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BEFORE THE POLLUTION CONTROL BOARD

OF THE STATE OF ILLINOIS

IN THE MATTER OF: )

REVISIONSTO RADIUM WATER ) AUG 112004
QUALITY STANDARDS: PROPOSED ) R04-21 STATE OF ILLINOIS
NEW 35 ILL. ADMIN. CODE 302.307 ) Rulemaking fWt~*~niControl Board
AND AMENDMENTS TO 35 ILL. ADMIN. )
CODE 302.207AND 302.525 )

TESTIMONY OF THEODORE G. ADAMS

ON BEHALF OF WATER REMEDIATION TECHNOLOGY, LLC

I. INTRODUCTION

My name is TheodoreG. Adams. I am Presidentof T. G. Adamsand Associates,Inc., an
environmentalandradiologicalconsultingfirm locatedin Springville, NewYork. My educational
backgroundconsistsof a B.S. in EnvironmentalBiology from the University of Pittsburgh,
Pittsburgh,PA andaM.S. inHealthPhysicsfromPurdueUniversity,WestLafayette,IN. I have
25 years’ experiencein theareasof RadiationSafetyandEnvironmentalProtection,Radioactive
Waste Management, and Decontamination and Deconimissioning/Remediationfor both
commercialandgovernmentclients.

I have extensiveexperiencein providing radiological consulting expertiseto Public Owned
TreatmentWorks (POTWs) and currently serve as the Radiological Safety Officer for the
NortheastOhio RegionalSewerDistrict, a POTW locatedin Cleveland,OH. I am a certified
RadiationExpert in the Stateof Ohio and a certified ProjectManagementProfessional(PMP
#185793). I am also a licensed remediation service provider in the State of Ohio
(LicenseNo. 03219990004).My resumeis attachedasExhibit A to my testimony.

I havereviewedthetranscriptsandotherinformationsubmittedto thePollution ControlBoardin
this matter. It is my testimonythat theproposedrule change,and the prior testimony in this
matter, doesnot take into accountthe safety and liability issuesrelating to treatmentof a raw
watersupply containingelevatedlevelsof Radium-226or Radium-228.

In thetranscriptof theApril 1, 2004hearing,thehearingofficer, Ms. Antoniolli, askeda very
importantandcritical questionofMr. Kinsley. Sheasked“[a]re theradiumlevelshighenoughin
thesludgeto requirespecialdisposalofthesludge?”(S~HearingTranscriptdatedApril 1, 2004
at 50:19-21.) That questionwasnot squarelyanswered. In my experience,the answeris a
resounding“Yes.” Thesludgerequiresspecialhandlingandspecialdisposal.

Treatmentof rawwaterwith elevatedradiumlevelscreatessafetyandliability issuesat boththe
water treatmentplant works and the POTW. The handlinganddisposalof the contaminated
sludgeposesasignificantconcernandamajorimpact,botheconomicandregulatory,to POTWs.
Of equalconcernis thepotentialradiologicalexposuresto thePOTWworker, the family who

resideson propertywherecontaminatedsludgehasbeenappliedand the biota (terrestrialand



aquaticanimalsandplants)exposedto the contaminatedeffluentand sludgereleasedfrom the
POTW.

My testimonywill addresseachoftheseareasin detailto showthatallowing thedisposalofwater
treatmentresidualsinto thepublicsewer,andsubsequenttreatmentanddisposalby POTWs,could
resultin significantoperational,economic,regulatoryand workersafetyissues/impactsfor the
POTWs,aswell asenvironmentalimpactsto thebiota, andhealthimpactsto residentsresidingon
sludge-appliedland.
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II. POTW RESPONSIBILITIES

TherehavebeenmanysituationswhereradiologicalcontaminantshavebeendischargedtoPOTWs
without the knowledgeof the POTW or the ability to take precautionarymeasures. These
discharges,evenofsmall amountsof radiologicalmaterialsover time andatthen-acceptedlevels,
havecausedthesePOTWsto undertakeexpensivecleanupmeasuresand,for some,to comeunder
the jurisdiction of the Nuclear Regulatory Commission(NRC). The U.S. Environmental
ProtectionAgency’s (EPA or U.S. EPA) adoptionof thedrinking waterstandardfor radium
should causeall concernedto carefully review that prior recordand takeprecautionsto avoid
repeatingthosesituations.

Theeconomicandoperationalimpactsof radiologicallycontaminatedinfluent/sludgeonPOTWs
are well documented. Table 1 summarizesthe POTWs acrossthe United Stateswherethe
acceptance,processing,orhandlingofradiologicalcontaminatedinfluentandresultingsludgehave
causedmajor impacts. While someimpactsrequiredminor correctiveaction/response,others
(i.~,Cleveland,OH andTonawanda,NY) requiredsignificantexpendituresof resources(dollars
andmanpower)to satisfactorilyaddressthe problemof dealingwith contaminatedhardware,
facilities andproduct(i.~,sludge,ashandgrit).

Two casesthat I am personallyfamiliar with are the contaminatedPOTWs of NEORSD,
Cleveland,OH and KVWPCA, Kiski, PA. Since 1993, the NEORSD has spent more than
$2 million to remediatethreecontaminatedashlagoonsand surroundingareasandplacethe
Co-60-contaminatedash(174,000cubicyards)into two Ohio EnvironmentalProtectionAgency
(OEPA) permitted onsite disposalfacilities at its SoutherlyPlant and to remediateCo-60-
contaminatedsoil/grit at its EasterlyPlant. Thecleanupcriteria establishedby theNRC was 8
pCi/g. Ash contaminatedabovethis limit wasremediatedandplacedinto two onsitedisposal
areas— one areahadaverageandmaximumconcentrationsof 30 pCi/g and458 pCi/g, andthe
otherareahadaverageandmaximumconcentrationsof 19 pCi/g and112pCi/g. But thatcleanup
did not resolvethe situation.

ContaminatedashremainsthroughouttheSoutherlyPlantandatisolatedlocationsattheEasterly
Plant. NEORSDhashadto retaintheservicesofa licensedremediationcontractorto providethe
necessaryradiologicalcoverageto addresstheradiological issuesduringexcavation,movement,
and drilling ~ normal constructionprojects/activities)at any onsitelocation whereash is
present.At thepresenttime, theOhio DepartmentofHealth,BureauofRadiation(ODH)(Ohio is
an AgreementState) is consideringrequiringthe NEORSD to becomea radioactivematerials
licensee. If this becomesreality, then the NEORSD will be required to develop its own
RadiologicalControlProgram,hirequalifiedradiologicalexpertise,procurenecessaryradiological
equipment,incur additional annualcoststo.maintainits license,andbesubjectto the inspections
and potential notice of violations/fines from the ODH if the NEORSD Radiological Control
Programis not properlycarriedout.

