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Notice

The information in this document has been funded wtaolin part by the U.S. Environmental Protection
Ageng (EPA) under an Integeng/ Agreement number DW89936700-01-0 with the U.Spddenent of
Enegy's Sandia National LaboratprThis verification effort was syported ly the Consortium for Site
Characterization Technaly, apilot operatirg under the EPA’s Environmental TechngyoVerification
(ETV) Pragram. It has been sjdxted to the geng/’s peer and administrative review, and it has been
approved forpublication as an EPA document. Mention ofpmyation names, trade names, or
commercialproducts does not constitute endorsement or recommendation for peeibt products.

In 1995, the U. S. Environmental Protectiogefiey established the Environmental Techryglo
Verification Prgram. Thepurpose of the Prgram is topromote the acge#ance and use of innovative
environmental technotges. The verification of thperformance of the Vikig Instruments Cqoration
SpectraTrak™ 672 field trapsrtablegas chromatgraph/mass pectrometer (GC/MS)ystem r@resents
one of the first attepis at employing a testig process for theurpose ofperformance verification. One
goal of thisprocess is t@generate accurate and credible data that can be used totherdharacteristics of
the technolgiesparticipating in theprogram. This r@ort presents the results of our firgigication of the
testirg process. We learnedgaeat deal about the teggiprocess and havepgied what we learned to
improve pon it. We exyect that each demonstration will serve teiave the next and that thisoject
merel represents the first gban a conplex process to make future demonstrations more efficient, less
costly, and more useful.



Foreword

The U.S. Environmental Protectiorgédng/ (EPA) is chaged ty Corgress withprotectirg the nation’s
natural resources. The Nationalgesure Research LaboraydiNERL) is EPA’s center for the
investgation of technical and magament aproaches for identyfing andquantifying risks to human
health and the environment. NERL'’s reseagoéls are to (1) devgboand evaluate techngies for the
characterization and monitogrof air, soil, and water; (2) pport regulatory andpolicy decisions; and (3)
provide the science pport needed to ensure effectivegi@mentation of environmentalgelations and
stratejies.

EPA created the Environmental Technology Verification (ETV) Program to facilitate the deployment of
innovative technologies through performance verification and information dissemination. The goal of the
ETV Program is to further environmental protection by substantially accelerating the acceptance and use
of improved and cost-effective technologies. The ETV Program is intended to assist and inform those
involved in the design, distribution, permitting, and purchase of environmental technologies.

EPA’s Sperfund Innovative Technofry Evaluation (SITE) Prgram evaluates technaies for the
characterization and remediation ofp8tfund and Resource Conservation and Rego&et corrective
action sites. The SITE Rgram was created fmrovide reliable cost anperformance data tgsed the
acceptance of innovative remediation, characterization, and morgitgizhnol@ies. One component of
SITE, the Monitorig and Measurement Techngles Prgram, evaluates new and innovative
measurement and monitogitechnolgies. Effective measurement and monitgriachnolgies are needed
to (1) assess the giee of contamination at a site, {(#pvide data to determine the riskgoblic health or
the environment, (3) be cost effective, and (4) monitor the success or failure of a rempdbatsna. This
program is administeredypNERL’s Environmental Sciences Division in Lasgds, Nevada.

Candidate technoges for thesg@rograms orginate from theorivate sector and must be market nead
Through the ETV and SITE Pgrams, develpers arggiven the @portunity to conduct igorous
demonstrations of their techngles under realistic field conditionsyBonpleting the evaluation and
distributing the results, EPA establishes a baseline forptanee and use of these techmyés.

Gawy J. Folg, Ph.D.

Director

National Exposure Research Laboragor
Office of Research and Develment
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Section 1
Executive Summary

The performance evaluation of innovative and alternative environmental technologies is an integral part of
theU.S. Environmental Protectiokgency’s (EPA) mission. Early efforts focused on evaluating
technologies that supported the implementation of the Clean Air and Clean Water Acts. In 1987 the
Agency began to demonstrate and evaluate the cost and performance of remediation and monitoring
technologies under the Superfund Innovative Technology Evaluation (SITE) program (in response to the
mandate in the Superfund Amendments and Reauthorization Act of 1987). In 1990, the U.S. Technology
Policy was announced. This policy placed a renewed emphasis on “...making the best use of technology in
achieving the national goals of improved quality of life for all Americans, continued economic growth, and
national security.” In the spirit of the technology policy, the Agency began to direct a portion of its
resources toward the promotion, recognition, acceptance, and use of U.S.-developed innovative
environmental technologies both domestically and abroad.

The Environmental Technology Verification (ETV) Program was created by the Agency to facilitate the
deployment of innovative technologies through performance verification and information dissemination.
The goal of the ETV Program is to further environmental protection by substantially accelerating the
acceptance and use of improved and cost-effective technologies. The ETV Program is intended to assist
and inform those involved in the design, distribution, permitting, purchase and use of environmental
technologies. The ETV Program capitalizes upon and applies the lessons that were learned in the
implementation of the SITE Program to the verification of twelve categories of environmental technology:
Drinking Water Systems, Pollution Prevention/Waste Treatment, Pollution Prevention/ Innovative
Coatings and Coatings Equipment, Indoor Air Products, Advanced Monitoring Systems, EVTEC (an
independent, private-sector approach), Wet Weather Flows Technologies, Pollution Prevention/Metal
Finishing, Source Water Protection Technologies, Site Characterization and Monitoring Technology (a.k.a.
Consortium for Site Characterization Technology (CSCT)), and Climate Change Technologies. The
performance verification contained in this report is based on the data collected during a demonstration of a
field portable gas chromatograph/mass spectrometer (GC/MS) system. The demonstration was
administered by the Consortium for Site Characterization Technology.

For each pilot, EPA utilizes the expertise of partner "verification organizations" to design efficient
procedures for conducting performance tests of environmental technologies. EPA selects its partners from
both the public and private sectors including Federal laboratories, states, and private sector entities.
Verification organizations oversee and report verification activities based on testing and quality assurance
protocols developed with input from all major stakeholder/customer groups associated with the technology
area. The U.S. Department of Energy’s Sandia National Laboratories, Albuquerque, New Mexico, served
as the verification organization for this demonstration.

In 1995, the Consortium conducted a demonstration of two field transportable gas chromatograph/mass
spectrometer systems. These technologies can be used for rapid field analysis of organic-contaminated soil,
ground water, and soil gas. They are designed to hasten and simplify the process of site characterization
and to provide timely, on-site information that contributes to better decision making by site managers. The
two system developers participating in this demonstration were Bruker-Franzen Analytical Systéms, Inc.
and Viking Instruments Corporation. The purpose of this Environmental Technology Verification Report
(ETVR) is to document demonstration activities, present demonstration data, and verify the performance of

1 .
The company is now known as Bruker Instruments, Inc.



the Viking Instruments Corporation SpectraTrak™ 672 field-transportable GC/MS. Demonstration results
from the other system are presented in a separate report.

Technology Description

The Viking SpectraTrak™ 672 GC/MS is an integrated system combining a temperature programmable
gas chromatograph combined with a Hewlett Packard quadrupole mass spectrometer. This self-contained,
field transportable system, whose design has been adapted from laboratory technology, uses a
chromatographic column and accompanying mass spectrometer to provide separation, identification, and
quantification of volatile and semi-volatile organic compounds in sample matrices that include soil, liquid,
and gas. The column enables the separation of individual analytes in complex mixtures. A mass spectrum,
produced for each compound in the sample, can be used for compound identification and quantification.
An integrated computer and data acquisition system enables identification and quantification of the
analytes by comparison of detector response with a calibration table constructed from standards of known
concentration. The system provides detection limits that range from about 5 ppm for direct gas injection to
as low as 5 ppb for many volatile and semi-volatile organic contaminants in soils and liquids.

Demonstration Objectives and Approach

The GC/MS systems were taken to two geologically and climatologically different sites: the U. S.
Department of Energy’s Savannah River Site (SRS), near Aiken, South Carolina, and Wurtsmith Air Force
Base (WAFB), in Oscoda, Michigan. The demonstration at the Savannah River Site was conducted in July
1995 and the Wurtsmith AFB demonstration in September 1995. Both sites contained soil, ground water,
and soil gas that were contaminated with a variety of volatile organic compounds. The demonstrations
were designed to evaluate the capabilities of each field transportable system.

The primary objectives of this demonstration were: (1) to evaluate instrument performance; (2) to
determine how well each field instrument performed compared to reference laboratory data; (3) to evaluate
instrument performance on different sample media; (4) to evaluate adverse environmental effects on
instrument performance; and, (5) to determine logistical needs and field analysis costs.

Demonstration Results

The demonstration provided adequate analytical and operational data with which to evaluate the
performance of the Viking SpectraTrak™ 672 GC/MS system. Accuracy was evaluated by comparing the
Viking GC/MS analysis results with performance evaluation and spiked samples of known contaminant
concentrations. Absolute percent accuracy values from both sites were calculated for five target analytes.
For soil, most of the values fall in the O to 20 percent range with a median of 13 percent. For water, most
of the values fall in the 0 to 20 percent range with a median of 14 percent. The soil gas accuracy data
generally fall in the O to 60 percent range with a median of 28 percent. Precision was calculated from the
analysis of a series of duplicate samples from each media. The results are reported in terms of relative
percent difference (RPD). The values compiled from both sites generally fell within the range of 0 to 30
percent RPD for soil and 0 to 15 percent RPD for the water and soil gas samples. The Spec&ad rak
produced water and soil data that were comparable to the reference laboratory data (median absolute
percent difference was less than 50 percent). However, the soil gas data were not comparable. This was
due in part to difficulties experienced by the reference laboratory in analyzing soil gas samples and other
problems associated with sample handling and transport.

Considerable variability was encountered in the results from reference laboratories, illustrating the degree
of difficulty associated with collection, handling, shipment, storage, and analysis of soil gas, water, and
soil samples using off-site laboratories. This demonstration revealed that use of field analytical methods
with instruments such as the Viking system can eliminate some of these sample handling problems.



Performance Evaluation

Overall, the results of the demonstration indicated that most of the performance goals for the Viking
GC/MS system were met under field conditions, and that the system can reliably provide good quality,
near-real-time field analysis of soil, water, and soil gas samples contaminated by organic compounds. The
system was easily transported in an automobile and required only one technician for operation. A limited
analysis of capital and field operational costs for the Viking system shows that field use of the system may
provide some cost savings when compared to fixed-laboratory analyses. Based on the results of this
demonstration, the Viking SpectraTrak™ 672 instrument was determined to be a mature field instrument,
capable of providing on-site analyses of soil and water samples comparable to those from a fixed
laboratory.



Section 2
Introduction

Site Characterization Technology Challenge

Raoid, reliable, and cost-effective field screampemnd analsis technolgies are needed to assist in the
conplex task of characterizgnand monitorig hazardous and chemical waste sites. Environmental
regulators and site magars are often reluctant to use new techgie®which have not been validated in
an ohective EPA-sanctioned tesgjprogram or similamprocess which facilitates aqaance. Until field
characterization technaly performance can be verified thigluoljective evaluations, users will remain
skeptical of innovative technolpes, depite theirpromise of better, less pgnsive, and faster
environmental angkes.

The Environmental Technay Verification (ETV) Prgram was createdytthe U. S. Environmental
Protection Ayengy (EPA) to facilitate the dgoyment of innovative technafes throgh performance
verification and information dissemination. Tg@al of the ETV Prgram is to further environmental
protection ly substantiall acceleratig the accptance and use of jpnoved and cost-effective
technolgies. The ETV Prgram is intended to assist and inform those involved in thgmedistribution,
permitting, purchase, and use of environmental techgiel The ETV Prgram caitalizes yon and
applies the lessons that were learned in thplémentation of the SITE Pgoam to the verification of
twelve catgories of environmental techngg Drinking Water §stems, Pollution Prevention/Waste
Treatment, Pollution Prevention/Innovative Cogsiland Coatigs Equipment, Indoor Air Products,
Advanced Monitorig Systems, EVTEC (an ingendent private-sector pproach), Wet Weather Flows
Technol@ies, Pollution Prevention/Metal FinislgnSource Water Protection Techngikes, Site
Characterization and Monitogrrechnolgy (a.k.a. Consortium for Site Characterization Techglo
(CSCT)), and Climate Chga Technolgies. Theperformance verification contained in thipoget was
based on the data collected dgrandemonstration of field trapartablegas chromatgraph/mass
spectrometer (GC/MS)ystems. The demonstration was administergethb Consortium for Site
Characterization Technalg. The mission of the Consortium is to identilemonstrate, and veyithe
performance of innovative site characterization and mongaeohnol@ies. The Consortium also
disseminates information about techri@erformance to devepers, environmental remediation site
manaers, consultig ergineers, and gulators.

For eaclpilot, EPA utilizes the epertise ofpartner "verification aganizations" to degn efficient
procedures for conducigperformance tests of environmental techig@s. EPA selects ifgartners from
both thepublic andprivate sectors includimFederal laboratories, states, gunigdlate sector entities.
Verification oilganizations oversee andoat verification activities based on tegfiandquality assurance
protocols develped with irput from all mgor stakeholder/customgroups associated with the techngjo
area. The U.S. Omartment of Enagy’'s Sandia National Laboratories, Alljuerque, New Mexico, served
as the verification @anization for this demonstration.

Technology Verification Process

The technolgy verificationprocess is intended to serve as agiate for conductig technolgy
demonstrations that witfenerate Igh-quality data which EPA can use to veriechnolgy performance.
Four key stegps are inherent in thgrocess:

» Needs Identification and TechnglpSelection;
+ Demonstration Planngnand Inplementation;

* Report Pregparation; and,

» Information Distribution.



Each component is discussed in detail in the follogiparagraphs.

Needs ldentification and Technology Selection

The first apect of the technolgy verificationprocess is to determine techngyoneeds of the EPA and the
regulated communit. EPA, the U.S. Deartment of Enagy, the U.S. Dpartment of Defense, indugtrand
state gencies are asked to idegtiechnolg@y needs and interest in a techrgpioOnce a technofy need

is established, a search is conducted to idestiitable technolgies that will address the need. The
technolay search and identificatigorocess consists of revievgimegonses taCommerce Business Daily
announcements, searches of induatrd tradgublications, attendance at related conferences, and leads
from technolgy develgers. Characterization and monitagitechnolgies are evaluatedjainst the
following criteria:

. Meets user needs.

. May be used in the field or in a mobile laborgtor

. Applicable to a variat of environmentall impacted sites.

. High potential for resolvig problems for which current methods are unsatisfgctor

. Costs are copetitive with current methods.

. Performance is better than current methods in areas such asaéya sanple
preparation, or angtical turnaround time.

. Uses techmjues that are easier and safer than current methods.

. Is a commerciayl available, field-reagitechnolgy.

