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3*0 PROJECT DESCRIPTION'

3.1 PURPOSE

The purpose of tbe Quality Assurance JPrflJect Plan (QAPP)" for the Remed'ial
Investigation/Feasibility Study (1tt/F3)r6f the Met amor a LandfUl Site is to/
indicate prime responsibilities and prescribe -requirements for assuring that'

r the project4 (as defined in the "Remedial Investigation/Feasibility Study Work .
Plan for the Met amor a LandfilJ. Site (March, 1986, revised)) is planned and "
executed in a manner consistent with quality assurance objectives:

* ' <, •
*• ' . ' *,This ,Q»P?^ 'provides guidance and, specifications to-assure that:

1. f ield/'Hetertninations andf analytical results are valid through preventive-
maintenance, calibration'and analytical, protocols; • .

2.

6.

•
samples are idehtifled and/contnolled through sample tracking systems and
chain-of -custody protocols; ,- f. . . '

records arfi retained as documentary'evlSenee- of the qual
applied processes, equipment, and results;

samples,

generated q>ta-are validated ahd their use in calculations may be docu-
mented; / -

calculations and evaluations are accurate, appropriate and consistent
throughout the projects; and v

safety is maintained by requiring inclusion of the Health and Safety .
staff.function in the project organization.

SCOPE

The requirements of this QAPP apply to B.O. Jordan Co. (Jordan) and subcpn- Q
tractor activities as appropriate for the Metamora Landfill Site RI/FS.

j
The prime responsibilities indicated in Section t.O extend td all quality- •
related controls and activities.- .The project specif io QA/QC requirements
noted in Sections 3, 5, 6 and 9 are aimed .at preventing Isolated sub-standard
or erroneous actions from occurring in these essential* a re as. Where possible,
Jordan's accompanying document "Standard Sampling and Sample Handling grace-'"
dures* is referenced to deduce the possibility of error.

\,

The content and format of the QAPP is based on "Interim Guidelines and Speci-
fications for Preparing Quality' Assurance Project Plans - QAMS-005/80". pre-
pared by D.S. EPA 'a Office of Research and Development. To make tbe QAPP
easier to review, four appendices (A, B, C and D) are appended.. These ap pen-'
dices address certain tasks or Instruments (geophyaKJal surveys; compatibility
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testing; air sample testing for health and safety purposes, and waste testing
for disposal purposes< and use of a Photovac 10S50 portable gas chromatograph)
which are difficult to incorporate into the main body of the QAPP.

< v
3.3 PROJECT SDMMARY .• - '

The following information summarizes the specific tasks required for the RI/FS
of the Metamora Landfill Site as well as other pertinent-information.

3.3.1 Project Background .

The Metaaora Landfill covers approximately 50 acres of a former gravel quarry
located in Section 10, T6N, R10E (Metamora Township), Uapeer County, Michigan.
The project site is an.80-acre area encompassing the 50-acre landfill. Wastrf
disposal activities at the landfill have ceased, but gravel mining continues
within the study area south of the landfill. . The project site- occupies a
topographic high in the area with .numerous steep excavation faces and borrow
pits. The surrounding la.nd .uses are primarily residential^and agricultural.
The property Immediately north of the landfill-, and in scattered areas on the
west and east-, 'is heavily wooded and afctfsa is difficult. The village of
Hetamora is located approximately one-half mile west-southwest of the land-
fill. ' • - ' ' ' • . ' • 'f - . .

The landfill began operation in 1966 as an unregulated open dump. In 1969, it
was upgraded to meet prevailing standards and was licenced to receive general
refuse. In addition to general refuse, the landfill received. Industrial and
chemical wastes until its closure la 1980. A licensed .solid waste transfer
station is currently operated at the site. •vs

Previous investigations by the Michigan Department of Natural Resources (MDNR)
suggest that as many as 35,00 drums, some .containing liquid wastes, may be
present within the main landfill and in nearby shallow disposal areas. A
magnetometer study*conducted by MDNR in 1982 identified five discrete areas of
anomalous magnetic readings''. The source of three of the five anomalies are
thought to be buried deep within the wasTfte contained in the landfill proper.
Because of .their inaccessibility, however, they have never been excavated to
determine the nature of the ferrous metals buried within. These ..three areas
are estimated to represent the equivalent of about ]0,000 drums.

The remaining two areas exhibiting anomalous magnetic readings are thought to
contain as many as 25-,000 drums buried at relatively shallow depths outside
the limits of the landfill proper. A limited excavation program iff each'of
these shallow-burial areas conducted in September/ 1982, confirmed the< pres-
ence of buried drums, as well as industrial sclients including toluene, ethyl
benzene, and perchloroethylene. Tolue'ne,. benzene, xylene, pyrene, arid concen-*
trations of total metals "have Been found iff groundwater from monitoring wells >.
installed at the site during'previous investifptions. Table. 3-1 summarizes
concentrations of metals detected* In groundwatet at the site to date. )
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• TABLE 3-1 .

SUMMARY OF METAL CONCENTRATIONS IN GROUNDWATER
AT THE METAMqRA LANDFILL SITE

Concentration

.14 ag/1

.005 mg/1 (0.23 mg/1, total)

.044 ng/1

.063 ng/1 d-95 ng/1, total)

.20 Bg/1
22 mg/1 (44 mg/1, total)

Arsenic
Chromium
Copper
Lead
Nickel
Zinc

less
leas
less
less
leas
less

than .005
than .005
than .005
than .020
than .020
than .005

Concentrations represent dissolved metals unless otherwise noted.
This summary includes all samples collected by MDNR and Jordan to date.
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3.3.2 Project Objectives

Jordan was contracted by the MDNR to conduct a Remedial Investigation/ Feasi-
bility Study (RI/FS) at the Metamora Landfill Site.

The objective of the RI/FS at the Metamora Landfill Site is to undertake
studies that will determine the nature and extent of environmental contamina-
tion at the site, determine the public health and environmental hazard posed
by the site, and identify a cost-effective, environmentally sound and socially
.acceptable remedial.,program for the site.

' * "*" • . . •
Following is'a summary of several of the specific' objectives that will be
addressed'fcy the RI/FS:

o Determine the nature and extent of contamination at the project site.

o Determine if the site poses a hazard to public health and/jor to the
.^tivironment.

^<a£iae pathways'of contaminant migration from the site to assess the
pot-entlal Impact of contaminants on potential receptors such as local
water wells, surface water, biota, etc.

i
Ident i fy on-site and off-site featur.es that could affect contaminant
migration, containment, or cleanup.

Assess the potential for possible direct contact with contaminated soil '
by the.public and define steps to reduce that potential.

Ident i fy and develop viable remedial action alternatives.

Evaluate remedial action alternatives.

Recommend an appropriate remedial program for the site including:

1) no action (assessment of no action is required by the National
Contingency Plan and forms the basis for the comparison of the -
effectiveness of other alternatives),

2)

3 )

meaaur.es to control the contaminant source by in-place containment
or excavation and off-si te disposal, and

measures to control wastes that have migrated from the site.

Prepare a conceptual design for the selected alternative.

Assist the MDNR wi th Its community relations efforts for the site.

DOC
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T.3.3 Major Task Summary
>

The tasks will be divided into two phases - Initial Activities and Remedial
Investigation Activities. Phase I, Initial Activities, include the following
tasks:

Task T Prepare Work Plan'
Task 2 Prepare a Quality Assurance Project Plan (QAPP)
Task 3 Describe the Current Situation
Task H Prepare 'a Health and Safety Plan
Task 5 . Preinvestigatlon Evaluation
Task 6 Site Preparation
Task 7 Community Relations

Phase II is the Remedial Investigation. Phase II tasks include:

Task 8 Site Inventory
Task 9 .Air Investigation
Task 10 Geophysical"Investigation
Task 11 Soil/Soil Gas Sampling
Task 12 Soil Gas Survey . . •
Task 13 Pollutant Characterization
Task 14 Monitoring Well Installation
Task 15 Groundwater Sampling
Task 16 Surface Water/Sediment Sampling
Task 17 Aquifer Testing
Task 18 Analytical Program
Task 19 Data Interpretation ^
Task 20 Remedial Investigation Report

Sampling Plan

Sampling and data collection activities associated with the Metanora Landfill,
Site RI are planned to begin in. September, . 1986. Sampling activities are
suamarized' below.

Air Investigation (Taak
explosimeter. The main
quality data during all
safety. If necessary,
charcoal tubes will be
be collected during an
taut Characterization,
which includes 120 air

9) using a photoionlzation meter and an
purpose of this task is to provide real-time air
field activities to ensure worker health and

an expanded air quality monitoring program using
initiated. The nmber of charcoal tuba samples to
expanded program is unknown. For Task 13, Pollu-
a separate air monitoring plan has been developed
samples collected on charcoal tubes.

Geophysical Investigations (Task 10) including magnetic, electrical
resistivity and seismic methods (see Appendix A}.. These surveys will

'3-5
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entail collecting data from numerous pre-detennined locations^around the
site.

• ^

The magnetometer survey will cover an approximate 2-acre area with
readings taken within a 100-foot grid system. Individual magnetic
stations will be established with reference to the survey grid with
a cloth' measuring tape. '/

• \

The pilot resistivity survey will include up . to 10 vertical electric
soundings. The full-scale program (if appropriate) will -include up
to 46 additional soundings.

The pilot seismic survey will include up to 3,200 linear feet of
seismic refraction profiling. The expanded seismic surrey (if
'appropriate) will include up to 19f200 linear feet of addition
profiling.

Groundwater sampling (Task 15) will involve the collection of 79 samples.
The groundwater sampling program includes three sampling events:

Event 1: 19 samples from existing monitoring wells (prior to the
installation of any new wells).

Event 2: 30 samples from the 19 existing wells and 11 proposed wells
( two weeks after the wells have been installed).

Event 3: 30 samples from the 19 existing wells and 11 proposed wells
(two weeks after sampling Event 2). •

Surface Water/Sediment Sampling (Taste 16) will involve collecting 6
surface water samples, 6 sediment samples, and 6 leachate samples.

Subsurface soil sampling (Tasks 11 and 14) includes the collection of 160
soil samples. The number of samples to be collected during each task are
as follows:

Task 11: 50 samples (30 for chemical analysis)
Task 14: approximately 110 samples (20 for chemical analysis)

Soil gas sampling (Tasks 11 and 12) includes the collection of 142
samples. The number of samples to be collected are as follows:

Task 11: 50 samples
Task 12 (pilot): 10 samples
Task 12 (full scale): 82 samples

Waste sampling (Task 13) during the Pollutant Characterization Task
involves collecting approximately 1,200 samples (150 samples for chemical
analysis).

3-6
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The analytical program for the Metamora Landfill site is summarized, in Table
3-2.

3.3.5 Outputs

Interim reports will be submitted to MDNR at the completion of each task.
Major outputs, reports or plans will be submitted at the completion of the
following tasks:

Task 1 - Work Plan ^
Task 2 - Quality Assurance Project Plan
Task 3 - Description of Current Situation
Task 4 - Health and Safety Plan-
Task 5 - Preinvestigatlve Evaluation
Task 20 - RI Report
Task 22 - Response Objectives

Remedial Alternatives
Task 26 - Draft FS Report
Task 28 - Conceptual Design
Task 29 - FS Report

3.3.6 Schedule

Initial activities are expected to begin in August 1986. It is estimated that
13 months wil-1 be required to complete all of the tasks described in the Work
Plan. This schedule commences following approval of the Work Plan.

Completion of the RI/FS on schedule is contingent upon a 45-day turnaround of
analytical results from the U.S. EPA Contract Lab(s ) . In addition, MDNR and
U.S. EPA must complete their reviews and provide their input in a timely
manner to allow for completion of the final report within the designated time
period.

3-7
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4.0 PROJECT ORGANIZATION AND RESPONSIBILITIES

t

U.\ ORGANIZATION

Jordan operates under a matrix system in which personnel belong to functional
departments and, at the same time, are assigned to 'projects. Functional
departments are responsible for developing and maintaining Jordan's engineer-
ing and scientific disciplines. They provide for personnel training and the
establishment of engineering and scientific standards. Project organizations
are responsible for achieving project objectives.

This portion of the QAPP addresses the project organization. Those who are
assigned to a project organization are responsible for properly utilizing
functional organization resources. In this way, the resources of the entire
E.G. Jordan Co.' are made available to each project, but responsibility for
initiating services and for ensuring acceptable results remains within the'
project organization. This, responsibility carries with-it the authority to
initiate, modify, and if necessary, stop activities'as appropriate for the
assurance of project quality. It is the Quality' Assurance Coordinator's rple
to assist the Project Manager in meeting project goals while providing an
independent evaluation of product quality.

1.2 SPECIFIC RESPONSIBILITIES

Figure 4-1 shows the project organization and its principal lines of communi-
cation. The Michigan Department of Natural Resources (MDNR) has overall
responsibility for this project. The Of f icer- in-Charge (D. R. Cote) has
overall responsibility for the project for the E. C. Jordan Co. and the ••
Technical Project Director (TPD) (K. Kes ler-Arnold) has responsibility
for the day-to-day progress of the project. For non-CLP laboratory analyses
(i.e., analyses to be performed by Clayton Environmental Consultants),-
responsibility for quality assurance will be taken by Jordan's TPD in con-
junction with John Spurr, Clayton's Quality Assurance Coordinator. Jordan's
Quality Review Team (D.B. Ertz and J.D. Tewhey) has overall Duality assurance
responsibility and the TPD is responsible for quality control on a daily basis.
The TPD is responsible for final data review and assessment. Dr. Bruce Wallin,
E.G. Jordan Co., is responsible for QA/QC reviews of CLP data.' MDNR is
responsible for the SAS preparation.

The responsibilities of the Jordan project staff positions and support organi-
zations are summarized below.

o The Project Manager (PM) is responsible for maintaining a clear defini-
tion of, and adherence to, the project scope, schedule and budget. As
part of this responsibility, the PM will: -

1. Serve as the communication link with the MDNR on all matters.
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2. Administer all contracts with the KDNR and Jordan subcontractors.

3. Maintain budgetary and schedule surveillance and regularly infora
tire Technical Project Director of budgetary and scheduling status.

The Technical Project Director (TPD) is responsible for staffing and
conducting the project. The TPD will:

1.

2.

3.

u.

5.

6.

Provide overall technical direction for preparation of work plans
and the conduct of tasks performed under this contract.

Maintain this QAPP.
.)

Indicate the types of QA records to be retained for the project.

Provide for QA audits by Jordan personnel.

Approve reports and material for release to the MDNR and other
external organizations.

Approve task plans and operating systems.

Task Leaders are responsible for specific engineering, scientific and
analytical operations. As part of this responsibility they will:

1. - Initiate, develop and check aubtask plans including initiating,
monitoring and" accepting.support services and products.

2. Identify safety hazards and ensure that the associated risks are
reduced to acceptable levels.

3. Supervise and participate in operations, analyses, data collection,
and data reduction.

•< .

k. Maintain samples and their identification.

5. Generate required QA records.

6. Maintain compliance with site and corporate safety requirements.

7. Implement quality corrective actions.

The Quality Review -Team (QRT) reports directly to the Corporate Project
Officer. The team is responsible for on-going.surveillance .of project
activities to ensure conformance to this Plan and to evaluate the effec-
tiveness of its requirements. The team has access to the TPD, Project
Director and Task Leaders, and any" other Jordan personnel or'Jordan
subcontractors, as necessary, to resolve quality problems. . The team has
the authority to recommend that work be stopped when it appears that
continuation of the work could Jeopardize the quality of the project. As

1-3

DOC
1U



Section No.
'Revision No. Date November 10. 1986

Page 1 of JL_

part of'this responsibility the tean will:

1. Monitor the correction of quality problems, and alert other task
leaders where similar problems might occur.

2. Provide for retention of QA records.

3. Participate in QA audits.

U. Recommend changes, as appropriate, to improve,'the ef%fc.tiveB«fla, of
this QAPP. ' .- ' '"'•-':

5. Review proposed additions and changes to this QAPP. s

The QRT includes the Quality Assurance Coordinator (QAC) for this project'.
The QAC is responsible for:

1. Evaluating and "recommending approval of this QAPP to the Quality
Assurance Officer;

2. Scheduling and conducting systems and performance audits;

3. Providing QA reports to"the PM and QRT on the results of audits and
the need for preventive or corrective actions; and

U. Developing and initiating preventatlve and corrective actions as
needed in conjunction with the PM and TPD.

o Project Support

John Mathes and Associates, Inc. (Mathes) will provide support services
to Jordan in the areas of drilling, monitoring well installation, and
soil sample collection during the soil gas surveys (Tasks 11 and 12) and
the well installation task (Task* 14).

Great Lakes Environmental, Inc. (GLE) will provide services during Task
13, Pollutant Characterization. These services will include all earth-
work and drum handling, plus compatibility testing of waste samples (see
Appendix B).

Clayton Environmental Consultants, Inc. (CEC) will provide laboratory
services for the analysis of charcoal tubes, Tenax tubes and waste
samples for EP Toxlcity (metals and organlcs) and PCBs (see Appendix C).
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5.0 QUALITY ASSURANCE OBJECTIVES

5 . 1 GENERAL s ' • . . . „ > > •
" ' • '

The quality of measurements madeVduring this study may be determined by the
characteristics of: a) accuracy,'b) precision, c) representativeness, d)
completeness,, and e) comparability. Optimal objectives for each characteris-
tic are established to select sampling-protocols, and to Identify applicable-.
documentation, sample handling procedures and measurement system procedures.
These objectives are established based on site conditions, objectives of the
project, and Knowledge of available measurement systems. The subsequent use
of these measurements In calculations- and evaluations is also -subjected to
aspects of this QAFP as described in following sections.

All data will be collected by-Jordan*, and all samples will be collected by
Jordan for analysis by an U.S. EPA Contract laboratory or CEC (as
appropriate), except for tho&eMneasure'ments made ip the field such as pR?
temperature, etc. Data collection, sample collection, and handling'of samples
in the field, will be in accordance "With toe protocols established in this .
QAPP. Because most of the samples collected during"this project'will be
analyzed by a Contract Lab, the analytical quality assurance objectives for*
this project have been established by the U.S. EPA Contract Laboratory Program
(CLP). ' . \̂ .. .

5.2 REPRESENTATIVENESS

Measurements will be made so that results are as representative as practicable
of the media (e.g., air, soil, water) and the conditions being measured*,.
Sampling, protocols have been developed to ensure that samples collectedJJare*
representative qf the media as practicable. Sample handling protocols ("e.g.",
storage, preservation and transportation) developed through the CLP will be*
followed to protect the integrity of the collected samples. Proper documenta-
tion, in accordance with CLP requirements, wil-1 establish that prptocols have
been followed and sample identification and integrity assured. .

5.3 .PRECISION AND ACCURACY

. ^Precision, the ability to replicate a value, and accuracy, the ability to
obtain a true value, are addressed and analytical data quality objectives
established for each major parameter to be measured at the site. ' These
objectives are based on prior knowledge.of the capabilities of the measurement
system to be employed and may not be construed as including sampling variabil-
ity. The precision and accuracy requirements vary, dependent on their Intend-
ed use- For example, a screening tool to identify the general extent of * .
chemical distribution will not';regulre the same precision and accuracy re-' •'
quired* to define the exact nature and amount of chemicals present at specific «
locations..

5-1

DOC
16



Section No.
Revision Date September 29. 1986

Page 2 of

Calculations performed with the data generated are1 also checked for accuracy
by the Task Leader or his designee, and precision, i.e. -.^comparability' of .
calculation techniques 'between tasks, is assured by the TPD. .

3.4 COMPLETENESS ' . ' - •

The characteristic of completeness is a measure of the amount of valid data
obtained compared to the amount that was specified to be obtained under normal
conditions. The^amount of vaj.id data specified is established based on the
measurements required to accomplish project objectives. The number of samples
or measurements to be obtained was. defined In Section 3. 3. .4, although the
number of charcoal tube samples to be collected during an expanded air survey
has not been determined. This is because ttjtf need fpr the expanded program

.will hot be apparent until field work begins. The extent, of -completeness must
be reviewed on a relative basis for sample collection activities.

5/5 COMPARABILITY -

\
The characteristic of comparability reflects both internal consistency of /
measurements made at the site and expression of results in units consistent •'.,
with other organizations reporting similar data. Each value reported for a
given measurement should be similar to other values within the same data set
and within other related data sets. Comparability of• data and measuring
procedures must also be addressed. This characteristic implies operating
within the calibrated, range of an instrument and utilizing analytical method-
ologies which produce comparable results (e.g., data obtained for phenol (wet
cheaistry) is not comparable to data obtained for phenol ( C C ) ) . Measurements
compared^to similar measurements which appear as "outliers" will be reas-
sessed. Units of 'measurement will be externally comparable by utilizing the
appropriate standard units for each measurement system. *

*

*5.6 QUALITY'ASSURANCE OBJECTIVES

For the Metamora;Landfill Site Project, the overall quality assurance objec-
tives are: .

o' to produce documented, traceable, and consistent field and analytical
data; .̂

o to collect sufficient field, sampler and trip blank samples and field
duplicates to allqw an assessment of sample representativeness'and sample
collection protocol precision;

o. to analyze sufficient internal blanks, reference standards and matrix
spike samples to allow an assessment of* analytical precision and accura-
cy. Sufficiency of analytical QC procedures is specified by the refer-
enced methods (see Section 9.2); and

o to produce a documented, consistent and technically defensible site
investigation report.
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6 . 0 SAMPLING PROCEDURES . ' . . ' .

6.1 GENERAL
• > .x

The qua l i ty of sample collection t'echnlques is assured 'by keying the 'technique,
used to both the media/matrix to be sampled and the analytes of interest. For'
example , samples intended for semi-volatile organic analyses are collected. in
glass bottles; samples for volatile organic analyses are collected In glass '•
via ls capped wi th Tef lon septums wj£h "zero" headspace to minimize' diffusive
"and evaporat ive losses; and samples for inorganic analyses are collected J.n
l inear polyethylene bott les. Sample containers w i l l be provided through the
U . S . E P A CLP.

Sources of environmental samples also^require specialized collection. tech-
niques to preserve their integrity and ensure that a representative portion of
the source is collected. Media-specific sample collection techniques are
specif ied in the following section In those Instances where standard operat ing.
procedures are inappropr ia te .

The quali ty of data collection techniques used during geophysic^T~lJiy>estiga-
tipns is assured by using the appropriate techniques for thej>rojecje objec-
t ives and the si te condi t ions. It is also important to un<le""r'S_l»nty 'the limita-
tions of the technique , and to use qual i ty control technique/ (sudh aa. reverse
shoot ing during seismic surveys) or supplemental geophysicaV^jiiej^rods (such as
magnetometer in conjunct ion wi th metal detector). Because the methodologies
ar.d qua l i t y control procedures used during a geophysical survey are d i f f icu l t
to address in a Q A P P , the geophysical surveys to be used during the Metamora
projec t , a re discussed i r A p p e n d i x A. f l

6.2 , P R E P A R A T I O N OF SAMPLE C O N T A I N E R S '

Air Samples. Air samples may Be collected and analyzed during .Task 9i Air
Inves t iga t ion , if it is deemed necessary during the RI. Air samples will also
be collected during Task 13, the Pollutant Characterization Study. Samples
wi l l be collected on standard 50/100 mg activated charcoal aorbent tubes'. '''
These tubes are received from the manufacturer in pre-prepared, sealed, glass
tube? . j

Deep Soil. Surface Soil, and Sediment Samples. Deep soil samples will be
collected during Task 11 (Soil/Soil Gas Sampling) and Task 11 (Monitoring Well
Ins ta l la t ion) , and sediment samples and lea chaste -saturated surface soil
samples wi l l be collected during Task 16 (Surface Water and Sediment Sam-
pl ing) . These samples will be analyzed through the CLP, and they -will also be
analyzed onsite using a Photovac 10550 portable gas chroma tograph (see Appen-
dix D). Sample containers for samples sent to a contract laboratory will be
provided and prepared by the U .S . EPA CLP.- The proposed containers are listed
below:

6-1
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1 x 8-oz. wide-mouth glass jar for extraccable organics •
2 x 120-tnl. wide-mouth glass vials for volatile .organics ••
1 x 8-oz. wide-mouth glass jar for metals analysis

All samples are expected to be low hazard samples, but if medium hazard
samples are encountered, they w i l l be sealed in 'metal paint cans.

t
Samples collected for onsite analysis with the 10S50 will be collected in
~0-ml. VOA vials. These vials will be supplied by I-Chem. I-Chem prepares
bottles in accordance with CLP protocol.

9

Soil Gas Samples. Soil gas samples will be collected during Task 11
(Soil/Soil Gas Sampling].and Task V2 (Soil Gas Sampling). These samples will
be obtai'ned through a stainless steel probe wiiph tygon tubing, and' (ĥ n '*
contained in a 500 ml., glass, gas sample bulb with Teflon stopcocks at both
ends. If determined to be necessary, soil gas samples nay be Collected on
Tenax tubes, which are prepared and sealed by the manufacturer. *

Prior to sampling, and between samples, the gas sample bulfls will be prepared
by flushing them with hydrocarbon-free air. Air samples from» the flushed^
bulbs will be extracted and analyzed with the '10S50 prior to^use to'assure ' .-
that no chemical residue exists. The stainless steel probe wfll be decontami-
nated with TSP and water, followed by a distilled water rinse. New tygon
tubing will be used for each sample. '• , •

Soil gas samples will be extracted from the gas sampling bulbs wi^th a syringe.
Prior to use, and betw.een samples, the syringes will be filied, w;it-h
hydrocarbon-free air which will be analysed by using 'the 10S50 to assure that
no chemical residue exists. " ' ..•'

Waste Samp 1 es. Task 13, Pollutant Characterization, involves the collection
of waste samples for analysis through the CLP for organics, inorganics and
dioxin (i.e., 2,3,7,8-TCDD/TCDF and total PCDD/PCDF). Samples will also be. •
analyzed for EP Toxicity (metals and organics) and PCBs by CEC (seevAppendix
B). GLE will be involved in .the compatibility testing portion of the project
(see Appendix C). - ,

Samples to be sent to a contract laboratory will be placed in containers
prepared by, and supplied through, the CLP'. It is anticipated that_all of
chese samples will be classified as high hazard samples. Each sample will be
collected in two 8-oz. glass vials filled half full "(one1 fo'r extractable and" •
volatile organics, and one for inorganics). For dioxin analysis, each sample
w i l l be collected in one 4-oz. wide-mouth glass jar. These procedures apply
to both liquid and solid samples.

The samples to be analyzed for EP Toxicity metals, pesticides and herbicides
and PCBs will be collected-in containers prepared by I-Chem. Containers from
I-Chem are prepared in accordance.-with CLP procedure's. One 8-oz. wide-mouth
glass jar w i l l be used to0contain each sample.
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The samples to be compatibility tested will be collected in containers pre->
pared by I-ChecT. One 8-oz. wide-mouth glass Jar will be used to contain each
sample.

Groundwater and Surface Water Samples. Groundwater samples will be collected
during Task 15 (Grobndwater Sampling) and surface water samples will be
collected during Task 16 (Surface Water and Sediment Sampling). Samples will
be analyzed through the CLP and also onslte using'1'the 10S50 portable gas
chromatograph. Samples to be sent to a contracts-laboratory will-be placed in
containers prepared by, and supplied through, the*CLP. All samples are
expected to be low hazard.•

>»- . v
Sample containers for surface water and groundwater are listed below:

2 x 80-oz. Amber glass bottles for ertractable organics
2 x UO-ml. glass vials for volatile organics
1 x 1-Liter polyethylene bottle for metal's

Samples to be analyzed onsite w i t h the 10S50 will be collected in 40 ml. glass
vials 'supplied by I-Chem.

6.3 SAMPLE SITE LOCATION

Sample site locations are normally planned before the sampling crew is mobil-
ized. The rationale and purpose of each portion of the sampling plan is
Identified In the site Work Plan. To permit proper evaluation of the sample
analysis results it is important that the actual location of -the samples be
properly documented.

The proposed sampling locations for groundwater, surface water, sediment,
subsurface soils, soil gas and wastes are .included in the Metamora Landfill
Site Work Plan. Air sampling locations will be selected'in the field as
necessary.

A topographic map with a -200-foot grid system has been established at the
Metamora Landfill site. Each stake within the grid system has been labeled
with x, y and z (elevation) coordinates. All samples will be located in the
field with stakes and/or flagging, and then located on the site base map by •
measuring from the nearest grid stake or other landmark shown on the £ase map.

6.n AIR SAMPLING'

The objectives and approach to air sampling,are described in Jordan's "Stah-
dard Sampling and Sample Handling Procedures", Section 2.1 (p. 2-1).

l i
At Metamora, short term air monitoring is expected to-be used predominantly^ \
during RI activities. An explosimeter and ,a'photoionlzatio/f (PI) "me^er "are * .
anticipated to be the instruments used «osV frequently. Hptfever, 1£ workers,,
are advised to upgrade their level of protection'to level B (modified^ lexel C
is ant ic ipated) , ambient air samples will be collected and analyzed. '}. .

».„ r
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To do this, air sampling pumps (such as MSA Monicaire Samplers) will be
equipped with standard 50/100 mg activated charcoal sorbent tubes, and plac«d
at various locations at or near the apparent source of contamination. A pump
will also be placed at a location within 15 feet of the source of release by
taping or fastening it to a stake, tree or other stationary object. The pumps
will run for a minimum of four hours before the tubes are removed from the
samplers and transported to CEC for GC/MS analysis (see Appendix C).

A more extensive air quality survey will be initiated during Task 13, the
Pollutant Characterization Study, because of the potential release of volatile
organic chemicals during excavation. The purpose of this air quality survey
will be to determine the impact r>f the excavation activities on onsite and
offsite ambient air quality.

Four ambient air monitoring stations will be established at each of the areas
to be investigated. A fifth station will be established downwind of the
excavation at the site fenceline. Each station will consist of a calibrated
MSA Samplair Air Pump (or ̂equivalent) equipped with 50/100 mg MSA charcoal
tubes. One station will be chosen to have two pumps in order to collected-v.
duplicate samples. Sampling will be conducted prior to commencement of the
excavation activities to establish background air quality, and throughout each
day during excavation activities. Samples will be packaged and transported to
CEC at the end of each day for G(J/MS analysis.

6.5 SOIL SAMPLING

Relatively deep, subsurface soil samples will be collected in split-spoons
during Task 11 (Soil/Soil "Gas sampling) and Task 15 (Monitoring Well Installa-
tion). The procedure- for collecting .soil samples in split-spoons is detailed
in Section 4.2 (p. 4-2) of Jordan's "Standard Sampling and Sample Handling
Procedures".

Surface soil samples (leachate-saturated soil samples) will be collected '
during Task 16 (Surface Water and Sediment Sampling). Procedures are de-
scribed in Section 4.4 (p. 4-15) of Jordan's "Standard Sampling and Sample
Handling Procedures".

V

Soil samples collected for analysis by a Contract Laboratory will be preserved?.
and handled in accordance with CLP procedures documented in Table 5-1 of '
Jordan's "Standard Sampling and Sample Handling Procedures", p. 5-4. . ,

6.6 SEDIMENT SAMPLING " • '

Sediment samples will be collected during Task 16, Surface Water and Sediment
Sampling. The procedure for collecting sediment samples is detailed in
Section 4.5 (p. 4-16) of Jordan's "Standard'Sampling and Sample Handling • .
Procedures".

6-4-
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Sediment samples collected for analysis by a Contract Laboratory will be
preserved and handled in accordance with CLP procedures documented in Table
.5-1 of Jordan's "Standard Sampling and Sample Handling Procedures", p. 5-4.

6.7 SOIL GAS SAMPLING

Soil gas sampling procedures are not discussed in Jordan's "Standard Sampling
and Sample Handling Procedures"; therefore, the methodology is discussed
be low. t

<>i
Objective

To obtain samples of soil gas suitable for onsite chemical analysis. fThe
analytical results are expected to indicate areas of groundwater contamina-
tion .

Approach •

Soil gas samples will be collected during Task 11 (Soil/Soil Ga"s Sampling) to
provide information on soil chemistry (i.e., type and degree of contamination)
around two areas at the site where drums containing wastes are believed to be
buried. Collecting these samples around areas where contamination is expected
to be the most severe.will indicate whether or not soil gas sampling will be
useful at this site. If it is successful during Task 11, a Pilot Soil Gas
Survey will be initiated. Sampling locations will be near existing groundwa-
ter monitoring wells where the severity of contamination has been documented
during previous sampling events. If the pilot survey is successful, a
full-scale Soil Gas Survey will be conducted over most of the site.

6.7.1 Sampling Procedure

Shallow soil gas samples .wi-11 be collected by pounding a 1 to 1 1/2 inch I.D.,
stainless steel probe into the soil with a small sledge hammer. For deeper'
samples (at depths greater than 5 to 10 feet),' a drilling rig with hollow stem
augers w i l l be "used to dr i l l boreholes. The probe will be Lowered through the
hollow stem augers, and then pushed into undisturbed soil (about 5 feet) with
the drilling rig's hydraulic system.

The probe will consist of ten (or more) 5-foot sections and one 3-foot sec-
tion, all of which thread together. The down-hole end of the probe will be
tappered to a point to enable the probe to more easily penetrate •"'the soil.
Several small diameter openings (approximately '1/1.6 inch in diameter) will
provide inlets for soil gas to enter the lower 1-foot section of the probe.
Once-the probe is in place, a reducer will be threaded onto the upper section,
an<#»'small diameter (approximately 1/8 inch) tygon tubing will be connected to
the reducer (see Figure 6-1). The other end of the tubing will connect to a
500 ml, glass, gas sample bulb with Teflon stopcocks at both eneds dnd a
septum in the center. Tygon tubing, attached to a battery-powered vacuum
pump, will be attached to the other end of the bulb, making the gas sample
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bulb "in-line" between the probe and the vacuum. A vacuum will be applied for
10 to 12 minutes to purge the probe, gas sample bulb, and tubing of ambient
air. This represents approximately three air volumes, based on a vacuum rate
of '1 l i ter/minute. After purging, the stopcocks wil l be shut to seal in-the
gas sample. The bulb will be disconnected from the tubing and trasnported. to
the f ield lab where the GC will be located. The sample will be extracted from
the bulb through the septum with a syringe.

It is possible that soil gas samples may be collected on Tenax tubes as
opposed to gas sampling bulbs. If Tenax tubes are used, they will simply be
attached to the tygon tubing in place of the gas sample bulb after purging.
Approximately 10 liters of air will be drawn through the tube. After the
sample has been collected, the tube will be capped, labeled, and placed on ice
for shipuent to CEC's laboratory.

A f t e r obtaining a gas sample, the probe will be removed and the entire probe
wi l l be decontaminated w i t h TSP and water, followed by a distilled water
rinse. New tygon tubing w i l l be used for each sample. The gas sample bulbs
will be f lushed w i t h hydrocarbon-free air between samples by connecting them
to a vacuum pump for about 2 minutes .

W h e n measurable amounts of contamination are detected in a sample, the CC
operator will extract and then analyze blank air samples from the air-flushed
gas bulbs. This will also be done with the syringes. In this case, the
syringe will simply be filled with hydrocarbon-free air and injected Into the
GC to assure that 90 residuals are present in the syringe. During the course
of the survey, several blanks will also be run on the probe assembly'to ensure
that the decontamination procedures are effective and that cross-contamination
is not occurring. This will be accomplished by pumping hydrocarbon-free air
through the probe assembly after decon, using the same procedures followed for
actual samples.

6.6 WASTE SAMPLING

The procedures used during test pitting operations are described in. section
"•3 (p- 1-9) of Jordan's "Standard Sampling and Sample Handling Procedures*.
Section 14.3 provides information on general procedures and documentation
during the development of a test pit. However, because sampling of unopened
buried drums is excluded from the above-mentioned test pitting protocol,
procedures for opening and sampling buried drums are described below. .

Six teat pits wi l l be excavated In each of two areas at the Metamora Landfill.
Magnetometer surveys have indicated that metallic objects are burled at these
locations. As outlined In section 4 .3 , a backhoe will be used to excavate the
test pits, and the backhoe's work will be directed by means of hand signals
established prior to beginning work. When the backhoe is operating, only the
Indiv idual directing the work will be allowed to approach the excavation.
This Individual will be stationed at a location where he .and the operator are
in visual contact and both can observe the excavation. Test pitting will be

6-7

DOC

21



Section So..
Revision No. Dace November 10. 1986

Page 8 of 9

initiated in an area free of buried mecal, and will extend gradually inwards .
to the areas believed to contain metallic objects.
During the excavation process, if either the backhoe operator or the director
observe possible buried drums, work will pause and a second backhoe, equipped
with drum grappling equipment, will be moved into position. The director will
then coordinate the efforts of the two operators in order to remove the drum
from the excavation, and move it to an area where it can be placed in a
recovery drum (if necessary) and sampled.

Each intact drum will be remotely opened by the operator of the second
backhoe, which will be equipped with a drum puncturing -devise (in addition to
the drum grappling equipment). The efforts of the drum-puncturing operator
will be directed by the senior member of a two person, drum staging/sampling
crew. This crew will assist in the overpacking drums, obtaining samples,
labeling the drums, and installing tops on the overpack drums.

After the drums have been punctured (due to incompatibilities, only one
liquid-containing drum will be opened at a time), samples will be obtained
with a glass dip-tube (for liquids), or a stainless steel dip-tub* (for solids
or sludge^. Dip-tubes will be abandoned in their respective drums. Samples
will be collected for onsite compatibility testing, and laboratory analysis
•(both CLP and CEC). Samples will be placed 'directly into the appropriate
containers and'labeled with the drum identification number. The outside of
the sample containers will be decontaminated w£th TSP and water, and rinsed
with distilled water before being transported to the compatibility testing lab
or to the sample packaging area for shipment to a contract laboratory or CEC.

Waste samples collected for analysis by a Contract Laboratory will be pre-
served and handled according to CLP procedures for high hazard soil or water.
These procedures are documented in Table'5-1 of Jordan's "Standard Sampling
and Sample Handling Procedures", p. 5-4.

6.9 GROUNDWATER SAMPLING

Groundwater samples will be collected in"accordance with Jordan's "Standard
Sampling and Sample Handling Procedures", Section 3.2-(p. 3-4). Groundwater
samples will be preserved and handled in accordance with CLP procedures
(documented in Table 5-1 of Jordan's "Standard Sampling and Sample Handling
Procedures", p. 5-4.

6.10 SURFACE WATER SAMPLING

Surface water samples will be collected ,in accordance with Jordan's "Standard
Sampling and Sample Handling Procedures", Section 3.3 (p. 3-7). Surface water
samples will be preserved and handled in accordance with CLP procedures
(documented in Table 5-1 of Jordan's "Standard Sampling and Sample Handling
Procedures", p.' 5-4.
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6.11 GEOPHYSICAL DATA COLLECTION .

Three different geophysical techniques will be used at the Metanora Landfill
Site: 1) seismic refraction; 2) electrical earth resistivity; and 3)
magnetics. Seismic refraction will be used to determine the depth to the
water table surface, the depth to the underlying clay layer, and the depth to
bedrock. Electrical earth resistivity will be used to confirm the findings of
the seismic refraction survey, and also to possibly define areas of inorganic
groundwater contamination. The magnetometer survey will be used to define the
location of buried metallic objects (presumably drums) at two onsite loca-
tions.

Geophysical techniques, Instrumentation, data interpretation, and quality
control procedures are discussed in Appendix A.
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7.0 SAMPLE CUSTODY

Sample custody procedures established by EPA's CLP will be followed for all
samples sent to an U.S. EPA Contract Lab. These procedures are described in
Chapter III, sections C. and D. of "User's Guide to the Contract Laboratory
Program". Traffic report forms, chain-of-custody forms, tags, and,seals will
be provided through the CLP.

For those samples being-sent to CEC, chain-of-custody procedures specified in
section 6 (p. 6-1) of Jordan's "Standard Sampling and Sample Handling Proce-
dures" will be followed.
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8.0 CALIBRATION PROCEDURES AND FREQUENCY '
•

Instruments Intended for field use during the Metamora Landfill Site HI
include:

Tripar analyzer. See Jordan's "Standard Sampling and Sample Handling Proce-
dures", section 8.2.3 (P- 8-9).

Photoionlzation meter. See Jordan's "Standard Sampling and Sample Handling
Procedures", section 8 . 2 . 4 (p. 8-11).

National Mine Service Company MX241 Combustible/Oxygen Monitor. The proce-
dures for calibration (which should be done everyday when the instrument is in
use) are as follows:

1.) Switch the instrument on and allow the .sensor to warm tip for 15 minutes.
In clean air, switch the instrument display to combustibles. Adjust the
zero potentiometer (through the hole labeled "z") and obtain a readout of
000. (The instrument calibration potentiometers are accessed through
holes in the end of the case top. To reveal these holes, loosen the
knurled collar on the strap mounting post and swing aside the
potentiometer access cover).

2.) Use the calibration cup (MMS P/N 1700-6933) to apply combustible gas of a
known concentration to the instrument. The rate of gas flow should be
0.5 ( ± .05) liters per minute. Switch the instrument display to combus-
tibles. Use the span potentiometer (through the hole labeled "s") to set
the readout to the percent LEL corresponding to the known gas concentra-
t ion. Variation in the f low rate will cause inaccurate^calibration of
the instrument.

3.) If the instrument cannot be calibrated, the span potentiometer may be at
uch a low setting that the instrument cannot respond properly. Turn the

•an potentiometer approximately 15 turns counterclockwise and .then
repeat the calibration procedure described above. Note that the calibra-
tion procedure calls for the adjustment of the zero potentiometer first.
The span potentiometer should not be readjusted until the zero
potentiometer is properly set.

U.) Remove the test gas and wait fo/* approximately one minute for the gas to
disperse. Check that the instrument readout returns to 000.

Radiation Alert Monitor t.
follows:

The procedures for instrument operation are as

The radiation meter is factory-calibrated by a pulse generator and is typical-
ly _* 101 of full scale relative to Cesium 137- The monitor U is calibrated to
ANSI standards by a certified laboratory.
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The Monitor 14 detected the four main types of Ionizing radiation*: alpha, beta,
gamma, and x-ray. It is calibrated for Cesium 137, but it also serves as an
excellent indicator of relative intensities for other sources of ionizing
radiation. The level of radiation for gamma and x-rays is measured in nil],!
Roentgens per hour (mR/h r ) . Alpha and beta radiation are measured in counts
per minute (CPM).

When using the Monitor 4, always keep the ranges-switch In the xl position
unless high levels of radiation are expected. If, while making a measurement,
the meter goes off scale to the right, move the range switch to the next
higher setting (x10 or x100). Note that the flashes from the count light and
the audible beeps are progressively shorter in the xlO and.x100 positions.

Battery life is up to 2,000 hours at background radiation levels. Frequently
cheok the battery charge by moving the range switch to battery position and
check the green-shaded scale. Should the battery need replacing, use one 9
volt alkaline battery and turn the monitor 'off before i-nstalling the battery.

ES-2115F Signal Enhancement Seismograph. 'See Appendix A

Phillip R. Burger Model 1000D Vibration Seismograph. See Appendix A.

Keck Model Ho. IC-69 Earth Resistivity Instrument. See Appendix A.

Geometries G-856 Proton Precession Magnetometer. See Appendix A. j
ii

EDA Omni IV Tie-line Magnetometer. See Appendix A. . I

Photovac 10S50 Portable Gas Chromatograph. See Appendix D.
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9.0 ANALYTICAL PROCEDURES

9.1 -SELECTION OF PARAMETERS

Laboratory'analyses are scheduled for air, water, soil, waste and soil gas
samples. The parameters to be analyzed are selected based on current informa-
tion' on contaminant wastes received at the site and previous environmental
measurements. The selection-rationale procedure Illustrated in Table 9-1 is
Intended to simplify and streamline analytical programs by eliainating unnec-
essary analyses and^assurlng appropriate analysis for all required project
data. Tables 9-2 and 9-3 indicate those parameters included in the CLP
organics and inorganics analysis' package. Contract required detection limits
are also indicated.

A wide range of waste types are suspected of being disposed of at the Metamora
site. Also, there is evidence that certain disposal areas had.been burned in
the past. Because of the potential of dioxln/furan wastes having been dumped
at this site, and 'the potential of dipxins/furans having been formed during
the burning episodes, selected soil and waste samples will be submitted to the
CLP for dloxin/furan analysis (i .e^,-2,3,7,8-TCDD/TCDF and total PCDD/PCDF).

9.2 SELECTION OF PROCEDURES •

Procedures for sample analysis by the Contract Labs will <be in accordance with '
the NCLP/Consensua Organics Protocol\and the NCLP/Consensus Inorganics Proto-* *
col (IFB WA-85-J680 and 1FB WA85-J838 respectively).

CEC will provide analytical assistance during this project by analyzing 1) air
samples collected on charcoal -tubes for organics; 2) soil gas samples collect-
ed on Tenax tubes for organics; 3) leacha\e (EP toxicity) from waste samples
for metals and organics; and 4) waste samples for PCB». A summary of the
analytical work to be provided by CEC is as follows:

Matrix Analyte Method Reference

Air (charcoal)

Soil gas (Tenax)

Leachate
(EP Toxicity)

Waste

Total hydrocarbons GC/FID

Qualitative GC/KS

Metals . AA
Pesticides . GC/ECD
Herbicides GC/ECD

PCBs GC/ECD

NIOSft 127

TO-1
EPA-600/4-84-041

EPA SV-846
EPA SV-846
EPA SV-846

EPA SV-846 ' •

GLE will provide on onsite laboratory and chemist to conduct compatibility.
tests during Task 13, Pollutant Characterization Study. Teat procedures" are
Included in Appendix B.
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. TABLE 9-2

HAZARDOUS SUBSTANCE LIST (HSL) ORGANICS AND
CONTRACT REQUIRED DETECTION LIMITS (CRDL)»»

(ref. IFB WA-85-J680)

Detection Llnita*

1 .
2.
3-'
H .
5.

Volatiles

Chi orome thane
Bromotne thane
Vinyl Chloride -
Chloroethane
Methylene ChXopide

CAS Number

'74-87-3
74-83-9
75-01-4
75-00-3
75-09-2

Low.
Ifc

.Water Low
UK/L

10
10

'.10
10
5

Soil/Sedinent
UK/Kg

10
10
to
10

* 5

6. Acetone 67-64-1
7. Carbon Disulfide 75-15-0
8-. 1,1-Dichl6r6ethene 75-35-4
9. 1,1-Dichloroethane 75-35-3

id. trana-1,2-Dichloroethene 156-60-5

11. Chloroform 67-66-3
12. 1,2-Dichloroethane 107-06-2

-.-13. 2-Butanone. ' 78-93-3
14. 1,1,1-Trichlorbethane , 71-55-6
15- Carbon Te>fachloride 56-23-5

16. Vinyl Acetate 108-05-4
17. Bromodichloromethane 75-27-4
18. 1,1,2,2-Tetrachloroethane 79_34_5
19. 1,2-Dichloropropane 78-87-5
20. trans-1,3-Dichloropropene 10061-02-6

21. Trlchloroethene 79-01-6
22. Dibromochloromethane . 124-48-1
23. 1,1,2-TriChloroethane . 79-00-5
24. Benzene 71_l»3_2

\ 25. cia-1,3-Dichloropropene 10061-01-5

10
5
5
5
5

5
5

10
5
5

10
5
5
5
5

5
5
5
5
5

10
. 5

5
5
5

5
5

10-
5
5

10
5
5
5
5

5
5
5
5
5
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Delect ten Limits*

26.
2" .
28.
29 .
30

31 .
32.
•: 1

34.'
1 C

'

Volatiies

2-CMoroe:hyl Vinyl Ither
B 7 0=0 for:.
2-Hexar. one
--Me thyl-2-?er.:ar.one
~ e ' 7acr.lc7oether. e

Toluer.e
Chlorcser.rene
E:hy^ Ser.rene
S t >T e n e
To:$l Xyler.es

CAS Nuabcr

110-75-8
75-25-2
591-78-6
108-10-1
127-18-*

108-88-3
106-90-7
100-41-4
100-42-5

Low Uate.r*
" ug/L

10
5

. 10
10
5

5
5
5
5
5

Lou Soil/Seciiaer.t"
i us/Kg

10
5
10

. 10
5

5
5
5
5*
5

*MeC:a= '-a:er Con:r*c: Required Detection Lisiti (CIOD'.for Volatile HSL
Coepounds *re IOC tiaes the in(i:vidu»l Lou Water C

:ediur S.oil/S«dis«nc Contrac: Required De:ectlon Limits (CXDL) for Volatile
B-SL Coopour.ds are IOC tixes the individual Low Soil/Sediment CRCL .
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3fc.
2 - .
36.

2 o
«

•• .

» ̂
- j .

_ 3 .
.. *
. " .
- i .

_ ? .
5: .
i 1
5: .
c -.

e. _

C I

2 - .
^ "

5-

i 9

bC
6'.
- 1
0 J

S < r : - '• ' : 1 a : i 1 e t

Phenol
D: $; :-Chioro«:hyl) eiher
2-CMorophenol

, 3-T: ;-lorober.rene

5 e r. : ;- 1 Alcohol
,2-ricMorooer.zene

:-.e:r-:yiphenol

e : !-. e r
-a!.*:--. lp.Ter.cl '
S-N ; ; 75$o-C; 3: spy 1 a = : r.e
h e x a c -. 1 c r a e : r. • n e
!• . : r ; oer_: er. e

Is:;-, src^e
:-:.': rrcpr-.er.cl
I ,--2i=ethvlphenol
3 «-::'.; Acid
3 ; s ; 2 - CM o r o e : ho xy )
z« : r. a r.e

2 ,.- -Z : cr.lor opne^cl
1 ,2 ,--?-: c^.lorobe = :eae
Sap.- :r-.alene
--0 1 srcar.i line
r.ex4:r.l3robv.t.ii«ne

. para-cMora— ae:*-;re$ol
2 - V. e : .1 y 1 n* p h : h » 1 e ne
Hexacr;lorocyclopea:a<ilene
2 , - ,^-TTi.chlorophenol ' .
2 ,- ,5-Trichlprophenol

- •

CAS' Nu=i/er

1.06-93-2
111 -«"— i
^95-37-6

5-1-73-1
' Ofc-4fe-7+ *SV ^ V *

100-51-6
95-50-1
95-48-7

39638-32-9
106--'.-5
521-64-7
67-72-1
98-95-3

76-39-1
86-75-5
1C5-67-9
65-85-0

,

111-91-1

' 120-83-2
120-S2-1
91-20-3
106-47-8
37-68-3

; 59-50-7
91-57-6
77-47-4
88-06-2
95-95-i

Date. September
Page 5 of _9

•Detection Li
Low >a;crw Law Sol

uc'L

10
10
10

10
10A W
10
10
10

10
10
10
10
10

10
10
10
50

10

10
10
10
10
10

10
10
10
10
50

29,1986

='•!•'•

1 Secirer.t:

Ug A.C

330
330
330

330
330*
330
330
330

330
. 330
330
330
330

3£?v
330
330
1600

330

330
330
330
330
33C

330
330
330
330
1600
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66.
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•* t

•S r*
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7 9 .
80 .
8 '.
a: .
£ 1

5- .
g i

Q j

a -

as .
89 .
9C .
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91.
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9i
96
9'
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CAS Vucb'tr
• ' .. »••
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,'86-7(,-4. •

,/ 13 1-1 1-3, ' -
208-96-8
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^ i * >•*
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6C6-20-2 : . ' '
6^-66-2

7005-72-3
§6-73-7

100-01-6

1 534-5-2-1
86-30-6

-. 101-15-3
118-74-1 »
87-86-5

85-0.1-8
120-12-7

84-74-2
:06-44-0

129-00-0
85-68-7
91-94-1
56-55-3

e .17-81-7

: 18-0 1-9
i; 7-84-0
2C5-99-2
207-08-9

50-32-8

''•'* '• .- " *
« . - .'

•
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- Page 6 of 9.
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S e c i - V c l * t i l e * QtS Sjjcber

• . <•
• . r D e t e c t i o n - L i s i t i * \

Low • W a i e r 1 ' L'ov .'Soil / See" iser.; -
U 8 / L

98. I n c e n o d , : ' , 3 - b d ) 7 y r e n e ..i'93-39-3
99. D iben : ( a , h ) « n : h r a c e n e -s. 53r70-3

100,. 3 e - i o ( g , h . i ; i ? e r ; l e r . e .' '";,;91-2--2

:o
10
10

330
. 330
. J30

.Mec;cr. " ^ j - . e r C o n : r * c : D e t e c : : o n Li = i :$ ( C R D L ) for Sesi-Voiati le
HSL Cocpcur . i s are IOC ::=ev :he i r . i : -y jdu«: '-ov W a t e r C5LDL . '

iur Sc: l Sed:aer . t Cor . t r*c : R e q u i r e d D e t e c t i o n L is i t s (CfcpL-)' for Sfdi-« . _
V o l a t i l e HS'_ Coapour .d s ' are 6C : :=es the-' ini: v i d u a i Lou Soil-/ S e d i m e n t CKDL .
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P e. s ; ; c 1 d e s

1C: . al?-.a-BHC
1C2. be:a-3KC

1C3. del:a-3liC
lC r. gac=a-3KC (Lindane"
1 C i . H e p : a c r. 1 o r
' 36 . Aldr: n
1C7. Hep t acr.lor Epoxide

ICE . Incosulf an I
'. " 3 . D : e 1 ; r : r.
i c . «. . >. '-SSL
: 1 . Endrir.
1 I . Endosulfar. *I .'
\

113.' » ,- '-D2D
1 1 - . E - d o s u 1 f a P. Sclfate
1»5..4,4'-DDT

,.1 -, 5 . E n d r i r. K e ' on e ' ^

118. Chlordane
1 '. 9 . T o xa p h'e n e
'.2C. A?.CC1C?.-1016
' "" ' A.^ " '"" •" ' — ' ̂  "* '

:::" A??c-:?-:232
.:: . ASccicR-1242
1 24 . A?. OCLCF-1248
::i. A^ocios-1254
12t . ASOCLOR-12&0

CAS Nusber

319-84-6
319-85-7

319-86-8
58-89-9
76-<.4-8
3C9-00-2
102^-57-3

95.9-98-6
60-57-1
72-55-9
72-20-6

33213-65-9

77-54-8
1031-07-8
50-29-3

53494-70-5

72-43-5
57-74-9

. ' 8001-35-2
1-2674-11-2
11104-28-2

11141-16-5
53469-21-9
12672-29-6 '
11097-69-1
11096-82-5

Date
Page _

Det ec
Low Water*

u« 'i.

0.05
0.05

0.05
0.05
0.05
0 .05
0.05

0.05
0.10
0.10
0.10
0.10'

0.10
0.10
0.10
0.10

0.5
0.5
1.0
0.5
0.5

0.5
0.5
0,5
1.0
1.0'

.
September 29,1986
!_of_9_

t

tion'Liniti*
Law Soil 'Sed:=er.::

ug/Kg

8.0 -
8.0

8.0
.8.0
8.0
8.0
8.0

8.0
' 16.0

- 16.0
16. 0"

. 16.0

16.0
16.0
16.0
16.0

80.0
80.0
160.0
80.0 .
80.0

80.0
80.0
80.0

, 160.0
160.0

e»d:a= -'acer Contract Required Detection Liiits (C?DL) for Pesticide HSL
Ccapounds are 100 times the Individual Low Water C7DL.

•Med:us Sell/Sediment Contract Required Detec:ion'Littlts (CRiL) for Pesticide
HSL cocpounds are 15 t.imes the incividunl low Soi l/S«<!iment CRDL. * '•

*0etec:ion licit* listed for soil/sediment are based on wet wei'ght. The detec-
tion limits -calculated by the laboratory for soil/sediment, calculated on dry
weigh: basis, a.s required by the contract, will be higher.

' / *

•* S p e c i f i c d e t e c t i o n llsits are highly catrix dependent. The 'detiction
l: = ::s l i s t e d herein are provided for guidance and -may not always b^e
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Element

Aluffl inun
AntlBony
Arsenic
BariuB
B«rylUun
CAdnium
Calciua
XhrcBiuB
Cobalt '
Copper
Cyanide
.Iron
Lead .
Magnealun,
Manganese
M*"pcury
Nickel

Selenium-
311ver
Sodlxa
Thallli»
Vtnadiua
Zinc

' • • • .TABLE 9-3 -
INORGANIC PARAMETERS >ND

CONTRACT REQUIRED DETECTION LIMITS
. '. tref. ire WA85-J638)

Contract 'Required.
Detection Level '•*

*(ug/L)

200
60
10

200
5
5

5000
10
50

'25
10

100
5

5000
'15

0.
«0

5000
' 5

10
5000

^10
"50

20

Any analytical aethod apeclfled in SOW Exhibit D Bay be utilised aa'Ion*
as the docuatnted Inatruoeot .or BBthod detection liait* «eet the Contract
Required Detection Level (CRDL) re<julreaenta. Higher detection lerela
•ay ynJT be used in the following clrciaatance:

If the aaaiple oonoentra^ion ezoeeda two tlaea the detection Halt of the
instrument or aethod In uae, the yalue Bay be reported even though the
Lnatruaent or Method detection Halt Bay not equal the contract required
detect ion level. Thia la llluatrated In the ezaaiple below:

For lead:
Method in UM • ICP • • •
Inatruaent Detection Ll«l.t ( IDL) • »0
Saaiple ooi}oentratlon • 85 • * '
Contract Required Detection Level (CRDL) « 5 .

The value1 of 65 nay be reported even though inatru*ent detection li«it la"
greeter''than j-equired detection level. The inatruaent or Method
detection lljait awat be dooue»nted aa described in Ixhiblt t. .'

These CRDL are *he InetruBent detection' li«lta obtained' in pure water"
that aiuat be Met using 'the *prc««o'ur« ip Exhibit E. ^Tbe detection Halt
for aaaplea Bay be oonaiderably Ijlgher' depending on'th'e aaaple Matrix,.

T.
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10. DATA REDUCTION. VALIDATION AND REPORTING

Data reduction is the process of converting measurement system outputs to an
expression of the parameter which is consistent with the comparability objec-
tives (outlined in Section 5). Calculations made during data reduction by a
Contract lab, CEC or Jordan, are described in the U.S. EPA analytical methods.

Validation .of measurements is a systematic process of reviewing a body of data
to provide assurance that the data are adequate for their intended use. The
process includes the following activities:

A

*»

o auditing neasurement system calibration and calibration verifi'ca-
• tion; • -

o auditing quality control activities;

o screening data sets for outliers;

o reviewing data for technical credibility vs. the sanple aite set-
ting; . .

o auditing field sample data records and chain-of-custody;-

o checking intermediate calculations; and

o certifying the process above.

Data validation activities will be documented and records' kept of any neces-
sary corrective or remedial action. Laboratory reports of data, are edited by
comparing with original calculations. Subsequent data tabulations are edited
by comparing with the laboratory reports. The data is screened to determine
compliance with the quality assurance objectives identified in Section 5.

Jordan's Environmental Laboratory routinely participates in and successfully
completes performance audits using reference samples provided by U.S. EPA and
other regulatory authorities. Results of these -audits will assist in vali-
dating the data reported. In addition, system audits of laboratory procedures
and data management are conducted by the QAC.Results reported for each sample
are verified to assure proper identification by comparing the original sample
collection log sheets with chain-of-custody forms.and laboratory log books,
when possible.

The Contract labs will follow the data reduction, validating and report-ing
protocol documented by the CLP.

10-1
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11.0 INTERNAL QOALITT CONTROL

11.1 MEASUREMENT ST.STEMS
f f

Quality control procedures are established for laboratory and field activi-
ties. Procedures used in U.S. EP'A Contract laboratories, such as analytical
duplicates, matrix spike samples, blanks, control charts, internal standards,
surrogates and reagent checks are described in detail in the specified analyt-
ical methods outlined by the CLP. Special samples to be submitted to the
Contract labs for the Metamora Landfill Site RI include:

Type •Media Number

VOA trip blanks

blind replicates

sampler blanks

filtration blanks

Water

Soil
Water

Water

Water

5
9

3 '

6

These saqplea provide a quantitative basis for validating the data reported.
Each is described in detail in Section 9 of Jordan's "Standard Sampling and
Sample Handling Procedures".

