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. 310 PROJECT DESCRIPTION - B i I

. 3.1 PURPOSE . o v : ' . . -
The purpose of the Quality Aaaurqnoc maoct Plan (QAPPY rox- the Reudial
.« Thvestigation/Peasibility Study (RI/FS)-&f the Metamora Landfill Site is t¢- .
« . indicate prime respansibilities and prescribe requirements for assuring. that" oo
' v the project’ (as defined in the Kemedial Investigation/Feasibility Study Work =« ~ = -
Plan for the Metamora Landfil] Site (March, 1986, revised)) is'planned and ° ' oo
oxecuted in a manner consistent with quality assurance objectives. ‘ ! :

L]

« I

: : This QAP provides guidance and apecifications to assure that: ~ ) "

" _ : :
A 1. ‘fleld Uetemimtions and, analytIcal resulta are valid through preventivr i ’ ‘
- - mainfonance, calibration and ana.lytical protocola, o
2. samples are idehtified anycontnolled throdgh sampIe tracking systom nd
- v, A cbainéof-custody protocols- . . - .

» I °
.

e 3. records aré retained as docunengary evi@ence of the qual f umplea, ® .

R . . applied processes, equipment, afnd results; . . L -

B generated data-are validated q.nd their use in calculationa may be docu- A
mented; _ . ' _ . ¢

5. calculationa and evaluations are accurate, appropriate and consistent ’ .

throughout the-projects; and ) - , * o

6. safety is maintained by requiring inolusion of the Health and Safety . o p
staff function in the project organintion ‘ :

~
- [

3.2 SCOPE S o - . R .

: - . _ ) L .
The requirements of this QAPP apply to E.QG. Jordan Co. (Jordan) and subcon- ot

. tractor activities as appropriate for the Metamora Landfill Site RI/FS. ) .Y
The prime responsibilities indicated in Section 4.0 extend tc all quality- - .
related controls and activities.- .The project specific 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 es ntial*areas. Where possible, .
Jordan's accompanying document 'Standard Samplihg and Sample Handling Proce-' =~ ¥ : .
dures® is referenced to r@duce 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 U.S. EPA's Office of Research and Develomment. To make the QAPP . -
easier to review, four appendices (A, B, C and D) are appended., These appen-’
dices address certain tasks or instruments geoyhyai&l aurveya- ooupatibiliey T
/o~ : 'l :

3e1

pocC L ' _ -~ R .
5 - - : _ .
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_testing; air sample testing for health and safety purposes, and waste testing
for disposal purposesy and use of a Photovac 10550 portable gas chromatograph)
which are difficult to 1ncorporate into the main body of the QAPP,

< -~ .
3.3 PROJECT SUMMARY | o . o

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

bl

3.3.1 Project Background - . : -

The Metamora Landfill covers approximately 50 acres of a rormer gravel quarry
located in Section 10, T6N, R10E (Metamora Township), Lapeer County, Michigan.
The project site is an 80-acre area enconpaaeing the S0-acre landfill. Wastd
disposal activities at the landfill have ceased, but gravel mining continues
wit'hin 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 lgnd uses are primarily residential and agricultural.’
The property immediately north of the landfill, and in scattered areas on the
west and east; 1s heavily wooded and agcess is difficult. The village of

Metamora is located approximately one-half lule weet-eouthueat of t.he land-
ri1l. -

. -
[ 4 . -
’ .

The landfill began operation in 1966 as an unregulated open dump. In 1969, it
was upgraded to meet prevailing standards and was licensed to receive general
refuse. In addition to general refuse, the landfill received industrial and
chemical wastes until its closyre in 1980. A licensed soiid waete transfer
station is currently operated at the site. , R .

Previous investigationa by the Michigan Department or Natural Reaources (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 sfudy 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 was®™ 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 10,000 drums. \
The remaining two areas exhibiting anomalous magnetic Ffeadings are th‘b_qaht' to
contain as many as 25,000 drums buried 3t relatively shallow depths ou’t.é,lde
the limits of -the landfill proper. A limlted excavation program im each’'of
these eha.llow-burial areas conducted in September, 1982 conrirmod t.he pres- -
ence of buried drume, as well as induear.rial salvents 1nc1ud1ng tolueue, ethyl
benzene, and perchlomethylene. Toluene,, benzene, xylene, pyrens, afld concen~
trations of total metals ‘have Been found ig _groundwater from monitdring wells .
installed at the site during previous jnvestigations. Table.3-1 slmmarizes
concentrations of metals detected in groyndwateg at the site to date.’

- \ v ) F] - - @ -
4 -.‘ * .. ‘
' v, .
3-2 ) . .
poC . . L
6' L o' - .

'
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® TABLE 3-1

SUMMARY OF METAL CONCENTRATIONS IN GROUNDWATER
AT THE METAMQRA LANDFILL SITE

sMetal - Concentration
Arsenic less than .005 - .14 mg/l
Chromium less than .005 - .005 mg/1 (0.23 mg/l, total)
Copper less than .005 - .044 mg/l
. Lead less than .020 - .063 mg/1l (1.95 mg/l, total)
_ Nickel less than .020 - .20 mg/l
Zinc less than .005 -

22 mg/1 (44 mg/l, total)

------- !

Concentraiions represent dissolved metals unless otherwise noted.
This sunmary 1nclqdes 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 envirommental conthmina-
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 reuod;q%.progrnn for the sitc.

- Following is ‘a shnmary of several of the specific objectivos that will be
addressed by the RI/FS

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

o Detennine if the site poses a hazard to public hoalth and/or to the
quviroument
._ o ﬁh{ine pathuays of contaminant uigratioﬁ from the site io lssesS the
"potential impact of contaminants on potential receptors such as local .
water wells, surface water, biota, etc. ’ A

o Identify on-site and off-site features that could affect contaminant
migration, containment, or cleanup. .

! i o Assess the poten{aal for possible direct contact with contaminated soil °
by the.public and define steps to reduce that potential.

~

o} Identify and develop viable remedial action alternatives.

0 - Evaluate remedial action alternatives.
o 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) measures to control the contaminant source by in-pface containment
or excavation and off-site disposal, and

3) measures to control wastes that have migrated from the site.
0 . Prepare a conceptual design for the selected alternative.

o Assist the MDNR with its community relations efforts for the site,.
) . J
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’-3-3 Major Task Summary
N o
The tasks will be divided into two phases - Initial Activities and Remedial

Investigation Activities. Phase I, Initial Activities, include the following
tasks:

Task 7 Prepare Work Plan’
Task 2 Prepare a Quality Assurance Project Plan (QAPP)
Task 3 Describe the Current Situation -
Task U4 Prepare a Health and Safety Plan
Task 5 , Preinvestigation Evaluation
' Task 6 Site Preparation . o
Task 7 Community Relations

Phase II i3 the Remedial Investigation. Phase II tasks include:

Task 8 Site Inventory

Task 9 Alr 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

3.3.4 Sampling Plan

Sampling and data collection activitios associated with the Metamora Landfill
Site RI are planned to begin in Soptenber, 1986. Sampling activities are
susmarized’ ,below. *

o] Alr Investigation (Task §) using 'y photoionization meter and an
explosimeter. The main purpose of this task is to provide real-time air
quality data during all field activities to ensure worker health and
safety. If ndcessary, an expanded air quality monitoring program using
charcoal tubes will be initiated. The number of charcoal tube samples to
be collected during an expanded program is unknown. For Task 13, Pollu-
tant Characterization, a separate air monitoring plan has been developed
which includes 120 air samples collected on charcoal tubes.

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

'3-5 ' . S o
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entail collecting data from numerous pro-determined locations_ around the

site.

- The magnetometer survey will cover an app?oximate 2-acre aren-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 1nc1ude up
to 46 ndditional soundings.

- The pilot seianic survey will include up to 3,200 linear feet of
seisaic refraction profiling. The expanded seismic survey (1r

‘appropriate) will include up to 19 200 linear feet of addition
profiling.

o) Groundwater'sémpling (Task 15) will involve the collection of 79 samples.
Thg 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 proposéd wells
(two weeks after the wells have been installed).

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

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

o Subsurface soil sampling (Tasks 11 and 18) includes the collection of 160

s0il 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)

0 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

o  Waste sampling (Task 13) during the Pollutant Characterization Task
involves collecting approximately 1,200 samples (150 samples for chemical
analysis).
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The analytical program for the Metamora Landfill site is summarized in Table
- 3=2.

3.3.9 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:

Work Plan

Task 1 - o
Task 2 - Quality Assurance Project Plan '
Task 3 - Description of Current Situation

Task 4 - Health and Safety Plad

Task 5 - Preinvestigative 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 will 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
D.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. A o

DOC
1
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4.0 PROJECT ORGANIZATION AND RESPONSIBILITIES

4.1 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 personhel 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 & project organization are responsible for properly utilizing '
functional organization resources. In this way, the resources‘of the entire
E.C. 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 act1v1t1es as appropriate for the
assurance of project quality. It is the Quality’Assurance Coordinator's role

to assist the Project Manager .in meeting project goals while providing an
independent evaluation of product quality.

'4.2 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 Officer-in-Charge (D. R. Cote) has
overall responsibility for the project for the E. C. Jordan Co. and the
Technical Project Director (TPD) (K. Kesler-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 overal] quality 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.C. Jordan Co., is responsible for QA/QC reviews of CLP data.” MDNR is
responsxble 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 matgers.

4-1
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2. Adoinister all contracts with the MDNR and Jordan subcontractors.

3. Malntaiqhbudgetary and schedule surveillance and regularly inform
the Techiiical Project Director of budgetary and scheduling status.

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

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

2. Maintain this QAPP.
<
Indicate the types of QA records to be retained for the project.

(W)

L. Provide for QA audits by'Jordan personnel.

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

6. 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 subtask plans 1nclud1ng initilting,
) monitoring and accepting. support services and products.

Y

2. Identiry 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.

L. Haintainwskmples 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 c?uld Jeopardize the quality of the project. As
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part of * this responsibility the teanm 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. N
3. Participate in QA audits. _ ' =
4. Recommend changes. as appropriate, to 1mprove the efﬁot&iveae:a cf '
this QAPP. \. $ e
Ll

5. Review proposed additions and changei to this QAPP. .

The QRT includes the Quality Assurance Coordinator (QAC) for this proJec;
The QAC is responsible for: . 4
1. Evaluating and recomnending approval of this QAPP to the Quality ' ’

Assurance Qfficer;

2. Scheduling and conducting sy‘,eus and performance ludits,

3. Providing QA reports to’ ;be PM and QRT on the results of audita and
the need for preventive of corrective actions; and

u, Developing and initiating preventative and corrective actions as
needed in conjunction with the PM and TPD.

o] Project Support
John Mathes and Associates, Inc. (Hathea) 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 1%).

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). )

Clayten Envirommental Consultants, Inc. (CEC) will provide laboratory
services for the analysis of charcoal tubes, Tenax tubes and waste
samples for EP Toxicity (metals and organics) and PCBs (see Appendix C).

DOC
‘15
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5.0 QUALITY ASSURANCE OBJECTIVES o ’ B < .
5.1 GENERAL . | , | ."" oy L T o @

The quality of measurements madel«during thu 3tudy may be determined by “he
characteristics of: a) accuracy,’b) précision, c) representativeness, d)
completeness, and e) comparability. Optfmal objfectives 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 méasurement systems. The subaequent use

of these measurements in calculations and evaluations is also -subjected to .
aspects of this QAPP as descg‘ibed in following sections.

All data will be collected by -Jordan, and all samples will be collected by T .
Jordan for analysis by an U.S. EPA Contract laboratory or CEC (as T T
appropriate), except for thos¢g’measurements made in the field such as pH, '
temperature, etc. Data collection, sample collection, and handling ‘of samples

in the field, will be in accordance with the pnotocola 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. 8. EPA Contract Laboratory Program

(CLP) ) M \‘/' - ..
5.2 REPRESENTATIVENESS . ) _ .

Measurements will be made so that results ;re as representative as praoticabl.o
of the media (e.g., air, soil, water) and the conditions being measure . .
Sampling, protocols have been developed to ensure that samples collected)ar¥ B
representative qQf the media as practicable. Sample handling protocols (e.g.)
storage, preservation and transportation) developed through the CLP will be’
followed to protect the ihtegrity of the callected samples. Proper documnﬁg-
tion, in accordance with CLP requirements, will establish that prptocols have .
been rollowed and sample identification and integrity assured. .
- 5.3 . PRECISION AND ACCURAC! / -

Precision, the ability to replicate a valu:,\and accuracy, the ability to
obtain a true value, are addressed and analytical data quality objoctives
establiShed for each major parameter to be measured at the site. These . )
objectives are based on prior knculedge of the capabilities or the msasuremsnt . \
system {o be employed and may not be construed as including sampling variabil-
ity. The precision and accuracy requirements vary, depsndent on their intend-
ed uses. For example, a screening tool to identily the general cxtgnt of o
chemical distribution will not" re‘gu.ire the same preocision and acouracy re-’ .,
qu.ired to detine the exact nature and amount of chuica}a esent at apooir'io <
locations.. .

. i ) " ‘ . < .. / ’
, .
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Calculations performed with the data generated are also checked for accuracy .
by the Task Leader or his designee, and precision, i.e.;~gomparability of . -
. caleulation techniques between tasks, is assured by the TPD.. .

5.4 COMPLETENESS . ‘ ' _ : L

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 valid data specified is established based on the
measurements required to accomplish project objectives. The nunber of samples

or measurements to be .obtained was defined in Section 3.3.4, although the - S
number of charcoal tube samples to be collected during an expanded air survey

has not been determined. This is because th®€ need for the expanded prograh

.will ot be apparent until field work begins. The extent of completeness must

be reviewed on a relative basis for sample cgllection activities.

. >
5 5 COMPARABILITY - )

-

The characteristic of comparability reflects both internal consisgkncy of -
measurements made at the site and expression of results in units ‘cqnsistent
with other organizations reporting similar data. Each value reported for a
given measurement should be similar to other valies within the same data set
and within other related data sets. Comparability of-data and measuring
procedures must also be addressed. This characteristic implies oparating
within the calibrated. range of an instrument and utilizing analytical method-
ologies which produce comparable results (e.g., data obtained for phenol (wet
chemistry) is not comparable to data obtained for phenol (GC)). Measurements .
compared~to similar measurements whi¢h appear as foutliers” will be reas-
sessed. Units of measurement will be sxternally comparable by utilizing the

appropriate standard units for(each measurement system. P

5.6 QUALITY ASSURANCE OBJECTIVES

For the Metamora Landtill 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 tield" '
duplicates to allqgw an assedsment of sample representativeness and sample
collection protocol precision;

T 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);

o to produce a documented,’ consiatent and technieally defensible site
iovestigation report
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6.0 SAMPLING PROCEDURES _ . . .
6.1 GENERAL - : i
R v y LA

The quality of sample collection techniques is assured 'by keying the"fechnique,

used to both the media/matrix to be sampled and the analytes of interest. For
example, samples intended for semi-volatile ofganic analyses are collected in
glass bottles; samples for volatile organic analyses are collected in glass -
vials capped with Teflon septums wigh "zero” headspace to minimize’ diffusive
‘and evaporative losses; and samples for inorganic analyses are collected 4n

linear polyethylene bottles Sample containers will be provided through the
U.S. EPA CLP. . ot :

Sources of environmental samples alsa_require specialized collection tech-
niques to preserve their integrity and ensure that a representative portion of
the source is collected. Hedla-specific sample collectipn techniques are

specified in the following section in those 1nstances where atandard operating.

procedures are inappropriate.

tipns is assured by using the appropriate techniques for the objec-
tives and the site conditions. It is also important to u 3 ‘the limita-
tions of the technique, and to use quality control technique$ (su¢h as.reverse
shooting during seismic surveys) or supplemental geophysica
magnetometer in conjunction with metal detector). Because the methodologies
and quality control procedures used during a geophysical survey are difficult
to address in a QAPP, the geophysical surveys to be used during the Metamora
project are discussed ir Appendix A. '

6.2  PREPARATION OF SAMPLE CONTAINERS : | '

Air Samples. Air samples may be collected and analyzed during .Task 9, Air

Investigation, {f it is deemed necessary during the RI. Adr aamplés will also_@

be collected during Task 13, the Pollutant Characterization Study. 'Sanples
will be collected on standard 50/100 mg activated charcoal sorbent tubes’ e

These tubes are received from the manufacturer 1in pre-prepared. sealed, glasa
tubes. s

Deep Soil, Surface Soil, and Sediment Samples. Deep soil samples will be
collected during Task 11 (Soil/Soil Gas Sampling) and Task 14 (Monitoring Well
Installation), and sediment samples and leachate-saturated surface soil
samples will be collected during Task 16 (Surfste Water and Sediment Sam-
pling). These samples will be analyzed through the CLP, and they ‘will also be
analyzed onsite using a Photovac 10S50 portable gas chromatograph (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: N
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1 x 8-0z. wide-mouth glass jar for extractable organics -
2 x 120-m]l. wide-mouth glass vials for volatile organics .-
1 x 8-0z. wide-mouth glass ‘jar for metals analysis

Al samples are expected to be low hazard samples, but if medium hazard
samples are encountered, they will be sealed in metal paint cans.
t .
Samples collected for onsite analysis with the 10S50 will be collected 1n
40-ml. VOA vials. These vials will be supplied by [-Chem. I[-Chem prepares
bottles in accordance with CLP protocol.
’

Soil Gas Samples. Soil gas samples will be collected during Task 11
{Soil/Soil Gas Sampling). and Task 32 (Soil Gas Sampling). These samples will
be obtained through a stainless steel probe with tygon tubing, and ghen -
contained in a 500 ml., glass, gas sample bulb with Teflon stopcocks at both
ends. If determined to be necessary, soil gas samples may be follected on
Tenax tubes, which are prepared and sealed by the ﬁanuﬂacturer.P - °

Prior to samplxng, and between samples, the gas sample bulffs will be prepared
by flushing them with hydrocarbon- free air. Alt samples froq,the flushed®
bulbs will be extracted and analyzed thh the. '10S50 prior tq /use to'assure ’ ..
that no chemical residue exists. The stainless steel probe will 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 samplipg bulbs with a syringe.
Prior to use, and between samples, the syringes will be filled. y;ch
hydrocarbon-free air which will be analyzed by usxng the IOSSO to assure that
no chemical re51due exists.

waste Samples. 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 Toxxcxty (metals and organxcs) and PCBs by CEC (see.Appendix

B). GLE will be involved in the compatibility tesc1ng portion of the project
(see Appendix C). . ’

¢

Samplas 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
these samples will be classified as high hazard samples. Each sample will be
collected in two 8-0z. glass vials filled half full* {one for extractable and -
volatile organics, and one for }norganxcs) For dioxin analysis, each sample
will be collected in one 4-0z. wide-mouth glass jar. These procedures apply
to both liquid and solid samples. ' Tt
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 accordanceswith CLP procedures. One 8-0z. wide-mouth
glass jar will be used to,contain each sample. :
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The samples to be compatibility tested will be collected in containers pre~

pared by I-Chem. One 8-0z. wide-mouth glass jar will be used to contain each
sacple. ) . .

Groundwater and Surface Water Samples. Groundwater samples will be collected
during Task 15 (Groundwater 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 onsite usint’the 10S50 portable gas
chromatograph. Samples to be sent to a contractiylaboratory will be placed in
coatainers prepared by, and supplied through, the CLP. All samples are
expected to be low hazard. .

P N .
Sample containers for surface water and 3rounduater are listed below: . o

" 2 x B0-0z. Amber glass bottles for extractable organics
2 x 40-ml. glass vials for volatile organics
1 x 1-Liter polyethylene bottle for petals

Samples to be analyzed onsite with the 10S50 will be collected in 40 ml. gllss
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 1is
identified in the site Work Plan. To permit proper evaluation of the sample
analysis results it i{s important that the actual location of :the samples be
properly documented.

The proposed sampling locations for groundwater, surface water, sediment,
subsurface soils, soll gas and wastes are included in the Metamora Landfill

Site Work Plan. Air sampling locations will be selected in the field as
necessary. ' :

| 3

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, vy and z (elevation) coordinates. All samples will be located ip 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 Qn‘the baq, map.
6.4 AIR SAMPLING . ' o
. . AN . )
The objectives and approach to air sampling are descridbed in Jordan s 'Stah~ ’
dard Sampling and Sample Hnndling Procodurcs', Section 2.1 (p. 2~1). . i
13 Te
At Metamora, short term air monitoring is expocted ‘to be uaed prhdbuinantly co 'w:
during RI activities. An explosimeter and.a photoionlzatiqﬂ’(PI) me;pr'hro o, I
anticipated to be the instruments used lost "frequentty. thever. 1{ vorkers . = o . k -
are advised to upgrade their level of '‘protection to level B gyodirieQ;gp!el é =.,J¥ Lok
is anticipated), ambient air samples will be. collected and lnalyzed. 7

s . -
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To do this, air samplxng pumps (such as MSA Monitaire Samplers) will be
equipped with standard 50/100 mg activated charcoal sorbent tubes, and placed
at various locations at or near the apparent source of contamination. 4 pump
will also be placed at a location within 15 feet of the source of release by
taping or fastening it to a4 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 of 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~ -
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 GC/MS analysis.

6.5 SOIL SAMPLING

Relatively deep, subsurface soxl samples will be collected in split-spoons
during Task 11 (Soil/Soil Gas sampling) and Task 15 (Monitoring Well Installa-
tion). The procedure. for collectxng $0il 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_collecteﬁ !
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”

-

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.-

v

6.6 SEDIMENT SAMPLING

Sediment samples will be collected during Task 16, Surface Water and Sedimgdi
Sampling. The procedure for collecting sediment samplés is detailed in

Section 4.5 (p. 4-16) of Jordan's "Standard Sampling and Sample Handling - . \
Procedures" ’
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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 ~e
5-1 of Jordan's "Standard Sampling and Sample Handling Procedures”, p. 3-4.

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
below. .

, AN
Objective
To obtain samples of soil gas suitable for onsite chemical analysis.  The
analytical results are expected to indicate areas of groundwater contamina-
tion.
Approach
Soil gas samples will be collected during Task 11 (Soil/Soil Gds Sampling) to ' K

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.drll 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 3 to 10 feet), a drilling rig with hollow stem
augers will be used to drill boreholes. The probe will be lowered through the
hollow stem augers and then pushed into undisturbed soil (about 3 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 -1/16 inch in diameter) will
provide inlets for soil gas to enter the lower l1-foot section of the probe.
Once-the probe is in place, a reducer will be threaded onto the upper section,
and+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 d4nd a
septum in the center. Tygon tubing,.attached to & battery-powered vacuum
pump, will be attached to the other end of the bulb, making the gas sample

6-5 ) ~ ' .

4
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GAS SAMPLE BULE

SEPTUM

STOPCOCK STOPCOCK

TYGON TUBING

R

.
/acoucsn
HOLLOW STEM AUGERS
STAINLESS s:r:r_:L PROBE
BOREHOLE
INLETS(LOWER ONE FOOT SECTION)
o
6 | | ‘ FIGURE 6-1
SCHEMATIC OF SOIL GAS SAMPLING SYSTEM
o | . METAMORA LANDFILL
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buld "in-linem" 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 liter/minute. After purging, the stopcocks will be shut to seal in-.the
gas sample. The bulb will be disconnected from the tubing and trasnported ‘to
the field 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 buld 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. : '

After obtaining a gas sample, the probe will be removed and the entire probe
will be decontaminated with TSP and water, followed by a distilled water
rinse. New tygon tubing will be used for each sample. The gas sample bulbs
will be flushed with hydrocarbon-free air between samples by connecting them
to a vacuum pump for about 2 minutes.

When measurable amounts of contamination are detected in a sample, the GC
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 po 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. . ‘

6.8 WASTE SAMPLING

The procedures used during test pitting operations are described in section
4.3 (p. 4-9) of Jordan's "Standard Sampling and Sample Handling Procedures".
Section 4.3 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 test pits will be excavated in each of two areas at the Metamora Landfill.
Magnetometer surveys have indicated that metallic objects are buried 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 aignals
established prior to beginning work. When the backhce is coperating, only the
individual 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
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initiated in an area free of buried metal, and will extend gradually xnwards .
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 effé;ts 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 -device (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-tube (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 with 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 a8 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. o :

6.10- SURFACE WATER SAMPLING

Surface water samples will be collected jin 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 difrerent geophysical techniquea will be used at the Metamora 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, 1nstrumentation, data interpretation, and quality
control procedures are discussed in Appendix A.

6-9

poc '
26




Section No. __ 7 . :
Revision No. 3 Date _September 29, 1986
. Page 1 of _1

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, settions 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 apeéitieﬁ 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 Landrill Site RI
include:

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

Photojonization meter. See Jordan's "Standard Sampling and Sample Handling
Procedures®, section 8.2.4 (p. 8=11). ) o :

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 Up for 15 minutes. .
In clean air, switch the instrunpﬂ% display to combustibies. 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-
tion. Variation in the flow rate will cause inaccura te,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
¥pan potentiometer approximately 15 turms 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 readjusfed until the zero
potentiometer is properly set.

4.) Remove the test gaa and wait for approximately one minute for the gas to
disperse. Check that the instrument readout returns to 000.

Radiation Alert Monitor 4. The procedures for instrument operation are as
follows:

The radiation meter is factory-calibrated by a pulse generator and is typical-
ly + 103 of full scale relative to Cesium 137. The monitor 4 is calibrated to
ANSI standards by a certified laboratory. .
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The Monitor 4 detected the four main types of ionizing radiatiorn: alpha, beta,

. gamma, and x-ray. Jt is calibrated for Cesium 137, but it also serves as an s
excellent indicator of relative intensities for other sources of ionizing
radiation. The level of radiation for gamma and x-rays is measured in milli

Roentgens per hour (mR/hr). Alpha ang beta radiation are measured in counts
per minute (CPM). )

When using the Monitor 4, always keep the rangee-switch in the xl position
unless high levels of radiation are expected. If, while making a msasurement,
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 x10 and ,x100 positions.

Battery life is up to 2,000 hours at background radiation levels. Frequently 3
chegk the battery charge by moving the range switch to battery position and

check the green-shaded scale. Should the battery need replacing, usﬁ one 9

volt alkaline battery and turn the monitor off before installing the battery.

°

ES-2415F Signal Enhancement Seismograph. ‘See Appendix A

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

Keck Model No. IC-69 Earth Resistivity Instrument. See Appendix A.

Geometrics G-é§6 Proton Precession Magnetometer. See Appendixll.

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

Photovac 10S50 Portable Gas Chromatélraph. See Appendix D.

8-2
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9.0 "ANALYTICAL PROCEDURES
9.1 *SELECTION OF PARAMETERS S

Laboratory analyses are scheduled tor gir, 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 elininating unnec-
essary analyses and.assuring appropriate analysis for all rqquired project
data. Tables 9-2 andd 9-3 indicate those parameters included in the CLP .
organics and inorganics analysisf packago. Contract required detection limits
are alao indicated. o U '

. . [ 3

A wide range of waste types are suspected of being disposed of at the Metamora
site. Also, there is evidence that certain disposal arsas had_ been burned in
the past. Because of the potential of dioxin/furan wastes having been dumped o
at this site, and ‘the potential of dipxinsa/furans having been f%rmed-during Lo SRR
the burning episodes, selected soil and waste samples will be submitted to the
CLP for dioxin/furan analysis (i.e.,-2,3,7,8-TCDD/TCDF and total PCDD/PCDF).

-
.

.

9.2 SELECTION OF PROCEDURES : NS

)

Procedures for sample analysis by the Contract Labs will ke in accordanoe with y
the NCLP/Consensus Organics Protocol \and the NCLP/Consensus Inorganies Protoq
col (IFB WA-85-J680 and IFB HABS-J83B 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) leachate (EP Toxicity) from waste samples

for metals and organics; and i) .waste samples for PCBs. A summary of the S
analytical work tp be provided by CEC is as follows: . .
Matrix ' _Analyte o Method Reference
Air (charcoal) Total hydrocarbons GC/FID NIOSH 127
. ‘ . : ) \
Soil gas (Tenax) Qualitative GC/MS TO=1
EPA-600/4=84-041
Leachate Metals i AA EPA SW-846 . ..<:>
(EP Toxiecity) , Pesticides . GC/ECD EPAuSH-BNG
S Herbicides GC/ECD b » EPA SW-846
. e
Waste . PCBs GC/ECD " EPA SW-886 . .