Demonstration Planning and Implementation

After a technolgy has been selected, EPA, the verificatiogaoization, and the deveder agree to
regonsibilities for conductig the demonstration and evaluaitme technolgy. The followirng issues are
addressed at this time:

. Identifying demonstration sites that wifovide the apropriate physical or chemical
attributes, in the desired environmental media;

. Identifying and definiig the roles of demonstratigrarticipants, observers, and reviewers;

. Determinirg logistical and spport requirements (for exaple, field equipment,power and
water sources, mobile laboragpcommunications network);

. Arranging analtical and sarpling sypport; and,

. Pregparing and inplementirg a demonstratioplan that addresses thepeximental degjn,
sanpling desgn, quality assuranceguality control (QA/QC), health and sayet
considerations, schedugjrof field and laboratgr operations, data anadisprocedures,
and rgporting requirements.

Report Preparation

Innovative technolgies are evaluated indendenty and, wherpossible, gainst conventional
technolajies. The field technotpes are perated ly the develpers in thepresence of indeendent
technolay observers. The techngjp observers arprovided ly EPA or a thirdparty group.
Demonstration data are used to evaluate tpalihties, limitations, and field@plications of each
technolay. Following the demonstration, all raw and reduced data used to evaluate each wchrmlo



conpiled into a technolgy evaluation rport, which is mandatedytEPA as a record of the demonstration.
A data summarand detailed evaluation of each techgglarepublished in an ETVR.

Information Distribution

Thegoal of the information distribution strafgis to ensure that ETVRSs are regdivailable to interested
parties throgh traditional data distributiopathweys, such agrinted documents. Documents are also
available on the World Wide Web thgiuthe ETV Web sitehttp://www.epa.gov/epand throgh a Web
site sypported ly the EPA Office of Solid Waste and Ergeng/ Regonse’s Technolgy Innovation

Office (http://clu-in.com)

The GC/MS Demonstration

In late 1994, th@rocess of technolyy selection for GC/MSystems was initiatedyipublishing a notice to
conduct a technofly demonstration in th€ommerce Business Daily addition, active solicitation of
potentialparticipants was conducted ugimanufacturer and technical literature references. Final
technolay selection was madeylthe Consortium based on the readiness of tecrsidor field
demonstration and theipgicability to the measurement of volatileganic contaminants at
environmentall impacted sites.

GC/MS is aproven laborator anaytical technolgy that has been in use in environmental laboratories for
mary years. The instruments arahly versatile with maw different y/pes of anglses easyl performed on
the sameystem. Because of issues such as cost anglegity, the technolgy has not been fylladgted

for use ly the field anaftical communiy. Thepurpose of this demonstration wasgvide not ony an
evaluation of fielgoortable GC/MS technolly results corpared to fixed laboratgranalses, but also to
evaluate the trapsrtability, ruggedness, ease operation, and versatiitof the field instruments.

For this demonstration, three instrumeygtems were initiayl selected for verification. Two of thgstems
selected were fielgortable GC/MS gstems, one from Vikig Instruments Cquoration and the other from
Bruker-Franzen Angtical Systems, Inc. The other techngipidentified was gortable direct sapling

device for an ion tramass pectrometer ystem manufacturedybleled/ne Electronic Technotpes.

However, since the direct salimg inlet for this MS gstem was not commerciglavailable, its

performance has not been verified. In the summer of 1995, the Consortium conducted the demonstration
which was coordinatedytSandia National Laboratories.

The versatiliy of field GC/MS instruments is one of thenimary features. For exapie, an instrument
may be used in a pid screenig mode to angkze a lage number of saples to estimate angk
concentrations. This same instrumeniyrha used the next gao provide fixed-laborator-quality data on
selected sapies with accorparnying quality control data. The GC/MS can also identither contaminants
that mg bepresent that mahave been missed previous surves. Conventional screergnnstruments,
such agortablegas chromatgraphs, would ony indicate that an unknown substancerissent.

An exanple of conpound selectivig for a GC/MS is shown in Bure 2-1. The pper portion of the fgure

is a GC/MS total ion chromagcam from a water sapie containirg numerous volatile ganic

compounds. The total ion chromap@m is aplot of total mass detector y@Emnse as a function of time from
sanple injection into the instrument. Mgrmpeaks can be noted in the retention time window between 7 and
11 minutes. In mancases thpeaks are not coptetely resolved as evidenceg the absence of a clear
baseline. The insetdure shows a reconstructed ion chrorngedon for ion mass 146. This corpesds to

the molecular iopeak of the three isomers of dichlorobenzene. The relative intensities opéadseare

at a level of about 60,000 with the bgadund consideraplhigher at an intensitlevel between 500,000

and 1,000,000. This is an exglm of the abiliy of the GC/MS to detect argiantitate corpounds in the

midst of hgh baclground levels of other volatile gainic conpounds.
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Figure 2-1. Example total ion chromato gram of a complex mixture. The
inset shows the ability of the GC/MS system to detect the
presence of dichlorobenzenes in a hi gh organic back ground.

The obectives of this technoffy demonstration were essentydfive-fold:

* To evaluate instrumemerformance;

» To determine how well each field instrumgetformed cormpared to reference laborayodata;
* To evaluate devefmr goals rg@arding instrumeniperformance on different sahe media;

« To evaluate adverse environmental effects on instrupegfarmanceand,

* To determine the lgpstical and economic resources neededperate each instrument.



Section 3
Technology Description

Theory of Operation and Background Information

Gas chromatography/mass spectrometry (GC/MS) is a proven laboratory technology that has been in use in
fixed analytical laboratories for many years. The instruments are highly versatile, with many different types
of analyses easily performed on the same instrument. The combination of gas chromatography and mass
spectrometry enables rapid separation and identification of individual compounds in complex mixtures.

One of the features of the GC/MS is its ability to detect and quantitate the compounds of interest in the
presence of large backgrounds of interfering substances. Using GC/MS, an experienced analyst can often
identify every compound in a complex mixture.

The varying degrees of affinity of compounds in a mixture to the GC column coating makes their

separation possible. The greater the molecular affinity, the slower the molecule moves through the column.
Less affinity on the other hand causes the molecule to elute from the column more rapidly. A portion of the
GC column effluent is directed to the MS ion source where the molecules are fragmented into charged
species. These charged species are in turn passed through a quadrupole filter which separates them on the
basis of their charge-to-mass ratio. The charged fragments are finally sensed at an electron multiplier at the
opposite end of the quadrupole filter. The array of fragments detected for each eluting compound is known
as a mass spectrum and provides the basis for compound identification and quantitation. The GC/MS mass
spectrum can be used to determine the molecular weight and molecular formula of an unknown compound.
In addition, characteristic fragmentation patterns produced by sample ionization can be used to deduce
molecular structure. Typical detection limits of about?0 g can be realized with MS.

Operational Characteristics

The SpectraTrak™ 672 is a complete GC/MS system that provides laboratory-grade performance in a
transportable package (Figure 3-1). The system is equipped with a temperature-programmable mini-GC
and a Hewlett Packard 5972A quadrupole MS. Scan rates up to 1,800 atomic mass units (amu) per second
are possible over a mass range of 1.6 to 700 amu with unit-mass resolution. General instrument
specifications are presented in Table 3-1. A diagram of the instrument in a weather-proof, shock-mounted
case is shown in Figure 3-2.

Sample introduction techniques include the following:

Split/splitless injection.
Ambient air sampling, concentration, and thermal desorption.

Purge-and-trap on-line sampling of volatile organic compounds in water or soils using either a
compact single-sample sparger or commercially available autosamplers.

® Direct MS, using a membrane inlet, which allows for very rapid screening of target compounds or
simple unknowns.

2 The information presented in the remainder of Section 3 was prowdéitting. It has been minimalledited. The information is sofethat of
Viking and should not be construed to reflect the views or opinions of the EPA.
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Viking SpectraTrak 672 Transportable GC/MS System

Temperaiues Programmabie
. MinkGE

Sampling and Inketting:

Figure 3-2. Drawin g of the weather- proof, shock- protected
trans port case for the Vikin g SpectraTrak™ 672.
(Courtes y of Vikin g Instruments )
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The technology is designed to provide separation, identification, and quantification of volatile and
semivolatile organic compounds in solids, liquids, or gases. The GC separates a complex combination of
analytes and isolates individual analytes based on vapor pressures and chemical affinities for the stationary
phase of the chromatographic column. As the individual analytes exit the column, the MS detects the
analytes and provides a characteristic mass spectrum that positively identifies each compound. The
Windows-based computer system provides quantitation and interprets the detector response. The computer
system then compares the detector response with a calibration table constructed from standards of known
concentration.

Table 3-1. Viking SpectraTrak™ 672 Instrument Specifications. (Supplied by Viking Instruments
Corporation.)

Parameter Developer’s Specification
Detection limits Down to low ppm air for direct injection (depending on analyte)
Down to 5 ppb for air preconcentration
Down to 5ug/L purge and trap water samples
Down to 5ug/kg soil samples
Linear dynamic range 4 orders of magnitude
Mass range 1.6 - 700 amu
Analysis time Direct injection, soil vapor, 10-15 min.
Purge and trap for soil and water samples 30 to 40 min.
Weight 145 lbs
Size 14 in. high x 21 in. wide x 32 in. deep
Operator 1 operator (general GC/MS background), 1 week of training
Power requirement 1,300 W startup; 1,000 W during analyses
Support equipment External roughing pump, 120 volts on AC power
On-Board Computer Hewlett Packard 486 Personal Computer with
Windows 3.1
Cost $145K

The unit requires an external mechanical roughing pump (or rough vacuum source) and an alternating
current (AC) electrical power source. The AC source must be 110 v or 220 v, 50 to 60 Hz, with continuous
power demand of approximately 1,000 W. The instrument requires about 1,300 W at start-up. An on-board
helium carrier gas supply is contained in a pressurized cylinder that meets Department of Transportation
(DOT) regulations for transportation. A fully pressurized cylinder typically operates for one week,
depending on instrument usage.

The analytical system, including a high performance turbomolecular pump, is encapsulated in a shock-
mounted transport case. When closed, the transport case protects the instrument from excess humidity and
shock vibrations encountered during normal handling and shipment. The encased unit weighs
approximately 145 lbs and is 14 in. high, 21 in. wide, and 32 in. deep. The closing of a vacuum isolation
valve on the back of the unit allows the system to be transported with the vacuum intact. Transporting
under vacuum greatly minimizes start-up pump-down time, permitting rapid deployment from site to site.

Performance Factors

The following sections describe the Viking Instruments SpectraTrak™ 672 GC/MS performance factors.
These factors include detection limits, dynamic range, and sample throughput.
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Detection Limits

Typically, detection limits, as summarized in Table 3-2, are in the:plg range for soil and the low
wg/L for water samples using relatively small sample volumes (1 to 5 g). Parts per trillion detection limits
are possible for gaseous samples due to the ease of concentrating from a larger sample volume (1 to 10 L).

Table 3-2. Detection Limits for the Viking SpectraTrak™ 672 GC/MS. (Supplied by Viking Instruments

Corporation.)

Detection Detection
Analyte Limit * Analyte Limit *

Chloromethane 10 Trichloroethene 5
Vinyl chloride 10 Bromodichloromethane 5
Chloroethane 10 cis-1,3-Dichloropropene 5
Bromomethane 10 trans-1,3- Dichloropropene 5
Acetone 100 1,1,2-Trichloroethane 5
1,1-Dichloroethene 5 Toluene 5
Methylene chloride 5 Dibromochloromethane 5
Carbon disulfide 100 Tetrachloroethene 5
Trans-1,2-Dichloroethene 5 Chlorobenzene 5
1,1-Dichloroethane 5 Ethylbenzene 5
2-Butanone 100 m-+p-xylenes 5
Chloroform 5 Styrene 5
1,2-Dichloroethane 5 1,1,2,2-Tetrachloroethane 5
1,1,1-Trichloroethane 5 o-xylene 5
Carbon Tetrachloride 5 1,3- Dichlorobenzene 5
Benzene 5 1,4-Dichlorobenzene 5
1,2-Dichloropropane 5 1,2-Dichlorobenzene 5

* Estimated detection limits. Units depend on sample preparation:

ualkg For 5 gram soil samples concentrated by purge and trap.
ug/L For 5 mL water samples concentrated by purge and trap.
ppm For 25QuL of air by direct injection.

ppb For 0.25 to 1.0 L of air concentrated onto sorbent tubes.

Dynamic Range

Approximately 4 orders of magnitude linear dynamic range are possible with the Viking SpectraTrak 672
depending upon the analyte and analysis conditions.

Sample Throughput

Sample throughput is a measure of the amount of time required to prepare and analyze one field sample.
This, in turn, defines the number of samples that can be analyzed in one work day. Viking claims the
complete analysis times as follows: direct injection for soil vapor, 10 to 15 minutes; purge and trap for soil
and water samples, 30 to 40 minutes. This does not include sample handling, data documentation, or
difficult dilutions and concentrations.

Technology Advantages
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Reliable on-site analyses provides timely information that is representative of actual site conditions. The
timely results assist decision making and eliminate the need for costly and time consuming laboratory
analyses.

The narrow-bore columns used on the SpectraTrak™ 672 provide faster VOC analysis than analyses
performed on typical megabore columns. (Example: 12 minutes versus 30 minutes for EPA Method 8260
compounds.)

Other advantages of the technology include:

e Calibrations remain stable even after transporting the instrument, so more samples are
analyzed per day;

® The dynamic range is linear across 4 orders of magnitude, depending on the compounds and
experimental conditions;

® Columns can be installed without venting, so applications can be substituted with minimal
time delays;

Laboratory-quality performance in the field can be achieved; and,
The technology is shock-mounted for field ruggedness and ease of transport.

Technology Limitations

Limitations of the technology include:

® GC columns with an inside diameter greater than 0.32 mm are not recommended for use in the
SpectraTrak™ 672. Oven dimensions require that the columns be wound on a 3.5 inch
diameter column cage. Wider bore columns may become brittle and break when wound to 3.5
inches in diameter;

® The system requires approximately 1.3 kW of power for operation. This may require the use of
a portable generator for operation in the field; and,

e High initial capital costs. System costs with training are about $150K .

Training Required

A one-week training course is usually sufficient to learn the operations and effectively analyze samples on
the SpectraTrak™ 672. However, training duration depends on the user’s previous knowledge and
experience. Users familiar with GC/MS and Hewlett Packard software can often run samples after one day
of training.

Sample Matrix Effects

Sample matrix effects are deviations in observed instrument output caused by variations in the composition
of the sample media. This effect can be pronounced when comparing different sample media such as gases,
liquids, or soils. This effect can also be significant in a single media where the composition of the media

3 The new SpectraTrak™ 572 model, introduced after this study, provides equivalent or better performance at a lower cost,
starting from $90,000. The new system is described in the Developer’'s Forum (Section 8).
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can vary significantly. For example, the mineral composition of soils can vary greatly at a site, possibly
affecting sample analysis results.