11.2 QUALITY REVIEW OF STUDIES AND REPORTS
. 4fe *

The purpose of quality reviews through the course of studies, designs and
reports is to ensure that the service, designs and documents produced by each
department meet currently accepted professional standards. The level of
effort for each project will vary depending on type of project, duration and
size. Review of small projects entails periodic discussions between produc-
tion staff and .discipline managers. Quality control on larger projects
requires that a review team be selected for more frequent meetings and discus-
sions. Quality control reviews are scheduled on a routine basis, but the
option of holding a quality control review at any time is always open.

The time required to plan, schedule, and conduct quality control reviews is
considered part of all other design, writing and checking phases of a project.
While quality control activities are continuous, each project is divided into
phases for quality control reviews. At each phase, the review should include
client goals, contractual commitments, technical merit, timing, budget,
assignment of appropriate personnel, department coordination, project-problem
resolution, documentation, and consistency with company policy. Key elements
to the success of any quality control review are identification of problem
areas, communication to implement solutions, and follow-up.
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Quality control during the preparation of studies and reports relies on docu-
mentation of data utilized and peer review of conclusions drawn from the
assembled data base. The comparability objective established for the project
is of particular importance when data are derived from many sources (i.e., the
data base is comprised of secondary measurements). Documentation of secondary
data typically is accomplished via data verification/tracking checklists with
accompanying written criteria describing "acceptable" data to ensure consis-
tency in data selection. This allows all data base components to be traced to
the primary generator and forces a review of data quality as the data base .-is
developed. All project personnel are responsible for utilization and monitor-
ing of this process; compliance is audited by the QAC. Upon completion of the
data base, data interpretation, evaluation, and report preparation commence.
Interpretation may require T:on3ultation with Jordan's statistician and/or use
of computerized statistical routines. Documentation is also prepared for
statistical manipulation methodologies. Data evaluations incorporate peer
review to provide'broad-based insight to data correlations and interactions.

To enhance the professional quality of the company's studies-and reports, the
discipline manager will also:

o require that reports refer to and are consistent in scope with the
project proposal and contract; and

o require that report language and contents be chosen to foster client's
understanding of risks and uncertainties by distinguishing fact from
opinion and identifying risks and limitations in a clear and informative
manner. .

It is anticipated that quality control gevlews for the Metamora Landfill Site
RI will occur at the following project phases:

o Work Plan Preparation;
o Quality Assurance Project Plan preparation;
o Description of current situation;
o Health and Safety Plan;
o Preinvestigative Evaluation
o RI Report
o Response'Objectives

Remedial Alternatives
o Conceptual Design
o FS Report
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12.0 AUDITS

Quality assurance audits are performed to assure and document that ̂quality
control measures are being utilized to provide data of. acceptable quality and
that subsequent calculations, interpretation and other project outputs are
checked and validated.

System and performance audits may be conducted b^y the Quality Assurance
Coordinator (QAC). The Quality Review Team (QRT) will conduct pro'ject reviews
of Interpretations and reports which are based on the measurement system
outputs. If any of the procedures to assess precision and accuracy described
in Section 14.2 indicate potential data problems'; *an audit may be initiated.

12.1 SYSTEMS AUDIT . _

A system audit may be -conducted on «11 components of measurement systems to
determine proper selection and utilization. The systems audit Includes
evaluation of both field and laboratory procedures.

if »

Organization and Personnel. The project organization is reviewed for compli-
ance with the proposed organization and for cla.rity of assigned responsibili-
ty. Personnel assigned to. the project will be reviewed to determine-that
assigned responsibility, skill and training of the personnels-ape properly
matched. The Technical Director maintains firsthand knowledge of his team's
capabilities and will discuss the organization's efficacy with the QAC.
Assigned personnel may be interviewed by- the 3A.C during an audit..'

«j • •
Facilities, and'Equipment. The audit will address whether field tools and
analytical instruments are-selected and used to^ meet requirements specified by
the project objectives stated in the QAPP. Equipment and facilities provided
for personnel health and safety will also tte evaluated. Calibration and
documentation procedures for instruments' used in the field will receive
special at tention.

. **•
Analytical^Methodology. Routine external performance evaluations as wel> as
blind internal, performance-evaluations are generally conducted. A review of
analytical methodology, in regard to the data requirements for the project will
also be performed. An on-site observation of analyst technique, data reduc-
tion and record keeping may'6e performed if determined necessary. Periodic
review of precision and accuracy* data it essential.

Sampling and Sample Handling Procedure. An audit of scheduled samples vs
samples collected vs. samples' received for analysis, may be performed. Field
documentation will be reviewed. If deemed necessary, a site visit will be
made to assure that designated control procedures are practiced during sam-
pling activities.

12-1
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Data Handling. During a system audit, the QAC will review data handling
procedures with the TD and Task Leaders. Accuracy, consistency^ documentation
.and appropriate selection of methodologies will be discussed.

12.2 PERFORMANCE AUDIT

These audits are intended primarily for analytical and data generation sys-
tems.

12.3 PROJECT AUDIT

Project audits encompass the aspects of both the systems audit and the perfor-
mance audit. The project•audit typically'occurs at least once for a short-
term project and twice or more often during- long-term projects. Timing is
keyed to the systems involved and the project objectives.

It is currently anticipated that one project audit will occur for the Metamora
Landfi l l Site RI.

1 2 . H QA AUDIT REPORT

A wri t ten report of the QA audit may be prepared to include:

o an assessment of project teac; status in each of the major project areas;

o clear statements of areas requiring improvement or problems to be cor-
rected. Recommendation and assistance will be provided regarding pro-
posed corrective actions or system improvements. If no action is re-
quired, the report will state that the QA audit was satisfactorily
completed;

o a timetable for any corrective action required; and

o a follow-up to assure that recommendations have been implemented.

figure 12-1 provides an example Quality Assurance Audit Report.
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QUALITY ASSURANCE AUDIT REPORT
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Project:,

Project No.:. Quality Assurance Coordinator:.

Project Aspects Audited:.

Laboratory/Technical Directory

Audit Conducted By:

Date of Audit:

for the period to

Personnel Interviewed:

Objectives of the Project Aspects Audited

Sampling and Analytical Requirementa
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QUALITY ASSURANCE AUDIT REPORT
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ADEQDACY/APPROPRIATENESS OF;

Organization and Personnel

Facilities Utilized

Analytical Methodologies

o, /
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QUALITY ASSURANCE AUDIT REPORT

ADEQUACY/APPROPRIATENESS OF:

Sampling and Sample Handling

'•••«• o

Date September 29. 1966
Page 5 of 6 •

Data Hanaling

Quality Control Measures Utilized
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QUALITY ASSURANCE AUDIT REPORT

Quality Assurance Deficiencies

Recommended Corrective Actions and ScheduleSchedv

Distribution:

<J
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.13.0' PREVENTIVE MAINTENANCE

13.1 ANALYTICAL INSTRUMENTATION • -

Preventive maintenance for analytical instrumentation is outlined in the
protocol established by the U.S. EPA CLP.

13.2 FIELD INSTRUMENTS . . , • .

Preventive^maintenance of field equipment is performed by analysts and staging
area staff "and routinely precedes each sampling event,; more extensive main-
tenance is performed on the basis of hours in use. Sampling crews report on
the performance of the equipment after each sampling event. Critical spare
parts are kept in stock.

'
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14.0 DATA ASSESSMENT

14.1 'GENERAL . .
• t

The purpose of data quality assessment is to assure that data- generated under
the program are accurate and consistent with project objectives. The quality
of data will be assessed based on the precision, accuracy! consistency and
completeness of the data that are measured or generated.

Data quality assessment will be conducted in 'three phases: ' '

Phase 1

Prior to data collection, sampling and analysis procedures are evaluated in
regard to their ability to generate the appropriate, technically acceptable
information required to achieve project objectives. This QJCPP meets this
requirement by establishing project objectives defined in terms of parameters,
analytical methods, and required sampling protocols. «•

Phase 2 .

During data collection, results will be assessed to assure that tlje selected
procedures are efficient and effective and that the data generated'prbvid*e •
sufficient information to achieve, project objectives. Precision and accuracy,.'.
of measurement systems will also'be evaluated. In general, evaluation of*data
will be based on performance audits, results of duplicate" and spiked s,anple
analyses, and review of completeness objectives. . •—*—*

Documentation may include: '

o number of replicate samples collected;

o nun her of replicate, spike and field blank samples analyzed;

identification of statistical techniques, if used, to measure centra*
tendency, dispersion, or testing for outliers;

use of historical data and Its reference; and *.

identification of analytical method.

Dr. Bruce K. tfallin, T^Cnnical Director of Jordan's Analytical Laboratory, and
Jordan staff under his supervision, will be responsible for any additional
evaluation required of data packages. . ., '

s.. « A ' ' "
Phase 3

. *
' . . - . * • • • •

Throughout the data collection activities, an assessment,of the adequacy"of
the data base generated in regard to completing-project objectives will be
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undertaken throughout each phase of site work. Recommendations for Improved
quality control will be developed, if appropriate. In the, event that data
gaps are identified, the QAC, TPD-or QRT may recommend the collection of
additional raw data to fully support the project's findings and recommenda-
tions. . ' '

14.2 PROCEDURES TO ASSESS PRECISION AND ACCURACY

TofAssessment of precision and accuracy of analytical data is accomplished via
review of duplicate analyses (precision) and surrogate spike recovery (accur-
acy) both in reagent water and sample matrices. Precision- is generally ex.1-
pressed as the coefficient of variation (CV) . Accuracy la1 expressed as
percent recovery- Precision must be assessed for each matrix since distri-
bution of—contaminants may be non-homogeneous, especially in non-water matri-
ces. Precision in samples must be reviewed with knowledge of the matrix and
level of analyte present. Corrective action or documentation of substandard
precision is a laboratory responsibility. Accuracy, too, must.recognize the
impact of matrix interferences. Optional surrogate/spike recoveries are
generally specified by the analytical method for reagent water under defined
conditions., Each j>e-thod which provides quality control requirements and
acceptance criteria also specifies the method of generating the data to be
reviewed. It is/the laboratory's responsibility to-attempt to identify the
source of substandard 'recoveries and either take corrective action or document
the' cause.

Calculations are Presented below:

JR = observed value x 100
theoretical value

CV = (S/X) x .100

where JR = percent recovery

CV r coefficient, of variation
* V

S = sample standard deviation
•» .

X s mean value of data set

^-Completeness is generally* assessed as a percentage of data intended to be
generated, and is most often utilized in Phase 3 of .the da-ta assessment pro-
cess. * • . ' : • * . - . .
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15.0 CORRECTIVE ACTION

Corrective or preventive action^is required when' potential or existing condi-
tions are identified that may .have an adverse impact on data quantity or
quality. Corrective action could be immediate or long-term.' In general any
member of the program staff who identifies a condition adversely affecting
quality can initiate corrective action by 'notifying his or her supervisor and

je QAC. The written communication will identify the condition and explain
how it may affect data quality or quantity.

15.1 IMMEDIATE CORRECTIVE ACTION

This type of corrective action is usually .applied to spontaneous, _
non-recurring problems, such as an instrument malfunction. The individual who
detects or suspects nonconforaance to previously established criteria*or
protocol in equipment, instruments, data, methods, etc., will immediately
notify his/her supervisor. The supervisor and the appropriate task leader
will then investigate the extent of the p'roblem and tajce'the.'necesser.- correc-
tive steps. If a large quantity of data is affected, the task leader must
prepare a memorandum to the Project Manager and the QAC. These individuals
will collectively deci-de how to proceed.-' If the.problem is limited in scope, ,
the task leader will* decide on the .corrective action measure, document the '
solution in the appropriate workbook and notify the Project,Manager aiid the
QAC in memorandum form. » " " • .'i

1 5 . 2 - LONG-TERM CORRECTIVE ACTION . - ' ' . . <

Long-term corrective action procedures -are devised and implemented to 'prevent
the recurrence of a potentially serious problem. The QAC will be. notified of , •
the problem and will c'onduct an investigation to determine the cause, severity
and extent of the problem. The QAC will then file a corrective action request
with the Project Manager. ' • ' ' • ' . - . •

* -*-* . . *
""'-*-• *> • , ' '

In case-of dispute be tw e WfetJjpls^C -and, the PM, ,the Responsible' Corporate
Officer ( R C O ) will make a final deCerminatfon for the company. - •

«
Corrective actions may also be initiated as a result-of other activities, ..
including: • ' • , ' _' .

.- •* •
o Performance Audits; ' .. • -J

- *" * .
o System Audits; -... . ' ' „ *. \'

• ' ,* * " . *J ,

o Laboratory/fiejd comparison'-'atuxlies; and . - "•' '^ .• • i

6 Q A program audits. * - ' • ' • • . . ' .
' • - •
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The QAC will be responsible for documenting all notifications, recommenda'-. '
tions, and final decisions. The ?H and-the-QAC will be 'jointly responsible
for notifying program staff and implementing the agreed upon course of action.
The <3AC will be responsible for verifying the efficacy of the implemented *
actions. The development and implementation of preventive and corrective
actions will be timed so as to not adversely impact either project schedules
or subsequent data generation/processing activities, to the extent possible.
The QAC will also be responsible for developing and implementing routine
program controls to minimize the'need for corrective action.

•v

• •

•I,
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16.0 REPORTS TQ MANAGEMENT

I,

Summary reports are prepared on a-periodic basis to inform management of,
project status. '. The reports will include:" ._ _ *• -

o periodic assessment of measurement data accuracy, precision'and
completeness-; ' •• ' r •

' • - . ' , • . * * ' • • • - .
o results of performance audits and/or systems audits; ' * -f

o significant QA problems, and recommended solutions; and' . -.

o status of solutions to any .problems previously identified. . -
4 ^

In most cases, these reports may be included in monthly, project progress' '
reports or'the QA Audit Report illustrated in Section 12 may. .be prepared.
Additionally, any'incidents requiring corrective action will be fully doeu-'
mented. Procedurally,- the QAC will prepare the reports to'management. -These
reports will be addressed to the PM and'the Duality Assurance Officer, in
addition to the MDNR Project Administrator. The summary of findings'shall be ̂
factual, concise and complete. Any required supporting information will be
appended to the report. - ' '• ', • • •*
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APPENDIX AT ' '
' * •

GEOPHYSICAL DATA COLLECTION
• • / " *

Three different .geophysical technlques'will be used at the Metamora Landfill
3ite: }) seismic refraction; 2) electrical earth resistivity; and 3)
magnetics. Seismic refraction will be used to determine the depth to the
water table surfa-ce, the depth, to th'e underlying clay layer, and the depth'to
bedrock. Electrical-earth resistivity will be used to confirm the findings of
the seismic refraction purvey, and also" to possibly define areas of Inorganic
groundwater contamination. • The magnetometer survey will be used to 'define the
location of buried metallic objects (p'res'umably drums)"at two onsite-- •
locations. - • • . . . •• • • •» . >

Becaus§ it is difficult to'incorporate the'different aspects of'geophysical
surveys into the main body, of a QAPP, this appendix was compiled to- make it
easier for the reviewer to understand. The following paragraphs include a
discussion of the principles,- instrunentation, field techniques (including
thoset techniques used to check the data for quality), Interpretation, and
instrument' calibration f»pr. each geophysical technique to be used at the. ;

Metanora site. • • ( " ' , . • '
• * * *
SEISMIC REF.RA'CTION . ' ' . " • •

' ' ' . - „ % *
A major factor.in'quality control of a geophysical survey ia the pilot survey.
A pilot survey is virtually always condgcted prior to a full-scale-.survey to-*
assure that the method is appropriate for the site condition's and the
objectives of the project, and thus will generate good quality data. ,. A pilot
survey, consisting of 3,200 1-inear feet of seismic refrac.tion profiling, will'
be co'nducted at the .Metamora site prior to-.the initiation of a full-scale
.survey which consists of 19,200 linear feet of 'profiling. . .

. . - - , ;• • • .• • >. ', '•' - . ' • ; • '
The p'rinciples of seismic refraction are illustrated on'Figure

. A A - 1 . The technique^is ,an indirect Deans of determining the depths to a '
refracting hor izon,and the thicknesses of major Seismic discontinuities
overlying- a high-velocity refract'ing hopizon, - •

It is essential to measure the elapsed time of travel for elastxLp waves from a
point source of energy to a serie.s of •aenaitlve'listenlng' devices. TRese
listening devices are called geophones, or seismometers, and are spaced at
known -intervals along a straight^line on the ground surface.. They are
connected to ..the seismograph by seismic-spread "caMes,"which are fitted with,
connectors for* the geophones. This instrument array l*s called .a _seiamic
spread.. ' . ' • . - / - ' • . . . ' • . "

v • ii 4 i • .

The seismic waves detecte/i In a seismic refraction-survey and,used for depth *
calcula.ti'ons and the 'identif icatioo of materials is called a ""P". ' v

(compressional)'waYe. This wave is transmitted through earth materials as>a
series: of ooopressions and rarefactions. Just as light is bent through a
prism (refraction), soundwaves which' travel through various earth media are
also bent as they travel deeper into, the earth. Because they are bent, they'
eventually" return to -the surface as refracted seismic waves. If one carefully
measures the transit'times between the energy sgurce and each' geophoneJ in
addition to knowing the distance between the energy source and each geophone,
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one can interpret subsurface structure. The thicknesses and velocity values
of various soil and rock layers can be computed. In the sane manner,
seismologists have learned about the interior of the earth by carefully,
measuring the arrival of seismic waves .generated by distant earthquakes." •

' <•Instrumentation. The seismic refraction system centers around a seism'ograph,
which is a series of amplifiers (one per geophone) and-a device to record t!he
seismic waves, or vibrations at each geephone as a'function of time. "The .
system also includes seismic spread cables, an energy source, and the array of
geophones. Modern seismographs have the capability of "stacking" or digitally.
summing the vibrations from multiple events created by an energy so'urce at"" one.
location. This capability is referred to aa "signal enhancement" and greatly
improves data quality under some conditions.permitting*more reliable '•
interpretation. • V

' * ' . ' "
Field Techniques. Seismic cables, which Wave been fabricated witti premeasured
shotpoint and geophone locations, are positioned along the lines of
investigation. Geophones, which have been fitted with a spiked base so as to>
provide good ground contact, are emplaced at their measured locations.
Seismic energy is generated with either a weight impact (sledge hammer) or
small buried charges of explosives. If explosives are used, as will be the
case at Metamora, shotholes are usually prepared with a driven rod or portable
drilling device so as to insure good ground coupling. The explosives are
tightly tamped and the depths and amount of explosives used are recorded.

, • - x

Seismograms are obtained with a portable signal enhancement seismograph, which
records the wave arrivals from the energy source along the seismic spread,
acquiring separate data for each geophone position. Timing linea are provided
across the entire recording allowing direct reading of wave arrivals to an
accuracy of one millisecond or better. .The signal enhancement capability
refers to the ability 6f the instrument to record the seismic waves from
several impacts (or explosions), add them electronically, and retain this data
in its internal digital memory for later processing and interpretation. The'
enhanced signal improves data quality and greatly facilitates interpretation.

Generally, several recordings are obtained along each seismic spread; seis-
mographs are generated with the enpr-fy source at each end, and others may be
obtained by energy generation^ ip^the middle, and at other positions along an
individual spread as necessary. Continuous profiling is accomplished by
having an end shotpoint of one seismic spread coincident with an end or
intermediate position-shot point .of the succeeding spread.

4

The length of each spread is determined by the required depth of penetration.
Seismic spreads of varying lengths can be used in a study; the deeper the
required penetration, the longer the spread must be. At Metamora, each

-seismic spread will be 800 feet long, and for each there will be five
detonations at an interval of 200 feet. This will ensure that each seismic,
spread .is reversed (a technique referred to as reverse shooting), and also
internally reversed several times for each seismic spread. This procedure is
extremely valuable for evaluating data quality because it allows the
interpreter to continuously monitor common parameters such as total travel
time (i.e., the time of trX^l of -a'seismic wave from point. A to point B •
should equal the time of traveXfrom point B- to point A), and "y-interoept'"
time, which is the intercept time on the y-axis for the intercepted "line of



beat fi t" for time arrivals due, to a refracting .horizon on a time<vs. distance
graph. The concepts of "total time" and."y-intercept time" are illustrated on
Figure AA-1 . \

In addition to the five detonations-along* each seismic spread noted above,
there will be an additional "offset" detonation 800 feet off each end of a
spread to insure that the deepest refracting horizon is defined with adequate
detail. The ̂ 0-foot spacing which will be used between'geophones will provide
good resolutionbof subsurface seismic layers but will still allow-for adequate
definition of the deepest refractor with offset shooting. Multiple data sets
(detonations) on a slthgle seismic spread also allow an evaluation of the
consistency of patte'rns of "later" arrivals. These can be caused Jby either
undulations of deeper horizons, or, more commonly, by variations in surface . :>
topography or seismic velocity changes In the surfidal overburden layer.

During the seismic refraction survey at Metamora, the quality of the data will
be evaluated in the field in two ways. As data ds generated, it will be
evaluated subjectively for quality by a, "careful examination of each individual'
seismogram. Seismograms of poor quality (perhaps due to outside disturbances •
such as airplanes, heavy trucks, etc.) will be re-generated. In addition, at
the end of each field day, , the travel time arrivals win be read by a
qualified geophysicist and hand-plotted as a time-distance graph for further
evaluation and interpretation; . •

Interpretation. The data are interpreted by first accurately measuring the
individual transit times at each geophone position, then constructing a graph,
of these times versus their distance froflt the .energy source.' The geophysicist
then determines by inspection of the time-distance 'graphs the number of
subsurface layers'present. Straight line segments of-best fit arfc drawn onto
the graph, each layer being represetted by a line of different slope. The
inverse of th« slope of each line is equivalent to the (apparent) velocity
value for ejLflh layer. The distance from the origin (or energy source) of the
"crossover pogit!' between two layers' is proportional to the thickness of the
overlying layer. A wavefront diagram, seismrfgram, and corresponding "
tiiae-distance plot are shown on'Figure AA-1. Standard .fonnuli are also * .
included on Figure AA-1 for both 2- and 3-layer cases, although,
theoretically, one can obtain a solution for many layers.

The general identification of various^materials can often be made if the
seismic velocity values are known. Identifications should be based on
findings frco other engineering studies with similar geologic conditions and
on Correlations with various test borings taken near seismic linqs. At \
Metamora, the findings of the Seismic refraction survey will be compered to
geologic materials and layer /thicknesses encountered during soil-test borings,
and the data from the resistivity survey. ' . •-

Instrument 'Calibration. The instruments to be j^aed, at Metamora,' and their
procedures for calibration, are escribed

ES-2115F Signal Enhancement Seismogr\ph •/ This 'instrume% is calibrated.by the
manufacture prior to purchase and is nbt Calibrated in tBS field. ( - •*• >

T

» - . f
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Phillip R. Burger Model^tfOOD Vibration Seismograph - This insJnjBJ5fit'1i3
calibrated by the manufacture prior to purchase and is not calibrated in theJ
field. The instrument, resets itsel'f pricfr to-the initiation of eaoh blast.

ELECTRICAL EARTH RESISTIVITY ' -

A pilot resistivity survey will be conducted at the Metmora site to ensure
that the oethod is suitable. The. pilot survey will consist of 10 vertical
electric soundings. If successful, tUe full-scale survey will consist of. up
to 46 additional soundings.

Principles. Earth materials are good conductors of electritflty .in proportion
to their content of (1) water or moisture, and (2) dissolved salts or free
ions. Thus, massive rock formations such as granite or limestone are poor
conductors (show high electrical resistivity) because they contain very little
moisture. Clean gravels and clean sands are likewise poor conductors -because,
even when saturated with clean water, the water tends to be relatively clean
and free from dissolved ions.. If the gravels or sands are dry, then their
resistivity will be even higher. By contrast, moist clays and clay soils
contain both water and dissolved ions; hence they are good electrical
conductors (l.ow resistivity materials}. Other earth materials vBU.1 have their
own characteristic resistivity values.

The earth resistivity method provides a method for shallow subsurface explo-
ration -by means of electrical measurements taken at the surface of the earth.
Four electrodes are pushed or driven into the ground to a depth of several
inches at locations where measurements are desired. Electrical current from a
batteVy or generator flows into the ground between two- of the electrodes (see
Figure A A - 2 ) . The resulting voltage drop produced by this current in the
eSrth is measured across the other two electrodes. Since some earth materials
are much better conductors of electricity -than others, the voltage drop will
be affected differently by different subsurface conditions. Interpretation of
ear>«tr resistivity readings involves deducing subsurface conditions from the
measurements. , - • • •

•*
The depth of investigation by the earth resistivity method can be controlled-
by the u,$«r. Shallow investigations are carried out by placing the electrodes
relatively close together, whereas deeper Investigations requi refiner eased
spacing between the electrodes. Typically, a shallow survey for gravel in the
10 to 20 foot depth range would use < electrodes equally spaced along a line-a-t
intervals of approximately 30 feet; a deeper s.urvey for mapping bedrock
topography at depths of 50 to 75 feet would increase the electrode spacing
interval, to approximately 100 fee t . ' .

Instrumentation. The earth resistivity system centers around- a central
console which, monitors^purrent flow in. the earth and is capable of accurately
measuring very small changes 'in voltage potential. The system also consists

. of an electric power source (which may be DC or low frequency .AC, depending on
the instrumentation); four electrodes, two of which permit current to flow
into the ground, and two to allow oeasurement of the voltage drop which occurs
as a .result of the current flow in the ground; and insulated^wir^e for
electrical- continuity between the electrodes. and 'the* central' console. •
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Field Techniques. The method commonly employs two data acquisition techniques
which are referred to as (1) lateral profiling and (2) Vertical sounding. The
profiling technique is often used to determine the lateral distribution of
suspected high, or low resistivity subsurface materials by taking a series 'of

• measurements at 'a regular interval along a traverse where lateral change is
anticipated. Usually, such measurements employ the same electrode configura-
tion and separation so that one measurement can be qualitatively correlated
with xthe next'. If the same measurement parameters (electrode configuration

• and separation) are. maintained,, then the> depth of penetration for each
measurement will be similar.- An application which makes good use. of -the '
prof iling 'technique is groundwater contaminant plume delineation downgradlent4

a source of suspected contamination. , . * ""•

tn vertical sounding, the method 'to be used at Met amor a, the objective is to
determine the electrical properties. off various subsurface materials as a

^function of depth. This is -accomplished by methodically increasing the
spacing 'between the four electrode^ thus achieving deeper and deeper . .
penetration. Measurements of t^is, sort will yield the .sequence of high and
low resistivity layers in the 'garth materials underlying the .electrode /array.

' ' ' * . ' ' . ' " . - ' - ' . - .
There are several different' -electrode array -configurations, but the two most'
widely used on engineering surveys are* the Wenner.and Schluaberger arrays . ;'
(Figure AA-"2). There are advijtages -to. each of these array configurations. '":•••
At 'the Hetamora site, the Wenner array with "a", spacings^of 10, 20r 30, .40,
60, 80, 100, 120, 160, 200, ,240 and 320 fee't will be ... used', for" most.'sound'ings^'.
.Some of the soundings will be carried out to additional ."a"/spacings of 400,
U8Q, 640-,. 8.00", 960 and .1280" (if within the'-capabilitie^ of/lh.e instrument. \
This will permit an evaluation of the depth to the bedrock. •„ - . • • ' - ,

• • . ' . ' . . - . « *
Some of the 'soundings, will be "rotated by 90 degrees, which will serve .as an'-

a internal check-on data consistency and .will also provide {insight* into the
. homogeneity of geologic conditions. In addition, the Lei modification of the

Wenner array Kill be made to the rotated sounding for additional control on
geologic homogeneity. . ( •

•" f *• • - .

Interpretation'. Interpretation of soundlh^data can be- accomplished in two
• w a y s . "One can. manually 'plot the (apparent)' resistivity values on.standa.rd . /

.log-log graph paper such that the data points form a curve. This field-curve
is then compared with sVandard theoretical curves to produce a solution which* '
consists of a multilayered eartly- mode l' with up to 4 layers whose thicknesses •
and resistivity values have been determined. Generally speaking, the -more
layers a model has, the less accurate will be the manual solution.

' •' ' - . • 4
Field data can also be input into a computer which compare's the field data
with a series of theoretical solutions through a process of .iteration and
arrives at a solution which agrees most closely, (in a least squares sense) ,
with the observed field data. Several programs are available which will.,.
produce solutions to field data. At Metaaora, 'two programs will be used,
TARLEH, written by P. A. Davis, University of Minnesota, and a program
developed by Keck Consulting Services, Ino. The results of these two 'programs
will be ceo pa red for consistency. The interpreter must check that the
computer-derived solution is consistent with any geological data available for '
the site. At Hetamora, boring logs and seismic profiles will be avaiable'for
correlation with the resistivity sounding data.
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Instrument Calibration. The instruments to be used at Met aurora, and their
procedures for calibration, are described as follows:

• \ • i . ' ' •• v
Keck Model No. IC-69 Earth Resistivity Instrument - This instrument is not
calibrated, but is. tested to make sure it la working properly by internal
checks which are performed .in the field. There is a* test function on the
instrument that verify^ that the ohneter readings are the sane as dictated in
manual, and thus working properly. This test check is performed every day. '
In. addition to the test check, 'the insulated wire used during the survey is
examined to assure that no damage has occurred to th« insulation. The wire is.
examined daily as it is unwound from the reels. • ' •

MAGNETICS ' • . . ' . . ' - ' •

Magnetometer surveys have previously been conducted at Metamora with gpod
results. Because of this, a pilot survey will nptr be cQpBi*.ted. 'The survey
will consist of readings over a 2-'acre area. , '

'Principles. • Although the origin of the earth's magnetic field is.not veil.'
understood,'we do know that the earth behaves magnetically as if a large bar
oagnet were located near its center. The"axis-of this "magnet" is oriented at
a small angle (about 18 degrees) with respect to its axis of rotation. It is
this .angle which produces the small differences between '."true* north and
"magnetic" north' called "declination." The .lines of magnetic force are nearly
horizontal at the equator and nearly vertical at the poles. The jngle between*
these lines,of force and horizontal at any point on the earth's surface is
known a s "inclination"." ' • ; ' • * * . ' •

The strength of the magnetic field also varies over.the surface of tnVearttv,
and is .stronger at the poles than at the equator. Th'e strength of. the field-
is approximately 6-0,000 gammas .at'the poles and 30,000 gammas .at'the equator
(wtaere 1 gamma = 10~ gauss^. :

' ' • ' * -. .*
The earth's magnetic field (sometimes referred to as ibs^amblent" field) Is.
codified locally by both naturally-occurring and man-madeSoaghetic materials.
Two types of magnetization contribute to this: induced and remanent. ,

Induced magnetization refers to the ability .of a material to afrfr aa 'a oagnet
itself thereby enhancing the ambient field. - The more the ambient field is
enhanced by 'a material, the 'greater is the "magnetic susceptibility* for*that
material . ' _

"Remanent or permanent -magnetization often predominates over induced-magnetiza-
tion in igneou.4 rdcks and metals. (Remanent refers to rocks and-ugrmanent to
metals). Remanent or permanent' magnetization is produced in mateVials which

'have been heated above the Curie, p.oint avowing magnetic minerals] to become
aligned with the earth's ambient fi£l<} before cooling. The renaj}«nt field
direction is not, in general, parallel to the earth's present field, and may
in fact act in ah opposite direction. The remanent field combines vectorially
with the ambient and induced field components, and any quantitative
interpretation of magnetic data should take this into account if. such
information is available.



Instrumentation. Although many types of magnetometers are available, by far
the most widely-used is the "proton precession" type. This device utilizes
the precession:.of spinning protons of hydrogen atoms in a sample of
hydrogen-rfch fluid (kerosene, alcohol, or'water) to measure the total
magnetic field intensity. *.. <x ^. ' - *

Protons spi'nriing in an atomic nucleus behave like tiny magnetic dipoles which
can be aligned (polarized) by an exterfial magnetic f'ield. The protons^are
initially-aligned parallel to the earth's field. A second, much stronger
magnetic field is produced' approximately perpendicular to the earth's field by
introducing electric current through a coll of wire. The protons become
temporarily aligned.with this stronger field. When this stronger field is
removed, the protons tend to realign theaweJLves with^the earth's field;
causing them to process about this direction at a frequency of about 2,000 Hz.
The processing protons Mill generate a small' electric signal in the same coil
used to polarize them with a frequency proportional to'the total "magnetic
field intensity and independent of the coil orientation. By measuring the
signal frequency, one can obtain the absolute value'of the total earth field
intensity to an accuracy of 1 gamma or better. The total magnetic field value
measured by the proton precession magnetometer is the net vector 'sum of the
ambient earth's field and any local-induced andA>r remanent (permanent)
perturbations.

* *
Field Techniques. In the'field, the operator should avoid any sources of high
magnetic gradients such as would be caused by power lines, buildings, and any
large iron or steel objects. The operator-ofaould also avoid carrying any
unnecessary metal articles. Magnetic stations are established at" an Interval
which .reflects the nature of the survey and the gradients encountered.

At hazardous waste sites, a typical "rough* reconnaissance grid might start . •
out at perhaps a 25-foot Interval, and weuld be closed down to 3 or 5 feet in
areas where fine detail is desired. At Metattora, a 100-foot grid systeti will
be used, and all data points will be referenced to this grid. Base sta.t'ion
readings should be.taken frequently (every hour or so)'to provide a check-on
any diurnal variations and magnetic storaa which may occur. Typically,
diurnal variations will not e,xceed a few tens of gammas, but magnetic storms
may produce change* in the earth's field of thousands of gamma's in a short -
period of time*(the ordeV of hours). At the Metamora site, a '
continuously-recording ma'gnetic base station .will be established to account
for diurnal variations. If a magnetic storm occurs, survey.operations will
cease until the storm is over. Diurnal corrections obtained from the base
station will be applied to the raw field data prior to any data processing.
This will insure that the magnetic intensity values from traverse to traverse-
are referenced to the same magnetic baseline.

* • .

Interpretation. • For typical man-made iron or steel objects, one may .quantify
estimates, for the approximate depjth of -burial and the amount of metal which,
produces an observed magnetic perturbation (or anomaly). The size of the,
anomaly (T) can be expressed as

t = -*-



where M is the magnetic moment of the source", r is the depth to the source,
and n is a measure of the rate of decay with distance (n 3-3 for a dipoLe
source and 2*for a monopole source).

* > ' ' • '

Assuming a dipole source, the weight of a'metal object (in pounds) c'an be
expressed by the following relation •

Wt. IE.
M

• \
where M is the magnetic moment per pound of iron and varies from approximately
175 to 1750, r is the depth' in feet, and T is. the anomaly amplitude in. gammas.

The depth, r, of a magnetic source can be estimated by a number of techniques,
but perhaps the simplest is by the "half-width" rule. This states that for
simple anomaly sources, the depth to the center of the anomaly is equal"to.the

'"half-width"-of the anomaly.. The half-width la the horizontal distance >
between the maximum value-of the anojnaly and the point at which the value is
one-half the maximum value (see Figure. AAr3). > .

» * iInstrument Calibration." The instruments to be used at Hetamora, and their
calibrations procedures, are described'below:

.Geometries G-856 Proton PrecessiQn Magnetometer -(base'staW.cn) -

EDA Omni IV Tie-line Magnetometer - Hagnetomete/s cannot be effectively
calibrated in thejfield by the operator. The best check available in the
field is to check the 'value of the earth's total magnetic field in a
magnetically quiet area with two different instruments. The value should
agree within one or two gammas. This procedure is done every day to assure

rthat the instruments are working properly.

J

,. 1
V.'
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< . APPENDIX B

. COMPATIBILITY TESTING PROCEDURES . • ," .- "

During Task 13, Pollutant Characterization,, it is estimated,that 1,200 druma_
will be excavated and sampled. In order to stage these drums safely, the
contents mudt be sampled and tested for compatibility characteristics so that
drums containing similar wastes can be stored together (and perhaps >
composited), and drums containing incompatible' wastes are segregated.

Great Lakes Environmental (GLE) will assist Jordan by.providing earthmoving
and drum moving equipment plus personnel during Task 13.' GLE will also supply
a chemist and onsite laboratory to perform compatibility tests on the wa*ste
samples collected during this task. The teats to be performed are. as follows:

Radioactivity
Total organic vapor
P H '
Water reactivity/solubility
Oxidation/reduction potential

Cyanide content
Sulfide content
Flamnability
Chlorides

The following list is used for general classifications for compositing wastes:

1 .-."Strong acids •
2. ' Strong bases ' .
3. Oxidizers
4. Reducing agents t , , . .
5. Cyanide/sulfide wastes ' -v • .
6. Water reactives • ^
7. Flaminable liquids
8. Halogenated organics . • " . .
9> Non-halogenated organics
10. PCB's ' • '
11. Non-hazardous , . ' ' *
1 2 . Radioactlves . • _ ' * ' •

To place wastes into these categories with the least amount of work, a strict
flow chart or decision tree is followed (see Figure AB-1). The'teats are
performed in a specific sequence with the results of one test determining the
next test to be performed. The results lead to an ultimate classification .
of the sample into one of the classifications listed above.

" . • *

Before a .drum is opened and sampled, it ia screened with a^radiation detector
to determine If'radioactive components are present. If so,•the drum is
classified as radioactive and all necessary safety procedures are used to move
and isolate the. drum from the rest of the waste materials.

If radioactive •components are not present, .the organic vapor content inside '
the drum is determined by using an organic vapor monitor (e.g.,
photoionization meter). ~* If a. reading >2,000 ppm is found, the drum is labeled
•potentially explosive", and* is segregated from the other drums until further
testing can be performed.



«

After these first two preliminary field tests have been'conducted, the
are sampled and the wastes are segregated based on pH according to the
following criteria: •

Bases pH > 10 . ' ' "" „
Acids pH.< H
Neutral pH « 5-9 . ' . • '

The next step is to check basic and acidic wastes for their oxidation/
reduction potential. In addition, basic materials are checked at this, time
for cyanide and sulfide. •

The remaining samples with a neutral pR and/or organics are tested for water
reactivity* Depending on the reaction qbserved, the samples are separated
into one of the following classifications:

Water reactive
Water soluble
Water insoluble

Samples classified- as water reactive are segregated Into a separate group. .
Water solubles are tested for flammability. Water Insolubles are- segregated.
into halpgenated and non-balogenated groups. The.halogenated samples are
checked for chlorides and composited accordingly. Non-halogenated samples are
checked for flammability.- Non-flammable materials such as oils are checked
for PCBs. - * .

Compatibility Test Procedures ' • • -

The tests described below will provide the information' for -determining the
compatibility of drum wastes.-. Once drums have been segregated into compatible
groups, decisions, can be, made on compositing and disposal. Some materials,
once classified, will not be composited for disposal (e.g., oxidize rs, water
reactivea, etc.). * • " '

1 ' • '
The following paragraphs describe the procedures for the compatibility teats .
which will be performed by OLE.

1.) pH Measurenent ' . . .

pH Is a measure oT the oorrosivity of r substance. Materials with a very high
pH (£. 12.5) are considered'corrosive. These materials, along with materials
with a fJH >' 7.0, are .considered basic o*r caustic* Examples of caustic
materials are sodium hydroxide (NaOH), Ammonia (NHj.), and potash (KOH).

*' '*
If a substance has a v.ery low pH (£2.0), it is also considered corrosive.
Materials with a low pH are called acids. Examples of somevstrong acids are
sulfuric acid (H SO.), hydrochloric acid (HC1), and hydrofluoric acid (HF).
Strong acids and strong bases are not compatible.

If a substance is neutral, it has a pH of 7. A substance is generally
considered neutral if the pH is between 5 and 9. It is Important to remember



that pH la expressed on a logarithmic scale; therefore, pH 5 IS 10 times
stronger than pH 6, and pH U <ia 100 .tines stronger, than pH 6. One pH unit
makes a considerable difference.

Equipment:

Procedure:
(pH strip)

(pH meter.)

pH test strips
pH meter .(Orion 407 A/F 'pH meter, or Orion hand held 201

1 pH meter) . • • : . • -•>
pH .electrode -. , .^ '
pH buffer solutions • " Jr ' •
Distilled water '

Disposable beakers . *
Disposable glass -rods . ' 9 . '

* * . *-
This is the most common method used when screening
samples. Immerse a glass rod into the sample «nd spread' a
small amount on the pH test strip. ?Wait for 5-10 seconds
and allow the color to, develop. Compare the color to the.
chart o'n the aid* of the,, package land record the pH. In
some instances, such aa highly colored material (paints),
It may be difficult to obtain an accurate colormetrlc
reading. A'pR meter is-traed for such sajnples.

The pH meter Is used only Cor highly colored material,
composite samples, or when "a very accurate pR is required.
pH strips are preferrablVbeca'use the pH electrode may be
damaged by unknown solutions, or may clog frequently.
When the electrode becomes clogged, it requires time
consuming cleaning and re call brat ion.

» !

To obtain a reading, ''simply immerse the electrode in the
solution. Wait 'for the reading to stabilize, and record
the Indicated valutf.

2.) Water Reactivity/Solubility.
/

It is very important to determine if a sample will react with water because it
is very likely that at some point in time the material-will cooe in contact
with water. The procedure is simple 'and with additional obse.rvaftiori, it is
extremely Informative. Special precautions and handling procedures must be
implemented during this test.

Equipment:

.4

-.•*..-

Procedure:

Disposable beakers
Disposable pipets , — .
Thermometer .

/Slaas. rods , ' . fi?
Distilled water / ' •
Stainless steel beaker
Protective shield

Make sure all necessary safety equipment is in place.
Fill the disposable beaker half full with distilled water,
place it in the stainless steel beaker, and place the



thermometer In .the disposable beaker. Hake sure that the
beaker base is resting flat with the open end pointing
upwards (away froa you). Read the temperature of the
water. Carefully add 1 ml or 1 go of sample to the water
and note temperature changea, fuming of any. kind, and/or
spattering or spitting. If no reaction takes place, stir
the'sample with a glads rod and look for reactions. If
there is s^ill no reaction, stir in another 4 ml or 1 gas,
one" at a time. If there is still no reaction, add another
5 -ml or 5 gms.

<»9
A positive result is observed when any of the following
occurs: 1) a significant increase in- temperature- (it is
very Important* that both the water and the sample are At
the same initial temperature); 2) gases are generated; or
3) a violent reaction take place (i.e., spattering or
spitting). . .

The solubility of the sample can be determined during this
test as' well, if the sample is- not- water reactive. Aa the
sample is stirred into the water in the beaker, observe If
the sample 14 soluble. If not, observe whether it floats
or sinks. These observations may not be readily made in
the beaker. If so, use a separatory funnel and slowly
drop 3-5 ml of non-reactive material '(liquid) into the
water-filled separatory funnel.

If the sample floats, it ia
•"non-halogenated organic*,
class!fed as a "halogenated

classified as a
•If the sample sinks, it ia
orranic*.

Oxidation/Reduction Potential \
this test is performed because of the violent reactions that take'place when •
an oxidizing agent cones in' contact with .easily oxidized material. -If an
oxidizing material is found on a site, It should be segregated from other
•materials- on the site and disposed of separately. >

• *

Equipment: Orion 407 A/F Multimeter .
Redox <»l«ctrode • •
0.00-1 Normal ferrous ammonium aulfate •solution ' .
0.001 Normal potassium chromate solution
Heavy polypropylene oup <•

—\ •» ' " . " . * ' . - • • " • . ' "
Procedure: Place 50 ml of 0.001 Normal ferrous'ammonium aulfate .

solution into a 4.5 oz. heavy polypropylene oup. Measure
. ' the cell potential of the* ferrous ammonium sulfate .

- solution using a millivolt- (mV) meter with ia platlnia)
sensing-electrode and'standard reference, electrode.
Remove the electrodes and add 50 ml. of sample to the
ferrous ammonium sulfate solution. 'Mix the solutions and
let stand for one minute. Measure the change in oell '
potential of the mixture* with the millivolt meter. A
change of 50 mV In the ppsitive direction indicated the



presence of an oxidizing agent in the sample. Ferrous >
ammonium sulfate is'used in this procedure because it is
easily oxidized and the difference in oxidation potential
may be measured with the millivolt meter.

• - r ' ' * '

To determine the presence of a reducing agent, follow the
same procedure using potassium ,chrornate.

If the sample is organic in nature, the mixture may
separate into layers. The organic layer of the mixture
should be drained off and only the aqutfous layer of the
mixture is tested. It is important 'to keep the. .probes
away from organic materials because they will foul and
require constant maintenance.

4.) Cvanide/Sulfide Determination . *

Equipment: ' Orion 407 A/F Multimeter • / * '
Cyanide' ion specific electrode'
Hydrochloric acid '
Lead acetate paper . ' 1 ' •

Cyanide will be determined using the Orion 407 A/F Multimeter and ^cyanide
ion specific electrode. Using this method enables the determination" of
cyanide both qualitatively and quantitatively in a sample. The procedure for
thisuftetbod will be determined on a case by.case basis taking site specific'
requirements and possible findings into'consideration." ~" •

Samples that do pot contain cyanide will be .tested for sulflde. Acidify the
sample with HC! and place a lead acetate'paper in the head space of the sample
Jar. Seal the jar and wait about 2 minutes; If the paper turns dark,,the
test is positive for suifide. ..' ' . • •' '—~ • ,

5.) Flammabillty

Equipment: '

Proced ure:

r .

Sand box . •
Disposable pipet . ° .
Disposable beaker • > .
Propane torch, 'matches,' or other ignition source' . .

Place 3-5 ml. or mg. of a'representative sample into a
disposable beaker and place the beaker into1 a sand box.
Slowly pass a lighted torch over the sample (the sample
should be at ambient room, temperature - 70 to 80 degrees .
F). If no flame arises, pass the torch over the sample .
3-4 more times« •

If a flame is observed, the result is positive. The waste
is classified aa "flammable". If no flaae la observed
after several passes, the result is negative,-and the
sample is classified aa "non-flaamable".

• *.

•v

6.) Flame Test (chloride, determination)



The flaoe. tes»t (or Beilstein test) is a screening method for ohlorldel The
teat is a almple teat based on the fact that chlorinated compounds produce a
green flame when introduced to a flam*. • . . '

Equipment: Bunaen burner, or other flame source . • • .
. .' ' . Qlaaa rod or pipet • _ •

Procedure: -Dip the-glass rod into the sample ao that the rod [is
coated with the sample.. Quickly move the rod from the

• sample to the flame. Observe the color of the flame when
the' material on*the glass rod burns. A positive rjeault is
found, when-a green flame is observed/ A • positive result

;. indicates the presence-of chloride (Cl > 30f). Th'ls ,
.. indicates the presence^ of a chlorinated solvent (e.g.-,

metbylerve_chloride, triohloroethene, perchloroetbylene):
A negative" result is found when, a green flame is not
observed.

•*•>.
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APPENDIX C .

ANALYTICAL WORK TO BE CONDUCTED BY CLAYTOH ENVIRONMENTAL • COMSOLTAlfTS .-/''

Clayton Environmental Consultants (CEC) will provide support to Jordan .during
the Metamora project by conducting specific analytical testa. CEC will
analyze charcoal''tubas used to collect'volatile organic chemicals in air
samples during Task 9 (Air Investigation) and Task 13 (Pollutant
Characterization). These samples-will be collected for health-and safety
reasons (i.e., to assure-that proper•respiratory protection is being worn),
therefore, it is necessary that these samples be analyzed is quickly as
possible. To assure fast turn-ar'ound^time, 'the'samples will be delivered to
CEC, CEC will also analyze Tenax tubes used to collect volatile organic
chemicals in soil gas samples, if this method is used at the site. Again, >a
fast turn-around time will be necessary'far thes*e samples, because the soil gas
sampling plan will be.driven by the results from previous sampling locations.
The last item that CEC will be responsible for will be the analysis of waste
samples-for EP Toxlcity metals and organics. and PCBs. * These, analyses vlJLJ. be
conducted for waste compositing and disposal purposes.

Listed "below is a summary of .the analyses to be performed'by CEC,* plus ,the
method and reference for each sample .type: ' ' ,

••5*?:

'Matrix Analyte Method

Waste PCBs GC/ECD

Reference

Air - -
(charcoal)

Soil gas
(Tenax)

Leachate
(EP- Toxicity)

total- hydrocarbons

qualitative

metals •
pesticides

' herbicides

•' ' •

GC/FID

GC/MS
•

AA
GC/ECD'
GC/ECD '

-

NIOSH 127
.* '
TO-1
EPA-600/H-84-041

EPA SW-8H6
EPA SW-846

r EPA SW-646

EPA SW-8U6

The following attachments are summaries of analytical and qualify'con£rol
procedures for each analysis to be performed by CEC. Also included *fs a list
bf the laboratory instrumentation used by CEC in their Southfield.offioe.
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APPENDIX C - NIOSH 127 -(TOTAL HYDROCARBONS AS HEXANE)



( l.i . tui. I us Mf nn. n|. I ( i H i-nil.ml 11 ii

Analyte; Total hydrocarbons as hexarie

Method;

Synopsis:

NIOSH P&CAM 127».N-IOSH Manual of Analytical Methods.
Second Edition. - •• .

T,he charcoal sample is desorbed in carbon disulfldf
An aliquot* of 'the 083 extract is injected onto a gas
chromatograph equipped with ja name ionizatiorr detector.
Area response of the sample is compared to a hexane
reference standard. - . ' 9 •

• •Detection.' ' . . •
Limit: .. 0.01 milligrams (mg) x.

. • • -•-, . ' - •
Calibration: A four-point calibration for n-hexane fsvr«pare<1 at 0.001.

0.002, 0.003, and 0.007 rrxg and is 'analyzed with each *•
sample set. Backfrouhd is determined by- analysis of
blanks. Limit of detection is verified by serial dilution.

Quality
Control: Duplicate desorption efficiencies for n-hexane are'

analyzed wi th each sample set at OJ)0&,' 0.06. and 0.33 mg-
Standards and blanks are analyzed every 10 injections. The
operation of the chroma to graphic system is monitored
daily by checking/changing septa and cleaning FID.

<*»
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ORGANIC SOLVENTS IN AIR

Physical' and Chemical Analysis Branch

Analytical Method

Analyte:

Matrix:

Procedure:

Dal« Issued:

Dale Revised:

Organic Solvents
(See Table 1)

Air

Adsorption on charcoal
desorption with carbon
disulfide. GC

9/15/72

2/15/77

» Method'No.:

Range:

PACAM 127

For the specific,
compound, refer
to Table 1

Precision: 10.5% RSD

. Classification: See Table 1

1. Principle of the Method

1.1 A known volume, of air Is drawn through a charcoal tube to trap, the organic vapors present.

1.2 The charcoal in the tube is transferred to a small, graduated test tube and desorbeid with
carbon disulfide.

1.3 An aliquot of the desorbed sample is injected 'into a gas chromatograph.

1.4 The area of the resulting peak is determined and compared with areas obtained from the
injection of standards. ,

*
2. Range and Sensitivity

<, * ' . ' i
The lower limit in mg/ sample for the specific compound at 16 X' 1 attenuation on a gas chromato-
graph fitted with a 10:1 splitter is shown in Table 1. This value can be lowered by reducing the
attenuation or by eliminating the 10:1 splitter. ' • •

3. Interferences •

3.1 When the amount of water in the air is so great that condensation actually occurs in the tube,
organic vapors will not be trapped. Preliminary experiments Indicate thai high humidity
severely decreases the breakthrough volume.

32 When two or more solvents are known or suspected to be present in the air, such information
(including their suspected identities), should be transmitted with-the sample, since with dif-
ferences in-polarity, one may .displace another from the. charcoal,

• *
3.3 It must be emphasized that any compound which has the same retention time as the specific

compound under study at the operating* conditions described in this-methpd is an interference.-
Hence, retention time data on a single column, or even on a number of columns, cannot be
considered as proof of chemical identity. For this reason it is important that a sample of
the bulk solvent(s) be submitted at the same time so that identity(ies) can be established by '
other means.- .

127-1

9
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*3 4 U the possibility of interference, exists, separation conditions (column packing, temperature*,
etc ) mu>('bc changed to circumvent the problem

4 .Precision and Axcurto '

4.1 The mean relative standard deviation of (he anal)deal mcthoJ i* Ifr ( 1 1 4 )

• 4.2 The mean relative standard deviation of the analytical method plus field sampling usirif an
approved personal .sampling pump is 10% ( 1 1 4 ) P.art of the error associated with the
method.is related to uncertainties in the sample volume collected. If a more powerful vacuum
pump with associated gas-volume integrating equipment is used, sampling, precision can be
improved. : . .
.•• * .

43 The accuracy of the overall sampling and analytical ,mejhod is I0?c (NIOSH-unpublished
data) when the personal sampling pump is. calibrated ?with a charcoal tube in the line. '

I

5. Advantages and Disadvantages ol the Method •• »

.51 The sampling device is smalt, portable, and involves no liquids. •Interferences are minimal.
and "most of those.which dp occur can be eliminated by altering chromatographic conditions.
The tubes are analyzed by means of a quick, instrumental method. The method can also be
used for the simultaneous analysis of two or more solvents suspected to" be present in the .
same sample by simply changing gas chromatographic conditions from isothermal to a tem-
perature-programmed mode of operation.

3.2 One disadvantage of the method is that the amount of sample which can be taken is limited
by the number of milligrams that the tube will hold before overloading. When the sample
value obtained for the backup section of the charcoal tube exceeds'25% of that found-oo
the front section, the.possibility of sample loss exists. During sample storage, the more
volatile compounds will migrate throughout the tube until equilibrium is reached (33% of
the sample on the backup section).

5.3 Furthermore, the precision of the method is .limited by the reproducibility at the pressure,
drop across the tubes. This drop will affect the flow rate and cause the volume to be im-
precise, because the. pump is usually calibrated for one tube only.

6. Apparatus

6 1
„ «

An approved and .calibrated personal sampling pump for personal samples. For an area
sample, any vacuum pump whose flow can be determined accurately at I liter per minute
or less. • .

62 Charcoal tubes: glass tube with both -ends flame sealed. 7 cm long with a 6-mm O.D. and a
4-mm ID, containing 2 section's of 20/40 mesh activated charcoal separated by a 2-mm
portion of urethane foam. .The .activated charcoal is prepared from coconut shells and is
ftred at 600*C prior to packing. The absorbing section contains 100 mg of charcoal, the
backup section 50 mg A 3-mm portion of'urethane foam is placed between the 'outlet end of
the tube and the backup section. .A plug of silylated glass wool is ptaced in front of the
absorbing section The pressure drop across the tube must be less than one inch of mercury
at a flow rate of 1 Ipm . '

6.3 Gas chromatograph equipped with a flame ionizalion detector.

6.4 Column (20 ft * Vi in) with 10% FFAP stationary phase on 80/100 mesh, acid-washed
DMCS Chromosorb W solid support Other columns capable of performing the -required
separations may be used • '
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6.5 A mechanical or electronic integrator or a* recorder and some method for determining peak
area. . . '

66 Microcentrifuge tuber, 2*5 ml, graduated. . •

6.7 Hamilton syringes: 10 pi, and convenient sizes for mAijIg itandat^t.

" 68 Pipets: 0.5-ml deliver) pipets or I.O-ml type graduated in OVl-ml increments.
- r * '

6.9 Volumetric flasks: 10 ml or convenient sizes for making standard solutions.

7 . ReafestU . . ' ' - ' •

7.1 Spectroquality carbon disulfide (Matheson Coleman and Bell)1.

7.2 Sample of the speciSc compound under study, preferably chromatoquality grade.

7.9 Bureau of Mines Grade A helium. .

7.4 Prepuhfted hydrogen.

7.5 Filtered compressed air. /

8. Procedwc

8.1 Cleaning of Equipment: All glassware used for the laboratory analysis should be detergent
washed and thoroughly rinsed with lap water and distilled water.

82 Calibration of Personal Pwhps. Each personal pump must be calibrated witb^l representa-
tive charcoal tube in the line This will minimize errors associated with uncertainties in
the sample volume collected.

83 CottKtkM aerf Shippiag of Saaaptcs

8.3 I Immediately before sampling, the ends of the tube should be broken to provide an
opening at least one-half the internal diameter of the tube (2 mm).

83 .2 The small section of charcoal is used as a back-up and should be positioned nearest
the sampling* pump.

833 The charcoal tube should be vertical during sampling to reduce channeling through
the charcoal. -

8.3 4 Air being sampled should not be passed through any hose or tubing before entering
the charcoal tube. .

8 3.5 The Qow. time, and or volume must be measured as accurately as possible. The sam-
ple should be taken at a Row rate of I Ipm or less to attain the total sample volume
required. The minimum and maximum sample volumes that should be collected for*
each solvent arc shown in Table I. The minimum volume quoted must be collected if
the desired sensitivity is to be achieved.

. 836 The temperature and pressure of the atmosphere being sampled should be measured
'.. and recorded. '

8.3.7 The charcoal tubes should be capped with the supplied plastic caps immediately
after sampling. Under np circumstances should rubber1 caps be used.

8.3.8 One tube should be handled in the same manner at the sample tube (break, seal, tad
transport), except that no air is sampled through this tube. This tube should be
labeled as a Wank

8.3.9 Capped tubes should be packed tightly before they are shipped to minimize tube break-
age during shipping

%..- •*N

127-3



8.4.1

8.3. 10 Samples of the suspected solveni(O should be submitted lo the laboratory for quali-
tative characterization. These liquid bulk sample* should not be transported in the
same container as the samples or blank tube. If possible, a bulk air sample (at least
50 I air drawn through tube) should be shipped for qualitative identification purposes.

14 AaafriM ot Stmplu

Preparation of Samples, lo preparation for analysis,' each charcoal tube is scored
with a file in from o( the Ant section of charcoal and broken open. The glass wool is
removed and discarded Toe charcomJ io the first (larger) section is transferred lo a
small stoppered test tube. The separating section o( foam is removed and discarded;
the second section a transferred to another text tube. These two sections are analyzed
separately. ' . "

Desorpuon of Samples. Prior to analysis, one-half ml of carbon disulfide is pipetted
into each test tube. (All work with carbon- dtsulftde should be performed in a hood
because of tu hi|h toiicity.) Tests indicate that desorptioo is complete in 30 min-
utes if the -sample a stirred occasionally during this period.

GC Conditions The typical operating conditions for the gas chromatograph are:

8.4.2

8.4.3
1 85 cc nun (70 pug) helium carrier gas flow. ' •

2. 65 cc min (24 psig)Nhydrogcn gas flow to detector.

3 500 cc mm. (50 p*ig>-»r flow to detector.

4 200*C injector temperature

5 200'C manifold temperarure (detector).

6. tsothermal oven or column temperature — refer to Table I for specific compounds.

844 Injection. The nrst'step in the analysis 'a the injection of the sample into the gas
chrotnatograph. . To eliminate difficulties arising from Mowback or distillation within
the lynnrc needle. OM should employ the sol vent flush injection technique. The 10
pi syringe it first Bushed with solvent several times to wet,. the barrel and plunger.
Three microliten of solvent are drawn jo(p the syringe to increase the accuracy aad
reproducibility of the injected sample volume. The needle b removed from the sol-
vent. and the plunger is pulled back about 0.2 /J to separate the solvent flush from
the sample with a pocket of air to be used as a marker.' The needle is then immersed
in the sample, and a 5-pt aliquot is withdrawn, taking into consideration the volume

' of the needle, since the sample in the needle will be completely injected. After the
needle is removed from the sample and prior to injection, the plunger is pulled back
a short distance to minimize evaporation of the sample from the tip of the needle.
Duplicate injections of each sample and standard should be made. No more than a
3% difference m area is to be 'expected.

8.4.5 Measurement of area. The am of the sample peak is measured by an electronic
integrator or some other suitable form of area measurement, and preliminary results
arc read from a standard curve .prepared as discussed below.