GLE will provide on onsite laboratory and chemist to conduct compatibility
tests during Task 13, Pollutant Characterization Study. Test prooedures are
included in Appendix B. '

9- 1 .: . - ’ ‘ ' .
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. - ' TABLE92

HAZARDOUS SUBSTANCE LIST (st.) ORGANICS AND _
CONTRACT REQUIRED DETECTION LIMITS (CRDL)** -~ - :
(ref. IFB WA-85-J680) . P

i)
" Detection Limits®
Low.WNater Low Soil/SedInent

Volatiles CAS Number ‘;, Ag/L 4433[55___7_-':
1. Chloromethane 74-87-3 10 10
2. Bromomethane , T4-83-9 _ 10 10
3. Vinyl Chloride - 75-01~4 S . 10 ¢ 10
- 4. Chloroethane 75-00~3 0 10
5. Methylene Chloride 75-09-2 5 ° 5
6. Acetone 67-64+1 . 10 10
7. Carbon Disulfide 75-15-0 5 « 5
8. 1,1-Dichlorbdethene _ 75-35-4 5 5 .
9. 1,1~Dichlorvethane 75-35-3 . 5 5
16. trans-1,2-Dichloroethene 156-60-5 . 5 5 ‘
11. Chloroform 67-66-3 5 5
12. 1,2-Dichloroethane 107-06~2 5 5
<+13. 2-Butanone. ] " 78-93-3 10 - - 10-
14. 1,1,1-Trichloroethane , 71-55=6 5 ’ 5
15. uerachloride 56-23-5 5 5
16. Vinyl Acetate 108054 : 10 .10 g
17. Bromodichloromethane 75=-27-4 5 -5
18. 1,1,2,2-Tetrachloroethane 79-34-5 p 5 5 ° X
19. 1, 2-Dichlompmpane 78-87-5 5 5
o 20. trans-1,3-Dichloropropene 10061-02-6 5 5.
21. Trichlorcethene 79-01-6 5 5 °
22. Dibromochloromethane . 128-48-1 S 5.
23. 1,1,2-Trichloroethane . 79-00-5 5 5
24. Benzene T1=-43=2 5 5
5 5

v 25. cis-1,3-Dichloropropene 10061-01-5
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. E . . Detectton Limits®
) ' . Low Water® Lov Soil/Secisent®
Volatiles : CAS Nuaber T ug/l ‘ __ug/Kg
26. 2-Chloroeshyl Vinyl Zcher 110-78-8 .10 10
i7. Brczolorx L. 15=25=2 L 3 _ b
J8. I-Hexacone . 591-78-6 .10 : ‘10
19. s-verthyi-2-peniatone Yil08-10-1 10 .10
3C. Teztacznlcroethene 127-18-% 5 . 3
. I
1. Teluene .08-88-3 S b
32. Chlorchenzene 106-30-7 S S
33. Einyl 3enzene 100=41-4 S b
3o SiyTene 106=42<8 L s
35. Tozal Xvienes ' S b

qvel:uz Waier Conicac: Required Deteciion Li=its (CRDLﬁ_for Vclatile 8SL
CompOunds are 10T z:izmes the {ncividual Low wWater CRDL.

Medium Soil/Secizen:r Concrace Requ.ted Dececzion Limits. {(CRDL) for Volc:!le
usy hcmpou ds aTe 10C tizes the ind:i v‘dua; Lov Soil/Sediment CRDL.

. i
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Dezeczion Lictis®
Lov wazer- Lov Sof. Sec!men:~
Sez:-v2.a2iles ° CAS Nuslher ug’L CE AL

J&. ?henol : 106-95=2 10 330 )

3. brg(l~Chioroerhyl) ezher Lilesd=d .10 330
38. 1-Cnlorophencl _ §5-97-8 10 330
. »
29, 1, I-T:icnlorsbencene Sel=71=1 .10 330,
«C. .,==2:zrnlorobenzene el LIN T} 10 R 330 _ .
~.. 3enzvl Alzonol 100~-51-6 © 10 ' 33¢ . *
-2. 1,I-liznlorobenzene 95-50-1 10 310
«3. 2-meinvizhenol 95=-48-7 \0 330
“-. Sig’I-Inlorzisepropyvi)

ever 36638-32~9 10 330

-3 -‘;e:‘gl;nehcl' L06=uu=5 . 10 . 330
-% . N-..tiTsso-liprozy.acine Llile=bi=~7 10 330
7. kexag-lcToernane 67-72~1 ' . 10 330
<. N.irczoenzerne 98-9%~1 10 . 330
-%. Iscz=srzne 78=59-1 10 '
5. I-l:trzgnence 86-75-5 10 330
3. 2,+=T:icesthylphenol 1C%-67-§ 10 330
$2. Benzzi:z Actid 65-85-0 50 © 1600
€I, sis l-Irlicroecthoxy) . .

Te:nane 1il=-91-1 * 10 330
S¢ l,s=l:chloropnencl .20~83=2 : 10 ' 330
€i. . ,2,e-Triznlorchez:eze 120-82-} 10 330
3. Naszrinalene 91-20-3 10 ' 330 '
2T, w-CIrlorcaniline 106-47-8 10 330
5¢2. Zexaz-.oTobutaliene 87-568-1 10 . 33¢C

- 3. -=Zalzrs=)-zezhylpnencl

para=ihloro-Dela-:zresci) 59-50~7 10 . 330
5. 2-“e:znylinaphthalene ‘9Ll-57-6 10 330
$.. Hexacnlorocyclopeazadiene JT=4T7~4 10 330
=2. I, -,5=-Trichlorophenci . 88-06=~2 1o 330
2. 1,-,5=Trichlorophencl 95=95~< 50 1600

«
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e T © .0 Low et ters, _3h7$c1.15eggj¢ﬁ'°"\ o b

Se=:-voiLazi.es @ - CAS Nugber ul/L B ug. l\L o \! N
A T v .v'A. ‘.‘,.- hd ., -... S
fu. Z-Chloronspaita.ene ) gi-08-7" .. ! 0 — 4 330‘ . v,
65. ;--; roaniline *© S8B=Tlmte - .. 80 g %o 16000 8 0

66. Dimethv) Phrhataze. ' L 13;~1‘-3 -~ v "0, “330‘ " N
67. Aceraphihylene ' < 208-96-8 e 10 - 2330} oo > -

’

. e /. - & ~ : LR
68 . 3=N.:iroaniline . “ §9209-2 -7 ws $Q '. v QQOO-\, . -y,

HY
- - -

. - E . , e L] . \. :_ .
3. Acegaphiiene L 83-32-9 1, .i& v+ Y330 \ AR
. C,emliniiTopMency - < e E1e28e5. S - ' )

RE ~-§;::c:1e1:-. _ * s %OOfOf°7,. B . 9 v } 1600 &:”';
. Didenzcfyra® R o L32-64-9 10 . 8 330 - o
T3, I,--l:miitocoluene Mllele=2 o 10 T 330 C L

- T.. 2,6-C:inizTsioluene 5C6-20-2: 1o . 733
T¢. Zietmylprinalate . Bu-66-2 o - -3 0 0T
Tt s~Irlotcphenv. Phezyl . T oo R Son oy .

ezner . 7005-72=3 10 » 330 * & -

“T. Flucreze 86-73~7 10 - . 330 . . PR
8. w-Niitoaniline : L00-01-% - 50 | 1600 : '
7§, < ,8-Cinitro-2 -=;Lhy phencl 534=52-1 R 1¢) T T 1600 -
83. lN-nlitrcsodihenylanmine 86-230-6 > 10 . . 330 .
g.. 4=3romcthenyl 2henyl ether .01=%55=1] : 10 | - 330 .
82. Rexacnlorcbenzene L18-74=1 ¥ - 10, . . *330 )
£1, Penzacrlorophensl 87-86=-5 . s¢ - Y., 1600°
5-.. Pretanchrene 85~01-8 10 ' £330‘
85, Anirraceje 320~12-7 10 330
8¢, Zi-n-sutvipnifalate 84~-74-2 0 330
87. Flucsranthene 106=44=C 10 ‘330

= g. Prrene ' 129-00-0 10 330
8%. Buzvl Benzvl Phthalace 85-68=~7 12 330
3C. 3,3’~Dichlorobenzidine 91-9¢~] 20 660
3.. Benzzlajarihracene $6=95=3" ! 10 330 .
37. S:si2-ethylhexv.)phnthalaze ,.i=81-7 ) W0 330

§3. Crrvsene Ji18=01-9 , 10 o 330
§¢. Zi-a-octvyl Phthalaze LL7=-84=0 ] 10 .. 330
9c%. Be"o(b?fl-o’ar'ﬁene . 1C5-99=-2 ! 10 330
96. 3enzol{k flicranzhene 207-08-9 ool 330
§° . 3enzoiajsvrene 50-32-8 Y 330
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. . Detec:zion” Lizics®
-Low watetr~ ;o&'Sox./Sed.;i*'~‘

R . t . : ,
Seci-Vcliatiles - CRS E&Fb" . ‘ug/L ~_up/Kg

A}

) - =» 3 ' ‘ '\

98. Inceno(.,2,l=td)pvrene _'93 39 -3 _ 10 - 330

99. Divenz(a,h)anchracene < 53-70-3. - 10 . ¢ . 330 .
120, Benzolg.h.i)pervlene TA91=24-2 10 - 330 v

. ) - ' : . AT
I - ‘\‘ Y
\. ’
. . [
Crec.co wazer Conirac: Rezuired De ec..an Li:l.s (CRDL) for Se:x-Vc.ntJQe N
~ HSL Cozpcunds are (0C z:z2es cthe “"v;dul- ~ov Wazer CRDOL. - v, *
R . . . .y . '

. .
SMed:uz Sc:. Sedizen: Conmtract Reguirted Detezz:on Lizits (CRPLY for Sgmi-. o
Velatile HSL CZoopounds are 61 tizes thesindividual Low Soil/Sediment CRDL.. t .

B ] . . “ . .
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Detection ‘Limits”
lou water® Low Soil’Sed:zen:-

€lec uz ~ater Contract Required Cetectd

Ceapounds are 100 :1m¢s the {ad:ividual Low Water CRDL.

{ion Lizits (CRDL) for Pestic.dc HSL

fvedius Scx-/Sed‘mtnt Ccnt'ac' Required Deteczion Limics (CRDL) for Pesticidc
#SL compounds are 15 times the {ncdividual Low Soi /Scdiment CRDL. b

*Jetec:ion limits listed for soil/sediment are based on wvet weigh:z. The
tion liz%:s ctalculated by the laboratory for scil/sediment, calculated on dry

detec-

Pes::cides C CAS Nuzber ug ‘L ug/Kg
15.. alpna~BHC 319-8+-6 0.05 8.0 .
(01, bdera-3KC 319=-85=7 0.05 8.0
1C2. del:a=-3liC 319-86-8 0.0% 8.0
+Cs. gac=za=-3KEC (Liadane! 58-89-9 0.05 8.0
2. Festachlor Tb=el=-8 0.0% 8.0
26, Aldruin 3C9-00-2 0.05 8.0
.37 . Hepzaznlor Ipox:ide 1026-57-3 0.05 8.0
LCE. Zncosulfan 959~98-8 0.05 , 8.0 .
5. Dielzrinm 60=-57=1 0.10 . 16.0
iiC. w,e =232 72-55-9 0.10 16.0
«.l. EndTin ) 72-20-8 0.10 16.0
112, Endosulfan IT . J3213-63-9 0.10 16.0
1304, .'=02D T1=-54-8 Q.10 16.0
s,~. Endosulfan Sclfate 1031-07=~8 0.10 16.0 @
¥, o er-pot 50-29-3 ' 0.10 16.0
- \L.5. Endrin Kezone $3494~70-8 0.10 16.0
117. Methoxvehlor 72-43-5 0.5 80.0
Ji18. Crlordane 57=74~9 0.5 80.0
+.5. Toxaphene 8001-35=2 1.0 160.0
L%, ARCTLCR-1016 12674=11-2 0.5 80.0 .
*21. ARCSC_CP=-1221 11104-28-2 0.5 80.0
110 AFRTOCLOR-L222 1il1al1-16~5 0.5 80.0
330 ARTCLCR-1242 $3463-21-9 0.5 B0.0
SI4. APOCLCR-1248 12672-29~6 0.5 80.0 X
LI%. ARDCLOR-125¢ 11097-69~1 1.0 7 160.0
L2585, ARODCLOR-1260 11096~-82~-5 - 1.0 160.0

veighti Basis, s required by the contract, wiil be higher.
** Spec:f.c deteczion lizits are highly catzix dependent. The Cdetection N
l:z:ts listed herein are jrovided for guidance anc may aot aanys be !

acﬁ.eva,.e
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. . ZABLE 9-3-.

INONGANIGC PARAMETERS AND
- CON‘.!'MCT REQUINED DETECTION LIMITS

_ (.rof. Irs HABS-—JS38) 2
- Contnct Roquir'dz
Deteotion Level S ¥

Elemsnt ) e *(ug/L) :
Alurinue G 200 _ 3
Antimony ) ) 60 . o - .
Arsenic . 10 hd
Bariua o ) 200 ’
Beryllium - C 5
CAdm { um . e 5
Caleium - ’ . 5000 -, .

Chramium N - : . 10 e
Cobalt * ' r . - 50 - .
Copper T . 28 o, N .
Cyanide . 10 v . i

" Iron . o - . . 100 . .
Lead | . : A 5 Co T
Magnesium . 5000 ; Ve
. Manganese . . ‘15 . i

Mercury T } 0.2 . ;
Nickel o * ' 80

-Jotassium ' » 5000 .
Seleniun- . 5 . 0
Silver ) : T 10 . -'/. P
Sodiwm ° . S 5000 ; ‘ ‘
Thallim - : 10
Yanadium . O : 50 L -t

. iinc . : 20 i

. . » .
Any analytical method specified in SOW Exhibdit D may be utilized as’long
&3 the documented instrumsnl or method detection limits meet the Contract .
Requi red Detocuon Level (CRDL) roquir-enta Higher detection lpvels ‘ 4
may only be used in the tollovin; circumstance: ' g
If the sample concentrstion exocesds two times the detection limit of the
instrument or method {n use, the value may be reported even though thé
instrumant or method detection limit may bot equal the contract required

This is {llustrated in the example below:

For lead: ) . .

Method in use s ICP " . .

Instrument Detection Limit (IDL) = %0 . ) .
Sample oconcentration = 85. e T o
Contraoct Rchuind unotion Level (CRDL) « § . . .

'rhc nlud of 85 uy be roQortod even though instrument atootion lhxt 1( !
The instrument or sethod
aa described in tmiblt l.. ot P,
v R E ¢
Ve
These CRDL are the 1nun-ont dcuouoq limits obtained' in pnrc vater® . 4
that must be met using ‘the ‘procedire ip Exhidit L. The detection lim ts

doucuon u-n. must. be dool.ntod

for u-plu may .be oonaldonbly higher depending on tHo nlplc ntrix. /
. ; !
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10. DATA REDUCTION, VALIDATION AND REPORTING

Data reduction is the process of converting meagﬁrement 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 intefded use., The
process includes the following activities:

e

o auditing peasurement system calibration and calibration verifica-
- tiong .

o] auditing quality control activities;

o] screening data sets for outliers;
o] reviewing data for Cechnical credibility vs. the saople site set-
ting;

o auditing field sample data records and chain-of-custody;-
o} checking intermediate calculatiohs;_and
o] certifying the process above.

Data validation activities will be documented and records. kept of ahy 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 1s screened to determine

compliance with the quality assurance objectives identified in Section 5.

v

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, systen 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- or-custody forms. and laboratory log books,
when possible.

The Contract labs will follow the data reduction, validating and reporting
protocol documented by the CLP.
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11.0 INTERNAL QUALITY CONTROL

11.1 MEASUREMENT SYSTEMS

Quality control procedures are established for laboratory and field activi-
ties. Procedures used in U.S. EPA Contraot 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 }aba for the Metamora Landfill Site RI include:

Type :Media - Ntﬁber

VOA trip blanks Water .9

blind replicates ) Soil 5

. : Water 9
sampler blanks Water 3 - R

filtration blanks Water 6 -

These samples 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 RE?ORTS

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 dbetween 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 camitments, 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, canmmunication to implement solutiona, and fallow-up.

11-1
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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 .
i3 of particular importance when data are derived from many sources (1.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 tonsultation 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 reporéa. 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 antigipated that quality control reviews for the Metamora Landfill Site
RI will occur at the following project phases:

YWork Plan Preparation

Quality Assurance Project Plan preparation,
Description of current situation;

Health and Safety Plan; .
Preinvestigative Evaluation :

RI Report

Response’ Objectives

Remedial Alternatives

Conceptual Design

FS Report

0O 0 00O OO
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12.0  AUDITS

Quality assurance audits are perfermed 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 performancd® audits may be‘c?,nducted by the Quality Assurance
Coordinator (QAC). The Quality Review Team (QRT) will conduct project reviews °
of 1nterpretations and reports which are based on the measurement systenm

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.

x.

12.1 SYSTEMS AUDIT

A system audit may be .conducted on ell components of measurezent systems to
determine proper selection and utilization. The systegs audit includes
evaluation of both field and laboratory procedures.

Organization and Personnel. The project organization is reviewed for compli-

ance with the proposed organization and for clarity of assigned responsibtli-

ty. Personnel assigned to,the project will be reviewed to determine- that

assigned responsibility, skill and training of the personneklace properly 3
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 QAC during an audit.’

Facilities and'Equipment. The audit will address whether field toaols and :
analytical instruments are* selected and used tqknnéj requirements specified by :
the project objectives stated in tHe QAPP. Equipment and facilities .provided .
for personnel health and safety will also Ye evaluated. Calibration and

documentation procedures for instruments’ used in the field will receive
special attention. . . ' e
-,

3 - &
inalyticélmﬂethodolggx. Routine external performance evaludtions as well as
blind internal.performance-evaluations are gederally 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 'Be performed if determined necessary. Periodic
review of precision and accuracy data i3 essential.

Sampling and Sahﬁle 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. .
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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. Timihg is
keyed to the systems involved and the project objectives.

It is currently anticipated that Sne project audit will ocecur for the Metamora
Landfill Site RI.

12.4 QA AUDIT REPCRT

A written report of the QA audit may be prepared to include:
o] an assessment of project team status in each of the major project areas;

o clear statements of areas requiring improvement or problems to be cor-
rected. Reccmmendation 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'fequired; and
o a follow-up to assure that recommendations have been implemented.

0

Figure 12-1 provides'an example Quality Assurance Audit Report.
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FIGURE 12-1

QUALITY ASSURANCE AUDIT REPORT

Project: ' T
P'roject No.: Quality Assurance Coordinator: -' . \
Project Aspects Audited: : M

Laboratory/’rect;nical Director: .o .

Audit Conducted By: for the period __ to i

. Date of Audit:

Personnel Interviewed:

Objectives of the Project Aspects Audited

Sampling and Analytical Requirements .

12-3
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QUALITY ASSURANCE AUDIT REPORT - ' ‘ .y ¢
- - ' . " ' . N ‘.
ADEQUACY/APPROPRIATENESS OF : | N - )
: : |
Organization and Personnel . . o . : ‘
) ,—/
RN .
—— “‘ *
* / toe . .
Facilities Utjlized .
R ‘ .

~ ~ Ana{ytical Methodologies
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QUALITY ASSURANCE AUDIT REPORT : “ : .

ADEQUACY/APPROPRIATENESS OF :

., Sampling and Sample Handling P T o .
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Data Hansl ing . . : - Py

-
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_ Quality Control Measures Utilized . ) .
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QUALITY ASSURANCE AUDIT REPORT

Quality Assurance Ddficiencies

) .
4 1
‘o .
. o~
1]
A}
N
Recommended Corrective Actions and Schsgule .
-8 o
. . R
-
e .
Signed o .~ Date
= Title .
- »
Distribution: . o - _
. ' - ! ' - Reviewed by Date
‘ * .ﬂ < ' ) \ ..
a - ) * P Title
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' Q - * . b * .
.12"6 . & - . . "
Ce [ , L . . L fn e . '
DOC : Woe e U - . ‘(. T ;
. R I'G , ‘ \‘v.x.'.f e L 4 » DL VR N 2
Lt i C A N R T b, <. awm .- .
. #. . . ‘: . ; i \. g - . . . .
~ o/ ~ A 1;'* . ;"_ , 3 N R L. & . X 1 »
AR A L e e N T e e e




Section No. 3 | o : .
Revision No. _ 3 - ‘ " Dpfe _September 29, 1986
o age _1 of _1

13.0° PREVENTIVE MAINTENANCE

13.1 ANALYI;Q& INSTRUHENTATIO

Preventive maintenance for analytical 1nat.runentation is outlined in the
protocol established by the U.S. EPA CLP.

13.2 E’IQD msgnum:n:

i

Preventive mintenance of field equipment is performed by analysts and staging
area staff and routinely precedes each sampling evenca, 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 l\cxpt in stock.

13-1 S _ ' -

DOC ‘ . .:':". ' . :. . i ‘ . R -.l ) ° '.‘o ‘,
47 | o Coe




Section No. 14 ’ '

Revision No. _ 3 . | Date _September 29, . 9
’ { | Page _1_ of _2

14.0 DATA ASSESSMENT '

14.1 GENERAL . '
The purpose of data quality assessment is to assure that data generated under
the program are accurate and consistent with project obJectivea. The quality -
of data will be assessed based on the precision, accuracy, consistency and
completeness of. the data that are measured or ganerated. :
Data quality assessment will be conducted in ‘three phases: ’
Phase 1 . o e oA
Prior to data collection, sampling cnd analysis procedures are e&aluatéd'in ' .
regard to their ability to generate the appropriate, technically acceptable e w
information required to achieve project objectives. This QAPP meets this = .
requirement by establishing project objectives defined in terms of paraméters, R
analytical methods, and required sampling protocols. ‘ e M
Phase 2 7
' 2 .y
During data collection, results will be assessed to assure that tQQ se ected * v
procedures are efficient and effective and that the data gpnerated'proviJE L4 o ®
sufficient information to achieve project objectives. Precision and accuracy.,., ‘. . °
of measurement systems will also”be evaluated. 1In general, evaluation of-data ' tT
will be based on performance audits, results of duplicate and spiked qample ! _
analyses, &dnd review of completeness obJectiven :: -
Documentation may include: ! . |
c number of replicate samples collected; . ) .
o] number of replicate, spike and field blank samples anglfiéél
<
l"l
0 identification of statistical techniques, if used, to measure centna! .
tendency, dispersion, or testing for outliers, “
o use of historical data and its reference; and . LI B
L L '
s -3 .
o identification ot analytical method. '
-
Dr. Bruce K. Hallin, !.!!g!cal Director of Jordan'’ s Analytical LaboraCory, and
Jordan staff under his supervision, will be resﬁbnaible for any additional :
evaluation required of data packages. .
- . ..
Phase 3 .
- . v L - b <. ’d
Throughout the data collection activities, an assessment of the adéquacy of - oo~
the data base generated in regard to completing ‘project objectives will be
' a - B L4 -
14-1 ' ,
B . . . ' "- h .. *r
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undertaken throughout each phase of site work. Recommendations for improved
quality control will be developed, if appropriate. 1In the event that data
gaps are identified, the QAC, TPD.or QRT may recommend the collection of
additional raw data to fully support the proJeét's_flndings and recommenda-
tions. o '

P 4

14.2 PROCEDURES TO ASSESS PRECISION 4ND ACCURACY | o '
Assesasment 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 génerally ex=
pressed as the coefficient of variation (CV). Accuracy ‘is expressed as
percent recovery. Precision must be assessed for each matrix sihce distri- _
bution of-contaminants may be non-homogeneous, especially in non-water matri- -~
ces. Precision in samples muat 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 od which provides quality control requirements and -~

. acceptance critegia also specifies the method of generating the data to be

reviewed. It is/the laboratory's responaibility to-attempt to identify the

source of substandard “recoveries and either take corrective action or document
the cause. - -

Calculations are resegted belog: s
fR = observed value X 160
theoretical value
CV = (S/X) x 100 .
_ where fR = percent recovery
- " . CV= coefficteat.of variatioa
S = sample standard deviation . ¢
X = mean valug of data set
~ Completeness is generally assessed as a percentage of data intended to be ~ v A
-generated, and is most ¢ften gtiIizgd in Phase 3 of .the-data assessment pro-
cess. ' E ’ s T -
. 1S ) '-__. . - . - . . 7 ,
- ‘ I . '-.. .-: o ‘ .
. PR ) s a
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15.0 CORRECTIVE ACTION

Correative or preventive action~is required when potential or existing condi-
tions are identified that may .have an adverse impact 6n 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 - :
\\Jf\\\///h:;ality can initiate corrective action by notifying his or her supervisor and ‘
e 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 ind{vidual who _ '
detects or suspects nonconformance to previcusly 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 invesiigate the extent of the problem and take the. necesseiw 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 collectivély decide how to proceed.” If the problem is limited in scope, .

the task leader will decide on the :corrective action measure, document the LT
solution in the appropriate workbook and notify the Project, Manager ahd the
-QAC in memorandum form. N .

15.2 - LONG-TERM_OORRECT IVE ACT ION ' oY

Long-term corrective action procedunes are devised and impleamented to prevent
the recurrence of a potentially serious problem. The QAC will be notified of ,
the problem and will conduct an investigation to determine the cduse, severity
and extent of the problem. The QAC will then file a corrective action request

with the Project Manager. . e c R
: - et T - . ‘ * N ' .
In case-of dispute betwe!ﬂ&thptgés and,the PM,‘the Responsible Corporate o <
Officer (RCO) will make a final déterminatfon for the company. ~ N ' :
L J .
Corrective actions may also be initiated as a result of other activities, _.‘“
including . ' » .
o Performance Audits; L . o - - b 5
. . . - -
_ . .. ) . . A .
\\5 o System Audits; e . : ' o . - S e
: 0 -Laboratory/rield comparison studies, and .. e P o0 '

-0 QA progranm audits.

- "_'.'.~ . . o . . ! ‘e
R . ) . . N .- R .
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The QAC will be responsible ror documenting all notifications, recommenda-." - .

tions, and final decisions. "The 'PM and.the QAC will be Jointly responsible

for notifying program staff and implementing the agreed upon course of action,
The QAC will be responsible for verifying the efficacy of the implemented * .
. actions. The develoment and implementation of pﬂeventive and corrective '
actions will be timed so as to nof adversely impact either project achedules e
or subsequent data generation/proceasing activitiea to the extent’ possible. LT
The QAC will also be responsible for developing and implementing roytine

program controls to minimize the need for corrective action. . ' ' -T
\ .
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16.0 REPORTS TQ MANAGEMENT = . v L ‘ i
. . . °. ~ - /
Summary reports are prepared on a- periodic basis to inform management o!‘ e ISR
project status. : The reports will include:” . B SR < ¢
. .. *.) ) .
' 0 periodic assessment of' mea.suf‘ement data accuracy, precision and b N
completeness; ) . . . _' .
0 results of performance audits and/or systems audits, P S 5.,.-1
o signit‘icant Qr problems and recanmnded solutiohs, and” .. 7 o

v . . . . .

o status of aolutions to any problema previously 1dentified. “‘ -
In most cases, these reports may be 1nc1uﬁed in monthly, project progress' : BT
reports or’ the QA Audit Report 1llustrited in Section 12 may. be preparfed. . N
Additigpally, any incidents requiring torrective action will be fully doeu- . S
mented. Procedurally, the QAC will preparo the reports. to management. 'These . T ' .
reports will be addressed to the PM and ‘the Quality Assurance officer, in " e
addition to the MDNR Project Adminiatrator. The summary of findﬂngs shall be ' %{“ s
fa¢tual, concise and complete.. Any required aupporting inrormation will be ' L <

appended to the report. ’ ) . ) ) .

16-1 '
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.

GECPHYSICAL DATA COLLECTION

Three different .geophysical techniques will be used at the Hetamora Lagdfill
3ite: ) geismic refraction; 2) electrical earth resistivity; and 3)

» magnetics. Seismic refraction will be used to determine the depth to the
Qmwater table .surface, the depth to the underlying clay layer, and the depth'to
bedrock. Electrical-earth re31stivity will be used to confirm the findings of

the seismic refrdction survey, and alsd to possibly define areas of inorsanic

groundwater contamination - The magnetometer survey will be used to define the ,

"location of buried metallic objects (presumably drums) ‘at two onsite-

locations . . . . : e

A ’

BecauSg it ls difficult to ineorporate the dlfferent aspects of geophysical
surveys irnto the main body of a QAPP, this appendix was compiled to make it
easier for the reviewer to understand. The following parasraphs include a
discussion of the prlnciples. instrumentation, field techniques (including
those, techniques used to chedk the data for quality), interpretation, and
instnument calibration ﬂpr ‘each geophysical technique to be uaed at the :

: Metamora site.

o ‘
‘ [
. w

SEISMIC REFRACTION ;" T | -

v

~s

" A major factor. in quality cqntrol of a geophysical survey is the pilot survey.

