of a broad range of pesticides and organic compounds, while
copper and mercury may degrade organophosphorus and some organochlorine

pesticides.

2.0  SUMMARY OF METHOD

2.1 The sample to undergo cleanup is mixed with either copper, mercury,
or tetrabutylammonium (TBA) sulfite. The mixture is shaken and the extract is

removed from the sulfur cleanup reagent.

3.0 INTERFERENCES

3.1 Removal of sulfur using copper:

3.1.1 The copper must be very reactive. Therefore, all oxides of
copper must be removed so that the copper has a shiny, bright appearance.

3.1.2 The sample extract must be vigorously agitated with the
reactive copper for at Teast one minute.

4.0 APPARATUS AND MATERIALS

4.1 Mechanical shaker or mixer - Vortex Genie or equivalent.

4.2 Pipets, disposable - Pasteur type.

3660A - 1 Revision 1
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4.3 Centrifuge tubes, calibrated - 12 mL.

4.4 Glass bottles or vials - 10 mL and 50 mL, with Teflon-lined screw
caps or crimp tops.

4.5 Kuderna-Danish (K-D) apparatus.

4.5.1 Concentrator tube - 10 mL graduated (Kontes K-570050-1025 or

equivalent). A ground glass stopper is used to prevent evaporation of
extracts.

4.5.2 Evaporation flask - 500 mL (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs, clamps, or
equivalent.

4.5.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent).

4.5.4 Snyder column - Two ball micro (Kontes K-569001-0219 or
equivalent).

4.5.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

5.0 REAGENTS

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

5.2 Organic-free reagent water - A1l references to water in this method
refer to organic-free reagent water, as defined in Chapter One.

5.3 Nitric acid, HNO,, dilute.
5.4 Solvents
5.4.1 Acetone, CH,COCH, - Pesticide quality or equivalent.
5.4.2 Hexane, CH, - Pesticide quality or equivalent.
5.4.3 2-Propanol, CH,CH(OH)CH; - Pesticide quality or equivalent.
5.5 Copper powder - Remove oxides by treating with dilute nitric acid,
rinse with organic-free reagent water to remove all traces of acid, rinse with
acetone and dry under a stream of nitrogen. (Copper, fine granular Mallinckrodt
4649 or equivalent).
5.6 Mercury, triple distilled.

5.7 Tetrabutylammonium (TBA) sulfite reagent

3660A - 2 Revision 1
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5.7.1 Tetrabutylammonium hydrogen sulfate, [CHy(CH,);] NHSO,.
5.7.2 Sodium sulfite, Na,SO;.

5.7.3 Prepare reagent by dissolving 3.39 g tetrabutylammonium
hydrogen sulfate in 100 mL organic-free reagent water. To remove
impurities, extract this solution three times with 20 mL portions of
hexane. Discard the hexane extracts, and add 25 g sodium sulfite to the
water solution. Store the resulting solution, which is saturated with
sodium sulfite, in an amber bottle with a Teflon-lined screw cap. This
solution can be stored at room temperature for at least one month.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1.
7.0  PROCEDURE

7.1 Removal of sulfur using copper

7.1.1 Concentrate the sample to exactly 1.0 mL or other known
volume. Perform concentration using the Kuderna-Danish (K-D) Technique

(Method 3510, Sections 7.10.1 through 7.10.4).

CAUTION: When the volume of solvent is reduced below 1 mL,
semivolatile analytes may be lost.

7.1.2 If the sulfur concentration is such that crystallization
occurs, centrifuge to settle the crystals, and carefully draw off the
sample extract with a disposable pipet leaving the excess sulfur in the K-
D tube. Transfer 1.0 mL of the extract to a calibrated centrifuge tube.

7.1.3 Add approximately 2 g of cleaned copper powder (to the 0.5 mL
mark) to the centrifuge tube. Mix for at least 1 min on the mechanical

shaker.

7.1.4 Separate the extract from the copper by drawing off the
extract with a disposable pipet and transfer to a clean vial. The volume
remaining still represents 1.0 mL of extract.