Thesituationat KVWPCA hasbeengoing on for morethan10 years. Theradiologicalmaterialin
anashlagooncontaining11,700yardsof enricheduraniumis on thePOTWpropertyandhasbeen
sampledwith concentrationsfoundrangingfrom 2.6 to 923 pCi/g. Thelandremainsunusable
(eventhoughcurrentplansfor expansionof theplantrequiretheadditional spacethat the lagoon
could provide), while the NRC andthe PennsylvaniaDepartmentof EnvironmentalProtection
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(PADEP)continueto bein disagreementabouttheultimatedispositionof thematerial. If theash
must be disposed of at a licensed radioactive disposal facility, the estimated cost is
$6 million — aboutsix times the costof ordinaryoff-site disposal.

Thesearetwo instancesofwhichI havepersonalinvolvement. In eachcase,thePOTWhasbeen
saddledwith extraordinarycostsandrequiredto undertakesignificantmonitoringactivities.

Costsassociatedwith dealing with contaminatedpiping, hardware,facilities, and sludge/ash,
whichasshowncanbe substantial,normallyhavebeentheresponsibilityofthePOTW. TheNRC
and/or agreementstates have not required any discharger(i.~, licensees)to pay for the
remediation/cleanupof thecontaminationofthePOTWdueto licenseddischarge.As in thecase
of theNEORSD,economicrestitutionnormally is soughtinpublic court. In short, thePOTWis
left holding thebag!

Investigationsinto thesafetyandregulatoryrequirementsfor dischargesto POTWs

As aresultof theNEORSDPOTWcontamination(andothers),in 1994 the GeneralAccounting
Office (GAO) issueda report entitled “Nuclear Regulationsand Actions Neededto Control
RadioactiveContaminationatSewageTreatmentPlants”(GAO/RCED-94-133).TheGAOreport
recommendedthat “the NRC determinetheextentto which radioactivecontaminationof sewage
sludge,ashandrelatedby-productsfrom sewagetreatmentplantsis occurring;directly notify the
POTWsthatreceivedischargesfrom NRC’ s andtheAgreementStates’ licenseesofthepotential
for radioactivecontaminationbecauseof the concentrationof radioactivematerialand of the
possibilitythat theplantsmay needto testor monitortheirsludgefor radioactivitycontent;and
establishacceptablelimits for radioactivityin sludge,ashandrelatedby-productsto protectthe
healthandsafetyof POTWworkersandthepublic.”

A joint House/Senatehearingwasheld in 1994to officially releaseandaddressquestionsraisedin
theGAO report. The hearingwaspromptedby theconcernrelatedto thecontaminationof the
NEORSD POTWin Cleveland,Ohio. The GAO statedthat, over the past20 years,NRC had
documentedelevatedlevelsof radioactivity in sewagesludgeor sludgeincinerationashfrom
certainPOTWs(s~Table 1); however, therehadbeenno nationalsurveysof radiationlevels
presentin sewagesludgeor sludgeincineratorashto determinetheextentof potentialradioactive
contamination.

On the basis of limited informationon radiation levels on sewagesludgeand ashacrossthe
country, theGAOconcludedthatre-concentrationofradionuclidesmayhavebeenassociatedwith
authorizedeffluent releasesfrom both NRC and AgreementState licensees;however, these
problemsoccurredprior to the revisionto NRC’s regulationwith regardto releasefrom NRC
licensees (soluble and biologically dispersible) which became effective in 1991.
(S~Exhibit B — “Overview of FederalEfforts to Protect POTWs from Impacts from
ReceivingRadioactiveMaterialsfrom NRC-licensedFacilities”.)

While the GAO and Congresswere dealingwith the issue of radiological contaminationat
POTWs,thePOTWsdecidedto conducttheir own evaluation.

In 1996, the Associationof MetropolitanSewerageAgencies (AMSA) conducteda limited,
confidential, voluntary surveyof the concentrationof radioactivity in sewagesludge and ash
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samplesfrom some of its memberPOTWs. The resultsof the AMSA study arepresentedin
“Characterizationof RadioactivitySourcesof WastewaterTreatmentFacilities” (TheNational
BiosolidsPartnership,May 1999). (A copyoftherelevantportionsof thisreportareattachedas
Exhibit C.) The objectiveof the studywasto developa betterestimateof theconcentrationof
radioactivity in sewagesludgeandsludge-incineratedash. A total of 55 POTWslocatedin 17
statessuppliedvoluntarysludgeandashsamples,whichwereanalyzedfor radioactivity. These
plantsweredistributedacrosstheUnitedStatesandrangedin sizefrom small (10MGD) to some
of the largestPOTWsin the country (100k MGD). The study found that the most significant
levelsof radioactivitywerethenaturallyoccurringpotassiumandradiumisotopes.

This independentstudyservedasthefirst real effort atgaininganunderstandingof theextentto
which radioactivity was enteringa POTW and the impacts on the resultantsludgeor ash.
Backgroundinformationon thenatureofradioactivityin sewagesludgecanbe foundin theNRC
Reportsentitled “Evaluation of ExposurePathway to Man From Disposal of Radioactive
MaterialsInto SanitarySewerSystems”(NUREGICR-5814)and“R econcentrationofRadioactive
Material Releasedto Sanitary Sewersin Accordancewith 10 CFR 20” (NUREG/CR-6289),
publishedin 1992and 1994, respectively.Otherusefulbackgrounddocumentsare:

• Radioactivityof Municipal Sludge(EPA, 1986)

• EnvironmentalRadioactivityfrom Natural,IndustrialandMilitary Sewers(Eisenbud
andGesell, 1997)

• Evaluation of Guidelinesfor Exposuresto TechnologicallyEnhancedNaturally
OccurringRadioactiveMaterial (NationalAcademyofSciences,1999)

Basedon the1994GAO reportrecommendations,theNRCandtheEPA, in cooperationwith the
InteragencySteeringCommitteeon RadiationStandards(ISCORS), decidedto jointly fund a
voluntary surveyof POTW sewagesludgeand ashto help assessthe potential needfor NRC r
and/orEPA regulatorydecisions.

TheNRC andtheEPA conductedapilot study involving ninePOTWsto field-testthefeedback L
questionnaire,validatesamplingmethodsandanalyticalprocedures,andobtain feedbackfrom
participatingPOTWs. The resultsof thepilot study were documentedin EPA-833-R-99-900,
May 1999.

Thefinal voluntarysurveyhadtwo components:aquestionnaireandaprogramfor samplingand
analyzingsewagesludgeandincineratorash. Basedon theresultsof thequestionnaire,theNRC
andtheEPA selected313 POTWsto be evaluated.The selectionemphasizedPOTWswith the
greatestpotential to receivewaste from licenseesand in areaswith higher levelsof naturally
occurringradioactivematerial (NORM). All together,311 sewagesludgesamplesand 35 ash
sampleswereobtained. The sampleswere analyzedby OakRidge Institute for Scienceand
Education(ORISE) in OakRidge, Tennesseeand by the EPA’s National Air and Radiation
EnvironmentalLaboratory(NAREL) in Montgomery,Alabama.

