


ABSTRACT

=z This manual provides test procedures which may be used to evaluate those
gproperties of a solid waste which determine whether the waste is a hazardous
waste within the definition of Section 3001 of the Resource Conservation and
Recovery Act (PL 94-580). These methods are approved for obtaining data to
satisfy the requirement of 40 CFR Part 261, Identification and Listing of
Hazardous Waste. This manual encompasses methods for collecting
representative samples of solid wastes, and for determining the reactivity,
corrosivity, ignitability, and composition of the waste and the mobility of
toxic species present in the waste.
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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 flexibility.
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 in 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 wuser, it 1is 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 1into 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 1dincludes 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 interdependent. The analytical
procedures cannot be used without a thorough understanding of the quality
control requirements and the means to implement them. This understanding can
be achieved only be reviewing Chapter One and the analytical methods together.
It is expected that individual Tlaboratories, using 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 1nd1v1dua1 1aboratory 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
whigh 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 include extraction,
digestion, cleanup, and determination.- This format allows linking 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 information . 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 is hazardous because it
exhibits 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 mon1tor1ng, land treatment, and incineration. The purpose of this
gu1dance 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 1s 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
manua]'is 1ntended to serve all those -with a need to evaluate solid waste,
Your comments, corrections, suggestions, and questions concerning any material
contained in, or omitted from, this manual will be gratefu]]y appreciated.
Please dlrect your comments to the above address.
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CHAPTER ONE, REPRINTED
QUALITY CONTROL
1.1 INTRODUCTION

Appropriate use of data generated under the great range of analytical
conditions encountered in RCRA analyses requires reliance on the. quality
control practices incorporated into the methods and procedures. The
Environmental Protection Agency generally requires using approved methods for
sampling and analysis operations fulfilling regulatory requirements, but the
mere approval of these methods does not guarantee adequate results.
Inaccuracies can result from many causes, including unanticipated matrix
effects, equipment malfunctions, and operator error. Therefore, the quality
control component of each method is indispensable.

The data acquired from quality control procedures are used to estimate
and evaluate the information content of analytical data and to determine the
necessity or the effect of corrective action procedures. The means used to
estimate information content include precision, accuracy, detection limit, and
other quantifiable and qualitative indicators.

1.1.1 Purpose of this Chapter

This chapter defines the quality control procedures and components that
are mandatory 1in the performance of analyses, and indicates the quality
control information which must be generated with the analytical data. Certain
activities in an integrated program to generate quality data can be classified
as management (QA) and other as functional (QC). The presentation given here
is an overview of such a program.

The following sections discuss some minimum standards for QA/QC programs.
The chapter is not a gquide to constructing quality assurance project plans,
quality control programs, or a quality assurance organization. Generators who
are choosing contractors to perform sampling or analytical work, however,
should make their choice only after evaluating the contractor's QA/QC program
against the procedures presented in these sections. Likewise, laboratories

that sample and/or analyze solid wastes should similarily evaluate their QA/QC
programs. '

Most of the laboratories who will use this manual also carry out testing
other than that called for in SW-846. Indeed, many user laboratories have
multiple mandates, including analyses of drinking water, wastewater, air and
industrial hygiene samples, and process samples. These laboratories will, in
most cases, already operate under an organizational structure that includes
QA/QC. Regardless of the extent and history of their programs, the users of
this manual should consider the development, status, and effectiveness of
their QA/QC program in carrying out the testing described here. '
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1.1.2 Program Design

The initial step for any sampling or analytical work should be strictly
to define the program goals. Once the goals have been defined, a program must
be designed to meet them. QA and QC measures will be used to monitor the
program and to ensure that all data generated are suitable for their intended
use. The responsibility of ensuring that the QA/QC measures are properly
employed -must be assigned to a knowledgeable person who 1is not directly
involved in the -sampling or analysis. .

One approach that has been found to provide a useful structure for a

QA/QC program is the preparation of both general program plans and project-
specific QA/QC plans. .

The program plan for a laboratory sets up basic laboratory policies,
including QA/QC, and may include standard operating procedures for specific
tests. The program plan serves as an operational charter for the laboratory,
defining its purposes, its organization: and its operating principles. Thus,
it is an orderly assemblage of management policies, objéctives, principles,
and general procedures describing how an agency or laboratory intends to
produce data of known and accepted quality. The elements of a program plan

and its preparation are described in QAMS-004/80 (see References, Section
1.6). ‘ :

Project-specific QA/QC plans differ from. program plans in that specific
details of a particular sampling/analysis program are addressed. For example,
a program plan might state that all analyzers will be calibrated according to
a specific protocol given 1in written standard operating procedures for the
laboratory (SOP), while a project plan would state that a particular protocol
will be used to calibrate the analyzer for a specific set of analyses that
have been defined in the plan. The project plan draws on the program plan or
its basic structure and applies this management approach to specific
determinations. A given agency or laboratory would have only one quality
assurance program plan, but would have a quality assurance project plan for
each of its projects. The elements of a project plan and its preparation are
described in QAMS/005/80 (see References, Section 1.6) and are listed in
Figure 1-1. . :

Some organizations may find it. inconvenient or even unnecessary to
prepare a new project plan for each new set of analyses, especially analytical
laboratories which receive numerous batches of samples from various customers
within and outside their organizations. For these organizations, it is
especially important that adequate QA management structures exist and that any
procedures used exist as standard. operating procedures (SOP), written
documents which detail an operation, analysis or action whose mechanisms are
thoroughly prescribed and which is commonly accepted as the method for
performing certain routine or repetitive tasks. Having copies of SW-846 and
all its referenced documents in one's laboratory is not a substitute for
having in-house versions of the methods written to conform to specific
instrumentation, data needs, and data quality requirements.
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FIGURE 1-1
ESSENTIAL ELEMENTS OF A QA PROJECT PLAN
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1.1.3 Organization and Responsibility

As part of any measurement program, activities for the data generators,
data reviewers/approvers, and. data users/requestors must be clearly defined.
While the specific titles of these individuals will vary among agencies and
laboratories, the most basic structure .will include at Tleast one
representative of each of these three types. The data generator is typically
the individual who carries out the "analyses at the direction of the data
user/requestor or a designate within or outside the 1laboratory. The data
reviewer/approver is responsible for ensuring that the data produced by the
data generator meet agreed-upon specifications.

Responsibility for data review is sometimes assigned to a "Quality
Assurance Officer" or "QA Manager." This individual has broad authority to
approve or disapprove project plans, specific analyses and final reports. The
QA Officer is independent from the data generation activities. In general,
the QA Officer is responsible for reviewing and advising on all aspects of
QA/QC, including:

Assisting the data requestor in specifying the. QA/QC procedure to be used
during the program;

Making on-site evaluations and submitting audit samples to assist in
reviewing QA/QC procedures; and,

f problems are detected, making recommendations to the data requestor and
upper corporate/institutional management to ensure that appropriate
corrective actions are taken.

In programs where large and complex amounts of data are generated from
both field and Tlaboratory activities, it 1is helpful to designate sampling

monitors, analysis monitors, and quality. control/data monitors to assist in
carrying out the program or project.

The sampling monitor is responsible for field activities. These include:

Determining (with the analysis monitor) appropriate sampling equipment
and sample containers to minimize contamination;

" .Ensuring that samples are collected, preservéd, and transported as
specified in the workplan; and :

Checking that all sample documentation (labels, field notebooks, chain-
of-custody records, packing 1lists) is correct and transmitting that
information, along with the samples, to the analytical laboratory.

The analysis monitor is responsible for 1laboratory activities. These
include:

Training and qualifying personnel in specified laboratory QC and
analytical procedures, prior to receiving samples;
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Receiving samples from the field and verifying that incoming samples
correspond to the packing list or chain-of-custody sheet; and

Verifying that laboratory QC and analytical procedures are being followed
as specified in the workplan, reviewing sample and QC data during the
course of analyses, and, if questionable data exist, determining which
repeat samples or analyses are needed.

The quality control and data monitor is responsible for QC activities and
data management. These include:

Maintaining records of all incoming samples, tracking those samples
through subsequent processing and analysis, and, wultimately,

appropriately disposing of those samples at the conclusion of the
program;

Preparing quality control samples for analysis prior to and during the
program;

Preparing QC and sample data for review by the analysis coordinator and
the program manager; and

Preparing QC and sample data for transmission and entry into a computer
data base, if appropriate.

1.1.4 Performance and Systems Audits

The QA Officer may carry out performance and/or systems audits to ensure
that data of known and defensible quality are produced during a program,.

Systems audits are qualitative evaluations of all components of field and
laboratory quality control measurement systems. They determine 1if the
measurement systems are being used appropriately. The audits may be carried
out before all systems are operational, during the program, or after the
completion of the program. Such audits typically involve a comparison of the
activities given in the QA/QC plan with those actually scheduled or performed.
A special type of systems audit is the data management audit. This audit
addresses only data collection and management activities.

The performance audit is a quantitative evaluation of the measurement
systems of a program. It requires testing the measurement systems with
samples of known composition or behavior to evaluate precision and accuracy.
The performance audit is carried out by or under the auspices of the QA
Officer without the knowledge of the analysts. Since this is seldom

achievable, many variations are used that increase the awareness of the
analyst as to the nature of the audit material.
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1.1.5 Corrective Action

Corrective action proceddres should be -addressed 1in the program plan,
project, or SOP. These should include the following elements: -

The EPA predetermined 1limits for data acceptab111ty beyond which
corrective action is required;

Procedures for corrective action; and,

For each measurement system, identification of the individual responsible

for initiating the corrective action and the individual responsible for

approving the corrective ‘action, .if necessary.

The need for corrective action may be identified by system or performance
audits or by standard QC procedures. The essential steps in the corrective
action system are: '

Identification and definition of the problem;

Assignment of responsibility for investigating the problem;

Investigation and determination of the cause of the problem;

Determination of a corrective action to eliminate the problem;

Assigning and accepting responsibility for implementing the corrective
action;

Implementing the corrective aétion and evaluating its effectiveness; and
Verifying that the correctivé action has eliminated the problem.

The QA Officef should ensure that these steps are taken and that the
problem which led to the corrective action has been resolved.

1.1.6 QA/QC Reporting to Management |

QA Project Program or Plans should provide a mechanism for periodic
reporting to management (or to the data user) on the performance of the
measurement system and the data quality. Minimally, these reports should
include:

Periodic assessment of measurement quality indicators, i.e., data
accuracy, precision and completeness;

Results of performance audits;
Results of system audits; and

Significant QA problems and recommended solutions.
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The individual responsible within the organization structure for
preparing the periodic reports should be identified in the organizational or
management plan. The final report for each project should also include a
separate QA section which summarizes data quality information contained in the
periodic reports.

Other guidance on quality assurance management and organizations is
available from the Agency and professional organizations such as ASTM, AOAC,
APHA and FDA.

1.1.7 Quality Control Program for the Analysis of RCRA Samples

An analytical quality control program develops information which can be
used to:

Evaluate the accuracy and precision of analytical data in order to
establish the quality of the data;

Provide an indication of the need for corrective actions, when comparison
with existing regulatory or program criteria or data trends shows that
activities must be changed or monitored to a different degree; and

To determine the effect of corrective actions.

1.1.8 Definitions

ACCURACY: Accuracy means the nearness of a result or the mean (X) of
: a set of results to the true value. Accuracy is assessed
by means of reference samples and percent recoveries.

ANALYTICAL BATCH: The basic unit for analytical quality control is the
analytical batch. The analytical batch is defined as
samples which are analyzed together with the same method
sequence and the same lots of reagents and with the
manipulations common to each sample within the same time
period or in continuous sequential time periods. Samples
in each batch should be of similar composition.

BLANK: A blank is an artificial sample designed to monitor the
introduction of artifacts into the process. For aqueous
samples, reagent water is used as a blank matrix; however,
a universal blank matrix does not exist for solid samples,
and therefore, no matrix is used. The blank is taken
through the appropriate steps of the process.

A reagent blank is an aliquot of analyte-free water or
solvent analyzed with the analytical batch. Field blanks
are aliquots of analyte-free water or solvents brought to
the field in sealed containers and transported back to the
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CALIBRATION
CHECK:

CHECK SAMPLE:

ENVIRONMENTAL
SAMPLE:

laboratory with the sample. containers. Trip blanks and
equipment blanks are two specific types of field blanks.
Trip blanks are not opened in the field. They are a check
on sample contamination originating from sample transport,
shipping and from site conditions. Equipment blanks are
opened in the field and the contents are poured
appropriate]y over or through the sample collection device,
collected in a sample container, and returned to the
laboratory as a sample. Equipment blanks are a check on
sampling device cleanliness.

Verification of the ratio of instrument response to analyte

‘amount, a calibration check, is done by analyzing for

analyte standards in an appropriate solvent. Calibration
check solutions are made from a stock solution which is
different from the stock used to prepare standards.

A blank which has been spiked with the analyte(s) from an
independent source in order to monitor the execution of the
analytical method is called a check sample. The level of
the spike shall be at the regulatory action level when
applicable. Otherwise, the spike shall be at 5 times the
estimate of the quantification 1limit. The matrix used
shall be phase matched with the samples and well
characterized: for an example, reagent grade water is
appropriate for an aqueous sample.

An environmental sample or field sample is a representative
sampie of any material (aqueous, nonaqueous, or multimedia)
collected from any source for which determination of
composition or contamination is requested or required. For

the purposes of this manual, environmental samples shall be
classified as follows:

Surface Water and Ground Water;

.Drinking Water -- de]1vered ‘(treated or untreated) water

designated as potable water;

Water/Wastewater -- raw source waters'for public drinking
water supplies, ground waters, municipal influents/
effluents, and industrial influents/effluents;

Sludge -- municipa] sludges and industrial sludges;

 Waste -- aqueous and nonaqueous 1liquid wastes, chemical

solids, contaminated soils, and 1ndustr1a] 11qu1d and solid
wastes.
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MATRIX/SPIKE-
DUPLICATE '
ANALYSIS:

MQL:

PRECISION:

PQL:

RCRA:

REAGENT GRADE:

REPLICATE SAMPLE:
STANDARD CURVE:

SURROGATE:

In matrix/spike duplicate analysis, predetermined quanti-
ties of stock solutions of certain analytes are added to a
added to a sample matrix prior to sample extraction/
digestion and analysis.. Samples are split into duplicates,
spiked and analyzed. Percent recoveries are calculated for
each of the analytes detected. The relative percent
difference between the samples is calculated and used to
assess analytical precision. The concentration of the
spike should be at the regulatory standard level or the
estimated or actual method quantification limit. When the
concentration of the analyte in the sample is greater than
0.1%, no spike of the analyte is necessary.

The method quantification 1limit (MQL) is the minimum
concentration of a substance that can be measured and
reported.

Precision means the measurement of agreement of a set of
replicate results among themselves without assumption of
any prior information as to the true result. Precision is
assessed by means of duplicate/replicate sample analysis.

The practical quantitation limit (PQL) is the lowest level
that can be reliably achieved within specified limits of

precision and accuracy during routine laboratory operating
conditions.

The Resource Conservation and Recovery Act.

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

‘A replicate sample is a sample prepared by dividing a

sample into two or more separate aliquots. Duplicate
samples are considered to be two replicates.

A standard curve is a curve which plots concentrations of
known analyte standard versus the instrument response to
the analyte.

Surrogates are organic compounds which are similar to
analytes of interest 1in chemical composition, extraction,
and chromatography, -but which are not normally found in
environmental samples. These compounds are spiked into all
blanks, standards, samples and spiked samples prior to
analysis. Percent recoveries are calculated for each
surrogate.

ONE - 9
Revision 0
Date September 1986




WATER: = - Reagent, analyté-free, or laboratory pure water means
- distilled or deionized water or Type II reagent water which
is free of contaminants that may interfere with the

analytical test in question.

1.2 QUALITY CONTROL

The procedures indicated below are to be performed for all analyses.
Specific fnstructions relevant to particular analyses are given in the
pertinent analytical procedures.

1.2.1 Field Quality Control

The sampling component of the Qua11ty Assurance PrOJect Plan (QAPP) shall
include:

Reference to or 1incorporation of accepted .sampling techniques in the
sampling plan; » . «

Procedures for documenting and justifying any field actions contrary to
the QAPP;

Documentation of all ‘pre-field activities such as equipment check-out,
calibrations, and container storage and preparat1on .

Documentation of field measurement quality control data (quality control
procedures for such measurements shall be equivalent to corresponding
laboratory QC procedures); S : .
Documentation of field activities;

Documentation of post-field activities ‘including sample shipment and
receipt, field team de-briefing and equipment check-in; -

Generation. of quality control samples including duplicate samples, field
blanks, equipment blanks, and trip blanks; and

The use of these samples in the context of data evaluation, with details
of the methods employed (including statistical methods) and of the
criteria upon which the information generated will be judged.

1.2.2 Analytical Quality Control

A quality control operation or component is only wuseful if it can be
measured or - documented. The following components of analytical quality
control are related to the analytical batch. The procedures described are
intended to be applied to chemical analytical procedures; although the
principles are applicable to radio-chemical or biological analysis, the
procedures may not be directly applicable to such techniques.

ONE - 10
Revision 0
Date September 1986




A1l quality control data and records required by this section shall be
retained by the laboratory and shall be made available to the data requestor
as appropriate. The frequencies of these procedures shall be as stated below
or at least once with each analytical batch.

1.2.2.1 Spikes, Blanks and Duplicates

General Requirements

These procedures shall be performed at Tleast once with each analytical
batch with a minimum of once per twenty samples.

1.2.2.1.1 Duplicate Spike

A split/spiked field sample shall be analyzed with every analytical batch
or once in twenty samples, whichever is the greater frequency. Analytes
stipulated by the analytical method, by applicable regulations, or by other
specific requirements must be spiked into the sample. Selection of the sample
to be spiked and/or split depends on the information required and the variety
of conditions within a typical matrix. In some situations, requirements of
the site being sampled may dictate that the sampling team select a sample to
be spiked and split based on a pre-visit evaluation or the on-site inspection.
This does not preclude the laboratory's spiking a sample of its own selection
as well., In other situations the Tlaboratory may select the appropriate
sample. The laboratory's selection should be guided by the objective of
spiking, which is to determine the extent of matrix bias or interference on
analyte recovery and sample-to-sample precision. For soil/sediment samples,
spiking is performed at approximately 3 ppm and, therefore, compounds in
excess of this concentration in the sample may cause interferences for the
determination of the spiked analytes.

1.2.2.1.2 Blanks

Each batch shall be accompanied by a reagent blank. The reagent blank
shall be carried through the entire analytical procedure.

1.2.2.1.3 Field Samples/Surrogate Compounds

Every blank, standard, and environmental sample (including matrix
spike/matrix duplicate samples) shall be spiked with surrogate compounds prior
to purging or extraction. Surrogates shall be spiked into samples according
to the appropriate analytical methods. Surrogate spike recoveries shall fall
within the control limits set by the laboratory (in accordance with procedures
specified in the method or within +20%) for samples falling within the
quantification 1imits without dilution, Dilution of samples to bring the
analyte concentration into the 1linear range of calibration may dilute the
surrogates below the quantification 1limit; evaluation of analytical quality
then will rely on the quality control embodied in the check, spiked and
duplicate spiked samples.
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1.2.2.1.4 Check Sample

Each analytical batch shall contain a check sample. The analytes
employed shall be a representative subset of the anaiytes to be determined.
The concentrations of these analytes shall approach the estimated
quantification 1imit in the matrix of the check sample. In particular, check
samples for metallic analytes shall be matched to field samples in phase and
in general matrix composition.

1.2.2.2 Clean-Ups

Quality control procedures described here are intended for adsorbent
chromatography and back extractions applied to organic extracts. All batches
of adsorbents (Florisil, alumina, silica gel, etc.) prepared for use shall be
checked for analyte recovery by running the elution pattern with standards as
a column check. The elution pattern shall be optimized for maximum recovery
of analytes and maximum rejection of contaminants.

1.2.2.2.1 Column Check Sample

The elution pattern shall be reconfirmed with a column check of standard
compounds after activating or deactivating a batch of adsorbent. These
compounds shall be representative of each elution fraction. Recovery as
specified in the methods is considered an acceptable column check. A result
lower than specified indicates that the procedure 1is not acceptable or has
been misapplied.

1.2.2.2.2 Column Check Sample Blank

The check blank shall be run after activating or deactivating a batch of
adsorbent.

1.2.2.3 Determinations

1.2.2.3.1 Instrument Adjustment: Tuning, Alignment, etc.

Requirements and procedures are instrument- and method-specific.
Analytical instrumentation shall be tuned and aligned 1in accordance with
requirements which are specific to -the instrumentation procedures employed.
Individual determinative procedures shall be consulted. Criteria for initial
conditions and for continuing confirmation conditions for methods within this
manual are found in the appropriate procedures.

1.2.2.3.2 Calibration

Analytical instrumentation shall be calibrated in accordance with
requirements which are specific to the -instrumentation and procedures
employed. Introductory Methods 7000 and 8000 and appropriate analytical

procedures shall be consulted for criteria for initial and continuing
calibration. :
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1.2.2.3.3 Additional QC Requirements for Inorganic Analysis

Standard curves used in the determination of inorganic analytes shall be
prepared as follows: ‘

Standard curves derived from data consisting of one reagent blank and
four concentrations shall be prepared for each analyte. The response for each
prepared standard shall be based upon the average of three replicate readings
of each standard. The standard curve shall be used with each subsequent
analysis provided that the standard curve 1is verified by using at least one
reagent blank and one standard at a level normally encountered or expected in
such samples. The response for each standard shall be based upon the average
of three replicate readings of the standard. If the results of the
verification are not within +10% of the original curve, a new standard shall
be prepared and analyzed. If the results of the second verification are not
within +10% of the original standard curve, a reference standard should be
employed to determine if the discrepancy is with the standard or with the
instrument. New standards should also be prepared on a quarterly basis at a
minimum. All data used in drawing or describing the curve shall be so
indicated on the curve or its description. A record shall be made of the
verification.

Standard deviations and relative standard deviations shall be calculated
for the percent recovery of analytes from the spiked sample duplicates and

from the check samples. These values shall be established for the twenty most
recent determinations in each category.

1.2.2.3.4 Additional Quality Control Requirements for
Organic Analysis

The following requirements shall be applied to the analysis of samples by

gas chromatography, 1liquid chromatography and gas chromatography/mass
spectrometry.

The calibration of each instrument shall be verified at frequencies

specified in the methods. A new standard curve must be prepared as specified
in the methods.

The tune of each GC/MS system used for the determination of organic
analytes shall be checked with 4-bromofluorobenzene (BFB) for determinations
of volatiles and with decafluorotriphenylphosphine (DFTPP) for determinations
of semi-volatiles. The required ion abundance criteria shall be met before
determination of any analytes. If the system does not meet the required
specification for one or more of the required ions, the instrument must be
retuned and rechecked before proceeding with sample analysis. The tune
performance check criteria must be achieved daily or for each 12 hour
operating period, whichever is more frequent.

Background subtraction should be straightforward and designed only to
eliminate column bleed or instrument background ions. Background subtraction
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actions resulting in spectral distortions for the sole purpbse of meeting
special requirements are contrary to the objectives of Quality Assurance and
are unacceptable.

For determinations by HPLC or GC, the instrument calibration shall be
verified as specified in the methods.

1.2.2.3.5 Identification

Identification of all analytes must be accomplished with an authentic
standard of the analyte. When authentic standards are not available,
identification is tentat1ve

For gas chromatographic determinations of spec1f1c analytes, the relative
retention time of the unknown must be compared with that of an authentic
standard. For compound confirmation, a sample and standard shall be re-
analyzed on a column of different selectivity to obtain a second
characteristic relative retention time. Peaks must elute within daily
retention time windows to be declared a tentative or confirmed identification.

For gas chromatographic/mass spectrometric determinations of specific
analytes, the spectrum of the analyte should conform to a Tliterature
representation of the spectrum or to a spectrum of the authentic standard
obtained after satisfactory tuning of the mass spectrometer and within the
same twelve-hour working shift as the analytical spectrum. The appropriate
analytical methods should be consulted for specific criteria for matching the

mass spectra, relative response factors, and relative retention times to those
of authentic standards.

1.2.2.3.6 Quantification

The procedures for quantification of analytes are discussed in the

appropriate general procedures (7000, 8000) and the specific analytical
methods.

In some s1tuat1ons in the course of determining metal analytes, matrix-
.matched calibration standards may be required. These  standards shall be
composed of the pure reagent, approximation of the matrix, and reagent

addition of major interferents in the samples. This will be stipulated in the
procedures. o

Estimation of the concentration of an organic compound not contained
within the calibration standard may be accomplished by comparing mass spectral

response of the compound with that of an internal standard. The procedure is
specified in the methods.
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1.3 DETECTION LIMIT AND QUANTIFICATION LIMIT

The detection 1limit and quantification 1limit of analytes shall be
evaluated by determining the noise level of response for each sample in the
batch. If analyte is present, the noise level adjacent in retention time to
the analyte peak may be wused. For wave-length dispersive instrumentation,
multiple determinations of digestates with no detectable analyte may be used
to establish the noise level. The method of standard additions should then be
used to determine the calibration curve using one digestate or extracted
sample in which the analyte was not detected. The slope of the calibration
curve, m, should be calculated using the following relations:

m = slope of calibration line

SB = standard deviation of the average noise level
MDL = KSg/m

For K = 3; MDL = method detection limit.

For K = 5; MQL = method quantitation limit.

1.4 DATA REPORTING

The requirement of reporting analytical results on a wet-weight or a dry-
weight basis is dictated by factors such as: sample matrix; program or
regulatory requirement; and objectives of the analysis. '

Analytical results shall be reported with the percent moisture or percent
solid content of the sample.

1.5 QUALITY CONTROL DOCUMENTATION

The following sections 1list the QC documentation which comprises the
complete analytical package. This package should be obtained from the data
generator upon request. These forms, or adaptations of these forms, shall be
used by the data generator/reportor for inorganics (I), or for organics (0) or
both (I/0) types of determinations.

1.5.1 Analytical Results (I/0: Form I)

Analyte concentration.
Sample weight.
Percent water (for non-aqueous samples when specified).
Final volume of extract or diluted sample.
Holding times (I: Form X).
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1.5.2 Calibration (I: Form II; 0: Form V, VI, VII, IX)

Calibration curve or coefficients of the 1linear equation which
describes the calibration curve.

Correlation coefficient of the 11near ca]ibration.
Concentration/response data (or re]ative response data) of the
calibration check standards, along. with dates on which they were
analytically determined. -

1.5.3 Column Check (0: Form X)

Results of column chromatography check, with the chromatogram.

1.5.4 Extraction/Digestion (I/0: Form‘I)

Date of the extraction for each sample.
1.5.5 Surrogate (0: Form II)
Amount of surrogate spiked, and percent recovery of each surrogate.

1.5.6 Matrix/Duplicate Spikes (I: Form V, VI; O: Form III)

Amount spiked, percent recovery, and relative percent difference for
each compound in the spiked samples for the analytical batch.

1.5.7 Check Sample (I: Form VII; 0: Form VIII)

Amount spiked, and percent recovery of each compound spiked.
1.5.8 Blank (I: Form III; 0: Form IV)
Identity and amount of each constituent.

1.5.9 Chromatograms (for organic analysis)

A1l chromatograms for reported results, properly labeled with:
- Sample identification |
- Method identification

- Identification of retention time of ana]yte on the chromatograms.
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1.5.10 Quantitative Chromatogram Report (0: Forms VIII, IX, X)

Retention time of analyte.

Amount injected.

Area of appropriate calculation of detection response.
Amount of analyte found.

Date and time of injection.

1.5.11 Mass Spectrum

Spectra of standards generated from authentic standards (one for
each report for each compound detected).

Spectra of analytes from actual analyses.
Spectrometer identifier.

1.5.12 Metal Interference Check Sample Results (I: Form IV)

1.5.13 Detection Limit (I: Form VII; O: Form I)

Analyte detection limits with methods of estimation.

1.5.14 Results of Standard Additions (I: Form VIII)

1.5.15 Results of Serial Dilutions (I: Form IX)

1.5.16 Instrument Detection Limits (I: Form XI)

1.5.17 ICP Interelement Correction Factors and ICP Linear Ranges
(when applicable) (I: Form XII, Form XIII).

1.6 REFERENCES

1. Guidelines and Specifications for Preparing Quality Assurance Program
Plans, September 20, 1980, Office of Monitoring Systems and Quality Assurance,
ORD, U.S. EPA, QAMS-004/80, Washington, DC 20460.

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

COVER PACGE
‘ INORGAKIC ANALYSES DATA PACHACE
Lab Name Cas¢ ho.

LU Q.C. Report ho.

: Sample Numbers
EPA lo. ' ’ Lab ID No. EPA ho. Lab Ib No.
Comments:
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LAB NAME

Form 1

| Sarple No.

Date

INORGANIC ANALYSIS DATA SHLEY

LAb SAMPLE 1. NO.

CASE NO.

Lab Receipt Date
QC REPORT NO.

Elements ldentified and Measured

Matrix: Water Sgil Sludge Uther
ug/L or my/kg dry weight (Circle One)

l. Aluminum 13. Magnesiuc
Z. Antimonv 14, Maﬁganese
3. Arsenic 15. HerCUrj
4. Bariurm 16. Nickgl
5. Beryllium 17. Potéssium
6. Cadmium lb, Selenium
7. Calcium 19. .Silver
8. Chromium ZQ. Sédium
9. Cobalt 21. Thallium
1U. Copper 22. Vanadium
11. Iron 23. Zinc
12. Lead Precent Solids (&)
Cyanide
Comments:

Lab Manager
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Form 11

Q. C. Report No.

INITIAL AND CONTINUING CALIBRATION VERIFL1CATIUN

LAB NAME CASE NO.
DATE UNITS: ug/L
Compound Initial Calib.! Continuing;Calibrat'ion2
Metals: True Value| Found | %R Irue Value| Found Zﬁ_ Found | %k Method“ﬁ
. Aluminum
Z. Antimony
3. Arsenic
4. Barium
5. Beryll;um
5. Cadmium
7. 'Calciun
8. Chromium
Y. Cobalt
1U. Copper
Il. Iron
12. Llead
13. Magnesium
14. Mangénese
15. Hercury
lo. Nickel | i
17. .Potassium. |
16. Selenium ] l !
1y, Silver | | [l 1
20. Sodium | i | f | 1
Zl. Thallium | I | i I L l 1
22. Vanadium | | | L] [ 1l 1
23. Zinc | | ] | P i, 1 1
uther: | | | , | l, [ 1
| 1 | {1 1
Cyanice I | | 1 fl 1

} lnitial Calibration Source

4 Indicate Analytical Method Used:

2 Continuing Calibration Source
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Form I11
Q. C. Report No.

BLANKS
LAB NAME CASE NO.
DATE UNITS
Initial Continuing Calibration ] Preparation Blan}
Calibration Blank Value Matrix: |Matrix:
Compound Blank Value 1 2 3 4
1 2

Metals:

l. Aluminum

2. Antimony

3. Arsenic

4, Bariunm

5. Beryllium

6. Cadreium

7. Calcium

8. Chromium
9. Cobalt
10. Copper

11. Iron
12. Lead

13. Magnesium

14, Manganese

15. Mercury
16. Nickel

17. Potassium

18. Selenium

1y, Silver

ZU. Sodium
21. Thallium

22. Vanadium

23. Zinc

Uther:

Cyanide
I Reporting Units: aqueous, ug/L; solid my/kg
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Form 1V
Q. C. Report No.
ICP INTERFERENCL CHECK SAMPLE
LAB NAME CASE NMNO.