A pillot survey is virtually always condycted prior to a full-scale. survey to*
assure that the method is appropriate for the site conditions and the
objectives of the project and thus will generate good quqlity data. , A pilot

survey, consisting of .3,200 linear feet of seismic refraction profiling, will®

. be conducted at- the Metamora site prior to-the inltiation of a full-scale

.survey which consists of 19 200 linear feet of profiling S
* ® y ‘.t B . l"
" PrvcipYes. The principles of seismic refraction are iilustrated on Figure

AA-1. The technique is.,an indirect means of determining the depths to a_

« refracting horjzon,and the thicknesses of major sSeismic discontinuittes

overlylng a hlgh—velocity refracting horizon,

It is essential to measure the elapsed time of travel for elastdc waves from a

point source of energy to a seriea of.aenaitive'listening devices. THese
listening devices are called geophones, or seismometers, and are spaced at

- khown ‘intervals along a straight line on the ground surface.. They are

connected to.the seismograph by seismic-spread cables vhich are fitted with,
connectors for the geophones, Thls instrument array is called.a aeismic
spread o . .« . . . .

.
v . 3 4

v . ~

The seismlc Waves detected in a selsaic refraction survey and .used for depth .

calculations and the identificatﬁoo of materials is called a "P"
(compressional) waye. This wave is transmitted through earth matenials as a
"series. of eompressions and rarefactions. Just as 1ight is bent through a
prism (refraction), socundwaves which travel through various stérth media are i
alsb bent as they travel deeper into the earth. Because they are bent, they

eventually return to ‘the surface a3 refracted seismiq waves. If one caref ly

measures the transait times between the energy sgurce and each geophone, 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- B
of various soil and rock layers can be computed. In the same manner,
seismologists have learned about the interior of the earth by- carerully P ) " "
measuring the arrival of seismic waves generated by distant earthquakes. »

Instrumentation. The seismic refraetion Syatem centers around a seiswograph,
which is a series of amplifiers (one per geophone) and-.a device to record the . .
seismic waves, or vibrations at each geephone as a<function of time. ‘The . .t
system also includes seismic spread cables, an energy source, and the array of
geophones. Modern seismographs have the capability of "stacking or digitally -.:
sunming the vibrations from multiple events created by an energy source aﬁ'one
location. This capability is referred to as "signal enhancement® and greatly
improves data quality under some conditions. penmittingtmozf reliable

interpretation.

: ) re L f
Field Techniques. Seismic cables, which ltave been fabricated with premeasured . -
shotpoint and geophone locations, are positioned along the lines of A

investigation. Geophones, which have been fitted with a spiked base so as ta

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 30 as to insure good ground coupling. The explosives are
tightly tamped and the depths and amount of explosives used are recorded. )
Seismograms are obtained with a portable signal enhancement seismograph. which
records the wave arrivals from the energy source along the selsmic spread,
acquiring separate data for each geophone position. Timing lines 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 &f the instrument to record the seismic waves from

several impacts (or explosions), add them elactronically, and retain this data

in its internal digital memory for later processing and interpretation. The ™
enhanced signal improves data quality and greatly facilitates 1nterpretltion._ K

Generally, several recordings are obtained along each seismic spread; seis-
mographs are generated with the eng¢ 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.

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 aeismic,' ot
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 (i1.e., the time of tr ‘of a'seismic wave frop point.A to point B -
should equal the time of traveNfrom point B to. point 4), and "y-intercept"
time, which &s the intercept tide on the y-axis for the intercepted "line of

| 4

1




best fit" for time arrivals due to a kefracting horizon on a time-vs, di;tqnce
graph. The concepts of "total time" and "y-intercept time" are. illuatrated on
Figure AA-1.,

In addition to the five detonations along each seismic spread noted above,

there will be an additiohal "effset™ detonation 800 feet off each end of a S
spread to insure that the deepest refracting horizon is defined with adequate -
detail. The Y¥0-foot spacing which will be used between geophones will provide
good resolution of subsurface seismie layers but will still aliow for adequate
definition of the deepest refraoctor with offset shooting. Multiple data aeaa
(detonations) on a ﬂgle seismic spread also allow an evaluation of the
consistency of patterns of flater® arrivals. These can be caused by either
undulations of deeper horizons, or, more cammonly, by variations in surface
topography or seismic velocity changes in the surficial overburden layer.

During the seismic refraction survey at Metamora, the quality of the data will - Q
be evaluated in the field in two ways. As data s 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 -
auch as airplanes, heavy trucks, ete.) will be re-generated. In addition, at .
the end of each fleld day,. the travel time arrivals will be read by a *
qualified geophysicist and hand-plotted as a time-distance graph for further
evaluation and interpretat*on

(SN

Interpretation The data are interpreted by ffrst accurately measuring the
individual transit times at each geophone position, then construoting a graph ////
of these times versus their distance frod 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 are drawn onto
the graph, each layer being represented by a line of different slope. The .
inverse of thre slope of each line is equivalent to the (apparent) velocity

value for_qaggylayer The distance from the origin (or energy sourcc) of the

po

"CrosSsover. t" between two layers is proportional to the thickness of the
overlying layer. A wavefront diagram, seismdgram, and corresponding °
tiobe-distance plot are shown om Figure AA-1. Standard formulil are also * T *
included on Figure AA~1 for both 2- and 3-layer cases, although, . *
theoretically, one can obtain a solution for many layers . - ~

J

The general identification of various naterials ‘can often be made 1f the
seismic velocity values are known. Identirications should be based on
Tindings from other engineering studies with similar geologic conditions and.
on dorrelations with various test borings taken near seispic lings. At )
Metamora, the findihgs of the seismic refraction survey will be ccmpared to
geologic materials and layer Lhicknesses encountered. during soil-test borings,
and the data from the resistivity survey. o

Instrument Calibration. The ;nstruﬁénts to be
procedures for calibration, are cribed as

ed at Metamora, and their

ES-2415F Signal Enhancement Seismogriph

This ‘1nstrume&ia calibrated. by the
manufacture prior to purchase and is nyt

a}ibrated in field. - ..

. . T
. .




'b_", //
Phillip R. Burger Model *OOOD Vibration Seismograph -. This ins;ruggat is .
calibrated by the ma ufacture prior to purchase and is not calibrated in the‘

field. The instrumént resets itself prior to-the initiatign of each blast, v,

e ’ : . -

. o ]
ELECTRICAL EARTH RESISTIVITY

)

A pilot resistivity survey will be conducted at the Metmora site to ensure
that the method is suitable. The pilot survey will consist of 10 vertical

" electric soundings. If successful, tRe full-scale survey will consist of up -
to U6 additional soundings.

Principles. Earth materials are good conductors of electriGLty in proportion
. to their content of (1) water or moisture, and (2) dissclved 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 fred 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 (low resistivity materials), Other earth materials w1l have their
own characteristic resistivity values. S

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 sewveral
inches at locations where measurements are desired. Electrical current from a
battery or generator flows into the zground between two' of the electrodes (see
Figure AA-2). The resulting voltage drop produced by this current in the
edrth 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
eapeir resistivity readings 1nvolves dedueing subaurrace conditions trom the
measurements,

*

The depth of investigation by the earth resiativity method can be controlled )

by the uger. Shallow 1nvest1étions are carried out by placing the electrodes .. e

relatively close together, whereas deepqr investigations require“lncreased
spacing between the elactrodes. Typically, a shallow survey for gravel in the
10 to 20 foot depth range would use.electrodes equally spacéd along a line-at
intervals of approximately 30 feet; a deeper survey for mapping bedrock

topography at depths of 50 to 75 feet would increase the electrode spacing T

interval to approximately 100 feet..

Instrumentation. The earth re31551vity system centers around a central
console which_monitors‘current flow in the earth and is capable of acourately
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 T

into the ‘ground, and two to allow peasurement of the voltage drop which occcura =

. as a .result of the current flow in the ground; and insulated wire for

electrical continuity between the electrodes.and the' central console.'

. . N

'
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o . . 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 measuremsnt can be qualitatively correlated
with the next. If the samé measurement parametars (electrode conrlguration

" +and separation) ire maintdined, then the depth of penetration for each
measurement will be similar.: An application which makes good use of-the
profiling -technique is groundwater conbtaminant plume delineation doungradient‘
from a source 6&f suspected contamination.
n vertical sounding, the method to be uaed at Metamore. the objective ie to
determine the électrical properties 6f various subsurface materials as a
Function of depth. This 13 accomplished by methodically increasing.the :

_ ' spacing Hhetween the four electrod thus-achieving deeper and deeper .
penetration. Measurements of thia/ sort will yield the .sequence of high and
low resistivity layers in the @warth materials underlying the electrode’array.

p o - .

. There are several different’ electrode arrey configurations, but the two most

‘widely used on engineering surveys are the Wenner. and Schlumberger arrays f_

\.': ' 1l . =
Field-Techniguea., The nethod qotmonly employs two data acquisition techniques

.

(Figure AA-2). There are advantages to each of these array configurations.- ”;-

At ‘the Metamora site, the Wepner array. with "a" spacings-of 10, 20, 30, 40,
60, 80, 100, 120, 160, 200, 1240 and 320 fedt will be, used. for’ most. aoundinga_«
Some of the eoundingg will be carried out to additional ra"<Lspacings of 100,
48Q, 640; 800, 960 and ,1280 (if within the'-capabilities of/the instrumnt.
. - This will permit an evaluation of the depth to the bedrock. :, - . ; ~
Some of the soundings.will be rotated by 90 degrees, whigh will serve as an--
o internal check.on data considtency and will also provide |insight. into the
. .homogeneity of geologic conditions. In addition, the Leq modification of the
“ . Wenner array will be made to the rotated eounding for ad itional control on
geologic homogeneity . ) . '

Interpretation Interpretation of eoundiagidata can be eccompliahed in tdo
‘ ways. ‘One can. manually ‘plot the (apparent) reaistivity values on . standard .
«log-log graph paper such that the data points form a curve. This fieldrcurve

is then compared with etendard theoretical curves to produce a solution which -

- ctnsists of a multilayered eartn,model with up to U’ layers whose thicknesses -
and resistivity values have been determined. Generally- speaking, the- more
layers a model has, tbe less accurate will be the mamual aolution.

! )

Field data can also be input into a computer which conperea the field data
with a series of theoretical solutions through a process of Atsration and
arrives at a solution which agrees most closely, (in a least squares sense)
with the observed field data. Several programs are available which vill
produce solutions to field data. At Metamora, ‘two programs will be uaed._
TARLEM, written by P.A. Davis, University .of Minnesota, and a program
developed by Keck Consulting Services, Inc. The results of these two- prograns
will be compared for consistency. The interpreter must check ‘that the

computer-derived solution is consistent with any gedlogical .data available for

. the. site. At Metamora, boring logs and seismic profiles will be avaieble’ror
correlation with the resistivity sounding data.




.-_Instrugsnt Calibration. 'The instruments to be used'ot Metamora, and their ' '
procedures for calibration, are described as follows:

- .' M 1
N : . . °

Keck Model No. IC-69 Earth Resistivity Instrument - This instrument is not
. calibrated, but is tested to make sure it is working properly by internal
. checks vhich are performed dn the field. There is a test function on the
- instrument that verifys that the ohmeter readings are the same as dictated in  ~
-'\\ manual, and thus workimg 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 the insulation. The wire is =

examined daily as it is unwound from the rsels
4 ' » '

- -

" MAGNETICS . e - o ~
Magnetometer surveys have previously. beon conducted at Metamora with’ gpod
results. Because of this, a pilot survey will npt be cQ!aqstod. The survey . bt ..
will consist or readings over a 2-acre area. R ' '
‘Prineiples. - Although the origin of the earth's magnetic field is not weil.
understood, we do knou that the earth behaves magnetically as i{f a large bar
Dagnet were locatod 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 Lo
" . this angle which produces the small differences between 'truo' north and ’
. "magnetic" north called “declination. The lines of magnetic force are nearly i
horizontal at the equator and nearly vertical at the poles. The 3ngle between ‘

\' ' these lines, of force and horizontal st any point on the efrth's surfaco is
) : knoun as 'inclination " . .

The strength of the magnotic field also varies over_ the surface of the-earth, T
. and is .stronger at the poles than at the equator. The strength of. the field

- is approximately 60 goo gammas' at 'the polss and 30,000 gammas .at the oqustor S °
: (where 1 gma z gauss)‘ , N
- _ The eartn's nagnetie rield (scaetimes referred to as ids_"amblent" fiold) is .

nodified locally by both naturally-occurring and man-nado gnetic materials.
- Two types of magnetizatlion contribute to this: induced and remanent. -

. Induced magnetization refars to the abllity of a material to :bv ss'a'nagnet

" itself thoroby enhancing the ambient field.. The more the ambient field is
enhanced by 'a material, the ‘greater is the ™magnetic susceptibility' for“that _ .
material .

.

" . . - oo ! ' . N
-?enanont or'pennanont'magnetiiation often predominates over induc
“tion in tgneoys rdtks and metals. (Remanent refers to rocks a

metals). Remanent or permanent magnetization is produced in mateyials which
"have been heated above the Curie. pojint owing magnetic minerals|to become
aligned with the earth's ambient fipl q‘bo ore cooling. The r
direction is not, in general, parallel to the earth's present tishd, and may : 2
1o fast act in an opposite direction. The remanent field combines vectorially

' with the ambient and induced field components, and any quantitative

4 interpretation of magnetic data should take this into account 1f such
informetion is available.

L
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Instrumentation. Although many types of nagnetometers are available, by far
the most widely-used is the "proton precession" type. This device utilizes
the precessivn’of apinning protons of hydrogen atoms in a sample of
hydrogen-rf’h Tiuid (kerosene, alcohol or water) to measure the total
magnetic field inCQnsfiy. : . . A .o

r 4
Protona apinning in an atomic nucleus behave like- tiny magnetic dipolea which
can be aligned (polarized) by 4n exterhal mignetic field. 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 coil of wire. The protons become
temporarily aligned with this stronger field. .When this stronger field is
removed, the protons tend to realign themsslves with the earth's field;
causing them to precess about this direction at a frequency of about 2,000 Hz.
The precessing protons Will 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 cofl orientation. By neasuring 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 nagnetic field value
msasured by the proton precession magnetometer is the net vector sum of the
ambient earth's field and any local -induced and/or remanent (permanent)
perturbations .

Field Techniqggg. In the field, the opsrator 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-should 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 teet in
areas where fine detail is desired. At Metamora, a 100-foot grid systen will
be used, and all data points will be referenced to this grid. Ba,o station

_ readings should be taken frequently (every hour or 30)°'to pravide a check -on
any diurnal varlations and magnetic storms which may occur. Typically, .-
diurnal varigtions will not exceed a few tens of gammas, but masnotic storms
may produce changes in the earth's field of thousands of gammas in a short-
period of time' (the ordar of hours). At the Metamora site, a .
continuoualy-recording pagnetic base station will be established po 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 prodessing.
This will insure that the magnetic intensity values from traverse to traversé
are rdferenced to the same magnetic baseline.

L

Interpretatign. For typical man-made iron or steel obJects, one may quantiry~
estimates for the approximate depth of dburial and the amount of metal uhich
producés an observed magnetic perturbation (or anomaly). The size of the
anomaly (T) can be expressed as " )




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 2.3 for a dipole
souree and 2°'for a monopole source)

Assuming a dipole source, the weight of a metal object (in pounds) can be
expressed by thé following relation

- b wt._:T; . B |

;. . ' i ’ AN
where M is the magnetic poment per pound of iron and varies from approximately
175 to 1750, r is the depth in feet, and T is _the anomaly amplitude ip ganmas.

The depth, r, of a magnetdc source can be estimated by a number of teéhniques,
but perhaps the simplest is by the "half-width™ rule. This states thag‘ror '
simple anomaly sources, the depth to the center of the anomaly is equal to the
‘"half-width" of the anomaly.- The- halfiwidth 1s the horizontal distance R
between the maximum value of the angmaly and the point at which the value is
one-half the maximum value (see Figure AA-3) .

-
—~

Instrument Calibration. The instruments to' be used at Metamora, and their
calibrations procedures are described ‘below:

.Geometrics G-856 Prﬁion Precesaiqn Magnetometer - (bas statdon) - ' e

EDA Omni IV Tie-line Magnetometer - Magnetometers cannot be etteélively
calibrated in thé field by the operator. The best check avadlable 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 gampas.. This procedure is done _every day to assure
rthat the instruments are uorking properly
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DEPTH CALCULATION/ METAL QUANTITY
FOR TOTAL FIELD MEASUREMENTS:

| .. :
. , WS B
. . (MAXIMUM INTENSITY) :

.
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. . _
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g
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“where *Mp " 18 the magnetic moment per pound of iron ond 'r"is the -
distonce between the magnetomeler sensor and the object (the depth pf U

burial) “z" is equol to "r” minus the height of the sensor above tha ground. - -

DEPTH CALCULATION FOR GRADIOMETER MEA3UREMENTS ' :

& : . . . .-

where "n" is the "falloft” factor and generally varies from 110 2, dcpu\qu . . . L
. on fne magnetic source, v is the separation betwean the rmdpomt :
between the two sensorz ond Ihe object.

- ) . \ , LT

. __MAGNETOMETER DATA INTERPRETATION
- | FIGURE AA-3
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COMPATIBILITY IESTIHG PROCEDURES Lo LT

v

During Task 13, Pollutant Characterization,. it is estimated, that 1,200 druma
will be excavated and sampled. In order to stage these drums aafely, the
contents must be sampled and tested for comfatibility characteristics so that
' drums containing similar wastes can be stored together (and perhaps = -
oompqsited), and drums containing inccmpatible wastes are segregated.

, Great Lakes Envirommental (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 waste
samples collected durrng this task. The tuta to be performed aro) as follows: -

Radiocactivity Cyanido content : -.‘
Total organic vapor . Sulfide content . : '

. .. pH Flammability . K
Water reactivity/solubility Chlorides

. .
Id - . M

Oxidation/reduction potential

3

The rolloﬁing list is used for general biassif%catiohs for compositing wastes: -

1.~~Strong acids ) - : . )
" Strong bases : )
Oxidizers : s,
. Reducing agents , . -
Cyanide/sulfide wastes o : .
Water reactives _ , ' - ha
Fl ble liquids
Ha;zzinated organics
. Non-halogenated organics

10. PCBs

11. Non-hazardous | oot - . «
“  12. Radioactives ’ ' o

O @®IAWM EWN

»
1

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 ‘tests are
- < performed in a specific sequence with the results of one test determining the -
next test to be performed. The results lead to an ultimete glassification. -
of the sample into one ot the classitioqxions listed above. - . . A
Before a drum 1s open}d and sampled, it 1a acreened with a{adiation datector ..
to determine if radicdctive components are present. If so, -the drum is
classified as radiocactive and all necessary safety procedures are used to move
and isolate the. drum from the rest of the waste materials. .. '

Ir radioaotive components aro not present, the organic ‘vapor content insido

the ‘drum is détermined by using an organic vapor monitor (e.g., 7 ,
photoionization meter)., ~ If a.reading >2,000 ppm is found, the drum 1s labeled
"potentially explosive"”, and:-is segrégated from the other drums until further

testing can be performed. * :




X

- T ' .

1

After these first two prelimindry field tests have been conducted, the dguzs
are sampled and the wastes are segregntod based on pH aceording to thc
following critoria S

‘Bases pH > 10 . : N . -
Acids pH.< & . . <.
Neutral pH = 559 oL e .
The next step is to check basic and aoidic wastes for their oxidationl ' .
reduction potential. In addition, basic qntorials are checked at this time . T
for cyanide and sulfide. . . ' ’

—!

The romaining samples vith a ﬁeutral pH and/or oréanics are tested for water

reactivitys Depending on the reaction observed, the samples are separated : . ]

into one or the following claasificationa'

s -

Water roactive

Watér seluble :

Water insoluble ] ' . -
R T .
Samples classified as water reactive gre segregated into a separate group. .
Water solubles are tested for flammability. Water insolubles are segregated
into halogenated and non-halogenated 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. - ' )

- .

Com tib lit Test Proéedures ' T et

The tests describod below will provgdo the informatiom for -determining the .
compatibility of drum wastes.-. Once drums have been segregated into compatible -
groups, decisiona can be made on compositing and disposal. Some materials,

once classified, will not be composited for diaposal (e.g., Gxidizars, water
reactives, etec. )

The following paragraphs deacribe tho prooodﬁrea for the conpatibility tests . -
which will bo pertoqned by GLE.

1.) pH Measuremsnt

pH is a peasure of the corrosivity of ¥ aubstance. Materials with a very high
pH (2 12.5) are considered corrosive. These materials, along with materials

" with a pH > 7.0, are considered basic or caustic. Examples of caustic

materials are sodium hydroxidc (NIOB) famonia (NH,), and potash (KOH)

If a substance has a vary low pH (<2.0), 1t is also considered corrosive.
Materials with a low pa are called acids. Examples of some.strong acids are
sulfuric acid (B S0 hydrochloric acid (HCl), and hydrofluoric acid (HF).
Strong acids and atﬂong bases are not compatible. //

If a substance is neutral, it has a pH of 7. A substance 1is generally .
considered neutral if the pH is bdtween S and 9. It is important to remember

I'd ' . L
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that pH is expressed on a logarithamiec scalh* 'the‘ref‘ore, pH 5 18 10 timés
stronger than pH 6, and pH 4 .is 100 timp st.ronger than pH 6. One pH unit
makes a consideriable dif!‘erence. N

» 4

Equipment: : pH test strips :
J pH heter (Ofion 30T A/F ‘pH meter, or Orion hand held 201 .
pH mtor) . o BN

pH selectrode . L - L

pH buffer solutions o ¥

Distilled water

Kimwi ’ -
* Dispdsable beakers: _ Lt

Diaposable glass -rods . . ‘ ;_, N _ 7oL

Procedure: This is the most common method used when screening

(pH strip) samples. Immerse & glass rod into -thé sample eand spread’a
amall amount on the pH tést strip. ;Jhit for 5-10 seconds

- . and allow the color to.develop. Ccnpnro the color to the
chart on the sidé¢ of the, packsge and record the pH. 1In
_‘some instances, such as highly colored material (paints),
“.-it may be diff{cult to obtain an accurate colormetric
nading A pH meter 13—-u'aed for such samples.

(pH meten) The pE meter is used only £or highly colored paterial, e
conpoeite samples, or when a very accurate pH is required., °
pH strips are prefirr&blq ‘becduse the pH electrode may be
damaged by unknown solutions, or may clog frequantly.

When the electrode becomes clogged, it requires time °
consuming cleaning and recalibration. .
o A\ ] [}
. - To obtain a readins, simply immerse the electrode in the
: solution. Wait Tor the reading to stabilize, and record
the indicated valud.
. . . _ . /
_ 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 come in contact
with water. The procedure is simple ‘and with additional observation, it is
g extremely informative. Special precautions and hagdling procedures must be
: _implemented during this test. . )

Equipinent:
X {

Procedure:

-

/Alass rods | ' .
.&. )

Disposable beakers: _ .
Disposable pipets P o . .
Thermometer : .

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

L‘




] thermometer in .the disposable beaker, Make sure that the
' beaker base 1is resting flat with the open end pointing
upwards (away fram you). Read the temperature of the -
water. Carefully add 1 ml or 1 gm of sample to the water
and note temperature changes, fuming of any kind, and/or
spattering or spitting. If no reaction takes place, stir
the sample with a glass rod and look for reactions, If
there is still no reaction, stir in another 4 ml or 4 gms, .
one at a time. If there is still no reaction, add another :
5@l or § gns. '
- S
A positive result is observed when any of the following
occurs: 1) a signif:l.eant increase if temperature. (it 1is
very important that both the water and the sample are at
the same initial temperature); 2) gases are pnerated, or
3) a violent reaction take Pplace (1.0., apattering or
apitting)

'rh'e solubility of the sample can be determined during this '
test as well, if the sample is not-water reactive. As the
sample is stirred into the water in the beaker, observe if
the sample i3 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 slovly.

drop 3-5 ml of non-reactive material (liquid) into the
vater-filled separatory mnnel g

If the sample floats, it is c¢lassified as a .
"non-halogenated organic®. If the sample sinks, 1\: is- J
classifed as a "halogenated organic" ' e

3.) Oxidationéﬂeduction Potential ‘ : ' BN .

This teat is performed because’ of the violent reactiona that take -place when -
an oxidizing agent comes in contact with .easily oxidized material. ‘'If an
oxidizing material is found on a site, it should be segregated from other
materials on the sito and disposed of aeparately. .

Equipment: Orion 407 A/F Multimeter
‘ Redox electrode : :
0.001 Normal ferrous ammonium sulfate‘solution
L 0.001 Normal potassium chromate solution
. . ) Heavy polypropylene eup - -~ L. L
- N ~ ' ' . o
. Procedure: - Place 50 nl of 0. 001 Normal rerroua mnonim sulfate . '
' . solution into a 4.5 oz. -heavy polypropylcn_e cup. Measure
7 the cell patential of the ferrous ammonium sulfate
) aolut:lon using a millivolt. {mV) meter with a platinu' .
. sensing -electrode and standard reference electrode. ' "
= : Remove the electrodes and add 50 ml. of saaple to the
v S ' farrous ammonium sulfate solution. "Mix the solutions and
" let stand for one minute. Measure the change in cell
potential of the mixturd with the millivolt mester. A
change of 50 mV in _t:_‘t}e poguive direction indicates the
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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 o;d.dat:l,on Potential °
may be measured witb the uiluvolt meter.

To determine the preaence of a reducing agqnt, follew the
same procedure using potassiun chromate.

If the sample is orgahic in nature; the mixture nay .
separate into layers. The organic layer of the mixture
should@be drained off and only the aquéous layer of the
] mixture is tested. It is important ‘to keep thq probes
N away from organic materials because they will Joul and
require constant naintenance.

§.) Czanide[Sulfide Dcﬁemination | ._ .
~ Equipment: ° Orion 407 A/F Multimeter ° ’

W

~ Cyanide ion specifio electrode- ’

Hydrochloric acid. ' ' )
. Lead acetate papor ' _ . _ L

[

’ Cyanide will be determined using tho Orion 807 A/F Multimeter and cyanide _
ion specific dlectrode. Using this method enables the détermibatiod of .
cyanide both qualitatively and quantitatively in a sample. The procdedure for
this.method will be determined on a_ case by.case basis tak:l.ng sit.o specific,
requirements and possible findinga into consideration”

Samples that do not contain c¢cyanide wi.ll be tested for sulfide.' Acidfry the
sample with HCl and place a lead acetate paper in the h ad .space of the sample
Jar. Seal the jar and wait about 2 mi.nutes. If the paper turms dark,,the

test is positive for sulfide. o oo . .
5.) Flammability . o oo N
- - : . v d.
- . Equipment: * Sand box ) - L,
S Disposable pi . N . I , h
~ _ ‘ Disposable bea . ' '

Prop‘no torch, utchcs, or other 1gn:luon source’

Proced&i-o: Plate 3-5 ml. or mg. of a representative sample into a
disposable beaker and place the beaker intd a sand box.
~ Slowly pass a l{ghted torch gver the sample (the sample
. should be at ambient room température - 70 to 80 degrees.
F). If no flame arises, pass the torch over the sample ' N
3-3 more times. . . . -
r. - : : T
' If a flame is ohsorvod. the result {s positive. The waste .
is clasairied as "flammadble™. If no flame is observed :
- after s,everal passes, the result is negative, .and the
sample is classified as "non-flammable®.

-

6.) Flame Iest' {chloridg determination)
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The lame. test (or Beilstein test) is a screening method for ohlorids) The | R
test is a simple test based on the fact that chlorinated conpounds produce a © . /

green flame when introducod to a flame. . _ /

Bunsen burner, or othor tlano sourco T - ’

> Equipuont-
Glass rod or pipet . .

.

