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The U.S. Envronmenta Protection Agency (EPA) has created a progmto facilitate the deplayent of innoative
technologes throuty performance rification and infornation dissenmation. The goal of the Environmental
Technolog Verification (ETV) Progamis to further enivonmental protection bgubstantiallyacceleratinghe
acceptance and use ofpinoved and rore costeffective technologes. The ETV Programis intended to assist a
inform those inwvlved in the degn, distribution, perntting, and purchase of emenmental technologs. This
docunent sunmarizes the results of a demstration of the Spectracd&\T000 Analyzer.

PROGRAM OPERATI ON

The EPA, in partnership wth recoguized testingorganizations, obgctively and sgtenatically evaluates the
performance of innovive technologies. Together, with the full participation of the technology deeloper, they
dewelop plans, conduct tests, collect and arpalgta, and report finding. The exaluations are conducted accordi
to arigorous deronstration plan and established protocols for quakguranceThe EPAs National Exposure
Research Laboratorwhich conducts depmstrations of field charactestion and ronitoring technologies,
selected PR Environmental Managment, Inc., as the testingrganization for the perforrance ‘erification of field
portable Xray fluorescence (FPXR analyers.

DEMONSTRATION DESCRIPTION

In April 1995, the perforrarce of seven FPXH analyers was deternimed under field conditionsgzach analger
was independentlgvaluated by conparing field analysis results to those obtained usiagprowed reference
methods. Standard rafence naterials (SRM) and perforance ewluation (PE) saples also were used tj
independentlyassess the accuraagd corparability of each instrumnt.

The denonstration vas desiged to detect and @asurea series of inornic analyes in soil. The primary target
analytes were arsenic, bariyrashromum, copper, lead, andrz; nickel, iron, cadrium, and antimony were
secondananalyes. The denonstration sites @re located indwa (the RV Hipkins site) and Washintgpn (the
ASARCO ste). These dies were chosen becaukeytexhbit a wide rang of concenttions for most of the target
metals and are located in different ciitologca regons of the Wited States; cobined, theyexhibit three distinct
soil types: sand, clayand loam The conditions at these sites are represemtafittose environments under vhich
the technolog would be expected to operat®etails of the demonstration, includinga data sumary and
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discussion of results, ap be found irnthereportentitied“Environmental Technolog Verification Report, Field
Portable Xray Fluorescence #alyzer, Spectrace N 9000 and N Pb Field Portable X+ray Fluorescence
Analyzers.” The EPA docurant nunier for this report is EPA/600/87/145.

The EPA Metlod 6200 was tested andlidated usinghe data deried fromthis denonstration.This method rray
be used to support thergeral application of FPRF for envronmental analgs.

TECHNOLOGY DESCRIPTION

This analyer operates on the pdiple of energy dispersie X-ray fluorescence spectroscopyhere the
characteristicconponents of the excited-Kay spectrunare analyed directlyby an energ proportional responsg
in an X+ay detector.Energ dispersion affords highly efficient, full-spectrummeasurerant which enables the
use of lowintensity excitation sources (such as midbtopes) and copact batterypowered, fieldportable
electronics.FPXRF instrunents are desiggd to proide rapid analsis of metals in soil. This information allows
investigation and rerediation decsions to be nade onsite and reduces the nbar of sarples that need to b§
subnitted for laboratoryanalysis. In the operation of these instruemts, the user ost be aware that PXRF
andyzers do not respond well to chraimand that detection liits may be 5 to 10 tiras geater than corantional
laboratorymethods. As with all field andysis progans, a portion of the saptes should be sent to a laboratfaoy
confirmatory analyses.

The TN 9000 is a comercially available instrurent that can use up to three radioagg8ourcesanda mercuric
iodide sernrtonductor dtector for the analgis of metals in soil. It is field portable, wighingless than 20 pounds
and can be batteryowered for up to 8 hourd:orthis denonstration, the W 9000’s Soils Application softwarg
was configired to report concentrations for chiiom, iron, niclel, copper, mc, arsenic, lead, cadium, antinony,
and barium Contaninant concentrations are cpuoted usin@fundanental paramters (FP) calibrated abgthm
included in the anaker’'s operations software. The FP calibration does not require specific calibration
standardsThe TN 9000 can conduch situmeasurerents or neasure saples in cups At the tine of testingthe
TN 9000 cost about $58,000, or it could be leased for $6,000@ehmr $3,500 for 2 eeks.

