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POST-HEARING COMMENTS OF THE SIERRA CLUB AND THE
ENVIRONMENTAL LAW AND POLICY CENTER

TheEnvironmentalLaw andPolicyCenterandthe SierraClub do not envytheBoard’s

positionin trying to decidewhatto do in thisproceeding.Despitefourhearings,theinformation

availableto theBoardis notadequateto makeaconfidentscientificjudgmentasto theproper

generalusewaterquality standardto adoptfor radium.

Webelievethatit is clearthattheBoardcannotproperlyadopttheAgencyproposalas

submittedinsofarasit removeswaterquality standardsfor generalusewaters.Although the

relevantscientificevidencein therecordis muchless-thanone-mightwish, therecorddoes

establishthat awaterqualitystandardis neededto protectaquaticlife andriparianwildlife and

that thenumericstandardto beadoptedto protectriparianwildlife probablymustbemore

stringentthanthatnecessaryto protectdrinkingwater.Waterqualitystandardsmustprotectthe

“most sensitiveuse”ofthewaterbody (40CFR131.11),which in this caseappearsto be

riparianmammals.

I. Introduction

TheBoardmightwell decidethat it simply doesnot havetheinformationnecessaryto

changethestandardat this time. AssumingtheBoardbelievesit shouldgo forwardto adopta

standardon thebasisofthe currentrecord,wepresentbelowwhatwebelieveis thegeneraluse



standardbestsupportedby therecordin this proceeding.Beforepresentingthis standard,

however it maybehelpful to discussseveralprinciplesapplicableto thedecision.

First, becausetheproposalis for astatewidewaterqualitystandardthatis to be

applicableto all generalusewatersofthestate,thenumberadoptedmustprotectthemost

sensitiveusepresentin generalusewaters.Seegenerally,In theMatter of~Petition ofIllinois

PowerCompany(VermilionPowerStation)for AdjustedStandardsfrom 35111.Adm. Code

302.208(e), AS No. 92-7, 1993 Ill, Env. Lexis 1018(1993).Obviously,thismeansthatthe

standardadoptedwill beoverprotectiveformanyuses.For example,it maywell bethatthe

Boardmustadoptastandardto protectripariananimalsthat is morestringentthanwould be

necessaryto protectdrinkingwaterfor humans.ThisdoesnotmeanthattheCleanWaterAct

prefersriver ottersoverhumans,but that river ottersthat live in andnearawaterbody,andget

almostall theirfoodanddrink from thatwaterbody, will haveamuchgreaterexposureto

contaminantsin thewaterthansomeonewhojust drinks waterfrom thewaterbody. The

standardwesuggestbelow is far lessstringentthanastandardwouldbethatwasasprotectiveof

river ottersasthe drinkingwaterstandardis ofhumans.SeeR04-21TranscriptofProceedings

Oct. 22, 2004at234-38.

It is verycommonin theIll jnois waterqualitystandardsfor astandardto be setthat

protectsaquaticlife orsomeotherusethatis morestringentthanthestandardnecessaryto

protectdrinkingwater.A comparisonof35 Ill. Adm. CodeSection302SubpartsB andC

disclosesthatfor manychemicalsthereis no standardfor drinkingwaterandfoodprocessing

watersupply thatis more stringentthanthestandardsdesignedto protectaquaticlife. Water

qualitystandardsmustprotectthemostsensitiveuse,andoftenthemostsensitiveuseis afish or

animalpopulationthat hasafar greaterexposureto thetoxin in questionthanhumans.



Further,becausethegeneralusestandardsapplyto almost all thewaterbodiesofthe

state,thestandardssetmaybeoverprotectiveof aquaticlife in watersthat do not containthe

mostsensitivespecies.For example,if protectionofottersis themostsensitiveuse,thestandards

maybestrongerthannecessaryfor watersthatcannotpossiblyserveasriverotterhabitat.This

problemcanpossiblybeaddressedin later sitespecificproceedingsbut standardsapplicableto

all generalusewatersthroughoutthestatemustprotectall the life dependenton thosewaters

throughoutthestate.

II. Radium RulemakingRecommendations

TheEnvironmentalLaw andPolicy Centerandthe SierraClub recommendthat theBoard:

1) MaintainGeneralUseand LakeMichiganbasinwaterqualitystandardsfor radium

2) Setsuchstandardsat alevel of 3.7 pCi/L combinedradium226 andradium228

3) Ensurethatparticlescontaininghigh levelsofradiumarenot dischargedinto Illinois

waterways

Thebasesfor ourrecommendationsaredetailedbelow.

A. TheBoardShouldMaintainGeneralUseandLakeMichiganBasinWaterquality
Standardsfor RadiumProtectiveofRiparianOrganisms.

1. Thescientificcommunityhasexpressedconcernwith theeffectsofradiumonnon-

humanlife formsliving in and/ornearbodiesofwaterthroughyearsofdetailedstudy, resulting

in numerouspeer-reviewedpublications.SeeExhibit 1: LiteratureReviewofRadiumin Water,

Sediments& Biota, especiallyClulow (Wereceivedthisdocumenton Nov. 30, 2004from Doug

Leeper,SeniorEnvironmentalScientist,SouthwestFloridaWaterManagementDistrict.)

2. UnderthefederalDepartmentofEnergyOrganizationAct, theU.S. Departmentof

Energyhastheresponsibilityto “ensuretheincorporationofnationalenvironmentalprotection

goalsin theformulationof energyprograms,andadvancethegoalofrestoring,protection[sic],



andenhancingenvironmentalquality.” SeeExhibit 2: DOE 5400.1,citing 42 USC7131.In this

role,DOEhasrecognizedthethreatthat radiationposesto non-humansby promulgatinga

radiationdoselimit of 1 rad/dfor theprotectionof aquaticanimalsand0.1 rad/dfor the

protectionofterrestrialanimals(basedon mammals’highersensitivityto radiation).Exhibit 3:

DOEOrder5400.5.DOE adoptedandimplementedtheseradiationdosestandardsconsistent

with therecommendationsoftheInternationalCommissionon RadiologicalProtection,an

internationalbodyutilizing thelatestiri scientificunderstandingofhealthrisksand dosimetry.

Id.

3. DOEhasbeeninterestedin assessingdetrimentaleffectsto aquaticbiotafrom

radionuclidesin the environment,usingthedoselimits above,sinceat least1993.SeeExhibit 4:

B.G.Blaylock, “Methodologyfor EstimatingRadiationDoseRatesto FreshwaterBiotaExposed

to Rádionuclidesin theEnvironment,”(1993).ThemorerecentDOE TechnicalStandard,“A

GradedApproachfor EvaluatingRadiationDosesto AquaticandTerrestrialBiota” (DOE-STD-

1153-2002)(PCB R04-21, Exhibit 15)hereafter“DOE TechnicalStandard”,setsforth amethod

for evaluatingactualorpotentialdosesto biota suchthattheycanbecomparedto thedoselimit

describedabove.Thismethoddemonstratesaconsensusamongradiationscientistson theneed

to protectlife formsotherthanhumansfrom radiationfrom radium(andotherradionuclides).

4. TheDOE TechnicalStandardindicatesthatany Illinois generaluseandLake

Michiganbasinwaterqualitystandardsfor radiumshouldbedesignedto protectriparian

organismssuchasraccoonsandriver otters.Thesearetheorganismsin freshwateraquatic

systemsfoundto bemost sensitiveto radiationfrom radiumsources(Table6.2, pageMl -38 in

DOETechnicalStandard).ThustheDOE TechnicalStandardutilizes0.1 rad/day,thedoserate



limit for mammals(seeabove),to deriveBiotaConcentrationGuides(BCG) for bothradium226

andradium228 in bothsedimentand water.

Therewastestimonyin theseproceedingsthat an organismlike themanateewould bea

bettercandidateto usewith theGeneralScreeningPhaseofthegradedapproachoftheDOE

TechnicalStandardthan a raccoon.(SeeTranscriptof ProceedingsOct. 2 1-22,2004at 296).

While themanateecertainlysatisfiesmanyoftheassumptionsusedfor theGeneralScreenfor

ripariananimals(doseratelimit of0.1 rad/d,“semi-infinite” exposureto waterandsediment),

theDOE TechnicalStandardclearly includessuchcommonIllinois inhabitantssuchasraccoons

andriver ottersasriparianorganismsto beprotectedby recommendation.This is shownby the

descriptionofriparianorganismsgivenin variousplacesin thedocument:

• Definition ofriparianorganisms(DOETechnicalStandard,p. xlviii) - Riparian
Organismsarethoseorganismsrelatedto, living, or locatedon thebankofa natural
watercourse(asariver) or sometimesof a lakeoratidewater.

• Figure 2.3 ExposurePathwaysfor RiparianAnimals(DOETechnicalStandard,p. Ml-
13) depictinga raccoon.

• Table 7.6 Ripariananimalkinetic/allometricrelationshipparametervaluesdefaultfor
raccoonorriver otter(DOE TechnicalStandard,p. M1-64)

• Table 2.2 ExamplesofRepresentativeOrganismsThatCould ServeasIndicatorsof
RadiologicalImpact(DOE TechnicalStandard,p. M2-16 & 17) listing beaver,raccoon,
alligator,mink, muskrat,andgreatbasinspadefoottoad.

River ottersclearlyexistin Illinois, andcurrentlyarelisted on thestate’sthreatened

specieslist. Ottersfeedprimarily on fish, mussels,andotheraquaticbiota. SeeExhibit 5: IDNR,

“Illinois EndangeredandThreatenedSpecies,RiverOtter;” Exhibit 6: U.S. EPA, “Species

Profile: River Otter,” at 5; Exhibit 7: IDNR, “River OtterSpeciesAccount.”Thus, asfeeding

habitslargelydeterminean animal’sexposureto radiumdueto bioconcentrationofradiumin

loweraquaticpreyspecies,ottersmaybeexpectedto havea high exposurerate.Accordingto an

official oftheIllinois DepartmentofNaturalResources,riverottersspendgreaterthan80% of

theirlife in river water.(Telephoneconversationwith JoeKath, IDNR biologist,Dec. 7, 2004)



Thetypical life spanofanotterin thewild is 10 to 15 years,seeExhibit 6 at6 andExihibit 8:

SanDiegoZoo, “Animal Bytes:Otter,” which is sufficientlylongfor anotterto beatrisk for

tumorinduction,especiallygiventhe expecteddischargeofhighradiationradiumparticulate

from sewagetreatmentplants(seebelow).

Thesethreepointsindicatethat adegreeofconservatismin selectingan appropriate

waterqualityscreeningstandardis warranted.

B. If theBoarddecidesto changethestandardbasedon thecurrentrecord,it shouldset
generaluseandLakeMichiganbasinwaterquality standardsfor radiumata levelno less
stringentthan3.7 pCi/L combinedradium226 andradium228

1. In theGeneralScreeningmodeoftheRAD-BCG calculator(anExcel spreadsheet

semi-automatedtool for implementingscreeningandanalysismethodscontainedin theDOE

TechnicalStandard),themaximumradionuclideconcentration(s)in waterwhich would not

resultin biotadoselimits (BCGs)beingexceededcanbe calculatedfor anycombinationof23

radionuclidespresent,includingradium226 andradium228.

2. The GeneralScreeningmodeis theconservativeinitial screeningstepin theDOE

TechnicalStandard~sthree-stepprocessfor evaluatingradiationdosesto aquaticandterrestrial

biota.As little datais availableto inform thisRulemaking,theuseofthegeneralscreeningmode

is appropriate.Forexample,the GeneralScreeningmodeasksfor radiumlevelsin bothwater

andsedimentin orderto assesswhetherBCGsareexceeded.In theabsenceofdataon levelsof

radionuclidesin eithermedium,the GeneralScreencalculatesaradiumconcentrationfor the

othermedium. As no datahavebeenprovidedin thisrulemakingon thelevelsofradiumin

sedimentin Illinois, theuseoftheGeneralScreenis appropriate.

In theabsenceofradiationfrom anyotherradionuclidesource,acombinedconcentration

of3.7 pCi/L ofradium226 andradium228 in thewatercolumndoesnot exceedtheBCGfor



thesetwo radionuclides.SeeExhibit 9: RAD-BCG Calculations.In the absenceofmoreIllinois

specific information,wewould recommendthis asan appropriatewaterqualitystandardfor

Illinois generalusewatersandtheLakeMichiganbasin.

TheDOE TechnicalStandardis themajorpieceofinformationon theimpactofradiation

on organismsfoundin aquaticsystems,with specificsfor radiationstemmingfrom radium,

whichhasbeenpresentedin theseproceedings.While we wouldpreferto havemore

information,webelievethat theDOETechnicalStandardis atoolweshouldusein helpingto

guideustowardsappropriateradiumwaterqualitystandardsfor Illinois generalusewatersand

theLakeMichiganbasin.While theDOETechnicalStandardstatesthat ‘Theprincipal

applicationofthegradedapproachis to demonstratethatroutineDOE operationsandactivities

arein compliancewith thebiotadoselimits forprotectingpopulationsofplantsandanimals.”

(DOETechnicalStandard,p. Ml-17), it alsoindicatesthat theDOE gradedapproachcanbeused

for CleanWaterAct applicationssuchasmixing zoneassessments(DOE TechnicalStandard,p.

Ml -20).

Therehasbeenmuchdiscussionregardingtheconservativeassumptionsofthestandard,

especiallywith regardsto the initial GeneralScreeningPhaseofthegraded,three-stepprocessin

evaluatingradiationdosesto biota. We agreethattheGeneralScreenis generallydesignedto be

aconservativefirst screen.Theassumptionsusedin this GeneralScreenarefoundin Table2.2

(DOETechnicalStandard,p. Ml-12). InusingtheGeneralScreenasatool to aidus in this

rulemaking,it is helpful to reviewanumberoftheseassumptions.

H



Assumption Impact onRadium Water Quality Standard Rulemaking
Externalsourceof This is an appropriateassumptionfor awaterqualitystandard.
radiationexposurefrom
waterandsedimentis For animalssuchastheriver otter,this is anappropriate
uniform,continuousand assumption.For someraccoons,whichmayspendpartof
“semi-infinite” theirtimeoutsideoftheriparianarea,this assumptionmaybe

too conservative.A site-specificanalysisthat reducedthe
amountoftime spentin theriparianareacouldbe developed
for organismssuchasraccoonsbut aswaterqualitystandards
mustprotectall Illinois fauna,this is not an inappropriate
assumptionin thissituation.

