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ABSTRACT

Lockheed Environmental Systems & Technologies Company (LESAT) was tasked to provide special
analytical services in the analysis of light nonaqueous phase liquid (LNAPL) samples collected from
wells located on the Rockwell International Corporation Superfund Site in Allegan, Michigan. This
work was performed at the request of US EPA Region 5 to the US EPA Environmental Monitoring
Systems Laboratory, Las Vegas (EMSL-LV) Technology Support Project. The Region was interested
in four primary issues: (1) determining the organic and inorganic constituents in the LNAPL
samples, (2) achieving low method detection limits for the analytes in the sample matrix, (3) obtaining
detailed methodologies of the sample preparation and analysis methods, and (4) having the sample
handling and data generation activities documented in detail sufficient to meet litigation requirements.
The analytical classes of interest were the semivolatile organic compounds, polychlorinated biphenyls,
pesticides, and volatile organic compounds from the EPA Contract Laboratory Program (CLP)
Target Compound List; the metals from the Target Analyte List; and cyanide.

LESAT investigated, identified, and when necessary, modified technically appropriate analytical
methods that would potentially meet the data quality requirements of the Region. The results of the
semivolatile compound analysis, which was performed by GC/MS, revealed that the sample contained
polynuclear aromatic hydrocarbons, phthalates, dichlorobenzenes, and dibenzofuran. The GC and
GC/MS methods selected to analyze for PCBs and pesticides were unable to quantitatively or
qualitatively determine the presence of these analytes because of matrix interference problems.
Additional analytical work may be warranted for these fractions and is specifically recommended. The
results of the VOC analysis by purge-and-trap GC/MS showed the presence of xylenes. The analysis
for TAL Metals, using a hydrofluoric acid and microwave digestion followed by ICP-MS analysis,
yielded no "harmful” levels of metals (with the possible exception of arsenic) and also indicated a
potential chemical "fingerprint,” linking each sample analyzed to one point-source, based on a sample-
to-sample comparison of the metals and lanthanides detected. No cyanide was detected in the
LNAPL matrix, based on sample preparation by Midi Distillation followed by spectrophotometric

analysis.

This summary report provides details of the study design, the methods used in sample analysis, the
analytical results (including instrumental and method performance data), and the conclusions and
recommendations made from the data generated and observations made during the investigation. In
addition, a complete and fully documented CLP-level data package for the organic and inorganic
analyses was prepared for this project in the event the results are required for litigation purposes.
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SECTION 1

PROJECT DESCRIPTION

Under the Environmental Monitoring Research and Development (EMR&D) Contract to the US
EPA Environmental Monitoring Systems Laboratory in Las Vegas (EMSL-LV), Lockheed
Environmental Systems & Technologies Company (LESAT) was tasked to provide special analytical
services in support of EMSL-LV’s Technical Support Project (TSP) for EPA Region 5. This support
included multiple activities relevant to the analysis of light nonaqueous phase liquids (LNAPLs)
collected from the Rockwell International Corporation National Priorities List (NPL) Site for all
analytes contained in the Contract Laboratory Program (CLP) organic and inorganic Statements of
Work (SOWs). Standard EPA methods appropriate for the analysis of low concentrations of the
analytes of interest in common oil matrices (e.g, transformer oil) were not applicable, due to the
nature of the LNAPL samples collected at this site. Consequently, specialized procedures were
identified or standard methods modified and optimized for use with a mixture of water-soluble and
petroleum-based products found on this site (Anon., 1993), and their performance characterized prior
to and in conjunction with sample analysis. All phases of the sample preparation and analysis
activities conducted by LESAT were completely documented in order to provide technically and legally
sound data indicating the composition and concentrations of contaminants in the LNAPL samples.

1.1 ROCKWELL INTERNATIONAL NPL SITE BACKGROUND

The Rockwell International Corporation NPL Site (Rockwell Site) is located adjacent to the
Kalamazoo River in Allegan, Michigan (Figures 1a and 1b). Operations at this site (until closure in
July 1992) included machining, hardening, and assembly of drive-line components for large vehicles.
Various petroleum-based cutting and quench oils, water-soluble cutting oils, and cleaning compounds
were employed in the manufacturing operations. Waste disposal at the site included settling ponds,
an oil flotation house, and waste water treatment plant lagoons. In the course of measuring static
water levels during the second phase of site characterization field work, LNAPLs were detected in
eight piezometers and monitoring or recovery wells. Three locations (PZ-17, MW-10, and RW-3)
were selected by the EPA and the site’s potentially responsible party (PRP) for sampling based on the
thickness of the LNAPL layer present, the proximity of the well/piezometer to possible LNAPL
sources, and other technical considerations discussed in the site’s Supplement to the Work Plan
Addendum (Anon., 1993) and Revised Quality Assurance Project Plan (QAPjP) Addendum (Remcor,
Inc, 1993). These sample locations are shown in Figure 1b.

1.2 PROJECT OBJECTIVES AND PRODUCTS

The project objectives and consequent data quality objectives (DQOs) were based on the technical
support letter of request from the Region 5 Remedial Project Manager (RPM) (Appendix A), the
information contained in Supplement to the Former Rockwell International Corporation (Rockwell)
Facility Work Plan Addendum (Anon., 1993) and the Revised Rockwell RUFS QAPjP Addendum
(Remcor, Inc., 1993), and communications with the EMSL-LV TSP Work Assignment Manager
(WAM), the RPM, and a representative of the Region 5 QA Staff The primary use of the data from
the analysis of the LNAPL samples, as identified in Remcor, Inc. (1993), is as supplemental
information for the RI/FS. More specific objectives for data use include the identification of the
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source(s) of the LNAPLs and the potential impact of their presence on site conditions. The primary
objective of this project, as assigned to LESAT, was to perform and document the analysis of the
LNAPLs for the designated volatile organic compounds (VOGCs), semivolatile organic compounds
(SVOCs), pesticides, polychlorinated biphenyls (PCBs), inorganic compounds (as total metals) and
cyanide, using methods which were appropriate for the sample matrix. The organic compounds of
interest were those on the Target Compound List (TCL) and the metals of interest were those on the
Target Analyte List (TAL). The analytical priorities specified by Region 5 (Appendix A) were, from
highest to lowest priority:

1. SVOGs

2. PCBs/Pesticides

3. VOGs

4. Inorganic Compounds (TAL Metals)

5. Cyanide

As described in guidance documents addressing the comparison of analytical procedures (e.g., EPA,
1988a), successful implementation of a project such as this one includes documenting the operational
details of the methods, providing single laboratory performance data where this is feasible given the
available matrix, and ensuring that the method can be used by at least one other laboratory. The
specific products of this project are (1) a CLP-level data package documenting the LNAPL sample
analysis results and associated quality control (QC) data, including instrument and method detection
limits, (2) a case narrative documenting the observations made by the chemists and technicians during
sample preparation and analysis, (3) detailed method write-ups stating exactly how the samples were
prepared and analyzed, including instrument operating parameters, so that other laboratories can
duplicate the analysis process, (4) complete raw data and sample tracking documentation for instances
when such information is required in litigation, (5) a QAPjP and complementary audit report, and
(6) this summary report, providing the overall processes by which the samples were analyzed and a
summary of the results, conclusions, and recommendations.

1.3 PROJECT QUALITY ASSURANCE OVERVIEW

In light of the fact that the LNAPL samples originated from an NPL site, and the potential exists for
the data generated during the project to be used in an enforcement action, a Category I QAPjP
(EPA, 1991) was prepared (Appendix B). The DQOs specified in the Revised QAPjP Addendum
(Remcor, Inc., 1993) include Level III analyses for pesticide/PCBs and Level IV analyses for all other
contaminant classes. However, it was determined that it was more appropriate to apply Level V
analyses to the LNAPL samples due to the potentially complex matrices and the unavailability of
standard methods for this matrix (EPA, 1988b). DQO:s for the LESAT analyses are provided in
Table 1 of Appendix B.

In order to provide data which were of defined quality, project activities must include determinations
of method precision, accuracy, and detection limits when applied to these matrices. The attainment
and documentation of detection limits more sensitive than 1200 ug/Kg for VOCs and 10,000 ug/Kg
for SVOCs were of particular interest to Region 5 (Appendix A). Consequently, an important aspect
as well as a limiting factor involved in the selection of methods for the analysis of the LNAPLs was
the need to achieve low method detection limits (MDLs).



To determine reasonable estimates of MDLs for the LNAPLs (i.e., method/matrix detection limits),
laboratory investigators had to first obtain or concoct a matrix which was physically and chemically
consistent with the actual LNAPL samples for performing MDL studies. Based upon preliminary
physical characterization (sections 3.1 and 3.2) of the sample matrix, it was projected that a light-
weight commercial motor oil (Pennzoil® 5W-30) would be a comparable matrix. The motor oil was
then spiked with low levels of organic constituents appropriate to the analytical methods under
investigation. QC samples employed in this study included VOC trip and holding blanks, matrix
spikes, method/reagent blanks, and calibration check samples. In addition, a field duplicate from well
RW-03 was collected by the field samplers; however, since laboratory performance was considered
most crucial, this sample was not utilized as a field duplicate, except in the case of the VOC analysis
(Section 3.6).

As a part of QA oversight, LESAT conducted an internal on-site laboratory inspection which verified
sample custody procedures and assessed the proper execution of the QAPjP. The results of the audit
were documented in a formal audit report (Appendix C).

1.4 PROJECT SCHEDULE

The LNAPL samples were collected on February 18, 1993, shipped via overnight courier, and received
by LESAT on February 19. The LESAT Technical Work Plan was approved by EMSL-LV on
February 24. The analytical and data generation and reporting activities continued through the month
of March 1993.

The holding times for each analytical fraction is given in the site’s RI/FS Revised QAPjP Addendum
(Remcor, Inc., 1993). While every effort was made to perform the sample preparations and analyses
within the specified time limitations, the Region 5 RPM and QA representative indicated that, with
the exception of the VOC analyses, the impact of exceeding the holding times would be less severe
than the failure to provide analyses which would meet MDL and documentation requirements.

1.5 SAMPLE COLLECTION AND SHIPMENT

As documented in Remcor, Inc. (1993), the LNAPL samples were required to be collected from each
well as follows: an oil/water interface probe measured the depth to the LNAPL surface; a sampling
tube marked to the measured LNAPL depth was lowered into the LNAPL layer, at which time
pumping commenced. When possible, sufficient sample to fill all sample bottle volumes were to be
collected and all samples were immediately placed in shipping coolers at 4 °C for shipment to
LESAT. The sample bottles were filled in the following order: TCL organics (VOGCs, SVOGs,
pesticides/PCBs), filling as many of six 40-mL glass vials as possible (approximately two per analysis
class); inorganics (TAL metals, cyanide), filling two 4-ounce glass bottles (with Teflon-lined screw
caps) with any remaining LNAPL sample. Since SVOCs were identified as the class of analytes with
the highest priority for this project, success in achieving the project goals for all the analysis classes
was highly dependent upon the quantity of sample available for method performance determinations.
The samples actually collected and the numbers of bottles and volume collected are presented in Table
1. Because of the need for strict chain of custody, the condition and description of the samples was
noted upon receipt on the Remcor Chain-Of-Custody forms (see Appendix B) which were kept by
LESAT in a locked file cabinet. The samples, extract, and digestates were then kept in locked
refrigerators or cabinets (as appropriate) prior to and throughout sample analysis.



TABLE 1. LNAPL SAMPLES COLLECTED FROM THE ROCKWELL INTERNATIONAL
SITE FOR ORGANIC AND INORGANIC ANALYSIS.

SAMPLE ID SAMPLE SAMPLE TYPE SAMPLE BOTTLE | ANALYSIS
LOCATION (oumberivolume) | REQUESTED
,____————————7———|
RAM-RW-03-0-0293 RW-3 routine LNAPL six 40-mL vials organics
well) sample
(recovery two 4-0z jars metals/cyanide
RAM-RW-0:-0-0293D"* RW-3 duplicate RW-3 six 40-mL vials organics
(recovery well) LNAPL sample
two 4-0z jars metals/cyanide
RAM-MW-10-0-0293* MW-10 routinc LNAPL five 40-mL vials organics
(moaitoring well) sample
RAM-PZ-17-0-0293° PZ-17 routine LNAPL six 40-mL vials organics
(piezometer) sample ] _
two 4-0z jars metals/cyanide®
RAM-TB-(4-0293 NA aqueous trip blank three 40-mL vials VOCs

*  Although this sample was collected as a field duplicate, it was used as extra volume of the
routine sample in the laboratory, with the exception of VOC analyses.

®  These samples contained very little LNAPL; at least 90% of each sample was groundwater
(visual observation).

¢ Due to the limited volume of LNAPL in the sample, cyanide analysis was not performed.



SECTION 2
STUDY DESIGN AND METHODS DESCRIPTIONS

As stated in Section 1, the analysis classes of interest for this project were the TCL organic
compounds (SVOCs, PCBs, pesticides, and VOCs), the TAL metals, and cyanide, and, in the event
that there was limited LNAPL sample volume, the analyses were to be conducted in the above order
of analysis class or fraction. Therefore, the first step in the analytical process was to determine the
sample volume available for each of the three LNAPL samples. Of the three samples only one, RW-
03, contained a sufficient LNAPL volume to perform all the required analyses as well as any other
supportive analyses (i.e., physical tests, hydrocarbon screen, test kit for organic chloride). The other
two samples contained very small volumes of LNAPL (see Table 1) and were treated much more
conservatively with respect to the prioritized order of analysis by fraction/analysis class. Once the
sample volumes were determined, the samples were analyzed as depicted in Figure 2.

A minimal amount of the LNAPL matrix from RW-03 was allocated for physical testing and gas
chromatographic (GC) screening in order to determine the matrix characteristics. These tests were
performed primarily to assist in the organic analytical processes. Specifically, the purpose was two-
fold: to provide initial information on how the sample would respond to typical sample preparation
techniques (e.g., solvent extractions) and to facilitate the identification or concoction of a suitable
material to simulate the LNAPL matrix in method performance testing (e.g., determining method
detection limits). The remainder of the sample was reserved for sample preparation and analysis for
the analytes of interest to the Region. In conjunction with matrix screening, candidate solvents were
assessed for use in preparation/extraction of samples for analysis of SVOCs, PCBs, pesticides, and
VOCs. After the physical testing and hydrocarbon screen was completed, the LNAPL sampies were
subjected to a battery of analyses for SYOCs by gas chromatography/mass spectrometry (GC/MS), for
PCBs and pesticides by GC and by GC/MS, for VOCs by GC/MS, for TAL Metals by inductively
coupled plasma-mass spectrometry (ICP-MS), and for cyanides by Midi distillation/spectrophotometry.
Descriptions of each method follow. In instances where either nonstandard methods were used or
standard methods were modified, detailed protocols have been provided in appendices or attachments
to this report. The analytical work performed during this project was conducted by the LESAT
Environmental Services Division staff under the EMR&D Contract, with the exception of the cvanide
analysis, which was subcontracted to the Lockheed Analytical Services Laboratory (LAS).