The resultsof the analysesrevealedthat POTW samplesprimarily containedNORM suchas
radium.
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TheNRCandtheEPAjoint surveyandthesamplingandanalysisprogramresultsarepresentedin
“ISCORS Assessmentof Radioactivity in SewageSludge: Radiological Survey Resultsand
Analysis(ISCORSTechnicalReport2003-02,November2003). (A copyof therelevantportions
of this reportis attachedasExhibit D.)

In addition to the survey and sampling/analysesresults report, ISCORS also preparedtwo
supplementalreports. (Copiesof therelevantportionsofthesereportsareattachedasExhibitsE
andF, respectively.)Thefirst report,entitled “ISCORS AssessmentofRadioactivity in Sewage
Sludge:Modeling to AssessRadiationDoses” (ISCORS2003-03,November2003), is a dose
assessmentreport that describestheexposurescenariosfor sewagesludgeprocessing,useand
disposal. (S~SectionIII of my testimony.)

The second report, entitled “ISCORS Assessmentof Radioactivity in Sewage Sludge:
Recommendationson ManagementofRadioactiveMaterialsin SewageSludgeandAshatPublicly
Owned TreatmentWorks” (ISCORSTechnicalReport 2003-04, November2003), provides
recommendationsfor POTW operatorson determiningsourcesof radioactivity at POTWs,
describessampling and analysisproceduresand suggestsalternative corrective actions if
circumstances(ç~g~,locationof highNORM area)or actualmeasurementsindicatethataproblem
exists. (SeeSectionIII of my testimony.)

Sununary

It is clear that POTWsbear the brunt of dischargesto their sewersof radiological materials,
including Radium-226and Radium-228. It is also clear thatnumerousregulatory agenciesare
looking into theseissues.Overthe lastdecade,NRChastightenedits restrictionson allowable
dischargesto POTWs— now only materialsthat aresolubleare allowed. (S~Exhibit B —

“Overview of FederalEfforts to Protect POTWs from Impacts from ReceivingRadioactive
Materials from NRC-licensedFacilities”.) EPA also has conveneda working groupand
publishedtwo recentguidances,in 2000and 2004,on this issue. TheEPA guidancedocuments
recommendagainstany releaseto sanitarysewersoffiltrate collectedfromtreatmentof rawwater
to meettheMaximumContaminantLevel (MCL) for Radium-226andRadium-228.Theseissues
will bereviewedin subsequentsectionsof my testimony.
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Table 1. SewageTreatment Plants Where ElevatedLevels of Radioactive Material Were Found

Location Year Found Radionudides Actions Taken

Tonawanda,New
York

1983 Americium-241 Statespentover$2 million cleaningup
treatmentplant. No fmal decisionhasbeen
maderegardingradioactivematerialfound in
thelandfill.

GrandIsland,
NewYork

1984 Americium-241
Hydrogen-3
Polonium-210

No plantcleanupwas warranted.

Oak Ridge,
Tennessee

1984 Cobalt-60
Cesium-134
Cesium-137
Manganese-54

Soil aroundsewerline cleanedup, andsome
specialsludgedisposaloccurred.

Royersford,
Pennsylvania

1985 Manganese-54
Cobalt-58
Cobalt-60
Strontium-89
Zinc-65 & others

No plantcleanupwas warranted.

Erwin, Tennessee

.

1986 Americium-241
Plutonium-239
Thorium-232
Uranium

Sludgedigestercleanedup.

.

Washington,
D.C.

1986 Carbon-14
Hydrogen-3
Phosphorous-32&
33
Sodium-22
Sulfur-35 & others

No plantcleanupwas warranted.

Portland,Oregon 1989 Thorium-232 Sewagelinescleanedup andpretreatment
systemadded.

Ann Arbor,
Michigan

1991 Cobalt-60
Manganese-54
Silver-108m,1 lOm
Zinc-65

No plantcleanupwaswarranted.

Cleveland,Ohio 1991 Cobalt-60 Treatmentplant cleanupandrelatedactivities
havecostover$2 million.

Kiski Valley,
Pennsylvania

1994 EnrichedUranium
(Uranium234, 235)

Decontaminationanddeconmiissioningplan.
Preparedremediationcostrangefrom $1-6
million.

Pottstown,
Pennsylvania

2004 Cobalt-60 Delay in treatmentanddisposalof Royersford
sludge. $50,000chargefor treatmentservice.

In nearlyall of thesecases,thereleaseof radioactivematerialsto thesewerswashaltedor
modifiedto correctthecontaminationproblem.
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III. ADVERSE IMPACT IN POTW WORKER FROM EXPOSURE TO RADIUM-
BEARING SLUDGE

As presentedin SectionII of my testimony,therehavebeenanumberof casesof radionuclides
discoveredin sewagesludgeandash. Theseincidentsmadecleartheneedfor a comprehensive
determinationof theprevalenceof radionuclidesin POTW sewagesludgeand asharoundthe
countryandthelevel of potentialthreatsposedto humanhealthandthe environmentby various
levelsof suchmaterials.

To providea reasonablebound on the amountsof radionuclidesthat actually occur in sewage
sludgeandash,theEPA andtheNRC, in conjunctionwith ISCORS,conductedalimited surveyof
radioactivity in POTW sludge and ashacrossthe United Statesand, as a subsequenteffort,
undertooka doseassessmentto help assessthepotential threatthatthesematerialsmayposeto
humanhealth.

Dosemodelingwasperformedby ISCORS using thesewagesludge
95

th percentileresults(13
pCi/g for Radium-226 and 5.1 pCi/g for Radium-228)under various exposurescenariosto
estimatepotentialdosesto workersandthepublic. Themodelingresultswerepresentedin an
ISCORS Draft Report— Assessmentof Radioactivity in SewageSludge.Modeling to Assess
RadiationDoses(ISCORSReport2003-03November2003). (S~Exhibit E to my testimony.)
Theexposurescenarioschosenby ISCORSreflecttheobservationthatmostofthepublicexposure
to sewagesludge results from its land application, disposal in a landfill, or incineration.
Exposuresof a workerthroughproximity to ordirect contactwith the sludgecanoccurduring
processing,sampling, loading, transport,or application. Such exposurescenariosalso were
evaluatedby ISCORS. Theexposurescenariosweredesignedsothatexposuresto thesevenlisted
groupsbelow were explored. ISCORS did not explorea family farm scenariowheresewage
sludgehadbeenusedasa fertilizer.