At thesametime, this assumptionmaybeviewedasoverly
lenient,in that it only measuressolubleradiumanddoesnot
accountfor highly radioactiveparticulatesthatmaybe
dischargedby wastewatertreatmentplants.While wecannot
now recommendwriting adischargestandardforparticulates,
thethreatfrom particulatesmaybe recognizedin thesoluble
waterqualitystandardby taking aconservativeapproach
overall.

Radiationexposureis
determinedby levelsof
up to 23 different
radionuclidespresentin
thewaterandsediment

A combinedradium226 andradium228standardbasedon
•the GeneralScreen,without takinginto accountothersources
ofradioactivity,is notacompletelyconservativeapproach.

Populationsofplantsand
animalsaretheprimary
intendeduseoftheDOE
TechnicalStandard.
(Table3.1,p. M1-17)

TheDOETechnicalStandardwarns“Applying doselimits
intendedfor theprotectionofpopulationsto evaluationsof
individualsmayrequirefurtherconsideration.”(Table3.1, p.
Ml -17). Therefore,theuseoftheGeneralScreento protect
endangeredandthreatenedspeciessuchastheriverotteris a
liberal useofthetool.

C. TheBoardandIllinois EPAshouldensurethat particlescontaininghigh levelsofradium
arenotdischargedinto Illinois waterways

In thecourseofthisrulemaking,concernshavebeenraisedaboutthepossibility of

particlescontaininghighlevelsofradiumbeingdischargedto Illinois waterways.Such

particulatescancontainthousandsoftimestheradiumlevel ofthedoselimit. It hasbeen

suggestedthatthewastewatertreatmentprocessfacilitatescreationofparticulatesand aportion



oftheseparticulatesfrom wastewatertreatmentwill bedischargedbackinto thesurfacewaters

ofIllinois.

Therefore,thewaterqualitystandardwerecommendhere(3.7pCi/L for combined

radium226 and radium228)for possibleadoptionis basedon the assumptionthattheradiumis

presentin asolubleform. We urgetheIllinois EPAandtheBoardin permitwriting,

considerationofanysite specificstandards,andin futureregulatoryproceedingsto take

measuresto ensurethathighlyradioactiveparticlesarenotreleasedinto Illinois waterways.



III. Conclusion

Thereis no scientificbasisfor removingall theprotectionsfor aquaticandterrestriallife

providedby thecurrentgeneraluseradiumwaterquality standard.If theBoardbelievesthe

recordis sufficient, modestchangesto thestandard,assuggestedabove,maybejustifiable. In

anycase,in futureproceedingsthe Illinois EPAandtheBoardshould assurethatradiumis not

releasedinto theenvironmentin any form thatposessignificantrisks.

DATED: December8, 2004

C thia SkrukrudPh.D.
Clean WaterAdvocate
Illinois Chapter,SierraClub
200 N. MichiganAve. Suite505
Chicago,Illinois 60601-5908
312-251-1680

F. Ettinger
ELPCSeniorAttorneyand WaterIssues
Coordinatorfor theIllinois ChapteroftheSierra Club

StaffAttorney
EnvironmentalLaw & Policy Center
35 EastWackerDrive, Suite1300
Chicago,IL 60601
312-795-6500
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Literature Review
Radium in Water, Sediments & Biota

Doug Leeper
12 December. 2002

Al-Masri, M.S. and Blackburn, R.. 1999. Radon-222 and related activities in surface waters of the English Lake District.
Applied Radiation and Isotopes 50: 1137-1143.
Filtered water samples from 9 English lakes yielded 226Ra activities fm below detection

level to 9.6 mBq/L (0.26 pCi/L).

Barisic, D. , Lulic,S. and Miletic, p. 1992. Radium and uranium in phosphate fertilizers and their impact on the radioactivity
of waters. Water Research 26: 607-611.
Analysis of water, ground water, fertilizers used in Eastern Slavonia.
Typical fertilizer has Ra-226 activity of 4.5 dpmig dry and higher levels of U-238.

Bird, G. A, Schwartz, W.J, and Motycka, M. 1998. Fate of 60Co and 134Cs added to the hypolimnion of a Canadian Shield
lake: accumulation in biota. Canadian Journal of Fisheries and Aquatic Sciences 55: 987-998.
Added cobalt and cesium to Lake 226 in the ELA-measured fate in biota.
Mussel species: Anodanta grand/s grandis
“Clams accumulated relatively high concentrations of the radionuclides (Figure 4) compared to the other biota. Initialy, more ‘°Co

than IMCs was accumulated by the clams, which may reflect the fact that 60Co is particle bound whereas 134Cs tends to
remain in solution.”

Cite Ophel and Fraser (1971) who reported high concentration of 60Co in Eli/ptb sp.
Moderate to high levels measured for mussels, periphyton, Potamogeton, Hyaleiia, odonates and tadpoles.

Brenner, M., Peplow, A J., and Scheiske, C. L. 19.94. Disequilibrium between ~6Raand supported 2lOPb in a sediment core
from a shallow Florida lake. Limnology and Oceanography 29: 1222-1227.
Lake Rowell (north FL, Bradford County)
~6Rain surface sediments = —13 dpm/g dry based on grab sample.
Took core and found surface activity was 22.6 dpm/g dry (higher than other FL lakes surveyed at the time of the paper).
Total P and 226Ra correlated: r=0.97; suggests erosion or wash-in of “geologic material

rich in both Ra and total P’. Samples from creek inflow support this.

~°Rain Mollusc Shells collected just downstream: Corbicuia 1.3 dpm/g dry
Unionids 2.5
Pomacea 7.8

Brenner, M., Whitmore, T. J., Cutis, J. H. and Schelske, C. L. 1995. Historical ecology of a hypereutrophic Florida lake. Lake
and Reservoir Management 11:255-271.
Lake Hollingsworth data.

Brenner, M., Whitmore, 1. J., and Schelske, C. L. 1996. Paleolimnological evidence of historical trophic state conditions in
hypereutrophic Lake Thonotosassa, Florida, USA.
Lake Thonotosassa data.

Brenner, M., Schelske, C. L and Whitmore, T. J. 1997. Radium-226 stratigraphy in Florida lake sediments as an indicator of
human disturbance. Verh. Internat. Verein. Limnol. 26: 809-81 3.
Core data from 8 FL lakes showing Total P concentration and Ra-226 activity.
Correlation between P and Ra suggests common delivery mechanisms;increases upcore suggest anthropogenic cause. Could

include construction of buildings and roads, plowing for agriculture and phosphate mining.
Note: Most cores show upcore increase in Ra and levels < 10 dpm/g dry; some show mid-core peaks (Thonotasassa —3odpm/g

dry).
Lake Rowell had surface Ra activity of —23 dpm/g dry (—10 pCi/g).

Brenner, M., Smoak, J. M., Allen, M. S., Schelske, C. L., and Leeper, D. A. 2000. Biological accumulation of~6Rain

groundwater-augmented Florida lake. Limnology and Oceanography45: 710-715.

1999 sanipies

‘26Ra Sediment —27 dpm/g dry —12 pCi/g dry
(sediment value from Brenner and Whitmore 1999)

‘~6Ra Well (mean of 4 values) 6.2 dpm/L 2.8 pCi/L
Lake (mean of 3 values) 3.4 1.5 pCi/L (U.OOl5pCi/g)

N/tel/a 12.0 dpm/g dry5.4 pCi/g dry



Pomacea Shell 10.2 4.6
Planorbe/Ia Shell 3.9 1.8
Planorbe/ba Tissue 1.8 0.8
Mussel Shell 38 17
Mussel Tissue 356 160
(mussel values are mean of 4 separate samples)

FLGar Bone 3.2 * 1.4 *

Fillet nd nd
Bluegill Bone 6.5 * 2.9 *

nd nd
Bass Bone 2.1 1.0

Fillet nd nd
Lake Chub. Bone 26.6 12.0

Fillet 0.6 0.3
Redear Bone 7.3 * 3.3

Fillet nd nd
Brown Bone 4.0 * 1.8
Bullhead Fillet . nd nd

nd = not detectable
* = fish bone data expressed as activity/g ash

Concentration factors (CF, based on activity in lake water = 0.0015 pCi/g):
Mussel shell (l7pCi/g dry) CF 11,333 io~
Mussel tissue (160 pCi/g dry) 106,667 io~
Mussel tissue (—16 pCi/g wet) 10,667 io~

Brunskill, C. J. and Wilkinson, P. 1987. Annual supply of 238U, 23
OTh,

226
Ra, 2lOPb, 210Po, and 232Th to Lake 239 (Experimental

Lakes Area, Ontario) from terrestrial and atmospheric sources. Canadian Journal of Fisheries and Aquatic Sciences 44
(Supplement No. 1): 21 5-230.
Some information on movement of dissolved radium.

Burnett, W. C., Cowart, J. B., and Chin, P. A. 1987. Polonium in the surficial aquifer of west central Florida. Pages 251-269,
in Graves, B. (ed.), Radon, radium and other radioactiyity in ground water. Lewis Publishers, Inc., Chelsea, Michigan.
Relatively high polonium-210 levels in shallow wells sampled in central Florida.

Byrne, M., and Besk, P.A 2000. Elemental composition of mantle tissue granules in Hyridella depressa-(Unionidae) from
the Hawksbury-Nepean River system, Australia: inferences from catchment chemistry. Marine and Freshwater Research 51:
183-192.
Used x-ray microanalysis to determine elemental composition of CaP granules in mussel mantle tissue. Includes discussion of the
possible role of the granules.
Cherry, R. D. 1964. Alpha-radioactivity of plankton~ Nature 203: 139-143.
Total alpha-activity in marine plankton from samples in Indian? Ocean.

Zooplankton Range: 1.8-12 pCi/g dry
4.0-26.6 dpm/g dry

Phytoplankton Range: 3.4-95.5 pCi/g dry 7.5-212 dpm/g dry

Clifford, D. A. 1990. Removal of radium from drinking water. Pages 225-247, in Cothern,C~R,and Rebers~P.A. (eds.),
Radon, radium and uranium in drinking water. Lewis Publishers, Inc., Chelsea, Michigan.
Not much
Clulow, F. V., Dave, N. K., Lim, T. P., and Cloutier, N. R. 1988. Uptake of ‘26Ra by established vegetation and black cutworm

larvae, Agrotis ipsilon (Class Insecta: Order Lepidoptera), on U mill tailings at Elliot Lake, Canada. Health Physics 55: 31.35.

Cutworm Ra-226 levels (—7 dpm/g dry) considered to be too low to be a hazard to herring gulls that may feed on the insects.
Clulow, F. V., and Pyle, G. G. 1997. Radium-226 equilibrium between water and lake herring, Coregonusartedi4.tissues
attained within fish lifetime: confirmation in this species of one assumption in the simple linear concentration factor model.
Environmental Pollution 96: 75-78.
Test of achievement of equilibrium (an assumption of a simple concentration factor

model) between environmental compartments and body tissues of lake herring from Quirke Lake.

Muscle —0.07 pCi/g dry max
Bone . —0.5 max (3 other samples —<0.24 pCilg dry)



Clulow, F. V., Clouteir, N. R., Dave, N. K., and Lim, T. P. 1996. Radium-226 concentrations in faeces of snowhoe hares,
Lepus ameijcanus, established near uranium mine tailings. Journal of Environmental Radioactivity 3: 305-314.
Terrestrial study.

Clulow, F. V., Dave, N. K., Lim, T. P., and Avadhanula, R. 1998. Radium-226 in water, sediments, and fish from lakes near the
city of Elliot Lake, Ontario, Canada. Environmental Pollution 99: 13-28.
Measured Ra-226 in water, lake sediments, fish bone, and fish muscle from 5 study and 2 control lakes near U mining and milling
operations and control area in Ontario, Canada.

Water (dissolved) Control 0.2 pCi/L max
Study 2.0 max

Sediments Control 9.1 pCi/g dry max
Study 42.8 max

Fish Bone Control 0.4 pCi/g dry max
Study 2.0 max

Fish Muscle Control 0.2 pCi/g dry max
Study 0.1 max

Clulow, F.V., Dave, N. K., Lim, T. P., and Avadhanula, R. 1998. Radionuclides (lead-210, polonium-210, thorium-230, and -

233) and thorium and uranium in water, sediments, and fish from lakes near the city of Elliot Lake, Ontario, Canada.
Environmental Pollution 99: 199-213.
Companion study to Clulow et al. (1989) paper on Ra-226 levels.

Clulow,F. V., Dave, N. K., Lim, T. P., and Cloutier, N. R. Date Unkown. U- and Th.series radionuclides in snowshoe hare
(Lepus aniericanus) taken near U mill tailings close to Elliot Lake, Ontario, Canada. Environmental Pollution X: 23.281.
Analyzed bone tissue samples. Radionuclide activity at levels thought to be below effects threshold for mammals.
GET HIS PAPER ON BEAVE RA LEVELS

Coats, B. 2002. Lake warning: please don’t eat the mussels. Published December 13, 2002 in the St. Petersburg Times, St.
Petesburg, Florida.
Popular article on lake radium data for P886 study. Includes a recommendation from me that mussels should not be consumed.

DeBortoli, M. and Gaglione, P. 1972. Radium-226 in environmental materials and foods. Health Physics 22:43.48.
Data for4 Italian lakes, including Lake Maggoire

~6Ra Water 0.16 pCi/L
Fish (Perca) 0.001-0.003 pCi/g fresh

Ehlers, S. 1972. Fresh water clams. Florida Wildlife 26: 14-19.
Popular article on potential food value of Corbicuba man/lens/s. Includes recipes.

Emerson, S~,Broeker, W., and Schindler, D. W. 1973. Gas-exchange rates in a small lake as determined by the radon
method. Journal of the Fisheries Research Board of Canada 30: 1475-1 484.
Studied gas exchange of Lake 227 in the ELA by adding sufficient radium-226 (9.7mCi) to bring th~level to —200 dpm/L (—90 pCi/L).
One month after addition, levels were low - radium taken up in littoral zone
See Emerson and Hesslein (1973) for report on fate of the radium.

Emerson, S..and Hesslein, R. 1973. Distribution and uptake of artificially introduced radium-226 in a small lake. Jourñalof
the Fisheries Research Board of Canada 30: 1485-1490.
Radium-226 added to Lake 227 in ELA in 1970 to study gas exchange (see Emerson et al. 1973). Expected radium to stay in

solution, but it did not - the study was undertaken to evaluate fate of the radium.
Results: Ra taken up by epilithic community (which is mostly diatoms) in the littoral zone. Confirmed epithilic uptake of radium at

natural levels in two other lakes (Lakes 239 and 240). So, the deposition seems to be associated with the living biofilm,
rather than physical/sediment process, but. not enough data to fully confirm.