2.1 PHYSICAL TESTING

Several tests were performed to determine the physical characteristics of the LNAPL matrices in order
to minimize potential analysis problems and as an aid in selecting protocols that might be suitable for
dilution or extraction of the matrix for organic analyses. These tests included sample miscibility with
water and solvents, vortex emulsification, and centrifugation. Two grams of the oil matrix were added
to each of six (conical-shaped) glass centrifuge tubes and an equal volume (2 mL) of the following
solvents were added: (1) water, (2) methanol, (3) methylene chloride, (4) hexane, (5) acetone, and

(6) toluene. The contents of the tubes were observed to note any physical characteristics (miscibility,
density) which could be relevant to the analysis for SVOCs, PCBs, pesticides, and VOCs. The
LNAPL/solvent mixtures were then processed using a Vortex mixer at half speed for a period of 15
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seconds and the physical characteristics were noted. The mixtures were then centrifuged in a Baxter
Megafuge for 2.0 minutes at 2000 revolutions per minute (rpm) and the resulting characteristics
observed and recorded. Section 3.1 presents the results of these tests.

2.2 HYDROCARBON SCREENING

Gas chromatographic (GC) screening (with flame ionization detection {FID]) of the LNAPLs was
used to determine the approximate boiling points of the sample components. Separation of
components by boiling point can be achieved with chromatography using a non-polar column. Thus,
the variety and type of hydrocarbons present in the oil sample can be obtained using this method. By
comparing the chromatogram of the sample with chromatograms of known substances, the nature of
the oil can be inferred.

The GC screening was based on analyte separation procedures specified in SW-846 (EPA, 1986)
Method 8015 for the analysis of VOCs. Sample RW-03 was diluted in methylene chloride and
injected directly onto a capillary chromatography column (30m RTX-5, 0.53 mm ID) with 40 °C to
290 °C temperature programming. Serial dilutions (1:10, 1:100, etc.) in methylene chloride were
made to achieve analyte responses approximately 50% of full scale. The nature and boiling point
range of the LNAPL matrices was determined (Section 3.2) through comparison of the straight-chain
hydrocarbon peak retention times (RTs) with those of a mixed alkane standard. Although the
standard solution was prepared at a specific concentration range (80 to 100 xg/mL), compound
quantitation was not performed on the basis of these analyses. The single-level standard was injected
several times to verify instrument stability, and the RTs of the various alkanes were used to help
characterize the unknown sample. Operational parameters, calibration specifications and sample
preparation for this LNAPL hydrocarbon screening technique are provided in Appendix D.

2.3 SEMIVOLATILE ORGANIC COMPOUNDS

Semivolatiles sample preparation was éccomplished using RCRA SW-846 Method 3580 (waste
dilution). Samples were diluted 1.0 g into 10 mL methylene chloride. Samples were analyzed by gas
chromatography/mass spectrometry using the US EPA 3/90 CLP SOW.

Standards and samples were run for semivolatiles during the period from 2/22/93 through 3/23/93. In
addition to the analysis of the three LNAPL samples (RW-03, MW-10, PZ-17), a matrix spike and
matrix spike duplicate at the 50 ppm level was analyzed on sample RW-03. The spiking solution
contained all TCL SVOCGs (at levels that resulted in a final concentration of 50 ug/g in the sample).
These analyses were used to calculate recovery data. Matrix spikes and matrix spike duplicates were
not run on samples MW-10 and PZ-17 due to the limited amounts of sample provided. A method
detection limit study, which encompassed seven injections of Pennzoil® SW-30 motor oil spiked at the
5 ppm (5 ug/g) level, was also conducted. MDLs were determined using the formula supplied in the
QAPjP (Appendix B). The results of sample analyses, instrument detection limits, method detection
limits and analyte recoveries are provided in Section 3.3 and Appendix E. GC/MS instrumental
operating parameters for the SVOC analysis are provided in Appendix F.

2.4 POLYCHLORINATED BIPHENYLS

Four approaches to determine the concentration of PCBs in the LNAPL matrix were attempted, three



of which involved GC analysis with an electron capture detector (ECD) and a fourth employed a
GC/MS. The three GC analytical schemes included analysis by Method 8081; the differences resided
in the sample preparation procedures. An initial analysis of the LNAPL which was subjected to
florisil chromatography cleanup (both undiluted and diluted 1:10 in hexane) of sample RW-03 was
analyzed by GC. The second sample preparation procedure was based upon the Field Analytical
Support Project (FASP) method of extraction, designed to determine aroclors in transformer oil. This
sample preparation technique uses sulfuric acid treatment followed by a florisil chromatography
cleanup and then analysis by GC. The third sample preparation scheme involved a gel permeation
chromatography (GPC) cleanup step (Method 3640) of a 1:100 dilution of sample RW-03 in
methylene chloride followed by florisil cleanup and a 1:10 dilution in hexane, followed by GC analysis.
This extract was also analyzed by GC after being spiked with Aroclor 1254. The RW-03 sampie that
was GPC/lorisil prepared was also analyzed by GC/MS.

In addition, the Dexsil Corporation’s Chlor-N-Qil® kit for measuring total organic chloride in oil
matrices was utilized to assess the level of organic chloride at the 50 ppm level. Appendix G provides
the Dexsil Corporation’s literature on this method.

Because the analysis of PCBs in the LNAPL samples proved difficult to measure (i.e., interferents
prohibited peak identification, see Section 3.4) various contingencies were considered; however, they
were not carried out due to time constraints on the project. One alternative considered is analysis by
high resolution GC/MS. Another alternative is to have the matrix analyzed by a newly developed
immunoassay technique (EnSys, Inc., Morrisville, NC) designed to analyze for PCBs in oil matrices.
The immunoassay procedure only provides semiquantitative determination and will not identify
specific aroclors. However, it will potentially determine if PCBs are present in the LNAPL matrix to
approximately a 5 ppm detection limit (Personal communication, Dr. J. Mapes, EnSys, Inc.).

Section 3.4 presents the resuits of the PCBs analysis. Appendix H provides the GC instrumental
operating parameters for the PCB analysis and the FASP extraction method used in this project.

2.5 PESTICIDES

The methods used for pesticides analysis were similar to the methods used for PCBs (Section 2.4).
The only aspects of the analyses scheme for PCBs not directly applicable to pesticides determinations
are the sulfuric acid cleanup step used in the FASP method (as sulfuric acid typically degrades
pesticides when added to the sample) and the aroclor addition step employed after GPC/florisil
treatments.

Section 3.5 provides the details on the results of the analysis for pesticides and Appendix H provides
the GC instrumental operating parameters used in this project for the pesticides (and PCB) analysis.

26 VOLATILE ORGANIC COMPOUNDS

Two methods were investigated for use in the analysis of the LNAPLs for volatile organic compounds:
the Quick Turnaround Method (QTM) by GC (EPA, 1993) and the CLP Multi-media, Multi-
concentration Statement of Work (SOW) purge-and-trap GC/MS method (EPA, 1990). Because of
instrumentation problems, only the purge-and-trap sample introduction/analytical technique was used
in this project. The operating parameters for the VOC GC/MS analyses are provided in Appendix I.
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VOC sample preparation was accomplished using a modified version of the QTM for the
determination of volatiles in an oil matrix. Samples were extracted with purge-and-trap grade
methanol (Appendix J). An aliquot of the extract was injected into reagent grade water and the
sample introduced into the GC/MS via purge and trap as per the CLP 3/90 medium soil protocol.
The associated VOC holding and trip blanks were analyzed using the US EPA CLP 3/90 low water
protocol.

Standards and samples were run during a period from 2/23/93 through 3/4/93. Due to the limited
amount of matrix available, the LNAPL sample from well RW-03 was the only sample analyzed. In
addition to the RW-03 sample, a matrix and matrix spike on sample RW-03 and holding and trip
water blanks were also analyzed. Instrument detection limits, method detection limits and sample
recovery and precision data were determined during this time period. The results of sample analyses
and applicable QC and method performance data are discussed in Section 3.6 and Appendix K.

2.7 TAL METALS

The techniques used for TAL Metals analysis of the LNAPL samples included draft or proposed EPA
methods or protocols for the sample preparation and the ICP-MS analytical methods. The sample
preparation and analysis methods used were considered by LESAT to represent the best available
technology for analyzing oil matrix samples for metals. Sample preparation utilized a draft
hydrofluoric acid (HF) microwave digestion method (developed by LESAT) being considered for
adoption in the EPA CLP High Concentration SOW IHCO1.0 for oils, soils, and sludges. The HF
microwave digestion method has been found to give excellent results when applied to oil and oil-
containing soil samples (Suarez et. al, 1993; Appendix L). The method ensures total decomposition of
the sample matrix, thereby providing the means of acquiring true total metals results. Unlike fusion
methods, dissolved solids in the microwave-digested samples are tolerable by any analytical method. It
should be noted that if this method is utilized, some problems with analyte carryover have been
observed. Microwave vessel porosity and large surface area demand scrupulous cleaning and
dedication of a set of vessels for digesting low level samples.

Analysis of the digested samples was accomplished by using ICP-MS Method 6020 CLP-M Version
8.1 which is included in the draft EPA CLP Low Concentration ILCO1.0 SOW (Appendix M). The
main advantage of ICP-MS is the ability to analyze for all of the TAL analytes with one instrument,
as opposed to conventional ICP-atomic emission spectroscopy (-AES), graphite furnace atomic
absorption (GFAA), and cold vapor atomic absorption (CVAA). By employing the ICP-MS
technology, major and trace metals can be analyzed within the same analysis batch without dilution
and fewer analytical runs are required, resulting in shorter, more comprehensive data packages. ICP-
MS also affords the advantage of screening for all other non-TAL analytes in the same analytical run.
This allows for the identification of potentially hazardous elements that may be in a sample but are
not normaily analyzed for (ie., targeted). In addition, ICP-MS also provides relative freedom from
interferences which significantly reduces the occurrence of false-positives. All of these advantages
were applicable to this case.

TAL Metals analyses were performed on two LNAPL samples (PZ-17 and RW-03) from the
Rockwell Site. The sample preparation and analysis was performed from 2/25/93 to 3/09/93. The
results are presented in Section 3.7.
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2.8 TOTAL CYANIDE ANALYSIS BY MIDI DISTILLATION

The LNAPL sample matrix was analyzed for total cyanide using the Midi distillation protocol (CLP
Method 335.2, Exhibit D) followed by Method 9010, Total Amenable Cyanide (Colorimetric,

Automated UV).

Because of the limited volume of sample, only the LNAPL from RW-03 was analyzed, the results of
which are presented in Section 3.8. The analysis was performed on 2/26/93 by Lockheed Analytical

Services (LAS).
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SECTION 3

ANALYTICAL RESULTS, CONCLUSIONS, AND RECOMMENDATIONS

This section provides detailed discussions of the results of the analyses performed on the LNAPL
samples presented by analysis class. It also includes the significant conclusions drawn from those
results, supporting information on the performance of the methods employed, and, when applicable,
recommendations for potential additional analyses to further characterize the constituents of the

LNAPL matrix.

Table 2 provides an overview of the analysis of the LNAPL samples and associated findings,
highlights of which are discussed below by analytical fraction. The physical testing provided useful
information in the selection of the most effective extraction and/or dilution solvents for the SVOC and
VOC analyses. The hydrocarbon screen by GC-FID showed that the LNAPL matrix was similar to a
medium to heavy lubricating oil and provided a basis for selecting an oil matrix that would simulate
the LNAPL for use in determining MDLs. The results of the semivolatile compound analysis revealed
that the LNAPL sample contained compounds that may be expected to be found in oils: polynuclear
aromatic hydrocarbons (PNAs), phthalates, dichlorobenzenes, and dibenzofuran. However, the MDLs
required by the Region for the SVOC analysis (Appendix A) were not achieved for half of the
compounds. The GC and GC/MS methods used to analyze for PCBs and pesticides were not able to
quantitatively or qualitatively determine the presence of these analytes because of matrix interference
problems. Additional work on this problem may be warranted and is recommended, including the use
of a variety of cleanup methods not performed in this study, analysis by high-resolution GC/MS, and
immunoassay. Samples analyzed for VOCs by purge-and-trap GC/MS showed the presence of
xylenes; the demonstrated TCL MDLs were well below those required by the Region. The ICP-MS
analysis for TAL Metals yielded no harmful levels of metals (i.e., at concentrations typically of concern
in the Superfund Program), with the possible exception of arsenic. The ICP-MS analyses also
indicated a chemical (metals and lanthanides) "fingerprint” in the two field samples analyzed (RW-03,
PZ-17), possibly linking both samples to one point-source. No cyanide was detected in the LNAPL
matrix.

Detailed discussions on the results for each analysis class/fraction follow.
3.1 RESULTS OF PHYSICAL TESTING

A set of physical tests were conducted to determine the solubility of the LNAPL sample from well
RW-03 in various solvents (water, methanol, methylene chloride, hexanes, acetone, and toluene).
Each LNAPL/solvent combination was mixed using a Vortex apparatus and then centrifuged. The
observations made from these treatments to the LNAPL sample are summarized in Table 3.

As a result of performing these physical tests, insight was provided as to whether emulsion formation
would be a problem during sample preparation for VOC analysis, as the QTM requires the samples
be tested for methanol miscibility before analysis, and the RCRA waste dilution method used for
SVOC:s analysis requires that the sample be miscible with the solvent in which it is to be diluted.
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TABLE 2. SUMMARY OF THE METHODS, RESULTS, CONCLUSIONS, AND RECOMMENDATIONS FOR THE ANALYSIS

OF THE LNAPL SAMPLES
ANALYTICAL | SAMPLE SUMMARY CONCLUSIONS RECOMMENDATIONS
FRACTION PREPARATION | RESULTS
& ANALYSIS
METHOD(S)
Physical Testing | Solvent miscibility/ | LNAPL miscible in | Helped to assess solvents for Similar tests should be conducted
for Organics Vortex toluene and performing organic analyses; on other LNAPL samples to
emulsification/ methylene chloride identified potential problems assess how the matrix reacts to
Centrifugation with PCB/pesticide (hexane) & | solvents expected to be used in
VOC (MeOH) dilutions organic analyses
Hydrocarbon Methylene Exhibits Helpful in determining matrix Use an oil free of additives
Screen chloride dilution/ characteristics of characteristics of samples; (detergents) to simulate matrix
GC-FID medium to heavy selected matrix (Pennzoil® SW-
lubricating oil 30) for use in MDL estimation
1 TCL Method 3580 Detected presence of | Could not achieve 10,000 ppb Consider high-resolution MS or
l Semivolatile dilution/ PNAs, phthalates, MDL for every compound,; ion-trap MS to achieve desired
| Organic GC/MS (3/90 CLP | dichlorobenzenes, peaks comprise typical MDLs
| Compounds SOW) dibenzofuran compounds found in oil
I matrices
TCL FASP Unable to Quantity and composition of Use Method 3665 (H,SO, +
Polychlorinated Cleanup/GC; confidently identify interferents precluded obtaining | KMnO,) or 3611 (Alumina for
Biphenyls GPC & florisil or quantitate aroclors | defensible GC determinations; Petroleum Wastes) combined
cleanups/GC & Dexsil Chlor-N-Qil® Kit results | with other cleanups and GGC;
GC/MS indicate >50 ppm total organic

chloride in sample.

consider high-resolution GC/MS
after alumina and silica cleanup
and/or immunoassay analysis




TCL GPC & florisil Unable to identify or | Available cleanups inadequate Consider determination of
Pesticides cleanup/GC quantitate pesticides | to allow quantitative or potentially leachable compounds
qualitative determination of in LNAPLs based on pesticide
individual pesticides; Dexsil results from associated stagnant
Chlor-N-Oil® Kit used and water or through TCLP analyses
determined that >50 ppm total
organic chloride in sample.
TCL Methanol dilution/ | Xylene isomers only | Able to achieve factor of 6 This method appropriate; GC
Volatile Organic | Purge & Trap GC | compounds detected | lower than requested MDLs headspace (QTM) possible
Compounds alternative in lieu of GC/MS
TAL Metals HF-Microwave No TAL metals Two wells with similar Although Hg not detected,
Digestion/ measured at levels of | concentrations of metals and CVAA may be required, or the
ICP-MS concern (except As); | lanthanides (fingerprint), characterization of Hg
lanthanides detected. | indicating LNAPL may come performance on ICP-MS, if Hg
from single (point) source is of concern at this site
& || Oyanide Midi Distillation/ | No cyanide detected | No additional methods If MDL appropriate, the method
Method 9010 20.5 mg/Kg necessary should suffice for future LNAPL

analyses




"~ TABLE 3. RESULTS OF SOLVENT MISCIBILITY, VORTEX, AND CENTRIFUGATION
TESTING OF THE LNAPL SAMPLE RW-03

SAMPLE SOLVENT
TREATMENT
Water | Methanol { Methylene | Hexanes | Acetone | Toluene
chloride
Solvent T B T T B M
Addition
After Vortex T B M T B M
After T B M T B M
Centrifugation

T = solvent was not miscible with the LNAPL and the LNAPL remained in the top layer.
B = solvent was not miscible with the LNAPL and the LNAPL remained in the bottom layer.
M = solvent was miscible with the LNAPL.