Check Sample 1.D.
DATE Check Sample Source

—————————

Units: ug/L

- - - .- Amass e - - - w-

Control Limits! ‘ Initial Final
Compound Mean Std. Dev. True? Obscrved Obscrved %R

—

P
0

s wErwi w v -m

Metals:

1. Aluminum

2. Antimony

3. Arsenic

4, Bariuom

5. beryllium

6. Cadmium

7. Calcium

8. Chromiunm

9. Cobalt

10. Copper

11. Iron

12. Lead

13. Magnesium

14, Manganese

15. Mercury
16. Nickel

17. Potassium

18, Selenium

9. Silver
20. Sodium J
|
I

21. Thallium |

22. Vanadium

23, Zinc

Uther:

1 Mcan value based onn = .

2 True value of EPA ICP Interference Check Sample or contractor standard.
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Form V

Q. C. Report No.

SPIKE SAMPLE RECOVERY

LAB NAME CASE NO.
Sample No.
DATE Lab Sanmple ID No.
Units
Matrix

Control Limit | Spiked Sample Sample Spiked
Compound %R Result (SSR) Result (SR) | Added (sa) | zr!
Metals:

l. Aluminum

2. Antimonv

3. Arsenic

4, Barium

5. Beryllium

6. Cadmiuc

7. Calcium

8. Chromiunm

9. Cobalt

10. Copper

l1l. Iron

12. Lead

13. Magnesium

14, Manganese

15. Mercury

16. Nickel

17. Potassium

18. Selenium

19. Silver

20. Sodium

2l. Thalliurm

22, Vanadium

23. Zinc

Other:

Cyanide

I %R = {(SSR - SK)/SA) x 100

"N"- out of control

‘NR' - Not required

Comments:

ONE - 23

Revision

0 ;
Date September 1986




Form VI
Q. C. Report No.

DUPLICATES
LAB NAME . CASE NO.
Saaple No.
DATE , Lab Sample ID No.
Units
Matrix
Compound Control Limit! Sample(S) Duplicate(D) RPD2
Metals:
1. Aluminum

2. Antimony

3. Arsenic

4, Barjum
5. Berylliuro
6. Cadmium

7. Calcium

8. Chrormiuc

9. Cobalt

10. Copper

" 11. Iron
12. Lead

13. Magnesium

14. Manganese
15, Mefcugy
16. Nickel

17. Potassium

18. Seleniuo

‘19. Silver
20. Sodium

21. Thallium

"22. Vanadium

23. Z2inc

Other:

~wCyanide

* Out of Control |
! To be added at a later date. _ 2 RpD = [|S = D[/((S + D)/2)] x 100
NC - Non calculable KPD due to value(s) less than CROL

ONE — 24
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LAB NAML

Form VII

Q.C. Report No.
INSTRUMENT DETECTION LIMITS AKD
LABORATORY CONTROL SAMPLE

CASE NO.

DATL

LCS 1O,

Comgound

Required Detection

Instrument Detection

Limits (CRDL)-ug/l

Limits (IDL)-ug/l"

ICP/AA Furnace

10# 1D#

Lab Control Sample
ug/L og/kg
(circle one)

Found R

True

lletals:
l. Aluminum

2. Ahtimony

3. Arsenic

4. Barium

5. Beryllium

6. Cadnmiunm

7. Calciup

8. Chromium

©. Cobalt

10. Copper

1l. Iron

12. Lead

13. Magnesium

14. Hagggnese

15. Hercury

16. Nickel

17. Potassium

18. Selenium

19. Silver

200 Sodium

21, Thallium

22. Vanadium

23. Zinc

Other:

Cyanide

NR IK

KK = Lot required

ONE ~ 25
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LAB NAME

Q.C.

Form VII1

Report No.

. STANDARD ADDITION KRESULTS

CASE NO.
DATE UNLTS & ug/L
LPA U ADD 1 ADD 2 ADD 3 ADY
Sample #|tlement }JMatrix | ABS. | CON.[ABSZ | CON.]ABS.Z | CUN.JAEs.?

= ww e -

FY YRR O o

pr=r . stcum

FINAL
Con. 3

kP wesw

. .-_E-r-—_

TX

——

< Cuh is the concentration added, ABS.
concentration.

J Concentration as determined by MSA
*“r" is the correlation covfticient. . .
+ - correlation coefficient is outside of control window of U.YY5,

ONE - 26
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Form IX
Q. C. Report No.
ICP SERIAL DILUTIONS

LAB NAME CASE NO.
Sample No.
DATE Lab Sample 1D No,

Units: ug/L

Matrix
Compound Initial Sémple Serial Dilution® % Difference2
Concentration(l) Result($)
Metals:

l. Alupinun

2. Antimony

3. Arsenic

4, bariunm

5. Bervlliuc
(o)

Cadmium

/. Calcium

. Chromiun

Y. Cobalt

10. Copper

1}. Iron

12. Lead

13. Magnesium

l4. Manganese

15. Nickel

16, Potassiun

17. Seleniur

1. Silver

1Y. Sodiun

20. Thallium

¢l. Vanadium

22. Zinc

Uther:

} Liluted sample concentration corrected for 1:4 dilution (see Exhibit D)
Z percent Lifference = |1 =S| x 1uu
l

NR - Mot Kequired, initial sample concentration less than lU times IUL
NA - Not Applicable, analyte not determined by ICP

ONE - 27
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Form X
QC Report No.

————————ri

HOLDING TIMES

LAB NAME
DATE CASE Nu.
LPA Date Mercury Mercury CN Prep CN
Sample No.| Matrix Prep Date |Holding Tioe ! Date |Holding Tioel

Keceived

(Days)

(Days)

lholding time is detined as number of days between the date received and the
sample preparation date.

ONE - 28
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Form XI
INSTRUMENT DETECTION LIMITS

LAB NAME DATE
ICP/Flame AA (Circle One) Model Number Furnace AA Number
T | |
Element Wavelength IDL Element Wavelength IbL !
(nm) {ug/L) (no) (ug/L) ;
l. Aluminug 13, Magnesium i
2. Antimony l4. Manganese ;
3. Arsenic 15, Mercury |
4. Barium : [[16. Nickel ; {
-i 5. Beryllium l17. Potassium‘ :
=‘0. Cadoiup | : 18. Selenium i
| 7. Calcium | | 19. Silver f |
8. Chromium' 20. Sodium |
Y. Cobalt 2l. Thallium | ’
1U. Copper 22. Vanadium (
11. Iron | | 23. Zinc |
12. Lead

Footnotes: e Indicate the instrument for which the IDL applies with a "P” (for ICP
an "A" (for Flame AA), or an "F" (for Furnace AA) behind the IUL valu

e Indicate elements commonly run with background correction (AA) with
a "B” behind the analytical wavelength.

e If more than one ICP/Flame or Furnace AA is used, submit separate
Forms XI-X1II for each instrument.

CUMMENTS @

Lab Manager

ONE - 29
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LABORATORY
DATE

ICP Interelement Correction Factors

Form XII

ICP Model Number

lnterelement Correction Factors

for

Analyte

Analyte
Wavelength

(nc)

Al Ca Fe Mg

|

10.
11.
12,
13.
14,
15.

16.
17.
18,

17.

COMMENTS:

Antimonv

Arsenic

Bariuc

Bervlliuz

Cadoiur

Chrociurz

Cobalt

Copper

Lead

Manganese

Mercurv

Nickel

Potassiur

Seleniur

Silver

Sodium

Thallium

Vanadium

Zinc

Lab Manager

ONE - 30
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Form XI11

ICP Interelement Correction Factors

LAKORATORY ICP Model Number

DATE

Interelement Correction Factors
for

Analyte
Analyte Wavelength
(no)

l. Antimonv

2. Arsenic

3. Bariuc

4. Berylliuc

5. Cadmium

6. Chromium

7. Cobalt

8. Copper

9. Lead

10. Manganese

1. Mercury

12. Nickel

13. Potassium

14, Selenium

15. Silver

16. Sodium

17. Thallium

l18. Vanadium

19. Zinc l l l I l l

COMMENTS :

Lab Manager

ONE - 31
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Form XIII
ICP Linear Ranges

LAB NAME ' ICP Model Number
DATE
| Integration Concen-~ Integration Concen- |
Analyte Time tration Analyte Time tration |
(Seconds) (ug/L) (Seconds) (ug/L) l
l. Aluminum 13. Magnesiuo ‘
2. Antimony ' 14, Manganese {
3. Arsenic : 15. Mercury ;
4. Bariunm 16. Nickel -{
5. Berylliuc 17. Potassium! AJ
6. Cadmium | . : 18; Seleniun j | ;
7. Calcium 19, Silver ' }
8. Chromiunm ' ' 20. Sodium
9. Cobalt ' 21. Thalliur
10, Coppér 22. Vanadiur
11. Iron ' 23, Zinc 1
12, lead 1
Footnotes: . e Indicate elements not analyzed by ICP with the notation "NA".
COMMENTS:

Lab Manager
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Laboratory Name:

Organics Analysis Data Sheet Sample Number

{Page 1)

Case No:

Lab Sample 1D N

QC Report No:

Sampie Matrix

Data Release Authorized By

Date Sample Received:

Volatile Compounds

Date Extracted/Prepared:
Date Analyzed:

Conc/Dit Factor: pH
- Percent Moisture: (Not Decanted)
CAs ug/lorug/Kg CAS ug/torug/Kg
Number {Circle One) Number \ (Circle One)
74-87-3 Chloromethane 78-87-5 1, 2-Dichloropropane
74-83-8 Bromomethane 10061-02-6 | Trans-1, 3-Dichloropropene
75-01-4 Vinyl Cnloride 79-01-6 Trichloroethene
75-00-3 Chioroethane 124.48-1 Dibromochioromethane
75-09-2 Methylene Chioride 79-00-5 1.1, 2.Trichloroethane
67-64-1 Acetone 71-43-2 Benzene
75-15-0 Carbon Disulfide 10061-01-5 [ cis-1, 3-Dichloropropene
75-35-4 1, 1-Dichloroethene 110-75-8 2-Chioroethylvinylether
75-34-3 1. 1-Dichloroethane 75-25-2 Bromoform
156-60-5 Trans-1, 2-Dichloroethene 108-10-1 4-Methyl-2-Pentanone
67-66-3 Chioroform 591-78-6 2-Hexanone
107-06-2 1, 2-Dichloroethane 127-18-4 Tetrachloroethene
78-93-3 2-8utanone 79-34-5 1.1, 2, 2-Tetrachloroethane
71.565.6 1. 1. 1-Trichioroethane 108-88-3 Toluene
56-23-5 Carbon Tetrachloride 108-90-7 - | Chlorobenzene
108-05-4 Vinyl Acetate 100-41-4 Ethylbenzene
75-27-4 Bromodichloromethane 100-42-5 Styrene
Total Xylenes
Data Reporting Qualitiers
For reporting results to EPA, the following results quslifiers are used.
Additional flags or footnotes explaining resulls are encoursged However, the
definition of each flag must be explicit. -
Value it the result 15 8 value greater than or equal 1o the detection hmat, c Trus fiag applies to pesticide paraineters where the ident:ication nas
report the value been confinned by GC/MS  Single component pesticides 210
ng ‘ul in the 1inal extract should be confinned by GC MS
v Indicates compound was analyzed for but not detected Report the
mininum deteciion imit for the sample with the U {e.g.. 10U) based 8 This t12g 18 used when the analyte s found in the blank as well as a
on necessary concentration ‘dilytion action (This 15 Not necessarity sample It indicates possibie- probabie blank conta:minanion and
the nstrurnent detection limit) The footnote should read U- warns the data user 1o (ake appropriate act:on
Cornpound was analyzed for but not detecied The number s the
ininumum attanable detection hinit for the sample Other  Otnher specitic fiags and footnotes may be required to properly detine
the results If used. they must be fully described and such description
J Indicates an esumated value Tris flag 15 used either when attached to the data summary report

estunating a concentration for tentatively idenufied compounds
where a 1 | response is assumed or when the mass speclial data
indicated the presence of 8 compound that meeis the woentfication
critenid but the result is less than the rpecihied detection limit but
preater than zero (e.g . 10J) it limit of detection 1s 10 ug‘l and &
concentration of 3 ug 115 calculaled. report as 3J.

Form |
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Laboratory Name:

Case No: __ _. _ _:

Date Exiracted/Prepared:
Date Analyzed:
Conc/Dil Factor:

Percent Moisture (Decanted)

Organics Analysis Data Sheet

(Page

. Semivolatile Compounds

2)

Sample Number

GPC Cleanup OYes ONo
Separatory Funnel Extraction QOYes

Continuous Liguid - Liquid Extra;tion OvYes

CAS ug/iorug/Kg CAS ug/lorug/Kg
Number (Circle One) Number {Circle One
108-95.2 Phenol 83-32-9 Acenaphthene

111-44-4 bis{-2-Chloroethyl)Ether 51.28-5 2, 4-Dinitrophenol

95.57-8 2-Chlorophenol 100-02-7 4-Nitrophenol

541.73-1 1, 3-Dichlorobenzene 132-64-9 Dibenzofuran

106-46-7 1, 4-Dichlorobenzene 121-14-2 2, 4-Dinitrotoluene
100-51-6 Benzyl Alcoho! 606-20-2 2, 6-Dinitrotoluene

95.50-1 1, 2-Dichlorobenzene 84-66-2 Diethylphthalate

95-48.7 2-Methylpheno! 7005-72-3 4-Chiorophenyl-phenylether
39638.32-9 |bis{2-chioroisopropy!iEther 86-73-7 Fluorene

106-44.5 4-Methylpheno! 100-01-6 4-Nitroaniline

621-64-7 N-Nitroso-Di-n-Propylamine 534-52-1 4,6-Dinitro-2-Methyiphenol
67-721 Hexachloroethane 86-30-6 N-Nitrosodiphenylamine (1)
98.95-3 Nitrobenzene 101-55-3 4-Bromophenyl-phenylether
78-59-1 Isophorone 118-74-1 Hexachlorobenzene
88-75-5 2-Nitropheno! 87-86-5 Pentachloropheno!
105-67-9 2, 4-Dimethylphenol 85-01-8 Phenanihrene

65-85-0 Benzoic Acid 120-12-7 Anthracene

111-91-1 bis(-2-Chloroethoxy)Methane " |84-74-2 Di-n-Butylphthalate
120-83-2 2. 4-Dichlorophenol 206-44-0 Fluoranthene

120-82-1 1, 2, 4-Trichiorobenzene 129-00-0 Pyrene

91-20-3 Naphthalene j85-68-7 Butylbenzylphthalate
106-47-8 4.Chloroaniline 1-94-1 3. 3'-Dichlorobenzidine
87-68-3 Hexachlorobutadiene 'I56-55-3 Benzo{a)Anthracene
$9-50-7 4-Chioro-3-Methylphenol 117-81-7 bis(2-Ethylhexyl)Phthalate
91.57-6 2-Methylnaphthalene 218-01-9 Chrysene

77-47-4 Hexachlorocyclopentadiene 117-84-0 Di-n-Octy! Phthalate
88-06-2 2, 4, 6-Trichioropheno! 05-99-2 Benzo(b)Fiuoranthene
95-95.4 2, 4, 5-Trichloropheno! 07-08-9 Benzo{k)Fiuoranthene
91.58-7 2-Chioronaphthalene 0-32-8 Benzola)Pyrene

88-74-4 2-Nitroaniline 193-39-5 Indeno(1, 2, 3-cd)Pyrene
131-11-3 Dimethy! Phthalate B3-70-3 Dibenz{a, h)Anthracene
208-96-8 Acenaphthylene 181-24-2 Benzo{g, h, i)Perylene
99.09-2 3-Nitroaniline

{1)}-Cannot be separated from diphenylamine

Form i
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Laboratory Name:

Case No-

Date Extracted/Prepared:

Date Analyzed:

Organics Analysis Data Sheet

(Page 3)

Pesticide/PCBs
GPC Cieanup OYes ONo

Separatory Funnel Extraction OYes

Conc/Dil Factor:

Percent Moisture (decanted)

CAS
Number

ug/lorug/Kg
{Circle One)

Sample Number

319-84-6

Alpha-BHC

319-85-7

Beta-BHC

319-86-8

Delta-BHC

58-89-9

Gamma-BHC (Lindane)

76-44-8

Heptachlor

309-00-2

Aldrin

1024-57-3

Heptachior Epoxide

958-98-8

Endosulfan |

60-57-1

Dieldrin

72-55-9

4,4'-DDE

72-20-8

Endrin

33213-65-9

Endosulfan i

72-54-8

4,4-DDD

1031-07-8

Endosulfan Sulfate

50-29-3

4,4'-DDY

72-43-5

Methoxychlor

53494-70-5

Endrin Ketone

57.74-8

Chlordane

8001-35-2

Toxaphene

12674-11-2

Aroclor-1016

11104-28-2

Aroclor-1221

11141-16-5

Aroclor-1232

53469-21-9

Aroclor-1242

12672-29-6

Aroclor-1248

11097-69-1

Aroclor-1254

11096-82-5

Aroclor-1260

vi

Vs

= Volume of extract injected (ul)

= Volume of water extracted (ml)

Ws = Weight of sample extracted (g)

V, = Volume of total extract (ul)

or W,

A7

Continuous Liquid - Liquid Extraction DYes

P T

t

Form 1
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Laboratory Name:

Sample Number
Case No:

Organics Analysis Data Sheet

CAS ) RT or Scan Estimated
‘Number Compound Name Fraction Number Concentration
. {ug/) or ug/kg)
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WATER SURROGATE PERCENT RECOVERY SUMMARY

Case No. Laboratory Name
Cttaaake VOLATRE === Jm e e mmre e e e e e e - SEMI-VOLATILE — ==~ —— ~ — — —— —— — — —- [.pesTICIOE--
Mot | Toveeeee e B o | scmintios | e | Temet pueno-os | ILNIOT o tsnouo | bt e
) (868-110) (se-118) {re-114) (35~114) (43-110) (33-141) (10-94) (21-100) (0~ 123) (2‘~}|5Q)
VALUES ARE OUTSIDE OF REQUIRED QC LIMITS Volatiles: out of s outside of QC limits
Semi—Volatiles: out of ; outside of QC limits
Pesticides: out of ; outside of QC limits

Comments:

FORM I
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SOIL SURROGATE PERCENT RECOVERY SUMMARY

Case No. Laboratory Name
.......... VOLATILE == — Jom m e o e e e e e e o - — — - SEMI-VOLATILE — -~ ——— = — — — — ~ - ~ — —_ [.pgsTICI0€-]
e | ravos e | rgmme| o, | | e rev-s | TR e o
) (e-117) ‘(r4-121) {ro-129) - (23-120) (30- 116} (18-137) (re-113) (28-121) (18- 122) €20~150)

Volatiles: out of s outside of QC limits

VALUES ARE OUTSIDE R IRED QC LIMITS . . '

, OF REQU act Semi~Volatiles: out of ; outside of QC limits.

Pesticides: out of ; outside of QC limits

Comments:

FORM 1t
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WATER MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Case No. Laboratory Name
CONC. SPIKE | SAMPLE CONC. % CONC. % Qc 1IMITS
FRACTION | COMPOUND ADDED (ua/L) | RESULT ms | Rec | mso | rRec | RPO [FWPD [ RECOVETY
VOA 1,1-Dichloroethene 14 61-14%
Trichloroethene 14 71-12Q
SAMPLE NO. Chlorobenrene 13 75-130
Toluene 13 76-12%
Benzene 11 16-127
1.2.4-Trichloropenzene l 28 39.98
B/N Acenanhthene 31 46-118
| 2.4 Diniwrotoluene 38 24-96__
SAMPLE NO.| Di-n-Butylphthalate 40 11117
Pyrene 31 26-127
N-Nitroso-Di-n-Propylamind 38 41-116
1,4-Dichlorobenzene 28 36-97
Pentachlorophenol 50 9-103
ACID Phenol 42 12-89
2-Chlorophenol 40 27123
SAMPLE NO.
4.Chloro-3-Methy Iphenol 42 23.97
4-Nitrophenol 50 10-80
Lindane 15 56-123
PEST Heptachlor 20 40-131
Aldrin 22 40-120
SAMPLE NO. [~5iior 18| 52.126
Endrin 21 56-121
4.4°DDT 27 38-127
ADVISORY LIMITS
RPD: VOAs out of outside QC limits RECOVERY: VOAs out of outside QC limits
B/N ____ out of ; outside QC limits B/N out of ; outside QC limits
ACID out of outside QC limits ACID outof ___; outside QC limits
PEST out of outside QC limits PEST outof - outside QC limits
Comments:

FORM I
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SOIL MATRIX SPIKE /MATRIX SPIKE DUPLICATE RECOVERY

Case No. Laboratory Name
‘ CONC. SPIKE SI-\—MF‘LE CONC. % CONC. % Qc LI |
FRACTION | COMPOUND ADDED (ug/Kq) | RESULT we | oaic | “oss | rec | RPO et RS ey
VOA 1,1-Dicholorethene . 22 69-172
Trichloroethene - 24 82-137
SAMPLE NO. | Chlorobenzene ‘ ] - 21 60-133
Toluene . . : 21 59-139 ,
Benzene i Al 66-142
1,2,4-Trichlorobenzene _; . ] 23 38-107
B/N | Acenaphthene ’ ) : ] 19 31137
: ’ 2.4 Dinitrotoluene 47 28-89
SAMPLE NO.| Di-n-Butylphthalate 47 29-135
‘ Pyrene 36 35-142
N-Nitrosodi-n-Propylamine 38 41126
1,4-Dichlorobenzene . 27 28-104
. Pentachiorophenot 47 17-109
ACID Phenol ’ : 35 26-90
2-Chlorophenol : 50 25-102
SAMP NO.
AMPLE NO 4-Chioro-3-Methyiphenol 33 26-103
4-Nitrophenol . i . 50 11114
Lindane ) . 50 46-127
PEST Heptachlor 31 | 35130
Aldrin . : 43 34-132
SAMPLE NO. "picigrin ) 38 | 31134
Endrin . 45 42.139
44°.0DT o . 50 | 23134
ADVISORY LIMITS
RPD: VOAs out of : outside QC limits =~ . ’ RECOVERY: VOAs outof - ;  outside QC limits
B/N___'_ out of _ : outside QC limits . B/N out of : outside OC limits
ACID out of : outside QC limits ) ACID outof ___; outside OC limits
PEST — out of outside QC limits - PEST outof ___; outside QC limits
Comments: i )

FORM it
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METHOD BLANK SUMMARY

Laboratory Name

Case No.

uNITS

CROL

FLE 10

OATE OF leaaction] mMATRIX

CONC.
LEVEL

INST, 10

CAS NUMBER

COMPOUND (MSL.,TIC OR UNKNOWN)

CONC.

ANALYSIS

Cqmments:

FORM IV




Case No. Laboratory Name

Instrument 1D . Date

GC/MS TUNING AND MASS' CALIBRATION
Bromofluorobenzene (BFB)

Time

Data Release Authorized By:

mle ION ABUNDANCE CRITERIA %RELATIVE ABUNDANCE

50 15.0 - 40.0% of the base pea.k

75 30.0 - 60.0% of the base peak

95 Base peak, 100% relative abundance

96 5.0 - 9.0% of the base peak

173 Less than 1.0% of the base peak

174 Greater than 50.0% of the base peak

175 5.0 - 9.0% of mass 174 ( ) 1
176 Greater than 95.0%, but less than 101.0% of mass 174 ( ) 1
177 | 5.0 - 9.0% of mass 176 ) 2

THIS PERFORMANCE TUNE APPLIES TO THE FOLLOWING
SAMPLES, BLANKS AND STANDARDS.

1Value in parenthesis is % mass 174,

Value in parenthesis is % mass 17§,

SAMPLE 1D LAB ID

DATE OF ANALYSIS | TIME OF ANALYSIS

FORM V
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GC/MS TUNING AND MASS CALIBRATION
Decafluorotriphenyiphosphine (DFTPP)
Case No. Laboratory Name

Instrument ID _____ Date Time

Data Release Authorized By:

m/e ION ABUNDANCE CRITERIA %RELATIVE ABUNDANCE
51 30.0 - 60.0% of mass 198

68 less than 2.0% of mass ( )1
69 mass 69 relative sbundance
70 less than 2.0% of mass 69 ¢ )

127 40.0 . 60.0% of mass 198

197 less than 1.0% of mass 188

198 base peak, 100% relative abundance

199 5.0 - 9.0% of mass 198

275 10.0 - 30.0% of mass 198

365 greater than 1,00% of mass 198

44 present, but less than mass 443

442 greater than 40.0% of mass 198

483 | 17.0 . 23.0% of mass 442 ( )2
THIS PERFORMANCE TUNE APPLIES TO THE FOLLOWING 1Value in parenthesis is % mass 69.
SAMPLES, BLANKS AND STANDARDS. Zyatge in parenthesis is % mass 442,
SAMPLE 1D LAB ID DATE OF ANALYSIS TIME OF ANALYSIS
FORM V
ONE - 43
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Initial Calibration Data
Volatile HSL Compounds

Case No: instrument | D:
Laboratory Name Calibration Date:

Minimum RF for SPCCis 0.300  Maximum % RSD for CCC is 30%
{0.25 for Bromoform)

Laboratory 1D

_ ccce.
Compound’ RFaq RFgo RFy00 RFyg0 RF200 RF % RSD | SPCCe.

Chioromethane s .

B8romomethane

Vinyl Chloride : .

Chloroethane

Methylene Chioride

Acetone

Carbon Disulfide

1. 1-Bichloroethene ] *

1, 1-Dichloroethane o

Trans-1, 2-Dichioroethene

Chloroform .

1. 2-Dichloroethane
2-Butanone

1. 1. 1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1, 2-Dichioropropane .

Trans-1, 3-Dichioropropene

Trichioroethene

Dibromochloromethane

1,1, 2-Trichloroethane

Benzene

¢is-1, 3-Dichloropropene

2-Chioroethylvinylether R

Bromoform . . .

4-Methyl-2-Pentanone

2-Hexanone

Tetrachloroethene

1.1, 2, 2-Tetrachloroethand ] ’ .

Toluene .

Chiorobenzene 1 P

Ethyibenzene .
Styrene :

Total Xylenes

RF -Response Factor {subscript is the amount of ug/L} CCC -Calibration Check Compounds («}
BF -Average Response Factor SPCC -System Performance Check Compounds (s.)
%RSD -Percent Relative Standard Deviation

Form VI
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Initial Calibration Data
Volatile HSL Compounds

Case No: Instrument 1 D;

Laboratory Name Calibration Date:

Minimum RF for SPCC is 0.300 Maximum % RSD for CCC is 30%
(0.25 for Bromoform)

Laboratory 1D
cccC.
Compound RFZO RFgo RF400 RFy50 RFZOO RE % RSD | SPCCe»
RF -Response Factor (subscript is the amount of ug/L) CCC -Calibration Check Compounds («)
KT -Average Response Factor SPCC -System Performance Check Compounds (es)

%RSD -Percent Relative Standard Deviation

Form Vi
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Case No:
Laboratory Name

Initial Calibration Data
Semivolatile HSL Compounds

(Page

Minimum RF for SPCC is 0.050

1)

Instrument ID;
Calibration Date:

M_axirnum % RSD for CCC is 30%

Laboratory ID

Compound

RFso

RFBO

. RF420

RF160 RF

% RSD

cccC.
SPCCse

Phenol

bis{-2-Chloroethy!)Ether

2-Chlorophenol

1, 3-Dichlorobenzene

1, 4-Dichlorobenzene

Benzy! Alcohol!

1. 2-Dichlorobenzene

2-Methylpheno!

bis{2-chloroisopropy!)Ether

4-Methylphenol

N-Nitroso-Di-n-Propylamine

Hexachloroethane

Nitrgbenzene

Isophorone

2-Nitrophenol

2. 4.Dimethylphenol

Benzoic Acid

bis{-2-Chloroethoxy)Methane

2, 4-Dichiorophenol

1, 2, 4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

4-Chloro-3-Methylphenol

2-Methyinaphthalene

Hexachlorocyciopentadiene

2.4, 6-Trichloropheno!

2. 4, 5-Trichloropheno!

2-Chloronaphthalene

2-Nitroaniline

Dimethy! Phthalate

Acenaphthylene

3-Nitroaniline

Acenaphthene

2, 4-Dinitrophenol

4-Nitrophenol!

Dibenzofuran .

Response Factor (subscript is the amount of nanograms)

RF -Average Response Facior

%RSD -Percent Relative Standard Deviation

CCC -Calibration Check Compounds (s}

SPCC -System Performance Check Compounds (ee)
t -Not detectable at 20 ng

Form VI
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Initial Calibration Data
Semivolatile HSL Compounds

(Page 2)
CaseNo: . instrument ID:
Laboratory Name Calibration Date:

Minimum RF for SPCC is 0.050 Maximum % RSD for CCC is 30%

Laboratory ID

ccc-
Compound RF20 RFgq RFgo | RFi20 | RFye0 RF | %RSD | SPCCes

2, 4-Dinitrotoluene

2, 6-Dinitrotoluene

Diethylphthalate

4-Chlorophenyl-phenylether

Fluorene

4-Nuroaniline 1

4, 6-Dinitro-2-Methylpheno! 1

N-Nitrosodiphenylamine (1} .

4.Bromopheny!-phenylether

Hexachlorobenzene

Pentachloropheno! 1 - R

Phenanthrene

Anthracene

Di-N-Butylphthalate

Fluoranthene .

Pyrene

Butylbenzyiphthalate

3, 3'-Dichlorobenzidine

Benzo{a)Anthracene

bis{2-Ethylnexyl)Phthalate

Chrysene

Di-n-Octy! Phthalate : .

Benzolb)Fluoranthene

Benzo(k)Fiuoranthene

Benzo{a)Pyrene »

Indeno(1, 2, 3-cd)Pyrene

Dibenz(a, hJAnthracene

Benzolg. h. i)Perylene

Response Factor (subscript is the amount of nanograms) SPCC -System Performance Check Compounds (ee) ‘
RF -Average Response Factor t - Not detectable at 20 ng
%RSD -Percent Relative Standard Deviation (1) -Cannot be separated from diphenylamine

CCC -Calibration Check Compounds ()

Form VI
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Case No:

Laboratory Name

Initial Calibration Data
Semivolatile HSL Compounds
(Page 1)

Instrument ID:

Minimum RF for SPCC is 0.050

Calibration Date:

Laboratory ID

Maximum % RSD for CCC is 30%

Compound

RFgo RFgo .

RF120 RF460

ccc.

% RSD | SPCCe-

—_— 3

Response Factor (subscript 1s the amount of nanograms)
RF -Average Response Factor

%RSD -Percent Relative Standard Deviation
CCC -Cahibration Check Compounds (.)

SPCC -System Performance Check Compounds (ss)

t -Not detectable at 20 ng

Form Vi
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Continuing Calibration Check
Volatile HSL Compounds

Case No:
Laboratory Name
Contract No:

Instrument ID:

Minimum RF for SPCC is 0.300
(0.25 for Bromoform)

Calibration Date:

Time:

Laboratory ID:

Initial Calibration Date:

Maximum %D for CCC is 25%

—

Compound RF RFgq

% D ccc

SPCC

Chloromethane

Bromomethane

Viny! Chioride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1, 1-Dichioroethene

1, 1-Dichloroethane

Trans-1, 2-Dichloroethene

Chioroform

1, 2-Dichioroethane

2-Butanone

1,1, 1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1, 2-Dichloropropane

Trans-1, 3-Dichioropropene

Trichloroethene

Dibromochloromethane

1.1, 2-Trichioroethane

Benzene

cis-1, 3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methy!-2-Pentanone

2-Hexanone

Tetrachloroethene

1, 1.2, 2-Tetrachloroethane

Toluene

Chiorobenzene

Ethylbenzene

Styrene

Totat Xylenes

RFgq -Response Factor from daily standard file at 50 ug/!
RF -Average Response Factor from initial calibration Form Vi

%D -Percent Difference

CCC -Calibration Check Compounds (s}

SPCC -System Performance Check Compounds (e )

Form Vii
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Continuing Calibration Check
Volatile HSL Compounds

Case No: - Calibration Date:
Laboratory Name Time .