Spectral Interferences

Interferences can occur in the presence of excessive water vapor or contamination resulting in altered
detection limits and contamination build up. Instrumentation must be periodically checked by analyzing
blanks for contamination to ensure there is no residual background contamination from sample to sample.
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Section 4
Site Descriptions and Demonstration Design

This sectiorprovides a brief desggiion of the sites used in the demonstration and an overview of the
demonstration degn. Sanpling operations, reference laboragyamelection, and angis methods are also
discussed. A coprehensive demonstratigaian entitled'Demonstration Plan for the Evaluation of Field
Trangortable Gas Chromagoaph/Mass $ectrometer” [SNL, 1995] wazepared to hgd guide the
demonstration. The demonstratiglan was degned to ensure that the demonstration would be
representative of field perating conditions and that the sale anaytical results from the field GC/MS
technolajies under evaluation could bejebtively conpared to results obtained uginonventional
laboratoy techngues.

Technology Demonstration Objectives

Thepurpose of this demonstration was to thagbly and olpectively evaluate field trammrtable GC/MS
technolajies durirg typical field activities. Therimary oljectives of the demonstration were to:

» To evaluate instrumemerformance;

* To determine how well each field instrumgetformed cormpared to reference laborayodata;
* To evaluate devefmr goals rg@arding instrumeniperformance on different sahe media;

» To evaluate adverse environmental effects on instrupsgfirmance; and,

» To determine the tpstical and economic resources neededograte each instrument.

In order to accomplish these ojectives, bottgualitative andjquantitative assessments of eagbtem were
required and are discussed in detail in the follayparagraphs.

Qualitative Assessments

Qualitative assessments of field GC/MBtem caabilities included th@ortability and rggedness of the
system and its Igistical and spport requirements. Becific instrument features that were evaluated in the
demonstration includedystem trangortability, utility requirements, ancillar equipment needed, the
required level of @erator trainiig or experience, health and sajassues, reliabilit, and routine
maintenance gglirements.

Quantitative Assessments

Severalquantitative assessments of field GC/MStem caabilities related to the anaical dataproduced
by the instrument were conducted. Quantitative assessments included the evaluation of instrument
accurag, precision, and data cquieteness. Accurgds the greement between the measured
concentration of an ande in a sarple and the acgied or “true” value. The accunaof the GC/MS
technol@ies was assessey bvaluatiig performance evaluation (PE) and mediks sanples. Precision
is determined Y evaluatig the @reement between results from the ges of dylicate sarples.
Conpleteness, in the context of this demonstration, is defined as thg #bilientify all of the
contaminants of concern in the gales anajzed. Sites were selected for this demonstration with ag man
as fifteen contaminants to identidnd anajze and with lgh baclground tydrocarbon concentrations.
Additional quantitative cpabilities assessed included field arsi¢ costgper sanple, sanple throwghput
rates, and the overall cost effectiveness of the figdtems.

Site Selection and Description

Sandia National Laboratories and the EPA’s Nationgosnre Research LaboragéEEnvironmental
Sciences Division-Las \gas (NERL/ESD-LV) conducted a search for suitable demonstration sites
between Janugrand Mg 1995. The site selection criteria wepgded ly logistical demands and the need
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to demonstrate the suitabyliof field tranportable GC/MS technobpes under diverse conditions
representative of antipated field plications. The site selection criteria were:

Accessible to two-wheel drive vehicles;
Contain one or more contaminated media (water, soil, andas)il

Provide a wide rage of contaminantypes and concentration levels to yrevaluate the
cgpabilities and advanges of the GC/MSystems;

Access to historical data oypes and levels of contamination to assist infdarg activities;

Variation in climatolgical andgeolagical environments to assess the effects of environmental
conditions and media variations parformance; and,

® Appropriate demonstration gyport facilities andoersonnel.

Several demonstration sites were reviewed and, based on these selection criteria, the@dstriemef
Enegy's Savannah River Site (SRS) near Aiken, South Carolina, and Wurtsmith Air Force Base (WAFB)
in Oscoda, Mictgan, were selected as sites for this demonstration.

The Savannah River Site is a DOE fagijlifocusirg on national secusitwork; economic devefament and
technola@y transfer initiatives; and, environmental and waste memant activitie$ . The SRS staff have
extensive egerience in spporting field demonstration activities. The SRS demonstrgtionided the
technol@ies an pportunity to anayze relativey simple contaminated soil, water, and sgals sarples
under harsh geratirg conditions. The sapfes contained ogla few chlorinated copounds (solvents)
with little baclground contamination, butdi tenperatures and humigitoffered a challeging operatirg
environment.

WAFB is one of the Dgartment of Defense’s (DoD) National Environmental Techgwlbest Site
(NETTS) test sites. The faciiis currenty used as a national test bed for bioremediation field research,
develgment, and demonstration activities. The WAFB demonstrgtiovided less challeging
environmental conditions for the techngiles but much more difficult sgutes to anajze. The soil, water,
and soilgas samles contained a copfex matrix of fifteen taget VOC anajtes aloigy with relatively high
concentration levels gét fuel, often about 100 times the concentration levels of tgettanaytes beirgy
measured.

Savannah River Site Description

Owned ly DOE and perated under contracybhe Westighouse Savannah River Cpary, the
Savannah River Site cgex covers 310cgiare miles, bordermthe Savannah River between western
South Carolina and Gega as shown in fgure 4-1.

The Savannah River Site was constructed dutie eary 1950's tgproduce the basic materials used in the
fabrication of nuclear wegmns,primarily tritium andplutonium-239. Wepons materiaproduction at SRS
hasproduced unusableybroducts such as intengetadioactive waste. In addition to thesghlevel

wastes, other wastes at the site include low-level solid guid liadioactive wastes; transuranic waste;

4 Much of this site des@iive material is adated from information available at the Savannah River Sitepagd (htp://www.srsgov/general/srs-
home.html)

16



South Carolina

Georgia
\\\m 15

Augusta

zZ >

0 5 10 @
— ‘

Miles ,@

Figure 4-1. Location of the Savannah River Site

hazardous waste; mixed waste, which contains both hazardous and radioactiwrerts) and sanitar
waste, which is neither radioactive nor hazardous. Likeyro#irer lage production facilities, chemicals
have been released into the environment gyinduction activities at SRS. These releases and the
common diposalpractices of thgast have resulted in subsurface contaminatjoa ariey of
conpounds used in or resultrfrom productionprocesses.

SRS Geologic and Hydrologic Characteristics

The facility is located on thepper Atlantic coastaplain on the Savannah Rivep@oximately 30 miles
southeast of Agusta, Geagia and about 90 miles north of the Atlantic coast. The site is undeylan b
thick wedye (goproximatel/ 1,000 feet) of unconsolidated Tertiaand Cretaceous sediments that owerla
the basement which consists of Precambrian and Paleozoic mghiémorks and consolidated Triassic
sediments (siltstone and sandstone). yidueger sedimentarsection consistgredominanty of sand,
clayey sand, and sagdlay.

Ground water flow at the site is controlley fyydrologic boundaries. Flow at or immediatddelow the

water table ipredominatef downward and toward the Savannah River. Ground water flow in the shallow
aquifers in the immediate vicinitof the demonstration site isghily influenced ly elevenpump-and-treat
recovey network wells.

SRS Demonstration Site Characteristics

Past industrial waste gigsalpractices at the Savannah River Site, like those encountered at other DOE
wegponsproduction sites, often included the release of yraremicals into the local environment. These
releases and egrtisposalpractices have resulted in the contamination of the subsurface gfsiv@mreas
by a number of industrial solvents used in, or resgiiom the various weans materiaproduction
processes. The lgest volume of contamination has been from chlorinated volatiEnar conpounds.
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Theprimary VOCs encountered at SRS include: tetrachloroethene (PCE), trichloroethene (TCE),
trichloroethane (TCA), Freon 11, and Freon 113.

The area selected for the demonstration isgdeseéd the M-Area. The M-Area is located in the northwest
section of SRS and consists of facilities that fabricated reactor fuel getidasemblies for the SRS
reactors, laboratgrfacilities, and administrative pport facilities. (perations at these and other facilities
resulted in the release of the chlorinated solvprggiously mentioned. The releases have resulted in the
contamination of soil anground water within the area. The techipietaging site was located near an
abandonegbrocess sewer line which carried waste water from M-Areaessiig facilities to a settlig

basin for 274/ears, bginning in 1958. Site characterization data indicate that several leaks existed in the
sewer line, located about 20 feet below the surfaroelucirg localized sources of contamination.

Although the use of the sewer line was discontinued in 1985, estimates are that over Zooltids of

these solvents were released into the subsurfaceydtginse.

Typical PCE and TCE concentrations are listed in Table 4-1 for the demonstration wells identified in
Figure 4-2. The soil and undgithg sediments at the demonstration site agalizicontaminated with

chlorinated solvents at gias in excess of 50 feet. Identification of the contaminant concentration levels in
the soil and sediments has been plirated ty the nature of these media at SRS.yThave vey low

organic content, resultgin significant contaminant loss dugrtypical sanpling operations. These

sanpling concerns and limitations, and their influence on the demonstration, are discussed in detail later in
this section.

Table 4-1. PCE and TCE Concentrations in SRS M-Area Wells.

Water Soil Gas
Conc. Level gl PCE (ug/L) TCE (ug/L) well PCE (ppm)  TCE (ppm|
Low MHT-11C 12 37 MHV-2C 10 5
Medium  MHT-12C 110 100 CPT-RAM 15 80 50
High MHT-17C 3700 2700 CPT-RAM 4 800 350

Wurtsmith Air Force Base Description

Wurtsmith Air Force Base coverp@oximatel 7.5 gjuare miles and is located on the eastern side of
Michigan’s lowerpeninsula on Lake Huron, about 75 miles northeast of Midland, §achinear the town
of Oscoda (Fjure 4-3). It is borderedytthree connectedpen water gstems; Lake Huron to the east,
shallow wetlands and the Au Sable River to the south, and Van Etten Lake to the north. State and National
Forest lands surround much of the base. WAFgabeperations as an ArgnAir Corps facility, known as
Canp Skeel, in 1923. It was @inally used as a bomlgrand artilley rarge and as a winter trairgn

facility. The WAFB was decommissioned in 1993 and is cuirdrging used as a national test bed for
bioremediation field research, devahoent, and demonstration. The National Center foghated
Bioremediation Research and Deywtent (NCIBRD) of the Univergitof Michigan coordinates these
bioremediation activities. Several contaminant features consistent with ity lsistan Air Force base have
been identified at WAFB. These include landfills with mixed leaclyasoline andlet fuel ills, a fire
fighting training area, leakig undeground storge tanks, an gitane crash site, arésticide
contamination.
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Figure 4-2. SRS M-Area Well Locations.

Contamination haspsead to soil andround water underpgroximately 20 percent of the base. A number
of VOC contaminants, some of which are identified in Table 4-2, are caglediat the site. Thground
water contaminants include: chlorinated solvents such as DCE, TCE, PCE and chlorobgohayetic
aromatic lydrocarbons (PAHS); aromatigdirocarbons such as benzene, tolueng|lethzene, and

xylenes (BTEX); and, othendrocarbons such as aldetes, ketonegjasoline, andlet fuel. Mary of the

VOC contaminants are found in thepitkary fringe at the water table gart of a non-queous or free

phase lgdrocarbon medium. Contaminant concentration levels in this medium can be several orders of
magnitude hgher than in thground water. Current remediation efforts at WAFB include tptaap-and-
treat ystems usig air strppers.

Table 4-2. Historical Ground Water Contamination Levels at WAFB.

Conc. DCE TCE PCE Benz. Ethyl Benz.  Tol. Xyl. Chlorobenzene DCB
Level
Low <1 <1 <1 <1 <1 <1 <1 <1 <1
Med 200 <1 <1 20 300 10 200 5 5
High 700 2 <1 250 1200 400 600 30 2(

Note: Concentration levels jg/L.

WAFB Geologic and Hydrologic Characteristics

The WAFB site rests on a 30-80 ft. thicléda of clean, mediungrained sand angravel sediments

formed ly glacial meltwater, channel, deltaic angpar shore face-beachmiesitionalprocesses. This
surface Iger is underlain ypa 100-250 ft. thick ker of silly-clay deposited throgh settlement of the silt
and cly-sizedparticles fromglacial meltwater followig glacier retreat after thglacial pisodes of the
Pleistocene poch. This lger lies on tp of bedrock that consists of Missiggian sandstone and shale
formations that have a structurapdd the southwest into the Midgn Basin. The water table iggs from
about 5 feet below land surface in the northegores to 20 feet below land surface in the southern
regions. Aground water divide runs dianally across the base from northwest to southeast. South of the
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Figure 4-3. Location of Wurtsmith Air Force Base.

divide, ground water flows toward the Au Sable River, and north of the divide, toward Van Etten Creek
and Van Etten Lake. Eventugllall water from WAFB reaches Lake Huron.

WAFB Demonstration Site Characteristics

The demonstration area selected is located at the former Fire GrAngia 2, near the southern boundar

of the base (fgure 4-4). A wide rage of oganic contaminants from former fire traigiand other

activities exist in the soil angtound water at the site. Based on historic data, over fiftegamiar
contaminants exist at the site. Additiogaligh baclground levels opetroleum lydrocarbons such gst

and diesel fuel exist at the site. Historic contaminant concentration levels are listed in Table 4-3 for the
monitoring wells at the Fire TrainmArea. The monitorig wells at this site are often clustereddther
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Figure 4-4. WAFB Fire Training Area 2 Sampling Locations. The cross-hatched region shows the
approximate location of the below-ground contaminant plume. A number of deep (D),
medium (M), and shallow (S) well locations are also shown.

Table 4-3. VOC Concentrations in WAFB Fire Training Area 2 Wells.

Conc. Level Water Soil Gas
Well Benzene Toluene Xylenes Well Total VOCs
(uglL) (uglL) (uglL) (Ppm)
Low FT5S 0.24 0.20 20 SB3 at4 30
Medium FT3 20 15 400 SB3at7 55
High FT8S 225 2 1800 SB3 at 10 62

with one well screened at a shallowptlte denoted Y an (S), and one screened at gpeeelgth denoted
by a (D). No historical data garding the exected soil contamination levels were available for the site.

Overview of the Field Demonstrations

The demonstrations were dgrsed to evaluate both the ayiadal and @erational cpabilities of the field
GC/MS technolgies under rpresentative field conditions. The aytatal method for the geration of the
SpectraTrak™ 672 iprovided in Appendix A. The SRS field demonstration was conducted 1895

and lasted three gla. The technolgies arrived at the demonstration site on Mondaly 17. As is
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typically the case for thipart of the countr in mid-summer, the weather was hagb o 95°F) and humid
but with no rain. Each gahe technolgies arrived at the site about 6:30 a.m. yitvere set-p, calibrated,
and reay for sanple anaysis by about 7:30 a.m. Sapie anaysis ypically lasted throgh mid-afternoon.
Soil vgpor sanples wereprepared and angked on-site ¥ theparticipants on Tuesda July 18. The water
and soil saples were collected and agaéd ly the participants on Wednesgiaand Thursdg,
regectively. Each develper provided their own trarmrtation,personnel, andgaipment needed to
conduct their angbes. At SRS, the deveers were rguired toprovide their own electricglower aspart
of their field gerations. The field demonstration was q@beted ty Friday, July 21.

