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EXECUTIVE SUMMARY

Mostof thewastegeneratedduringtheproductionofdefensematerialsat Hanford

is presentlystored in177 undergroundtanks. Becauseof themanywaste treatment

processesusedat Hanford,theoperationsconductedto moveandconsolidatethewaste,

andthe long-termstorageconditionsat elevatedtemperaturesandradiolyticconditions,

littleis knownaboutmostof theorganicconstituentsin the tanks. The natureof the
i'

organicmaterialis an importantfactorinthe resolutionof safetyquestionsaboutsomeof

the storagetanks. Organicsare a factorintheproductionof hydrogenfromstoragetank

101-SY and representan unresolvedsafetyquestionin the case of tankscontaininghigh

organiccarboncontent.The natureof theorganicshasan effectuponthe potential

energycontainedin the tanks.

inpreparationforactivitiesthat will leadto the characterizationof organic

componentsinHanfordwastestoragetanks, a thoroughsearchofthe literaturehas been

conductedto identifythoseproceduresthat have beenfoundusefulfor identifyingand

quantifyingorganiccomponentsinradioactivematrices.The informationis to be usedin

the planningof methoddevelopmentactivitiesneededto characterizetheorganicsintank

wastes andwillpreventduplicationof effortin the developmentof neededmethods.

The literaturerelatingto organicanalysisinwastematricesis sparse. The

literaturewas searchedthroughthe AmericanChemicalSociety,U.S. Departmentof

Energy(DOE) and Departmentof Defense(DOD)electronicdatabases,as well as

manualsearchesthroughDOE and HanfordMethodsManuals,andthe HanfordLibrary

ReportArchives.Throughthesesearches, "almost400 referenceswere identifiedthrough

titles,abstracts,orkeywordsas potentiallycontainingrelevantmaterial. Further

investigationof thesedocumentsrevealedthat lessthan 60 itemsactuallypertainedto

methodsspecificto, ormodifiedfor,analyzingorganicsin radioactivematrices.These
itemshave formed thesubstanceof the review.

. Some publicationspertainingto determinationoforganicsin radwasteswere

foundthat did notspecifythedetailsof the analyticalmethodsused. Thesewere included

for their generalinterestandforcompleteness.The majorbodyof the literaturediscussed

inthis report dealswith analysisof organicsin nuclearwastesorin nuclearwaste burial
sites. One-halfofthe32 referencesincludedundernuclearwasteswere producedat

Hanford. The mostimportantbodyofworkdescribestheanalysisof Hanfordtank
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wastes. Variousresearchershaveshownthata varietyoforganicchelatorsandtheir

radiolyticor thermaldecompositionproductsconstitutea significantportionof theorganic

carboninseveralwastes examined. Otherorganicconstituentswere alsoidentified,most

ofwhichare noton the EnvironmentalProtectionAgency(EPA) listofprioritypollutants.

Anotherimportantcontributionwas fromOak RidgeNationalLaboratory.Thiswork

describedindetailthe modificationsof standardEPA methodsfor the analysisof

radioactivewastes. The researchon environmentalsamplesfocusedprimarilyon

analyzingthe organicconstituentsat the MaxeyFlatswasteburialsite. Chelatingagents

andvariouscarboxylicacidswerefoundand were implicatedin the movementof

radioactivemetals. Hydrophobic(nonpolar)organicswere alsoidentified.Other

environmentalmethodswere includedin this reviewbecauseof thesamplingtechniques

thatwerespecificallydesignedfor radioactivework.

Foreigncontactshavealso beenrequestedto provideFrenchandEnglishsources

on methodsfordeterminingorganicsinradionuclearwastes. The informationreceivedthus

far indicatesthat littleemphasishas been made inthesecountriesto specificallyanalyze

andreportmethodsfor organicsinradioactivesamples.

The literaturesurveyedfrom this searchindicatesthatinspiteof thevastamount

ofworkdescribingmethodsforthe analysisoforganiccompoundsina varietyofsample

matrices,very littlemethoddevelopmentefforthas been spentto dateon samples

containingsignificantamountsof radioactivity.Witha nationalimperativeto acceleratethe

treatmentanddisposalof defensewastes, it is expectedthat thisvoidwillbe rapidly
filled.
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1.0 INTRODUCTION

Characterizationof Hanfordwastesasa prerequisiteto remediationisacceptedas

a responsiblepolicyconsistentwithmaintaininga safe and environmentallyacceptable

conditionduringcleanupoperations.Thispolicyisconsistentwithrecommendationsof

theTankWaste SciencePanel(a)that "Tank 101-SY be physicallyand chemically
e

characterizedas fullyas possibleand as expeditiouslyas safetyconsiderationsallow,"

andthat"Noremediationstepsbetakenuntilthereis a betterunderstandingof the

" chemicalandphysicalphenomenaconnectedwithgas generationand release ininTank

101-SY." There is littledoubtthat otherHanfordremediationactivitieswillfocuson

characterizationpriorto cleanup. Regulations,Tri-PartyAgreementprovisions,and

environmentalimpactstatementrequirementsalsorequirecomprehensiveknowledgeof

wasteconstituents.Hanfordis conductingcomprehensiveprogramsfor the

characterizationof wastes. Initsplanningfor remediation(WHC-EP-0416),

WestinghouseHanfordCompany (WHC) has alsostressedthe need for waste
characterization.

Standard methods available for analysisof organic compounds in wastes have

been shownto be inadequate for Hartford'sneeds. Methods that work in high level

waste are needed to support the tank characterization effort. EPA methods (e. g., SW

846) are not effectiveor implementable to many types of samples found at Hanford

becauseof their high radioactivelevels,high pH, and high salt contents. The EPA

methodswere notdesigned to analyzemany chemicalsfound in high concentrationin

certain Hanfordwastes; such as organicchelators, lt has already been found that

standard analytical methods have, in some cases,been entirely ineffective for some tank

waste samples because of interferences(b). Therefore, it is essential to have at Hanford a

comprehensiveprogramfor characterizationof the organic species inwaste tanks. A

further discussionof mixed waste analyticalproblems and concerns isgiven in Appendix
A.

ah) Tank Waste SciencesPanel. HanfordTank Safety Project. Chemicaland
ysicalProcessesinTank 241-SY-101: A PreliminaryReport,T. H. Dunningand E. P.

Horwitz,Co-Chairmen. PNL-7595. PacificNorthwestLaboratory,Richland,WA 99352,
February,1991.

(b) Forexample,see referencesA15 andA16.



To developa soundorganiccharacterizationprogram,PacificNorthwest

Laboratory(a)(PNL) hasconducteda surveyof existinganalyticalmethodsthatmightbe

applicableto tank wastes. Thisreportisthe resultof the initialreviewsof available

organicanalyticalmethodsapplicableto theanalysisof organicsin the Hanfordtanks.

Publishedmethodsfor analyzingand quantifyingorganiccompoundsin mixedwastes are

reviewed. Mixedwaste refersto waste that containsboth radioactivityand hazardous

chemicals.The analyticalchemistryof mixedwastesis morecomplexthanthe analysisof

mostothersubstrates,becauseof health,safety and contaminationconsiderations.To

protectworkersfromundueradiationexposure,and maintainexposureas lowas

reasonablyattainable,muchof the sampling,samplepreparation,and actualassaymust

be donefroma distanceorbehindprotectivebarriers.This includesremotesamplingand

theuse of gloveboxesor hotcellsfor samplepreparationandshieldedinstrumentsfor

analysis. Inaddition,measuresmustbe takenwherepossibleto minimizecontamination

of expensivelaboratoryinstrumentationand facilities,as wellas minimizetheamountsof

waste generatedduringthe procedure.Table 1 listssomeof the moreusefulreferencos

found inthisreview. Additionally,AppendixesB and C listreferencesby analyteand
method.

Examplesof Methods*

Matrix _ _ Reference

ORNL Tank Waste Sampling VOA, SVOA A2,A3,A9,A10
Techniques.
ModifiedEPA
GC/MS methods.

DSSF, NCRW, ModifiedEPA VOA;basic,acidic, A5-A8
BWR, PWR methods, andneutralorganic

Organicacid compounds
derivatization.

HanfordTank Waste NPH cleanup prior VOA, SVOA A15, A16
to analysi,_.GC/MS

SimulatedWaste Paired-ionHPLC Chelators A,?.1-23

* Abbreviationsaredefined in the AcronymList.