NOTE: This separation is necessary to prevent further degradation of
the pesticides.

7.2  Removal of sulfur using mercury
NOTE: Mercury is a highly toxic metal. All operations involving mercury
should be performed in a hood. Prior to using mercury, it is

recommended that the analyst become acquainted with proper handling
and cleanup techniques associated with this metal.

7.2.1 Concentrate the sample extract to exactly 1.0 mL or other
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known volume. Perform concentration using the Kuderna-Danish (K-D)
Technique (Method 3510, Sections 7.10.1 through 7.10.4).

CAUTION: When the volume of solvent is reduced below 1 mL,
semivolatile analytes may be lost.

7.2.2 Pipet 1.0 mL of the extract into a clean concentrator tube or
Teflon-sealed vial.

7.2.3 Add one to three drops of mercury to the vial and seal.
Agitate the contents of the vial for 15-30 sec. Prolonged shaking (2 hr)
may be required. If so, use a mechanical shaker.

7.2.4 Separate the sample from the mercury by drawing off the
extract with a disposable pipet and transfer to a clean vial.

7.3  Removal of sulfur using TBA sulfite

7.3.1 Concentrate the sample extract to exactly 1.0 mL or other
known volume. Perform concentration using the Kuderna-Danish (K-D)
Technique (Method 3510, Sections 7.10.1 through 7.10.4).

CAUTION: When the volume of solvent is reduced below 1 nlL,
semivolatile analytes may be lost.

7.3.2 Transfer 1.0 mL of the extract to a 50 mL clear glass bottle
or vial with a Teflon-lined screw-cap. Rinse the concentrator tube with
1 mL of hexane, adding the rinsings to the 50 mL bottle.

7.3.3 Add 1.0 mL TBA sulfite reagent and 2 mL 2-propanol, cap the
bottle, and shake for at least 1 min. If the sample is colorless or if
the initial color is unchanged, and if clear crystals (precipitated sodium
sulfite) are observed, sufficient sodium sulfite is present. If the
precipitated sodium sulfite disappears, add more crystalline sodium
sulfite in approximately 0.100 g portions until a solid residue remains
after repeated shaking.

7.3.4 Add 5 mL organic free reagent water and shake for at least 1
min. Allow the sample to stand for 5-10 min. Transfer the hexane layer
(top) to a concentrator tube and concentrate the extract to approximately
1.0 mL with the micro K-D Technique (Section 7.3.5) or the Nitrogen
Blowdown Technique (Section 7.3.6). Record the actual volume of the final
extract.

7.3.5 Micro-Snyder Column Technique

7.3.5.1 Add another one or two clean boiling chips to the
concentrator tube and attach a two ball micro-Snyder column. Prewet
the column by adding about 0.5 mL of hexane to the top of the
column. Place the K-D apparatus in a hot water bath so that the
concentrator tube is partially immersed in the hot water. Adjust
the vertical position of the apparatus and the water temperature, as
required, to complete the concentration in 5-10 minutes. At the
proper rate of distillation the balls of the column will actively
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chatter, but the chambers will not flood. When the apparent volume
of 1liquid reaches 0.5 mL, remove the K-D apparatus from the water
bath and allow it to drain and cool for at least 10 minutes. Remove
the Snyder column and rinse the flask and its lower joints with
about 0.2 mL of solvent and add to the concentrator tube. Adjust

the final volume to approximately 1.0 mL with hexane.

7.3.6 Nitrogen Blowdown Technique

7.3.6.1 Place the concentrator tube in a warm water bath
(approximately 35°C) and evaporate the solvent volume to 1.0-2.0 mL,
using a gentle stream of clean, dry nitrogen (filtered through a
column of activated carbon).

CAUTION: Do not use plasticized tubing between the carbon
trap and the sample.

7.3.6.2 The internal wall of the tube must be rinsed down
several times with the appropriate solvent during the operation.
During evaporation, the solvent level in the tube must be positioned
to prevent water from condensing into the sample (i.e., the solvent
level should be below the level of the water bath). Under normal
operating conditions, the extract should not be allowed to become

dry.