8.S of DoorptM* EKcieary

8.5.1 Importance of determination. The desorption efficiency of a particular compound can
vary from one laboratory to another and also from one batch of charcoal to another.
Thus, it is necessary to determine at least once the percentage of the specific compound
that is removed in the desorption process' for a given compound, provided the same
batch o( charcoal a used. NIOSH has found that the desorption efficiencies for the
compounds in Table I are between 81% and ,100% and vary with each batch of
charcoal.
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8.3.2 Procedure for determining desorption efficiency. Activated charcoal equivalent to
the amount in the first section of the sampling lube (100 mg) is measured into •
5-cm, 4-mm I.D. glass, tune, flame-sealed at one end (similar to commercially avail-
able culture tubes). TKis charcoal must be from the same hatch as that used in ob-
uining the samples and can be obtained from unused charcoal tubes. The open end
is capped with Parafilm. A known amount of the compound is, injected directly
into the activated charcoal with • raicroliter syringe, and the tube is capped with more
Parafilm. The amount injected a usually equivalent to that present in a 10-liter sam-
ple «i i concentration equal to the federal standard.

At beast five tubes are prepared in this manner and allowed to stand for at least i-ver-
night to assure complete absorption of the specific compound onto the charcoal. These
five rubes are referred to as the samples. A parallel blank lube should be treated in
the same manner except that no sample is added to it. The sample and blank tubes
are desorbed and analyzed in exactly the same manner as the sampling tube described
iff Section 8.4.

Two or three standards are prepared by injecting the same volume of compound into
0.5 ml of CS. with the same syringe used in the preparation, of the sample These
are anal>7ed with the urn pies.

The desorption efficiency equals the difference between the average peak area of the
samples and the peak area of the blank divided by the avenge peak area of the
standards, or

desorption efficiency
Area sample — Area blank

Area standard

9. CaBbraboa ••*

It is convenient to express concentration of standards in terms of mg/0.5 ml CS» because samples
are desorbed in this amount of CS-. To minimize error due to the volatility of carbon daulfide, .
one can inject 20 times the weight into 10' ml of CS>. For example, to prepare a 0.3 mg'O.S mi
standard, one would inject 6.0 mg into exactly 10 ml of CS. in a glass-stoppered flask. The
density of the specific compound is used to convert 6.0 mg into inicroliten for easy measurement
with a microliier syringe. A series of standards, varying in concentration over the range of
interest, is prepared and anaJyzed under the same GC condition* and during the same time period
as the unknown samples. Curves are established by plotting concentration in mg 05 ml versus

. peak area.

NOTE. Since no internal standard is used in the method, standard solutions must be analyzed
at the same time that the sample analysis is done. Thrs will minimi/* the effect of known day-
to-day variations and variations during the same day of the RD response.

10. Calcvlatkw

10.1 The weight, in mg. corresponding to each peak area is read from the standard curve for the
particular compound. No volume corrections are needed, because the standard curve is
based on mg 0.5 ml CS? and the volume of sample injected is identical to the volume of the
standards injected.

10.2 Corrections for the blank must be made for each sample.

Correct mg " mg. —
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*
*

* where: ' .

mg. « mg found in front section of sample tube

mgh » mg found in front section of blank tube

A similar procedure i-> followed for the backup, sections.

10.3* The corrected amounts present in the front and backup sections of the same sample tube
are- added to determine the total measured amount in the sample.

10.4 This total weight is divided by thcMetermined. desorption efficiency to obtain the corrected
mg per sample.

10.5 The concentration of the analyte in the air sampled can be expressed in mg per m\

Corrected mg( Section 10.4) x IQOOditers/m1)..
•" Air volume sampled (liters)

10.6 Another meihod of expressing concentration is ppm (corrected to standard conditions of 25"C
and 760 mm Hg)

(T +'273)
ppm « mg/m' x

24.45
MW

760
298

where:

P ™ pressure (mm Hg) of air sampled

T » temperature (°O of air sampled

24.45 - molar volume (liter/mole) at 25 JC and 760 mm Hg
MW » molecular weight

7bo " standard pressure (mm Hg)

298 - standard temperature (*K)

11. References

11.1 White, L. D . D G. Taylor. P. A. Mauer. and R. E. Kupel. "A Convenient Optimized Method
for the Analysts of Selected Solvent Vapors in (he Industrial Atmosphere". Am Ind Hyg
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11.2 Young. D. M. and A. D. Crowell. Ph)*ical Adsorption of Gases, pp. 197-146. Butterworths.
London, 1962.

11.3 Federal Register. 37 202.22139-22142. October 18. 1972.

11.4 NIOSH Contract HSM-99-72-98. Scott Research Laboratories. Inc.. "Collaborative Testing
of Activated Charcoal Sampling Tubes for Seven Organic. Solvents", pp. 4-22,, 4-27. 1973.
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1
TABLE 1

Pwuncicn Associated With P&CAB An»l>rtcil Method No. 12*7

Organic Solvent
MHhotf Detection limit

ClutUiciflM
Sample Vohime (llunf CC Columa

Minimum**) MiilmmiW>) Ttmp.l'C)

Acetone

Benzene

Carbon letrachloride

Chloroform

Dichloromethane

p-Dioxane

Ethylene dichloride

Methyl ethyl ketone

Styrene

Tetrachloroethylene

1,1,2-trichloroethane

1,1.1-trichloroethane
(methyl chloroform)

Tnchloroethylene

Toluene

Xylene

D

A

A

A

D

A

D

B

.D

B

" B

B

A

B

A

' -

0.01

0.20

0.10

0.05

0.05

0.05

0.01

0.10

0.06

0.05

0.05

0.05

0.01
0.02

0.5

0.5

10

0.5

0.5

1

1
05

1.5
1

10
0.5

1

0.5

0.5

7.7

55

60

13

3.8

18

12-

13

34

25
97

13

17

22

31

60

90

60

80

85

too
90

80

150

130

150

150

90

120

100

58.1

78.1

154.0

119

84.9

88.1

99.0

72.1

104

166

133

133

131

92.1

106

(a) Minimum volume, in liters, required to measure O.I times the OSHA Maadard
(b) Theu arc breakthrough volumes calculated with data derived from a potential plot (11.2) for activated coconut

charcoal. Conctntratioai ol vapor in air at 5 lime* the'OSHA tfandard (II.)) or 300 ppm. whichever a lower.
25T. <nd 760 torr were auumed. Theac values wiU be it much ai 50% Jo*er for atmosphere* of hifjl humrfily.
The cfftcit of mult iple coniunmanii have not been investigated, but it is suspected tlul leu volatile compouadi
m»y Juplace more volaiitt/compouiHj> <Sce 31 and ).2)
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APPENDIX C - TO-1 (QUALITATIVE ORGAKICS)



I I ix-

Artalyt.e;

Method:

Synopsis:

Detection
Limit :

Qualitative organics

Thermal desorption gas chpomatography/mass spectrometry
.*

The sample is collected in precleaned Tenax sorbent tubes
(see cleaning procedure attached) and-thoroughly desorbed
by heating to 250 *C. The effluent is cryogeni can y. focused
in liquid nitrogen. The trap is heated and the trap effluent
is analyzed by gas chromatography/mass spectrometry
using general scanning techniques.

Approximately O.I microgram/compound

Calibration; Compounds reported as "Target" compounds (see below).are
calculated against authentic standards. "Target"
compounds are reported as "less than (< )" if not found in

• the sample.

Quality
Control:

K:

Benzene
Chloroform
Dichlorobenzene
Ethyl benzene
Limonene
Methylene Chloride
Naphthalene *
Tetrachloroethene

Toluene
Xylene
Butylatedhydroxytoluene (B(jT)
1,1,1 -trichloroethane
1,1,2-trichloroethene (TCE)
2-butanone (MEK)
2-pentanone
4-methyl-2-pent«none (MIBK)

Additional compounds are identified by a forward library
search of the combined WileyrEPA-NIH-NBS Library. They
are quantif ied against the average total-ion-current area.
of compounds of dif ferent types (see attached). Results
are blank corrected and are semi-quantitative.

• Tenax is analyzed before tube preparation to ver i fy
contaminant level.

• At least one. field blank (or 10%) is analyzed with each
sample set. &•. . .

• A daily external standard of target compounds is
analyzed.

o
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V . Tenax Sorbent Tub« Cleaning Procedure

1. Cut glass tubes to 8" lengths with glass cutter.

2. Clean Tenax
Extract 6 hours with pent one in a soxhlet extractor.
Extracts hours with methanol in a soxhlet extractor.
Dry completely in hood.
Pack into clean column; check for leaks and flowrate.
Bake overnight in GC at 270* °C, running nitrogen of inert gas
through column.
Discard any discolored sorbent.
Wash with soap; rinse throrougly with distilled water.

3. Soak glass tubing twice with methylene chloride.

4. Dry at 105r°C for 2 hours in forced air oven. --

5. Rinse glass wool in a beaker twice with methylene chloride.

6. Dry at 300 °C in a muffle furnace for 3 hours.

7. Using glass rod, stuff a plug of glass wool about 4" from end of tube.

8. Fill the other end with 300 mg precleaned Tenax.

9. Tap tube to pack sorbent.

10. Put a second plug of glass wool on top of Tenax.

11. Seal the ends of the tubfs, uling a gas oxygen torch, the same day
that tubes are made.

12. Cap with orange c,aps.
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8 .
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VERIFICATION

, J^ Jl\i 5 " .

\\~>, S' i-v •»

O, \ O C L- iV - .
' TM.K.% j\i
\ \S .S . , j - -

. , » . - t ^ \ i

C . \ C \ v i • s

ul, 'L >>> -^

4- 3 . .

l-EP. CQNC OIFF 7!DEV. CQNC : DIFF

I
2 ,_
3 _
4

s "
£ _
7
8 "
9 I
10

11
12
13.
14
15
16
17
18
19

(ATTACH VERIFICATION CHRQHATQ6RAMS QN. REVERSE SlUE)



> ) *'.t '. i \.i i 301C2
STANDARD NAME NUMBER

_

sOLUENT SOURCE/LOT s

^
ANALYST NAME

COMPOUND

./I-

3 _T_
4 v • it i
5 -• *••

V ••. .• O . I'K '«
SOLVENT

DATE MADE

SOURCE

y \T^
y^ \O

STORAGE LOCATION

FINAL VOLUME

SOURCE
CQNC

6 L ••: N.
7
8
9
10
11
12 1_
13
1*
IS
IE
17
18
19

VOL ySED FINAL
CONC

\S i \ ,\^ vQ.Cco

'..->. c

* VEP. CQNC' DIPF SDEU.
UFRIPICATIQN

UER. CONC DIFF 2DE-J.

i
2 ~
3 _
i
S "
E
7 "
8 "
9 .
10

11
ir
13
14
15
16
17
IB
19

(ATTACH VERIFICATION CHROHATQ6RAHS QM B£i!ES$£

.. A
•', j *' '•



30iC3
STANDARD NAME-

i ' - ; i
SOURCE/LOT S

.M I'M iff R- '
ANALYST NAME

f + » + -»> •(

COMPOUND

- V\*!MAi\*F.

NUMBER

1 YA
SOLVENT -STC-'RASE ^CC

DATE MADE

SOURCE

Mt

F>NAL '.'OLJME

SOURCE UQL USED .FINAL
CONG*. * CQNC

WK'I f »->• \

7 _
8 _
9 1.

U _

1*
IS
1G
17
I B
19
:B

• •*+4.^^*-»- f«^^+'-»t^^ + ̂ ^>^>^*^

VERIFICATION

. CQMC VER. CCNC • , DlFF SDE-;.

1

2
3
4

5
E
7
8
9 .£_
Itf

11
i:
13

• ' i *
is

' 16
17
18
19
:a

A

( A T T A C H VERIFICATIgN CHROHATOGRAMS' QN REVERSE {lOE) -' '\ '.•'

N .- »

J



METHOD T01 Revision 1 .<
April, 1984

METHOD FOR THE DETERMINATION OF VOLATILE ORGANIC COMPOUNDS
IN AMBIENT AIR USING TENAX* ADSORPTION AND

GAS CHROMATOGRAPHY/MASS.SPECTROMETRY (GC/MS)

1., Scope

1.1 The document^ describes a generalized protocol for collection
and determination of certain volatile organic compounds

^ ' * '
which can be captured on Tenax* GC (poly(2,6-D1phenyl

" »

phenylene oxide)) and determined by thermal desorptlon
GC/MS' techniques. Specific approaches using these techniques

v

are described in the literature (1-3).

1.2 This protocol is designed to allow some flexibility in order
•

to accommodate procedures currently in use. However, such
flexibility also results in placement of considerable
responsibility with the user to document that such procedures
give acceptable results 1̂ *4 documentation of method performance
within each laboratory situation Is required). Types of
documentation required are described elsewhere In this method.

1.3 Compounds which can be determined by this method are nonpolar
organics having boiling points in the range of approximately
80" - 200°C. However, not,all compounds falling Into this
category can be determined. Table 1 gives a listing of

•s
compounds for which the metfyod has been used. Other compounds

may yield satisfactory results but validation by the Individual

user.is required.

2. Applicable Documents

2.1 ASTM Standards:

' D1356

E355

Definitions of Terms Related to Atmospheric Sampling

and Analysis. . . - •

Recommended Practice for Gas Chromatography Terms and
Relationships. , • '
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2. 3 Other documents:
•

Existing procedures (1-3).

U.S. EPA Technical Assistance Document (4).

3. Summary of Protocol v

^

3.1 Ambient air Is drawn through a cartridge containing il-2
grams of Tenax and, certain volatile organic compounds are

trapped on the resin while highly, volatile organic compounds

and most .Inorganic atmospheric constituents pass through the

cartridge. The cartridge Is then transferred to the
laboratory and analyzed.

& * * .

3.2 For analysis the cartridge Is placed 1n a heated chamber and
purged with an inert gas. The Inert gas transfers the

volatile organic compounds from the cartridge .onto a cold trap
and subsequently onto the front of the GC column which 1s held
at low temperature (e.g. - 70*C). The GC column temperature 1s
then increased (temperature programmed) and the components

eluting from the column are identified and quantified by mass
spectrometry. Component Identification 1s normally accomplished,
using a library search routine, on the basis of the GC retention

-time and mass spectral characteristics. Less sophisticated
detectors (e.g. electron capture or flame ionlzatlon) may be
used for certain applications .but'their suitability for a given
application must be verified by the user. .

3.3 Due to the complexity of ambient ai'r samples only high resolution
•i * '

(1.«. capillary) GC techniques are. considered to be acceptable
1n this protocol. -

4. Significance

4.1 Volatile organic compounds are emitted Into th« atfosphere from
a variety of sources Including Industrial and commercial
facilities, hazardous waste storage facilities, etc. Many of

these compounds are toxic; hence knowledge of tKc levels of
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•such materials 1n the ambient atmosphere 1s required In order
to determine human health Impacts. • •

4.2 Conventional air monitoring methods (e.g. for workspace
monitoring) "have relied on carbon adsorption approaches with

' subsequent sol-vent desorptlon. Such techniques ajlow .
\

subsequent Injection-of 'only a small portion, typically 1-5S

of the sample onto the GC system. However/*typical
ambient air concentrations of these compounds require a more
sensitive approach. The thermal desorption process, wherein

the entire sample is Introduced into the analytical (GC/MS)
system fulfills this need for enhanced sensitivity.

5. Definitions • :

Definitions used in this document and any user prepared SOPs should
be consistent with ASTM 01356(6). All abbreviations and symbols
are defined with this document at the point of use.*

6. INTERFERENCES

6.1 Only compounds having a .similar mass spectrum and GC retention

time compared to the compound of interest will Interfere in
the method. The most commonly encountered Interferences are
structural Isomers.

6.2 Contamination of the Tena* cartridge with the compound(s)
of Interest Is i commonly encountered problem 1n the method.
The user must be extremely careful In the preparation, storage,
and handling of the cartridges throughout the entire sampling
and analysis process to minimize this problem.

/ 7. Apparatus

7.1 Gas Chromatograph/Hass SpecIron*try system - should be capable

of subamblent temperature programming. Unit mass resolution
or better up to 800 amu. Capable'of scanning 30-440 amu region

every 0.5-1 second. Equipped with data system for Instrument

control' as well as data acquisition, processing and storage.
* .

i
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7.2 Thermal Desorpt ion Unit - Designed to accommodate Tenax

car t r idges In use. See Figure 2a or b.

7.3 Sampl ing Sys tem - Capable of accu ra te l y and precisely

drawing an air f l o w of 10-500 ml/minute through the Tenax'

ca r t r idge . (See Figure 3a or b.)

7.4 Vacuum oven - connected to water asp i ra tor vacuum supply.

7 . 5 Stopwatch*

7.6 Pyrex disks - for drying Tenax.

7.7 Glass jar - Capped with Teflon-lined screw cap. For
storage of purified Tenax..

7.8 Powder funnel - for delivery of Tenax into cartridges.

7.9 Culture tubes - to hold individual glass Tenax cartridges.
i

7.10 Frictiorv'top can (paint can) - to hold clean Tenax cartridges.

7.11 Filter holder - stainless steel Or aluminum (to accommodate

1 inch diameter filter). Other sizes may be used 1f .desired,

(optional)

7 . 1 2 Thermometer - to record ambient temperature.

7 . 1 3 Barometer (op t iona l ) .

7 . J 4 Di lut ion bottle - Two- l i ter with septum cap for standards

preparat ion.

7 . 1 5 Tef lon st i rbar - 1 inch long.

7 . 1 6 Gas-tight g lass syringes with .stainless steel needles -

10-500-u.1 for standard injection onto GC/MS system..

7 . 1 7 Liquid mlcrol i ter syringes - 5.50 uL for injecting neat

liquid standards into dilution bottle.

7 . 1 8 Oven - 60 * 5 'Ci for equilibrating dilution f l asks .
~ * •

7 . 1 9 Magnetic stlrrer.

7.20 . Heating mantel.

7 . 2 1 Var iac

7.22 Soxhlet extraction apparatus and glass thimbles - for purifying

Tenax.

7.23 Infrared lamp - for drying Tenax.

7.24 GC column - SE-30$or alternative coating, glass capillary or

fused silica.
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7.25 Psychrometer - to determine ambient relative humidity,

(optional). . , .

' 8. Reagents and Materials

8.1 Empty Tenax cartridges - glass or stainless steel (See
Figure la or b).

8.2 Tenax 6Q/80 mesh (2,6-dlphenylphenylene oxide polymer)."

8.3 Glasswool - silanized.

8.4 Acetone - Pesticide quality or equivalent.

8.5 Methanol - Pesticide quality, or equivalent.

8.6 Pentane - Pesticide quality or equivalent.

__ 8.7 Helium - Ultra pure, compressed gas. (99,9999*)

8.8 Nitrogen - Ultra pure, compressed gas. (99.9999")

8.9 Liquid nitrogen.

"*" 8.10 Polyester gloves - for handling glass Tenax cartridges.

. 8.11 Glass Fiber Filter - one inch diameter, to fit In filter holder,

(optional)
8.12 Perfluorotributylamine (FC-43).
8.13 Chemical Standards - Ne.at compounds of Interest. Highest

purity available.
8.14 Granular activated charcoal - for preventing contamination of

Tenax cartridges during storage.

9. Cartridge Construction and Preparation

9.1 Cartridge Design

9.1.1 Several cartridge designs have been reported In the

literature (1-3). The most common (1) is shown 1n

Figure la. This design minimizes contact of the

sample with metal surfaces, which car) lead to

decomposition 1n certain cases. However, a

disadvantage of this design 1s the need to rigorously
avoid contamination of the out»1de portion of the

cartridge since the entire surface Is subjected to the

purge gas stream during the desorptloh porcess.
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Clean polyester gloves must be worn at all times
when handling such cartridges and exposure of the

open cartridge to ambient air must be minimized.
9.1.2 A second common type of design (3) is shown in

Figure Ib. While this design uses a metal (stainless
steel) construction, it eliminates the need to avoid
direct contact with the exterior surface since only
the interior of the cartridge is purged.

9.1.3 The thermal desorption module and sampling system

must be selected to be compatible with the particular
cartridge design chosen. Typical module designs
are shown in Figures 2a and b. These designs are

suitable for the cartridge designs shown in Figures
la and Ib, respectively.

9.2 Tenax Purification

9.2.1 Prior to use the Tenax resin is subjected to a
series of solvent extraction and thermal treatment .
steps. The operation should be conducted In an area
where levels of volatile organic compounds (other than

• the extraction solvents used) are minimized.
9.2.2 All glassware used in Tenax purification as well as

cartridge materials should be thoroughly cleaned by
water rinsing followed by an acetone rinse and-dried
in an oven at 250°C.

9.2.3 -Bulk Tenax is placed in a glass extraction thimble
and held in place with a plug of clean glasswool.
The resin is then placed in the soxhlet extraction

apparatus and extracted sequentially with methanol
and then pentane for 16-24 hours (each solvent) at
approximately 6 cycles/hour. Glasswool for cartidge
preparation should be cleaned in the same manner as
Tenax.

9.2.4 The extracted Tenax 1s Immediately placed 1n an open
glass dish and heated under an Infrared lamp for two
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hours in a hood. Care must be exercised to avoid
over heating of the Tenax by the Infrared lamp.
The Tenax 1s then placed 1n a vacuum oven (evacuated
using a water aspirator) without heating fcr one hour.
An Inert gas (helium or nitrogen) purge of 2-3
ml/minute 1s used to aid in the removaJ of solvent

»*• vapors. The oven temperature 1s then Increased to
110°C, maintaining Inert gas flow and held for one
hour. The oven temperature control is then shut
off and the oven is allowed to cool to room temperature.
Pjjor to opening the oven, the oven 1s slightly
pressurized with nitrogen to prevent contamination
with ambient air. The Tenax 1s removed from the oven
and sieved through a 40/60 mesh sieve (acetone rinsed
and oven dried) into a clean glass vessel. If the Tenax
is not to be used immediately for cartridge preparation
it should be stored in a clean glass jar having a
Teflon-lined screw cap and placed 1n a desiccator.

Cartridge Preparation and Pretreatment
9.3.1 All cartridge materials are pre-cleaned as described

In Section 9.2.2." If the glass cartridge design shown
in Figure la 1s employed all handling should be
conducted wearing polyester gloves.

9.3.2 The cartridge 1s packed by placing a 0.5-lcm glass-
wool plug in the base of the cartridge and then t ^ _ •
filling the cartridge to within approximately 1 cm
of the top. A 0.5-lcm glasswool plug 1s placed 1n
the top of the cartridge.

9.3.3 The cartridges are then thermally conditioned by
heating for four hours at 270"C under an Inert gas
(helium) purge (100 - 200 ml/mln).
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9 .3 .4 After the four hour heating period the cartridges

are al lowed to cool. Cartr idges of the type shown
in Figure la are immediately placed (without cooling)

in c lean culture tubes having Teflon-lined screw caps

•—wi th a glasswool cushion at both the top and the bottom.

Each tube should be shaken to ensure that the cartridge
Is held firmly in place. Cartridges of the type shown
in Figure Ib are allowed to cool to room temperature under
inert gas purge and are then closed with stainless steel
plugs.

9 . 3 . 5 The cartr idges are labeled'and^placed in a tightly

sea led metal can (e .g . paint can or similar friction
top container). For cartr idges of the type shown

in Figure la the culture tube, not the cartridge, is
labeled.

9 .3 .6 Cartr idges should be used for sampling within 2 weeks
after preparation and analyzed within two weeks after
sampling. If possible the cartridges should be stored
at -20"C in a" clean freezer (i.e. no solvent extracts
or other sources of volatile organics contained 1n the
freezer).

10. Sampling

10.1 Flow rate and Total Volume Selection

10.1.1 Each compound has a characteristic retention volume

(liters of air per gram of adsorbent) which must not

be exceeded. Since the retention volume 1s a function

of temperature, and possibly other sampling variables,

one must include an adequate margin of safety to

ensure. good collection efficiency. Some considerations
. t

and guidance in this regard are provided 1n a recent

report (5). Approximate breakthrough volumes at 38*C

(100'F) in liters/gram of Tenax are provided 1n Table 1.

These retention volume data are- supplied only as rough

- guidance and are subject to considerable variability.

depending on cartridge design as well as sampling

parameters and atmospheric conditions.
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10.1.2 To calculate the maximum total volume of air which
can be sampled use the following equation:

where

1* tne calculated maximum total volume in liters.
VD is the breakthrough volume for the least retained

compound of Interest (Table 1) 1n liters per gram
of Tenax.

W 1s the weight of Tenax In the cartridge. In grams.

1.5 is a dimenslonless safety factor to allow for

variability in atmospheric conditions. This factor
is appropriate for temperatures in the range of
25-30°C. If higher temperatures are encountered the
factor should be increased (I.e. maximum total volume
decreased).

10.1.3 . To calculate maximum flow rate use the following
equation:

QMAX - * 100°
where

is the calculated maximum flow rate in m i l l i -
•

leters per minute.
t is the desired sampling time 1n minutes. Times

greater than 24 hours (1440 minutes) generally
are unsuitable because the flow rate required
1s too"low to be accurately maintained.

10.1.4 The maximum flow rate QMAX should yield a linear flow
velocity of 50-500 cm/minute. Calculate the linear
velocity corresponding to the maximum flow rate
using the following equation:

B - Qf1AX
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where
«

B is the calculated linear flow velocity in

centimeters per minute,

r is the internal ra*4us of the cartridge In
centimeters. ' ,

If B Is greater than 500 centimeters per mfnute

either the total sample/folume (VHAX) should be

reduced or the sample flow rate (0-MAX) should be •'

reduced by'increaslng the collection time. If.B is

less than 50 centimeters per minute the sampling rate

(0-MAX) should be increased by reducing the sampling

time. The total sample value (VMAX) cannot be

increased due to component breakthrough.

10.1.4 The flow rate calculated as described above defines

the maximum flow rate a 1.1 owed. In general, one should

collect additional samples in parallel, for the same
time period but at lower flow rates. This practice
yields a measure of quality control and Is further
discussed in the literature (5). In general, flow
rates 2 to 4 fold lower than the maximum flow rate

should be employed for the parallel samples. In
all cases a constant flow rate should be achieved

for each cartridge since accurate Integration of the
analyte concentration requires*that the flow be

constant over the samp-ling period:

* • •

10.2 Sample Collection

10.2.1 Collection of an accurately known volume ofjilr
1s critical to the accuracy of the resul^K For
this reason the use of mass flow controllers,

rather than conventional needle valves o> orifices
is highly recommended, especially at low flow
velocities (e.g. less than 100 mill 1 liters/minute).
Figure 3a 1llustrates"a sampling system utilizing

mass flow controllers. This system readily allows

for collection of parallel samples. Figures 3b I '
x shows a commercially available system based on •

needle valve flow controllers. - •
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10.2.2 Prior to sample collection insure that the Campling

flow rate has been calibrated over a range including

the rate to be used for sampling, with a "dummy"

Tenax cartridge in place.. Generally calibration- •
1s accomplished using a soap bubble flow meter .

or-calibrated wet test meter. The. flow calibration

device Is connected to the flow e/it, assuming
the entire flow system 1s sealed. -ASTM Method

D3686 describes an appropriate calibration scheme,

not requiring.a sealed flow system downstream

of the pump.
CJi-

10.2.3 The flow rate should be checked before and after

each sample collection. If the sampling Interval

exceeds four hours the flow rate should be checked
at an Intermediate point during sampling as well. .
In general, a rotameter should be included, as

showed 1n Figure 3b, to'allow observatlon-of the
sampling flow rate without disrupting the sampling

process.
10.2.4 To collect an air sample the cartridges are removed

from the sealed container .just prior to initiation

of the collection process. If glass cartridges

(Figure la) are .employed they must be handled

only with polyester gloves and,should not contact

any other surfaces.
10.2.5 A particulate filter and holder are placed on

the Inlet to the cartridges and the exit end
of the cartridge Is connected to the sampling
apparatus. In many sampling situations the use
of a filter Is not necessary if only the total

concentration of a component 1s desired. £lass

cartridges of the type shown 1n Figure la are . .
connected uslng'^teflon ferrules and Swagelok
(stainless steel or teflon) fittings. Start the

'pump and record tfiexfollowl/vg parameters on an

appropriate data sheet (Figure 4): data, sampling
location, time,.ambient temperature, barometric
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pressure, relative humidity, dry gas meter read.ing
(if applicable) flow rate, rotameter reading (1f
applicable), cartridge number and dry gas meter
serial number. . :

10.2.6 Allow the sampler to operate for the desired time,
periodically recording the variables listed above.
Check flow rate at,the midpoint of the sampling
interval if longer than four hours.
At the end of the sanfpling period record the
parameters listed In 10.2.5 and check the flow
rate and record the value. If the fjows at the
beginning and end of the. samp-ling period differ
by more .than 10% the cartridge should be marked
•as suspect.

10.2.7 Remove the cartridges (one at a time) and place
'in the original container (use gloves for glass
.cartridges). Seal the cartridges or culture tubes

' in the frictton-fop can. containing a layer of
charcoal and package .for immediate shipment to
the laboratory for Analysis. "Sto.re cartridges
at reduced temperature (e.g. - 20°C) before analysis
if possible to maximize storage stability.

10.2.8 Calculate and record, the average sample rate for
each cartridge-according to the following equation:

where

X • € • 'QA • Average flow rate in'ml/minute.

Q], Q? QN» Flow rates determined at

beginning, end. and immediate points

.during jampling.
•*

N • Number of points a. vc raged. . '.. '• ,
10.2.9 Calculate-andj-ecord the tbtal volumetric.flow for

each cartridge using the following equation.: :•

in
* QA

• 1000 . -
v
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where

Vm • Total volume sampled In liters at measured

temperature land pressure.
Tj » Stop time.
I] • Start time.

T • Sampling time * Tg - Tj , minutes

10.2.10 The total volume (Ys) at standard conditions,

25°C and 760 mmHg, is calculated from the
'following equation:

m x

where

• i Average barometric pressure, mmHg

-" Average ambient temperature, *C.

11. GC/MS. Analysis

11.1 Instrument Set-up

11.1.1 Considerable variation from one laboratory to
another. 1s expected In terms of Instrument configuration.
Therefore, each laboratory must be responsible

•

for verifying that their particular system yields
satisfactory results. Section 14 discusses specific
performance, criteria which should be net. ;

11.1.2 A block d1ag>«» of the typical GC/MS system
required for analysis of Tenax cartridges 1s
depicted In Figure 5. The.operation of such
devices 1s described 1n 11.2.4. The thermal
desorptlon module must be designed to accommodate
the.particular cartridge configuration. Exposure

^

of the sample to metal surfaces should be :
minimized and only stainless steel, or nickel metal
surfaces should be employed.



T01-.14 . . ,-

, The volume of tubing and fittings leading from

the cartridge to the GC column must be minimized* ~ • • . •
and all areas must be we 11*swept .by helium carrier

' g a s . /- '
11.1.3 The GC column Inlet should be capable of being- t

cooled to -70°C and subsequently Increased Vapldl/ •

to approximately 30*C. This can'be most readily
accomplished using a GC equipped with'sub-ambient
cooling capability (liquid nitrogen) although ,

other approaches such as manually cooling the

inlet of the column in liquid nitrogen mrfy be •
• •

acceptable: ' . i .
11.1.4 The specific GC column and temperature program'

employed will be dependent on the specific compounds
of .interest. Appropriate conditions are described
in the literature Tl-3)". Jn general a nonpolar •
stationary phase .(e.g. SE-30, OV-1) temperature'
programmed from 30°C to 200°C at<"B°/m1nute wflT
.be suitable. Fused silica bonded phase columns • ^'
are preferable to glass columns since they, are
more rugged and can be Inserted dlcecdy Into » •
the MS ion Source, thereby eliminating the
"for a GC/MS transfer line/.

IV. 1.5 Capillary column dimensions of 0.3 mm. ID and SO
meters long are generally appropriate although
shorter lengths may be sufficient 1n many cases. '

VI.. 1.6- Prior to Instrument calibration or sample analysis " '*
the GC/MS system 1s assembled as shown In Figure

\' ' '5. Helium purge flows (through the cartridge}
and carrier flow are set at approximately 10 ml/

y. »

minute and 1-2 ml/m1nute respectively.. Inapplicable,*
the Injector sweep flowls set at 2-4 ml/mlnirte. . -

\
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11.1.7 Once the column and other system components are

assembled and the various flows established the
A

column temperature is increased to 250*C for
1 . approximately four hours (or overnight if desired)

\ to condition the column.v- ,
11.1.8 The MS and data system are set according to the

manufacturer's Instructions. Electron Impact
.1on1zation (70eV) and an electron multiplier gain

of approximately 5 x 104 should be employed.
Once the entire GC/KS system has been setup the

system is calibrated, as described In Section 11.2.
The user should prepare a detailed standard
operatfng procedure (SOP) describing this process
for the particular instrument being used.

11.2 Instrument Calibration

11.2.T* Tuning and mass standarization of the MS system

1s performed according to manufacturer's Instructions
and re-levant'information from the user prepared
•SOP. ^erfluorotrlbutyl amine should generally
be employed for ^hls purpose. The Material

1 '1s Introduced'directly Into the 1 on source
through a molecular leak. The Instrumental
parameters (e.g. lens voltages, resolution,
etc.) should be adjusted to give the relative
Ion abundances shown 1n Table 2 as well as
acceptable resolution and peak shape. I.f
these approximate relative abundances cannot
be achieved, the ion source may require cleaning
according to manufacturer's Instructions.
In the event that the user's Instrument cannot
achieve these relative 1on abundances, but
is otherwise operating properly, the user
may adopt another set of relative abundances

as performance criteria.
r
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However, these* alternate .values must be repeatable

on a day-to-day basis.

11.2.2 After the mass standarizatjon and tuning process

has been completed and -the appropriate values

entered into the data system the user should

then calibrate the'enttre system by introducing
*.

known quantities of ttre standard components

of interest into the system. ' Three alternate.

procedures may be employed for the calibration

process including 1).direct syr.ihge injection

of dilute vapor phase standards, prepared
» • .

in a dilution bottle* onto/ the.GC'column» 2)

Injection of dilute vapor phase standards

into a carrier gas stream directed through the ' "
. • • -i • • '

Tenax cartridge, and 3} Introduction 'of permeation \.

or diffusion tube standards-onto a Tenjx cartridge. .':

The standards preparation procedures fo*»-:.«ich' .. ..••.

of these approaches are described 1n Section ' .'. ,
• . • ••••'. . -\', ••.' • -. ; •• , '

13. The following paragraphs describe -the- -'-\' -
instrument calibration process .for each of j.... '•'•. '•"".'

these approaches. . " • . . ; • ' .f ' . .

1 1 . 2 . 3 If the instrument is to b? calibrated by direct ' , *
• • " * ' . • • •

injection of a gaseous standard, a standard. _ . '

is prepared in a di lution'bottle as desc.ri.t>jjd

in Section 13.1. The GC column is C9oled • " ̂ _

to -70°C (or, alternately, a portion of the

column inlet is manually cooled with liquid
' • * *

nitrogen); The. KS and data system 1s set

up for acquisition as described in the relevant

uVer SOP. The lonization filament should b* turned
off during the Initial 2-3 minutes of the run to

v- allow oxygen and other highly volatile components

to elute. An appropriate volume -{less than 1 ml) '

of the gaseous standard Is Injected onto the GC

system using an accurately calibrated gas tight syringe.
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The system clock is started and the column 1s
maintained it -70°C (or liquid nitrogen Inlet cooling)
for 2 minutes. The column temperature Is.rapidly
increased to the desired initial temperature (e.g. 30'C).
The temperature program is started at a consistent
time (e.g. four minutesjl after Injection. Simultaneously
the ionization filament 1s turned on and data acquisition
is initiated. After the last component of Interest has
eluted acquisiton is terminated and the data Is processed
as described in Section 11.2.5. The standard Injection
process is repeated using different standard volumes as
desired. ' ' •

11.2.4 If the system is to be calibrated by analysis of

spiked Tenax cartridges a set of cartridges Is
prepared as described in Sections 13."2 or 13.3.
Prior to analysis the cartridges are" stored M

described In Section 9.3. If glass cartridges (Figure la)

are employed care must be taken to avoid direct
contact, as described earlier. The GC column Is
cooled to -70eC, the collection loop Is Immersed in

"* l i q u i d nitrogen and the desorptlon module is
maintained at 250°C. The inlet valve is placed in the
desorb mode and the standard cartridge Is placed in
the desorption module, making certain that no leakage

of purge gas occurs. The cartridge Is purged
for 10 minutes and then the inlet valve 1s placed In
the inject mode and the liquid nitrogen source removed
from the collection trap. The GC column 1s maintained
at -70°C for two minutes and subsequent steps are as ;
described In 11.2.3. After the process 1s complete the
cartridge 1s removed from the desorptlon module and
stored for subsequent use as described In Secttoll 9.3.
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11.2.5 Data processing for.Instrument calibration Involves

determining retention times, and Integrated characteristic

ion intensities for each of the compounds of interest,

v . In addition, for at least one chromatographlc run,the

individual mass spectra should be inspected and

compared to reference* spectra to ensure proper

i-nstrumental performance. Since the steps Involved
•

in data processing are highly Instrument specific, the
user should prepare a SOP describing the process for

individual use. Overall performance criteria for

instrument calibration are provided In Section 14. If

th»se criteria are not achieved the user should refine

the instrumental parameters and/or operating

procedures to meet these criteria.
i

Tl.3 Sample Analysis

11.3.1 The sample analysis process Is Identical to that

described in Section 11.2.4 for the analysis of standard

Tenax cartridges.
11.3.2 Data processing fpr sample data .generally Involves

1) qualitatively determining the presence or absence
*

of each component of interest on the basis of a set

of character is t ic Ions and the retention time using'
a reverse-search software routine, 2) quantification

t. of each identif ied component by Integrating the Intensity
of a character is t ic ion and comparing, the value to
that of the calibration standard, arul^jk tentative
Identif ication of other components observed using a

forward ( l ibrary) search software routine. As for
other user specific processes, a SOP should be prepared,
describing the specific operations for each Individual
laboratory.
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12. Calculations

12.1 Calibration Response Factors
*

12.1.1 Data from calibration standards Is used to calculate
, a response factor for each component of Interest.

Ideally the process Involves analysis of at least
three calibration levels of each component during a
given day and determination of the response

factor (area/nanogranT Injected) from the linear
«

least squares fit of a plot of nanograms Injected
versus area (for the characteristic ion).

In general quantities of component greater
, than 1000 nanograms should not be Injected

because of column overloading and/or MS response
nonlinearlty.

12.1.2 In practice the dally routine may not always
allow analysis of three such calibration standards.
In^thls situation calibration da£a from consecutive
days may be pooled to yield a response factor,
provided that analysis of replicate standards
of the same concentration are shown to agree
within 20X on the consecutive days. One standard
concentration, near the midpoint of the analytical

range of interest, should be chosen for Injection
, every day to determine day-to-day response

reproduclbllity.
12.1.3 If substantial nonlinearlty Is present Jn

the calibration curve a nonlinear least squares
fit (e.g. quadratic) should be employed.
This process Involves fitting the ̂ ata to
the following equation: ,

Y • A * BX * C-x2 _

\<

where

Y • peak area
X * quantity of component, nanograms

A,B, and C are coefficients In the equation
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12.2 Analyte Concentrations

• »

12.2.1 Analyte quantities on a sample cartridge are calculated
from the following equation:

YA • A +-BX A + CXA .

where

YA is the area of the analyte characteristic ion for
the sample cartridge.

XA is the calculated quantity of analyte on the sample
cartridge, in nanograms.

A,B, and C are 'the coefficients calculated from the
calibration curve described In Section 12.1.3.

12.2.2 If instrumental response 1s essentially linear over the

concentration range of interest a linear equation
(OO in the equation above) can be employed.

12.2.3 Concentration of analyte In the original air sample 1s
calculated from the following equation:

where

CA is the calculated concentration of analyte in
nanograms per liter.

Vr and X. are as previously defined in Section
10.2.10 and 12.2.1, respectively.

13. Standard Preparation

13.1 Direct .Injection
13.1.1 This process Involves preparation of a dilution

bott]e containing the desired concentrations
of compounds of Interest for direct'Injection

onto the GC/MS system.
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13.1.2 Fifteen three-mi 1.1 Imeter diameter glass beads

and a one-Inch Teflon stirbar are placed In a

clean two-liter glass septum capped bottle and

the exact volume Is determined by weighing the

bottle before and after filling with delonlzed water.

The bottle 1s then rinsed with acetone and dried at 200°C.

13.1.3 The amount of each standard to be Injected Into the'
vessel 1s calculated from ^he desired Injection quantity
and volume using the following equation; :

where

WT is the total quantity of analyte to be injected
into the bottle in milligrams

Wj 1s the desired weight of analyte to be Injected
. •'

onto the GC/HS system or spiked cartridge in.
nanograms ,

Vi Is the desired GC/MS or cartridge Injection
volume (should not exceed 500) In microliters.

Vg 1s total 'volume, of dilution bottle determined
In 13.1.1, 1n liters.

13.1.4 The volume of the neat standard to be injected

Into the dilution bottle is determined using
the following equation:

W

where

Vj is the total volume of neat liquid to be Injected

1n microliters.

d Is the density of the neat standard In grams per
millinter.
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13.1.6 The bottle is placed 1n a 60°C oven for at

least 30 minutes prior to removal of a vapor
phase standard.

13.1.7 To withdraw a standard for GC/MS Injection
the.bottje 1s removed from the oven and stirred

for 10-15 seconds. A suitable gas-tight mlcrober
syrlng warmed to 60*C, 1s Inserted through

the septum cap and pumped three times slowly.

The appropriate volume of sample (approximately 25X

larger than the desired injection volume) is drawn

into the syringe and the volume is adjuswJ to the

exact value desired and then immediately injected
over a 5-10 seconds period onto the GC/MS system as
described in Section 11.2.3.

13.2 Preparation of Spiked Cartridges by Vapor Phase Injection

13.2.1 This process Involves preparation of a dilution^

bottle containing the desired concentrations'

. of the compound(s) of interest as described
in 13.1 and injecting the desired volume of
vapor into a flowing inert gas stream directed
through a clean Tenax cartridge.

13.2.2 A helium purge system -is assembled wherein

the helium flow 20-30 ml/minute is passed
through a stainless steel Tee fitted with
a septum injector.. The clean Tenax cartridge

1s connected downstream of the tee using
appropriate Swagelok fittings. Once the cartridge
is placed in the flowing gas stream the appropriate

volume vapor standard, tn the dilution bottle.
• 1s Injected through the septum as described 1n

13.1.6. .The syringe 1s flushed several tines
by alternately filling the syringe with carrier

gas and displacing the contents into the flow
stream, without removing the syringe from the septum.

Carrier flow 1s maintain through the cartridge for
approximately 5 minutes after Injection.
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13.3 Preparation-of Spiked Traps Using Permeation or Diffusion

tubes . .

13.3.1 A flowjng stream of Inert gas containing known

amounts of each compound of Interest 1s generated

according to ASTM Method 03609(6). Note that

a method of accuracy maintaining temperature
within + 0.1°C Is required and the system

generally must be equilibrated for at least

48 hours before use.

13.3.2 An accurately known volume of the standard

gas stream (usually 0.1-1 liter) 1s drawn

through a clean Tenax cartridge using the

sampling system described 1n Section 10.2.1,

or a similar system. However, 1f mass flow

controllers are employed they must be calibrated
for" the carrier gas used In Section 13.3.1

(usually nitrogen). Use of air as the carrier
gas for permeation systems Is not recommended,
unless the compounds of Interest are known
to be highly stable 1n air.

13.3.3 The spiked cartridges are then stored or Immediately
analyzed as in Section 11.2.4.

14. Performance Iriteria and Quality Assurance

This section summarizes quality assurance (QA). measures and

provides guidance concerning performance criteria which should be
achieved within each laboratory. In many cases the specific
QA procedures have been described within the appropriate section
describing the particular activity (e.g. parallel sampling).
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14.1 Standard Opreating Procedures (SOPs)
14.1.1 Each user should generate SOPs describing the* .

following activities as they are performed
1n their laboratory:
1) assembly, calibration, and operation of

the sampling system,
2) preparation, handling and storage of Tenax

cartridges,

3) assembly and operation of GC/HS system Including
^ . the thermal desorption apparatus~and data

system, and

4) all aspects of data recording and processing.

14.1.2 SOPs should provide specific stepwise instructions

and should be readily available to, and understood
1 by the laboratory,personnel conducting the

work.

\

14.2 Tenax Cartridge Preparation"

14.2.1 Each batch of Tenax cartridges prepared (as

described in Section 9) should be checked for

contamination- by analyzing one cartridge Immediately \

after preparation. While analysis^can 'be accomplished

by GC/HS, many laboratories may chose to use

GC/FID due to logistical and cost considerations.

14.2.2 Analysis by GC/FID Is accomplished as described

for GC/MS (Section 11) except for use of FID

detection.
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14.2.3 While acceptance criteria can vary depending

on the components of interest, at a minimum
the clean cartridge should be demonstrated ' ̂
to contain less than one fourth of the minimum

* leverof, interest for each component. For
most compounds the blank level should be less
than 10 nanograms per cartridge in order to
be acceptable. More rigid criteria may be

' - adopted, 1-f nete^ssary, within a specific laboratory.'
If a cartridge does not meet these acceptance
criteria the entire lot should be rejected. '

14.3 Sample Collection . . • .,

14.3.1 Dgring each sampling event at least one clean-

cartridge will accompany the samples to the
field and back to the laboratory, without being '
used for sampling, to serve as a field blank.' •

The average amount of material found on the

field blank cartridge may be subtracted from

the amount foijnd on the actual samples. However,'
If the blank level 1s greater than 251 of the

* sample amount, data for that component must
•be Identified as suspect.i » % »

14.3.? During each sampling event at least .one sett.
of parallel samples (two or more* samples collected
simultaneously) will be collected, preferably
at different flow rates as described In Section

* 4 •
10.1. If agreement between parallel samples.

1s not generally within ± 2.5X the user should
collect parallel samples on a much more frequent,

basis (perhaps for all sampling pojfhts). If
a trend of lower apparent concentrations with

• {Increasing flow rate 1s*observed for a set
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of parallel samples one shoujd consider using
a reduced flow ratt and longer sampling Interva.1
If possible. If this prattIce does not improve •' '

* ' •

, the reprodudblllty further evaluation of the •>
method performance for the cqmpound of Interest •
may be required. ( • .

14.3.3 Backup cartridges (two*cartridges 1n series) '
should be collected with'each .sampling event.
Backup cartridges should contafn less than
20% of the amount of components,of Interest •
found in the front cartridges, or be-eqJty.alent
to the blank cartridge level,-whichever Is •,' '̂.,.

. grater. The frequency of use of backup .cartridges
should fee increased if increased f]ow ra-te '

' :is shown to yi^eld Teduced component'T«ve.ls
for parallel sampling. This practice i*1Tl —' t ̂ ,.,
h.elp^to identify problems-arising froji breakthrough^ ,
of the component-of interest during sampl'ing. ' • .

14.4 GC/MS Analyses

i » ^ » • i •

14.4.1 Performance criteria for ilS'-tuntng and majs-.-".' .'
» . . . . • * . r • ' •«•«*.' v

calibration have been d1(S.cuss.ed 1n» Section. •:.>-!.'"
11.2 and Table 2. Additional criteria'may- V
be used by the laboratory ff desired-, the

•. ' - - .. ».
following sections provide performance- guidance '

* » ••
and suggested criteria for-determining the
acceptability of the GC/MS system.

» . • • - • ^
14.4.2 Chromatographl^c efficiency should be evaluated

using spike'd-T*na?t*cartrWgesys1nce tfri\.^fact1cf

tests the entire'system.. In/general a reference

. 'compound such »s-pe~rf-tuoroto1ueTie should be

r spiked, onto a cartridge «tj!h^ 100 nanogram

\ •

*-«

1eye> as desjcr1betft>n Section 13.2 or V3.3.

The-cartr1dg.eli*(nefl'analyzed by GC/MS as

/
.•

•r-
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described In Section 11.4. The perfluorotoluene (or
other reference compound) peak 1$ then plotted on an
expanded time scale so that Us width at 10* of the
peak can be calculated, as shown inc Figure 6. The
width of the peak at 10X height should not exceed
10 seconds. More stringent criteria may be required
for certain applications. Jjfce assymmetry factor ' '
(See Figure 6) should be between 0.8 and 2.0. The
assymmetry factor for any polar or reactive compounds
should be determined using the process described above!
If peaks are observed that exceed the peak width or
as.symmet.ry'factor 'criteria above, one should Inspect
the entire- system to determine 1f unswept zones or •
cold sp<rts-.are*present 1n any of- the fittings and
is necessary. .Some laboratories may chose
.to evaluate'column performance separately by

a test mixture onto the
GC column. Suitable schemes for column evaluation
.have~.be>n,''reporte<l In the-literature (7). .

•' " ' * ••»". • ' t' ,
Such schemes'Cann'ot be conducted by placing • ' \
the substances onto Tenax because many of •
the .compounds (*.g. ac1ds,-'bas&, alcohols) \
contained 1n th'e test mix.are not retained, -

• . ' - • ' F ~ '
-or degrade, on Tenax. '

. •• . *• *

14~4,3 The system detection 11'mtt for each component \
1s calculated from the'.'data obtained f£r
calibration standards..,.>The detection, limit

" is defined- as .

OL • A + 3.3S1:*:. -- -
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where " , .

OL 1s the calculated detection limit 1'n

nanograms Injected. ' .' ̂ '

A is the intercept calculated 1n Section

12.1.1 or 12.l'.3i. ' • ' • ' , '
S Is^he*. standard deviation.of replicate

determinations of the lowest level
(at least three such determinations "are ,\
required. j • , ' *

Irv general the Detection limit should be 2,0 '
* * * " '

•• > nanograms or less ahd.for many applications

detection 1 imits -of'.l'~5 nanograms may "be required.
The lowest level standard should yield a signal

-" '' to rioisje ratio, from the total Ion current response
of approximately .5.

•14 .4 .4 The re.lative standard deviation for replicate ' * - f : '
analyses of cartridges spiked at approximately

,10' times the detection limit should be 201 - ,
' or less. Day to day, relative standard deviation

should be 25X or less. ' - ' • - / . . V,v
14.4.5 A i/s>*ul performance evalrfatlorr step Is the ••

use of an Internal -standard to track system
performance. "If»1$ is accompHsfhed by sptk^pg
each cartri^g^e, Including blank, sample, and
calibration cartridge^ with approximately 100

.nanograms of a compound not generally present
in ambient air (e.g. perfluorotoluene). The
Integrated Ion 1nte>«'1ty for this compound t;

khelps to identify problems with a specifId .
i sample. In general] the user'-shoultf calculate

A
the' standard de.yta£ion of the Internal standard ...
response for a given set of samples analyzed
under Identical tuning and calibration conditions.
Any sample giving a va.1ue greater than 1 2 / .
<t»ndard deviations from the* mean- (calculated

,. v
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excluding that particular sample) should be

identified as suspect. 'Any marked change in

internal standard response may indicate a need
for instrument recalihrationA

\
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APPENDIX C - EPA SW-8U6 (EP TOXICITY METALS)



Analyte:

Method:

Synopsis:

EP leachate melals

SW-846. EPA Test Methods for Evaluating Solid Wastes -
Physical/Chemical Methods. July 1982.

A 100-gram representative sample is extracted in an acetic
acid/water solution for 24 hours. The sample and extract
are (Altered and the filtrate is analyzed for arsenic,
barium, cadmium, chromium, lead, mercury, selenium, and
silver'by atomic absorption spectrophotometry using the
following methoas:

Analyte EPA Method No.

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

Detection •
Limit:

7060
7080

*-̂ ^ 7130

7470 •
7740
7760

millieramsAiter

Arsenic
Barium
Cacmium
Chromium
Lead
Mercury
Selenium
Silver . -

Calibration: A five-point calibration

t

(mg/L)

0.02
0.5
0.02
0.2
0.2
0.002
0.02
0.05

curve is analyzed

*

with eacn set of
samples to establish linearity and limit of detection (see
below). Quantitatiota" is . performed by a three-point
standard-addition plot.

Arsenic (mg/L) 0.01 0.02 • 0.03 0.05 0.07.
Barium .(mg/L) 0.5 1 - 2 5 7
Cadmium (mg/L) 0.02 0.1 0.5 1 1.5 /

Chromium (mg/L) 0 . 2 0 . 5 1 2 5 7
Lead (mg/L) 0 . 2 0 . 5 . . 1 2 5 7
Mercurv (ug/L) 0.2 0.5 1 2.5 7.5 20
Selenium (mg/L) 0.01. 0.02 0.03 ..0.05 0.07
Silver (mg/L) 0.-5 0.1 ' 0.5 I 1.5

(continued)



Page Two

Qub'Uy
Control: At -least one method *blank is analyzed with every 10

samples or 'with each batch of samples submitted,
.whichever is more frequent.

Duplicate recoveries (spiked reagent blanks) are analyzed
with every 20 samples or with each batch of samples
submitted, whichever is more frequent (see concentrations
listed below).

Arsenic <mg/L) 0.04
Barium (mg/L) 2
Cadmium (mg/L) I
Chromium (mg/L) 4
Leac (mg/L) 4
Mercury. (ug/L) 5
Selenium (mg/L) 0.04
Silver (mg/L) I

At least 10% of the samples are analyzed in duplicate to
demonstrate precision.
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2.1.4 Extraction Procedure Toxicity

Introduction

The Extraction Procedure (EP) 1s designed to simulate the leaching a
waste w i l l undergo 1f disposed of In a sanitary landfill. This test 1s
designed to simulate leaching that takes place 1n a sanitary landfill
only. It is a laboratory test 1n which a representative sample of a waste Is
extracted with distilled water maintained at a pH of 5 using acetic add.
The extract obtained from the EP (the "EP Extract") Is then analyzed to
determine 1f any of the thresholds established for the eight element*
(arsenic, barium, cadmium, chromium, lead, mercury, selenium, silver), four
pesticides (Endrin, Undane, Methoxychlor, Toxaphene), and two herbicides
(2,4,5-tr1chlorophenoxyprop1on1c add, 2.4-dichlorophetioxyacetlc add) have
been exceeded. If the EP Extract contains any one of the above substances in
an amount equal to or exceeding the levels specified 1n 40 CFR 261.24, the
waste possesses the characteristic of Extraction Procedure Toxicity and Is •
hazardous waste.

Summary of Procedure

The Extraction Procedure consists of five steps (refer to Figure 1):

1. Separation Procedure

A waste containing unbound liquid is filtered and if the solid
phase i's less than 0.5% of the waste, the solid phase 1s discarded and
the filtrate analyzed for trace elements, pesticides, and herbicides
(step 5). If the waste contains more than 0.5% solids, the solid phase
1s extracted and the liquid phase stored for later use.

2. Structural Integrity Procedure/Particle Size Reduction

Prior to extraction, the solid material must pass through a 9.5̂ nm
(0.375-in.) standard sieve, have a surface area per gram of waste
of 3.1 cm', or, if it consists of a single piece, be subjected to the
Structural Integrity Procedure. The Structural Integrity Procedure 1s
used to demonstrate the ability of the waste to remain Intact after
disposal. If the waste does not meet one of these conditions It must b«
ground to pass the 9.5-mm sieve.

3. Extract ion of Sol id Material
•>

The solid material from step 2 is extracted for 24 hr In an
aqueous medium whose pH is maintained at or below 5 using 0.5 N acetic
add. The pH 1s maintained either automatically or manually. (In
acidifying to pH 5, no more than 4.0 g of add solution per g of material
being extracted may be used.)



4 / CHARACTERISTICS - EP Toxicity

TABLE 1. MAXIMUM CONCENTRATION OF CONTAMINANTS
FOR CHARACTERISTIC OF EP TOXICITY

EPA
Hazardous Waste

Mumber

D004

DOOS

0006

0007

DOOb

0009

0010

OU11

0012 •

0013

0014

' 0015

0016.'
' • , «

0017

Maximum _
concentration /

Contaminant ' (mg/1 )

Arsenic

Barium

Cadniun

Chroniuni

Lead

Mercury

Selenium

Sil ver

Endrin ( 1 ,2 ,3 ,4 ,10 ,10-Hexachloro-l
7-epoxy-l,4,4a,5,6,7 ,8,8a-occahydro-l
4-endo, endo-5 ,8-dimethanonapn-
thalene)

Lindane (1,2,3,4,5,6-
Hexachlorocyclonexane, vjamna isoner

Methoxychlor (1 ,lil-TriChl oro-2,2-bi s
(p-methpxyphenyl jetnane)

Toxaphene (CiQ.HioCl8» Technical
chlorinated camphene, 67-691
chlorine)

2,4-b (2.4-OichlorophenOxyacetic acid)

2,4,5-TP (Silvex) (2,4,5-

5.0

100.0

1.0

5.0

5.0

0.2

1.0

b.U

0.02

0.4

10.0

0.5

10.0

1.0
Trichloropnenoxyprooionlc acid)



Introduction; Regulatory Definition / 3

4. Final Separation of the Extraction from the Remaining Solid

After extraction, the liquldisolld ratio 1s adjusted to 20:1 and
the mixed solid and extraction' liquid are separated by filtration.
tne solid is discarded and tne liquid combined with any filtrate obtained
in step 1. In 1s 1s the EP Extract that 1s analyzed and compared to the
threshold listed in Table 1 of 40 CFR 261.24.

5. Testing (Analysis) of EP Extract

Inorganic and organic species are Identified and quantified using
the appropriate methods in the 7000 and 8000 series of methods 1n this
manual.

Regulatory Definition

A solid waste exhibits the ,characteristic of EP toxidty 1f, using the
appropriate test methods described In this manual or equivalent methods
approved by the Administrator under tne procedures set forth 1n 40 CFR 260.20
and 260.21, the extract from a representative sample of the waste contains
any of the contaminants listed in Table 1 at a concentration equal to or
greater than the respective value given in that Table. If a waste contains
less tnan 0.51 filterable solids-, the waste Itself, after filtering, 1s
considered to be the extract for the purposes of analysis.

A solid waste that exhibits the characteristic of EP toxldty, but 1s
not listed as a hazardous waste in Subpart 0, is assigned EPA Hazardous
Waste Numbers that correspond to the toxic contaminants causing It to be
hazardous. These numOers are specified in Table 1.



METHOD 1310

E X T R A C T I O N PROCEDURE (EP) T Q X l C I T Y TEST METHOD
.AND STRUCTURAL I N T E G R I T Y TEST

i.0 Scope and A p p l i c a t i o n

1.1 The extraction procedure (EP) described in this method is designed
to simulate the l e a c h i n g a waste w i l l undergo if disposed of in an improperly
designed sanitary l a n d f i l l . Method 1310-is applicable to liquid,' sol id,, ana
m u l t i p h a s i c samples.

2.0 Summary of Method

2.1 If a representative sample of the waste contains more than 0.51
solids, the solid phase of the 'sample is extracted with deionized water which
is maintained at a. pH of 5 _* 0.2 using acetic acid. The extract is analyzed
to determine if any of the Threshold limits listed in Table 1 are exceeded.
Table 1 also specifies the approved method of analysis. HasXj&s that contain
less than 0.5- solids are not subjected to extraction, but are directly
analyzed and evaluated in a manner ide-ntical to^that of extracts.

3.0 Interferences

3.1 Potential interferences that may be encountered during analysis are
discussed in the i n d i v i d u a l analytical methqds referenced in Table 1.

4.0 Apparatus and M a t e r i a l s

4.1 Extractor: For purposes of this test, an acceptable extractor is
one that w i l l impart sufficient agitation to the mixture to (1) prevent
stratification .of the sample and extraction fluid and (2) ensure that all
sample surfaces are continuously brought into contact with well-jnixed extrac-
tion f l u i d . Examples of suitable extractors are shown in Figures 1-3 of this
method and Section 2.2 (Mobility) of this manual and are available from
Associated Designs i Manufacturing Co., Alexandria, Virginia; Glas-Col
Apparatus Co., Terre Haute, Indiana; Millipore, Bedford, Massachusetts; and
Rexnard, Milwaukee, Wisconsin.

is a
4.2 pH Meter or pH Controller (Chemtrix,
possible source of a pH controller).

Inc., Hillsboro, Oregon

4.3 Filter holder: A filter holder capable of supporting a 0.45-u.
f i l t e r membrane and able to withstand the pressure needed to accomplish
separation. Suitable filter holders range from simple vacuum units to
relatively complex systems that can exert up to 5.3 kg/cm^ (75 psi) of
pressure. The type of filter hol'der used depends upon the properties of the
mixture to be filtered,
use are 1isted in TabVe

F i l t e r holders known to EPA and deemed suitable for
2. *

Revised.-4/84
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^ , TABLE 1. MAXIMUM .CONCENTRATION OF CONTAMINANTS
FOR CHARACTERISTIC OF EP TOXICITY

Maximum.
concentration

Contaminant . (mg/1 )

Arsenic

Barium • .