3.2 RESULTS OF HYDROCARBON SCREEN BY GC-FID

The unknown LNAPL (RAM-RW-03-0-0293) was analyzed by GC-FID and was determined to be a
medium to heavy lubricating oil. This conclusion was based upon a comparison of the boiling point
range of the unknown oil, shown in Table 4 and Figure 3, to a chart depicting the boiling points of
various petroleum products (Figure 4; Lowry et al, 1945). This conclusion is also supported by the
chromatogram of the GC-FID analysis of the LNAPL sample shown in Figure 5, which is presented
along with chromatograms of diesel fuel oil and motor lubricating o0il. A visual analysis of these three
chromatograms shows that the LNAPL exhibits chromatographic characteristics more similar to those
of the motor oil than the diesel fuel.

The chromatogram comparisons in Figure 5 also show that the motor lubricating oil, Pennzoil® SW-
30 weight oil, was a reasonable selection of a matrix to simulate the LNAPL matrix in the MDL
studies. Although the Pennzoil® SW-30 weight motor oil is considered a light-weight motor oil,
motor lubricating oils, as a class, are typically medium to heavy petroleum distillates.
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TABLE 4. RESULTS OF GC-FID ANALYSIS - BOILING POINT RANGE OF LNAPL

SAMPLE RW-03
BOILING RANGE FRACTION
(%)
(O
< 240 0
240 - 260 02
260 - 280 06
280 - 300 21
300 - 320 55
320 - 340 99
340 - 360 11
360 - 380 14.4
380 - 400 142
400 - 420 129
420 - 440 10.7
440 - 460 83
460 - 480 54
480 - 500 22
> 500 05
=

Si(tn;nulated Distillation
as Chromatography

-
-
T

Fraction (%)
T

o7

,

20

Figure 3. Histogram of GC-FID analysis - boiling point range of sample RW-03.
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3.3 RESULTS OFSEMIVOLATILE ORGANIC COMPOUND ANALYSIS

Each of the three well samples (RW-03, MW-10, PZ-17) were analyzed for SVOCs. Sample
preparation of the INAPL samples was done using the waste dilution method, diluting 1.0 g of the
sample into 10 mL methylene chloride. Samples were then analyzed by GC/MS using the US EPA

3/90 CLP SOW.

Analysis of the three samples showed the presence of varying amounts of polynuclear aromatic
hydrocarbons (PNAs), phthalates, two dichlorobenzenes, and dibenzofuran. The results of the
samples that yielded detectable concentrations of SVOCs are presented in Table 5.

The LNAPL sample matrix caused some chromatographic problems. Virtually all compounds
exhibited a prepeak. This effect became more pronounced as the run progressed. Many of the
manual integrations denoted on the quantitation reports were performed to correct instrumental

errors caused by matrix effects. This problem also impacts the reported results, particularly in the case
of benzo(a)anthracene. Benzo(a)anthracene elutes very close to and just before chrysene. The peak
identified as benzo(a)anthracene on the quantitation list and Form I is probably a prepeak of
chrysene. However, since both compounds have very similar mass spectra, the reporting decision has
been made on the side of caution. Benzo(a)anthracene and chrysene also have very similar response
factors, thus the actual concentration of chrysene may be the total of the reported concentrations of
the two compounds. .

The majority of problems encountered during the analysis for SVOCs were due to the fouling of the
GC injector and the front of the GC column. This necessitated corrective maintenance and
recalibration of the instrument during the project.

QA/QC performed for the analysis of the SVOC fraction consisted of seven instrument tunes, two 5-
point calibrations, five continuing calibrations, surrogate spikes, and one set of matrix spike/matrix
spike duplicate analyses. The CLP 3/90 SOW QC requirements were met for all instrument tunes, 5-
point curves, continuing calibrations, and sample surrogate recoveries.

Using the 3/90 CLP SOW protocol, minor retention time shifts occurred on the GC column, however,
these retention time shifts did not impact the identification of target analytes. This is demonstrated in
the results for the matrix spike and matrix spike duplicate pair which were spiked with all SVOC
analytes (Appendix E).

ILNAPL matrix effects were determined by spiking the RW-03 sample in duplicate and calculating the
average recovery and precision (as relative percent difference) as per the CLP 3/90 protocol. Results
for this performance assessment are given in Appendix E.

IDLs were determined by running a standard containing 10 ppm (ug/mL) acids, 20 ppm (ug/mL)
3,3'-dichlorobenzidine, and 5 ppm (ug/mL) for all other analytes. The standard was analyzed seven
times, the standard deviation for each analyte was determined, and the detection limit calculated by
multiplying the resultant standard deviation by 3.143 (the 99% confidence level of the Student’s t-test
for six degrees of freedom where the number of degrees of freedom equals the number of
determinations minus one). The SVOC IDLs are provided in Appendix E.

20



TABLE 5. RESULTS OF THE LNAPL SAMPLE SEMIVOLATILE ORGANIC
COMPOUND ANALYSIS BY GC/MS

CONCENTRATION (ug/Kg)
ANALYTE Sample ID
RW-03 | MW-10 PZ-17
1,4-Dichlorobenzene 650* 21000 18000
1,2-Dichlorobenzene 3800" 33000 140000
Naphthalene 3800 39000 44000
2-Methylnaphthalene 7700 110000 110000
Dibenzofuran <2929 10000 6600
Fluorene 8600* 29000 26000
Phenanthrene 25000 180000 120000
Di-n-butylphthalate 9200" | <22889 | <22889
Fluoranthene 5900* <6825 5400*
Pyrene 19000* 70000 32000
Butylbenzylphthalate 21000* 33000* 29000
Benzo(a)anthracene 4300 24000 19000
Bis-2-ethylhexylphthalate 390000 180000 800000
Chrysene ' 55000 150000 87000
Di-n-octylphthalate 12000 | <14224 | <14224
Benzo(b)fluoranthene <11781 5200* <11781
Benzo(k)fluoranthene <9057 7800* <9057
Benzo(a)pyrene 24000 39000" 28000

4

* Analyte detected below MDL (see Appendix E, Table E-2)

MDLs were determined by spiking a 1 g Pennzoil® 5W-30 oil sample with all SVOC analytes and
diluting the sample 1:10 in methylene chloride. On the first attempt, the oil was spiked at a final
concentration of 5 ug/mL (10 ng/analyte on column). Most of the later-eluting phenols gave no
response during this set of runs, and some of the compound responses were erratic. A second MDL
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study was initiated afser instrument maintenance which included cleaning the GC injection port and
breaking off the front®f the capiilary column. Injections of diluted oil spiked to a concentration of 20
ug/mL (40 ng on column) also failed to show results for the later-eluting phenols. The response of the
internal standard chrmene d-12 was well below QC limits during the experiments performed using
both blank and spiked Pennzoil® motor oil. For the analytes that gave adequate response, MDLs
were calculated using ghe results of the dilution and analysis of the seven original spiked motor oil
samples (at 5 ug/mL). The SVOC MDLs are presented in Appendix E. Twenty-eight of the 57
compounds achieved the 10,000 ppb MDL desired by Region 5. Using a larger sample volume to
achieve lower MDLs waas not a viable option because of the detrimental affect of the matrix on
capillary column perfosmance. If the MDLs demonstrated in this project are not adequate to meet
the data needs of the Region, lower detection limits may be attainable using the ion trap mass
spectrometer. .

Although using Penrgmil® 5W-30 motor oil for the matrix studies caused the problems discussed
above, it also providedvaluable information concerning the analytes detected in the samples. It
appears that Pennzoil additives reacted with the chrysene-d12 internal standard and the late-eluting
acidic compounds. Th#s created problems in determining MDLs for the late eluting-phenols.
However in applicatiom, these problems are moot, as no late-eluting phenols were found in the
LNAPL samples. Additionally, the actual well and piezometer sample matrices did not react with the
late-eluting phenols, a8 can be seen in the matrix spike data (Appendix E). The Pennzoil® also
created an instrumental problem by fouling the injector after only one injection. In the future, a light-
weight oil that is known to have no additives (e.g., detergents) should be considered for any method

performance evaluatioms.

3.4 RESULTS OF PALYCHLORINATED BIPHENYLS ANALYSIS

The analysis of PCBs {and similarly, pesticides) proved to be the most difficult of the various
analytical fractions to accomplish. The initial florisil cleanup (undiluted and 1:10 dilution in hexane)
of sample RW-03 showed the presence of a large "hump" which had no discernable PCB pattern
(figures 6a and 6b). The next cleanup technique attempted, the FASP method (sulfuric acid/florisil
cleanup), produced a sample eluant which also gave a large chromatographic "hump.” Again, no PCB
isomeric pattern was recognizable on top of the hump. The GPC cleanup of a 1:100 dilution of
sample RW-03 (followed by florisil cleanup and 1:10 dilution in hexane) also produced the "hump"”
(Figure 7). The analysis of the same cleaned-up sample on the GC/MS showed that the GPC and
florisil treatments did not ameliorate the interference problems previously observed. The "hump”
comprised of the oil constituents elutes from a retention time period of 18 to 44 minutes on a DB-5
column using the temperature program listed in Appendix F for SVOCs by GC/MS. An injection of
a 1000 ppm Aroclor 1254 standard on the GC/MS using the same GC program showed the peaks
comprising the aroclor eluting during the retention time period of 25 to 33 minutes, directly under the
hydrocarbon envelope (Figure 8). An Aroclor 1254 standard was spiked into the cleaned-up extract
(Figures 9a to 90) to determine at what concentration this PCB could be detected, if indeed it was
present in the LNAPL sample. While it was possible to match the retention times of the five largest
peaks contained in the 1254 standard with the respective peaks in the spiked samples, the results of
quantitation at a 5-ppb spike level show the values obtained were higher than expected by a factor of
18 to 26. The actual results were 92, 95, and 132 ppb for a sample injected in triplicate. These results
may be attributed to other aroclors, halogenated compounds, phthalates, or high molecular weight
contaminants present in the sample which are also being detected by ECD. The 5 ppb spike
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Figure 7. Chromatogram of sample RW-03 after 1:100 dilution in methylene chloride, GPC and
florisil cleanup, and 1:10 &lution in hexane.
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Figure 9 cont. Extracted ion current profiles of PCBs analyzed by GC/MS for sample RW-03: (i) m/z 328 for pentachlorobiphenyl, (j) m/z
326 for pentachlorobiphenyl, (k) m/z 362 for hexachlorobiphenyl, (1) m/z 360 for hexachlorobiphenyl, (m) m/z 396 for
heptachlorobiphenyl, (n) m/z 394 for heptachlorobiphenyl, (0) m/z 428 for octachlorobiphenyl.



would represent a level of 5 ppm in the natural LNAPL matrix when dilutions and cleanup procedures
are taken into account.

The Dexsil Chlor-N-OQil® field test kit (Appendix G) showed a positive result for the presence of
PCBs at the 50 ppm level. It should be noted that this test was designed for the determination of
PCBs in clean transformer oil. It is not specific for PCBs and will give positive results for any organic
compound containing organically bound chloride. In this regard, it is also noted that the presence of
at least two dichlorobenzenes were detected in the semivolatile analysis of RW-03.

Project time constraints precluded the use of additional alternative cleanup and analysis methods for
these analytes (aroclors), however, it is recommended that such options be investigated. Methods
3611 (alumina column cleanup for petroleum wastes) and 3665 (sulfuric acid/potassium permanganate
cleanup for PCBs, 1990 SW-846 revision) may provide sufficient sample cleanup to allow PCB
identification/quantitation to be performed on GC. Additional analytical methods which may perform
more effectively for this type of matrix include high-resolution GC/MS (used in conjunction with
alumina/silica extract cleanup), immunoassay, and solid phase adsorbent extraction (SPE). Some
communications have been held with EnSys, Inc., concerning the potential use of an immunoassay
approach. Analytichem International, Millipore, Supelco, and other companies have developed SPE
methods for PCBs in transformer oil which may be optimized for use with the LNAPL matrix.

3.5 RESULTS OF PESTICIDES ANALYSIS

Since the sample aliquot for pesticide analysis was prepared using cleanup procedures similar to those
used for PCBs (except where sulfuric acid cleanup and the aroclor addition steps were employed), the
discussion on problems encountered in PCB analysis (Section 3.4) applies to the pesticide results as
well. The high-resolution GC/MS with the proper extract cleanup combinations may be a possible
analytical option for pesticides. Communications between Region 5 and EMSL-LV indicated that a
major concern is the contamination of the groundwater at the site by pesticide (and other) analytes
present in the LNAPLs. Thus, an alternative approach in determining the impact of the LNAPLs on
the groundwater may be to determine the quantity of pesticides which may be extracted or leached
from the LNAPLs into an adjacent water matrix (e.g., the stagnant water from the piezometers or
wells). Alternatively, the LNAPLs may be analyzed using the Toxicity Characteristic Leaching
Procedure (TCLP) which is applicable to oily samples. If the LNAPLs are anticipated to be placed in
a landfill, TCLP analysis may already be a RCRA requirement prior to such landfill waste disposal
(RCRA, 1990).