Photosynthesis experiment showed no correlation between photosynthesis and radium uptake, so the accumulation may be
adsorption, ratherthan uptake.

They note that fall turnover may redistribute radium from littoral zone to deeper areas.

Environmental Science and Engineering, Inc. 1985. Ecological considerations of reclaimed lakes in central Florida’s
phosphateregion, Vols. I and II. Publications Number 03-01 8-029 and 03-01 8-030 of the Florida Institute of Phosphate
Research, Bartow, Florida.
Data on radium in water, sediments and biota of reclaimed phosphate mine pits and a few natural’ Polk County lakes (Arietta,
Hollingsworth, Hunter) and a reservoir (Lake Manatee) in Manatee County.

Ra-226 in reclaimed vs. natural lakes not different. Note that water values are lower than at Round Lake where Ra-226 — 2.9 pCi/L.
Water Reclaimed Lakes 0.38 pCi/L mean 0.6 pCi/L max

Natural Lakes 0.35 pCi/L mean 0.5 pCi/L max



Ra-226 higher in sediments of reclaimed vs. natural lakes (based on geometric means)
Means listed here are arithmetic means.

Sediments Reclaimed 48.0 dpm/g dry(21.6 pCi/g dry) mean
Natural 6.0 dpm/g dry(2.7 pCi/g dry) mean

Agrico#2 100.5 dpm/g drymax for all sites

Zooplankton analyzed as pooled samples for each lake; assemblages were similar
among lakes (according to authors) and dominated by rotifers and copepod nauplli. Ra-226 significantly higher in zoops
from reclaimed lakes.
Zooplankton Reclaimed 1132 dpm/g drySl.0 pCi/g dry mean

Natural 72.8 dpm/g d1y32.8 pCi/g dry mean

Total Bethos (excluding Mollusca) did not differ between lake types.
Benthos Reclaimed 9.6 dpm/g dry4.3 pCi/g dry meanNatural 7.5 dpm/g dry3.4 pCi/gdry mean

Corb/cula was the dominant mollusk. Mollusc flesh typically had higher activity than shell.
Mollusca Medard Shell 0.70 dpmfg dryo.3 pCi/g dry

Flesh 9.8 dpm/gdry4.4 pCi/g dry
Arietta Shell 3.1 dpm/g dry1.4 pCi/g dry

Flesh 47.5 dpm/g dry2l.4 pCi/g dry
Hunter Shell 4.2 dpmlg dryl.9 pCilg dry

Flesh 2.4 dpm/g dry 1.1 pCi/g dry
Manatee Shell 0.4 dpm/g dryo.2 . pCi/g dry

Flesh 4.7 dpm/g dry2.1 pCi/g dry

Smaller fish (e.g., golden shiner, threadfin shad, mosquitofish) processeciwhole for Ra-226; larger fish separated into bone and flesh
—whole activity for larger fish also determine as weighted average of bone and flesh values. Forage fish had higher activites —

therefore no evidence for biomagnification.

Ra-226 detected in numerous flesh samples (unlike P886 data with no detects).
Fish Flesh Max Value Fl Gar 2.9 dpm/g dry 1.3 pCi/g dry

(Agrico#1)

Ra-226 detected in most fish bone samples. “In general, Ra-226 was higher in bone than in fish flesh.”
Fish BoneMax Value Chubs 29.4 dpm/g dry 13.3 pCi/g dry

(Arietta, which had relatively high values for manyspecies).

Plants as a group did not differ in Ra-226 activity between reclaimed vs. natural lakes.
Typha belowground tissue activity was higher in reclaimed systems, but above
ground was not Ra-226 activity typically above 1 pCi/g dry for above ground tissue. Some taxa in some lakes exceeded
1 OpCi/g dry (Lemna rn/nor, Hydil/a vetic/Ilata, Hydrocotyle umbe/late, Azolla, Eleocharis vivipara, & Najas quadalupensis)

Max Value Hydrilla Agrico#6 45.1 dpm/g dry2o.3 pCi/g dry

Max Value Lemna 30.0 dpm/g dryl3.5 pCi/gdry
Other Hydroco(yle 31.1 dpm/g dryl4.O pCi/g dry
Taxa Azobba 43.1 dpm/g dry 19.4 pCifg dry

Eleochar/s 41.5 dpm/g dry 18.7 pCi/g dry
Najas guada/up.. 26.6 dpm/g dry 12.0 pCi/g dry

Fanning, K. A, Breland, J. A., and Byrne, R. H. 1982. Radium-226 and radon-222 in the coastal waters of west Florida: high
concentrations and atmospheric degassing. Science 215: 667-670.
Data obtained from cruisesand sampling trips around Tampa Bay and selected rivers in 1980 and 1981.

~6Ra Tampa Bay surface waters - 1981 0.3-1.45 pCi/L
Peace River, 25 km upstream from mouth 0.45
Peace River, 35 km upstream from mouth 0.4
Alafia River, 8 km upstream from mouth 1.7

(Sam Upchurch, cited as pers. comm.)
Alafia River, at mouth, near fertilizer plant 2.5
(Sam Upchurch, cited as pers. comm.)

Little Manatee, 10 km upstream from mouth 0.8

Elevated levels attributed to the geology ofwest central FL (phosphate deposits). Also some input from geothermal spring
southwest of Ft. Myers.



FIPR (Florida Institute of Phosphate Research). 1986. Radiation and your environment: a guide to low-level radiation for
citizens of Florida. Publication number 05-000-036 of the Florida Institute of Phosphate Research, Bartow, Florida.
General discussion of radiation sources and risks.

Fisher, N.S., Teyssie,J. L., Krishnaswami, S. and Maskaran, M. 1987. Accumulation of Th, Pb, U, and Rain marine
phytoplankton and its geochemical significance. Limnology and Oceanography 32: 131 -142.
Lab study of radionuclide uptake. Based on the measured accumulation, they speculate that sinking plankton could account for

“roost of the natural series radionuclides sedimenting out of oceanic surface waters”.

Florida Sportsman On-Line. 2000. Curbing your mussel intake. Florida
Sportsman Casts, October 2, 2000. Web site: www.floridasporsrnan.com.
Popular article indudes recommendation that people not eat mussels regularly.

Frank, B.J, and Irwin, G.A. 1980. Chemical, physical, an radiological quality of
selected public water supplies in Florida, January-May 1979. Water Resources
Investigations 80-13. United States Geological Survey, Tallahassee, Florida.
Sampled 131 surface and groundwater public water supplies in 1979.

Gross-alpha <0.7— 8.2pCi/L Surface supplies
<3.7— 19.0 Ground water supplies

Harada, K., Burnett, W. C., LaRock, P. A., and Cowart, J. B. 1989. Polonium in Florida groundwater and its possible relation
to the sulfur cycle and bacteria. Chimica et Cosmochimica Acta 53: 143-150.

‘~6Ra 0.5 pCi/L Water from a single 5.5m deep well in SE
Hillsborough Co. Well has high Polonium and
Radon levels.

Hazardous Substance and Waste Management Research, Inc. 2000. Human health riskassessment and preliminary
ecologic evaluation regarding potential exposure to radium.226 in several central Florida lakes. Preparert.far the Southwest
Florida Water Management District, Brooksville, Florida.
Estimates of cancer morbidity and mortality risks associated with Ra-226 activities in

Round Lake water, the groundwater used to augment the lake, sediments from 2 paleolimnological cores, and biota
(including samples reported in Brenner eta!. 2000 and additional mussel samples).

Also includes riskassessments for Ra-226 activities in mussels from Lakes Armistead,
Jackson, Halfmoon, Saddleback, Panasoffkee,

Havlik, B. Radium in aquatic food chains: radium uptake by freshwater algae. Radiation Research 46: 490-505.
Lab uptake experiment. Some species absorb the radium, others adsorb it.
Discussion section begins with review of old reports on radium accumulation. One study cites accumulation in tubificids.

Heit, M., Klusek, C. S., and Miller, K. M. 1980. Trace element, radionuclide, and polynuclear aromatic hydrocarbon
concentrations in Unionidae mussels from northern Lake George. Environmental Science and Technology 14: 465-468.
Mussels (Lampsllus radiata, EI/Iiptio comp/anatus and Anodonata grandbs) from Lake George, NY shown to concentrate some metals

and radionuclides, and possibly some polynuclear aromatic hydrocarbons in soft tissues. No activity or concentrations
determined for shell material.

ElIiptbo comp/anatus (n=32)was the only taxon examined for radionuclide concentration: It accumulated radionuclides from weapons-
tests, but natural nuclides of the uranium-238 series (thorium-234, Pa-234m, radium-226, lead-214 and bismuth-214), the
thorium-232 series (Ac-238, lead-212, Tl-208) and potassium-40 were notdetected in mussel soft tissue.

Suggest that the unionids may be used for biomonitoring for metals and radionuclides.

Hesslein, R. H., Broecker, W. S., and Schindler, D. W. 1980. Fates of metal radiotracers added to a whole lake: sediment-
water interactions. Canadian Journal of Fisheries and Aquatic Sciences 37: 378-386.
Added several radiotracers (but not radium) to Lake 224 at the ELA, Ontario, Canda.
Isotopes that adsorb to particulate matter v~eremore readily transported to sediments than those in dissolved form.

Hesslein, R. H., and Slavicek, E. 1984. Geochemical pathways and biological uptake of radium in small Canadian Shield
lakes. Canadian Journal of Fisheries and Aquatic Sciences 41:459-468.
Added Ra-226 tofoür Canadian lakes in the 1970s.

Water in 1981 (range) 0.2- 0.4 pCi/L (an order of magnitude higher than values for 3 control lakes)
Plants: Lobe/ba, Er/coaubon and Potamogeton rapidly took up Ra when spiked Peaked within 20 days, stabilized in 3-4 mo.

Range: 0.3 1.4 pCi/g wet in L224

Lobe//a and Er/ocaubon averaged —1 pCi/g wet in L226.

Crayfish: peaked at —10 pCi/g wet
(Assuming a 10% wet/dry fudge factor peak would be —100 pCi/g dry)
(Range: —7 to 115 pCi/g dry based on fig. 3 & my fudge factor).

Fish: Ra accumulated by lake trout, white sucker, lake whitefish, pearl dace, northern redbelly dace, and fathead minnow.



Max value —0.03 pCi/g wet (whole fish?).
3-Step Process for Ra Fate & Transport

1. Rapid deposition in sediments.
2. Slower decrease associated with water renewal.
3. Long-term burial by sediment accumulation.

On p. 466 talks about the use of observed (Ca/Ra) ratios: “The fundamental principle irrthis~pproachis that radium (or strontium)
follows the same biological pathway as calcium but is favored or discriminated against to a greater or lessor extent in
different processes or organisms. The selection for or against radium as compared with calcium is expected to be greater
than for strontium because of the larger differences in atomicweight, radii, etc.’

Data suggests that “Radium is favored over calcium in macrophytes and crayfish but is discriminated against strongly in fish’. Fast-
growing fish or fish with lots of calcium in diet could be more influenced by Ra levels.

Low Ca and long water residence time in Canadian Shield lakes makes them susceptible to radium uptake from U mining in area.

Hesslein, R. H. 1987. Whole-lake metal radiotracer movement in fertilized lake basins. Canadian Journal of Fisheries and
Aquatic Sciences 44(Supplement 1): 74-82.
Isotopes of Se, Hg, St, Cs, Fe, Zn and Co added to the two separated basins of Lake 226 in the ELA, Ontario (this lake is Schindler’s

eutrophication study lake).

Holtzman, R. B. 1967. Concentrations of the naturallyoccuring radionuclides ~6Ra,210Pb and 210Po in aquatic fauna. Pages
535-546, in Helson, D. J., and Evans, F. C. (eds.), Proceedings of the Second National Symposium~onRadioe~ology,Ann
Arbor, Michigan.
Samples from fish store, biological supply houses, whale stomachs, etc.

226Ra 0.05 pCi/g ash Ocean fish-bone
0.0016 pCi/g wet Ocean fish-soft tissue
0.02 pCilg ash Great Lakes-pike bone
0.0002 pCi/g wet Great Lakes-pike soft tissue
0.04 pCi/g wet Clams-canned (from Japan)
0.00~ pCi/g wet Ca/anus sp.

Humphreys, C. L. 1987. Factors controlling uranium and radium isotopic distributions in groundwater of the west-central
Florida phosphate district. Pages 171-1 89, in Radon, Radium and Other Radioactivity in Ground Water: Hydrogeoiogic
Impact and Application to Indoor Airborne Contamination, Proceedings of the NWWA Conference, April 7-9, 1987, Somerset,
New Jersey. Lewis Publishers, Inc., Chelsea, Michigan.
Sampled 120 wells in central FL (SE Hillsborough, Polk, Hardee, DeSota, Manatee and Sarasota Couties). Samples collected from

land-pebble phosphate region (both mined and unmined areas) and from adjacent unmineralized area (southwestern
portion of study area) known to have high radium levels. Ra in unmineralized area considered to be secondary deposit of
mobile radionuclides from mineralized area — also influenced by salt content

~6Ra Mined Area Surficial 2.1 pCi/L (average)
Secondary artesian 3.5
Floridan 2.1

Unmined Area Surficial 3.5
Secondary artesian 3.6
Floridan 4.1

Unmineralized Surficial 10.4
Area Secondary artesian 7.8

Floridan . 5.8

International Atomic Energy Agency. 1992. Effects of ionizing radiation on plants and animals at levels implied by current
radiation protection standards. Technical Reports Series No. 332. Vienna, Austria.
Non-human effects associated with release of radionuclidesto surface waters (p. 40), based on fish consumption at rate of 100

kg/annually, water consumption at rate of 2L/day, and external exposure from contaminated sediments with an occupancy
rate of 2000 hours/annually.

Irwin, G. A. and Hutchinson, C. B. 1976. Reconnaissance water sampling for radium-226 in central and northern Florida,
December 1974- March 1976. U. S. Geological Survey Water Resources Investigations 76-103. U. S. Geological Survey,
Tallahassee, Florida.
Analyzed 115 water samples (mostly ground water, some surface samples, principally from Peace River drainage) from Hillsborough,

Pollç, Manatee, Hardee, DeSoto and a few north FL counties. Sampling was limited to areas of active phosphate mining
and areas of undisturbed phosphate deposits, so data may not be representative of areas without phosphate deposits.