The WAFB field demonstration was conducted ipt8mber 1995. Thparticipants arrived at the
demonstration site on Sundé&etember 10. The weather wgsnerall cool, ypically 40°F in the
mornings, warmirg to about 70°F duripthe afternoons. Nopgreciableprecipitation was encountered
during the demonstration. Eagarticipant arrived with their rggctive instrument earlin the morning.
Following set yp and calibration, instruments were rgddr sanple anaysis ty 7:30 a.m. Sapie

collection and on-site anadis took three des, one dg for each media. A fourth gavas used as a “media
day” to showcase thparticipating technolgjies. As at SRS, each devpdw provided their own
trangortation,personnel, guipment, etc., to conduct the splie anayses.

The Viking system is comact and rgged and was moved dgito and from each site in the back of a
passeger vehicle. Since it is essentiaBelf-contained, it did not geire a dedicated gport vehicle. The
Viking system reguired an external raghing pump andprinter for the field perations. At the SRS site,
where no fieldobower was available, a smaknerator was used. At both demonstration sitesysters
was @erated lg one technician, who anaed as manas thirteen saptes a dg andprovided the results
of the anafses at the end of eachydd@he ystem was able to anale all the saplesprovided each daat
both demonstration sites with nperational or mechanicaloblems.

Overview of Sample Collection, Handling, and Distribution

Soil gas, water, and soil sgtes were collected durgthe demonstrations at both sites. $nplits were
provided to the technotfy develgers for on-site angsis the dg of the sampling and shpped to reference
analistical laboratories for angsis usirg conventional methods. Formal chain-of-cugtéarms were used
for distribution of the saples to each of the reference laboratories. Thepsmmvere collected, numbered,
stored, and shped to the laboratories in accordance with laboygboocedures that incporate EPA
sanpling guidelines. Somewhat less formal chain-of-cugtoetords were maintained for distribution of
the sarples anajzed on site. An overview of the sitpegific sanpling plans and th@rocedures for
collecting, handlirg, and distributig the sarples ispresented below. Additional safing details can be
found in the demonstratiguan referenced earlier. A degaion of the sarpling terminola@y used in the
context of this demonstrationgsesented in Table 4-4.

SRS Sample Collection

A total of 33 samles were collected and agaéd in the SRS demonstration. The pk®s were distributed
amory the three sapte media, soibas, water, and soil, as identified in Table 4-5. flarnollection and
on-site anajsis tookplace over a three ggeriod in Juy 1995. Water and soglas samples were obtained
from the six M-Area wells identified in Table 4-1. Tpeéncipal anaytes were TCE and PCE at
concentration rages noted in the table, but other contaminants such as TCA, Freon 11, Freon 113, and
their dggradationproducts were sometimgsesent at lower concentrations in the wells.

SRS Soil Gas Survey

Wells MHV-2C, CPT-RAM 15, and CPT-RAM 4 shown irgkre 4-2 were saphted usirg Tedlar bags
and SUMMA® canisters. The Tedlardsawere used for on-site agaés and the SUMMA canisters were
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Table 4-4. Sample Terminology and Description.

Term

Description

Method Blanks

Spike Samples

Performance
Evaluation
Samples

Duplicate or Split
Samples

Method blanks are samples which do not contain the target analytes. Water blanks
consisted of deionized water; Soil blanks consisted of uncontaminated soil represen
of the site being sampled; Soil gas blanks consisted of dry nitrogen gas.

Spike samples are generated by adding a known amount of analyte to a sample m
Spike samples are used to evaluate the accuracy of an instrument by comparing the
concentration measured to the prepared reference concentration (spike recovery).

Performance evaluation (PE) samples are samples having a certified concentration 1
specific analytes of interest. PE samples may include dilutions of a certified sample

ative

Atrix.

or
vhere

so noted. PE samples are also used to evaluate the accuracy of a technology or labgratory

during sample analysis by comparing the measured concentration to the defined refd
concentration.

At both SRS and WAFB, water PE samples were obtained, diluted to appropriate

rence

concentrations, and submitted for analysis to the developers and the reference labofatories.

At SRS, a soil vapor PE sample was generated using a VOC vapor standard from S
WAFB, the soil PE samples were acquired in sealed vials and were submitted to the
developers and laboratories. Each laboratory did their own dilutions as appropriate.

RS. At

A duplicate sample is a split of an initial sample. Duplicate samples are used to evaljate

the precision of an instrument by comparing the relative difference between the dupl
measurements. For water and soil gas samples, a duplicate sample is often conside
second sample taken sequentially from the same well.

cate
red a

Table 4-5. SRS Demonstration Sample Type and Count.

Media Concentration Samples Duplicates Spikes PE Samples Total

Level

Soil gas Blank
Low

Medium
High

Water Blank
Low

Medium
High

Soill Blank
Low

Medium

High

RPRERN

RPREN

[EENYEENYEN

PR

[EENEENYEN

PR

13

13

sent to the reference laboratdor anaysis. For the soijas survg, soil vgoor® from each well was

® A soil gas survg is conducted to measure thepgaphase concentration of VOC contaminants in a soilpganThis vaor

phase contaminant concentration is commaaferred to as the sajs concentration. The terms soipwaand soibas are used

interchamgeably in this reoort.
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pumped seguentially into three Tedlar lgs. The first bg was used to fill a SUMMA canister while the
other two bgs were used for angis ly the develpers. A sarple aliguot was taken diregtlfrom the
Tedlar bas by each develger for anajsis on a round-robin basis.

Additional aliquots were takenybthe SRS on-site laboratoprior to and followirg drawirg develger
sanples from each lgin order to monitor the stabyitof both TCE and PCE in the gmdurirg the
anaysis. A blank sample, a Tedlar bafilled with nitrogen, wasprovided toparticipants at the kgnning
and another blangrovided at the end of the agaks. Pike sanples wereprepared ly the SRS on-site
laboratoy by injecting a known volume of TCE and PCE into a Tedlag fiked with a known volume of
nitrogen. Twogas PE saples from certified glinders were metered into Tedlargsaor anaysis ty the
participants. Sarple aliquots were also takerylthe develpers from each of the PE and blank ghevbays
on a round-robin basis.

SRS Water Sampling

Water samples were collected from wells MHT-11C, MHT-12C, and MHT-17QqiFé 4-2). Each well
was initially purged and a 2 liter sgpfe collected. Immediatglafter collection, the sapte was sealed and
stirred for 10 minutes. The homgenized sample was thengit into individual sanple vials for distribution
and anafsis. The ype of sarple dgoended on the gelirements of each techngig with the Viking

receivirg their sanples in 40 mL volatile aganic anaysis (VOA) vials. Two blank saphes consistig of
deionized water werprovided to theparticipants for analsis. Two water PE sgptes, prepared for the
EPA’s Hazardous Substances Evaluation Division in Washin DC for use in the Contract Laborator
Program, were als@rovided to theparticipants for analsis. For on-site angtis, the PE sapte anpules
were mixed with thepropriate volume of water to obtain the defined reference concentration. For the
reference laboratgranaysis, the amules wereprovided direcy to the laboratories withogtrior dilution.

SRS Soil Spike Samples

Soils and sediments at the demonstration site ghdyntontaminated with PCE and TCE. Accurate
anayses of the sediments atptles greater than 50 feet, where contaminant levpfsapriate to the
requirements of this demonstration exist, have been difficult because the SRS soils hawgaiwev or
content and the VOCs do not bind well to the soil matrix. Tiperse of drillig and samling at these
depths and the coposition of the soil at the site indicated that collegsitandard soil core sahes for
analsis was inppropriate for this demonstration. In order to maximize the amount of data that could be
derived from the demonstration under these circumstances, the demonptastioontained @rocedure

for usirg spiked soil samles in theplace of soil core saphes. Thisprocedure called for soil to be collected
from an erosiomit at SRS, homgenized, piked with solutions of TCE and PCE pseated into fgram

portions, anglaced in 40 mL VOA vialsguipped with screw-tp lids and spta. This vial confyjuration
allowedpatrticipants the ption of eithempurge and tra or head gace sarple introduction and angdis. Actual
sanple preparation was done differegtfrom thatpresented in the demonstratiglan. These deviations are
discussed later in this section.

SRS Sample Handling, Storage, and Shipping

Develmers anajzed the saples as soon gsactical followirg collection ormpreparation, bugeneraly within an
hour of sarpling. Formal chain of custgdprotocol was maintained for the reference laboyasanples. The
field-analzed samles had less formal custpgrocedures, but all transfers were recordedgrblmoks.
Sanples collected for laboratpranal/sis were trarorted to the reference laborat@t the end of each yla
Possible loss of VOCs in the sales was a mar concern; therefore, all water, soipeg, and soil saples
were stored and gbped in coolers maintained gi@oximatel 40°F.
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WAFB Sample Collection

A total of 37 sarples were collected and apaéd in the WAFB demonstration. The distribution of thepasn
from each media, soil, water, and ggit argoresented in Table 4-6. Sala collection and on-site apals took
place over a three gaeriod in Sptember 1995. Water and sgis samles were obtained from the wells
identified in Table 4-3. Historical sating and anajsis data show VOC concentrationsgiag from 0.2 to
1800ug/L in water and total VOC concentrations in @it raging from 30 to 62opm.

Table 4-6. WAFB Demonstration Sample Type and Count.

Media Concentration Level Samples Duplicates  Spikes PE Samples Total
Soil gas Blank 2
Low 1 1 1
Medium 1 1 1
High 1 1 1
11
Water Blank 2
Low 1 1 1 2
Medium 1 1 1
High 1 1 1
13
Soil Blank 2
Low 1 2
Medium 1 2
High 1 2 2
13

WAFB Soil Gas Survey

Well SB3, shown in gure 4-4, was sapted at three daths usig Tedlar bgs. At each deth, two bas were
sequentiall filled. The bas were used for on-site devedw anayses and the residugas in each lgawas used
to fill SUMMA ®canisters for angkis ly the reference laboragorFor on-site angsis, sarple aliquots were
drawn from the bgs by each develeer in a round-robin format like that used at SRS. A blanlpleam Tedlar
bag filled with nitrogen, was used at thediening and at the end of the sgés anajftical seuence. A piked
sanple for each concentration level was mageripecting a known volume of djuid into a Tedlar filled
with a known volume of nitigen.

WAFB Water Sampling

Water sarples were collected from wells FT5S, FT3, and FT8§ufei 4-4). Each well wgaurged for ten
minutes. Water sgples were then drawn toceentially fill standard 40 mL VOA vials. A blank safe
consistilg of deionized water wggovided to each deveder at the bginning and at the end of the aysik run.
Two water PE saphes wereprovided to each devader for ana}sis. Two sarples wereprovided to each
participant from each well for chlicate anasis.

WAFB Soil Sampling

Three soil saples were obtained as sub-cores from a sedimentgdaiien with a two-inch diameter Geobe

at a location 100 feet south of well FT6, identified as SS-1guré&i-4. On-sithotoionization detector
readirgs taken while drillig allowed the core sgpte to be subdivided into geents havig varying levels of
VOC contamination. The threegseents, 8 to 9, 9 to 10, and 10 to 11 feet below the surface, were each
homaenized, plit, andplaced in vials. All soil saples were wajhed usig a calibrated balance. The reference
laboratoy and each devgber receiveddits from the homgenized samples for analsis. Two soil PE saples,
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prepared ly the Armmy’s Cold Regjions Research and gineerirg Laboratoy in Hanover, New Hapshire were
alsoprovided to theparticipants for anafsis.

WAFB Sample Handling, Storage, and Shipping

After the water and soil sabes were collected, tigavereplaced in a cooler contairgrdouble-bgged ice to
maintain an pproximate 40F tenperature. The water sges sent to the reference laborgitaerepreserved
with 1 percent sodium bisulfate (NaHSO ), guldced in an ice-filled cooler for stgmand stpment. The soil
gas samles for reference laboratouse were transferred to SUMMA canisters fopistant to the laboratgr
All reference laboratgrsanples werepicked p by the laboratories at the end of each. ddl sanples collected
for on-site anafsis durirg the demonstration wepeesented to the develers for analsis as soon gsactical.
Analysis alwags occurred on the gaf sanple collection and often within an hour of collection.

Reference Laboratory Selection and Analysis Methodology

One olpective of this demonstration was to determine how well each gevsldield instrumenperformed in
conmarison to conventional laboragomethods angrotocols. Standard andéical methods jgplicable to the

sanple media and angtes of interest in these demonstrations were selected as the standanpanoom

These include EPA SW-846 Method 82B&s Chromatography/Mass Spectroscopy for Volatile Organics:
Capillary Column Techniquier water and soil angdes, and EPA Copendium Method TO-1Zhe

Determination of Volatile Organic Compounds in Ambient Air Using Summa Passivated Canister Sampling
and GC/MS Analysifr soilgas anajses.

The selection of reference aytadal laboratories for this demonstration was based on consideration of several
criteria includirg:

Certification in one or more states;
Recommendation from the site mgerof prior use;

Proximity to the site generaly within 3 hours drivig time) to minimize sapie trangort and
handliry;

® Proven cpability to measure VOCs at thejtered concentration rges in the ppropriate media
and in accordance with the selected wital methodolgies as determined from a review of
quality assurance (QAquality control (QC) data results;

® Proven cpability to provide an anatical datspackage consistent with the ggirements of Method
8260 and TO-14 as determineddreview of QA/QC data results; and,

® Passig apre-demonstration audit/iSandia that included a review of facilitipersonnel, QA/QC
proceduresprotocols, and overallpgrations.

Based on recommendations from each of the sites, sevesdicahéboratories were identified fpossible use
as reference laboratories for the demonstration. Each lalyadgatified was asked fwovide information on

its QA/QCprocedures and sate anaysis data, usithe same methods, for review. Based on a review of this
information, discussions with the site mgeis, and discussions with other users, three laboratories were
identified for further evaluation. These were the Genergihgarirg Laboratoy, Inc. for the SRS

demonstration, and Traverse Aytadal Laboratoy and Pace Incporated Environmental Laboratories for the
WAFB demonstration.

Further evaluation includedpee-demonstration audit of each of the laboratories. p@cdemonstration audit
included meetig with laboratoy personnel; tourig the facility; and reviewig laboratoy operationspersonnel
qualifications, and laboratpiQC procedures. Chain of cusipgrocedures, sapfe holdirg areas and
procedures, and anydical equipment geration were also reviewed. Dugithe Travers@re-demonstration
audit, it was determined that sgés anajsis was not routinglconducted at their laborayoand that Traverse
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commony subcontracted sajas anajlses to Pace. Therefore, Pace was considered fgasahalsis for the
WAFB demonstration and was audited in the same manner as GEL and Traverse.