Contract No: Laboratory ID:
Instrument ID: Initial Calibration Date:

Minimum RF for SPCC is 0.300  Maximum %D for CCC is 25%
(0.25 for Bromoform)

Compound "~ RF RFgo %D ccc SPCC
RFgq -Response Factor from darly standard file at 50 ug | %D -Percent Difference
RF -Average Response Factor from initial calibration Form Vi CCC -Calibration Check Compounds {s)

SPCC -System Performance Check Compounds («+)

Form Vil

ONE - 50
Revision 0 .
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Case No:

Laboratory Name

Continuing Calibration Check
Semivolatile HSL Compounds

(Page 1)

instrument ID:

Minimum RF for SPCC is 0.050

Calibration Date:

Time:

Laboratory ID:
Initial Calibration Date:

Maximum %D for CCC is 25%

ampound

¥

RFgq

%D ~CCC

SPCC

Phenol

bis{-2-Chloroethyl)Ether

2-Chlorophenol

1, 3-Dichlorobenzene

1. 4-Dichlorobenzene

Benzy! Alcoho!

1, 2-Dichlorobenzene

2-Methylphenol

bis(2-chioroisopropyl)Ether

4-Methylpheno!

N-Nitroso-Di-n-Propylamine

Hexachlorgethane

Nitrobenzene

isophorone

2-Nitrophenol

2. 4-Dimethylphenol

Benzoic Acid

T

bis(-2-Chioroethoxy)Methane

2. 4-Dichioropheno!

1. 2. 4-Trichlorobenzene

Naphthaiene

4-Chloroaniline

Hexachlorobutadiene

4.Chioro-3-Methylphenol

2-Methylnaphthalene

Hexachlorocyclopentadiene

2. 4, 6-Trichlorophenol

2. 4, 5-Trichlotopheno!

2-Chloronaphthalene

2-Nitroaniline

Dimethyl Pnthalate

Acenaphthylene

3-Nitroaniline

Acenaphthene

2. 4-Dinitropheno!

4-Nitrophenol

D:ibenzofuran

RFgg -Response Facior from daily standard file at concentration

indicated (50 total nanograms)

ATF -Average Response Factor from inimal cahibration Form Vi

T-Due to fow response, analyze

8t 80 total nanograms

%D -Percent Difference

CCC -Calibration Check Cdmpounds ()

SPCC -System Performance Check Compounds {s.)

Form Vi
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Case No:

Laboratory Name

Continuing Calibration Check
Semivolatile HSL Compounds

(Page 2)

Calibration Date:

Time:

Instrument 1D:

Laboratory ID.

Minimum RF for SPCC is 0.050

. Initial Calibration Date;

Maximum %D for CCC is 25%

Compound

lF.i_F RFgp

%D

ccc SPCC

2, 4-Dinitrotoluene

2, 6-Dinitrotoluene

Diethylphthalate

4-Chlorophenyl-phenylether

Fluorene

4-Nitroaniline

4, 6-Dinitro-2-Methylphenol

N-Nitrosodiphenylamine (1)

4.Bromophenyl-phenylethe:

Hexachiorobenzene

Pentachlorophenol

Phenanthrene

Anthracene

Di-N-Butylphthalate

Fluoranthene

Pyrene

Butylbenzylphthalate

3. 3'-Dichlorobenzidine

Benzo(a)Anthracene

bis{2-Ethylthexyl)Phthatlate

Chrysene

Di-n-Octy! Phthalate

Benzo(b)Fluoranthene

Benzolk)Fluoranthene

Benzo(a)Pyrene

Indeno(1, 2, 3-cd)Pyrene

Dibenz{a, h)Anthracene

Benzo(g. h, i)Perylene

RF SRusponse Factor from dinly standard fde al concentrabon
indicated (50 total nanograms)

AT -Average Response Factor from stial colibratun Form Vi

D Percent Difference

~Due to low response, analyze

at 80 total nanograms

CCC -Cistibration Check Cumpounds {.)

SPCC -System Perlorniince Check Compounds ()

Form Vil

ONE - 52

(1) -Cannut be separated from diphenylannne
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Case No:
Laboratory Name

Continuing Calibration Check
Semivolatile HSL Compounds

{Page

instrument 1D:

Minimum RF for SPCC is 0.050

1)

Calibration Date:
Time:
Laboratory ID:
Initial Calibration Date:

Maximum %D for CCC is 25%

Compound RF “RFgg % D ccc SPCC
SN B
—— SN SN DU -
NSRS (I SUNRTIUN U RS

RFSO

indicated (50 total nanograms)
RF -Average Response Factur from smitial cahibratiun Form VI

-Due 10 low response, snalyze
8t 80 total nanograms

-Respunse Factor front dasly standard file it congentration

Form

ONE - 53

%D -Percent Difference

CCC -Calration Check Compounds (.}

SPCC System Perlurmance Check Compounds {..)

vl

Revision
Date September 1986
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Pesticide Evaluation Standards Summary
{Page 1)

Laboratory Name:

GC Column:

Instrument ID:

Case No:

Date of Analysis:

Evaluation Check for Linearity

Laboratory
1D

Pesucide

Cahbrauon
Factor

Eval. Mix A

Calibration
Factor
Eval. Mix B

Calibration
Factor
Eval. Mix C

% RSD
{ £10%)

Aldrin

Endnin

a4.pot)

Dibuty!
Chiorendate

Evaluation Check for 4,4'- DDT/Endrin Breakdown
" (percent breakdown expressed as total degradation)

Laboratory Time of Endrin 4.4'- DOT Co'mbuned(")

1.D. Analysis

Eva! Mix B
72 Hour

Eval Mix B

Eval Mix B

. Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

(1) See Exhibit €, Section 754
{2} See Exhibit E, Section 7.3.1.2.2.1 RCRA

Form VIli 4/86
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Pesticide Evaluation Standards Summary

Report all standards, blanks and samples

{Page 2)
Evaluation of Retention Time Shift for Dibutyl Chlorendate

Lat Time of Percent SMO Lab Time of Percent
Sample No 1.D. Analysis Dift. Sample No. 1.D. Analysis Diff.
RCRA
Form VIl {Continued) 4/86
ONE - 55
Revision 0
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9¢ — 3INO

uoLS LAY

0

9861 43qualdas ajeQ

PESTICIDE/PCB STANDARDS SUMMARY

Case No. Laboratory Name
GC Column GC Instrument ID '

DATE OF ANALYSIS DATE OF ANALYSIS
TIME OF ANALYSIS . TIME OF ANALYSIS
LABORATORY ID LABORATORY ID .

RETENTION [0, igraTion| ~ CONF- CALIBRATION| ~ CONF. PERCENT

OMPOUND RT TIME OR RT OR -
c WINDOW FACTOR QUANT. » FACTOR QUANT. DIFF, &

alpha—-BHC
beta-BHC
delta—BHC
gamma ~BHC
Heptachlor
Aldrin
Heptachlor Epoxide
Endosulfan T
Dieldrin
q 04’-DDE
Endrin
Endosulfan T
q L] 4" - DDD
Endrin Aldehyde
Endosulfan Sulfate
4,4°-DDT
Methox ychlor
Endrin Ketone
Tech. Chlordane
alpha—Chlordane
gamma—Chlordane

Toxaphene
Aroclor — 1016
Aroclor — 1221

" Aroclor ~ 1232
Aroclor — 124 _

Aroclor — 1248
Aroclor — 1254
Aroclor - 1260

& CONF, =CONFIRMATION (<20% DIFFFRENCE)
QUANT. ==QUANTITATION (<! 5™ [\l!’FF_"’F,H(;E)

FORM IX
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9861 43quaidas a3jeq
0
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Pesticide/PCB Identification

Case No. Laboratory Name
ARY OF RT WINDOW RT ON AT WINDOW OF | GC/MS
SAMPLE PRIMARY IPESTICIDE/[ TENTATIVE OF APPROPRIATE JCONFIRMATION | CONFIRMATORY | APPROPRIATE |CONFIRMED
D COLUMN ) 10 STANDARD COLUMN COLUMN STANDARD Y or N)

FORM X




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.

4.1.2 Sample Handling and Preservation

This section deals separately with volatile and semivolatile organics.
Refer to Chapter Two (Table 2-16) and Table 4-1 of this Section for
recommended sample containers, sample preservation, and sample holding times.

Volatile Organics

Standard 40-mL glass screw-cap VOA vials with Teflon-faced silicone
septum may be used for both liquid and solid matrices. The vials and septum
should be soap and water washed and rinsed with distilled deionized water.
After thoroughly cleaning the vials and septum, they should be placed in a
muffle furnace and dried at 105°C for approximately one hour. (Note: Do not
heat the septum for extended periods of time, i.e., more than one hr, 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.
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
refilled. Each VOA vial should be filled until there is a meniscus over the
1ip of the vial. The screw-top 1id with the septum (Teflon side toward the
sample) should then be tightened onto the vial. After tightening the 1id, the
vial should be inverted and tapped to check for air bubbles. If there are any
air bubbles present the sample must be retaken. Two VOA vials should be
filled per sample location.

VOA vials for samples with solid or semi-solid (sludges) matrices 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.
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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 locations should then be sealed
in separate plastic bags to prevent cross-contamination between samples
particularly if the sampled waste 1is 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 distilled deionized water should be carried throughout the
sampling, storage, and shipping process.

Semivolatile Organics (This includes Pesticides 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 Section 4.1.4 for specific instructions on glassware
cleaning). The sample containers should be of glass or Teflon and have screw-
top covers with Teflon liners. In situations where Teflon is not available,
solvent-rinsed aluminum foil may be used as a liner. Highly acidic or basic
samples may react with the aluminum foil, causing eventual contamination of
the sample. Plastic containers or 1lids 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 the sampler's gloves, thus causing contamination. Samples
should not be collected or stored in the présence of exhaust fumes. If the
sample comes in contact with the sampler (e.g., if an automatic sampler is
used), run 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 Cleaning of Glassware

In the analysis of samples containing components in the parts per billion
range, the preparation of scrupulously clean glassware is mandatory. 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

FOUR - 2
Revision 0
Date September 1986




components, or any other glassware coming in contact with an extract that will
be evaporated to a lesser volume. The process of concentrating the compounds
of interest in this operation may similarly concentrate the contamination
substance, which may seriously distort the results.

The basic cleaning stebs are:

1.

8.

Removal of surface residuals immediately after use;

Hot soak to loosen and flotate most particulate material;

Hot-water rinse to flush away flotated particulates;

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

Hot-water rinse'to flush away materials loosened by the deep penetrant
soak;

Distilled-water rinse to remove metallic deposits from the tap water;

Methanol rinse to flush off any final traces of organic materials and
remove the water; and

Flushing the item immediately before use with some of the same solvent
that will be used in the analysis.

Each of these eight fundamental steps will be discussed in the order in
which they appear above.

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 methanol-flushed before it is 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 1liquid -=- 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 1liquid dishwashing detergents sold at retail are
satisfactory but are wmore 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.
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3. No comments required.

4, The most common and highly effective oxidizing agent for removal of
traces of organic compounds 1is the traditional chromic acid solution
made up of H»SO4 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
available through laboratory supply firms. Another comparable product
is "Detex," a product of Borer-Chemie, Solothurn, Switzerland.

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 1mmed1ate1y before use with some of the

same solvent that will be used in the ana]ys1s ‘

The dry1ng and storage of the c]eaned glassware is of . cr1t1ca1 importance
to prevent the beneficial effects of the scrupulous cleaning from being
nullified. Pegboard drying 1is not recommended because contaminants can be
introduced to the interior of the cleaned vessels. WNeoprene-coated metal
racks are suitable for such items as beakers, flasks, chromatographic tubes,
and any glassware then can be inverted and suspended to dry. .Small articles
such as stirring rods, glass stoppers, and bottle caps can be wrapped in
aluminum foil and oven-dried a short time  if oven space is available. 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
laboratory floor can most effectively recontam1nate the clean glassware.

As an alternative to air dry1ng, the glassware can be heated to a minimum
of 300°C to vaporize any organics.
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TABLE 4-1.

RECOMMENDED SAMPLE CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES

Parameter Container Preservative Holding Time
Volatile Organics
Concentrated Waste Samples 8-0z. widemouth None 14 days
glass with Teflon
liner
Liquid Samples
No Residual Chlorine
Present 2 40-mlL vials with 4 drops conc. HCl, Cool, 4°C 14 days
Teflon lined septum
caps
Residual Chlorine )
Present 2 40-mL vials with Collect sample in a 4 oz. soil 14 days
Teflon lined septum VOA container which has been
caps pre-preserved with 4 drops of
10% sodium thiosulfate. Gently
mix sample and transfer to a
40-mL VOA vial that has been
pre—preserved with 4 drops
conc. HCl, Cool to 4°C
Acrolein and
Acrylonitrile 2 40-mL vials with Adjust to pH 4-5, Cool, 4°C 14 days
Teflon lined septum
caps
Soil/Sediments and Sludges 4-oz (120-ml) widemouth Cool, 4°C 14 days
' glass with Teflon liner
FOUR — 5
Revision 0
Date September 1986




TABLE 4-1. Continued

Parameter Container Preservative Holding Time
Semivolatile Organics
Concentrated Waste Samples 8-oz. widemouth None 14 days
glass with Teflon
liner
Liquid Samples
No Residual Chlorine

Present 1-gal. or 2 1/2-gal. Cool, 4°C Samples must be
amber glass with Teflon extracted with-
liner in 7 days and

extracts ana-

lyzed within

40 days
Residual Chlorine . ‘

Present 1-gal. or 2 1/2—gal. Add 3 nmL 10% sodium Samples must be
amber glass with Teflon thiosulfate per extracted with-
liner gallon, Cool, 4°C in 7 days and

extracts ana—
lyzed within
40 days
Soil/Sediments and Sludges 8-oz. widemouth glass Cool, 4°C 14 days
with Teflon liner
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4.2 SAMPLE PREPARATION METHODS
4.2.1 EXTRACTIONS AND PREPARATIONS
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METHOD 3500
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
Four, Sections 4.2.2 and 4.3, 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. 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 reagent water and carried
through sampling and subsequent storage and handling can serve as a check on
such contamination.

3.2 Solvents, reagent, glassware, and other sample processing hardware
may yield artifacts and/or 1interferences to sample analysis. All these
materials must be demonstrated to be free from interferences under the
conditions of the analysis by analyzing method blanks. Specific selection of
reagents and purification of solvents by distillation in all-glass systems may

be 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.

3500 - 1
Revision 0
Date September 1986




3.4 Phthalate esters contaminate many types of products commonly found
in the Tlaboratory. 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 organophosphorous 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 Stock standards: Stock solutions may be prepared from pure standard
materials or purchased as certified solutions..

5.2.1 Purgeable stock standards: Prepare stock standards 1in
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.

5.2.1.1 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 0.1 mg.

5.2.1.2 Using a 100-uL syringe, immediately . add two or more
drops of assayed reference material to the flask, then reweigh. The
liquid must fall directly into the 'alcohol without contacting the
neck of the flask.

. 5.2.1.3 Reweigh, dilute to volume, stopper, then mix by
inverting the flask several times. Calculate the concentration in
micrograms per microliter (ug/uL) 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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5.2.1.4 Transfer the stock standard solution into a Teflon-
sealed screw-cap bottle. Store, with minimal headspace, at -10°C to
-20°C and protect from light.

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

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

5.2.2.1 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.

5.3 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 1limits. 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.

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

Base/neutral Acid
2-Fluorobiphenyl 2-Fluorophenol
Nitrobenzene-dg 2,4,6-Tribromophenol
Terphenyl-dig Phenol-dg

5.3.1.1 Prepare a surrogate standard spiking solution in
methanol that contains the base/neutral compounds at a concentration
of 100 ug/mL, and the acid compounds at 200 ug/mL for water and
sediment/soil samples (low- and medium-level). For waste samples,
the concentration should be 500 ug/mL for base/neutrals and 1000
ug/mL for acids.

5.3.2 Organochlorine pesticide surrogate spiking solution: The
following are recommended surrogate standards for organochlorine
pesticides.

Organochlorine pesticides

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

5.3.3 Purgeable surrogate spiking solution: = The following are

recommended surrogate standards for volatile organics.

5.4

Purgeable organics

p-Bromof]uorobehiene
1,2-Dichloroethane-dg
Toluene-dg

5.3.3.1 Prepare a surrogate spiking solution (as described in
Paragraph 5.2.1 or through secondary dilution of the stock standard)

in methanol containing the .surrogate standards at a concentration of

25 ug/mL

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. we]]

5.4.1 Base/neutra] and acid matrix spiking solution Prepare a

spiking solution in 'methanol that contains each of the following
base/neutral compounds at 100 ug/mL and the acid compounds at 200 ug/mL
. for water and sediment/soil  samples. The :concentration of these
compounds should be five times higher for waste samples.

'Base/neutral’s - ~ Acids
1,2,4-Trichlorobenzene . . Pentachlorophenol
Acenaphthene C Phenol
2,4-Dinitrotoluene 2-Chlorophenol

.Pyrene : . 4-Chloro-3- methy]pheno]
N-Nitroso-di-n-propylamine . . 4= N1tropheno]

1,4-Dichlorobenzene .

5.4.2 OrgahOéhlbrine pesticide matrix sp1k1ng 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.

.Pesticfdé ‘ ‘Concentration (ug/mL)
" Lindane 0.2
Heptachlor 0.2
Aldrin 0.2
Dieldrin 0.5
Endrin 0.5
4.4'-DDT 0.5
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5.4.3 Purgeable matrix spiking solution: Prepare a spiking
solution in methanol that contains the following compounds at a
concentration of 25 ug/mL.

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 1is 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 1limitations of Method 3510 concerning solvent-
sample phase separation do not interfere with this procedure.
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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
extract is dried, concentrated and, if necessary, exchanged into a
solvent compatible with further analysis. :

7.1.4 Method 3550: This method 1is applicable to the extraction of
nonvolatile and .semivolatile organic compounds from solids such as soils,
sludges, and wastes using the technique of sonication. Two procedures
are detailed depending upon the expected concentration of organics in the
sample; a low concentration and a high concentration method. In both, a
known weight of sample is mixed with anhydrous sodium sulfate and solvent
extracted using sonication. 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.

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 limited 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 samp]e is ready for further analysis. For
samples requiring volatile organic analysis, application of one of the three
methods described above is followed d1rect1y by gas chromatographic analysis
(Methods 8010, 8015, 8020, or 8030). 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 are 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 1is dependent upon the method
being evaluated.

8.5.1 Volatile organfc QC check samples: QC check sample
concentrates containing each analyte of 1interest 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 ug/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 1is 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 ug/mL 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 ug/mL; bis(2-
ethylhexyl)phthalate, 50 ug/mL; di-n-octylphthalate, 50 ug/mL; and
any other phthalate at 25 ug/mL.
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8.5.2.3 Method 8080 - Organochlorine pesticides and PCBs: The
QC check sample concentrate should contain each single-component
analyte at the following concentrations 1in acetone: 4,4'-DDD, 10
ug/mL; 4,4'-DDT, 10 ug/mL; endosulfan II, 10 wug/mL; endosulfan
sulfate, 10 ug/mL; and any . other single-component pesticide at 2
ug/mL. 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 ug/mL in acetone.

8.5.2.4 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 ug/mL; and isophorone and nitrobenzene at 100 ug/mL.

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

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

9.0 METHOD PERFORMANCE

9.1 The recovery of surrogate standards is wused 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 3510
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 Section 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), 1s serially extracted with methylene chloride using a separatory

funnel. The extract is dried, concentrated, and, as necessary, exchanged into
a solvent compatible with the cleanup or determinative step to be used.

3.0 INTERFERENCES
3.1 Refer to Method 3500.

4.0 APPARATUS AND MATERIALS

4,1 Separatory funnel: 2-liter, with Teflon stopcock.

4.2 Drying column: 20-mm 1I1.D. 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.

4.3 Kuderna-Danish {K-D) apparatus:

4.3.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 or

equivalent). Ground-glass stopper 1is 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.
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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
Determinative extraction extraction for for for for
method pH pH analysis - cleanp cleanup (mL)  analysis (mL)
8040 <2 none 2-propanol hexane 1.0 1.0, 10.0°
8060 as received none hexane hexane 2.0 - 10,0
8 59 none hexane hexane 10.0 10.0
8090 59 : none hexane hexane 20 ' - 140
8100 as received none none cyclohexane 2.0 1.0
8120 as received none hexane : hexane 20 1.0
8140b 8 none’ hexane hexane 10.0 10.0
8’250b Jll <2 none - - 1.0
870 ol <2 none - - 1.0
810 as received none acetonitrile - - 1.0

#Phenols 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 results in a 10 mL hexane extract to be

analyzed by GC/ECD.

b'Ihr-: specificity of GC/MS may make cleanup of the extracts umecessarys. Refer to Method 3600 for guidance on
the cleanup procedures available if required. '
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4.3.3 Snyder column: Three-ball macro (Kontes K-503000-0121 or
equivalent). v S

4.3.4 Snyder column: Two-ball micro (Kontes K-569001-0219 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: Glass, 2-mL éabacity with Teflon-lined screw cap.

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 water: Reagent water 1is defined as water in which an
interferent is not observed at the method detection limit of the compounds of
interest.

5.2 Sodium hydroxide solution, 10 N: (ACS) Dissolve 40 g NaOH in
reagent water and dilute to 100 mL.

5.3 Sodium sulfate: (ACS) Granular, -anhydrous (purified by heating at
400°C for 4 hr in a shallow tray).

5.4 Sulfuric acid solution (1:1): Slowly add 50 mL of HpSO4 (sp. gr.
1.84) to 50 mL of reagent water.

5.5 Extraction/exchange solvent: Methylene chloride, hexane,
2-propanol, cyclohexane, acetonitrile (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. _
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7.0 PROCEDURE

7.1 Using a 1-liter graduated cylinder, measure 1 liter of sample and
transfer it to the separatory funnel. Add 1.0 mL of the surrogate standards
to all samples, spikes, 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 ulL injection). If Method 3640, Gel-
permeation cleanup, is to be wused, add twice the volume of surrogates and
matrix spiking compounds since half the extract 1is .lost due to loading 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 min 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.

7.5 Allow the organic layer to separate from the water phase for a
minimum of 10 min. 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. :

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

7.7 If 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 Paragraphs 7.3
through 7.5. Collect and combine the extracts and label the combined extract
appropriately. '

7.8 If performing GC/MS analysis (Method 8250 or 8270), the acid and
base/neutral extracts may be combined prior to concentration. However, in
some situations, separate concentration and analysis of the acid and
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base/neutral extracts may be preferable (e.g., if for regulatory purposes the
presence or absence of specific acid or base/neutral compounds at lTow
concentrations must be determined, separate extract analyses may be
warranted).

7.9 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-mL
concentrator tube to a 500-mL evaporation flask.

7.10 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.

7.11 Add one or two clean boiling chips to the flask and attach a three-
ball Snyder column. Prewet the Synder 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 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 min. 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 least 10 min.

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

7.13 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 Paragraph 7.14 or adjusted to 10.0 mL with the solvent last used.

7.14 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 min. 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 0.5 mL, remove the K-D
apparatus from the water bath and allow it to drain and cool for at least 10
min. Remove the Synder 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.
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7.15 The extract obtained (from either Paragraph 7.13 or 7.14) may now
be analyzed for analyte content using a variety of organic techniques. If
analysis of the ‘extract will not be performed immediately, stopper the
concentrator tube and store refrigerated. If the extract will be stored
Tonger than 2 days, it should be transferred to a Teflon-sealed screw-cap vial
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 Estab11sh1ng Test Procedures for the
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim Final
Rule and Proposed Ru]e," October 26, 1984,
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METHOD 3520
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

sujtable for preparing the extract for the appropriate determinative steps
described in Section 4.3 of Chapter Four.

1.2 This method is applicable to the isolation 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 less dense than the sample. The analyst must demonstrate

the effectiveness of any such automatic extraction dev1ce before employing it
in sample extraction.

2.0 SUMMARY OF METHOD

2.1 A measured volume of sample, usually 1 1liter, 1is 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 hr. The extract
is dried, concentrated, and, as necessary, exchanged into a solvent compatible
with the determinative step being employed.

3.0 INTERFERENCES
3.1 Refer to Method 3500.

4.0 APPARATUS AND MATERIALS

4,1 Continuous liquid-liquid extractor: Equipped with Teflon or glass
connecting joints and stopcocks requiring no 1lubrication (Hershberg-Wolf

Extractor -- Ace Glass Company, Vineland, New Jersey, P/N 6841-10, or
equivalent). :

4.2 Drying column: 20-mm I.D.. 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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TABLE 1. SPECIFIC EXTRACTION CONDITIONS FOR VARIOUS DETERMINATIVE METHODS
Exchange Exchange ~ Volume Final
C ‘ : solvent solvent of extract extract
Initial Secondary required required required volume
Determninative extraction extraction for for for for
method pH - pH analysis . cleanup cleanup (mL) analysis (mlL)
840 <2 none, 2-propanol hexane . . 140 . 1.0, 10.0%
8060 as received none hexane hexane 2.0 : 10.0
8080 59 none hexane hexane 10.0 - 10.0
8090 5-9 none . hexane hexane 2.0 , 1.0
8100 as received none none cyclohexane 2.0 ' 1.0
8120 as received none hexane hexane . 2.0 1.0
8140b .68 none. - . hexane ~ hexane 10.0 © 100
8250b >l <2 none - o= : 1.0
70 ol <2 none C- - : 1.0

810 as received none - - - acetonitrile , - .- 1.0

%Phenols 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 results in a 10 mL hexane extract to be

analyzed by GC/ECD.

'Ihe specificity of GC/MS may make cleanup of the extracts mneoessary Refer to Method 3600 for guidance on
the cleanup procedures available if. required. . ‘
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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). Ground-glass stopper 1is 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.

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).

4.4 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: Glass, 2-mL capacity, with Teflon-lined screw cap.

4.7 pH indicator paper: pH range including the desired extraction pH.

4.8 Heating mantle: Rheostat controlled.

4.9 Syringe: 5-mL.
4.10 Graduated cylinder: 1-liter.

5.0 REAGENTS

5.1 Reagent water: Reagent water is defined as water in which an

interferent is not observed at the method detection limit of the compounds of
interest.

5.2 Sodium hydroxide solution, 10 N: (ACS) Dissolve 40 g NaOH in
reagent water and dilute to 100 mL.

5.3 Sodium sulfate: (ACS) Granular, anhydrous (purified by heating at
400°C for 4 hr in a shallow tray).

5.4 Sulfuric acid solution (1:1): Slowly add 50 mL of H2SO4 (sp. gr.
1.84) to 50 mL of reagent water.

5.5 Extraction/exchange solvent: Methylene chloride, hexane, 2-
propanol, cyclohexane, acetonitrile (pesticide quality or equivalent).
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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 Using a graduated cylinder, measure out 1 liter (nominal) of sample
and transfer it to the continuous extractor. Check the pH of the sample with
wide-range pH paper and adjust the pH, if necessary, to the pH indicated in
Table 1. Pipet 1.0 mL of the surrogate standard spiking solution into each
sample into the extractor and mix well. (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 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/uL of each
acid analyte in the extract to be analyzed (assuming a 1 ulL 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.

7.3 Add sufficient reagent water to the extractor to .ensure proper
operation and extract for 18-24 hr.

7.4 Allow to cool; then detach the boiling flask. If extraction at a
secondary pH 1is not required (see Table 1), the extract is dried and
concentrated as described in Section 7.7 through 7.11.

7.5 Carefully, while stirring, adjust the pH of the aqueous phase to 2
with sulfuric acid (1:1). Attach a clean distilling flask containing 500 mL
of methylene chloride to the continuous extractor. Extract for 18-24 hr,
allow to cool, and detach the distilling flask.

7.6 If performing GC/MS analysis (Method 8250 or 8270), the acid and
base/neutral extracts may be combined prior to concentration. However, in
some situations, separate concentration and analysis of the acid and
base/neutral extracts may be preferable (e.g., if for regulatory purposes the
presence or absence of specific acid or base/neutral compounds at low

concentrations must be determined, separate extract analyses may be
warranted).

7.7 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-mL
concentrator tube to a 500-mL evaporation flask.

7.8 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
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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.

7.9 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 (80-90°C) 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 min. 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 least 10 min. Remove the Snyder column and rinse the flask and
its lower joints into the concentrator tube with 1-2 mL of extraction solvent.

7.10 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 re-attach the Snyder column. Concentrate the extract, as
described in Paragraph 7.9, raising the temperature of the water bath, if
necessary, to maintain proper distillation.

7.11 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 Paragraph 7.12 or adjusted to 10.0 mL with the solvent last used.

7.12 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 min.
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 0.5 mL, remove the K-D apparatus from the water bath and allow it to
drain and cool for at least 10 min. Remove the Synder 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 1.0-2.0 mL, as
indicated in Table 1, with solvent.

7.13 The extracts obtained may now be analyzed for analyte content using
a variety of organic techniques (see Section 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

Tonger than 2 days, it should be transferred to a Teflon-sealed screw-cap vial
and labeled appropriately.
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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 samp]e -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; F1na1 Rule and Interim Final
Rule and Proposed Ru]e," October 26, 1984.- -
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METHOD 3540
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, and, as necessary, exchanged into 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 I.D., with 500-mL round-bottom flask.

4.2 Drying column: 20-mm I.D. 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.

4.3 Kuderna-Danish (K-D) apparatus:

4.3.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 or

equivalent). Ground-glass stopper 1is 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.
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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).

4.4 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: Glass, 2-mL capacity, with Teflon-lined screw cap.

4.7 Glass or paper thimble or glass wool: Contaminant free.

4.8 Heating mantle: Rheostat controlled.

4.9 Syringe: 5-mL.

4.10 Apparatus for determining percent moisture:
4.10.1 Oven: Drying. |
4,10.2 Desiécator.

4,10.3 Crucibles: ?orce]ain.

4,11 Apparatus for grinding: If the sample will not pass through a 1-mm
standard sieve or cannot be extruded through a 1-mm opening, it should be
processed into a homogeneous sample that meets these requirements. Fisher
Mortar Model 155 Grinder, Fisher Scientific Co., Catalogue Number 8-323, or an
equivalent brand and model, 1is recommended for sample processing. This
grinder]should handle most solid samples, except gqummy, fibrous, or oily
materials. ~

5.0 REAGENTS

5.1 Reagent water: Reagent water is defined as water in which an
interferent is not observed at the method detection 1limit of the compounds of
interest. .

5.2 Sodium sulfate: (ACS) Granular ‘anhydrous (purified by washing with
methylene chloride followed by heating at 400°C for 4 hr in a shallow tray).

5.3 Extraction solvents:

5.3.1 Soil/sediment and aqueous sludge samples shall be extracted
using either of the following solvent systems.
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5.3.1.1 Toluene/Methanol: 10:1 (v/v), pesticide quality or
equivalent.

5.3.1.2 Acetone/Hexane: 1:1 (v/v), pesticide quality or
equivalent.

5.3.2 Other samples shall be extracted using the following:
5.3.2.1 Methylene chloride: pesticide quality or equivalent.

5.4 Exchange solvents: Hexane, 2-propanol, cyclohexane, acetonitrile
(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 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.

7.1.2 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
grinding apparatus to yield at least 10 g after grinding.

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

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

g of sample - g of dry sample
g of sample

X 100 = % moisture
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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/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 the extract is lost due to loading of the GPC column.

7.4 Place 300 mL of the extraction solvent (Section 5.3) 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 hr,

7.5 Allow the extract to cool after the extraction is complete.

7.6 Assemble a Kuderna-Danish (K-D) concentrator 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
100-125 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 min. 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 least 10 min.

7.9 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 Paragraph 7.6, raising the temperature of the water bath, if
necessary, to maintain proper distillation.

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 technique
outlined in Paragraph 7.9 or adjusted to 10.0 mL with the solvent last used.
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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 (mlL) analysis (mL)

80402 as received  2-propamol hexane 1.0 1.0, 10.0°

8060 as received hexane ‘hexane 2.0 10.0

080 as received hexane hexane 10.0 10.0

8090 as received hexane hexane 2.0 1.0

8100 as received none cyclohexane 2.0 1.0

8120 as received hexane hexane 2.0 1.0

8140 as received hexane hexane 10.0 10.0

BZSOa,c as received none - - 1.0

& 70a,c as received none - - 1.0

810 as received acetonitrile - - 1.0

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

bPhenols 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 results in a 10 mL hexane
extract to be analyzed by GC/ECD.

c’I‘he specificity of GC/MS may make cleanup of the extracts unnecessary. Refer to Method 3600 for
guidance on the cleanup procedures available if required.
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7.11 If further concentration is indicated in Table 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 min. 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
0.5 mL, remove the K-D apparatus from the water bath and allow it to drain and
cool for at least 10 min. Remove the Snyder column and rinse the flask and
its lower joints into the concentrator tube with 0.2 mL of solvent. Adjust
the final volume to 1.0-2.0 mL, as indicated in Table 1, with solvent.