11 of 13 Surface samples (exceptions - slime pit and a site in Little Charlie Creek) did riot exceed the state standard (3pCi/I at the
time of the report).
~6Ra Peace River surface water 0.12-1.5pCi/L

(mean of 13 sampl6s)
Alafia Riverat Lithia 0.06-0.53
Little Charlie Creek (Hardee Co.) 3.6



Ground Water samples (filtered, unacidified) in Hills Co.226Ra 31 ft deep 0.2 pCi/L SA (surficial aquifer)
17 4.5 SA
11 1.5 SA
22 0.2 SA
22 0.29 SA
17 0.2 SA
826 0.06 UF(upper Floridan)
160 0.24 UF
22 0.32 SA
23 0.2 SA
60 1.6 UF
22 0.94 SA

Ground Water samples (filtered, acidified) in Hills. Co.226Ra 160 ft 20.0 pCi/L
826 0.14

Jeifree, R. A. and Simpson, R. D. 1984. Radium-226 is accumul~tedin calcium granules in the tissues of the freshwater
mussel, Velesunio angasi: support for a metabolic analogue hypothesis. Corn paritive Biochemistry and Physiology 79A: 61-
72.
Dissected and dried various tissues from 3 mussels collected from Georgetown and Corndorl Billabongs in the Magela Creek system,

close to the Ranger Uranium minesite. -

Concentration of radium-226 correlated with concentrations of alkaline earths (Ca, Mg and Ba) indissectedlissues.
Ra, Ca, Ba varied by an order of magnitude among tissues. Mg varied by factor of 2.226Ra Visceral mass 266.4 dpm/g dry (maximum value)

Visceral mass had highest activity in 2 of the 3 individauls — gut & contents?
Gills & mantle also relatively higher than foot, adductor muscles and kidney/heart.

Alpha track autoradibgraphy, electron microprobe analyses, x-rayanalysis and histological studies sfiowRa, Ca, Mg and Ba are
mostly located in granular deposits dispersed through the body.

Granules ma~iaccumulate radium and act as store of exchangeable Ca. Also U-234, U-238, Th-230, Po-21 0 and Po-21 8 (Jeffree,
unpublished data). So, they may serve as end sites for immobilization of metals for excretion and source of calcium for
shell deposition.

Electron microprobe analysis peaks indicate that granules contain calciunTphosptrat~anttratiiump’ausphate~
Cite Davy and Conway (1974) which reported lower Ra-Ca ratio in shell vs. mantle tissue - indicates possible selective retention of

radium in body fluids and return to granules; also lower solubility of radium phosphate, relative to calcium phoshpate may
lead to selective retention in granules.

Jefiree, R. A. 1985. The accumulation of radium-226 by populations of the freshwater mussel, Velesunio angasi, from the
Alligator Rivers Uranium Province, Northern Territory, Australia. Verhandlungen Internationale Vereinigung Theoretische
und Angewandte Limnologie 22: 2486-2492.
Radium-226 in mussels collected from billabongs (isolated river pools) in Magela Creek of the Alligator Rivers system in Australia.

Georgetown Billabong receives nartural Ra-laden seepage from Ranger ore body.
Soft tissue samples dried at 70C for 12 hrs and radium-226measured by the Lucas radon emanation method. Also measured Ca

concentrations.
Size and Ca levels significant predictors of radium-226 levels. Mg signficant in one bilabong. Sex was not a significant predictor of

radium level.
So this mussel accumulates radium as it grows/ages.

226Ra Georgetown Billabong Water 5 pCi/L
Corndorl Billabong Water <0.5
Mudginberri Bililabong Water <0.5

Mussel SoftTissue 2.1-92.2 pCi/g dry
77-3415 mBqfg dry
4,7-204.7 dpm/g dry

Ca Mussel Soft Tissue 10.1-94.8mg/g dry
(most <30)

Mg Mussel Soft Tissue 0.65-2.60 mg/g dry
(most <1.5)

Jeifree, R. A. and Simpson R. D. 1986. An experimental study of the uptake and loss of Ra-226 by the tissue of the tropical
freshwater mussel Ve!Osunio angasi (Sowerby) under varying Ca and Mg water concentration. Hydrobiologia 139: 59-8&
Exposed mussels to waterwith up to 50 pCi/L radium-226. Mussels accumulated radium up to 168-288 dpm/g dry (76-130 pCi/g

dry).
Accumulation rate is linear with respect to period of exposure (28 and 56 day periods).
Size and sexdo not affect accumulation rate.
Calcium in water possibly, competitively inhibits radium accumulation, suggesting Pals metaboiicanalogueof Ca; Mg inhibition

probably a different mechanism.



Biological half-life for Ra-226 is high in mussel soft tissue. Followed radium concentrations in experimental animals for up to 81
days-no decline in activity; also monitored non-experimental animals (with field-accumulated radium levels) for up to 286
days, and in a second experiment for 195 days - animals lost mass, but adjusted radium activity did not change, /.e. there
was no loss of radium.

Most Ra taken directly from water (at least under experimental conditions - this conclusion needs more support).

Jeffree, R. A. 1988a. Experimental comparison of radium-226 and calcium-45 kinetics in the freshwater mussel, Velesunio
angasi. Verhandlungen Internationale Verieinigung und Angewandte Limnologie 23:-2t93~2201.
During laboratory incubation in Ca and Pa-free water for up to 175 days, mussels lost Ca, but not Ra.
Mussels in food (Chiamydornonas) vs. no food treatments did not differ in Pa levels - concluded uptake is principally from water

rather than food... (I hypothesize that phytoplankton maybe a major source of Ra - according to other studies, plankton
and particulate matted do scavenge/accumulate radium from the water column).

Jeffree, R. A. 1988b. Patterns of accumulation of alkaline-earth metals in the tissue of the freshwater mussel Velesunia
angasi (Sowerby). Archive für Hydrobiologie 112: 67-90.
Collected animals from 3 billabongs in the Magela Creek system, Australia

Maximum Ra-226 tissue concentration = —210 dpm/g dry Mudginberri Billabong)
Ra-226, Ba and Ca tissue concentrations are correlated with size; Mg concentration is not.
Positive correlation of Ra and Ba with Ca indicates support for metabolic analogue theory.
Accumulation rates: Ra>Ba—Ca>Mg correlate with stability constants of the hydrogen

phosphates of the alkaline-earth metals, supporting hypothesis that differential rate of retention of earth metals in granules
is related to theirsolubility. - - -

Jeifree, R. A. 1991. An experimental study of ~6Raand ‘~Caaccumulation from the aquatic medium by freshwaterturtles
(fam. Chelidae) under varying Ca and Mg water concentrations. Hydrobiologia 218:205-231.
Exposed snapping turtles to water with radium activity similar to Magela Creek for up to 30 days to evaluate uptake since turtles are

included in diets of aboriginal peoples.
Levels of radium in treatment animals were higher in skin, bone and shell vs. control animals.
“The capacity of E. dentata to accumulate ~°Rafrom the aquatic environment is about two orders of magnitude [actually a factor of

80] less than that of the tissue of the freshwater mussel Ve/esunio angasi (Sowerby) exposed under similarexperimental
conditions.’

Explanation: mussel skin more permeable, and they tend to accumulate radium in granules.

- Joshi, S. R. 1984. 137Cs, 226Ra and total U in fish from Lake Ontario, Erie, Huron, and Superior during 1976.1982. Water
Pollution Research Journal of Canada 19:110-119.
Fish collected from several of the Great Lakes.

~6Ra Rainbow Trout 0.07 pCi/g fresh maxium; ata river mouth
- 0.02 average

Justyn, J. 1973. Uptake of natural radioisotopes by aquatic organisms. Hydrobiological Studies 3: 145-1 71.
Paper on Ra accumulation in aquatic biota under natural conditions in an experimental

cascade below the outfall of an abandoned U mine and in other areas in Czechoslovakia.
“High cumulative capacities.found especially in filamentous algae, plankton, Btyophyta and several species of higher aquatic plants.’

~6Ra mine area water 292 pCi/L maximum

Plankton 9500 pCi/g of ash maximum -

21,090 dpm/gofash

Glyceria aquatica 14,540 pCi/g of ash
(plant in pond 32,279 dpm/g of ash
-(receiving mine (1454) pCi/g dry solids
effluent; 3228 dpm/g dry solids
192 pCi/L in water)

Hard to get data out of the paper.

Kada, J. and Heit, M. 1992. The inventories of anthropogenic Pb, Zn, As, Cd, and the ràdionuclides 137Cs and excess 210Pb
in lake sediments of the Adirondack region, USA. Hydrobiologia 246: 231-241.
Nothing

- Kaufmann, R. F. and Bliss, J. D. 1977. Effects of phosphate mineralization and the phosphate industry on radium-226 in
ground water of central Florida. EPAI52O-6-77-010. U. S. Environmental Protection Agency, Las Vegas, Nevada.
Analyzed available water table, Upper and Lower Floridan Ra-226 data from 1966 and 1973-1 976 for Polk, Hardee, Hillsborough,

Manatee and DeSoto Counties.
Water table aquifer in mineralized, unmined areas: geometric mean Ra-226 = 0.17 pCi/L; in mineralized, mined areas geometric

mean Ra-226=0.55 pCi/L.
Upper Floridan: poorly documented
Lower Floridan: three populations, 0.7, 3 and 10 pCi/L
Floridan levels in Manatee and Sarasota are elevated: Manatee mean 4.52 pCi/L vs 1.23 in water table wells. Sarasota mean 15

pCi/L in water table and 7.5 pCi/L in Floridan
Notes that data is marginal in terms of number and distribution of sites.
See Kaufmann and Bliss (1978) for publication containing same data.

Kaufmann, R. F. and Bliss, J. D. 1978. Radium-226 in ground water of west central Florida. Water Resources Bulletin 14:
1314.1330.



Data from 1966 and 1973-1 976- see Kaufmann and Bliss (1977).

Kernaghan, N.J., Ruessler, D.S., Miles, C.J., and Gross, T.S. Date Unknown. Bioaccumulation of methyl mercury by the
freshwater mussel, Elliptio buckleyl United States Geological Survey, Center for Aquatic Studies. -

Lab study of mercury-accumulation from water and food (algae). Animals were collected from UF Fisheries Department experimental
pond in Gainesville. -

Llewelling, B. R. and Wylie, R. W. 1993. Hydrology and water quality of unmined and reclaimed basins in phosphate-mining
areas, west-central Florida. U.S. Geological Survey Water-Resources Investigations Report 93-4002.

~6Ra 0.07-1.2 pCi/L Creeks in unmined basins in 1988-1990
- Hillisborough, Polk and Hardee

- Counties
<0.02-0.6 Creeks in mined basins in 1988-1 989 -

- Hillsborough, Polk and Hardee
- Counties

Lucas, H. F., Jr., Simmons, D., Markun, F., Farnham, J. and Keenan, M. 1979. Radon and radium retention by bluegill.
Health Physics 36:147-152. - -

Injected radium into bluegill and measured bone and scale content using autoradiography.

Lyman, G. H., Lyman, C. G., and Johnson, W. 1985. Association of leukemia with radium groundwater contamination.
Journal of the American Medical Association 254: 621-626.

Groundwater supplies sampled in 27 counties by State (for another studr?).
Hillsbrough Qounty identified as a county with “low” Ra exposure (see Fig. 2).
Polk, Hardee, Manatee, and Sarasota Counties were designated as areas -

of “high” exposure. Note other counties were included-in study. -

Contrasted leukemia incidence in high vs. low-exposure counties and found significant difference.

Mahon, D.C. 1982. Uptake and translocation of naturally-occurring radionuclides of the uranium series. Bulletin of.
Environmental Contamination and Toxicology 29: 697-703.
Sampled systems in British Columbia, Canada where naturally radioactivity is high.
Aquatic Food Chain226Ra Water <0.02 pCi/L

Sediments 2.2 pCig dry
Algae 0.02 -

Zooplankton 0.3
- - Pis/dium (clam) - 0.3 - - -

Rainbow Trout Meat <0.002
Bone 0.02

Finescale Sucke Meat <0.002 -

- - Bone 0.02 -

Makarevich, T. A., Ostapenya, A. P, and Pavlyutin, A P. 1996. Role of periphyton in the migration of radionuclides in a lake
ecosystem. Hyrobiological Journal 32: 58-64. - - -

Measured 137Cs and IMC5 in Belorussian lake contaminated by Chemobly accident
Periphyton shows highest activity (vs. filamentous green algae, Glyceria max/ma, Carex, dragonfly nymph, “big-pond snail”, and
Chaoborina).

Marsteller, D. 2002. Park’s contamination level overstated, officials say. Published March 29, 200. Braderiton Herald,
Bradenton, Florida. -

Article noting that EPA officials identified errors in a draft report, issued in 2001, on radioactive metals and heavy metals at Tenoroc
Fish Management Arrea in Polk County. - - -

Michel, J. and Jordana, M.J. 1987. Nationwide distribution of Ra-228, ra-226, Rn-22, and U in groundwater. Pages 227-240,
in Graves, B. (ed.), Radon, radium, and other radioactivity in ground water. Lewis Publishers, Inc. Chelsea, Michigan.
Used ofa variety of federal and state data to assign risk for each US county of radon,

radium-226 and uranium in groundwater serving as water supply. -

Potential risk zOnes for Ra~226include west-central FL, Appalchians, upper Midwest,
Rocky Mts., and Sierra/Coastal ranges.

Miller, R. L. and Sutcliffe, H., Jr. 1985. Occurrence of natural radium-226 radioactivity in ground water of Sarasota County,
Florida. Water Resources Investigations Report 84-4237. Prepared in cooperation with Sarasota County, Florida. U. S.
Geological Survey, Tallahassee, Florida. - -

Highest levels seen in the intermediate aquifer; max value = 110 pCi/I in a saline sample. Apparently mineralized water (marine-like
from saltwater encroachment or calcium magnesium strontium sulfate bicarbonate type)causes elevated radium levels.

Miller, R. L., Kraemer, T. F., and McPherson, B. F. 1990. Radium and radon in Charlotte Harbor estuary, Florida. Estuarine,
Coastal and Shelf Science 31: 439-457.



Collected water samples from Charlotte Harbor (and lower Peace and Myakka Rivers) for radium-226 anttradorranalysis. Also
- measured Ra activity in oysters shells. -

Wateractivities highest in upper estuary/tidal river reaches vs freshwater reaches and Gulf of Mexico/Lower estuary. - -

Radium-226 activity in water “can exceed 500 dpm/100L, and activities above 150 dpm/L are common”. Maximum was 548
dpm/100L in tidal Myakka River. Note 500 dpm/100L = 22.5 pC/L; 100 dpm/100L= 4.5 pCi/L,

226Ra 0.1-0.2 pCi/L Peace River atState Road 761 1983-1 984
- See Table 1. -

0.5-1.0 Peace River near mouth 1982-1 984
SeeTablel

~6Ra - 0.07-3,6 dpm/g OYSTER SHELLS (dried; collected live)
0.03-1.66 pCi/g Highest values measured in tidal reaches of Peace and Myakka Rivers. See

Figure 7, p. 451. Peakvalues was atMyakka site.