.Dip the-'glass rod into the sample so that the rod iis
coated with the sample. Quickly move the rod tron the .
- sample to the flame. Observe the color of the flame when
the material onsthe glass rod bums. A positive result is
- found when a green flame is observed. A .positive. reauIt . i
e indicates the presehce-of chloride (Cl > 30%). This . . "
o indicates the presefice, of a chlorinated solvent (e.g., .
. methylene chloride, trichlorocethene, perchiorcethylene):
A negative result is found when.a green flame is not _ .

observed. : ) . . l

Procedure:

~
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APPENDIX C - L

PR B

NALYTICAL WORK TO BE CONDUCTED BY CLAY ON ENVIRONME AL CON: PR

Clayton’ Enviromental Consultants (CEC) will provide aupport to Jordan during
the Metamora project by conducting specific analytical tests. CEC will R
analyze charcoal'tubes used to collect volatile organic chemicals in air ) T
samples during Task 9 (Air Investigation) and Task 13 (Pollutant . ' o
Characterization). These samples-will be collpcted for health-and safety e
reasons (i.e., to assure.that -proper: respirato& protection is being worn), . :j,»‘.’."..,_' .
v therefore, it 1s necessary that these samples analyzéd ds quickly as :
possible. To assure fast turn-arou time, ‘the samples will be delivered to
.CEC. CEC will also analyze Tenax tubes used to collect volatile organic
chemicals in soil gas samples, 1f this method 1s used at the site. Again, s
fast turn-around time will be necessary for these samples because the soil gas R
sampling plan will ke driven by the results from previous sampling locations. . *
The last item that CEC will be responsible for will be the analysis qf waste - ..
— samples- for EP Toxicity metals and organics, and PCBs. ¥ Thesg ana'ly;es will be I
i -~ conducted for waste compositing and disposdl purposes. . .
Listed below is a summary of the analyses to b: performed by CEC, plus the . °
@ method and reference for each sample type: oy, . _ N
1

‘Matrix Analyte _Method ' __Reference ¢

Alr - - S : ’
(charcoal) total: hydrocarbéns ° GC/FID - NIOSH 12

Soil gas | qualitative 6C/MS - 'ro- ‘ | o / -
(Tenax) - - zra-soon-an-om

Leachatae metals - v EPA SW-8146
(EP Toxicity) pesticides GC/ECD’ EPA SW-846
. ‘herbicides GC/ECD - EPA SW-8146
Waste _ " pcBs | GC/ECD . EPA SW-B46

»

The following attaehmnts are swnmaries of analytical and quality “eontrol
procedures for each analysis to be performed by CEC. Also inclyded ‘s a list
of t.he laboratory instrumentation used by CEC in their South.t‘ieid of‘f‘ioo.
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Analyte: Total hydrocarbohs as hexane ', _ o Y ' - e
Method: - NIOSH P&CAM 1274 NIOSH N"lanuel of Analytlcal Methods. ol
' _ Second Edition. - _ , . .-,

Synopsis: The charcoal sample is desorbed m carbon disulfidg (CSp). ~ -
_ An. aliquot- of * the csz extract ‘is injected onto a gas :
chromatograph equipped with g flame fonization detector.
- Area response of the sample is compared to a hexane

[N - -

3 »

reference standard. . } ] "
. . .
Detection’ - T -
Limit- ~ 0.01 milligrams (mg) ’

Cahbranon A four-pomt calibration for n-hexane ?‘s'prepared at 0. 001.
0.002, 0.003, and 0.00 mg and is analyzed with each >

. ) : sample set. "Backgrouhd is determined by- analysis of :
- 0 blanks. Limit of detection is verified by serial dilution. i N
Quality ' . ' AR Lo

Control: Duplicate desorption efficiencies for n-hexane are’

- -

analyzed with each sample set at 0.006, 0.06, and 0.33 mg.
Standards and blanks are analyzed every 10 injections. The .
operation of the -chromatographic 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

Analyts  ° Organic Solvents »  Metbod'No:  P&CAM 127
. ' (See Table 1) R

Maprix: : Air - Range: For the specific .
' . : compound, refer

Proceduire: Adsorption on charcoal to Table 1
desorption with carbon .
disulfide, GC '

Date Issued: 9/15/72 ’ Precision: 10.5% RSD

Date Revised:  2/15/77 . Classification:  Sec Table 1

1. Principle of the Method R : : :

1.1 A known volume of airfis drawn through a charcoal tube to trap, the organic vapors praeol. .

S i
1.2 The charcoal in the tube is trarfferred to a small, graduated test tube and desorbed 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 obtiined from the
injection of standards )

»

2. Range and Sensndnry oo i »

i ‘l

The lower limit in mg/sample for the specnﬁc 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 that hn;h humidity
severely decreases the breakthrough volume

3.2 When two or more solvents are known or suspected to be present in the ur, such infornfation
(including their suspected identities), should be transmitted ‘with: the ample since with dif-
fefences in. polarity, one may duspl:ce another from the. charcoel ’

3.3 It must be emphasized that any compound which has the same retention ume as the specific

- -compound under study at the operating: condmons described in lhu-melhqd is an‘interference.-
Hence, retention tihe data on a single columa, or even on a number of columas, 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 |denmy(m) can be embluhed by
other means.: .




*34

4 . Precision snd A_;cunc)

4t

LY

ll the pomb-luy of interference, exists. separation condmons (column packing. tempenlures
e1c ) must"be changed to circumvent ‘the problem

. . . a

The mean refative standard deviation of'(hc analytiCal method 15 8% (11 4)

‘4 2 The mean relative standard deviation of the analytical method plys field samphng usmg ao

-

43

© S

5.2

53

6. Apparatus

61

6.2

63
6.4

'approvcd personaJ sampling pump 18 10% (11.8) Part of the ercor associated with the

method is related to unceqtainties in the sample volume collected. [f a more power{ul vacuum
pump with associated Bas- volume integrating equipment is used, samplmg precision can be
:mproved .

The accuracy of the oxer.all sarnplmg and analytical megthod is 10% (NIOSH-unpubluhed
data) when the persunal sampling pump s, calibrated.with a charcoal tube in the line.

5. Advantages and Disadvantages of the Method : ’

[
The sampling device is small, portable. and involves no hqulds 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 td be present in the .

same sample by simply changing gas chromarographnc conditions lrom isothermal 1o a2 tem-
perature-programmed mode of operation.

One disadvantage of the method is that the amount of sample which can be taken is limited

by the number of miliigrams 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 .on
the front section, the.possibility of sample loss exists. During samp(e storage, the more
volatile compounds will migrate throughout the tube until equilibrium is reached (33% of
the sample on the backup secuon)

Furthermore, the precision of the method is hmned by the reproducibility of the pressure.,

drop across the tubes. This drop will affeci the flow rate and cause the volume to be im-
precise, because the pump is usually cahb(ated foc one tube only.

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

Charcoal tubes: glass tube with' both -ends flime sealed. 7 cm long with a 6-mm 0 D.anda

4-mm LD, containing 2 sections of 20/40 mesh activated charcoal sepanted by 2 2-mm
portion of urethane foam. The activated charcoal is prepared from coconut shells and is
fired at 600°C prior to packing. The absorbing section contains 100 mg of charcoal, the
backup section S0 mg A J-mm portion of urethane foam is placed between the ‘outlet end of
the tube and the backup section. .A plug of silylated gluss wool is placed 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 : . .

Gas chromntognph cqunppcd with a flame ionization detector.

Column (20 ft X ‘A in) wuh 10% FFAP stationary phase on 80/ 100 mesh, acid-washed
DMCS Chromosord W solid support. Other columm capable of perfotmmg the -required
separations may be used




6.5

66
67

A mechanical or electronic integrator or a‘recorder and some method for determining peak
area. ) '

.. . : N
Microcentrifuge tubes, 2.5 ml, graduated. .

-

Hamilton syringes: 10 nl, and convenie;al sizes for mfiing sland:w'.

. W ) '
6.8 Pipets: 0.5-mi delivery pipets or 1.0-ml type graduated in ¢*1-ml increments.
6.9 Volumetric flasks: 10 ml or convenient sizes for ma(_king stn_nthrd.solutioos.
7. Reagests ' oo S ;
7.1 Spectroquality carbon disulfide (Matheson Coleman and Bell):

7.2
73
7.4
1.5

Sample of the specnﬁc compound under study, preleubly chromatoquality- grade.
Bureau of Mines Grade A helium.

Prepurified. hydrogen. .
Filtered compressed air. ' ‘ /

8 Procedure .. o .

82

33

Clesning of Equipment: All glassware used for the laboratory analysis should be detergent

washed md thoroughly rinsed with tap wuer and distilled water

Canbndo- of Persomal Pumps. Each personal pump musl be calibrated vub“ Tepresenta-
tive charcoal tube in the line. This will minimize errors associated with uncertainties in
the sample volume collected.

Collection sad Shipping of Sampies

8.3.1 Immediately before umphng. the enda of the tube should be brokea to provide an
opening at least one-hall the internal diameter of the tube (2 mm).

832 The small section of charcosl is used as a back-up and should be painood pearest
the sampling pump.

833 The charcoal tube shouid be veruc;l during samphn; to reduce chnnehng through
' the chucoal -

8.34 Aur being sampled should not be pused through any hose of tubing belou emenng
the charcoal tube.

835 The Bow. time. and - or volume must be mcut‘ued a3 accurately as possible. m sam-
ple should be taken ai a flow rate of 1 lpm or less to attain the total sample volume
required. The mimmum and maximum sampie volumes that should be collected for
each solvent are shown in Table |. The minimum volume quoted must be collected if
the desired sensitivity 1s 10 be achieved.

- 8.3.6 The temperature md pressure of the atmosphere being sampled shbuld de mnsund

.. and recorded.

8.3.7 The charcoal tubes should be capped with the supplied plastic capl immediately
"~ afer sampling. Under np circumstances should rubber caps be used.
8.3.8 One tube should be handied in the samc manner as the sample tube. (break, seal, end

transport), except that no air is sampled through this tube. This tubs should be
" labeled a3 & Diank.

8.3.9 Capped tubes shoyld be pacted u.htly belore they are shipped to ummmu mbc brak
sge duning shipping
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3.3.10 Samples of the suspected solveni(s) should be submiﬁed to the iaboratory for quali-

tative characterization. These hiquid bulk samples should not be transported in the -
same container as the samples or blank tube. I pussible. a bulk air sample (at least

50 1 air drawn through tube) should be shipped for qualitative 'odcnuﬁ?_{uon purposes.

8.4 Analysis of Ssswples

8.4

8.4.2

843

844

845

Preparation of Sampies. ln preparation for analysis,” each charcoal tube is scored
with a file.in front of the Brst section of charcoal and broken open. The glass wool is
removed and discarded. The charcosl in the Srst (Jarger) section is transferred o &
small stoppered test tube. The -separating section ol foam is removed and discarded;
the second section s transferred to another tea tube. These two sections are analyzed
scparately.

Desocpuoa of Samples. Pnor to analysis. one-half m! ol carbou duulﬁde is pipetted

nto each test tube. (ANl work with carboer disulfide should be performed in 8 hood

because of is high tosicity.) Tests indicale that desorptioo is complete in 30 mm-
utes if the sample s umed occasionally during this period.

GC Conditrons. The typvcal operating conditions for the gas chmmalognph are:
85 . 'qua. (70 paig) helium carrier gas flow. =~
65 oc ‘min. (24 pschrogcn g2 flow to detector.
500 e« min. (50 psi yRir fMow to detector.
200°C inpector temperature.
200°C manifold temperature (detector).
6. lsothermal oven or column (emperature — refer to Table 1 for sperxﬁc compounds.

Lnjection. mﬁmuq’mmemxlymuthcmmmoltheumpkmmmem
chromatograph. . To eliminate difficultics anising from blowbeck or distillatioa within
the synoge oeedle, one should employ the solvent flush injection lechnique. The 10
ul syringe & first Qushed with solvent several times to wet the barrel and plunger.
Three microliters of solvent are drawn jnto the syringe to increase the accuracy and
reproducibility of the injected umple volume. The needle is removed from the sol-
venl and the plunger is pulled back about 0.2 .l to sepanite the solvent flush from
the sample with a pocket of air 10 be used as a marker.: The needle is then immersed
in the sampile. and a $-u! aliquot is withdrawn, taking into comsideration the volume
of the needlc. sincé the sampie in the ocedle will be completely injected. After the
needle 8 removed from the sample and prior 10 injection, the plunger is pulled back
a short distance to minimize evaporatioa of the sample from the tip of the needle.
Duplicate inpections of each sample and standard should be made. No more than a
3% difference m area is to be expected.

Masurcment of area. The arex of the sample pexi is measurdd by aa electronic
integrator of some other suitable form of area measurement. and preliminary results
are read from a standard culve prepared as discussed below.

[V O Y

8.5 Determination of Desorption Efficicacy

as.1

Importance of determiastion. The desorption efficiency of a panicular compound can
vary from one laboratory to anothcr and also from one baich of charcoal to another.
Thus, it is necessary to determine at least once the pergentage of the specific compound .
that is removed 1n the desorption process for a given compound. provided the same
batch of charcoal & useg. NIOSH has found that the desorption efficiencies for the
compounds n Table | are between. 81% and . 100% and vnry with each batch of

) charcoal

127-4




8.5.2 Procedure for determuning - desorption cfficiency. Activated charcoal equivalent to

the amount ‘in the first section of the sampling tube (100 mg) is measured into 3

S<m, 4-mm 1.D. ;ia:'s_}tuhe flame-caled at one end (similar to commercially. avail-

able culture tubes). is charcoal must be from the same batch as that used in ob-

taining the samples and can be obtained from unused charcoal tubés. The open end

. . is fapped with Parafilm. A kpown amount of the compound is injected directly
into the activated charcoal with a microliter syringe, and the tube is capped with more

Parailm. The amoum injected is usually equivalent to that present in 8 lo-hler sam-

- ple al 2 concentration equal to the federal standard.

Al least five tubes are prepared in this manner and allowed to stand for at Jeast c-ver-
night to assure complete absorption of the specific compound oato the charcoal. These
five tubes are referred to as the samples. A parallel blank - tube should be ireated in
the same manner except that no sample is added to it. The sample and blaak tubes -

are desorbed and analyzed in :ncUy the same manner as the sampling tube described. . . )
if Section 8.4,

Two or three szaodards are prepared by injecting the same volume of compound into - . -
0.5 ml of CS; with the ume syringe used in the preparation of the sampie. These
are analyzed with the samples.

- ' : The desorption efficiency equals the difference between the average peak ares of the
samples and the peak area of the blank divided by the average peak asrea of the
standards, oc

. e o Areasample — Area blank
noo.dﬁc ) Area standard

-
9. Calibration ssd Stasdards

It is convenicnt to express concentration of standards ia 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 disulfide. .
one can inject 20 times the weight into 10°mi of CS:. For example. to prepare 2 0.3 mg/0.5 au
standard, one would inject 6.0 mg into exactly 10 ml of CS: in 3 glass-stoppered flask. The
density of the specific compound is used to coavert 6.0 mg into microliters for easy measurement
with a microliter syringe. A series of standards. varying in cooncentration over the range of
interest, s prepared and analyzed under the same GC conditions and dunag the same time period
as the unknown samples. Curves are established by plotting concentraton in mg 0.5 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 sampie analysis is done. This will minimize the effect of known day-
to-day variations and variations during the same day of the FID response.

10. Calcuiations

10.1 The weight. in mg. corresponding 10 each peak area is read {rom the standard curve for the o
_ particular compound. ' No volume cofrections are nceded, because the standard éurve is

based on mg 0.5 ml CS: and_the volume of sample injccted is identical to the volume of the

standards injected.

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

éonuctmg-mg,-my
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where:

mg. = mg found in front section of sample tube
mg, = mg found in front section of blank tube
A similar procedure is 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 mieasured amount in the samplc

. 10.4 This total weight is divided by the “determined. desorption cfficiency to obtain the corrected
mg per sample. .

10.5 The concentration of the analyte in the air samplcd can be cxpressed in mg- per m" -
-3+ o Corrected mg (Section 10.4) X 1000 (liters/m")
mg'm' =
Air volume'sampled (liters) _ .
10.6 Another method of expressing concentration is ppm (corrccted 1o standard conditions o( 25°C
i and 760 mm Hg)
' 'y 28.45 760 _ (T +‘273)
= k]
ppm mg/n} x W X F X 708

where: /

P = pressurc (mm H;) of air sampled
T = temperature (*C) of air sampled
24.45 = molar volume (liter/mole) at 25°C and 760 mm Hg
MW = molecular weight .
76u = standard pressure (mm Hg) ) . : T
298 = standard temperature (°K)

11. References

i i _ .
i 11.1 White, L. D, D. G. Taylor, P. A. Mauer. and R. E. Kupel,*A Convenient Optimized Method
f .

for the Analysis of Sclected Solvent Vapors in the Industrial Atmosphere”, Am Ind Hyg
Assoc J 31:225, 1970.

11.2 Young, D. M. and A. D. Crowell. Physical Adsorption of Gases, pp. 157- 146 Butterworths.
London, 1962,

11.3 Federal Register, 37:202:22139-22142. October 18, 1972.

11.4 NIOSH Contract HSM-99-72.98, S&ou Research Laboratories, Inc,, “Collaborative Testing
~, of Activated Charcoal Sampling Tubes for Seven Organi¢ Solvents”, pp. 4-22, 4-27, 1973.
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. " TABLE 1

w . Parameters Associated With PACAB Analytical Method No, 127 '
] Method Detection limit Sample Volume (liters?” GC Columa Molecular
Organic Solvent Clauification (mg/sample)  Minl (*)  Masimumi®) Temp.(*C) Weigts
Acetone D - s 77 60 $8.1
Benzene _ A 0.0 0.5 ss 90 781
Carbon tetrachloride A 0.20 10 - 60 60 1540 .
Chloroform . A .. 0.10 0.5 . n 80 119
Dichloromethane D 0.0% 0.5 38 85 849
p-Dioxane A 0.05 1 18 100 88.1
Ethylene dichloride D 0.05 | 12: 90 99.0
, Methy! ethyl ketone B 001 0s 13 80 72.1
Styrene .D 0.10 - 1.5 34 150 104
Tetrachloroethylene B 0.06 1 25 . 130 . 166
I.1.2richloroethane B 005 10 97 150 133
- ' 1,1.1-trichloroethane B 0.0S 0.5 13 150 133
(methyl chloroform) : :
Trichloroethylene ‘A 0.05 1 17 90 131
Toluene B 0.01 0.5 22 ©120 92.1
Xylene A 002 0.s - 31 100 106

{a) Minimum volume, in liters, required to measure 0.1 times the OSHA standard

{d) These are breakthrough volumes calculated with data derived from a potential plot (11.2) for activated cocoaut

charcoal. Concentratioas of vapor in air at $ times the OSHA standard (11.)) or 300 ppm, whichever s lower,

. 25°C. and 760 torr were assumed. These values will be 33 much as S0% lower for atmospheres of high humidity.

’ The effects of multiple contammanis have not deen investigated. but it is suspected that less volatiie compounds
may Jdisplace more volaiMe’ compounds (See 3.1 and ).2)

Y
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_ © Analyte:’
Method:

Synopsis:

Detection

‘Quality
- Control:

Qualitative organics

Thermal desorption gas chromatography/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 eryogenically.focused
in liquid nitrogen. The trap is heated and the trap effluent
is analyzed "by gas chromatography/mass spectrometry
using general sc¢anning techniques.

Approximately 0. microgra_m/compound

Compounds reported as "Target" compounds (see below).are
calculated against authentic  standards. "Target"

compounds are reported as "less than (<) if not found in
lhe sample. :

Benzene Toluene

Chloroform : - Xylene

Dichlorobenzene Butylatedhydroxytoluene (BHT)
Ethy! benzene 1.1,1-trichloroethane
Limonene 1,1,2-trichlocoethene (TCE)
Methylene Chloride 2-butanone (MEK)

Naphthalene v 2-pentanone ,
Tetrachloroethene . 4-methyl-2-pentanone (M[BK)

Additional compounds are identified by a forward library
search of the combined Wiley-EPA-NIH-NBS Library. They
are quantified against the average total-ion-current area
of compounds of different types (see attached). Results
are blank corrected and are semi-quantitative.

e Tenax is analvzed before tube preparation to verify
contaminant level.

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

e A daily- external standard of target compounds is '
analyzed. - '




b

Clayton Lovironment, * Consalionts In, . : . : _ ST

W / Tenax Sorbent Tube Cleaning Procedure’

e

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

2. Clean Tenax : :
e Extract 6 hours with pentane in a soxhlet extractor.

. Extract 6 hours with methanol in & soxhlet extractor. : )
e Dry completely in hood.
e Pack into clean column; check for leaks and nowrete.

. ¢ Bake overnight 1n GC at 276 °C. running nitrogen ot inert gas . .
¢ through evlumn.
¢ Discard any discolored sorbent.

¢ Washwith soap; rinse throrougly thh distilled water. ’
3. _ Soak glas; tubing twice with methylene chloride. fo
4. Dryat 105 °C for 2 hours in forced air oven. | - )
5. Rinse glass wool in a beaker twice with methylene ‘chloride.
6. Dryat 300°Cina muffle furnace for 3 hours.
. 7. Usiné glass rod, stuff a piug of glass wool abo;Jt 4" from end ef tube.
8. Fill the other end with 300 mg precleaned.'renax.
9. Tap tube to pack sorbent. ' ; - ¢
10. Put a second plug of%lass wool on top of Tenax.,

11. Seal the ends of the tubes. u'§mg a gas oxygen torch, the same day
that tubes are made. :

12. Cap with orangefqeps. »
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METHOD TO) " Revision 1.9
Apri), 1984
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3

METHOO FOR THE OETEdMINATION OF VOLATILE ORGANIC COMPOUNDS

IN AMBIENT AIR USING TENAX® ADSORPTION AND
. GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS)

1., - Scope o

’ \

1.1 The document describes a generalized protocol for collection

and determination of certain volatile organic compounds

which can be captured on Tenax® GC (po)y(2,6-Dipheny!

phenylene Bxide)) and determined by therma) desorption

g . GC/MS' techniques. Specifié'approaches uiing these techniques

are described in the literature (1-3). -

~ ) 1.2 This protocol is designed to-allow some flexibllity 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 re5uits 1j‘q‘ 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 ringe of approximately
80° - 200°C. However, not all compounds falling into this
category can be determined. Table 1 gives a listing'of- .
compounds for which the metrpd has been used. Other compound?/
— . may yield satisfactory results byt validation by the individual

- user.{s required. .

.

2. Applicable Documgﬁts ) : N
2.1 ASTM Standards:

' D1356  Definitions of Terms Related to Atmospheric Sampling
' and Antlysis. -
£355 Recommended Practice for Gas Chromatography Terms and
Re]ationship' '

.
» .
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2.3 Other documents:

Existing procedures (1-3)
U.S. EPA Technical Assistance Document (4).

3. Summary of Protocol R

, 3.1  Ambient air is drawn through a cartridge containing A1-2
grams of Tenax and certain volatile organic compounds are
trapped on the resin while highly.Volatile organic’ compounds
and most.iﬁorganic atmosphéric constituents pass through -the
cartridge. The cartridge is then transferred to the
laboratory and analyzed
3.2 For analysis the cartridge is placed in a heated chamber and
B . 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 is held
at Jow temperature (e.g. - 70°C). The GC column temperature is
then increased (temperature'prograrnnd) and the components
eluting from the column are identified and quantified by mass
spettrometry. Component identification is normally accomplished,
using a library search routine, on the basis of the GC retention
:time and mass spectral characteristics. Less sophistacated
detectors (e.g. “electron capture or flame fonization) may be
used for certain applications but -their suitability for ' given
application must be verified by the user. _
3.3 Due to ‘the complexity of ambient air samples only high resolution’

(1.e. capillary) GC techniques are considered to be ag,eptable
in this protocol. :

4. Significance

4.1 . VYolatile organic compounds are emitted into the atposphere from
a variety of sources including industrial and commercial
facilities, hazardohs waste storage facilittes, etc. Many of
these compounds are toxic; hence knowledge of the levels of

y s N

-
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‘such materials in the ambient atmosphere fs required 1n order
to determine human health impacts. v

4.2 Conventional air monitoring methods (e.g. for workspace

'moniforing)-have relieo on carbon adsorption ipproacheg.with

. subsequent solvent desorption Such techniques allow

" subsequent inject1on of only a smal]‘portion. typically 1-5%
of the sample onto the GC system. However f typical
ambient air concentrations of these compounds requ1re 2 more
sens1t1ve approach The thermal desorption process. wherein
the entire sample is introduced into the analytical (GC/MS)
system fulfills this need for enhanced sensitivity.

S. Definitions
Definitions used in this document and any user prepared SOPs should
be consistent with ASTM D1356(6). A1) abbreyiations and symbols
are defined with this document at the point of use.

6. INTERFERENCES

6.1 Only compounds having 3 similar mass spectrum and GC retentfon
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 Tenax cartridge with the compound(s)
of interest is a commonly encountered problem in the method.

- : The user must be extremely careful in the preparation, storage,

and handlino of the cartridges throughout the entire sampling
and analysis process to minimize this problem.

-

/ 7. Apparatus

7.1  Gas Chromatograph/Mass Spectrometry system - should be capable
of subambient temperature progronning; 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.

»
¢

>

¢
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Thermal Desorption Unit - Designed to accommodate Tenax
cartridges in use. See Figure 2a or b.

Sampling System - Capable of aCCUrately'and precisely
drawing an air flow of 10-500 ml/minute thrbugﬁ the Tenax’
cartridge. (See Figure 3a or b.)

Vacuum oven - connected to water aspirator vacuum supply
Stopwatcle i

Pyrex disks - for drying Tenax. '

Glass jar - Capped with Teflon-l{ned screw cap. For
storage of pur%fied Tenax.

Powder funnel - for delivery of Tenax into cartridges.
Culture tubes - to hold individual glass Tenax cartridges.'

¢

Friction“top can (paint can) - to hold clean Tenax cartridges.
Filter holder - stainless steel or aluminum (to accommodate
1 inch diameter f\lger). Other sizes may be used 1f .desired.
(optional)

Thermometer - to record ambient temperature.

Baromete} {optional).

Dilution bottle - Two-liter with septum cap for standards
preparation. '

Teflon stirbar - 1 inch long

Gas-tight glass syringes with stainless steel needles -
10-500- y1 for standard injection onto. GC/MS system .

Liquid microliter syringes - 5,50 ul for injecting neat
liquid standards into dilution bottle.

Oven - 60 + 5°Cfor equilibrating dilution flasks.
Magnetic stirrer. o

. Heating mantel.

vYariac )

Soxhlet extraction apparatus and glass thimbles - for purifying
Tenax. '

Infrared lamp - for dryinq Tenax.

GC column - SE-30yor alternative coating, glass capillary or
fused silica.
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Psychrometer - to determine ambient relative humldlty
(optiona]) . o . . .

Reagents and Materials

8.1

[0 ]

12

5.1

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

Tenax 6Q/80 mesh (2,6- diphenylphenylene oxide polymer)
Glasswool - silanized.

Acetone - Pesticide quality or equivalent.

Methanol - Pesticide quality, or'eqbivalent.

Pentane - Pesticide quality or equivalent.

Helium - Ultra pure, compressed gas. (959.9999%)
Nitrogen - Ultra pure, compressed gas: (99.9999%)
Liquid nitrogen.

-Polyester gloves - for handling glass Tenax cartridges.

Glass Fiber Filter - one inch diameter, to fit in filter holder.
(optional) .
Perfluorotributylamine (FC-43).

themica] Standards - Nqat compounds of interest. Highest

purity available.

Granular activated charcoal - for preventing contamiﬂitton of

Tenax cartridges during storage. ) " -

‘Cartridge Construction and Preparation

Cartridge Qesign _

9.1.1 Several cartridge designs have been reported in the
Titerature (1-3). The most common (1) fs shown in
Figure la. This design minimizes contact of the
sample with metal surfaces, which can lead to
decomposition in certain cases. However, a
disadvantige of this design {s the need to rigorously
avoid contamination of the outeide portion of the
cartridge since the entire surface 1s‘subjected'to the
purge gas stream during the desorptioh 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.

A second common type of design (3) ts shown in o
Figure 1b. 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.

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 Figﬁres
la and 1b, respectively.

9.2 Tenax Purification

9.2.1

9.2.2

9.2.3

9.2.4

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.

A1l 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. - '
8ulk Tenax is placed in a glass extraction thimble
and held in place with a plug of clean glassuooﬁ.
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. . o

The extracted Tenax is immediately placed in an open
glass dish and heated under an infrared Tamp 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 in 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 is used to aid in the removal of solvent
vapors. The oven temperature is 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.
Prior to opening the oven, the oven is slightly
pressurized with nitrogeén to prevent contamination
with ambient air. The Tenax is 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 cdrtridge preparation’
it should be stored in a clean glass jar having a
Teflon-1ined screw cap and placed in 3 desiccator.

Cartridge Preparation and Pretreatment

9.3.1

9.3.2

9.3.3

A1l cartridge materials are pre-cleaned as described
in Section 9.2.2.° If the glass cartridge design shown
in Figure 1a is employed all handling should be
conducted wearing polyester gloves.

The cartridge 1s pac;ed by placing a 0.5-1cm glass-
wool plug in the base of the cartridge and then.
filljng'the cartridge to within apptggimately 1 cm
of the top. A 0.5-1cm glasswool plug 1s placed in
the top of the cartridge.

The cartridges are then thermally conditioned by-

- -

heating for four hours at 270°C under an inert gas
(helium) purge (100 - 200 ml/min).
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9.3.4 After the four hour heating period the cartridges
are allowed to cool. Cartridges of the type shown
in Figure la are immeciately placed (without cooling)
in clean culture tubes having Teflon-lined screw caps
~ with 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 1b are allowed to cool to room temperature under
inert gas purge and are then closed with stainless steel
plugs.

9.3.5 The cartridges are labeled and-placed in a tightly
sealed metal can (e.g. paint can or sim%lar friction
top container). For cartridges of the type shqwn
in Figure la the culture tube, not the cartridge,is
labeled.