7.12 The extracts obtained may now be analyzed for analyte content using
a variety of organic techniques (see Section 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 than 2 days, it should be transferred to a Teflon-sealed screw-cap vial
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 o

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 3550
SONICATION EXTRACTION

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 sonication 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 high concentration method (individual organic components of
220 mg/kg) is much simpler and therefore faster.

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

2.0 SUMMARY OF METHOD

2.1 Low concentration method: A 30-g sample 1is mixed with anhydrous
sodium sulfate to form a free-flowing powder. This is solvent extracted three
times using sonication. The extract is separated from the sample by vacuum
filtration or centrifugation. The extract 1is ready for cleanup and/or
analysis following concentration.

2.2 High concentration method: A 2-g sample is mixed with anhydrous
sodfum sulfate to form a free-flowing powder. This is solvent extracted once

using sonication. 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: If the sample will not pass through a 1-mm
standard sieve or cannot be extruded through a 1-mm opening, it should be
processed into a homogeneous sample that meets these requirements. Fisher
Mortar Model 155 Grinder, Fisher Scientific Co., Catalogue Number 8-323, or an
equivalent brand and model, 1is recommended for sample processing. This
grind:r]should handle most solid samples, except gummy, fibrous, or oily
materials.
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4.2 Sonication: A horn-type sonicator equipped with a titanium tip
should be used. The following sonicator, or an equivalent brand and model, 1is
recommended: S , :

Ultrasonic cell disrupter: Heat Systems - Ultrasonics, Inc., Model
W-385 (475 watt) sonicator or equivalent (Power wattage must be a
minimum of 375 with pulsing capability and No. 200 1/2" Tapped
Disrupter Horn) plus No. 207 3/4" ‘Tapped Disrupter Horn, and No. 419
1/8" Standard Tapered microtip probe.

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

4.4 Apparatus for determintng bercent moisture:

4.4.1 Oven: Drying.
4.4.2 Desiccator.

4.4,3 Crucibles: Porcelain.

4,5 Pasteur g]ass pipets:: Disposable, 1-mL.
4.6 Beakers 400-mL. {

4.7 Vacuum filtration apparatus: . -

4.7.1 Buchner funnel.
4.7.2 Filter paber: 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).

4.8.2 Evaporator flask: 500-mL (Kontes  K-570001-0500 or
equivalent).

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

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

4.9 Boiling chips: Solvent extraEted, approximately 10/40 mesh (silicon
carbide or equivalent). SR - .

4,10 Water bath: Heated with cohcentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.
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4,11 Balance: Top-loading, capable of accurately weighing 0.01 g.

4.12 Vials and caps: 2-mL for GC auto-sampler.

4,13 Glass scintillation vials: At least 20-mL, with screw-cap and
Teflon or aluminum foil liner.

4,14 Spatula: Stainless steel or Teflon.

4,15 Drying column: 20-mm I.D. 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.

4.16 Syringe: 5-mL.

5.0 REAGENTS

5.1 Sodium sulfate: Anhydrous and reagent grade, heated at 400°C for
4 hr, cooled in a desiccator, and stored 1in a glass bottle. Baker anhydrous
powder, catalog #73898, or equivalent.

5.2 Extraction solvents: Methylene chloride:acetone (1:1, v:v),
methylene chloride, hexane (pesticide quality or equivalent).

5.3 Exchange solvents: Hexane, 2-propanol, cyclohexane, acetonitrile
(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 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.

7.1.2 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.
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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
grinding apparatus to yield at least 10 g after grinding.

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

7.2.1 Immediately after weighing the sample for extraction, weigh
- 5-10.g of the sample into a tared crucible. Determine the percent

moisture by drying overnight at 105°C. Allow to cool in a desiccator
before weighing:

q of sample - g of dry samp]e

g of sample x 100 = % moisture

7.3 Determination of pH (if required): Transfer 50 g of sample to a
100-mL beaker. Add 50 mL of water and stir for 1 hr, Determine the pH of

sample with glass electrode and pH meter while stirring. Discard this portion
of sample.

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

7.4.1 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 weight to the nearest 0.1 g. Non-
porous 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. The sample should be free-flowing at this point. Add
1 mL of surrogate standards to all samples, spikes, 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 ana]yzed (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.

7.4.2 Place the bottom surface of the tip of the #207 3/4 in.
disruptor horn about 1/2 in. below the surface of the solvent, but above
the sediment layer.

7.4.3 Sonicate for 3 mih, with output control knob set at 10 and

with mode switch on Pulse and percent-duty cycle knob set at 50%. Do NOT
use microtip probe.
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7.4.4 Decant and filter extracts through Whatman No. 41 filter
paper using vacuum filtration or centrifuge and decant extraction
solvent.

7.4.5 Repeat the extraction two or more times with two additional
100-mL portions of solvent. Decant off the extraction solvent after each
sonication. On the final sonication, pour the entire sample into the
Buchner funnel and rinse with extraction solvent.

7.4.6 Assemble a Kuderna-Danish (K-D) concentrator by attaching a
10-mL concentrator tube to a 500-mL evaporative flask.

7.4.7 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 100-125 mL of extraction solvent to complete the
quantitative transfer.

7.4.8 Add one or two clean boiling chips to the evaporative 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 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 10-15 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 1liquid reaches 1 mL,

remove the K-D apparatus and allow it to drain and cool for at least
10 min.

7.4.9 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 Paragraph 7.4.8, raising the temperature of the
water bath, if necessary, to maintain proper distillation.

7.4.10 Remove the Snyder column and rinse the flask and its lower
Jjoints 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 Paragraph 7.4.11 or adjusted to 10.0 mL with the
solvent last used.

7.4.11 Add a clean boiling chip and attach a two-ball micro-Snyder
column to the concentrator tube. Prewet the column by adding approxi-
mately 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 min. At the proper rate of distillation, the balls of the column
will actively chatter, but the chambers will not flood. When the liquid
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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 .Ob

8060 as received hexane hexane 2.0 10.0

080 as received hexane hexane 10.0 10.0

8090 as received hexane hexane 2.0 1.0

8100 as received none cyclohexane 240 1.0

8120 as received hexane hexane 2.0 1.0

8140a c as received hexane hexane 10.0 10.0

807, as received none - - 1.0

2702 , ¢ as received - none - - 1.0

. 810 as received acetonitrile - - 1.0

a‘l‘o obtain separate acid and base/neutral extracts, Method 3650 should be performed following
concentration of the extract to 10.0 mL.

b .
Phenols 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 results in a 10 mL hexane

extract to be analyzed by GC/ECD.

c’Ihe specificity of GC/MS may make cleanup of the extracts unnecessary. Refer to Method 3600 for
guidance on the cleamup procedures available if required.
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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 min.
Remove the micro-Snyder column and rinse its Jlower joint into the
concentrator tube with approximately 0.2 mL of appropriate solvent.
Adjust the final volume to the volume required for cleanup or for the
determinative method (see Table 1).

7.4.12 Transfer the concentrated extract to a clean screw-cap vial.
Seal the vial with a Teflon-lined 1id and mark the level on the vial.

Label with the sample number and fraction and store in the dark at 4°C
until ready for analysis or cleanup.

7.5 Extraction method for samples expected to contain high concen-
trations of organics ()20 mg/kg):

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 2.0 mL of surrogate spiking
solution to sample mixture, For the sample 1in 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.

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 min at output control setting 5

and with mode switch on pulse and percent duty cycle of 50%. Extraction
solvents are:

1. Nonpolar compounds, i.e., organochlorine pesticides and
PCBs: hexane. '

2. Extractable priority pollutants: 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
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5.0 mL in a concentrator tube if further concentration is required.
Follow Paragraphs 7.4.6 -through 7.4.12 for details on concentration.
Normally, the 5.0 mL extract is concentrated to 1.0 mL.

7.5.6 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 or matrix spike samples should be subject 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.

2. 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.
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METHOD 3580
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 organic chemicals at a level 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 the Cleanup section of this chapter for methods (Section 4.2.2).

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.

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: 10-mL (optional).

5.0 REAGENTS

5.1 Sodium sulfate: (ACS) Granular, anhydrous (purified by heating at
400°C for 4 hr in a shallow tray).
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5.2 Solvents: - Methylene chloride and hexane (pesticide quality or
equivalent). ‘ ‘ S '

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the 1ntroductory material to this chapter, Organic Analytes,
Section 4.1. : o '

7.0 PROCEDURE

7.1 Samples cons1st1ng 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 1is preferred, the 20-mL scintillation vial may be
calibrated for use. Simply 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 vg of each phase (record weight to the
nearest 0.1 g) of the sample to separate 20-mL vials or 10-mL volumetric
flasks. 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/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. See Method. 3500 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 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.

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.
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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 determinativé methods for performance data.

10.0 REFERENCES

10.1 None applicable.
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METHOD 5030
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, and
8030. Although applicable to Method 8240, the purge-and-trap procedure is
already incorporated into Method 8240.

1.2 Method 5030 can be used for most volatile organic compounds that
have boiling points below 200°C (vapor pressure is approximately equal to
mm Hg @ 25°C) and are insoluble or slightly soluble in water. Volatile water-
soluble compounds can be included in this analytical technique; however,
quantitation limits (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. Such compounds include low-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

liquids, solids, wastes, and soil/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 completed, the sorbent column 1is heated and backflushed with inert
gas to desorb the components onto a gas chromatographic column.

2.2 If the above sample introduction techniques are 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.
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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 contami-
nation 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 field reagent blank prepared
from 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-level and low-
level samples are analyzed sequentially. Whenever an unusually’concentrated
sample is analyzed, it should be followed by an analysis of 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 laboratory where volatile analysis is performed should be
completely free of solvents.

4.0 APPARATUS AND MATERIALS

4.1 Microsyringes: 10-ulL, 25-uL, 100-uL, 250-uL, 500-ulL, and 1,000 uL:
These syringes should be - equipped with a 20-gauge (0.006-in I.D.) 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 Balance: Analytical, capable of accurately weighing 0.0001 g, and a
top-loading balance capable of weighing 0.1 g.

4,5 Glass scintillation vials: 20-mL, with screw-caps and Teflon liners
or glass culture tubes with a screw-cap and Teflon liner.

4.6 Volumetric flasks: 10-mL and. .100-mL, class A with ground-glass
stoppers.

4,7 Vials: 2-mL,; for GC autosampler.

4.8 Spatula: Stainless steel.
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4.9 Disposable pipets: Pasteur.

4.10 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.

4,10.1 The recommended purging chamber 1is designed to accept 5-mL
samples with a water column at 1least 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.

4,10.2 The trap must be at 1least 25 cm 1long 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.

4,10.3 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.

4,10.4 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.

4,10.5 Trap Packing Materials

4,10.5.1 2,6-Diphenylene oxide polymer: 60/80 mesh,
chromatographic grade (Tenax GC or equivalent).

4,10.5.2 Methyl silicone packing: 0OV-1 (3%) on Chromosorb-W,
60/80 mesh or equivalent.
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Figure 1. Purging chamber.
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Packing Procedure Construction
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Figure 2. Trap packings and construction for Method 8010.
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Figure 3. Trap packing and construction for Methods 8020 and 8030.
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4,10.5.3 Silica gel: 35/60 mesh, Davison, grade 15 or
equivalent,

4,10.5.4 Coconut charcoal: Prepare from Barnebey Cheney,
CA-580-26 lot #M-2649, by crushing through 26 mesh screen.

4,11 Heater or heated oil bath: Should be capable of maintaining the
purging chamber to within 1°C over a temperature range from ambient to 100°C.

5.0 REAGENTS

5.1 Reagent water: Reagent water is defined as water in which an
interferent is not observed at the method detection 1imit of the compounds of
interest.

5.1.1 Reagent water may be generated by passing trap water through

a carbon filter bed containing about 500 g of activated carbon (Calgon
Corp., Filtrasorb-300 or equivalent).

5.1.2 A water purification system (Millipore Super-Q or equivalent)
may be used to generate reagent water.

5.1.3 Reagent water may also be prepared by boiling water for 15
min. Subsequently, while maintaining the water temperature at 90°C,
bubble a contaminant-free inert gas through the water for 1 hr. While
still hot, transfer the water to a narrow-mouth screw-cap bottle and seal
with a Teflon-lined septum and cap.

5.2 Methanol: Pesticide quality or equivalent. Store away from other
solvents.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

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

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, Section 7.4, 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.
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7.1.2 Connect the purge-and-trap device to a gas. chromatograph.

7. 1 3 Prepare the f1na1 solutions ~containing the required
concentrations of calibration standards, 1including surrogate standards,
d1rect]y in the purging device. Add 5.0 -mL of reagent water to the
_purging device. . The reagent water is added to the purging device. using a
5-mL glass syringe fitted with a 15-cm 20- gauge needle. The needle is

31nserted through the sample inlet shown. Figure 1. The internal
.diameter of thé 14-gauge needle that forms the sample inlet will perm1t
“insertion of the 20-gauge needle. Next, wusing a 10-uL or 25-uL micro-

syringe equipped with a long needle (Paragraph 4.1), take a volume of the
secondary dilution solution containing appropriate concentrations of the
calibration standards. Add the a11quot of calibration solution directly
.to the, reagent water in the purging device by inserting the needle
!through the sample inlet. When d1scharg1ng the contents of the micro-
~syringe, be sure that the end of the syringe needle is well beneath the
' surface of the reagent water. S1m1]ar]y, 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 usihg the
specific conditions given in_Tab]e 1. . :

7.1.5 Calculate response factors or calibration factors for each

apa]yte of 1nterest us1ng the procedure descr1bed in Method 8000, Section

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 1is used with Method 8010, the
following five compounds are checked for a minimum average response
factor: chloromethane; 1,1-dichloroethane; bromoform; 1,1,2,2-tetra-
chloroethane; 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:

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. Cold

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

7.1.6.3 Tetrachloroethane and 1;1-d1ch10roethane: - These
compounds are degraded by contaminated transfer lines in purge-and-
trap systems and/or active s1tes in trapping materials.

7.2 On-going calibration: Refer to Method 8000, Sect1ons 7.4.2.3 and
7.4.3.4 for details on continuing calibration.
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TABLE 1. PURGE-AND-TRAP OPERATING PARAMETERS

Analysis Method

8010 8015 8020 8030
Purge gas Nitrogen or Nitrogen or Nitrogen or Nitrogen or

Helium Helium Helium Helijuim
Purge gas flow rate :

(mL/min) 40 20 40 20
Purge time (min) 11.0 + 0.1 15.0 + 0.1 12.0 + 0.1 15.0 + 0.1
Purge temperature (*C) Ambient 85 + 2 Ambient 85 + 2
Desorb temperature (°C) 180 180 180 180
Backflush inert gas flow

(mL/min) 20-60 20-60 20-60 20-60
Desorb time (min) 4 1.5 4 1.5
5030 - 11
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7.3 Sample preparation:

7.3.1 MWater 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
(ECD); 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, Section 7.4) 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 Jjust 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 1liquid 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
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
leaking into the syringe.

- 7.3.1.7 The following procedure 1is appropriate for diluting
purgeable samples. A1l steps must be performed without delays until
the diluted sample is in a gas-tight syringe.
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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 reagent
water to be added to the volumetric flask selected and add
slightly less than this quantity of reagent water to the flask,

7.3.1.7.3 Inject the proper aliquot of samples from the
syringe prepared in Paragraph 7.3.1.5 into the flask. Aliquots
of less than 1-mL are not recommended. Dilute the sample to
the mark with 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 Paragraph 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 valve 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 reagent water (or methanol followed

by 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
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through the trap. The trap temperature should be maintained at
180°C for Methods 8010 and 8020, and 210°C for Methods 8015 and
8030. Trap temperatures up to 220°C may be employed; however, the
higher temperature will shorten the useful 1life 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 i{s analyzed that has saturated response
from a compound, this analysis must be followed by a blank 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 Al1 dilutions should keep the response of the major
constituents (previously saturated peaks) 1in 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 1iquids:

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

7.3.2.2 Initial and serial dilutions can be prepared by
pipetting 2 mL of the sample to a 100-mL volumetric flask and

diluting to volume with 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 reagent water by adding at least 20 ulL, but not
more than 100-uL 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 Paragraph 7.3.1.1 for
recommended screening techniques. Use the screening data to determine
whether to use the 1low-level method (0.005-1 mg/kg) or the high-level
method (D1 mg/kg). : ' :

- 7.3.3.1 .Low-level 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 low-level method is based on
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purging a heated sediment/soil sample mixed with 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-level method.
Follow the initial and daily calibration instructions, except
for the addition of a 40°C purge temperature for Methods 8010
and 8020.

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 reagent water. Replace the plunger and
compress the 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 1liquids. Mix the contents of the sample
container with a narrow metal spatula. Weigh the amount
determined in Paragraph 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 1In certain cases, sample results are desired
based on a dry-weight basis. When such data is desired, a
portion of sample for moisture determination should be weighed
out at the same time as the portion used for analytical
determination. Immediately after weighing the sample for
extraction, weigh 5-10 g of the sample into a tared crucible.
Determine the percent moisture by drying overnight at 105°C.
Allow to cool in a desiccator before weighing:

g of sample - g of dry sample
g of sample

x 100 = ¥ moisture
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7.3.3.1.6 Add the spiked 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, steps

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 sample to 40°C + 1°C (Methods 8010 and
8020) 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
Paragraphs 7.3.1.11-7.3.1.15. Use 5 mL of the same reagent
water as in the reagent blank. If saturated peaks occurred or
would occur if a 1-g sample were analyzed, the high-level
method must be followed. ‘

7.3.3.2 High-level method: The method is based on extracting
the sediment/soil with methanol. A waste sample is either extracted
or diluted, depending on its solubility 1in methanol. An aliquot of
the extract is added to reagent water containing surrogate and, if
applicable, internal and matrix spiking standards. This is purged
at the temperatures indicated in Table 1. A11 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 1liquids. Mix the contents of the sample
container with a narrow metal spatula. For sediment/soil and
waste that are insoluble in methanol, weigh 4 g (wet weight) of
sample into a tared 20-mL vial. Use a top-loading balance.
Note and record the actual weight to 0.1 gram and determine the
percent moisture of the samp]e using the procedure in Paragraph
7.3.3.1.5. For waste that is soluble 1in methanol, 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 Quickly add 9.0 mL of methanol; then add 1.0 mL
of the surrogate spiking solution to the vial Cap and shake
for 2 min.

NOTE: Steps 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 laboratory
free from solvent fumes.
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7.3.3.2.3 Pipet approximately 1 mL of the extract to a GC
vial for storage, using a disposable pipet. The remainder may
be disposed of. Transfer approximately 1 wmL 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 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 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-level analysis to determine the appropriate volume. If
the sample was submitted as a high-level sample, start with 100
ulL. A1l dilutions must keep the response of the major
constituents (previously saturated peaks) 1in 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 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 standards. Add
10 uL of internal standard solution. Also add the volume of
methanol extract determined in Paragraph 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 ulL of methanol to simulate the
sample conditions.

7.3.3.2.9 For a matrix spike in the high-Tevel
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 Paragraph 7.3.3.2.6).
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TABLE 2. QUANTITY OF METHANOL EXTRACT REQUIRED FOR ANALYSIS OF HIGH-LEVEL

SOILS/SEDIMENTS
‘Approximate - ' . Volume of
Concentration Range A Methanol Extractd
- 500-10,000 ug/kg ' 100 uL
1,000-20,000 ug/kg 50 uL
5,000-100,000 ug/kg . 10 uL

. 25,000-500,000 ug/kg - 100 uL of 1/50 dilution b

table.

Calculate appropr1ate dllution factor for concentrations exceeding this

aThe volume of methano] added to 5 mL of water being purged should be kept
constant. Therefore, add to the 5-mL syringe whatever volume of methano] is

necessary to ma1nta1n a volume of 100 uL added to the syringe.

bDilute an aliquot of the methano] extract and then take 100 uL for

analys1s
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7.4 Sample analysis:

7.4.1 The samples prepared by this method may be analyzed by
Methods 8010, 8015, 8020, 8030, and 8240. 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 reagent water method 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 safe-
guard against chronic laboratory contamination. The blank samples 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 replicates should be collected to validate the precision of the
sampling technique. Laboratory replicates should be analyzed to validate the
precision of the analysis. Fortified 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 fortified
samples do not 1indicate sufficient sensitivity to detect <1 ug/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.

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 5040

PROTOCOL FOR ANALYSIS OF SORBENT CARTRIDGES
FROM VOLATILE ORGANIC SAMPLING TRAIN

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 s applicable to the analysis of Tenax ahd‘Tenaxl
charcoal cartridges used to collect volatile POHCs from wet $tack 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 experiencedf'hasg
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 cartr1dges are spiked with an internal standard
and thermally desorbed for 10 min at 180°C with organic-free nltrogen or
helium gas (at a flow rate of 40 mL/min), bubbled through 5 mL of organic-free
water, and trapped on an analytical adsorbent trap. After the 10-min
desorpt1on the analytical adsorbent trap is rapidly heated to 180°C, with the
carrier gas flow reversed so that the effluent flow from the ana]ytlcal trap
is directed into the GC/MS. The volatile POHCs are separated by temperature-
programmed gas chromatography and detected by low-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

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 Inside/Inside VOST car-
tridges, use Supelco “clamshell" heater; for Inside/Outside VOST car-
tridges, 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 Reagent water: Reagent water is defined as water in which an

interferent is not observed at the method detection 1imit of the parameters of
interest.

5.1.1 Reagent water may be generated by passing tap water through a
carbon filter bed containing about 450 g of activated carbon (Calgon
Corporation, Filtrasorb-300, or equivalent).

5.1.2 A water purification system (Millipore Super-Q or equivalent)
may be used to generate reagent water.

5.1.3 Reagent water may also be prepared by boiling distilled
water for 15 min. Subsequently, while maintaining the temperature
at 90°C, bubble a contaminant-free inert gas through the water for 1 hr.
Allow the water to cool to room temperature while continuing to bubble
the inert gas through the water. This water should be transferred
directly to the purge-and-trap apparatus for use.

5.1.4 Other methods that can be shown to produce organic-free water
can be used.
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5.2 Analytical trap reagents:

5.2.1 2,6-Diphenylene oxide polymer: Tenax (60/80 mesh), chromato-
graphic grade or equivalent.

5.2.2 Methyl silicone packing: 3% 0V-1 on Chromosorb W (60/80
mesh) or equivalent.

5.2.3 Silica gel: Davison Chemical (35/00 mesh), Grade 15, or
equivalent,

5.2.4 Charcoal: Petroleum-based (SKC Lot 104 or equivalent).

5.3 Stock standard solution:

5.3.1 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 gas respirator should be used when the analyst
handles high concentrations of such materials.

5.3.2 Fresh stock standards should be prepared weekly for volatile
POHCs with boiling points of {35°C. All other standards must be replaced

monthly, or sooner if comparison with check standards indicates a
problem.

5.4 Secondary dilution standards:

5.4.1 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.

5.5 4-Bromofluorobenzene (BFB) standard:

5.5.1 Prepare a 25 ng/ul solution of BFB in methanol.

5.6 Deuterated benzene:

5.6.1 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.
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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 1in 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 djg-ethylbenzene and d4-1,2-dichloroethane. One
adds 50 ng of BFB to all sorbent cartridges (in addition to one or more

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-ulL
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
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of the characteristic ions of each analyte against the concentration of
the internal standard and calculate response factor .(RF) for each
compound, using Equation 1. »

RF = AsCis/AjsCs (1)

where:

>
(7]
"

Area of the characteristic ion for the ana]yte to
be measured.

ARijs = Area of the characteristic ion for the 1nterna1
standard. : | :

Cis = Amount (ng) of the 1nterna1 standard.

Cs = Amount (ng) of the vo]at11e POHC in calibration

standard.

If the RF va]ue over the working range 1is 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, Ag/Ajg versus RF.

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 ana]yzed 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 adsor-
bent trap into the GC/MS system according to the procedures described in
Method 8240. : ‘ . '

7.4 Qua]itativé identification:

7.4.1 The procedure for qualitative identification of volatile
POHCs using this protocol is described in Method 8240.

7.5 Calculations:

7.5.1 When. an analyte has. been .qualitatively identified,
quantification 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.
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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 Paragraph 7.2.5 and Equation 2.

Amount of POHC = AgCyg/AjgRF (2)
where:
As = Area of the characteristic ion for the analyte to be
measured.
Ajs = Area for the characteristic ion of the internal
standard.
Cis = 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. These values should then be blank
corrected. Guidelines for blank correction of sample cartridges are
outlined below.

7.5.1.3.1 After all blanks (field and trip) are analyzed,
a paired t-test should be used to determine whether trip blanks
are significantly different from field blanks. If no
difference is found, then the mean and standard deviation of

the combined field and trip blanks for each POHC of interest is
calculated.

7.5.1.3.2 If, when using the paired t-test, the field and
trip blanks are determined to be different, then the field
blank (or the mean of multiple field blanks) associated with a

particular run should be used as the blank value for that
particular run, '

7.5.1.4 Next, for each sample/POHC combination, a
determination must be made as to whether a particular sample is
significantly different from the associated blank. If the mean of

the trip and field blanks is wused, then a sample is different from
the blank if:

measured mean
(sample value) - (blank value) > (3 x blank standard deviation)

(If an individual field blank is used as the blank value, the above
criteria do not apply.) If the sample is determined to be different
from the blank according to the above criteria, then the emission
value of a particular POHC 1s blank-corrected by subtracting the
mean blank value from the measured sample value.
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7.5.1.5 If, according to the above procedures, the sample
cannot be distingu1shed from the blank (i.e., for a given POHC there
is a high sample value and high blank value or there is a low sample
‘'value and low blank value), the measured sample value is not blank-
corrected. In this case, the measured sample value is used to
calculate a maximum emission value (and therefore a minimum DRE
value) for that particular run. :

7.5.1.6 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 1is a regulatory decision. Continued
observation of high concentrations of POHCs 1in 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.

7.5.1.7 If any internal standard recoveries fall outside the
control limits 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 3500 for sample preparation procedures.

8.2 Each laboratory that uses this method 1is 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 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 Paragraph 7.2.

8.2.2 The laboratory must spike all Tenax and Tenax/charcoal
cartridges with the internal standard(s) to monitor continuing laboratory
performance. This procedure is described in Paragraph 7.2.

8.3 To establish the ability to generate acceptable eccuracy and
precision, the analyst must spike blank Tenax and Tenax/charcoal cartridges
with the ana]ytes of interest at two concentrations in the working range.
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8.3.1 The average response  factor (R) 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 upper 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 limits 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 reagent water that interferencés from
the analytical system are under control.

8.7 The daily GC/MS performance tests requTréd-,for .this method are
described in Method 8240.

9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data.

10.0 REFERENCES

1. Protocol for Collection and Analysis of Volatile POHC's Using VOST.
EPA/600/8-84-007, March 1984,

2. Validation of the Volatile Organic Sampling Train ~(VOST) Protocol.
Volumes I and II. EPA/600/4-86-014a, January 1986.
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METHOO 5S040
PROTOCOL FOR ANALYSIS OF SORBENT CARTRIOGES
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4.2 SAMPLE PREPARATION METHODS

4.2.2 CLEANUP
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METHOD 3600
CLEANUP

1.0 SCOPE AND APPLICATION

1.1 General:

1.1.1 Injection of extracts into a gas or liquid chromatograph can
cause extraneous peaks, deterioration of peak resolution and column
efficiency, and loss of detector sensitivity and can greatly shorten the
lifetime of expensive columns. The following techniques have been
applied to extract purification: partitioning between immiscible
solvents; adsorption chromatography; gel permeation chromatography;
chemical destruction of interfering substances with acid, alkali, or
oxidizing agents; and distillation. These techniques may be used

individually or in various combinations, depending on the extent and
nature of the co-extractives.

1.1.2 It is an unusual situation, e.g., with some water samples,
when extracts can be directly determined without further treatment. Soil
and waste extracts 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.

1.2 Specific:

1.2.1 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.

1.2.2 Acid-base partitioning: Useful for separating acidic or
basic organics from neutral organics. It has been applied to analytes
such as the chlorophenoxy herbicides and phenols.

1.2.3 Gel permeation chromatography (GPC): The most universal
cleanup technique for a broad range of semivolatile organics and
pesticides. It is capable of separating high molecular-weight 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 Hazardous Substance Lists. GPC is

usually not applicable for eliminating extraneous peaks on a chromatogram
which interfere with the analytes of interest.

1.2.4 Sulfur cleanup: Useful 1in eliminating sulfur from sample

extracts, which may cause chromatographic interference with analytes of
interest.
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1.2.5 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 listed. Compounds that are.
chemically similar to these groups of compounds should follow a similar
elution pattern. ' '

2.0 SUMMARY OF METHOD

2.1 Refer to the specific cleanup method for a summary of the procedure.

3.0 INTERFERENCES

3.1 Ana]ytical interferences may be caused by contam1nants in solvents,
reagents, glassware, and other sample processing hardware.: A1l of these
materials must be routinely demonstrated to be free of interferences, under
the conditions of the ana]ysis by running 1aboratory reagent blanks.

3. 2 More extensive procedures than those out11ned 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 c]eahup method for the reagents needed.

6.0 SAMPLE COLLECTION; PRESERVATION, AND HANDLING

6.1 See the introductory material to this chepter, Organic Analytes,
Section 4.1, ‘ ' C

7.0 PROCEDURE

7.1 Prior to using the cleanup procedures, samples should undergo
solvent extraction. Chapter Two, Section 2.3.3, may be used as a guide for
choosing the appropriate extraction procedure based on the physical compo-
sition of the waste and on the analytes of interest in the matrix (see also
Method 3500 for a general descr1pt1on of the extraction technique). For some
organic 11qu1ds, extract1on prior to c]eanup may not be necessary

' 7.2 In most cases, the extracted sample is then analyzed by one of the
determinative methods avai]ab]e in Section 4.3 of this chapter. If the

analytes of interest are not able to be determined due to interferences,
c1eanup is performed ‘ :
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TABLE 1. RECOMMENDED CLEANUP TECHNIQUES FOR INDICATED GROUPS OF COMPOUNDS

- Determinatived . . ' Cleanup.
Analyte Group " Method . Method Option
Phenols 8040 3630P, 3640, 3650, 8040¢
Phthalate esters 8060 3610, 3620, 3640
Nitrosamines 8070 3610, 3620, 3640
Organochlorine pesticides & PCBs 8080 ‘ 3620, 3640, 3660
Nitroaromatics and cyclic ketones 8090 3620, 3640
Polynuclear aromatic hydrocarbons 8100 3611, 3630, 3640
Chlorinated hydrocarbons 8120 . 3620, 3640
Organophosphorous pesticides 8140 3620, 3640
Chlorinated herbicides 8150 - 8150d
Priority pollutant semivolatiles 8250, 8270 : 3640, 3650, 3660
Petroleum waste 8250, 8270 : + 3611, 3650

a The GC/MS Methods, 8250 and 8270, are also appropriate.determinative methods
for all analyte groups, unless 1ower detection limits are required.

b Cleanup applicable to derivatized phenols.

C Method 8040 includes a derivatization technique followed by GC/ECD ana]ysis,
if interferences are encountered using GC/FID.

d Method 8150 incorporates an acid-base cleanup step as an integral part of
the method.
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7.3 Many of the determinative methods specify cleanup methods that
should be used when determining particular ana]ytes; e.g., Method 8060 (gas
chromatography of phthalate esters) recommends using either Method 3610
(Alumina column cleanup) or Method 3620 (F]or1s11 column cleanup) if inter-
ferences 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 deter-

mination depends on the selectivity of both the extraction procedure and the
determinative method and the required detection 1imit.