Mirka, M. A., Clulow, F. V., Dave, N. K., and Lim, T. P. 1996. Radium-226 in cattails, Typha Iafifolia, and bone of muskrat,
Ondatra zibethica (L.), from a watershed with uranium tailings near the City of Elliot Lake, Canada. Environmental Pollution
91: 41-51.
Radium in cattails and muskrat bone near Quirke Lake, Canada (and at sites nearby and some distance away-controls). Note that

muskrats are herbivorous and Typha is an important food and nesting plant for the species.

~6Ra Study Area-High
2-26 pCi/L - Water
33.1 dpm/g dry Typha (whole plant) =14.9 pCi/g dry;
16.6 dpm/gdryleaves -

14.9 dpm/g drystems
68.1 dpm/g dryroots

20.6 dpm/g dryMuskrat bone = 9.3 pCi/g dry

Study Area-Low (Dunlop and Elliot Lakes)
0.2-2 pCi/L Water
Not sampled Typha
4.9 dpm/g dryMuskrat bone = 2.2 pCi/g dry -

- Local Control Site -

- 0.2 pCi/L Water -

1.3 dpm/g dry Typha (whole plant) 2.6 pCi/g dry

4.7 dpm/g dryMuskrat bone = 2.1 pCi/g dry

- Distant Control Site
0.2 pCi/L Water
0.9 dpm/g dry Typha (whole plant) = 0.4 pCi/g dry

- 0.09 dpm/g dry Muskrat bone = 0.04 pCi/g dry

Did dose estimate for consumption of muskrat and found to be OK.

Montalbano, F., III, Thul, J. E., and Boich, W. E. 1983. Radium-226 and trace elements in mottled ducks. Journal of Wildlife
Management 47: 327-333 - - -

Collected 20 mottled ducks from settling basin near Bartow and 10 ducksfrom
Lake Okeechobee in 1980. Also collected a substrate sample (composite from 3 sites) atsettling pond

~°Ra - 21.0 pCi/g dry Settling pond sediment
- - - composite sample -

23.8 pCi/g dry Mean for 10 othercentral Fl
- phosphate settling areas reported by

- (Roessler et al. 1979).
0.003 pCi/g wet Duck muscle (reported as 3.08 pCi/kg wet) from settling pond on

phosphate mine near Bartow
0.0009 pCi/g wet Duck muscle (reported as 0.86 pCi/kg wet) from Lake Okeechobee

Used water radium standard (5 pCiIL) and water consumption rate (1.2 L/day) to estimate that an individual would ingest 2190 pCi/yr.
“To obtain a similaramount from eating contaminated duck flesh, itwould be necessary to eat 1.95 kg of duck/flesh/day.

Therefore, levels of ~6Rathat might be ingested with mottled duck flesh are insignificant.’

Morales, D., Bolch, W.E., Jr., de Ia Cruz, J., and Nail, W. 2002. Dose potential fro
Consumption of select radionUclides(ra-226, Pb-210) and metals 4Cd, Hg,Ph)in
central Florida phosphate mineralized region freshwater fish protein, final report.



Prepared for the Florida Institute of Phosphate Research, Bartow, Florida.
Analyzed samples of 5 fish species from four 4 unreclaimed lakes (Floral Lake-augmented, Saddle Creek, Dover Park & Tenoroc

Lake #5), 2 reclaimed lakes (IMC Fort Green #845 & Medard Park ), 3 natural lakes (Lake Arietta, Lake Hunter & Walk-in-
Water), and I reservoir (Lake Manatee).

Bass, catfish and tilapia subsampled fillets for analysis. Panfish specimens too small to fillet were scaled, finned, beheaded and
butterflied, so some bone material was included.

Ra-226 found in all species in all lakes. Non-detect (215 of434 samples) were assigned a value of one-halfthe detection limit.
Mean for 434 samples 0.028 pCi/g wet

0.062 dpm/g wet

Range for all samples 0.0004 — 0.392 pCi/g wet
0.0009-0.87 dpm/g wet

Data from P886 study indicates dry mass for fillets is —20% of wet mass and dry mass for bone tissue is —30% of wet mass. Using a
20% conversion factor, the mean Ra-226 activity of 0.028 pCi/g wet = 0.31 dpm/g dry and the range = 0.0045-4.4 dpm/g
dry.

See report for data on individual lakes and species and Pb-21 0 data.

Moura, G., Guedes, R., and Machado, J. 1999. The extracellular mineral concretions in Anodonta cygnea (L.): differenhlypes
and manganese exposure-caused changes. Journal of Shellfish Research 18: 645-650.
Review in Introduction section covers use of granules for storage of insoluble Ca for shell production. May also be used for pH

buffering, and detoxification of heavy metals.

Muncaster, B.W., Hebert, P.D.N., and Lazar, R. 1990. Biological and physical factors affecting the body burden of organic
contaminants in freshwater mussels. Archive of Environmental Contamination and Toxicology 19: 25-34.
Review of mussel accumulation of toxic compounds. Discussion section includes

review of size/body burden relationships.

Myers, 0. B., Marion, W. R., O’Meary, T. E., and Roessler, G. S. 1989. Radium-226 in wetland birds from Florida phosphate
mines. Journal of Wildlife Management 53: 1110-1116.
See O’Meary etal. (1986) report. -

National Council on Radiation Protection and Measurement. 1991. Effects of ionizing radiation on aquatic organisms.
NCRP Report No. 109. Bethesda, Maryland.
NEED TO LOOK AT.

O’Meary, 1. E., Marion, W. R., Roessler, C. E., Roessler, G. S., Van Rinsfelt, H. A., and Myers, 0. B. 1986. Environmental
contaminants in birds: phosphate-mine and natural wetlands. University of Florida, Gainesville, Florida. Prepared for the
Florida Institute of Phosphate Research, Bartow, Florida, FIPR-05-003-045. -

Measured radium-226 and trace elements in four bird species (double~crestedicoffnarants.common moorhens, wood ducks, and
mottled ducks) in settling area wetlands from mined areas and un-mined areas (Lakes Newnans, Orange and Kissimmee)
in north and central FL. -

Measured soft tissue (muscle, liver, kidney) and bone activity (muscle sampled from -

wood and mottled ducks only).
Also collected water and substrate samples and diet items (plants, inverts and fish).
Tissues freeze-dried and ground; bone and fish samples were ashed. - -

Also submitted some samples to a commercial lab. -



Calculated annul radiation doses to individuals assuming a conversionfactorofi.I x 10~mrem/pCi ingested.

Mean ~6Ra Substrate Central 0.2 pCi/g dry Control
23.4 - Settling

North 1.4 Control
14.7 - Settling

Water-TotCentral 0.08 (0.09) pCi/L - Control
2.0 (24) Settling

North 0 Control
- 0.4 Settling

o = commercial lab -

Bird -Bone Central 0.05-0.3 - pCi/g ash Control
0.5-4.4 Settling

- North 0.2-0.7 Control
0.2-1.9 Settling

Bone of ducks had higher leyels than cormorants of moorhens; possibly -

due to diets or ingestion of sediment? - -

Duck Muscle Central 0.01 pCi/g ash Control
0.2 Settling

North 0.002 Control
0.009 - Settling

Diet? Central 0.1 pCi/g dry Control
- 0.4 - Settling

North - 0.03 Control
1.2 - Settling

Duck bone - (0.3) pCifg ash Control
(1.1) - Settling
(0.1) pCi/g dry Control

- (2.4) Settling
O=commercial lab

Central Green Algae 9 - - pCi/g dry Settling
Duckweed 9 Settling
Hydrilla 5.5 Settling
Watergrass - 0.2 Control
Wild celery 0.1 Control

Central Bladderwort 4.2 Settling
- Spatterdock 0.02 Control

Brasenia 0 Control -

Duckweed 0.35 - Control
North Hydrilla 1 Control

Central Bryozoan 1.6 pCi/g dry Settling
Pomacea 0.2 Control
Planorbid 0.1 Control

- , Beetle 0.6 Settling
Sunfish 0.03 Control

Sunfish 0.1 - - Settling
Gambusia 0.4 Settling

North Planorbid 0.05 Control
Shad 0.05 Control

Cranefly 1.6 Settling

Fish data are for whole fish.

Radiation dose to humans: assume consumption of 1.5 kg/yr and a maximum intake of 10 kg/yr. Dose from radium-226= 0.001
mrem/yr from northern Fl control areas to 0.01 mrem/yr for consumers of ducks from central FL settling areas.

Refers to Stabin (1983) who derived working value of 3 mrem of radium-226 per year of 2700 pCi per year.

“More recently the Standards Committee of the Florida Phosphate-related Radiation Task Force (1984) has recommended 500
mrem/yras the appropriate standard for all exposure of individuals of the general public and has suggested that intake of
radium-226 be limited to 20 pCi/day. If the intake permitted by the Drinking Water Standard (10 pCi/day, Environmental
Protection Agency 1976) is subtracted, this corresponds to 10 pCi/day (3700 pCi/year) or 5 mrem/year from ingestion



sources other than drinking water” -

“...at the maximum average concentration of 6 pCi/kg that we found, it would require an intake of over 450 kg/year (980 pounds/year)
to achieve an annual effective dose eqyivalent of 3 mrem. Thus, even at maximum hypothesized consumption rates,
waterfowl meat from settling ponds would not represent a health risk to humans.’ -

it is unkown whether the observed radium concentrations in bird bone would constitute a health hazard to birds.”

Note: values in report are greater, but same order of magnitude as those reported by Montalbano eta!. (1980).

Oural, C.R., Upchurch, S.B., and Brooker, H.R. 1988. Radon progeny as sources of gross-alpha radioactivity anomalies in
ground water. Health Physics 55:- 889-894.
Discusses problems with gross-alpha analyses that may introduce variability in results.

Owen, C. 2000. Memorandum to Marty Kelly on raw water quality data for the Hilisborough River Reservoir. City of Tampa,
Water Department, Tampa, Florida. -

Gross 1.3 pCi/L Hillsborough River Raw August 1999
Alpha <1.3 Hillsborough River Raw September 1999

<1.3 Hillsborough River Raw October 1999
1.8 - HillsboroughRiverRaw - November1999

Polikarpov, G. G. 1966. Radioecology of aquatic organisms. North-Holland Publishing Company, Amsterdam.
NEED TO LOOKAT -

Pritchard, P. C. H., and Bloodwell, J. M. 1986. Multidisciplinary study of radionuclides and heavy metal concentrations in
wildlife on phosphate mined and reclaimed lands. Prepared by the Florida Audubon Society, Maitland, Florida, for the

Florida Institute of Phosphate Research, Bartow, FIorida~ FIPR-05-017-042.
Good review of previous studies (see pp. 4-7).
Sampled alligator, Florida softshell (Trionyx), snapping turtle (Chlydra), cooters - -

(Pseudemys spp.) and armadillo (Dasypus) and one otter from mine-impacted, mineralized-unmined, and unmineralized -

lands in central Florida.

~6Ra 0.2 - 1.7 pCi/g ash Alligator neck tissue (including
bone, skin; also femurs; one

- case used other tissues)
<0.2- 3.8 Softshell turtle (entire shell)

- <0.2 - 8.7 Cooters (shells from dead animals)
3.8 Snapping turtle (1 whole animal, excluding gut)
1.5 max pCi/g ash Armadillo (intact tail)
0.4 - pCl/g ash Otter bone

Pyle, G. G., and Clulow, F. V. 1997. Non-linear radionuclide transfer from the aquatic environment to fish. Health Physics
73:488-493. -

Collected white suckers from 11 lakes that directly or indirectly receive U from mine activities and 5 nearbycontrol lakes - all near
Elliot Lake, Ontario. Sampled suckers because previous studies show they accumulate radionuclides as a
result of their bottom-feeding habits.

~6Ra Water - —5400 pCi/I max
- Sediments - —200 pCi/g max

- WhiteSucker Bone —3 pCi/g dry max
White Sucker Muscle —0.1 pCi/d dry max

Pyle, G. 6., and Clulow, F. V. 1998. Radioinuclide equalibria between the aquatic environment and fish tissues. Journal of
Environmental Radioactivity 40: 59-74. -

Water, sediments and white sucker (a common bottom feeder) sampled from Quirke-
Lake, near Elliot Lake in Ontario, Canada. Lake is near four tailings (mill and waste) areas and receives radionuclides in

- runoff, by leaching and by atmospheric deposition.

Water - 2.2 pCi/L -

Sediments 27.3 dpm/g dry

Sucker Bone 0.7 dpm/g dry geometric mean
Sucker Muscle 0.2 dpm/g drygeometric mean -

Radium was approximately 2-4 times higher in bone than muscle



QST EnvirOnental, Inc. 1998. Draft final report: Four Corners mine monitoring, year two, July 1996-June 1997. Tampa and
Gainesville, Florida. -

~6Ra 0.1-1.3 pCi/L Creeks in Upper Manatee Riverwatershed, prior to mining
0-1.9 Creek in Upper Manatee Riverwatershed, aftermining.

Roessler, C. E., Smith, Z. A., Bolch, W. E., and Prince, R. J. 1979. Uranium and radium-226 in Florida phosphate materials.
Health Physics 37: 269-277. - -

Ore from central FL has higher U-238 and Ra-226 levels than ore from north FL. -

Ammoniated phosphates (AP) fertilizer samples had relatively low levels of Ra-226, but ‘significant U-238”. Triple superphosphate
(TSP) fertilizer had significant concentrations of Ra and U (U activity was 2-15 times the Ra activity).