9.3.6 Cartridges should be used for sampling within 2 weeks
after prepatation and analyzed within two weeks after
sampling. If possible the cartridges should be stored 1
at -20°C in & clean freezer (i.e. no solvent éxtraéts ’ '
or other sources of volatile organics contained in the
freezer). :

10.  Sampling
10.1 Flow rate and Total Volume Seiection
10.1.1° Each compound has a characteristic retention volume

_ - (11ters of air per gram of adsorbent) which must not
be exceeded. Since the retention volume s a function
of temperature, and possfb]y other sampling variables,
one must include an adequate margin of safety to
ensure.good collection efficiency. Some considerations

- ' ' and guidance in this regard aré_provided in a recent

report (5). Approximate breakthrough volumes at 38°C
(100°F) in liters/gram of Tenax.are provided in Table 1.
These retention volume data ari.supplied only as rough
guidance and are subject to considerablé variability;
depending on cartridge design as well as sampling
parameters and atmospheric conditions.

: : - | - i R,
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where

10.1.3 .

i where

—

10.1.4

equation:
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To calculate the maximum total volume of air which
can be sampled use the following equation:

YpxW

VMAX =
'IS

Vmax 15 the calculated maximum total volume in liters.

Vp is the breakthrough volume for the least retained
compound of interest (Table 1) in liters per gram
of Tenax. C _ -

W is the weight of Tenax in the cartridge, in grams.

1.5 is a dimensionless 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). ' .

To ‘calculate maximum flow rate use the following

v
. MAX -
amax = —2% x 1000

Quax is the calculated maximum flow rate in milli-
leters .per minute.

t is the desired sampling time in minutes. Times
‘greater than 24 hours (1440 minutes) generally
are_unsuitable because the flow rate required
is too™low to be accurately maintained.

The maximum flow rate Qmax should yield a linear flow

velocity of 50-500 cm/minute. Calculate the linear

velocity 5orrespond1ng to the maximum flow rate
using the following equation:
B = QHAX
-7

ﬂr'
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where

B is the calculated linear flow velocity in
centimeters per minute. o
r is the internal radius of the cartridge in

centimeters. " . ) ’
"~ If B is greater than 500 centimeters per minute

either the total sampleAolume (VMAX) should be
reduced or the sample flow rate (QMAX) should be *
reduced by increasing the collectton time. If B is
less than 50 centimeters per minute the sampling rate
(QMaX) should be increased by reducing the sampling
time. The total sample value (YMAX) cannot be
increased due to component breakthrough. - "
- 10.1.4 The flow rate calculated as described above defines
' the maximum flow rate al]éwed. 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 fs 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 sampling period: o ‘

10.2 Sample Collection

10.2.1 Collection of an accurately known volume of} air
" is critical to the accuracy of the results< For
this reason the use of mass flow controllers,
rather than conventional needle valves or orifices
fs highly recommended, especially at low flow ' - "
velocities (e.g. less than 100 milliliters/minute). ’
Figure 3a i{llustrates™ a sampling system utilizing

mass flow controllers. This system readily allows

for collection of parallel samples. Figures 3b k:
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 sampling
flow rate has been calibrated over a range including
the rate to be used for sampling, with a “"dummy"

Tenax cartridge in place"\ Gene%al]y'calibratfon-
is accomplished using a soap bubble flow meter .

or-calibrated wet test meter. The flow calibration
> ' device 1s connected to the flow exit, assuming
‘ the entire flow system is sealed. -ASTM Method
'D3686 describes an appropriate calibratiop scheme,
not requiring. a sealed flow systemndownstream
of the pump. . . . J
10.2.3 The flow rate ;hou1d be checked before and after
each sample collection. If the sampling 1nterval'
_exceeds four hours the flow rate should be checked
at an intermediate point during samplihg as well.
In general, a rotameter should be included, as

showed 1n Figure 3b, to’'allow observation'of the _ Y
a samp]ing flow raté 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 carﬂ?idges
(Figure 1a) are.employed they must be handled
only with polyester gloves and.;hOu!d not contact
. : any other surfaces. ' p
o ' ' 10.2.5 A particulate filter and holder are placed on
' ' the inlet to the cartridges and the exit end
“of the cartridge is connécted to the sampling
apparatus. In many sampling situations the use
of a filter is not necessary if only the total
concentration of a component {s desired. Glass. )
- cartridges of the type shown in Figure la are .
- 'connected-usfng;teflon ferrules-and'Swage1ok'
' (stainless steel or teflon) fittings. Start the
“pump and record thesfollowing parameters on an
appropriate data sheet (Figure 4): data, sampling
location, time, ambient temperature, barometric




10.2.6

-

10.2.7

10.2.8

where

" 10.2.9

"in the original container (use gloves for glass
.cartridges) Seal the cartridges or culture tubes

.during sampling.

T01-12

pressure, relative humidity, dry bas meter reading .-
(i1f applicable) flow rate, rotameter reading (1if . .
applicable), cartridge number and dry gas meter

serial number. | : ' : f..' ‘ -2
Allow the sampler to operate for the desired time.

periodically recording the variaples listed above.

Check flow rate at the midpoint of the sampling
interval if longer than four hours.

At the end of the saMbling period record the
parameters listed in 10.2.5 and check the flow
rate and record the value. If the flows at the
beginning and end of the. s pding period differ
by more than 10% the cartridge shouid be marked

-as suspect. . . ‘

Remove the cartridges (one at a time) and place

in the friction- tOp can containing 2 layer of

charcoal and package.for immediate shipment to

the laboratory for analysis. -Store cargridges ' .
at reduced temperature (e.q. - 20°C) before analysis
if possible to maximize storage stability.

Calculaté and recorq.the average sample rate for

‘each cartridge-according to the following equation: : .
Q.. 1+ Q2+ ...0q . . )
A= N 1
» . -
A '

Qs = Average flow rafe in ml/minute.
Q), Q2,....Qy * Flow rates detérmined at
beginning, end, and immediate points

[y

Calculate-and record the total volumetric_ flow for ., - o
each cartridgi using the following equition: :-~ . =~ .. 8.

N = Number of points gveraged. . . At ek

vm- T.XQA . - ._ .‘.'v. ) . '
. 1000 .




. where

Total volume sampled in lfters at measured
temperature and pressure.

T2 = Stop time.

Ty = Start time.
. . ' . T = Sampling time = Ty - Ty, minutes

<
3
[ ]

10.2.10 The total volume (Vs) at standard conditions,
25°C and 760 mmHg, is calculated from the

o : '
- ‘following equation: . _ - '
. Py 298 .
Vst Vmx R0% I, -
where '
Pa -.Averaée barometric pressure, mmHg
, : _ ta.= Average ambient temperature, °C.

11, 'GC/MS Analysis -
11.1 Instrument Set-up B . L.

11.1.1 Considerable variation from one laboratory to
another. 1s'expeEted in terms of instrument configuration.
Therefore each laboratory must be responsible '
for verifyinb that their particular system yields
‘ ’ , Ssatisfactory results. Section 14 discusses specific
' ' performance criteria which should be met. .
11.1.2° A block dfagram of the typical GC/MS system
. ' required for analysis of Tenax cirtr1dges is
- " depicted in Figure 5. The. operation of such
' devices is described in 11.2.4. The thermal
,desorptién module must be designed to accommodate
the .particular cartridge configuration. Exposure
of the sample to metal'sur}aces should be =
minimized and only stainless steel, or nickel metal
~ . surfaces should be employed. | ¢




11.1.3

11.1.4

. The volume of tubing and fittings leading frén

_in the literature %l 3). In general a nonpoler-

.be suitable. Fused silica bonded phase columns .

“for a GC/MS transfer line.’

. Prior to tnstrument calibration or sample analjsis T

-,

Toe1e - T o

the cartridge to the GC column must be minimized .
and all areas must be we]irswept by hetium carrier T
gas. /. ' o -
The GCﬂcolumn inlet should be capable of being- | .
cooled to -70 c and subsequently increased rapidly .+

to approximately 30 C. This can ‘be most readi]y ._\
accomp)ished using a GC equipped with subambient .
cooling capability (liquid nitrogen) although . A
other approaches such as manually cooling tne ' _ - N
inlet ot the column in liquid nitrogen may be - T ,-.\ 7
acceptable. ' _ i .
The specific Gé column and'temperature prograﬁ‘,'
employed will be dependent on the specific compounds
of interest. Appropriate conditions are described

stationary phase [e.g. SE-30, OV-1) temperature’ o
programmed from 30°C to 200°C At*ﬁ */minute will L ’

are preferable to glass columns since they are
more rugged and can be inserted dicectly into , °
the MS fon $ource, thereby eliminating the nee%

Capillary cqlumn dimensions of 0. 3 mn ID and 50 _
meters long are generally appropriate although )
shorter lengths may be sufficient in many cases.’ .

the GC/MS system is assembled as shown in Figure
S. Helium purge flows (through the cartridge)_

and carrier flow are set at approximately 10 ml/ : o ‘ i
minute and 1-2 ml/minute respectively.. If’ epplicab]e.
the inJector sweep flow is set at 2-4 m]/minute
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11.Y.7 Once the column and other'systém components are
assembled.anq the various flows established the
column temperature is increased to 250°C for

© . approximately four hours (or overnight if desired)
_.\, ' to'cénditioh the column. '
11.1.8 The MS and data system are set according to the
manufacturer's instructions. -E[ectroniimdact
-fonization (70ev) and an electron multiplier gain
of approximately 5 x 104 should be employed.
Once the entire GC/MS system has been setup the
system is calibrated as described in Section 11.2.
The user should prepare a detailed stindard )
operatfng'brocedure (SOP) describing this process
for the particular instrument being used.
<

11.2 Ithrument Caljbration

.11.2.14‘ Tuning and mass standarization of the MS systém
. s perfdsmed according to manufacturer's fnstructions
and relevant -information from the user prepared
-SOP. _P§rf1ubrotr1butylam1ne should generally
" be empldyed for this purpose. The material
- " *{s introduced 'directly into the fon source
through a molecular leak. The instrumental
parameters (e.g. lens voltages, resolution,
etc.) should be adjusted to give the relative
— fon abundances shown in Table 2 as well as
acceptable resoldtion and peak shape. If
these approximate relative abundances cannot -

be achieved, fhg ion source may requiré cleaning

according to manufacturer's instructions.

In the event that the user's instrument cannot .
achieve these relative ion abundances, but s

{s otherwise operating properly, the user .
may adopt-another set of relative abundances

as pgrformance.critefih.

A\




11.2.2

11.2.3

"of the gaseous standard is injected onto the GC

101-16 ' | I
However, these alternate values must be repeatable )
on-a day- to -gay basis. - )

After the mass standartzanlon and tuning process

has been completed and ‘the appropriate values

entered into the data system the user Should.

then calibrate the ‘entire system by introducing

known quantities of the standard comppnents

of interest into ihe system. Three alternate.
procedures may be employed for the calibration
process including l).direet syringe injection

of dilute vapor phase standards. prepared

in a dilution bottle, onto' the GC co1umn. 2) .
InJectwon of dilute vapor phase standards

into a carrjer gas stream directed through the . _
Tenax cartridge, and 3) introduction of permeation
or diffusion tube standards- onto a Tenlx cartridpe I

The standatrds preparation prdcedures fon edch\ ot T
of these approeches are. described 1n Sectibn "Ti;f; - '
13. The following paragraphs describe the 7-;511';- L
instrument calibration process for each of g "I _7”‘“1 ' che

4

these approaches.

[f the 1nstrument is to be calnbrateg by direct. L
|n3ect1on of a gaseous standard, a standard

is prepared in a dilution bottle as. descr16¥d

in Section 13.1. The GC column is cooled t -
to -70°C (or, alternately, a portion of the

column Jnlet is manually cooled with liquid

The, MS and data system is set

up for acqu1s1t10n as described in the relevant
uber SOP. The fonization filament should be tubned
off during the initial 2-3-minutes of the run to
allow oxygen and other highly volatile components

to elute.” An appropriate volume {less than 1 ml) "~

n\trogen)

system usiné an accurately calibrated gas tight syringe.

¢ ' L3 -
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b The system clock is started and the column is (’ﬂ
maintgined dt -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 pr;gram.is started at a consistent
time (e.g. four minutes) after injection. Simultaneously
the ionization filament is turned on and data acquisition
is initiated. After the last component of interest Has
eluted acquisiton is terminated and the data 15 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 cartriuges a set of cartridges is
. : : prepared as described in Sections 13.2 or 13.3.
' ) Prior to analysis the cartridges are’ stored &k
described in Section 9.3. If glass cartridges (Figuré la)

) _are em;loyed care must be taken to avoid direct
contact, as described earlier. The 6C column 1s

cooled to -70°C, the collection loop s immersed in
liquid nitrogen and the desorption 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 is placed in
the inject mode and the liquid nitrogen source removed
from the collection trap. The GC column fs maintained
at -70°C for two minutes and subsequent steps are as
described in 11.2.3. After the process is complete the
cartridge is removed.from the de}brption module and

- stored for subsequent use as described in Secttdh 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.

RN : In addition, for at least one chromatographic run,the
individual mass spectra should be inspected and

compared .to reference’ spectra to ensure proper
$n§trumenta1 pefformance. Since the steps inyolved

in dafa'processihg are highly instrument specific, thé
user should prepare a SOP describing the process for
individual use. Overall performance criteria for
instrument calibration‘are provided in Section 14. .If
these criteria are not achieved the user should refine
the instrumental parameters and/or operating

procedures to meet these criteria.
{ _ _

-~

11.3 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 edch component of interest on the basis of a set
of characteristic Yons and the retention time using v
a reverse-search software routine, 2) quantification '
. Jf each identified component by integrating the intensity

of a characteristic ion and compariné.the value to

that of the calibration standard, and, 3§ tentative
1dent1f1catioﬁ of other components observed using a
forward (library) 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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~12.1 Calibration Response Fac{érs

RIAR

12.1.2

12.1.3

where

Data from calibration standards is used to Ca]cdlate

a response factor for each component of interest.

IdeaIly the process involves analystis of at least

three calibration levels of each component during a

given day and determination of the response

factor (irea/nanogram'injected) from the linear

least squa;es fit of a plot of nanograms 1ﬁjected

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
nonlinearity. _

In practice the daily routine may not always

al]dw'anllysis of three such calibration standards.

In_this situation calibration dtf' 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 i
within ZOS.od the consecutive days. One standard
concentratton, near the midpoint of the analytical
range of {nterest. should be chosen for injection
every day to determine day-to-day response
reproducibility.

If substantial nonlinearity is present dn

"the calibration curve a nonlinear least squares

fit (e.g. quadratic) should be employed.
This process involves fitting the Q,;a to
the following equation:

-

¥ = A+ BX + CX2

Y = peak area
X = quantity of component, nanograms
A,B, and C are to;ffitients in the equation

4
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12.2 Analyte Concentrations

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

Yo = A +-BXg + CXp

where

Yo is the area of the analyte characteristic ion for
the sample cartridge. -
Xa 1is the calculated quantity of analyte on the sample
cartridge, in nanograms.
A,8, and C are ‘the coefficients calculated from the
calibration curve described in Section 12.1.3.
- . 12.2.2 1f instrumental response fs essentially linear over the
concentration range of interest a linear equation |
(C=0 in the equation above) can be employed.
12.2.3 Concentfation'of analyte in the original air sample is
calculated from the following equation:

Ca -‘;

where

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

VS and XA are as previously defined in Section
- 10.2.10 and 12.2.1, respectively. T

13. Standard Preparation
. 13.1 Direct Injection

13.1.1 This process involves preparation of a dilution
bottle 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-millimeter diameter glass beads

' and a one-inch Teflon stirbar are placed in a
clean two-liter glass septum cépped pottle and

\€§? ) the exact volume is determined by weighing the
‘ bottle before and after filling with deionized water.

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

13.1.3 The amount of each standard to be 1njected into the’
vessel is calculated from the desired injection quantity
and volume using the following equation:

W . ML x VB
vi
where

-

W7 is the total quantity of analyte to be injected
“into the bottle in milligrams

Wi is the desired weight of analyte to be injected !
onto the GC/MS system or spiked cartridge in. )
nanograms :

Vi s the desired GC/MS or c&rtridge injection o
volume (should not Elrﬂ\f 500) in microliters.

Vg is total Velume of dilution bottle determined
in 13.1.1, in liters.

13.1. 4 The volume of the neat standard to be injected

into the dilution bottle is determined using
the following equation:

_ c : W
5 V7 =

T
d
" ‘'where

V7 is the total volume of neat liquid to be injected
in microliters.

d {s the density of the neat standard in grams per
milliliter,
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13.1.6 The bottle is placed in a 60°C oven for at

least 30 minutes prior to removal of a vapor

phase ‘standard. ' ' .
13.1.7 To withdraw & standard for GC/MS injection
the bottJe is removed from the oven and stirred
for 10-15 seconds. A suitable gas-tight microber
syring warmed to 60°C, is inserted through
the septum cap and pumped three times slowly. -
The appropriate volume of §amp1e (approximately 25%
larger than the desfred injection voldme) is drawn
into the syringe and the volume is adjuﬁ‘?d to the
exact value desired and then immediately 1njecied '
over a 5-10 seconds period onto the GC/MS system as
o described in Section 11.2.3.

13.2 Preparation of Sbiked Cartridges by Vapor Phase Injection

13.2.1 This process involves preparation of a dilution 3
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
is connected downstream of the tee using
appropriate Swagelok fittings. Once the cartridge

"is placed in the flowing gas stream the appropriate

volume vapor siandard, tn the dilution bottle,
is injected through the septum as described in
13.1.6. _The syringe is flushed several times' -
by alternately filling the syringe with carrier
gas and displacing the contents into the flow .
stream, without removing the syringe from the septum.
Carrie} flow is maintain through the cartridge for
approximately 5 minutes after injection.

-
P

NN
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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 {s generated
_according to ASTM Method D3609(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) is drawn
through a clean Tenax cartridge us1ng.the'
sampling system described 1n.Section 10.2.1,
or a similar system. However, if 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 in air.

- ' 13.3.3 The spiked tartridges are then stored or immediately
analyzed as in Section 11.2.4.

14. Performance Lriterfa and Quality Assurance : /

This section summarizes quality assurance (QA). measures and
provides guidance concerning performance criteria which should be -
achieved u1{h1n 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)

1411

14.1.2

-

Each user should generate SOPs describing the -

following activities as they are performed

in their laboratory: '

1) assembly, calibration, and operation of
the sampling system, e

2) preparation, handling and storage of Tenax
cartridges, '

3) assembly and operatién of GC/MS system including
the thermal desorption apparatu;-and data . 7
system, and

' \

4) all aspects of data recording and prqcess?ng. _ R
SOPs should provide specific stepwise instructions '

and should be readily available to, and understood

by the laboratory,personnel conducting the

work. -

14.2 Tenax Cartridge Preparation

14.2.1

—-—

Each batch of Tenax cartrjdégs prepared (as

described in Section 9) should be checked for : _ *
contamination by analyzing one cartridgeidnmdiately \

after preparation. While analysis.can be accomplished

by GC/MS, many laboratories may chose to use

GC/F{D 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.




T01-25 S : | b T

- 14.2.3 While acceptance criteria gan vary depend}ﬁg .
' on the components of interest, at 3 minimum. ' L
the clean cartridge should be demonstrated i '
' o to contain less than one fourth of the minimﬁm
\of #nterest for each component. For
most compoupds the blank level Should be less
than 10 nanéq?am; per cartridge in QFde;'to
be acceptable. More r1gid critgfﬁa may be '
-~ adop¥ed, - if necessary, within a specific laboratory.
[f a cartridge does not meet these acceptance ’
criteria the entire lot should be rejected. °

1eve1

14.3 Sample Collection

14.3.1 During each sampling event at least one cléan:
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 foynd on the actual samples. However, o
if the blank level is greater than 25% of the'”:' 1f'\_;n\
) sample amount, data for that component must’ '
" . be identified as suspect. . _
14.3.2 During each sampling event at least one set -
of parallel samples (two or more samp\es collected
simultaneously) will be collected, preferably
at different flow rates as described in Scction
10.1. If agreement between parallel samples,
is not generally within + 35% the user should =
collect parallel samples on a much more frequent, .
basis ‘(perhaps for all sampling 6;Ihts). If .
§ trend of lower apparent concentrations with

increasing flow rate is observed for a set «

<y
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. v s
' of parallel samples one should consider using .
- ¢ L} reduced flow rate and longer sampling interval .
if possible If thi's prattice does not. improve o
) J the reproducibflity further evaluation of thet )
A I method performance for. the cqmpound of interest e

may be required. . : . .
14.3.3 Backup cartridges (two cartridges in series)
' should be collected with: each sampiing event.
. Backup cartridges should contain less than
S - 20% of the amount of components,of intérgst
found in the front cartridges, or be-eq txaient _
to the blank cartridge level, whicZ:ver is. - 5.,_ P
. greater. The frequency of use of backup cartridges N
sh0u1d de increased if increased f]ou rete .
_ ¢ sis shown to yleld Yedyced component Tevels .‘ S .
¢ _ - for’ paraHe] sampling This practiCe wiTl - . - ' )
‘ : . . help to identify problems arising from breaktﬂrou‘gh %

of. the component -of. Interest duriag sampling 5
’ -l EE e . ‘o L ' ':'. ) ot . , A
14.4  GC/MS Analys,is T e SR PR PN |
' / o ) N
- ot SR SR N S
© 14.4.1 Performance criteria for'ﬁs tuning and mass e ‘
. calibration have been dissussed in.Section ‘fﬁ.ﬁ‘iF"? T
- . A ‘ .

11.2 and Table 2. 'Additionat criteriamy: ~°
be used by the \aboratory 1f desired. The T AT
_ following sections provide performance-guidance ;' S
. ' - . and suggested criteria for.determining the L g
o . acceptability of the BC/BS system. - ' -
-~\ L f s C 14,42 Chromatographic efficiency should be exaluated
~ ; ' -~ using spiked Tenaz cprtridges since *i'pqacticp
R tests the entire ‘system.. In/generil a réference ;
‘compound ‘such as—perfiuorot luene should be ' N
v+ spiked onto a cartridge at he 100 nanogram .7 '-lky.dﬁW
" level as des;ribeduin Sect on 13.2 or 13.3. - '
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described in Section 11.4. The perfluorotoluene (or
other reference compound) peak is then plotted on an
expanded time scale so that its width at 10% of the
peak can be calculated, as shown in“Figure 6.. The - .- -
width of the peak at 10% height should not exceed
10 seconds. More stringent criteria may be required
for certain app116;t1ons. e 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 descridbed above.
If peaks are observed that exceed the peak width or
assﬁﬁnegry'{actor'criteriq above, one shdbld inspect
the eﬁt{éb'syqﬁém to determine if unswept zones or -
cold sb&is:qré’present in any of the fittings and
is necessary. Some laboratories may chose
\ ' - to é§9)uate'column perfé:yence separately by
¢ .dir‘eqvjectip?/of a test mixture onto the
' GC column. Suftable schemes for column evaluation
. . .hgi?egqqgr;;'ré;pgrgeq in the. 11terature (7). .
o s Such schemes tanmot be coﬁdghted~by placimg - ~
T thé substances onto Tenax because many of -
7 * " the .compounds (a.g. acids,’basés, alcohols)
' " contained fn tHe test mix.are not retained, - .
-or degrade, on Tenax. - ) T T
Mf4~4;3 The System detection 1imft for each component . -
o " 4s calculated from the: data obtained far
- ' ' " calibration standgrdsiLAThe detection. limit

1.4.

"is definéd-as . gﬁéﬁw-.f:?{fv
R ] ._‘5-‘: . e
};&‘fi}'g
g : DL s A+ 338Th
. - t ‘
! ‘R ."' . ' - . ~




- . e‘-. .“‘A .!
qu-ze R S e R
| where . ' . o ; SRR S :f;ﬁj
| 0L is the calculated detectqon Timit 1n n g zkd_g?j :. T
. nanograms injected. - . - -; e ‘th
’ A is the intercept caICulated in Section -' ~ ]
T M2aaer2.3. T L e e
S is ®he standard deviation of repltcate . '\v.f ;ﬂ" b )
. L .. determinations of the lowest level standard ’ |
- (at Teast three such determinations “dre ‘.;‘_-'JTQB |
requiréd. o L R P,
' In general the d/iection'limit should be 20 . i-'ﬁ»'fg.7--”- ~

2 *Ior many app11cations oo l'gf;'
detection limits-of 1-5 nanograms may be required

" . The lowest level standard should yield a signal
to noi rat1o.from the total fon current {espon;e. - o ”l

PO 4 Y 1 approximately 5.

. nanograms or less and

14.4.4 The relative standard deviation for replicate '“-?i" o
analyses of cartridges spiked at approximately
.10’ times the detection limit should be 20%
. . or less. Day to day relative standard devTation . ::‘
;' should be 25% or less. e : -
v | 12.4.5 A useRyl performance eva]dation tep fs the o . \ “ .
‘ T - o " use of an internal -standard t:725.Ck system .0 -

- . ‘ ~ performance. " This %E\accomp11 ed by sptkipg S o

ar

each cartridge, including bladk, sample, and . :. I
calibration cartridghs with agproximately 100 - h l.-:"‘
— - ‘.nanograms of a compound not generally present ‘ I .
{n ambient air (e.ga perfluqroto1uene);j:The o ' o
{ : ' integrated ion 1;t3nsdty for this'codpound' .. T
.  _helps to identify problems with a specifid o )
* sample. In general the user-should ca!culate . . .
the standard dey¥ation of the internal standard ‘
response for a §iven set of samples anaIyzed
under identical tuning .an¢ calibration cond1t1ons .
Any sample giving 3 value greatar than + 2 e

, standard deviations from the mean (calculated C '".'“J"’

*

REEN
’ ] « I a0

o . . .
. . . . '
‘\ . . A ’ i n -* L
' . . Lo
' .
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»

excluding that particular sample) should be
identified as suspect. ‘Any marked cthange in

internal standard response pay indicate 2 need
for instrument recalibration.
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Method:

Synopsis:

'Wetecuo‘n
Limit:

Calibration:

W s gl e

EP leachate melals

Swrg8d6, EPA Test VMethods 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 (fiitered 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 - 7060 .
Barium . 7080 ’ : ®
Cadmium 7130 : \
Chromium , 7190 :
. Lead 20

Vercury 7470

Selenium 7740

Silver i 7760

milligrams/liter (mg: L)

Arsenic 0.02

Barium 0.5

Cacmium 0.02-- !
Chromium 0.2

Lead 0.2

Mercury 0.002

Selenium 0.02

Silver .- 0.05

A five-point calibration curve is a'nalyzed with each set _df
samples to establish linearity and limit of detection (see

below). Quantitation< is . performed by a three-point
standard-addition plot. :

(=3
w .

Arsenic  (mg/L)

0.01 0.02+ 0. 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 S 7
Lead (mg/L} 0.2 0.5 .l 2 5 7
Mercury (ug/L) 0.2 0.5 ] 2.5 7.5 20
Selemum (mg/L) 0.0}, 0.02  0.03 . 0.05 0.07
Siver  (mg/L) 0.5 0.1 ° 0.5 1 1.5

- . _ fco;\tinued)-




Page Two

Que ity ’ . ot
Control: At -least one method blank ‘is analyzed with every 10

samples or with each batch of samples submitted,
_whichever is more [requent.

Dublicate recoveries (spiked reagent blanks) are analyzed
with every 20 samples or with each bat¢h of samples

submitted, whichever is more frequenl (see concentrations
listed below).

Arsenic  {mg/L)_ 0.04
x Barium (mg/L) 2
Cadmium (mg/L) " |}
Chromium (mg/L) 4
Leac {mg/L) L]
Merzury.  {ug/L) 5
Selenium (mg/L) 0
Silver {(mg/L) 1

.04

~ At least 10% of the samples are analvzed in duplicate to
' demonstrate precision.
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Representative

Wet Waste Sample

Containg < 0.5% 4 Waste &mole Contains > 0.5%
Nontilterable A > ?00 Grams Nonfilterable
Soligs I Sohlids
l Dry Waste Sample ® l
Liquid Solid i ) Liquid Solid
Separation ’ S‘i{ ¢ Solid Seperation
Discard
v .
Liquid Particle Size ‘Liquid
AN
>95mm * < 9.5mm . Monolithic
Sampie Size Structursl
Integrity
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- < - .
. Store at 4°C
Extraction of Solid Waste atpH =2
‘ R J
Solid4—{ Liquid Solid Separation
iycard I
Liquid
E}tnn

Anaslysis Methods

Figure 1. Extraction Procedure Flowchart.




2.1.4 Extraction Procedure Toxicity

Introduction

The Extraction Procedure (EP) 1s designed to simulate the leaching a
waste will undergo if disposed of in a sanitary landfill. This test is
designed to simulate leaching that takes place in a sanitary landfill
only. It is a laboratory test in which a representative sample of & waste is
extracted with distilled water maintained at a pH of 5 using acetic acid.