_) PacificNorthwestLaboratoryis operatedfor the U. S. Departmentof Energy under
ontractDE-AC06-76RLO 1830 by BattelleMemorialInstitute.
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1.1 DATABASESINVESTIGATED

1.1.1 On-LineComputer Databases

To gatherinformationon this subjectsearcheswereconductedon various

computerdatabases:

• • ChemicalAbstracts,1967 to 1991

• EnergyScienceandTechnologyDatabase,1974 toAugust1991

• NuclearScienceAbstracts,1948 to 1976

• U.S. Departmentof Defense Defense ResearchOnlineSystem (DROLS).

The firstthree databasesar_ availableon the DIALOGSystem,accessed

throughthe PNL TechnicalInform_,:'? P.omputerNetwork. DROLS is availablethrough

the DefenseTechnical InformationCen_er(DTIC).

Initially,an extensivelistof keywordswas developedto n.Jrrowthe search "hits"

to a manageablenumber. Thisstrategyresultedinveryfew "hits"for mostof the trials.

The beststrategy for recoveringusefulinformationwas to use very general keywords

andthenmanuallysearchtheabstractsfor relevantmaterial. Keywordsusedinthe

searchesincluded"mixedwaste,""radioactivewaste","analyticalchemistry,""organic

compounds","analy..."and "organic,"etc. A moredetaileddescriptionof thesearchis

givenin AppendixD.

1.1.2 Other Databases

AnotherDOE database isemergingas a resultof a projectfunded to PNL bythe

Office ofTechnologyDevelopment(EM-50), underthe DOE Officeof Environmental

RestorationandWaste Management. Thisproject,"AnalyticalManagement- Methods

CompendiumDevelopment,"is developinga comprehensivemanualthatcataloguesaliof

theanalyticalmethodsusedby the DOE community.The manual,"DOE Methods for

EvaluatingEnvironmentalandWaste ManagementSamples(DOE Methods),"hasbeen

preparedina draftform forreview. The cataloguedmethodsare alsobeingincorporated

intoa computerdatabaseat LosAlamosNationalLaboratory(LANL). The d:_tabasewas

searchedby recoveringmethodsfromthe databaseat LANLand bysearchingproject

filesexistingat PNL.

A precursorto theDOE MethodsManualwas a compilationof Hanfordsite

analyticalmethodsthatwas assembledas a resultof a WHC-fundedproject. This

3
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compilation,"HanfordEnvironmentalAnalyticalMethodsManual,"compiledand edited by
S.C. Goheen,M. McCulloch,andJ. L Daniel_ June 1989,existsas a commentdraft.

Thisdocumentwas manuallysearchedfor methodsadaptedto radioactivewastes.

An additionalpotentialsourceofinformationisfrom foreignsources.The literature

surveyedin this reportdoesnotincludereferencesfrom foreignsources,althoughefforts

were madeas partof theprojectto establishcontactsin Franceand Englandthatwould

provideinformaUonabouttheextentof relevantliteratureinthosecountries. The initial

resultsof these effortsare givenin AppendixE.

Additionalmaterialwas acquiredin a surveyof the (secondary)referencesin

papersfoundby the computersearches.

1.2 ANALYTICALMETHODSNOTINCLUDEDINTHISREVIEW

Thls reviewis limitedto methodsdesignedormodifiedto analyzeorganicsinmixed

waste systems. For manymethodsdealingwithwaste samples,particularlyinthe case
ofthoserecoveredfrom the DOE MethodsManual,standardEPA methodswere

describedthat containedno modificationfor theradioactivitycontainedbythesample.

These methods,andothermethodswheretherewas no specificprovisionfor,or mention

of accommodatingradioactivesamples,were notincludedinthisreview. Methodsfor

analyzingsampleswithorganicsthatdidnotcontainradioactivity,evenif the sample

camefroma nuclearfacility,were also notincludedinthisreview.

The subjectof organicanalysisin mixedwaste hasnotbeen extensivelystudied.

Mostof the analysisof mixedwaste involvesthe analysisof radionuclides.Inthe

preparationof this report,over 400 titleswere scannedafterrecoveryby oneof the

search methodsgivenabove. Over 150 citationswere physicallyrecoveredandare on

file inourelectronicdatabase. Fromali thesepossibleapplicabledocuments,less than75

papers,reports,andpresentationswere foundthatfit oursearchcriteria.A. P. Toste,

formerlywiththeAdvancedOrganicAnalysisMethodsGroup(AOAM) at PNL, hadthe

largestcontributionto thedatabase,witheleven references;heperformedhisanalyses

underWestinghouseHanford-fundedstudies.The presentstaffof the AOAM hadnine

references.
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2.0 LITERATUREREVIEW

The mainbodyof thisreviewconsistsof threesections:A) NuclearWaste

Samples; B) EnvironmentalSamples; C) OtherMatrices.

2.1 NUCLEARWASTESAMPLES

Thissectionreviewsmethodsforanalyzingorganicsin mixedwaste that is in

controlledcontainment.This includeswastegeneratedby commercial,research,and

defensefacilities.Mixedwaste that hasescaped intothe environmentis coveredinthe

_ nextsection.

2.1.1

The needforprotectingworkers,facilities,andequipmentfromundueexposure

andmaintaininggoodanalyticalprotocolare factorsindeterminingthe samplingtechnique.

Insome ins_- :,es, EPA SW-846 methodologyis followed(Al). This sampling

methodologyisworkable_orstoragedrums,filtercakes,and othereasilyaccessible

matrices. For the samplingof undergroundmixedwaste storagetanksspecialdevices

andtechniquesmustbe devised. The matricesfoundwithinthe storagetanksarerarely

uniformfromtopto bottomorfromtankto tank.

Bysamplingand by remotetelevisioninspectionGriest(1991) determinedthat

tanksat Oak RidgeNationalLaboratory(ORNL) generallyhave a liquidphaseover

sludgephases of variousconsistencies.Since 1991, ORNL has 33 active low-level

liquidwaste tankswithcapacityrangesof 500 to 15,000gallons. The totalcontentof the

tanks isabout360,000 gallonsof liquid,115,000gallonsof sludge,and60,000 Ci. In 51

; inactivetanksat ORNL there is a totalof290,000 gallonsof liquid,39,000 gallonsof

sludge,and56,000 Ci. A reportbyGdest (1991) detailsthe devicesused insamplingthe

differentlayersin the _orage tanks at ORNL. The liquidlayerswere sampledby suction

• . with thesamplebeingcollectedina trapjar. A second"safetysurge jar"andhigh

efficiencyparticulateair (HEPA)filterson thevacuumpumpwere usedto minimizerelease

ii of radiation(Rgure 1). Becauseof the high,radiationinvolvedwith thesesamples

i collectingthe volumespecifiedby EPASW-846, method3510 (one liter)was judgedtoohazardous,and samplesizewas reducedfiftyfold.Samplerswere builtfor thesamplinga

!i softsludgelayerand a hardsludgelayer. The sludgelayerswere sampled bYcoring.

The softsludgesamplerconsistedwith a spring-loadedbottom closure(Figure2). The

|



hard-sludgesamplerhada cuttingedge for better penetrationanda gatevalveto retain

thesample(Figure3) (A2,A3).

Luckeet al. (1992) describedthe use of a cryogenicvaportrapforsamplingthe

headspacein mixedwastestoragetanksat Hanford. Thisdevicetra_ volatileorganics

ina glassI_,d i,_ackedtube that has been chilledwithliquidnitrogen(Figure4). After

sampling,,_!_condensateiswashedfromthe glassbeadswith methanol. The samples

areessen_allyfree oi radioactivityat this time. Validationstudiesof this techniqueare still

beingperformed(A4).
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2.1.2 Gas ChromatoqraohicTechniaues

Gas chromatography(GC) isthepredominantmethodof analysisfor organicsin

nuclearwaste. The mostextensivepublicationsfoundin ourreviewwere presentedby

A.P. Tostein a seriesof papersandreports. The analysesof a varietyof organic

compoundsin a varietyof nuc:learwastesbyGC/flame ionizationdetection(GC/FID) and

GC/massspectrometry(MS) were described. Matricesanalyzedincludeneutralized

claddingremovalwaste (NCRW), double-shellslurry-1(DSS-1) waste,double-shell

slurryfeed (DSSF) waste (A5, A6), pressurized-waterreactor(PWR) waste, and boiling-

water reactor(BWR)waste (A7,A8). Fourclassesof organics(volatile,basic,acidic,and

neutral)were analyzedby EPA methodsmodifiedfor useina hotcellor radiationhood. A

fifthclassof organics,hydrophilicorganicadds, includingchelatingagents,was also

analyzed. The chelatingagentsarenot includedinEPA'slistof prioritypollutants,and

noveltechniqueswere developedfor theiranalysis.