Cadmium

Total Chromium

Hexavalent Chromium

Lead

Mercury

Selenium

Si 1 ver

Endrin (1 ,2 ,3 ,4 , 10. 10-Hexachloro-l
7-epoxy-l ,4,4a,5,6,7,8,8a-octahydro-l
4-endo, endo-5,8-dimethanonaph-
thalene) ,

Linoane (1,2,3,4,5,6-
Hexachl orocyclohexane,, gamma isomer)

Methoxychlor (1 ,1 , 1-Tri chloro-2,2-bi s
(p-methoxypheny 1 )ethane)

Toxaphene (Cio^lO^S* Technical
_ chlorinated camphene, 67-691

•chlorine)

i 2,4-D (2,4-Dichlorophenoxyacet1c ac'id)

2r4,5-TP (SHvex) (2.4,̂ -
Trichlorophenoxypropionic acid)

• *

5.0

100.0

1.0

5.0

• 5.0'

5.0

0.2

1.0

5.0

0.02

0.4

10.0 .

0.5

io.o
i.o •

Analytical
method

7060, 7061

7080, 7081

7130, 7131 ' •

7190, 7191

7195, 7196,
7197

7420. 7421

7470

7740, 7741

7760, 7761

8080

8080

8080

8080

8150

8150
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F i l t e r membrane S u i t a b l e for conducting the
be fabricated fron a r-atenai wnich: (1) 1$

to be f i l t e - r e c , and (2) coes
ich a -aste's EP E x t r a c t
tc the agency anc

4.4 F i l t e r membrane
r e q u i r e d f i l t r a t i o n s h a l l
p n y s i c a l l y changed by the waste m a t e r i a l
rot absorb or leach the cnemtcal species for »
be ana'vzec. T a t l e 3 l i s ' s f i l t e r media unow^
fcu'-c :: se s u i t a c l e for s o l i d waste t e s t i n g .

4.4.1 In cases of doubt, confodt tne f i l t e r manufacturer to
setermme if the menorane or the p r e f i l t e r are adversely affected

the p a r t i c u l a r waste. If no information is a v a i l a b l e , submerge
in the waste's l i q u i d phase. A f t e r 48 nr, a f i l t e r that

not

by
' f i ter
undergoes v i s i b l e p h y s i c e ' :hange
swells) is u n s u i t a b l e for use.

(i.e., c u r l s , dissolves, s h r i n k s

the

, or

TABLE 2 . E ° A - A P P R O V E O FRIER HOLDERS

M a n u f a c t u r e r S i z e Model No. Comments

Vacuur F i l t e r s

gene SCO ml 44-0045

N u c' e :o r e

M I ! 1 i p o r e

P r e s s u r e F i 1 t e r s

N u c 1 e p o r e

M i c r o F i 1 t r a t i o n
Systems

Mi 111 pore

5, n-.n

4 7 mn

142 mm

142 mm

142 mm

41C40C

XX 1C CC7 CC

42590C

302300

•YT30 142 HW

Di sposable pla s t i c , uni t,
includes prefilter and
filter pads, ana reservoir;
should be used when
solution is to oe analyzed •
for Inorganic constituents.

\
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TABLE 3. ERA-APPROVED F I L T R A T I O N MEDIA
\

Supplier
Fi Her to be used

for aqueous systems
Fi Her to be used

for organic

Coarse Pref i 1 ter

Gelman

Nucl epore

M i l l

Medium p r e f i l t e r s

Nudepore /

Mi 1 1 ipore

61631. 61635

210907, 211707

AP2S,035 00.
AP25 127 50

210905. 211705

AP20 035 00,
AP20 124 50

61631, 61635'

210907, 211707

AP25 035 00,
AP25 127 50

210905, 211705

AP20 035 00,
AP20- 124 50

c i n e p r e f i 1 * e r s

Gel man

Nuc i epore

* •,' I i p c r e

64798, 64803

210903. 211703

AP15 035 00,
A?iS 124 50

64798. 64803;
rf-*

210903, 211703

APIS 035 00,
APIS 124 SO

(C.4S ,.-;

P.a 1 1

Nuclepore

Mi 1 1 i p o r e

Selas

6 0 1 7 3 . 6 0 1 7 7

M X 0 4 7 S O . N X 1 4 2 2 S

142218

HAWP 047 .00,
HAWP 142 50

83485-02,
83486-02

6CS40 cr 66149,
60544 Cr 66151

142218d

FHUP 047 00.
FHLP 142 50 '

83485-02.
83486-02

aSusceptible to decomposition b> certain polar organic solvents.



•J.4.2.1 Prepare a standard s o l u t i o n of the c h e m i c a l species
of i nterest.

4

4.4.2.2 A n a l y z e tie standard for us concent rat icr. cf t"e
tne~i ca 1 spec i es . * .

4.4.2.3 ' l i t e r me standa rd -u'-a r e - analyze. If the concen-
tration of tne f i l t r a t e differs fr'or tne o r i g i n a l standard, the
f i l t e r membrane leaches or-absorbs one or more of the chemical
species.

5 S t r u c t u r a l i n t e g r i t y tester: H a v i n g a 3.18-cm (1.25-in.) diameter
e i g h i n g 0.23 *. g (C.73 ID) ana h a v i n g a free f a l l of IS.24 cm (6 in.)

s h a l l be used. This a e v i c e is a v a i l a b l e from Associated Design and Manufac-
t u r i n g Company, A l e x a n d r i a , '^ 22314, as Part No. 125, or it imay be fabri-
cated tc meet the s p e c i f i c a t i o n s srown m F i g u r e H. 4

5.1 Deiomzed water: water should be monitored for impurities.
v-

5.2 C.5 s a c e t i c a c i c : Tms can be made by d i l u t i n g concentrated
g l a c i a l a c e t i c a c i d (17.5 N). The g l a c i a l acetic aci.d should be of high
;jrit/ ar.d monitored for i mpurities.

5.3 A n a l y t i c a l standards should be prepared according to the analytical
-e'.hccs 'eferenced in T a b l e 1.

Sa~:'e C o l l e c t i o n , ? reservat i en a^c H a n d l i n g

i. '. ill samples must be c o l l e c t e d using a s a m p l i n g p l a n that addresses
:'= i :era: • cns :•. s^ssec: ' - Section One of t h i s manual.

:.; ^-reser .3: i ,es m^st -'Ct ce added to sample?.

--.2 Sa~cles can oe re* --i gerated if i't -is determined that ref r i gera: i en
"ct d'fect tr-e m t e g r < t y of the sample.

7.0 Procedure

7.1 If the waste does not contain any free l i q u i d , go to Section 7.9.
!f the sample is l i q u i d or m u l t i p h a s e , continue as follows. Weigh filter
membrane and p r e f i l t e r to *0.01 g. Handle membrane and prefilters with
b l u n t c u r v e d - t i p forceps or" vacuum tweezers, or by applying suction with a
pipette.
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7.2 Assemble f i l t e r n o l d e r , ne'-.cranes, ar.q p r e f i l t e r s f o l l o w i n g tne
~iaru'acturer's i n s t r u c t i o n s . Pla^e the 0.45-^.n membrane on the support
screen arc add p r e f i l t e r s in ascenaing oraer of pore sue. Co not preset
f i 11 e •" ~e~Drane.

.".2 « e i g n out a r e p r e s e n t a t i v e subsanple of the waste (100 g minimur).

7.4 Allow slurries to stand to permit the solid phase to settle.
»astes that settle s l o w l y nay be centrifuged prior to f i l t r a t i o n .

7.5 wet the f i l t e r with a small portion of the waste's or extraction
m i x t u r e ' s l i q u i d phase. Transfer the refraining material to the f i l t e r nolder
and a p p l y vacuun or gentle pressure (10-15 psi ) u n t i l all l i q u i d passes
through tne f i l t e r . Stop f i l t r a t i o n when air or pressurizing gas moves
tnro^gh the membrane. If t h i s point is not reached under vacuum or gentle
pressure, s l o w l y increase tne pressure in 10-psi increments to 75 psi. Halt
f i l t r a t i o n when l i q u i d flow stops. This l i q u i d w i l l constitute part o r a l l
of tne e x t r a c t (refer to Section 7.16). The l i q u i d should be refrigerated
j n t i 1 t i m e of analys is . \

'.CTE: Oil samples or samples w h i c h contain oil are treated in exactly
tr.e sane way as any other sample. The l i q u i d portion of the sample is
f i l t e r e d and treated as part of the EP ex-tract. If'tne l i q u i d portion of
tne sample w i l l not f i l t e r (this i s - u s u a l l y the case with heavy o i l s or
greases) it is carried through the EP extraction as a solid.

7.6 Remove the s o l i d phase and filter media and, while not allowing it
to dry, weight to +0.01 g. The wet weight of the residue is determined by
c a l c u l a t i n g the weTgnt difference between the weight of the filters (Section
7.1) and the weight of the solid phase and the filter media.

7.7 >e'waste w i l l be handled differently from this point on depending
or ..netr-er it contains more of less, than 0.5* solid s . 'If the sample appears

na.ve 'ess'than
;: proced j

0.51 s o l i d s , . t h e percent solids w i l l be determined by the

7.7.1 jry tne f i l t e r
- r - s v i e I a tne sa~ie v

residue 'at 8C' C i/nti-1 two successive

7.7.2 C a l c u l a t e tne percent solids u s i n g the f o l l o w i n g equation:

«ei ght of f i l t ered
sol id and f i l t e r s
muial weight of waste m a t e r i a l

tared weight
°f 'iHeIL_ x 10() '. solids

NOTE
must

: This procedure is only used to determine whether the solid
be extracted or whether it can be discarded unextracted. It

R e v i s e d 4/84
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is not used in c a l c u l a t i n g the amount of water or-acid to use in
tne extraction step. Do not extract solid mAerial that has been
dried at 80' C. * new sanple w i l l have to be used for extraction
if a percent solids determination Is performed.

7.8 If the solid comprises less than 0.51 of »the waste, discard the
s o l i d and proceec immediately to Section 7.17. treating the l i q u i d phase as
the e x t r a c t .

7.9 The solid material ob^aa-oed from Section 7.5 and all materials that
do not contain free l i q u i d s should|>e evaluated for particle size. If tne
sol 10 m a t e r i a l has a surface area per gram of material equal to or greater
tnan 3.1 cm' or passe-s through a 9.5-mm (0.3Z5-m.) standard sieve, the
operator should proceed to Section 7.11. If the surface area is smaller or
tne p a r t i c l e size l a r g e r than specified above, the sol.id material would be
prepared for e x t r a c t i o n by crushing, cutting or grinding the material so
that it &asses through a 9.5-mm (0.375-m.) sieve or, if the material is 1n
a s i n g l e p i e c e , by subjecting the material to the "Structural Integrity
Procedure" described in Section 7.10.

7.10 S t r u c t u r a l . I n t e g r i t y Procedure (SIP):

7.10.1 Cut a 3.3-cm-diameter by
waste m a t e r i a l . For wastes that have
process, the waste may be cast in the
Cure for 3d' days prior to testing.

7.1-cm-long cylinder from the
been treated using a f i x a t i o n
form of a cylinder and allowed to

7.10.2 Place waste into sample holder and assemble the tester.
R a i s e the hammer to us maximum height and drop. Repeat 14 additional
times.

7.10.3 ?emc'»e s o l i d material from tester and scrape off any
p a r t i c l e s a d h e r i n g to sample holder. Weigh the waste to the nearest
C.C1 g ana transfer i t . - t o the Extractor.

7.'11 If the samcle contains more than 0.51 s o l i d s , use the wet weight
of tne s o l i d chase oDtamec in Section 7.6 for purposes of c a l c u l a t i n g the
amount cf '.icuid ana a c i c to employ for e x t r a c t i o n by using the following
equatior :

w • wf - wt

wnere :

w * wet weight in grams of solid to be charged to extractor

Wf = wet weight in grams of filtered solids and 'filter media

Mt = weight in grams of tared filters.
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If the waste does not contain any free l i q u i d s ,
be subjected to the e x t r a c t i o n procedure.

100 g of the material * i 1 1

i n t o
7.12 Place the a p p r o p r i a t e amount of m a t e r i a l (refer to Section 7.11}
tre extractor anc aac 16 times us-weignt c* ceiomzed water.

7.13 After the solid m a t e r i a l and deiomze'd water are pl'aced in the
extractor, t"e operator should begin agitation and measure the pH of the
solution in the extractor. If the pH is greater than 5.0, the pH of the
solution should be decreased to 5.0 + 0.2 by adding 0.5 N acetic acid. If

no acetic acid should be added. The pH
as described below, during the course of

above 5.2, 0.5 N acetic acid should be
0.2. However, in no e v e n t - s h a l l the

aggregate amount of a c i d aaded to the solution exceed 4 ml of acid per gran
of s o l i d . The m i x t u r e should be agitated for 24 hr and maintained at
20"-4Q" C (66°-104" F) d u r i n g t h i s time. It is recommended that the operator
monitor and adjust the pH d u r i n g the course of the extraction w i t h a device
SjCh as the Type 45-A pn C o n t r o l l e r manufactured by Chemtrix, Inc., H i l l s -

the pH is equal to or less than 5.0,
of the solution should be monitored,
the extraction and, if the pH rises
added to bring the pH down to 5.0

boro, Oregon
and reservoi r
f ol 1 Owl ng

97123 or its e q u i v a l e n t , in conjunction w i t h a metering pump
of 0. 5 N acet > c aci d. If 'such a

procedure s r a l l be employed.
system is not a v a i l a b l e , the

7.13.1 A pH meter should be c a l i b r a t e d
facturer ' s s p e c i f i c a t i o n s .

in accordance with the

7.13.2 The pH of the solution should be checked and, if necessary,
0.5. N acetic acid should be manually added to the 'extractor u n t i l the pH
reaches 5.0 ^_ 0.2. The pH of the solution should be adjusted at 15-,
30-, and 60-mm in t e r v a l s , moving to the next longer interval 1f the pH
dees not have to be adjusted more«than 0.5 pH units.

7.13.3 The adjustment procedure should be continued for at least 6 hr.

7.13.4 If, at ttie end of the 24-hr extraction period, the pH of the
s o l u t i o n is not below 5.2 and the maximum amount of acid (4 m-l per gram
of s o l i d s ) has not been added, .the pH should be adjusted to 5.0 » 0.2
and the extraction continued for an additional 4 hr, during which" the
pn should be adjusted at 1-hr intervals.

7.14 At the end of the extraction period, deionized water should
be added to the extractor in an amount determined by the following equation:

;ZO)(W) - 16(w) - A

where:

V « ml deionized water to be added

w • weight in g of solid charged to extractor

A • ml of 0.5 N acetic acid added, during extraction
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7.15

Pent 1 i ;., 1 d
he - - < i t e r i a ! m tne extractor snojid De separdte'c1 into its compo-
dr.d sol'd phases ir. the f o l l o w i n g manner.

cf

7.15.1 _ A l l o * s l u r r i e s to stand to permit the s o l i d phase to settle
.-astes that are slow to.s'et.tle may be centnfuged prior to f i l t r a t i o n )
a-c set up tre f i l t e r apparatus (refer to Section 4.3 and -J.4).

7.15.2 Wet the f i l t e r with a small portion of the waste's or
extraction mixture's l i q u i d phase. Transfer the remaining material to
tne f i l t e r holder and apply vacuum or gentle pressure'(10-15 p-si) u n t i l - •
all l i q u i d passes through the filter. Stop f i l t r a t i o n when air or
pressurizing gas moves tnrough the membrane. If this point is not
reached under vacuum or gentle pressure, slowly increase the pressure in
1C psi increments tc 75 3 s i. Halt f i l t r a t i o n when l i q u i d flow stops.

7.16 The l i q u i d s r e s u l t i n g from Sections 7.5 and 7.15 should be conbinec.
s ccrri"ec l i q u i d (c r tr-e waste i t s e l f if it has less than O.Si solids, as
ec IP Section 7.; is fe e«tract and shoulc De analyzed for the presence
an/ cf fe cc-nt a^i "d"t s s p e c i f i e d in Table 1 u s i n g the A n a l y t i c a l Proce-

aesiQpat.ec; ir Sec'.'cr 7.1?. p

'! De prepared and analyzed according to the analyt-
* a c i e 1. All of these a n a l y t i c a l methods are
>e -netHOC of standard a d d i t i o n w i l l be employed __,

7.'. 7 The e x t r a c t
i c a l metnccs s r e c i f i e c i
i n c l u d e c IP t n i s ran^a'
for all met a 1 analyses.

NOTE: !f the EP e x t r a c t i n c l u d e s two phases, concentration of contaminants
is determined by u s i n g a s i m p l e weighted average. For example:' An [P
extract cortaiis 50 ml of oil and 1,000 ml of an aqueous phase.
concept rat i ons are deternri '•ed for each pnase.
concentration is ta*er to De

Contaminant
The f i n a l contamination

'50 ; 'cent an ccnc . ( 1 ,OOC ) (conta^i con aqueous pr-ase)
1.050

7.'.i The e x t r a c t corc
t - c r 'i-'.ts '-'Sted IP 'a^!e
greater than tne r e s p e c t i v e
t o x i •; . •

. rat i
1. !f
v a l u e s

are conparec to tne m a x i m u m
tne extract concent rat ions- are equal tc or.
then tne »aste is considered to De E?

'Chromium c o n c e n t r a t i o n s nave to be interpreted d i f f e r e n t l y . A waste.
c o n t a i n i n g cnromium w i l l De determined to be £P toxic if (1) the waste extract
nas an i n i t i a l pn of less tnan 7 and contains more than 5 mg/1 of nexavalent
chromium in the r e s u l t i n g e x t r a c t , or (2) the
pH greater than 7 and a f i n a l pn greater tnan
of h e x a v a l e n t chromium in tne extract, or (3)
i n i t i a l pH greater than 7 and a fin a l pH less
5 mg/1 of total chromium, unless the chromium
wnether the chromium is t r i v a l e n t , the sample must be processed according to
an a l k a l i n e digestion method (Method 3060) and analyzed for hexavalent
chromium (Methods 7195, 7196, or 7197).

waste extract has an i n i t i a l
7 and contains more than 5 mg/1
the waste extract "has an
than 7 and contains more than
is tnvalent. To determine
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8.0 Qual i t y Control

8.1 All qualu.y control data should be maintained and a v a i l a b l e for
easy reference or inspection.

5.2 Employ a minimum of one blank per sample-batch to determine if
contamination or any memory effects are occurring.

8.3 All q u a l i t y control measures suggested In the referenced analytical
methods should be followed.



METHOD 7060

ARSENIC (ATOMK ABSORPTION. FURNACE TECHNIQUE)

1.0 Scope and Application

1.1 Method 7060 Is an atomic absorption procedure approved for deter-
mining the" concentration of arsenic In wastes, mobility procedure extracts,
soils, and groundwater. All samples must be subjectedlto an appropriate
dissolution step prior to analysis.

2.0 Summary of Method

• 2.1 Prior to analysis by Method 7060, samples must be-prepared In order
to convert organic forms of arsenic to Inorganic forms, to minimize organic
interferences, and to convert the sample to a suitable solution for analysis.
The sample preparation procedure varies depending on the sample matrix*
Aqueous samples are subjected to the add digestion procedure described 1n
this method. Sludge samples are prepared using the procedure described In
Method 3050. For samples containing oils, greases, or waxes, the procedures
described in Methods 3030 and 3040 may be applicable.

2.2 Following the appropriate dissolution of the sample, a representa-
tiv e aliquot"of the digestate is spiked with a nickel nitrate solution and
is placed manually or by means of an automatic sampler Into a graphite
tube furnace. The sample aliquot 1s then slowly evaporated to dryness,
charred (ashed), and atomized. The absorption of hollow cathode radiation
during atomlzatlon w i l l b« proportional to the arsenic concentration.

" <• -
2.3 The typical detection limit for this method is 1 ug/1.

3.0 Interferences
v

3.1 Elemental arsenic and many of Its compounds are volatile and
therefore samples may be subject to losses of arsenic during sample prepa-
ration. Spike samples and relevant standard reference materials should be
processed to determine 1f tne chosen dissolution method 1s appropriate.

3.2 Likewise, caution must be employed during the selettlori of tem-
perature and times for the dry and char (ash) cycles. A nickel nllrate
solution must be added to all digestate prior to analysis to minimize vola-
tilization losses during drying and ashing.

3.3 In addition to the normal Interferences experienced during graph-
ite furnace analysis, arsenic analysis can suffer,from severe nonspecific
absorption and light scattering caused by matrix components during atomiza-
tlon. Arsenic analysis 1s particularly susceptible to these problems because
of its low analytical wavelength (193.7 nm). Simultaneous background correc-
tion must be employed to avoid erroneously high results.
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3.4 if the analyte is not completely v o l a t i l i z e d and removed from the
furnace djn/ig atomi:ation, memory effects w i l l , occur. If this situation is
detected b_> means of bla n k burns, the tube should be cleaned by operating the
furnace at f u l l power at regular i n t e r v a l s in the a n a l y t i c a l scheme.

4.0 Apparatus and Materials

4.1 250-ml Griffin beaker. -3>

4.2 10-ml volumetric flasks.

4.3 Atomic absorption spectrophotometer:. Single or dual channel,
s i n g l e - or double-beam instrument having a grating monochromator, photo-
m u l t i p l i e r detector, adjustable s l i t s , a wavelength range of 190 to 800 nm,
and provisions for simultaneous background correction and interfacing with"
a strip chart recorder.

4.4 Arsenic hollow cathode lamp or electrodeless discharge lamp.

4.5 Graphite furnace: Any graphite furnace device with the appropriate
te-nperature ana timing controls.

4.6 Strip chart recorder: A recorder is strongly recommended-for
furnace work so that there w i l l be a permanent record and so that any prob-
lems with the analysis such as d r i f t , incomplete atomlzatlon, loss.es during
c h a r r i n g , changes 1n sensitivity, etc., c«n easily be recognized.

4.7 Pipets: MicrolHer with. disposable tips. Sizes can range from
5 to 1'JOd ial as required.

5.0 Reagents

5.1 ASTM Type II water (ASTM 01193): Hater should be monitored for
impurities.

5.2 Concentrated nitric add: Acid should be analyzed to determine
levels of Impurities. If Impurities are detected, all analyses should be
blank-corrected.

» •

5.3 Hydrogen peroxide (301): Oxldant should be analyzed to determine
levels of impurities. If Impurities are detected, all analyses should be
blann-corrected.

5.4 Arsenic standard stock solution (1000 mg/1): Either procure a certified
aqueous standard from a supplier (Spex Industries, Alpha Products, or F)<ner
Scientific) an.d verify by comparison with a second standard, or dissolve
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1.32G g of arsenic tnojude (As^O], a n a l y t i c a l jeagent,_arade)_'or,. ' -
e^'va'enl in 100 ml of Type II water c o n t a i n i n g 4 g 'NaOH. A'ciOi'/ tne
so l u t i o n w'ltti 20 ml cone. HNO] and dilute to 1 liter.

SVS"7 Nickel n i t r a t e solution (5i): Dissolve 24.780 g of ACS reagent »
grade Ni (NOs^'^O or .equivalent in Type II water ana dJ l.ute to 100 ml.

5.6 Nickel nitrate solution (11): Dilute' 20 ml of the 51 nickel
nitrate to 100 ml with Type II water. >• . ^

5.7 Arsenic working standards': Pre,pare-di'l u'tions of the stock solution
to be used as calibration standards at the time of analysis. Withd/r'aw
appropriate aliquots of the stock solution,- add 1 m] of cone. HN03, 2 ml of
30% HjOg, and 2 ml 'of the 5Vnicke1 nitrate solution. Dilute t<} 100 ml
with Type II water. ' .

6.0 Sample Collection, Preservation, and Handling ' i
'i' • ' • '

6.1 All samples must, have been collected usvng a sampling plan that
addresses tne considerations discussed in Section One of this manual.

I ;v

6.2 AH sample containers must be'prewashed with detergents., acids*,
and d i s t i l l e d deionized wflter. Pla%tic and glass con.taine/s are-both suitable.

6.3 Special containers (e.g., containers used for volatile organic
analysis) may have to be used if very volatile arsenic Compounds are to be
analyzed. .

6.4 Aqueous samples must be acidified to a "p"H of less than 2 with
nitrie acid.

6.5 Nonaqueous samples shall be refrigerated when possible, and anal'yzed
as soon as possible. ' _v- ..

7.0 Procedure "" l ^ - ' • "" •

7.1* Sample preparation: Aqueous samples should be prepared 1n the
manner described 1n Sections 7.1.1-7.T.3. Sludge-.type samples should be pre-
pared according to Method 3050, and samples chaining o1 Is, greases, qr
waxes may be prepared according to Methods 3030 or 3040. The applicability -
of a sample-preparation technique to a'new matrix type must <-be demonstrated
by analyzing spiked samples and/or refevant standard'reference materials. .•

7.1.1 ' Transfer 100 ml of well-mixed sample to a 250-ml
beaker, add 2- ml. of 30% »202 and sufficient cone. HNOj to
in an acid concentration of IX (v/v). Heat for 1 hr at ,95" C or.until
the volume is s l i g h t l y less than 50 ml.
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7.1.2 Cool ana bring back to 50 nl w i t h Type II water.

7.1.3 Pipet 5 ml of^this digested s o l u t i o n into a 10-ml volumetric
f l a s k , add 1 ml of the 1" nickel nitrate solution and d i l u t e to 10 ml
with Type 1,1 water. The sample is now ready for injection
into the furnace.

7.2 The 193.7-ryn wavelength line and a background correction system
must be employed, /olldw the manufacturer's suggestions for all other
spectrophotometer parameters.

7.3 Furnace parameters suggested by the manufacturer shoJLild be em-
ployed as guideline's. Since temperature-sensing mechanisms and temperature
controllers can^ary between instruments or with time, the.validity of the
furnace parameters' mus.t be periodically confirmed by systematically altering
the furnace parameters while analyzing a.standard. In this manner, losses
of analyte due to hi'gher than necessary temperature settings or losses"in
s e n s i t i v i t y due to less than -optimum settings can be minimized. S i m i l a r
verification of furnaCe parameters may be required for complex sample
matrices. O

7.4 Inject a measured ul aliquot of sample into the furnace and
atomize. If the concentration found is greater than the highest stand- .
ard, the sample should be d i l u t e d in the same acid matrix and reanalyzed.
Tne use of m u l t i p l e injections can improve accuracy and help detect furnace
p i p e t t i n g errors. ' ' 0

7.5 -Analyze, by the method of -standard additions, all EP extracts, all
samples analyzed as part of a delisting petition., and altasamples that suffer^
from matrix interferences. .« .

.7.6 Run a check standard .after approximately every 10 sample in.jec-
tions. Standards are run in part to monitor the l i f e and performance of the
graphite tube. Lack of reproducibi1ity or significant change in the signal
for the standard indicates that the tube should De replaced.

7.7 Calculate metal concentrations by (1) the method of standard
additions, or (2) from a calibration curve, or (3) directly from the
instrument's concentration readout. All dilution or concentration factors
must bextlVen Into account. Concentrations reported for multlphased or wet
samples must be appropriately qualified (e.g., 5 u.g/g dry weight).- "

7.8
analyzed.

Duplicates, spiked samples, and check standards should. -Be routinely

\
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8.0 Quality Control

8.1 All quality control data should be maintained and a v a i l a b l e
easy reference or inspection.

8.2 Calibration curves must be composed of a minimum of a blank and
three standards.. A calibration curve should be made for every hour of
continuous sample analysis.

8.3 Dilute samples if they are more concentrated than the highest'
standard or 1f they'fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine Jf
contamination.or any memory effects are occurring. -T

8.5 Analyze check standards after approximately every 15 samples.

8.6 Run one duplicate sampl'e for every 10 samples. A duplicate sample
is a sample brought through the whole sample preparation process.

8.7 Spiked samples or standard reference materials shall be periodically
employed to ensure that correct procedures are being followed and that all
equipment .1s operating properly.

8.8 The method of standard additions shall be used for the analysis of
all EP extracts, on all analyses submitted as part of a delisting petition,
and whenever a new sample matrix is being analyzed.

*>,

\



; METHOD 7080

BARIUM (ATOMIC.ABSORPTION, DIRECT ASPIRATION METHOD)

1.0 Scope and A p p l i c a t i o n

1.1 Method 7080 is an atomic absorption procedure approved for deter-
rmrg the concentration of barium in wastes, m o b i l i t y procedure extracts,
s o i l s , and grounowater. All samples must be subjected to an appropriate
d i s s o l u t i o n step prior to analysis.

2.0 Summary of Method

2.1 Prior to analysis by Method 7080,, samples must be prepared for
direct aspiration. The method of sample preparation w i l l vary according
to the sample matrix. Aqueous samples are subjected to an acid digestion
procedure (Method 3010). Sludge samples are prepared using the procedure
described in Method 3050. For samples containing oils, greases, or waxes,
the procedures described in Methods 3030 and 3040 may be applicable.

2.2 Following the appropriate dissolution of the sample, an 1onizat1on
suppressant is added and a representative aliquot 1s aspirated Into a nitrous
oxide/acetylene flame. The resulting absorption of hollow cathode radiation
w i l l be proportional to the barium concentration. When possible, background
correction should be employed.

2.3 The typical detection limit for this method 1s 0.1 mg/1; typical
sensit1vity 1s 0.4 mg/1.

3.0 Interferences

3.1 High hollow cathode current settings and a narrow spectral band
pass must be used since both barium and calcium emit strongly at barium's
an a l y t i c a l wavelength. %

3.2 Barium undergoes significant ionization 1n the nitrous oxide/
acetylene flame, resulting in a significant decrease in sensitivity.
Therefore an ionization suppressant must be added to both standards and
samples.

3.3 Samples and standards should be monitored for viscosity differences
that may alter the aspiration rate.

3.4 If an a1r/acetyle,«a flame 1s used, then the presence of phosphate
silicon and aluminum w111'-decrease the sensitivity. This problem can be
overcome by adding a releasing agent (e.g., lanthanum) to both samples and
standard. /

Revised.4/84
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4.0\ Apparatus and M a t e r i a l s
\s

4.1 Atomic absorp t ion spectrophotometer : s i ng l e or dual channel,
s i n g l e - or double-beam i ns t rumen t , h a v i n g a g r a t i n g monochromator , photonul-
t i p l i e r detec tor , a d j u s t a b l e s l i t s , and p r o v i s i o n s - for background correct ion.

4.2 Bar ium ho l low ca thode lamp or electrodel ess d ischarge lamp.

4.3 Strip chart recorder '(optional).

5.0 Reagents

5.1 ASTM Type II water (ASTM 01193):
impuriti es.

Wate r should be monitored for

. 5.2 Concentrated ni t r ic acvd: Ac id should be analyzed to determine
leve l of impurit ies. If impur i t ies are detected, all analyses should be
blank-corrected.

5.3 Barium s tandard stock solut ion (1000 mg /1 ) : Either procure a
c e r t i f i e d aqueous standard from a,supplier (Spex Industries, Alpha Products,
or F isher Sc ien t i f i c ) and ver i fy by comparison w i th a second standard^ orj^f

d i s s o l v e 1.787 g barium ch lo r ide (BaCl2 '2H20 (analyt ical reagent graderTn
Type II water and dilute to 1 liter.

5.4 Po tass ium chloride solut ion: D isso l ve 95 g potassium chloride
( K C 1 ) in Type II wa te r and di lute to 1 liter.

5.5 Lanthanum ch lor ide solut ion if needed: D i sso l ve 25 g reagent
grade La2Ch slowly in 250 ml concentrated HC1. (React ion can be violent.) •
D i l u t e to 500 «1 wi th Type II wa te r .

5.6 Barium work ing s tandards / : Prepare d i lu t ions of the stock barium
so lu t ion to be used as cal ibrat ion standards. To each 100 ml of standard and
s a m p l e add 2.0 ml potas«1um chlor/de solution.

5.7 ' A1 r : Cleaned and dried through "a, su i tab le f i l ter to remove oil",
w a t e r , and other fore ign subs tances . The source may be a compressor or a
cy l inder of industrial-grade compressed air.

5.8 Acetylene: Should be of high purity. Acetone, which Is usually
present In acetylene cylinders, can be prevented from .entering and affecHng •
flame conditions by replacing the cylinder .before the pressure has fallen,to
50 psig. .
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6 .0 Sample C o l l e c t i o n , Preservation, and Handling

6.1 All samples must have, been collected using a sampling plan that
addresses the considerations discussed in Section One of this manual.

6.? All sample containers must be prewashed with detergents, acids,
and Type II water. P l a s t i c and glass containers are both suitable.

6.3 Aqueous samples must be a c i d i f i e d to a pH of less than 2 with
n i t r i c a c i d . • -

6.4 Nonaqueous samples shall be refrigerated when possible, and analyzed
as soon as possible.

7.0 Procedure

7.1 Sample preparation: Aqueous samples sh'ould be prepared according
to Method 3010; sludge-type samples should be prepared "according to Method
3050; and samples containing oils, greases, or waxes may be prepared according
to Methods 3030 or 3040. -The applicability of a sample preparation technique
to a new matrix type must be demonstrated by analyzing spiked samples and/or
relevant standard reference materials.

7.2 .The 553.6-nm wavelength line shall be used.

7.3 A fuel -rich nitrous oxlde/a^stylene flame shall be used.

7.4 Follow the manufacturer's operating instructions for all other
instrument parameters.

7.5 Either (1) run a series of barium standards and construct a cali-
bration curve by plotting the concentrations of the standards against the
apsorbances or (2) for the method of standard additions, plot added concentra-
tion versus TEsorbance. For instruments that read directly in concentration;
set the curve corrector to read out the proper concentration.

7.6 Analyze, by the method of standard additions, all EP extracts, all
samples' analyzed as part of a delisting petition, and all samples that suffer
from matrix interferences.

7.7 Duplicates, spiked samples, and check standards should be routinely
analyzed.

7.8 The final calculated concentration should take Into account all
dilution and concentration factors.
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8.0 Qual ity Contrp.1

8.1 All quality control data should be maintained and a v a i l a b l e for
easy reference or Inspection.

8.2 Ca l i b r a t i o n curves must be composed of a minimum of a blank and
three standards. A calibration curve should be made for every hour of
continuous sample analysis.

8.3 Dilute samples if they are more concentrated than the highest
standard or 1f they f a l l on the plateau of a calibration curve.

^ t\
8.4 Employ a minimum of one blank per sample batch to determine If

contamination or any memory.effects are occurring.

8.5 Analyze check standards after approximately every 15 samples.

8.6 Run one duplicate sample for every 10 samples. A duplicate sample
is a sample brought through the whole sample preparation process.

8.7 Spiked samples or standard reference materials shall be periodically
employed to ensure that correct procedures are being followed and that all
equipment is operati-ng properly.

-̂,
8.8 The method of standacd additions shall be used for the analysis of

all EP extracts, on all analyses submitted as part of a delistlng petition,
and whenever a new sample matrix 1s being analyzed.



METHOD 7130

CADMIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION METHOD)

1.0 Scope and Application

1.1 Method 7130 is an atomic absorption procedure approved for deter-
mining the concentration of cadmium in wastes, mobility procedure extracts,
soils, and groundwater. All samples must be subjected to in appropriate
dissolution step prior to analysis.

2.0 Summary of Method

2.1 Prior to analysis by Method 7130, samples must be prepared for
direct aspiration. The method of sample preparation w i l l vary according to
the sample matrix. Aqueous samples are subjected to acid digestion procedure
(Method 3010). Sludge samples are prepared using the procedure described In
Method 3050. For samples containing oils, greases, or waxes, the procedures
described in Methods 3030 and 3040 may be applicable.

. ' *
2.2 Following the appropriate dissolution of the sample, a representa-

tive aliquot is aspirated Into an air/acetylene flame. The resulting
absorption of hollow cathode radiation will be proportional to the cadmium
concentration. Background correction must be employed.for all analyses.

2.3 The typical detection limit for this method 1s 0.005 mg/1; typical/
sensitivity 1s 0.025 mg/1.

3.0 Interferences

3.1 Nonspeci f ic-/absorption and light scattering can be significant at
the analytical wavelength.' Thus background correction is required.

3.2 Samples and standards should be monitored for viscosity differences
that may alter the aspiration rate.

4.0 Apparatus and Materials

4.1 Atomic absorption spectrophotometer: Single or dual channel,
single- or double-beam instrument, having a grating monochromator, photomul-
tlplier detector, adjustable slits, and provisions for background correction.

-• *

4.2 Cadmium hollow cathode lamp or electrodeless discharge lamp.

4.3 Strip chart recorder (optional).
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5.0 Reagents

5.1 ASTM Type II water (ASTM 01193): Water should be'monitored for
nnpuri ties.

5.2 Concentrated nitric acid: Acid should be analyzed to determine
level of Impurities. If Impurities are detected, all-analyses should be
blank-corrected.

• •
5.3 Cadmium standard stock solution (1000 mg/1): Either procure a

certified aqueous standard fro.n a supplier (Spex Industries, Alpha Products,
or Fisher Scientific) and verify by comparison with a second standard, or
dissolve 2.282 g cadmium sulfate (CdSO^S^O, analytical reagent grade)
and dissolve 1n Type II water or equivalent.

5.4 Cadmium working standards: These standards should be prepared -
with the same type and same concentration of add that will be found Tn the
analytical solution. ' (^

5.5 Mr: Cleaned and dried through a suitable filter to-remove oil,
water, and other foreign substances.- The source may be a compressor or a
cylinder of Industrial-grade compressed air.

5.6 Acetylene: Should be of high purity. Acetone, which 1s usually
present In acetylene cylinders, can be prevented from entering and affecting
flame conditions, by replacing the cylinder before the pressure has fallen to
50 psig.

6.0 Sample Collection, Preservation, and Handling

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Section One'of this manual.

6.2 All sample containers must be prewashed with detergents, adds, and
Type II water. P.lastic and glass containers are both -suitable.

6.3 Aqueous samples must be acidified to a pH of less than 2 with
nitric add. ' •

6.4 Nonaqueous samples shall be refrlgeratecLwhen possible, and analyzed
as soon as possible.

7.0 Procedure

7.1 Sample preparation: Aqueous samples should be prepared according
to Method 3010; sludge-type samples should be prepared according* to Method
3050; and samples containing oils, greases or waxes may be prepared according
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to Methods 3030 or 3040. The a p p l i c a b i l i t y of a- sanpJ* preparation technique
to a new mat r i x type must be demonstrated by analyzi n™spi ked samples and/or
relevant, standard reference materials.

7.2 The 228.8-nm wavelength l i n e and background 'correction shall be
enpl oyed. . \ t

7.3 An oxidizing air/acetylene flame shall bt used.

7.4 Follow the manufacturer 's' operating .Instructions for all othen
instrument parameters. "

7.5 Either (V) run a series of cadmium standards and construct a
calibration curve by plotting the concentrations of the standards against the
absorbances or (2) for the method of standard additions, plot added concentra-
tion versus- absorbance. For instruments thai read directly 1n concentration,
set the curve corrector to read out the proper concentration.'

7.6 Analyze, by the method of standard additions, $1 1 ' EP-. extracts, a.1 1
samples analyzed as part of a delistlng petition, ind' a'l 1 samples, that suffer
from matrix interferences. ' "• ' ,, • .

7.7 Duplicates, spiked samples, and check standards should be routinely
analyzed.

7.8 Calculate metal concentrations by (1) the method of standard
additions, or (2) from a calibration curve, or (3) directly from the
instrument's concentration Veadout. All dilution or concentration factors
must be taken into account. Concentrations reported for mu.ltiphased or wet
samples must be appropriately qualified (e.g, , .5 "u.9/9 dry weight).

8.0 Quality Control •

8.1 All quality control data should be maintained and available for
easy reference. or Inspection, j' '

8.2 Cal ibratldn -Curves musf'be composed of a minimum of a-blank and
thYee standards. A cailb/afion cur.v-fc should^ be made for every hour of
continuous sample analy.sls. . - > ' . ' " '

.4 *

8.3 Dilute samples 1f they ar£ more, icorvce'nt rated' than the highest
standard or If t'hey fall on the plateau.'of a tali &rat1on curve.

8.4 Employ a minimum of one blank per sample batch to determine 1f
contamination or any -memory effects are- occurring.

8.5 Analyze check standards after -approximately every 15 samples.
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8.6 Run one_duplicate sample for every 10 samples^ A duplicate sample
is a.sample brought through the whole sample preparation process.

8.7 Spliced samples or-standard reference materials shall be periodically
empl o-yed.-to ensure that correct procedures are being followed and that all
equipment Is operating properly.

s

'8.8 The method of standard additions shall be used for the analysis of
alUEP extracts, on all analyses1 submitted as part of a dellsting petition,
and whenever a new sample matrix Is being analyzed. -^>

*

\jf



• METHOD 7190

CHROMIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION METHOD)

1.0 .Scope and Appl icat ion
•

1.1 Method 7190 1s an atomic absorption procedure approved for deter-
mini n g the concentration of chromium in wastes, mobility procedure extracts,
soils, and groundwater. All samples must be subjected to an appropriate
dissolution step prior to analysis.

2.0 Summary of Method "

• *
2.1 Prior to analys is by Method 7190, samples must be prepared for

direct aspirat ion. The, method of sample preparation will. vary according
to the sample matrix. Aqueous samples are subjected to an add digestion
procedure (Method 3010). Sludge samples are prepared using the procedure
described in Method 3050. For samples containing oils, greases, or waxes,
the procedures described 1n Methods 3030 and 3040 may be applicable.

. •• - . . '
2.2 Following the appropriate dissolution, of the sample, a«representa- *

t i ve -a l iquo t is aspirated Into, an nitrous oxjdeVacetylene 'flame. The. resulting,
absorption of hollow cathode radiation >»1lVbf "proportional to th'e ctTrbralum ,
fnnr pnt rat i on . ' •• '.>. •' ' ' v ••»

s'f
To

.,
2.3 The typical detection •Hjmltjar this method is 0.05 ing A; typical *''• i

sens i t i v i t y is 0.25 mg/1."; ->-.^<" /-^'/x ' . • . ' " • .• . \
'.' ':-*''« . V ••-.f*" ' '• .. • l ' - . i v '

3.0 Interferences

3.'l The nitrous oxtdje/acetylenf fUrne -is £he recpmmended-flame. v$1 nee". \i^ •'••',"'
i* ^ J_ I _ i ' " . . J I . _ ._ < _ Z . ' . ^*. . M£ _ M _ • i i^ i J _ * . _ t * l _ _ . l _ i _ - *

4,0. Apparat-us'and HateHals'*
. i . ' , • ' " • < - • ' . ,
: ..4.1 • Atonvic absorpjtlon; s ,

• single.- or' double -beam, ̂ tnstrumert, having a gating iqpribchromator, phptona-1-."'- '•' ''
ttplier-detfet'tor, .adjustable si Its,-and provision^ foe background correction"." :. •.-.•&<'
• ' . ' • " . . ' " . - . ' '•' ' ' • 1 • • ' ', ' • .. ' '^ " ' . - . ' . \ '

. . • . ' - ' ' • • • ' * ' . . • ' - • ' ; . • • • • ' • • • "
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•

4.2 Chromium hollow cathode lamp or electrodeless discharge lamp.

4.3 Strip chart recorder (optional).

5.0 Reagents

5.1 ASTH Type II water (ASTM 01193):
Impurities.

Wate r should be monitored for

5.2 Concentrated nitr ic acid: Acid should be analyzed to determine
level Qf Impuri t ies. If Impuri t ies are detected, all analyses should be
blank-corrected.

5.3 Chromium standard stock solution (1000 mg/1): Either procure a
cer t i f ied aqueous standard from a supplier (Spex Indus tr 1 ey^Alp ha Products,
or .Fisher Sc ient i f i c ) and verify by comparison wi th a secofjdsTindard, or
d i sso lve 1.923 g of chromium trioxide (003, reagent grade) 1n (Type II
water , - acidi fy with redis t i l led HN03 and di lute to 1 liter, \

,5i4 Chromium working standards: These standards should be prepared
with the same type and same concentration of acid that wi l l be found. 1n the
analyt ical solution.

;"

5.5 Nitrous oxide cylinder.

5.6 Air: Cleaned and dried through a suitable filter to remove oil,
water, and other foreign substances. The source may be a compressor or. a
cylinder of industri al -grade compressed-air.

5.7̂ - Acetylene: Should be of high, purity. Acetone, which 1s usually
present 1n acetylene cylinders, can be prevented from entering and affecting
flame conditions, by replacing the cylinder before the pressure has fallen to
50 psi g. •

.
6.0 Sample Collection, Preservation, and Handling

s»_

.. 6.1 All samples must have been collected using a sampling plan that
addresses the cons1derat1o"nT~"d1 scussed In Section One of this manual.

6.2 All sample containers must be prewashed with detergents, <ac1ds , and
Type II water. Plastic and glass containers are both suitable. . -

*

. 6.3 Aqueous samples must be acidified to a pH of less than 2 with
nitric acid.

".- 6.3 Aquedus samples must be acidified to a pH ^f less than_2 with
nitric acid. V 'Si



7190 / 3

7.0 Procedure . i-
f

7.1 Sample preparation: Aqueous samples should be prepaid "according
to Method 3010; sludge-type samples should be "prepared according" to. Method
3050; and samples containing oils, greases or waxes may be prepared according
to Methods 3030 or 3040. The applicability of a sample preparation technique
to a new matrix type must be demonstrated by analyzing spiked samples and/or
relevant standard reference materials.

7.2 The 357.9-nn wavelength li n e and background correction shall be t
employed.

7.3 A fuel-rich nitrous oxide/acetylene flame sTiall be used.
i

7.4 Follow the manufacturer 's operating Instructions for'al1-other
instrument parameters-.* • c

7.5 Either (1) run a series of.-chromlum standards and construct a
calibration curve by piotting'lhe concentrations of the standards against the
absorbances or (2) for the method of standard additions, plot- added concentra-
tion versus absorbance. For Instruments that read directly In concentration,
set the curve corrector to read out the proper concentration.

7.6 Analyze, by the method of standard additions, all EP extracts, all '
samples analyzed as part of a delisting petition, and all'samples' that 'suffer
fro* matrix interferences. ' . .

7.7 Duplicates, spiked samples, and check standards should be routine^
analyzed. '

i

7.8 Calculate metal concentrations by (1) the method of standard
additions, or (2) from a calibration curve, or '(3) directly from-the "
instrument's concentration readout. All dilution or concentration factors
must be taken intO'account. Concentrations reported for multlpn-a'sed or" wet
samples must be appropriately qualified (e.g., 5 ug/g.'dry weight).

8.0 Quality Control

8.1 All quality control data should be maintained and available for
easy reference or Inspection.

8.2 Calibration curves must be composed of a minimum of a'blank and
three standards. A xal 1"bration curve should be made for every hour of
continuous sample analysis.

8.3 Dilute samples if they are mere concentrated than the highest
standard or If they fall on the plateau of a calibration curve. V

8.4 Employ a minimum of one blank per sample batch to determine 1f
contamination or any memory effects are occurring.

• . - . * •' . • »

J.
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8.5 Analyze xheck standTrds a-fter approximately every 1!
1 • . ' • ' -

N. 8.6 Run one duplicate sample for every 10 Samples. A duplicate sample*
1s a sample brought through the whole sample preparation process. ' • -',

8.7 Spiked samples Or standard .reference materials shaTl be" periodical ly
employed to ensure that correct procedures are being 7?oU«wed and that all
equipment Is operating properly. ; r^

8.8 The method of standard additions, shall be used, for'the analysis of'
all EP extracts, on. all ana-lyses submitted as part,.of a dellsilng petition,'
and whenever a new sample'.matrlx. 1s belng'a-nalyzed. ' ° ' ' • « '-

' ' / . > - " ' -. '•'•/-'

- '\

,. -v

.. - \ . v • i •
> ••



. METHOD 7A20

LEAD (ATOMIC ABSORPTION. DIRECT ASPIRATION'METHOD)

• • • • • ' •

f.O Scope and Application ' ,- " ' ' ' ' . - » • • ' •
9" • .' ' , • • . T -

• 1.1 Method 7420 1s an atomic absorption procedure. approved for deter- :
m1n1rTg the concentration of lead 1n wastes v mobility proc$o>re extracts,
and soils. All samples must be subjected to an appropriate dissolution step

to analysis. • . •'•'•-

. _ _

2.0 Summa'ry of . Method . • • • ' • • • ' * ' ' . ' ' •'''• t
- • . . • . , %<i.- . ' ' ' • •

2.1 Prior to analysis by Method 7420, samples must be prepared. for
direct aspiration. The methdd of sample preparation will varyVaccorbffto/
to the sample matrix. Aqueous samples are subjected to_an add Digestion
procedure (Method 3010). Sludge samples' are prepared uslng'the procedure,'.7

described 1n Method 3050. For samples containing ollsy greases, orrwaxes,
the procedures described In Methods 3030 and 3040 may be applicable. •

2.2 Following the appropriate dissolution of the sample, a representa
tive aliquot 1s aspirated Into an air/acetylene flame. ,-The resulting' .
absorption of hollow cathode radiation, will be proportional to the lead
concentration*. Background correction must be employed 'for all analyses.

••' .«•''.' . • • • ' * ' : • • •
' 2.3 The typical detecttpn limit' for this method 1* 0;1 mg/1; typical

sensitivity 1s" 0,5 mg/1. • . ' • •

3.0 , Interferences '• " • .
' ' V . • • • ' .

•^ 3.1 Background correction 1s required since nonspecific absorption and
: light scattering can be'significant at the analytical wave-length.

3.2 Samples and standards should be monitored for viscosity differences
that may alter the aspiration rate. ''•••"

" V . ' • . - ' • ' ' ,-•.''
• 4.0 Apparatus and Materials ' • • ;. • ... •

4.1 Atomic absorptloQ sp.ectrophotocneter: Slng'le or dual channel,
single- or double-beam Instrument, having a grating monochromator, photomul-
tlpHer detector, adjustable silts, and provisions' for background correction.

, 4 . 2 Lead follow cathode lamp or electrodeless discharge la«p. . .

4.3 Strip chart recolder (optional). • ..•
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5 . 0 Reagents ' - . ' . '

" ,5.1 ASTM Type II water (ASTM 01193): Water should be monitored1 for
impurities.' . ' •

5.2 Concentrated nitric'acid: Add should be.analyzed to determine
.level of Impurities. If Impurities are detected, all analyses should be

, blank-corrected. . .
' • ' A ' • ' • ' . "

5.3 Lead standard stock solution (1000'mg/l): Either procure a . . '
certified aqueous standard from a supplier (Spex Industries', Alpha Products,

. or Fisher .Scientific) and verify by-comparison with a second standard, or
dissolve 1.599 g of lead nitrate, Pb(N03)? (analytical reagent grade), and
dissolve In Type II water, acidify"with 1Q ml redistilled HNOj»,and dilute to

v 1 liter with Type II water. • ' - • ••

5.4 Lead working standards: , .These standards should be prepared
-with the same type and same concentration of acid that wil l"be found In the
analytical solution. • % ; ' ..

5.5 Air: Cleaned and dried through a suitable .filter to remove oil,
water, and other foreign substances. • The source may,be a compressor or a
cylinder of Industrial-grade compressed air. ,

5.6 Acetylene: Should be of high purity. Acetone, which 1s usually
present In acetylene cylinders, can be prevented from entering and affecting
'flame conditions, by replacing the cyUndafi^fcefore the pressure has fallen to
50 psig. . . . *^ • . /

6.0 Samp.le Collection, Preservation, and Handling
• # . /

6.1 All samples must have beerr collected using a sampling plan that' .
addresses- the considerations discussed 1nsSection One of this manual.

*" ' * »
6,2 .All sample containers must be, prewashed with detergents.

Type Il'water.' Plastic and glass containers are both suitable. '
adds, and

6.3 Aqueous samples must be acidified to a pH of less than 2 with
nitric acid. . ' • • ' . ' . ''. •

6.4 Nonaqueous samples shall be refrigerated when possible, and analyzed
as soon as possible. * .

7.0 Procedure . ;

7.1 Sample preparation: Aqueous samples should be prepared according .
to Method 3010; sludge-type samples should be prepared according to Method .
3050; and samples containing oils, greases or waxes may be prepared according
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to Methods 3030 or 3040. The applicability of a sample preparation technique
to a new matrix type must be demonstrated by analyzing spiked samples and/or
relevant standard reference material's.

used.
7.2 The 283.3-nm wavelength line and background correction shall be

" >jfr . "

7:3 An oxidlzln'g a1r/ac|jfcylene flame shall be used,

7.4 Follow the manufacturer's operating Instructions for all other
Instrument parameters. ' / , •

7.5 Either (1) run a series of lead standards and construct a cali-
bration curve by p.lottlng the concentrations of the standards against ttre
absorbances or (2) for the method of standard additions, plot added concentra-
tion versus aTsorbance. For Instruments that read directly In concentration,
set the curve corrector to read out the proper concentration*.

7.6 Analyze, by the method of standard additions, all EP extracts, all
samples analyzed as part of a del1st1ng petition, 'and all samples that suffer
from matrix Interferences. ' : .

4 ' ' • . . • • .
7.7 Duplicates, spiked samples, and check standards should be routinely

,

7.8 Calculate metal concentrations by (1) the method of standard •
additions, or (2) from a calibration curve, or (3) directly from the*
Instrument's concentration readout. All dilution or concentration factors

•must be taken Into account. Concentrations reported for multlphased or wet
/samples must be appropriately qualified (e.g., 5 ug/9 dry weight).

8.0 Quality Control

8.1 All quality control data should be.maintained'and available for
easy refe'rence or Inspection.

8.2 Calibration curves must be composed of a minimum of a blank and
three standards. A calibration curve should be made "for every hour of
continuous sample analysis.

8.3 .Dilute samples U-they are more'concentrated than the highest
standard or 1f they fall on the plateau of a- calibration curve.

8.4 Employ a minimum of on* blank per sample batch to determine If
contamination or 'any memory effects are occurring.'

8.5 Analyze check standards after approximately every 15 samples.



4 / INORGANIC ANALYTICAL METHODS
; • -' • ;: •-•-',• \''-('''Vjrririjijtt

8.6 .<Run one duplicate sample for every"10 samples.' A duplicate sample'
is a sample brought through the whole sample preparation process. ^

8.7 Spiked samples or standard reference materials shall be periodically
employed to ensure that correct procedures are being followed and that all
equipment Is operating properly.

8.8 The method of standard additions shall be used for the analysis of
all EP-extracts,' on all analyses submitted as part of a dellstlng petition, .
and whenever a new sample matrix Is being analyzed.



METHOD 7470

MERCURY (MANUAL COLD-VAPOR TECHNIQUE)

1.0 Scope and Application . . . • • ' . ' . - ^ • . ; • * ; •

1.1 Method 7470 1s a cold-vapor atomic absorption procedure approved
for determining the concentration of mercury 1n mobility procedure extracts, /
aqueous wastes and groundwaters. (Method 7470 can also b« used for analyzing
certain solid and sludge-type wastes Bowever, Method 7471 1s usually the
method of choice for these waste, typef!) All samples must be subjected to an
appropriate dissolution step prior to analysis.

•

2.0 Summary of Method •

2.1 Prior to analysis, the samples must be prepared according to the
procedure discussed In this method.

2.2 -Method 7470, a cold-vapor atomic absorption technique, Is Abased on
the absorption of radiation at 253.7 nm by mercury vapor. The mercury Is
reduced to the elemental state and aerated from solution 1n a closed system.
The mercury vapor passes through a cell positioned In.the light path of an
atomic absorption spectrophotometer._/Abiorbance (peak height) Is measured as
a function of mercury concentration.

, «

2.3 The typical detection limit for this method 1s 0.0002 mg/1.

3.0 Interferences • - '

3.1 Potassium permanganate 1s added to eliminate possible Interference
from sulflde. Concentrations as high as -20 mg/1 of sulflde as sodium sulflde
do not Interfere with the recovery' of added Inorganic mercury from type II
water. ^ , . . .

•
3.2 . Copper has also been reported to Interfere;. however, copper concen-

trations as high as 10 mg/1 had no effect on recovery of mercury from spiked
samples. • - •

3.3 Seawaters, brines and Industrial effluents high In 'chlorides •
require additional permanganate (as wen as 25 »1) since, during the oxlda-
tlon step, chlorides are converted to free 'chlorirtr which also absorbs
radiation of 253 n». Care must. therefore be taken tb ensure that free
chlorine Is absent before the mercury Is reduced and swept Into the cell. .
This may be accomplished by using an excess of hydroplaning $ul fate reagent
(25 ml). In addition, the dead .air space 1n-~the BOD bottle must be purged
before adding stannous sulfate. Both Inorganic and organfe mercury spikes
have been quantitatively recovered froa seawater 4i$1ng this technique. ,
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3-.4 Certain volatile organic materials that absorb at this Wavelength
may also cause interference. A preliminary run without reagents should
determine if this type of Interference is present. . "' .

4.0 Apparatus and Materials

4.1 Atomic absorption spectrophotometer or equivalent: Any atonic
absoption unit having an open sample presentation area in which to- mount the
absorption cell is suitable. Instrument settings recommended by the particular
manufacturer should be followed. Instruments designed specifically for the
measurement of mercury using the cold-vapor technique are commercially,
available and may be substituted for. the atomic absorption spectrophotometer.

4.2 Mercury hollow cathode lamp or electradeless discharge l.amp. '

4.3 Recorder: Any multirange variable speed recorder that 1s compatible
with the UV detection system 1s suitable.

^ ' • .'

4.4 Absorption cell: Standard spectrophotometer cells. 10 cm long having
quartz end windows may be used. Suitable cells may be constructed from
plexiglass tubing, 1 1n< 0.0. x 4.5. In. The ends are ground perpendicular to
the longitudinal axis and quartz windows (i in. diameter x 1/16- 1n. thickness)
are cemented In place. The cell is strapped- to a burner for .support and
aligned 'in the light beam by use of two 2-1n. x 2-1n. cards. One-1n. -diameter'
holes are cut in the middle of each card, the cards are then placed over

• each end of the cell. .The cell Is then positioned and adjusted vertically . •'
and horizontally to give the maximum transmi ttance. . .

4.5 Air pump: Any peristaltic pump capable of delivering 1 liter .
air/min may be used. A Masterflex pump with electronic speed control has '
been found to be satisfactory. ." .

4.6 Flowmeter: Capable of- measuring an Sir flow of 1 liter/min.
» • •

4>.7 Aeration tub.lng: A straight glass frit having a coarse porosity.
Tygon tubing 1s used for passage of the mercury vapor from the sample bottle
to the absorption cell and return. ' . . • + •

4.8 Drying tube: 6-in. x 3/4-1n. -diameter tube containng 20
magnesium per chlorate or * small reading lamp with 60-W bulb which may be
used to prevent condensation of moisture Inside the cell. The lamp should
be* positioned' to shine on the absorption cell so 'that, the air temperature i.n
the cell 1s about 10* C above ambient.

• • *

4.9 The cold-vapor generator Is assembled as shown in. Figure 1. .

4.10 The apparatus shown in Figure 1 1s a closed system. An open /
system, where the mercury vapor Is passed through the absorption cell only
once, may be used Instead of the closed system.
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Figure 1. Appantus for Nameless mercury determination.
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4.11 Because mercury vapor Is toxic, precaution must be taken to avoid
it's inhalation.. Therefore, a bypass has been included in the system to T

either vent the mercury vapor into an exhaust hood or pass the vapor through
some absorbing media, such a s : ' ' . * • '

1. equal volumes of 0.1 M KHn04 and 101 ̂ $04

2. 0.255 Iodine in a 31 KI solution
t . / . ' • ,

A specially treated charcoal that will adsorb mercury vapor is also, available
from Barnebey and Cheney, E. 8th Aye. and N. Cassidy St., Columbus, Ohio
43219, Cat. 1580-13 or J580-22.

5.0 Reagents . • .

5.1 ASTH Type II water (ASTM D1193): Water should be monitored for •• .'• -;,....»„
impurities. . " >' .

' • . * . . . ' '
5.2 Sulfuric acid, cone.: Reagent grade.