1. Residentsof housesbuilt on agriculturalfields formerly appliedwith sludge;

2. Recreationalusersof aparkwheresludgehasbeenusedfor landreclamation;

3. Residentsof a townnearfields uponwhich sludgehasbeenapplied;

4. Neighborsof a landfill that containssludgeand/orash;

5. Neighborsofa sludgeincinerator;

6. Agriculturalworkerswhooperateequipmentto applysludgeto agriculturallands;
and

7. Workersat amunicipal treatmentplantinvolved in sampling,transport,and
biosolids loadingoperations.

BasedontheISCORSmodelingresults,the largestpotentialdose(420mRemlyr)is to thePOTW
BiosolidsLoadingWorkerfor exposureto Radium-226,Th-228andindoor radon. This relatively
high doseestimateis consistentwith estimatesdevelopedin previous studies(Kennedy,et al.
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1992,). Thisdosesignificantlyexceedstheannualexposurelimit (100rnRemlyr)setfor members
of the generalpublic. Although a relatively significantpotential doseto a POTW Biosolids
LoadingWorker(specificcase)wasdetermined,ISCORSconcludedthattherewasno widespread
or nationwidepublic health concernidentified by the sewageassessmentsurvey. However,
ISCORSstatedclearlythat“The surveywasnotdesignedto identify uniqueor isolatedinstances
in which high levelsofradionuclidesmaybepresentin sewagesludgeor ashandinferencesto
high levelsof radionuclidescannotbemadefrom thesurveyresultsalone.” It would appearthat
thetreatmentof groundwaterin northeasternIllinois to meetthefederaldrinkingwaterstandard
for radiumpresentsjust sucha local or uniquesituation. A dischargeof concentratedradium
sludgefrom a watertreatmentplant is a uniquehigh level of concentratedradioactivity.

To evaluatethis situation,I assessedthepotentialdosesto POTWworkersandthepublic from
watertreatmentfacility effluentcontainingradiumatvariousconcentrationsin rawwaste(5 - 25
pCi/L), variousdilution volumes(0% and50%) andvariousradiumremovalefficiencies(20%,
80% and90%). Theanticipatedradiumconcentrationsin POTW discharge(sludgeandeffluent)
andrelatedassumptionsarepresentedin Table2, attachedasExhibit G. Theseanalysesbracket
the actual radium levels found in groundwaterby WRT and presentedin Mr. Williams’s
testimony.

Using a typical radiumconcentrationof raw wasteof 15 pCi/L for the 6 POTWs and using
ISCORSmethodology,acorrelationto apotentialdoseto aPOTWBiosolidsLoadingWorkerwas
made(Table3). This tabledifferentiatestheeffectof radiumgoing to the POTWsludgeorthe
waterdischarge.

I next comparedthe exposureto a POTW worker in a wastewatertreatmentplant with these
amountsof radiumin thesludge. Thefollowing tabledemonstratestheimpacton thoseworkers.
Ineverycaseinvolving substantialradiumremovalfrom thesanitarywastewater,theworkerswill
be exposedto levelsin excessof the100mRemlyrallowableexposure.Also, theresultinglevels
ofexposurearehigherthanor verycomparableto the levelsin Ohio andPennsylvania,discussed
above,whereexpensivecleanupis beingrequired. And, as documentedbelow, virtually every
scenarioresultsin workersbeingexposedto radiationlevelshigh enoughto trigger regulatory
oversightandstandards.
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Table 3

Plant’
Potential Concentration of Radium

in Sludge(pCi/g)
TEDE mRem/yr

~
with radon w/o radon

A 103 3,626 130.8

B 155 5,456 196.9

C 92 3,238 116.8

D 138 4,858 175.3

E 23 810 29.2

F 34.5 1,214 43.8

Worst CasePlantB
@25pCi/L 259 9,117 328.9

‘Radium concentrationof rawwater = 15 pCi/L

Theseresultsindicatedthesubstantialissuesraisedby puttingRaclium-226andRadium-228into a
sanitarysewer. Only two of the plants(E and F without radon) havepotential doseestimates
below the 100 mRemlyrlimit establishedby theNRC for exposureto ionizing radiationto the
public. Evena concentrationof approximately77 pCi/gofradiumin thesludgewould resultin a
potentialdoseof 100 mRemlyr.

Onescenario(PlantB) wasrunusingconcentrationsin rawwaterof25 pCi/L (foundin Illinois
groundwater)with 259pCi/g in thesludge,associatedwith high solids removals. Theresultsof
the doseassessmentindicatedexposuresto theBiosolids SludgeLoaderof 9,117mRem/yr. By
comparison,occupationalradiationworkersareallowedonly 5,000mRem/yr.

Sununary

Thus, it is foreseeablein Illinois thatflushingfiltrate fromawatertreatmentplantdownasanitary
sewerwould resultinexposuretwicethoselevels,andwithoutany ofthepersonalprotectionsand
monitoring that are requiredby the NRC for individuals with an exposureexceeding100
mRemlyr. Whenthecontributionto indoorradonis included,all plants/POTWBiosolidsWorkers
exhibitpotentialdosessignificantlyexceedingthe100 mRemlyrlimit. In fact,manyapproachthe
limit establishedby the Federal Government(NRC, Departmentof Energy (DOE)) for
occupationalexposureof 5,000mRemlyr. To be ableto placethesepotentialdosesto thePOTW
Biosolids Loading Worker, in perspective,a summaryof currentfederal doselimits for the
exposureto ionizingradiationis providedin thetableincludedin Exhibit H (Table4).
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IV. RECOMMENDATIONS FOR PROTECTION OF PERSONNEL EXPOSED TO

RADIUM FROM TREATMENT OF DRINKING WATER SUPPLIES

A. EPA’S RECOMMENDATIONS IN ITS 2000GUIDANCE

The EPA, in its November2000 draft guidelinesfor handlingand disposalof drinking water
treatmentcontainingtechnologicallyenhancednaturallyoccurringradiummaterial (TENORM)
recommendsthefollowing exposureguidelinesfor watertreatmentfacility personnelwhichmay
be appliedto POTWpersonnelaswell. A copyof the relevantportionsofthe EPA guidanceis
attachedasExhibit I.

Routine Operations

1. Ambientradiationlevelsin areasofwatertreatmentplantsremovingradionuclides
from drinking water should be monitoredat leastyearly, using gammasurvey
instrumentsor equivalentmonitors.

2. Radiationlevelsin thevicinity of componentsthatconcentrateradioactivematerials
shouldbemonitoredat leastquarterly.

3. Additionalmeasurementsshouldbeperformedwhenacomponentthataccumulates
radioactivityis replaced,if thetreatmentprocessis changed,if thelengthofservice
is increased,or if significantincreasesin radionuclidelevelsareobservedin the
sourcewater.