The highsolidcontentof theNCRW, about57% byweight,requiredseparationof

the liquidand solidphasesby centrifugationand separateanalyticalapproachesfor each

phase. The volatileorganicswere capturedby a purgeand trap(PT) systemmodifiedfor

use in a radiationhood. The PT systemwascomposedof a 23 cm lengthof stainless

steel 1/8 inchtubingpackedwithTenax. A methanolextractionof the solidsor the liquid

phase directlywas purgedontothesorbenttrap. Afterradiochemicaltestingshowedno

radioactivity,the trapwas releasedfromthe radiationzone andthermallydesorbedby

PT-GC/MS. A Tekmar ModelL$C-2 PT systeminterfacedwitha GC/MS was usedto

thermallydesorbthe analytesfromthe Tenax.

The solvent-extractableorganicswere recoveredfromthesolidsby soxhlet

extractionusingEPA Method8270 modifiedforuse inradiationhood. A spikeofd-

pyridine,d-phenol,d-naphthalene,andd-phenanthrenewas added to serveas a

compositeinternalstandardand todetermineextractionefficiencies.The basicand neutral

extractableswere recoveredfirst,becausethe pH of the NCRW was basic. The pH of

thesolidswas then adjustedto <2 with concentratednitricacid,and thesolidswere

extractedagainto recovertheacidextractables.

The solvent-extractableorganicsinthecentrifugedliquidwere recoveredusing

liquid-liquidextractionmethodfromEPA625, modifiedforuseina hotcell. The same

standardsas abovewere added. The liquidwas extractedthreetimeswith

dichloromethaneat itsnaturalpH (basic)to recoverthebasicand neutralextractables.

11
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The liquidwasthenacidifiedwithconcentratednitricacidandextractedto recoverthe
acidicextractables.No radiationwas detected in these extracts,whichwere removed

fromtheradiationzone. The extractswere concentratedon a Kudema-Danishapparatus

andwere analyzed by GC/FID and GC/MS.

The fifthclassof organics,the hydrophilicorganics,wasworkedup in a radiation

hoodusinga methylation-GC/MSprocedure. Anaciddissolutionofthe NCRW sludge

was concentratedto a residueundernitrogenstreamat 50°C. The residuewas

methylatedfor40 minuteswith BF3/methanol.The methylesterswere takenup in

chloroformandanalyzedby GC/FID and GC/MS.

The DSS-1 andDSSF wastewere handledin a similarmanner. The liquid-liquid

extraction,however,was done by a significantlyalteredEPA method3520 usinga 250-

mLflatbottomflaskequippedwitha magneticstirbar and a water-cooledcondenserin a

hotcell(A5, A6).

The PWR wastewas an evaporatorconcentrateof a boricacidwaste. The most

abundant radionuclideswere 137Csand 134Cs. The BWR waste was an evaporator

concentrateof liquidwaste producedduringthe regenerationof ion=exchangeresinsused

to purifya reactor'sprocesswater. The mostabundantradionuclideswere 60Co, 137Cs'

54Mn, and 134Cs. The waste was extractedthreetimeswith chloroform,yieldingthe

hydrophobicextractables. The extractedwastewas then evaporatedundera N2 stream

at 50°C, andthe resultingresiduewas methylatedfor20 minutesat 100°C with

BF3/methanol.The methyl esterswere takenup inchloroformandanalyzedby GC/FID

and GC/MS (A7).

Griestet al. (1980) adaptedSW-846 methodsto analyzeorganicsin highly

radioactivemixedwaste (A9). Thesemodificationsallowedfor the use of EPAmethods

5030 and 3510-3550 forsamplepreparationand methods8240 and 8270 forvolatile

organicanalysis(VOA) and semi-volatileorganicanalysis(SVOA), respectively.The

modificationsinvolvedcarryingoutspecificcomponentsof these methodswithinradiation

hoods,gloveboxes, and hotcells. The VOA was carriedoutwitha purgeand trap

device placed ina glovebox and linkedto a GC/MS (Figures5 & 6). The SVC)A

sampleswere extractedby mechanicallytumblingvialsin a hotcell. StandardSVOA

extractionmethodssuchas separatoryfunnelliquid-liquidextractionwere judged to have

a higherspillpotential. AfterextractiontheSVOA sampleswere firstscreenedby

GC/FID and then, ifwarranted,were tested by GC/MS. These analyseswere tested on

12
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aqueousliquidsandsludges. Recoveryofsurrogatesand a discussionof EPA QC

AcceptanceLimitsare giveninthis reportand twoother paperspreparedbyTomkinsand

co-workers(A3,Al0).

The presenceof chelatorsin nuclearwastehas beenof particularconcern.

Chelators,and theirdegradationfragments,mustbe derivatizedpriorto analysisby GC.

Becausethe chelators(e.g., ethylenediaminetetraaceticacid (EDTA) and N-(2-

hydroxyethyl)ethylenedlaminetdaceticadd (HEDTA)) havemorethan onecarboxylicacid

functionalgroupthereis a potential fora varyingdegreeof derivatization.Conditions

mustbe monitoredcarefullyso that completederivatizationtakesplace. Methylationof

thecarboxylicadd groupswithBF3/methanolis the methodof choice(Al 1, A12). Other

derivatizationmethodshavebeen evaluated. These includemethylationwith

diazomethane,butylationwithbutanol/HCI,andsilylationwith BSTFA (A13). Chelator

degradationand rearrangementproductshavebeendeterminedbyGC linkedwith fourier

transforminfraredspectrometry(FTIR). Thistechniquedemonstratedthe formationof

lactamsby someof the chelatorfragmentspresentinsome of the mixedwastesamples

(Al 1). GC linkedwith high-resolutionmassspectrometryhas shownthe presenceof

nitrosoamine-typecompounds.This impliesan interactionbetween chelatorsand the

inorganiccomponentsfoundin mixedwaste (A12).

Tomkinsand Caton(1982) describedmethodsforthe analysisof EPA priority

pollutantsin ORNL tanksludgesby GC and HPLC. The HPLC methodswillbe

discussedin a separatesubsection. GC withelectroncapturedetectionwas usedto

analyze forEPAorganochlorinepesticides.Solidphaseextractioncolumns,manifolds,

pumps,and pressurecontrollerswere obtainedfromJ.T. BakerCo. The clean-up

proceduredescribedwas designedsuch that onemanifoldwas always usedforcollecting

organicsfrom radioactiveaqueoussamples,whilethe otherwas alwaysused foreluting

the analytesfromthe loadedcolumnsthat hadbeenwashed free of radioactivity.The

radioactivity,mainly137Cs,was removedby passingthe samplethroughoctadecyl

solid-phaseextractioncolumnswithwater. The analyteswere then elutedwithhexane

andquantitatedas perEPA method 608 (A14).
w
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Teflon SamplIngHead Used inCollectingVolatileOrganics: (a) Capillary
Teflon tubing1/16 in.O.D. x 0.3 mm I.D., (b) fingertightfitting,(c) 10/32
screwport, (d) Teflonfaced rubberseptumwithhole, (e) 40 mLVOA vial,
(f) 1/8 to '1/8in.union,(g) 1/8 in. nut,and (h) 1/8 inO.D. TeflonTubing
(ref. B.18)
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Layout of Volatile OrganicsSamplingEquipmentinandArounda Glove
Box: (a) tlitrogencylinder,(b) needlevalve, (c) 1/8 in. O.D. copperline,
(d) and (e) 1/8 in.to 1/16 in.bulkhead,(f) capillarytubing1/16 in. O.D. x
0.3 mmI.D., (g) Teflonsamplinghead(see Figure5), (h) 1/8 in. O.D.
Teflonline,(i) 1/8 into 1/8 in.bulkhead,(j) EPA Method624 threestage
trap for volatiles,(k) flow rotometer,(I) gloveports,and(m) bag-in/bag-out
port. (ref. B.18)
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E.W. Hoppeet al. (1992) presentedthedevelopmentand validationof a method

for the removalof normalparaffinhydrocarbons(NPHs) fromtankwastepriorthe the

analysisof semi-volatileand volatileorganicanalytesby GC/MS. NPHs are straight

chainhydrocarbons,typicallyCll to C15. These compoundsare presentinthe tanksas

a resultof processwaste disposal. Theyare also usedas a hydrostaticfluidfor someof

the tank samplingprocedures,whichcanresultinseveresamplecontamination.NPH can

foulpurgeandtrapdevicesandinterferewithGC/MS procedures.To removeinterfering

NPH fromwaste samples,disposablepackedcartridgeswere used. A silicagel cartridge

was usedto removethe NPHs for theSVOA, anda C18 cartridgewas usedforthe VOA

(A15, A16).