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 (Section 4.3 of this chapter).

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures.

8.2 The analyst must demonstrate that the compouhds of interest are

being quantitatively recovered by the cleanup technique before the cleanup is
applied to actual samples.

8.2 For sample extracts that are cleaned up, the associated quality

control samples (e.g., spikes, blanks, 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.
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METHOD 3610
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, quinones, esters,
lactones, glycoside. DISADVANTAGES: Considerably less active than the
basic form.

1.2.3 Acidic (A) pH (4-5): USES: Acidic pigments (natural and
synthet;c), 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 H)0 to Grade 1 (prepared by heating at 400-450°C
until no more Hp0 is lost). The Brockmann scale (Gordon and Ford,

p. 374) is reproduced below:

Water added (wt. %): 0 3 6 10 15
Activity grade: I IT I1I 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.

2.0 SUMMARY OF METHOD

2.1 The column is packed with the required amount of adsorbent, topped
with a water adsorbent, and then 1loaded 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.
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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 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 Chromatography column: 300-mm x -10-mm I.D., 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). Ground-glass stopper 1is 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.

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).

4.6 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 cap.

4.9 Er]enmeyer flasks: 50- and 250-mL.
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5.0 REAGENTS

5.1 Sodium sulfate: (ACS) Granular, anhydrous (purified by heating at
400°C for 4 hr in a shallow tray).

5.2 Eluting solvents:

5.2.1 Diethyl ether: Pesticide quality or equivalent.

5.2.1.1 Must be free of peroxides, as indicated by EM Quant
test strips (test strips are available from EM Laboratories Inc.,
500 Executive Blvd., Elmsford, New York 10523).

5.2.1.2 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.

5.2.2 Methanol, pentane, hexane, methylene chloride: Pesticide
quality or equivalent.

5.3 Alumina:

5.3.1 For cleanup of phthalate extracts: Alumina-Neutral, activity
Super I, W200 series (ICN Life Sciences Group, No. 404583). 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-mL
reagent bottle. Tightly seal and cool to room temperature. When cool,
add 3 mL of reagent water. Mix thoroughly by shaking or rolling for

10 min and let it stand for at 1least 2 hr. Keep the bottle sealed
tightly.

5.3.2 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 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.

5.4 Reagent water: Reagent water 1is defined as water in which an

interferent is not observed at the method detection 1imit of the compounds of
interest.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

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

7.1"Phtha1ate 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 10 g of a]umina 1nto a chromatograph1c column to settle
-a]um1na and .add 1 cm of anhydrous sodium sulfate to the top

7.1.3 Pre-elute the column w1th 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 1ayer to the-air, add 35 mL of hexane and continue the elution of
the column. Discard thlS 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. 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 ana]yze Compounds that
elute in thls fraction are as follows:

B1s(2-ethy1hexy]) 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 priorhto'cleanup.

7.2.2 lehenylam1ne, if present' in the dr1g1na1 samp]e'extract
must be separated from the nitrosamines if N- n1trosod1pheny1am1ne is to
be determined by this method

7.2.3 Place 12 g of the alumina preparation into a 10-mm I.D.
‘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 wusing an additional 2 mL of pentane to
complete the transfer.
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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 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, but use pentane to prewet the
Snyder column. When the apparatus 1is 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.

8.2 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 the determinative methods for performance data.

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. 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 3611
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 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 wused 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, quinones, 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 H)0 to Grade 1 (prepared by heating at 400-450°C
until no more Hp0 is lost). The Brockmann scale (Gordon and Ford, p.
374) is reproduced below:

Water added (wt. %): 0 3 6 10 15
Activity grade: I II I1I IV )
RF (p-aminoazobenzene): 0.0 0.13 0.25 0.45 0.55

1.3 Specific applications: This method includes guidance for separation
of petroleum wastes into aliphatic, aromatic, and polar fractions.

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.
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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 th1s 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
300 mg 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. : :

4.0 APPARATUS AND MATERIALS

4,1 Chromatography column: 300-mm x- -10-mm I.D., 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, graduatéd (Kontes K-570050-1025 or
equivalent). 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.

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). ' : :

- 4.6 Boiling chips: Solvent extracted, approximate1y 10/40 mesh (éi]icon
carbide or equivalent). ' .
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4.7 Water bath: Heated with concentric ring cover, capable of
‘temperature control 115°C). The bath should be used in a hood.

4,8 Erlenmeyer flasks: 50- and 250-mL.

5.0 REAGENTS

5.1 Sodium sulfate: (ACS) Granular, anhydrous (purified by heating at
400°C for 4 hr in a shallow tray).

5.2 Eluting solvents: Methanol, hexane, methylene chloride (pesticide
quality or equivalent).

{

5.3 Alumina: Neutral 80-325 MCB chromatographic grade or equivalent.
Dry alumina overnight at 130°C prior to use.

5.4 Reagent water: Reagent water is defined as water in which an
interferent is not observed at the method detection 1limit of the compounds of
interest.

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 Fill the glass chromatographic column to about 20 cm with hexane.
Weigh out 10,0 g of alumina and add the alumina to the column. Gently tap the
column to distribute the alumina evenly (minimize chromatographic voids).
Alternatively, a slurry of alumina in hexane may be used to pack the column.

7.3 Allow the alumina to settle and then add 1.0 g of anhydrous sodium
sulfate on top of the alumina.

7.4 Elute the column with 50 mL of hexane. Let the solvent flow through
the column until the head of the liquid in the column is just above the sodium
sulfate layer. Close the stopcock to stop solvent flow.

7.5 Transfer 1.0 mL of sample extract onto the column. Rinse out
extract vial with 1 mL hexane and add it to the column immediately. To avoid
overloading the column, it is suggested that no more than 300 mg of extrac-
table organics be placed on the column (see Paragraph 3.3).
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7.6 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 label this fraction
"base/neutral aliphatics." Adjust the flow rate to 2 mL/min.-

7.7 Elute the column with 100 mL of methylene chloride and collect the
eff]uent in a 250-mL flask. Label this fraction "base/neutral aromatics."”

7 8 Elute the co]umn with 100 mL of ‘methanol and co]]ect the effluent in
a 250-mL flask. Label:-this fraction “base/neutra] polars.”

7.9 Concentrate the extracts by the standard K-D techn1que to whatever
volume is required (1-10 mL) in the appropriate determinative method (Section

4.3 of ‘this chapter). Analyze whichever fractions contain the analytes of
interest.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for spec1f1c quality control procedures and
Method: 3600 for cleanup procedures.

8.2 The analyst should demonstratéi that the compounds of interest are
being quantitatively'recovered before applying thfs method to actua] samp]es

8.3 For sample extracts that are ‘cleaned up using th1s method the

associated quality control samp]es must also -be processed through this c]eanup
method.

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 A rag oil sample was analyzed by a number of laboratories according
to the procedure outlined in this method. The results of these analyses 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. 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. U.S. EPA 40 CFR Part 136, “Guide]ines;Estab1ishihg 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. RESULTS OF ANALYSIS FOR SELECTED COMPONENTS IN RAG OIL

Mean

Standard

Compound Conc. (ug/g)a Deviation YRSDP
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 1017 46

2200

Average Surrogate Recoveries

Nitrobenzene-ds 58.6 11

Terphenyl-dyg 83.0 2.6
Phenol-dg 80.5 27.6

Naphthalene-dg 64.5 5.0

a4 Based on five determinations from three laboratories.

b percent Relative Standard Deviation.
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METHOD 3620
FLORISIL COLUMN CLEANUP

1.0 SCOPE AND APPLICATION

1.1 Florisil, a registered tradename 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 1is 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 organophosphorous 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.

3.0 INTERFERENCES

3.1 A reagent blank should be performed for the compdunds 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 Beaker: 500-mL.

4.2 Chromatographic column: 300-mm long x 10-mm I.D. or 400-mm long X
20-mm I.D., to be specified in Paragraph 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

3620 - 1
Revision 0
Date September 1986




may be purchased. Use a small pad of Pyréx 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). - Ground-glass stopper is used to prevent evaporation of
extracts. ' 4

4,3.2 Evaporation flask: 500-mL  (Kontes K-570001-0500 or
equivalent). Attach to concentrator tube with springs.

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). : '

4,4 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.

5.0 REAGENTS

5.1 Florisil: Pesticide residue '(PR) grade (60/100 mesh);-pufchase-
activated at 1250°F (677°C), stored in glass containers with ground-glass
stoppers or foil-lined screw caps. : .

5.1.1 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 reagent water. Mix thoroughly by shaking or rolling for
10 min and let stand for at least 2 hr. Keep the bottle sealed tightly.

5.1.2 Activation of Florisil: for cleanup of nitrosamines,
organochlorine pesticides and PCBs, nitroaromatics, haloethers,
chlorinated hydrocarbons, and organophosphorous 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.
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(Florisil from different batches or sources may vary 1in 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 Tlauric acid (mg) per g of
Florisil. The amount of Florisil to be used for each column is
%a1cu]?t§d by dividing 110 by this ratio and multiplying by 20 g
Mills).

5.2 Sodium sulfate (ACS): Granular, anhydrous (purified by heating at
400°C for 4 hr in a shallow tray).

5.3 Eluting solvents:

5.3.1 Diethyl ether: Pesticide quality or equivalent.

5.3.1.1 Must be free of peroxides as indicated by EM Quant
test strips (available from EM Laboratories 1Inc., 500 Executive
Boulevard, Elmsford, NY 10523).

5.3.1.2 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.
5.3.2 Acetone; hexane; methylene chloride; pentane; petroleum ether

(boiling range 30-60°C): 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 Phthalate eéters:

7.1.1 Reduce the sample extract volume to 2 mL prior to cleanup.
The extract solvent must be hexane.

7.1.2 Place 10 g of Florisil into a 10-mm I.D. chromatographic
column. Tap the column to settle the Florisil and add 1 cm of anhydrous
sodium sulfate to the 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.
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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. No solvent exchange is
necessary. Adjust the volume of the cleaned-up extract to whatever
volume is required (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 Place 22 g of activated ﬁ]orisi] into a 20-mm I.D.
chromatographic column. Tap the column to settle the Florisil and add
about 5 mm of anhydrous sodium sulfate to the top.

7.2.3 Preelute 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 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.

7.2.4 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
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. Analyze by gas chromatography.

7.3 Organochlorine pesticides, haloethers, and organophosphorous
esticides (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.
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7.3.2 Add a weight of Florisil (nominally 20 g), predetermined by
calibration, to a 20-mm I.D. 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. A1l of the haloethers are 1in this fraction. Remove the K-D
flask and set aside for later concentration. Elute the column again,
using 200 mL of 15% ethyl ether 1in 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 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). Analyze by gas chromatography.

7.4 Nitroaromatics and isophorone:

7.4.1 Reduce the sample extract volume to 2 mL prior to cleanup.

7.4.2 Prepare a slurry .of 10 g activated Florisil in methylene
chloride/hexane (1:9) (v/v) and place the Florisil into a 10-mm I.D.
chromatographic column, Tap the column to settle the Florisil and add 1
cm of anhydrous sodium sulfate to the top. Adjust the elution rate to
about 2 mL/min.

7.4.3 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 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
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TABLE 1

DISTRIBUTION OF CHLORINATED PESTICIDES, PCBs,

AND HALOETHERS INTO FLORISIL COLUMN FRACTIONS

Parameter

Percent Recovery by Fractiond

1 2 3
Aldrin 100
a-BHC 100
f-BHC 97
6-BHC 98
7-BHC 100
Chlordane 100
4,4'-DDD 99
4,4'-DDE 98
4,4'-DDT 100
Dieldrin 0 100
Endosulfan I 37 64
Ensosulfan II 0 7 91
Endosulfan sulfate 0 0 106
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

" Afluant 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).

SOURCE:

U.S. EPA and FDA data.
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TABLE 2

DISTRIBUTION OF ORGANOPHOSPHOROUS PESTICIDES
INTO FLORISIL COLUMN FRACTIONS

Percent Recovery by Fractiond

Parameter 1 2 3 4

Azinophos 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 ) ) )

Fensul fothion ND ND ND ND

Fenthion R R

Malathion 5 95

Merphos ) ) v

Mevinphos ND ND ND ND

Monochrotophos ND ND ND ND

Naled NR NR NR

Parathion 100

Parathion methy]l 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

dEluant 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
NR = Not recovered (U.S. FDA).

V = Variable recovery (U.S. FDA).
ND = Not determined.

SOURCE: U.S. EPA and FDA data.

information presented) (U.S. FDA).
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final volume of the cleaned-up extract to whatever volume is required
(1-10 mt). Compounds that elute in this fract1on are:

2,4-D1n1troto1uene
2,6-Dinitrotoluene
- Isophorone
Nitrobenzene.
Analyze by gas chromatography.

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 Place 12 g of Florisil into a 10-mm I.D. chromatographic
column. Tap the column to settle the Florisil and add 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.

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). Analyze by gas chromatography.

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.
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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 1 indicates the distribution of chlorinated pesticides, PCB's,
and haloethers in various Florisil column fractions.

9.2 Table 2 indicates the distribution of organophosphorous 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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METHOD 3630
SILICA GEL CLEANUP

1.0 SCOPE AND APPLICATION

1.1 Silica gel is a regenerative adsorbent of amorphous silica with
weakly acidic properties. It 1is produced from sodium silicate and sulfuric
acid. Silica gel can be used for column chromatography and is for separating
the analytes from interfering compounds of a different chemical polarity.

1.2 General applications (Gordon and Ford):

1.2.1 . Activated: Heated at 150-160°C for several hours.
USES: Separation of hydrocarbons.

1.2.2 Deactivated: Containing 10-20% water. USES: An adsorbent
for most functionalities with ionic or nonionic characteristics,
including alkaloids, sugar esters, glycosides, dyes, alkali metal
cations, lipids, glycerides, steroids, terpenoids and plasticizers. The
disadvantages of deactivated silica gel are that the solvents methanol
and ethanol decrease adsorbent activity.

1.3 Specific applications: This method includes guidance for cleanup of
sample extracts containing polynuclear aromatic hydrocarbons and derivatized
phenolic compounds.

2.0 SUMMARY OF METHOD

2.1 The column is packed with the required amount of adsorbent, topped
with a water adsorbent, and then 1loaded 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.

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 Chromatographic column: 250-mm long x 10-mm I.D.; 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
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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 co]umn_wjth adsorbent.

4.2 Beakers: 500-mL.

4,3 Kuderna-Danish (K-D) apparatus:

4.3.1 Concentrator tube: 10-mL, graduated,(Kdntes 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.

4.3.3 Snyder column: | Three—ball' macro (konte§ K4503000-0121 or
equivalent). L

4.3.4 Snyder column: Two-ball micro (Kohtes'.K—569001-0219 or
equivalent). _ '

4.4 Muffle furnace.

4.5 Reagent bottle: 500-mL.

4.6 Water bath: Heated, with concentric ring cover,. capable of
temperature controj (+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 : S

4.8 Erlenmeyer flasks: .50- and 250-mL.

5.0 REAGENTS

5.1 Silica gel: '100/200 mesh desiccant .(Davison Chemical gradé 923 or
equivalent). Before use, activate for at least 16 hr .at 130°C in a shallow
glass tray, loosely covered with foil.

5.2 Sodium sulfate (ACS): Granular, anhydrous'(purified by heating at
400°C for 4 hr in a shallow tray).

5.3 Eluting solvents: Cyclohexane, hexane, 2-propanol, toluene,
methylene chloride, pentane (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.
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7.0 PROCEDURE

7.1 Polynuclear aromatic hydrocarbons:

7.1.1 Before the silica gel cleanup technique can be utilized, the
extract solvent must be exchanged to cyclohexane. Add 1 to 10 mL of the
sample extract (in methylene chloride) and a boiling chip to a clean K-D
concentrator tube. Add 4 mL of cyclohexane and attach a two-ball micro-
Snyder column. Prewet the column by adding 0.5 mL of methylene chloride
to the top. Place the micro-K-D apparatus on a boiling (100°C) 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 concentration in 5 to 10 min. 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 liquid
reaches 0.5 mL, remove the K-D apparatus and allow it to drain and cool
for at least 10 min. Remove the micro-Snyder column and rinse its lower

joint into the concentrator tube with a minimum amount of cyclohexane.
Adjust the extract volume to about 2 mL.

7.1.2 Prepare a slurry of 10 g of activated silica gel in methylene
chloride and place this into a 10-mm I.D. 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.

7.1.3 Preelute 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.

7.1.4 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 or GC analysis. Components
that elute in this fraction are:

Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b) fluoranthene
Benzo(ghi)perylene
Benzo (k) fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
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8.0

Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene

Pyrene

7.2 Derivatized phenols:

7.2.1 This silica gel cleanup .procedure 1is performed on sample
extracts that have undergone pentaf]uorobenzy] bromide derivatization as
described in Method 8040.

7.2.2 Place 4.0 g of activated silica gel into a 10-mm I.D.
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.

7.2.3 Preelute 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. ‘ .

7.2.4 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 1nterferences. Proceed with
GC analysis (Method 8040).

QUALITY CONTROL

8.1 Refer to Chapter One for Specific quality control prdcedures 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 Table 1 provides performance information on the fractionation of

phenolic derivatives using this method.
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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. 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. SILICA GEL FRACTIONATION OF PFBB DERIVATIVES

Percent Recovery by Fractionl

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- Ch]oro 3- methylpheno] 84 14
Pentachlorophenol. 75 20
4-Nitrophenol 1 90
1 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.
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METHOD 3640
GEL-PERMEATION CLEANUP

1.0 SCOPE AND APPLICATION

1.1 Gel-permeation chromatography (GPC) 1is a size exclusion procedure
using organic solvents and hydrophobic gels in the separation of synthetic
macromolecules (Gordon and Ford). 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 greater than those of the
molecules to be separated (Shugar, et al.).

1.2 General application: GPC is recommended for the elimination from
the sample of 1lipids, polymers, copolymers, proteins, natural resins and
polymers, cellular components, viruses, steroids, and dispersed high-
molecular-weight compounds (Shugar, et al.).

1.3 Specific application: This method 1includes guidance for cleanup of
sample extracts containing the compounds 1listed in Tables 2-1 through 2-9 of
Chapter 2.

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 1loaded with the sample to be analyzed. 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
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

4.1 Gel permeation chromatography system: (Analytical Biochemical
Laboratories, Inc. GPC autoprep Model 1002A or equivalent). An automated
system of this type is not required; however, if not used, equivalency of an
alternative system must be shown.

4.1.1 Chromatographic column: 600- to 700-mm x 25-mm I.D. glass
column fitted for upward flow operation.

4.1.2 Bio-beads S-X3: 70 g per column.
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4.1.3 Pump: Capable of constant flow of 0.1 to 5 mL/min at up to
100 psi .

4.1.4 Injector: With 5-mL ]oopf

4.1.5‘ Ultraviolet detector: 254-nm (optional).
4.1.6 Stnip;chart recorder: ‘(optional).

4.1.7 Syringe: 10-mL-n1th Luerlok fitting.

©4,1.8 Syringe filter holder and filter: BioRad "Prep Disc" sample
filter # 343-0005 and 5-um size filters or equivalent.

4,2 Beakers: 400-mL.

5.0 REAGENTS -

5.1 Methylene chloride: Pesticide quality or equivalent.

5.2 GPC calibration solutions:

'5.2.1 Corn oil: 200 mg/mL in methylene chloride.

5.2.2 Bis(z-ethylhexyl)phthalate and pentachlorophenol solution:
4.0 mg/mL in methylene chloride..

5.2.3 Mix the corn oil with the phtha]ate/pheno] solution.if a UV
detector is used. The concentrations should remain the same.
6.0 SAMPLEtCOLLECTION, PRESERVATION, AND‘HANDLING

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

\

7.0 PROCEDURE -

7.1 Packing the column: Place approximately 70 g of Bio Beads SX-3 in a
400-mL beaker. Cover the beads with methylene chloride; allow the beads to
swell overnight (before packing the co]umns{ Transfer the swelled beads to
the column and start pumping solvent through the column, from bottom to top,
at 5.0 mL/min. After approximately 1 hr, adjust the pressure on the column to
7-10 psi and pump an additional 4 hr to remove air from the column. Adjust
the column pressure periodically as required to maintain 7-10 psi. (See the
instrument manual for more details on packing the column.) The pressure
should not be permitted to exceed 25 psi.

7.2 Calibration of the column: The column can either be calibrated
manually by gravimetric/GC/FID techniques or automatically if a recording UV
detector with a flow through cell is available.
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7.2.1 Manpal calibration: Load 5 mL of the corn o0il solution into
sample loop No. 1 and 5 mL of the phthalate-phenol solution into loop
No. 2. Inject the corn oil and collect 10-mL fractions (i.e., change
fractions at 2-min intervals) for 36 min. Inject the phthalate-phenol
solution and collect 15 mL fractions for 60 min. Determine the corn oil
elution pattern by evaporation of each fraction to dryness followed by a
gravimetric determination of the residue. Analyze the phthalate-phenol
fractions by GC/FID using a DB-5 capillary column, a UV spectrophoto-
meter, or a GC/MS system. Plot the concentration of each component in
each fraction versus total eluant volume (or time) from the injection
points. Choose a dump time which allows > 85% removal of the corn oil
and > 85% recovery of the bis(2-ethylhexyl)phthalate. Choose the collect
time to extend at least 10 min after the elution of pentachlorophenol.
Wash the column with methylene chloride at least 15 min between samples.
Typical parameters selected are: Dump time, 30 min (150 mL); collect
time, 36 min (180 mL); and wash time, 15 min (75 mL).

7.2.2 Automated calibration: The column can also be calibrated by
the use of a 254-nm detector 1in place of gravimetric and GC analyses of
fractions. Use the corn oil/phthalate/phenol mixture when using a UV
detector. Load 5 mL into sample 1loop No. 1. Use the same criteria for
choosing dump time and collect time as in the manual calibration.

7.2.3 The SX-3 Bio Beads column may be reused for several months,
even if discoloration occurs. Recalibrate the system once a week.

7.3 GPC Extract Cleanup: The extract must be in methylene chloride or,
primarily methylene chloride. A1l other solvents must be concentrated to 1 mL
and diluted to 10.0 mL with methylene chloride. Prefilter or load all
extracts via the filter holder to avoid particulates that might cause flow
stoppage or damage the valve. Load one 5.0 mL aliquot of the extract onto the
GPC column. Do not apply excessive pressure when loading. Purge the sample
loading tubing thoroughly with solvent between extracts. After especially
dirty extracts, run a GPC blank (methylene chloride) to check for carry-over.
Process the extracts using the dump, collect, and wash parameters determined
from the calibration, and collect the cleaned extracts in 400-mL beakers
tightly covered with aluminum foil.

NOTE: Half of the 10.0 mL extract is lost during the loading of the GPC.

Therefore, divide the sample size by two when calculating analyte

concentration,

7.4 Concentrate the extraét by the standard K-D technique (see any of
the extraction methods, Section 4.2 of this chapter). See the

determinative methods (Chapter Four, Section 4.3) for the required final
volume.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 3600 for cleanup procedure.
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8.2 The analyst should demonstrate that the compound(s) of interest are
being quantitatively recovered before applying this method to actual samples.

8.2 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 the determinative methods for performance data.

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. Shugar G.J., et a].; Chemical Teéhnic1an's Reédy Reference Handbook, 2nd
ed. (New York: McGraw-Hill Book Co.) pp. 764-766, 1981,

3. Wise, R.H., D.F. Bishop, R.T. Williams, and B.M. Austern, "Gel Permeation
Chromatography in the GC/MS Analysis of Organics 1in Sludges,” U.S. EPA,
Municipal Environmental Research Laboratory, Cincinnati, Ohio. 45268.

4. U.S. EPA Contract Laboratory Program, Statement of Work for Organic
Analysis, Revision, July 1985.
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METHOD 3650
ACID-BASE PARTITION CLEANUP

1.0 SCOPE AND APPLICATION

1.1 Method 3650 was formally Method 3530 in the second edition of this
manual.

1.2 This 1is a 1liquid-liquid partitioning method to separate acid
analytes from base/neutral analytes using pH adjustment. It may be used for
cleanup of petroleum waste prior to alumina cleanup.

2.0 SUMMARY OF METHOD

2.1 The solvent extract is shaken with water that is strongly basic.
The acid analytes partition into the aqueous 1layer, whereas, the basic and
neutral compounds stay in the organic solvent. The base/neutral fraction is
concentrated and is ready for further cleanup, if necessary, or analysis. The
aqueous layer is acidified and extracted with an organic solvent. This
extract is concentrated and then ready for analysis for the acid analytes.

3.0 INTERFERENCES

3.1 A reagent blank should be performed for the compound 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 Separatory funnel: 125-mL, with Teflon stopcock.

4.2 Drying column: 20-mm I.D. 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.

4.3 Xuderna-Danish (K-D) apparatus:

4,3.1 Concentrator tube: 10-mL, graduated (Kontes K5700-1025 or

equivalent). Ground-glass stopper is used to prevent evaporation of
extracts.
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4.3.2 Evaporation flask: . 500-mL (K-570001-0500 or equivalent).
Attach to concentrator tube with springs.

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

4.3.4 Snyder column: Two-ball micro (Kontes K569001-0219 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: Glass, 2-mL capacity with Teflon-lined screw-cap.

4.7 pH indicator paper:. pH range including the desired extraction pH.
4.8 Erlenmeyer flask: 125-mL. |

5.0 REAGENTS

5.1 Reagent water: Reagent water 1{s defined as water in which an
interferent is not observed at the method detection 11m1t ‘of the compounds of
interest.

5.2 Sodium hydroxide solution 10N: (ACS) 40 g NaOH in reagent water and
dilute to 100 mL.

5.3 Sodium sulfate: (ACS) Granu]ar, anhydrous (purified by heating at
400°C for 4 hr in a shallow tray).

5.4 Sulfuric acid solution (1:1): Slowly add 50 mL HpSO4 (sp. gr. 1.84)
to 50 mL of reagent water.

5.5 Solvents: Acetone, methano] ethyl ether, methylene chloride
(pesticide quality or equivalent)

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

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

7.0 PROCEDURE

7.1 Place 10 mL of the extract or organic liquid waste to be cleaned up
into the separatory funnel.
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7.2 Add 20 mL of methylene chloride to the separatory funnel.

7.3 Add 20 mL of reagent water and adjust the pH to 12-13 with sodium
hydroxide.

7.4 Seal and shake the separatory funnel for 1-2 min 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.

7.5 Allow the organic layer to separate from the water phase for a
minimum of 10 min. If the emulsion interface between layers is more than one-
third of 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 fresh 20 mL portions of
reagent water pH 12-13. Combine the aqueous extracts.

7.7 At this point the analytes will be 1in the organic and/or in the
aqueous phase. Organic acids and phenols will be 1in the aqueous phase,
whereas, base/neutral analytes will be in the organic solvent. If the
analytes are in the aqueous phase only, discard the organic phase and proceed
to Paragraph 7.8. If the analytes are in the organic phase, discard the
aqueous phase and proceed to Paragraph 7.10.

7.8 Transfer the aqueous phase to a clean separatory funnel. Adjust the
aqueous layer to a pH of 1-2 with sulfuric acid. Add 20 mL of methylene
chloride to the separatory funnel and shake for 2 min. Allow the solvent to

separate from the aqueous phase and collect the solvent in an Erlenmeyer
flask.

7.9 Add a second 20 mL volume of methylene chloride to the separatory
funnel and re-extract at pH 1-2 a second time, combining the extracts in the
Erlenmeyer flask. Perform a third extraction in the same manner.

7.10 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-mL
concentrator tube to a 500-mL evaporation flask.

7.11 Dry the extracts by passing them through a drying column containing
about 10 cm of anhydrous sodium sulfate. Collect the dried extract in the K-D
concentrator. Rinse the Erlenmeyer flask which contained the solvent extract

and the column with 20 mL of methylene chloride to complete the quantitative
transfer. :

7.12 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

3650 — 3
Revision 0
Date September 1986




water bath (60°-65°C) 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 15-20 min. 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 coo]
for at least 10 min. Remove the Snyder column and rinse the flask and its
lTower joints into the concentrator tube with 1-2 mL of extraction solvent.

7.13 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 (95°-100°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 min. 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 liquid reaches
0.5 mL, remove the K-D apparatus and allow it to drain for at least 10 min
while cooling. 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 mL with solvent.

7.14 The acid fraction is now ready for analysis. If the base/neutral
extract is to undergo further cleanup by the Alumina Column Cleanup for
Petroleum Waste (Method 3611), the extract must be exchanged to hexane. To
the 1-mL base/neutral extract, 5 mL of hexane should be added (so]vent
exchanged), and this mixture then reconcentrated to 1 'mL us1ng the micro-KD

apparatus. If no further cleanup of the base/neutral extract is required, it
is also ready for analysis.

B

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 be processed through this cleanup
method.

9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data.

10.0 REFERENCES
10.1 None required.
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METHOD 3660
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 organophosphorous 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 organophosporous and some
organochlorine pesticides.

2.0 SUMMARY OF METHOD

2.1 The sample to undergo cleanup 1is 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 least one minute.

4.0 APPARATUS AND MATERIALS

4.1 Mechanical shaker or mixer: Such as the Vortex Genie.

4.2 Pipets: Disposable, Pasteur type.
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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.

5.0 REAGENTS

5.1 Reagent water: Reagent water 1is defined as water 1in which an
interferent is not observed at the method detection 1imit of the compounds of
interest. :

5.2 Nitric acid: Dilute.

5.3 Acetone, hexane, 2-propanol: Pesticide quality or equivalent.

5.4 Coppér powder: ﬁemove oxides by treating with dilute nitric acid,
rinse with distilled water to remove all traces of acid, rinse with acetone

and dry under a stream of nitrogen. (Copper, fine granular Mallinckrodt 4649
or equivalent). :

5.5 Mercury: Triple distilled.

5.6 Tetrabutylammonium (TBA)-sulfite reagent: Dissolve 3.39 ¢
tetrabutylammonium hydrogen sulfate in 100 mL 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 in the Kuderna-
Danish tube.

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 the extract to a calibrated centrifuge tube.

7.1.3 Add approximatély 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. :
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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 1is necessary to prevent further degradation

of the pesticides.

7.2 Removal of sulfur using mercury:

NOTE: Mercury is a highly toxic metal and therefore, must be used
with great care. 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.

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.

7.3.2 Transfer the 1.0 mL to a 50-mL clear glass bottle or vial
with a Teflon-l1ined 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 100-mg portions until a solid residue remains
after repeated shaking.

7.3.4 Add 5 mL distilled 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 use the K-D technique to concentrate the extract to
1.0 mL.

7.4 Analyze the cleaned up extracts by gas chromatography (see the
determinative methods, Section 4.3 of this chapter).
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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 1 indicates the effect of wusing copper and mercury to remove
sulfur on the recovery of certain pesticides.

10.0 REFERENCES
1. Loy, E.W., private communicatibn.

2. Goerlitz, D.F. and L.M. Law, Bulletin for Environmental Contamination and
Toxicology, 6, 9 (1971).

3. U.S. EPA Contract Laboratory Program, Statement of Work for Organic
Analysis, Revision, July 1985,
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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
DDT 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

a8 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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4.3 DETERMINATION OF ORGANIC ANALYTES
4.3.1 GAS CHROMATOGRAPHIC METHODS
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METHOD 8000
GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 Gas chromatography is a quantitative analytical technique useful for
organic compounds capable of being volatilized without being decomposed or
chemically rearranged. Gas chromatography (GC), also known as vapor phase
chromatography (VPC), has two subcategories distinguished by: gas-solid
chromatography (GSC), and gas-liquid chromatography (GLC) or gas-liquid
partition chromatography (GLPC). This Tlast group is the most commonly used,
distinguished by type of column adsorbent or packing.

1.2 The gas chromatographic methods are recommended for use only by, or
under the close supervision of, experienced residue analysts.