4. Radiationdosesto personnelworkingin adrinking watertreatmentfacility should
not exceedanadministrativecontrol level no greaterthan 100 mRem/yr,and be
keptasfar below that level asreasonablyachievable(ALARA).

5. If areasin a treatmentplantareidentified whereanindividual workingin anarea
could receivea short-termexposurethat would be a significant fraction of the
above limit, suchas 1 mRemlworkingday, those locations should be clearly
marked“CautionRadiation”andrestrictedto specifiedpersonnel.

6. Personsworking in areasmarked“Caution Radiation” should haveappropriate
radiationprotectiontraining and their radiationexposureshouldbe monitored
throughareamonitoring or personnelmonitoring,asappropriate.

7. Radonlevelsin theair shouldbemonitored,andactiontakenwhereappropriate,to
reduceindoor radonlevelsasmuchaspossible.Becauseof short-termconditions
that may result in elevatedexposures,suchasduring maintenanceof treatment
units, the time periodover which radonconcentrationsareaveragedshould be
chosento correspondto normal working hours and conditions. Improved
ventilationshouldbe consideredfor thereductionof airborneradon.

8. Sludgestoragesites, evaporationbeds,and drying lagoonsshould be fencedto
preventunauthorizedintrusion.
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Handling and Shipping RadioactiveWastesfor Disposal

1. Whenremovingandpreparingwastescontainingradionuclidesfor transportation
anddisposal,theprocessshouldbeevaluatedto keepradiationexposuresAs Low
As ReasonablyAchievable(ALARA). Thismayentailspecialtraining, tools,or
shielding. In addition, personalprotectiveequipment,suchas respiratorsand
protectiveclothing, maybenecessaryto reduceexposuresin somesituations.

2. Only properlytrainedpersonnelshouldhandleradioactivewastes.

3. Personnelhandlingradioactivewastes,including thoseinvolved in shippingthe
wastes,should havetheir radiationexposuremonitoredat all times.

4. Whenhandlingand shippingradioactivewastes,theappropriatelocal, state,and
OSHA healthandexposureregulationsshouldbe followed.

5. Whenshippingradioactivematerialswhoseconcentrationsexceed2,000pCi/g,the
appropriateDepartmentof Transportationstandardsmustbe followedasprescribed
in 49 CFRParts100 to 179.

B. EPA’s 2004GUIDANCE

Most of thesubstantiverecommendationsofthe2000Guidancearealso in therevisedguidance,
“A Regulator’s Guide to the Managementof RadioactiveResidualsfrom Drinking Water
TreatmentTechnologies”(August4, 2004),excerptsareincludedin Exhibit I.

With respectto disposalof solid residuals,thereportstates:

EPA doesnot encouragethelandspreadingor soil mixing of such
TENORMunlessthereis ademonstratedbenefitto thepublic from
the material involved. Wherebenefitsfrom land applicationare
construedto exist, EPA believes that suchbenefits should be
weighedagainstthepotentialhazardsandrisksofthepractice. The
main concern is the potential for build-up or movement of
radionuclidesto create contaminatedsites that would require
remediationand/oruseof institutionalandengineeringcontrols.

Id. at p. 12. Clearly, the EPA hassomeof thesameconcernsasdocumentedby my testimony
here. TheEPA also expressedconcernwith releaseof liquid residualsinto sanitarysewers.The
EPA recommendedthat in all disposaloptions, thewatertreatmentfacility contacttheStateand
the POTWto insurethat thereleaseof thewatertreatmentresidualsinto thesanitarysewerwill
not interfere with POTW operationsor causea violation of the POTW’s National Pollutant
DischargeEliminationSystem(NPDES)permit,andwill beacceptedby thePOTW. Again, EPA
recognized,ashadISCORS,thepotentialfor elevatedradiumlevelsin uniquecircumstancesto
adverselyaffect theoperationsof thePOTW. Id. atp. 16.
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The2004Guidancefurtherrecognizedthatrelativelyundetectablelevelsofradionuclidesin source
waterscould accumulatein measurableor hazardousquantitiesin piping, pumps,holding tank
scaleor sludge, IX and granularfilters, backwashand otherresidualsludge. Radongascan
accumulatein closedor poorly ventilated buildingswhen thorium, radium and certainother
radionuclides-containingmaterialsarepresent.

TheEPA recommendedadditionalprecautionarymeasuresbeundertakenwheretheaccumulation
of radonoccurs:

1. The facility shouldcontactaprofessionalradiationprotectionspecialistor health
physicistfor assistanceconductingradiationsurveys.

2. The facility should checkfor the presenceof radonin buildings encasingwater
treatmentequipment.

3. Useof anOSHA-approvedrespiratorto avoid inhalationof biological pathogens
andchemicallytoxic materialsin residuals. Simpledustmasksmay not provide
adequateprotection.

4. Limit time spentatland disposalsitesto reduceinhalationof contaminateddust.

5. Showerafterexposureto potentiallyradioactivematerialsandlaunderwork clothing
at the system,if possible. Workersshouldavoidwearingcontaminatedclothes
home. Work boots or shoes should be wiped and cleanedafter potential
contamination.

6. Use gammasurvey instrumentsor equivalentmonitorsat leastonceannually to
monitor system’s ambientradiation levels in areas where radionuclidesare
removed.

7. Monitor levelsof radiationto whichstaffareexposed.Systemsshouldcontact,or
be referredto, stateor other radiationexpertsfor more informationon how to
monitor radiationlevels.

8. Apply the radonactionlevel (j 4 pCi/L) usedfor homesandschoolsfor water
treatmentbuildings.

And if radionuclidesor radiationhavebeenfoundin a drinkingwatersupplyor at a system,the
EPA stronglyrecommendedthat operatorsshouldbe trainedin treatingfor radionuclides,and
handling,disposingof, andtransportingTENORM waste. ~[çi.atpp. 19-22.

C. ISCORSRECOMMENDATIONS

TheEPA is not theonly entity recommendingprecautionsbe taken.

ISCORS(TechnicalReport2003-04)recommendsthat thereis no needfor further actionwhen
estimateddoses,using screeningcalculations,arebelow 10 mRem/yr. However,if thedosesare
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estimatedto be 10 mRemlyror greater,ISCORSadvisesthePOTWoperatorto contactits State
RadiationProtectionRegulatoryAgencyfor furtherguidanceandaction.

ISCORS provides guidance on conducting surveysand sampling of POTW operationsand
interpretstheresultsto determineif thereis aproblemwith radioactivesludge/ashatthePOTW.
ISCORSalsoprovidesadditionalguidancefor monitoringradiationlevelsto potentiallyexposed
POTWworkers,for training, andsupportskeepingdosesto workersALARA.