A PacificNorthwestLaboratoryproceduredescribesthe cleanup of single-shell

tank samplesforanalysisorscreeningby GC/FID or GC/MS. Thisprocedureis for

extractingnonvolatilesand semivolatilesfromsolids,includingwaste samplesfromsingle-

shelltanks. Sonicationis usedto ensureintimatecontactof the samplematrixwiththe

extractingsolvent,usuallydichloromethane.Aftersonicationthesampleisfiltered The

cleanup has an optionalgelpermeationchromatographystep(A17).

Method PV030R in thenew DOE methodscompendiumdescribesthe useof

purgeandtrap for VOA inwater-miscibleliquids,solids,wastesandsediments. Method

O(3015Rin the methodscompendiumdescribesdirectaqueousinjectiongas

chromatography.This methoddeterminesmajornon-halogenatedvolatileorganic

compoundsinradioactiveaqueousliquids, lt is designedto supplementpurgeand trap

analysisby providingdata on highlypolar,water-solubleorganiccompoundsthatare not

determinedverywellby purgeand trap (A18, A19).

Spelland Sandoval(1992) describedthemodificationof EPA SW-846 Purgeand

Trap Methods5060 and8240 for use withradioactivesamples. A gloveboxwas used

and the effectson accuracy,precision,andrecoverywere measured (A20).

2.1.3 Hiah PerformanceLJauidChromatoaraohv

Highperformanceliquidchromatography(HPLC) analysisof nuclearwastes is

usedpredominantlyto analyze forchelators. The advantagesof HPLC analysisover

GC isthat the chelatorsneednotbe derivatizedand cleanup neednotremovealithe

non-volatileinorganics,as longas they are solublein themobilephase. Typically

chelatorsare analyzedby paired-ionchromatography(PIC) on C18 columns. The PIC

reagentsare typicallydodecyltrimethylammoniumbromide(A21, A22) or
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tetrabutylammoniumhydroxide(A23). Detectionisusuallyby UV absorbanceof the

iron(III)(A24) orcopper(II)(A23,A21,A22) complexes.The complexedmetal may be

addedto the mobilephaseor thesample.

Mostof the HPLCworkdonesofar is on "simulated"waste;a mixturecreatedin

the laboratoryto resemblemixedwaste foundinnuclearwaste storagetanks. Using

. simulatedwaste the interrelationshipof chelatorswith otherwaste constituentscanbe

studied(A21). The degradingeffectsof uraniumon EDTA insimulatedwastehasbeen

monitoredby HPLC (A23).

Somestudieshave been doneusingdifferentchromatographicstationaryphases

and eliminatingthe reagentsassociatedwith PIC forthe analysisof chelators. Eliminating

the PIC reagentswouldmake HPLCamenableto detectionby massspectrometry.

Becausechelatorsare polarorganiccompoundsthey are notwell retainedon C18

columnswithout the PIC reagent. Thus,morepolarstationaryphaseshavebeen

studied;these includeanionexchange,anionexclusion,amino,C2, diol,and cyano(A23,

A24). Amonet al. (1992) foundthatthe resolutionof EDTA and HEDTA was greatestin

amino>> anionexclusion> cyano>> diolcolumn.They also foundthatthe

chromatographyon thesecolumnswas notas robustas paired-ionchromatography.

Resolutionand capacitydecreasedwithrepetitiveinjections.(a)

HPLC/Thermospraymassspectrometryusinga C2-bondedcolumnwas usedto

examinethe freeacidsandcopper(II)complexesof EDTA, HEDTA,and citricacid.

Particlebeam massspectrometrywas alsoattempted,butno usefuldata couldbe

obtainedbecause of extensivecompoundfragmentation(A26, A27).

InHPLC worknot relatedto chelators,Tomkinsand Catonwere successfulin

analyzingORNL mixedwaste tanksludgesfor EPAprioritypolyaromatichydrocarbons

by HPLC after solidphaseextractionon octadecylcolumnsas describedin the Gas

ChromatooraohicTechrdouessection.This methodwas notsuccessfulfor theanalysisof

EPA priorityphenols(A14).

2.1.4 TotalOmanic Carbon

BesidesGC andHPLC the mostcommonanalyticaltechniqueappliedto nuclear

waste istotal organiccarbon(TOC). WithTOC the researchercan determinewhat

(a) Amon, L. M., S. A. Clauss,J. A. Campbell,andS. C. Goheen. 1992. "HPLC
Separationsof EDTA from HEDTA." submittedto J. of Chrom. Reference(A25).
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percentagethe Identifiedorganiccompoundscompriseof the totalorganiccontent.TOC

is typicallymeasuredusinga carbonanalyzer. This instrumentconvertsorganiccarbon

to carbondioxideby eithercatalyticcombustionorwet chemicaloxidation.The carbon

dioxidecan then be moasuredbyan infrareddetector(A28). Noneof thepapersor

reports foundinthis reviewgivesa goodoverviewof theTOC methodas related to the

analysisof radioactivesamples. There is littleto suggestthat themethodsdiffer

substantiallyfrom SW-846 Method9060.

Toste et al. wnre able to accountfor 94.9% of theTOC in NCRW by GC/FID and

GC/MS analysis. Howevertheywere onlyable to accountfor1.2% of the TOC in

DSS-1 waste. Two tl_eorieswhere advancedto explainthis lowaccounting. First,ina

highlyionicmatrix,suchas thatfoundir_DSS-1 waste, organicsmaypartitionintoa third

phase. Since onlytheextractionsolventphasewas analyzed, muchOftheorganiccould

have been overlooked. Second,themissingorganicsmay be dueto classesof organics

notamenableto _e analyticalprocedurethatwas used. Tomkinsand co-workers

suggestedthat these compoundscouldbe lowmolecularweight(MW) organicacids(e.g.,

oxalicacid)orother polar organics,or converselythemissingorganicscouldbe high

molecularweight,or polymeric,species. AftermethylationlowMW organicacidscouldbe

lostto evaporationin subsequentsolventreductionsteps. Other low MW polar species

may not methylateandwouldremainunanalyzableby GC. Polymersare occasionally

usedin nt_clearoperations,suchas the flocculatingagents(e.g.polyacrylamide).Other

polymersmaybe formedfromthe chemistryoccurringwithinthe mixedwaste matrix.

These polymerswouldnotbe sufficientlyvolatilefor GC analysis(A5).

Gdestet al. were able to determinethatcompoundsidentifiedintheirGC/MS

analysisof aqueousliquidsamplesaccountedfor lessthan 20% of theorganicsin a

majorityof samples. In sludgestheTOC accountingwas even worse,withthe identified

componentsaccountingfor lessthan5% of the organics. InagreementwithToste'swork

(A5), Griestsuggestedthat the unaccountedorganicscouldbe highlypolar,water-soluble

organicsstemmingfromthe degradationof chelators,extractants,andothercompounds

foundinmixedwaste (A9).

AnotherTOC techniqueisdescribedina PNL method. Insteadof usingan

infrareddetector,the _n dioxideproducedby combustionistitratedas carbonicacid

anddeterminedby coulometry.This method is applicableto radioactivesamplesin liquid

(A29).
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2.1.5 OtherAnalyticalTechniaue,_

GC is thepredominatemethodusedinthe analysisof organicsinnuclearmixed

waste. There are, however,a few othertechniques,someoldand somenew that have

been usedfor theanalysisof thismatrix.