CAUTION: When the volume of solvent is reduced below 1 mL,
semivolatile analytes may be lost.

7.4 Analyze the cleaned up extracts by gas chromatography (see the
determinative methods, Section 4.3 of this chapter).

8.0  QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 3600 for cleanup procedures.

8.2 A1l reagents should be checked prior to use to verify that
interferences do not exist.

9.0 METHOD PERFORMANCE

9.1 Table I indicates the effect of using copper and mercury to remove
sulfur on the recovery of certain pesticides.

10.0 REFERENCES

1. Loy, E.W., private communication.

2. Goerlitz, D.F. and L.M. Law, Bulletin for Environmental Contamination and
Toxicology, 6, 9 (1971).
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Table 1.
EFFECT OF MERCURY AND COPPER ON PESTICIDES

Percent Recovery® using:

Pesticide Mercury Copper
Aroclor 1254 97.10 104.26
Lindane 75.73 94.83
Heptachlor 39.84 5.39
Aldrin 95.52 93.29
Heptachlor epoxide 69.13 96.55
DDE 92.07 102.91
DT 78.78 85.10
BHC 81.22 98.08
Dieldrin 79.11 94.90
Endrin 70.83 89.26
Chlorobenzilate 7.14 0.00
Malathion 0.00 0.00
Diazinon 0.00 0.00
Parathion 0.00 0.00
Ethion 0.00 0.00
Trithion 0.00 0.00

Percent recoveries cited are averages based on duplicate analyses for all
compounds other than for Aldrin and BHC. For Aldrin, four and three
determinations were averaged to obtain the result for mercury and copper,
respectively. Recovery of BHC using copper is based on one analysis.
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METHOD 3665
SULFURIC_ACID/PERMANGANATE CLEANUP

1.0 SCOPE AND APPLICATION

1.1 This method is suitable for the rigorous cleanup of sample extracts
prior to analysis for polychlorinated biphenyls. This method should be used
whenever elevated baselines or overly compliex chromatograms prevent accurate
quantitation of PCBs. This method cannot be used to cleanup extracts for other
target analytes, as it will destroy most organic chemicals including the
pesticides Aldrin, Dieldrin, Endrin, Endosulfan (I and II), and Endosulfan

sulfate.

2.0  SUMMARY OF METHOD

2.1 An extract is solvent exchanged to hexane, then the hexane is
sequentially treated with (1) concentrated sulfuric acid and, if necessary, (2)
5% aqueous potassium permanganate. Appropriate caution must be taken with these

corrosive reagents.

2.2 Blanks and replicate analysis samples must be subjected to the same
cleanup as the samples associated with them.

2.3 It is important that all the extracts be exchanged to hexane before
initiating the following treatments.

3.0 INTERFERENCES

3.1 This technique will not destroy chlorinated benzenes, chlorinated
naphthalenes (Halowaxes), and a number of chlorinated pesticides.

4.0 APPARATUS
4.1 Syringe or Class A volumetric pipet, glass; 1.0, 2.0 and 5.0 mL.

4.2 Vials - 1, 2 and 10 mL, glass with Teflon lined screw caps or crimp
tops.

4.3 Kuderna-Danish (K-D) apparatus.

4.3.1 Concentrator tube - 10 mL graduated (Kontes K-570050-1025 or
equivalent). A ground glass stopper is used to prevent evaporation of

extracts.

4.3.2 Evaporation  flask - 500 mL (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs, clamps, or
equivalent.

3665 - 1 Revision 0
September 1994



5.0

4.3.3 Snyder column - Three ball macro (Kontes K-503000-0121 or
equivalent).

4.3.4 Snyder column - Two ball micro (Kontes K-569001-0219 or
equivalent).

4.3.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.4 Vortex mixer.

REAGENTS

5.1 Reagent grade inorganic chemicals shall be used in all tests. Unless

otherwise indicated, it is intended that all reagents shall conform to the
specifications of the Committee on Analytical Reagents of the American Chemical
Society, where such specifications are available. Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.

refer

6.0

4.1.