226Ra Central FL - Matrix - 83.5 dpm/g dry
AP Fertilizer 9.1
TSP Fertilizer 43.7 -

Rope, S. K. and Whicker, F. W. 1985~Afield study of Ra accumulation in trout with assessment of radiation doseto man~
Health Physics 49: 347-257. -

Stocked 2 settling ponds at uranium mines in Wyoming with trout. Another set of ponds had been stocked previously. Sampled
water and fish from both systems for radium-226 activity.
~6Ra Water (filtered) 12-23 pCi/L -

Trout bone —0.4-6 pCi/g wet
Troutskin/fins —0.1-0.9 pCi/g wet
Flesh —0.006-0.03 pCi/g wet

~‘Calculateddose based on consumption of one fish/week for 50 yrs: maximum 83 mrem/yr. “Comparison of the calculated dose
equivalent rates with radiation -protection standards suggests that the dose to manfrom ingested 226Ra in fish would not

- preclude the establishment of a recreational lake at this site.’ -

Schelske, C.L., Peplow, A., Brenner, m and Spencer, C.N. 1994. Low-background - -

gamma counting: applications for 2lOPb dating of sediments. Journal of - -

Paleolimnology 10: 115-128. -226Ra in uppermost samples from sediment Oores(see Figure 2).
Lake Lucerne surface core —4 dpm/g dry -

Whitefish Lake —2
Lake Rowell —23

Scott, R.C. and Barker, F.B 1962. Data on uranium and radium in ground water in the United States 1954 to 1957.
Geological Survey Professional Paper 426. United States Department of the Interior Geological Survey, Washington, D.C.
Separated US it-ito 10 regions and calculated range and median uranium and radium -

concentrations.
Data are not well presented.

Shannon, L. V. and Cherry, R. D. 1971. Radium-226 in marine phytoplankton. Earth and Planetary Science Letters 11: 339-
343. - -

Phytoplankton in waters off South Africa. -

~6Ra 7.7 xl012 g/g dry Mean for Agulhas Current -

7.7 pCi/g dry
17.1 dpm/g dry

1.0 x1012 g/g dry Mean for other areas (exiuding
- 1 pCi/g dry one site)

2.2 dpm/g dry
Zooplankton in waters-off South Africa. -

-
226Ra 0.3 x1012 g/g dry Mean for all sites -

0.3 - pCi/g dry -

0.7 dpm/g dry -

Stabin, M. G. 1983. Radium-226 in waterfowl associated with Florida phosphate clay settling areas. M.E. Thesis, University
of Florida, Gainesville, Florida.
Good review.
Sampled ducks in 7 north and central control (Lakes Newna, Lochloosa and Kissimmee) andmincrLwettauci areas. Wood clucks
from northern sites, Florida ducks from central sites.

226Ra Northern FL Natural Wetland Sediment 1.0 pCi/g dry
Water nd -

Duck Muscle 0.002 pCi/ g fresh
- Duck Bone 0.5 pCi/ g ash

Settling Area Sediment 14.5 pCi/g dry



- Water 0.5 pCi/L
- Duck Muscle 0.005 pCi/g fresh

Duck Bone 2.0 pCi/g ash

-Central FL Natural Wetland Sediment 0.2 pCilg dry
- Water . 0.08

Duck Muscle 0.004 pCi/ g fresh
Duck Bone 0.4 pCi/ g ash -

- Settling Area Sediment 23.9 pCi/g dry
Water 4.1 pCi/L

- Duck Muscle 0.008 pCi/g fresh
Duck Bone 3.1 - pCi/g ash

Stover, B. J., Atherton, D. R. and Arnold, J. S. 1957. Comparative metabolism of Ca-45 and Ra-226. Proceedings of the
Society for Experimental Biology and Medicine 94: 269-272. -

Early paper on radium as calcium analog.
Injected beagle pup with tracers; took blood samples, killed and dissected animal after -

24 hrs.
Both Ra and Ca were retained at greater than 90%, reflecting the growth phase of the

pup. Deposited in bone and teeth.

Swanson, S. M. 1983. Levels of 226Ra, 210Pb and TOT~
4

LUin fish near a Saskatchewan uranium mine and mill. Health Physics
45: 67-80. -

Radium-226 and other radionuclides in water and fish in Canadian lakes.
Fish collected from Beaverlodge Lake, which received radionclide-tainted runoff from uranium mine tailings, and Lake Fulton, which

did not -

For Ra analysis, larger fish were separated into skin, filets; smaller fish (300-400g) -

species analyzed whole -

ANJOVA indicated higher activity in Beaverlodge Lake, but also differences among
Species. - -

Activity higher in skin or bone than in fillets. -

226Ra - Water 0.1 pCi/L . Fulton Lake (control)
- - 2.9-1 76 Tailings System

1.5-2.2 Beaverlodge Lake

Whole Fish not det pCi/g ash Fulton Lake (control)-
4.7-56.3 Beaverlodge Lake

Fish Bone - <1 - pCi/g ash Fulton Lake (control)
- (Large) <1-—Il - Beaverlodge Lake

Fish Flesh <<1 pCi/g ash Fulton Lake (control) -

(Large) <1 Beaverlodge Lake

Note: large fish data is not presented very well in the paper! Hard to figure out!

Stone, S.S. 2000. Letter dated January 11,2000 to Marty Kelly on archived water quality data for the Peace River. Peace
River/Manasota Regional Water Supply Authority, Arcadia, Florida.226Ra 0.3 pCi/L Water Plant at Ocean Blvd. 1987 -

0.6 Peace RiverRaw 1987
0.6 NJ. Port Water Plant 1987

Swanson, S. M. 1985. Food-chain transfer of U-series radionuclides in a northern Saskatchewan aquaticsystem. Health
Physics 49: 747-770. - -

Sampled water, insects, fish in streams and lakes near U mill tailing treatment area in Canada. Tailings system and Beaverlodge -

Lake receive U input.
226Ra Water up to 116 pCi/L Tailings system

1.6 Beaverlodge Lake

Sediments 26 pCi/g wet Beavenlodge Lake
0.5 - Control Lake
up to 22 - Tailings system

Aquatic Insects 0.2-23 pCi/g wet Tailings system
0.2-3.5 Control creek



Forage - 0.5-1.6 pCi/g wet Tailings creek
Fish (whole) 0.11 Beavenlodge Lake

1.1-3.8 - Ace Creek -

Forage 18-46 pCi/g ash Tailings creek
Fish (whole) - 4.1 Beaverlodge Lake

23-1 08 Ace Creek

Large Fish .005-0.3 pCilg wet Flesh- Beaver Lodge Lake
(whiteflsh& 0.5-2.7 pCi/g ash Flesh-Beaver Lodge Lake
sucker ) 0.8-2.2 pCi/g wet Bone-Beaver Lodge Lake

3-7.8 pCi/g ash Bone-Beaver Lodge Lake
Large fish values were significantly lower in two control lakes

“Dose to humans from reguIa~consumption of-Beaverlodge fish was relatively small (Table 21).’ “Because actual consumption rates
in the Beaverlodge area are considerably less than one serving per week, the risk is likelyclose to thatassociated with
background radiation.” -

‘Radionuclide content decreaseswith successive trophic level in this study”

Torres, L. M. 1988. Radium-226 in plankton on the west Florida shelf. M.S. Thesis, University of South Florida,- Tampa,
Florida.
Plankton collected in three Gulf transects: off the Suwanee River, Crystal and -

Chassahowitzka Rivers and Tampa Bay. -

Highervalues recorded at nearshore stations in 2 of 3 transects.

~6Ra Phytoplankton 0.1-115 dpm/g dry
0.05-51.8 pCi/g dry

Zooplankton 0.l-63dpm/g dry -

0.05-28.4 pCi/g dry

Turekian, K. K. and Cochran, J. K. 1986. Flow rates and reaction rates in the Galapagos Rise spreading center
hydrothermal system as inferred from 228Ra/226Ra in vesicomyid clamshells. Proceedings of the National Academy of
Sciences USA 83: 6241-6244. -

Radium values in deep-see clams: 0.052 and 0.091 dpm/g.

Twining, J. R. 1988. Radium accumulation from water by foliage of the water lily, Nymphaea violacea. Verhandlungen
Internationale Vereinigung Theoretische und Angewandte Limnologie-23: 1954-1962.
Mesocosm study of uptake of radium by water lily (and associated epiphyton) from Corndorl Lagoon in the Magela Creek floodplain,

Australia. Area is downstream from U mine.
Rapid uptake and loss indicated surface adsorption or uptake by epiphyton are primarymechanism for accumulation of radium,

rather than actually uptake by lily. -

Twining, J. R. 1989. Principal coordinate analysis of the distribution of radium-226 between water, sediment and the
waterlily, Nymphaea violacea (Lehm), in the vicinity of a uranium ml einthe~NantherriTerritory, Australia. Journal of

Environmental Radioacitivy 10: 99-113.
Lily is a component ofthe Australian aboriginal diet. -

Radium measured in water, sediments and lily tissues at 4 sites in the Magela Creek system.

~Ra Laminae 5.3-25.5 mBqi/g dry 0.3-1.5 dpm/g dry
Petioles 7.4-16.7 - 0.4-1.0
Peduncles 4.2-17.4 — 0.3-1.0

Flowers 2.8-8.2 0.2-0.5
Fruit - 1.7-2.9 - 0.1-0.2
Rhizome (whole) 44.0 (only I site) 2.6

Roots -8.9-189 (differing portions) 0.5-11.3-

Also looked at senescence effect in lily and other species; higher in older leaves226Ra Nymhaee 4.2 dpm/g dry
- Eleocharis 1.9

Pseudoraph/s 3.3 -

Polygonum 2.4
Fimbrisyl/s 0.6

Twining, J. R. 1993. A study of radium uptake by the water-lily, Nymphaea vio!acea (Lehm)Jrom contaminatedsediment.
Journal of Radioactivity 20: 169-189.
Introduction provides overview ofradium accumulation in plants.
For study, collected plants from field and grew in lab in radium-spiked sediments.
Radium accumulated on surface of roots and rhizomes; foliar accumulation attributed

to uptake from water contaminated by radium in sediments



- Ulferts, A. 1999. EPA to set gas toxicity limit for well water. St. Petersburg Times, February 14, 1999. St. Petersburg,
Florida. -

Newspaper article on proposed EPA limits on radon in drinking water.
Possible standard: 4,000 pCi/L. -

Upchurch, S.B., Oural, C.R., Foss, D.W., and Brooker, H.R. 1991. Radiochemsitry of urnanium-series isotopes. Publication
No. 05-022-092, Florida Institute of Phosphate Research, Bartow, Florida.

226Ra - 13 Surficial aquifer monitor wells 0.15-3.37 pCi/L
13 Floridan aquifer monitor wells 0.2-2.89 pCi/L

Upchurch, S. B., Linton, J. R., Spurgin, D. D., and Brooker, H. R. 1981. Radium-226 in central Florida aquatic organisms. FL-
USF-81-126. University of South Florida, Tampa, Florida. -

Measured Ra-226 in water, plants, inverts, and fish from 11 central FL sites (in Pasco, Hillsborough, Polk Manatee, and Sarasota
Counties) -

~6Ra Water 0.7 &l .5 pCi/L Lake on IMC property near Bartow
1.2 Lake in MaryHolland Park near Bartow
0.8 Lake on IMC property near Bartow

- 1.6 Alafia Riverat Lithia Springs
1.1 Lake Manatee at State Road 64
0.5 Cypress Creek atState Road 54

0.8 Lake at State Road 52 and County Road 587
0.5 - - Myakka Riverat State Road 780

Plants 0.2-25 pCi/g dry 4 sites
25.9 -Elodea,
93.0 Filamentous algae,
9.7 & 15.9 Myriophyllum,
2.1 Najas quadalupensis

- 0.2 Typha

Inverts 0.1 Pa/eomorietes pa/usdosus
0.4 ~ Procambarus phalanx

Herb-Fish 0.1-5 Shad, molly, Tilapia -

Cam-Fish 0.01-I .7 Numerous spp. (Gambusia-high
Bass, bluegill, etc.in tabel)

AveO.2 Control area -

Ave=0.2 Unmined, phosphate-bearing terranes
- Ave=0.4 Mined lands

See table 3 for Ra-226 content for various fish species (bluegill, bass, redear, gar, crappie, etc.)

No evidence of biomagnification. - - - -

“Based on our present- understanding, is seems that if only larger fish are eaten by man, if the majority of radium-226 is in bone, and
iffish constitute a small part of human diet, there should be minimal hazard to man. It seems that fish from most of the
environments sampled are relatively low in radium anyway. Fish from lands affected by phosphate mining constitute the
only area of concern and a study should be undertaken to determine the use of fish in human diet from these areas.

Of more immediate concern is the impact on the remainder of the food chain. No overt impacts can be detected from the superficial
examinations we have given the sample sites... - -

...chronic exposure to radium may have a subtle, negative impact on the aquatic plants and animals.”

Upchurch, S. B., Spurgin, D. D., Linton, J. R., and Brooker, H. R. 1985. Natural radiofluclides in Tampa Bay, Florida. Pages
595-613, in Tampa Bay Area Scientific Symosium, Bellweather Press,. Edna,Mtnriesota.
Summary paper which lists/cites data from other sources. - - -

226Ra Water
- Cypress Creek - 0.5 pCi/L-unfiltered -

- Alafia Riverat Lithia 0.5-1.6
Little Manatee River 0.8
Lake Manatee 0.3-1.1
Tampa Bay sites 0.3-2.0

- Freshwater Biota See Upchurch etal. 1981

Estuarine Inverts (whole)



Penaeus sp. - 0.4 max pCi/g dry 0.9 dpm/g
Melongena 0.2 - pCi/g dry 0.4
Misc. Mollusca 0.3 pCi/g dry 0.7
Callinectes sp (blue crab) 0.6 max pCi/g dry 1.3

Estuarine Fish (whole & fillets) -

Whitting (whole) 0.9 max pCi/g dry 2.0
Tongue sole (whole) 0.4 max pCi/g dry 0.9
Tongue sole (fillet) 0.007 max pCi/g wet 0.02 /wet
Catfish (fillet) 0.002 pCilg wet 0.004/wet

Upchurch, S.~B. and Randazzo, A. F. 1997. Environmental geology of Florida. Pages 217-249 in Randazzo, A. F. and Jones,
-D. S. (eds.) The Geology of Florida. University Presses of Florida, Gainesville.
“The ulitimate source of most radioactivity in Florida is U indcorporated in carbonate-

fluorapatite at the time offormation.” -

In FL, radium, polonium-2I0 and radon-22 are problem alpha emitters. -

Radium-226 is relatively high in surficial and Upper Floridan in west-central FL. Derived
From weathering of phosphorites and transport; also a salt effect

Highest activities measured for Po are in Hillsborough County.

Van Der Borght., 0. 1963. Accumulation of radium-226 by the freshwater gastropod Lyinnaea stagnalis L. Nature 197: 612-
613.
Dosed snails with 0.04 uCi/L solution of radium-226; let them take it up (accumulated more than 90%otthe rlnse.&radium) and

measured accumulation in tissues. - -

Concentration Factors (fresh weight to water): -

Newiy formed shell 1,277
Older shell 376
Soft parts 140 -

Whole animals 108 -

Blood 21 -

Also conducted a “release” study for up to 3 days by putting animals in Ra-free water — found that they did not lose much of the
incorporated radium.