3.6 RESULTS OF VOLATILES ORGANIC COMPOUND ANALYSIS

Sample preparation for VOC analysis was performed using a modified version of the Quick
Turnaround Method for the determination of VOCs in an oily matrix. Samples were extracted with
purge-and-trap grade methanol. An aliquot of the extract was injected into reagent grade water. The
volatile components in the aqueous phase were then introduced into the GC/MS via purge and trap as
per the CLP 3/90 medium soil protocol. The associated holding and trip blanks were analyzed using
the US EPA CLP 3/90 low water protocol. Due to the limited amount of matrix available, RW-03
was the only well sample that was analyzed. In order to provide precision data on the field sampling
and analytical performance, the routine and the duplicate samples were analyzed as separate samples.
This is the only instance in this project where the field duplicate was treated in this manner, i.e.,
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analyzed as a true field duplicate sample. The analysis of this sample pair provided an estimate of
system precision, calculated as the relative percent difference of the pair (Table 6).

Results of the analysis of sample RW-03 showed the presence of xylene isomers as the only volatile
target compounds (Table 6). The remainder of the peaks in the chromatogram consisted of various
other alkyl substituted benzenes and were quantitated as tentatively identified compounds (TICs) on

the CLP reporting forms.

TABLE 6. RESULTS OF THE LNAPL SAMPLE VOLATILE ORGANIC COMPOUNDS
ANALYSIS BY GCMS

CONCENTRATION (ug/Kg)
ANALYTE Relative Percent
Routine Sample | Duplicate Sample | Average Difference
(RW-03) (RW-03)
m,p-Xylenes 386.5 346.5 366.0 10.9%
o-Xylene 3325 307.0 3190 8.0%

Instrument detection limits were determined by analyzing seven replicates of a 10 ppb standard and
multiplying the resultant standard deviation by 3.143 (the 99% confidence level of the Student’s t-test
for six degrees of freedom, where the number of degrees of freedom equals the number of
determination minus one). The results of the IDL study are presented in Appendix K.

Method detection limits were determined by extracting seven aliquots of 5W-30 Pennzoil® spiked at
the 500 ppb level. The estimated detection limits were then determined as above. The data showed
that the Pennzoil normally contains a high amount of toluene and o-Xylene and also appears to
contain methylene chloride. The MDL for toluene should be similar to that of the xylenes due to its
chemical properties. The MDL for o-Xylene can be assumed to be similar to meta and para Xylenes
as these three compounds are isomers of each other and have nearly identical chemical properties.
Methylene chloride is not of concern since it was not detected in the sample. The results of the MDL
study are presented in Appendix K.

Analyte recoveries were determined by spiking the sample RW-03 in duplicate at the 2,500 ppb level.
After analysis the average recoveries were calculated and the relative percent differences determined.
The results of the matrix spike/matrix spike duplicate analyses are presented in Appendix K

QA/QC associated with the analysis of the volatile samples consisted of six instrument tunes, one 5-
point curve, 4 continuing calibration checks, surrogate spikes, and two sets of matrix spike/matrix
spike duplicates (one for the aqueous trip blank and one for sample RW-03). The CLP 3/90 SOW
QA criteria were met for all six instrument tunes, the initial 5-point curve and the four continuing
calibrations. Surrogate recoveries were within limits for all aqueous samples (the trip blank and
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associated spike and duplicate, as well as all instrument blanks). While the toluene-d8 and
bromofluorobenzene recoveries were below the QC limits for the 3/90 multimedia SOW, these
surrogate recoveries were within the Quick Turnaround Method criteria of 50 to 150 percent recovery
for the analysis of volatiles in oil using methanolic extraction. Recoveries for all other analytes (as
matrix spikes) were within the 50 to 150 percent range with the exceptions of carbon disulfide, carbon
tetrachloride, tetrachloroethene, and ethyl benzene, which had recoveries lower than 50 percent. It
should be noted that the 50 to 150 percent range is an advisory limit at this time.

The method of methanolic extraction does not work well for the ketones, vinyl acetate, and carbon
disulfide. Vinyl acetate and the ketones use m/z 43 for quantitation and interference from the
hydrocarbon C,H, fragment causes their apparent recoveries to be high. The analyte 2-butanone uses
m/z 72 as a quantitation ion and is interfered by the *C peak of the C;H,, hydrocarbon fragment
when hydrocarbons are present. Carbon disulfide is miscible with both methanol and oil and
partitions itself accordingly.

3.7 RESULTS OF TAL METALS ANALYSIS

Target Analyte List Metals analyses were performed on two oil samples (PZ-17 and RW-03) from the
Rockwell Site. Metals levels found in the samples were well below levels typically of concern at
hazardous waste sites. Most metals were not detected or were below the contract required detection
limit (CRDL). Of the few analytes that were detected, only arsenic merits comment, being detected at
about 4 times the CRDL in both samples. Even at this concentration, the samples can be considered
relatively "harmless” from a metals standpoint. Table 7 provides the results of the analysis of these
two samples for TAL Metals by ICP-MS. Even though the samples did not contain significant levels
of inorganic constituents, the choice of analytical methods (ICP-MS) did allow sample source
identification from observation of inorganic parameters. There is a strong possibility that the two
LNAPL samples originated from the same source, as can be observed by a visual comparison of the
TAL Metals data histogram provided in Figure 10 and the detection of lanthanides (see below).

Mercury was not determined by CVAA. Instead, it was quantified from ICP-MS data, even though
the IDL was above CRDL. The use of ICP-MS Hg data was decided after analyses for the other
metals were completed. A dedicated run for Hg was not performed since the Hg level appeared to be
undetectable in the samples and time did not allow extra analyses. If a dedicated run for Hg had been
performed the CRDL would have been met. It can be stated that Hg is below 0.25 mg/Kg in the oil
samples, which is typically not considered a level of concern for hazardous waste site monitoring.

One analytical problem was encountered during the metals analyses. The detector being used on the
ICP-MS instrument was nearing the end of its useful lifetime and there was insufficient time to
procure and install a new detector. High ion fluxes cannot be counted reliably when the detector is
aged. The detector performed satisfactorily for low level analytes, however, one analyte, Al, was
sufficiently high in the LNAPL samples (and initial calibration verification [ICV] standard) that upper
linear ranges were affected. Al was present above the linear range and may be reported as much as
20% low. Given that Al is relatively harmless and just above CRDL (about 3X), the low bias will
have no practical impact. Some other minor QA/QC problems were encountered and are discussed
below and in the comments sections of the reporting forms of the data package. These problems had
no impact on the data usability.
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TABLE 7. TAL METALS RESULTS FOR LNAPL SAMPLES ANALYZED BY ICP-MS.

SAMPLE PZ-17 SAMPLE RW-03
ANALYTE CONCENTRATION CONCENTRATION
(mg/Kg) (mg/Kg)

Aluminum 591* 320*
Antimony 0.52" 0.35°
Arsenic 15.7 138
Barium 40.5° 8.22%
Beryllium 273 249
Cadmium 0.31° 0.31°
Calcium 1850° 1043°
Chromium 12.4 6.15
Cobalt 0.93* 038"
Copper 6.66° 3.93%
Iron 787 1070
Lead 212 2.79
Magnesium 46.7° 7.65°
Manganese 9.85 3720
Mercury 0.25 0.25¢
Nickel 4.82° 4.31°
Potassium 8.2° 9.60°
Selenium 2.02° 2.02¢
Silver 1.21° 0.65°
Sodium 41.4° 30.3°
Thallium 0.40° 0.20¢
Vanadium 10.2° 4.69"
Zinc 5.70° 65.88

-17 measured above linear range, concentration may be up to 20% higher than reported
value; RW-03 concentration may be 10% higher than reported (see data package).
b Sample concentration above IDL, but below contract required detection limit.
¢ Analyte not detected.
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A few QA/QC parameters were out of control limits on several analytes due to technical difficulties.
However, their resolution will result in no significant improvement in data quality at the levels of
concern. Both Al and Ca were found above CRDL in the preparation blank for these analyses. The
samples themselves contained Ca below CRDL, and Al just above the CRDL (<3X). Given the low
levels and harmless nature of the affected analytes, the preparation blank contamination has very little
practical impact.

NOTE: Reporting forms are not standard CLP and were adopted from the EPA’s pending Low
Concentration Waters Inorganics SOW (ILCO1.0). The SOW has not yet been released for contracts.
Some forms (especially those devoted to ICP-MS) may be unfamiliar to the data auditor. A course in
ICP-MS data reporting and auditing is available to the EPA regions from EMSL-LV. Contact Dr.
Larry Butler at (702) 798-2114 for details. For questions regarding the forms as they were used in this
case, please contact Dr. David Dobb, LESAT, at (702) 798-2124.

The choice of analytical methods (ICP-MS) for this case allowed quantitative analysis for TAL Metals
and semiquantitative analysis for other analytes present in the samples. This included detection of
several lanthanide elements (Table 8). Although levels were low, lanthanides can be used for
fingerprinting and source identification purposes. In reviewing the TAL data in conjunction with the
lanthanide data, there is an indication that both samples are related and, in fact, could be interpreted
as duplicates of each other. Figures 10 and 11, respectively, show the high degree of overlap between
samples PZ-17 and RW-03 for the TAL metals and for the lanthanides.

TABLE 8 LANTHANIDE RESULTS* OF LNAPL SAMPLES ANALYZED BY ICP-MS

SAMPLE PZ-17 SAMPLE RW-03

ANALYTE CONCENTRATION CONCENTRATION
ug/L mg/Kg rg/L mg/Kg
Lanthanum (**La) l
Cerium (**Ce) [ 40 16 40 16
Praseodymium (*'Pr) l 5.0 2.0 2.0 0.8
Neodymium ('*Nd) I 25 10 5.0 2.0
Samarium ('¥Sm) 10 4.0 5.0 2.0
Europium (**'Eu) 6.0 2.4 3.0 0.6
Gadolinium (***Gd) 7.0 28 3.0 0.6
Dysprosium (®Dy) 10 4.0 5.0 2.0
Holmium (***Ho) { 4.0 1.6 2.0 0.8
| Erbium (Er) ]l 11 44 5.0 2.0
~T  Semiquantitative estimations of concentrations; samples not quantitated against primary

standards.
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Histogram of the TAL Metals concentrations in LNAPL samples PZ-17 and RW-03:
(a) plotted with all concentrations and (b) plotted to show resolution of lower
concentration analytes.
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Figure 11. Histogram of the lanthanide concentrations in LNAPL samples PZ-17 and RW-03.

Except for minor differences between Ba, Ca, Mg, and Zn in the two samples, analyte levels go "up
and down" in unison. The same is true for the lanthanides, however, the RW-03 sample generally
contained half as much lanthanides as sample PZ-17. The source of the lanthanides in the samples is
unknown, but the element-to-element ratios indicate the samples are related and there is a very good
likelihood that they originate from the same source.

3.7.1 MDLs for Metals

In preparing oil samples for metals analysis, the digestion procedure destroys the matrix while
solubilizing the analytes of interest. In such a case, the MDL is simply the IDL multiplied by the
dilution factor resulting from sample preparation. An exception would be if the sample contained
species which interfered with the determination of the analytes of interest as a result of spectral
overlap. For these LNAPL samples no such interferences were observed. Since the IDL is
determined as ug/L, the MDL in this case, as presented in Table 7, was calculated by converting liquid
units of measure to solid units by multiplying the IDL by 0.4 (based on 0.25 g of sample being
digested and diluted to 0.1 L).
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3.8 RESULTS OF CYANIDE ANALYSIS

One sample, from well RV'"-03, was analyzed for cyanide by Method 9010. Since cyanide was the
analysis class with lowest _riority (Appendix A), it was decided that the single sample would be
analyzed, reserving the <* :r samples’ volumes for the more urgent analyses. There was no cyanide
detected at the 0.5 mg/}.. evel. The sample was analyzed within method-specific holding time. Based
upon laboratory blank analysis, the sample analysis run was free of contamination, and all related
internal quality control analyses were within acceptance limits for the method.

3.8.1 MDLs for Cyanide

In preparing oil samples for cyanide analysis, the distillation procedure separates the cyanide from the
matrix. Since "total cyanide” is operationally defined, any cyanide tied up in the oil matrix so strongly
that it is not liberated during distillation is not considered part of the “total cyanide.” Consequently,
the MDL is defined as the IDL multiplied by the dilution factor resulting from sample preparation.

3.9 SUMMARY ASSESSMENT OF DATA QUALITY

Data quality objectives (DQOs) for the LNAPL investigation are discussed in Section 1.3 and detailed
in this project’s QAPjP (Table 1 of Appendix B). With the exception of the MDLs for volatile and
semivolatile analytes, the EPA Region 5 RPM and QA representative specified no quantitative limits
for data quality (Appendix A). Therefore, the DQOs for accuracy, precision, and MDLs described in
Appendix B were, for the most part, derived from resuits generated during interlaboratory studies
using draft EPA methods or related technical procedures (Laing, 1989; Marsden, 1992; Suarez, 1993).
While meeting the objectives was a desired output of the laboratory work, failure to do so in all cases
does not invalidate the results of this investigation. A summary of the quantitative data quality
indicators (assessed relative to the DQOs) is given in Table 9.

Data from the TAL Metals and cyanide show excellent accuracy with the recoveries of all but two
spikes meeting the 80 to 120 % objective. Spike recoveries for silver were just below the window at
77% and 79%. Approximately two-thirds of the SVOC and VOC spiked analyte recoveries were also
within the objectives for accuracy, set at 60 to 110% and 75 to 125% for the respective analytical
fractions. The precision of the results for all of the above-mentioned LNAPL analyses was
consistently demonstrated; all relative percent difference objectives of 25% were met for the metals,
cvanide, and VOGs, and 61 of 65 of the SVOC analytes met the 35% goal. MDL determinations were
performed on Pennzoil® light-weight motor oil, which proved to be an adequate but less than perfect
artificial matrix. While all but mercury MDLs met the inorganic DQOs, and VOCs (with the
exception of methylene chloride and 0-Xylene) demonstrated method/matrix detection limits requested
by the Region, in the case of SVOCs, detergents or other additives present in the Pennzoil®
complicated MDL determinations or made them unattainable for some target analytes. Pesticide and
PCB data from this investigation were so compromised by matrix interferences that none of the
project goals for these compounds could be accomplished.