7.0

5.2 Organic-free reagent water. All references to water in this method
to organic-free reagent water, as defined in Chapter One.

5.3 Sulfuric acid/Water, H,S0,/H,0, (1:1, v/v).
5.4 Hexane, CgH,, - Pesticide grade or equivalent.

5.5 Potassium permanganate, KMnO,, 5 percent aqueous solution (w/v).

SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes, Sec.

PROCEDURE
7.1 Sulfuric acid cleanup

7.1.1 Using a syringe or a volumetric pipet, transfer 1.0 or 2.0 mL
of the hexane extract to a 10 mL vial and, in a fume hood, carefully add
5 mL of the 1:1 sulfuric acid/water solution.

7.1.2 The volume of hexane extract used depends on the requirements
of the GC autosampler used by the Tlaboratory. If the autosampler
functions reliably with 1 mL of sample volume, 1.0 mL of extract should be
used. If the autosampler requires more than 1 mL of sample volume, 2.0 mL
of extract should be used.

CAUTION: Make sure that there is no exothermic reaction nor
evolution of gas prior to proceeding.

3665 - 2 Revision 0
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7.1.3 Cap the vial tightly and vortex for one minute. A vortex must
be visible in the vial.

CAUTION: Stop the vortexing immediately if the vial leaks, AVOID
SKIN CONTACT, SULFURIC ACID BURNS.

7.1.4 Allow the phases to separate for at least 1 minute. Examine
the top (hexane) layer; it should not be highly colored nor should it have
a visible emulsion or cloudiness.

7.1.5 If a clean phase separation is achieved, proceed to
Sec. 7.1.8.

7.1.6 If the hexane layer is colored or the emulsion persists for
several minutes, remove the sulfuric acid layer from the vial and dispose
of it properly. Add another 5 mL of the clean 1:1 sulfuric acid/water.

NOTE: Do not remove any hexane at this stage of the procedure.

7.1.7 Vortex the sample for one minute and allow the phases to
separate.

7.1.8 Transfer the hexane layer to a clean 10 mL vial.

7.1.9 Add an additional 1 mL of hexane to the sulfuric acid layer,
cap and shake. This second extraction is done to ensure quantitative

transfer of the PCBs and Toxaphene.

7.1.10 Remove the second hexane layer and combine with the
hexane from Sec. 7.1.8.

7.2  Permanganate cleanup

7.2.1 Add 5 mL of the 5 percent aqueous potassium permanganate
solution to the combined hexane fractions from 7.1.10.

CAUTION: Make sure that there is no exothermic reaction nor
evolution of gas prior to proceeding.

7.2.2 Cap the vial tightly and vortex for 1 minute. A vortex must
be visible in the vial.

CAUTION: Stop the vortexing immediately if the vial leaks. AVOID
SKIN CONTACT, POTASSIUM PERMANGANATE BURNS.

7.2.3 Allow the phases to separate for at least 1 minute. Examine
the top (hexane) layer, it should not be highly colored nor should it have
a visible emulsion or cloudiness.

7.2.4 If a clean phase separation is achieved, proceed to
Sec. 7.2.7.
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7.2.5 If the hexane layer is colored or the emulsion persists for
several minutes, remove the permanganate solution from the vial via a
glass pipette and dispose of it properly. Add another 5 mL of the clean
aqueous permanganate solution.

NOTE: Do not remove any hexane at this stage of the procedure.
7.2.6 Vortex the sample and allow the phases to separate.
7.2.7 Transfer the hexane layer to a clean 10 mL vial.

7.2.8 Add an additional 1 mL of hexane to the permanganate layer,
cap the vial securely and shake. This second extraction is done to ensure
quantitative transfer of the PCBs and Toxaphene.

7.2.9 Remove the second hexane layer and combine with the hexane
from Sec. 7.2.7.

7.3 Final preparation

7.3.1 Reduce the volume of the combined hexane layers to the
original volume (1 or 2 mL) using the Kuderna-Danish Technique
(Sec. 7.3.1.1).