VERIFICATI ON OF PERFORMANCE

The perfornance characteristics of the&dT9000 include the following

» Detection limits: Precisionbased detection liits were deternmed bycollectingl0 replicatemeasurerants
on sitesspecific soil samles wth metals concentrations 2 to 5 tém the expected MIZ. The resuls were 100
millig rarms per Klogram(mg/kg) or less for all of the reported antdg except chroram, which wasdetermined
to be 200 rg/kg usingthe Fé& source and 500 grkg usingthe Cd® source whichwas used for the other
reported anakgs. Values for iron and cadimamwere not reported due & insufficient nunter of sarples in
the required concentration rang

Throughput: Average throughput was 8.5 to 10.5 anades per hour usirgsource count tienof 220 seconds|
This rate onlyrepresents the analy time, since different personnekse used to prepare the sales.

Drift: Thiswas evaluated usinghe results of a dailgnalysis of an SRM which contained quantifiable s/
of arsenic, bariupcopper, lead, andrc. Over the 18 dagof the demnstration, the BD values for the mean
recowery of barium copper, lead, andrc were all less than 8 percerithe correspondingalue forarsenic was
18.2percent.

Completeness: The TN 9000 produced results for 1,259 of the 1,260 @asnanalyed, resultingin a
conpleteness of 99.9 percenthe renaining sanple was lost due to operator error in transferiing data.

Blank results: During the demnstration, 37 blankanples were analed. None of the reported priany
analytes were detected abmthe nethod detection lints. However, iron freqiently reported a \alue aboe the
MDL after analging sanples with an iron concentration ofegter than 20,000 grkg.

Precision: The goal of the deronstration vas to achies relative standard deations (RSD) less than 20
percent at anatg concentrations of 5 to 10 t&® the mthod detection lit. The RSD aues for antinony,
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arsenic, bariuncopper, lead, andrec were less than 8 percent. &torrespondingralue for chronumwas 22
percent. Values for cadium, iron, and nickl were not reported because too feganples containinghe
required concentrationsene nmeasured.

» Accuracy: Intramethodaccuracywas assessedsingsitespecific soil PE sampies and soil SRMsThe data
showed that 37 of 41 or 90.2 percent of the PE@aranalyes hadecoverieswithin the quantitatie acceptanc
range of 80 -120 percentA correspondin@?2 of 24 or 91.7 percent of the SRM ane$ywere within the 80
120 percent recavy rang. The TN 9000 gve more accurate resultshen the reference sahe closely
matched the ratrix used to set the fundamtal pararmsters calibration for the anagr.

Comparability: This demonstration showed that theNr9000 produced data that exhibited g }égg,, linear
correlation to the reference data. The coefficient of determination (r?) which is a neasure of the dege of
correlation between the reference and field data was 0.95 for arsenic, 0.95 for @@fder,lead, 0.93 for
zinc, 0.79 for bariumand 0.78 for chrommm. Results for iron, niokl, cadnium, and antirony were not
reported due to lifted sanple data.

Data quality levels: Usingthe denonstration derigd precision RSD results and the coeéit of determination
as the prirary qualifiers, the N 9000 produced definites lewvel data for arsenic, copper, lead, andcz
guantitative level data for bariumand data of qualitatesscreeninggvel for chromium. Values for iron, nickl,
cadnmum, and antireny could not be assigd without adequate precision or cpanability data.

The results of the deomstration shovthat the SpectraceNT9000 can prode useful, costeffective data for
envronmentalproblemsolvingand decisionmaking. Undoubtedlyit will be enployed in a ariety of applications,
rangng fromservngas a corplement to data gnerated in a fixednaytical laboratoryto generatingdata that v
stand alonén the decisionimaking process.As with anytechnolog selection, the userumt deternme what is
appropriate for the application and the patjdata qualitpbjectives.

GaryJ. Foley, Ph.D.

Director

National Exposure Research Laboratory
Office of Research and &elopment

NOTICE: EPA verificationsare based on an evaluation of technology peformance unde specific, predetermined ariteria and the
appropride qudity assurance procdures. EPA makes no epressed or inplied warranties as to thepeformance of thetechnology
and doe not certify tha atechnology will always, unde circumstances othe than thos tested, opeaate a thelevels verified. The
end ugr is solely respongble for complying with any and dl applicable Federal, Stae, and Local requirements.
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