TABLE 9. DATA QUALITY ASSESSMENT SUMMARY FOR ACCURACY, PRECISION, AND METHOD DETECTION

LIMITS BY ANALYTICAL FRACTION

ANALYTICAL FRACTION ACCURACY PRECISION METHOD DETECTION
(Method) | (spike % Recovery) (RPD) LIMIT

MS/MSD for 61 of 65 Objective of <10,000 ug/Kg

Semivolatile Organic Compounds Mean %R for MS/MSD: 45 of

gt

(GC/MS: 8270) 65 analytes within 60-110% analytes met < 35% RPD achieved for 28 of 57 analytes
objective. Benzo(a)anthracene | objective (does not include phenols)
and chrysene showed matrix-
related quantitation problems
Polychlorinated Biphenyls No data No data Unable to obtain 1000 1g/Kg
(GC: 8081; GCMS) MDL. Diluted/cleaned up
LNAPL spiked at 5 mg/Kg 1254.
These samples quantitated at “100
mg/Kg
Pesticides (GC: 8081; GC/MS) No data No data No data

Volatile Organic Compounds
(Purge-and-Trap GC/MS)

Surrogates: all 50-150%. 23 of
36 spiked analytes within
75-125% objective (only 4
below 50%)

Field duplicates for m,p-
Xylenes = 10.9%, o-Xylene
= 8.0%. All MS/MSD <25%
RPD (only 4 > 10%)

Objective of <1200 ug/Kg
achieved for all but 2 analytes
(MeCl,, o-Xylene)

TAL Metals
(ICP-MS: 6020)

All %R for spiked samples met
80-120% objective, except Ag
(77%, 719%). Al of PZ-17
above linear range (conc. "20%
low); [Al] of RW-03 "10% low
(instrument problems)

All analytes above CRDL
for laboratory duplicates of
PZ-17 and RW-03 met <25
RPD, except Cu

All MDLs < CRDL (Method
6020) except Hg (MDL = 0.25
mg/Kg, CRDL = 0.08 mg/Kg)

Total Cyanide MS %R = 92.8% within Laboratory duplicate of RW- | Objective of 500 ug/Kg achieved
(Spectrophotometer: 9010) (80-100% objective) 03 below MDL
MS/MSD = matrix spike/matrix spike duplicate CRDL = contract required detection limit

%R = percent recovery RPD = relative percent difference
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APPENDIX A

REGION S LETTER OF REQUEST
FOR TECHNICAL SUPPORT SERVICES

FOR LNAPL SAMPLE ANALYSIS



ID:3123535541 FEB 03°63 SSLL oLl T

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION & '
77 WEST JACKSON BOULEVARD
CHICAGO, IL 80804-3580

}’, REPLY TO THE ATTENTION OF:

YIA FACSIMILE

February 3, 1992

Mr. Ken Brown

U.8. EPA EMSL-LV

944 EBast Harmon Drive
Las Vegas, Nevada 89119

Re: Request for Technical Support Services for
Analysis of LNAPL Samples, Rockwell International Site,
Allegan, Michigan

Dear Mr. Brown:

Per our telephone conversations, I am requesting technical
support services from the U.8. EPA Environmental Systems
Monitoring Laboratory (EMSL), Las Vegas, Nevada. This request is
for the laboratory analysis of three (3) light non-agueous phase
ligquid (LNAPL) samples that will be collected from the Rockwell
International site in Allegan, Michigan.

The Rockwell International site is a former manufacturing
facility located adjacent to the Kalamazoo River. Past
opsrations at the site include machining, hardening, and the
assenbly of drive-line parts for large vehicles and construction
equipment. Petroleum-based cutting oils, gquench oils, water
soluble cutting oils, and washer cleaning compounds are known to
have bsen used at the site. Disposal of the waste oils has
historically been into an o0il flotation house, a series of
settling ponds, and, more recently, a wastewater treatment plant
and lagoons. '

The LNAPL was first discovered in several existing on-site
groundwater monitoring wells and piezometers during a second
phase of field work undertaken during November, 1992. S&ince the
time the LNAPL was unexpectedly discovered, our Quality Assurance
Section (QAS) and I have been working with the potentially
responsible party (PRP) to develop appropriate analytical methods
for analysis of the LNAPL. The PRP has failed to submit
appropriate analytical methods. As there are not, however,
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standard analytical methods available for analysis of an oil
matrix, we are now asking for the expertise of your laboratory.

Oour objective is to characterize the LNAPL in terms of chemical
composition and concentration; and use the resulting analytical
data in our Remedial Investigation and Feasibility Study. as
such, we request that sach LNAPL sample be analyzed for Target
Compound List (TCL) velatile organic compounds (VOCs), semi-
volatile organic compounds (8VOCe), and polychlorinated biphenyls
(PCBs) and pasticides; and for Target Analyte List (TAL)
inorganic compounds and cyanide. Due to the potentially limited
volume of LNAPL available for sampling, however, we may not be
able to collact enough LNAPL at each of the three locations for
analysis of every individual parameter. (The target sample
volume is 80 mlL of LNAPL per organic parameter, $0 mlL per
inorganic parameter.) As such, we have ranked the parameters in
order of analytical priority. They are, in order from highest
priority to lowest priority, as follows:

1) SvoCs
2) PCBa/pesticides
3) vocs

4) Inorganic compounds
S) Cyanide

To give you an indication of what we are looking for in terms of
analytical methods, I will be sending you (via overnight mail) a
copy of the PRP's unapproved Quality Assurance Project Plan
Addendum (QAPP) for LNAPL sampling and analysis; and a copy of
QAS's final comments on the document. In general, QAS is asking
for standard operating procedures (80Ps) that are dasigned for an
oil matrix, have dstection limits that are for oil, and have
detection limits more sensitive than 1,200 ug/kg for vOCs, and
10,000 ug/kg for BVOCs.

01l matrix interference has been a problem with this site
previously during the analysis of oil-stained soil and sediment
samples collected as part of the Phase I investigation. 1In
addition to the disapproved QAPP and QAS comments, I will also
send you a copy of the raw analytical data for some of the oil~-
stained samples (chromatogaphs and data system printouts), which
may give a preliminary indication of the chemical composition and
concentration of the LNAPL.

After you have had an opportunity to review the background
information, we ask that you provide us with your general
approach for analyzing the LNAPL samples, including the
analytical methods you plan to use, and the detection limits
those methods will yield. 1In addition, we also require
documantation of the procedures and methods used during the
actual analyses.

If you have any questions or reguire additional information,
please feesl free to contact me at (312) 886-1843. Questions
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. concerning our analytical requirements may be directed to Al
Alwan of U.S. EPA's Region V Quality Assurance Section, at (312)

<53-2004.
S8incerely,

A .-

Karen L. Sikora
Remedial Project Nanager

cc: Wendy Carney, Section Chief
Al Alwan, QAS
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SECTION 1.0
PROJECT DESCRIPTION

Under the Environmental Monitoring Research and Development (EMR&D) Contract to the US
EPA Environmental Monitoring Systems Laboratory in Las Vegas (EMSL-LV), Lockheed has been
tasked to provide special analytical services to the Technical Support Project (TSP) and EPA Region
5. This support includes multiple activities relevant to the analysis of light, non-aqueous phase liquids
(LNAPLSs) for all analytes contained in the Contract Laboratory Program (CLP) organic and
inorganic Statements of Work (SOWs). No routinely used EPA methods appropriate for the analysis
of low levels of the target compounds in oil matrices are currently available. Consequently, specialized
procedures must be identified, or methods optimized for use with petroleum-based products, and their
performance characterized prior to or in conjunction with sampie analysis. All phases of the sample
preparation and analysis activities must be compietely documented in order to provide technically and
legally sound data indicating the composition and concentrations of contaminants in the LNAPL
samples. Chain-of-custody (COC) records and procedural write-ups must be submitted with the CLP-
formatted sample results.

1.1 GENERAL OVERVIEW

Because the LNAPL samples originated from the Rockwell International National Priority List
(NPL) Site, and the potential exists for the data generated during the project to be used in an
enforcement action, this document is being prepared using the format and content requirements
designated for a Category I QAPjP (EPA, 1991). Certain sections of the document are not fully
developed (e.g., Section 4.0, Site Selection and Sampling Procedures, Section 10.0, Performance and
Systems Audits) due to the limited scope of the requested technical services and the short duration of
the project.

1.1.1 The Rockwel] Interpatiogal Site

The Rockwell International Corporation facility (Rockwell Site) is located adjacent to the Kalamazoo
River in Allegan, Michigan. Operations at this site (until closure in July, 1992) included machining,
hardening, and assembly of drive-line components for large vehicles. Various petroleum-based cutting
and quench oils, water-soluble cutting oils, and cleaning compounds had been used in the
manufacturing operations, and waste disposal at the site included settling ponds, an oil flotation house,
and waste water treatment plant lagoons. In the course of measuring static water levels during the
second phase of field work on the site, LNAPLs were detected in eight piezometers, and monitoring
or recovery wells. Three locations (P-17, MW-10, and RW-3) were selected by the EPA and PRP for
sampling, based on the thickness of the LNAPL layer present, the proximity of the well/piezometer to
possible LNAPL sources, and other technical considerations discussed in the site Supplement to the
Work Plan Addendum (Anon., 1993) and the Revised QAPjP Addendum (Remcor, 1993). These
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sample locations are shown in Figure 1-1, attached to the above-mentioned Work Plan. The potential
exists for the three LNAPL samples to exhibit quite different characteristics and contaminants due to
their varying sources; a circumstance which must be anticipated in the project schedule and budget
plans.

112 Project Objectives

The project objectives and consequent data quality objectives (DQOs) are based on the technical
support request from the Region 5§ RPM, the information contained in Supplement to the Former
Rockwell International Corporation (Rockwell) Facility Work Plan Addendum and the Revised
Rockwell RUFS Quality Assurance Project Plan (QAPjP) Addendum, and communications with the
TSP Work Assignment Manager (WAM), the RPM, and a representative of the Region 5 QA Staff

The primary use of the data from these analyses, identified in the Region 5 letter of request, is as
supplemental information for the RUFS. More specific objectives for data use (given in the QAPjP
addendum) include the identification of the source(s) of the LNAPLs and the potential impact of their
presence on site conditions. The DQOs specified in the Revised QAPjP Addendum include Leve! 111
analyses for pesticide/PCBs and Level IV analyses for all other contaminant classes, however, it
appears more appropriste to apply Level V analyses to the LNAPL samples due to the potentially
complex matrices. DQOs will be discussed further in Section 3.0.

The objective of this project, as assigned to Lockheed, is to perform and document the analysis of the
LNAPLSs for the designated volatile organic compounds (VOCS), semi-volatiles (SVOCs), pesticides,
polychlorinated biphenyis (PCBe), inorganic compounds (as total metals), and cyanide using methods
which are appropriate to the sample types (NOTE: organic compounds of interest are those on the
Target Compound List [TCL}; the metals of interest or those on the Target Analyte List [TAL]). In
order to provide data which are of defined quality, project activities must include determinations of
method precision, accuracy, and detection limits when applied to these matrices. The attainment and
documentation of detection limits more sensitive than 1200 ug/Kg for VOCs and 10,000 ug/Kg for
SVOGs have been identified as primary goals for this project Success in achieving these goals will be
dependent upon the quantity of sample available for method performance determinations, and the
scientists’ ability to concoct matrices which are physically and chemically consistent with the actual
samples. As described in guidance documents (EPA, 1988a), successful implementation of the project
will also include:

. Documenting the operational details of the methods

J Providing single laboratory performance data where this is feasible given the available
matrix '

. Ensuring that the method can be used by at least one other laboratory
B-8
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12 EXPERIMENTAL DESIGN

The actual number of measurements made during the project will be dependent upon the quantity of
cach of the three LNAPL samples received from the Rockwell site. The target sample voiumes are
240 mL (six 40-mL viaks) for organic analyses and 150 mL (two 4-0z jars) for inorganic analyses from
each location. A minimal amount of each matrix will be allocated for physical testing and gas
chromatographic (GC) screening in order to determine the matrix characteristics. This will facilitate
the identification or concoction of a suitable material to be utilized for method performance testing if
insufficient real-worid sample is available. The remainder will be aliquotted for sample preparation
and analysis. The analytical priorities specified by Region 5 are, from highest to lowest priority:

1) SVOG

2) PCBs/Pesticides

3) VoG

4) Inorganic Compounds (Total Metals)
5) Cyanide

The Revised QAPjP Addendum indicates that, given sufficient matrix, seven QC samples were to be
prepared for this project. These include a VOC trip blank and, in descending importance, a sample
duplicate, a matrix spike, and a matrix spike duplicate (MS/MSD) for each LNAPL. Addition routine
laboratory preparation/analytical QC samples would aiso include method/reagent blanks. A full
complement of samples for the analytical portion of the project would number 18: three samples,
three duplicates, six MS/MSDs, five preparation blanks, and a trip blank Additional real-world or
concocted matrix is required to determine matrix/method detection limits. A schematic of the planned
analyses is given in Figure 1.

1.3 SCHEDULE

The holding times for each of the analytical parameters are given in Table 2-1 of the Revised QAPjP
Addendum. While every effort should be made to perform the extractions and analyses within the
specified time limitations (especially considering the legal implications), the Region 5 RPM and QA
contact indicated that, with the exception of the VOC analyses, the impact of exceeding the holding
times would be less severe than the failure to provide analyses which meet detection limit and
documentation requirements.

According to the project Technical Work Plan (22210172), the results of the analyses are expected by
March 9, 1993. Any preliminary analytical data or delays resulting from delays caused by such
occurrences as instrumental downtime or resource (personnel or equipment) limitations will be
reported to the WAM and appropriate documentation will be provided.
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SECTION 2.0
PROJECT ORGANIZATION AND RESPONSIBILITIES

This project, which primarily focuses on the analysis of LNAPL samples (including complete
documentation of the methods used and sampie and QA/QC data generated) from groundwater
monitoring wells at the Rockwell International Superfund Site in Allegan, Michigan,, is being
conducted under the Technology Support Project (TSP). As such, the request for technical support
was made by the USEPA Region (Region 5: RPM, K Sikora; QA Manager, A. Alwan) to the EMSL.-
LV TSP WAM (K Brown; EMSL-LV Technical Lead, G. Robertson). The WAM, in turn, generated
a Work Assignment for the LESAT TSP staff to periorm the analytical work outlined above,
described in Section 1, and detziled throughout this plan.

The specific roles and responsibilities of the EPA project management are not within the jurisdiction
of this QAP;P, and are provided to show the overall flow of communication for this project. A flow -
diagram of project roles and responsibilities of key project personnel are provided in Figure 1.

The overall LESAT TSP operations are managed under the Field Methods Section of the Site
Characterization Technologies Department. The Field Methods Section Supervisor, J. Pollard, is
responsible for administering the TSP in reviewing, approving the Technical Work Plan (TWP) for
this task (i.e., project), reviewing and approving the deliverables submitted to the WAM, and for
assuring that the LESAT technical and support staff (within the section, and by coordinating with®
managers of other departments) are available to meet the project deadlines. The Field Methods
Section Quality Assurance Officer, V. Ecker, is responsible for reviewing and approving QAP;jPs for
the section and for reviewing all data and data reports generated by tasks within the section. The
Section QA Officer reports directly to the Section Supervisor and the Department Manager. The
LESAT TSP Coordinator, P. Malley, is responsibie for tracking all projects under the TSP and works
with the Task Leader to prepare the TWP and identify the key personnel required to execute the task
activities. The TSP Coordinator communicates with the WAM on a daily basis on issues including the
status of the task and the need to utilize contingency planning. For each TSP task requiring analytical
services, a project-specific QA lead is assigned The Project QA Lead, M. Silverstein, is responsible
for ensuring that the QAPJP is prepared, is complete, and is followed (and any discrepancies are
documented). The QA Lead reports directly the TSP Coordinator and works directly with the Task
Lead to ensure that the technical requirements of the project are being satisfied and that the analytical
results and deliverables are of the required quality and documentation.