7.3.1.1 Add one or two clean boiling chips to the flask
and attach a three ball Snyder column. Prewet the Snyder column by
adding about 1 mL of hexane to the top of the column. Place the K-D
apparatus on a hot water bath (15-20°C above the boiling point of
the solvent) so that the concentrator tube is partially immersed in
the hot water and the entire lower rounded surface of the flask is
bathed with hot vapor. Adjust the vertical position of the
apparatus and the water temperature, as required, to complete the
concentration in 10-20 minutes. At the proper rate of distillation
the balls of the column will actively chatter, but the chambers will
not flood. When the apparent volume of liquid reaches 1-2 mL,
remove the K-D apparatus from the water bath and allow it to drain
and cool for at least 10 minutes.

7.3.1.2 Remove the Snyder column and rinse the flask and
its lower joints into the concentrator tube with 1-2 mL of hexane.
The extract may be further concentrated by using either the micro
Snyder column technique (Sec. 7.3.2) or nitrogen blowdown technique
(Sec. 7.3.3).

7.3.2 Micro Snyder Column Technique

7.3.2.1 Add another one or two clean boiling chips to the
concentrator tube and attach a two ball micro Snyder column. Prewet
the column by adding about 0.5 mL of hexane to the top of the
column. Place the K-D apparatus in a hot water bath so that the
concentrator tube is partially immersed in the hot water. Adjust
the vertical position of the apparatus and the water temperature, as
required, to complete the concentration in 5-10 minutes. At the
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proper rate of distillation the balls of the column will actively
chatter, but the chambers will not flood. When the apparent volume
of liquid reaches 0.5 mL, remove the K-D apparatus from the water
bath and allow it to drain and cool for at least 10 minutes. Remove
the Snyder column and rinse the flask and its lower joints with
about 0.2 mL of hexane and add to the concentrator tube. Adjust the
final volume to 1.0-2.0 mL, as required, with hexane.

7.3.3 Nitrogen Blowdown Technique

7.3.3.1 Place the concentrator tube in a warm water bath
(approximately 35°C) and evaporate the solvent volume to the
required level using a gentle stream of clean, dry nitrogen
(filtered through a column of activated carbon).

CAUTION: Do not use plasticized tubing between the carbon
trap and the sample.

7.3.3.2 The internal wall of the tube must be rinsed down
several times with the appropriate solvent during the operation.
During evaporation, the solvent level in the tube must be positioned
to prevent water from condensing into the sample (i.e., the solvent
level should be below the level of the water bath). Under normal
operating conditions, the extract should not be allowed to become

dry.

7.3.4 Remove any remaining organochlorine pesticides from the
extracts using Florisil Column Cleanup (Method 3620) or Silica Gel Cleanup
(Method 3630).

7.3.5 The extracts obtained may now be analyzed for the target
analytes using the appropriate organic technique(s) (see Sec. 4.3 of this
Chapter). If analysis of the extract will not be performed immediately,

stopper the concentrator tube and store in a refrigerator. If the extract
will be stored longer than 2 days, it should be transferred to a vial with

a Teflon lined screw cap or crimp top, and labeled appropriately.

QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures.

METHOD PERFORMANCE

9.1 No performance data are currently available.

REFERENCES

None required.
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7.1.8 7.1.7 Cap,
, Transfer vortex, and
hexane layer € allow phase l l
to ciean vial. separation.
i 7.3.4 Use
7.2.9 Combine Method 3620 or
l two hexane — Method 3630 to
layers. ) further remove
contaminants.
7.1.9 Add
hexane to
H2S04 layer,
cap and shake.
7.3.5 Stopper
and
refrigerate
for further
anaiysis,

7.1.10 i
Combine two o
hexane layers. A

Stop
-
u
Lo
3665 - 6 Revision 0

September 1994

-

Fa



EX

[ |

A 3 N £l KR

ER EXE ER E?