General Engineering Laboratory

General Egineerirg Laboratoy (GEL) is located in Charleston, South Carolina, and is certified in South
Carolina, Geagia, Alabama, and Florida. This laboratis close to SRS and has been used extendlySRS

to anayze environmental site characterization and mongaanples. GELprovided QA/QC documentation of
their qoerations for review. Based on the results ofpleedemonstration audit, GEL was found to conduct their
anayses in accordance with the ariglal methods identified for this demonstration and was selected as the
reference laboratgrfor the SRS demonstration. Glpersonnepicked p and trangorted sarples dai to their
laboratoy in Charleston anpgerformed the angses for all three media. The final dpteckagesprovided also
included the corrg@nding QC results.

Traverse Analytical and Pace Environmental Laboratories

Traverse Anaftical Laboratoy is located in Traverse @jtMichigan, and is certifiedybthe state of Wisconsin.
Michigan has no laboratpcertificationprogram. This laboratgris close to WAFB and had bepreviousy

used ly WAFB for environmental saple anaysis. Traversgrovided QA/QC documentation of theperations

for review. Thepre-demonstration audiytSandia determined that their ays&ls were conducted in accordance

with the anaftical methods identified for this demonstration. Based on these audit results, Traverse was selected
as the reference laboragdor soil and water angdes for the WAFB demonstration.

Traverse sggested that Pace in Camarillo, California, conduct thegasibnajses for the WAFB
demonstration. Pageovided QA/QC documentation on their aytiglal procedures for review. Based on the
pre-demonstration audit of the laborgtby Sandia, thg were found to conduct their apsés in accordance
with the anaftical methods identified and were selected as the reference lapdoatwil gas anajsis for the
WAFB demonstration. Travergersonnepicked wp and trangorted samles dail/ to their laboratgr and
conducted the anades on the water and soil gdes. The soigas samles were shuped from Traverse to Pace
for anaysis. Both laboratorigsrovided datgackages with accorparying QC results.

SRS and WAFB On-Site Laboratories

In addition to the selected reference wiizdl laboratories, the on-site laboratories at both SRS and WAFB
provided raid anayses to confirngeneral sample integrity and to ensure that the gales collected contained
the exected levels of contamination. Both on-site laboratoriegasehromaigraph systems for routine
sanple anaysis. The laboratgranaltical methods and coreanding QC protocol were reviewedybSandia to
confirm their use of acptable laboratgr procedures.

Pre-demonstration Sampling and Analysis

Pre-demonstration sgiing and analsis were conducted at both demonstration sites to establish tiplgsam
from the sites werepgropriate for angjsis ty the GC/MS technolpes and that the techngipresults could be
ohjectively conpared to reference laborajatata. Theore-demonstration activities allowed the techgglo
develgers an pportunity to refine their gstems, reviseperatirg procedures as necesgagind evaluate media
effects or interferences that could influence theingical results. Th@re-demonstration sapling events
required one field daat each site and togkace on June 5, 1995 at SRS and oy 30) 1995 at WAFB.

Thepre-demonstration sanies consisted of one SUMMA canister of ggik from a medium-concentration
soil gas well at each site (CPT-RAM 15 at SRS and SB3 at WAFB), and three watiessaom a medium-
concentration well (MHT-12C at SRS and FT4S at WAFB)phedemonstration soil sgtes wereorovided
for develger anasis from either site. The s@as and water saules were glit and sent to the deveders and
the repective reference laboratories for isi. The reference laboratories used EPA @umium Method
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TO-14 for soilgas anajsis and EPA SW-846, Method 8260 for water ysial Unfortunatsl, the results from
these laboratgranayses were not availabfiior to the SRS demonstration tohglide the technolyy
develgers. The SRS and WAHRBe-demonstration sapie anaytical results were available to assist the
develgersprior to the WAFB demonstration. No ingeetation or angkis of the angtical results was
conducted since these data were intetiedarily to assist the deveders in refinirg their goerations and
procedures for this demonstration.

Deviations from the Demonstration Plan

Several deviations from the demonstragiam occurred as the demonstratipragressed and are discussed
below.

Pre-demonstration Activities

Thepre-demonstration activities identified in the demonstradian called for angkis ofpre-demonstration
sanples to allow the technadly develgers to refine their methodges, revise peratirg parameters, and identif
matrix effects or interferences. Pre-demonstratiorplaamaytical results from the reference laborgitarere not
availableprior to the SRS demonstration. Also, no soil g from either site wergrovided for evaluation of
media effects. The omission @k-demonstration soil sgiing at SRS led to soil sgiting problems at SRS
during the demonstration.

SRS Soil Spike Samples

A number of deviations occurred in the soil gipreparationprocedures used dugrthe SRS demonstration.
The demonstratioplan deviations were not discovered until thg dbthe sarple anaysis. Consguently, new
soil goike sanples could not berepared in the allotted time. These deviations in@ampreparation were
judged to be gjnificant. Consgquently, no assessment or cpanison can be made between the \GgKBC/MS
and the reference laboratan the results of soil sgte anayses.

SRS Soil Gas Survey Evaluation

Of the thirteen soil vaor sanples anatzed ly GEL, ten were gorted as estimated valuesparticular, these
data were obtained/lextrgpolation of the calibration curve yend the normal calibration rge of the
laboratoy instrument used for anais. This deviation is gnificant in that nauantitative information on
laboratoy precision or accurgccan be derived from such data. Capsatly, the GEL soilgas data were not
used as a reference data set formameon with the Vikig GC/MS data.

Soil Gas Samples at WAFB

No initial or final anaysis of each Tedlar bagas sarple was conductedythe field laboratagr as called for in
the demonstratioplan. Therefore, no data are available on the stabilithe vgor sanple in these bgs durirg
the round-robin sapting and analsis ky the develpers. Based on the results from a similargsialat SRS
where the vpor sanple was determined to be yestable, this is not considered gnificant deviation.

Condensation was notegl theparticipants in the Tedlar lga from the well sapies. It was nopossible to
determine if this wasduid contaminant or siply water condensation from the galesgiven that the ambient
air tenperatures durigithe morniig of the samling was below the soil teperatures in the sasiing well. In
either case, the antital results from these satas could differ as a result of variation in thgagphase
sanple constituent concentrations over the gierhandlirg and transfer interval. No determination could be
made of the gnificance of the condensation and its effect on theyacell results.

Appropriate soilgas PE sapies could not be obtained frompgliers in time for the WAFB demonstration.

Conseuently, the number of saptes to evaluate laboratoand develper accurag was limited. To minimize
the sgnificance of this deviation, the number pike sanplesprepared on-site was increased.
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Water Samples at WAFB

The conpound 1,4-difluorobenzene was included in thikesmixture used for water saitas at WAFB. This
conmpound is normayl used as a Method 8260 internal standsirthe Traverse reference laborgtoinclusion

of this conpound in the gike mixture reuired the reference laboraganayst to revert to an external standard
method forquantitative measurements of 1,4-difluorobenzene indke sanples. Reference laborayodata
quality was not adversgimpacted ly use of the external standard method.

Calibration Check Sample Analysis

The demonstratioplan called for thearticipants to run calibration check sgles throghout the dg in order

to facilitate the assessment of instrument stabiBiven the intengjtof the schedule for analing the samles
asquickly as thg were distributedheriodic anajsis of calibration check saufes was not copleted. These data
are usedYthe instrumentgerator to ensureptimum instrumenperformance. The calibration data were not
used in the evaluation of instrumeetformance. This deviation was not considerguifstant.

29



Section 5
Reference Laboratory Analysis Results and Evaluation

An important olpective of this demonstration waspmvide the technolgy develgers with a validated
data set from conventional laborgt@nal/ses of water, soil, and sgés samles. Validated laboratgr
results are essential for direct goamison with the angtical results from the field methods under
evaluation. This section describes a numbejualitative andquantitative datauality indicators that were
used to evaluate and validate the gtiedl results from the reference laboratories. Qualitative factors
reviewed included adgacgy of laboratoy QA/QC procedures and deviations from standanatedures.
Quantitative factors reviewed included accyrandprecision of the reference laboratories’ gsak of
reference sapies. The laboratories evaluated were the GenemgihEerirg Laboratories for the Savannah
River Site demonstration, and the Traverse pinzdl| Laboratoy and Pace Inc. Environmental
Laboratories for the Wurtsmith demonstration. The on-site SRS laboveagrevaluated to a limited
extent as a result of some data limitations encountered with GEL. The National Centegfatddte
Bioremediation Research and Deygtent laborator was used as an on-site scregriaboratoy and not
in a reference gacity at the Wurtsmith demonstration. Coggently, no formal datauality evaluation
was done for this laboratar

Laboratory Operations

General Engineering Laboratories

Prior to the demonstration, GHlrovided aquality assurancelan that described laborayoandpersonnel
cgpabilities, anaftical methods, and internguiality controlprocedures. A coplete descption of the
anaytical methods used in the soil, water, and gad sarple anaysis was also included in thgilan. The
laboratoy quality assurancelan wasprepared usig EPAguidance [U.S. EPA, 1991]. Water and soil
analses were done ugrEPA SW-846, Method 8260 faurge and tra GC/MS. Soilgas analsis
followed EPA Compendium Method TO-14. A number of laborat@erformanceguality control
indicators wergrovided in the datpackage includirg: daily mass pectrometer tunig results, daif
calibration check results, dgiblank check results, contingjrcalibration check results, and sugate
compound recover results.

SRS On-Site Laboratory

The SRS on-site laborajowas intended tprovide rgid on-site analsis to assist in determirgrsanple
integrity during the demonstration, and was not identified as a reference lalyoratbe demonstration
plan. Anal/ses were conducted ugia Hewlett Packard 5890 GC with flame ionization and electron
capture detectors. Water sahas were anglzed usiig headpace methods, while the sgis anajsis
followed EPA Method TO-14. All saptes were angked on-site the geof the samling. No formal
QA/QC plan was obtained from the SRS laborgtorior to the demonstration. When SRS data were
recagnized as gossible relacement for GEL data, an informguality controlpackage was obtained from
laboratoy personnel that documented the calibragerformance of the GGystem for several months
prior to the demonstration.

Traverse Analytical Laboratory

Prior to the demonstration, Travegevided a corplete quality assurancelan much like that submitted
by GEL. Water and soil anges were conducted ugitPA SW-846, Method 8260 fpurge and tra
GC/MS and sampies were angkzed within 14 dgs of recept. As a result of guipment limitations,
Traverse did not conduct ysoil gas analses. Instead, this actiyitvas subcontracted to Pace Inc.
Environmental Laboratories. A number of laborgtoerformanceguality control indicators werprovided
in the Traverse dagackage includirg: mass pectrometer tunig results, daijl calibration check results,
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blank check results, contingrcalibration check results, internalplicate anaysis data, and surgate
recovey anal/sis data on selected cpounds.

Pace Inc. Environmental Laboratories

Pace conducted sahs ana}sis for the Wurtsmith demonstration under contract to Traverse. Prior to the
demonstration, Pag@ovided a complete QApackaje similar to thos@rovided ly the other reference
laboratories. Coplete method desgiions were alsgiven in the QA/Q(olan. The anglses were carried
out in accordance with EPA Method TO-14. A number of internal labgrgtmlity control indicators,
including blank and internal laboratpgas pike anaytical results, werg@rovided in the datpackae.

WAFB On-Site Laboratory

The on-site laboratgrat WAFB is the NCIBRD Field LaboratprThe function of this laboratpmwas
much like that of the on-site SRS laborgtduring the SRS demonstration. The laborgteas used
primarily for on-site,quick-turnaround angées to hed in the assessment of field sglmintegrity prior to
distribution to theparticipants. Water angses were conducted ugia Perkin-Elmegas chromatgraph
with a Tekmar 201@urge and tra system followirg EPA Method 502. Saples were angkzed on-site the
day of sanple collection. Aphotoionization detector was used for on-site gafl screenigprior to sanple
distribution to theparticipants. Soil saple anaysis was not conducted this laboratoy.

Laboratory Compound Detection Limits

Detection limits for various copounds are identified for each EPA method. These limitg vath by
conpound and sapte mediaype. Each of the datsackayesprovided ly the reference laboratories
definedpracticalquantitation limits (PQL) for each media and at&l The PQL is defined as the level at
which instrument noise and method inaccuracies haglegide effects on the accunaandprecision of
the anaftical results. This value is commg@rionsidered to be about three timeghler than the method
detection limit. The PQLSs for each of the laboratoriepegsented in Table 5-1. Althgh the PQLs are
analte and methodpecific, this table iprovided to illustrate the rge of PQLs for all taget anaytes in
the three media for each of the four laboratogerseratilg reference data used in this demonstration.

Table 5-1. Reference Laboratory Practical Quantitation Limits.

Laboratory Media PQL

Water 2ug/L
GEL Soil Gas 10 ppb
Sall 100u9/kg

Water 2ug/L
SRS Soil Gas 10 ppb
Sail 100ug/kg

Traverse Water Lg/L
Sail 100ug/kg
Pace Soil Gas 10 ppb

Laboratory Data Quality Assessment Methods

All analytical data are sybct to some level of inaccuraand inprecision. This section discusses the
methods used in determigthe level of confidencplaced in the angtical results from the reference
laboratoriegarticipating in these demonstrations.

Precision Analysis
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Precision is a measure of thegke to which rpeated angtical measurements of the same pkmnagree

with one another. In the context of this stugrecision is indicative of the random errors associated with
the measurememptocess and is intendedyeld a measure of the variabyliencountered in the normal
operation of a laboratgror field instrument. In the absence ofyanaccurag or bias in a measurement,
repeated determinations ofgiven anayte in a sigle sanple will be eveny distributed above and below

the anajte’s true concentration, and the a\ggaf several measurements will be a better estimation of the
true value than is gnindividual measurement. A sple way to expressprecision for dplicate

measurements relative percent differenckPD), which is defined as follows:

X x|

® 0

X

where % and x are the dlicate measurements asds the averge of X and x . Th@recision of
reference laboratgmeasurements is assessgdibirg anaytical results from dplicate field, PE, orpgke
sanples. However, caution is warranted whergusntial samles, often called dlicates, are drawn from
a well. These spiential samples ma not be guivalent and care must be taken in their evaluation as
duplicates.

The standard methods ployed in this demonstratiageneraly call for RPD values of 20% or less as an
indicator of accptable analtical precision. In some sgpting media these criteria are relaxed to values as
high as 50% for selected cpounds. The gecific accgtance criteria are discussed in more detail in the
sections dealigwith the laborator data evaluation.

Accuracy Analysis

In the context of this demonstration, accyrecdefined as thegegeement between the measured
concentration of a reference galmand the acgied or “true” concentration of the spla. Bias is a term
that is related to accunacBias can be eithguositive or ngative dgendirg on whether the measured
values are consistewthigher or lower, rggectively, than the true value, whereas accyriaamormaly

given in terms of absolute variation with no referencpadsitive or ngative direction. An observed bias
indicates theoresence ofystematic errors in the measurempraicess. For exaphe, a calibration error in
the setp of an instrument maproduce a consistent gative orpositive bias in the measurement results.
Consistenyf lower values from garticular method mabe indicative of evaoration losses, chemical
reactions, biolgical degradation or other angte loss mechanisms.