The extract obtained from the EP (the "EP Extract"”) 1s then analyzed to
determine if any of the thresholds established for the eight elements
(arsenic, barfum, cadmium, chromium, lead, mercury, selenium, silver), four
pesticides (Endrin, Lindane, Methoxychlor, Toxaphene), and two herbicides
(2,4,5-trichlorophenoxypropionic actd, 2,4-dichlorophenoxyacetic acid) have
been exceeded. If the EP Extract contains any one of the above substances in
an amount equal to or exceeding the levels specified in 40 CFR 261.24, the
waste possesses the characteristic of Extractxon Procedure Toxtcity and 1s @
hazardous waste.

Summary of Procedure

The Extraction Procedure consists of five steps (refer to Fiqure 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 {s 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
{s 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 9.5-mm
(0.375-in, ) standard sieve, have a surface area per gram of waste
of 3.1 cmé, or, if it consists of a single piece, be subjected to the
Structural Integr1ty Procedure., The Structural Integrity Procedure {s
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 be
ground to pass the 9.5-mm sieve.

3. Extraction of Solid 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 O. 5 N acetic
acid. The pH is maintained either automatically or manually., (In
acidifying to pK 5, no more than 4.0 g of acid solution per g of material
being extracted may be used.) .
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TABLE 1. MAXIMUM CONCENTRATION OF CONTAMINANTS
' FOR CHARACTERISTIC OF EP TOXICITY

EPA Ma ximum
Hazardous Waste , . concentration /—\

Number Contaminant ' _ (mg/1)
D004 Arsenic _ : 5.0
DO0S Bar1um . 100.0
0006 Cadmiun ' 1.0
D007 Chromiu - 5.0
DoOoH Lead : . 5.0

; 0009 Mercury ) 0.2
D010 Seleniym . 1.0
D11 Silver " 5.0
pul2 - Endrin (1,2,3,4,10,10-Hexachloro-1 0.02

7-epoxy-1,4,43,5,6,7,8,8a-0ctahydro-1
4-endo, endo-5,8-dimethanonaph-

thalene)
D013 Lindane (1,2,3,4,5,6- _ 0.4
Hexachlorocyclonexane, yamaa isomer
pn14 Methoxychlor (1,l41-Trithloro-2,2-bis 10.U
. (p-methoxyphenyl )etnane)
- : \
" D015 ) Toxaphene (CjgH10Clg, Technical . 0.5
chlorinated camphene, 67-69%
chlorine)
. DOIQi 2.,4-0 (2,4-Dichlorophendxyacetic acid) 10.0
i ' (] .
o . o, .
D017 ‘ 2,4,5-TP (Silvex) 12,4,5- - 1.0

Trichlorophenoxyprooionic acid)




Introduction; Regulatory Definition / 3

4. Final Separation of the Extraction from the Remaining Solid

After extraction, the liquid:solid ratio fs adjusted to 20:1 and
the mixed solid and extraction liquid are separatea by filtration.
the solid is aiscarged and the 1iquid combined with any filtrate obtajned
in step 1. This is the EP Extract that 1s analyzed and compared to the
threshold listed in Table 1 of 40 CFR 261.24. .

5. Tésting (Analysis) of EP Extract

Inorganic and organic species are identified and quantified us1n§

the appropriate methods in the 7000 and 8000 series of methods in this
manual,

Regylafory Definition

A solid waste exhibits the characteristic of EP toxicity 1f, using the
appropriate test methods described in this manual or equivalent methods
approved by the Administrator under the procedures set forth in 40 CFR 260.20
and 260.21, the extract from a representative sample of the waste contains
any of the contamirants listed in Table 1 at a concentration equal to or
greater than the respective value given in that Table. If a waste contains
Jess than 0.5% filterable solids, the waste itself, after filtering, is
considered to be the extract for the purposes of analysis.

A solid waste that exhibits the characteristic of EP toxicity, but is
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 numhers are specified in Table 1.




METHOD. 1310

EXTRACTION PROCEQURE (EP) TOXICITY TEST METHOD
. AND STRUCTURAL INTEGRITY TEST

.

1.0 Scope ang Application

1.1 The extractionr procedure (EP) described in this method s designeg
to simulate the leaching a waste will undergo if disposed of in an improperly

designed sanitary landfill, Method 1310-1s applicable to ligquid, solid gL
multiphasic samples. :

2.0 Summary of Method

2.1 If a representative sample of the waste contains more than 0.5%
solids, the solid phase of the 'sample is extracted with deionized water which
js maintained at a pH of 5 + 0.2 using acetic acid. The extract is analyzeo
to determine if any of the threshold limits listed in Table 1 are exceeded.
Table 1 also specifies the approved method of analysis. Wastes that contain
less than 0.5% solids are not subjected to extraction, but are directly
analyzed and evaluated in a manner identical to that of extracts.

3.0 ‘Interferences

3.1 Potential interferences that may be encountered during analysis are
discussed in the individual analytical methods referenced in Table 1.

4.0 Apparatus and Materials

4.1 Extractor: Por purposes of this test, an acceptable extractor is
one that will 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-mixed extrac-
tion fluid. 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 & Manufacturing Co., Alexandria, Virginia; Glas-Col
Apparatus Co., Terre Haute, lndiana; Mi)lipore, Bedford, Massachusetts; and
Rexnard, Milwaukee, Wisconsin,

4.2 pH Meter or pH Control1er {(Chemtrix, Inc., Hillsboro, Oregon
1s a possible source of a pH control)gr)

4.3 Filter holder: A filter holder capable of supporting a 0.45-u
-filter membrane and able to withstand the pressuce needed to accomplish
separation. Suitable filter holders range from simple vaguum units to
relatively complex systems that can exert up to 5.3 kg/cmJ (75 psi) of
pressure. The type of filter holder used depends upon the properties of the

mixture to be f1\tered Filter holders known to EPA and deemed suitable for
use are listed 1n Table 2. |

. Revised. d/84




1310 / 2 . " S cee
. . ~
N\ . TABLE 1. MAXIMUM CONCENTRATION OF CONTAMINANTS 3
FOR CHARACTERISTIC OF EP TOXICITY
Maxymum . . .

, ' concentration : Analytical
Contaminant : {mg/1) . " method
Arsenic ' . 5.0 7060, 7061
Barium - . 100.0 7080, . 7081 '
Cadmium C 10 ‘ 130, 71131
Total Chromium | ' 5.0 7190, 7191
Hexavalent Chromium : - 5.0° 7195, 7196,

. | : 1197
Lead 5.0 . 7420, 7421
Mercury . 0.2 T L7470
Selenium _ 1.0 7740, 7741 -
Silver : h 5.0 - 7760, 7761
Endrin (1,2,3,4,10,10-Hexachloro-1 0.02 : 8080
7-epoxy-1,4,42,5,6,7,8,8a-0octahydro-]
4-endo, endo-5,8-dimethanonaph-
thalene) ,
Lingane (1,2,3,4,5,6- 0.4 - . 8080
Hexachlorocyclohexane, gamma - isomer) - ol
~ Methoxychlor (1,1,1-Trichloro-2,2-bis 10.0 " 8080
(p-methoxyphenyl)ethane) “S
Toxaphene (C10H10C]8' Technical 0.5 8080
. chlorirated camphene, 67-69%
‘chlorine) .
\ 2,4-D (2,4-Dichlorophenoxyacetic acid) 10.0 8150
2,4,5-TF  (Silvex)  (2,4,5- 1.0 ° - 8150

Trichlorophenoxypropionic acid)




v
g . .
..(. .‘,.a_ 1,
.8
AP  A
3 .o
L . %
- J
~
-
]
1
.
'
- .
.
=
.

Non.Ciogg 75 Swopor Busning

1 incn Blage ot 30° to Hor.zontar _

-

‘Figure 1. Extractor




" 1716 - Hossepowes Electeic Morae

i sl T

[— L : «i@ "[I\l 4”(

2- Liter Plashic of Gl_ql Botiles

e

Screws v Hinkding Bottles

wprre 2 Hotry Lxtractor

y /cugt LT




Fnsm Randed to Cover

1 rl———-—wjx '
s "'\"
7 -

1 Gallan Plastic
os Glass Bottl

3 Posltton Toggle Swihich -

130/ 08

T PR extractoe

faqare




4.4 Falver membrane: Filter membrare suitatle fcr conducting the
recuired filtration shall be fabricated from a materiai wnich: {1) 15 not
chysically changed by the waste material to he filterec, anc (<) coes
rot abscrd or leach the chemfcal species for anich a maste's EP fxtract will
e ara'yzed. Tatie 3 'vsts filter media xnowr SC The acency anc Generally
‘gurc 1o De surtacle for solrd waste testing, .

et
4.4.1 In cases of adoubt, cormfact tre filter manufacturer to
cetermine 1f the membrane or the prefilter are adversely affected
by the particular waste, [f no information 1s available, submerge the
filter 1n the waste's liquid phase. After 48 hr, a filter that
undergoes visible ghysice' :hange (i.e., curls, gi1ssolves, shrinks, or
swells) 15 unsuirtadle for use.

TABLE 2. FEPA-APPROVED FILTER HOLDERS

Manufacturer Size - Model No. Comment s

vyacuur Frlters

hNalgene 5CC ml 44-0045 Disposable plastic. unit,
includes prefilter and
filter paas, ana reservo'r;
should be used when
solution s to be analyzed -
for inorganic constituents,

Nuclezore &7 mm 41C4a0C

Mill pore 47 mm xx1C C47 T
Pressure Friters

Nuclepore 142 mm 42590C

Micro Faltration 142 mm 302300

Systems

Millipore 142 mm *YT30 142 Hw




TABLE 3.

}

1310 7 7.

EPA-APPROVED FILTRATION MEDIA

Supplier

Filter to be usec

- for agueous systers

Filter to be used
for organic systems

Coarse Prefilter

Gelman
Nuclepore
Millipore

Medium prefilters

1

Nuclepore !/

Miltipore

C1ne prefilters

Gelman
Nuctiepore
Miliocre

Fore frlters (0,45 -

61631, 61635
210907, 211707

AP25.035 00,
AP25 127 S0

210905, 211705

RP20 035 00,
AP20 124 50

64798, 64803
210903, 211703

AP15 035 0O,
APLS 124 5C

velman

Pall
Nuclepore v

Millipore

Selas

6C173, 60177

NXO4750, NX14225
" 142218

HAWP 047 .00,
HAWP 142 50

83485-02,
83486-02

61631, 61635
210907, 211707

AP25 035 00,
AP25 127 50

210905, 211705

AP20 035 00,
AP20+ 124 50

64798, 64803
210903, 211703

AP15 035 00,
AP15 124 50

60540 c¢cr 66149,
605484 ¢cr 66151

1422189

FHUP 047 00,
FHLP 142 50 -

83485-02, .
83486-02

dSusceptible to decomposition by certain polar-organic solvents.




1.4.2.1 Prepare
ct 1nterest. :

4.4.2.2 Aralyre
tnemi1cal srezies.

a stangarc sciution of tre chemical sgelves
4

the stancarc for 1ts concentraticn ¢f the

-~

4.4.2.2 Faiter tne standarcd-cng re-analyze. [f the concen-

tration of the faltrate
fi1lter membrare leaches
species.,

arffers from tne original standard, the
or-adsorbs one or more of the chemical

4.5 Structural i1ntegrity tester: Having a 3. 18-cm (1.25-in.) diameter -

nammer wetghing 0,23 xg (C.72 15}

ang having 3 free fall of 15.24 ¢m (6 in.)

shall be used. This gevice 15 available from Assocrated Design and Manufac-

turyng Company, Alexancria, v* 22314, as Part No. 125, or it may be fabri-
catec tc meet the specificatiors srown in Figure §.

.o reacents

—_——

N

o

.» Jeionized water: wWater

n

APV

3

should be monitored fgr 1mpurities. e

- -~

S.¢ 0.5 N oacetic acrc: Tmis cdn be made by diluting concentrated
tactay acetic acrd {17.5 N).  The glacral acetic aciz should be of high
ur1ty arg montrtorec for impurities.

£.3 Analytical standards should be preparecd according to the analytical ‘

-etnccs -eferenced in Table 1.

oy

.. Sa~rle leoliectior, Preservat

on ang Hancling

Y (¥

samgles must be ¢2i)
o

cmo -
=.2 Sa~cles car be re‘r15era
wli, nct gffect tre i1ntegrity of ¢

f

7.0 Procecure

ected using a sampling plar that acdresses

Zisiussec '~ Sectron One of this manual,

~, . Freservatiyes must nGt Ze agsced to samples.

red 1f it -1s cetermined that refrigerat:cr
ne sampie.

7.1 If the waste does not contain any free liquid, go to Section 7.9.
If tnhe sample is liquid or multipnase, continue as follows. Weigh filter

membrane and prefilter to +0.01 gq.

Handle membrane ang prefilters with

blunt curved-tip forceps or vacuum tweezers, or by applying suction with a

oipette.
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7.2 Assemtle filter nolder, me~tranes, ardg prefilters followirg tne
maryfacturer's 1nstructions. Place the 0,35-.m membrane on the sugport

screen 3anc add prefilters 1n ascenging orger of pore syrze. [0 not prewet
filzer ~e~drane.

S, weigh cul a regresentative subsample of the waste (100 g minimym),

7.4 Allow slurries to stand to permit the solid phase to settle,
nastes that settle slowly may be centrifuged prior to filtration,

7.5 wWet the filter with a small portion of the waste's or extraction
Tixture’'s 1i1gura phase. Transfer the remaining material to the filter nolder
and apply vacuum or gentle pressure (10-15 psi) until all liquid passes
through the filter, Stop filtration when air or pressurizing gas moves
tnrough the membrane. [f this point is not reached under vacuum or gentle
cressure, slowly 1ncrease tne pressure in 10-ps) 1ncrements to 75 psy. Halt
filtration wnen liguid flow stops. This liquid will constitute part or all

of tne extract (refer %o Section 7.16). The liguid should be refrigerated
urtil time of analysis. %

“STE: O] samples or samples which contain o1l are treated in exactly

re same way as any other sample. The liquid portion of the sample 15
frlterec and treated as part of the EP extract. If the liquid portion of
tne sample will not filter (this is-uysually the case with heavy oils or
greases) it 15 carried through the EP extraction as a solid,

1
.
S

7.6 Remove the solid phase and filter media and, while.not allowing it
t0 dry, weight to 10.01 G. The wet weight of the residue is determined by
calculating the weight gifference between the weight of the filters (Section

-

7.1) and the weight of the solid phase and the filter media.

7.7 Tre'waste will be handled differently from thi1s point on depending
or wnetrer 1t contains more of less than 0,5% solids. 'If the sample appears
to rave 'essetrar (.5% solids, .tre percent sglids w11l be determined by the

fci'Cwrg procedure.,

7701 Jry tne fiiter ang residue at 8CT C until two successive
~e 3n1r3s yled the same va. .e.

7.7.2 Calculate the percert spliads using the following equation:

»

weight of fiitered _ tared weight
solid and filters of filters

inft1al weight of waste mate.:al

100 = % solids

NOTt: This procedure 1s orly used to determine whether the solid
must be extracted or whether it can be discarded unextracted. It

Revised 4/84
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1S not used tn calculating the amount of water or - acid to use 1n
the extractron step. 00 not extract solrd mfRerial that has been
dried at 80° C. A new sample will have to be used for extraction
'f 3 percent solids determination is performed,

7.8 If the solid comprises less than 0.5% of rthe waste, discard the
sol1g and proceec i1mmediately to Section 7.17, treating the liquid phase as
the extract.

ed from Section 7.5 and all materials that
do not contain frée liquids should'be evaluated for particle size. [f the
sol1d materlal has a surface area per gram of material equal to or greater
tnar 3.1 cm® or passes through a 9.5-mm (0.375-1n.) standard sieve, the
crcerator should proceed to Section 7,11. [If the surface area is smaller or
the carticle size larger than specified above, the solid material would be
pregared for extraction by crushing, cutting or grinding the material so

that 1t Ppasses through a 9.5-mm (0.375-in,) sieve or, if the material is fin

a single prece, by subjecting the materral to the “Structural Integrity
Procecure” described 1n Section 7.10.

7.9 The solid material ob

7.10 Structural,Integrity Procedure (SIP):

7.10.1 Cut a 3.3-cm-diameter by 7.1l-cm-long cylinder from the
waste material. For wastes that have been treated using a fixation
grocess, the waste may be cast in the form of a cylinder and allowed to
cure for 3C days prior tg testing. '

7.10.2 Place waste into sample holder and assemble the tester.
Raise tne hammer to 1ts maximum height and drop. Repeat 14 additiona)
Times .,

7.16.3 Remcve soli¢ material from tester and scrape off any
particles adhering to samgle holder. Welgh the waste to the nearest
S.01 g anag transfer 1t.to the Extractor.
7.u1 If the sample centains more than C.5% solids, use the wet weignt
of tne sclid chase obtairec 1n Section 7.6 for purposes of calculating the
amount c¢f ‘iqu1d anc acrc to employ for extraction by using the following
ejduatior:

W = Hf - ht
where

W o= wet we1ght in grams of solid to be charged to extractor

W¢ = wet weight in grams of filtered solids and filter media

X
ol
M

= weight in grams of tared filters.

-
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[f the waste does not contarn any free liquids, 100 g of the material wtll
be subjected tO the extraction procedure.

7.12 Place the apcropriate arount of material (refer to Section 7.11)
1nto tre extractbr anc adc 1€ times 1t weight of celonized water,

7.13 After the solid material and detlonitzed water are placed 'n the
extractcr, the operator should begin agitation and measure the pH of the
solution 1n 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
the pH is egual to or less than 5.0, no acetic acid should be added. The pH
of the solution should be monitored, as described below, during the course cf
the extraction and, 1f the pH rises above 5.2, 0.5 N acetic acid should be
added to bring the pH down to 5.0 + 0.2. However, in no event.shall the
aggregate amount of aci1c¢ acded to the solution exceed 4 ml of acid per gram
of solid. The mixture should be agitated for 24 hr and maintained at
207-40° C (687-104" F) quring this time. [t 1s recommended that tne operator
mon1tor and adjust the pH curing the course of the extraction with a device
such as the Type 35-A pH Controller manufactured by Chemtrix, Inc., Hillg-
boro, lregon 97123 or 1ts equivalent, 1n conjunction with 3 metering pump
ang reservolr of C.5 N acetic ac1d. [f such a system 15 not available, the
following manual procedure snall e employed.

7.13.1 A pH meter should be calibrated n accordance with the
ranyfacturer's specifications.

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 until the pH

reaches 5.0 + 0.2. The pH of the solution should be adjusted at 15-,
20-, and 60-min intervals, moving to the next Yonger interval if the pH

aces 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 1f, at the end of the 24-hr extraction period, the pH of the
sctution 15 not below 5.2 and the maximum amount of acid (4 ml per gram
of solids) has not been adoed, the pH should be adjusted to S.0 « 0.2
and the extraction continued for an additional 4 hr, during which the
prn shouid be adjusted at l-hr intervals., :

7.14 At the end of the extraction period, deronized water should
be acded to the extractor 'n an amount determined by the following equation:

Vo= (20) (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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T.1E 0 The material vn tre extractor snoulis De separdtes 1nto 1ts Compo-

1
rent 113,10 @70 soid prases ir. the following marner,

-

7.15.1 Allew slurries to stand to permit the solia phase to settle
wastes trat are siow to.5ettle may be centrifuged prior to filtration
a~C set uf tre fiiter apparatus (refer to Secttion 4.3 ang 4.4),

7.15.2 wet the filter with a small portion of the waste's or
extraction mixture's liquid phase. Transfer the remaining material to
trne filter holder and apply vacuum or gentle pressure’ (10-15 psi) untrl. o
all ligurd passes through the filter. Stop filtration when air or
cressurizing gas moves through the membrane. [f this point 1s not
reachec uncer vacuum or gentle pressure, siowly increase the pressure in
1T o051 ncroments te 7% 55y, Halt filtration when liquid flow stops.

.8 The Taguids resoiting from Sections 7.5 and 7.15 should be combinec.
Thys corpinec Y12.13 ‘or tre waste 1tself 1f 1t ras less than 0.5% solids, as
rctec vn Secticr 7.z 1 tre eatract ard shoulc de analyzea for the presence
cf any cf tre cortamineants srectifred 'n Table 1 using the Analytical Proce-

dures cesygratez 3 Secttcr T.17.  #

7..7 The extract wy' ' ne prepared and analyzed according to the aralyt-
1cay metnecs specifred ar Tanle 1, A1l of these analytical methods are
inclugec e this ranua’.  Tre metnoc of stancard acdition will be employed a

fer ail metal analyses,

NOTE: If the EP extract 17¢luces twO phases, concentration of contaminants
's getermined by using a S1mpie welghted average. For example:  An EP
extract cortains 50 ml of o011 anz 1,000 m1 of an agqueous phase. Contaminant
concertrations are ceterrirec for each phase. The final contamination
concenrtratior 15 taxer 0 De

fSClcontarmirgnt cerc. 0~ o0') 0 (1,00C){cortaminant conc. tf aqueous srase’
* ) * 1 O:‘O .
NSEM , 1,08

12 The extract corcertraticns are comparec L0 the maximum contaming-
tier Trmits lagreg te Tarie 1. If the extract ccrcentrationss are equal te or,
greater tnan Ine respgecitve values, then the waste 1s considerec to de t?
toavc, -

‘Chromium concentraticns nave to be 1nterpreted differently, A waste
contairing cnromium wi:l be getermined to be tP toxic 'f (1; the waste extract
nas ar 1nmitral pH of less tnan 7 ang contains more than 5 mg/l of nexavalert
chromium in the resulting extract, or (2) the waste extract has an initial
ph greater than 7 and a final pH greater than ] and contains more than 5 mgAN
of nexavalent chromium 'n the extract, or (3) the waste extract 'has an
1nitial pH greater than 7 and a final pH less than 7 and contains more than
5 mg/! of total chromium, unless the chromium 15 trivalent. To determine
whether the chromium 1§ trivaient, the sample must be processed according to
an alkaline digestion method (Method 3060) and analyzed for hexavalent
chromium {Methods 7195, 7196, or 7197).
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8.0 (Cuality Control

8.1 All quality eontrol cata should be maintained and avairlable for -
easy reference or ‘nspegction,

5.2 Employ a minimum of one blank per sample.batch to determine if
contamination or any memory effects are occurring.

8.3 All quality control measures suggested in the referenced analyt1cal
methods should be followed.,

X




METHOD 7060

ARSEN[C (ATQOMIC ABSORPTION, FURNACE TECHNIQUE)

1.0 Scope and Application

1.1 Method 7060 is an atomic absorption proceduré approved for deter-
mining the concentration of arsenic in wastes, mobility procedure extracts,

soils, and groundwater. All samples must be 5ubJected to an appropriate
d1ssolutron 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 acid digesticn 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 applicabdle.

2.2 Ffollowing the appropriate dissolution of the sample, a representa-
tive aliquot’  of the digestate is spiked with a nickel nitrate solution and
1s placed manually or by means of an automatic sampler into a graphite
tube furnace. The sample aliquot is then slowly evaporated to dryness,
charred (ashed), and atomized. The absorption of hollow cathode radiation
during atomizat1on will be proportional to the arsenic concentration.

2.3 The typ1ca1 detection limit for this method is 1 ug/l

3.0 Interferences
I
3.1 Elemental arsenic and many of {ts compounds are volatile and
therefore samples may be sub)ect to losses of arsenic 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 selettion of tem-
perature and times for the dry and char {(ash) cycles., A nickel nitrate
solution must be added to all digestate prior to analysis to minimize vola-
tilization losses during arying and ashing.

3.3 1n adaition to the normal interferences experienced during graph-
fte furnace analysis, arsenic analysis can suffer from severe nonspecific
absorption and light scattering caused by matrix components during atomiza-
tion. Arsenic analysis is particularly susceptible to these problems because
of its low analytical wavelength (193.7 am). Simultaneous background correc-
tion must be employed to avoid erroneously high results.
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3.4 [f tne analyte is not completely volatilized and removed from the
furnace guringy atomization, memory effects will. occur. [f this situation 1§
detected b, means of blank burns, the tube should be cleaned by operating the
furnace at full power at regular intervals in the analytical scheme.

4.0 Apparatus and Materials

4,1 250-m) Griffin beaker. ‘ -
4,2 10-m] volumetric flasks,

4,3 Atomic absorption spectrophotometer: Single or dual channel,
single- or double-beam instrument having & grating monochromator, photo-
multiplier detector, 3djustable slits, a wavelength range of 190 to 800 nm,
ang provisions for simultaneous background correction and 1nterfacing with
a strip chart recorder.

4.4 Arsenic hollow cathode lamp or electrodeless discharge lamp.

4.5 Graphite furnace: Any graphite furnace cevice'witn the appropriate
temperature and timing controls. , -

4.6 Strip chart recorder: A recorder is strongly recommended: for
furnace work so that there will be a permanent record and so that any prob-
lems with the analysts such as drift, 1ncomplete atomization, losses during
charriny, changes in sensitivity, etc., can easily be recognized.

4.7 Pipets: Microliter with disposable tips. Sizes can range from
5 to 1000 ul as required. ] :

5.0 Reagents

5.1 ASTM Type Il water (ASTM D1193): wWater should be monitorea for
Tnpurities.

5.2 Concentrated nitric acid: Acid should be analyzed to determine
levels of impurities. [f impurities are detected, all analyses should be
blank-corrected. :

5.3 Mydrogen peroxide (30%): Oxidant should be analyzed to determine
levels of 1mpurities. If impurities are detected, all analyses should be
blank-corrected.

5.4 Arsenic standard stock solution (1000 mg/1): Either procure a certified
agueous standard from a supplier (Spex Industries, Alpha Products, or Fjsner
Scienti1fic) and verify by comparison with & second standard, or dissolve




. ' . ‘ . 7060./7 3
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N 1
.32 g of arsenic trioxide (A5203, analytical reagent_grade) “or,.
egq\va.ent 1n 100 m1 of Type [l water containing 4 g NaOH. Af}d\f, tne
solution with 20 mb conc. HNO3 and dilute to 1 liter.

§T§/ Nickel nitrate solution (5%): Dissolve 24.780.9 of ACS reagent =
grade Ni(NQ3)2°6H20 or equivalent in Type 11 water and dilute to 100 ml.

5.6 Nickel nitrate solution (1%): Dilute 20 ml of the 5% nickel
nitrate to 100 ml with Type Il water. ’ o . S;

5.7 Arsenic working standards: Prepare.d®ldtions of the stock solution
to be used as calibration standards at the time of analysis. Withdraw
appropriate aliquots of the stock solution, add 1 m} of conc. HNO3, 2 ml of

30% H0p, and 2 ml of the 5% nickel nitrate sélution. Dilute 100 ml .
" with Type Il water, : ' .. .
) . ¢
6.0 Sample Collect1on Preservatioh, and Handling S ]

6.1 All samples must. have been coliected using a samp11ng plan that
addresses the considerations discussed in Section One of this manual.
] . .

6.2 All sample containers must be prewashed with detergents, acidss ve
ang distilled deionized water. PlaStic and glass cohtainers are-both suitable,
g . ' :
6.3 Special containers (e.g., containers used for volatile organic
analysis) may have to be used if very volatile arsenic ¢ompounds are to be
analyzed. ' -
)

6.4 Aqueous samples must be acidified to a PH of less than 2 n1tn
nrerr¢ acid. .

6.5 Nonaqueous samples sha]l be refrigerated whend p0551ble and analyzeq

as soon as possible. . R
. | 7 . ’ LI -
7 / .
7.0 Procedure =~ ) . .- ‘. C e .
Sample preparation: Aqueous samplés'should be prepared in the’ <

manner described in Sections 7.1.1-2.1.3. Sludoe-type samples should be pre-
pared according to Method 3050, and samples cuntaining oils, greases, Qr
waxes may be prepared accordifAg to Methods 3030 or 3040. The applicability
of a sample-preparation technique to & new matrix type must cbe degonstrated
by analyzing spiked samples and/or refevant standard’ reference materials. »
7.1.1  Transfer 100 ml of well-mixed sample to a 250-ml Grf?f1n
deaker, add 2.ml.of 30% Hp02 and sufficient conc. HND3 to résuft—
in an acid concentration of 1% (y/v). Heat for 1 hr at 95" C or.until
the volume is slightly less than 50 ml. '

(> ]
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7.1.2 Cocl ana bring back to 50 m! with Type 11 eater.

7.1.3 Pipet 5 ml of this digested solution into a 10-m! volumetric
flask, add. 1 ml of the 1% nickel nitrate solution and dilute to 10 ml
with Type |l water. The sample is now ready for injection
1nto the furnace. ’

7.2 The 193.7-nm wavelength line and a background correction system
must be employed. folldw the manufacturer's suggestions for all other
spectrophotometer paremeters.