The Waste ImmobilizationTechnologyGroupat ORNL (Mrochekand co-workers

1986), hasformulatedgroutmixturesto immobilizea mixed,organic,inorganicbiodenitrified

waste. To monitorthe leachingof phenolsfromthisgroutthegroupuseda colodmetric

• assay. Thecolodmetdcdeterminationoftotalphenolicsisbasedon the reactionof the

phenolicmatedalwith4-aminoantipyrine(4-AAP)inthepresenceof potassium

ferricyanide.A reddish-browncoloredantipyrinedye is formed. This methoddetermines

phenol,ortho-and meta-phenols,and somepara-substitutedphenols. Ij_ ._ this

techniqueMrochekand ce-workerswereable todeterminethatgroutswiti_,__.igher

sodiumsilicatecontentwere betterat resistedleachingof phenoliccompounds.Theyalso

determinedthat additionof bentoniteclayhad littleeffecton the leachabilityof phenolic

compounds(A30).

Spallet al. (1992) haveused supercriticalcarbondioxideto extractandquantify

64 EPAsemi;volatilecompoundsinsolidsamples,soils,and waste-watersludge. The

supercriticalcarbondioxideextractedcompoundsthatwere then cryofocusedon the head

of a capillaryGC. Analysiswas by GC/FID withoutany furthersamplemanipulation.

Recoveryefficiencywas studiedandvaded from 85 to 100% (A31).

Chelatorsandchelatorfragmentshavebeen examinedby electrospraymass

spectrometryand thermospraymassspectrometry.Both techniquesprovideddifferent

but usefulspectra. The primaryion inelectrosprayMS was (M-H)-. The pdmary ionsin

thermosprayMS were (M+H) and (M+18). Some of thespeciesexaminedwere

ethylenediaminetrlaceticadd (ED3A),citricacid,iminodiaceticacid(IDA), andN-(2-

hydroxyethyl)iminodlaceticacid(HEIDA) (A27).
w

A computersimulationstudyexaminedthe relationshipof chelatorsto the

• solubilitiesof importantactinides(plutonium,ameddum,and neptunium).Thistypeof

studyprovidesusefulinformationaboutthe solubilityof actinidesin the presenceof

chelatorswithoutthe costassociatedwithactuallaboratoryanalysis. Predictionswere

madeusingan aqueouscompositiontypicalof a leachedconcreteporewaterand by

equilibrationwith the mostlikelyactinidemineralphase. The effectof redox,pH, and

concentrationof the EDTA, citrate,and acetatewas evaluated. The solubilityof plutonium
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was Increasedbythepresenceof EDTAexceptat extremealkalinepHwithreducing
conditions.Citrateandacetatehad littleeffect. The solubilitiesofamericiumand

neptuniumwere increasedbythepresenceof EDTAandcitrate (A32).

2.2 EnvironmentalSamples

The techniquesfor theanalyzingof organicsin mixedwastesthat have been

introducedto the environmentdo notdiffergreatlyfromtheanalysisof organicsinstored

nuclearwaste. Many of the techniquesdiscussedintheprevioussectioncouldbe

appliedto soilandgroundwatersamples. Gas chromatographywas againthe analytical

techniquemostoftencited.

There are veryfew publishedproceduresfor environmentalanalysisthat are

specificfor mixedwaste. Only 15 paperson thesubjectwere recoveredfromthesearch

efforts. Seven of these paperswere byA.P Toste and L J. Kirby, reportingon a series

of analysesat the MaxeyFlatssite in Kentucky.These papersdescribedthe migra.tionof

mixedwaste insoiland groundwaterand howchelatorsaidedthis migration. Mostof the

otherpapersinthissectiondeal withsamplingand sitedescription,butstandard EPA

methodswere used for analysis. Goods (1986) haspointedoutthat environmental

samplingmustbe wellplanned. The preliminarysamplingplanmustallowworkersto
assess:

• the extentof migrationof thehazardouschemicalconstituents

• thescopeof the comprehensivesamplingplan

• problemsbeforedesigningthecomprehensivesamplingplan

• the optimalsamplingsites(Bl).

Inviewof the limitedreferencesfoundinthe literatureon environmentalanalysisof mixed

waste, thissectionis organizedaccordingto the environmentalsitesstudiedratherby

analyticaltechnique.

2.2.1 FeedMaterialsProductionCenter

A reporton the characterizationofthe Feed MaterialsProductionCenter(FMPC)

sitein Femdale,Ohio,is a goodcase studyof environmentalsampling. FMPC was

responsiblefor the productionof highpurityuraniummetal. Thesite'swaste facilities

consistsof six waste pits,fourconcretesilos,twofly-ashdisposalsites,a bum pit, the

clearweil,sanitary landfill,and two limesludgeponds. Knownorganicwasteson thesite
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are dichloromethane,perchloroethylene,1,1,1-trichloroethane,wasteoil,and

polychlorinatedbiphenyls(PCBs). Radionuclideson the siteincludeuranium,thorium,

anddaughtersof each. Thereare alsoplutoniumandneptuniumfromprocessingrecycled

compounds.A samplinggridwas constructedby a surveyorat 100 footintervals.

Smallergridswereestablishedbyfieldpersonnel. Ali the gridnodeswereflaggedand

assigneda coordinate.Samplesweretakenfromselectedcoordinates.Dry samples

were takenwitha 3-inchhollowstemauger. Sampleswere collectedatdepthintervalsof

2 feet untila sitegeologistdeterminedthat a naturalclaybarrierhadbeen reached. Wet

sampleswere collectedwitha rodand pistonsampler. Alibutthreesampleswere tested

by WestonAnalyticslal_oratoryin Lionville,Pennsylvania.Three samplesexceeded

Weston'sNRC criteriaof 10 nCi/gandwere analyzed byThermoAnalytical,Inc. The

sampleswere analyzed for Resourceand ConservationRecoveryAct (RCRA)

charactedstice,HazardousSubstanceList (HSL) inorganics,HSLorganics,HSL organics

witha librarysearch fornon-HSI,constituents,AppendixIX constituents,indicatorsand

anions. Aliof the testingwasdone by EPASW-846, September,1986 methods. A

varietyof organicspecieswas foundat thissite. PCBs, includingarodors 1242, 1248,

1254,and 1260 were consistentlyfoundthroughoutthe site. The PCB concentrations

ranged fromjustdetectableto 10 partspermillion.Polyaromatichydrocarbonswere also

foundthroughoutthe site. These includedanthracene, fluorene,pyrene,and manyothers.

Other speciesfoundincludedacetone,methyland ethylparathion,chlordane,DDT, bis(2-

ethylhexyl)phthalate,other phthalates,chloroform,tetrachloroethene,and xylenes(B2).

2.2.2 Maxey Flats

Manyof thepublicationson environmentalfate of mixedwastecamefromresearch

at MaxeyFlats,Kentucky.The goal of these experimentswasto assessthe role of

organicspeciesin the migraUonof radionuclides.

MaxeyFlats isoneof severalcommercialshallow-landburialsiteslocatedin the

easternUnitedStateswhererainfallis highcomparedto burialsitesinthe aridwest.

Infiltrationofsurfacewater intowaste trencheshasled to seepageof contaminated

groundwater.At Maxey Flats,five section-experimentaltrencheswere installedadjacent

" to selectedwaste trenches. The experimentaltrenchsectionswere spacedprogressively

fartherfromthewaste trench(from4mto 7m) (Figure7). Groundwaterwas sampled

duringandafterconstructionof the experimentaltrenchesfrom sumpsplacedineach

section. Nonradioactivetracerswere addedto the trenchto monitorgroundwater

movement. Pentafluorobenzoicacidwas added to the capof onewaste trenchsectionto
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monitorwhethersurfacewaterseepsintothe trench. A seriesof inertatmospherewells

were ddlledaroundtheexpedmentaJtrench.The inertatmospherewellswere purgedwith

argonbetweenperiodicsamplings. The inertatmospherewellswere usedas sampling

devicesthatwouldmaintainthe anoxicconditionsof thedamp soil. Groundwatersamples

fromwaste trenches,experimentaltrenches,and inertatmospherewellswere taken

periodicallyusingperistalticpumps. The,sampleswere storedunderargonat 4°C until

analysis.