' v • ,

5.3 Sulfuric acid, 0.5 N: Dilute 14.0 ml of cone, sulfuric acfd to
1 . 0 liter.- ' • • . ' . ' • . ,

5.4 Nitric acid, cone.: Reagent grade of low mercury coritent.- If a
high reagent blank is obtained, it may be necessary to distill the nitric
acid. . ' • •

5.5 Stannous sulfate: Add 25 g stannous sulfate to 250 ml of 0.5 N
sulfuric acid. This mixture is a suspension and-should be stirred continuously .•
during use. (Stannous chloride may be used in place of stannous sulfate.)

5.6 Sodium chloride-hydroxylamine sulfate solution:/Dissolve 12 g of
sodium chloride and 12 g of hydroxylanrine .sulfate in Typer 11'water and dilute
to 100 ml. (Hydroxylamine hydrochlorlde may be used In place of hydroxylamlne
sulfate.) - '

5.7- Potassium permanganate, 51 solution (w/v): Dissolve 5 g of potassium
permanganate in 100 ml of Type II water. . .

5.8 Potassium persulfate, 51 solution (w/v): Dissolve 5 g of potassium
persulfate in 100 ml of Type JI water. ' ' •.

' ' : . •
5.9 Stock mercury solution: Dissolve ,0.1354 g of-mercuric chloride- "

in 75 ml of Type II water. Add 10 ml of cone. HN03 and adjust the volume
to 100.0 ml (2 ml • I mg Hg). .
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5.10 Mercury working standard: Make successive dilutions of the stock
mercury solution- to obtain a.working standard containing 0.1 ug per mK This-
working standard and the dilutions of the stock mercury solution should be
prepared fresh dally. Acidity of the working standard should be maintained
at 0.151 nitric add. This add should be added to the flask as needed .
before addition of the aliquot. • " " '

f

f r> . ~ *

6.0 Sample Collection, Preservation, and Handling . •
» •

6.1 All samples must have freer? collected using a sampling plan that
addresses the Considerations* discussed 1n Section One of this manual.

6.2' All sample containers must be prewashed with detergents, adds, and
Type II water. Plastic and glass containers are both suitable.

r

6.3 Aqueous samples must be acidified to a pH of less than 2 with .
nitric add. The suggested maximum "holding times for thes* samples are
38'days 1n glass containers and 13 In plastic containers.

6.4 Nonaqueous samples shall be refrigerated when possible., and analyzed
as soon as possible. - • • .

7.0 ' Procedure , . . - • .

7.1 Sample preparation^ Transfer 100 ml, or an aliquot diluted to
100 ml, containing/not mor,e than 1.0 ug of mercury, to a 300-ml BOO bottle.
Add 5 ml of sulfuric add and 2.5 ml- of cone, nitric add, mixing after
each addition. Add 15 ml of potassium permanganate solution to each sample
bottle. Sewage samp>es may require additional permanganate. Shake and add «•
additional 'portions of potassium permanganate solution, If necessary, until
the purple color persists for at least 15 ml'n. 'Add 8 ml of potassium per-
sulfatfe to each bottle and heat for 2 hr 1n a water bath maintained it 95* C.
Cool and add 6 ml of sodium ch1or1de-hydroxylam1ne sulfate to reduce the s
excess permanganate. After a delay of at least 30 sec, add 5 ml of stannous
sulfate and Immediately attach the bottle to the aeration apparatus and
continue as described 1n Section 7.3. ' .

Standard preparation: Transfer OP, 0.5-, 1.0-, 2.0-, 5.0-, and
10.0-ml' allquots of the mercury working standard containing 0 to 1.0 ug of
mercury to a series of 300-ml BOO bottl«s. Add e.nough Type II water to each'
bottle to make a total volume of 100*1. Mix thorougMy and add 5/ml'of
cone, sulfuric add and 2.5 ml of'cone. n1tr1crac1d to each bottW. Add
15 ml of KMn04 solution to each bottle and allow to ttand at least 15 m1n.
•Add 8 ml of potassfurn persulfate to each bottle and heat for 2 hr In a water
bath maintained at -95* C. Cool and add 6 ml of sodium chlor1de-hydroxylam1ne
sulfate solution to reduce the excess permanganate. When the solution has
.been decolorized, wait 30 sec, add 5 ml of the stannous sulfate solution, and
Immediately attach the bottle to the aeration apparatus and continue is
described 1n Section 7.3. .
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7.3 ^Analysis: At this point the sample Is allowed to stand quietly <••
without manual agitation. The circulating pump, which has previously been
adjusted to a rate of 1 liter/mln, 1s allowed to run continuously. The
absorbance w i l l Increase and reach a maximum'within 30 sec. As soon as >the
recorder pen levels off (approximately 1 m1n), open the bypass valve and :
continue the "aeration until the absorbance returns, to Its minimum value.
Close the bypass valve, remove the stopper and frit from the BOO bjottle, and
continue the aeration. . '

. 7^4 Construct a calibration curve by plotting the absorbance of Stan-
dards versus mlcrograms of mercury. Determine the peak, height of the unknown
from'the1 chart and read the mercury value from the standard curve, '

W •'•.

I
f>—7.5 Analyze, by the method of standard additions, all £P extracts-, all

samples analyzed as part of fd«t1st'1ng petition, a/id all. samples that suffer
from matrix Interferences. •

7.6 Duplicates, spiked samples, and check standards should be
analyzed. ' . ' ' ' - V. /

routinely

7.7 Calculate metal concentrations by (1) the method of standard " '
additions, or (2) from a calibration curve, or (3) directly from the
instrument's concentration readout. All dilution or concentration factors
must be taken Into account. Concentrations reported for multlphased or
'wet samples must be appropriately qualified (e.g., 5 ug/g dry weight). '

8;0 Quality Control' . * , — .,. '
a

8.1 All quality control data should be maintained and av«1lab1e°for
easy reference or Inspection. ' "> .

. ~ . ' ' •'
8.2 Calibration curves must be.composed of a minimum of a blank and

three standards.* A calibration curve should be made for every hour of •' *
continuous sample "analysis. ' ' - . .

*

8.3 Dilute samples 1f they are more concentrated than the highest
standard or 1f they fall on the plateau of a calibration curve.

8.4 Employ a. minimum of one blank per/sample batch^o determine 1f
contamination or any memory effects are occurring.

I o *

-8.5 Analyze check standards after approximately every 15 samples.

8.6 Run one duplicate sample for every'10 samples.' A duplicate sample
1s a sample brought through the whole sample preparation process.

•

8.7 Spiked samples or standard reference materials shall be periodically
employed to ensure that correct procedures are being followed and that all
equipment 1s operating properly. ' , • '



8.8 The method of'standard additions' sh'all .be-used for the analysis of.
-all EP extracts, on all analyses submitted as part of a_del1«t1ng petition, '.
and whenever a new sample matrix 1s being analyzed. '.""., , ,

a •
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METHOD 7740 • . :
" * o

SELENIUM (ATOMIC ABSORPTION. fURNACE METHOD) *

• • .

1.0 Scope and Application

1.1 Method 7740 1s an atomic absorption procedure approved for .deter-
mining the concentration of selenium 1n wastes, mobility procedure extracts,
soils, and groundwater. All samples must be subjected to an appropriate
dissolution step prior to analysis.

2.0 Summary of Method

2.1 "Prior to analysis by Method 7740, samples must be prepared 1n order'
to convert organic forms of selenium to inorganic forms, to minimize organic
Interferences, and to convert the sample to a suitable solution for analysis.'
The sample-preparation procedure varies depending on the sample matrix. .,
Aqueous samples are subjected to the acid digestion procedure described in
this method. Sludge samples are prepared using the procedure described in
Method 3050. For samples containing oils, greases, or waxes, the procedures
described In Methods 3030 and 3040 may be applicable., •

2.2 Following the appropriate dissolution of the sample, ;a representa-
tive aliquot 1s placed manually or by means of an automatic sampler Intp a
graphite tube furnace. The sample aliquot is then slowly evaporated to
dryness, charred (ashed), and atomized.- The absorption of hollow cathode
radiation during atomlzatlon wiru.be proportional to the selenium concen-
tration. . -

2.3 The typical detection limit for this method 1s 2 ug/1.

• .
3.0 Interferences '

3.1 Elemental selenium and many of Its compounds are volatile and
therefore samples may be subject to losses of selenium during sample prepa-,
ration. Spike samples and relevant standard reference materials should be
processed to determine If the chosen dissolution method is appropriate. /

3.2 Likewise, caution must be employed during the selection of tern- .
perature and times for the dry and char (ash) cycles. A nickel nitrate <
solution must be added to all dlgestate prior fo analysis to minimize vola-
tilization losses during drying and «h1ng. . f^' . „•-'-?

3.3 In addition to the normal Interferences experienced-during graph- '••
1te furnace analysis, selenium analysis can suffer from severe nonspecific
absorption and light scattering caused by matrix components during atomlza-
tlon. Selenium analysis is particularly susceptible to these problems because
of Its low analytical wavelength (196.0 nm). Simultaneous background correc-
tion must be employed to avoid erroneously high results. ' . . . - - . .
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'3.4 If .-the analyte Is not completely volatilized and "removed from the
furnace- duMng atomization, memory effects will occur. If this situation ̂ 1$
detected, the tube should be cleaned by operating the furnace at full poweY
at regular intervals In the analytical scheme. ..." •

3.S Selenium 'analysis suffers Interference from chlorides (more than
800 mg/1) and sulfate (more than 200 mg/1). The 'addition of nickel nitrate
such -that the final concentratloo fs IX'nlck'el will lessen this Interference.

„ .
4.0 Apparatus and Materials • '

4.T 250-ml Griffin beaker. . . . * ' ' [ - .
' * • . * '

• 4.2 10-ml volumetric flasks. . • " t -
> , ' . »^ i- • •

4.3 Atomic absorption spectrophotometer : 'Single or dual channel,
single- or double-beam Instrument having a grating monochromator, photo- •
multiplier detector, adjustable sifts, a wavelength range of. 190 to 800 nm, ^
and provisions for simultaneous background correction aad Interfacing with
a strip chart recorder. ; - ' r ' <• • .

•

4.4* Selenium, hollow cathode lamp O.F eleclrodele.ss Tfi.sch.'arge lamp.

4.5 Graphite furnace: Any. graph lie furnace device with the appropriate
'temperature and timing controls- ' • f ' m " . ' '

* + i

4.6 Strip chart recorder: A recorder is strongly recommended for
furnace work so that there will be J permanent record and so. Uva't' any prob- '
lems with the analysis such as drift,. Incomplete 'atomlzatlon', losses during
charring, changes in sensitivity, etc., c&n easily be recognized.

4.7 Pipets: .MicrolUer with disposable tips. Sizes can range from
5 t o 1000 u l a s required. , « ; . . ' • ' . ' • * . - '

5.0 Reagents-. - -
* * • ' •

'..5.1 ASTM Type II water (ASTM D1193) ? Hater,shau1d be-'monitored
impurities.. ' ' • ' & '

• • ' • • ' ' ' . ' . ' ' , ! • • ' . • ' ' .
5.2 Concentrated nitric add: Acid should,be analyzed.'to-determine '

levels of Impurities. If Impuri.tle* are detected, vall analyses should bt
blank-corrected.' • ' . .'

• . ' ' '
5.3 Hydrogen peroxide (30X): OxIdantr should be analyzed to-determine

levels of Impurities. If 1mpur'1t<1es are detected, all analyses should be
blank-corrected. • " . • '
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5.4 Selenium standard stock solution (1000 mg/1): Either procure a
certified aqueous standard from.a supplier (Spex Industries, Alpha Products,
or Fisher Scientific) and verify by comparison with a second standard, or
dissolve 0.3453 g of selenlous acid (actual assay 94.61 HjSeO-j, analytical
reagent grade) or equivalent In Type II water and dilute to 200 ml.

i

5.5 Nickel nitrate solution (51): Dissolve 24.780 g of ACS reagent
grade ̂ (̂ 3)2-6̂ 0 or equivalent 1n Type II water and dilute to 100 ml.

5.6 Nlcfcel nitrate solution (II): Dilute 20 ml of the 5i nickel
nitrate to 100 ml with Type II water.

5.7 Selenium working standards: Prepare dilutions of the stock solu-
tion to be used as calibration standards at the Mme of analysis. Withdraw
appropriate allquots of the stock solution, add L ml of cone. HNOi, 2 ml of
30% H202, and 2 ml of the 5% nickel nitrate solution. Dilute to 100 ml with
Type II water.,

t ,

5.8 A1r: Cleaned and dried through a suitable filter to remove oil,
water, and other foreign substances. The source may be a compressor or a
cylinder .of Industrial-grade compressed air.

5.9 Hydrogen: Suitable for Instrumental analysis.
\

»
6.0 Sample Collection, Preservation, and Handling

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed 1n Section One of this manual.

/
• 6.2 All sample containers must be prewashed with detergents, adds, and

Type II water. Plastic and glass containers are both suitable.

6.3 Special containers (e.g., containers used for volatile organic
analysis) may have to be used if very volatile selenium compounds are to be
analyzed.

6.4 Aqueous samples must be acidified to a pH of less than 2 with
nitric acid.

6.5 Nonaqueous samples shall be refrigerated when possible, and analyzed
as soon as possible.

7.0 'Procedure .
\

7.1 Sample preparation: Aqueous samples should be prepared In the
manner described 1n Sections 7.1.1 to 7.1.3. Sludge-type samples should be
prepared according to Method 3050, and samples containing oils, greases, or
waxes may be prepared according to Methods 3030 or 3040. The applicability
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of' a sample-preparation technique to a new matrix type must bt demonstrated
by analyzing spiked samples and/or relevant standard reference materials.

• "

7.1.1 Transfer 100 ml of well-mixed sample to a 250-flil Griffin
beaker, add 2 ml of 301 HjO? and sufficient cone. HN03 to result
In an acid concentration of 11 (v/v). Heat for 1 hr at 95* C or until
the volume Is slightly less than 50 ml. .

7.1.2 Cool and bring back to 50 ml with Type II water.

7.1.3 P1pet 5 ml of this digested solution Into a 10-ml volumetric
flask, add 1 ml of the 1% nickel nitrate solution and dilute to 10 ml
with Type II water. The sampje Is now ready for tnjectlon Into the
furnace. . . • •

7.2 The 196.0-nro wavelength ll.ne and a background correctlo/i system
must be employed. Follow the manufacturer's suggestions for all other
Instrument parameters. •

7.3 Furnace parameters suggested by the manufacturer should be em-
ployed as guidelines. Since temperature-sensing mechanisms and temperature
controllers can vary between Instruments or wltti time, the validity of the
furnace parameters must be periodically confirmed by systematically altering
.the furnace parameters while analyzing a standard. In this manner, losses
of analyte due to higher than necessary, temperature settings or losses 1n
sensitivity due to less than optimum settings can be minimized. Similar
verification of furnace parameters may be required for complex sample
matrices.

7.4 Inject a measured ul aliquot of sample Into the furnace and
atomize. If the concentration found' 1s greater than the highest stand-
ard, the sample should be diluted 1n the same add matrix and reanalyzed.
The use of multiple Injections can Improve accuracy and help detect furnace
pipetting errors.

7.5 Analyze, by the method of standard additions, all EP extracts, all
samples analyzed as part of a dellstlng petition, and all samples that suffer
from matrix Interferences.

7.6 Run a check standard after approximately every 10 sample Injec-
tions. Standards are run 1n part to monitor the life and performance of the
graphite tube. Lack of reproduclblllty or significant change In the signal
for the standard Indicates that the tube should be replaced.

*

7.7 Duplicates, spiked samples, and check standards should be routinely
analyzed.

7.8 Calculate metal concentrations by (1) the method of standard
additions, or (2) from • calibration curvH, or (3) directly from the*
Instrument's concentration readout. All dilution or concentration factors
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must be taken into account. Concentrations reported for multlpnased or wet
samples must be appropriately qualified (e.g., 5 ug/g dry weight).

8.0 Quality.'Control

8.1 All quality control"data should be maintained and available for
easy reference or Inspection.

8.2 Calibration curves must be composed of a minimum of a blank and
three standards. A cal1bratlon curve should be made for-every hour of
continuous sample analysis.

N *
8.3 Dilute samples if they are more concentrated than the highest -

standard or if they fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine 1f
contamination or any memory effects are occurring.

8.5 Analyze check standards after approximately'every 15 samples.

8.6 Run one duplicate sample for every 10 samples. A duplicate sample.
1s « sample brought through the whole sample preparation process.

8.7 Spiked samples or standard reference materials shall be periodically
employed to ensure that correct procedures are being followed and that all
equipment is operating properly.

8.8 The method of standard additions shall be used for the analysis of
all "£P extracts, on all analyses submitted as part of a delisting petition,
and whenever a new sample matrix Is being analyzed.
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SILVER (ATOMIC ABSORPTION. DIRECT ASPIRATION METHOD)

1.0 Scope and Application

1.1 Method 7760 is an atomic absorption procedure approved for deter-
mining the concentration of silver In wastes, mobility procedure extracts,
soils, and groundwater. All samples must be subjected to an appropriate
dissolution step prior to analysis.

2.0 Summary of Method .

2.1 Prior to analysis by Method 7760, samples must be prepared, for
direct aspiration; The method of sample preparation will vary according
to the sample matrix. Aqueous samples are subjected to the add digestion
procedure described in this method. Sludge samples are prepared using the.
procedure described in Method 3050. For samples containing oils, greases, or
Maxes, the procedures described In Methods 3030 and 3040 nay be applicable.

2.2 Following the appropriate dissolution of the sample, a repre-
sentative aliquot is aspirated-into an air/acetylene flame. The resulting
absorption of hollow cathode radiation will be proportional, t>o the silver
concentration. Background correction must be employed for all analyses.

2.3 The typical detection limit for this method 1s 0.01 mg/1; typical
sensitivity is 0.06 mg/1.

3.0 Interferences

3.1 Background correction should be employed sine* nonspecific
absorption and light scattering may occur at the analytical wavelength.

3.2 Silver nitrate solutions are light-sensitive and have the tendency
to plate out on container walls. Thus silver standards should be stored 1n
brown bottles.

3.3 Silver chloride is insoluble so hydrochloric acid should be avoided
unless the silver is already in solution as a chloride complex.

3.4 Samples and standards should be monitored for viscosity differences
that nay alter the aspiration rate.

4.0 Apparatus and Materials

4.1 Atomic absorption spectrophotometer: Single or dual channel,
single- or double-beam instrument, having a grating monochromator, photomul-
tipller detector, adjustable slits, and provisions for background correction.
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4.2 Silver hollow cathode lamp.

4.3 Strip chart recorder (optional).

5.0 Reagents

5.1 ASTM Type II water (ASTM 01193): Water should be nfonltored for
Impurities.

5.2 Concentrated nitric add: Acid should be analyzed to determine
level of Impurities. If Impurities are detected, all analyses should be
blank-corrected.

«

5.3 Concentrated ammonium hydroxide (NH4OH): Base should be analyzed
to determine levels of Impurities. If Impurities are detected, all analyses
•should be blank-corrected. • ••

5.4 Silver standard stock solution (1000 mg/1): Either procure a • •
certified aqueous standard from a supplier (Spe* Industries, Alpha Products
or Fisher Scientific) and verify by comparison with a second standard, or
dissolve 0.7874 g anhydrous silver nitrate (AgNOi), analytical reagent •
'grade, 1n Type II water. Add 5 ml cone. HN03 and bring to volume In a
500-ml volumetric flask (1 ml -1 mg Ag). »

5.5 Silver working standards: These standards should be prepared with
nitric add and at the same concentrations as the analytical solution.

'" 5.6 Iodine solution, IN: Dissolve 20 g potassium Iodide "(KI),
analytical reagent grade, In 50 ml Type II water. Add 12.7 g Iodine (I?).
analytical reagent grade, and dilute to 100 ml. Place 1n a brown bottle.

5.7 Cyanogen Iodide solution: To 50 ml delonlzed distil led water
add 4.0 ml cone. NH^H, 6.5 g KCN, and 5.0 ml of Iodine solution. .Mix and
dilute to 100 ml wHK delonlzed distilled water. Do not keep 1 oncer than
2 weeks. CAUTION: This reagent cannot be mixed with any add solutions
since toxic hydrogen cyanide will be produced.

5.8 A1r: Cleaned and dried through a suitable filter to remove oil,
water, and other foreign substances. The source may be a compressor or a
cylinder of Industrial-grade compressed air.

5.9 Acetylene: Should be of high purity. Acetone, which U usually
present In acetylene cylinders, can be prevented from entering and affecting
flame conditions by replacing the cylinder before the pressure has fallen to
50 pslg. '



7760 / 3

6.0 Sample Collection, Preservation, and Handling

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Section One of this manual.

\

6.2 AVI sample containers must be prewashed wUh detergents, acids,
and Type II Water. Plastic and glass containers are. both suitable.

6.3 Aqueous samples must be acidified to a pH of less than 2 with
nitric acid.

6.4 When possible standards, and samples should be stored 1n the dark
and in brown bottles.

6.5 Nonaqueous samples shall be refrigerated when possible, and analyzed
as soon as possible.

7.0 Procedure

7.1 Sample preparation: Aqueous samples should be prepared according
to Sections 7.2 and 7.3; sludge-type samples should be prepared according to
Method 3050; and samples containing oils, greases or waxes may be prepared
according to Methods 3030 or 3040. The applicability of a sample preparation
technique to a new matrix type must be demonstrated by analyzing spiked
samples and/or relevant standard reference materials.

7.2 Preparation of aqueous samples

7.2.1 Transfer a representative aliquot of the well-mixed sample
to a Griffin beaker and add 3 ml of cone. HN03- Cover the beaker with
a watch glass. Place the beaker.on a hot plate and cautiously evaporate
to near dryness, making certain that the sample does not boll. (DO NOT
BAKE.) Cool the beaker and add another 3-ml portion of cone. HNO^-
Re-cover the beaker with a watch glass and return to the hot platel* •;
Increase the temperature of the hot.plate so that, a gentle reflux action
occurs. Note, if the sample contains thioslilfates, this step may result
in splatter of sample out of the beaker as the sample approaches dryness.
This has been reported to occur with certain photographic type samples.

7.2.2 Continue heating, adding additional add as necessary, until
the .digestion 1s complete (generally Indicated when.the dlgestate 1s
light in color or does not change in appearance with continued refluxlng),
Again, evaporate to near dryness and cool the beaker. Add a small
quantity of HN03 so that the final dilution contains 0.51 (v/v) HN03,
and warm the beaker to dissolve any precipitate or residue resulting
from evaporation.

7.2.3 Wash down the beaker walls and watch glass with dlstt-lled
water and, when necessary, filter the sample to remove silicates and
other Insoluble material that could clog the nebulizer. Adjust.the

Revised 4/84
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• «>
volume to some predetermined value based on the expected metal concen-
trations. The sample is now ready for analysis.

7.3 If plating out of AgCl is suspected, the precipitate can be
redissolved by a'dding cyanogen iodide to the sample. CAUTION: This can only
be .gPne after digestion to prevent formation of toxic hydrogen cyanide under
acul conditions. If cyanogen iodide addition to the s.ample 1s necessary,
then the standards must be treated 1n the same manner. CAUTION: cyanogen
iodide must not be added to the. acidified silver standards. New standards
must be made as directed In Sections 5.4 and 5.5 except that the acid addition
step must be omitted. Transfer 10 ml of stock solution to a small beaker.
Add Type II water to make about 80 ml. Make the solution basic (pH above 7).
with ammonium hydroxide. Rinse the pH meter electrodes Into the solution
with Type II water. Add 1 ml cyanogen Iodide and allow to stand 1 hr.
Transfer quantitatively to a 100 ml volumetric flask and bring to volume
with Type II water.

7.4 The 328.1-nm wavelength line and background correction shall be
employed.

7.5 An oxidizing air/acetylene flame shall be used.

7.6 Follow the manufacturer's operating Instructions for all other
spectrophotometer parameters.

7.7 Either (1) run a series of silver standards and construct a cali-
bration curve by plotting the concentrations of the standards against the
absorbances or (2) for the method of standard additions, plot added concentra-
tion versus TFsorbance. For Instruments that read directly 1-n concentration,
set the curve corrector to read out the proper concentration.

7.8 Analyze, by the method of standard additions, all EP extracts, all
samples analyzed as part of a dellsting petition, and all samples.that suffer
from matrix interferences.

7.9 Duplicates, spiked samples, and check standards should be routinely
analyzed.

7.10 Calculate metal concentrations'by (1) the method of standard
additions, or (2) from * calibration curve, or (3) directly from the Instru-
ment's concentration readout. All dilution or concentration factors must be
taken Into account. Concentrations reported for multlphased or wet samples
must be appropriately qualified (e.g., 5 u.g/9 dry weight).

8.0 Quality Control

8.1 All quality control data should be maintained and available for
easy reference or inspection. • ' .
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8.2 Calibration curves must be composed of a minimum of a blank and .
three standards. A calibration curve should be mad* for every hour of
continuous sample analysis. • . ' '

8.3 Dilute samples If they are more concentrated than the highest
standard or if they fall on the plateau of a calibration curve.

^ . ' ' "

8.4 Employ a minimum of one blank per 'sample batch to determine 1f
contamination or any memory effects are occurring.

8.5 Analyze check standards after approximately every 15 samples.

8.6 Run one duplicate sample for every 10 samples. A duplicate-sample
1s a sample brought through the whole sample preparation process.

8.7 Spiked samples or standard reference materials shall be periodically
employed to ensure that correct procedures are being followed and that all
equipment Is operating properly. '• ' ' •

8.8 The' method of standard additions shall be used for the analysis of
all EP extracts, on all analyses submitted as part of a dellstlng petition,
and whenever a new sample matrix 1s being analyzed.
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Ahalyte: EP leachate pesticides

Method:

Synopsis:

SW-846, EPA Test Methods for Evaluating Solid Wastes -
Physical/Chemical Methods. July 1982.

The filtrate is extracted three times with methylene
chloride, concentrated, passed' through alumina for
clean-up, and analyzed for endrin, lindane, methoxychlor.
and toxaphene by gas chromatography using electron
capture detector.

Detection
Limit:

Endrin
Lindane
Methoxychlor
Toxaphene

micrograms/liter (ug/L)

0.1
0.05
0,5 ' '
1.0

Calibration: Initial three-point linearity is established (see below).
Standards are analyzed after every five samples to monitor
linearity.

Quality,
Control:

nanograms/milliliter (ng/mL)

Endrin
Lindane
Methoxychlor
Toxaphene

4.4
1

14
100

22
5

70
500

44
10

140
1,000

• Laboratory blanks are extracted with each batch of
different types of samples (water or soil). At least one
blank (or 5%) is extracted daily with each batch of
samples.

• A surrogate standard (100 ng/mL dibutylchlorendate) is
added to all samples and "blanks before extraction to
monitor recoveries.

• Six matrix spike compounds are added to selected
samples to monitor recoveries and precision (see
below). A matrix spike and matrix spike duplicate is
run with each batch of samples.

Endrin
Lindane
Methoxychlor

nanograms/liter (ng/L)

100
1.400

500

• All standards are verif ied against EPA reference
standards.
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f i .O SAMPLE PREPARAT1ON/SCREENING/EXTRACTION/CLEANUP

Analyses of water and sediment/soil for Pesticides/PCB (P/PCB) and Base, Neutrals,
Acids (BNA's) require sample extraction based on EPA Method 608 (Pesticides/PCB)
and Method 625 (Base, Neutrals and Acids).

The PM notifies the Sample Extraction Chemist (SEC) when samples need to be'
extracted with a copy of the LAR form (Fig. 7). The SEC contacts the PA or
designated representative, to receive transfer of samples through our Internal Chain
of Custody as outlined in 4.2.4 for P/PCB and BNA's. ̂  Following sample
documentation the samples are taken for extraction to the MWL (Hazardous Waste
Laboratory). . • . ••«

6.1 Preparation/Extraction for Pesticides/PCB - Water

6.1.1 Summary of Method ' .

A one-liter sample aliquot is extracted with methylene chloride using a
two-liter separatory funnel. The extract is dried by passing it through
sodium sulfate, exchanged to hexane, and adjusted to a final volume of 10.0,
mL.

6.1.2 . Interferences

'erferences may be 'caused by contamination of solvents, reagents,
assware and other sample processing hardware. Teflon squeeze

bottles are used for all solvents. The common flexible plas.tics should
not be used as solvent containers because they may con.tain
phthalates which appear as broad eluting peate in the chromatogram.
ALL GLASSWARE MUST BE RINSED WITH METHYLENE CHLORIDE
BEFORE EACH USE. ~~

(2) Matrix interferences may be£ caused by contaminants that are
coextracted from the sample. The extenl of matrix interferences
will vary considerably from source to source, depending upon th«
nature and diversity of the industrial complex or municipality- being
sampled.

6.1.3 Apparatus and Materials
t . '.

A. Glassware

(1)Separatory funnel - 2000-mL, with Teflon-lined stopcock.
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B.

(2) Drying column - 250-mL, 19mrn ID, Chromatographic column,
, without frit (glasswool is used instead of frit to help prevent'

cross-contamination of sample extracts).

(3) Concentrator tube - Kontes ,'IO-mL, graduated and calibrated
with a glass stopper to orevent evaporation of extracts.

(4) Continuous liquid-liquid extractors - Equipped with Teflon or
glass connecting joints and stopcocks requiring no lubrication
(Hershberg-Wolf Extractor-Ace Glass Company, Vineland, NJ
P/N 6841-10 or equivalent.)

(5) - Evaporative flask - Kuderna-Danlsh or equivalent, 500 mL.
Attach to concentrator tube with springs.

(6) Snyder* column - Kuderna-Danish, three-ball macro .or
, ' equivalent. , '

(7) Chromatographic column for alumina - 10-tnL serological
pipets plugged with a small piece of glass wool in .the tip,
filled with 3 gm of treated alumina. (To the 6.7 mark)

t—

(8) % Vials - amber glass, 14-mL capacity with Teflonrlined screw
cap. • ,

•»

Supplies and Equipment

(1) Silicon carbide boiling chips - approximately 10/40 mesh.
H«al to 400° C for 30 minutes or Soxhlet-extract with
methylene chloride.

(2) Water bath, heated with concentric ring cover, capable of
temperature control (*/- 2°C), should be used in hood.

(3) Analytical balance - capable of. accurately weighing 0.01 gm. *

(4) Nitrogen evaporation device wjth a water bath maintained at
33-40°C.

(5) pH meter with glass electrode.

(6) Glass wool- Pyrex, soxhlet-extract for 4 hours in methylene
chloride..

0084E, revision OB/10/86-2

• Date:

038 Signature:

7/15/86

/



S T A N D A R D O P E R A T I N G P R O C l i D U R K S '
FOR

TR-\CKI,N(1, ANALYSIS , Jc D O C U M E N T A T I O N
OF

H A Z A R D O U S WASTE SAMPLI-S

Reagents

(1) Reagent water - distilled water.

(2)

(3)
•

(4)

(5)

Acetone, hexane, methylene chloride, Burdick <5c
grade, or equivalent.

Jackson

Sodium sulfate (ACS), granular, anhydrous. Purify by soxhlet
extracting in Tiethylene chloride for four hours then heating at.
400°C for four hours in a shallow tray. Store in a tightly closed
glass bottle.

Alumina - Neutral , Super I U'oelrn. Prepdrd^activity in by
adding 7 grams of distilled water to 9^) grams of the Super I
neutral alumina. Shake in a wrist action shaker for a minimum
of two hours; there should be no lumps present. Store in a
tiglilly closed French square bottle.

Test the alumina by adding the BNA surrogates in 1:1
acetone/hexane to the ali/mina and -following steps
6.1.17-6.1.21. The tribromophenol' should not be detected by
GC/ECD if the alumina and its activation are .acceptable.
Check recovery of all single component pesticides following
the same procedure. The percent recovery for all single
component pesticides must be greater than or equal to 80%,
except for endosulfan sulfate, which must be greater than or
equal to "60% and endrin ketone which is not recovered. .*

t*1

This a lumina equivalency test mus^. Jtte performed, and
documented, on each- fresh batch of alJmiriaV

Sodium hydroxide solution
100 mL of distilled water.

N) - Dissolve 40 grams NaOH in

(6) Sulfuric acid solution (50%). Slowly add 50 mL of
concentrated sulfuric acid to 50 mL of distilled water.

(7) Pesticide, surrogate standard spiking solution, stored in
refrigerator No. 9 top shelf. The solution is at concentration
of I ug/1.00 mL of diuutylchlorendate in acetone.

(8) Pesticide matrix* standard spiking solution, stored in .,*•'
refrigerator No. 9 top shelf. It is labeled as pesticide matrix
spike 0.2 + 0.5 ug/mL of pesticides in methanol. . ;?:•>"

. A . ' • , ' . ; ' " '
Note: Check the date of. the solution, Jf it is older, than, six
months, it cannot fce used. Discard and- request a -fresh-
solution from the Standards Chemist. (Sec 5.0) •'

7/15/86
0084I-, revision 06/10/8R-3 Signature:

• i



S r A N [ ) A R L > ' O P K K A T I N < J PK'OCF.LUJ RKS "
^ • FO!l

TRACKING, ANALYSIS, A'DOCUMENTATION
OhV - -

HAZARDOUS WASTE SAMPLES

S.I .4

6.1.5

6.1.6

6.1.7

llecord in the Extraction log book, Case number, the S.MO numbers, CEC joo .
number, lab numbers,»the volume, the initial pH for each sample and the lot \
numbers of the solvents used (see 4.3.}). The unused portion of the sample is
returned for storage to the PA and documented Rising the Internal
Chain-of-Cus'tody form. All samples mi/St be returned to the custody of the
PA before the end of ' the working day. '

Samples, blanks, surrogates,* and flfctrix spikes shot^d. be at room
temperature before starting the extrac<ion procedure.

Prepare ft -matr ix labr blank with each set of samples being extracted andJ
each type o'f jnatrix. . ' - . ' * \ •

6.1.8

6.1.9

6.1.10

or

.Meas.ure l liter of sample using a 1-liter graduated cylinder and place i^ a
labeled 2-liter separ^tory (unnel. Measure the initiafpH using a^pH irveU
Pipette" 1.0 mL surrogate starfdard spiking solution into the separate!
funnel and mix well. The pH of the sample ^for Pesticide/PcB extractid
should be between 5 and 9 for best results in the recovery of dibui
chlorendate. The pH can be'adjusted using 10N-NaOH or 1:1 H2SO4.

Note: If the pH of any sample,is above 11 or-below 5, notify the PM for -°
instructions before preceding wiyi the extraction. r

- ' ' . ' • " • ' " * • "• ' ' ' ." "
One sample designated by trie PA shouidJ^e done in duplicate for a matrix,
spike and matrix spike dupliqafe recovery, 'following steps 6.1.7-6.1.20.
Spike the two aliquots with 1.0 mL of the.pesticide Matrix Spike solution. •

Use a'250-mL French square bottle'to collect the extracts for each sample.
Place a funnel in the bottle with a layer of Na2S04 on glass wool-to stop
water from getting into the methylerte chloride extract. '. . •

' ' • s . • •
* ' *

Add 60 mL of methylene chloride to the separatory funnel and shake the .
funnel for >two minutes, with periodic venting to release excess-pressure. • ,
Allow the organic layer to separate from the water phase for a minimum pi'
10 minutes. In case, of emulsion, ,use a centrifuge or filter through glass
wool to break the emulsion.. If emulsions prevent achievement ^of an
acceptable solvent recovery with separatory funnel -extraction, continuous
extraction (see 6.2) may bemused; ' D^ain the melhylene chloride extract
through the N«2S04, with multiple rinsing, and into the French square bottle. .

. . ' •• . " ' - • ' • / " V

0084E, revision 06/10/86-4
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t s . 1 . 1 1 Add a second 5H-:nL volume of .inethylenc chloride t-o the sample and repeat,
step 8.4.R, combining the extracts -in the 250-mL French square bottle.
Perform a tiYird extraction in the same manner. ' _^

j

5.1.12 Assemble a Kuderna-Danish (K-D) .concentrator by attaching a 10-mL
concentrator tuoe to a 5Q9~m^ evaporating flask with springs.

fi.1.13

6.1.14

6.1.15

6.1.16

Pour the combined extracts through a drying column containing about in cm
of ( anhydrous sodium sul fate ' and collect the extract in the K-D
concentrator. Rinse the. French squnre bottle twice with methylene
chloride and pour the rinses through the column. When the extract' in the
column is 2 cm above {he NoiSO.^ add an additional 30 mL'of methylene
chloride to the French square" bottle and pour the contents through the
column to complete the elation.

Add. one clean silicon carbide Dotting chip to the evaporative flask
attach a three-ball Snyder column. Pre-wet the Snyder column byadding 1
ml of -inethylene chloride to the top. Place the K-D apparatus' on a hot
water bath (86°C), so that the lower part of the concentrator tub* is
immersed in hdl water. The time-required to complete the concentration is
about- 20 to 30 minutes.' At the proper rate of distillation the bails of the
column will actively^chatter but the chambers will not flood with condensed
solvent. When the apparent volume is 2 mL, remove the K-D apparatus and
allow. to drain and cool for at least 10 minutes.

Remove the Snyder column, add 50 mL of hexane and a new boiling chip, and
reattach the Snyder column. Pre-wet the column with 1 mL of hexane,
mixing the solution carefully* Place the K-D apparatus on the water batn
slowly while tilting the K-D apparatus slightly until bubbling starts, then
immerse. Concentrate the solvent extract as before. The elapsed time of
concentration is 2-4 hours. (Wrap the K-D apparatus with aluminum foil to
speed up concentration). ,At the proper rate of distillation, the balls of the
column will actively chatter but the chambers will not flood with condensed
solvent. When the apparent volume of liquid reaches 4 mL, remove the K-r>
apparatus and allow it~to drain andNrool at least 10 minutes.

Remove the Sny'der "column. If the sample will not concentrate into the
concentration tube, transfer the extract to a clean vial and bring up to a
known volume. Record the final volume in the extraction log book. Pipette
1/20 of the ex tract- into a Konte tube and proceed to fi. 1.1 8.

I
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r i .1.17 I'suig Uie nitrogen blowdown technique, place the concentrator tube in d
wjrm water bath (35°C) and evaporate the solvent volume to 0.'5 mL using a
gentle stream of clean, dry nitrogen. Rinse the internal wall of the tube
several times with hexane. Dring the final volume to 0.5 mL. ' During
evaporation, the tube solvent level must je kept below the water level of
the bath. THE EXTRACT MUST-NEVER RE ALLOWED TO DRY.

fi.1.13 Dilute the ext ract to I mL wi th acetone Prepare an alumina column using a
10-mL serological pipette. Cut the narrow top at approximately the 12-mL
minting. Plug Me tip with a small piece of glass wool. Rinse'the pipette
with hexane. Dry, then fill with about 3 grams of treated alumina to the'
6.7-mL mark on the pipette.

6.1.19 Transfer 'the. extract to the chroinatotfraphic column (alumina column).
Rinse the concentrator tube withal mL of hexane. Transfer the rinse to the

C_ column. Elute the column-witli an additional 9 mL of.hexane. DO NOT
ALLOW THE COLUMN TO GO DRY DURING THE ADDITION AND
F.LUTION OF THE SAMPLE.

6.1.20 Adjust the-extract to a final volume of 10 mL using the hexane. Transfer
the final extract to a 14-mL amber vial. Label it with the case number,
SMO number, and the lab number. Store in freezer number 16. •

6.1.21 Complete the Extract Control Form (Fig. 11), sign it, and give it to the PA
along with the LAR sheet (Fig. 7), keeping a copy of both for extraction
records. The pesticide/PCB extracts are ready for analysis.

5.2 Continuous Extraction P/PCB

6'.2.1 When experience wi th a sample from a given source indicates that a serious
emulsion problem is encountered in 6.1.1U using a separatory funnel, a
continuous extraction should be used.

6.2.2 Measure out a 1-liter sample aliquot into a 1-liter graduated cylinder and
place it into the continuous extractor. Pipette 1.0 mL surrogate standard
spiking solution into the continuous extractor and mix well. Check, the pH
of the sample with wide rajige pH paper and adjust the pH lo between 5 and
9 with 1O _N_ sodium hydroxide and/or 1 : 1 sulfuric acid solution.

6.2.3 Add SOO mL of methylene chloride to the distilling flask. Add sufficient
reagent water to ensure proper operation and extract for 18 hours. Allow to
cool, then detach the boiling flask and dry. Concentrate the extract as in
6.1.12 through 6.1.21.
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ft.2.4 If the extracts cannot be concentrated to a final volume of 10 mL, dilute
the more concentrated extract to the final volume of the least concentrated
extract.

6.2.5 Transfer the extracts to'Whealon vials and cap them securely. Label the
pesticide fraction with the case number, SMO number, and the lab number.
Store in freezer Ifi.

6.2.6 Complete the Extract Contrpl Form (Fig. 11), sign it, and give it t'o the PA
along wi th the LAR sheet (Fig. 7) keeping a copy of both for the extraction

•"* records. The sample extracts are ready for GC/MS analysis.

6'.3 Preparation/Extraction for BNA's - Water . " ' . . ' ' • • ' "

6.3.1 Summary of Method *

A measured volume of sample, approximately one liter, is serially extracted
with methylene chloride at a pH greater than 11 and agairvat a pM less than
2, using a 2-liter separatory funnel. The methylene*chloride extracts are
dried and concentrated separately to a volume of 1 mL.

6.3.2 Interferences

Mjethod interferences may be caused by contaminants in solvents, reagents,
glassware and other sample processing hardware, that lead to discrete
artifacts and/or elevated baselines in the total ion current profiles (TICPs).
.All of these materials must be routinely demonstrated to be free from
interferences under the conditions of the analysis by running laboratory
reagent blanks. Matrix interferences may be caused by contaminants that
are coextracted from the sample. The extent of matrix interferences will
vary considerably from source to source, depending upon the nature and
diversi ty of the industrial complex or municipality being sampled.

6.3.3 Apparatus and Equipment

A. Glassware

(1) Separatory funnel - 2,000-mL', with Teflon-lined stopcock.

(2) Drying column -'250-mU, 19-mm ID chrornatographic column
— " without coarse frit. (Substitution of a small piece of Pyrex

glass wool for the frit will prevent cross contamination of
sample extracts.)
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9.0 GC/ECD A N A L Y S I S OF PESTICIDES/PCBs

9.1 Summary of Method f '

Trie liexane' extracts of water and sediment/soil are analyzed on a gas
chromatograph equipped with an electron capture detector (GC/ECD).. A primary
analysis performed using a packed column serves as th« basis for quantitation. If
pesticides or PCBs are tentatively identified, a second GC/ECD confirmation
analysis is performed using a capillary column.

9.2 Interferences

Method interferences are caused by contaminants in solvents, reagents, glassware,
septa, vial caps, syringes, and other sample processing hardware. These lead to
depressed or elevated baselines and interfering peaks in gas chromatograms. All of
these materials are routinely demonstrated to be free from interferences under the
conditions of the analysis by running laboratory method blanks.

9.3 Apparatus and Materials

9.3.1 Glassware
>

(1) 10,25,50,100, and 250-uL syringes, Hamilton

(2) 1.0-mL volumetric pipet, Pyrex or Corning

(3) 1-mL Wheaton vials for autosampler, with Teflon-coated caps

(4) 10-mL, 100-mL volumetric flasks, Pyrex or Kimax

9.3.2 Equipment

(1) Gas chromatograph - HP5733A GC equipped with Ni63-ECD,
HP7671A automatic sampler, HP3392A electronic integrator. The
analytical column consists of 6', 4-mm I.D. glass packed with
Supelcoport (100/120 mesh) coated with GP 1.5% SP-3250/1.05%
SP-2401. This column is used for quantitation.

^ .

(2) Gas chromatograph- HP5890A GC equipped with Ni63-ECD,
HP7673A automatic sampler, HP3392A electronic Integrator. The
analytical column consists of a capillary column - DB-5, 30-m x 0.25
mm I.D., 0.25 micron-film thickness,bonded^phase silicone-coated,
fused silica - (J&W Scientific). This column is used for confirmation
only; it may be used for quantitation only When Toxaphene and DDT
are present and are to be quantitated.

09S Date: 7/15/86
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<Jt

(3) Balance-analytical capable of accurately weighing 0.0001 g.

y.3.3 Reagents •
« *

(1) Hexane, pesticide grade (Burdick and Jackson) for making dilutions of
sample extracts and preparation of pesticide/PCB working standards.

(2) Acetone, pesticide grade (Fisher)

(3) Methylene chloride, pesticide grade (Fisher)

(4) Working standards are prepared by the Standards Chemist and are
stored in Refrigerator #9.

9.4 Instrument Calibration

9.4.1 The gas chromatographic system is calibrated using the external standard
technique for all packed columns used for quantitation.

9.4.2 External standard calibration procedure:

(1) Prepare calibration standards at a minimum, of three concentration
levels for each parameter of interest by adding volumes of one or
more stock standards to a volumetric flask and diluting to volume
with hexane. One of the external standards should be at a
concentration near, but above, the CRDL and' the other
concentrations found in real samples or should define the working
range of the detector. This should be done on each quantitation
column and each instrument at the beginning of the contract period
and each time a new column is installed.

( 2 ) Using 1-uL injections of each calfbration standard, tabulate peak-
height or area responses against the mass injected. The results atfe
used to prepare a calibration curve for each compound. . i

. - : ' J
9.5 GC/ECD Screening

Samples are screened prior to analysis to determine appropriate dilutions to be run
in the primary analysis.

9.5.1 Screen water sample extracts at 1/10 dilutions or straight.

9.5.2 Screen water MS/MSD samples at 4/10 dilutions.

9.5.3 Screen soil sample extracts at 1/10 dilutions.

9.5.4 Screen soil MS/MSD samples at 3/.20 dilutions.
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9.6 t i C / L C l ) P r i m a r y Analysis Q u a n t i t a t i o h 1
(per formed on the packed column)

9.6;I Adjust oven temperature and carrier gas f lowrate so that the re tent ion t ime
for 4.V-DDT is equal lo or greater than 12 minutes .

9.6.2 Inject 1 uL of the sample and standard extract using the autosamplers.
Record the volume injected to the nearest O.U5 uL and the total ex-tract
volume. NOTE: D i b u t y l chlorendate recovery is calculated f rom the packed
column analysis. M a t r i x spike duplicates are also quan t i t a t ed on a packed
column.

9.6.3 In jec t I n d i v i d u a l Standard mix A or 0 and all multi-response pesticides/PCBs
at the beginning of each 72-hour sequence. Establish the daily RT window
for the pesticides/ PCBs, using.the absolute RT f r o m the chromatograms as
the mid-point, and the «7-3 times the standard deviation as calculated in
SOW, E x h i b i t £ Section 7.2.2, for each compound. Individual Standard mix A
or B is analyzed in te rmi t ten t ly throughout the analysis. A pesticide outside
of tne established t ime window requires immediate investigation and
correction before cont inuing the analysis. Reanalyze all affected samples.

9.6.4 Sample analysis of extracts begins when linearity and degradation
requirements specified in SOW, Exhibit E Sections 3.5 and 3.6, have been
met. Analyze groups of 5 samples. ' •

Note: The 10% RSD linearity criteria is only required on the column(s)
being used for peslicide/PCBs quantuation. If a column is used for
surrogate quantitation only, the 10% RSD is required only for dibutyl
chlorendate.

9.G.5 Analyze groups of 5 samples. Evaluation mix B or the Individual Standard
Mix A or B is alternately reanalyzed after each group. If a multi-response
pesticide/PCB is detected in either of the preceding groups of 5 samples,
the appropriate multi-response pesticide/PCB is substituted for Individual
mix A or b. All standards listed in SOW, 3.6.1.2.3 are included for every
case and are analyzed wi th in the same 72-hour period as the samples ( w i t h ,
the exception of Aroclqrs 1221 and 1232 which are orr'a month ly basis r see
footnote in SOW 3.6.1.2.3). • If the samples are split between 2 or more
instruments, the complete set of standards are analyzed on each instrument
witn the same 72-hour requirement. All standards must be analyzed prior to

.the samples to avojd the effects of poor chromatography caused by the
injection of a highly concentrated sample.

9.6.6 If it is noted during a 72-hour run that any one of the following GC
Performance criteria is being exceeded, stop the run and take corrective
action. A f t e r corrective action is made, the 72-hour sequence is restarted
beginning with standard Hi. If it is determined after 'completion of a
72-hour run that- one or more of the criteria are exceeded, repeat the
analyses of all sample extracts following the Individual Standard mix
exceeding the criteria. These extracts are included in a new 72-hour
sequence.

101 Date: 7/15/86

0031E-Revised 6/10/86-3 Signature: A?/..- r-Js'.Ss -£-4f'. .̂ ^^



S T \ N i j . \ l i l ) OCLI t - \T1NC, R K O C K D U R E S
FOK

T R A C K I N G , A N A L Y S I S , Jc D O C U M E N T A T I O N
OF

H A Z A R D O U S WASTE S A M P L E S

(1) The calibration Factor for each standardjin Individual Standard Mix A
or 0 must not exceed -a 20% difference (15% difference for any
standard compound used for quantitation) during .the 72-hour pr imary
analysis. Calculate the % difference using the Initial Individual
Standard Mix versus all subsequent Individual Standard Mixes
analyzed during the 72-hour sequence. .

(2) Samples must be repeated if the degradation of DDT and/or endrin
exceeds 20% respectively on the daily intermittent analysis of
Eva lua t ion Standard Mix B. *

(3) All pesticide standards must fall within the established daily
re tent ion t ime windows.

9.6.7 Highly colored extracts may require a dilution. *

9.6.8 Aft^r the screening and column pr iming, sample extracts are analyzed
according to the fol lowing sequence:

1. Evaluation standard mix A.
2. Evaluation standard mix B.
3. Evaluation standard mix C.
4. Individual standard mix A.*
5. Individual standard mix B.
6. Toxaphene.
7. Tech. chlordane.
8. Aroclors 1016/1260.
9. Aroclor 1221.** .
10. Aroclor 1232.•»
11. Aroclor 1242.

s^ 12. Aroclor 1248.
13. Aroclor 1254.
14. 5 samples.
15. Eva lua t ion standard mix .B.
16. 5 samples.
17. Individual standard mix A or B.
18. 5 samples.

\ . ^

•These may be one mix tu re (see SOW, paragraph 3.4.3). __ '""
**These may be analyzed once a month. -....
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9.-6.4 Repeat the above sequence start ing wi th evaluat ion Standard Mix B (step1 15
above.) . '

9.6.10 The pesticide/PCB analysis sequence must end w i t h Individual Standard mix
A or B regardless of the number of samples analyzed.

9.6.11 The groups of compounds listed in Table 9.1 for Ind iv idua l Standard M i x A
• and B are recommended to prevent overlap of compounds ,pn the packe'd
. columns. . *

Table -9.1

Individual
Standard Mix A

gamma-BHC

heptachlor

aJdrin*

heptachlor
epoxide

endosulfan I

dieldrin

endrin
aldehyde

4, 4' -DDT

endosulfan II

methoxychlor

dibutyl
chlorendate

ng/mL

5.0 •

5.0

• 7.0

8.0

11.0

12.0 '

25.0

.25.0

20.0

70.0

50.0

Individual
Standard Mix B ng/mL

alpha-BHC 4.1

beta-BHC 8:0

delta-BHC -6.0

aldrin* ' . 7.0... -

4,4' -DDE 11.0

4, 4' -ODD ' 20.0

endosulfan
sulfate 25.0

Endrin 22JD

endrin ketone 3 5-. I

" dibutyl
chlorendate 50.0

•For RRT determination.

• 9.6.12 Inject the method blank
and GC column that the

(extracted
samples are

with each set of samples) on every GC
analyzed on.
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9.7 Evaluation of Chromatocrrams

9.7.1

9.7.2

9.7.3

9.7.4

Samples are negative when the peaks, depending on the pesticide's response'
factor, result in concentrations less than the contract-required detection
level (CRDU. The sample is complete at this point; confirmation is not
required.

.An unknown peak is tentatively identified when its retention t ime falls
wi th in the established retention t ime window of a corresponding standard
that was chromatographed wi th in a 24-hour period and quapt i ta ted to be
greater than or equal to the CRDL.

PCBs and multi-component pesticides are tentatively identified by pattern
recognition and by using retention t ime windows.

(1)

(2)

(3)

If the response for any of these compounds is 100% or less of full
scale, the extract is ready for ' conf i rmat ion and quantitation.

If the response for any compound is greater than 100% of full scale,
dilute the extract so that the peak will be between 50 and 100% full
scale and reanalyze on tne packed column. Use this dilution for
confirmation and quantiation.

For 10-fold dilutions, inject an aliquot of a dilution 10 fold more
concentrated, to determine if other compounds of interest are present
at lower concentrations.

9.7.5

9.7.6

'Quanti tat ion is performed on the primary analysis, except for toxaphene and
the DDT series. If DDT exceeds the «•/- 10% RSD linearity criteria, then
quant i t a t ion for any D D E I ( > D D D and DDT in a sample must be on the
conf i rmat ion analysis. Toxaphene is always quontitated on the confirmation
analysis. See paragraphs 3.6.2.4 and 3.7.3.1.3 and Exhibit E in the SOW for
special QC requirements>Yor quantitation.

If ident i f icat ion of compounds of interest are prevented by the presence of
interferences, further cleanup is required. If sulfur is evident return the
sample to the extraction lab for "Sulfur Cleanup".

Return the sample to the extraction lab'for gel permeation chromatrography
(UPC) clean-up if un«no.wn interferences or poor chromatography are noted
only in the sample chromatogram. •
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y .7 .7 Calculate surrogate standard recovery on ull samples, blanks, ond spikes
unless the surrogate was diluted out. Determine if recovery is wi th in limits
and report on appropriate Form.

Percent Recovery = ^_d X 100*

Where:

Q(J= QBC q u a n t i t y determined by analysis.

Qa= DBC q u a n t i t y added to sample.

9.6.8 Calcula te m a t r i x spike dupl icate recoveries and report on the proper form.

Percent Recovery = X

Where:

Q<j= DBC q u a n t i t y determined by analysis.

ya= DBC quantity added to sample.

9.8 G C / E C D Conf i rma t ion Analysis

Conf i rma t ion analysis is used to confirm the presence of all'compounds tentatively
ident i f ied in the Primary Analysis and quantitated at greater than or equal to the
C R D L . Therefore, the only standards that are required are the Evaluation Standard
mixes (to check linearity and degradation requirements) and standards of all
compounds to be confirmed. Linearity criteria on the confirmation column for
pesticides is not required unless the "column is used for quantitation. The 72-hour
sequence is, therefore, modified to fit each case. Quantitation may be performed
on the conf i rmat ion analysis if DDT and toxaphene are present. If toxaphene or
DOT is to be quantitated, additional linearity requirements are speeied in the SOW,
in paragraph 3.7.3.1. ^

9.8.1 Table 9.2 summaries the recommended operating conditons for the gas
chromatograph. The column selected for/confirmation must separate the
compounds for conf i rmat ion from all other compounds listed in Table 9.2.
Separation is greater than or equal to 25% resolution between peaks.
NOTE: For GC/MS conf i rmat ion refer to SOW paragraph 3.9.
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9.5.2 Ml '.-iC specified in E x h i b i t E are adhered to, including the linearity check
, prior to - sample analysis. To • quantitate toxaphene, substitute 3

concentration levels of toxapheae for the Evaluation Standard mix A, R, or
C. If samples contain a combination of* single component pesticides and
toxaphene, the 3 standards of both the'evaJuation standard mixture and
toxaphene must be included.

9.8.3 Inject 2 uL of the sample extract. "

9.8.-1 Inject' standards for all compounds tentatively identified in SOW 3.6 to
establish the daily retention time windows (See SOW,.paragraph 3.6.1.1). A
pesticide outside of its established retention t ime window requires
immediate investigation and correction before continuing the analysis. All
affected samples must be reanalyzed.

9.8.5 Analyze groups of 5 samples with a standard pertaining to the samples after
each group (Evaluation mix B is required a.fter each 10.samples). The
al ternat ing standard's ratios of the response to the amount injected'must be

• wi th in 20* of each other if quantitation is performed. Deviations larger
than 20% require the laboratory to repeat the samples analyzed in between.

•

9.8.6 Samples are repeated if the degradation of DDT and endrin exceeds 20% on
the in te rmi t t en t evaluation standard mix B. If .the samples are split
between 2 or more instruments, all standards and blanks pertaining to those
samples must be analyzed on each instrument.

9.8.7 Inject the method blank (extracted with each set of samples) on every GC
and GC column on which samples are analyzed.

9.-9 Evaluation of Chromatograms

9.9.1 A compound is confirmed if the /etention time fal ls .within the retention
t ime window of a corresponding standard that was chromatographed within a
24-hour period. Quantitation must be on the packed column chromatogram
(primary or confirmation) that provfdes the best separation from interfering
pealts.

9.9.2 Quantitation of technical .chlordane. Weathering and/or different
formulations of chlordane may modify the technical chlordane pattern
shown-in Figure 3. If the chlordane pattern in a sample is similar to Figure
3, use a technical cnlordane standard for quantitation. If the pattern is
d i f fe rent but gamma and alpha chlordane are present, use gamma and alpha
chlordane standards for calculation, total the results, report under technical
cnlordane but footnote the data as* calculated using 'gamma and alpha
chlordane.
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9.10 Calculations . , '

9.10.1 Calculate the concentration in the sample using tne following equation
external standards.

(1) Water

Concentration (ug/L)=

Where:

Ax =

(A x ) ( l s ) (V t )

(A s ) (Vi)(V s )

Response for the parameter to be measured.

Response for the external standard.

Volume of total extract (uL) (take into account any dilutions)
«

' Amount of standard injected in nanograms (ng)

Volume of extract injected (uL)

Volume of water extracted ( m L )

(2) Sediment/Soil
(Dry.weight basis)

Concentrat ion (ug/kg) =

Where:

Ax=\

vi =

D =

Ws =

(A s)(Vi)(W$)(D)

Response^for the parameter to be measured.

Response for the external standard.

Amount of standard injected in nanograms (ng)

Volume of extract injected (uL)

100 - % moisture (% moisture f rom SOW'Section II C)
100

Weight of sample extracted (gm)
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V o l u m e of low level tolal extract (Use 20,000 uL or a factor of this
wnen dilut ions are made other than those accounted for below):

. a.

b.

or,

1/20 total extract taken for pesticide analysis (derived
.from 0.5 mL of ID-rnL extract).
f ina l concentatipn to 1.0 mL for pesticide analysis.

Volume of medium level total extract {Use 10,000 uL or a factor of
this when dilutions are made.)

9.10.2 For, multicomponent 'mixtures, (cnlordane, toxaphene and PCBs) match
retention times of peaks in Jthe standards wi th peaks in the sample.
Quantitate every identifiable peak ( 50% of the total area must be used)
unless interference with individual peaks persist after cleanup. Add peak
height or peak area of each identified- peak in the chromatogram. Calculate
as total response in the sample versus total response in the standard.

9.10.3 Calculate surrogate and matrix spikes recovery.

Percent Recovery =

"Where:

X 100%

Q

^d = quan t i ty determined by analysis.

Qa = quanti ty added to sample.

Ensure that all dilutions are taken into account. Sediment/soil has. a' 20
times dilution factor bui l t into the method when accounting for one
twent ie th (1/20) of extract taken for pesticide analysis and final dilution to
1 mL. ..

'9.10.4 Report results in micrograms per liter or -micrograms per kilogram without
correction for recovery, data. When duplicate and spiked samples are
analyzed, report all data obtained with the sample results.
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Table $.2
• *

• Cl\roi.nuto(*raphic Conditions for Pesticides/PCBs \
• , * *

*
* Typical

Parameter
alpha - BHC
gamma - BHC • .
beta -BHC

- Hept^ichlor '
delta - BHC
'Aldrin - - •
l leptachlor epoxide
Endosulfan I '

'4,°4' v DDE
Dieldi^n .
Endrin • '
4, 4' - DDD
Endosulfan 11
4, 4' - DDT
Endrin aldehyde
Endosulfan sulfat'e
Endrin ketone
Technical Chlordane .
alpha Chlordane
Toxaphene . . , . : . • • '
Aroclor-1016 »
Aroclor-1221 '

T Aroclor-1232 ". . *
Aroclor-1242 * . .,
Aroctor-1248

^ " Arochlor-1254*-
* ' • ' ^ -\rochlor-1260

. methoxychlor •
dibutyl chlorendate

1 \ •'
\ 'Retention Time ttnjni.