2.0 SUMMARY OF METHOD

2.1 Each organic analytical method that follows provides a recommended
technique for extraction, cleanup, and occasionally, derivatization of the
samples to be analyzed. Before the prepared sample is introduced into the GC,
a procedure for standardization must be followed to determine the recovery and
the Timits of detection for the analytes of interest. Following sample
introduction into the GC, analysis proceeds with a comparison of sample values
with standard values. Quantitative analysis is achieved through integration
of peak area or measurement of peak height.

3.0 INTERFERENCES

3.1 Contamination by carryover can occur whenever high-level and low-
level samples are sequentially analyzed. To reduce carryover, the sample
syringe or purging device must be rinsed out between samples with reagent
water or solvent. Whenever an unusually concentrated sample is encountered,
it should be followed by an analysis of a solvent blank or of reagent water to
check for cross contamination. For volatile samples containing large amounts
of water-soluble materials, suspended solids, high boiling compounds or high
organohalide levels, it may be necessary to wash out the syringe or purging
device with a detergent solution, rinse it with distilled water, and then dry
it in a 105°C oven between analyses.

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph: analytical system complete with gas chromato-
graph suitable for on-column injections and all required accessories,
including detectors, column supplies, recorder, gases, and syringes. A data
system for measuring peak height and/or peak areas is recommended.
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4.2 Gas chromatographic columns: See the specific determinative method.
Other packed or capillary (open-tubular) columns may be used if the
requirements of Section 8.6 are met.

5.0 REAGENTS

5.1 See the specific determinative 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 Extraction: Adhere to those procedures specified in the referring
determinative method.

7.2 Cleanup and separation: Adhere to those procedures specified in the
referring determinative method. '

7.3 The recommended gas chromatographic columns and operating conditions
for the instrument are specified in the referring determinative method.

7.4 Calibration:

7.4.1 Establish gas chromatographic operating parameters equivalent
to those indicated in Section 7.0 of the determinative method of
interest. Prepare calibration standards using the procedures indicated
in Section 5.0 of the determinative method of interest. Calibrate the
chromatographic system wusing either the external standard technique
(Section 7.4.2) or the internal standard technique (Section 7.4.3).

7.4.2 External standard calibration procedure:

7.4.2.1 For each analyte of interest, prepare calibration
standards at a minimum of five concentration levels by adding
volumes of one or more stock standards to a volumetric flask and
diluting to volume with an appropriate solvent. One of the external
standards should be at a concentration near, but above, the method
detection limit. The other concentrations should correspond to the
expected range of concentrations found in real samples or should
define the working range of the detector.

7.4.2.2 Inject each calibration standard using the technique
that will be used to introduce the actual samples into the gas
chromatograph (e.g, 2- to 5-uL injections, purge-and-trap, etc.).
Tabulate peak height or area responses against the mass injected.
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The results can be used to prepare a calibration curve for each
analyte. Alternatively, for samples that are introduced into the
gas chromatograph using a syringe, the ratio of the response to the
amount injected, defined as the calibration factor (CF), can be
calculated for each analyte at each standard concentration. If the
percent relative standard deviation (%RSD) of the calibration factor
is less than 20% over the working range, linearity through the
origin can be assumed, and the average calibration factor can be
used in place of a calibration curve.

Total Area of Peak*
Mass injected (in nanograms)

*For multiresponse pesticides/PCBs use the total area of all peaks
used for quantitation.

Calibration factor =

7.4.2.3 The working calibration curve or calibration factor
must be verified on each working day by the injection of one or more
calibration standards. The frequency of verification is dependent
on the detector. Detectors, such as the electron capture detector,
that operate in the sub-nanogram range are more susceptible to
changes in detector response caused by GC column and sample effects.
Therefore, more frequent verification of calibration is necessary.
The flame ionization detector is much less sensitive and requires
less frequent verification. If the response for any analyte varies
from the predicted response by more than +15%, a new calibration
curve must be prepared for that analyte.

Ry - Ry
Percent Difference = —R X 100
1
where:
Ry = Calibration Factor from first analysis.
Ro = Calibration Factor from succeeding analyses,

7.4.3 Internal standard calibration procedure:

7.4.3.1 To use this approach, the analyst must select one or
more internal standards that are similar in analytical behavior to
the compounds of interest. The analyst must further demonstrate
that the measurement of the internal standard is not affected by
method or matrix interferences. Due to these limitations, no
internal standard applicable to all samples can be suggested.

7.4.3.2 Prepare calibration standards at a minimum of five
concentration levels for each analyte of interest by adding volumes
of one or more stock standards to a volumetric flask. To each
calibration standard, add a known constant amount of one or more
internal standards and dilute to volume with an appropriate solvent.
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One of the standards should be at a concentration near, but above,
the .method detection 1limit. The other concentrations should
correspond to the expected range of concentrations found in real
samples or should define the working range of the detector.

7.4.3.3 Inject each calibration standard using the same
introduction technique that will be applied to the actual samples
(e.g, 2- to 5-uL injection, purge-and-trap, etc.). Tabulate the
peak height or area responses against the concentration of each
compound and internal standard. Calculate response factors (RF) for
each compound as follows:

RF = (AsCis)/(AisCs)

where:
As = Response for the analyte to be meaéured. 
Ajs = Response for the internal standard.
Cis = Concéntration of the internal standard, ug/L.
Cs = Concentration of the analyte to be measured, ug/L.

If the RF value over the working range is constant ({20% 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, Ag/Ajs versus RF,

7.4.3.4 The working calibration curve or RF must be verified
on each working day by the measurement of one or more calibration
standards. The frequency of verification 1is dependent on the
detector. Detectors, such as the electron capture detector, that
operate in the sub-nanogram range are more susceptible to changes in
~detector response caused by GC column and sample effects.
Therefore, more frequent verification of calibration is necessary.
The flame ionization detector 1is much 1less sensitive and requires
less frequent verification. If the response for any analyte varies
from the predicted response by more than +15%, a new calibration
‘curve must be prepared for that compound. '

7.5 Retention time windows:

- 7.5.1 Before establishing windows, make sure the GC system is
within optimum operating conditions. Make three injections of all single
component standard mixtures and multiresponse products (i.e., PCBs)
throughout the course of a 72-hr period. Serial injections over less
than a 72-hr period result in retention time windows that are too tight.

‘ 7.5.2 Calculate the standard deviation of the three absolute
.retention times for each 'single component standard. For multiresponse
products, choose one major peak from the envelope and calculate the
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standard deviation of the three retention times for that peak. The peak
chosen should be fairly immune to losses due to degradation and
weathering in samples.

7.5.2.1 Plus or minus three times the standard deviation of
the absolute retention times for each standard will be used to
define the retention time window; however, the experience of the
analyst should weigh heavily in the interpretation of chromatograms.
For multiresponse products (i.e., PCBs), the analyst should use the
retention time window but should primarily rely on pattern recog-
nition.

7.5.2.2 1In those cases where the standard deviation for a
particular standard is zero, the 1laboratory must substitute the
standard deviation of a close eluting, similar compound to develop a
valid retention time window.

7.5.3 The laboratory must calculate retention time windows for each
standard on each .GC column and whenever a new GC column is installed.
The data must be retained by the laboratory.

7.6 Gas chromatographic analysis:

7.6.1 Introduction of organic compounds into the gas chromatograph
varies depending on the volatility of the compound. Volatile organics
are primarily introduced by purge-and-trap (Method 5030). However, there
are limited applications where direct injection is acceptable. Use of
Method 3810 or 3820 as a screening technique for volatile organic
analysis may be valuable with some sample matrices to prevent overloading
and contamination of the GC systems. Semivolatile organics are
introduced by direct injection.

7.6.2 The appropriate detector(s) is given in the specific method.

7.6.3 Samples are analyzed in a set referred to as an analysis
sequence. The sequence begins with instrument calibration followed by
sample extracts interspersed with multilevel calibration standards. The
sequence ends when the set of samples has been injected or when
qualitative and/or quantitative QC criteria are exceeded.

7.6.4 Direct Injection: Inject 2-5 ulL of the sample extract using
the solvent flush technique. Smaller (1.0-ul) volumes can be injected if
automatic devices are employed. Record the volume injected to the
nearest 0.05 uL and the resulting peak size in area units or peak height.

7.6.5 If the responses exceed the 1linear range of the system,
dilute the extract and reanalyze. It 1is recommended that extracts be
diluted so that all peaks are on scale. Overlapping peaks are not always
evident when peaks are off scale. Computer reproduction of
chromatograms, manipulated to ensure all peaks are on scale over a 100-
fold range, are acceptable if linearity 1is demonstrated. Peak height
measurements are recommended over peak area integration when overlapping
peaks cause errors in area integration.
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7.6.6 If peak detection 1is prevented by the presence of
interferences, further cleanup is required. :

7.6.7 Examples of chromatograms for the compounds of 1nterest are
frequently available in the referring analytical method.

7.6.8 Calibrate the system immediately pr1or to conducting any
analyses (see Paragraph 7.4). A midlevel standard must also be injected
at intervals specified in the method and at the end of the analysis
sequence. The calibration factor for each analyte to be quantitated,
must not exceed a 15% difference when compared to the initial standard of
the analysis sequence. When: th1s criteria is exceeded, inspect the GC
system to determine the cause and perform whatever maintenance is
necessary (see Section 7.7) before recalibrating and proceeding with
sample analysis. A1l samples that were injected after the sample
exceeding the criteria must be reinjected.

7.6.9 Establish daily retention time windows for each analyte. Use
the absolute retention time for each analyte from Section 7.6.8 as the
midpoint of the window for that day. The daily retention time window

equals the midpoint + three times the standard deviation determined in
Section 7.5.

7.6.9.1 Tentative identification of an analyte occurs when a
peak from a sample extract falls within the daily retention time
window. Normally, confirmation is required: on a second GC column;
by GC/MS if concentration permits; or by other recognized
confirmation techniques. Confirmation may not be necessary if the

composition of the sample matrix is well established by prior
analyses.

7.6.9.2 Validation of GC system qualitative performance: Use
the midlevel standards interspersed throughout the analysis sequence
(Paragraph 7.6.8) to evaluate this criterion. If any of the
standards fall outside their daily retention time window, the system

is out of control. Determine -the cause of the problem and correct
it (see Section 7.7).

7.7 Suggested chromatography system maintenance: Corrective measures
may require any one or more of the following remedial actions.

7.7.1 Packed columns: For instruments with injection port traps,
replace the demister trap, clean, and deactivate the glass injection port
insert or replace with a cleaned and deactivated insert. Inspect the
injection end of the column and remove any foreign material (broken glass
from the rim of the column or pieces of septa). Replace the glass wool
with fresh deactivated glass wool. Also, it may be necessary to remove
the first few millimeters of the packing material if any discoloration is
noted, also swab out the inside walls of the column if any residue is
noted. If these procedures fail to eliminate the degradation problem, it
may be necessary to deactivate the metal injector body (described in
Section 7.7.3) and/or repack/rep]ace the column. -
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7.7.2 Capillary columns: Clean and deactivate the glass injection
port insert or replace with a cleaned and deactivated insert. Break off
the first few inches, up to one foot, of the injection port side of the
column. Remove the column. and solvent backflush according to the
manufacturer's instructions. If these procedures fail to eliminate the
degradation problem, it may be necessary to deactivate the metal injector
body and/or replace the column.

7.7.3 Metal injector body: Turn off the oven and remove the
analytical column when oven has cooled. Remove the glass injection port
insert (instruments with off-column injection or Grob). Lower the
injection port temperature to room temperature. Inspect the injection
port and remove any noticeable foreign material,

7.7.3.1 Place a beaker beneath the injector port inside the GC
oven. Using a wash bottle, serially rinse the entire inside of the
injector port with acetone and then toluene; catching the rinsate in
the beaker.

7.7.3.2 Prepare a solution of deactivating agent (Sylon-CT or
equivalent) following manufacturer's directions. After all metal
surfaces inside the injector body have been thoroughly coated with
the deactivation solution, serially rinse the injector body with

toluene, methanol,acetone, and hexane. Reassemble the injector and
replace the GC column.

7.8 Calculations:

7.8.1 External standard calibration: The concentration of each
analyte in the sample may be determined by calculating the amount of
standard purged or injected, from the peak response, using the
calibration curve or the calibration factor determined in Paragraph
7.4.2. The concentration of a specific analyte is calculated as follows:

Aqueous samples:

Concentration (ug/L) = [(Ax) (A) (V¢) (D)1/[(As) (Vi) (Vs)]

where:

Ax

Response for the analyte in the sample, units may be in area
counts or peak height.

A = Amount of standard injected or purged, ng.

>
(7]
n

Response for the external standard, units same as for Ay.

-
s
H

= Volume of extract injected, uL. For purge-and-trap analysis,
V; is not applicable and therefore = 1.

D = Dilution factor, if dilution was made on the sample prior to
analysis. If no dilution was made, D = 1, dimensionless.
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V¢ = Volume of total extract, uL. For purge-and-trap analysis, V¢
is not.applicable and therefore = 1.
Vs = Volume of sample extracted or purged, mL.

Nonaqueous samples:

Concentration (ng/g) = [(Ax)(A) (Vt)(D)]/[(As) (Vi) (W)]

where:

‘W = Weight of sample extracted or purged, g. The wet we1ght or dry
weight may be used, depending upon the specific applications of
the data.

Ax, As, A, V¢, D, and V5 have the same definition as for aqueous
samples. .

7.8.2 Internal standard calibration: For each analyte of interest,
the concentration of that analyte in the sample is calculated as follows:

Aqueous samp]es:

Concentration (ug/L) = [(Ax) (Cis) (D)1/[(Ajs) (RF) (Vs)]

where:

Ax = Response of the analyte being measured units may be in area
counts or peak height. :

Cis = Amount of internal standard added to extract or volume purged,
ng' :

D = Dilution factor, if a dilution was made on the sample prior to
analysis. If no dilution was made, D = 1, dimensionless.

Ais = Response of the internal standard, units same as Ay.

RF = Response factor for analyte, as determined 1in Paragraph

7.4.3.3.
Vg - Volume of water extracted or purged, mL.

Nonaqueous samples:

Concentration (ug/kg) = [(As)(Cis) (0)1/[(Ais) (RF) (Ws)]

where:

Wg = Weight of sample extracted, g. Either a dry weight or wet

weight may be used, depending upon the specific application of
- the data.
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As, Cis, D, Ajs, and RF have the same definition as for aqueous
samples.

8.0 QUALITY CONTROL

8.1 Each laboratory that uses these methods 1is required to operate a
formal quality control program. The minimum requirements of this program
consist of an initial demonstration of laboratory capability and an ongoing
analysis of spiked samples to evaluate and document quality data. 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 results of sample spikes
indicate atypical method performance, a quality control check standard must be

analyzed to confirm that the measurements were performed in an in-control mode
of operation.

8.2 Before processing any samples, the analyst should demonstrate,
through the analysis of a reagent water blank, that interferences from the
analytical system, glassware, and reagents are under control. Each time a set
of samples is extracted or there is a change 1in reagents, a reagent water
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 steps.

8.3 For each analytical batch (up to 20 samples), a reagent blank,
matrix spike and matrix spike duplicate/duplicate must be analyzed (the
frequency of the spikes may be different for different monitoring programs).

The blank and spiked samples must be carried through all stages of the sample
preparation and measurement steps.

8.4 The experience of the analyst performing gas chromatography is
invaluable to the success of the methods. Each day that analysis is
performed, the daily calibration sample should be evaluated to determine if
the chromatographic system is operating properly. Questions that should be
asked are: Do the peaks look normal?; Is the response obtained comparable to
the response from previous calibrations? Careful examination of the standard
chromatogram can indicate whether the column is still good, the injector is
leaking, the injector septum needs replacing, etc. If any changes are made to
the system (e.g, column changed), recalibration of the system must take place.

8.5 Required instrument QC:

8.5.1 Section 7.4 requires that the %RSD vary by <{20% when
comparing calibration factors to determine if a five point calibration
curve is linear,

8.5.2 Section 7.4 sets a limit of +15% difference when comparing
daily response of a given analyte versus the initial response. If the
limit is exceeded, a new standard curve must be prepared.
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8.5.3 Section 7.5 requires the establishment of retention time
windows.

8.5.4 Paragraph 7.6.8 sets a 1limit of +15% difference when
comparing the initial response of a given analyte versus any succeeding
standards analyzed during an analysis sequence.

8;5.5 Paragraph 7.6.9.2 requires that all succeeding standards in
an analysis sequence must fall within the daily retention time window
established by the first standard of the sequence.

8.6  To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

8.6.1 A quality .(QC) check sample concentrate 1is required
containing each analyte of interest. The QC check sample concentrate may
be prepared from pure standard materials or purchased as certified
solutions. If prepared by the laboratory, the QC check sample
concentrate must be made using stock standards prepared independently
from those used for calibration.

8.6.1.1 The concentration of the QC check sample concentrate
is highly dependent upon the analytes being investigated.
Therefore, refer to Method 3500, Section 8.0 for the required
concentration of the QC check sample concentrate.

8.6.2 Preparation of QC check samples:
8.6.2.1 Volatile organic analytes (Methods 8010, 8020, and

8030): The QC check sample is prepared by adding 200 uL of the QC
check sample concentrate (Section 8.6.1) to 100 mL of reagent water.

8.6.2.2 Semivolatile organic analytes (Methods 8040, 8060,
8080, 8090, 8100, and 8120): The QC check sample is prepared by
adding 1.0 mL of the QC check sample concentrate (8.6.1) to each of
four 1-L aliquots of reagent water.

8.6.3 Four aliquots of the well-mixed QC check sample are analyzed
by the same procedures wused to . analyze actual samples (Section 7.0 of
each of the methods). For volatile organics, the preparation/analysis
process is purge-and-trap/gas chromatography. For semivolatile organics,
the QC check samples must undergo solvent extraction (see Method 3500)
prior to chromatographic analysis.

8.6.4 Calculate the average recovery (X) 1in ug/L, and the standard

deviation of the recovery (s) in ug/L, for each analyte of interest using
the four results,

8.6.5 For each analyte compare s and X with the corresponding
acceptance criteria for precision and accuracy, respectively, given the
QC Acceptance Criteria Table at the end of each of the determinative
methods. If s and X for all analytes of interest meet the acceptance
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criteria, the system performance is acceptable and analysis of actual
samples can begin. If any individual s exceeds the precision limit or
any individual X falls outside the range for accuracy, then the system
performance is unacceptable for that analyte.
NOTE: The large number of analytes 1in each of the QC Acceptance
Criteria Tables present a substantial probability that one or more
will fail at least one of the acceptance criteria when all analytes
of a given method are determined.

8.6.6 When one or more of the analytes tested fail at least one of
the acceptance criteria, the analyst must proceed according to Section
8.6.6.1 or 8.6.6.2.

8.6.6.1 Locate and correct the source of the problem and
repeat the test for all analytes of interest beginning with Section
8.6.2.

8.6.6.2 Beginning with Section 8.6.2, repeat the test only for
those analytes that failed to meet criteria. Repeated failure,
however, will confirm a general problem with the measurement system.
If this occurs, locate and correct the source of the problem and

repeat the test for all compounds of interest beginning with Section
8.6.2.

8.7 The laboratory must, on an ongoing basis, spike at least one sample
per analytical batch (maximum of 20 samples per batch) to assess accuracy.
For laboratories analyzing one to ten samples per month, at least one spiked
sample per month is required.

8.7.1 The concentration of the spike in the sample should be
determined as follows:

8.7.1.1 If, as in compliance monitoring, the concentration of
a specific analyte in the sample 1is being checked against a
regulatory concentration 1imit, the spike should be at that limit or
1 to 5 times higher than the background concentration determined in
Section 8.7.2, whichever concentration would be larger.

8.7.1.2 If the concentration of a specific analyte in the
sample is not being checked against a 1limit specific to that
analyte, the spike should be at the same concentration as the QC
check sample (8.6.2) or 1 to 5 times higher than the background
concentration determined in Section 8.7.2, whichever concentration
would be larger.

8.7.1.3 For semivolatile organics, it may not be possible to
determine the background concentration Tlevels prior to spiking
(e.g., maximum holding times will be exceeded). If this is the
case, the spike concentration should be (1) the regulatory
concentration limit, if any; or, if none (2) the larger of either 5
times higher than the -expected background concentration or the QC
check sample concentration (Section 8.6.2).
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8.7.2 Analyze one unspiked and one spiked sample aliquot to
determine percent recovery of each of the spiked compounds.

8.7.2.1 Volatile organics: Analyze one 5-mL sample aliquot to
determine the background concentration (B) of each analyte. If
necessary, prepare a new QC check sample concentrate (Section 8.6.1)
appropriate for the background concentration in the sample. Spike a
second 5-mL sample aliquot with 10 uL of the QC check sample
concentrate and analyze it to determine the concentration after
spiking (A) of each analyte. Calculate each percent recovery (p) as
100(A - B)%/T, where T is the known true value of the spike.

8.7.2.2 Semivolatile organics: Analyze one sample aliquot
(extract of 1-L sample) to determine the background concentration
(B) of each analyte. If necessary, prepare a new QC check sample
concentrate (Section 8.6.1) appropriate for the background
concentration in the sample. Spike a second 1-L sample aliquot with
1.0 mL of the QC check sample concentrate and analyze it to
determine the concentration after spiking (A) of each analyte.
Calculate each percent recovery (p) as 100(A - B)%/T, where T is the
~known true value of the spike.

8.7.3 Compare the percent recovery (p) for each analyte with the
corresponding criteria presented in the QC Acceptance Criteria Table
ifound at the end of each of the determinative methods. These acceptance
-criteria were calculated to include an allowance for error in measurement
of both the background and spike concentrations, assuming a spike to
background ratio of 5:1. This error will be accounted for to the extent
that the analyst's spike to background ratio approaches 5:1. If spiking
was performed at a concentration lower than the QC check sample
concentration (8.6.2), the analyst must use either the QC acceptance
criteria presented in the Tables, or optional QC acceptance criteria
calculated for the specific spike concentration. To calculate optional
acceptance criteria for the recovery of an analyte: (1) Calculate
accuracy (x') using the equation found 1in the . Method Accuracy and
Precision as a Function of Concentration Table (appears at the end of
each determinative method), substituting the spike concentration (T) for
C: (2) calculate overall precision (S') using the equation in the same
Table, substituting x' for X; (3) calculate the range for recovery at the
spike concentration as (100x'/T) + 2.44(100S'/T)%.

8.7.4 If any individual p falls outside the designated range for
recovery, that analyte has failed the acceptance criteria. A check
standard containing each analyte that failed the criteria must be

- analyzed as described in Section 8.8.

8.8 If any analyte fails the acceptance criteria for recovery in Section
8.7, a QC check standard containing each analyte that failed must be prepared
and analyzed. 4

NOTE: The frequency for the required analysis of a QC check standard

will depend upon the number of analytes being simultaneously tested, the
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complexity of the sample matrix, and the performance of the laboratory.
If the entire 1ist of analytes given 1in a method must be measured in the
sample in Section 8.7, the probability that the analysis of a QC check
standard will be required is high. In this case the QC check standard
should be routinely analyzed with the spiked sample.

8.8.1 Preparation of the QC check standard: For volatile organics,
add 10 uL of the QC check sample concentrate (Section 8.6.1 or 8.7.2) to
5 mL of reagent water. For semivolatile organics, add 1.0 mL of the QC
check sample concentrate (Section 8.6.1 or 8.7.2) to 1 L of reagent
water. The QC check standard needs only to contain the analytes that
failed criteria in the test 1in Section 8.7. Prepare the QC check
standard for analysis following the guidelines given in Method 3500
(e.g., purge-and-trap, extraction, etc.).

8.8.2 Analyzed the QC check standard to determine the concentration
measured (A) of each analyte. Calculate each percent recovery (ps) as
100 (A/T)%, where T is the true value of the standard concentration.

8.8.3 Compare the percent recovery (ps) for each analyte with the
corresponding QC acceptance criteria found in the appropriate Table in
each of the methods. Only analytes that failed.the test in Section 8.7
need to be compared with these criteria. If the recovery of any such
analyte falls outside the designated range, the laboratory performance
for that analyte is judged to be out of control, and the problem must be
immediately identified and corrected. The result for that analyte in the

unspiked sample is suspect and may not be reported for regulatory
compliance purposes.

8.9 As part of the QC program for the laboratory, method accuracy for
each matrix studied must be assessed and records must be maintained. After
the analysis of five spiked samples (of the same matrix type) as in Section
8.7, calculate the average percent recovery (p) and the standard deviation of
the percent recovery (sp). Express the accuracy assessment as a percent
recovery interval from P - 2sp, to P + 2sp. If P =90% and sp = 10%, for
example, the accuracy interval is expressed as 70-110%. Update ghe accuracy
assessment for each analyte on a regular basis (e.g. after each five to ten
new accuracy measurements).

8.10 To determine acceptable accuracy and precision limits for surrogate
standards the following procedure should be performed.

8.10.1 For each sample analyzed, calculate the percent recovery of
each surrogate in the sample.

8.10.2 Once a minimum of thirty samples of the same matrix have
been analyzed, calculate the average percent recovery (p) and standard
deviation of the percent recovery (s) for each of the surrogates.

8.10.3 For a given matrix, calculate the upper and lower control

limit for method performance for each surrogate standard. This should be
done as follows:
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Upper Control Limit (UCL)
Lower Control Limit (LCL)

p + 3s
p - 3s

8.10.4 For aqueous and soil matrices, these laboratory established
surrogate control limits should, if applicable, be compared with the
control limits listed in Tables A and B of Methods 8240 and 8270,
respectively. The 1limits given in these methods are multi-laboratory
performance based limits for soil and aqueous samples, and therefore, the
single- 1aboratory limits established in Paragraph 8.10.3 must fall w1th1n
those given in Tables A and B for these matrices.

8.10.5 If recovery is not within limits, the following is required.

+ Check to be sure there -are no errors in calculations,
surrogate solutions and internal standards. Also, check
instrument performance.

- Recalculate the data and/or reanalyze the extract if any of
the above checks reveal a problem.

- Reextract and reanalyze the sample if none of the above are
a problem or flag the data as "estimated concentration."”

©8.10.6 At a minimum, each 1laboratory should update surrogate
recovery limits on a matrix-by-matrix basis, annually.

8.11 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. 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, specific element detector, or mass spectrometer must
be used. Whenever possible, the laboratory should analyze standard reference
materials and participate in relevant performance evaluation studies.

9.0 METHOD PERFORMANCE

9.1 The method detection 1limit (MDL) 1is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. The MDL concentrations listed in the
referring analytical methods were obtained using reagent water. Similar
results were achieved using representative wastewaters. The MDL actually

achieved in a given analysis will vary depending on instrument sensitivity and
matrix effects. \

9.2 Refer to the determinative method for specific method performance
information.
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METHOD 8010
HALOGENATED VOLATILE ORGANICS

1.0 SCOPE AND APPLICATION

1.1 Method 8010 1is wused to determine the concentration of various
volatile halogenated organic compounds. Table 1 indicates compounds that may
be analyzed by this method and 1lists the method detection 1imit for each
compound in reagent water. Table 2 lists the practical quantitation limit for
other matrices.

2.0 SUMMARY OF METHOD

2.1 Method 8010 provides gas chromatographic conditions for the
detection of halogenated volatile organic compounds. Samples can be analyzed
using direct injection or purge-and-trap (Method 5030). Ground water samples
must be analyzed using Method 5030. A temperature program is used in the gas
chromatograph to separate the organic compounds. Detection is achieved by a
halogen-specific detector (HSD).

2.2 The method provides an optional gas chromatographic column that may

be helpful in resolving the analytes from interferences that may occur and for
analyte confirmation.

3.0 INTERFERENCES

3.1 Refer to Methods 5030 and 8000,

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage. A field sample blank prepared

from reagent water and carried through sampling and subsequent storage and
handling can serve as a check on such contamination.

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph:

4.1.1 Gas Chromatograph: analytical system complete with gas
chromatograph suitable for on-column injections or purge-and-trap sample
introduction and all required accessories, including detector, analytical
columns, recorder, gases, and syringes. A data system for measuring peak
heights and/or peak areas is recommended.

8010 - 1

Revision 0
Date September 1986




TABLE 1. - CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION. LIMITS FOR
HALOGENATED VOLATILE ORGANICS

Retention time Method
(min) detection
Compound - Col. 1 Col. 2 (ug/L)
Benzyl chloride : A T LA
Bis(2-chloroethoxy)methane R S A T
Bis(2-chloroisopropyl)ether B TS S A
Bromobenzene o o
Bromodichloromethane 13.7 14,6 0.10
Bromoform. - 19,2 -« '19 2 ool 00,20
Bromomethane ' e e e
Carbon tetrachloride ' 13.0 14 4 ‘ 0.12
Chloroacetaldehyde ' ‘ _ '§73“{ R
Chlorobenzene 24,2 Lo 18 8 e 0,25
Chloroethane 3.33 8. 68 0.52
Chloroform 10.7 12.1 0.05
1-Chlorohexane : ‘ '
2-Chloroethyl vinyl ether 18.0 0.13
Chloromethane N 1.50 5.28 0.08
Chloromethylmethyl ether '
Chlorotoluene
Dibromochloromethane 16.5 16.6 0.09
Dibromomethane ’ ‘
1,2-Dichlorobenzene 34.9 23.5 0.15
1,3-Dichlorobenzene 34.0 22.4 0.32
1,4-Dichlorobenzene ' 35.4 22.3 0.24
Dichlorodifluoromethane '
1,1-Dichloroethane 9.30 ' 12.6 0.07
1,2-Dichloroethane 11.4 15.4 0.03
1,1-Dichloroethylene 8.0 7.72 0.13
trans~1,2-Dichloroethylene 10.1 9.38 0.10
Dichloromethane
1,2-Dichloropropane 14.9 16.6 0.04
trans-1,3-Dichloropropylene 15.2 16.6 , 0.34
1,1,2,2-Tetrachloroethane 21.6 . 0.03
1,1,1,2-Tetrachloroethane
Tetrachloroethylene ’ 21.7 15.0 0.03
1,1,1-Trichloroethane _ 12.6 13.1 0.03
1,1,2-Trichloroethane 16.5 18.1 0.02
Trichloroethylene 15.8 13.1 0.12
Trichlorofluoromethane 7.18
Trichloropropane
Vinyl chloride 2.67 5.28 0.18
a4 Using purge-and-trap method (Method 5030).
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2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS
MATRICES?

trix ' FactorD
water 10
vel soil 10
miscible 1iquid waste 500
evel soil and sludge 1250
ter miscible waste 1250

Sample PQLs are highly matrix-dependent. The PQLs listed herein are
rovided for guidance and may not always be achievable.

PQL = [Method detection limit (Table 1)] X [Factor (Table 2)]. For non-
queous samples, the factor is on a wet-weight basis.
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4,1.2 Columns:

4,1.2.1 Column 1: 8-ft x 0.1-in I.D. stainless steel or glass
column packed with 1% SP-1000 on Carbopack-B 60/80 mesh or
equivalent. '

4,1.2.2 Column 2: 6-ft x 0.1-in I.D. stainless steel or glass
column packed with chemically bonded n-octane on Porasil-C 100/120
mesh (Durapak) or equivalent.

4.1.3 Detector: Electrolytic conductivity (HSD).‘

4,2 Sample introduction apparatus: Refer to 'Method 5030 for the
appropriate equipment for sample introduction purposes.

4.3 Syringes: 5-mL Luerlok glass hypodermic and a 5-mL, gas-tight with
shutoff valve. :

4.4 Volumetric flask: 10-, 50-, 100-, 500-, énd 1,000-mL with a ground-
glass stopper.

4.5 Microsyringe: 10-, 25-uL with a 0.006-in I.D. needle (Hamilton 702N
or equivalent) and a 100-uL.

5.0 REAGENTS

5.1 Reagent water: Reagent water is defined as a water in which an
interferent is not observed at the method detection 1imit (MDL) of the
parameters of interest.

5.2 Stock standards: Stock solutions may be prepared from pure standard
"materials or purchased as certified solutions. Prepare stock standards in
methanol using assayed 1liquids or gases, as appropriate. Because of the
toxicity of some of the organohalides, primary dilutions of these materials of
the toxicity of these materials should be prepared in a hood.

5.2.1 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 0.1 mg.