The Task Leader, D. Youngman, is responsible for preparing the TWP and the QAP;jP and is the
technical leader and focal point for the daily task operations and personnel coordination. The Task
Leader is responsible for ensuring that all analytical activities involved in chain of custody, organic and
inorganic sample analyses (including sample preparation) are being performed to project
specifications, that all data are reported in required format (e.g., CLP-quality data package), that all
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analysis methods are and data generated by their use are documented and are valid, and that compiete
technical write ups are submitted from all key technical personnel (ie, LESAT Chemist Leads), and
that all deliverables are prepared and completed within time and budgetary constraints. The Task
Leader anticipates, identifies, and facilitates the resolution of technical issues and any contingencies
needed. The Task Leader communicates directly with the Project QA Lead, the TSP Coordinator, and
the WAM and the EMSL-LV Technical (Chemist) Lead, and reports directly to the LESAT
Chemistry Department Manager. The Chemistry Department Manager. D. Hillman, is responsible
for ensuring that Chemistry Department analysis personnel assigned for this p-oject, including the
Task Leader, are available as necded (coordinating with the Section Supervisor via the TSP
Coordinator, when necessary) to resoive any scheduling conflicts. The Chemistry Department
Manager will review the output (analysis data, case narratives, etc.) of the work generated by
department personnel assigned to this task. The Chemistry Department Manager is also responsible
for coordinating any needed subcontracted analytical services (in this case, the analysis of the cyanide
fraction). The Organic Chemist Leads on this task are D. Youngman for the physical analyses, the
SVOC analyses, and the GC/MS VOC purge-and-trap analyses; Neal Amick for the GC-FID oil
classification analysis and the GC headspace VOC analyses; and for the PCBs and the pesticides
analyses, the lead(s) are to be determined (TBD) and will be the responsibility of the Task Leader for
oversight. The Inorganic Chemist Lead, D. Dobb, is responsible for the metals analysis and
incorporation the cyanide analysis from the subcontractor. Each Chemust Lead is responsible for
overseeing and/or conducting the analysis of the sampies, for conducting or overseeing the sampie
preparation activities and personnel, for reporting the results and performing preliminary data quality
review of the resuits, and for preparing case narratives and detailed procedural write ups for the
methods used in sampie preparation and analysis. The chemist Leads work directly with the Task
Leader an providing a status of their progress and need to assess contingencies, and report directly to
their respective supervisors/managers for any possible scheduling conflicts.
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SECTION 3.0

QUALITY ASSURANCE OBJECTIVES

In order to properly utilize the information from this project, the sampie results must be technically
sound and of defined and documented quality. To achieve this end, and as required by the USEPA
for all monitoring and measurement programs, objectives must be established for data quality based
on their proposed end uses (Stanley and Verner, 1985). As stated in Section 1.1.2, the data produced
here are intended to be used in support of the RUFS, however the results will more specifically be
used to discern the possible sources of the three LNAPLs and evaluate their impact on overall site
conditions.

The Region 5 documents (QAPjP and Work Plan Addenda, with revisions) indicated that "The
analytical levels applicable to this activity and defined by EPA are as follows:

. Level III - All analyses are performed in an off-site analytical laboratory. ..may or -
may not use the CLP procedures, but do not usually utilize the validation or
documentation procedures required of CLP Level IV analyses. (Note: this analytical
level is to be used for PCB/pesticide analyses.)

) Level IV - CLP routine analytical services (RAS). All analyses performed in an off-
site CLP analytical laboratory following CLP protocols. Level IV is characterized by
rigorous QA/QC protocols and documentation.” (Note: this analytical level is to be
used for all other LNAPL analyses.)

Later in this section of the Region 5 document, the above analytical levels are described as DQO
Levels III and IV, however no project-specific objectives are given. According to the Agency, "QA
objectives must be defined in terms of project requirements, and not in terms of the capabilities of the
intended test methods (EPA, 1991)." Analytical Level V (Non-conventional parameters, method-
specific detections limits, and modification of existing methods [EPA, 1988b]) seems to be more
appropriate to these analyses, however, little guidance was available from the data users as to the
actual quality of the results which would satisfy their technical and enforcement-related needs. To the
extent possible, given the TSC/EMSL-LV/Lockheed understanding of the Region’s request, more
definitive statements of project quality objectives will be described in this QAP;P.

The parameters generally accepted as indicators of data quality include: precision, accuracy (which
may be expressed as bias), representativeness, completeness, and comparability (Staniey and Verner,
1983). In this project method detection limits (MDLs) for the LNAPL matrix are also critical. The
quantitative data quality objectives (DQOs) for this demonstration are given in Table 1.

The DQOs for precision and accuracy of the modified methods are derived from data generated by
interlaboratory studies using EPA methods (Laing, 1989), since this is the data quality to be expected
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Table 1. Data Quality Objectives for LNAPL Sample Analyses

Critical Analytical Accuracy Precision MDL
Measurement Method (% Recovery) (RPD/RSD*) (1g/Kg)
Volatile Organic Cmpds.
Headspace CLP Dnaft QTM,GC 50- 150* S 0% 400°*
Purge & Trap CLP OLMO01,GC/MS 75 - 125 < 25% <1200
Semivelatile Org, Cmpds.  CLP OLMOI/R270, 60- 110 < 35% <10,000
GCMS
Pestlicides CLP SOW/B081,GC 50 - 150 < 50% 100
PCBs FASP Extr/CLP
OLMO01/8081,GC 50 - 150 < 50% 1000
TAL Metals CLP High Con. Dig. Same as
CLP 6020-M,ICP/MS 80 -120% * <25%° 6020 Soils
Total Cysaide CLP 33522 Distil.
9012,Spectrophot. 80 - 120 < 25% 500

—_

pmrasr—

* RPD = relative percent difference or RSD = relative standard deviation of spiked/unspiked laboratory duplicates
* As specified in applicable published method

¢ As demonstrated in Helms, 1992
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from a laboratory in the CLP, and appear to be acceptable to the Region 5 RPM and QA Staff
Although meeting the DQOs for these analyses is the optimal result of the laboratory work, failure to
do so does not necessarily mean that the data will not meet the needs of the project, provided that the
data generated is of defined quality, is adequately documented and is able to be reproduced in another
laboratory.

3.1 REPRESENTATIVENESS

Representativeness is defined as “the degree to which the data accurately and precisely represent a
characteristic of a parameter, variation of a property, a process characteristic, or an operational
condition” (Stanley and Verner, 1985). In this project, the sampling collection program should have
been carried out in such a manner that each sampie taken is representative of the wells/piezometers
and matrix type found at the three designated locations on the site. The integrity of the samples must
be maintained by using the appropriate containers and shipping and storing them at 4 *C. In
addition, the LNAPL phases must be separated from any stagnant water and extraneous materials in
such a way s0 as not to jeopardize the character, composition, and contaminant content of the target
matrices. VOC trip blanks and laboratory bholding blanks must be prepared to qualitatively and '
quantitatively disclose interferents introduced prior to analysis.

3.2 COMPLETENESS

Completeness is defined as "a measure of the amount of data collected from a measurement process
compared to the amount that was expected to be obtained under the conditions of measurement”
(Stanley and Verner, 1985). The completeness goal relates not only to the number of samples
successfully taken, but also to the proportion of valid data (ie., data not associated with some criterion
of potential "unacceptability” with respect to instrument calibration, detection limits, or results of QC
samples) relative to the entire body of data. Because it is quite possible that only small quantities of -
LNAPL sample will be available for collection at one or more of the locations (Remcor, Section 2-16,
1993), it is not realistic to anticipate fulfilling a goal of 100% completeness for all analyses. Instead,
the completeness goal for the various types of analyses which are abje to be carried out with the
available samples is 100%.

3.3 COMPARABILITY

Comparability is defined as "the confidence with which one data set can be compared to another”
(Stanley and Verner, 1985). To the extent possible, the procedures used will be based on technically
accepted, if not promulgated, Program-Level EPA methods (e.g., Draft CLP Quick-Turnaround
Methods, Modified CLP ICP/MS, ESAT SOPs). Any modifications to those methods must be
completely documented. Data verifying method performance for precision, accuracy, and detection
limits, as well as those indicating evidence of systematic bias should be generated to enable utilization
of the results in conjunction with other site information. All results must be reported as ug/Kg of

target analyte and tentatively identified compounds (TICs), to two significant figures.
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3.4 ACCURACY and BIAS

Accuracy refers to the difference between a measured result and the true, or reference value. A
systematic error in the accuracy of a method or measurement system is termed bias (Taylor, 1987).
Bias may be exhibited in the results of the LNAPLs due to matrix interferences, detection of non-
target compounds, systematic contamination or “carryover” of analyte, or Joss of more volatile
compounds during isolation of the LNAPL phase from co-sampled stagnant water. Accuracy and bias
will be assessed using data from analyses of duplicate or split samples, concocted QC samples, and
MS, MSD, and surrogate recoveries.

35 PRECISION

Precision, defined as the degree of mutual agreement among individual measurements, provides an
estimate of random error (Taylor, 1987). In this project, for quantitative, continuous data, precision
will be expressed in terms of the relative percent difference (RPD) between duplicate or split samples
or the percent relative standard deviation (%RSD) between muitiple analyses of concocted QC
samples over the course of the evaluation.

3.6 METHOD DETECTION LIMITS

For this demonstration, Region 5 has requested that the demonstrated MDLs for VOCs and SVOGs
be more sensitive than 1200 ug/Kg and 10,000 1g/Kg respectively. MDLs should be generated using
clean LNAPL matrix (Le., LANPL which has been showsn o be free of the target analytes) or a
matrix possessing physical characteristics similar to the LNAPLs which has been spiked with some or
gu;:bttclcompounds&omthelmlyﬁalﬁuﬁonbdnginvsﬁpmd The DQOs for MDLs are given
in .
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SECTION 4.0

SITE SELECTION AND SAMPLING PROCEDURES

The selection of the sites to be sampled and the procedures by which the samples will be collected are
not within the control of LESAT and are, therefore, not an aspect of the QAPjP nor sample integrity
for which LESAT can be responsible. LESAT has recommended the types of sample containers and
volumes preferable. A brief discussion of the site selection and sample collection procedures are

provided below.
4.1 SITE SELECTION

LNAPL samples will be collected from three locations on the Rockwell International site, from
Piezometer P-17, Monitoring Well MW-10, and QOil Recovery Well RW#3 (Remcor, February 1993).

4.2 SAMPLING PROCEDURES

According to the Remcor, Inc, Work Plan Addendum (February 3, 1993), LNAPL samples will be
collected from each well as follows: an oiliwater interface probe will be measure the depth to the
LNAPL surface; a sampling tube marked to the measured LNAPL depth will be lowered into the
LNAPL layer, at which time pumping will commence. If possible, sufficient sample to fill all sampie

bottle volumes will be collected (see Section 4.3 for volumes); samples will be immediately placed in
shipping coolers at 4 C for shipment to EMSL-LV/LESAT.

4.3 SAMPLE CONTAINERS AND VOLUMES
Sample botties should be filled in accordance with the following order:

TCL Organics (SVOCs, pesticides/PCBS, VOCs), filling as many of six 40-mL glass (VOA)
vials as possible (approximately two per analysis class).

Inorganics (TAL Metals, Cyanide), filling two 4-ounce amber giass bottles (with Teflon-lined
screw caps) with any remaining LNAPL sampie.

4.4 DECONTAMINATION

Decontamination procedures for field sampling equipment is provided on Page 3-6 of the Work Plan
Addendum.

4.5 SAMPLING QUALITY CONTROL SAMPLES
Protocols for the collection of field quality control samples is provided on Page 3-7 of the Work Plan
Addendum, and include field duplicates and trip blanks.
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SECTION 5.0
SAMPLE CUSTODY

Since it is expected that the data generated from the LNAPL analyses may be used for litigation
purposes, strict chain-of-custody procedures on the samples and the raw and supporting data
generated from the analyses is required. LESAT has no control of the samples in the field, therefore,
responsibility for ensuring sample custody procedures are foliowed begins, for LESAT, when the
samples are transferred from the overnight courier into LESAT's possession at the Lockheed
Analytical Services (LAS) laboratory in Las Vegas. The Task Leader, who will act as the Sampie
Custodian for this project, is responsible for ensuring proper chain-of-custody procedures are followed.
These procedures are described below.

5.1 SAMPLE LOG-IN AND STORAGE

Once the shipping sample containers arrive at LAS, the sample shipment, by LAS policy, is :
considered physical evidence. Although, the sample handling will be managed by EMR&D staff via
the EMR&D Task Leader, the samples will be housed in the LAS facility, whose chain-of-custody
program is in compliance with procedures established by the National Enforcement Investigation
Centers. Therefore, security within the facility applies to EMR&D activities and samples, as well.

The samples are to be accompanied with Chain-Of-Custody forms and Request for Analysis forms
from Remcor (see Appendix A). Upon arrival at LAS, the Task Leader will first check the numbers
and condition of the shipping containers and then inspect the contents of the containers against the
information on the Remcor custody and analysis forms. The sample bottles will also be inspected for
leakage or damage. Any bottles exhibiting a condition that may affect the integrity of the sample will
be documented on the custody forms and in a logbook or other appropriate form, and the WAM will
be notified. Once the samples have been inspected, they will be stored in a sealed box in a designated
locked refrigerator (which includes a temperature log), and the accompanying paperwork filed in a
locked cabinet. Refrigerator and file keys will be maintained by the Task Leader or designee.-

5.2 SAMPLE TRACKING

Only the Sample Custodian or designee is permitted to remove the sampies from the secured storage
area. Therefore, sample preparation and sampie analysis personnel can only obtain samples with
properly prepared sample tracking forms. If sample containers are changed during processing (e.g.,
spliting, diluting, digestion), a new sampie bottie label must be affixed to the bottle, and the activity
documented in a logbook and sampie tracking form. When required, sampies will be transferred to
the custody of personnel other than EMR&D staff or to off-site locations (e.g., cyanide fraction to the
LAS subcontractor, TAL metal digestates to the EMSL-LYV laboratory facility). In these instances
samples will be tracked via appended sample tracking forms. For the LAS cyanide fraction, sample
tracking and custody will also be ensured by following the laboratory’s procedures #1LAL-90-SOP-002
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and #LAL-90-SOP-009.
5.3 SAMPLE DISPOSAL

Any sample or sample preparation fractions (e.g., diluents, digestates, extracts) will remain in the
custody of the Sample Custodian until written notification by the WAM as to the final disposition of
the sampies (ie., disposal or transfer to another facility, such as the Region or the PRP). Samples will
be stored up to 60 days after the delivery of the data package to the WAM.

5.4 SAMPLE AND SUPPORTING DATA DOCUMENTATION

All sampie preparation techniques and snalytical methods used in sample analysis must be
documented in logbooks or on preprinted forms. Experimental conditions and parameters, such
reagent grades, lot numbers, operating temperatures, reaction times, and instrument settings must be
noted, as appropriate. The results of all QC sampie analyses should be recorded if generated using
manual instrumentation; and proper annotation of instrument output for automated analyses for
project samples and associated QC samples should be performed, including such output as properly -
marked chromatograms and ICP-MS data printouts. Supporting analytical data documentation must
be secured in a locked file cabinet until the completion of the project data report, at which time all
raw data will be submitted to the WAM. Copies of all sample data, instrument output, logs entries,
and other raw and support data will be made and stored in the job order file for this project. No
extraordinary security for this information is required.
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SECTION 6.0

CALIBRATION PROCEDURES AND FREQUENCY

The calibration procedures and technical acceptance criteria described below are, unless otherwise
indicated, taken from methods utilized in the Contract Laboratory Program (CLP), SW-846, or EPA
Regional Laboratory SOPs. Because of time limitations on the LNAPL analyses, any failure to meet
these criteria (e.g., an analyte calibration factor (CF) not meeting the %D limits in a continuing
calibration) must be evaluated on a case-by-case basis by both technical and QA staff, based on the
impact on data quality and overall project objectives.