Sununary

Thus, if sanitarysewersareusedfor thedisposalof radium-contaminatedfiltrate, it is clearthat
the POTWsshould takenumerousadditionalprecautionsto protecttheirworkers. Indeed,the
measuresto betakenmaybeasextensiveasrequiredfor workersat nuclearpowerplants. And
undertakingthesemeasuresrequiresfinancial andhumanresources.
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V. LAND APPLICATION

Obviously,dischargingradium-contaminatedmaterialsdownthesewertransfersresponsibilityto
thePOTWwheretheradiumis likely goingto endup in thesludge.This sectionofmy testimony
demonstratesthatthoseradium-contaminatedsludgesposeuniqueproblemsandaddedimpactsto
the environment,unlesstheyareplacedintoa securelandfill.

As partof theISCORSmodelingeffort, severalscenarioswereexaminedto evaluateexposureto
thepublic from land applicationof sludgecontaminatedwith radionuclides(including radium).
Specifically, the exposurescenariosthat wereevaluatedby ISCORSrelatedto landapplication
were:

• Residentsof housesbuilt onagriculturalfields formerlyappliedwith sludge(singleand
5-yearapplication)

• Recreationalusersof aparkwheresludgehasbeenusedfor landreclamation

• Residentsof atown nearfields on which sludgehasbeenapplied

• Agricultural workers who operatedequipmentto apply sludgeto agricultural lands
(singleand5-yearapplication)

ISCORSdid notexploreafamily farmscenariowheresewagesludgehadbeenusedasafertilizer.

WaterRemediationTechnologies,LLC (WRT) contractedAmericanRadiationServices,Inc. to
estimatethepotentialincreasedexposurein the“critical groups”scenariosof theISCORSReport
thatwould resultfrom high radiumconcentrationin sewagesludge,higherthanthosemodeledin
the ISCORSReport(ARS Report, “Total Effective DoseEquivalent(TEDE) Calculationsfor
Radium-BearingSewageSludgeUnderVarious ExposureScenarios,”January26, 2004),copy
attachedasExhibit J1. Radium removalsystemsusedby municipal and waterentitiesto bring
drinking water into compliancewith the EPA 5 pCi/L radium limit are examplesof unique
situationsthat were not specifically evaluatedby ISCORS. The EPA’s radionucliderule of
December7, 2000requiresmunicipalitiesgeneratingdrinking waterwith radiumactivity levels
greaterthan5 pCi/L to install radiumremovalsystems. Disposalof water treatmentresiduals
fromradiumremovalsystemsinto thesanitarysewercanresultin theproductionof sewagesludge
at the POTW with elevatedradiumactivity levelsgreaterthanthoseidentified by the ISCORS
survey. Theradium-bearingsewagesludgeis eitherdisposedofat a local landfill, incineratedor
usedasfertilizer for farmingapplication.

ARS calculatedpotentialradiumactivity levelsin sludgegeneratedby two typical POTWsin use
today: a StandardTreatmentSystemand anActivatedSludge System. Generally,a Standard
TreatmentSystemand an ActivatedSludge Systemwill generateapproximately0.8 and 0.23
gramsof sludgepergallon of influent, respectively. (S~Exhibit J at p. 4.)

1 While ARS preparedthisreport, I havereviewedit andits assumptionsandcalculationsandfmd themto be
reasonable.
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ARS selected an average initial radium calculation in groundwaterof 10 pCi/L, which
correspondedto 148 pCi/g in sludgefrom an ActivatedSludgeSystemand43 pCi/g in sludge
from a StandardTreatmentSystem. ARS also exploreda family farm scenariowheresewage
sludgewasusedasafertilizer. ARS utilized thesamedosemodelingmethodologiesemployedby
ISCORSin its doseassessments.

Theresultsof theISCORSandARS doseassessmentsaresummarizedin Table5.

Table 5

Comparison of ISCORS Report Exposureswith ExposuresResulting from Higher
Radium Concentrationsin SewageSludge

Scenario
NRC/EPA

ISCORS Report
TEDE Value
(mRem/yr)1

TEDE basedon ISCORS
Radium and Progeny

Analytical Results (95%)
Scaledto 43 pCi/g combined

Ra-226fRa-228Activity
(mRem/yr)2

TEDE basedon ISCORS
Radium and Progeny

Analytical Results (95%)
Scaledto 148 pCi/g

combined
Ra-226/Ra-228Activity

(mRem/yr)2

On-siteResident,
Single Application 3 6.92 34.1

On-siteResident,
Five-YearApplication 14 23.5 116

SludgeApplication
Worker, SingleApplication 0.15 0.39 1.98

SludgeApplication
Worker, Five-Year
Application

0.77 1.30 6.41

IncineratorNeighbor
Scenario

7.7 5.27 12.0

POTWBiosolidsLoading
WorkerScenario,Without
Indoor RadonContribution 26 60 170

POTWBiosolidsLoading
WorkerScenario,With
Indoor RadonContribution 420 1520 5210

Family Farm Scenario,
Single Application

Not Evaluatedby
ISCORS 5.04 17.36

Family FarmScenario,
Five-YearApplication

Not Evaluatedby
ISCORS 24.3 83.90

Note 1: ISCORSAssessmentof Radioactivityin SewageSludge:Modeling to AssessRadiationDoses,Table7.1, ISCORS2003-03,NUREG-1783,
November2003.

Note 2: Only Ra-226,Pb-210, Ra-228andTh-228 activity valuesarescaledto relateto acombinedRa-226andRa-228activity of 43 pCi/g or
148 pCilg. Pb-210 is assumedto be 31%of theRa-226activity. Th-228activity is assumedto be 80% of theRa-228activity.
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Dosemodelingperformedby ARS estimatedthat a POTW Biosolids (sludge)LoadingWorker
could receiveadoseof5,210mRemlyrfrom sludgecontainingradiumatan activity level of 148
pCi/g anda doseof 1,520mRemlyr from sludgecontainingradiumat an activity of 43 pCi/g.
The5,210mRemlyr andthe 1,520mRemlyrTEDE includedosesfrom indoor radon. Without
the indoor radon dosecomponent,a Biosolids Loading Workercould receivea doseof 170
EnRemlyrand 60 mRem/yr from sludgecontainingradiumat an activity of 148 pCi/g and 43
pCi/g, respectively.