Accurag is often rgorted in terms opercent recover. The anajsis result from a sapke run on an
instrument can be cquared with the “true” or “reference” value of the gaenand epressed in terms of
percent recoveryREC). Thepercent recoveris conputed as follows:

X

where X...ument IS the measured concentratigraldield instrument and ....e IS the true concentration.
The evaluation of accunads consideralyl more difficult than the evaluation pfecision since there
always exists some uncertaynin the “true” value of the reference material’s concentration. While
precision can be measured in the absence of information about the true concentrationy, cacncade
assessed without some level of confidence in the reference value used in the determination.

The accurag of reference laboratpmeasurements is assessgabalzing two types of reference
materials, namg| performance evaluation (PE) spies and mediapike sanples. PE saiples are
typically purchased chemical standards with an aq@owing certification of the chemical cgmosition of
the sample. In some cases, the PE gdes reyuire additionalpreparation in the field, for exapte, sanple
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dilution prior to distribution. Mediapgke sanples areprepared ly addirg knownquantities of thegure
chemicals of interest to uncontaminated glas of the various media. For these demonstrationspike s
sanples wereprepared ly the on-site laboratories apcbvided to allparticipants, includig the reference
laboratories, for angsis. Thequality of theprepared mediagkes must alwgs be reviewed carefyll
because of thpotential errors that can occur dugitheir preparation. Since theareprepared in the field,
a certificate of angbis is not available to confirm the cpasition of the saiple.

Standard EPA methods such as TO-14 and 8260 indicatepiimapidate recovey levels for the
conpounds of interest in this demonstration shaydderall be in the rage of 80-120%. In some cases,
the accptable recovey level ramge is extended to 50-150% greater dpendirg on the nature of the
media and the angk. In most cases, these recovevels are empirically derived ly the laborator during
routine method use and are inparated into the laboratgs QA plan. The pecific acc@tance criteria for
each laboratgrare discussed in more detail in the sections dgalith laboratoy data evaluation.

Laboratory Internal Quality Control Metrics

Each of the reference laboratorgsvided internatjuality control data alogwith their anajtical results.
These data were used as one of several indicators of lalyadataguality. Specific laboratoy internal
quality control indicators that were evaluated are discussed below.

Blank Analysis

The results from the angis of blank saiples are usegrimarily as a measure of instrument contamination
and as a secondacheck on comound detection limits for the laborayanstruments.

Continuing Calibration Check

A continuirg calibration verificatiorprocedure uses a calibration solution contagjriaiget anaytes that is
periodically anayzed durirg a sample batch anaisis. The angkis results are recorded as a series of
percent recoveries relative to the stagtoalibration value. Thproceduregives an indication of the
calibration or accuracdrift of the instrument over time. Control limits of £25% are norynabiplied for
Method 8260 for water and soil and Method TO-14 for gad. Values fallig outside these limits are
suggestive of inadquate anaftical process control anguestionable datgquality.

Internal Duplicate Analysis

The standard methods for water, soil, and gasl anajsis reguire periodic dyplicate anaysis of both
standards and field sques. These datarovide a measure of laborayqurecision, often epressed in terms
of RPD, as described earlier. The methods used in this demonsgextienraly call for RPD values of less
than 20% in apecified concentration rge. For example, Method TO-14 indicates that the RPD for
duplicate measurements must be within 20%ydat those corpounds detected at a level of 5 times
greater that the instrument detection level for themmmd of interest. nificant variations in dplicate
sanple measurements are indicative of inguite anaftical process control angquestionable datquality.

Laboratory Data Quality Levels

Each of the reference laboratories data were evaluated agdeasene of three levels of dajaality

based on laboratpiinternalquality control, accurag andprecision results. This rankgmethod identifies
those laboratgrdata that do not meet commgmicceted dateguality criteria and therefore are unsuitable
or ingopropriate for conparison with field technolgy data. The datquality levels are further described
below:
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Good Data Quality

e Good laborator internalquality controf results (g., internal blanks, dalicates, continuous
calibration, and control saptes);

® Analytical accurag results, based on external gglied by theproject) PE andpgke sanples,
consistent} within +30% of the reference concentrations; and,

® Analytical precision results, as determineg RPD on dplicate sarples, consistenylless
than 30%.

Satisfactory Data Quality

Satisfactoy laboratoy internalquality control’ results;

Analytical accurag results, based on PE arglke sanples, consistengl within +50% of the
references concentrations; and,

® Analytical precision results, as determineg RPD on dplicate sarples, consistenglless
than 50%.

Unacceptable Data Quality

Poor or missig internalquality control results; or,

Analytical accurag results, based on PE armke sanples, consistenglexceedig +50% of
the reference concentrations; or,

® Analytical precision results, as determinegd RPD on dplicate sarples, consistenyl
exceedig 50%.

Laboratory Data Validation for the SRS Demonstration

GEL Data Quality Evaluation

GEL QA/QCprocedures were audited Sandigoersonneprior to the demonstration and were found to
be @eratirg in accordance with acpeedgood laboratoy practice and the geiirements outlined in the
standard methods used in ays#d of these demonstration sales GEL anayzed all three sapte media
types from the SRS demonstration gmadvided aquality control datgpackaye with their analsis results.
These results and a discussion of theditall data argresented below.

Two out-of-limit conditions were identified in tlgiality control datgpackaye sent alog with the analsis
results. Eght water saiples were flgged as missig the maximum holdig time by one dg. This
occurrence wagidged not to have ghificant impact on datauality. Also, 10 of 13 soitas samle
analses were fqgorted as estimated values sinceytivere outside the calibration iganfor the pecies of
interest. These ported values wergidged to be of unacptable dataguality as further discussed below.

® Good internal lalguality control indicates that a cqtete QCpackaye was received with the saha anaysis data and that the
QC data were within method or laboratguidelines.

! Satisfactoy internal labquality control indicates that an inc@ete QCpackage was received with the salta anaysis data
but that the available QC data were within method or labgrgtodelines.
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GEL Internal Quality Control Data

Thequality control datgpackage revealed that the GEL GC/Mfassed dayl calibration and internal blank
checks durig anaysis of SRS sapies. Surrgate chemicalgkes were used for all seven soil gdes
analzed and recoveries were within the 80-120%gegmescribed i Method 8260. Internal laborator
duplicates of soil and watepiesgave RPD values that were less than 20%. Overall, the intgrakty
control data reveaood laboratoy procedures and results.

GEL Accuracy Data

The accuragresults for GEL arpresented in Table 5-2 and derived from the ysislof pike and PE
water samles containig TCE and PCE. EPA Method 8260 calls forpimcal derivation of acgatable
conmpound recover rarges ly each lab as tlyeroutinely conduct angises.

Table 5-2. GEL Laboratory Accuracy Data.

Sample Media/Description Reference Concentrationug/L) Percent Recovery
PCE TCE PCE TCE
Water Low Spike 2.7 2.6 116 220
Water Medium Spike 40.4 38.3 106 210
Water High Spike 270 256 130 276
Water PE Sample 1 NP NP - -
Water PE Sample 2 19.8 46 127 128

Notes: NP = Nopresent

The GEL water angbes results revepkrcent recoveries for PCE for all sales within the acgaable

rarge of 64-148% aprovided in GEL'’s inplementation of Method 8260 in their Qian. However, the
spike recoveries for TCE in water are in excess of 200%. Regtiwats for TCE, stated in GEL’s
implementation of Method 8260, are 71-157%. On the other hand, the TCE recaless for PE Sapte

No. 2 is withinprescribed limits. The result for the PE gaenis given precedence over the results from the
spike sanples since the watepikes wereprepared in the field SRS laboratgrpersonnel and their
reference values were not ime@denty certified.

As notedpreviousl in Section 4problems were encountered in sqilke preparation at the SRS
demonstration and the overgilality of the pikes wagudged to be unacgtable as reference material.

No accurag determinations were made for the g@it samles because all the agttal values rported
by GEL were estimates.

Table 5-3. GEL Laboratory Precision Data.

Sample Media/Description Reference Concentrationug/L) Relative Percent Difference
PCE TCE PCE TCE

Water Low 10 60 3 22

Water Medium 150 160

Water High 12,200 6,000

GEL Precision Data

Theprecision anajsis results for GEL arpresented in Table 5-3 and are based on the resultplatata
sanple anayses.
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Precision results for the waterplicate samples showgood precision for both PCE and TCE for all three

sanples. Precision results for the sgis dylicate samples could not be evaluated since all theoréed
values were estimated.

GEL Data Quality Summary

The soilgas analsis results from GEL indicate that this data set is unsuitable fgoarigon with the field
technol@y results. The sotjas analses are unacptable because the splm anaysis values were
estimated values onland cannot be used for cpamisons with the field technaiees. Theprecision data
for the water angkes wergudged to begood. The accurgcdata for the water anales were alsgood if
the recovey data for the TCEpske sanples are discounted. Tlyeneral datguality for the GEL water
analses was considergwod and suitable for cgparison with the different technajies.

SRS On-Site Laboratory Data Quality Evaluation

As notedpreviousl, the SRS Laboratgranalzed soil, water, and sajas samles durirg the SRS
demonstration; however, their data were najinally intended for reference use. Because of the semi-
quantitative nature of the GEL sgs data, the SRS on-site sgals data were evaluated asossible
replacement. Apost-demonstration evaluation of their sgaks data and accganying quality control data
was carried out in the pe that the SRS laborajodata were of sufficierquality for conparison with

field technolgy results.

SRS Internal Quality Control Data

The SRS LaboratgrHewlett-Packard Model 583§as chromatgraph, equipped with dual flame
ionization and electron paure detectors, was calibrated gaind internal blank checks showed atable
performance in terms of detection levels and instrument contamination. The SRS Lataisajanovided
a record of calibrationgerformed on theirystem for seven chlorinated cpounds. These dagive an
indication of the dg-to-day variability of the GC gstem. Multple anayses of standard solutiogave
relative standard deviations in the garof 2 to 11% for fgh (1,000ppm) vgpor concentrations; in the
range of 5 to 9% for medium (1Q8pm) concentrations, and in the genof 6 to 11% for low (1@pm)
concentrations. These data indicate that the SRSy&€mns meets the 30%6ecision criteria, indicatim
good overallquality controlprocedures and instrumepgrformance.

SRS Accuracy Data

The accurag data for the SRS Laborayosoil gas analses are summarized in Table 5-4. The results are
based on the laboratoanayses of TCE and PChpike and PE sapies.

Table 5-4. SRS Laboratory Accuracy Data.

Sample Media/Description Reference Concentration (ppm) Percent Recovery
PCE TCE PCE TCE
Soil Gas Low Spike 1.18 1.34 56 78
Soil Gas Medium Spike 118 134 76 77
Soil Gas High Spike 1,182 1,340 99 91
Soil Gas PE Sample 1 1 11 61 91
Soil Gas PE Sample 2 93 98 94 95

Accurag results for the SRS Laborayosoil gas samle anayses show that of the ten aysds conducted,
all but two fall within the acqated limits of 75-125%gecified in method TO-14, while all of the results
are within_$60%. Low recovey results are observed for thgikee sanples nearer the 1fpm instrument

PQL. The SRS LaboratpiGC-flame ionization detector data were used for this evaluation since this
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system was best suited for aysik of the medium anddt level pike and PE sapte concentrations.
Although the recoveries for these gales are consistentlow, they generaly indicate satisfactgr
performance for both PCE and TCE over this wide concentratigeran

SRS Precision Data

The soilgasprecision data for the SRS Laborat@represented in Table 5-5. Tipeecision analsis of the
soil gas data shows RPD values less than 30% for PCE and TCE at all three concentration levels. This
indicates that thperformance of the laboratowasgood and these data can be used in the verification.

Table 5-5. SRS Laboratory Precision Data.

Sample Media/Description Reference Concentration (ppm) Relative Percent Differencq
PCE TCE PCE TCE
Soil Gas Low 1 0.1 8 <1
Soil Gas Medium 80 100 3 3
Soil Gas High 250 500 1 3

SRS Laboratory Data Quality Summary

The accurag andprecision results for the sajas samles consistenyl fall within 30% of the reference
values. Overall, the sogas analses results reveal satisfagt@ataquality, and a suitable placement for
the GEL soilgas data.

Laboratory Data Validation for the WAFB Demonstration

At least 15 VOC contaminants are known to exist at the WAFB demonstrationygiteallconcentration
levels of these mar contaminants in soil, water, agds media werprovided to the devefmers in the
demonstratiomlan [SNL, 1995]. As stated in Section 4, the contaminants at the WAFB site include
BTEX, chlorinated faidrocarbons, and othergamnics. Hgh baclground levels opetroleum lydrocarbons
(jet fuel) are encountered as well. Based on the information in the demongii@tiamd there-
demonstration activities, each devmo chose at least ten of the identified contaminants foysisaNot
all the taget contaminants were detected in all of the@ascollected and not all of the devetos chose
to anayze the same contaminants. Therefore, the glahty evaluation of the angiical laboratories
participating in the WAFB demonstration were based on theydical results from five copounds that
were anatzed ly each of the laboratories and the field techgiel®. The corpounds used for evaluation
were benzene, toluene, totglenes, PCE, and TCE. In a few cases, dichloroethene (DCE) was also
included where TCE or PCE were not detected.

Traverse Data Quality Evaluation

The laborator QA/QC plan had been audited 5andigprior to the demonstration. Laboragamperations
were found to be in accordance wgghod laboratoy practiceguidelines and the geirements stated in the
various standard methods used in the\aiglof sarples.

Traverse Anajtical Laboratoy anayzed soil and water sgies from the WAFB demonstration and
provided Sandia with coptete anaysis results and accqrarnying quality control datgpackage. A
conplete descption of the anajtical methods used in the apsis was also included in tlyality control
package. No out-of-limitquality control conditions were perted in the datpackaye. The internaluality
control results and a discussion of the wtiedl data with reggect to accuracandprecision argresented
below.

Traverse Internal Quality Control Data
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Daily quality control results for the GC/MS instrument used for theptaamnayses included mass
spectrometer tunig, blank checks, and initial and contingicalibration checks. Thguality control results
revealgood instrumenperformance thraghout the course of the WAFB demonstration gi@nanayses.
Surragyate chemicalgkes were also used for all seven soil ples anajzed and surigate chemical
recoveries were within the 80-120% that is consideredotaizle accordig to Method 8260. Internal
laboratoy duplicates of selected soil and watgike sanples also met the RPD criteria of less than 20%.
Overall, the internatuality control results indicatgood quality control and instrumemterformance

during the anajses.

Traverse Accuracy Data

The accurag data for Traverse apgesented in Table 5-6 and are based on the resulptkefrecoveries
and PE sample recoveries of the five tget anaytes for the soil and water media arzadd. Table 5-7
provides the reference concentration levels for each of thesgemal

Table 5-6. Traverse Laboratory Accuracy Data.