7.3 Furnace parameters suggested by the manufacturer shguld be em-
ployed- as quidelines. Since temperature-sensing mechanisms and temperature
controllers cangyary between instruments or with time, the_validity of the
furnace parametefs 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 in
sensitivity due to less than optimum settings can be minimized, Similar

verification of furnale parameters may be required ‘for complex sample

matrices. >

7.4 [nject a measured pl aliquot of sample into the furnace and
atomize. If the concentration found is greater than the highest stand-
ard, the sample should be diluted in the same acid matrix and reardalyzed.

Tne use of multiple 1njections 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 delisting petition, and allasamples that suffen_

from matrix interferences.

-

.7.6 Run a check standard.after approximately every 10 sample injec-
tions. Standards are run in part to monitor the life and performance of the
graphité tube. Lack af reproducibility or gignificant change in the signal
for the standard - indicates that the tube should be replaced.

7.7 Calculate metal concentrations by (1) the method of standard
aagditions, or (2) from a-calibration curve, or (3) directly from the
instrument 's concentration readout. All dilution or concentration factors
must be -t¥ken into-account. Concentrations reported for pultiphased or wet
samples must be appropriately qualified (e.g., 5 pug/g dry weight).- »

9 - . '

7.8 0up11cates spiked samples, and check standards should te routinely

analyzed.

{ . * S
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8.0 Quality Control

8.1 All quality control data should be maintained and available for’
easy reference or inspection.

8.2 Calfbration curves must be composed of a mintmum of a blank and
three standards.. A calibration curve should be made for every hour of
continuous sample analys1s 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 determ1ne 1f
contamination or any memory effects are occurring. =

8.% Ana\yze check standards after approximately every 15 samples.

8.6 Run one duplicate sarmple }or every 10 samples. A duplicate sample
fs 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 dellst1ng petition,
and whenever a new sample matrix is being analyzed.




METHOD 7080

BARTUM (ATOMIC_ABSORPTION, DIRECT ASPIRATION METHOD)

1.0 Scope and Application

1.1 Methoa 7080 is an atomic absorption procedure approved for deter-
rining the concentration of barium in wastes, mobility procedure extracts,
solls, and groundwater. All samples must be subjected to an appropriate
dyssolution 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 will 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 bé applicable.

2.2 Following the appropriate dissolution of the sample, an fonization
suppressant is added and a representative aliquot is aspirated into a nitrous
oxide/acetylene flame. The resulting absorption of hollow cathode radiation

wil) 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
sensitivity is 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
analytical wavelength, '

3.2 Barfum undergoes significant ionization in 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 air/acetyl flame is used, then the preserme of phosphate
silicon and aluminum will-lecltease the sensitivity. This problem can be
overcome by adding a releasiop agent (e.g., lanthanum) to both samples and.
standard.

Revised.4/84
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d.OK Apparatus and Materials : .

AN

4.1 Atomic absorption spectrophotometer: single or dual channel,
single- or double-beam instrument, having a grating monochromator, photomul-
tiplyer aetector, adjustabie slits, and provisions -for background correction,

4.2 Barium hollow cathode lamp or electrodeless discharge lamp,

4.3 Strip chart recorder {optional).

5.0 Reagents ) : :

5.1 ASTM Type Il water (ASTM 01193) Qater should be monitored for
impurities. -

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 Barium standard stock gblut1on (1000 mg/1): Either procure a
certified aqueous standard from a supplier (Spex Industries, Alpha Pr ducts
or Fisher Scientific) and verify by comparison with a second standar or
dissolve 1.787 g barium chloride {BaCljp* 2H20 (analytical reagent grade
Type Il water and dilute to 1 liter,

5.4 Potassium chloride solution: Dissolve 95 g potassium chlor1de
(xC1) 1n Type Il water and dilute to 1 liter.

5.5 Lanthanum chloride solution if needed: Dissolve 25 g reagent .
grade La,04 slowly in 250 ml concentrated HCl. (Reaction can be violent.) -
Dilute to 500 ml with Type [l water, '

solution to be used as calibratior standards. To each 100 ml of standard and
sample add 2.0 ml potaseium chloy_de soluttion. .

5.7 Afr: C(leaned and dried thrbugh'% suftable filter to remove ofl),
water, and other foreign substances. The source may be a compressor or a
cylxnder of 1ndustria1 grade compressed air.

5.6 Barium working standardji Prepare dilutions of the stock barium

5.8 Acetylene: Should be of high purity. ﬁcetone. which {s 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. .

- ¢ . -
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6.0 Sample Collecthron, Preservation, and Handling

6.1 All samples must have been collectéd using a sampling plan that
aadresses the considerations discussed in Section One of this manual.

6.2 All sample contatners must be prewashed with.detergenti, acids,
and Type 1l water. Plastic and glass containers are both suitable.

6.3 Agqueous samples must be "atidified to a pH of 1ess than 2 with
nitric dCld : .

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
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 oxide/a.etylene 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 absorbance. For instruments that read directly in concentration,
set the curve corrector to read out the proper concentration,

7.6 Analyzre, by the method of standard additions, all EP extracts, all
— samples analyzed as part of a delisting pet1tlon and all samples that suffer
from matrix interferences.

7.7 Duplicates, spiked samples, and check stahdards'should be routinely
analyzed. .

7.8 The final caICUlated concentration shou\d take into account a11
dilution and concentration factors.
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8.0 Quality Control

8.1 All quality control data should be maintained and ava\lable 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 ana]ys1s

8.3 Dilute samples if they are more concentrated than the highest
standard or i{f thex\fall on the plateau of a calibration curve.

N
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 dublicate sample for every 10 samples. A duplicate samp]e
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.

' A

8.8 The method of standacrd 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.
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METHOO 7130

CADMIUM (ATOMIC ABSORPTION, DIRECY 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. Al samples must be subjected to &n 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 will 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 Foliowing the appropriate dissolution of the sample, a representa-
tive aliquot is aspirated into an air/acetylene fiame. 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 is 0.005 mg/i typical/
sensitivity is 0.025 mg/1.

3.0 Interferencés

-

3.1 Nonspecificsabsorption and 1ight 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-

tiplier detector, adjustable slits, and provisions for background correction.
4,2 Cadmium hoiloi cathode lamp or electrodeless discharge lamp.

 4.3 Strip chart recorder {opttonal}.

la




2 / INORGANIC ANALYTICAL METHOOS

5.0 Reagents

5.1 ASTM Type 1] water (ASTM D1193): Water snould be monitored for
tnpurities.

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 from a supplier (Spex Industries, Alpha Products,
or Fisher Scientific) and verify by comparison with a second standard, or
dissolve 2.282 g cadmium sulfate (CdS04-8H0, analytical reagent grade)
and dissalve in Type [] water or equivalent.

5.4 Cadmium working standards: These standards should be prepared .
with the same type and same concentrat1on of acid that will be found fn t :;b
anatytical solution.

5.5 Air: C(leaned and dried through a suitable filter to.remove oil,
water, and other foreign sudstances.. The source may be a compressor or a
cylinder of industrial-grade compressed air,

5.6 Acetylene: Should be of high purity. Acetone, which is usually
present in acetylene cylinders, can be prevented from entering and affecting
flame conditions, by replacing the cylinder before the pressufe 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
adaresses the considerations discussed in Section One of this manual.

6.2 All sample contatners must be prewashed with detergents, a¢1ds. and
Type Il water. Plastic and glass containers are- both suitable,

6.3 Aqueous samples must be ac1d1f1ed to a pH of less than 2 with
nitric acid. ‘ : .

6.4 MNonaqueous samples shall be refrigerated hen 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 samptes contafning otls, greases or waxes may be prepared according
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to Methods 3030 or 3040. The applicability of a-sam preparation technique
to a new matrix type must be demonstrated by analyzind®spiked samples and/or
relevant standard reference materials,

7.2 The 228.8-nm wavelength line and background correctign shall be
enployed.

. -

s
.

7.3 An oxidizing dir/acetylene flame shall be used.

7.4 Follow the manufacturer's’ operating 1nstructlons for all othen
instrument parameters. 4

7.5 Either (1) run a series of cadm1um stanpards and construct a 4
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 that read dlrectly 1n concentration,
set the curve corrector to read out the proper concentration.

7.6 Analyze, by the method of standard additions}rblf‘E?_extrdcts. all
samples analyzed as part of a delisting petwtion dnd all samples.that suffer
from matrix interferences. E L . :

7.7 Duplicates, spiked samples, and check standards should be routinely
analyzed. EE

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 Teadout. A1l gilution or concentration factors
must be taken into account. Concentrations reported for multiphased or wet
samples must be appropriately qualified (e.g., 5 ug/g dry weight).

/
8.0 Quality Control - -

B.1 Al qualJty control data shou]d be ma;ntamned and available for
easy reference or inspection. j~

8.2 Ca1ibrét10n turves'mu;t be composed of a minimum of a.blank and
tHree standards. A ca]iqrallon curyé should be made for-every hour of
cont1nuous sample analysis. Lo R

8.3 Dilute samples {f they aré more.conCEntrated than the highest
standard or 1f they fall on the plateau "of & tailbration curve.

8.4 Employ a minimum of one blank per sample batch to determine if
contaminition or any memory effects are: occurring.’

8.5 Analyze check standards after-apprOxrmately everx'ls samples.
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8.6 Run one duplicate sample for every:10 samples. A duplicate sample
is a. samp}e 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 de]isting petition,
- and whenever a new sample matrix 1s being analyzed. ~

M

-




METHOD 7190

CHROMIUM (ATOMIC ;\BSORPT‘IOE1 DIRECT ASPIRATION METHOD)

1.0 .Scope and Application

1.1 Method 7190 is an atomic abéorpt1on procedure approved for deter-
mining 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 analysis by Method 7190, samples must be prepared for
direct aspiration. The_method of sample preparation w1ll 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 ofls, greases, or waxes,
the procedures described 1n Methods 3030 and 3040 may be applicable.

2.2 Following the approprlate dissolution of the sample alre resenta-
tive-aliquot is aspirated into.,an nitrous oxjdeVacetylene ‘flame. ' The resulting . °

apsorption of hollow cathode radiation wilﬂ bg proportional to the cﬁrom1ym T
concentration. o, e _ ’
2.3 The typ1ca1 detection 41m1r fﬁr this method is 0. 05 mg[} typ1cal'ﬁ Cog
sensit1v1ty is 0 25 mg/] ~e \A _\ . RN '("k
-\ ._l-” o '.'.".f'- r .. .. . 3 ',. :f,-'_ e
. . BERT SRS ' - AR
3.0 Interferences :;7-;‘}~} 3"“i Y .f.: _ :'i . ,?35
3.1 The n1truus ox?de/acetylenq flaMe is fhe recgmmended flame since ‘~9“ iﬁ
chromium analysis in an’ a1r/acety1ene flame suffers from mattix 1ntgfferpnges I
caused by nigkel fron and uther me;als. "I an air/acetylene flame must.be 1:'1'3‘;i.
used it shopld; be' lean. S v -~.'?,-u AT N R WA
“ \"t b 1: IS '..‘ * ! "’ ., ] B

3. 2 An tpn1zgt10n 1ntgrfe}ence‘hay ocCur fn the n1;rogx'ox1dexf\ihe {f“ O
the samples have a s1gn1fjtantli‘hlgh!r ahdunt of 3lkall splts thah‘;g; .

standards., If this irterferince . 1:,enqountered. an 1oniiatton suppt‘;iant :ffﬁil7¢-.
should be added to both sampdes and‘ptandards. 4’~. E2 ado .14§f R
. . e . sl ‘ ‘.: . .. PR . - ;._,-'. :
T o Samples and* standards shouﬁd pe monlfored fbr visqosity dt!fa{egtes 'vf S 2
thatsmay aIner the aspi?at1on rate vt '.§. s ¥ S N AT
“ U <Ly .,“ P .,‘:' ’ . ~ ."..,-'.I__: "'.v.'.':.-' R - j:'r. > 1 ~"._ '..'.“L".-) e
4, o Apparatus and Hater1ais _ '-ﬁi'ﬁ K “7#&]§; t* . -»f'f fﬂf SRR
; ” et LT : Lot s -'._'..._.':. . ' o' i
! 4 1° Atonﬁc absorpt!on spectrophqtometpr S1ngl¢ ph-dual channe¥ TR

<3’single of double-beam.tnstrumént, having a grating qpnochromator photomal-‘; I
= rtplier detector. adJustable slits.-and pr0vis1on; for background correct?on.
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4.2 Chromium hollow cathode lamp or electrodeless discharge lamp.

4.3 Strip chart recorder (optignal).

5.0 Reagent

5.1 ASTM Type [l water (ASTM 01193) Water should be monitored for
impurities.

5.2 Concentrated nitric acid: Acid should be analyzed to determine: ,

level af impurities. If impurities are detectea, all analyses should be
blank-corrected. ' '

5.3 Chromium standard stock.solution (1000 mg/1): Either procure a

certified angOus standard from a supplier (Spex Industri Alpha Products,
or Fisher S¥ientific) and verify by comparison with a secgzé‘iigndard, or

“dissolve 1.923 g of chromium trioxide (CrO3, reagent grade) in (Type II ~
\

water; acidify with redistilled HNO3 and dilute to 1 liter,

5.4 Chromium working standards: These standards should be prepared
with the same type and. same concentration of acid that will be found in the
analytical solution. . . .
5.5 Nitrous oxide cylinder.
5.6 Air: C(Cleaned and dried through a suitable filter to remove oil,
water, and other foreign substances. The source may be a compreSsor or.a
cylunder of industrial-grade compressed air. .
5.7k Acetylene: Should be of high purity. Acetone, which is usually
present in acetylene cylinders, can be prevented from entering and affecting
flame eonditions, by replacing the cy11nder before the pressure has fallen to
50 psig. ‘
6.0 Sample Collection, Preservation, and Handling

-~

6.1. A1l samples must have been collected using a sampling plan that

aq&resses the consideratigms discussed in Section One of this manual.

6.2 All sample containers must be prewashed with detergents, wcids, and

"Type Il water, Plastic and glass containers are both suitable. -

. 6.3 Aqueous samples must be acidified to a pH of less than 2 with N

. 6.3 Aquedus samples must be acidified to a pH f less than 2 with
nitric acid. _ N Q\\

.

*
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.7.0 Procedure . i
7.1 Sample preparation: Aqueous samples should be prepa?bd'according .
to Method 3010; sludge-type samples should be prepared according to Method B
3050; and samples containing oils, greases or waxes may be prepared according
¢ to Methods 3030 or 3040. The appl1cabil1ty 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-nm wavelength line and background correction shall be ,
enployed.

»

7.3 A fuel-rich nitrous oxide/acetyléne flame shall be used. - ' —
1 : o
7. 4 Follow the manuﬁacturer s operatung instructions for ‘altl. other
fnstrument parameters‘

7.5 €ither (1) run a series of..chromium standards and construct a
calibration curve by plotting fhe concentrations of the standards against the
'} absorbances or (2) for the method of standard additions, plot added corcentra-
tion versus absorbance. For instruments that read dlrectly in concentration, -
set the curve corrector to read out the proper concentration. ar/;~—f“

7.6 Analyze, by the method of standard additions, all EP extracts, all =
samples analyzed as part of a delustlng petition, and all ‘samples that suffer
frog matrxx 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 readout. All dilution or concentration factors
must be taken int6 account. Concentrations reported for multiplrased of wet
samples must be appropriately qualified (e.g., 5 ug/9 /dry weight).

’

7 : | | /

8.1 All quality control data should be maintained and available for

8.0 Quality Control

easy reference or inspection, . :
8.2 Calibration curves must be composed of a minimum of a’blank and  ? e
three standards. A calibration 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 {f they fall on the plateau of a calibration curve., &

LI

8.4 Employ a minimum of one blank per shmple batch to determine if
contaminatioh or any memory effects are occurring.

- ' ‘ . . ‘ .‘ . '_ *
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\ " 8.5 Analyze fheck stan ards after approx1mate1y every 15 -'- e'.'

“. 8.6 Run one duplicate samp]e for every 10 samples. A duplicate sample
is : sample brought through the whole sample preparation pfocess.

clL
\ v v .
. ‘ 8 7 Spiked sample or standard reference materials shatl be’ periodica]ly s
' . employed to ensure that correct procedures aré befng | fzjérwed and that all
equipment {s operating proper\y _ o .
8.8 The method of standard additions shall be used for ‘the analys1s of
all EP extracts, on all analyses. submitted as part, of a delisting petit1on -t <,
and whenever a new sample’matrix 1s being tnalyzed _ - .
’ { : : L e ' .
7__1 RS R ]
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METHOD 7320 G
LEAD (ATOMIC ABSORPTION, DIRECT ASPIRATION'METHOD)

. . K . \ . A \'..

‘. » . D
T C

: T ';,
' 1.1 ‘Method 7420 {s an atomic absorption procedure approved for deter-;

minimg the concentration of lead in wastes, mobility procedure éxtracts,

and solls. All samples must be subjected to an appropridte diss\_ution step
rprior to analysis. _ ,

" 1.0 Scope and Applidation

9 . . : '.. R ’

2.0 Summary of Method . - Co e
. . . . * . oy - o .
‘2.1 Prior to analysis by Méethod 7420, samples must be prepared for -

e

: direct aspiration. The methdd of sample preparation will vary’ accordhpy

to the sample matrix. Aqueous samples are subjected ta_an acid digest on
procedure (Method 3010). Sludge samples’ are prepared using the procedure .’
described in Method 3050. For sampleés 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 hotlow cathode radiation will be proportiond) ‘to the lead
concentratior. Backgnound correction must be. employed for all analyses.,,

2.3 The typical detectton limit for this method is 0.1 mg/l typical
sensitivity is 5 mg/1. -

» ° -

\

3.0, interferences

e

}; 3.1 Background correction is required since nonspecific absorption and

-

*,Jight scattering can be: significant at the analytical wavelength.

3.2 Samples and standards should be monitored for viscosity differences
that may alter the aspiration rate.

4.0 Apparatus and Haterfals

4 1 Atomic absorptiog spectrophotometer Sinqle or dual channel.

-single- or double-beam instrument, having a grating monochromator, photomul- °

tiplier detector, adjustable slits. and provisions for background correction.
4, 2 Lead hollow cath de lamp or electrodeless discharge laep.
‘4,3 Strip chart reco der (optional) )

o
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‘ - - . . ‘ . ) T .o
5,0 Reagents ’ | - : e e

-~

‘5,1 ASTM Type i1 water (ASTM D1193): Water should be monftored for
impurities. ' :

5.2 Concentrated nitric' acid: Acid should be.analyzed -to determine

. level of impurities, lf‘impurities are detected, all analyses should be
blank-corrected. .

, 5.3 - Lead standard stock solution (1000 md/1): Either procure a . '
certified aquegys 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(NO )8 (andlytical reagent grade). and
dissolve in Type Il water, acidify with 10 ml redistilled HN03..and dilute to

.1 liter with Type [ water. -

5.4 Lead nork\ng standards: These standards should be prepared '

~with the same type and sare concentration of acid that uill be found in the
analytical solution. R

o v

5.5 Air: Cleaned and dried through a suitable filter to.rehOGe'oil,
water, and other foreign subgtances. - The source may be a compressor or a
cylinder of industrial-grade compre§sed air,

5.6 Acetylene Should be'of high purity. Acetone. which is usually
present in acetylene cylinders, can be prevented from entering and affecting

“flame conditions, by replacing the cyiing,aggefore the pressure has fallen to
50 psig. . ) ] - f

[N -

6.0 Sample Collection, Preservatioq. and Handling

6.1 Al) samples must have been collected using a sampling plan that
addresses the considerations discussed in" Section One of this manyal.

6,2  All sample containers must be prewashed with detergenti 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 uith '
nitric acid. )

6 4 Nonaqueous samples shall be refrigerated when possible. and analyzed
as soon as possible. 4

~ .

- Y.
%

7.0 Procedure ) _ S \‘:&i:iu;
7.1 Sample preparation:. Aqueous samples should be prepared according .

to Method 3010; sludge-type samples should be prepared according to Method
30%0; and_samples containing ofls, greases or waxes may oe prepared according
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]

to Methods 3030 or 3040. The applicability of a sample preparation Yechnique
to a new matrix type must be demonstrated by analyzing spiked sgmples and/or
relevant standard reference materials,

7.2 The 283,3-nm wavelena‘h line and background'correction shail be
used. . , & . . v

7.3 An oxidizing a1r/acﬂl31ene 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 plotting the concentrations of the standards against the
absorbances or (2) for the method of “standard additions, plot added concentra-
tion versus absorbance.- For {nstruments that read directly in concentration.
set the curve corrector to read out the proper concentratdoﬂ.

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 Dupl1cates, spiked samples, and check standards shou1d 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 readout. All dilution or concentration factors

-pust be taken into account. Conceéntrations rep ed for multiphased or wet

;samples must be appropriately qualtfied (e.g., 5 uy/g dry weight),
; &

8.0 Quality Control ' N | .

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 bdblank and
three standards. A calibration curve should be made ‘for every hour of
continuous sample analysis,

8.3 Dilute samplés 1f they are more concentrated chan 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 if
contamination or ‘any memory effects are occurring.’

8.5 Analyze check standards after approximately every 15 samples.

7
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8.6 (Run one duplicate sample for every *10 sanples.% A duplicate sample
. s a3 sample brought through the.whole sample preparation process.

8 _ .
8.7 Spiked samples or standard reference materials shall be perlodically
" 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 delistlng'petltlon,
and whenever a new sample matrix is being analyzed.

L4
e
N -




'METHOD 7470 . -
MERCURY (MANUAL COLD-VAPOR TECHNIQUE) .~ . =

?

1.0 Scope and Application 1 . . . . IR _ SO BT

1.1 Method 7470 1s a cold-vapor atomic absorption procedure approved ..

_for determining the concentration of mercury in mobilfty procedure extracts, -
aqueous wastes and groundwaters. od 7470 can also be used for analyzing

certain solid and sludge-type wastes ZBowever, Method 7471 {is usually the

method of choice for these waste,types.) 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. C o ,/

2.2 -Method 7470, a cold-vapor atomic absorption technique, is:based on
the absorption of radiation at 253.7 nm by mercury vapor. The mercury is
reduced to the elemental state and aerated from solution-in a closed system.
The mercury vapor passes through a cell positioned in. the 11ght path of an
atomic absorption spectroﬁhotometer._,Ab?gibanqe (peak height) is measured as

a function of mercury concentration. . .

2.3 The typical detection 1imit for this method is 0.0002 mg/1.

3.0 Interferences

3.1 Potassium permanganate is added to elfminate possibit interference ;'. .
from sulfide. Concentrations as high as 20 mg/1 of sulfide as sodium sulfide
do not interfere with the recovery of added inorganic mercury from Type Il -
water. ~ - - ' :

3.2  Copper has dl;B been reported to 1nterfere;,ﬁowever. copper concen-
trations as high as 10 mg/l had no effect on recovery of mercury from spiked
samples. - -

3.3 Seawaters, brines and industrial effluents high in thlorides -
require additional permanganate (as such-as 25 ml) since, during the oxida-
tion step, chlorides are converted to free chlorine which also absorbs P
radiation of 253 nm. Care must_ therefore be taken tb ensure that free
¢hlorine is absent before the mercury is reduced and swept into the cell.
.This may be accomplished by using an excess of hydroxylamine sulfate reagent
(25 m1). In addition, the dead air space in'the BOD bottle must be purged
before adding stannous sulfate. Both inorganic and organic mercury spikes °
‘have been quantitatively recovered from seawater using this technique. .. ° -

. 3 ~
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3.4 Certain volatile organic materials that absorb at this'wavelemgth
may also cause interference. A preliminary run without reagents should
determ1ne if thlS type of 1nterference is present

4.0 Abparatus and Materiall

4.1 Atomic adbsorption spectrophotometer or equivalent: Any atomic
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
measuremént 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 eieetrade1ess discherge lamp. -

4.3 Recorder: Any mult\range variable. speed reccrder that is compatible
with the UV detection System is suitable.

4.4 Absorption cell: Standard spectrophotometer cells 10 c¢m long having
quart2 end windows may be used. .Suitable cells may be constructed from -
plexiglass tubing, 1 in. 0.D. x 4.5 in. The ends are ground perpendicular to
the longitudinal axis and quartz windows (1 in. diameter x 1/16-in. 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-in. x 2-in. cards. ' One-in,-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 transmtttance

4.5 Air pump: Any peristaltic pump capable of delivering 1 liter .
air/min may be used. A Masterflex pump uith electronic speed control has '
been found to be satisfactory.

4.6 Flowmeter: Capable of. measuring an Mr flow of 1 liter/min

4.7 Aeration tybing: A straight gless frit having a coarse porosity. ~ °

Tygon tubing is used for passage of the merCury vapor frum the sample bottle
to the absorption cell and return. , , )

L

4.8 Orying tube: 6-in. x 3/4-1n.-df aneter ube containing 20 g.of
-magnesium perchlorate or a 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 tn
the cell 1s about 10' C above ambient.

4.9 The cold-vapor generator 1is 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. :

L]

- Y o
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" ( : 2 C————j i : Scrubber .
' ‘ ' _ . Absorption Céll Containing : :
S . ' : : e o Medis
' in BOD. Bottle - . '

Figure 1. Apparatus for flameless mercury de(erm'ir_ut’ion.
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4.11 Because mercury vapor is toxlc precaution must be taken to avold '
. its 1nhalation.. Therefore, a bypass has been included in the system to .. .%
either vent the mercury vapor into an exhaust hood or pass the vapor thrOugh
some absorblng media, such as: X

1. equal volumes of 0.1 M KHn04 and 10% HpS04
2 0 25% iodine tn a 3% K1 solutlon

A specially treated charcoal that will adsorb mercury vapor is also available
from Barnebey and Cheney, E. 8th Ave. and N. Cass1dy St., Columbus Ohio
43219, Cat. 0580 13 or #580-22.

5.0 Reagents )

5.1 ASTM Type 11 water (ASTH 01193) ﬁate; should be monifored }or i:: ,
1mpur1t1es. » L - o
5.2 Sulfurlc acid, conc.: Reagent grade. -

5.3 Sulfurlc acid, 0.5 N: Dllute 14 0 ml of conc. sulfurlc acfd to
1.0 liter, . )

5.4 Nitric acid, conc.: Reagent grade of low mercury coﬁteni.--!f 2

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. S.N
sulfuric acid. This mixture is a suspension and-should be stirred continuously
during use. (Stannous chlioride may be used in place of stannous sulfate.)

5.6 Sodium chloride-hydroxylamine sulfate solution. Dissolve 12 9 of
spdium chloride and 12 g of hydroxylamine .sulfate in Type Il-water and dilute
to 100 ml. (Hydroxylamine hydrodhlorlde may be used in place of hydroxylamine
sulfate.) } .

5.7. Potassium permanganate, 5% solutlon (w/v) Dissolve § g of potassium
permanganate in 100 ml of Type II water.- T _ )

5.8 Potassium persulfate % solutlon (w/v) Dl;solve 5 g of potasslum
persulfate in 100 ml of Type ]I water.l ' S X

5.9 Stock merCury solution Dissolve ,0,1354 g- of ‘mercuric chlorlde *

in 75 m1 of Type Il water. Add 10 ml of conc. HNO3 and adJust the volume
to 100.0 m! (2 ml = 1 mg Hg). . .




5.10 Mercury working standard° ‘Make successive dilutions of the stock o
mertury solution: to obtain a .working standard containing 0.1 pug per mt, This-
working standard and the dilutions of the stock mercury solution should be .
prepared fresh daily, Acidity of the working standard should be maintained
at 0.15% nitric acid. This acid should be added to the flask as needed .
before addition of the aliquot.

6.0 Sample Collection, Preservation,ﬁand Handling o . o

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 AN sample containers must be prewashed with detergents. acids, and
Type -11 water. Plastic and glass containers are both suftable,

6.3 AqueOus samples must be acidified to a pH of less than 2 uith
nitric acid. The suggested maximum holding times for these samples are
38-days in glass containers and 13 in plastic containers.

6.4 Nonaqueous samples shall be refrigerated when possible, and analyzed
‘as soon as possible. -

3
1 .

7.0 " Procedure

7.1 Sample preparation{ Transfer 100 ml, or an aliquot diluted to
100 ml, containing mot more than 1.0 ug of mercury. to a 300-ml BOD bottle.
Add 5 ml of sulfuric acid and 2. 5 ml- of conc. nitric acid, mixing after
each addition. Add 15 ml of potassium permanganate solution to each sample
bottle. Sewage samptes may require additional permanganate. Shake and add ;
additional ‘portions of potassfum permanganate solution, 1f necessary, until
the purple color persists for at least 15 min. "Add 8 ml of potassium per-
sulfate to each bottle and heat for 2 hr in a water bath maintained at 95° C.
Cool and add 6 ml of sodium chloride-hydroxylamine sulfate to reduce the ~
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.