Thesepotentialdosesaresignificantto boththePOTWworkerandmembersof thepublic as they
exceedregulatorylimits and guidelinesdesignedto protectindividuals. Additional observations
aremadewith respectto thesedoses:

• Potentialdoseswould/couldbealiability issueto municipalities/POTWs

• Typically, POTW workers are not consideredor trainedas occupationalradiation
workers(theyaremembersof thepublic)

• Theaboveexposuresto theBiosolidsLoadingWorker(with radoncomponent)exceed
thoseof the typical nuclearpowerplantworker

• Evenwithout the radoncomponent,the exposureto the Biosolids LoadingWorker
couldbealmost twicethelimit allowedto thegeneralpublic (170 vs. 100 mRem/yr)

• Averageannualdoseto nuclearpowerplant worker,occupationalradiationworkers
andworkersinmedicalindustrywhoreceivedmeasurednon-zero-dose-are700and240
mRemlyr, respectively.Averageto all radiationworkersin theUnitedStatesin 1980
was210 mRem/yr

ARS also estimatedthe TEDE to a memberof afamily farm whereradium-bearingsludgehad
beenappliedasfertilizer. It wasestimatedthatanon-siteresidentliving in a houselocatedon
landwherefive annualapplicationsof 148 pCi/g radium-bearingsludgehadbeenappliedwould
receivea TEDE of 116 mRem/yr. This exceedsthe 100 mRem/yr limit allowedto thegeneral
public.
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VI. PROPERDISPOSAL OF RESIDUEFROM TREATED RADIUM-CONTAMINATED
GROUNDWATER

TheALARA philosophyis afundamentalobjectiveofall effectiveradiationprotectionprograms.
It formsthebasisof thenationalregulatorystructurefor radioactivematerialsandis specifically
included as the principle of Illinois regulations. 32 Ill. Admin. Code 340 (NRC 10 CFR
20.1101(b)). Reducingor minimizing individual (worker) or collective (public) exposureis
desirable.Controlof radiationexposureis basedontheassumptionthatany exposureto ionizing
radiationinvolves somerisk. This radiationexposurecontrol philosophyhasbeenpresumed
repeatedlyin theguidanceprovidedby organizationssuchastheNationalCouncilof Radiological
ProtectionandMeasurement(NCRP), theInternationalCommissionof RadiologicalProtection
(ICRP) andthe NationalAcademyof SciencesCommitteeon theBiological Effectsof Ionizing
Radiation(NAS-BEIR). TheNRCissuedspecificguidanceto licenseeson designinganacceptable
programfor establishingand maintaining ALARA levels for gaseousand liquid effluentsat
materialsfacilities (NRCRegulationGuide 8.37: ALARI4 Levelsfor EffluentFrom Materials
Facilities (July 1993)).

Thus,maintainingindividual andcollectiveradiationexposureALARA is acritical elementofany
radiologicalcontrol programlphilosophy,regardlessif the radiological material is man-made,
NORM, or TENORM.

Thefactthatdischargesofradioactivematerial(includingradium)to thesanitarysewersystemcan
resultin appreciabledosesto thePOTWworkerandto thepublic wasdemonstratedin SectionIII
of my testimony.

In concertwith the Illinois IDNS/IEMA regulationsand the widely held ALARA principle,
reductionof exposureto the worker or the public should be implementedcommensuratewith
economicandsocialconsideration.If atall possible,engineeringprocessesandcontrolsshouldbe
implementedto reduce/minimizetheradiationexposure.

Mr. Williams’s testimonydemonstratesthatusinganyof severalengineeredandeconomicalcost-
effectivewatertreatmentremovaltechniques,coupledwithNOTALLOWING theresultantwater
treatmentresidueto be disposedof into thesanitarysewer,representsthebestapplicationof the
ALARA principleandminimizesthepotentialexposureto thePOTWworker, thepublic andthe
environment.

The EPA office of Groundwaterand Drinking Water issueddraft guidanceentitled “Draft
SuggestedGuidelinesfor HandlingandDisposalofDrinking WaterTreatmentWasteContaining
TechnologicallyEnhancedNaturallyOccurringRadioactiveMaterials” (EPA, November2000).
(~Exhibit I.)

This draft guidancesupersedesthe June 1994 Office of Drinking Water Report entitled
“Suggested Guidelinesfor the Disposal of Drinking Water TreatmentWater Containing
RadioactiveWaste.” The guidelinespresentedin this documentwere designedto assistwater
treatmentfacilities in selectingresponsibleandcost-effectiveoptionsforhandlinganddisposition
of wastecontainingTENORM. Thereportrecognizesthat “Unquestionably,wasteby-products
producedby drinkingwatertreatmentfacilitiescanbeofsufficientlyhigh radioactivityto warrant
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the implementationof specialprecautionsfor theirhandlinganddisposalandto usecautionwhen
consideringtheuseof technologiesthathaveahighcapacityfor radionuclideremoval. Sincethese
technologiesalsohaveagreatcapabilityto concentratetheseradionuclidesin processedwastes.”

Theguidanceevaluatesvarioustreatmenttechnologiesandhighlights those(j~.,AX, CX, HMO)
thathavehigh removableefficienciesfor radionuclidessuchasradium. It alsonotesthat “great
caremustbeexercisedin selectingandusingthis technologysinceradionuclide(i.~,radium)may
becomesoconcentratedon theresinandin wastedrainsthat theymaynotbedisposedofsafely.”

With respectto potentialexposureof watertreatmentpersonnelandthepublic, theEPA guidance
embracestheALARA principle andstatesthat theguidancewasissued“to assistwatersystem
ownersand operatorsto minimize theirexposures,that of theirstaff, andfuture generations.”

TheEPA guidanceregardingwatertreatmentsludgeis summarizedbelow:

• The EPA doesnot recommendapplication,mixing or spreadingof watertreatment
wastecontainingradionuclidesat any concentrationonto openland ~ farm land,
pastureland, woodland, constructionsites, road beds, etc.) for severalreasons
including:

- Healthrisksdueto radiuminhalationaresignificantly greaterin buildings
constructedon land that has been treatedwith fertilizers or sludge
containingradium.

- Datarelatingto plant, animal andhumanuptakeof radionuclidesthatmay
resultfrom land applicationof TENORM from drinking water treatment
facilities havenotbeenanalyzedextensively.

- Someradionuclidesareextremelylong lived. It is difficult to ensurethe
long-termcontrol,monitoringandsafetyof sitesnot specificallydesigned
for wastedisposal.

- TheEPAhasnotcollectedor reviewedinformationonsurfacerunofffrom
landapplicationsitesfor watertreatmentwastescontainingradionuclides.
Preliminary risk assessmentsindicate that runoff from thesesites and
subsequentsurfacewatercontaminationmayposea significantrisk to the
generalpopulation.

- Although some sludge hasbeenfound to have beneficial propertiesas
amendmentto agricultural soils, the EPA has not determinedthat the
benefit of applicationoutweighsthe potentialnegative~ food chain
contamination,impactson surfaceandgroundwater)for wastescontaining
radionuclides.
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TheEPA recommendationsfor disposalof radium-contaminatedwatertreatmentsludgeinclude:

up to 3 pCi/g Placementin astandardmunicipal landfill.

3 - 50 pCi/g Burial to minimize gammaexposure. Isolationto reducerisk of
disturbanceor misuse. Placementin RCRA-permittedhazardous
wastelandfill. -

50 - 2,000 pCi/g Disposal in accordancewith 40 CFR 192 (uraniummill tailings)
either in RCRA-permittedhazardouswastesiteor NORM disposal
site.