Sample Media/ Percent Recovery

Description Benzene Toluene Xylenes PCE TCE
Soil PE No. 1 89 98 87 154 85
Soil PE No. 2 66 71 65 102 62
Water Low Spike 97 95 112 105 120
Water Medium Spike 119 93 106 96 84
Water High Spike 76 79 81 75 70
Water PE Sample 1 78 NA 101 NA NA
Water PE Sample 2 81 89 101 76 85

Note: NA = not analzed; analte notpresent in sapie

Thepercent recoveries forght out of ten soil angbes fall within acogted recovey levels of 65-135%, as
given in the Traverse QA documentation. On the basis of these results, overall |gtaratvay
performance i$udged to begood. Likewise, thgercent recoveries for the water arsas reveal recoveries
for the five taget anaytes, over a wide rage of concentrations, well within the laborateraccetance
limits for all 22 anaJses.

Table 5-7. WAFB Water and Soil PE/Spike Sample Reference Concentrations.

Sample Media/ Reference Concentrations

Description Benzene Toluene Xylenes PCE TCE
Soil PE No. 1 £g/kg) 61,000 55,000 76,000 91,000 7,900
Soil PE No. 2 £g/kg) 64,000 59,000 81,000 98,000 8,600
Water Low Spike gg/L) 59 45 190 63 27
Water Medium Spikeug/L) 1,180 904 3,790 1,256 715
Water High Spikegg/L) 66,140 50,620 212,300 70,340 40,040
Water PE Sample Lg/L) 66 NP 158 NP NP
Water PE Sample 2.0/L) 20 20 50 20 46

Note: NP = Nopresent
Traverse Precision Data

Theprecision data for Traverse goeesented in Table 5-8 and are based on the resultpldate and in
some cases pilicate anasis of the angtes in the two media. Table 5-9 shows the reference concentration
levels for each of the tget anaytes evaluated.
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Table 5-8. Traverse Laboratory Precision Data.

Sample Media/ Relative Percent Difference

Description Benzene Toluene Xylenes PCE TCE
Soil PE No. 1 16 8 6 7 6
Soil PE No. 2 <1 9 8 9 8
Soil Low * * * * *

Soil Medium * * 122 * *

Soil High * 13 14 * *
Water Low <1 * <1 <1 *
Water Medium 7 11 8 * *
Water High 9 * 22 * *

Note: * = No evaluation as a result of non-detectable levels in one or mguesam

Table 5-9. WAFB Water and Soil Duplicate Sample Concentrations.

Sample Media/ Reference Concentrations

Description Benzene Toluene Xylenes PCE TCE
Soil PE Sample No. Lg/kg) 61,000 55,000 76,000 91,000 7,900
Soil PE Sample No. 2:0/kg) 64,000 59,000 81,000 98,000 8,600
Soil Low (ug/kg) ND ND ND ND ND
Soil Medium {g/kg) ND ND 5,000 ND ND
Soil High («g/kg) ND 600 55,000 ND ND
Water Low {«g/L) 2 ND 20 2 ND
Water Medium £g/L) 40 35 385 ND ND
Water High f.g/L) 20 2 50 ND ND

Note: ND = Not detected

A number of non-detects weregomated for the five taget anaytes in the soil dplicate sarples. Since the
soil sanples wereprepared in trplicate, the RPD values shown are an ageraf the two or three RPD
values. For the available data, epictor one hgh xylene RPD value, the RPD results for the soil ysed
are less than 30%.

Low RPD values were observed for thghtiwater sarples that could be evaluated. Unfortungtehost
of the samples had non-detectable levels of TCE and PCE and could not be evaluated in fgeunsian.
Overall, the observeprecision for the water sgmtes, whereprecision determinations wepessible, was
less than 30% anddged to begood.

Traverse Laboratory Data Quality Summary

The Traverse interngjuality control results revealagbod laboratoy procedures and instrument
performance. Accuracandprecision data for the water splas are consistentlat values of 30% or less.
On the basis of these considerations, the Traverse water data gedgedsto be ofjood quality and

suitable for use as reference data. Likewise, the soil agcaralprecision analsis data also are
consistentl (with one excption concernig theprecision of a ylene analsis) within 30% of the reference
values; however, evaluations were carried ouy abrelativey high (>1 ng/kg) compound concentration
levels. These data ajpedged to be ofoodquality and suitable for reference use, with the caution that soil
matrix precision and accurga@re not determined at lower concentrationgean
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Pace Data Quality Evaluation

The Pace Q/lan was auditedypSandigpersonneprior to the demonstration. Laborayamperations were
found to be in accordance wijood laboratoy practiceguidelines and the grirements stated in EPA
Method TO-14.

As noted earlier, Pace agaéd soilgas samles from the WAFB demonstration aptbvided analsis
results and guality control datgackage. The results and a discussion of the itz data argrovided
below. No out-of-limitquality control conditions were perted in the angbis results datpackage. As
with Traverse, the assessmenpadcision and accurgof the analtical laboratoy are considered ugin
the data from the five tget conpounds. Because the results for the gad anajses for both PCE and
TCE general{ showed non-detects, another chlorinated solvent that was detected in yises aD&lE,
was included in the safjas accuracandprecision analses.

Pace Internal Quality Control Data

Blank soilgas samles were angked in the laboratgrand the results were in accordance with
performance gecified in the TO-14 methodpiked vgor sanples were also run on two differentyda
Calibration check recoveries for the fivegair conpounds raged from a low of 94% to a ¢in of 110%,
all within the 75-125% acgtance criteria called for in Method TO-14. Tdpeality control datgrovided
in the anajsis regoort indicatedyood instrumenperformance.

Pace Accuracy Data

The accurag data for Pace anais of Summa™ canisters gmeesented in Table 5-10 and are based on
the results ofke recoveries of the tget anaytes. Table 5-1provides the associated reference
concentration values for the cpounds evaluated. Data from Tedlaglsanples are not included in the
analses since the TO-14 methodju@es the use giassivated steel canisters for better glarstability

and recovey.

Table 5-10. Pace Laboratory Accuracy Data.

Sample Media/ Percent Recovery

Description Benzene  Toluene  Xylenes PCE TCE DCE
Soil Gas Low Spike 112 96 88 107 61 95
Soil Gas Medium Spike 93 NA 82 NA 48 65
Soil Gas High Spike 44 NA 43 NA 20 32

Note: ! - recovey values shown corrected la factor of ten, see text for discussion.
NA = Not anayzed, contaminants nptesent in pike mixture

Table 5-11. WAFB Soil Gas PE/Spike Sample Reference Concentrations.

Sample Media/ Reference Concentrations in ppm

Description Benzene Toluene Xylene PCE TCE DCE
Soil Gas Low Spike 3 2 8 1 1 2
Soil Gas Medium Spike 50 NA 73 NA 50 58
Soil Gas High Spike 250 NA 364 NA 250 291

Note: ! - reference values shown correctgdaztor of 10, see text for further discussion
NA = Not gpplicable; anajte notpresent in pike mixture

Initial evaluation of the lowpke sanple recoverieyielded values in the rge of 1,000% and were
suggestive of a factor of ten error. A calculation error in patation of the reference values was
sugected; however, a definite error was not found. Some uncereaiigts, as recorded in laborator
notebooks, as to whether the air volume into which pileesvas iected was 1 or 10 liters. A review of
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the data from each of the figtarticipants showed a similar wehigh recovey trend,giving further
support for the factor of ten error. In view of these combined results, thepié® eference value was
increased Y a factor of ten as shown in Table 5-11 with resultantgésmim Table 5-10. Copound
recovey for Pace is majinal with satisfactoyr recovey at the low and medium rgas andooor recovey at
higher concentration rges. Recovaris alsogenerall better for non-chlorinated cqounds than for
chlorinated corpounds.

The soilgas pikes were transferred from ggto canisterprior to shpment to the Pace. These transfers,
as well as dilution mguired for the hgh goike sanple anaysis, mg have causedgiificant chamges in the
sanple conposition. Previous WAFB soias survg resultspresented in Table 4-3 show that the
concentration rages of interest at this demonstration sitegameeral/ less than 10ppm for most VOC
compounds. As noted in Table 5-10, recovdata for Pace at contaminant concentration levels less than
100ppm aregeneraly good. Since the field sgme concentration levels are reasowyalkll matched to the
concentration levels at which Pguerformance is satisfactprthe laborator results are considered
suitable as reference data for ggik contaminant concentrations less thand@®g.

Pace Precision Data

The soilgas samles used for this angdis were taken sgentially over gproximatel/ a two minuteperiod
from the monitorig well at each of the three levels selected for@iang. As stategreviousy, these
sequential samles my not be true dplicate sarples. As with the other field gilicates taken spientially
from monitorirg wells durirg this demonstration, an assption is made for thpurposes of therecision
evaluation that the gaential samles are quivalent. Calculation of RPD values based on thesglesm
thengives an pper limit of the laboratgr instrument RPD since sorpertion of the RPD could be
attributable to sapie differences. Precision determinations, based on these gigswsrfor the Pace soil
gas analses, argiven in Table 5-12, while Table 5-JBovides the reference concentration levels for the
soil gas sarples.

Theprecision data in Table 5-12 show that 8 of 11 RPD values fall within the 308tnmidme of the 11
RPD values fall within the 0-50% rge. On the basis of these data, Pareeisionperformance igudged
to be satisfactor.

Table 5-12. Pace Laboratory Precision Data.

Sample Media/Description Relative Percent Difference

Benzene Toluene Xylenes PCE TCE DCE
Soil Gas Low 76 NA 66 NA NA 47
Soil Gas Medium 9 22 5 NA NA
Soil Gas High 3 12 7 NA NA 7

Note: NA = Not anajzed, contaminant not detected in one or bothptesn

Table 5-13. WAFB Soil Gas Duplicate Sample Concentrations.

Sample Media/Description Reference Concentrations in ppm

Benzene Toluene Xylenes PCE TCE DCE
Soil Gas Low 2 0.1 20 ND ND 8
Soil Gas Medium 7 0.5 30 ND ND 10
Soil Gas High 9 1 50 ND ND 13

Note: ND = Not detected
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Pace Data Quality Summary

Based on the accunaandprecision results and the concentrationgesishown in Tables 5-11 and 5-13,
the Pace sotjas analsis dataquality can be rgarded as satisfactpfor soil gas contaminant
concentration rages between 1 and 1@@m and are suitable for cquarison with the various technajes
only within this ramge.

Summary Description of Laboratory Data Quality

The dataguality from each of the laboratpanalyses wasystematicaly evaluated for each of the three

sanpling media selected for studn this demonstration. The results of these evaluations have been
previousl discussed in detail and are summarized in Table 5-14 for the SRS demonstration and Table 5-15
for the WAFB demonstration. Because of the number of laboratories, evaluation criteria, and media, as
previousy discussed, an overall dajaality grade ofgood satisfactory or unacceptabléas been

assgned to each of the reference laboratdata sets. Data sets falimto thegood or satisfactgr

categories are considered suitable for gamson with field technolgies. An unacgatable dataguality

ranking indicates that these data are unsuitable for use as reference data.

For SRS, each sgile media ype excet soil was determined to havegaod reference data set. The data
quality for the WAFB demonstration was determined to have a satisfamttnetter reference data set for
comparison to field angtical results.

Table 5-14. SRS Demonstration Laboratory Data Quality Ranking.

Sample Media Laboratory
GEL SRS
Soil No Determination No Determination
Water Good No Determination
Soil Gas Unacceptable Satisfactory
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Table 5-15. WAFB Demonstration Laboratory Data Quality Ranking.

Sample Media Laboratory
Traverse Pace
Soil Good No Determination
Water Good No Determination
Soil Gas No Determination Satisfactory
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Section 7
Applications Assessment

The Viking SpectraTrak™ 672 fielghortable GC/MS instrument has been demonstratedglthis
verification effort at twageolagically and climatolgically different sites with a wide rge of volatile
contaminants. The instrument was used toyaealon-site and in near real time, gées taken from three
media; soilgas, water, and soil. The use of field atighl instruments is emging as a spplement to and
possible relacement for conventional laborayanff-site anaysis. As demonstrated, the Vikjiiield
portable GC/MS gstem has pplication to several field screemjrand anajsis scenarios

Applicability to Field Operations

From a lmistical viewpoint, at a weght of 145 Ib, theystem is easjl trangortable and is rygedized for
field handlirg. The Viking system is self-contained and includes an internalpeger and internal carrier
gas source. These features, glaith its conpact degyn, preclude the need for @ecialized vehicle
during field operations. Theystem can eagilbe gerated from a rental car or van.qRéed external
ancillary equipment includes a rahing pump, portableprinter, andoower source. Theystem can be
operated relialyl in the field over a wide r@e of tenperature and relative humigitSystem setp and
operation can be conducteg bneperson. Theystem utilizes data handfrand analsis software
common to that of basic GC/MS techrgiks.

Capital and Field Operation Costs

On-site field analsis of sarples has th@otential to reduce overall site characterization and clgaspsts.
Real-time and on-site anyais of sarples carprovide immediate direction to a sphmg team durig site
characterization, thus redugiboth the number of sailing trips to the site and the number of ses to
be anajzed. Additionaly, real-time analsis of samles durirg site remediation can often minimize the
amount of material treated, thus redgdoth remediation costs and the timguieed for site clearu

The actual cost sawys that can be realized from the field atséd of samples dgends on manfactors.
These include: the pdal costs of the field angsis ystem; field @eration costs forguipment, spplies,
travel, andper diem; labor and overhead costs; pEnanaysis requirements; and the overall utilization
rate of the field instrument.

Capital and field @eration costs for the VikinSpectraTrak™ 672 were determined dugrihe
demonstration and apeesented in Table 7-1. Estimates of agersanple anaysis rates for laboratpr
quality and sample screenig anaysis modes for the Vikipinstrument are alsgrovided. Actual saiple
analsis rates will vay as a function of the media and contaminantsghairal/zed. The valueprovided in
Table 7-1 can be used agwde in assessgthe utility and cost effectiveness of ugithis type of field
analsis gstem for various gplications.

Discussion of the Technology

Rapid Analysis

The use of the Vikig field trangortable GC/MS gstemprovides near-real-time arnyasis of sarples on-
site. This aproach is gynificantly faster than laboratpmethods and gedites real-time decision makjn
in the field. This is geecially important inguiding sanpling activities. Near-real-time angis of samples
on-site m# eliminate the need and cost of returpdrio the field to collect additional sales.
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Table 7-1. Viking SpectraTrak "™872 GC/MS Capital and Field Operation Costs

Capital Costs

Viking SpectraTrak’ 672 GC/MS (90 day warranty) $145K
Ancillary Equipment - Roughing pump, generator $ 7K
Five-year service contract $ 60K
Training (2 people for one week) _ % 3K

Total $215K
Annualized system costs for five years ($215K + 5 years) $43K/year

Maintenance (annually 10% of capital costs)
Includes new columns, preventive maintenance, software and hardware

upgrades, etc. $ 1.5K/year
Five-year annual capital and maintenance costs $44 5K/year

Field Operation Costs

Field Chemist labor ($60K/year including overhead) $230/day
Per diem (lodging and meals) $100/day
Vehicle rental $ 50/day
Supplies and consumables (standards, syringes, vials, gas, etc.) $ 70/day
Total $450/day

Sample Analysis Rates
Laboratory Quality Sample Analysis 15 samples/da
Field Screening Sample Analysis 50 samples/daly

Sampling and Sample Cost

The maor cost savig obtained kg the use of field angses is the reduction in timequared to obtain the
analtical results needed for decision makirs gerated durig this demonstration, the Vikin
SpectraTrak™ 672, in most cas@spducedgoodquality data in the field. The abijitto generategood
guality anayses in near real-time allows decisions to be made congdhgrextent and copleteness of
cleanyp operations while field guipment is still mobilized.