7T§J Standard preparation: Transfer 0-, 0.5-, 1.0-, 2. 0-, 5.0-, and

10.0-m1" aliquots of the mercury working standard containing 0 to 1.0 uyg of
mercury to a series of 300-ml BOD bottles. ‘Add enough Type 1l water to each
bottle to make a total volume of 100 ml. .Mix thorqughly and add nl of.

conc. sulfuric acid and 2.5 m) of conc. nitric acid to each bottlé. Add

15 ml of KMnO4 solution-to each bottle and allow to stand at least 15 min,
‘Add 8 ml ‘of potassfum persulfate to each bottle and heat for 2 hr in a water
bath maintained at 95° C. Cool and add 6 ml of sodium chlorida-hydroxylamine
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.
{mmediately attach the bottle to the aeration apparatus and continue as
described in Section 7.3.
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7.3 . Analysis: At this polnt the sample is allowed to stand quleé(y B
without manual agitation, The circulating pump, which has previously been v
adjusted to a rate of 1 liter/min, is allowed to run continuously, The
absorbance will increase and reach a maximum within 30 sec. As soon as\the _
recorder pen-levels off (approximately 1 min), open the bypass valve and
continue the "aeration until the absorbance returns. to 1ts minimum value,

Close the bypass valve, remove the stopper and frit from the BOD thtle and
continue the aeration.

.. 144 Construct a calibration curve by plotting the apsorbance of stan-
dards versus micrograms of mercury. Determine the peak height of the unknown.
frpm the chart and read the mercury value from the standand curve. {1

p—7.5 Analyze, by the method of standard additions, all EP extracts. an o

-samples analyzed as part of &-delisting petition, .and all samples that suffer:f
from matrlx interferences. - _ , 5 e,

- 7.6 Duplicates, splked samples and check standards sn°uld be routlnely-: .
analyzed. '

k » Mlﬁ Sae -‘Q,\..-__u,:_..-.
7.7 - Calculate metal concentrations by (1) the method of standard o "1.‘
additions, or (2) from a calivration curve, or (3) directly from the '
tnstrument's concentration readout,  All dllutlon of concentration factors .
must be taken into agcount. Concentrations reported for multiphased or . . "
"wet samples must be appropriately qualified (e.9., 5 pg/g dry welght) ' ' '

&

8.0 g;allty Control ' . ' s, - f e ’f '

8.1 A1l quality control data should be maintained and avallable for
easy reference or 1nspect10n. "

Ki
a

8.2 Callbratlon curves must be_compgsed of a minimum of a blank and
three standards. A calibration curve should be made for every hour of ;o
~contlnuous sample analysis.

8.3 Oilute samples if they are more concentrated than the hlghest
standard or lf they fal) on the plateau of a galibration curve.

8.4 Employ a.minimum of one blank per/sample batch'to determtne if
contamination or any memory effects are ocqurring.

-

~8.5 Analyze check standards after approximately every 15 samples.

8.6 Run one duplicate sample for every 10 samples. A,dupllcate:sample =
. 1s a sample brought through the whole sample preparation process.

8.7 Spiked samples or standard reference materials shall be perlodlcally |
employed to ensure that correct procedures are being followed and that all .
equipment s operatlng properly. . . N -




8.8 The method of “standard additions shall be used for the analySis of T
-a11 EP extracts, on 311 analyses submitted as part of a_ delisting petition, I
% an.d whenever a new sample matrix is being annyzed. _ . S




| METHOD 7740 - .
SELENIUM (ATOMIC ABSORPTION, FURNACE METHOD) - "

1.0 Scope and Appiication ' , ' SRR )
1.1 Method 7740 s an atomic absorption procedure approved for deter- - . |

mining the concentration of selenium in wastes, mobdlity procedure extracts,

soils, and groundwater. All samples must be sébjected to an appropriate_ - Lo

dissolution step prior to analysis. \
.- ." | . o o ol

2.0 Summary of Method -

2.1 “Prior to analysis by Method 7740, samples must be prepared in order
to convert organic forms of selenium to inorganic forms, to minimize organic - j
interferences, and to convert the sample to a suitable solution for analysis.: :
The sample -preparation procedure varies depending on the sample matrix. R
Aqueous samples are subjected to the acid digestion procedure described in Lo
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, repfesénta-

tive aliquot is placed manually or by means of an automitic sampler intp a
The sample aliquot 1s then slowly evaporated to - ;

graphite tube furnace.
dryness, charred (ashed), and atomized. - The absorption of hollow cathode
tzation wiTi.be proportional to the selenium concen-

radiation during atom
tration..
2.3 The typi&a\ detection limit for this method is 2 ug/l.

3.0 Interferences' y o
3.1 ElementQI.seleniﬁm and many of its compounds are volatile and

therefore samples may be subject to losses of selenium during sample prepa-,
Spike samples and relevant standard reference materials should be

ration.
processed to determine if the chosen dissolution method is appropriate.,

. 3,2 Likewise, caution must be employed during the selection of tem-
perature and times for the dry and char (ash) cycles. A nickel nftrate . .
solution must be added to all digestate prior ¥o analysis to minimize vola-
tilization losses during drying and ashing. C e S et :

. - - ST ) R .a ..
graph- .

3.3 In ;ddition-to the normal interferences experienced-during
ite furnace analysis, selenium analysis can suffer from severe nonspecific
absorption and 1ight scattering caused by matrix components during atomiza-:

Selenium analysis is particularly susceptible to these problems because .
Simultaneous background correc- -

tion.
of its low analytical wavelength (196.0 nm).

tion must be employed to avoid erroneously high results. ., S S
Y | v _ | IR &

/' .
/ B L

. .
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.
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4

‘3.4 If «the analyte is not completely vglatilized and ‘removed from the
furnace- during atomization, memory effects will occur. If this situation is o
detected, the tube should be cleaned by operating the furnace at full pouer >
at regular 1ntervels in the analytical gcheme. . <o

3.5 SeleniumfanalySIS suffers 1nterference from chlorides (more than - '
800 mg/1) and sulfate (more than 200 mg/1). The ‘addition of nicke) nitrate -, .
such .that the final concentration Ts 1% nickel will lessen this interference.- a

' . ’ . .‘ :
4.0 Apparatus_and Mat§ria1s L - | . .

4.1 250-mi Griffin beaker,

. 4.2 10-ml volumetric flasks. " T o v

4.3 Atomic absorption spectrophotometer : ngTe or duel channel, :
single- or double-beam instrument having a grating monochromator, photo- . s
multiplier detector, adjustable s1fts, a wavelength range of 190 to 800 un." '

and provisions for simultaneous background correction and interfacing with
a strip chart recor er : . ‘”

4. 4 Se]enium,h0110w cathode . lamp or electrode]g;sihscuarge lump. -'_ L

4.5 Graphite furnace: Any. graphixe furnace device with the appropriate ' -
"temperature and timing controls.. . r :
4.6 Strip chart recordgr: A recorder is strongly recommended for o
furnace work so that there will bé a permanent record and so that any prob- - . .-
lems with the analysis such as drift, incomplete -atomization, losses during
_Charr1ng, changes in sens1t1v1ty, etc ., dap easily be’ recognfzed.

4.7 P1pets chroliter with disposable t\ps Sizes can range from. e
5 to 1000 ul as required. ° . ) ) e o s
5.0 Reagent - ) ’-‘

5.1 ASTM’ Type I1 water (ASTM D1193)> Hater.shqyld be ‘monitored for . [
1mpurities. - _ ,s S0

5. 2 Concentrated nitric acid Acid should be ana\yzed to- determine e
levels of impurities. If 1mpuratie$ are detected an ana!yses should be .
. b]ank-corrected ’ T . . LT ;
5.3 Hydrogen peroxide (301) Oxidant/shouId be analyzed to determine
" levels of impurities. If 1mpur1tdes are detected. all analyses should be
blank-corfected.

. A . - - . .
b . . - - LT * . :

c g . . . - -~ . e \ . - 4 N
. _'§ b L ¢ . ™ ., . ]
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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 selenfous acid (actual assay 94.6% HpSe03, analytical
reagent grade) or equivalent in Type Il water and dilute to 280 ml.

- 5.5 Nickel nitrate solution (5%): Dissolve 24.780 g of ACS reagent
grade Ni(NO3)2:6H20 or equivalent in Type 1l water and dilute to 100 ml.

5.6 Nickel nitrate solution (12): Dilute 20 ml of the 5% nickel
nitrate to 100 ml with Type Il water, -

5.7 Selenium working standards: Prepare dilutions of the stock solu- .
tion to be used as calibration standards at the time of analysis. Withdraw '
‘appropriate aliquots of the stock solution, add L ml of conc. HNO3, 2 ml of
30% H202, and 2 ml of the 5% nickel nitrate solution. Dilute to ?00 ml with
Type [l water. '

5.8 Air: Cleaned and driéd 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 Hydrogén: Suitable for instrumental analysis.
\

6ﬂ0 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, acids, and
Type 1l water. Plastic and glass containers are both suitable,

6.3 Special containers (e.g., containers used for volétile organic
analysis) may have to be used if very volatile selenium compounds are to be
- ' analyzed. '

6.4 Aqueous éamples'must be acidified to a pH of less than 2 with
‘nitric acid. S

6.5 MNonaqueous 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 in 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 applicadbility
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of- a sample~preparation technique to a new matrix type must be demonstrated
by analyzing spiked samples and/or re[evant_standard reference maferials, -

7.1.1 Transfer 100 ml of well-mixed sample to a 250-ml Griffin
beaker, add 2 ml of 30% H202 and sufficient conc. HNO3 to result
in an acid concentration of "1% (v/v). Heat for L hr at 95° C or until
the volume is siightly less than S0 ml,

7.1,2 Cool and bdbring back to 50 ml with Type [l water.

7.1.3 Pipet S ml of this digested solution into a 10-m! volumetric
flask, add 1 ml of the 1% nickel nitrate solution and dilute to 10 ml

with Type Il water. The samp]e {s now ready for fnjection into the
_furnace. . . . .

7.2 The 196.0-nm wavelength line and a background correctian system

must be employed. Follow the manyfacturer'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 with time, the validity of the
" furnace parameters must be perfodically confirmed by systematically altering
the furnace parameters while analyzing a standard. I[n this manner, losses
of analyte due to higher than necessary temperature settings or losses in
sensitivity due to less than optimum settings can be minimized, Similar

verification of furnace parameters may be requ1red for complex sample
matrices,

7.4 Inject a measured pl aliquot of sample into the furnace and
atomize. [f the concentration found is greater than the highest stand-
ard, the sample should be diluted in the same acid 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 sddftions, all EP extracts, all

samples analyzed as part of a delisting petition, and all samples that suffer
from matrix interferences. :

7.6 Run a check standard after approximately every 10 sample iInjec-
tions. Standards are run in part to monitor the 11fe and performance of the
graphite tube. Lack of reproducidility 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 outlncly'__
analyzed.

7.8 Calculate metal concentrathns by (1) the method of standard
additions, or (2) from a calibration curve, or (3) directly from the
{nstrument's concentration readout. All dilution or concentration factors
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must be taken into account. C(Concentrations reported for multiphased or wet

samples must be appropriately qualified (e.g., 5 pg/g dry weight).

8.0 Quality-Control : | o '

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 calibration 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 if
contamination or any memory effects are OCCurr1ng.

8.5 Analyze check standards after approximately-every 15 samples.

8.6 Run one duplicate sample for every 10 samples; A duplicite sample.
s & sample brought through the whole sample preparation process.

8.7 Spiked samples or standard reference materials shall be peéiod1cally
employed to ensure that correct procedures are being followed and that all
equipment is operating properly.

8.8 The nethod of standard additions shall be used far 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.




'METHOD 7760 |
'SILVER (ATOMIC ABSORPTION, DIRECT ASPIRATION METHOD)

1.0 Scope and Application

1.1 Method 7760 is an atomic absorption procedure approved for déter-
mining the concentration of silver in wastes, mobfiity procedure extracts,

soils, and groundwater. All samples must be subjected to an appropriate
dissolution step prior to analysis.

3

2.0 Shnnw;x of Method

2.1 Prior to analysis by Method 7760, samples must be prepared for >
~direct aspiration: The method of sample preparatton will vary according

to 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 Hethods 3030 and 3040 may be applicab]e.

2.2 Following the appropriate d1$$01ut10n of the sample, a repre-
sentative aliquot is aspirated-into an afir/acetylene flame, The resulting
absorption of hollow cathode radiation will be proportional, to the silver
concentration, Background correction must be employed for all analyses.

2.3 The typical detection limit fdr this method 1s 0.01 mg/1; typical
sensitivity is 0.06 mg/1.

3.0 Interferences

3.1 Background correction should be employed s1nF€//onspec1f1c
absorption and 1ight scattering may occur at the analytical wavelength,

3.2 Silver nitrate solutiony are light-sensitive and have the tendency

to plate out on container walls, Thus silver standards should be stored in
brown bottles. )

3.3 Silver chloride fs insoluble so hydrochlaric acid should be avoided
unless the silver is already in solution as a chloride complex.

3.4 Samples and standards shou\d be monitored for viscosity differences
that may alter the aspiration rate.

4.0 Apparatus and Materials

4.1 Atomic ibsorption spectrophotometer: Single or dual channel,
single- or double-beam instrument, having a grating monochromator, photomul-
tiplier 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 ' ' 3 -

5.1 ASTM Type Il water (ASTM D1193): Water should be monitored for
fmpurities. . .

5.2 Concentrated nitric actd: Acid should be analyzed to determine.
level of impurities. 1f impurities. are detected, all analyses should be
blank-corrected. - .

5.3 Concentrated ammonium hydfoxide (NHqOH): Base should be analyzed

to determine levels of impurities. If fmpurities 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 (Spex Industries, Alpha Products -
or Fisher Scientific) and verify by comparison with a second standard, or
dissolve 0.7874 g anhydrous silver nitrate (AgNO;), analytical reagent O
‘qrade, in Type Il water. Add 5 ml conc. HNO3 ana bring to volume in a
500-m1 volumetric flask (1 ml = 1 mg Ag).

5.5 Stlver work1ng standards: These standards should be prepared with
nitric acid and at the same concentrations as the analytical solution,

ad 5.6 lodine solution, IN: Dissolve 20 g potassium iodide (X1),
analytical reagent grade, in 50 ml Type Il water. Add 12.7 g fodine (I,),
analytical reagent grade, and dilute to 100 ml. Place in a brown bottle.

5.7 Cyanogen ifodide solution: To 50 ml deionized distilled water
add 4.0 ml conc. NH4OH, 6.5 g KCN, and 5.0 m! of fodine solution. Mix and
dilute to 100 ml with deionized distilled water. 0o not keep longer than
2 weeks, CAUTION: This reagent cannot be mixed with any acid solutions
since toxic hydrogen cyanide will be produced.

5.8 Afr: 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 {g 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.
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l 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 AT sample containers must be prewashed with deteréenis. acids,
and Type [l water. Plastic and glass containers are.both suitable.

*uy

6.3 AqQueous samples must be acidified to a pH of less than 2 with
nitric acid.

6.4 When possible standards and samples should be stored in the dark ,
and in brown bottles.

6.5 Nonaqueous samples shall be refrigerated when possible, and analyzed
38s soon as possible.
—_

L

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 samp1es containing oils, greases or waxes may be prepared
according to Methods 3030 or 3040. The applicabiiity of a sample preparation
technique to a new matrix type must be demonstrated by analyzing spiked
samples and/or relevant standard reference materfals.

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 conc. HNO;. 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 boil. (DO NOT
BAKE.) Cool the beaker and add another 3-ml portion of conc. HNO
Re-cover the beaker with a watch glass and return to the hot plati\b :
‘Increase the temperature of the hot.plate so that_a gentle reflux action
occurs. Note, if the sample contains thiosulfates, 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 acid as necessary, until
the digestion is complete (generally indicated when the digestate is
1ight in color or does not change in appearance with continued refluxing).
Again, evaporate to near dryness and cool the beaker., Add a small
quantity of HNO3 so that the final dilution contains 0.5% (v/v) HNOj,
and warm the beaker to dissolve any precipitate or residue nesulting
from evaporation.

7.2.3 Wash down the beakér walls and watch glass with disttlled

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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) y ) -
volume to some predetermined value based on the expected metal concen-
-trations. The sample is now ready for analysis.

7.3 1f plating out of AgCl is suspected, the precipitate can be
‘redissolved by -adding cyanogen iodide to the sample. CAUTION: This can on1y
be .gbne after digestion to prevent formation of toxic hydrogen cyanjde under
aciy conditions. [If cyanogen iodide addition to the sample 1s necessary,
then the standards must be treated in the same manner. CAUTION: -<Cyanogen
fodide 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 I 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 Il water. Add 1 ml cyanogen odide and allow to stand 1 hr.
Transfer quantftatively to a 100 ml volumetric flask and dbring to volume
with Type 11 water,

7.4 The 32B.1-nm wavelength line and background correction shall be
employed. -

7.5 An oxidizing a1r/ace£y1ene flame shall be used.

7.6 Follow the manufacturer's operating instructions for all other
spectrophotometer parameters.

7.7 Efther (1) run a sertes 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 absorbance, For instruments that read dtrectly in concentration,
set the curve corrector to read out the proper concentratfon.

. 7.8 Analyze, by the method of standard add1tions. all EP extracts, al}
samples analyzed as part of a delisting petition, and all samples. that suffer
from matrix 1nterferences. - '

7.9 Duplicates, spiked samples, and check standards should be routine\y
ana)yzed.

7.10 Calculate metal concentrations by (1) the method of standard
additions, or (2) from a 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 multiphased or wet samples
must be appropriately qualified (e.g., 5 ug/g dry weight),

8.0 Quality Control

8.1 A1l quality control data should be maintained and availab]e for
easy reference or inspection.
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8.2 Calibration curves must be cémposed 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 thian the highest C
standard or if they fall on the plateau of a calibration curve. _ . -

8.4 Employ & 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 samp]es.

8.6 Run one duplicate sample for every 10 samples. -A duplicate sample
fs- 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 add1t1ons 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 aRalyzed.
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Ahalvte:

Method:

" Synopsis:

Detection
Limit:

Calibration:

. R 4
Quality, «

TR nn»uh_.t.nl'_ It.. ' i

EP leachate pesticides

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 usmz electron
capture detector.

micrograms/liter (ug/L)

Endrin
Lindane
Methoxychlor
Toxaphene

S

—o.e0

1
.0
5
, .0

'Initial three-point lineamy is established (see below).
Standards are analyzed after every five samples to monitor
linearity. .

nanograms/milliliter {(ng/mL)

Endrin

, 4.4 22 44
Lindane o 5 10
Methoxychlor 14 70 140 .
Toxaphene . 100 500 1,000

° Lpboratory' blanks are extracted with eesch batch of
- different types of samples (water or soil). At least one

blank (or 5%) is extracted daily with each batch of
samples.

e A surrogate standard (100 ng/mL dibutylchlorendaté) is
added to all samples and blanks before extracuon to
monitor recoveries.

e 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.

nanograms/liter (ng/L)

Endrin 100

Lindane 1,400

Methoxychlor 500 3
e All standards are verified against EPA reference

standards.
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Analyses. of water and sediment/soil for Pesticides/PCB (P/PCB) and Base. Neutrals,
Acids (BNA's) require sample extraclion based on EPA Method 608 (Pestncldes/PCB«)
and Method 625 (Base, Neutrals and Acids).

The P.\'I 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 samplées are taken for extraction to the HWL (Hazardous Waste
Laboratory). ) ‘ 8

Preparation/Extraction for Pesticides/PCB - Wafer-

: B '
6.1.1  Summary of Méthod

A one-liter s;m'ple 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

(1) ‘erferences may be 'caused by contamination of solvents, reagents,
assware and.other sample processing hardware. Teflon squeeze
pottles are used for all solvents. The common flexible plastics should
. not be used as solvent containers because they may contain
phthalates which appear as broad eluting peaks in the chromatogram.
ALL GLASSWARE MUST BE RINSED WITH METHYLENE CHLORIDE-
BEFORE ERH USE. .

(2) Matrix mterferences may bebcaused by contaminants that are
coextracted from the sample. The exten! of matrix interferences :
will vary considerably from source to source, depending upon the

nature and diversity - of the industrial complex or municipality being
sampled. ) .

6.1.3  Apparatus and Materials
A. Glassware S - -

(1)Separatory funnel - 2000-mL, with Teflon-lined stopcock.

Date: 7/15/86
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*(2) Drying column - 250-mL, 19mm ID, Chroinatographic column,
. . without frit (glasswool is used instead of frit to help prevent'
"’f ‘ , - eross-contamination of sample extracts).

(3) Concentrator tube - Kontes , 10-mL, graduated and calibrated
with a glass stopper t0£|'e\wzr1t evaporation of extracts.

(4) . Continuous liquid-liquid extractors - Fquipped with Teflon or
glass connecting joints and stopcocks requiring no lubrication
(Hershberg-Wolf Extractor-Ace Glass Company, Vmeland NJ
P/N 6£841-10 or equivalent.)

6By - Evapora_tive' flask - Kuderna-Danish or equivalent, 500 mL.
' Attach to concentrator tube with Springs.

(8) Snyderd column - Kuderna-Danish, three-ball macro .or
. . equivalent. ' o .
(7 Cm"omatographic column for alumina - 10-Wmi 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)
(8)° Vials - amber glass, l4-mL capacxty with Teflon-lined screw

cap. 5

B. Supplies and Eqﬁipment
(1) Silicon carbid'e boiling chips - approximately 10/40 mesh.
Heat to 400° C for 30 ‘minutes or Soxhlet-extract with
methylene chloride.

(2) ©  Water Lath, heated with concentric ring cover, capable of
temperature control (+/- 2°C), should be used in hood.

- (3) _ Analytical balance - capable of, accurately weighing 0. Ol gm. .

4 Nitrogen evaporation device wjth a water bath mamtamed at
33 -40°C.

(s) pH meter with glass electrode. .

()  Glass wool- Pyrex, soxhlet-extract for 4 hours in methylene
chloride.. N
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C. . Reagents
(1) Reagent water - distilled water.

(2) Acetone, hexane, methylene chloride, Burdick & Jackson
- grade, or equivalent.

o (3 Sodium sulfate (ACS), granular, anhydrous. Purify by soxhlet .,
: . extracting in 'nethylene chloride for fodr hours then heating at.

400°C for four hours in a shallow tray. Store in a tightly closed
glass bottle i

(1) Alumina - Neutral, Super | Woelm. Pre;%*ctwny Il by
adding 7 grams of distilled water to 93 grams of the Super [
neutral alumina. Shake in a wrist action shaker for a minimum
of two hours; there should be no lumps present. Store in a :
tightly closed French square bottle. ' T

Test the alumina by adding the BNA surrogates in l:]
acetone/hexane to the alumina 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 recovéry 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 {or endosulfan sulfate, which must bLe greater than or e
equal to60% and endrin ketone which is not recovered . A

B

This alumina equivalency test must. ,p,e pnrformed and - .-
documented on each.fresh batch of alUmlna

(3) Sodium hydroxide solution (10N) - Dissolve 40 grams NaOH- ‘in
100 mL of distilled water.

(6)  Sulfuric .acid solution (50%). Slowly add 50 mL of
concentrated sulfuric acid to 50 mL of distilled water.

(1) Pesticide. surrogate standard spiking solution, stored in . ‘
refrigerator No. 9 top shelf. The solution is at concentration .
of 1 ug/1.00 mL of dwutylchlorendate in acetone. .

(8) Pestlclde matrxx} standard spiking solutxop, stored in ™ e
refrigerator No. 9 top shelf. It is labeled as pesticide matrix ,.,m‘” '
spike 0.2 + 0.5 ug/:}{, of pesticides in methanol. S PR
Note: Check the ddte of.the solution, Jf it is older. than slx

months, it cannot be used. Discard ‘and - request a ffresl't
solution from the Standards Chemlsl (Scc 5.0) .-
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6.1.4 lLet.ord in the Extractnon locr book, Casc number, the SMO numbers, CFC jon,
nuimber, lab numberssthe vqume the initial pli for each 3ample and the lot’

. humbers of the solvents used (see 4.3.)). The unused portion of the sample is > . .
’ returned for storage to the PA and - documented fising the Internal ' .
Chain-of-Custody form. All samples mdbt be returned tp the custody of the ~ . . 77
PA before the end of the workmg day. . . o,
6.1.5 Samples, bianks, sbtrogates, and mtnx ‘spikes sho d oe at room o~ '
temperature before startmg the extractton procedure - -’

4

6.1.6 Preparea matrv«c lab' blank with each set of samples belng extracted an'
each tvpe of Jnatrlx : .

+
-

6.1.7  Measure ] liter of sample using a l-llter graduuted cylmder and place i
labeled 2-liter separatory {unnel. Measure the initial pH using a pH met
Pipette 1.0 mL surrogate starddrd spikirg solution into tr(mf separato

B . funnel and mix well. The pH of the sample for Pesticide/PCB extracti

should be between 5 and 9 for best results in the recavery of‘\dxbu CJ; v \
chlorendate. The pH can be’adjusted usmg 10N NaOH or l:} HgSO,;. h
N . 1
Note: If the pH of any sample.is above 11 or- below 5, notnfy the PM for o T
xnstructlons bet‘ore procedmg mt,h the extractxon. S , )

- v o ' "
6.1.8 One sample designated by the PA shouid:be done in duplicate for a matnx
" spike and matrix spike duphqa e recowery, *following steps 6.1.7-6.1.20.
Spike the two aliquots thh l .0 mL of the pestxcxde Matrix Spike solutlon. .
- 6.1.9 Use-a' 250-mL French square bottle to collect the extracts for each Sample. ’ .
Place a funnel in the bottle with a layer of NasSOy on glass wool -to stop S
water from getting into the methylene chloride extract
[
6.1.10 Add 60 mL of methylene chloride to the separatory furmel and shake the .
. funnel for two minutes, with periodic venting to release excess'. -pressur L N
~ - Allow the orgamc layer to scparate {rom the water phase for a minimum o e} .
) ' 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 sep atory fupnel -extraction, contmubus . -7
. extraction (see 6.2) ray be<used: ~ Dfain the methylene chloride extrlct o s
through the _Nazs‘o_;, with multiple-rinsing, and into the French square bottle.

*
.t

- : Date: -
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o

y B.1.11 Agd u second 80-inL volume of inethylenc chloride ta the sample and repeat,
i step 5.1.6, comhmmg the extracts ‘in the 250-mL French square bottle.
' Perform a titird extraction in the same manner.
A.1.12 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-mL
. concentrator tube to a 5N)-mL evaporating flask with springs.

-~

6.1.13  Pour the coinbined extracts through a drying coluinn containing about 10 c¢m
of  anhydrous sodium sulfate’ and collect 'the extract in the R-D
concentrator. Rinse the french square bottle twice with. methylene
chloride und pour the rinses through the column. iWhen the extract'in the
columi is 2 ¢cm adbove the Na2SQy, add an additional 30 mL ‘of methylene
chloride to the Freneh square bottle and pour the contents through the
column to complete the elution. - :

1 4

-6.1.14 Add.one clean silicon carbide poiling chip to the evaporative flask’ ang
attach a three-ball Snyder column. Pre-wet the Snyder column by adding 1

mL of «nethylene chloride to the top. Place the K-D 'apparatus on a hot

« water bath (86°C), so that the lower part of the conceritrator tube is
immersed in hd water. The time.required to complete the conecentration s

about 20 to 30 fhigutes.’ At the proper rate of distillation the balls of the

colurnn will activelingchatter but the chambers will not flood with condensed

¢ . solvent. When the appdrent volume is 2 mL, remove the K-D apparatus and
allow.to drain and cool for at least 10 minutes.

6.1.15 Remove the Snyder column, add 50 mL of hexane and a new boiling chip, and
. reattach the Snyder column. Pre-wét the columin with 1 mL of hexane,
mixing the solution carefully., Place the K-D apparatus on the water bath
slowly while tilting the K-D apparatus slightly until bubbling starts, then
immerse. Concentrate the solvent extract as before. The elapsed time of
concenfration is 2-4 hours. (Wrap the K-D apparatus with aluminum foil to
speed up concentration). At the propkr rate of distillation, the Lalls of the
column will actively chatter but the chambers will not flood with condensed
solvent. When the apparent voluge of liquid reaches 4 mL, remove the K-D
~— apparatus and allow itio’drain and\cool at least 10 minutes. .
6.1.16 Remove the Snyder ‘column. If the sample will not concentrate into the
concentration tube, transfer the extract to a clean vial and being up to 8
known volume. Record the final volume in the extraction log book. Pipette

1/20 of the extract-into a Konte tube and proceed to f.1.18,
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