Stericexclusionchromatography(SEC) was usedto fractionatethewater

samplespriorto analysisby GC and GC/MS. A specificvolumeof sample

(25 mLto 50 mL) was evaporatedto neardrynessand filtered. The samplewas loaded

ontoa SephadexG-15 columnand elutedwith Milli-Q®water. The columneffluentwas
monitoredat254 nmand collectedwitha fractioncollector.The fractionswereextracted

withchloroform.These chloroformextractsyieldedthehydrophobicextractables.Each

extractedfractionwas then evaporatedundera nitrogenstream and the resultingresidue

was methylatedfor40 minutesat 100°CwithBF3/methanol.The methylesterswere

taken up in chloroformandanalyzed by GC/FID andGC/MS.

A numberof of organicspecieswere foundin the samples. Theyare listedin

Tables2 and 3. The mostconsistentlyidentifiedorganiccompoundwas the chelator

EDTA (B3-B10).
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2.2.3 Sheffieldand BamwellLow-LevelRadioactiveWaste DisoosalFacilities

Nonradiologicaltestingof groundwaterqualitywasthegoal of preliminarysampling

studiescardedoutat actual low-levelradioactivewaste(LLW) disposalfacilities.From

the data gained inthesestudiesfuturefacilitiescouldbe designedthat wouldexhibitless

groundwatercontamination.

The LLWdisposalfacilityat Sheffield,Illinoiswas selectedfor thissamplingstudy

becauseorganicshave previouslybeen detectedingroundwaternear the site, andan

extensivegroundwatermonitoringsystemwas inplaceat the site.

The LLWdisposalfacilityat Barnwell,SouthCarolinawas selectedfor this

samplingstudybecause it isan exampleof an operatingcommercialLLWfacilitythat

practiceswasteclassification,wastesegregation,and to the extent

practical,operatesas requiredby 10 CFR Part 61, NRC'sruleforLLWdisposal. The site

also hasnumerousgroundwatermonitoringwells.

At bothsiteswellswere purged of standingwaterand allowedto recoverpriorto

sampling. Forvolatileorganicsandthe acroleinandacrylonitrilesamples,two40-mL glass

vialswithteflon-linedlidswere collected. Fortotalaromaticsand non-purgeableorganics,

a 2L glassbottlewitha teflon-linedlidwascollected. Ali sampleswere storedat 4°C until

analysis. Analyseswere done by standardEPA methods.

At theSheffieldsite,the mainorganiccompoundsfoundwere cyclohexene,

dioxane,trichloromethane,1,1,1-trichloroethane,1,1-dichloroethane,tetrachloroethylene,

chloroform,and hydrocarbonsassociatedwithpetroleum.The concentrationof 1,1,1-

trichloroethanewas over1 rag/mLinthreewells. Concentrati0nsof other organic

compoundsexceededEPA drinkingwaterstandards.

The organicchemicalconcentrationsforthe Barnwellsitewere low. Chloroform

was foundinali thesamplesiteswitha peak concentrationof 14 pg/mL. The onlyother

compoundsidentifiedabove the detectionlimitwere hydrocarbonsassociatedwith

petroleum(Bl).

2.2.4 p.nalysisof Tetraohenylboronin NaturalWaters

Tetraphenylboron(TPB) is usedto precipitateradioactive137Csfromhigh-level

nuclearwastewaterat the DefenseWaste ProcessingFacilityoperatedby the DOE at

SavannahRiver. Thisuseof largeamountsofTPB can potentiallyresultina releaseof
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TPB intosoilor aquaticenvironments.TPB degradesintheenvironmentto

diphenylborinicacid(DPBA)andbiphenyl. Millset al. (1988) describedan analytical

procedurefor theanalysisof DPBAandTPB in naturalwaters. TPB and DPBA couldbe

cleanedfromother dissolvedorganicmatter(e.g., humicacids)by the useof C18 Sep-

Paks®. Recoveryon untreatedSop-Pakswas below60%. However,pretreatingthe

Sop-Pakswith5mLof 0.1M calciumchlorideincreasedrecoveryto > 90%. The

quantitationwas done by HPLC on a C18 columnusingwater (pH = 3 with phosphoric

acid)and acetonitrileas the mobilephase (Bl 1.)

2.3 OTHERMATRICES

Thissectionreportson matricesthatdo notfit underthe precedingheadings.We

have includedsomepapers that do not directlyapplyto mixedwaste, but may be

generallyuseful.

2.3.1 NuclearMaterials

Hydrocarbon,chlorocarbon,andpartiallysubstitutedhalohydrocarbonimpuritiesin
UF6 can be determinedusingan analyticalmassspectrometer.Anypeaksabove

background,other than thoseof UF6, are usedto identifyimpurities.A 5-gramsampleof

liquidUF6 is leaked intoa massspectrometercapableof measuringa massrangeof 1 to

352. Bycomparingthe intensitiesof impurityionsto thoseof UF6 it ispossibleto

semiquantitatethe totalimpuritycontent.Some impurityfragmentsandtheirionsare listed
below.

MassNumber PositivelyCharoedIonFraomCrlts
26 C2H2
27 C2H3 "
31 CF
43 C3H7
47 12C35CI
49 12C37CI
69 CF3

Thisprocedurewas designedto certifythat a UF6 samplecontains<0.01 tool% of the

potential impuritieslistedabove.(C1)

2.3.2 _1_;_'oratoW Matricas- OmarlicChelates

Thissubsectiondescribespapersthathave studiedthechemistryof organic

chelator/radionuclideinteractioninlaboratory-preparedsamples. Simulatedwastestudies

were madeto establishthecauseof gas formationin101-SY. Thispaperconcludedthat
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therewas firstorderkineticsforgas formationinboth NaAIO2and HEDTA. Nosuch

relationshipwas foundin EDTA. Thegas formationwas linkedwithdegradationof

HEDTA. HPLC monitoredthe degradationof HEDTAusingUV detectionofthe iron(III)

complex(C2). The thermodynamicpropertiesof transuraniumelementswithhydrophilic

and hydrophobicorganicchelatorswere reportedby Nitscheand Becraft(C3). The

stabilityconstantsand thermodynamicfunctionsof PuEDTA-,PuHEDTA and PuH2EDTA

complexeshave beendeterminedby an extractionmethod(C4). Dai and Halz reported

the useof anamperometricdetectorfor the detectionof EDTAand otherchelatorsinnon-

radioactivewastewater (C5).
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3.0 CONCLUSIONS'

With the exceptionof themethoddevelopmentactivitiesat Hanford,andto a

lesserextentat ORNL, there is onlya verysmallbodyof workrelatingto organic

analysisin radioactivewastesthat can be appliedto analysisof organicsinthe Hanford

waste tanks. For the mostpart, the existingliteraturedealswithanalysesforcomponents

on the EPApdodtypollutantlisL Thedata obtainedthusfarfrom Hanfordwaste tank core

samplesindicatethat EPA pdodtypollutantsdo notcomprisea significantportionofthe

organic materialin the waste. The other analytethat has been studiedthemostisthe

chelatorclassof compounds,e.g., EDTA,HEDTA, etc. Methodsfordetectingthese tank

waste components have beendevelopedandare availableforapplicationto Hanford

waste coreandgrab samples. Analyticaltechniquesthat havebeen adaptedto identify

primarytankorganiccomponentsandtheirradiolyticdecompositionproductsare not

generallyavailable;thosethat existweredevelopedthroughHanfordresearchprojects.

The methodsdevelopedby Tosteand hisco-workersfortank organicanalysis,while

successfulinaccountingformostof the organiccarbonin NCRW waste,couldonly

accountfor 1%of the organiccarbonindouble-shellslurrymaterial, lt is clearthat

additionalmethodsmustbe madeavailablefor theanalysisof organicsinHanfordwaste

tanks. Fromthe documentsrecoveredthroughthis literaturereview,thesemethodsare

not presentlyavailable.
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. APPENDIXA

, REFERENCES TO MIXED WASTE ANALYSIS THAT DO NOT

INCLUDE SPECIFIC PROCEDURES
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Thisappendixgivesan overviewof the concernsarisingfrommixedwasteand

mixedwasteanalysis.The referencescitedincludediscussionof a need foranalysisof

mixedwastes, or insomecases, resultsof analysisin mixedwastes, butcontainno

usefulinformationregardingspecificanalyticalproceduresappliedto thewastes.