Van Der Borght., 0. and Puymbroeck, S. V. 1964. Active transport of alkaline earth ions as a physiological base of the
accumulation of some radionuclides in freshwater molluscs. Nature 204: 533-534.
Early paper on active uptake of radionuclides. -

Vaughn, C.C., and Hakenkamp, C.C. 2001. The functional role of burrowing bivalves in freshwater ecosystems. Freshwater
Biology 46: 1431-xxxx.
Freshwter bivalves are filter-feeders. Some taxa are also pedal feeders — they -

use cilia on foot to collect buried organic matter. Some daim that pedal feeding is “almost universal in juvenile bivalves’
and that adults of some small species (e.g., sphaerids) also pedal feed. Corbicula juveniles and adults pedal-feed. A
study of unionicls in MI stream indicated animals were consuming 80% deposited and 20% suspended material (Raikow&
Hamilton 2000). -

Veckon, A. 1999. Telephone conversation on March 5, 1999 regarding radioactivity values for water at the Hillsborough
County Lake Park Pump Station. Gross 2.7 pCi/L Note: 95-99% of Lake Park Station waterl 996

Alpha is from Section 21 Well Field.

Von Gunten, H. R., Surbeck, H. and Rossler, E. Uranium series disiquilibrium and high thorium and radium enrichments in
karst formations. Environmental Science and Technology 30: 1268-1274.
Paper documents Iead-210/radium-226 disequilibrium similar to that seen in some FL lakes.

WahI, R. D. 1980. A study of the amounts of radium-226 found infish and waters of Tampa Bay, Florida. M. A. Thesis,
University of South Florida, Tampa, Florida. - -

~6Ra Tampa Bay water (filtered) - 1.25-1.94 pCi/L
Fish filets <0.005 pCi/g
Whole fish 0.04-0.16 pCi/g

~Problemwith study: distilled/DI water used for water analyses had radium level of 0.4 pCi/L. Page 35 says water used for fish
sample processing had even higher radium levels- up to 113 pCi/L.

Walters, M.O. 1995. Radium in coastal Sarasota County ground water. Ground Water Monitoring and Remediation 15:114-
118. - -

Data obtained from samples submitted to the Environmental Section the Health and Rehabilitative Services of the State of Florida by
private drinking well owners in 1986, and samples collected by HRS staff in 1987.

Data are considered representative of the intermediate aquifer.

226Ra Well water 1.4— 29.5 pCi/L
-

228Ra Well water 0.3—2.5



Warwick, W.F. Fitchko, J., McKee, P.M., Hart, D.M., and Burt, A.J. 1987. The incidence of deformities in Chironomus spp.
From Port Hope Harbour, Lake Ontario. Journal of Great Lakes Research 13: 88-92.
Greater incidence of deformities in more heavily polluted interior vs. outer harbour.
Problem is that the polluted site is contaminated with radionuclies and metals.
Discussion cites a few studies of radionuclide doses and possible effects in other studies.

Whicker, F. W., Pinder, J. E., III, Bowling, J. W., Alberts, J. J. and Brisbin, I. L., Jr. 1990. Distribution of long-lived
radionuclides in an abandoned reactor cooling reservoir. Ecological Mongraphs 60: 471-496.
PAR Pond - Cs, Sr, Pu, AM, Cm in water, sediments, fish, plants, birds, zooplankton.

Whicker, F. W., Hinton, T. G., and Niquette, D. J. Effects of a partial drawdown on the dynamics of 137Cs in an abandoned
reactor cooling reservoir. Pages 193-202 in Freshwater and Estuarine Radioecology, Demet, G., etaL (eds). Elsevier
Science. - - -

Measured cesium activity in fish and sediments follwing PAR Pond drawdown.
137Cs Aquatic plants in littoral zone 2-29 - pCi/g dry

Aquatic plants in exposed lake bed up to 149 pCi/g dry
- Largemouth bass 16 pCi/g wet

Whitmore, T.J. and Brenner, M. 1997. Historic water-quality assessment of Little Lake Jackson, HighlandsCounty,Florida.
Final report submitted to the Southwest Florida Water Management District, Brooksville, Florida.
Two cores collected for dating sediments..

~6Ra Core 5 upper sample 8.36 dpm/g dry
Core 6 upper sample 9.38

Whitmore, T.J. and Brenner, M. 1999. Paleolimnological reconstruction of water quality in Lake Persimmon, Highlands
County, Florida. Final report submitted to the Southwest Florida Water Management District, Brooksville, Florida.
One core collected for dating sediments.

~6Ra - upper sample 11.6 dpm/g dry

Wisconsin Department of Natural Resources. 2001. Summary of clamming regulations for Wisconsin waters. Web site:
www.dnr.state.wi.us/org/water/fhp/fishlmussels.
Clamming regulations identify takes of less than 50 lbs/day as non-comercial. Commercial liscence is required for greater harvests.
Website gives information on “peaaling” and cooking of mussels.

Wren, C. D., Cloutier, N. R, Lim, T. P., and Dave, N. K. 1987. Ra-226 concentrations in otter, Lutra canadensis, trapped near
uranium tailings at Elliot Lake, Ontario. Bulletin of Environmental Contamination and Toxicology38: 209-242.
Radium-226 analysis of leg bones from sixotters collected near Elliot Lake (uranium mine region) and one otter from Muskoka

(control site). Radium detected in 5 of 7 samples from Elliot Lake, but not in. I sample from control site.
226Ra Otter Femur Elliot Lake area nd-I 2.6 pCi/g ash
- Otter Femur Control site nd - - -

Citations of other results: -

226Ra Meadow Vole Bone Elliot Lake area 52.3 (ave)pCi/g ash
Cloutier et al. -1985

Spottail shiners Saskatchewan 70 (max) pCi/g?
- Swanson 1983

Otters eat fish, clams, crayfish, some birds and small mammals. Typically eat slower, benthic feeding fish which according to
Swanson have higher levels of radium.

“Clams and other benthic invertebrates have also been shown to accumulate significant levels of radionuclides (MOE 1978).
Therefore, wildlife species such as otters, mink, and racoons, feeding on benthiô aquatic organisms near tailing sites are
potentially exposed to relatively high dietary Ra-226 levels.’ -



Exhibit 2



U.S. Department of Energy ORDER
Washington, D.C.

SUBJECT: GENERAL ENVIRONMENTALPROTECTION PROGRAM

4. REFERENCES.

d. DOE Orders.

Vertical line denotes change.

DISTRIBUTION:
All Departmental Elements

DOE 5400.1

11-9-88

Chg 1: 6-29-90

PURPOSE. To establish environmental protection program requirements,
authorities, and responsibilities for Department of Energy (DOE)
operations for assuring compliance with applicable Federal, State and
local environmental protection laws and regulations, Executive orders,

and internal Department policies. The Order more specifically defines
environmental protection requirements that are generally established in
DOE 5480. lB.

2. SUPERSESSION. DOE 548O.1A, ENVIRONMENTALPROTECTION, SAFETY, AND HEALTH
PROTECTION PROGRAMFOR DOE OPERATIONS, of 8-13-81,. Chapter XII,
Prevention, Control, and Abatement of Environmental Pollution.

3. SCOPE. The provisions of this Order apply to all Departmental elements
and contractors performing work for the Department as provided by law
and/or contract as implemented by the appropriate contracting officer.

(1) DOE 4300,1B, REAL PROPERTYAND SITE DEVELOPMENTPLANNING, of
7-1-87, which establishes requirements for preparing site
development pIan~ for DOE facilities.

(2) DOE 4700,1, PROJECT MANAGEMENTSYSTEM, of 3-6-87, which
establishes requirements and objectives, and assigns
responsibilities and authorities necessary for acquisition
of major systems.

(3) DOE 5000.3A, OCCURRENCEREPORTING AND PROCESSINGOF
OPERATIONS INFORMATION, of 5-30-90, which establishes a DOE
system for identification, categorization, notification,
analysis, reporting, fol lowup, and closeout of occurrences.

(4) DOE 5400.2A, ENVIRONMENTAL COMPLIANCE ISSUE COORDINATION, of
1-31-89, which sets forth policy, direction, and procedures

for coordinating environmental issues that are of
significance to DOE.

(5) DOE Orders in the 5400 series dealing with radiation
protection of the public and the environment.

INITIATED BY:
Assistant Secretary for Environment,

Safety, and Health



2 DOE 5400.1 Chg 1
- 6-29-90

(6) DOE 5440. 1C, NATIONAL ENVIRONMENTALPOLICY ACT, of 4-9-85,
which establishes DOE policy for implementation of the
National Environmental Policy Act of 1969.

(7) DOE 548O.1B, ENVIRONMENT, SAFETY, AND HEALTH PROGRAMFOR
DEPARTMENTOF ENERGY OPERATIONS, of 9-23-86, which outlines
environmental protection, safety, and health protection
policies and responsibilities.

(8) DOE 5482.1B, ENVIRONMENT, SAFETY AND HEALTH APPRAISAL
PROGRAM, of 9-23-86, which establishes the DOE environmental
protection, safety, and health protection appraisal program.

(9) DOE 5484.1, ENVIRONMENTAL PROTECTION, SAFETY, AND HEALTH
PROTECTION INFORMATION REPORTING REQUIREMENTS, of 2-24-81,
which establishes the requirements and prOcedures for
reporting and investigating matters of environmental
protection, safety, and health protection significance to
DOE operations. -

(10) DOE 5500. 1A, EMERGENCYMANAGEMENTSYSTEM, of 2-26-87, which
establishes overall policies and requirements for DOE
emergency preparedness and response programs.

(11) DOE 5700.6B, QUALITY ASSURANCE, of 9-23-86, which
establishes DOE’s quality assurance program,

(12) DOE 582O.2A, RADIOACTIVE WASTE MANAGEMENTof 9-26-88 which
establishes policies and guidelines for the management of

‘ radioactive waste and contaminated facilities

(13) DOE 6430.1A, GENERAL DESIGN CRITERIA, of 4-6-89, which
provides general design criteria for use in acquisition of

DOE facilities.

b. Legislation.

(1) Title 42 U.S.C. 2011, et seq.. The Atomic Energy Act of
1954, as amended, which authorizes the conduct of atomic
energy activities.

(2) Title 42 U.S.C. 7101, et seq:, The Department of Energy
Organization Act, which establishes the statutory

responsibility to ensure incorporation of’ iiational
- environmental protection goals in the formulation of energy

programs, and advance the goal of restoring, protection, and
enhancing environmental quality, and assuring public health
and safety. -

Vertical line denotes change. -
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U.S. Department of Energy ORDER
Washington,D.C. -

SUBJECT: RADIATION PROTECTION OF THE PUBLIC AND
THE ENVIRONMENT

1, - PURPOSE.
Depa rtment
members of

6. OBJECTIVES.

DISTRIBUTION: All Departmental Elements INITIATED BY:

[_ DOE 5400.5

2-8-90

Change 2: 1-7-93

_______ To establish standards and requirements for operations of the
of Energy (DOE) and DOE contractors with respect to protection of
the public and the environment against undue risk from radiation.

2, SUPERSESSION. DOE 5480.1A, ENVIRONMENTALPROTECTION, SAFETY, AND HEALTH
PROGRAMFOR DOE OPERATIONS, of 8-13-81, Chapter XI that addressed public and
environmental radiation protection standards and control practices.

3. SCOPE. The provisions of this Order apply to all Departmental Elements and
contractors performing work for the Department as provided by law and/or
contract and as implemented by the appropriate contracting officer.

4. IMPLEMENTING PROCEDURESAND REOUIREMENTS. This Order becomes effective
5-8-90. Within 2 months from the date of issuance of the Order (2-8-90),
the DOE Field Office Manager shall provide to the appropriate Program Office,
with a copy to EH-1 for review and comment: a. a certification for those

areas covered by the Order for which field elements are in compliance; and/or
b. a request for exemption for areas not yet in compliance that includes a
Plan for achieving compliance. Within 3 months of issuance, the appropriate
Program Office will submit to [I-I-i the certification and/or the request for
exemption(s). The compliance plan accompanying the request for exemption shall
include schedules of-activities which will lead to compliance with the
requirements of this Order.

5. POLICY. It is the policy of DOE to implement legally applicable radiation
protection standards and to consider and adopt, as appropriate,

recommendations by authoritative organizations, e.g., the National Council on
Radiation Protection and Measurements (NCRP) and the International Commission
on Radiological Protection (ICRP). It is also the policy of DOE to adopt and
implement standards generally consistent with those of the Nuclear Regulatory
Commission (NRC) for DOE facilities and activities not subject to licensing

authority.

a. Protecting the Public. It is DOE’s objective to operate its facilities
and conduct its activities so that radiation exposures to members of the
public are maintained within the limits -established in this Order and to
control radioactive contamination through the management of real and
personal property. It is also a DOE objective that potential exposures
to members of the public be as far below the limits as is reasonably
achievable (ALARA) and that DOE facilities have the capabilities, con-
sistent with the types of operations conducted, to monitor routine and

- non-routine releases and to assess doses to members of the public.

Office of Environment, Safety
Vertical line denotes change. and Health
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b. Protecting_the Environment. In addition to providing protection to
members of the public, it is DOE’S objective to protect- the environment
from radioactive contamination to the extent practical

LEGISLATIVE AUTHORITY. The Atomic Energy Act of 1954, as amended,
authorizes the Department to protect the health and safety of the public
against radiation in conducting the Department’s programs.