5.2.2 Add the assayed reference material, as described below.

5.2.2.1 Liquids: Using a 100-uL syringe, immediately add two
or more drops of assayed reference material to the flask; then
reweigh. The liquid must fall directly into the alcohol without
contacting the neck of the flask.

5.2.2.2 Gases: To prepare standards for any compounds that
boil below 30°C (e.g., bromomethane, chloroethane, chloromethane,
dichlorodifluoromethane, trichlorofluoromethane, vinyl chloride),
fi11 a 5-mL valved gas-tight syringe with the reference standard to
the 5.0-mL mark. Lower the needle to 5 mm above the methanol
8010 - 4
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meniscus. Slowly introduce the reference standard above the surface
of the liquid. The heavy gas rapidly dissolves in the methanol.
This may also be accomplished by using a lecture bottle equipped
with a Hamilton Lecture Bottle Septum (#86600). Attach Teflon
tubing to the side-arm relief valve and direct a gentle stream of
gas into the methanol meniscus.

5.2.3 Reweigh, dilute to volume, stopper, and then mix by inverting
the flask several times. Calculate the concentration in micrograms per
microliter (ug/ut) from the net gain 1in 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.

5.2.4 Transfer the stock standard solution into a Teflon-sealed
screw-cap bottle. Store, with minimal headspace, at -10°C to -20°C and
protect from light.

5.2.5 Prepare fresh standards every 2 months for gases or for
reactive compounds such as 2-chloroethylvinyl ether. All other standards
must be replaced after 6 months, or sooner if comparison with check
standards indicates a problem.

5.3 Secondary dilution standards: Using stock standard solutions,
prepare in methanol secondary dilution standards, as needed, that contain the
compounds of 1interest, either singly or mixed together. The secondary
dilution standards should be prepared at concentrations such that the aqueous
calibration standards prepared in Section 5.4 will bracket the working range
of the analytical system. Secondary dilution standards should be stored with
minimal headspace for volatiles and should be checked frequently for signs of

degradation or evaporation, especially just prior to preparing calibration
standards from them.

5.4 Calibration standards: Calibration standards at a minimum of five
concentration levels are prepared in reagent water from the secondary dilution
of the stock standards. One of the concentration 1levels should be at a
concentration near, but above, the method detection 1imit. The remaining
concentration levels should correspond to the expected range of concentrations
found in real samples or should define the working range of the GC. Each
standard should contain each analyte for detection by this method (e.g., some
or all of the compounds 1listed in Table 1 may be included). In order to

prepare accurate aqueous standard solutions, the following precautions must be
observed.

5.4.1 Do not inject more than 20 uL of alcoholic standards into 100
mL of reagent water.

5.4.2 Use a 25-uL Hamilton 702N microsyringe or -equivalent
(variations in needle geometry will adversely affect the ability to
deliver reproducible volumes of methanolic standards into water).

5.4.3 Rapidly inject the alcoholic standard into the filled
volumetric flask. Remove the needle as fast as possible after injection.
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5.4.4 fo aqueous standards by inverting the flask three times
only.

5.4.5 F111 the sample syringe from the standard solution contained
in the expanded area of the flask (do not use any solution contained in
the neck of the flask).

5.4.6 Never use pipets to dilute or transfer samples or agueous
standards. ' - :

5.4.7 Aqueous standards are not stable and should be discarded
after 1 hr, unless properly sealed and stored. The aqueous standards can
be stored up to 24 hr, if held in sealed vials with zero headspace.

5.5 Internal standards (if internal standard calibration is used): To
use this approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these limitations, no
internal standard can be suggested that 1is applicable to all samples. The
compounds recommended for use as surrogate spikes (Paragraph 5.6) have been

used successfully as internal standards, because of their generally unique
retention times.

5.5.1 Prepare calibration standards at a minimum of five
concentration levels for each parameter of interest "as described in
Section 5.4. '

) 5.5.2 - Prepare a spiking solution containing each of the internal
standards using the procedures described in Sections 5.2 and 5.3. It is
recommended that the secondary  dilution standard be prepared at a
concentration of 15 ug/mL of each internal standard compound. The
addition of 10 uL of this standard to 5.0 mL of sample or calibration
standard would be equivalent to 30 ug/L.

5.5.3 Analyze each calibration standard according to Section 7.0,

adding 10 uL of internal standard spiking solution directly to the
syringe.

5.6 Surrogate standards: The analyst should monitor both the
performance of the analytical system and the effectiveness of the method in
dealing with each sample matrix by spiking each sample, standard, and reagent
water blank with surrogate halocarbons. A combination of bromochloromethane,
2-bromo-1-chloropropane, and 1,4-dichlorobutane is recommended to encompass
the range of the temperature program used in this method. From stock standard
solutions prepared as in Section 5.2, add a volume to give 750 ug of each
surrogate to 45 mL of reagent water contained in a 50-mL volumetric flask,
mix, and dilute to volume for a concentration of 15 ng/uL. Add 10 uL of this
surrogate spiking solution directly into the 5-mL syringe with every sample
and reference standard analyzed. If the internal standard calibration
procedure is used, the surrogate compounds may be added directly to the
internal standard spiking solution (Paragraph 5.5.2).
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5.7 Methanol: pesticide quality or equivalent. Store away from other
solvents.

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 Volatile compounds are introduced 1into the gas chromatograph either
by direct injection or purge-and-trap (Method 5030). Method 5030 may be used
directly on ground water samples or low-level contaminated  soils and
sediments. For medium-level soils or sediments, methanolic extraction, as
described in Method 5030, may be necessary prior to purge-and-trap analysis.

7.2 Gas_chromatography conditions (Recommended) :

7.2.1 Column 1: Set helium gas flow at 40 mL/min flow rate. Set
column temperature at 45°C for 3 min; then program an 8°C/min temperature
rise to 220°C and hold for 15 min.

7.2.2 Column 2: Set helium gas flow at 40 mL/min flow rate. Set
column temperature at 50°C for 3 min; then program a 6°C/min temperature
rise to 170°C and hold for 4 min.

7.3 Calibration: Refer to Method 8000 for proper calibration

techniques. Use Table 1 and especially Table 2 for guidance on selecting the
lowest point on the calibration curve.

7.3.1 Calibration must take place wusing the same sample
introduction method that will be wused to analyze actual samples (see
Paragraph 7.4.1).

7.3.2 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these
procedures.

7.4 Gas chromatographic analysis:

7.4.1 Introduce volatile compounds into the gas chromatograph using
either Method 5030 (purge-and-trap method) or the direct injection method
(see Paragraph 7.4.1.1). If the internal standard calibration technique
is used, add 10 uL of internal standard to the sample prior to purging.

7.4.1.1 Direct injection: In very limited applications (e.g.,
aqueous process wastes) direct injection of the sample into the GC
system with a 10-uL syringe may be appropriate. The detection limit
is very high (approximately 10,000 ug/L) therefore, it is only
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permitted where concentrations in excess of 10,000 ug/L are expected
or for water-soluble compounds that do not purge. The system must
be calibrated by direct injection (bypassing the purge-and-trap
device).

7.4.2 Follow Section 7.6 in Method 8000 for instructions on the
analysis sequence, appropriate dilutions, establishing daily retention
time windows, and identification criteria. Include a mid-level standard
after each group of 10 samples in the analysis sequence. ‘

7.4.3 Table 1 summarizes the estimated retention times on the two
columns for a number of organic compounds analyzable using this method.
An example of the separation achieved by Column 1 is shown in Figure 1.

7.4.4 Record the sample volume purged or injected and the resulting
peak sizes (in area units or peak heights).

7.4.5 Calculation of concentration is covered in Section 7.8 of
Method 8000. . - -

7.4.6 If analytical interferences are suspected, or for the purpose
of confirmation, analysis using the second GC column is recommended.

7.4.7 1f the response for a peak is off—scalé} prepare a dilution
of the sample with reagent water. The dilution must be performed on a

second aliquot of the sample which has been properly sealed and stored
prior to use.

8.0 QUALITY CONTROL

‘8.1 Refer to Chapter One for specific quality control procedures and
Method 8000 for gas chromatographic procedures. Quality control to ensure the
~proper operation of the purge-and-trap device is covered in Method 5030.

8.2 Mandatofy quality control to validate the GC system operation is
found in Method 8000, Section 8.6. :

8.2.1 The quality control check sample concentrate (Method 8000,
Section 8.6) should contain each parameter of interest at a concentration
of 10 ug/mL in methanol.

8.2.2 Table 3 indicates the calibration and QC acceptance criteria
for this method. = Table 4 gives method accuracy and precision as
functions of concentration for the analytes of interest. The contents of
both Tables should be used to evaluate a laboratory's ability to perform
and generate acceptable data by this method.

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if recovery is within 1limits (limits established by
performing QC procedure outlined in Method 8000, Section 8.10).
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8.3.1 If recovery is not with?ﬁ/limits, the  following is required.

« Check to be sure there are no errors in calculations,
surrogate solutions and internal standards. Also, check
instrument performance.

+ Recalculate the data and/or reanalyze ‘the extract if any of
the above checks reveal a problem.

+ Reextract and reanalyze the sample if none of the above are
a problem or flag the data as "estimated concentration."”

9.0 METHOD PERFORMANCE

9.1 This method was tested by 20 1laboratories using reagent water,
drinking water, surface water, and three industrial wastewaters spiked at six
concentrations over the range 8.0-500 ug/L. Single operator precision,
overall precision, and method accuracy were found to be directly related to
the concentration of the parameter and essentially independent of the sample
matrix. Linear equations to describe these relationships are presented in
Table 4.

9.2 The accuracy and precision obtained will be determined by the sample
matrix, sample introduction technique, and by the calibration procedure used.
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1. .Bellar, T.A., and J.J. Lichtenberg, J. Amer. Water Works Assoc., 66(12),
pp. 739-744, 1974,
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Wastewater, ASTM STP 686, pp. 108-129, 1979. ,

3. Development and Application of Test Procedures- for Specific Organic Toxic
Substances in Wastewaters: Category 11 - Purgeables and Category 12 -
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Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim Final
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TABLE 3. CALIBRATION AND QC ACCEPTANCE CRITERIAQ

Range Limit Range Range
for Q for s for X P, Ps
Parameter (ug/L) (ug/L) (ug/L) (%)
Bromodichloromethane 15.2-24.8 4.3 10.7-32.0 42-172
Bromoform 14,7-25.3 4,7 5.0-29.3 13-159
Bromomethane 11.7-28.3 7.6 3.4-24.5 D-144
Carbon tetrachloride 13.7-26.3 5.6 11.8-25.3 43-143
Chlorobenzene 14.4-25.6 5.0 10.2-27.4 38-150
Chloroethane 15.4-24.6 4.4 11.3-25.2 46-137
2-Chloroethylvinyl ether 12.0-28.0 8.3 4.,5-35.5 14-186
Chloroform 15.0-25.0 4.5 12.4-24.0 49-133
Chloromethane 11.9-28.1 7.4 D-34.9 D-193
Dibromochloromethane 13.1-26.9 6.3 7.9-35.1 24-191
1,2-Dichlorobenzene 14.0-26.0 5.5 1.7-38.9 D-208
1,3-Dichlorobenzene 9.9-30.1 9.1 6.2-32.6 7-187
1,4-Dichlorobenzene 13.9-26.1 5.5 11.5-25.5 42-143
1,1-Dichloroethane 16.8-23.2 3.2 11.2-24.6 47-132
1,2-Dichloroethane 14.3-25.7 5.2 13.0-26.5 51-147
1,1-Dichloroethene 12.6-27.4 6.6 10.2-27.3 28-167
trans-1,2-Dichloroethene 12.8-27.2 6.4 11.4-27.1 38-155
1,2-Dichloropropane 14.8-25.2 5.2 10.1-29.9 44-156
cis-1,3-Dichloropropene 12.8-27.2 7.3 6.2-33.8 22-178
trans-1,3-Dichloropropene 12.8-27.2 7.3 6.2-33.8 22-178
Methylene chloride _ 15.5-24.5 4.0 7.0-27.6 25-162
1,1,2,2-Tetrachloroethane 9.8-30.2 9.2 6.6-31.8 8-184
Tetrachloroethene 14.0-26.0 5.4 8.1-29.6 26-162
1,1,1-Trichloroethane 14.2-25.8 4.9 10.8-24.8 41-138
1,1,2-Trichloroethane 15.7-24.3 3.9 9.6-25.4 39-136
Trichloroethene 15.4-24.6 4.2 9.2-26.6 35-146
Trichlorofluoromethane 13.3-26.7 6.0 7.4-28.1 21-156
Vinyl chloride 13.7-26.3 5.7 8.2-29.9 28-163
Q = Concentration measured in QC check sample, in ug/L.

s = Standard deviation of four recovery measurements, in ug/L.

X

Average recovery for four recovery measurements, in ug/L.
P, Psg = Percent recovery measured.

D = Detected; result must be greater than zero.

aCriteria from 40 CFR Part 136 for Method 601 and were calculated
assuming a QC check sample concentration of 20 ug/L.
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TABLE 4. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION?

Accuracy, as S1ng]e ana]yst Overall
recovery, X precision, sy’ precision,
Parameter (ug/L) (ug/L) S* (ug/L)
Bromodichloromethane 1.12C-1.02 0.11%X+0.04 0.20%X+1.00
Bromoform 0.96C-2.05 0.12%X+0.58 0.21%X+2.41
Bromomethane 0.76C-1.27 0.28%+0.27 0.36X+0.94 -
Carbon tetrachloride 0.98C-1.04 0.15%X+0.38 0.20%X+0.39
Chlorobenzene 1.00C-1.23 0.15%-0.02 0.18%+1.21
Chloroethane 0.99C-1.53 0.14X-0.13 0.17%X+0.63
2-Chloroethyl vinyl etherb 1.00C 0.20X -0.35%
Chloroform 0.93C-0.39 0.13%X+0.15 0.19%X-0.02
Chloromethane 0.77C+0.18 0.28%-0.31 0.52%+1.31
Dibromochloromethane 0.94C+2.72 0.11X+1.10 0.24%+1.68
1,2-Dichlorobenzene 0.93C+1.70 0.20%+0.97 0.13%X+6.13
1,3-Dichlorobenzene 0.95C+0.43 0.14%+2.33 0.26X+2.34
1,4-Dichlorobenzene 0.93C-0.09 0.15%X+0.29 0.20%+0.41
1,1-Dichloroethane 0.95C-1.08 0.08%+0.17 0.14%X+0.94
1,2-Dichloroethane 1.04C-1.06 0.11%X+0.70 0.15%X+0.94
1,1-Dichloroethene 0.98C-0.87 0.21%X-0.23 0.29%-0.04
trans-1,2-Dichloroethene 0.97C-0.16 0.11X+1.46 0.17X+1.46
1,2-Dichloropropane 1.00C 0.13% 0.23%
cis-1,3-Dich10ropropeneb 1.00C 0.18X% 0.32%
trans-l,3—D1‘ch10ropropeneb 1.00C 0.18X 0.32%
Methylene chloride 0.91C-0.93 0.11X+0.33 0.21%X+1.43
1,1,2,2-Tetrachloroethene 0.95C+0.19 0.14%+2.41 0.23%+2.79
Tetrachloroethene 0.94C+0.06 0.14%X+0.38 0.18x+2.21
1,1,1-Trichloroethane 0.90C-0.16 0.15%X+0.04 0.20%X+0.37
1,1,2-Trichloroethane 0.86C+0.30 0.13%-0.14 0.19%X+0.67
Trichloroethene 0.87C+0.48 0.13%X-0.03 0.23%+0.30
Trichlorofluoromethane 0.89C-0.07 0.15%X+0.67 . 0.26X+0.91
Vinyl chloride 0.97C-0.36 0.13%X+0.65 0.27%+0.40
x' = Expected recovery for one or more measurements of a sample

containing a concentration of C, in ug/L.

sy' = Expected single analyst standard deviation
average concentration of X, in ug/L.

of measurements at an

S' = Expected interlaboratory standard deviation of measurements at an
average concentration found of X, in ug/L.

C = True value for the concentration, in ug/L.

X = Average recovery found for measurements of samples conta1n1ng a

concentration of C, in ug/L.
aFrom 40 CFR Part 136 for Method 601.
bEstimates based upon the performance in a single laboratory.
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METHOD 8015
NONHALOGENATED VOLATILE ORGANICS

1.0 SCOPE AND APPLICATION

1.1 Method 8015 is wused to determine the concentration of various
nonhalogenated volatile organic compounds. Table 1 indicates the compounds
that may be investigated by this method.

2.0 SUMMARY OF METHOD

2.1 Method 8015 provides gas chromatographic conditions for the
detection of certain nonhalogenated volatile organic compounds. Samples may
be analyzed using direct injection or purge-and-trap (Method 5030). Ground
water samples must be analyzed by Method 5030. A temperature program is used
in the gas chromatograph to separate the organic compounds. Detection is
achieved by a flame ionization detector (FID).

2.2 If interferences are encountered, the method provides an optional

gas chromatographic column that may be helpful in resolving the analytes from
interferences that may occur and for analyte confirmation.

3.0 INTERFERENCES

3.1 Refer to Method 5030 and 8000.

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage. A field sample blank prepared

from reagent water and carried through sampling and subsequent storage and
handling can serve as a check on such contamination.

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph:

4.1.1 Gas Chromatograph: Analytical system complete with gas
chromatograph suitable for on-column injections or purge-and-trap sample
introduction and all required accessories, including detectors, column
supplies, recorder, gases, and syringes. A data system for measuring
peak heights and/or peak areas is recommended.

4.1.2 Columns:

4.1.2.1 Column 1: 8-ft x 0.1-in I.D. stainless steel or glass

column packed with 1% SP-1000 on Carbopack-B 60/80 mesh or
equivalent.
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TABLE 1. NONHALOGENATED VOLATILE ORGANICS

Acrylamide

Diethyl ether

Ethanol .

Methyl ethyl ketone (MEK)

Methyl isobutyl ketone (MIBK)
Paraldehyde (trimer of acetaldehyde)
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4.1.2.2 Column 2: 6-ft x 0.1-in I.D. stainless steel or glass
column packed with n-octane on Porasil-C 100/120 mesh (Durapak) or
equivalent.

4.1.3 Detector: Flame ionization (FID).

4.2 Sample introduction apparatus: Refer to Method 5030 for the
appropriate equipment for sample introduction purposes.

4.3 Syringes: A 5-mL Luerlok glass hypodermic and a 5-mL, gas-tight
with shutoff valve.

4.4 Volumetric flask: 10-, 50-, 100-, 500-, and 1,000-mL with a ground-
glass stopper.

4.5 Microsyringe: 10- and 25-uL with a 0.006-in I.D. needle (Hamilton
702N or equivalent) and a 100-ulL.

5.0 REAGENTS

5.1 Reagent water: Reagent water is defined as a water in which an
interferent is not observed at the method detection 1limit (MDL) of the
analytes of interest.

5.2 Stock standards: Stock solutions may be prepared from pure standard
materials or purchased as certified solutions. Prepare stock standards in
methanol using assayed liquids.

5.2.1 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 0.1 mg.

5.2.2 Using a 100-uL syringe, immediately add two or more drops of
assayed reference material to the flask; then reweigh. The liquid must
fall directly into the alcohol without contacting the neck of the flask.

5.2.3 Reweigh, dilute to volume, stopper, and then mix by inverting
the flask several times. Calculate the concentration in micrograms per
microliter (ug/uL) from the net gain 1in 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.

5.2.4 Transfer the stock standard solution intoc a Teflon-sealed

screw-cap bottle. Store, with minimal headspace, at -10°C to -20°C and
protect from light.

5.2.5 Standards must be replaced after 6 months, or sooner if
comparison with check standards indicates a problem.
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5.3 Secondary dilution standards: Using stock standard solutions, pre-
pare in methanol secondary - dilution standards, as needed, that contain the
compounds of interest, either singly or mixed together. The secondary
dilution standards should be prepared at concentrations such that the aqueous
calibration standards prepared in Section 5.4 will bracket the working range
of the analytical system. Secondary dilution standards should be stored with
minimal headspace for volatiles and should be checked frequently for signs of
degradation or evaporation, especially just prior to preparing calibration
standards from them.

5.4 Calibration standards: Calibration standards at a minimum of five
concentration levels are prepared in reagent water from the secondary dilution
of the stock standards. One of the concentration Tlevels should be at a
concentration near, but above, the method detection 1imit. The remaining
concentration levels should correspond to the expected range of concentrations
found in real samples or should define the working range of the GC. Each
standard.should contain each ana]yte for detection by this method (e.g., some
or all of the compounds 1listed in Table 1 may be included). 1In order to

prepare accurate aqueous standard solutions, the following precautions must be
observed.

5.4.1 Do not inject more than 20 uL of a]coho]1c standards into
100 mL of reagent water.

5.4.2 Use a 25-uL Hamilton 702N microsyringe or’ equ1va]ént
(variations in needle geometry will. adversely affect the ability to
deliver reproducible volumes of methano11c standards into water).

' 5.4.3 Rapidly inject the a]coho]ic standard into the filled
volumetric flask. Remove the needle as fast as possible after injection.

5.4.4 Mix aqueous standards by inverting the flask three times
only. .

5.4.5 Fill the sample syringe from the standard solution contained

in the expanded area of the flask (do not use any solution contained in
the neck of the flask). '

5.4.6 Never use pipets to dilute or transfer samples or aqueous
~ standards.

- 5.4,7 Aqueous standards are not stable and should be discarded
after 1 hr, unless properly sealed and stored. The aqueous standards can
be stored up to 24 hr, if held in sealed vials with zero headspace.

5.5 :Internal standards (if internal standard calibration is used): To
use this.approach, the analyst must select one or more inter$l standards that
are similar in analytical behavior to the compounds of interest. The analyst
must -further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these limitations, no
internal standard can be suggested that is applicable to all samples.
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5.5.1 Prepare calibration standards at a minimum of five
concentration levels for each parameter of interest as described in
Section 5.4,

5.5.2 Prepare a spiking solution containing each of the internal
standards using the procedures described in Sections 5.2 and 5.3. It is
recommended that the secondary dilution standard be prepared at a
concentration of 15 wug/mL of each internal standard compound. The
addition of 10 uL of this standard to 5.0 mL of sample or calibration
standard would be equivalent to 30 ug/L. -

5.5.3 Analyze each calibration standard according to Section 7.0,
adding 10 uL of internal standard spiking solution directly to the
syringe.

5.6 Surrogate standards: The analyst should monitor both the
performance of the analytical system and the effectiveness of the method in
dealing with each sample matrix by spiking each sample, standard, and reagent
water blank with one or two surrogate compounds recommended to encompass the
range of temperature program used in this method. From stock standard
solutions prepared as in Section 5.2, add a volume to give 750 ug of each
surrogate to 45 mL of reagent water contained in a 50-mL volumetric flask,
mix, and dilute to volume for a concentration of 15 ng/uL. Add 10 uL of this
surrogate spiking solution directly into the 5-mL syringe with every sample
and reference standard analyzed. If the internal standard calibration
procedure is used, the surrogate compounds may be added directly to the
internal standard spiking solution (Paragraph 5.5.2).

5.7 Methanol: pesticide quality or equivalent. Store away from other
solvents.

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 Volatile compounds are introduced into the gas chromatograph either
by direct injection or purge-and-trap (Method 5030). Method 5030 may be used
directly on ground water samples or low-level contaminated soils and
sediments. For medium-level soils or sediments, methanolic extraction, as
described in Method 5030, may be necessary prior to purge-and-trap analysis.

7.2 Gas chromatography conditions (Recommended):

7.2.1 Column 1: Set helium gas flow at 40 mL/min flow rate. Set
column temperature at 45°C for 3 min; then program an 8°C/min temperature
rise to 220°C and hold for 15 min.
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7.2.2 Column 2: Set helium gas flow at 40 mL/min flow rate. Set
column temperature at 50°C for 3 min; then program a 6°C/min temperature
rise to 170°C and hold for 4 min.

7.3 Calibration: Refer to Method 8000 for proper calibration
techniques. .

7.3.1 Calibration must take place using the same sample
introduction method that will be. used to analyze actual samples (see
Section 7.4.1).’ : :

7.3.2 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these
procedures.

7.4 Gas chromatographic analysis:

7.4.1 Introduce volatile compounds into the gas chromatograph using
either Method 5030 (purge-and-trap method) or the direct injection
method. If the internal standard calibration technique is used, add
10 uL of internal standard to the sample prior to purging.

7.4.1.1 Direct injection: In very limited applications (e.g.,
- aqueous process wastes), direct injection of the sample into the GC
~system with a 10 uL syringe may be appropriate. One such
application is for verification of the alcohol content of an aqueous
sample prior to determining if the sample is ignitable (Methods 1010
or 1020). In this case, it 1is suggested that direct injection be
used. The detection 1imit is very high (approximately 10,000 ug/L);
therefore, it is only permitted when concentrations in excess of
10,000 ug/L are expected or for water-soluble compounds that do not
purge. The system must be calibrated by direct injection (bypassing
the purge-and-trap device).

7.4.2 Follow Section 7.6 in Method 8000 for instructions on the
analysis sequence, appropriate dilutions, establishing daily retention
time windows, and identification criteria. Include a mid-level standard
after each group of 10 samples in the analysis sequence.

7.4.3 Record the sample volume purged or injected and the resulting
peak sizes (in area units or peak heights).

7.4.4 Calculation of concentration 1is covered in Section 7.8 of
Method 8000. . ‘

7.4.5 1If analytical interferences are suspected, or for the purpose
of confirmation, analysis using the second GC column is recommended.

7.4.6 If the response for a peak is off-scale, prepare a dilution
of the sample with reagent water. The -dilution must be performed on a
second. aliquot of the sample which has been properly sealed and stored
prior to use. '
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8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 8000 for gas chromatographic procedures. Quality control to ensure the
proper operation of the purge-and-trap device is covered in Method 5030.

8.2 Mandatory quality control to validate the GC system operation is
found in Method 8000, Section 8.6.

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if recovery is within Tlimits (limits established by
performing QC procedure outlined in Method 8000, Section 8.10).

8.3.1 If recovery is not within Timits, the following is required.

« Check to be sure there are no errors in calculations,
surrogate solutions and internal standards. Also, check
instrument performance.

+ Recalculate the data and/or reanalyze the extract if any of
the above checks reveal a problem.

+ Reextract and reanalyze the sample if none of the above are
a problem or flag the data as "estimated concentration."

9.0 METHOD PERFORMANCE

9.1 The accuracy and precision obtained will be determined by the sample
matrix, sample introduction technique, and calibration procedures used.

9.2 Specific method performance information will be provided as it
becomes available.

10.0 REFERENCES

1. Bellar, T.A., and J.J. Lichtenberg, J. Amer. Water Works Assoc., 66(12),
pp. 739-744, 1974,

2. Bellar, T.A., and J.J. Lichtenberg, Semi-Automated Headspace Analysis of
Drinking Waters and Industrial Waters for Purgeable Volatile Organic
Compounds, in Van Hall, ed., Measurement of Organic Pollutants in Water and
Wastewater, ASTM STP 686, pp. 108-129, 1979,

3. Development and Application of Test Procedures for Specific Organic Toxic
Substances in Wastewaters: Category 11 - Purgeables and Category 12 -
Acrolein, Acrylonitrile, and Dichlorodifluoromethane, Report for EPA Contract
68-03-2635 (in preparation).
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METHOD 8020
AROMATIC VOLATILE ORGANICS

1.0 SCOPE AND APPLICATION

1.1 Method 8020 1is wused to determine the concentration of various
aromatic volatile organic compounds. Table 1 indicates compounds which may be
determined by this method and 1lists the method detection 1imit for each
compound in reagent water. Table 2 1lists the practical quantitation limit
(PQL) for other matrices.

2.0 SUMMARY OF METHOD

2.1 Method 8020 provides chromatographic conditions for the detection of
aromatic volatile compounds. Samples can be analyzed using direct injection
or purge-and-trap (Method 5030). Ground water samples must be determined
using Method 5030. A temperature program is used in the gas chromatograph to

separate the organic compounds. Detection is achieved by a photo-ionization
detector (PID).

2.2 If interferences are encountered, the method provides an optional

gas chromatographic column that may be helpful in resolving the analytes from
the interferences and for analyte confirmation.

3.0 INTERFERENCES

3.1 Refer to Method 5030 and 8000.

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage. A field sample blank prepared

from reagent water and carried through sampling and subsequent storage and
handling can serve as -a check on such contamination.

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph:

4.1.1 Gas Chromatograph: Analytical system complete with gas
chromatograph suitable for on-column injections or purge-and-trap sample
introduction and all required accessories, 1including detectors, column
supplies, recorder, gases, and syringes. A data system for measuring
peak heights and/or peak areas is recommended.

8020 - 1
Revision 0
Date September 1986




TABLE 1. CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION- LIMITS FOR AROMATIC
VOLATILE ORGANICS

Retention time Method
(min) ~detection
limita
Compound Col. 1 Col. 2 (ug/L)
Benzene 3.33 2.75 0.2
Chlorobenzene 9.17 8.02 0.2
1,4-Dichlorobenzene 16.8 16.2 0.3
1,3-Dichlorobenzene 18.2 15.0 0.4
1,2-Dichlorobenzene 25.9 19.4 0.4
Ethyl Benzene 8.25 6.25 0.2
Toluene 5.75 4.25 0.2
Xylenes

4 Using purge-and-trap method (Method 5030).

TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS

MATRICESA
Matrix Factorb
Ground water 10
Low-level soil 10
Water miscible liquid waste 500
High-level soil and sludge 1250
Non-water miscible waste 1250

aSample PQLs are highly matrix-dependent. The -PQLs listed herein are
provided for guidance and may not always be achievable.

bpQL = [Method detection 1imit (Table 1)] X [Factor (Table 2)]. For non-
aqueous. samples,  the factor. is on a wet-weight basis.
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4.1.2 Columns:

4,1.2.1 Column 1: 6-ft x 0.082-in I1.D. #304 stainless steel
or glass column packed with 5% SP-1200 and 1.75% Bentone-34 on
100/120 mesh Supelcort or equivalent.

4.1.2.2 Column 2: 8-ft x 0.1-in I.D. stainless steel or glass

column packed with 5% 1,2,3-Tris(2-cyanoethoxy)propane on 60/80 mesh
Chromosorb W-AW or equivalent.

4.1.3 Detector: Photoionization (PID) (h-Nu Systems, Inc. Model
PI-51-02 or equivalent).

4.2 Sample introduction apparatus: Refer to Method 5030 for the
appropriate equipment for sample introduction purposes.

4.3 Syringes: A 5-mL Luerlok glass hypodermic and a 5-mL, gas-tight
with shutoff valve.

4.4 Volumetric flask: 10-, 50-, 100-, 500-, and 1,000-mL with a ground-
glass stopper.

4.5 Microsyringe: 10- and 25-uL with a 0.006-in I.D. needle (Hamilton
702N or equivalent) and a 100-ul.

5.0 REAGENTS

5.1 Reagent water: Reagent water 1is defined as a water in which an

interferent is not observed at the method detection Timit (MDL) of the
parameters of interest.

5.2 Stock standards: Stock solutions may be prepared from pure standard
materials or purchased as certified solutions.  Prepare stock standards in
methanol using assayed liquids. Because of the toxicity of benzene and 1,4-

-dichlorobenzene, primary dilutions of these materials should be prepared 1n a
hood.

5.2.1 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 0.1 mg.

5.2.2 Using a 100-uL syringe, immediately add two or more drops of
assayed reference material to the flask; then reweigh. The liquid must
fall directly into the alcohol without contacting the neck of the flask.

5.2.3 Reweigh, dilute to volume, . stopper, and then mix by inverting
the flask several times. Calculate the concentration in micrograms per
microliter (ug/uL) from the net gain in weight. When compound purity is
assayed to be 96% or greater, the weight may be used without correction
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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.

5.2.4 Transfer the stock standard solution into a Teflon-sealed

screw-cap bottle. Store, with minimal headspace, at 4°C and protect from
light. ’ :

-5 2.5 All standards must be replaced after 6 months, or sooner if
compar1son with check standards 1nd1cates a problem.