Column 1- V '
'2.77 S^ ' .

, .'4.9Q . ^
• 3,72 \. !
' 4.11 V'

4.32' . 1 - • . ' / ' . '
4.90 -
6.86 ',» ' f ','
8.49 ' . • • "
9.53 " •

1-0.18 • • - - '
12.24 -
13.93 . •

. 14.45
16.68 . -'.
•18.05 - . - . ' .
21.10 *'
29.25 ' - - ; •

mj' . • '
mr ' • •

r . • • •.-•' '
mr )
mr • ' /.
mr .
mr.
m r ° * • , " • ' - •
mr . . •

30.18 • -
27.29 . .

V
- I

y

Column I conditions: Supelcoport (100/120 meshi coated wi th 1.5.% SP-2250/1.95%
SP-24U1 packed in a 1.8 m long x 2 mm ID (6 mm OD) glass column with 5% methane/95S.
argon carrier gas at a flow rate o f '30 v mL/min. (HP 5880) Column' temperature,
isothermal at 210°C. ^ * ' - ' ' ' • -'. .. *•" • * • . . - ' - .
Capillary column conditions: 30 m x 0.25 mm JD, 0.25 film thickness, fused-silica .DB-5,
splitless mode, Helium carrier gas: 4 mL/mih at 280°C and 25 PSI Septum, f>urg«: 15
mL/min, Split vent: none, Initial tempera'ture:" I60°<i, initial Kold - 1. mlrr, Program -at •
5°C/mfn, Final-temperature: 270PC,-final hold - 4 min, Injection port temperature; 225*C'

•GC conditions for attached chromatograms (not co'ntract requirements) .» " . •
. c • , ' \ ' • * ' ' ' . " . '

mr = multi-response ' '' *. "- . - , ••'*'
. '• .. ' • . • - r'- • '• .-: . • • '•'

NOTE: 2 mm" ID column with 80/100 mesh does riot adequately '-resolve difcutyl" ..
chlorendate and endrin kelqne. ' ' • ' • • ' . •

'

/ ' * ' 1 0 9 Dote:' 7/15/8&.
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9.11 GS/MS Confirmation of Pesticides

9.11.1 Compounds confirmed by two columns .must also be confirmed by GC/MS if
the concentration is sufficient tor detection by GC/MS"as determined by the
laboratory-generated detection limits. „

(1) The GC/MS normally requires a minimum concentration of 10 ng/uL
in tne final extract for each single component compound.

(2) The pesticide extract and associated blank should be analyzed by
GC/MS.

(3) The confirmation may be from Die GC/MS analysis of the HNA
extractaoles extracts (sample and blank). However, if the compounds

,• . are not detected in the BNA extract even though the concentration is
( high enough, a GC/MS analysis of the pesticide extract is required.

(4) A reference standard o f - the compound must also be analyzed by
GC/MS. The concentration of the reference standard must be at a
level that would demonstrate the ability to confirm the
pesticides/PCBs identified by GC/ECD.

(5) In the event the GC/MS does not confirm the presence of the
pesticides/PC.Bs identified by GC/ECD, those compounds should be
reported as not detected. nThe minimum detection limits should be
adjusted ,to reflect the interferences. The inability to confirm, the"
compounds oy GC/MS should be'footnoted on the data sheet.

<6) '•' For GC/MS confirmation of multi-component pesticides and PCBs,
required deliveraoles are spectra of 3 major peaks of multicomponent
compounds from samples and standards. .
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Taole 9.3

Characteristic Ions for Pesticides/PCBs

Parameter
Alpha - BHC
Beta - BHC
Delia - BHC
Gamma-BHC (Lindane)
Heptachlor
Aldr in
Heplachlor Epoxide
Endosulfan I
Die ldr in .
4, 41 - DDE
Endr in
Endosulfan II
4, 4' - ODD
Endrin Aldehyde
Endosulfan Sulfate
4, 4' - DDT
Metnoxychlor
Chlordane
Toxaphene
Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
Aroclor-1254

. Aroclor-1260
Endrin Ketone

Prim-any Ion
183
181

. 183
183
100
66

353
195
79

246
263
337
235

67
272
235'
227
373
159
222
190
190
222
292
292
360
317

Secondary Ion(s)
181, 109
183, 109
181, 109
181, 109
272, 274
263, 220

. 355, 351
339, 341
263, 279
248, 176

82, 81 .
339, 341
"237, 165
345,- 250
387, 422
237, 165
228
375, 377
231, 233
260, 292
224, 260
224, 260 .
256,. 292 l •

• 362, 326
362, 326
362, 394

6 7 , 3 1 9
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l.i\ 1 1 111 1 m i l. ' ( i i r i - i i i i j ' i l s In

Analvte: EP leachate herbicides

SW-846, EPA Test Methods for Evaluating Solid Wastes -
Physical/Chemical Methods, July 1982.

A 100-gram representative sample is extracted in an acetic
acid/water solution for 24 hours. The methylene chloride
extract is derivatized with diazomethane and subsequently
analyzed by gas chromatography using an electron capture
detector.

Detection
Limit: micrograms/liter (ug/L)

2.4-D
2.4,5-TP

0.05
0.02

*' '

Calibration: Initial three-point linearity is established by analysis of
standards as follows:

Quality
Control:

2.4-D
2.4.5-TP

nanogjams/milliliter (ng/mL)

10 25 50 100 250
5 10 25 50 100

Standards are analyzed af ter every.f ive samples to monitor
linearity.

• Laboratory blanks are extracted with each batch of
different types of samples (water or soil). At least one
blank (or 5%) is extracted daily with each batch of
samples.

• Six matrix spike compounds (2,4-D at 1.2 ug/L and
2,4,5-TP at 12 ug/L) are added to'selected samples to
monitor recoveries and precision. A matrix spike and
matrix spike duplicate is run with each batch of
samples.

• -All standards are verified against EPA reference
standards. . «.



METHOD 8150

CHLORINATED HERBICIDES

•' 1.0 Scope and Application ^
#

1.1 Method 8150 1s a gas chromatographlc (GC) method for determining
certain chlorinated acid herbicides1^ groundwater and waste samples.
Specifically, Method 8150 may be used to determine the following compounds:

2,4-D • • . '
2,4-DB . .
2,4,5-T
2.4,5-TP r • .
Dalapon
Dicamba
Dichloroprop

-- Dinoseb
MCPA

« MCPP
f

Since these compounds are produced and used in various forms (i.e., add,
salt, ester, etc.), the method £T^iu4e*-^Oydrolysis step to convert the
herbicide to the acid form prior to analysis.

1.2 When Method 8150 is used to 'analyze unfamiliar samples, compound
identifications should be supported by at least one additional qualitative
technique. This method describes analytical conditions for a second gas
chromatographic column that can be used to confirm measurements made with the
primary column. Section 8.3 provides gas chromatograph/mass spectrometer
(GC/MS) criteria appropriate for the qualitative confirmation of compound
identifications.

1.3 This method is restricted to .use by or under the supervision of
analysts experienced irrthe use of gas chromatography and in the interpre-
tation of gas chromatograms. Only experienced analysts should be allowed to
work, with diazomethane due to the potential hazards associated with its use
(explosive, carcinogenic). •

2.0 Summary of Method

Method 8150 provides extraction, esterlfIcatlon and gas chromatographlc
conditions for,the analysis of chlorinated add herbicides In water and waste
samples.. Spiked samples are used to verify the applicability of the chosen
extraction technique to each new sample type. The esters jre hydrolyzed with'
potassium hydroxide and extraneous organic material Is removed by'a solvent
wash. After acidification, the acids are extracted with solvent and converted
to their methyl esters using diazomethane as the derlvatlzlng agent. After
excess reagent is removed," the esters are determined by gas chromatography
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-employing an electron capture detector, m1crocou1ometr1c detector, OP
electrolytic, conductivity detector (2). The results are reported as the
acid equivalents.

2.2 The sensitivity of Method 8150 usually depends on the level of
interferences rather than on instrumental limitations. Table 1 lists the
l i m i t s of detection that can be obtained In wastewaters 1n the absence of
interferences. Detection limits for a typical waste sample would be
significantly higher.

TABLE 1. CHROMATOGRAPHIC CONDITIONS AND DETECTION
LIMITS FOR METHOD 8150 IN WASTEWATER

Parameter

01 camba
2,4-D
2,4,5-TP
2,4,5-T
2,4-DB
Dalapon
MCPP
MCPA
Dicnloroprop
Dlnoseb

Col.

1.2
2.0
2.7
3.4
4.1

—
--•' —

----

Retention

la Col. Ib

..
--
--

.
--

--3.4
4.1 •

. 4.8
11.2

time (min)a

Column 2 Column 3

1.0 --
1.6
2.0
2.4
..

5.0
.̂
..

. .
..

Estimated

limit (p.g/1)

1.0
1.0
0.1
0.1
1.0
1.0

200
200
1.0
0.1

d Column conditions are as follows:

Column la conditions: 95% Argon/51 Methane carrier gas as a flow rate of
70 ml/min. Column temperature Isothermal at 185* C. • '

Column Ib temperature: 140* C for 6 ml n and then programmed to 200* C at

Cojumn 2 conditions: 95S Argon/51 Methane carrier gas at a flow rate of*
70 ml/m1n. Column temperature Isothermal at 185* C.

Column 3 conditions: UHP Nitrogen carrier gas at a flow rate of 25 ml/min.
Column temperature programmed from 100* C to 150* C at I0*/m1n.
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3.0 Interferences

3.1 Method interferences may be caused by contaminants in solvents,
reagents, glassware and other sample processing hardware that lead to discrete
artifacts or elevated baselines in gas chromatograms. All these materials
must be routinely demonstrated to be free from interferences under the
conditions of the analysis by running laboratory reagent blanks as described
in Section 8.1.

3.1.1 Glassware must be scrupulously cleaned. Clean all glassware
as soon as possible after use by rinsing with the last solvent used in
it. This should be followed by detergent washing with hot water and
rinses with tap and distilled water. The glassware should then be
drained dry and heated i.h a muffle furnace at 400* C for 15 to 30 rrrin.
Some thermally stable materials such as PCB's may not be eliminated h>
this treatment. Solvent rinses with acetone and pesticide quality
hexane may be substituted for the muffle furnace heating. Volumetric
ware should not be heated in a muffle furnace. After drying and .
cooling, glassware should be sealed and stored in a clean environment
to prevent any accumulation of dust or other contaminants. Store
inverted or capped with aluminum foil.

3.1.2 The use of high purity reagents and solvents helps to
minimi z e interference problems. Purification of solvents by distillation
in all -glass systems may be required.

3.2 Matrix interferences may be caused by contaminants that are
coextracted from the sample. The extent of matrix interferences wi l l vary
considerably from waste to waste, depending'upon thf'rfJture and -diversity off
the waste being sampled.

3.3 Organic acids, especially chlorinated acids, cause the most
direct interference with the determination. Phenols, including chloroph«flats,
may also interfere with this procedure.

3.4 A l k a l i n e hydrolysis and subsequent extraction of the basic solution
removes many chlorinated hydrocarbons and phthalate esters that might otherwise
interfere with the electron capture analysis.

3.5 The herbicides, being strong organic acids, react readily with-
a l k a l i n e substances and may be lost during analysis. Therefore, glassware-
and glass wool must be .acid-rinsed and sodium sulfate must be acidified wit*
sulfuric acid prior to use to avoid this possibility.'

3.6 Before processing any samples, the analyst should demonstrate
through the analysis of an organic-free water or solvent blank that the
entire analytical system is interference-free. Standard quality assurance
practices should be used with this method. Field replicates should be
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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 analyzed to validate the accuracy of the anal-
yses. Where doubt exists over the Identification of 4 peak on the gas
chromatogram, confirmatory techniques such as mass spect'roscopy should be
used. Detection limits for groundwater and EP extracts are given In Table 1..
Detection limits for these compounds In wastes should be set at 1 fig/g.

4.0" Apparatus and Materials

4.1 Glassware (all specifications are suggested. Catalog numbers are
included for Illustration only).

4.1.1 Separatory funnel: 2000-m^with Teflon stopcock.

4.1.2 Drying column: Chromatographic column 400 mm long x
19 mm I.D. with coarse frit.

4.1.3 Chromatographic column: 300 mm long x 10 mm I.D. with
coarse fritted disc at bottom and Teflon stopcock.

4.1.4 Concentrator tube, Kuderna-Danish: 10-ml, graduated.
Calibration must be checked at the volumes employed in the test.
Ground-glass stopper is used to prevent evaporation of extracts.

4.1.5 Evaporative flask, Kuderna-Danish: 500-ml. Attach to
concentrator tube with springs.

4.1.6 Snyder column, Kuderna-Danish: three-ba.ll macro.

4.1.7 Snyder column, Kuderna-Danish: two-ball micro.

4.1.8 Vials: Amber glass, 10- to 15-ml capacity with Teflon-
lined screw-cap.

4.1.9 Erlenmeyer flask: Pyrex. 250-ml with 24/40 ground-
glass joint.

4.2 Boiling chips: approximately 10/40 mesh. Heat to 400* C for
30 min or Soxhlet extract with methylene chloride.

4.3 Diazald Kit: recommended for the generation of dlazomethane
(available from Aldrlch Chemical Co., Gat. No. 210,025-2).

4.4 Water bath: Heated, with concentric ring cover, capablp of
temperature control (±2' C). The bath should be used In a hood.

4.5 Glass wool: Acid washed.
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4.6 Balance: Analytical, capable of accurately weighing to the • .
nearest 0.0001 g.

4..7 Pipet: Pasteur, glass, disposable (140-mm x 5-mm I.D.).

4.8 Gas chromatograph: Analytical system complete with gas chrooato-
graph suitable for on-column injection and all required accessories Including
syringes, analytical columns, gases, detector and strlpchart recorder. A
data system is recommended for measuring peak areas.

4.8.1 Column 1: 180 cm long x 4 mm I.D. glass, packed with 1.51
SP-2250/1.95i SP-2401 on 'Supelcoport (100/120 mesh) or equivalent.

4.8.2 Column 2: 180 cm long x 4 mm I.D. glass, packed with 51
OV-210 on Gas Chrom Q (100/120 mesh) or equivalent.'

4.8.3 Column 3: 180 cm long x 2 mm I.D. glass, packed with 0.1%
SP-1000 on 80/100 mesh. Carbopak C or equivalent.

4.8.4 Detector: Electron capture. This detector has proven
effective in the analysis of wastewaters for the parameters listed in
Section 1.1. Guidelines for the us'e of alternate detectors are provided
in Section 7.4. •

4.9 Wrist Shaker: Burrel Model 75 or equivalent.

5.0 Reagents

5.1' Reagent water: Reagent water is defined as a water In which an
interferent 1s riot observed at the method detection limit of each parameter
of interest.

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

5.3 Sulfuric acid solution (1:1): Slowly add 50 ml H2S04
(sp. gr. 1.84) to 50 ml of reagent water.

5.4 Sulfuric acid solution (1:3): Slowly add 1 part H2S04
(sp. gr. 1.84) to 3 parts reagent water.

5.5 Hydrochloric acid: (ACS) Mix 1 part of concentrated acid with
9 parts distilled water (v/v).

5.6 Potassium hydroxide solution:. 37X aqueous solution (w/v).
Prepare with reagent grade potassium hydroxide pellets and distilled water.
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5.7 Acetone, hexane, toluene, methanol :
equivalent.

Pesticide quality or

5.8 Diethy'l ether: Nanograde,) redistil led in glass 1f necessary.
Must be free of peroxides as .Indicated by EM Quant test strips (available
from Scientific Products Co., Cat. No. P1126-8, and other suppliers).
Procedures recommended for removal of peroxides are provided with the test
strips. After cleanup, 20 ml ethyl alcohol preservative must be added to
each 1 i ter of ether.

5.9 Sodium sulfate: (ACS)- Granular, acidified as follows: Slurrv
100 g sodium sulfate with enough diethyl ether, to just cover the solid, Vlhen
add 0.1 ml of concentrated sulfuric acid. Remove the ether under a vacuum.
Mix 1 g of the resulting solid with 5 ml of reagent water and measure the pH
of the mixture. It must be below pH 4. Store at 130' C. Several levels of
purification may be required in order to reduce background phthalate levels to
an acceptable level: (1) Heat 4 hr at 400" C in a shallow tray, (2) Heat 16 hr
at 450-400* C in a shallow tray, (3) Soxhlet extract with methylene chloride
for 48 hr. ,. '»

5.10 Carbi to l (dlethylene glycol monoethyl ether) .

5.11 N-methyl (-N-ni troso-p-toluenesul fonamide (D iaza ld ) : High
pur i ty a v a i l a b l e from Aldrich Chemical Co.

5.12 5% a c i d i f i e d NajSO^ Use 50 g of a c i d i f i e d anhydrous
Na2$04 to every 1000 ml d i s t i l l ed HjO.

5.13 Stock standard solut ions (1.00 U9/MU: Stock standard solutions
can DC prepared from pure standard mater ia ls or purchased as cer t i f ied
s o l u t i o n s .

5.13.1 Prepare stock standard solutions by accurately weighing
about 0.0100 g of pure acids. Dissolve the material in pesticide-quality
dietnyl ether and dilute to volume in a 10-ml volumetric flask. Larger
volumes can be used at the convenience of the analyst. If compound
purity Is certified at 961 or greater, the weight can be used without
correction to calculate the concentration of the stock standard.
Commercially prepared stock standards can bt used at any concentration
if they are certified by the manufacturer or by an independent source.

5.13.2 Transfer the stock standard solutions into Teflon-sealed
screw-cap bottles. Store at 4" C and protect from light. Stock
standard solutions should-*e checked frequently for signs of degradation
or evaporation, especially just prior to preparing calibration standards
from them.
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5.13.3 Stock standard solutions must be replaced after 1 week,'
or sooner if comparison with check standards Indicates a problem. „ >•

i

5.14 Dlazometnane.solutlon: Follow generator kit Instructions. Store •
In freezer In glass -bottle stoppered with cork. Check for deterioration.

6.0 Sample Collection, Preservation, and Handling
i "

6.1 Grab samples must be collected 1n glass containers. Conventional
sampling practices should be followed; however, the bottle must not be
preMnsed with sample before collection. Composite samples should be collected-
in refrigerated glass containers In accordance with the requirements of the
program. Automatic sampling equipment must be as free as possible of Tygon .
and other potential sources of contamination.

6.2 The samples must be iced or refrigerated at 4* C from the time of
collection until extraction.

6.3 All samples must be extracted within 7 days and completely analyzed
within 30 days of extraction.

.7.0 Procedures

7.1 Sample preparation

7.1.1 Solid extraction

7.1.1.1 Thoroughly mix moist solids and weigh an amount of
wet sample equivalent to 50 g of dry weight Into 500-mV wide -mouth
Erlenmeyer flasks.

7.1.1.2 Acidify solids with reagent grade concentrated
hydrochloric add using 2-3 ml to pH 2. Allow to stand for 15
min with occasional stirring until the pH remains below 2;. Add
more acid If necessary.

7.1.1.3 Add 20 ml of acetone to each flask containing the
acidified sample and clamp the stopper In place. Mix the contents
of the flasks for 20 min using the wrist-action shaker. Add
80 ml of redistilled ethyl ether to the same flasks and shake
again for 20 min.

7.1.1.4 Decant the extracts 1nto'2-11ter separatory
funnels containing 250 ml of 5% acidified sodium sulfate. If an
emulsion- forms, slowly add 5 g of acidified sodium sulfate (anhydrous)
until the solvent-water mixture separates. A quantity of acidified

V
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sodium sulfate equal to the weight of the sample may be added if
necessary.

7.1.1.5 To ensure Adequate recovery, measure the volume of
extract Into a graduated cylinder at each decanting step before
adding the extra'ct to the separatory funnel. If the recovered
volume Is not better than 751, an additional extraction must be
conducted.' * • >. , ,

7.1.1.6 Check the pH to ensure that 1t remains below*2.
If the pH Is not below 2, add more .hydrochlo/Mc acid;unt1l stabilized.
Add 20 ml of acetone to each Erlenmeyer flask contriving the
sediment and shake on the* wrist-action shaker for 10 mln. Again,
add 80 ml of ethyl ether, shake for 10 min and decant extract into
their respective'separatory funnels. Repeat this step once more,
collecting the acetone-ether e-xtracts in the funnels containing the
5i acidified sodium sulfate solution.

7.1.1.7* Gently mix the content of each separatory funnel
for about 1 min and allow the layers to separate. Collect the
aqueous phase in a c4ean beaker and the extract (top layer) in a.
500-ml ground-glass Erlenmeyer flask. Reextract the-water layer
with 25 ml of ethyl ether/ Allow the layers to separate and
discard the aqueous layer.. Combine the ether extracts In the
respective Erlenmeyer flasks. ' ''. .

7.1.1.8 Add 30 ml of distilled water to the extract in the
Erlenmeyer flasks and refrigerate. Note: This is a g<rod itopping
point or, if time permits, continue to step- 7.1.1.12.

* ' ' ... *
7.1.1.9 Add 5-mKof 371 (w/w) aqueous potassium hydroxide

and boiling chips to the extract i.n the flask and- fit them with a
one-ball Snyder column., 'Evaporate the ethyl ether-on the steam
bath and continue to heat for 90 min.

t

.7.1.1.10 .Remove the,flasks from the steam bath, allow them
to cool, and transfer the water solutions* to>125-ml separatory
funnels. Extract the basic solution^'-^ce-with 40ml and then
twice with 20 ml' of redistil lid" ethy V'ewtcx. Allow sufficient
time for the Vayers to sepaf-ate, and discard" the ether layer each
time. Note: This 1s .a solvfent cleanup step. The phenoxy acid
herbicides remain soluble Inj.the aqueous phase as potassium
salts. / .

7.1.I.n/ Add'5 ml cold 251 (v/v) sulfuric add to the
contents of each f.unftel to adjust the pH to 2. Be sure to check
the pH at th1s<po1ntl Ext/act the herbicides once with 40 ml and
twd more times with 20,ml of ethyl ether. *



81SO / 9

7.1.1.12 Collect the ether extracts In 125-ml Erlenmeyer
flasks containing 1.0 g of acidified anhydrous NajSOa,. - Stopper
and allow the extracts to remain in contact with the acidified,
NajSO^ Store the samples overnight in the refrigerator.
Note: This is a good stopping point.

7.1.1.13 Concentrate extract and perform esterlfIcatlon, ̂
starting with step 7.2.2.7.

7.1.2 Liquid extraction • '-. '

7.1.2.1 Mark the water meniscus on the side of the sample
bottle for later determination .of sample volume. Pour the entire
sample into a 2-liter separatory funnel.' Check the pH with wide-
range pH paper and adjust toj>H less than 2 with sulfurlc add

1 / • . * F

*

150 ml diethy] ether to the sample bottle,
seal, and shflR 30 sec" to rinse the walls. Transfer the solvent
into the separaitpnr funnel-. Extract the sample by shaking "the
funne.1. fdr..2^ivnV wit.h, periodic venting to release. 'excess ,vapor
.pressure. Al 16w -the- "ofganic layer to separate from the water
.phase for a minimum of 10 min. If the emulsion Interface between . .
the layers is jnore than one-third the size of" the solvent layer,
the-analyst most empl'gy mechanical techniques to complete the phase-
separation.- The optimum technique depends upon the sample, but may
include stirring, f i Itration" of the emulsion through glass wool, or
centrifugation. Drain 'the water phase into a 1-liter E-rle/jmeyer
flask. Then collect the extract In a 2'50-cnl ground-glass Erlemneyer
flask containing 2 ml of 37* aqueous potassium hydroxide. Approxi-
mately 80 ml of the diethyl ether w i l l remain .dissolved In the
aqueous phase. • .

7.1.2.3 Extract the sample 'two more times "using 50ml of
diethyl ether each tinie. Combine the extracts In the Erlenmeyer
flask. (Rinse the 1-liter flask with each additional aliquot of
extracting solvent.) ,

7.1.2.4 Add 1 or 2 clean boiling chips to the 250-ml
flask, add 15 ml distilled water, and attach a three -ball Snyder
column. • Prewet the Snyder column by adding 1 ml diethyl ether to
the top. Place the apparatus on a hot water bath (60* to 66* C),
such that the bottom of the flask Is bathed In the water vapor.
Although the diethyl ethfer will evaporate In about 15 mtn, continue
heating for a total of 60 min, beginning from the time the flask, Is
placed 1n the Water bath. Remove the apparatus and let. stand at
room temperature for at least 10 min.
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** .7.1.2.5 Transfer the solution to a1 60-ml- separator^ funnel
using 5 to 10 ml of disti l led water. Wash the basic^olution. twice
by shaking for 1 min with 20-ml portions of dlethyl ether. Discard
the organic phase. The herbicides' remain ;1n the^queous phase.

7.L/Z.6 Acidify, the. contents-of .the separatocy funnel -to.
. pH-2 by adding 2 ml of cohl (4* C) sulfyric acid,. (1:3). Test with

pH Indicator paper. Add.20 ml dlethyl ether and;Shake vigorously ^-
for 3. min. DraKo. the aqueous layer Into the 250^nl Erlenmeyer, _
then pour the organic la^r-'lnto a 125-ml Erlenmeyer conta/lnl/^ -
about. 0.5-g of acidified anhydrous sodiurn"sulfate. Repeat ,the

; extraction twice more with 10-ml allquots of diethyl 'eth'er,' com-"
blning all solvent in the. 125-ml f lask. Allow the-extract to
remain in contact with the sodium sulfaj-e for approximately -2- hr.

J
7.1.2.7 Transfer the ether extract, through, a -funneV

lugged with acid-washed glass wool, into a 500-ml Kuderna-Danish
/lask equipped with a 10-ml concentrator tube. Use liberal 'washings
of ether. Use a glas-s rod to crush any caked sodium sulfate
the transfer. • . '

'7.1.2.8 Add 1 to 2 clean-boiling chips to'the flask and '
attach a three-ball Snyder column. Prewet the Snyder column by
adding about 1 ml dlethyl ether to the top. Place; the »D apparatus'
on a hot water bath (60* tor 65* C) so- that,-the concentrator tube 1s
partially immersed in the/iot water /and fh-e entire, .lower rounded "
surface of the fljask 1s bathed In vapor. Adjust the vertical
position of the .apparatus and the water temperature as." required-
to.complete the concentration in 15 to'-20 min., At t,he'proper-rate .

dist i l lat ion, the bal'ls of the column will actlve'.y'chatter but -
the chambers w i l l not floods When the apparent voTume of liquid
reaches 1 ml, remove the k-D apparatus, and a l low- I t to drain for -
at least 10 min while cooling, - . • ' ' ".

.2.9 /Remove the Snyder.Column and rinse the f lask and ;.9 y-R
nt IntUs lower joirfClnto the concentrator tube with 1-to 2 ml of

diethyl ether. Final volume'should be 4.0 ml. . Tht sample *s now
ready for derivatizatlori with dlazometharte to form methyl esters.

7.1.3 Esterlflcatlon " ' .. . ' ; • ' . . ' • * :

,7.1.3.1 (y Jhe'dlazomethane derlvatlzatlon (1) pnocedufe •->
described below!will react.efficiently with all 6f the chlorinated
herbicides .described In-this method and Should'be used only'by

,exper1enc«d\analysts, due to\^he potential hazards associated wUh
its. use. Diazomethane Is a carcinogen.and can-explode under

•certain conditions. -The following precautions should-bevtaken:
^ S -V •;. ..." '
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. , J
• Use a safety scrfeen.

• Use mechanical pipetting aides.

• • Do not heat above 90*'C- EXPLOSI.ON may result,*'^
• .

• Avoid grinding surfaces, ground-glass'joints; sleeve
*• bearings, glass stlrrers - EXPLOSION may result.

• Store away from alkali Jmetals - EXPLOSION may result.

• Solutions of dUzo'methane decompose rapidly 1n the
presence of solid materials such as copper powder,
calcium chloride, and boiling chips.

7.1.3.2 Instructions for preparing diazomethane are provided
with the generator kit.

7.1.3.3 Add 2 ml of diazomethane solution and let sample
stand for 10 min with occasional swirling-. _ •

7.1.̂ .4 Rinse inside wall of ampule with'several hundred
ul of ethyl ether. Take sample to approximately 2 ml to remove
excess diazomethane by allowing solvent to evaporate spontaneously
(room temperature).

7.1.3.5 Dissolve residue 1n 5 ml of hexane. Analyze by
gas chromatography.

7.2 Gas chromatog'raphy conditions

7.2.1 The recommended gas chromatographic column materials and
operating conditions for the instrument are:

Parameter Column

Dlcamba
2,4-D
2,4,5-TP
2,4,5-T
2,4-DB
Dalapon
MCPP
MCPA
Dlchloroprop
Dlnoseb

la, 2
la, 2

.la, 2
la, 2
la
3
Ib
lb
Ib
lb
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Column la conditions: 951 Argon/Si Methane* carrier gas at a flow rate
of 70 ml/min.' Column temperature isothermal at 185* C.

Column Ib -temperature : 140* C for 6 min and then programmed to 200* C
at lO'/min. - t

1

Column 2 conditions: 95i Argon/51 Methane carrier gas at a flow rate
of 70 ml/min. Column temperature, Isothermal at 185* C.

,/tQlumn 3 conditions: UHP Nitrogen carrier gas at a flow rate of ••
'n. Column temperature programmed from '100* to 150" C at 10"/min.

7.2.2 The use of capillary (open-tubular) columns is acceptable
if appropriate response and separation can be demonstrated.

7.3 Calibration

7.3.1 Establish gas chromatographic operating parameters equiva-
lent to those indicated above In Table 1. The-, gas chromatographic
system can be calibrated using the external standard technique (Sec-
tion 7.3.2) or the Internal standard technique (Section 7.3.3).

7.3.2 External standard calibration procedure

7.3.2.1 For each parameter of Interest, prepare working
standards at a minimum of three concentration levels by adding
volumes of one or more stock standards to a volumetric flask and . •
diluting to volume with diethyl ether. One of the external standards
should be at a concentration near, but above, the method detection
l i m i t . The other concentrations should correspond to the expected
range of concentrations found in real samples or should define the
working range of the detector.

7.3.2.2 Prepare calibration standards from the free adds by
esterification of the working standards as described under Liquid
Extraction, Section 7.1.2. Using injections of 2 to 5 ul of each
esterified working standard, tabulate peak height or area responses
against the mass injected. The results can be used to prepare a
calibration curve,tor each parameter. Alternatively, the ratio of
the response''to" the mass Injected, d^'med-as the calibration .
factor (CF), can be calculated for each parameter at each standard
concentration. If the relative standard deviation of the calibration
factor is less than 101 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.
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7.3.2.3 The working calibration curve or calibration factor
must be verified on each working day by the measurement of one or
more calibration standards. If the response for any parameter
varies from the predicted response by .more than j^lOX, the test must
be repeated using a fresh calibration standard. ""Alternatively,
a new calibration curve or calibration factor may be prepared for
that parameter.

7.3.3 Internal standard calibration procedure. To use this
approach, the analyst must select one or more internal standards '
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.

7.3.3.1 Prepare working standards at a minimum of three concen-
tration levels for each parameter of Interest in the add form by •
adding volumes of one or more stock standards to a valumetrlc
flask, and dilute to volume with diethyl ether. One of the
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.

7.3.3.2 Prepare calibration standards from the free acids by
esterification of the working standards as described under Liquid
Extraction, Section '7.1.2.

7.3.3.3 Prior to injection, add a known constant amount of
one or more internal standards to each calibration standard.

7.3.3.4 Using injections of 2 to 5 ul of each calibration
standard, tabulate the peak he-ight or area responses against the
concentration for each compound and Internal standard. Calculate
response factors (RF) for each compound as follows:

where:

RF - (AsC1s)/(A1sCs)

As • Response for the parameter to be measured.

A^s » Response for the Internal standard.

Cjs - Concentration of the Internal standard 1n ug/1.

Cs « Concentration of the parameter to be measured 1n ug/1.
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. If the RF value over the working range 1s constant, less than 101
relative standard deviation, 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, As/AiS against RF.

7.3.3,5 The working calibration ctorve or RF must be veri-
fied on each working day by the measurement of one or more calibra-
tion standards. lf tne response for any parameter .varies from the
predicted response by more than _+10X, the test must be repeated
using a fresh calibration standard. Alternatively, a new calibra-
tion curve must.be prepared for that compound.

7.3.4 Before using any cleanup procedure, the analyst must
process a series of standards through the procedure to validate
elution patterns and the absence of Interferences from the reagents.

7.4 Analysis

7.4.1 Inject 2 to 5 ul of the sample extract using the solvent-
f lush technique. - Smaller (1.0-ul) volumes can be Injected If autjfeatTc
dev ices are employed. Record the volume injected to the nearest
O.OS ul, and the resulting peak size, in area units.

7.4.2 'If the peak area exceeds the linear range of the system,
d i l u t e the extract and reanalyze.

7.4.3 If peak detection is prevented by the presence of Inter-
ferences, further cleanup is required. Before using any. cleanup
procedure, the analyst must process a series of calibration standards
through the procedure to validate elution patterns, and the absence of
interferences from the reagents.

7.4.4 Examples of chromatograms for chlorophenoxy herbicides are
shown in Figures 1 to 3.

8.0 Quality Control ' '

B.I Before processing any samples, the analyst should demonstrate
through the analysis of a distilled water method blank that all glassware and
reagents are interference-free. Each time a set of samples 1s extracted or
there is a change In reagents, a method blank should be processed as a
safeguard against chronic laboratory, contimination.

8.2 Standard quality assurance'practices should be used with this
method. Field replicates should be collected to validate the precision of-
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Column 1.5% SP 22SO/1.95V SP-2401 on Suwlcopon 1100/120 Mtih)
Timp«r»lure l«0»htrm»l it 185°C
Detector Electron CjDture

J_

0 1 ( 3 4 6

RETENTION TIME (MINUTES)

Figure 1. Gas chomatogram of chlorinated herbicides.
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Column: 1.5% SP-2250/1.95* SP-2401 on SuMlcoport (100/120
Prognnv. 140°C for 6 Mirt. 10°C/Minutt to 200°C
Dtxtctor: Electron Capturt

J.
4 6 8

RETENTION TIME (MINUTES)

10 12

Figure 2. Gas chromatogram of chlorinated herbicides.-
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Column; 0.1% SfMOOO on 80/tOO M«h C«rbopik C
Progrim: 100°C. 10°C/M,n to 150°C
Detector: Electron Capture

\

I I

0 2 4 6
RETENTION TIME (MINUTES)

Figure 3. Gas cbromatogram of dalapon, column 3.
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the sarapl ing'technique. Laboratory replicates should be analyzed to validate
the precision of the analysis. Fortified waste samples should be analyzed
to validate the accuracy of the analysis. Detection limits to be used for
'groundwater samples are Indicated In*; Table 1. -Where doubt exists over the
identification of a peak on the chromatogram, confirmatory techniques such as
mass spectrometry should.be used (Sect1of>-8.3).

8.3 GC/MS-confirmation -

8.3.1 GC/MS techniques should be judiciously employed to Support
qualitative Identifications made with this method. The mass, spectrometer
should be capable of scanning the mass range from 35 amu to a mass 50 amu
above the molecular weight of the compound. The Instrument must be
capable of scanning the mass range at a rate to produce at least 5 scans,
per peak but not to exceed 3 sec per scan utilizing 70 V (nominal)
electron energy in the electron Impact ionization mode. A GC-to-MS
interface constructed of all^glass or glass-lined materials 1s recom-
mended. A computer system that allows the continuous acquisition
and storage on machine-readable media of all mass spectra obtained
throughout the. duration of the chromatographic program should be .
interfaced to the mass spectrometer.

8.3.2 Gas chromatographic columns and conditions should be
selected for optimum separation and performance. The conditions
selected must be comoatible with standard GC/MS operating practices,
such as those described for Method 8250. .

8.3.3 At the\b;eginning of each day that confirmatory analyses are
to be performed, the GC/MS system must be checked to see that all DFTPP
(decafluorotriphenyl phosphine) performance-criteria are achieved, as
described in Method 8250.

•

8.3'.4 To confirm an'identification of a compound, the background-
corrected mass spectrum of the compound must be obtained from the
sample extract and compared with a mass spectrum from a stock or
calibration standard analyzed under the same chromatographic conditions.
At least 25 ng of material should be.Injected into the GC/MS. The

/ following criteria must be met for qualitative confirmation:

1. The molecular ion and all other iors present above 101 relative
abundance in the mass spectrum of the standard must be present
1n the mass spectrum of the sampVe with agreement to +10%. For
example, if the relative abundance of an 1on 1s 30% In" the mass
spectrum of the standard, the allowable limits for the relative
abundance of that ion In the mass spectrum for the sample would
be 20-40%.
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2. The retention time of the compound in the sample must be'within
6 sec of the retention time for the same compound In the
standard solution.

3. Compounds that hjve very similar mass spectra can be explicitly
Identified by GC/MS only on the basis of retention time data.

8.3.5 Where available, chemical ionlzatlon mass .spectra may be
employed to aid the'qualitative Identification process.

8.3.6 Should these MS procedures fail to provide satisfactory '
results, additional steps may be taken before reanalysls. These steps
may include the use of alternate packed or capillary GC columns or
additional cleanup.
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Synopsis;

Detection
Limit:

PCS

SW-846, EPA Test Methods for Evaluating Solid Wastes
Physical/Chemical Methods. July 1982.

An aliquot of sample is extracted with organic solvents —
water with methylene chloride and. soil with hexane/
acetone. The extracts are solvent exchanged into hexant.
passed through flonsil, acid cleaned, and concentrated for
analysis by ' gas chromatography using a Hall
eleetroco'nductivity detector.

5 cijcrocrams/liter for waters or 300 micrograms/kilogram
for soils. Matrix interferences may increase, detection
limits on samples.

Calibration; 'A four-point PCB standard (Ar.oclor 1254) is analyzed after
every f ive samples to monitor linearity (see below).

micrograms/milliliter (ug/mL)
575
1.0
2.0 " '
3.5

Quali ty
Control: • Laboratory Manks are extracted with each batch of

different types of samples (water or soil). A minimum
of one blank is extracted daily with each batch of
samples.

• PCB spikes (Aroclor 1254 <a 20 ug) are added to matrix
blanks at a minimum of 10% of all samples to monitor
recoveries.

• All standards are verified against EPA reference
standards.



METHOD 8080

"ORGANOCHLORINE PESTICIDES AND PCB'S

1.0 Scope and Application

1.1 Method .8080 is used to determine the concentration of certain
organochlorine pesticides and polychlorlnated biphenyls (PCB's) In ground-
water, liquid, and solid sample-matrices. Specifically, Method 8080.may be
used to detect the following substances:

Aldrin
a-BHC
"E-BHC

(Lindane)
Chlordane
4,4'-DDD
4, 41- DDE
4.4'-DDT
Dieldrin
Endosulfan
Endosulfan
Endosulfan
Endrin

I
II
sulfate

Endrin aldehyde
Heptachlor
Heptachlor epoxide
Kepone
Methoxychlor
Toxaphene
PCB-1016
PCB-1221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260

1.2 Method 8080'1s recommended for use'only by, or under the close
supervision of, experienced residue analysts.

2.0 Summary of Method

2.1 Method 8080 provides cleanup and chromatographic conditions for
the detection of ppb levels of organochloMne >pestidd«s and PCB's. Prior
to the use of this method, appropriate sample extraction techniques must be
used.- Groundwater and other aqueous- samples are extracted at a neutral pH
with methylene chloride as a solvent using a separatofy funnel (Method 3510)
or a continuous liqu.1d-l iquid extractor (Method 3520). Both neat and diluted
organic liquids may be analyzed by direct injection. Solid samples are
extracted with hexane.-acetone (1:1) using either the Soxhlet extraction
(Method 3540) .or sonication (Method 3550) procedures. A 2- to 5-ul sample 1s
injected into a gas chromatograph (GC) using the solvent flush technique, and
compounds In t^e GC effluent are detected by an electron capture detector
(ECD) or another halogen-specific detector. An aliquot of each sample will
be spiked with standards to determine the spike recovery and the limits of
detection for that particular sample. It is recommended that the analyst
carefully select the compounds used in sample spiking to avoid coelution
under the GC conditions given In Table 1. Aroclor 1221 will give minimal
interference with the single component pesticides listed In Table 1. Chlor-
dane and toxaphene may require Individual spiked sample analysis to yield
valid recovery data.
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TABLE 1. GAS CHROHATOGRAPHf OF PEST IC IDES AND PCB's*

Parameter

Retention time ( m i n )

Column lc
Detection 11m1tb

(US/1) v

AldMn
a-BHC
3-BHC
w-BHC
q-8HC (Undane)
Chlordane
4 ,4 ' -DDD
4 ,4 ' -DDE
4, 4 ' - DDT
Dieldr ln
Endosul fan I
Endosul fan II
Endosu l fan suHate
Endrln
EndrLn aldehyde
Heptachlor
Heptachlor epoxlde
Methoxychlor
PCB-1016
PCB-1221
PCB-1232
PC3-1242
PC8-1248
PCB-1254
PCB-1260

2.40
1.35
1.90
2.15
0,70

e
7.83
5.13
9.40
5.45
4.50
8.00

14.22
6.55

11.82
2.00
3.50

18.20
e
e

4.10 <*
1.82
1.97
2.20
2.13

e
9.08
7.15

11.7.5
7.23
6.20 '
8.28..

10.70
8.10
9.30
3.35
5.00

26.60

e

0.004
O.OQ4 ;

. O.OQ6
0.009

^0.004 •
^0.014

0.012
0.004
0.012
0.002 k

0.014 "
0.004 .
0.066
0.006
0'.023
0.004
0.083 *
0.176

NO
NO

'NO . .
0.065

NO'
NO
NO

ND » not determined.
a Taken from reference 6. . •
Detection Hm1t 1s ca lcu la ted from the minimum detectable GC response

being equal to f i ve times the GC background noise, assuming a 10-ml final
volume o f ' a 1-Hter liquid ext ract , and assuming a GC Injection of 5 \i\.

cColumn 1 conditions: Supelcoport 100/120 mesh coated with 1.51
SP-2250/1.951 SP-2401 packed In a 180-cm long x 4-mm I.D. glass column with
51 Methane/951 Argon carrier gas at 60 ml/mln flow rate. Column temperature
is 200' C.

dColumn, 2 conditions: Supelcoport 100/200' mesh coated with 3% OV-1 In
a 180-cm long x 4-mm I.D. glass- column with 5i Methane/95% Argon carrier gas
at 60 m.l/m1n f low rate. Column temperature Is 200* C.

'Multiple peak response.
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m ' • • « • • •
2.2 The sensitivity of Method 8080 usualVy depends o\'th| ̂ evel of.

in te r fe rences rather than, on Instrumental limitations. Table 1 M*ts the
l imits of detection that can be' obtained In wast£waters In the absence-of
in ter ferences. Detection l imits for. a typical waste sample may Ae signi f i -
cantly higher. . • •

3 . 0 Interferences t ' . _ • _ - .

3.1 Solvents, reagents, ̂ glass^ware,' and otheP1 sample process Ing. hardware
may yield discrete artifacts and/or-elevated'baselines ca'usfng mis'lnte'rpreta-
tton of gas ch'romatograms. All these materials must therefore be demonstrated
to be free from interferences under the conditions of the'analysis'by
running method blanks. Specific selection of reagents and purl fixation of
solvents by distillation 1-n all-glass .systems may.be required..' •.- -./*'•

3.2 Interferences coextracted from the samples will-.vary .considerably
from waste to waste. While general cleanup techniques are provided a* 'parj of
this method, unique samples--may require additional cleanup approaches to'
achieve desired sensitivities.' . • . • ;' • , •. . **

» - t ' *

3.3 Glassware must be scrupulously clean. -Clean all gUssware *s soon'
as poss ib le after use by rinsing with the last solvent used. This should be'
fo l l owed by detergent wash ing in hot water; Rinse wi.th tap water, d is t i l led-
wa te r , acetone,., and finally pesticide-quality hexane. Heavily contaminated
g lassware may require treatment in a muffle furnace at" 400* C for 15 to 30
min. Some high boiling mater ials, such as PCB 's? may not be eliminated''by
this treatment. Volumetric ware should not be heated 1n a muffle furnace: ' ••
G lassware should be sealed/stored in a clean environment Immediately after
drying or cool ing'to prevent any accumulajt^on. of dust or other 'contamfnants.
Store inverted or capped with aluminum fo.f'J. • ' •

. ^ . * ' . ' ,^- ' " ' .
'3.4 Interferences by phthalate esters can pose a major problem 1nft.

pesticide analysis. These, materials el'ute in the 15i and §0% fractions of
the Florisif cleanup. ' They usually can'be minimized by av61d1ng contact.
with any plasti/: materials. The contamination from phthalate esters can'- be
completely eliminated with a microcoulometric or electrolytic cqnductlvHy
detector. . - • • ' - - ' * »

3.5 Before processing any. samples, the analyst should demonstrate dally
through the analysis of an orgaalc-free water or solvent blank that thr • '^
entire analytical system is "interference-free. Standard tfual1*:y assurance,
practices should be used with this method. Field'repllcates .should be
col lected to val idate the precision of the sampling technique. Laboratqry
repl icates should be analyzed to valida.te the ,prec1si6n of the analyses'.
For t i f ied samples should be. analyzed to* validate th,e accuracy of the ana.l-
yses. Where doubt exists over the Identification of a peak on the g"ast ~.
chromatogram, conf-irmatory techniques such as mass spectroscopy"should

'f.
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• . . • .
be used. Detection limits for groundwater and EP extracts are given In
Table 1. Detection limits for these compounds In wastes should be set at
1 ug/g. • . •

4.0 Apparatus and Mater ia ls

4.1 Drying column: 20-mm I.D. pyrex chromatographlc column with coarse/
frit. ' -

« '

4.2" .Kuderna-Danlsh (K-D) apparatus

4.2.1 Concentrator tube: 10 ml, graduated. Calibration must be
checked at 1.0- and 10.0-ml level. Ground glass stopper (size 19/22
joint) Is used to prevent evaporation of extracts.

4.2.2 Evaporat ive f lask: 500 ml. Attach to concentrator tube with
springs.

4 .2 .3 Snyder column: Three-ball macro (Kontes K503000-0121 or
equivalent).

4.2.4 Boil ing chips: Extracted, approximately 10/40 mesh.

4.3 Water bath: Heated, with concentric ring cover, capable of tempera-,
ture control (+2* C). The bath should be used In a hood.

4 ~~

4.4 Gas chromatograph: Analytical system complete with gas chromato- T"
graph,suitable for on-column Injection and all required accessories Including
electron-capture or halo.gen-spldf 1c detector, column supplies, recorder,
gases, syringes,.' A data system for ..measuring peak areas Is recommenced. '

&
4.5 Chromatographlc column: Pyrex, 400 mm x 25 mm O.D., with coarse

fritted plate and Teflon stopcock (Kontes K-42054-213 or equivalent).

5.0 Reagents
• ; ^

5*.I Preservatives . . ' „ • ' • .

&,!.! Sodium hydroxide: (ACS) 10 H.ln distil led .water.
v •>

5.1.2 Sulfurlc add (1+1): (ACS) Mix equal volumes of cone.
H2S04 with distilled water. • " .,

• " •>

5.2 Methylene chloride: Pesticide quality -or equivalent. ,

5.3 Sodium sulfate: (ACS) Granular, anhydrous (purified by'heating at
400* C for 4 hr 1n a shal low .tray).
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5.4 Stock standards: Prepare stock standard solutions at a 'concen- .
tration of 1.00 ug/ul .by dissolving 0.100 g* of assayed reference material
in pesticide quality Isoactane'or other appropriate solvent and diluting .
to volume In a 100-ml ground-glass-stoppered volumetric f lask. The stock
solution. U transferred to ground-glass-stoppered reagent bottles, Stored 1n_
a refrigerator, and checked frequently for sighs of degradation or.evaporation,
especially just prior to preparing working standards-from them. •'

5.5 . Mercury: Triple distilled. 'y
• * • '

5.6 Hexane: Pesticide residue analysis grade. •

5.7
grade.

Isooctane (2,2,4-trimeth^l penta'ne): Pesticide residue analysis

5-.8 Acetone: Pesticide residue analysis grade.

5.9 Diethyl ether: Nanograde, redistilled in glass if necessary.

5.9.1 Must be free of peroxides as indicated by EM Quant test
strips (Test strips are available from EM Laboratories, Inc., 500"
Executive Blvd., Elmsford, N.Y. 10523). • '

5.9.2 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.

. . • • . *
5.10 Florlsll:. PR grade (60/100 mesh); purchase activated at 1250* F;

store In glass containers with glass stoppers qr foil-lined Screw caps.
Before use, activate each batch at least 16 hr at -130* C In a foil-covered
glass -container,

* * * ' ' * '
6.0 Sample Collection, Preservation, and Handling

6.1, Grab samples must be collected 1h appropriately cleaned gjass
containers and the sampling bottle must not be prewashed with the sample
before collection. Composite samples should be collected in refriger-
ated glass containers In accordance with the requirements of the program.
Automatic sampling equipment must be free'of tygon and1other potential
sources, of contamination. »

! 1

6.2. The samples must be Iced or refrigerated from th'e time of collec-
tion until extraction. Chemical preservatives should not be used In the
.field unless more than 24 hr will elapse before delivery to the'laboratory.
'If the samples w1-ll not be extracted within 48 hours of collection, the
sample should be adjusted t.o a pH range of 6.0-8.6 with sodium hydroxide or
sulfurlc add. . .
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6.3 All samples must be extracted within 7, days and completely analyzed
within 30 days of collection.

7.0 Procedures

7.1 Sample preparation .

7.1.1 Extraction. Extract water samples at a neutral pH with
methylene chloride as a solvent-using a separatory funnel (M"'sod'3510)
or a continuous liquid-liquid extractor (3520). Extract s o l i c samples
with hexane:acetone (1:1) using either the Soxhlet extraction (Method
3540) or sonlcatlon procedures (Method 3550). Spiked'samples are used
to verify the applicability of the chosen extraction technique to each
new sample type. Each sample must be spiked to determine the '. recovery
and the limit of detection for that sample.

7.1.2 Flor1s1l column cleanup

7.1.2.1: Add a weight of FloMsIl (nominally 21 g), pre-
determined by calibration (Section 7.3) to a chromatographlc
column. Settle the Flor1s1l by tapping the column. Add sodium
sulfate to the top of the Flortsll to form a layer 1-2 cm deep.
Add 60 ml of hexane to wet and rinse the sodium sulfate and FloMsIl,
Packing the Flor1s11 In a hexane slurry 1s an alternative method

\ which has proven effective. Just prior to exposure of f-.e sodium
sulfate to air, stop the elutlon of the hexane by do','- the
stopcock on the chromatography column. Discard the e', u. e. Adjust
the sample extract volume to 10 ml and transfer 1t frc<- :.->» K-D
concentrator tube to the Florist 1 column. Rinse the t-'e twice
with 1-2 ml hexane. adding each rinse to the column.

7.1.2.2 Place a 500-ml K-D flask and clean concentrator tube
under the chromatography column. -Drain the column Into the flask
until the sodium sulfate layer Is nearly exposed. Elute the column
with 200 ml of 61 ethyl ether In hexane (Fraction 1) using .a drip
rate of about 5 ml/min. Remove the K-0 flask and set aside for
later concentration. ̂  Elute the column again, using 200 r.l of 151
ethyl ether In hexane" (Fraction 2), Into a second K-D Mask.
Perform the third elutlon using 200 ml of 501 ethyl ether in hexane
(Fraction 3). The elutlon patterns for the pesticides a-d PCB's
are shown 1n Table 2.

7.1.2.3 Concentrate the eluates by standard r-? • Piques,
as described 1n the referenced extraction procedures. tltutlng
hexane for the glassware rinses and using the water .: about
85* C. Adjust final volume to 10 ml with hexane. -.,-.-'.:: by gas
chromatography. (
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TABLE 2. DISTRIBUTION AND RECOVERY OF CHLORINATED PESTICIDES
AND PCB's USING FLORISIL'COLUMN CHROMATOGRAPHY*

Percent recovery by fraction^

Parameter 1(6%) 2(151) 3(501)

AldMn
£-BHC

B-BHC

w-BHC

£-BKC (L indane)
Chlordane
4 , 4 ' - D D O
4 , 4 ' - D O E

4, 4 ' -DDT

OleldMn
Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrln
Endrln aldehyde
Heptachlor
Heptachlor epoxide
Metnoxychlor
Toxaphene
PCB-1016
PC8-1221
PC8-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260

100
100
97
98 .

100

100
99
98

100
j

0 100
•37 64 .

0 • . 7 91
0 . 0 " 1 0 6
4 96
0 68 26

100
100
100
96
97 V

97
95 4
97

103
90
95

'Taken from reference 1.
bElut1ng solvent composition given 1n Section 7.1.2.2.
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7.2 Gas chromatography condit ions. The recommended gas chromatographic
columns and operating conditions for .the Instrument are:

Column 1 condi t ions: Supelcoport 100/120 nesh coated with 1.51 SP-2250/
1.951 SP-2401 packed In a 180-cm long x 4-mm I.D. glass column with
55 Methane/951 Argon carrier gas at 60 ml/min f low rate. Column
temperature Is 200* C.

Column 2 conditions: Supelcoport 100/120 mesh coated with 31 OV-1 In
a 180-cm long x 4-mm I.D. glass column with 51 Methane/951 Argon carrier
gas at 60 nl/mln f low rate. Column temperature 1s 200" C.

7.3 Calibration

7.3.1 Establish gas chromatographic operating parameters equiva-
lent to those indicated in Table 1. The gas chromatographic system can
be c a l i b r a t e d using the external standard technique (Section 7.3.2) or
the internal standard technique (Section 7.3.3).

7.3.2 External standard calibration procedure

7.3.2.1 For each parameter of interest, prepare calibration
standards at a minimum of three concentration levels by adding
volumes of one or more stock standards to a volumetric flask and
diluting to volume with isooctane. One of the external standards
should be at a concentration near, but above, the method detection
li m i t . The other concentrations should correspond to the expected
range of concentrations found in real samples or should define the
working range of the detector.

7.3.2.2 Using injections of 2 to S ul of each calibration
standard, tabulate peak height or area responses against the mass
injected. The results can be used to prepare a calibration curve
for each parameter. Alternatively, the ratio of the response to
the mass injected, defined as the calibration factor (CF), can be
calculated for each parameter at each standard concentration. If
the relative standard deviation of the calibration factor Is less
than 101 over the working range, li'nearity through the origin can
be assumed and the average calibration factor can be used in place
of a CalIbration curve.

7.3.2.3 The working calibration curve or calibration factor
must be verified on each working day by the measurement of one or
more calibration standards. If the- response for any parameter
varies from the predicted response by more than _*101, the test must
be repeated using a fresh calibration standard. "Alternatively, a
new calibration curve or calibration factor may be prepared for
that parameter.
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7.3.3 Internal standard calibration procedure. To use this
approach, the analyst must select 'one or more Internal standards similar
in analytical behavior to the. compounds of interest. The analyst mu'st
further demonstrate that the measurement of the internal standard Is
not affected by method or matrix interferences. Due to these limita-
tions, no internal standard applicable to all samples can be suggested.

7.3.3.1 Prepare calibration standards at a minimum of three"
concentration levels for each parameter 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 Interrfal standards, and dilute to volume with Isooctane. One
of the standards should be at a concentration near, but above, the
T«thod 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.

7.3.3.2 Using injections of 2 to 5 ul of each calibration
standard, tabulate the peak height or area responses against the
concentration for each compound and internal standard. Calculate
response factors (RF) for each compound as follows:

RF * (AsCis)/(A1sCs)

where:

A. • Response for the parameter to be measured.
**A.J » Response for the internal standard. ™

C,s • Concentration of the Internal standard in ug/1.

Cs • Concentration of the parameter to be measured 1n ug/1.

If the RF value over the working range is constant, less than 10%
relative standard deviation, 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.
As/A1s against RF.

7.3.3.3 The working calibration curve or RF must be verified
on each working day by the measurement of one or more calibration •
standards. If the response for any parameter varies from the ^
predicted response by more than +101, the test must be repeated
using a fresh calibration standard. Alternatively, a new calibra-
tion curve must be prepared for that compound.

7.3.4 Florlsll standardization. The cleanup procedure described
in Section 7.1.2 utilizes Florlsll chromatography. Florlsll from
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different batches or sources may vary In absorption capacity. To
determine the amount of FloMsIl to be used, the absorption capacity of
each separate batch of Florlsll 1s measured using laurlc add values
(2). The referenced procedure determines the adsorption from hexane
solution of laurlc add (mg) per g Florlsll. The amount of Florlsll to.
be used for each column 1s calculated by dividing this factor into 110
and multiplying by 20 g.

7.4 Gas chromatographic analysis

7.4.1 Inject 2-5 ul of the sample extract using the solvent flush
technique. Smaller (1.0 -ji) volumes can be injected If automatic devices
are employed. Record tne volume Injected to the nearest 0.05 ul, and.
the resulting peak size, In area units.

7.4.2 If the peak areas exceed the linear range of the system,
dilute the extract and reanalyze.

7.4.3 If peak detection 1s prevented by the presence of Inter-
ferences, further .cleanup 1s required. Before using any cleanup
procedure, the analyst must process -a series of calibration standards
through the procedure to validate elution patterns and the absence of
interferences from the reagents.

»
7.4.4 Examples of chromatograms for organochlorine pesticides

shown 1n Figures 1-5.
are

8.0 Quality Control

8.1 Before processing any samples, the analyst should demonstrate
through the analysis of a d1stilled 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
safeguard against chronic laboratory contamination. The blank samples should
be carried through all stages of the Sample preparation and measurement steps.

8.2 Standard quality assurance Ipractices 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 analyzed
to validate the sensitivity and accuracy of tne analysis. If the fortified
waste samples do not Indicate sufficient sertsltivity to detect less than or
equal to 1 u,g/g of sample, then the sensitivity of the instrument should be
increased or the extract subjected to additional cleanup. Detection limits
to be used for groundwater samples are Indicated In Table 1. The fortified
samples should be carried through all stages of the sample preparation and
measurement steps. Where doubt exists over the Identification of a peak on
the chromatograph, confirmatory techniques such as mass spectroscopy should
be used.
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Column 1.5\SP-2250*
1.95% SP 2401 on Sooeicosoa

200°C
Eitcvon

4 a 12
RETENTION TIME (MINUTES)

16

Figure 1. Gas chromatogram of pesticides.



Column. 1.5X5*2250-
1.95S SP 2*01 on Suoiieooon

JOC°C .
r EiKTTOn

0 4 8 1 2 1 6

RETENTION TIME (MINUTES)

Figure 2 Gas chromitogrim of chlordant.
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Column: 1.SXSP27SO*
1.9SX S? 2*01 on

T»mp«T»ixjr» 200°C •
Dmetor

10 1« 18

RETENTION TIME (MINUTES)

26

Figun 3. Gas chrom»togr>m of toxaphenc.



Column 1 5*. SP 2250-
1.95S SP 2401 on Swotieooor
urf 20C°C

E •cT'

6 10 M

"E-£NTlONTlME (MINUTES)

Figuri 4. PCB-1254.
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Column 15V S? 22SO-
1 95\ SP 2«01 on Soo«ieooon

200°C
Ei»c:ron

10 14 IB
RETENTION TIME (MINUTES!

26

Gas chromjtognm of PCB-1260.
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8.3 The method detection limit (MQl) Is defined as the minimum concen-
tration of a substance that can be measured and reported with 991 confidence
that the value Is above zero. The HOL concentrations listed 1n Table 1 were •
obtained using reagent water. Similar results were achieved using represen-
tative wastewaters. The MOL actually achieved In a given analysis will vary.
aepending on Instrument sensitivity and matrix effects.

8.4 In a single laboratory, using reagent water and wastewaters spiked at
or near background levels, the average recoveries presented 1n Table 3 were
obtained. The* standard deviation of the measurement In percent recovery 1$
also Inclgded in Table 3.