This can result in gnificant cost reductionsybeliminatirg re-mobilizations or the removal of extra
materials to be assured that the clgrisiconplete. Similar savigs can be achieved dugsite
characterizationyeliminatirng the need for mulple sanpling mobilizations as additional sgimg efforts
can be directed based on real-time data.

Performance Advantages

The develper’s performance gecifications for the Vikig field tranportable GC/MS were evaluated and,
when conpared to standard laborayomethods, were statisticaléquivalent. This demonstration showed
that for samples whose contaminant concentration determinations ayeseesitive to sipiping and

anaysis time delgs, such as VOC sajlas samles, that on-site angis directy after the samles are
obtained consistentiprovides hgher results than the laboraganethods. Therefore, for some ariak like
VOCs, on-site angkis can be gected tgprovide results that are morepresentative of actual site
conditions and are more accurate than laboyatwthods.
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Transportability

The ruggedness of the Vikip GC/MS was illustratedybits shpment via air fraght to the WAFB site and
by its daily trangortation in a vehicle to and from the demonstration sites. y$ters is essentigllself
contained and does not need a dedicatpdostivehicle or excessive anciljaequipment. At about 145 Ib
it can be easjltrangorted around sites angherated out of the back of a rental car or van. Thuggdness
andportability provides the gstem with the gaability for laboratoy quality sanple anaysis at most
locations.

Field Screening of Samples

The ystem caabilities for tranportability and real-time angsis make the instrument extremelseful as
a tool for site characterization and monitgractivities. The instrument npdbe used as adgfh volume
screeni tool toguide sarpling and remediation efforts or wovide hgherquality anayses on selected
sanples. The cpability to identify unknown corpounds with theortable GC/MS enables a site mgea
to investgate a site for a wide rga of contaminants at a gie time. The use of theg/stem as a screemn
tool toguide sarpling efforts in the field caprovide sgnificant cost savigs in terms of the number of
sanples anajzed and will reduce the need for returpgrio the field.

Interferences

Interferences from water gar or other contaminants can affect the field tpansble GC/MS gstems as
well as the fixed-laboratgrGC/MS ystems. Theresence of interferents should checkggériodic
analsis of regent blanks and is gaiired with both laboratgrand field GC/MS gstems. Since rgant
blank anasis reuires about 30 minutes, the galing speed is not gnificantly affected.

Conclusions

The Viking SpectraTrak™ 672 Field Trapsrtable GC/MSorovidesgood quality sanple anaysis on-site
and in near-real-time. The technglomay offer time and cost sawjradvantges over conventional
sanpling and laboratgr anaysis stratgies. The gstem corplements conventional laborayoanai/sis and
can add ginificant benefits in terms of defirgrthe nature and extent of contamination at a site. The
limitations of the gstem aregeneraly related to the undsfihg operational considerations associated with
the basic use of GC/MS techngies.
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Section 9
Previous Deployments

Stringfellow Toxic Waste Durp Site, Southern California (Jull993). Volatile oganic conpounds in soll
performed ly Viking for US EPA Rgion 9. Contact Vance FgnSection Chief, Phone: (415) 744-1492.

Antioch, California (Jut 1993): Volatiles irgroundwaterperformed for Rgion 9 of the EPA at a
CERCLA site near the Sacramento River in Northern California. Contact Vange$eawntion Chief,
Phone: (415) 744-1492.

Air and Soil Screenigy EPA Ragion 5 (Setember 1993). Air screergranal/sis for health and safeat a
dumpsite near the Great Lakegjien performed for EPA Rgion 5. Contact Rod Tpin, Phone:(908)
321-6762.

Syoerfund Site, Viginia, (August 1993). Analsis of volatiles and semivolatilgerformed ly the
Environmental Resources Majament, Inc. with a Vikig SpectraTrak™. Contact David Gallis,
Environmental Resources Maggmnent, Inc., Phone: (610) 524-3786.

Sandia National Laboratories, (1993). SoipgaAnalysis of soil vaor sanples extracted from various
depths usig a GeoProbe. Contacts are Sharissa §pBhone: (505) 845-3226 oryatt Booher, Phone:
(505) 269-3207.

SpectraTrak™ Trargortable GC/MS U.S. Militar Endurance Testq(1993) at Dgway Provirg Ground.
Contact R. J. Black, Phone: (801) 831-3371.
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Appendix A

Analytical Method for the Operation of the SpectraTrak™ 672

Prepared by
Viking Instruments Corporation

1.0 Scope and Application

The following table lists tageted anajtes and detection levels used for this evaluation. Thetasare i

no means limited to those listed here.

DETECTION

ANALYTE DEJISICIEI_TLON ANALYTE LIMIT *
chloromethane 10 trichloroethene 5
vinyl chloride 10 bromodichloromethane 5
chloroethane 10 cis-1,3-dichloropropene 5
bromomethane 10 trans-1,3-dichloropropene 5
acetone 100 1,1,2-trichloroethane 5
1,1-dichloroethene 5 toluene 5
methylene chloride 5 dibromochloromethane 5
carbon disulfide 100 tetrachloroethene 5
trans-1,2-dichloroethene 5 chlorobenzene 5
1,1-dichloroethane 5 ethylbenzene 5
2-butanone 100 m+p-xylenes 5
chloroform 5 styrene 5
1,2-dichloroethane 5 1,1,2,2-tetrachloroethane 5
1,1,1-trichloroethane 5 o-xylene 5
carbon tetrachloride 5 1,3-dichlorobenzene 5
benzene 5 1,4-dichlorobenzene 5
1,2-dichloropropane 5 1,2-dichlorobenzene 5

* Estimated detection limits. Units depend on sample preparation:

©alkg for 5 gram soil samples concentrated by purge and trap.
uglL for 5 mL water samples concentrated by purge and trap.
ppm for 250uL of air by direct injection.
ppb for 0.25 to 1.0 L of air concentrated onto sorbent tubes.
Note: Lower limits (ppt and lower) can be achieved with larger sample volumes or by using selected ion
monitoring.

2.0 Summary of Method

The anaftical instrumentation used for the demonstration is a \gildpectraTrak™ 672 trapertable
GC/MS gstem with data angsisperformed ly the Windows-based Hewlett-Packard Chem Station
software at SRS, and EnviroQuant at WAFB. A minimum of three concentration levels wgredraadd
used for establishgna calibration curve. An avega reponse factor method was used dpiantitation of
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sanples. The instrument was calibrated for the known historical concentrations and contaminants at each
site: trichloroethene and tetrachloroethene at SRS, podian of the EPA method 8260 cpound list at
WAFB (see 7.2.1 for list).

2.1 Gaseous samples

Gaseous sapfes were angkzed ly collectirg 250uL of sanple from Tedlar bgs and directf introducirg
the sarple into the instrumentybsplit/splitless ifection. An external standard (ESTD) method of
calibration andjuantitation was utilized. The instrument was calibrated at SRS foge oéri to 5000
ppm(v) while at WAFB a 1 to 2ppm(v) calibration rage was used. (Note: Air sagoles ma also be
concentrated on a sorbentgnasirg the unit's sampling pump, then thermayl desorbed for angsis. This
concentration sgewas not necessaat either site.)

2.2 Liquid samples

Liquid sanples were angked ly concentratig a 5 mL volume § purge and tra, then thermajl

desorbig for GC/MS analsis. An internal standard (ISTD) method of calibration gqumhtitation was
utilized with 50ug/L of internal standard added to each pEmThe instrument was calibrated at SRS for
a rarge of 10 to 100Q.g/L while at WAFB a 10 to 20@g/L calibration rage was used.

2.3 Soil samples

Soil sanples were angkzed at SRS yextractirg aportion of soil with methanol, thenjiecting 2 L of the
methanol extract into the instrument. A selected ion was monitored for eaphwan(m/z 130 for
trichloroethene and m/z 166 for tetrachloroethene). Eidntitation was gplied to the extracted soil
sanples within a calibration raye of 50 to 100Q:.g/kg.

The soils at WAFB were analed ly purge and tra / thermal des@tion GC/MS. ISTDquantitation was
used for the soils with 50g/kg of internal standards added to each@anThe calibration raged from
10 to 200ug/kg.

3.0 Definitions

ESTD external standard ppb(v) parts per billion by volume
g gram ppm(v) parts per million by volume
GC/MS gas chromatograph / mass spectrometer ppt parts per trillion

ISTD internal standard SRS Savannah River Site

kg kilogram TCE trichloroethene

L Liter “g microgram

mL milliliter ul microliter

PCE tetrachloroethene (perchloroethylene) WAFB Wurtsmith Air Force Base

4.0 Interferences

Interferences can occur with excessive watgowand with contamination. Waterp@ may increase
some detection levels; contaminationymeside in sapling equipment which must bperiodically
checked; cross contamination ynaccur with squential hgh and low concentration safes. This can be
checked and eliminated iperiodically anal/zing reagent blanks.

5.0 Safety
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No unusual safgtpractices above and yy@ndgood laboratoy practices. Knowlege of ecific toxicity of
chemicals utilized and how to handle chemicals is essential.

6.0 Equipment and Supplies

The anajtical GC/MS gstem (Viking SpectraTrak™ 672), coprised of a Hewlett Packard 5972
guadrypole mass gectrometer, a teperatureprogrammable mini-GC, Windows-based gamter ystem,
and various inlets is further described in section 3 of the demonstpiion

The GC column installed and used in this gtisgda 30 meter DB-VRX column pplied by J&W Scientific.
The column was remounted on a smaller colunye capplied by Viking to fit inside of the mini-GC.

Viking's purge and tra assemhy is utilized for allpurge and tra operations in this stud It consists of a
three-wg valve, needlemarger, digosable test tube, sgalock fittings; and mounts to fit the front of the
SpectraTrak™. The unit's software apldmbing system take care of the rest of {wege and tra
operations.

Certified concentration standard mixtures, neatmmmds, and solvents weparchased from vendors
such as Spelco, Aldrich, Restek, and Ultra Scientific.

7.0 Quality Control

7.1 Reagents and Standards - Savannah River Site

7.1.1 Gaseous standardsf trichloroetlylene and tetrachloroettene were initialy prepared from neat
standardgurchased from Aldrich. Arimary dilution wasprepared ly injecting 18 n.L of trichloro-
ethylene and 2L.L of tetrachloroetillene into a 1.0 L Tedlar lgaat room terperature angressure. The
bag was filled to 1.0 L with ultrpure air to establish a final concentration of 5@t (v) of each angte.
A 1000ppm(v) standard was algwepared from neat standardg imjecting 3.6 «L of TCE and 4.2.L of
PCE into a 1.0 L Tedlar gaThe followirg is an examle of calculations used:

Concentration in ppm(v)  _ 22.4x90 (T/273 K) (760/P) (TCE density) (volume TCE)
of trichloroethylene (TCE) ~— (dilution volume) (molecular weight of TCE)
where T = Absolute temperature in degrees K
and P = Pressure in mmHg

22.4x 16  (298/273) (760/760) (1.465 g/mL) ( X volume of TCE)

5000 ppm(v) (1.0 L) (131)

X = 18uL of TCE injected into 1.0 L air.

The bas were left to quilibrate for gproximatel 10 minutes before use. Further dilutions werepared
from the 500(ppm(v) standard Y taking aliquots from the 500Q9pm(v) Tedlar bg and inecting them
into secondar Tedlar bas. These standards gad from 500 pm(v) to 1.0ppm(v). For examle:

5000 ppm(v) x 5.0 mL aliquot volume / 1.0 L dilution volume = 25 ppm(V) final conc.
7.1.2 Liquid standardswereprepared from lguid stock solutiongpurchased from Ultra Scientific and
Suypelco. A 1000uwg/mL solution of volatile corpounds was diluted to 50g/mL by a 1:20 dilution in

methanol. The 5@g/mL solution was used for thgirge and tra calibration in the rage of 10ug/L to
1000ug/L. A 50 ng/mL solution of internal standards and added to eaclplssand standard for a final
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concentration of 5@g/L. The internal standard 1,4-difluorobenzene was usegutmtitatirg the
trichloroethene and tetrachloroethene. The same solution of volatileg.gtndD was diluted to
concentrations of 5Qg/L to 1000ug/L in methanol for direct ijection / calibration for soil saptes.

7.2

7.2.1

Reagents and Standards - Wurtsmith Air Force Base

Gaseous standardaereprepared from lguid solutions direcyl injected into Tedlar ks, A 1000

1g/mL solution of volatile conpounds was used as the stock solution for each calibration standard

prepared. A 500Q.g/mL solution of each isomer of dichlorobenzene was also used. Stock solutions were

purchased from Ultra Scientific and {g&ico.

Standard Compounds in Gas Mixtures

Compound Name MW Vi(;]ll?l_rz)el_”?ri(lz_t)ed Sto@i;/rsntgj conc. r(r:)ga//::;}ol_l;: Meter PPM(V)
1,1-dichloroethene 96 0.01 1000 10 2.55
trans, 1-2-dichloroethylene 96 0.01 1000 10 2.55
1,1-dichloroethane 98 0.01 1000 10 2.50
cis-1,2-dichloroethylene 96 0.01 1000 10 2.55
benzene 78 0.01 1000 10 3.14
trichloroethene 130 0.01 1000 10 1.88
toluene 92 0.01 1000 10 2.66
tetrachloroethene 164 0.01 1000 10 1.49
chlorobenzene 112 0.01 1000 10 2.18
ethylbenzene 106 0.01 1000 10 231
m-+p-xylenes 106 0.01 1000 10 4.62
o-xylene 106 0.01 1000 10 2.31
1,3-dichlorobenzene (m-) 146 0.001 5000 5 0.84
1,4-dichlorobenzene (p-) 146 0.001 5000 5 0.84
1,2-dichlorobenzene (0-) 146 0.001 5000 5 0.84

ppm(v) calculation: ppm(v) = 24.46 (mg/cubic M) / Molecular Weight

Standards ofgproximatey 10ppm(v) and 25pm(v) were als@repared in similar fashion.

7.2.2

Liquid standardswereprepared from the same stock solutions as used fagdbeous standards.

A 50 ng/mL working solution wagrepared from the 100Qg/mL stock standardyba 1:20 dilution in
methanol. Volumes of AL to 20L of the workirg solution were ifected into 5.0 mL of water for

calibration standards in the gaof 10ug/L to 200.g/L.

Note:

wasperformed on both matrices.

8.0

See demonstratigolan.

Sample Collection, Preservation, and Storage

The calibration for djuid sanples was also used for soil sgies since the same apt¢al method