The ResourceConservationand RecoveryAct(RCRA) (1991) requiresthat ali

hazardouswastebe sufficientlycharacterizedtofacilitateitssafetreatment,storage,and

disposal1. The U. S. Departmentsof Energy(DOE) and Defense(DOD) have identified

a largenumberof facilitiesand sitesthat requirecharacterization.Directivesfrom DOE

have requireditsprimecontractorsto characterizeand remedyany deficienciesthatmight

existat these sites. Thishas requireda extensivelaboratoryanalysiseffort. Samples

foundat DOE sitesare primarilysludges,sediments,liquidsand soilcores. Samples

containingorganiccompoundsare typicallyanalyzed forpdoritypollutants,pesticides,

and polychlorinatedbiphenyls(PCBs)2.

Gordonet al, (1988) discussedoptions_orthe closureof wastesitesat the

Savannah RiverPlant. AtSavannah River,previouswastemanagementpracticeshave

led to the contaminationofgroundwater,mainlywater-tableaquifers,with volatileorganics,

radionuclides,and otherchemicals.Closureofthe wastesitesmustbe donein a manner

that willmitigatethegroundwatercontamination.Threeoptionswere evaluated: (1)

removalof the waste, (2) sealingthewaste insitu,or (3) takingno action. The options

were evaluatedwithrespectto geohydrologicalconditions,typeof waste, risk

assessment,and cost. ltwas concludedthat the riskto publichumanhealthwas low,

whileoccupationalexposurefor removingthewastewouldbe high. The cost of removing

thewastewas also the highestof the three proposed options3.

Inadditionto the RCRA and DOE requirementsanother reasonforthe

characterizationof mixedwaste is safety. One facilityof particularconcernis tank241-

SY-101 (101-SY) on the Hanfordsite. Thistank regularlyvents a volumeof hydrogen

gas. A reportby Reynoldset al. givesa goodhistoricalbackgroundon 101-SY4.

A reportpreparedby the PNL TankWaste SciencePanel (1991) describesthe

physical,radiolytic,and chemicalprocessesin 101-SY. A processthoughtto generate

hydrogenis the radiolyticdecompositionof waterby 137Cs. A possiblechemical

mechanismforthe productionof hydrogeninvolvesa reactionbetweenthe chelator

HEDTA and NaAIO2. Bothof thesecompoundsare knowncomponentsof 101-SY. The

reaction,similarto the Oppenaueroxidation,causesHEDTA to be oxidizedto EDTA via a
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hydroxyaluminum-alcoholcomplex. A by-productofthis reactionis hydrogen. Because

of this, chelatoranalysishasbecomequiteimportant5.

Chelatingagentsare alsoimportantbecauseof their impacton themigrationof

radionuclidesintheenvironment,particularlythroughgroundwatermovement. A paperby

Meansand Alexander(1981)discussedthe environmentalbiogeochemistryof chelators

- and howthiswouldrelateto thedisposalof chelatedradioactivewaste. The authors

foundthat chelatorscanaid the migrationof radionuclidesinsoilsandcan increasethe

. uptakeof radionuclidesin plants. Three optionsfor thedisposalof chelatedwastewere

proposed: (1) bindthe solidifiedchelatorwaste insomesolidmatrix, (2) substitute

biodegradablechelatorsforthemoreenvironmentallypersistentchelators,and (3)

chemicallyorthermallydegradethe chelatorspdorto disposal6.
,.

The interactionof chelatorsand radionuclidescanchangethe radionuclides

solubilityandsorptioncharacteristics.EDTAand HEDTAincreasedthe solubilityand

decreasedthesorptionofali the radionuclidesstudied:Co, Sr, Am, Np,and Pu. The

solubilitywas measuredinwater,and thesorptionwas measuredon soil fromaroundthe

Hanfordsite7.

A reportby Silva(1991) describes the explosionpotentialof transuranicwaste.

The reportwas preparedto evaluate the safe storageof mixedwaste at theWaste

IsolationPilotPlant (WIPP) project. The reportgivesexamplesof explosionsand firesat

severalDOE facilities. Insome casesorganiccompounds,such as xyleneorpetroleum

ether,were implicated.Inothercasesinorganicmaterials,suchas ammoniumnitrate,were

implicated. Silvasuggestedthat the WIPP FinalSafety AnalysisReport be modifiedto

accommodatethe ignitions,fires,explosions,and drumoverpressurizationsthatwere
identified8.

Bowerman (1985) haswrittentwo reportsthat discusstheorganiccontentand the

EPAregulationof low-levelradioactivewaste (LLW)from commercialgenerators.The first

report listsresultsof a surveythat was doneto identifybroadcategoriesof LLWthat

wouldrequirespecialmanagementpractices. Ninety-oneorganizationsrespondedto the

survey. Three classesof wastewere identified:wastes containinglead,wastes

containingchromium,andwastecontainingorganicliquids.The LLWscontainingorganic

liquidsare listedinTables4 and 59.
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Sourcesof WastesContainingOrganicLiquids

Generator Volume Percent
Type (ft3) Distribution

Reactor 2,451 13.7

Non-reactor
academic 5,952 36.5
medical 3,727 15.0
industrial 5,604 33.8 .

Total 17,734 100.0
i,iii ii i

Waste Types ContainingOrganicLiquids
i

Volume Percentof
Waste Type (ft3) Total

i, l_ueL_u_

Scintillationliquids 3,222 18.2
Scintillationvials 9,178 51.7
Organiclab liquids 3,708 20.9
Miscellaneoussolvents 1,626 9.2

Total 17,734 100.0

The secondreportby Bowerman(1984) reviewedthe applicationof EPA

regulationsto LLW containinghazardousmaterial,includingorganics. Organicmaterial

maybe deemed hazardousbecauseof itsignitabilityortoxicity.At the timeofthe report,

the needforbetterdefinitionsandwastemanagementpracticeswas apparentto the
author10.
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APPENDIX B

CITATIONS FOR ANALYTE TYPES
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Chelators(e.g., EDTA, HEDTA) A6, A7, A8, A12, A13, A21,

A22, A23, A24, A26, A27, B3, B4, B5,

B6, B8, B9, Bl0, C2, C5

VolatileOrganics Al0, A11, A14, A18, A19, A29, B30, "

A31, A32, C3, C4

SemivolatileOrganics A3, A5, Ag,A15, A16, A17, A20

halocarbons Al, Bl, C1

AlkylPhenols A7, A8

NormalParaffinHydrocarbons(NPHs) A15, A16
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APPENDIX C

CITATIONS FOR METHODOLOGY TYPES
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Methodolcx__y J_

gas chromatography(GC/FID, A3, A4, A5, A6, A7, A8, A9, Al0,

GC/FTIR, GC/MS) A11, A12, A13, A14, A17, A18, A19,

A30, B3, B4, B5, B6, B7, B8, B9,

Bl0,

liquidchromatography,HPLC A14, A21, A22, A23, A24, A26, A27,

Bll, C2, C5

massspectrometry(MS, GC/MS, A3, A4, A5, A6, A7, ,6,8,A9, Al0,

LC/MS, thermospray,electrospray) A11, A12, A13, A17, A18, A26, A27,

A30, B3, B4, B7, B8, B9, Bl0, B5,

B6, C1

totalorganiccarbon(TOC) A5, A9, A28, A29, A30,

clean-upchromatography A14, A15, A16, B_. _7, B8, Bl0

samplingtechniques Al, A2, A4, Bl, B2, B3, B4, B5, B6

infraredspectrometry(as FTIR) A11

coulometry A29

colodrneldc A30

supercriticalfluid A31
extraction
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The ChemicalAbstractson the DIALOGSystemwere searchedfrom 1967 to

1991. A totalof 68 documentswere recoveredfromthisdatabaseas potentialreferences.

Keywordssearched included"MIXED,"WASTE? ?," "MIXED(1N)WASTE? ?,"and

"ANAL (ANALYSIS,ANALYTICAL(LY))."The "?"Indicatesa wildcarclsearch.