TABLE 3. SINGLE OPERATOR ACCURACY AND PRECISION

Parameter

Aldn n
a-BHC
tf-BHC
w-BHC
£-BHC (Lindane)
Chlordane
4 . 4 - - D D O
4, 4 '-DDE
4, 4 ' -DOT
Dieldr in
Ejidosulfan I
Endosu l f an II
Endosu l fan s u l f a t e
Endrin
Endr ln aldehyde
Heptachlor
Heptachlor epoxlde
Toxaphene
PCB-1016
PCB-1221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PC8-1260

Average
percent
recovery

89
89
88 .
86
97
93

• 9 2 *
89
92
95
96
97
99

. 95
87
88
93
95
94
96
88
92
90
92
91 .

Standard SpUe
deviation range

(1) * fug/1)

2.5
2.0
1.3
3.4
3.3
4.1
1.9
2.2
3.2
2.8
2.9

. 2.4
4.1
2.1
2.1
3.3
1.4
3.8
1.8
4.?

' 2.4
2.0
1.6
3.3
5.5

2.0
1.6
2.0
2.0
1.0

20
6.0
3.0
8.0
3.0
3.0
5.0

15
5.0

12
1.0
2.0

200
25
55-100

110
28-56
40
40
80

Number
of Matrix

analyses types

15
15
15
15
15
21
15
15
15
15
12
14
15 .
12
11
12
15
18
12
12
12

V 12
)«

18
18

3
3
3 •
3
3
4 • '
3
3
3
2
2
3
3
2 .
2
2
3
3
2
2
2
2
2
3.
3
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S T A N D A R D O P E R A T I N G P R O C E D U R E S

. FOR

T R A C K I N G , A N A L Y S I S , <5c DOCUMENT tATION

OF

H A Z A R D O U S WASTE SAMPLES

1.0 O R G A N I Z A T I O N» • * v

The handling and analysis of hazardous waste samples is the direct responsibility of
the Laboratory Depar tment of Clayton Environmental Consultants, <Inc. All technical
and adminis t ra t ive decisions are the responsibility of the Laboratory Director, who

• reports to the Corporate Technical Director/Executive Vice President. Quality
Assurance (QA) is the responsibility of the QA Officer , who reports directly to the
Technical Director. The organization chart shown below illustrates the reporting
responsibilities-for the conduct of projects considered by this protocol.

VP/Technical Director
J. Singh

Quality Assurance Officer
J. Spurr

I
Standard Chemist

M. Parker

VP/Laborator'y Director
R. Lieckfield

Extract ion Preparation
M. Grzeskowiak
T. Hallal
T. Fields

Standards Preparation
M. Parker

Project Manager
D. Strandbergh

Gas Chromatography
T. Outhouse
R. Aquino
R. Hallal .

GC/MS
A. Schinsky

^M. Wagner
S. Chase
P. Epstien
D. Opthof f
M.Giles

Project Administrator
A. McNary
J. Greulich

fi/ns/Rf. • Pnrr- 1

Date:

Sirnii turr:

7/1585
/•-
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3.0 S A M P L E RECEIPT Jc STORAGE
t

Purposes The purpose of this procedure is to ensure the'safe and orderly receipt of
samples and to define the method of storage used to eliminate sample loss,

•' deterioration, or contamination.
«•

Responsibility: Adherence to this procedure and care of all hazardous waste samples
is the responsibility of the HW Project Administrator. He may be assisted by log-in
technicians and other laboratory s t a f f , but primary responsibility falls to the PA.

3.1 Sample Receipt

3.1.1 Location: All HW samples are delivered tp the north entrance of the
bui ld ing . No coolers or other sample containers are permitted through the
personnel entrances and samples are not be transported through the building.

3.1.2 Not i f i ca t ion : The PA (or designated representative) is notified in advance by
the P.M about the case number, the airbill number and the date the samples
wi l l arrive. The PA (or designated representative) is advised immediately
when the samples arrive. Samples are not to be left unattended. All delivery
receipts must be signed by the PA /designated representative.

3.1.3 Inspection: The PA, upon receipt of a sample lot, performs the following
steps:

(1) Check the sample shipment information on the delivery receipt against
pre-shipment notification. If the information does not agree notify
the PM before proceeding.

. •

(2) Check .the shipping container for the presence or absence of the
custody seal (Fig. 1). The custody seal should have a number, which
should appear on the Chain of Custody (Fig. 2), have a signature and be
intact. If it does not, make a .note in the remark section of the Log-In
sheet (Fig. 5).

(3) Examine the shipping container, ft it does not appear to be intact,
make a note in the remark section (Fig. 5).

(4) Place the shipping container on the lab cart and proceed to the HWL.
Place the shipping container under the hood.

(5) Remove the containep-seal(s) and save for case documentation. Open
the shipping conta-t/er] and remove the enclosed documents. They
-should be in a waterproof bag taped to the inside lid of the container.
The bag should contain/

1.

2.

0023E-Revised 6/05/86

Chain of Custody Record (Fig. 2)

Traffic Report(s) (SMO Form, Fig. 4).

- - 009 . Date:
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(6) Compare the following to the.Chain of Custody for agreement.
r .

1. Case number

2. Shipper's name on the airbill

3. Custody seal numbers

(7) Remove the samples from the shipping container. Place them in the
hood. Record the following in format ion on the Log-In Sheet (Fig. 5).

1. The sample condition (broken, leaking, etc.)

2. The presence/absence of sample tags (Fig. 1A).

3. The sample tag document control number. .

(8) Compare the case number, SMO sample number and tag numbers on
the samples to the Chain of Custody Record: (Fig. 2)

1. If these numbers agree, record this on the Log-In sheet.

2. If any of the numbers do not agree, record this on the Log-In
Sheet.

\

(9) Compare the following documents to ver i fy agreement among the
information contained on them:

9
•', 1. Chain of Custody records

2. Sample tags

3. SMO forms ( traff ic reports)

4. Air bills or bills of lading numbers

(10) If all of the informatioA agrees on all documents, record this on the
Log-In Sheet. If, ther£ are discrepancies on the forms, notify the
Program Manager, who wilTin turn not i fy the SMO for clarification.
Document the call usirtg the Telephone Record Form (Fig. 6).
Logging-in of the samples .will continue when descrepancies have
been clarified and the PM gives his permission.

0023E-Revised 6/05/86 Page 10
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111) tf there are no problems with the sample shipment:

1. Sign the Chain of. Custody Record in the appropriate "received
by lab" box and record the time and date.

2. Sign and date the SMO Traffic Reports and complete the sampl*
condition column.

»

3. Record all the information on the Log-In Sheet.

4. Place the samples on the lab cart and proceed to the CLP office;

5. Lock the samples and documents in the CLP office except for
the Log-In sheet, which you take to the Computer Center for the

. pertinent information required to Log-In the samples.

3.1.4 Log-In
\

The samples are logged in as quickly as possible after sample receipt, at the
Computer Center.

(1) Assign a Clayton Job Number from the sequential list in the Computer
Job Task Program.

1. Enter the name of the SMO person who will receive the case
deliverables.

2. Enter the company name, report address, city, state, and zip.

3. Enter the EPA contract number and Case number.

(2) Prepare a Laboratory Analysis Report (LAR) in the-computer Log-In
Task Program. The computer assigns a lab number for each sample.
A sample of a completed LAR is given in Fig. 7. This is Clayton's
internal document, indicating entry of sample and project
information. No project may pass through the laboratory without this
control.

1. Enter the assigned Job Number

2. Enter in sample description and the sample identification
numbers.

3. Enter the sample media "soil" or "water".

OH
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4. Enter the analysis requested using the appropriate code for
hazardous waste analysis.

5. Enter ttie SMO Case Number under special instructions.

G. Print out the LAR and check all information against the Log-In
sheet and the Traffic Reports (s).

7. Xerox the appropriate number of copies based on the analyses
requested.

(3)

(4)

(5)

(6)

(7)

3.2 Sample Storage

>ce?Proceed to the CLP locked office and organize samples for storage.

Using the LAR sheet, assign the lab numbers to the appropriate
samples.

Remove the sample tags and wri te the appropriate lab numbers in the
"Lab Sample No" box (Fig. 1A). "

Lock the samples in the refrigerator except for the VGA's (3.2.2
covers the handling of VGA's).

Place the documents in the document case file (see 4.0 Document
Control) .

3.2.1 Soil samples and water samples for extraction are stored in the locked
Beveragaire refrigerator. -

3.2.2 Take VGA vials to the GC/MS laboratory to be stored in the designated
locked refrigerator.

(I) The PA relinquishes the samples to the GC/MS Operation Chemist.

(2) GC/MS operation chemist signs for the samples on the Internal Chain
of Custody Record (Fig. 3), recording the date and time of receipt.

(3) The PA then places this record in-the appropriate case document file.

3.2.3 Samples remain in storage until the PM approves Jhe receipt of the sample
lot and authorizes analytical activity.

012
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3.2.4 Samples must be protected from light and stored at 4° G from the time of
receipt'until 60 days after the case has been submitted. Samples'may then be
appropiately disposed under the PM's direction

3.2.5 Water samples must be extracted within 5 days of receipt and completely ,
analyzed within 40 days of extraction. VOA water samples must be analyzed
within 7 days of sample receipt. Soil samples must be extracted within 10
days of sample receipt and completely analyzed within 4t) days of extraction.
VGA soil samples must be analyzed within 10 days of sample receipt. This '
does not preclude the contract requirement of 30 or 40-day turnaround of
analytical data.

3.2.6 Sample storage areas are locked at all times. The PM, PA, and Lab Manager
have the only keys to the storage areas. Either the PM or the PA may
designate a substitute for himself in the event of being absent from the
laboratory. All such designations are recorded in the PA's tracking log book.
Procedures for removing samples from storage for extraction are found in the
Chain-of-Custody section (4.0).

3.2.7 Refrigerated storage areas for used and unused portions of samples must be
kept at 4° C. The QA officer designates a representative to monitor and
record the temperatures of the refrigerators and freezers on a daily basis.
Report any variation from approved conditions to the QA officer at once.

3.2.8 Do not store standards or extracts with samples.

013

0023E-Revised 6/05/86 Page 13
&

Date:

Signature:

7/15/86



\ N U A K D O P E R A T I N G PKOOF.OUKES
FOK

K I N O , A N A L Y S I S , Jc D O C U M E N T A T I O N
OF

H A Z A R D O U S WASTE SAMPLES

'for
'y Da.
•e.

L-Sc CHA1N-OF-CUSTODY .

a of this procedure is to define the means by which Clayton will
y and traceability of all samples, documents, and data associated

e ident i f ica t ion and remedial action programs.

e overall responsibility for maintaining the controls and safeguards
'tire falls on the Project Manager. Specific act ivi t ies are delegated
), and Technical S t a f f , but the PM maintains control over, the

is and reviews all custody procedures to ensure adherence to the

i for mat ion: Samples, letters or information from the' EPA or EPA
nies marked "CONFIDENTIAL" should not be opened. The PM contacts
erif icat ion that the contents are directly related to our Laboratory.

on trot • •
»!?

ontrol and security of all documents related to a case are delegated to the
He is responsible for maintaining the integrity of the case through a

rous program of filing, inventory, & securing the critical elements of the

is the responsibility of the PA to execute the following procedure for each
VV project: '

(1) The P.M wil l notify {he PA of pending sample shipment. At this time a
document case file is prepared (Fig. 8).

(2) The anticipated date of shipment delivery and the number of samples is
entered in the PA's Log Book.

(3) When the samples are delivered, the procedure 3.0 "Sample Receipt and
Storage" is followed. . >

(4) When the samples have been logged-in and'stored,, all documents
received with the shipment are filed in the appropriate document case
file.

(5) The document case fi le is kept in a secure filing cabinet in a. secured
area. The case file is not removed from the secured area nor are any
"originals" from the case file given to other staff. Copies of the case
documents may be prepared for authorized personnel.

Q 1 4
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,11 custody procedures to ensure adherence to the

'°s, letters or information from the EPA or EPA
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the PA to execute the following procedure for each

/ the PA of pending sample shipment. At this time a
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> Log Book.
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11 NT A TIO N

'LES -
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the case file, as listed on the

jgh a Document Inventory form
case number and region number,
"ix for identification.

the first item in the case file: it
e, carries the inventory control
i sheet is always the 9th item in
5060, Region five, carries the

category, numerical sequencing
designated as item 015 on the
which are related to the case

sehted to the PA. When they
he document inventory form is

nee that traces the in-house
pt to completion of analysis.
.-ction must be:

session, or
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014 CM* ?/ IS/86
/ • ,

S.
Signature: _, 7/15/86

/
^f



SI \NIMKI) OPr.HATINU I 'HO^KDUKI-S
FOK

ATKlNi ! , ANALYSIS , A UQCUMKN PATION
OF

HAZAKUOl'S WASTE SAMPLES

4.2.2 Clayton maintains legally defensible chain-of-custody security procedures as
follows:

CD Samples are stored in a secure area.

(2) Refrigerators, freezers and other sample storage areas are kept locked.

(3) Samples remain in locked sumplc storage until they are removed for
sample preparation or analysis.

(4) Only the PA, P.vi, and Lab Manager have keys to the sample storage
area(s).

(5) All transfers of samples into and out of storage are documented on an
Internal Chain-of-Custody (Fig. 3).

4.2.3 The samples are transferred to the custody of the Sample Extraction Chemist
CSEC) or other Analysts when:

(1) Samples have been logged in and all samples and documents have been
locked in a secure area.

(2) VOA's have been transferred to GC/MS analyst (Fig. 3).

4.2.4 The Sample Extraction Chemist (SEC) or Analyst will contact the PA or
designated representative to receive transfer of samples.

(1) The samples to be prepared are identified by the SEC to the PA by
producing the copy of the LAR sheet (Fig. 7) received from the PM
which specifies which samples are to be prepped.

(2) The PA transfers the samples from the locked area to the SEC. The
SEC must sign in the "Removed By" column of the lnterna.1
Chain-6f-Custody form (Fig. 3) and complete the "Reason" and
"Date/Time" columns.

(3) The SEC must return the samples, or any portion of the samples, to the
custody of the PA before the end of the working day. At this time, the
PA completes the "Returned To" and "Date/Time" columns. These
transactions are recorded in their respective logbooks. Samples may
not be left unattended overnight.

(4) These transactions arc completed within 5 days of sample receipt for
water and within 10 duys of sample receipt for soils.

016
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4.3 B u i l d i n g Security

4.3.1 All Clayton employees wear identification badges. These are standard badges "
furnished by the company.

4.3.2 All visitors to the Clayton laboratory f a c i l i t y must :

(1) Sign in prior to passing the reception area.

(2)

(3)

Be issued a "Visitor" badge to be displayed at all times while on the
premises. •

Be escorted by an authorized Clayton representative while in any of
the secure areas.

4.3.3 Any P M , \ P A , or' Technical Staff member may refuse entry- to an escorted
visitor if, in the opinion of the staff member, entry into the work area may
constitute a hazard to the visitor, or other personnel in the area, or may
jeopardize the integrity or security pf-any sample.

4.3.4 Women in any stage of pregnancy will not be permitted into the HWL area.
*4.4 Tracking ' • •

4.4.1 Tracking of samples and the work is accomplished by a rigorous system of
event logging procedures. Each analyst- is responsible for maintaining the log
books assigned to his area. The system operates as follows:

(1) The P.A. keeps a daily record of all.events, including,, but not limited
to:
1. , Sample receipt • m ' ' • . ,- '
2. Sample transfers
3. Data/standards package shipment
4. Collection of documents
5. Communications

From this log, a weekly summary is prepared and forwarded to'the PM for his
.approval and submittal'to the Project Officer (SMO).

(2) Each analyst involved in extraction, ' analysis, or quantitation of
samples, standards, or QC samples maintains a permanent log book.
The log book contains analytical information from only one case per"

017
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Jitg v(3) Each day, including weekends, is designated by an entry in the log.
Data recorded is referenced with the case number, date, and the
analyist's signature at the top of the page. If no work is performed by
the analyst on a .given case, on a given day(s), record the date(s)
followed by the entry "No Activity" then sign the logbook on the same
line.

(4) When work is performed, the analyst enters information including, but
not limited to:

1. . Case number
• 2. Custody activities

•1. Sample numbers
4. Proc.ess undertaken . .

— 5. Results
6. Special conditions r - .

(5) » Log books are checked weekly by the^M. He reviews the entries in the
logs to ensure that dates-, order, signatures, and other critical
information is being recorded as required.

(6) Each instrument used for the analysis of HW samples has an instrument
maintenance log book. EntrielUnto this book are made whenever parts
are changed, or maintenance is performed on the instrument.
Manufacturer's reps should be requested to make entries in the log and
sign the log when repairs are performed.

\
(7^ All standards logs are kept by the Standards Chemist. Standard

preparations are recorded in either of two logbook series. Single
component standards are recorded in books with pages numbered 20,000
to 29,999; MulYi-component standards are recorded in books with pages
numbered 4U,000\to 49,999. Each standard mixture has a separate page.
This page number then becomes the standard's ID number Snd is used
whenever referencing the standard. Anyone preparing or verifying a
standard must record all required information in- these logs with the date
and his signature. Standard storage locations are also recorded m these
logs. The standards log books are reviewed during an onsite visit.

018
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4.4.2 All logbooks have duplicate pages; the analyists use carbon paper to duplicate
each page. When the case package is being prepared, the carbon copies of the
appropriate logbook pages are collected, given inventory control numbers, and
placed in the case file,. . • * '

4.4.3* Ml loose documents related to an HW ease are giv?n to the PA for numbering
and f i l i ng as soon as they become available. No printouts',- calculations,
worksheets, benchsheeHS?- or other (documents ' shall be left unsecured on a
workbench or desk".4 Wfcile incomplete, they are retained in a secure place by
the analyst . Once completed, t h e y w r e turned over to the PA.
' ' V- •• . '

4 .4 .4 Ml entr ies in logbooks and other documents are made in ink. If an error is
made in a logbook, correct it by crossing a l ine th rough. the error and entering
the corrected i n f o r m a t i o n . Any changes made are dated and initialed.

» " .

4.4.5 All documen ta t i on on a case is cross-checked for'consistency. Information on
sample tags, custody records, lab bench sheets, personal and instrument logs
and relevant data perta.ining to each particular sample or case must .be
consistent throughout the record.

*
Report Preparation, Review A: Storage

4.5.1,The PA prepares the'data packages for submittal. He informs the departments
about any documents required for the data package and maintains the document
inven to ry as outlined in' 4.0." The PM ensures'that the documents are correct
prior to their inclusion in the package and verif ies their applicability ^oMhe
case. ' ,

* • ' . •
4.5.2 A h e n a data .package is complete, the PA submi t s to the P-M a completed s*et,

inc lud ing a table of corffehts, a cover letter, document inventory sheet, and a
data package. . The PM reviews the package, signs the necessary forms, and
re tu rns the package to the PA for copying, binding and shipping.

4.5.3 The EPA requires that three data packages be submitted. These packages ore
generated by the PA. Followihg the approval and signature of the PM, the
th ree submit ta ls are forwarded by express courier to the intended reorients:
The original data package is placed in a locked secure storage area for 180 days
or u n t i l the government requests it. . . ' •

01-9 D«te: 7/15/86 '.. .
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10.0 D U A L I T Y A S S U R A N C E P R Q G R A M • ' '• .. , "*

^ . . . . . • * * . ' ' • •
Purpose; While the process of sample analysis is under routin-e control as set f.orth
in Clayton's Quality Assurance Pro'gram documents, the handling of hazardous waste .
samples requires ^he'use of special procedures,to ensure the integrity of all dattf and '
to facilitate the demonstration 'that -data^calculations, 8hd standards are yalid. '

• ., .
ResponsiDility: Tne .responsiDllty^nd Authority for monitoring all sample Dandling
and analysis rests'with the Qualify* 'Assljr.ance 'Coordinator, who reports directly fo
the Senior VP/Tecnnical D'irectof. He rjas the". ability, to enforce, the QA criteria, set *
forth in this doci/fi^M, to allocate the necessary resoiirc.es to fulfill -trie contractual
requirements, and poVegulate tn^ activities of tne'. technical 'stuff, as they impact •
the qualityvof data. -All quality ass^ranCe. documentation 'flow's through his offtee. '
for review, and results may net DC released without n is -approval. • •

10.1 Standards ' \ . . ' •' '-
* ' v ' / ' . . . •

Tne accurate preparation of analytical standnrds and the control pf their use. in the
analytical process is to be carried ouLj^WoLlows: " ' o

~ " I / ' " ' • • '' 10.1.1 A computerized inventory/of^all "neat" compounds is maintained oy. the
s Standards Cnemis't(SC). ThV^ecord of each compound includes the following: • i.

• ' • x • . ;* •
-. .1. GAS number G. Purity . . -]' -,, , « '•.

. "2. Synonyms 7. Date received.' • • ' . •'
J. Supplier 8.: Volume or weigfht . ; . '. .

9 4. Catalog number 9. -Chemical precautions
* . • 5.'. Lot numo^r , 10. Storage location • ' • . . ' '

Searches for chemical'infotmation are possiole from A printed alphabetical \.
fisting (F.igiire 10.1) or .by d'icect data base access. The^StandtVrds Chemist is ' .

>fesp,onsirte for.rfeviewing ^il'chemicols bn an,annual basis..tp determine-
wnicn.need to oe disposed and reordcfed. i . , " , , - . • .'' .

* ' *v t ' I ' "•* • * * ' " '

10.1.^2.- Stock; solutions of standard compounds are.prepared;and-validate1 d"by trre
Standards Chemist. When a solution is prepared from njeat material that-is '
less than 96?% phre^;the concentration must be ca£re'ctV<Tfor its purity. • '» |, '•

\ *'

• V

, . •
* " • t "* Vl •* ' '1 0. 1 .3 A standard solution may not be. used until its c'ontentratio/i has been verified

oy GC/ECD Cfor GC sTandards) analyses.. ^The standard is verified by
annlyziijg against. standard; solutions ^furnished by the U.5. £PA."t]urality
Ass.ufance Materials Bank.i The^e reference' Solutions are storjm^jcr -Ifl. fn

~*. Freezer #9 . ' > ^; ' i ' . - ' . - • v -'-'J^ •-".';
' .. ••. .-- -•-. "'•" * •. . " • . ' • •• ••' ; ' - " - ^ .. ' .' *

Tne • two1 solutions. must'"'agree .wHtliirt. +/y ' 15%«>;:to> have a validafed.
. concentration. Afl verificiftiprT records, -including. chromatogrtms[, aT-e^hfepi

with Uie preparation recaro^ in the standard'log books, .v , ' ' .**
" ' ' '

* .
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ID. 1.4 btocK and working solutions for volatile cpmpound^standards are prepared
montnly. Stock.and working levels for gas-phase volatile, compounds'and
2-cnloroetl;yl«vinyl etner are prepared weekly.

t

Sto'ck and working standards for semi-Volatile and PCB/pesticide compounds •
are prepared at least every six (6) months. Response factors ace monitored _,-
to detect degradation or ev-aporatipn.

lu. l . f > Two log book series are maintained for recording CLP standards
/preparation. Each preparation is recorded on a-reparate page (Figures^lO.2
and 10.-1). The pages are numbered according to the following system:-. '

[ > « £ • > . L \ ..Standard Type

Single component
Multi-component

T

Numberjrig. Se/ies

20,000 to 29,9S£ **' •
40,000 to

/.
The standard .is labelled with the unique page1 nftnber and this becomes thef

f- . "standard numoer", referenced whenever tne standard is used.

. '10.^1.6 Do" Not prepare a standard solution, without "entry'in the appropriate log.

10.1.7* When a^stocK solution or working standard'is replaced, the. date\ time and
.reason for disposal is noted by the SC on the appropriate" page of 'the

• *•• standards log. A standard-MAY NOT be used following its removal from.the
stjjfRjar.ds log. * . ' , . . < • •

10.1 ."8 Tne P.M reviews the standards logs on a wcekl^basis; the Q AC on a jppnthlx
basis. • " r - - ' •

10.2.' Kquv^p.-nent Performance Logs ' • ' - '

'An important part of Clayton's quajity assurance program is to provide a detailed
' record of ins t rument performance" and maintenance for all equipment and

instruments used. These records are reviewed at least monthly oy the QAC.
V

10.2.1 Refrigerators/Freezers . « \ .

(1> Each refrigerator and freezer contains only the'items designated for
that particular qnit (Figure 10.4). This minimizes the possibility of •
cross-contamination. All units are. monitored daily by ^assigned
personnel. ' , ' ' • •'

. .Jn' *
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(2) Te<Tipcratiire$ are recorded daily iir the temperature log »t.'fat- is
attached to t.he front of each unit (Figure 10,5). - . .

Tne following guidelines for acceptable* temperatures, and corrective
actions for. unacceptable variations are included in «ac.h log.. •

'
Refrigerator

less'thaft^S8 Cor
greater tnan 6UC

less than 2°C or
greater than 8°C

Freezer'
• »

-ft)«C

greater tnan -15°C

Ac.tfcn

Normal (no action)

Monitor closely

greater -man -1 ObC ' fake corrective ttetioYi .

Monitoring closely means to 'record the temperature several .times,
wi tn in tne same day, several hours upart. Action .first requires
notifying the PM or QAC, then making an adjustmiWt- to the
temperature setting, followed by close monitoring. After this, if
there is no improvement and the unit appears to*be failing, .all
contents are transferred td another unit and service is performed, on

. the broken unit. " ' '
^* . • » . .* *

„, (3) Completed logs are returned to the QAC for replacement, but ore
Meld permanently on file. > V

10.2.2' Balances x, •'
* ; •» '.

. (1) . All analytical balances used in tJie CLP program are checked daily
for calibration using a .set of class "S" metric weights. All three are
"macro-digital" style Mettler balances which are serviced annually.;.

• •' • ' / * »
(2) Records of the calibration checks are kept in a log book stored with

eacn qalance (Figure 10.6). Any service or maintenance performed
on a balance is noted on a separate maintenance record in the
logoook, then cross-jejerenced in the calibration record.

a

' (3) - If the error during the calibration check is greater than +/- 1 of^he
last readable place, the oalance must oe recaliorated.

* *

l'0.2.3 Exhaust Hoods . • ' • •
•»

The-Exhaust noods in the Hazardous Materials Uabjure equipped with
,. .nanometers. Manometer readings are recorded dail^inthe log attached to

eacn hood (Figure 10.7). - . .
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( I )
• • , •

I'uc zero setting must he onecKed and adjusted before ti\e hood is
turned on; the ful l draw is recorded once the motor nas reaqhed full
speed. . '• • • >

• ' (2) A 50%. drop in tne "full performance" reading, or a reading belqw 0.5
inches of water, requires immediate servicing.. Notify the Laboratory
Manager if tnis need arises. ' . •» . • . •, p. . . . . .. •

(3) ^-Return a completed log'oook to the yAC for replacement...

rtoods not equipped w i t h manometers are checked for flow w j t n the door in
full , half, 'and quarter open positions. These.measurements are recorded on
edcn ticfod and are .naintaincd in it log kept by tne-QAC.

'i • •

1-0.2.4, Reagent Water System • . -

Water purif icat ion is accomplished by a two-st/ge system.'The "Millipore
Milii-vJ" system, providing Type.l'_grade water, is proceeded by a "Service

-.D.I. P re t rea tment" system.whi.cn provides Type. II grade water. When used
in combination, 18 megohin:»/c*n organic-free water is provided.'on demand:
at up to 1.5 liters per minute.(Figure 10.8).'' . . '. -

(1) ' BEFORE using any-Milli-Q'water, ALWAYS check the resistivity
meter. - DO NOT USE THE WATER UNLESS THE METER rtEADS
ABOUT 18 meghoms/cm. When first turned on, this should ta,k.e l«ss
than 5 minutes and should remain tnere until turned off. >

(2) The pretreatmenj water is used for GLASSWARE RINSING ONLY.
. . Two outlets are provided for this purpose'above the SJOKS where

^ •• glassware is ^washed. .• / ' .

(3) ivuter' system performance is \lONlTOREi3 DAILY r»y readfng fjv«
indicators installed in the system. These are checked and recorded in.
u logbook that is attached to'the system^Cfigure 10.?). ' s.

"» • ' *

(4) Proper operating condititions are described below. 'The QAC is
notified if any of these conditions can not oe met.

•- ' • • *

a. Both pretreatment indicator lights are ON. . ' ' *
b. Resistivity is'about 18. megohms/cm. • v> v;
c. Pressures read less than 30 psi. '. . •
d.The difference in pressure's is less than 10 psi.' . ..'

(5) The Mill\-Q system cartridges arc replaced as needed) typically,
every 4 to. 6 months. A service contract for the pretreatment system
provides replacement of the D.I. tanks-and $-um prefllter every 3
months, tne carbon tank every 6 months. , " \

''I

\ •
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• ( > ; ) Containers for water are''used for short-term- storage, or for
transporting to other parts of the laooratdry only. .Glass containers
are for water_used in organic* .vork, polyethylene or polypropylene
for water used in inorganics work.

10.2.5 Instrument Logs :-

Eacn instrument has two log books. All pages are d'ated and signed by the
analyst performing the work or making .the entry. Only bound books are
used. . . '

(1) An instrument-run log is maintained as a permanent record of
• conditions and analytical run sequence.

- «i •

(2) A maintenance book is kept as a concise record of repair or service
required on the instrument. Routine cleaning and maintenance are
also noted.

10.3 Glassware Cleaning Procedure "

10.3.1 Uinse item thoroughly .vitn warm tap water.
x"

10.3.2 Scrub items 'with (not in) a 2% solution of RBS-35 cleaning concentrate*using
an appropriate brush.

10.3.3 Rinse wiih warm tap wateT and place in tub of 2-% RBS to soak."-Soaking of
glassware should be done -with caution and ONLY after the initial scrub" and

, rinse. Cross-contamination may result f rom mixing dirty glassware exposed
* to high levels of contaminants. ' .

,*

10.1.4 Thoroughly scrub the item wi th the R3S solution.
t •

JO.3.5 Thoroughly rinse with warm tab water.

10.3.6 Rinse wi th distilled water. "
*» •

10.3.7 Rinse with acetone (from Telfon squeeze Dottle) to remove water and trace
organics. . , "

10.3.8 Rinse wi tn methylene chloride {from Teflon squeeze bottle) to remove polar
compounds. , .

*

10.3.9 Rinse w i t h hexane (from" Teflon squeeze bottle) ta remove npn-polHr
compounds. , • •

13.3.10 Cover open ends of glassware wi th hexane-rinsed alutfinium foil.
%

exposed su

7/15/86
10.3.11 Immediately before and af ter using glassware, rinse exposed surfaces .with

tnose solvents used in the analyses.
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10.4 Instrument Tuning . ' 'If'

Tne routine calibration of instruments used in tne analysis of llj^samples begins
with tuning of the GC/MS systems.

10.4.1 Prior to initiating any ongoing data collection, i't is necessary to establish
that a given GC/MS meets the standard mass spectral abundance Criteria. -
This is accomplished through the analysis of Decafluorotriphenylphospnine
(DFTP'P) or p-Bromofluorobenzene (BFB). The ion Abundance criteria for
each calibration compound MUST be met before any samples, blunks, or

- standards can be analyzed.
• ( .

1U.4.2 Each GC/MS system used for the analysis of semi-volatile or" pesticide lISL
compounds mus.t be hardware-tuned to meet the abundance criteria listed in *
Table 10-1 for a 50-ng injection of DFl'PP. DFTPP may De analyzed
separately or as part of the calibration standard. The criteria must-be
demonstrated for each twelve (12) hour, period. DFTPP is injected to ;nee"t
this criterion. Post-acquisition manipulation of ion abundance is NOT
acceptable. Documentation of the calibraton is provided in the form of a

f bar graph plot and as a mass .listing.

TABLE 10-1: DFTPP KEY IONS AND ION ABUNDANCE CRITERIA

* Mass Ion Abundance Criteria

51 30.0 T'60.0 percent of mass 198
v , 68 Less than 2.0 percent of mass 89V

70 . Less than 2.0 percent of mass 69 .
127 40.0 - 60.0 percent of mass 198
197 Less than 1.0 percent of mass 198
198 Base peak, 100 percent relative abundance
199 i 5.0 - 9.0 percent of mass 198
275 I 10.0 - 30.0 percent of mass 198
365 I i Greater than l.OU percent of mass 198 • .

, 4 4 1 ir J 'Present but less than, mass 443 •
442 V/^ Greater tnan 40.0 percent of mass 198

' . 443 17.0-Z3.0 percent bf mass 442

10.4.3 Form V (GC/MS Tuning and Mass Calioration) is completed each time 'an,
analytical system is tuned. In addition, all samples, standards, blanks,
matrix spikes and matrix spike duplicates analyzed during a particular tune
are summarized on the bottom of Form V. . .

, v • - ' " • . . - .

10.4.4 p-Bromofluorobenzene (BFB) - "j\e GC/MS system used for. the analysis of
volatile HSL compounds is hardware-tuned to meet the abundance criteria
listed in Fable 10-2 for a SOrnanogram injection of BFU. Alternately, add
50 ng of BFB solution to 5.0 mL of reagent or standard solution' and analyze
according to 5.3.3. This criterion is demonstrated for each twelve^! 2) hour
time period. Post-acquisition manipulation of ion abundanei»is .NOT
acceptable. Documentation of the calibration is provided in the focm'of a
bar graph plot and as a mass listing. i /*cmr

Date! // 1 5/85 ~
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T A B L E 111-2: OFB KEY IONS AMI C K t l ' E R F A

.•Mass Ion Aoundance Criteria

50
75
US
96
173
174
175
.176

177

15.6 - 40.0 percent of the^toase peak • ',
30.0 - 60.0 percent of the base peak
Base peak, 1QO percent relative abundance
5.0 - 9.0 percent of the base peak
Less than 1.0 percent of the base peak
Greater than 50.0 percent of the base peak
5.0 - 9.0 percent of mass 174
Greater than 95.0 percent but less than
percent of mass 174
5.0 - 9.0 percent of mass 17.6

101.0

10.4.5 Form V (GC/MS Tuning and Mass Calibration) is complete^ each time an
analytical systerjxis tuned. • • " ~ *

10.4.6 Wnenever corrective action is taken which may change or affect the tuning
criteria for DFTPP or BFB (e.g., ion source cleaning -or repair, etc.), the
tune is verified irrespective of tT)e- 12-hour tuning requirement. • .

10.4.7 DFTPP and BFB criteria MUSTD'e met before any samples, sample extracts,
clanks or standards are analyzed, 'The twelve (12) hour timevperiod for
tuning and calibration'criteria begins at the moment of .injection of the
DFTPP or BFB analysis'*-,"T-ne time "period ends after twelve (12) hours
according to the system clock. ' ^ •

10.s Initial Calibration V.:- ;••,-<*

10.5.1 Tne calibration standards' prepared
"5.3,3 must meet the

"
(1) .

the Standards Chemist as described in
concentrations:"

Volatile. HS^L Compounds - . In i t i a l calibration of volatile HSL
.compounds is required at 20, .5Q, 100, 150 and 200 ug/L. Utilizing the
'analytical protocol specified in Exhibit O.this will result in 100-1000
total ngr analyzed. If a sample analyzed saturates at the 200 u
concentration level, document it on Form VI and proceed witlv
•four-point initial calibration for that specific analyte. .
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(2) Semi-volatile and. Pesticide USL Compounds - Inltiol calibration of
semi-volatile HSL compounds is required, at 20, SO, BO, 120-and 160
total- nanograms. Ten compounds: Benzole Acfd,'2, 4-Dinitrophenol,
2,4,5-Trichlorophenol, 2-Nitroaniline, 3-Nitroaniline, 4-Nitroaniline',
4-Nitrophenol, 4,6-Dinitro-2-Methylphenol, and Pentachlorophcnol
will only require a, fouf-point initial calibraton at 50, 8U, 120, and 160 ,
total nanograms 'since detection at less than 50 nanograms per
injection is difficult. . " ' .

10.5.2 Analyze each calibration standard, and tabulate tne area of the primary
characteristic ion (SOW, Section 5, Table 4 'and Table 5)' against
concentration for each compound including all contract-required surrogate
compounds. The relative ^tention times of each compound in each
calibration run should agree within 0.06 relative retention time units except
for N-nitrosodimetnylainine. -l^ate eluting compounds usually -will have much
better agreement. N-nitrosodimethylamine MUST oe resolved (rom the
solvent. » ' . ' • ' '

t
(1) Using Table 3 and Table. 4, calculate the response factors (RF) for

each compound a£ each; concentration level using the following
equation. -.

RF = 'IS

Where:

Ais =

cx =

Area of tne characteristic ion for the compound to
be measured. ' „'

* "

Area of" tne characteristic ion, for tne specific
internal standards from Table 3.3 or 3.4.

Concentration of tne internal standard (ng/uL). -

Concentration of' tne compound fo be measured
(ng/uL). . .
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•U) Using tne response factors (RF) from the ' in i t ia l calibration, calculate0

the percent relative standard deviations (%RSD) for compounds
Uoelled a$ Calibration Check Compounds using the fpllowYng
equation.

%RSD = .. °_ X 100 .

Where: RSD

o. :

Relative Standard Deviation. ] - .

Standard Deviation of initial 5 response" factors
(per compound). •

-'I

x = mean of initial 5 response factors , (per'
compounds).

• . «
The %RSU for eacii individual Calibration Check Compound must be
less than 30 percent. This criteria must be met for the, initial*
calibration to be valid. . • — ' -

10.5.3 Run a system performance cneck to insure min imum average response
factors are met before the calibration curve is used".

For volatiles, the five^System Performance Check Compounds (SPCC's)
chloromethane, 1,1-dichloroethane, bromoform, 1,1,2,2-tetrachloroethane
and c^ilorobeuzene. The minimum acceptable average response factor (RF)
for these compounds is 0.300. These compounds typically have' R(F's of
0.4-0.6 and are used to check compound instability an<J~ check for
degradation caused by contaminated lines or active sites in. the system.

10. 5. 4' Analyze each calioration standard and tabulate the area of the primary
characteristic ion (SOW, Section 5, Table 4 and Table S) against
concentration for each compound including all contract require'd surrogate
compounds. The relative retention times of each compound in each-
calibration run should a^g'ree within 0.06 relative retention time units except

• for N-nitrosodimethylamine. Late eluting compounds usually will have much
better, agreement. N-nitrosodimethylamine MUST be resolved from the
solvent. -
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nromocnlorom ethane 1,4-Dif luorobenzene Chlorobenzene-d5

Culoromethane
Bromornethune
Vinyl Chloride
Cliforoctliane
Methylene Chloride
Acetone
Carbon Disulfide
1,1-Dichlorotf'tliene
1,1-Dichloroethane

*Trans-l ,2-Dicnloroetnene
Cnloroform

• 1,2-Dichloraetnane
1,2-Dichloroethane-d.4

(surr)

2-Bu^anone
1,1,1-Trichloroethane
Caroon Tetrachloride
Vinyl Acetate
Uromodichlopomethane .
1,2-Dichloropropane
Ttans-1,3-Dichloroprppene
Trichloroethene
DibromochloTorhethane
1,1,2-Trichiorocthanc
Benzene
cis-l ,3-Oichloropropene
2-Chloroethyl Vinyl Ether
Bromoform

2-Hexanone
4-Methyl-2-PenUnone
Tetrachloroetnene
1,1,2,2-Tetrachlproetnane
Toluene
Chlorobenzene

, Ethylbcnze
Styrene
Total Xylenes '
Bromof luorobenzene

(surr)
Toluene-dg(surr)

10.5.5 Tne System Performance* Check Compounds (SPCC's) for .BNA'S are:
N-Nitroso-Di-n-Propylamine, Hexachloro-cyclopentadiene, 4-Nitrophenol,
and 2,4-Dinitrophenol. the min imum acceptable average response factor
(RF) for these compounds is 0.050. These compounds (SPCC's) typically
have very low ,RF's (0.1-0.2) and tend to decrease in response as the
chromatographic system begins to deteriorate or the standard material
ocgins to deteriorate. Tnese compounds are usually the first to show poor

^performance. Therefore, they must meet the minimum requirement whe.n
the system, is caliorat«d.

10.5.6 The initial calioration is valid only after both the %RSu for CCC compounds
and the minimum RF . fo r SPCC have been met. Only after both th*ese
criteria are met can sample analysis begin.

10.5.7 Once the initial calibration is validated, calculate and report the average
response factor (RF) and percent relative standard deviation (XRSt» for all
HSL compounds. Prepare a Form VI (Initial Calibration Data) for each
instrument used to analyze samples.
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10.6 Cont inuing Calibration

10.6.1

10.6.2

10.6.3

A ealioration standard(s) containing all volatile or semi-volatile HSL
compounds, including all required surrogates, is run each twelve (12) hours
during analysis. Compare the response factor data from the standards 12

• hours during analysis. Compare the response factor from the initial.
ealioration for a specific instrument. A system performance..check is made
eacn twelve hours, if the SPCC criteria are met, a comparison of response
factors is made for all compounds. This is the same check that is applied
during the initial calibration (Form YD. If the minimum response factors '
are not met, the system must oe evaluated and corrective action taken,
before sample analysis begins.

Possible problems include: standard mixture degradation, injection port inlet
contamination, contamination at the front end of the analytical.column, and
active sites in' the column or 'chromatography system. These must be
checked oefpre analysis begins. The m i n i m u m response factor (RF) for BN\
compounds is O.OSO. The min imum response factor (RF) for volatile
compounds is 0.300.

^f ter tne system performance check is met, Calibration Check Compounds
listed in Taole-10-4 are used to check*the validity of the initial calibration.
Calculate the percent-difference using the following equation:

% Difference = RF*'" RFc X 100

where:'

average response factor from initial calioration.

RFC • = itor/fresponse factor / f rom current verification check
standard..

T \BLE 10-4; CALIBRATION CHECK COMPOUNDS

Base/Neutral Fraction Acid Fraction Volatile Fraction

Acenaphthene
1,4-Dicnlprobenzene
Hexacnlorobut.adiene

•NrNitroso-di-n-phenylamiiie
Di-n-octylphthalate . .
Fluorantnene
Benzo(a)pyrene

4-Chloro-3-MetKylphenol
2,4-Dichlorophenol
2-Nitrophenol
Phenol
Pentachlorophenol
2,4,6 -Tri chlorophenol

1,1-Dichloroethene
Chlorofdrm
1-,2-Dichloropropane
Toluene

^ Ethylbenzene
Vinyl Chloride
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10.6.4 If the percent-difference from ony compound is greater than 20, It. is a
warning l imit . If tne percent difference for each CCC is less than 25%i"lhe
ini t ia l calibration is validated. If tne criteria are not nYet (greater than 25%
difference), for any one .calibration check compound, corrective action
MUST be taken. Problems similar to those listed under SPCC could affect
this criteria. If no sour.ce'of jthe problem, can be determined after
corrective'action has seen taken, a new initial five poiot calibration MUST
be generated. This criteria MUST be met before sample .analysis, begins.

10.6.5 The concentration , for each, volatile
calibration standard(s) is 50 ug/L. . .-

compound, in tne continuing

10.6.6 Tne concentration for eaon.DMA HSL compound in the continuing calibration-
standard(s) is 51) total nanograms.' '•—:£.•- \

10.6.7 Prepare a Form VII for each GC/MS system utilized for each twelve hour
t ime period. Calculate and report the response .factor and percent
dif ference CfcRSD) for all compounds. Ensure the min imum KF for volatile
SPCC's is 0.300 and for semi-volatile SPCC's is 0.050. The percent
differen.ce (%RSU) for each CCC compound must oe less tnan 25 percent.

10.7 Method Blank Analysis - VGA'S. BNA'S, Pesticides/PCB'S

Tne following procedures will.oe followed ti insure the.precision and accuracy of
the analytical data obtained. . . * . ' ' . - . - ' ,

10.7.1 A method blank is a volume of deionized, distilled laboratory water for
water samples,.or a purified solid matrix (supplied by EMSL-LV) for
soil/sediment samples carried through the entire analytical scheme. The
method blank volume or weight must be approximately -equal to the sample
volumes or sample weights oeing processed.

t
10.7.2 Method blank analysis must be performed at the following frequency:

(1) For tne analysis of volatile HSL compounds, perform a method blank
analysis .every twelve hours, once per case, or with every twenty (20)
samples of similar concentration and/or sample matrix,' whichever is
more frequent. .' Ai
- i »

(2) Fdr the analysis of BNA'. or pesticide HSL .compounds, perform a,
methpd blank analysis once each case, with every twenty (20) samples
of similar concentration and/or sample matrix, or whenever samples t
are extracted, whichever is more frequent. •
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10.7.3 It is tue a-nalfst's responsibility© ensure thut method interferences caused
by cpntaminants in ,solverttsWteagents, glassware, and* other .sample
processing hardware that lead toiotscrete artifacts and/or elevated baselines
in gas chrpmatograms be minimized. - .

10.7.4 An acceptable laboratory methott blank should >neet the following criteria:
' . . " • . ' . . • '
(1) A method olanx for volatile analysis should contain no .greater than"

; two times ( 2 X ) tne Contract-Required Detection'Limitxof common
laooratory solvents (common1"laboratory solvents are: methylene
chloride, acetone, benzene, and toluene). The metlhod blunk must, not

.' contain greater than five times (5X) the CRDL of those compounds,
previously listed. . ,' • «

(2) \ method blank for ON A analysis should contain no greater tnan'fwp .
t imes (2X) the Contract-Required/ Detection -Limit of common
pntnalate esters. The ihethod blank must not contain greater than
five t imes (5X) the CRDL of any phthalate ester.

' '" ' .
(3) A method olanx for pesticides/FOB analysis must contain less than -

the Contract-Required Detection Limit of any single analytel. If a*
.nethod blank exceeds criteria, the analytical s/st«.m is out of
control. The source of the contamination investigated and
appropriate .corrective, measures are taken before further sample
analysis can proceed. • ;

10.7.5 Tne results of the method blank analyses are reported using the Organic
Analysis Data Sheet (Form 1) signed in original signature by the
P.vi/designate. In addition, the results f rom method blanks are summarized
on Form IV (Method Blank Summary).

•^ '

10.7.6. ALL sample concentration data is reported as UNCORKEOTED for blanks.

10.8 Surrogate Recovery

Surrogate standard determinations are performed on all samples and blanks. All -
samples'and blanks are fortified with surrogate spiking compounds before purging or ;/
extraction in order to monitor preparation and analysis of samples. . "'' ' .

10.8.1' Spike each sample (including matrix- spike end-matrix «pike duplicate) and
blank -.vitn surrogate compounds prior to purging or extraction. The
surrogate spiking .compounds shown in Table 10-5 are~used to fortify each
sample or blank witn the proper concentrations.. Evaluate surrogate spike
recovery for acceptance by determining whether the concentration
(measured as percent recovery) falls inside tne required .recovery limits
listed in Table 10-6. ' . , .

Date: 7/15/86
'•
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TAULi: 10-5: SURKUOATS SPIKING C O M P O U N D S

Compound

Amount in Sample Extract
(before any optional dilutions)

Fraction Low 1130 Medium H2O Low Soil Medium Soil

Toluenc-dg
4-Bromofluorobcn7.efie
1 ,2-Dichleroethane-d.i
Nitrobenze.ne-d5
2-Fluorooiphenyl
p-Terphenyl-di4
Pnenol-d5
2-Fluoropnenol
2,4,6-Tribromopi>enol
Dibutylchlorendate

*VOA
VOA
VOA
BNA
BNA
BNA
UNA
BNA
BNA '
Pest.

50 ug
5.0 ug
50 ug
50 ug
50 ug
50 ug

100 ug
100 ug

' 100 ug
' 0.1 'ug

50 ug
5U ug
50 ug
50 ug
50 ug
50 ug

10U ug
100 ug
100 ug

0.1 'Jg

50 ug
50 ug
50 ug
50 ug
50 ug
50 ug

100 ug
' 100 ug
100 ug

0.1 ug

50 ug
50 ug
50 ug

100 ug
100 ug -
100 ug
200 ug

. 200 ug
200 ug

0.1 ug

TABLE 10-6: 'EPA CONTRACT-REQUIRED SURROGATE SPIKE
RECOVERY LIMITS

Fraction Surrogate Compound
Low/Medium

water
Low/Medium

Soil/Sediment

VOA
VOA
VOA

BNA
BNA
BNA
BNA
BNA
BAN

Pest.

Toluene-dg
4-Bromofluorobenzene
1 ,2-Dichloroethane-d4

*

Nitrobenzene-ds
2-Fluorobiphenyl
p-Terphenyl-di4 •

2-Fluoropnenol
2,4,6-Tribromophenol

Dibutylchlorendate

88-riO*
86-115
76-ll'4

35-114
43-116
33-141
15-094
21-100 -
10-123

(24-154)'

81-117
74-12*
70-121

23-120
30-116
18-137
24-113
26-121
18-122

(20-150)*

These limits are for advisory purposes only. They are not used to determine if a
sample should oe reanalyzed. Wnen sufficient data becomes available, the USEPA
may set performance based contract required windows.

tf
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10.8.2 When IMC surrogate recoyery"of any, one surrogate Compound is outside of,.

the required surrogate recovery, limits (listed in Table uT-t>) for a reagent
'-'blank, take tiie followirig'actions: . *' \ '• . - .

• , ' " . » • " .

(1) Check calculations to ensure there are no etrors; ohecK internal
standard and surrogate .spiking solutions, for' degradation,1
contamination, ejc; check.instrurn'ent-performance. ' * ' • ' "

» " • ' • • ' ' ' . ' • * • "
(2) Recalculate-or re-inject/re-purge the olank-or extract. . . • '

• •" • . J ^ ' • , . ' " . . ' .
," (3) Ren-extract and re-analyze.' the blank ,if the prior twcv steps do not

resolve the proolen. . . •.•• •
• . ' ' .' ., ••* ' : •- "• . ' • • ; • ' '

(4) If the' measures listed above fail to correct the ' problem, the
analytical system.is considered out of control, the problem MUST be"
corrected before continuing. - . ' ".•» •
* - . •* . • * • i

10.8.3 If the surrogate recovery of any one surrogate •compound is putsida.of the '
contract required surrog£ite;.rejpovery limits (1 is ted-in Table 7)'for «•. sample,
establish that the deviation is ndt due to laboratory problems. The quality
control windows are* calculated using program generated analytical data. Jt
is expected that 5-1.5 percent of the surrogate recovery data may fall
outside of these, windows, and 'requires
re-extraction/re-analysis.'

recalculation r and/or"

10.8.4 Document deviations outside acceptable quality control limits-and tai-ce |he
fdllowing actions: •" - ' >/

(1)

(2)

(3)

• - . / V ' .
Check calculations to ensure there are no errors; check internal
standard and surrogate spiking solutions' for degradation,
contamination, etc.; and, cneck instrument performance.^

* " *

Recalculate or re-analyze^ the sample or extract.. If re-analysis .of
tue sample or extract Solves the problem then only submit the sample
data from the analysis with surrogate spike recoveries within the',
contract windows. . . \ . . •• .

• r " • ' j * "

Re-extract and re~an^lyze, the sample'if none of the abov« are a-
proolem. . . . . . - " • ' * . ' * " ' ' . ' • .

10.8.5 The surrogate recovery data is summarized on the Surrogate Spike Recovery
Form II. . . ' • . , • . . . " ;

10.9 'Matrix Spike/Matrix Spike Duplicate -\nalysi:

In order to evaluate the matrix effect of the sample on- the. Analytical methodologyr.'
the US.EPA has developed the standard mixes listed, in Table 8 tq be .used'for matrix
spiKe.and matrix spike duplicate Analysis.' 'These compounds are subject to change
-depending upon availability and suitability for use aS matrix spikej}-. ' r . .

" -' . - Dafe: ' '.'. 7.715786
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• lO- .y . l A'nalyza u i r j a t r ix spiKe/matrix. spike duplicate once each Case, or wi th
every twen ty (20) samples of similar concentration and/or-similar sampl*
'matr ix , wnieh'ever is greater. , . '

10.9.2 Mat r ix spiking solutions are prepared by the Standards Chemist.' The
analytical protocol requires t that a unifor'm amount of matrix spiking./
solution be added to the su.nple aliquots prior to extraction. Each- methdrt
allows for optional dilution steps • *»hich "must be accounted for when..

. circulating percent recovery of the'niatrix spike and matrix spike -duplicate *
- • sample. , • , ,:.<•* . ' " .''• ••

TABLE 10-71 MATRIX SI'fKlNG ,-4 .*T
_s

Base/Neutrals

1,2,4-Trichlorooenzene
Ace'naphthene •
2,4-D.initrotoluene
Pyrene
S - N itroso- Di-n-Propylaminc
1,4-Dichlorobenzene

•• Pesticides
a *

Heptachlor Lindane
Alcfrin ' Endrin
Dieldrin 4",4'-DDT'-

Acids A

Pentachlorophenol
Phenol . '
2-Chlorpphenol
4-Chldro-3-M ethylphenol
4-Nitrophenol

Volatiles

Chlorobenzene
Toluene
Benzene

1,1-Dichloroetnene
Trichloroethene

10.9.3 Samples requiring optional dilutions and chosen as tne matrix spike/matrix
spike duplicate-samples, are analyzed at the same dilution as the original
unspikeU sample. . v_

10.9.4 Calculate individual component recoveries of the matrix spike using tne
. following equation. . .

Matrix Spike Percent Recovery = SSR - SR x

SA
. Where: _

SSR = Spike Sample' Results

SR = Sample Result . ;

SA = Spike Added from spiking mix

Date: ' 7/'l 5/86
;
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.a.5 Calculate the relat ive percent difference Between tne ma trilt spike «nd' f .
matrix spike duplicate. The relative percent differences (RPD) for each '*>
component are calculated using the following equation. . . • > .'

Where:

RPD = - - 92 x 100

* D2)/2

/4V.
Relative Percent Difference

DI = First Sample Value

D2 - Second Sample Value (duplicate)

10.9.6 Tne mat r ix spike (MS) results '(concentrations) for non-spiked HSL
compounds are reported on Form I (Organic Analysis Data Sheet) and tne
mat r ix spike percent' recoveries ore summarized on Form HI (MS/P-1SD
Recovery). The results for non-spiked HSL compounds in the matrix spike
duplicate (MSD) analysis are. reported on Form 1 (Organic .Analysis Data
Sheet) and the percent recovery and the relative percent difference are
summarized on Form III (MS/MSD Recovery).

10.9.7 Quantitate pesticides/PCB'S using the external standard quantitation
methods. Before performing any- sample analysis, determine the retention
t ime window for each pesticide/PCB listed compound and the surrogate
spiKe compound cjioutylchlorendate. These retention time windows ore used
to make tentat ive identification of pesticides/'PCRs during sample analysis.

10.9.8 Prior to establishing retention t ime windows, the GC operating conditions
(oven temperature and flow rate) are adjusted such that 4,4'-DDT has a
re tent ion t ime greater tnan or equal to 12 minutes on packed GC cplumns.

10.9.y Establish retent ion t ime windows as follows:

(1) Make three injcetioi»s oi all single-componen.t mixtures,
multi-response pesticides/PCBs throughout the course of a 24-ftour
period. .

(2) Verify the retention time sh i f t for dibutylchlorendtfte in each
standard. Tne retention time shif t must be less than a 2 percent
difference for packed columns (less than 0.3 percent for capillary
column). If this criterion is not met, continue injecting replicate
standards to meet criteria.

7/15/86
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I '1.9.10 calculate the standard deviation of tne three absolute retention times for
each single component -pesticide. For multiresponse pesjticides/PCBs,'
choose one inajor peak from the envelope and calculate the standard
deviation of the retention time for that peak. Plus or minus three times
trie standard deviation of the absolute retention times for each
pestictdes/PCB is used to. establish the retention time window; however,
experience -weighs .heavily in the interpretation of chromatograms. For
multiresponse pesticide/RGBs, utilize the retention time window but
primarily rely on pattern recognition.

10.9.11 Calculate'retention time windows for each pesticide/PCB on each GC
column used at t'he. Beginning of the program and whenever a new GC
column is installed.

4

13.10 Control Charts For Surrogate, Matrix, *n.d Internal Standard. Compounds'

Data for all spiked standard recoveries is monitored by using control charts
for accuracy and precision. Use of control charts also provides' for long
term trerrd analysis (Figure 10.10).

Data is reviewed >n terms of both meeting contract required acceptance
criteria, and Clayton's internal'acceptance limits.

k * '

(1) A computerized system of producing control data is used.'
» • •

(2) Data is input as it is produced and checked for acceptability.

U) Clayton's acceptance criteria 'are evaluated and updated on a
quarterly uasis. A summary .table for'all spiked compounds is then

v produced with this"new criteria and distributed for use (Figure 10.11).

1 0 . 1 1 In ter lmra-Laix>ratory QC Sample's - »

} Clayton participates in tne U.S. Environmental Protection Agency (EPA)
/ .Vater Pollution and Water Supply Performance Evaluation Study

/ . programs. Each program has two rounds per year and provides a method of
spotting out-of-control analyses.

To supplement this proffam frequency, Clayton maintains its own
intra-ttboratory performance program. Quality assurance sample ampules
are provided .by We U.S. EPA and submitted on a monthly basis for each
analyse type. Target compounds are varied from month' to month.

0023E-Kevised 7/14/86-34 129
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10.12 Data R e v i e w ' - ' .

All Analy t ica l data, calculations, standards preparation quantities, and qual i ty ,
control values will be generated und verified in t-he following manner:

10.12.1 The chemist or analyst makes the primary calculations, entering the
results on the appropriate worksheets. No computations are discarded; *
the equations used and variables entered are retained on jhe lab'
benchsheets and a summary of the work is entered in the analyst's logbook.

10.12.2 All work is reviewed by a senior staff member in the department or by tne
PM. Equations are checked against procedures and contract protocol to
determine accuracy. Wnen programmable calculations • or computeV
programs are used, a sample set of variaoles is checked manually,to'
determine the va l id i ty of the program. Particular attention is paid to
reasonableness of the data, significant figures, and trends, which may
indicate the presence of a lao-«induced contaminant .

10.12.3 All department-verified data is submitted to the QAO for review. He is
given the summary worksheets, calculations, and supporting information.
Me will spot check approximately 10% of tne calculations and results. He
reviews tne qual i ty control data to be certain that the'cfiteria have been
met for acceptability.

, 10.12.4 Discrepancies discovered during the review process are reported to the
analyst and to the PM. The analyst is responsible for correcting, the
errors and resubmitting the data. If a discrepancy is found, the entire'
batch of data in which it was submitted must be reviewed again.

10.12.5 wnen the data has passed the review of the QAO, it is submitted to the
PA for entry into the case file. Data is not available for th« case file
until it nas been approved according to this procedure.
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LABORATORY INSTRUMENTATION
Southfield Facility • '.

1.0 GAS CHROMATOGRAPHS/MASS SPECTROMETERS (GC/MS)

(S1A) , Hewlett Packard 5987 Quadrapole-Type GC/MS System
.

Capillary and Packed Column Capabilities
Electron Impact/Chemical lonization/Negative Chemi-
cal lonizntion Source
Scan Range 1 to 1,000 AMU
Submnbient .Cooling
HP 1 U U O Dutt System
Combined Wiley/NbS Mass Spectral Libraries
Winchester Disc Dr ive , uata Storage Wi th 132, Mbyte
Capacity
W 7yOb Hard Disc witn 20 Mbyte Capacity
Magnetic Tape (1600 bpi) Archival Storage
3'J-Posilion HP Autosampler
•Tekmar Liquid Sample Concentrator with Autosampler

( S I B ) Hewle t t Packard 5985B (5*87 upgrade) Quadrapole-Type
GC/MS System .

Capillary and Packed Column Capabilities
Electron Impact/Chemical lonization Source
Scan Range I to 1,000 AMU
Subambient Cooling
HP 1000 Data System
Combined Wiley/NBS Mass Spectral Libraries
Winchester Disc Drive Qgta Storage .with 132 Mbyte
Capacity
HP 7906 Hard Disc with 20 Mbyte Capacity
Magnetic Tape (1600 bpi) Archival Storage
Thermal Desoroer/Cryrogenic Trap
Tekmar Liquid Sample Concentrator with Autosampler

(SIC) Hewlett Packard 598513 (5987 upgrade) Quadrapole-Type
GC/MS System

\.