>2,000pCi/g Disposal at a licensedLow Level RadioactiveWaste (LLRW)
disposalsite.

The EPA also recognizedthat, under40 CFRPart 403, dischargesthat would interfere with
wastewatertreatment operationsor sludge disposals are prohibited. In addition, if the
accumulationof radioactivityis observedin asanitarysewagedistributionsystemor in aPOTW,
thedischargeof drinking watertreatmentwasteinto the sanitarysewershouldbe discontinued.

Summary

Basedon theinformationpresentedabove(theNRC and IDNS/IEMA regulations,theALARA
principleandtheEPAguidelines),it is my opinionthatdisposalofwatertreatmentsludge/residual
containingradium into the sanitarysewer or via land application is inappropriatedue to the
potentialunnecessaryexposureandrisk to POTW workers, the public and the environment.
Theseexposuresandriskscanbe eliminatedby disallowingdisposalof watertreatmentsludgeinto
thesanitaryseweror landapplicationandinsteadrequiringdisposalofthematerialdirectlyintoa
permittedsolidwaste,RCRA, NORM orlicensedLLRW disposalfacility, commensuratewith the
radiumconcentrationin thesludge,whereit will be isolatedfrom thepublic andmaintainedin a
controlledmanner.
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VII. ADVERSE EFFECTS ON BIOTA ASSOCIATED WITH EXPOSURE TO
RADIONUCLIDES

No onedisputesthatradiumis ahumancarcinogen.It is commonknowledgein theenvironmental
communitythat humancarcinogensare carcinogensor createharmful effectson other living
organisms.Of course,oftenbiotaand animalsareusedto screenchemicalsto determineif those
chemicalsalsocauseadversehealtheffects,suchascancers,in humans.

In reviewingthe transcriptsof the hearing,I wasstruckby thetestimonyto the effect thatthe
IEPA haddonea literaturesearchandfoundno literatureindicating that radiumwasharmfulto
aquaticandterrestrialbiota. (~HearingTranscriptdatedApril 1, 2004at24:9-11and26:12-
24.) Thescopeof the literaturesearchwasnot given.

Therehas, in fact, beena greatdealof scientific study of the effect of ionizing radiationon
terrestrialandaquaticbiota. Justoneexampleis theNationalCouncil onRadiationProtectionand
Measurements,ReportNo. 109 entitled “Effects of IonizingRadiationonAquaticOrganisms,”
which referencesin excessof 50 publicationson this topic. A secondexampleis theBiota Dose
AssessmentCommitteeestablishedby theDOE thathasbroadrepresentationfrom DOE offices,
nationallaboratories,universitiesandtheprivate sector(BDAC).

A description of the BDAC can be obtained from the BDAC web page at
http://homer.ornl.gov/oepa/public/bdac,andtheinformationcontainedis toovoluminousfor this
testimony. The BDAC has reviewedand commentedon the numerousstudiesrelating to the
adverseeffectsof radioactivityonbiota and alsoreferencesin excessof 50 sources.

Clearly, thereare reports and studiesthat areavailableand that couldbe usedby the IEPA to
conductstudiesto assessimpactsof radiumon biota. It is not accurateto claim either (a) that
thereis no literatureon thesubjector(b) that thereis no evidencethatradionuclidesin aparticular
radiumcauseharmto aquaticand terrestrialbiota.
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VIII. CONCLUSIONS

• Radiumandits by-productsareknowncarcinogensto animalsandhumans.

• Thereis scientificliteratureavailablewith respectto theadverseimpactsof radiumon
aquaticandterrestrialbiota.

• Radionuclidesincluding radium, disposedof in the sanitary sewer,have created
significanteconomicandoperationsimpactsto thePOTWs.

• The removalof radiumby HMO andcertainotherprocessesfrom the groundwater
createsan “insoluble waste” ~ particulates). NRC and Illinois Departmentof
NuclearSafetyregulationsprohibit thedisposalof “insoluble waste” into thesanitary
sewer. The Illinois EnvironmentalProtectionAgency is allowing the disposalof
insoluble radiumwasteto be disposedof in the sanitarysewer. This appearsto be
inconsistentwith theirsisteragency’s prohibitionon insolublewastebeing released
into thesanitarysewersystem.

• Radiumconcentration(ISCORSdata)in POTWinfluent andconcentratedsludgehas
beenshownto result in elevatedpotential POTWworker andpublic exposures.A
POTWsludgeloaderis estimatedto receive420mRemlyrdose(fromradiumlradon)at
sludge concentrationsof Radium-226 and Radium-228 of 13 and 5.1 pCi/g,
respectively. (ISCORSdosemodeling.) This is greaterthan 4 times the allowable
limit to thegeneralpopulation(100mRem/yr).

• ISCORSdid notmodeluniqueisolatedinstancesin whichhigherlevelsofradiumwere
releasedinto sanitarysewers. WRT/ARS demonstrated,via their POTW operations
dataanddosemodelingapproachsimilar to ISCORS,thatPOTWoperators’ exposure
couldbegreaterthanthe 100 mRemlyrlimit without theradoncontribution. With the
radoncontributionincluded,thePOTWworkerdosewouldapproachandcouldexceed
that of a nuclearpowerplant radiationworker (5,000mRem/yr).

• TheAs Low As ReasonablyAchievable(ALARA) principle is a fundamentalobjective
of all DOE, EPA, NRC and State radiation projects. Programproceduresand
engineeringcontrolsareusedto maintainexposuresto workersandpublic ALARA.
Allowing the disposal of radium residue into the sanitary sewer resulting in
unnecessaryexposuresto POTW workers, the public and the biota rather than
requiringtreatment(engineeringcontrol)anddisposal(viapermittedRCRA orlicensed
NORM or LLRW disposal facility procedure)is inconsistentwith the ALARA
philosophy.

• The EPA recommendsagainstland application of any sludge containingelevated
radiumlevels.

• TheEPAis investigatingthe issuesassociatedwith elevatedlevelsof radiumin filtrate
from treatmentof groundwaterfor drinking water consumption. However, the
guidancefromtheEPA supportsaprohibitiononthedischargeof filtratewith elevated
levelsof radiumfrom adrinking watertreatmentplant.
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Basedon theabove,it is my opinionthat radium-contaminatedwatertreatmentsludge/residuals
shouldnotbeallowedto bedisposedof in thesanitarysewervia dispersion,but shouldinsteadbe
disposedofin anenvironmentallysafe,secureandisolatedpermittedlandfill or licenseddisposal
facility. I would recommendto thePollution ControlBoardthat it retainaradiumgeneralwater
quality standardandadoptaspecificprohibitionon disposalofwatertreatmentsludge/residualsin
thesanitarysewers.
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