6.1 PHYSICAL TESTING

Several tests are to be performed in order to determine the physical characteristics of the LNAPL
matrices. These include sampie miscibility with water and solvents, vortex emulsification, and
centrifugation. Such testing involves no instrumentation or equipment-dependent measurements and
consequently requires no calibration steps.

6.2 HYDROCARBON SCREENING

Gas chromatographic (GC) screening (with flame ionization detection [FID]) of the LNAPLs will be
used primarily to determine the approximate boiling point(s) of the sampie components. The analytes
and their concentrations in the standard are given in Appendix B. Although the standard solution is
prepared at a specific concentration range (80 - 100 ug/mL), compound quantitation is not performed
on the basis of these analyses. The single-level standard must be injected several times to verify
instrument stability, and the retention times (RTs) of the various alkams are used to help characterize
the unknown sample. .

6.3 SEMIVOLATILE ANALYTE ANALYSIS BY GCMS

Calibration procedures will be followed as per RCRA Method 8270.

6.4 PESTICIDE ANALYSIS

Calibration procedures will be done according to CLP 3/90 SOW (or Method 8081).

6.5 POLYCHLORINATED BIPHENYL (AROCLOR) ANALYSIS BY GC

Calibration procedures will be done according to CLP 3/90 SOW (or Method 8081).
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6.6 VOLATILE ORGANIC COMPOUND ANALYSIS

Two methods will be investigated for use in the analysis of the LNAPLs for volatile organic
compounds (VOGs): the Quick Turnaround Method (QTM) (EPA, 1993), and the CLP Multi-media,
Multi-concentration Statemeat of Work (SOW) (EPA, 1990).

6.6.1 Volatiles: Headspace

The CLP QTM requires calibration standards to be prepared daily and analyzed via headspace sample
introduction (in the following order) at three concentrations: 500, 100, and 20 ng/mL (ppb) in water.
The analyte composition of the standards are given in Appendix B. The initial calibration must be
used to establish the calibration factors for compound quantitation, to define the RT windows for
compound:denuﬁanon.mdwdae:mmethemnSMCRTﬁorenhnnngSMCshxﬁdunng

analyses. The technical acceptance criteria are:

. The %RSD of the CF for each target compound and the SMC in the initial calibration
must be < 25%. Up to two compounds may exceed the 25% limit, however all ’
compounds must be < 40% RSD.

° The RT of the SMC in each standard must be within + 1.0% of the mean RT
calculated from the three initial standards.

o Peak resolution must attain a valley < 25% between cis-1,2-dichloroethene and
chioroform in the low level standard.

. The response of all compounds in the low standard must be > 10% full-scale

A mid-point calibration standard (100 ppb) must be analyzed at least daily to check the on-going
validity of the initial standard curve. The technical acceptance criteria are:

. %D between the CFs of each target compound and the SMC in the calibration check
and the mean CF of that compound in the initial calibration must be + 35%. Up w0
two compounds may exceed that limit, however all compounds must be within + 45%.

° The absolute and relative RTs of all target compounds must be within the RT
windows established by the initial calibration.

° The RT of the SMC in each standard must be with + 1.0% of the mean RT calculated
from the three initial standards.

J Peak resolution must attain a valley < 25% between cis-1,2-dichloroethene and
chloroform.
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If sufficient time is available, experiments may be performed to examine the behavior of calibration
standards prepared in a simulated LNAPL matrix These attempts are also dependent upon the
miscibility of the LNAPL with methanol and other solveats.

6.6.2 Volatiles: Purge and Trap

The CLP Multi-media, Multi-concentration SOW requires that calibration standards be analyzed at
five target analyte concentration levels: 10, 20, 50, 100, and 200 ug/L. The relative response factor
(RRF) and the %RSD across the five standards must be calculated for each apalyte. With the
exception of 12 compounds, all analytes must have 8 %RSD < 20.5%. The minimum acceptable
RRF for all compounds, and the 12 compounds excepted from the %RSD limits are given in Table 2
and Section 7.4.6 of Exhibit D/VOA in the SOW.

The calibration curve must be verified once each 12 hours through the analysis of the 50 ug/L
standard. The calculated RRFs for all but the 12 indicated compounds must show < 25% D versus
the average RRFs from the initial calibration. In both the initial calibration and the continuing
calibration check, up to two compounds in Table 2 may fail to meet the minimum RRF and either the
%RSD or %D acceptance criteria, however the RRFs of those two compounds must be > 0.010, and
the %RSD or %D can be no greater than 40% for the calibration to be acceptable. Additional
acceptance criteria for the initial and continuing calibration (e.g., internal standard responses, RT
changes) are given in Section 7 of VOA Exhibit D.

6.7 METALS
See Section 9 for details.
6.8 CYANIDE

See Section 9 for details.
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SECTION 7.0
ANALYTICAL PROCEDURES

Where applicable, standard EPA methods or SOPs should be used for sampie preparation. Non-
standard methods and specific modifications to EPA-approved methods are described below (to the
extent possible prior to actual sampie manipulation). Deviations, additions, and further modifications
to the material given in this QAP{P must be completely documented and included in the case
narrative, method descriptions, and/or summary write-ups submitted to the WAM and Region 5§ RPM.

7.1 PHYSICAL TESTING

After arrival, 2g of the oil matrix will be added to five different conical-shaped glass centrifuge tubes
and an equal volume of following solvents will be added: (1) water, (2) methanol, (3) hexane, (4)
methylene chloride, (5) toluene. The tubes will be observed to note any physical characteristics
(miscibility, density) which may be reievant to this project. The tubes will then be processed using a -
Vortex mixer for a period of 30 seconds and the physical characteristics will then be noted. Finally
the tubes will be centrifuged for 2.0 minutes at 2000 revolutions per minute and their characteristics
observed again.

7.2 HYDROCARBON SCREENING

The GC screening procedure is based on analyte separation procedures in SW-846 (EPA, 1986)
Methods 8010/8015/8020 for the analysis of VOCs. Samplies are diluted in methylene chioride and
direct injected onto a capillary chromatography column (30m RTX-5, 0.53 micron film thickness) with
40° - 290* C temperature programming. Serial dilutions (1:10, 1:100, etc.) must be made to achieve
analyte responses approximately 50% of full scale. The nature and boiling point range of the LNAPL
matrices is determined through comparison of the stmghtdmn hydrocarbon peak RTs with those of
the mixed alkane standard.

7.3 SEMIVOLATILE ANALYTE ANALYSIS BY GCMS

RCRA Method 8270 will be used for the analysis of semivolatiles.

7.4 PESTICIDE ANALYSIS BY GC

Pesticides will be analyzed by GC using RCRA Method 8081.

7.5 POLYCHLORINATED BIPHENYL (AROCLOR) ANALYSIS BY GC

Aroclors will be analyzed using the Field Analytical Support Project (FASP) preparation method for
transformer oils followed by GC/ECD using the current CLP 390 method.
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76 VOLATILES ORGANIC COMPOUND ANALYSIS

7.6.1 Volatiles: Headspace

Volatiles for headspace will be done using the current revision of the quick turnaround method
(Q™).

VOLATILES: PURGE AND TRAP |
Volatiles for purge and trap will be done as prescribed in the CLP 3/90 SOW.
77 TAL METALS

7.7.1 Sampie Prepanation

Sample preparation for TAL Metals analysis will be achieved using a modification to the digestion
procedures used in the High Concentration Inorganic Statement of Work (HCIn SOW) as '
documented in Suarez et al, 1993. This digestion procedure, Method 200.XX-A-CLP, is an alternative
to the potassium hydroxide fusion method specified in the HCIn SOW, using microwave digestion
with hydrofiuoric acid for metais analysis of oils, oily soils, soils, and aqueous phase materials which
are expected t0 be analyzed for TAL metais.

7.7.2 Sample Analysis by ICP-MS

The TAL metals will be analyzed using ICP-MS using EPA Method 6020-M, Version 81, after the
digestion step described above and in Suarez et all, 1993. Method 6020 describes the multi-elemental
determination of analytes by ICP-MS. The method measures jons produced by a radio-frequency
inductively coupied plasma. NOTE: Since the data quality for the analysis of mercury has not been
adequately assessed for this method, and since mercury is a TAL Metal, confidence in the results for
mercury by this method may be in question. It is known that this method will confidently detect
mercury and conversely, if mercury is not in the sample, a nondetect result is considered a valid
analysis. Thatfore,ifwunykmtdewaedinmeLNAPmeles.mﬁlrﬂ:aanﬂyskisrequm
If mercury is detected, in order to adequately quantitate the concentration, cold vapor atomic
absorption spectroscopy will be required. Method 7471, which includes sample preparation, will then

be empioyed.
7.8 TOTAL CYANIDE ANALYSIS BY MIDI DISTILLATION

The LNAPL sampleswillbemlyzed for total cyanide via subcontract to LAS using LAL-91-SOP-
0098 The samples will be analyzed using the Midi distillation protocol (Exhibit D Method 335.2)
followed by Method 9012, Total Amenable Cyanide (Colorimetric, Automated UV). See Section 9 fc:

QA/QC and contingencies of analysis.
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SECTION 8.0

DATA REDUCﬂOﬂ. VALIDATION, AND REPORTING

81 DATA REDUCTION

Data reduction is the respective responsibility of the analyst for each analytical class of measurements
(SVOCs, Pesticides, PCBs, VOCs, Metals, Cyanide) as specified in Section 2 and displayed in Figure 2.
Data reduction procedures will be conducted in accordance with protocols specified in each analysis
method (Section 7). Any deviations from these protocols required to reduce the sample and QC data
will be fully documented in the methods modification write up and delivered to the WAM.

82 DATA VALIDATION

Data validation will be the responsibility of the Task Leader for organic analyses and D. Dobb or D.-
Hiliman for inorganic analyses. Because of the unique aspects of sample analysis and the small
sample size, there are no plans for outlier detection. If applicable, data qualifiers applied to sample
results data will be those typically used in the CLP program. If other data flags are required, these
qualifiers will be defined in the data report, as will the definitions of CLP flags.

83 DATA REPORTING

Data for all organic analyses and inorganic analyses will be reported in ug/Kg.

A description of the data reports, data storage requirements, and the project deliverables are provided

in Section 14. All deliverables will be reviewed by the Task Leader, the Project QA Lead, the Section
Supervisor and QA Officer, the Chemistry Department Manager, and the TSP Coordinator.
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SECTION 9.0

INTERNAL QUALITY CONTROL CHECKS

9.1 PHYSICAL MEASUREMENTS

Not applicable.

9.2 HYDROCARBON (GC-FID) SCREEN

Not applicable.

9.3 SEMIVOLATILE ANALYSIS

QA/QC procedure will be followed as per the RCRA method 8270. Such QA/QC methods invoive
surrogate recoveries, matrix spikes, control checks on internal standard areas, acceptable criteria for -
the initial and continuing calibrations.

9.4 PESTICIDES

QA/QC procedures will be done according to CLP 3/90 SOW (Method 8081) and Table 2. This
includes addition of a surrogate standard and acceptable criteria for initial and continuing calibrations.

9.5 POLYCHLORINATED BIPHENYLS

QA/QC procedures will be done according to CLP 3/90 SOW (Method 8081) and Table 2. This
includes addition of a surrogate standard and acceptable criteria for initial and continuing calibrations.

9.6 VOLATILES

9.6.1 Volatiles: Headspace

QA/QC procedures described in the CLP QTM protocol will be followed. These include criteria for
initial and continuing calibrations, control checks on internal standard areas, and the addition of
surrogate compounds and matrix spike/duplicates.

9.6.2 Volatiles: Purge and Trap

QA/QCprowduresdcsaibedintheCLPBMSOWwinbefollawed.- These include criteria for initial

and continuing calibrations, control checks on internal standard areas, and the addition of surrogate
compounds and matrix spike/duplicates.
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TABLE 2. METHOD 8081° QUALITY CONTROL REQUIREMENTS

e T R N T

QC ELEMENT SPECIFICATIONS ACCEPTANCE CRIVERIA CORRECTIVE ACYION
. Initial calibration *Pesticides/PChs plus *< 20% RSD of the snalyte *Plot cetibretion curves for
surrogates at three responses or CFs over the onalytes with responses or CFs
concentretion levels concentration range Is required »>20% rs0
to use mean Cf for titation *
2. Continuing calibration *Analyze one midpoint stenderd *CF or resporse (height or aree) *Cleen injection port, replece
verificetion ofter esch group of 20 semples or for each snalyte ¢ 30X of the septum and recolibrate
less (and ot end of enalysis) acon response for that snelyte in
the inftisl colibration stenderds
3. demonetration of the A ainimm of four replicates of o | Mo oC limits for olls ore given *Porform mintenance end/er
sultability of the extraction clean oil matrix spiked with o in the appliceble methods periorm 8 new three-point
sethod, precision end sccurscy, levels of representetive pesti- *Generate scceptence limits using cslibration, and rerun the
determination of method/metrix cides/PCBs corried throughout the the (netructions In Method 8000 anslyses
quentitetion timits, snd entire extractien, clearp, and *The method detecticn limit Utitize an alternative
estebl ishment of RT windows anslysis scheme colculoated according te p. 19 of extrection method or solvent
(Alternatively, RT windows sy : wethod 8081 must be sufficient te conbinetion
be determined by tie snelyses detect analytes at the levels
of 3 etenderd solutions) required for site clesmp
- Deily retention time windous *Absolute retention time of esch *The RTs of major pesks in *Perform necessery maintenence

snslyte In the daily standerd continuing stenderde must fall ond recel ibrate
¢ 3 times the stenderd deviation within the daily &Y window
of the RIs deternined in mmber 3

S. Instrument blenk *Daily, prior to stenderd or *No srelytes present >POL or (ow *Repeat until blenk msets the
(Nexane or lsococtane) semple snalysls level standerd, vhich ever Is ecceptance criterie

*Following semples containing less *Deconteminate Instrument
snalytes > the high standerd 8o GC- introduced interferences .
. Nethod blenk *Slank metrix ¢ surrogetes *No snalytes present »>POL or {ow *Remove source of conteminetion
*One/sample prepsration betch tevel stonderd *Resnalyze associsted samples
*Carry through all extrection *No resgent or glessware- *if insufficient semple remsins,
ond clearp steps introduced interferences - fleg sample results uith »ge
7. GC check sampies *Spike clesn metrix with o *Recovery must be within the eldentify end correct sanple
representative pesticide/rcs ot linite determined in mmber 3, preperation or anelyticel
the regulatory limit or 1 - § above problems ‘
times the beckground conc. *Recel ibrate Instrument
*Hinimm of one/20 routine senples *Resnslyze associated semples
- Matrix Spike/Matrix Spike *Splke o routine sasple in *Recovery must be within the *Anelyze » GC check stenderd to
Muplicates duplicete at 1 - 5 times the lialte determined In ramber 3, verify that anelyticel system s
beckground concentration sbove in control

*Ninimm of one/20 routine samples

9. Surrogate Standerds *In esch blank, routine sample, *Acceptable recovery limits must *Check colculations, surrogate

QC semple, snd stenderd be determined by the procedures ond stendard sotutlons
.~.o.u.?.o=.8...oqo.l.-<.!l siven in Nethod 0081 *Resralyze extroct, reextrect or

decachlorobi { flag results with “J*(est imated)
e !