Capillary and Packed Column Capabilities '
Electron Impacl/.Chemical lonization Source
Scan Range 1 to 1,000 AMU
Subambient Cooling
UP I QUO Data-System
Combined Wiley/NBS Mass Spectral Libraries
Winchester Disc"Drive Data Storage with 132 Mbyte

.Capacity
HP 7V06 Iliird Disc witn 20 Mbyte Capacity

'Magnetic Tape (1600 bpi) Archival Storage

01/28/86 2600G
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2.0 GAS CH11OMATOGRAPHS (GO
$

(S2A) Hewlet t Packard 5711 (JC

Dual Packed Column Capability
-Dual Flame lonization Detectors (FID)
Thermal Conductivity Detector (TCD)
Photoionization Detector (PID)
33-Position HP Autosampler
HP Model 33S2B Data System

(S2B) Hewlett Packard 5730 GC

~T

ual Packed Column Capability
Dual Flame lonization Detectors (FID)
Electron Capture Detector (ECD)
33<-Position HP Autosampler
HP Model 33S2B Data System

(S2C) Hewlet t Packard 5710 GC

Dual Packed Column Capability
Hall Conductivity Detector (HCD)
Sub-Ambient Cooling
60-Position Varian 8000 Autosampler
Varian Model Vista 401 Data System

(S2D) Hewlett Packard Model 5790 GC

Packed/Capillary (split/splitless) Column Capability
Flame lonization Detector (FID)
Electron Capture Detector (ECD)
99-Position HP Autosampler
HP Model 3392A Data System

(S2E) Hewlett Packard Model 5880 GC
-• A

Packed Column Capability
Dual Flame lonization Detectors (FID)
Thermionic Detector (NPD)
Sub-Ambient Cooling
33-Position HP Autosampler
HP. Level IV Data System

»
(S2F) Hewlett Packard Model S880 GC

•0
• Packed/Capillary (split/splitless) Column Capability
«. Dual Flame lonization Detectors (FID)
• * Sub-Ambient Cooling
• 33-Position HP Autosampler
• HP Level IV Data System "*

- 2 - 01/28/86 2600G
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(S2G) Hewlett Packard Model 5880 GC

• . Packed/Capillary (spli^pljtless) Column Capability
• Dual Flame Ioriiza*fl5n Detectors (FID)
• Thermionic Del at tor (NFD)

•• Sub-Ambient C/oling
•* 99-Position H/ Autosampler
• H P Level IV Dkta System

(S2H) Hewlett Packard Model 5890 GC

•
•
•
•
•

Packed/Capillary (split/splitless) Column Capability
Dual Flame lonization Detectors (FID) , .
Sub- Ambient Cooling
99-Position HP Autosampler ..' v
HP Model 3392 A Data System

KS2I) Hewlett Packard Model 5890 GC

Packed/Capillary (split/splitless) Column Capability
Dual Flame lonization Detectors (FID)
Sub-Ambient Cooling
99-Position HP Autosampler '
HP Model 3392A Data System

(S2J) Varian 3700 GC

Dual Packed Capillary Column Capability
Flame lonization Detector (FID)
Hall Conductivity Detector (HCD)'
Flame Photometric Detector (FPD)
60-Position Varian 8000 Autosampler
Varian Vista 401 Data System

(S2K) Tracer 540 GC

• Dual Packed Column Capability
• Hall Conductivity Detector (HCD)

, • 60-Position Varian Autosampler
• HP Model 3392A Data System

(S2L) Analytical Instrument Development MAID) Model 511
Portable GC

• Packed Column Capability
• Gas Sampling Loop
• Flame lonization Detector (FID)
• Flame Photometric Detector (FPD)
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(S2M) Analytical Instrument Development (AID)'Model '511
Portable GC

• Packed Column Capability
• Gas Sampling Loop
• Flame lonization Detector (FID)
• Flpme Photometric Detector (FPD) v

• Electron Capture Detector (ECD) 4
, i

3.0 H-1GH PRESSURE LIQUID CHROMATOGRAPHS (HPLC)

(S3A) Waters Automated System

• Waters Model 720 System Controller (gradient elution
capacity)
Waters Model 6000A Solvent Delivery System
Waters Model 45-Solvent Delivery System
Waters Model WISP 71 OB Autosampler 48-position
Waters Model 730 Data Module
Waters Model 440 (Dual Channel) Ultraviolet (UV)
Detector
Waters Model 420-AC Fluorescence Detector
Waters RCM-100 Radial Compression Module
Waters Z-Module™ Radial Compression Separation'
System • •

• Waters Model U6K Universal Injector

(S3B) Waters Manual System

• .Waters Model 660 Solvent Programmer (gradient
Elution Capability)
Waters Model 6000A Solvent Delivery System
Waters Model 45 Solvent Delivery System
Waters RCM-lOO.Radial Compression Module • ,
Schoeffel ModeN_SF770 Scanning Ultraviolet (UV)
Detector
Waters Model U6K Universal Injector
Houston Instruments Omiscribe Recorder^

4.0 ION CHROMAtOGRAPH (1C)
'*i

(S4A) Dlonex Model 12S 1C .*

AnioftfCation Capability
• Dual Channel Recorder

5.0 X-RAY D1FFRACTOMETERS (XRD)

(S5A) Rigoku Model D/MAX-I1V X-ray Diffractometcr

• Constant Potential X-ray Generator
• Vertical Wide Angle Goniometer With Angular Range of

-3 Mo 160 "28
• Scintillation Detector
• Copper Target

01/28/86 2600G
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• Diffracted Beam Monochromator
• Sample Spinner
• 43-Position Autosampler
• Rigaku Model—Data Processing System

(S5B) Norelco Type 120-102-20 X-ray Diffractometer

Constant Potential X-ray Generator
Vertical Wide Angle Goniometer With Angular Range of
-3Mol60°28
Copper Target
Scintillation Detector
Data "Processor «''

6.0 ATOMIC ABSORPTION SPECTROPHOTOMETERS (AAS)

(S6A) Varian Model 975 Atomic Absorption/Emission Spectro-
photometer

• GTA-95 Graphite Tube Atomizer with Programmable
Autosampler
Deuterium Arc Background Correction
Dual Grating Monochromator
Wide-Range Multi-Alkali Photomultiplier
Twelve-Position Motorized Lamp-Turret /
In-Built Floppy Disc Memory Capable of Permanently
Storing up to 100 Sets of Operating Parameters

• Mercury Cold Vapor Analyzer ,v

(S6B) Perkin Elmer 3030 Atomic Absorption SpeetrophotEometer. , _ .-. •• *
Deuterium Arc Background Correction
Electrode Discharge Lamps (EDL)
Graphite Tube Atomizer ,,with •'Programmable
Autosampler .
Dual Grating Monochromator
Wide-Range Multi-Alkali Photomultiplier
Arsenic/Selenium Hydride Generator

(S6C) Instrumentation Laboratory Model IL'551 Video 1 Atomic
Absorption/Emission S p e c t r o p h o t o m e T e r ~ ~

Dual Grating Monochromator »
Extended Range Photomultiplier Tube ' /•*
Deuterium Arc Background Correction
Graphics Display/Internal Data System
Arsenic/Selenium Hydride Generator
Mercury Cold Vapor Analyzer

7.0 ULTRAVIOLET/VISIBLE SPECTROPHOTOMETERS (UV/V1S)
•

(S7A) Perkin Elmer Model Lambda 3A Ultraviolet/Visible
Spoctropholometer
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(S7B) Bausch and Lomb Spectronic 20 Ultfaviolet and Visible
Spcctrophotometer

(S7C) Bausch and Lomb Spectronic 20 Ultraviolet and Visible
Spectrophotometer

8.0 SPECTROFLUOROMETER

(S8A) Farrand Optical Company, Model Mark 1 Scanning Spectro-
fluorometer

9.0 OPTICAL MICROSCOPES

(S9A) . Olympus Series BH-P-2 Optical Microscope

Polarized-Light
Phase-Contrast
Photomicrography
Porton Reticle • .
Walton/Beckett Graticle . ff
Berek Compensator

(S9B) Olympus Series BH-P-2 Optical Microscope

Polarized-Light
Phase-Contrast
Photomicrography
Chalkley Point Array
Ponton Reticle
Berek Compensator

(S9C) Olympus Series BH-2 Optica|l Microscope,
i

Polarized-Light
Phase-Contrast
Photomicrography tt
Chalkley Point Array
Porton Reticle
Berek Compensator • '

(S9D) Leitz Dialux Optical Microscope

• Polarized-Light . . .
• Phase^Contrast
• Photomicrography

10.0 ELECTRON MICROSCOPES

(S10A) Cambridge Mark 2A Scanning Electron Microscope;

• Separate Recording and Viewing CRTs
• Custom Stage for Accommodating Large Samples
• Digital Equipment Corporation PDP-11 Microcomputer

- 6 - 01/28/86 2600G
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Energy-Dispersive Spectrometer .Interface EEDS-I1 EG
& G Ortec, with a Computer-Controlled Multi-Channel
Spectrum Analyzer (MCA), a Full Color CRT for Data
Display, Two Floppy Disk Drives for Storing Spectra
Denton DBS02 Vacuum Evaporator
BuehlervMetallurgical Specimen Polisher
Letter-Quality Printer for Generating Hard Data Copy
Dot Matrix Printer for Reproducing Graphic Displays
Low Temperature Oxygen Plasma Asher

(S10B) Phillips EM 400T Analytical - Transmission Electron
Microscope . • ,

i '• • Selected Ar«« Electron Diffractioq'(SAED)
' • *^£G«ScG Ortec Eqergy Dispersive Spectrometer

11.0 ELECTROMETR1C EQUIPMENT • .
'• . f

.(S11A) Orion Research Model 701, pirand Ion Selective Electrode
Meter .. . . .1

• Reference Electrodes • •
• Ion Selective Electrodes Including Ammonia, Chloride,

Cyanide, Fluoride, and Fluoroborale Electrodes

(SUB) Sargent-Welch Model LS, pH Meter > -

(SI 1C) Sargent-Welch Model PR; pH Meter

(SI ID) Hach Chemical Company, Turbidimeter, Model 21004

(SHE) Yellow Springs Instrument Company, Oxygen Meter, Model
I T -

(SI IF) Simpson, Volt-ohm Milliamp Meter, Model 260

(S11 G) Hach Chemical Company, Dissolved Solids Meter. Model
2300

12.0 ANALYTICAL BALANCES

(S12A) Cahn Electrobalance™-Model 26 -

(S12B) Mettler Model H51AR *>

(S12C) Sartorius Model 2442.-

(S12D) Mettler Model P1200N

(S12E) M/ttler Model AC 100 ..M/ttle

- 7 - 01/28/86 2600G



^^DaytpniEnvjr6nihental Consultants,inc.fr•
22345 Ro«thel Of ive • Novi. Michigan 48050 • (313)344-1770

December 4, 1986 .

Mr. Matthew Jerue
E.C. JORDAN CO.
17515 vvest Nine Mile road
Suite .225'
Southfield, MI 48075

Subject: Metamora Analytical Quality Assurance Project Plan (QAPP)
'it

Dear Mr. Jerue:

(As follow-up to our -telephone conversation of November 21, the
following provides additional information on performance data for the
Metamora analytical program. This information should be used in
conjunction with information previously submitted on Octobeni24, 1986,
(copy enclosed). . '

Total Hydrocarbons

Total hydrocarbons refers to a general screening technique commonly,
used in industrial hygiene. -The general method reference is P&CAM 127
- N10SH Manual of Analytical Methods. The charcoal tube is desorbed in
carbon disulfiae to extract the organic material.'The C$2 extract is then
injected onto a gas chromaiogreph equipped with a flame ionizaliof*
aetector. . '-'

' . . 6.

Analysis time is 30 minutes. The net response (total response less
solvent response) is quantitateo against the response of a hexane
standard analyzed with the samples. The result, in'hexane equivalents', is
reported as "total hydrocarbons". "• .

Instrument conditions, accuracy, end precision data are shown below.
Since accuracy and precision data for a general screen is nor applicable,
target compounds pertinent to the Metamora site are referenced.

Instrument:

Column:

Column Temperature:

Hewlett-Packard 5790 GC

DBS, 60 meter capillary

50 »C for 7 minutes—.-- =
5 *"C/minute
100 • for 13 minXites

r.li CHIifM' In. *l»)t»*»>. C* • Mljnu.
A Mirth A Mi Irnntn I

• l<f»*tn Nl • Toronto OnljrMi ••
., /•.*

. Onuiin • London L1 K 0 •
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Target Compoundi_

l,l-d \chloroeihene
> methylene chloriae

1,2-dichloroethane
lolUfene

. benzene .
nrichloroethylene

Limit of Detection
(mlcrograms)

1 ug
I Vg • .
l u g
l u g
I ug

"I ug

Accuracy
(*)

95
95
9J

•••*•*' 95
95
95'

Variance

< r o

< 1 0 .

\

Qualitative Orgenics * . . - . • .

The qualitative analysis of organic compounds will be used if quantifiable
results ere obtained from the total hydrocarbon screening.. The samples
will be collected on" Tenax and analyzed by ' thermal
desorp'tion/cryrogenic focu?ing/GC/MS.

• • * •

Because GC/MS analysis wiH be used for qualitative purpdsresi accuracy
and precision data would notjbe applicable. ..

Instrument conailions are .listed below. •

Instrument:

\^_

Column:

Column Temperature:

Hewlett Packard 5985 GC/MS quadripole "
system1 ' .

SE .54, 25 me er, capillary ' ' •
' v :-

30 °C/4 minutes ' . - • • - " , . . • ' ; .
6 °C/minutes
300 °C/5 minutes .

. Target Compounds

1 ,l-dichloroethane
methylene chloride
1,2-dichloroethane
toluene ' • '
benzene
trichloroethylene1

'

Limit of Detection
(micrograms)

. 0.5
0.5
0.5
0.5"

• ' 0.5*.
0.5

/

Hazardous Waste Characteristics

Soil and/ drum samples 'will be" analyzed for EP Toxlcity meta.ls, '..-• 'cL.
pesticides/herbicides and PCB: Accuracy an^d precision data is provided
in ^Attachment \. Instrument and operating conditions are provided

' below. • - • • _ ^ _ • . : 4

• »



EP Lcaohete Pesticides

Instrument:
9

Column:

Column Temperature:

Hewlett Packard .Model 5790
with electron capture detector

1/5% SP2250/1.95* SP3401,
packed glass, .1.8 meter

220 °C

EP Leaonate Herbicides .

. Instrument:

8 •

Column: ""

Column Temperature:

PCB

Instrument:

Column:

Column Temperature:

/

EP Leachate Metals

Hewlett-Packard • Model 5790
with electron capture detector

DB-5, ?0 meter Capillary

160°C#min.
3.5 °C/min. /
270 "C/6.5 min.

Hewlett-Packard Mooel 5790
with electron capture detector

S2100, packed 6 ft. (lass

UO°C/2 min. ,
6 °C/min. - :
240 °C/9 min.

Anelyte

Arsenic
Berium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

Instrument

Varian 975 (Graphite Furnace)
P/E 3030 (Flame) .
P/E 3030 (Flame)
P/E 3030 (Flame)
P/E 3030 (Flame)
P/E 2380 (Cold^apor)
Varian 975 (Graphite Furnace\
P/E 3030 (Flame) - \ V

It is a pleasure to be of assistance to you. Please call if you have any
questions. . ' \

V
RL:JS \



NUMERICAL OBJECTIVES FOR ACCURACY, PRECISION

ENVIRONMENTAL SAMPLES

ACCURACY PRECISION
ACCEPTABLE ACCEPTABLE

ANALYTE

V.

INORGANICS .
J

Arys en i c }

Bar i um

Cadmi um

Chr OITU um

.*
Copper

Lead-

Mer cur y

Sel eni um

Si 1 ver

Zinc o

MEDIA

1 i qui d
EP leachate
SOI 1

1 i qu i d
EP leachate
SOI 1

1 i qul d
EP leachate
SOI 1

liquid
EP leachate
spi 1

liquid
EP leachate
SOI 1

l i q u i d
EP leachate
SOI 1

1 i qu i d
EP 'leao/iate
• 01 1

1 i quid
EP leachate
SOI 1

1 i qu i d
EP leachate
sol 1

1 1 qui d
EP l«»ch>t« „
SOI i

AVERAGE

94V.
99/;
92V.

1 007.
100/:
97V..

T007.
1047.
997.

997.
1 0<3'/.
9Qv:

1 07-V.
1047.
977.

1017.
1047.
1007.

9Q7. .
9<?>;

1 007.

98V.
9<97.
92V. •

97V.
9QV.
95V.

1007.
106V.
97X

3m

62V.
58V.
63V.

77V.
69V.
72V.

82V.
79V.
86V.

78V.
75 •/.
687.

887.
80V.
797.

85V.
79V.
85V.

71V.
72V.
'73V.

67V.
64V.
40V.

74V.
68V.
77V.

777.
75V.
68?.

RANGE

- 126V.
- .140V.
- 120V.

1 T~>*,'1 ̂^ '•

'- 131V.
- 1 22V.

- 119V.
. - 1307.
- 1 1 2V.

- 1 2 TV.
- 125X
- 1287.

- 117V.
- 127V.
- 114V.

- 1 1 7V.
- 1 2BV.
- 1 1 47.

- 126V.
- 1'26V.
•- 126V.

- 1307.
- 1347.
- 144V.

- 120V.
- 130V.
- 1 1 4V.

.- 123V.
- 138V.
- J26V.

METHOD

117.
14V.
10V.

ey. .
107.
QV.

t>7.
Qy. ,
4V.

7V.
ex

ifcy.

5V.
8V.
6V.

• 5V.
87.

. •> 5V.

,9V.'
9V.
97.

I0y.
12X
17V.

BX
10%
6V.

ey.
10V.
J0X

DUP. DIFF.

'

19V.
* 2B'/.

31V.
*

12V.
17V.
6V.

- 7V.
10V.

• 77. .
•

8V.
12'/.
6V.

6V.
9V.
6V.

6V.
12V.
47.

1 6V.
17V.
13V.

26'/.
28V.
. 30V.

10V.
16V.
97.

11 V.
18V,
12X



ORGAN I CS

Endr i n

Li ndane '*"

Metho::ychl.or

Tox aphene

2,4-D

\

2,4,5-TP

PCB - 1016

1221

1232

1242

» 124B

1254

1260

li qu i d < • )
EP leachate
&oi 1 '

liquid («)
EP .leachate
soi 1

.
1 i quid
EP leachate
soi 1

1 i quid (*)
EP leachate
soi 1

1 1 qu i d
EP leachate
soi 1

1 1 qu i d
EP leachate
soi 1

liquid . ( • )
soi 1
liquid <*>•
soi 1
liquid <*>
soi 1
1 1 qu i d •< » )
501 1 •

liquid ( * )
soil
1 i qui d ( »>
soi 1
1 i qui d (*) '
soi 1

,

B8V.
9BV.
90V.

B0V.
58V.
86V."'

105V.
• 105V.
105V.

B4V.
84V.
84V.

62V. .
62M
62V.

78-/:
78V.
7BV.

B2.V.
82%
9 6V.
96V.

1 1 2V.
1 1 2V.
94V.
94'/.

98V.
98''.
8'Q v.
60''.
6BV.
68':

30V.
68V.
42V.

32V.
IV.

46V.

32V.
32V.
32V,

41V.
41V.
41V.

IV.
IV.
IV.

IV.
IV.
IV.

50V.
50V.
15VJ
15V.
10V.
10v.
39V.
39V.
38V.
38V.
29V.
29V.
8V.
8V.

- 147V.'
- 128V.
- 139V.

- 127V.
- 116V.
- 127V.

- 15BV.
- 158V.
- 158V.

• f 126V.
- 126V. '
- 1 26V.

- 150V.
- 150V.
- 150V.

- 1 59V.
- 1 59V.
- 159V.

- 114V.
- 114V.
- 1 78V.
- 178TV.
- 215V.
- 215V.
- 150V.
- 150V.
-" 158V.
- 158V1
- 131V.
- 131V.
- 127V.
- 127V.

20V.
10V.
24V.

16V.
20V.
20V.

*•;• ••
1BV. ^
18V.
18V.

14V.
14V.
1 4V.

29V.
29V.
29V.

27V.
27V.
27V.

1 IX .
11V.
27V.
27V.
34V.
34V.
1BV. .'
18V.
20v.
20V.
177.

17V.
20V.
20V.

37V.
1BV.
45V.

23V.
16V.
50V.

9 '

12V.
127.
12V.

25V.
23V.
25V.

35V.
55V.
55V.

72V.
72V.
72V.

20V.
20V.
49V.
49V.
36V.
36 V.
24V.
24V.
32V.
32V.
28V.
28V.
2iv.'
21V.

NOTE: (*) QC Picceptanc fc C r i t e r i a found in EPA Method 608



APPENDIX D

PROCEDURES FOR THE 10S50 PORTABLE GAS'CHROMATOGRAPtf

PHOTOVAC 10S50
INSTRUCTION MANUAL

'1.0 INTRODUCTION

This manual-provides instruction for operation of the Pbotovac 10S50 and a
protocol for field analysis of water and aoil samples for volatile organic
compounds. This manual is the product of a three \eelc laboratory study
conducted at the E.G. Jordan .Company (JORDAN) Environmental Laboratory.

1.1 Objective

The objective of this manual ia to provide instruction for the operation of
the instrument so as to.produce, to the ektent possible, data which meets
the data quality objectives for site screening of samples.

1.2 Background

Chemical data on groundwater and wastes -at the Hetamora site nave been
collected during previous studies. Baaed on this data, several target
compounds hare been identified:

o benzene
o toluene • •
6 xylenea
o ethylbeozeoe
o trans-1,2-dicnloroethane . .
o trichloroetnylene (TCB)
o* tetrachloroethylene (PCS)
o chloroform
o (1,3)4(1,H)-<lichlorobenzene
o (i,1)dichlo roe thane
o (1,2)dichloroethane
o (1,2)diohloroethylene
o hexachlorobenzene
o methylene chloride
o styrene
o (1,2,4)-trichloroetbane
o trichlorofluoromethane '

Ir

1

2.0 MOBILIZATION AND SETUP * .

This section describes*the materials needed and the procedure fo*r setting
the 10S50 up in the field.

1

V



I
2.1 Liat of Materials

The 10S50 requires additional support equipment for operation. Carrier gas
flow is supplied by a tank of compressed zero-grade air, the volume of
which depends on the flow rate and the period of use required. A regulator
fitted with a 1/8 inch copper-line with a male •quick-connect* fitting
(supplied with the machine) -are required for connection to the 10S50. A
large crescent wrench will be needed for connection of the regulator to the
gas cylinder. The 10S50 is equipped with a plotter jrtiich requires .plotter
paper and four colored pens; red, green, black, and blue. These items can
be found at Radio Shack or an office supply coapany. Pen life la a func-
tion of level of use and mode of operation (see section 2.S.2..5) and •
typically last about 2 weeks. The following laboratory equlpaent la
requi/red for standard and sample preparation :

Syringes

1 ul
50 ul

200 ul
10 ml

Needles

.20 gauge

Glassware •
Voliaetric Flasks

> 100 al

Erlehmeyer Flasks
500 al

VOA vials
UO ml

bubble meter
stop watch

Miscellaneous

kimvipes

pens

small

indelible

Snoop

Laboratory Scale
top loading

Quantity

1
2
2
2

20

200

2
1

1 box

Use

jtandard preparation
sample/standard injection
aample/standard^injection
sample/standard preparation

for 10 al syringe

standard/sample dilution

waste/reagent water

standard/sample storage

gaa flow calibration
gaa flow calibration

general cleaning

3 aarklng 70C vials

1 bottle bubble meter/leak detection

1 sample preparation

2



Standards
(GC PURITY.) 1-2 ml each standard preparation

. benzene

. toluene ' '
, - xylenea /

- ethylbenzene
- trans-1,2-dichloroethane
- triohloroethylene (TCE)
- tetrachloroethylene (FCE)
- chloroforn
- (1,3)*(M)-dichlorobenzene
- (1 , 1 )dlchloroe thane
- (1 ,2)dichloroethane
- (1,2)dlchlor6ethylene
- 'hexachlorobenzene
- methylene chloride
- styrene
- (1,2,4)-trichloroethane
- trichlorofluorooe thane

—•• v

Additional colunns should be kept on hand in an oven at 100 +10 degrees
Celsius with air flowing through them so that they are available for
immediate use in case of column saturation. Required equipment:

o large zero-grade gas cylinder • x
o regulator
o connectors and tubing
o three column 3
o laboratory oven

2.2 Equipment Setup

2.2.1 Location. The site in which the 10350 la to be setup for the dura-.
tlon of the project should be chosen carefully. The* site should be located
as far as possible away from any sources of organic vapor. Screening of
the area, inside and out with a PI meter, taking into account daily and
weekly fluctuations in activity should help in this decision. The building
should have temperature regulation abilities (air conditioning/heating) as
the 10350 is very sensitive to temperature variations. Wide and/or rapid
temperature changes could render the instrument unusable for all practical
purposes. The interior of the building should be cleared of all possible
sources of organic vapor. Any cleaning compounds, air deodorizers; gaso-
line cans, oars, chemicals or anything that baa an odor should be removed
and kept clear of the building. Access should be restricted if possible.

At the netamora site, a separate trailer with temperature regulation
abilities rill be used to setup the 10S50.

2.2:2 Onpacklng. \t tec/ arrival at the. site, the equipment should be
carefully unpacked and* checked for damage, particularly the glassware and
the 10350, so that if there are any problems, procedures to replace or
repair them baa be started immediately.



2.2.3 Carrier Gas,Supply. Th.e next step la to setup the gas flow ayaterns.
In transit, the columns bave not had any gaa flowing through them and moat
likely have become contaminated. The columns will have to be flushed out
prior to use and this process should be started Immediately. The gaa
cylinders for the 10S50 and the additional columns should be setup out of
the way and secured so that they won't fall.over. With the gas flow off,
the regulators can be attached with a crescent wrench and checked for
leaks. If a leak is suspected, applying a soap solution (e.g., Snoop)
around the fittings and checking for bubbles will pinpoint leaks. *

*

2.2.3.1 10S50 External Gas Supply Connection..

Gas flow to the column in the 10350 should be established first.

o Insure that the valve on the regulator is off.

o Connect the copper carrier line to*the regulator.

o Open the valve on the gas cylinder and check $he pressure in the
cylinder on the gauge. This pressure should be between 500 and
3000 pal.. If the pressure is below 500 the cylinder will have to
be replaced. - Insert the "quick connect* fitting on. the copper
carrier line into the EXTERNAL CASHIER IN port in the top right
hand corner of the 10S50.

o Slowly .open the regulator valve until the DELIVER! gauge in the
•> top left band corner of the 10S50 reads TO* pal. The pressure

gauge on the regulator should alao read 40 psi. If the gauges
don't agree rely on the 10550's reading. NOTE : A DELIVER!
PRESSURE GREATER THAN 40 PSI COULD DAMAGE THE INSTRUMENT.

The column in the instrument now baa gaa flowing through it. Connect
the bubble flow meter to the DETECTOR OUT port* and check that this
flow does not exceed 60 ml/min (see section 2.3.1 - Setting the Gas
Flows). If the instrument is going to be used immediately, you may
want to use a fairly, high flow rate to purge the column. Generally,
the column will have to purge overnight before it is usable. If so,
the flow rate should be adjusted- to 10 ml/min or less to conserve
carrier gaa. ' "

2.2.1.2 Backup Columns Gas Supply.

Gas flow for the backup columns la established in a similar manner.
Keep in mind that all flow and pressure regulation is done with the
pressure regulator on the cylinder and excessive pressure or gaa flow
rates could damage the columns. Backup column configuration is de-
scribed in section 7.0.

o Insure that the valve on the regulator is off.

o • Connect the carrier line to the regulator.



o Open the valve on the gas cylinder and check the pressure In the
cylinder on the gauge. This pressure should be between 500 and
3000 psi. If the pressure is below 500 the cylinder will have to
be replaced. Insert the carrier line into the the end of the
first column. -v« .

o Insert the bubble flow meter into the end of the last colunn.

o Slowly open the regulator valve and check the flow rate with the
bubble oeter. Adjust the flow rate to 20 - 40 ml/min.

2.3 .Configuring the System

2.3.1 Setting the Pas Flow Rates. The gaa flow rate through the instru-rv ..
nenta column directly affects the retention tine of the compounds. In
order to identify the compounds for which the instrument has been setup,
the gaa flow rate must remain constant throughout the course of the
project. Consequently at the beginning of each day and throughout the
day's run of samples the gas flow rates should be checked via review of
standard's retention times. Should retention times vary more than +5
seconds, the flow rate should be checked with a bubble flow meter. Three
flow controls must be adjusted:

o auxiliary valve (backflush outflow) '
o VALVE 2 (resting inflow)
o VALVE 1 (sampling inflow)

Proceed as follows:

o Connect the end of the tube on the bubble flow meter to the DETECTOR.
OUT port.

o Squeeze the rubber bulb on the bottom of the flow meter until acae of
the soap solution comes up over the gas inlet (CAUTION: Bubble solu-
tion is extremely hazardous to the 10S50I). A bubble should fora and.
begin to rise in the meter. If no bubble appears and begins -to rise
you have no air flow. Try turning the YELLOW flow knob on the left
side of the Instrument counter clock-wise. If you still are not
getting a bubble then you need to check the External Carrier Supply
setup (see section 2.2.3.1).

o Use the stop watch to time, the bubble up the meter. Tou will be
reading milllliters of flow per unit time.

o Adjust the flow by turning the YELLOW flow knob clock-wise to decrease
flow and counter clock-wise to Increase flow. Set the flow to
10 ml/min.

.o Then connect the tube from the bubble flow meter to the flow control
valve attached to the AUXILIARY OUT port and adjust tills flow to 10
al/mln by screwing the knob on the valve in to decrease flow and out
to Increase flow.

5



o Reconnect the bubble meter to the. DETECTOR 00 T port and cheek thla
flow. These two flows are interactive so continue this process until
both flows are 10 ml/min.

The third flow to be adjusted has to' be done during the. analysis. This
flow is the flow through the backf lush column. Before this can .be don* the
conputer has to be configured. If you are unfamiliar with the operation of
the computer you may- want to go on to section 2.3.2 and set thla flow
later. Set the EVENTS as follows:

EVENT 1 : START 8.0 STOP 10.0
EVENT 2 .: START O.'O STOP 0.0
EVENT 3 : START 10.0 STOP 25.0
EVENT 4 : START 0.0 STOP 0.0 . '
EVENT 5 : START 10.0 STOP 25.0 ^

This setup will allow you about 40 seconds to set the backflush flow.

o Connect the bubble meter to the DETECTOR OUT port.

o Start a sample run.

o After the pump stops, there will be a surge of air and the bubble will
accelerate up the column. After about 2 seconds the flow will slow
and stabilize. lou' now have 40 seconds to ad just, thia flow to 10
al/min with the RED flow control knob.

o After about 40 seconds have passed, you will have to stop the run and
start over again. Thla usually takes several starts and stops ao you
should set the CHART to the "OFF" mode (see section 2.3.2.4) to
conserve paper and pens.

Allow the flews to stabilize for about 20 minutes and then recbeck them.

2.3.2 Setting Up the
of contaminants the 1

omputer. With the gas flowing and the column purged
50 is now ready to be configured for operation.

Power Source

The 10S50 can be operated on it's own Internal rechargeable battery,
by an external 60 Hz, 115 volt A.C. source, or by an external 12 VDC
source such as a car battery. To use an external source, simply plug
In the power oortf to the appropriate receptacle on the left side of
the Instrument. If the machine Is switched on with no power' cord
plugged in it will automatically work off the battery. To recharge
the battery, simply leave the instrument plugged in to the external
source. The instrument can be charged while the machine la off unless
the batteries are exceptionally low, In which case the Instrument
should be charged while It is on. The Internal battery will operate
for about 10 hours between charges depending on the level of use.



2.3.2.2 Starting the 10S50

To start the 10S50 press the ON button. The. .display will read - LAMP
NOT READY PLEASE WAIT. After about three minutes the lamp should cone
on and display'will read - READY ENTER COMMAND. If the lamp does not
come on it Bay have to be replaced.

2.3.2.3 Settinexthe Valves

In manual operation, the valves are used to provide a signal for
injection and to turn the backflush on. The valves are set by the
EVENT key. To obtain a listing, press the TEST key and then RETURN.
The printer will list the date and the time and two lines of informa-
tion on the source and the events setup. The events and their set-
tings which should look like this:

EVENT-
EVENT
EVENT
EVENT
EVENT

1
2
3
4
5

.8.
0.
10.
0.
10.

0
0
0
0
0

10.
0.
25.
0.

.25.

0
0
0
0
0

To change 'any of the EVENT settings press the EVENT key when, the
machine is in ready mode, The display will respond b£ asking you
which event you are concerned with. Enter the number"'of the event
that you want to change and press ENTER. The computer will then ask
you if you want LEVEL or PULSE operation. The up and down arrows can
be used to toggle between LEVEL and PULSE. Choose LEVEL mode and
press ENTER. The ON and OFF levels can then be changed by entering
the correct number and pressing ENTER. Anytime the information is
already correct the setting can be retained by pressing ENTER. This
allows you to view any setting In the computer at anytime without
interfering with operation.

2.3.2.* Setting the Chart

The information that is printed by the plotter after a run can be
outputted in four different formats. The formats are:

o CHART OFF - No plot is printed and only the basic Information Is
printed; :

o CHART ON - The plot is printed along wl,th the basic information,
o. CHART WITH BASELINE - Same aa CHART ON except the computer draws

the baseline that it used for integration on the plot,
o CHART WITH SETUP • Same as CHART WITH BASELINE except the whole

setup is also printed.

The different modes are selected by pressing CHART and then using the
arrow keys to switch between modqs. It is advisable to use the CHART
WITH SETUP mode initially or if conditions are changing frequently.
After things have settled down you may want to convert to the CHART
WITH. BASELINE mode to save on ink, paper and time. After the chart
mode has been selected, unless you have chosen the CHART OFF node, the



display will ask you for the chart apeed. Thia should.be aet to 1
cn/mlh. The sp«ed Is changed by the arrow keys and set by pressing
ENTER. . .

2.3.2.5 Setting the Plotter Delay and Cycle Tine

The CYCLE key Is used to aet to* tine when the plotter will turn on
and when the analytical run will stop. The plotter delay is generally
activated when the analysis starts and the cycle tine la set to be
slightly longer then the the retention tine of the last eluting com-
pound. The plotter delay and the cycle tine can be checked by press-
Ing TEST and then ENTER. The setup will be printed out on the plot-
ter. To change the settings press the-CYCLE key. The computer will
ask you for the plotter delay. If-the maber on.the second line is
correct press enter. If not, enter the correct value from the computer
keyboard and press ENTER.- The coaputer will then ask you for the
analysis time and display soae number on the second line. It this,
nvnber Is correct press ENTER. If not, enter the correct nlmber with
the keyboard and press ENTER. The computer will then ask you for the
cycle time In minutes. The ntnber on the second line should be "0.0".
If not, enter a "0" with the keyboard and press EHTE/K. The computer
will then Inform you that the cycle function has been disabled and
then It will return to ready mode.

2.3.2.6 Setting the Gain •' " .

The gain amplifies the signal from* the machine by the nwber of times
indicated. In most cases, the gain should be aet to 200Z. Thia will
provide a dynamic range for PID-appropriate compounds of approximately
5-100 ug/1. Samples with higher concentrations must be diluted into
this operating range.

3.0 SAMPLE PREPARATION FOR ANALYSIS

The samples, standards and the blanks should all be prepared for analysis
in the same way. All preparations are done in a 40 ml VOA vial. All
samples and standards should be stored with the bottle standing on ita cap
(septum side down) whenever possible to minimize potential volatilization
through the cap.

3.1 Liquid Sample Preparation

The sample should be totally filled with liquid with the cap on tightly.
The first step is.to generate a headspace for analysis. You will need the
10 ml syringe and two clean 20 gauge needles. Rinse the needles and the
syringe several times with clean reagent water. Wipe the outside of the
needle with a clean klmwlpe.

o Insert the needle of the 10 ml syringe through the aeptum of the VOA
vial. Draw the needle back about two or three mis and hold the-
vacuun.



o Insert a needle Into the aeptum to rent the vacuum generated and allow
• the syringe to fill.

o Withdraw 10 «1 from the vial. Try to maintain a positive pressure on
the vial during the extraction process so that air flow through the
vent needle is into the vial at all times, is'soon aa the syringe is .
full (10 ml) quickly withdraw the vent needle and the syringe and
immediately turn the vial over.

All standards, blanks and liquid samples are to be prepared in this way.
The key to good results with the 10S50 is cleanliness and consistency.

» *

3.2 Soil Sample Analysis

Soil samples are prepared by placing 10 g of soil in a 40 ml 70A vial and
then putting water in until there is a 10 ml headspace left. The beat

•method for doing this is to make up a reference vial with which to compare.
To make the reference vial, completely fill a VOC vial with water and use
the 10 ml syringe to draw out 10 ml. This vial will then have a 10 ml
headspace and can be used to Judge bow much water to add to the soil
already in the vial to leave a 10 mi headspace.

3.3 Drawing a "Sample •

This procedure is common to both solid and liquid samples,
space sample is withdrawn:

Before a head-

o The sample should be shaken for 1 minute.
o Then allow the sample to stand for 1 minute with the septum side down.
o Insert the 250 ul syringe through the septum of the vial and purge the

syringe with headspace from the sample by filling and discharging the
syringe at least three tinea. Then draw 100 ul of sample into the
syringe.

Make sure that the .syringe does not draw any liquid or solids into it; only
headspace (air sample) may be injected to the 10S50. The sample is how
ready for injection into the 10S50.

4.0 INSTRUMENT INITIALIZATION AND CALIBRATION

Vlth the gas flowing through the system and the computer configured, the
machine is now ready for calibration. This section will explain how to
make a run oa the instrument, how to establish a baseline, and how to
calibrate the Instrument.

4.1 To Start an Analysis
V

An analysis run is started by pressing the START/STOP button. The display
will then ask you whether you want to select the sample (SAMPLE) inlet or
the calibration. (CAL) inlet. The arrow keys will allow you to toggle
between the two modes. Select SAMPLE mode and press return. The plotter
will immediately print "START" and a dotted horizontal line and then atop.



At eight seconds you-will bear a buzzing sound that will last for two
seconds. The END of the buzzing signals when tbe injection' should be Bade.
At the end of the buzzing the plot will start and run for the length of the
analysis tine. If you want to stop tbe plot before the analysis time 1»
up, press the STOP button. * '

- * • *

4.2 Establishing Background

To distinguish actual signals.fron background, a baseline Bust first be
established. This is accomplished by running a series of column, syringe
and field blanks. .These runs «ehould be made at a gain of 200x or the
MAXIMUM gain at which the instrument is to be used.

» 4.2.1 Column Blanks

A column blank will indicate how clean the gas flow path is. ' A column
blank is run by starting-an analytical run and making no injection. The-
plot should be flat and straight with very few smal}-peaks in It. If the
plot is "noisy" then there are a number of possibilities. . The moat likely
problem is that the column is contaminated. Another possibility la that*
. the septum is contaminated or leaking. If -the septum is known to be old it
should be the first thing to be changed since .it can be- done easily and
quickly. If the column blank is still too no&y, the column tfaa, to be
purged. Pependlng on time constraints, you can purge .the.column in the
machine or replace the column with one of the backups,

4 .'2*2 Syringe Blanks .

Once a satisfactory baseline has been established (based on column blank
results) the,next step is to try a syringe blank.
To analyze a syringe blank: .

o Purge the'250 ul syringe with ambient air by pumping the -plunger
several times.

o -Draw 100 ul of ambient air into the syringe.
o Insert the syringe into HANOAL INJECTION porV 1 located in the bottom

left band corner, of the instrument until the needle rests on'the
septum. . • • '

o Initiate an analysis run.
o Immediately after the buzzer stops, plunge the needle through the

septum and then make the injection. This motion sbQuia be smooth and
snappy but, moat importantly, it should*be done the s*am« way every
time whether the the injection is a sample, a standard, or a blank.

•o Repeat the procedure until the baseline is acceptable.

If you have trouble getting a good baseline, rinse the syringe with clean
reagent water. Be very careful about getting all the wat«r out of the
syringe before making another injection. Injection of liquid Into the
10S50 at anytime could damage the Instrument.

10
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Water Blank*.
~~~ -. . ... .

The volatile organic arialyte (VpA) content of the water being uttd and the
sample vials should be checked Regularly. To prepare a water blink,' fill »
40 ml VGA vial with the reagent water be^ng used.. Then prepare, the blank
the sane way the samples and the standards are prepared (see section 3.1).
This is the true background • a ince .i£ is alao a combination of the first two
blanks. Any large background signals should be noted. - Ondrfr normal'
circumstances this blank should be run after each calibration./

4.3 Calibration . . ' .' . '
- - - " ~ - ~- ~- •

Calibration

Calibration of the machine involves -both retention tfme, and response factor
determination for the expected operating range.

Prepare a calibration standard. ,
Prepare the standard for injection.
Set the gain to 2001. ... *
Run the standard.

o
o
6
o

5.0 -SAMPLE ANALYSIS \

The machine is now ready to-start analyzing samples.- The data output, is.
related to the nearest calibration made, either before or after the run. • '
Consequently the run sequence is very important. An analysis log must be
maintained. •' .

5.1 Sample Handling . ,.

Samples should be collected and handled"in the same'manner7 as for. standard
laboratory.analysis (GC/MS). In field'screening, close attention should be •
paid to the portable total organic vapor analyzer -readings .(e.g., TIP).
These readings will be used to screen tifce sampfea before analysis to '' '
identify .samples with high concentration. A "high concentration sample
could easily contaminate the system: 'a "situation which is Very costly in
terms of time. The analyst should a$c the sampling personnel to note
samples that they suspect to be highly contaminated1: These. readings are
taken directly over the sample* (water or soil) before it is sealed and are .
very helpful in avoiding analytical problems. ... " .

5.1.1 Sample Holding Times." -Under normal circumstances' the samples w*ll , .
be analyzed the day that they, are taken. In any event the operator should •
record the date and time of when the sample was taken«and when the'sample
was analyzed. . • . ' .

1 . ' •
5.2 Sample Screening • v ' ,

B. * J • • •

The samples should be analyzed in order of increasing concentration.• This
ordering is based on the notes the sampling personnel take and the recorded
TIP readings. If it is suspected that the contaminant concentration'is /

•' - . - - • *• • '..». ;..'•
V • 11 . , . - .•"' .' :



high the TA ml that Is withdrawn during preparation of the headspace caq, be
diluted and run at a low gain to determine how-ouch dilution is"required to
get the response "on scale". • • .. • ̂

6.0 STANDARD PREPARATION

A concentrated standard solution has been prepared in the laboritory and is
labeled primary standard. To prepare .this standard aoluti&Vi:

*
o Rinse a clean 100 ml volumetric flask with the water to be used and

then fill it with water. A VOA vial can then be filled for use as the
daily field blank. Refill the flask to- 100 ml.

p Clean the 1 ul syringe thoroughly with clean reagent water and wipe
the needle with a kimwipe.

o Withdraw^1/ul of the concentrated standard. Insert the needle into
the flask sdch that the tip is below the water line andt then inject
the standard. . •

o Cap the flask immediately and mix it well.

o. Fill VOA vials and store them upside down on ice. . .

7.0 BACKUP COLPMN SETOP ^

Frequently, in the course' of analyzing samples of 'unknown concentration,
one''will slip past even the best screening techniques that" is of very high
concentration and contaminate the column. The only recourse when this
happen* is to purge the column with air, preferably at an elevated tempera-
ture. To,avoid unnecessary delays, backup columns'are kept on hand with
air flowing through them. The columns should be hooked up in series,
connected feo the gas cylinder (see section 2.2.3.2) and the columns them-
selves should be inside the oven. When a column Is replaced the remaining
backup columns should be first in the series, and the contaminated column
should be placed'last.



FIELD SCREENING1 PROCEDURE
FOR VOLATILE ORGANIC COMPOUNDS IN
WATEft AND SOIL/SEDIMENT SAMPLES

The following protocol establishes procedures to assure the generation of high
quality data from the Photovac Model 10S50 gas chromotograph. This protocol
has been utilized previously and has shown that the procedures described are
capable of detecting and quantifying the target compounds at the 5 to 100 part
per billion range. However, because the instrument utilizes a chromatographic
column at ambient temperature, retention time windows and relative response i
factors oust be determined in the field and routinely checked -and adjusted
throughout the duration of th.e project.

If, during the course of the project,' additional compounds are observed on the
instrument output (in addition to the listed target compounds), the attached
protocol may be expanded to include calibration of the instrument for those
compounds. • '

. 1 . 0 INTRODUCTION . • . . ' • »

This procedure establishes a method for^field screening of' soil/sediment and .
water samples for the target volatile organic compounds listed below using the
Photovac model 10S50 gas chromatograph (10S50).

Target Compounds

. trans-1,2-dichloroethene (tDCE)
benzene
trichloroethene ( T C E )
toluene
tetrachloroethene ( P C E )

• ethyl benzene
ortho-xylene (o-xylene)

These compounds have been selected based upon their predominant occurrence in
previous sample analyses and their ability to produce characteristic responses
on the 10S50.

1.1 Background

The 10S50 is a programmable, portable gas chromatograph capable of detecting a
variety of volatile organic compounds in air samples. Other media samples
(water, soils) may be screened Inferentlally by injecting a sample of the
headspace in the sample container. Onaite screening of samples being collect-
ed during a site investigation can provide valuable information for direction
of the detailed site characterization program. To assure the integrity of the
data being generated, E .C. Jordan Co. (JORDAN) has developed a Quality Assur-
ance Project Plan (QAPP) . This pnjtocol supplements the QAPP specifically for
this operation.

DX)C



1.2 Objective

The objective of this protocol is to establish procedures to assure the
generation of high quality data from the 10S50. The quality assurance mea-
sures to control the use of that data in achieving project objectives are
outlined In the QAPP.

It must be recognized that this protocol is designed to generate data for
1) assisting In selecting the vertical location of well screens and 2) select-
ing samples for further chemical analysis. Other project objectives will
require different protocols.

2.0 SYSTEM SETUP

This protocol, has been developed for the Photovac model 10S50 GC/PID system
configured (i.Cir^the choice of column length and materials as well as operat-
ing parameters^), specifically for the target parameters arid project needs of
the Metaaora'Landfill Site. investigation. Details of general system
operation are presented in the PHOTOVAC 10S50 Operator's Manual (Appendix A).

*• • *
•

2. 1 Carrier Gas

The Carrier gas quality must be "zero-grade" air or better. Air flow should
be jjidjusted to 10 ml/mln using a bubble flowmeter. The flows should be allowed
to Sfcaljllize for twenty minutes and then recheclcecfc. The air.flow should be
adjuat«tfat the beginning of each analytical event and also when compound
retention time variation is indicative of flow rate deviation (see Section
10.1). ' .

2.2 Computer Setup

2 .2 .1 Events.
duct ion and backf lushing.

The event control selects the valve timing for sample intro
The events should be configured as follows:

EVENT 1
EVENT 2
EVENT 3
EVENT 4
EVENT 5

8.0
0.0
10.0
0.0
10.0

10.0
0.0
25.0
0.0
25.0

start/stop sample pump
atart/atop oalibrant gas flow

.open/close valves 2 4 3
open/close valves 1 & 4
open/close valve 5/

2.2.2 Chart. The chart control determines the format for the printout of
results. There are four modes of operation:

1. CHART OFF •
2. CHART ON •
3. CHART WITH BASELINE •
4. CHART WITH SETUP.

Mode 4 prints out the run results with basic setup information. This mode is
useful when first setting up or if the configuration is changing frequently.
After the Instrument has stabilized (see Section 5.2), mode 3 is satisfactory.
The chart speed should be set to 1 a/Bin. - • -
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2 .2 .3 Gain Setting. The gain is set at 200. This setting encompasses a
dynamic range of approximately *T->00 ug/L for the target volatile compounds.

2.2.14 Sensitivity Setting. The sensitivity determines the change in slope
that has fao occur to define the edges of the peak. The up and down slope .

khMig«wa/tting3 should be set at 5. The peak width. (PW) should be set to 5
??lso.

2.2.5 Area Setting. The area is the minimum nunber of area count's that the
computer will consider for integration and is set at 100 mVS.

2.2.6 Cycle. The cycle control sets the time when the analysis will start
and stop. The analysis should start when or soon after .the sample is injected
and should end shortly after the last eluting compound of interest. For this
task the plotter is activated at 10 seconds and is terminated at 500 seconds.

CALIBRATION

3.1 Establishing a Baseline

The baseline Is set at 10 percent of full scale following column equalization
(e.g. acceptable column blanks, see Section 5.2) .

3.2 Initial Calibration

Initial calibration is a check of the dynamic range in which the instrument Is
expected to perform for each compound. The initial calibration will consist
of a four-point curve generated from standards of 5, 25, 50 and 100 ug/L of
each target compound. The standards for initial calibration are' prepared
fresh before use from a concentrated stock solution, prepared in the laboratory .
(see Section 9 -0 ) . The criteria established in Section 10 Bust be Bet.

Initial calibration is performed at the beginning. of each field event and must
be repeated if the instrument falls a continuing calibration standard injec-
tion (see Section 3.3) or if the instrument is moved such that initial set-up
Is again required. If the instrument does not meet the specifications it ^
should be thoroughly checked for any problems. Any problems found and cor-
rected should be fully documented and the calibration rerun until specifica-
tions are met. - •

3.3 Continuing Calibration

Continuing calibration checks are performed periodically to ensure that the
machine is still operating within specifications. Continuing calibration is
performed with a single standard that is Bade from a concentrated laboratory
stock solution. The standard contains each of the compounds of interest at 50
ug/L. The retention time and specific responses for each target compound must
be within the quality control criteria presented in Section 10.

If the compound Identification (based upon retention time) fall the criteria,
corrective measures' are to be instituted and documented. Initial calibration
is then repeated until the criteria presented in Section 10 are met. A
continuing calibration will be performed at the start of each sequence of
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•sample runs, at least after every ten aaoplea run (ten percent),' and after
every noncompliant Matrix Spike/Matrix Spike Duplicate (MS/MSD) (see Section
H). Noncompllant MS/MSD followed by a coopliant continuing calibration
standard result will be interpreted aa docunentation of matrix interference
for the particular sample in question and no further QA/QC action la required.

*

H.O ACCURACY AND PRECISION

4.1 Matrix Effects
• » ^

The chemical/physical character of some samples may mask some compounds from
detection via a particular analysis technique. To determine if the the sample
matrix is interfering with compound identification, matrix spike (MS) and
matrix spike duplicate (MSD) samples will be run at the five percent level
(i.eT every twenty samples). This involves Injecting a known standard into
duplicates of a triplicate sample aliquot. The concentration of matrix spike
will be 50 ug/L for water and 50 ug/kg for soil of each target compound.
Refer to reagents (Section 9-3), for details of MS/MSD preparation.

*

U.2 Accuracy ,

The percent recovery of the MS/MSD is a measure of the accuracy of the method
with respect to the sample matrix and the analysis technique. The percent
recovery -is calculated as follows:

JR » Css-Cs x 100
Ck

JR r percent recovery;
Ck r known concentration of standard injected into the sample;
Css = concentration in the spiked sample;
Cs s concentration In the unspiked sample.

Recovery criteria are presented in Section 10.3*

4.3 Precision . • .

The precision,of the method Is measured by determining.coefficient of varia-
tion of the percent recoveries of the MS/MSD as follows:

*Le S

CV S x
M

100

the standard deviat ion,of the duplicate percent recoveries.
M * the mean of the duplicate percent recoveries-.

5.0 BLANKS
*Blanks are run to ensure that residual contamination from a previous analysis

is not carried over to the next sample and that the materials used In the
analysis procedure are not themselves contaminated with any of the compounds
of concern. Blank sample results for target compounds must be vail below the
PQL (i.e., 1 ug/L or leas) to imply valtd analyses. Zdentifioatlon of target
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conpounds in blanks is an Indication of contamination requiring corrective :,;:
action. The source of contamination oust be identified and eliminated before
continuing the analytical program. All contamination information oust be :;
fully documented in the analytical event log. • '.'.-'.

5.1 Reagent Water Blank ,. . '
I . • • . • • • - ' . ' '••.

The reagent water blank checks for contamination in the water and glassware '.
being used for sample and standard preparation. The reagent water blank is '
prepared by placing the water being used into one of the sample vials and ,
analyzing in the same manner as a sample. Reagent water blanks should be run
after every initial or continuing calibration. .* • • . • • / ' •

*1>.2 Column Blanks

Column blanks are analyzed to determine if the instrument contains any contam-
ination that may Interfere with the analysis. Column blanks are analyzed by .'
starting a sample run with no injection. Column blanks are analyzed at the
beginning of the day to establish the baseline. They can also be run in
conjunction with syringe blanks (see Section 5.3) to see if the contamination
Is in the syringe or in the system. 'Generally, contamination in column blanks
are the result of a contaminated column or septum or contaminated carrier gas.
The first two items can be 'replaced in the order of increasing difficulty
(first the septum and then the column) to determine if they may be the source
of the problem. Unacceptable column blanks are indicated by Integrated
output (mVS) for the blank runs following valving peaks (i.e., first 20 sec-
onds of recorder output).

5.3 Syringe Blanks • - . •
V . .

• .

Syringe blanks are analyzed to determine if any residual contamination from a
previous injection still exists in the syringe or in the instrument. A
syringe blank, is prepared by purging-the syringe with ambient air several
times and then injecting ambient air at the same volume as the samples being
run. Syringe blanks must be run between every sample or standard. . '

6.0 SAMPLE PREPARATION

The samples and the standards will both be prepared for'analysis according to
the procedure described below. The samples will be collected and preserved
according to the protocol outlined In the. QAPP for VOA samples. All relevant
data must be recorded. . '

6.1 Water Sample Preparation (Developed from USEPA Region I Protocol) •

Water samples are prepared by extracting 10 ml of fluid from a completely full
sample yial with a 10 ml gas-tight syringe. The extraction la don* throtigh
the teflon septum with a vent needle Inserted to relieve the vacuum generated.
This procedure creates a headspace in the sample vial for equilibration of the
volatile organlcs present. The extraction should be performed so that flow
through the vent needle is always Into the vial. This can be don* by not .
inserting the vent needle into the septum until after a negative pressure has
been applied to the vial with the extraction needle of the ga's-tlght syringe
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and, then drawing the liquid out slowly and removing the vent needle, immedi--
ately before the fluid extraction is coopiete. The sample ia then shaken for
1 minute and allowed to stand for 1 minute with the septum side down. -A
headspace sample is then drawn for injection by inserting a 250 ul syringe
through the septum and flushing the syringe, several, tiaes with the headspafee
in the vial and then drawing 100 ul sample into the syringe. Note-that 'r
preparing samples in a contaminated a*tmosphere will lead to sample-and blank -.
contamination. . • . ' ->. ,'

6.2 Soil/Sediment Sample Preparation (Developed from Personal Communication
with Dr. T.F. Soittler. USEPA Region I) - ' • >v^ ,;,?^;,;..

The soil/sediment samples are prepared by placing approximately 10 grans of .•,-••'?;
the soil into a sample vial and then filling the vial with water until a . ''/,
10 ml » 1 ml headspace remains. The weight'of soil/sediment added should be ..:
measured to the nearest 0.1 g and water added as quickly as possible to avoid'
loss of volatiles. the sample will then be shaken for at least one minute of
until the soil is evenly dispersed throughout the water. Then the sample will
be allowed to.sit with the septum side down for .1 minute. The headspace will
be sampled in the same manner as water (see Section 6.1).

7.0 ANALYSIS RUN SEQUENCE

In order to ensure that high quality data af'e produced a specific run sequence
must be followed. The outline below is an absolute minimum of what must be
done. The frequency of continuing calibrations and MS/MSD runs should be
increased if project schedule permits. The run sequence is outlined below:'
(Note that syringe blanks (Section 5.3) are to be run between each injection). .

I. Column blank to establish the baseline. .'
* * _ • '

•2. Initial calibration. . .

3. Continuing calibration check standard.

H. Water blank. .
• * •

5. 10 samples.
* » "

6. Continuing calibration check standard. " •

7. Water blank. ' '

8. 10 samples (this Involves 8 samples + MS/MSD at end).

9. Repeat steps 3-8.

10. The next-to-laat samples run are a MS/MSD.

II. Finish the run sequence with a continuing calibration check standard.
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8.0 DATA MANAGEMENT ,./; ; :v

6.1 Initial Calibration " . • ••.',':y'';
s _ • , ' • . • ^ • . '. ••-••'. :T.
Initial calibration data are subjected to a linea'r regression analysis using ' ;., .:
integrated areas .'(mVS) versus concentration (ug/L) of target compounds. The
criteria established in Section 10.1 must be met'for initial calibration.
Retention times (sec) are obtained for qualitative (compound identification) :'
criteria. If a sample mVS value exceeds the highest mVS value obtained during Y.
initial calibration, the sample must be diluted sufficiently to achieve a *;.
value within the calibrated range. Note that the PQL rises proportionally •*•>>•'•'•'
with the dilution factor. . • , . ' - . ' "'̂ -̂.-\

.? "

6.2 Continuing Calibration . '
* * ^ •

Continuing calibration check'standard data are compared with initial calibrT-
tlon data as an indicator of continuing sensitivity (Section 10.2) and mainte-
nance of qualitative criteria (Section 10.4). .

6.3 Sample Results , • •

The target compounds 'elute from the GC column with the approximate retention
times given below at 10 cc/minute carrier air flow:

Retention Time (sec).

(To be completed during initial
calibration)

Compound

tDCE
benzene
TCE . .
toluene
P C E . ' ' ' • '
ethylbenzene
o-xylene

Water, results -are calculated by the following formula:

a) ug/L . mVS
RF .
» •• •

where mVS > Integrator output at appropriate retention time
' . RF » response factor'in «VS per ug/L (slope for linear^

regression of initial calibration for each of toe
target compounds)*'

Soil results are estimated by the following formula: , •

b) ug/kg soil » ug/kg x 30
t wt. soil (grams)

where the ug/kg is derived from formula (a) above A
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9.0 PREPARATION OF STANDARDS . . ' • . . .

5.1 Primary Standards . '.

Primary standards 0 50 mg/L are prepared in Nanograde methanol as follows:

To 100 ml of Kanograde methanol (MeOH) the following volumes of pure
reference standards are added:

Compound

tDCE ^ ' . ' . - . ' •
Benzene ° •>• '"
T C E • ' . . • ' . -
toluene . -1ft ' ' ' f

PCE ' W ' ' ' '•
ethylbenzene
o-xylene '§

9.2 Calibration Standards

uL/100 ml HeOH

M.O
5.7
3.*
5.8
3.1
5.8
5.7

The primary standard solution ( See Section 9.1) is added t o J O O mL aliquot's
of organic-free water as follows to provide working standards:

Target Compounds (ug/L )

5 •
25

" 5 0
100

Per 100 m Water (ug/L )

10
.50 ' • .
•100
200

'>
•Also continuing calibration standard

Calibration standards are prepared fresh daily.

9.3 Matrix Spike

30 ug/L of primary standard (Section 9.1) is added to the sample immediately
following withdrawal of liquid to provide headspace.

10.0 QUALITY OOKTROL CRITERIA

10.1 Initial Calibration Limits

Compound ,

tDCE
• Benzene

TCE
toluene
PCE ' _
ethylbenzene'
o-xylene

Response Factor

(To be completed following
initial calibration) *

DOC

••.,»- S**> •



10.2 Continuing Calibration Limita

Compound

tDCE
• benzene

TCE
toluene
PCE
ethylbenzene
Ojocylene

' £•
10r3 MS/MSD

Acceptance limits

10. M Qualitative

• • . ' • '••* . : • • • • • .

Recorder Output (ttVSV

* • •* (To be completed following
initial calibration]

' • '• • , .".HZ . :>;*
. :•'.'• - . •• ' . . ,*.?'<.

. • ":.' • : . . ' ' . ;:'v:^-Wjflp-';~.:
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Retention time of last calibration standard for each compound ± 5 seconds.
4

X".1^,*v • ••

DOC