The EnergyScienceand TechnologyDatabasefrom 1974 to Augustof 1991 and

the NuclearScienceAbstractsDatabasefrom 1948 to 1976,both on the DIALOG

System,were simultaneouslysearched. A totalof 56 documentswere recoveredfromthis

databaseas potentialreferences. Keywordssearchedincluded"MIXED,"WASTE? ?,"

"MIXED(2N)WASTE? ?," "ORGANIC," "ANALYSIS,"and "MONITOR."

The Departmentof Defense Defense ResearchOnlineSystem (DROLS) and the

Defense TechnicalInformation.System(DTIC) were searched. A totalof 106 documents

were recoveredfrom this databaseas potentialreferences. Keywordssearched included

"ANALYTICAL CHEMISTRY," RADIOACTIVE WASTES," and "ORGANIC

COMPOUNDS."
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Inquiriesconcerningavailabilityof organicanalyticalmethodologyfromEnglishand

Frenchsourceswas initiatedthroughtwoconcernsalreadyundercontractwith

Westinghouse-Hanford.David Snedeker,representingBritishNuclearFuels(BNFL),

providedseveralcontactswith BNFLand the UnitedKingdomAtomicEnergyAuthority

(AEA). BillGailegherof Numatec(subsidiaryof Kogema,France,a nuclearfuelcycle

company)madeinquiriesinFrance.
p

To acquaintpotentialrespondentswith thespecificsof the project'sneeds,a letter

was providedthatgave detailsof ourorganicanalyticalsearchobje_ves. Anexampleof

this letter,tailoredforBritain,isprovidedin this Appendix.A similarletterwas providedto

Numatecinorderto facilitatetheir inquiries.

The processof findingthe rightcontactsthroughthese means has provento be

very lengthy. Snedekerspoketo severalBNFL contactswho toldhimthat thesubject

matter,organicanalysisinradioactivesamples,isan asotedcone inEurope,sinceforthe

mostpart,EPA-typeanalyticalrequirementsarenot integratedintothe Europeantechnical

community,and operatingpracticesare suchthatWastesare segregatedand thereforeare

notas complexas thewastes at Hanford. Numatecinformedme that theyspentmonths

pursuingmy objectivesthroughthewrongcontacts.

Two leadsto findingtheextentof informationavailablehave beendeveloped. A

positivereplywas receivedfrom Dr. J. S. Hislop,DivisionalManager,Analysisand

DiagnosticsDivision,AEA Technology.The AEA operatesas muchas possibleon a

commercialbasis,and Dr.Hisloprespondedwith an offerto determinethe natureand

extent.ofinformationavailab/eat AEAfora week'stechnicaleffort. Arrangementsare

beingmade to contractwithAEA forthis work.

Numatec,afterfollowingseveralunsatisfactoryleads, has locatedan agentin

France,Robert Boshwitz,with the technicalbackgroundand contactsto pursuethe

projectobjectives.Mr Boshwitzhas visitedHanfordand is familiarwiththe Hanford

waste storageproblems.He has offeredto developinformationas to the type and extent

of informationavailablethroughhiscontactsat the Frenchatomicenergyagency,CEA. If

there is sufficientinformation,he willnegotiatea contractto provideliteratureand a detailed

report. Unfortunately,hisfirst attemptshavebeen rebuffed,andhe is attemptingto gain

entrde throughex-CEA staff. The prognosisforrapidsuccessthroughthisroutedoesnot

appearto be good.

E.2



If theseeffortsresultindiscoveringan extensive,or importantEuropeandatabase

on organicanalysesinradioactivewastes,it isrecommendedthatadditionaleffortbe

madeto assembleforeigninformation.Timeshouldbe allowedfor locatingthe appropriate

Europeanagentsand agenciesin England,France,Germany, andperhapsRussia,and

sufficienttime and fundsbe madeavailableto contractwiththeseagentsto recoverthe

relatedliteratureand reporton theirfindings.Theeffortsmadeduringthe courseof the
_v

project have indicatedthat suchinformation,to the extentthat itexists, is notreadily

available,and willrequiretime,patience,effort,and persistenceto procure. Fromthework

performedbythisproject,itappearsthat the informationavailablethroughUnitedStates

sourcesfairlysummarizesthe extentof knowledgeinthearea.
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EXAMPLE OF LETTER OF INQUIRY SENT TO FOREIGN CONTACTS

Battelle,PacificNorthwestLaboratory
P.O. Box999
Richland,Washington,USA 99352

09) 376-8834
(509) 376-2329

Dear Addressee:

PacificN_rthwestLaboratory(PNL) is a contractorforthe US Departmentof
Energyand is workingclosel;,withWestinghouseHanfordCompany(WHC) inthe
managementand cleanupof nucleardefensewastesat the HanfordReservationin the
Stateof Washington. My groupat PNL is responsiblefor thedevelopmentof analytical
methodsforo_anic compoundspresentinnuclearwastes,so that theycanbe accounted
foranddealtwith as necessarybeforefinaltreatmentanddisposalof thewastesis
accomplished.The spedflctask I am presentlychargedwithis to surveyproceduresfor
analysisof organicconstituentsinradioactivematerials,and toprepare a summaryreport
includingproceduresfrom Hanfordaswellas off-_tesources. Althoughthere are
publishedmethodsforanalysisof organicsinwastes, notablymethodsfromour US
EnvironmentalProtectionAgen.cy,theydo not includeprovisionsforhandlingradioactivity,
do notincludeali compoundsof _nterest,andoftenare notapplicableto the sample
matricesfoundinnuclearwastes.

Yournamewas givento me by DavidF. Snedeker,MarketingManager forthe
NorthwestUSA, BNFL, inc.,as someonewho mightworkwith meto developinformation
on the statusof developmentof methodsfororganicsinradwastes. I realizethat such
informationmightbe onlyavailablefrom thoseengagedinactiveresearch ir,the area. I
am, therefore,askingthat ifyoudo notfeel ableto contributeto mystudy,yougivethis
letterto, and put me intouchwithsomeonewhohas an activeinterestinthesematters.

Specifically,I need to be putintouchwithpersonswho canprovideme with
formal,preferablypublishedmethodsfordeterminationof organicsin radionuclearwaste
and reprocessingstreams.A partiallistof organicanalytetypeswillinclude:

• Totalorganiccarbon

• Molecularweightdistributionof organics

• Solvents (carbontetrachloride,tetrachloroethylene,hexone,saturate
hydrocarbons,etc.)

• Volatileorganics(e.g.,purge&trapand relatedmethods)

• lowmolecularweightacidsand aldehydes(glyoxylicacid,oxalicacid,glyoxal,
aceticadd_etc.)

• Chelatorsand chelatorbreakdownproducts(EDTA, HEDTA, NTA, IDA, ED3A,
etc.)

• Phenoliccompounds

• Generalmethodsfordeterminationof semivolatileacid,baseand neutralorganic
compounds

• Highermolecularweightorganics(polymers,humicacids,condensationproducts
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• Organometalliccompounds

• Nitrosocompounds

This is onlya hurriedlyassembledlistto get theprocessstarted. I am also
interestedinpublicationsspecificallydirectedto the useof massspectr0metry(MS),gas
chromatography/MS(GC/MS), Iiqu=dchromatography/MS(LC/MS), and LC/MS
interfacesthat are particularlyapplicableto radwastes. Alsoionchromatographyapplied
to organicsinradwastes,and simultaneousdetectionof organicand inorganiceluantsfrom
separationcolumns,for example bycombinedICP/MS and GC/MS or LC/MS.

Inaddition,any researchresultsarisingfroma generalstudyof theorganic
compositionof radionuclearand rad processingwasteswouldbe greatlyappreciated.

L

As youcan see, I am notlookingfor recipesas muchas I am lookingfor the
collectiveexperienceof AnalyticalChemistcolleagueswho have studiedthe organic
chemistryof radwastes. We do notwant to undertakeexpensivemethoddevelopment
operationsforsamplematricesand organicanalytesthat havealreadybeen studiedin
depth.

I expect thiswillbe an iterativeprocess; Iwillbe happyto enter intoa letter,
phoneor FAXdialoguewithany numberof interestedcolleagues.Shouldtherebe
sufficientinterestin these mattersinEurope,perhapsin futurean internationalconference
on analysisof organics inradwastes mightbe considered.

Thanks for yourhelp.

Roger _1.Bean,Ph. D.
Staff Scientist
GroupLeader,AdvancedOrganicAnalyticalMethods
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