P, 1990 . al
(1] - Retention time cF . Celibration factor w o
Mo . X Relotive standard devietion PaL = Practicel quentitetion I imit &8

oC . Oual ity contrel = L X Recovery ~

1
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9.7 TAL METALS BY ICP-MS
Table 3 provides the quality control specifications for the ICP-MS analyses.
9.8 TOTAL CYANIDE ANALYSIS BY MIDI DISTILLATION

This method uses the Midi distillation apparatus (Exhibit D Method 335.2) with a semi-automated
spectrophotometer. Many laboratories use a completely manual spectrophotometer. The holding
time is 12 days after receipt by which the complete (post-distillation) analysis for cyanide must be

finished. LAS uses the Midi apparatus with a manual spectrophotometer (LAL-91-SOP-0098).

LAS'’s reporting limit for liquids is 20 ug/L. This is double the value specified in the SOW for
Inorganics. LAS has a reporting limit of 0.5 mg/Kg for solid samples which equals the SOW for
Inorganics. This is achieved using a 2 gram nonaqueous sample rather than 1 gram as specified in the
method. Using a doubled sample size should not have any adverse effects if the total cyanide
concentration if the concentration of the sample is low. One caution, if this oil sample is a sudsy
sludge, there is the possibility insoluble particulate may contain large concentrations of cyanide. A
high concentration of cyanide in the sample will yield low reported values for cyanide. But this cannot
be determined until the analysis is performed. To ensure maximum data quality the following should
be included in a request for cyanide analysis:

. Maximum holding time 12 days.

J The laboratory performing the work should meet a detection limit of 0.5 mg/Kg using a midi
or equivalent distillation apparatus using either a manual or semi-automatic
spectrophotometer.

. In addition to the normal QA/QC, a matrix spike should be performed on each sample to
ensure reasonable cyanide data is obtained on each sampie to be analyzed. Spike each 50-mL
solution to be distilled, containing the 1 or 2 gram sample, with 2.5 to 5 ug of CN" (yielding a
CN’ solution concentration of 50 to 100 ug/L). The laboratory control sampie should ‘also use
the same amount of cyanide as the matrix spikes.
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TABLE 3. METHOD 6020 CLP-M QUALITY CONTROL REQUIREMENTS
QC ELEMENT SPECIFICATIONS ACCEPTANCE CORRECTIVE
CRITERIA ACTION
1. Mass aalibration and © at the beginning and ¢ 0.1 amu difference © adjust the mass
resolution check the end of each or twice | from the rue value calibration to the
per § hour working shift | © resolutioa <01 amu correct values
full width at 10% peak A
height
2 Tuning solution ® at the beginning and ® <10% RSD on 4 ® cheek instrument
end of each run replicates hardware
© allow more time for
instrument warm-up
3. Injtial aalibration Olmlyt-dhmuut
least ons concentration
level and blank
4. Initial calibration © immediately after the | ® +/-10% of the true © recalibration of the
verification (ICV) calibration bas been value for each analyte instrument and new
established cone. verification
5. Initial calibration blank | ® immediately after ICV | © concentration of the
(ICB) amalytes < CRDL :
6. Memory test ® periormed oa the © coacentration of the ® increase the rinse
tuned and calibrated analytes in the memory time
instrument test blank < ® changs the
CRDL instrument hardware
@ change the conc. of
the element which is
failing the test
& Continuing acalibration | @ after memory test @ +/-10% of the true ® recalibration of the
verification (CCV) ® every ten routine value of the each analyte | instrument
smpiles coac
9. Continuing calibration | © after every CCV © conc. of the analytes @ flush system for at
blank (CCB) <CRDL least 30 sec. with the
rinse blank
10. Interference check ® at the beginning of the | © for A sol. conc. of the
solution for ICP-MS analytical run or once analytes <CRDL
(ICSA and ICSAB) svery 8 bouns ofor ABsol <20% of
the true value
11. Detection limit ® at the beginnin; and ® <50% rud of the rue | @ insyument
sample (CRDL) end each sampie s -viis | valus : recalibrated s be
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SECTION 10.0

PERFORMANCE AND SYSTEM AUDITS

10.1 PERFORMANCE AUDITS

Performance audits are generally based on data resulting from the analysis of standard reference
materials. Samples having known concentrations may be tested as unknown in the laboratory or a
sample may be analyzed for the presence of certain compounds. Performance audits are used to
determine objectively whether an analytical measurement system is operating within established
control limits at the time of the audit. The performance of personnel and instrumentation are tested
by the degree of accuracy obtained. For this project, typical performance audits will not be used
because of the scope, level of effort, and required turnaround time for the sample data. The only type
of performance sample that will be attempted are analytes of interest spiked into motor oil.

10.2 SYSTEM AUDITS

Systems audits are qualitative on-site field or laboratory audits that evaluate the technical aspects of
the operations (e.g., sampie preparation, sample analysis) against the requirements of approved QA
plans and protocols. System audit reports note problems and recommend or initiate corrective actions
to be taken to ensure the validity of collected data. For this project, field systems audits are not
applicable.

For this project, s system audit is a qualitative evaluation of the data acquisition program at the
laboratory. The purpose of such audits is to ensure that sample and data collection activities for the
demonstration are being conducted in accordance with the demonstration and QA project plans,
designated methods and Standard Operating Procedures (SOPs). The systems audit consists of the
evaluation of field and laboratory facilities, equipment, personnel qualifications, and operations such
an sample collection and handling, record keeping, chain-of-custody/sample tracking, data reporting,
and QA procedures. The results of any on-site evaluations conducted during this project will be
summarized in a report that includes observations, substantive notes on interviews with personnel,
problems and corrective actions, and recommendations.

A laboratory on-site evaluation will be conducted at the discretion of Project QA Lead. During the
on-site laboratory evaluations, operations and instrumentation will be inspected. Laboratory analysts
will be interviewed and their activities will be observed to ascertain the use of good laboratory
practices during analytical operations. Key personnel should be prepared to make QC data available
for auditor inspection. Sampie receipt and chain-of-custody/sample tracking processes will also be
observed and appropriate documentation reviewed.
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SECTION 11.0
PREVENTATIVE MAINTENANCE

LESAT's Equipment and Systems Section maintains records on all analytical instruments, equipments,
and computer systems used under the EMR&D contract Personnel from this Section are responsible
for performing preventative maintenance on all instruments and for updating maintenance and repair
logs. The frequency of repair requests, number of downtime hours, repair hours, and repair costs are
documented and reported to Lockheed management and to EMSL-LV by quarter and for the year-to-
date. In addition, SOPs for each analytical instrument include routine maintenance and procedures
that must be performed by personnel familiar with the equipment and, when performed, must be
completely documented in individual logs.

As a precaution, and because of the oil matrix to be analyzed in this project, GCs will be equipped
with guard columns. Instrument performance will be verified prior to and following sampie analysis.
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SECTION 12.0

CALCULATION OF DATA QUALITY INDICATORS

The assessment of data quality with respect to the QA objectives and the DQOs described in Section
3.0 will be conducted using several approaches. The results of different types of sample analyses or
measurements will be used to assess compieteness, accuracy, precision, and MDLs. The assessment
procedures to be used on the resuits generated from the measurements and the applicable calculations
are described below.

121 COMPLETENESS

Degrees of completeness will be assessed at two levels. The first level of completeness is determined
based on the number of samples or measurements actually collected in proportion to the number that
could have been collected. Incompleteness at this level is due to the inability to collect the appropriate
sample matrix/phase (LNAPL vs. groundwater), collection of insufficient sample volume, or

equipment failure. At the second level, incompleteness is based on the amount of valid data obtained
from those samples or measurements actually collected. Incompleteness at this level is due to samples
or measurement data associated with unacceptable QC ansalyses or a measurement system that is out
of statistical control. -

Completeness will be calculated by:

%C =100 x (V/n)

where:
%C = percent completeness - :
v = number of measurements judged valid
n = total number of measurements necessary to achieve an acceptable and
technical level of confidence
122 ACCURACY

Accuracy will be assessed by evaluating the concocted QC sampie measurements and surrogate and
matrix spike recoveries.

For situations where concocted (synthetic) QC samples are used, accuracy will be caiculated by:
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%R =100x C/C

%R = percent recovery
C. ™= measured concentration of the concocted sample
C.. ™= theoretical concentration of the concocted sample

For cases where surrogates and matrix spikes are employed, percent recovery will be calculated by:

%R = 100x (S-U/C)

= percent recovery
= measured concentration of the spiked sample

= concentration of the spike added to the sampie
= measured concentration of the unspiked sample

cnNnwn
pog

123 PRECISION

The precision of each of the analytical methods employed in the analysis of the LNAPL samples will
be evaiuated by rcphame analysis of QC samples (e.g., field and method duplicates, concocted QC
samples).

The following equation will be used to calculate relative standard deviation (%RSD) of replicate (three
or more) measurements of one sample type:

%RSD = 100 x (s/mean of replicate results)
where

%RSD = percent relative standard deviation

s = standard deviation (determined with n - 1 observations)

In the case of paired analyses, such as field duplicates or matrix spike duplicates, relative percent
difference may be calculated by:
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RPD = 100(G -C) /(G + C2
where:

RPD = relative percent difference
G = larger of the two observed values (or % recoveries)
G = gmaller of the two observed values (or % recoveries)

124 DETECTION LIMITS

Two main types of detection limits will be used in assessing data quality in this study, Method
detection limits (MDLs) and instrument detection limits (IDLs). The MDL and IDL differ, not in
how they are calculated, but in the way the blank samples or low-level standards (prepared at 2 to 3
times the IDL) are handled before analysis. For the MDL calculation, the blanks or standards are
subjected to all the sample preparation steps the environmental (e.g., LNAPL) sample undergoes
before analysis, such as extraction, digestion, filtration, or distillation. The IDL, on the other hand, is
calculated from blanks or standards that a free of the above handling steps. Therefore, the main
distinction between these two detection limit assessments is that the IDL estimates the detection limit
of the instrument under ideal conditions, whereas the MDL estimates the detection limit in more
practical terms in relation to the environmental sample.

The equation for calculating the method detection limit (MDL) is given below:
MDL = Youll-am) XS
where:
MDL = method detection limit

] = standard deviation of the replicate analyses
Ya-L1- o8} = student’s t-value for a one-sided 99% confidence level

Analtcrnatemethodbtmludaﬁonoidetecﬁonﬁmisisbydemmihingthesmndmddeviaﬁon from
the measurement of 7 to 10 blanks or standards analyzed on the same day.
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SECTION 13.0
CORRECTIVE ACTIONS

The implementation of a sound QA program in the field and in the laboratories assists in obtaining
data of the desired quality. The QA program must include mechanisms for identifying situations
which are out of control with respect to the applicable QAPJP. Well-defined laboratory sample
preparation and analytical procedures and associated acceptance criteria typically provide this
mechanism. However, in the case of the sample matrix (LNAPL) and methods employed in this
project, previously established QC criteria from standard EPA methodologies may not apply.
Although the DQOs may delineate desired method performance, what may typically be indications of
out-of-control situations may simply be the nature of the analyte/matrixsample preparation/analysis
method relationships. Every effort to meet QC criteria will be attempted. However, steps to correct
undesired events may, in fact, simply be steps to optimize the performance of the method.

Laboratory personnel are responsible for ensuring that all project samples are analyzed according to
the methods prescribed in Section 7. The analysts have the daily responsibility of meeting the
acceptance criteria for operating parameters (e.g., resolution, RT stability) and analytical procedures
such as instrument calibration, QC sample analysis, and data reporting. In cases of instrument
malfunction, nonlinear or unstable calibrations, blank contamination, or other unacceptable situations
(see Section 9), an analyst must immediately document the event and inform the laboratory supervisor
who assess the need to contact the Task Leader and QA Lead. This may, but will not necessarily,
cause analysis to be haited. All problems encountered during sampie analysis, and all corrective
actions taken must be discussed in the case narrative prepared as part of the deliverable package.
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* SECTION 140

QUALITY CONTROL REPORTS TO MANAGEMENT

14.1 CLP-LEVEL DATA PACKAGE

A complete CLP-level data package will be submitted to the WAM for all :inatytes by compound class
(SVOCs, PCBs, Pesticides, VOCs, Metals, Cyanide). Inclusive in the data package will be:

A formal letter describing the contents of the data package, signed by the Task Leader.

Data reporting forms documenting sampie analysis results, appropriate data qualifiers ,
(definitions must be attached), MDLs, and relevant procedural information(e.g., method used
for sample preparation and analysis, sample weight, analysis date/time, dilution factors).

Individual forms documenting QC results as specified by the method and/or modified, as
appropriate, including IDLs for each instrument.

14.2 CASE NARRATIVE

A detailed discussion by analysis class should be written by each analyst providing observations made
during sample and data processing, including all aspects of sample preparation, sample analysis, and
data reduction that may be useful in future analytical work performed on LNAPL samples from this
site, and in interpreting the analytical resuits provided. Any method/matrix-related problems and the
correlating corrective actions must be discussed in the narrative.

14.3 METHOD DESCRIPTIONS

Complete, detailed, methods and/or existing SOPs used in the sample preparation and analysis-of each
class of analytes must be prepared. If standard methods are used (e.g., SOWs, QTM), these can be
referenced and copies provided to the WAM. If any modifications to these methods are required or
any specialized operating criteria are used, these procedures must be documented in exact detail.
Descriptions of any innovative or specially prepared standards incorporated into the measurement
system are to be provided, including the procedure by which they were prepared. Preparation of
method/matrix-specific SOPs is dependant upon future requests from the WAM.

144 OVERALL SUMMARY STATEMENT

An overall summary of the project results (inciuding data tables, if applicable) will be prepared, and
the conclusions and any recommendations derived from the project and the performance of the
analyses made. A cover letter to the WAM will accompany this statement and will also reference all
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the components of the project deliverables (data package. case narrative, methods write ups, raw data,
audit report).

14.5 ORIGINAL RAW DATA

All original raw analytical, QA/QC, and supporting data for the handling and analysis of each sample
by analytical fraction will be provided to the WAM upon delivery of the final project deliverables (in
the event that the information is subpoenaed or required by the Region for other litigatory or
regulatory purposes). All raw data will be photocopied for retention in the LESAT project files.

14.6 ON-SITE SYSTEMS AUDIT REPORT

Any on-site inspection of laboratory operations will be conducted by the Project QA Lead or
designee, and should consist of the evaluation of the laboratory facilities, equipment, personnel
qualifications, and operations, such as sampie collection and handling, record keeping, chain-of-
custody/sample tracking, data reporting, and QA procedures. The results of this on-site evaluation will
be summarized in an audit report that includes observations, substantive notes on interviews with
personnel, problems identified and corrective actions implemented, and any recommendations. This
report will be submitted to the QA Officer, project files, and the WAM.
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