5.3 Secondary d11ut1on standards: Using stock standard solutions, pre-
pare in methanol secondary dilution standards, as needed, that contain the
compounds of interest, either singly .or mixed together. The secondary
dilution standards should be prepared at concentrations such that the aqueous’
calibration standards prepared in Paragraph 5.4 will bracket the working range
of the analytical system. Secondary dilution standards should be stored with
minimal headspace for volatiles and should be checked frequently for signs of

degradation or evaporation, especially just prior to preparing calibration
standards from them. : . .

5.4 Calibration standards: Calibration standards at a minimum of five
concentration levels are prepared in reagent water from the secondary dilution
of the stock standards. One of the concentration levels should be at a
concentration near, but above, the method detection 1limit. The remaining
concentration levels should correspond to the expected range of concentrations
found in real samples or should define the working range of the GC. Each
standard should contain each analyte for detection by this method (e.g., some
or all of the compounds 1listed in Table 1 may be included). In order to

prepare accurate aqueous standard solutions, the following precautions must be
observed.

5.4.1 Do not inject more than 20 uL of alcoholic standards into 100
mL of reagent water,

5.4.2 Use a 25-uL  Hamilton 702N microsyringe or equivalent
(variations in needle geometry will adversely affect the ability to
deliver reproducible volumes of methanolic standards into water).

5.4.3 Rapidly inject the alcoholic 'standard into the filled
volumetric flask. Remove the needle as fast as possible after injection.

5.4.4 Mix aqueous standards by inverting the flask three times
only. : ' ' ‘ ' ' .

5.4.5. Fill the sample syringe from the standard solution contained

in the expanded area of the flask (do not use any solution contained in
the neck of the flask).
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5.4.6 Never use pipets to dilute or transfer samples or aqueous
standards.

5.4.7 Aqueous standards are not stable and should be discarded
after 1 hr, unless properly sealed and stored. The aqueous standards can
be stored up to 24 hr, if held in sealed vials with zero headspace.

5.5 Internal standards (if internal standard calibration is used): To
use this approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these limitations, no
internal standard can be suggested that is applicable to all samples. The
compound, alpha,alpha,alpha-trifluorotoluene recommended for use as a

surrogate spiking compound (Paragraph 5.6) has been used successfully as an
internal standards.

5.5.1 Prepare calibration standards at a minimum of five
concentration levels for each parameter of interest as described in
Section 5.4.

5.5.2 Prepare a spiking solution containing each of the internal
standards using the procedures described in Sections 5.2 and 5.3. It is
recommended that the secondary dilution standard be prepared at a
concentration of 15 ug/mL of each internal standard compound. The
addition of 10 uL of this standard to 5.0 mL of sample or calibration
standard would be equivalent to 30 ug/L.

5.5.3 Analyze each calibration standard according to Section 7.0,

adding 10 uL of internal standard spiking solution directly to the
syringe.

5.6 Surrogate standards: The analyst should monitor both the
performance of the analytical system and the effectiveness of the method in
dealing with each sample matrix by spiking each sample, standard, and reagent
water blank with surrogate compounds (e.g, alpha,alpha,alpha-trifluorotoluene)
recommended to encompass the range of the temperature program used in this
method. From stock standard solutions prepared as in Section 5.2, add a
volume to give 750 ug of each surrogate to 45 mL of reagent water contained in
a 50-mL volumetric flask, mix, and dilute to volume for a concentration of
15 ng/uL. Add 10 uL of this surrogate spiking solution directly into the 5-mL
syringe with every sample and reference standard analyzed. If the internal
standard calibration procedure is used, the surrogate compounds may be added
directly to the internal standard spiking solution (Paragraph 5.5.2).

5.7 Methanol: pesticide quality or equivalent. Store away from other
solvents.
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the 1ntroductory material to this chapter, Organic Analytes,
Section 4.1,

7.0 PROCEDURE

7.1 Volatile compounds are introduced into the gas chromatograph either
by direct injection or purge-and-trap (Method 5030). Method 5030 may be used
directly on ground water samples or low-level contaminated soils and
sediments. For medium-level soils or sediments, methanolic extraction, as
described in Method 5030, may be necessary prior to purge-and-trap analysis.

7.2 Gas chromatography conditions (Recommended) :

7.2.1 Column 1: Set helium gas flow at 36 mL/min flow rate. The
temperature program sequences are as follows: For 1lower boiling
compounds, operate at 50°C isothermal for 2 min; then program at 6°C/min
'to 90°C and hold until all compounds have eluted. For higher boiling
range of compounds, operate at 50°C isothermal for 2 min; then program at
3°C/min to 110°C .and hold until all compounds have eluted. Column 1
provides outstanding separations- for a- wide variety of aromatic
hydrocarbons. Column 1 should be used as the primary analytical column

because of its unique ability to reso]ve para-, meta-, and ortho-aromatic
isomers.

7.2.2 Column 2: Set helium gas flow at 30 mL/min flow rate. The
temperature program sequence is as follows: - 40°C isothermal for 2 min;
then 2°C/min to 100°C and hold until all compounds have eluted. Column
2, an extremely high-polarity column, has been used for a number of years
to resolve aromatic hydrocarbons from alkanes in complex samples.
However, because resolution between some of the aromatics 1s not as
efficient as with Column. 1, .Column 2 should be used as a confirmatory
column, ' » :

7.3 Calibration: Refer to Method 8000 for proper calibration
techniques. Use Table 1 and especially Table 2 for guidance on selecting the
lowest point on the calibration curve.

7.3.1 Calibration must take place using the same sample
introduction method that will be used to analyze actual samples (see
Section 7.4.1). '

7.3.2 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these
procedures, ‘
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7.4 Gas chromatographic analysis:

7.4.1 1Introduce volatile compounds into the gas chromatograph using
either Method 5030 (purge-and-trap method) or the direct injection
method. If the internal standard calibration technique is used, add
10 uL of internal standard to the sample prior to purging.

7.4.1.1 Direct injection: In very limited applications (e.g.,
aqueous process wastes), direct injection of the sample into the GC
system with a 10 uL syringe may be appropriate. The detection limit
is very high (approximately 10,000 ug/L); therefore, it is only
permitted when concentrations in excess of 10,000 ug/L are expected
or for water-soluble compounds that do not purge. The system must

be calibrated by direct injection (bypassing the purge-and-trap
device).

7.4.2 Follow Section 7.6 of Method 8000 for instructions on the
analysis sequence, appropriate dilutions, establishing daily retention
time windows, and identification criteria. Include a mid-level standard
after each group of 10 samples in the analysis sequence.

7.4.3 Table 1 summarizes the estimated retention times and
detection limits for a number of organic compounds analyzable using this
method. An example of the separation achieved by Column 1 is shown in

Figure 1. Figure 2 shows an example of the separation achieved using
Column 2.

7.4.4 Record the sample volume purged or injected and the resulting
peak sizes (in area units or peak heights).

7.4.5 Calculation of concentration 1is covered in Section 7.8 of
Method 8000.

7.4.6 If analytical interferences are suspected, or for the purpose
of confirmation, analysis using the second GC column is recommended.

7.4.7 1f the response for a peak 1is off-scale, prepare a dilution
of the sample with reagent water. The dilution must be performed on a

second aliquot of the sample which has been properly sealed and stored
prior to use.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 8000 for gas chromatographic procedures. Quality control to ensure the
proper operation of the purge-and-trap device is covered in Method 5030.

8.2 Mandatory quality control to validate the GC system operation is
found in Method 8000, Section 8.6.
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8.2.1 The quality control check sample concentrate (Method 8000,
Section 8.6) should contain each parameter of interest at a concentration
of 10 ug/mL in methanol.

8.2.2 Table 3 indicates the calibration and QC acceptance criteria
for this method.. Table 4 gives method accuracy and precision as
functions of concentration for the analytes of interest. The contents of
both Tables should be used to evaluate a laboratory's ability to perform
and generate acceptable data by this method.

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine 1if recovery is within limits (limits established by
performing QC procedure outlined in Method 8000, Section 8.10).

8.3.1 If recovery is not within limits, the following is required.

« Check to be sure there are no errors in calculations,

surrogate solutions and internal standards. Also, check
instrument performance.

* Recalculate the data and/or reanalyze the extract if any of
the above checks reveal a problem.

« Reextract and reanalyze the sample 1f none of the above are
a problem or flag the data as “"estimated concentration.”

9.0 METHOD PERFORMANCE

9.1 This method was tested by 20 1laboratories using reagent water,
drinking water, surface water, and three industrial wastewaters spiked at six
concentrations over the range 2.1-500 wug/L. Single operator precision,
overall precision, and method accuracy were found to be directly related to
the concentration of the parameter and essentially independent of the sample

matrix. Linear equations to describe these relationships are presented in
Table 4.

9.2 The accuracy and precision obtained will be determined by the sample
matrix, sample introduction technique, and by the calibration procedure used.

10.0 REFERENCES
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TABLE 3. CALIBRATION AND QC ACCEPTANCE CRITERIAQ

Range Limit Range Range
for Q for s for X P, Pg
Parameter (ug/L) - (ug/L) (ug/L) (%)
Benzene 15.4-24.6 4.1 10.0-27.9 39-150.
Chlorobenzene 16.1-23.9 3.5 12.7-25.4 55-135
1,2-Dichlorobenzene 13.6-26.4 5.8 10.6-27.6 37-154
1,3-Dichlorobenzene 14.5-25.5 5.0 12.8-25.5 50-141
1,4-Dichlorobenzene 13.9-26.1 5.5 11.6-25.5 42-143
Ethylbenzene 12.6-27.4 6.7 10.0-28.2 32-160
Toluene 15.5-24.5 4.0 11.2-27.7 46-148
Q = Concentration measured in QC check sample, in ug/L.

S

Standard deviation of four recdvery measurements, in ug/L.

X = Average recovery for four recovery measurements, in ug/L.

P, Pg = Percent recovery measured.

dCriteria are from 40 CFR Part 136 for Method 602 and were calculated
assuming a QC check sample concentration of 20 ug/L. These criteria are based
directly upon the method performance data in Table 4. Where necessary, the
limits for recovery have been broadened to assure applicability of the 1imits
to concentrations below those used to develop Table 1.
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TABLE 4. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION

Accuracy, as Single analyst Overall

recovery, x' precision, sy’ precision,

Parameter (ug/L) (ug/L) S' (ug/L)
Benzene 0.92C+0,57 0.09%X+0.59 0.21X+0.56
Chlorobenzene 0.95C+0.02 0.09%X+0.23 0.17X+0.10
1,2-Dichlorobenzene 0.93C+0.52 0.17%X-0.04 0.22%X+0.53
1,3-Dichlorobenzene 0.96C-0.04 0.15%-0.10 0.19%+0.09
1,4-Dichlorobenzene 0.93C-0.09 0.15%X+0.28 0.20%X+0.41
Ethylbenzene 0.94C+0.31 0.17X+0.46 0.26X+0.23
Toluene 0.94C+0.65 0.09%+0.48 0.18%-0.71

x' = Expected recovery for one or more measurements of a sample

containing a concentration of C, in ug/L.

sy' = Expected single analyst standard deviation of measurements at an
average concentration of X, in ug/L.

S' = Expected interlaboratory standard deviation of measurements at an
average concentration found of X, in ug/L.

C = True value for the concentration, in ug/L.

X = Average recovery found for measurements of samples containing a

concentration of C, in ug/L.
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METHOD 8030
ACROLEIN, ACRYLONITRILE, ACETONITRILE

1.0 SCOPE AND APPLICATION

1.1 Method 8030 is used to determine the concentration of the following
three volatile organic compounds:

Acrolein (Propenal)
Acrylonitrile
Acetonitrile

1.2 Table 1 lists chromatographic conditions and method detection limits
for acrolein and acrylonitrile in reagent water. Table 2 lists the practical
quantitation 1imit (PQL) for other matrices.

2.0 SUMMARY OF METHOD

2.1 Method 8030 provides gas chromatographic conditions for the
detection of the three volatile organic compounds. Samples can be analyzed
using direct injection or purge-and-trap (Method 5030). Ground water samples
must be analyzed using Method 5030. A temperature program is used in the gas
chromatograph to separate the organic compounds. Detection is achieved by a
flame fonization detector (FID).

2.2 The method provides an optional gas chromatographic column that may

be helpful in resolving the analytes from interferences that may occur and for
analyte confirmation.

3.0 INTERFERENCES

3.1 Refer to Methods 5030 and 8000.

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage. A field sample blank prepared

from reagent water and carried through sampling and subsequent storage and
hand1ing can serve as a check on such contamination.

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph:

4,1.1 Gas Chromatograph: Analytical system complete with gas
chromatograph suitable for on-column injections or purge-and-trap sample
introduction and all required accessories, including detectors, column
supplies, recorder, gases, and syringes. A data system for measuring
peak height and/or peak area is recommended.
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TABLE 1. CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS

Retention time - : Method

' (min) detection

' : l1imita

Compound A Col. 1 — Col. 2 (ug/L)
Acrolein 10.6 8.2 0.7
Acrylonitrile 12.7 9.8 0.5

a Based on using purge-and-trap, Method 5030.

TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS

MATRICES?

Matrix ' | Factorb
Ground water | . o ' ' 10
Low-level soil : . : : 10
Water miscible 1iquid waste a 500
High-level soil and sludge - L : 1250

Non-water miscible waste . 1250

aSample PQLs are highly matrix-dependent. The PQLs listed herein are
provided for guidance and may not always be achievable.

bpqL = [Method detection 1imit (Table 1)] X [Factor (Table 2)]. For non-
aqueous. samples, the factor is on a wet-weight basis. :
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4.1,2 Columns:

4,1,2.1 Column 1: 10-ft x 2-mm I.D. stainless steel or glass
packed with Porapak-QS (80/100 mesh) or equivalent.

4.1.2.2 Column 2: 6-ft x 0.1-in I.D. stainless steel or glass
packed with Chromosorb 101 (60/80 mesh) or equivalent.

4,1.3 Detector: Flame fonization (FID).

4.2 Sample introduction apparatus: Refer to Method 5030 for the
appropriate equipment for sample introduction purposes.

4,3 Syringes: A 5-mL Luerlok glass hypodermic and a 5-mL, gas-tight
with shutof¥ valve.

4.4 Volumetric flask: 10-, 50-, 100-, 500-, and 1,000-mL with a ground-
glass stopper.

4.5 Microsyringe: 10- and 25-ul with a 0.006-in I.D. needle (Hamilton
702N or equivalent) and a 100-ulL.

5.0 REAGENTS

5.1 Reagent water: Reagent water {is defined as a water in which an
interferent is not observed at the method detection 1imit (MDL) of the
parameters of interest.

5.2 Stock standards: Stock solutions may be prepared from pure standard
materials or purchased as certified solutions. Prepare stock standards in
methanol using assayed 1liquids. Because acrolein and acrylonitrile are

lachrymators, primary dilutions of these compounds should be prepared in a
hood.

5.2.1 Place about 9.8 mL of reagent water in a 10-mL tared ground-
glass-stoppered volumetric flask. For acrolein standards the reagent
water must be adjusted to pH 4-5 using hydrochloric acid (1:1) or sodium
hydroxide (10 N), if necessary. Weigh the flask to the nearest 0.1 mg.

5.2.2 Using a 100-uL syringe, immediately add two or more drops of
assayed reference material to the flask; then reweigh. The liquid must
fall directly into the water without contacting the neck of the flask.

5.2.3 Reweigh, dilute to volume, stopper, and then mix by inverting
the flask several times. Calculate the concentration in micrograms per
microliter (ug/uL) 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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5.2.4 Transfer the stock standard solution 1into a Teflon-sealed
screw-cap bottle. Store, with minimal headspace, at 4°C and protect from
light. :

5.2.5 Prepare fresh standards daily.

5.3 Secondary dilution standards: Using stock standard solutions, pre-
pare in reagent water secondary dilution standards, as needed, that .contain
the compounds of interest, either singly or mixed together. The secondary
dilution standards should be prepared at concentrations such that the aqueous
calibration standards prepared in Paragraph 5.4 will bracket the working range
of the analytical system. Secondary dilution standards should be stored with
minimal headspace for volatiles and should be checked frequently for signs of
degradation or evaporation, ‘especially Jjust prior to preparing calibration
standards from them.

5.4 Calibration standards: Calibration standards at a minimum of five
concentration levels are prepared in reagent water from the secondary dilution
of the stock standards. One of the concentration levels should be at a
concentration near, but above, the method detection 1imit. The remaining
concentration levels should correspond to the expected range of concentrations
found in real samples or should define the working range of the GC. Each
standard should contain each analyte for detection by this method. In order

to prepare accurate aqueous standard solutions, the following precautions must
be observed.

5.4.1 Use a 25-ul  Hamilton 702N microsyringe or equivalent
(variations in needle geometry will adversely affect the ability to
deliver reproducible volumes of standards into water).

5.4.2 Never use p1pets to dilute or transfer samples or aqueous
standards. .

5.4.3 These standafds must be prepared daily.

5.5 Internal standards (if internal standard calibration is used): To
use this approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these limitations, no
internal standard can be suggested that is applicable to all samples.

5.5.1 Prepare calibration standards at a minimum of five

concentration levels for each parameter of 1interest as described in
Section 5.4, C

5.5.2 Prepare a spiking solution containing each of the internal
standards using the procedures described in Sections 5.2 and 5.3. It is
recommended that the secondary dilution standard be prepared at a
concentration of 15 ug/mL of each internal standard compound. The
addition of 10 uL of this standard to 5.0 mL of sample or calibration
standard would be equivalent to 30 ug/L.
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5.5.3 Analyze each calibration standard according to Section 7.0,
adding 10 uL of internal standard spiking solution directly to the
syringe.

5.6 Surrogate standards: The analyst should monitor both the
performance of the analytical system and the effectiveness of the method in
dealing with each sample matrix by spiking each sample, standard, and reagent
water blank with one or two surrogate compounds (e.g., compounds similar in
analytical behavior to the analytes of interest but which are not expected to
be present 1in the sample) recommended to encompass the range of the
temperature program used in this method. From stock standard solutions
prepared as in Section 5.2, add a volume to give 750 ug of each surrogate to
45 mL of reagent water contained in a 50-mL volumetric flask, mix, and dilute
to volume for a concentration of 15 ng/ulL. Add 10 uL of this surrogate
spiking solution directly into the 5-mL syringe with every sample and
reference standard analyzed. If the internal standard calibration procedure
is used, the surrogate compounds may be added directly to the internal
standard spiking solution (Paragraph 5.5.2).

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 Volatile compounds are introduced into the gas chromatograph either
by direct injection or purge-and-trap (Method 5030). Method 5030 may be used
directly on ground water samples or Jlow-level contaminated soils and
sediments. = For high-level soils or sediments, methanolic extraction, as
described in Method 5030, may be necessary prior to purge-and-trap analysis.

7.2 Gas chromatography conditions (Recommended):

7.2.1 Column 1: Set helium gas flow at 30 mL/min flow rate. Set
column temperature at 110°C for 1.5 min; then heat as rapidly as possible
to 150°C and hold for 20 min.

7.2.2 Column 2: Set helium gas flow at 40 mL/min flow rate. Set
column temperature at 80°C for 4 min; then program at 50°C/min to 120°C
and hold for 12 min.

7.3 Calibration: Refer to Method 8000 for proper calibration

techniques. Use Table 1 and especially Table 2 for guidance on selecting the
lowest point on the calibration curve.

7.3.1 Calibration must take place wusing the same sample

introduction method that will be used to analyze actual samples (see
Section 7.4.1).
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7.3.2 The procedure for 1internal or external calibration may be
used. Refer to Method 8000 for a description of each of these
procedures.

7.4 Gas chromatographic analysis:

7.4.1 Introduce volatile compounds into the gas chromatograph using
either Method 5030 (purge-and-trap method) or the direct injection
method. If the internal standard calibration technique is used, add
10 uL of the internal standard to the sample prior to purging.

7.4.1.1 Direct injection: In very limited applications (e.g.,
aqueous process wastes), direct injection of the sample into the GC
system with a 10 uL syringe may be appropriate. The detection 1imit
is very high (approximately . 10,000 ug/L); therefore, it is only
permitted when concentrations in excess of 10,000 ug/L are expected
or for water-soluble compounds that do not purge. The system must

be calibrated by direct injection (bypassing the purge-and-trap
device). '

7.4.2 Follow Section 7.6 of Method 8000 for instructions on the
analysis sequence, appropriate dilutions, establishing daily retention
time windows, and identification criteria. Include a mid-level standard
after each group of 10 samples in the analysis sequence.

7.4.3 Table 1 summarizes the estimated retention times and
detection limits for a number of organic compounds analyzable using this

method. Figure 1 illustrates the chromatographic separation of acrolein
and of acrylonitrile using Column 1. '

7.4.4 Record the sample volume purged or injected and the resulting
peak sizes (in area units or peak heights).

7.4.5 Calculation of cdncentration is covered in Section 7.8 of
Method 8000,

7.4.6 If analytical interferences are suspected, or for the purpose
of confirmation, analysis using the second GC column is recommended.

7.4.7 1If the response for a peak is off-sca]é, prepare a dilution
of the sample with reagent water. The- dilution must be performed on a

second aliquot of the sample which has been properly sealed and stored
prior to use.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 8000. for gas chromatographic procedures. Quality control to ensure the
proper operation of the purge-and-trap device is covered in Method 5030.
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Column: Porapak-QS ﬂ
Program: 110°C for 1.5 min, rapidly

heated to 150°C
Detector. Flame lonization
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Figure 1. Gas chromatogram of acrolein and acrylonitrile.
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8.2 Procedures to check the GC system operatibn are found in Method
8000, Section 8.6.

8.2.1 The quality control check sémp]e concentrate (Method 8000,
Section 8.6) should contain each parameter of interest at a concentration
of 25 ug/mL in reagent water.

8.2.2 Table 3 indicates the calibration and QC acceptance criteria
for this method. Table 4 gives single laboratory accuracy and precision
for the analytes of interest. The contents of both Tables should be used
to evaluate a laboratory's ability to perform and generate acceptable
data by this method.

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if recovery is within limits (1imits established by
performing QC procedure outlined in Method 8000, Section 8.10).

8.3.1 If recovery is not within limits, the following is required.

« Check to be sure there are no errors 1in calculations,
surrogate solutions and 1internal standards. Also, check
instrument performance. .

- Recalculate the data and/or reanalyze the extract if any of
the above checks reveal a problem.

» Reextract and reanalyze the sample 1if none of the above are
a problem or flag the data as "estimated concentration."

9.0 METHOD PERFORMANCE

9.1 In a single laboratory, the average recoveries and standard
deviations presented in Table 4 were obtained using Method 5030, Seven
replicate samples were analyzed at each spike level.

9.2 The accuracy and precision obtained will be determined by the sample
matrix, sample introduction technique, and by the calibration procedure used.
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TABLE 3. CALIBRATION AND QC ACCEPTANCE CRITERIAa

Range Limit . Range Range

for Q for S for X P, Pg
- Parameter (ug/L) (ug/L) (ug/L) (%)
Acrolein A , 45,9-54.1 4.6 42.9-60.1 88-118
Acrylonitrile 41.2-58.8 9.9 33.1-69.9 71-135
Q = Concentration measured in QC check sample, in ug/L.
S = Standard deviation of four recovery measurements,gin ug/L.
X = Average recovery for four recovery measurements, in ug/L.

P, Ps = Percent recovery measured.

acriteria from 40 CFR -Part 136 for Method 603 and -were calculated
assuming a QC check sample concentration of 50 ug/L.

TABLE 4, SINGLE LABORATORY ACCURACY AND PRECISION

Spike Average Standard Average j
: conc. recovery deviation percent . - Sample
Parameter (ug/L) (ug/L) (ug/L) recovery matrixa
Acrolein 5.0 5.2 0.2 104 RW
: 50.0 51.4 0.7 103 RW
5.0 4.0 0.2 80 POTW
50.0 44 .4 0.8 89 ‘ POTW
5.0 0.1 0.1 2 IW
- 100.0 9.3 1.1 9 IW
Acrylonitrile 5.0 4.2 0.2 84 ) RW
50.0 51.4 1.5 103 RW
20.0 20.1 0.8 100 POTW
100.0 101.3 1.5 101 POTW
10.0 9.1 0.8 91 IW
100.0 104.0 3.2 104 - IW
dRW = Reagent water.
POTW = Prechlorination secondary effluent from a municipal sewage treatment
" plant. :
IW = Industrial wastewater containing an unidentified acrolein reactant.

8030 — 10
Revision 0
Date September 1986




Stert

ACROLEIN,

METHOO 8030
ACRYLONITRILE,

7.3

Introduce compounds
into ges
chrpomatograph by
direct injection or
purge-and-trap
(Methoa S030)

7.2

Set ges
chromatograph
condition

7.3

Calibrate
(refer to
Method 8000)

7.4.%

Introduce volatile
compounds into gas
chromatograph by
Methoda S030 or
direct injection

7.4.2
Follow
Section 7.6
in Methoo 8000
for snalysis
sequence, etc.

8030 - 11

ACETONITRILE

7.4.4

Recorga
volume purged
or injected and
peak sizxes

7.4.5

Caslculate
concentration
(Section 7.8,
Mothod 8000}

Are anslyticel
interferences
suspected?

Is response for
8 peak off-gcale?

Yes

Yes

Revision

.4.6

Anslyze using
second GC
column

7.

4.7

Oilute second
aliquot of
sample

0

Date September 1986




METHOD 8040
PHENOLS

1.0 SCOPE AND APPLICATION

1.1 Method 8040 1is used to determine the concentration of various
phenolic compounds. Table 1 indicates compounds that may be analyzed by this
method and 1ists the method detection 1imit for each compound in reagent

water. Table 2 1lists the practical quantitation 1limit (PQL) for other
matrices.

2.0 SUMMARY OF METHOD

2.1 Method 8040 provides gas chromatographic conditions for the
detection of phenolic compounds. Prior to analysis, samples must be extracted
using appropriate techniques (see Chapter Two for guidance). Both neat and
diluted organic liquids (Method 3580, Waste Dilution) may be analyzed by
direct injection. A 2- to 5-uL sample 1is injected into a gas chromatograph
using the solvent flush technique, and compounds in the GC effluent are
detected by a flame ionization detector (FID).

2.2 Method 8040 also provides for the preparation of pentafluorobenzyl-
bromide (PFB) derivatives, with additional cleanup procedures for electron
capture gas chromatography. This is to reduce detection 1limits of some
phenols and to aid the analyst in the elimination of interferences.

3.0 INTERFERENCES
3.1 Refer to Methods 3500, 3600, and 8000.

3.2 Solvents, reagents, glassware, and other sample processing hardware
may yield discrete artifacts and/or elevated Dbaselines causing
misinterpretation of gas chromatograms. A1l these materials must be
demonstrated to be free from interferences, under the conditions of the
analysis, by running method blanks. Specific selection of reagents and
purification of solvents by distillation in all-glass systems may be required.

- 3.3 Interferences coextracted from samples will vary considerably from

source to source, depending upon the waste being sampled. Although general

cleanup techniques are recommended as part of this method, unique samples may
require additional cleanup.

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph:

4.1.1 Gas Chromatograph: Analytical system complete with gas
chromatograph suitable for on-column injections and all required
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TABLE 1. FLAME IONIZATION GAS CHROMATOGRAPHY OF PHENOLS

Method
Detection
Timit (ug/L)

Retention time
Compound (min)

2-sec~ Buty] -4,6-dinitrophenol (DNBP)

4-Chloro-3- methy]pheno] 7.50 0.36
2-Chlorophenol ‘ - 1.70 0.31
Cresols (methyl phenols)

2-Cyclohexyl-4,6-dinitrophenol

2,4-Dichlorophenol 4.30 0.39
2,6-Dichlorophenol

2,4-Dimethylphenol 4,03 0.32
2,4-Dinitrophenol 10.00 13.0

2-Methy1-4,6- d1n1tropheno] 10.24 16.0

2- N1tropheno] 2.00 0.45
4-Nitrophenol ' 24,25 2.8

Pentach]oropheno] 12.42 7.4

Phenol ‘ . : 3.01 0.14
Tetrachlorophenols :

Trichlorophenols :

2,4,6-Trichlorophenol 6.05 0.64

TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS
MATRICESS

Matrix . : ‘ ' ' FactorP
Ground water K ' 10
Low-level soil by sonication with GPC c]eanup -670
High-level soil and sludges by son1cat10n 10,000
Non-water miscible waste. ' : 100,000

aSample PQLs are highly matrix-dependent. The PQLs 1isted herein are
provided for guidance and may not always be achievable.

bpqL = [Method detection 1imit (Table 1)] X [Factor (Table 2)]. For non-
aqueous samples, the factor is on a wet-weight basis.
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accessories, including detectors, column supplies, recorder, gases, and

syringes. A data system for measuring peak areas and/or peak heights is
recommended.

4,1.2 Columns:

4.1.2.1 Column for underivatized phenols: 1.8-m x 2.0-mm I.D.
glass column packed with 1% SP-1240DA on Supelcoport 80/100 mesh or
equivalent.

4.1.2.2 Column for derivatized phenols: 1.8-m x 2-mm I.D.

glass column packed with 5% OQV-17 on Chromosorb W-AW- MCS 80/100
mesh or equivalent.

4.1.3 Detectors: Flame 1ionization (FID) and electron capture
(ECD).

4.2 Reaction vial: 20-mL, with Teflon-lined cap.

4.3 Volumetric flask: 10-, 50-, and 100-mL, ground-glass stopper.

4.4 Kuderna-Danish (K-D) apparatus:

4.4.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 or

equivalent). Ground-glass stopper is used to prevent evaporation of
extracts

4.4,2 Evaporation flask: 500-mL  (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs.

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

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

4.5 Boiling chips: Solvent extracted, approximately 10/40 mesh (silicon

carbide or equivalent).

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 Microsyringe: 10-uL.
4.8 Syringe: 5-mL.

5.0 REAGENTS

5.1 Solvents: Hexane, 2-propanol, and toluene (pesticide quality or

equivalent).
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5.2 Der1vatlzat1on reagent: Add 1 mL pentafluorobenzyl bromide and 1 g
18-crown-6-ether to a 50-mL volumetric flask and . dilute to volume with 2-
propanol. Prepare fresh weekly. This operation should be carried out in a
hood. Store at 4°C and protect from light.

5.2.1 Pentafluorobenzyl bromide (a]pha-Bromopentaf]uoroto]uene):
97% minimum purity.

NOTE: - This chem1ca1 is a ]achrymator.

5.2.2 18-crown- G—ether (1,4,7,10,13,16-Hexaoxacyclooctadecane):
98% minimum purity. :

NOTE: This chem1ca1 is highly toxic.

5.3 Potassjum carbonate: (ACS) Powdered.

5.4 Stock standard solutions:

5.4.1 Prepare stock standard solution at a concentration of 1.00
ug/uL by dissolving 0.0100 g of assayed reference material in 2-propanol
and diluting to volume in a 10-mL volumetric flask. Larger volumes can
be used at the convenience of the analyst. When compound purity is
assayed to be 96% or greater, the weight can be used without correction
to calculate the concentration of the stock standard. Commercially
prepared stock standards can be used at any concentration if they are
certified by the manufacturer or by an independent source.

5.4.2 Transfer the stock standard solutions into Teflon-sealed
screw-cap bottles. Store at 4°C and protect from light. Stock standards
should be checked frequently for signs of degradation or evaporation,
especially just prior to preparing calibration standards from them.

5.4.3 Stock standard solutions must be replaced after one year, or
sooner if comparison with check standards indicates a problem.

5.5 -Calibration standards: Calibration standards: at a minimum of five
concentration Tlevels should be prepared through dilution of the stock
standards with 2-propanol. One of the concentration Tlevels should be at a
concentration near, but above, the method detection 1imit. The remaining
concentration levels should correspond to the expected range of concentrations
found in real samples or should define the: work1ng range of the GC.
Calibration solutions must be replaced after six months, or sooner, if
comparison with check standards indicates a problem.

5.6 Internal standards (if internal standard calibration is used): To
use this approach, the analyst must select one or more internal standards t