8. REFERENCES.

a. DOE 1324.2A, RECORDS DISPOSITION, of 9-13-88, which prescribes
policies, procedures, standards, and guidelines for the orderly
disposition of records of the DOE and its operating contractors.

b. DOE 5000.3B, OCCURRENCEREPORTINGAND PROCESSING OF OPERATIONS
INFORMATION, of 1-19-93, which establishes a system for reporting
operations information related to DOE-owned or operated facilities and
processing of the information.

c. DOE 5400.1, GENERAL ENVIRONMENTALPROTECTION PROGRAMREQUIREMENTS-, of
11-9-88, whichestablishes general environmental protection

requirements.

d. DOE 5400.2A, ENVIRONMENTALCOMPLIANCE ISSUE COORDINATION, of 1-31-89,
which establishes requirements for coordination of significant
environmental compliance issues.

e. DOE 5400.4, COMPREHENSIVEENVIRONMENTAL RESPONSE, COMPENSATION, AND
- LIABILITY ACT PROGRAM, of 10-6-89, which establishes requirements for

hazardous waste cleanup and notification.

f. DOE 5440.1E, NATIONAL ENVIRONMENTAL POLICY ACT COMPLIANCE PROGRAM, of
11-10-92, which establishes DOE policy for implementation of the National
Environmental Policy Act of 1969.

g. DOE 548O.1B, ENVIRONMENT, SAFETY, AND HEALTH PROGRAMFOR DEPARTMENTOF
ENERGY OPERATIONS, of 9-23-86, which outlines environmental, safety, and
health protection policies and responsibilities.

h. DOE 5480.4, ENVIRONMENTALPROTECTION, SAFETY, AND HEALTH PROTECTION
STANDARDS, of 5-15-84., which identifies mandatory and reference
environmental, safety, and health standards.

i. DOE 5480.5, SAFETY OF NUCLEARFACILITIES, of 9-23-86, which establishes
nuclear facility safety program requirements.

j. DOE 5480.6, SAFETY OF DEPARTMENTOF ENERGY-OWNEDNUCLEARREACTORS, of
9-23-86, which establishes nuclear reactor safety program requirements.

Vertical line denotes change.
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(2) Discharge at Less Than DCG Level. Implementation of the BAT -process for
liquid radioactive wastes is not required where radionuclides are already
at a low level, i.e., the annual average concentration is less than DCG
level. In that case, the cost consideration component of BAT analysis
precludes the need for additional treatment, since any additional
treatment would be unjustifiable on a cost-benefit basis. Therefore;
additional treatment will not be requ-ired for waste streams that contain
radionuclide concentrations of not more than the DCG values in Chapter
III at the point of discharge to a surface waterway. However, the ALARA
provisions are applicable.

(3) Multiple Radionuclides. For purposes of II.3a(1), above, the DCG for
liquid waste streams containing more than one type of radionuclide shall

be the sum of the fractional DCG values.

(4) Sedimentation. To prevent the buildup of radi onucl ide concentrations in
sediments, liquid process waste streams containing radioactive material
in the form of settleable solids may be released to natural waterways if
the concentration of radioactive material in the solids present in the
waste stream does not exceed 5 pCi (0.2 Bq) per gram above background
level, of settleable solids for alpha-emitting radionuclides or 50 pCi
(2 Bq) per gram above background level, of settleable solids for beta-
gamma-emitting radionucl ides. - - -

(5) Interim Dose Limit for Native Aquatic Animal Organisms. To protect
native animal aquatic organisms, the absorbed dose to these organisms
shall not exceed 1 rad per day from exposure to the radioactive material
in liquid wastes discharged to natural waterways. DOE publication
DOE/EH-O173T provides guidance on monitoring and calculating dose for
aquatic organisms. -

(6) - New Facilities. New facilities shall be designed and constructed to meet

the discharge requirements shown in paragraph II.3a.

b. Discharges of Liquid Waste to Aquifers and Phaseout of Soil Columns.

(1) Phasing Out the Use of Soil Columns. The use of soil columns (i.e.,
trenches, cribs, ponds, and drain fields) to retain, by sorption or ion
exchange, suspended or dissolved radionuclides from liquid waste streams
shall be discontinued at the earliest practicable time in favor of an
acceptable alternative disposal means. DOE activities that currently
discharge liquids containing radioactive materials not first treated by

BAT to soil columns, shall develop, within 6 months of the issuance date
of this Order, a plan and schedule for implementing alternate acceptable
disposal at the earliest practicable time. The BAT selection process
shall be applied to those liquid waste streams that will continue to be
discharged to soil columns for indefinite periods and which contain

process-derived radionuclides. The plan shall be submitted for approval

Vertical line denotes change.
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EXECUTWE SUMMARY - -

The purposeof this report is to presentamethodologyfor evaluatingthe potential for
aquatic biota to incur effects from exposureto chronic low-level radiation in the
environment.Aquaticorganismsinhabitinganenvironmentcontaminatedwith radioactivity
receiveexternalradiationfrom radionuclidesin water,sediment,andfrom otherbiota such
asvegetation.Aquaticorganismsreceiveinternalradiationfromradionuclidesingestedvia
food andwater and, in somecases,from radionuclidesabsorbedthroughthe skin and
respiratoryorgans. Doserate equations,which havebeendevelopedpreviously, are
presentedfor estimatingthe radiationdoserateto representativeaquaticorganismsfrom
alpha,beta,andgammairradiationfrom externalandinternalsources.Tablescontaining
parametervaluesfor calculatingradiationdosesfrom selectedalpha, beta,andgamma-

emittersarepresentedin theappendixto facilitatedoseratecalculations.

Therisk of detrimentaleffectsto aquaticbiotafromradiationexposureis evaluatedby
comparingthe calculatedradiationdoserate to biotato the U.S. Departmentof Energy’s
(DOE’s)recommendeddoseratelimit of 0.4mGy h’ (1 radd4). A doserateno greaterthan
0.4 mGy h’ to the mostsensitiveorganismsshouldensurethe protectionof populati:onsof
aquaticorganisms.DOE’s recommendeddoserateisbasedon anumberof published-reviews

on theeffectsof radiationon aquaticorganismsthataresummarizedin theNationalCouncil
on RadiationProtectionandMeasurementsReportNo. 109 (NCRP 1991). The literature
identifies the developingeggs and young of somespeciesof teleostfish as the most
radiosensitiveorganisms.DOE recommendsthatif the resultsof radiologicalmodelsor
dosimetricmeasurementsindicatethata radiationdoserateof 0.1 mGy h’ will be exceeded,
thenamoredetailedevaluationofthepotentialecologicalconsequencesofradiationexposure
to endemicpopulationsshouldbe conducted.

Doserateshavebeencalculatedfor biota in aquaticecosystemsassociatedwith three
nationallaboratoriesandoneuraniummining andmilling facility (NCRP 1991). At all sites,
the doseratesweretwo ordersofmagnitudelessthanthevaluerecommendedby DOEfor
theprotectionofpopulationsof aquaticbiota. Therefore,it is highly unlikely thataquatic

- organismswill encounterdoseratesin aquaticecosystemsthatwill be detrimentalat the
populationlevelotherthaninman-madebodiesofwaterassociatedwith wastemanagement

- activitiesor from accidentalreleasesof radionuclides. -

VII



1. INTRODUCTION -

Sourcesof radioactivity in the aquatic enviromnentinclude naturally occurring
radionuclides,fallout from the atmospheric,runoff from watershedsthat havereceived
atmosphericdeposition,andradioactiveeffluentsfrom medical, industrial, andnuclear
facilities releasedeitheraccidentallyor routinely. Dependingupon the elementandthe
chemicalform, radionuclidesmayaccumulatein bottom sedimentor remainin the water
columnin the dissolvedstate. Fromeitherlocation, theycan subsequentlyaccumulatein
biotaandbe transferredthroughthe aquaticfood chain. Contaminationof the environment
by radionuclidesinevitably results in an increasein the radiation exposureof natural
populationsof organismsthatoccupythe contaminatedarea. Aquaticorganismsreceive
externalradiationexposurefrom radionuclidesin water,sediment,andfrom otherbiota such
asvegetation.They alsoreceiveinternalradiationexposurefromradionuclidesingestedvia
food andwaterandfromradionuclidesabsorbedthroughthe skinandrespiratoryorgans.

Generally,the dischargeofradioactivewasteinto the environmentis suchthatit results
in only long-term,low-dose-rateexposureof organisms.In mostcases,acutemortalitycan
be discounted.Theverysmall increasein morbidityandmortality thatis contributedby an
increasedexposureto chronicirradiationis unlikely to be detectablebecause-of thenatural
fluctuationsin the sizesof populationsof organismsin the aquaticenvironment. The
purposeof this report is to presentamethodologyfor evaluatingthe ecologicalrisk to
aquatic organismsthat are exposedto anthropogenicradionuclidesreleasedinto the
environment.

- - 2. APPROACH

Ecological risk to aquatic organismsexposedto radiation from anthropogenic
radionuclidesin theenvironmentwill be assessedby 1) calculatingthedoseto the organism
and2) comparingthat doseto levels of radiationbelowwhichno detectableeffectshave
beenobserved. Specialconsiderationwill be givento effectson reproductiveparameters
such as fecundity andembryoviability which would be themost likely to be adversely
affectedby exposureto radiation. -

Althoughmost radiation- effect studieshaveevaluatedeffectsatthe organismlevel,
assessmentsof ecologicalrisk are usually concernedwith the viability andsuccessof
populations. Unlike thecasefor humansin whichmalignanciesandgeneticabnormalities
canbe apersonalcatastrophe,thereusuallyis not asimilarconcernaboutthe survivalof
individual organismsin nature. An exceptionexistsfor threatenedor endangeredspecies
or specieswith low fecundity (typically uticommonin freshwaterecosystems),wherethe
survivalof anindividual couldinfluencethe successof the population. In mostcases,the
potentialfor over-reproductionof aquaticorganismsis largeandmostindividualseither
becomepart of the natural food chain to be consumedby other organisms or starve.
Therefore, for aquaticorganismsthere is little concernaboutsmall increases in the
frequencyofmalignanciesor genetic abnormalitiesbecausetheweakestindividualsare
usuallyeliminatedfirst in the naturalselectionprocess.

- 1
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3. EFFECTS OF RADIATION ON AQUATIC ORGANISMS

A largebodyofliteratureexistsontheeffectsof radiationon aquaticorganismsandhas
beenreviewedextensivelyby anumberofauthors(IAEA 1976; Blaylock andTrabalka
1978;NRCC1983; EgamiandIjiri 1979;Woodhead1984;AndersonandHarrison1986;
NCRP 1991). Thegeneralconsensusof the reviewersis that themostsensitiveaquatic
organismsknown areteleost fish, particularlythe developingeggsandyoung of some
species.Additionally, the reviewerspointout that mostradiationeffectsstudieshavebeen -

conductedusing acuteexposuresof radiationandless than10% of the studiesinvolved
chronic or continuousirradiation. Becausemostenvironmentalexposuresarelong-term,
low-dose-rateexposures,data from chronicirradiationeffect studieson the life cycle of
organismsarethemostusefulin assessingthe ecologicalrisk to biota~ -

Oneapproachthatis usedin assessingthe risk of adverseecologicaleffectsis to select
indicator speciesof organismsfor study. Indicator speciesare usually biologically
significant- organisms and are representativeof - the particular environment under
investigation.An assessmentof theenvironmentwill usuallyallow the identificationof a
few critical speciesof organismsfor whichdoseestimatesshouldbe made. Thesespecies
shouldprovideadequatedatafor anassessmentof effectsfrom the radiationexposureto the
community. - -

- 4. RADIATION DOSE TO BIOTA - - -

Threeapproacheshavebeenemployedfor calculatingradiationdosesto aquaticbiota.
Resultsof using thesethreeapproacheswere evaluatedby Woodhead(NCRP 1991).
CRITR, asetof modelsandassociatedcomputercodes,was developedby Soldatet al.
(1974) andrecentlyrevisedby Baker andSoldat(1992) for applicationto dischargesof
effluents into surfacewaters. A simplified meanswas provided for calculatingthe
concentrationsof radionuclidesin water, sediment,andtwo groupsof organismsusinga
restrictednumberof parametersrelatingto the dischargesourceandthe receivingwater
body. -

A secondapproachinvolvedtwo models,EXREM III andBIORAD (TrubeyandKaye
1973), which were developedfrom the starting point of a unit concentrationof a

radionuclidein waterfrom which theconcentrationin an organismis determinedby the
applicationof aconcentrationfactor. No meansaregiven forestimatingthe concentration
of a radionuclidein sedimentor determiningthe exposurefrom contaminatedsediment
whichmaybe significant.

A third approach,-“Point SourceDoseDistribution” (IAEA 1976, 1979), is advantageous
in thatit canbeappliedto anycombinationof radiationsourcesandtargetgeometries.For
anyextended(nonpoint)sourceof ionizing radiation,thedoserateataspecifiedpointcan
beobtainedby theintegrationof anappropriatepointsourcedosefunctionoverthe source
geometry.Althoughit is possibleto derivetheoreticalexpressionsfrom first principles,these
calculationsare frequentlycomplexdueto the multiplicity of absorptionandscattering
phenomenawhich must be considered. For easeof computation,simple empirical
expressionshavebeendescribedfor calculatingdosesto aquaticbiota(IAEA 1976, 1979).
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Severalfactorsmakesestimatingtheradiationdoseto an organismdifficult. Different
radionuclidesaredifferentially distributedamongthe organsandtissuesof an organism,
affectingtheradiationdosethatsensitiveorgansandtissuesreceive. In addition,therelative
significanceof internalandexternalsourcesof radiationto an organismcanbe markedly
alteredby the sizeandbehaviorof the organism.

Radiationexposuremodelshavebeendevelopedthat incorporateparametersaccounting
for differencesin thesize andshapeof anorganism. The “Point SourceDoseDistribution”
methodologyprovidesameansfor calculatingtheradiationdoseto differentsize categories
of aquaticorganismsusingsimplified equations.Measurementsusedto representdifferent
sizecategoriesfor aselectgroupof aquaticorganismsaregivenin Table 1.

Table 1. Dimensionsoforganismsrepresentingdifferent size
categoriesusedin thePoint SourceDoseDistribution

methodologyfor estimatingradiationdoses

Organism
Mass
(kg)

Lengthof themajor -

axesof the ellipsoid
(cm)

Small insects
andlarvae 1.6 x 10~ 0.62x 0.31 x.0.16

Largeinsects
andmolluscs 1.Ox 10’ 2.5x l.2x 0.62

Smallfish 2.0x 10’ 3.1 x 1.6x 0.78

Largefish 1.0 45 x 8.7 x 4.9

4.1 U-radiation

For largeorganismswith dimensionsgreaterthanafew cm, energyabsorptionand
scatteringbecomesignificant;therefore,afactormustbe appliedto accountfor these
processes.MonteCarlo calculationshavebeenmadeto includeabsorptionandscattering
for anumberof geometries,andthesecalculationscanbe adaptedfor aquaticorganisms
(Brownell etal. 1968,Ellett andHumes1971). The resultsaregivenin termsof the
absorbedfractionwhich,is defmedas: - - -

= photonenergyabsorbedby target
photonenergyemittedby source
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Absorbedfractions(U) which havebeenderivedfor the biotalisted in Table 1 as a
functionof U-ray energies(ICRP 1991)aregiven in FiguresA.1 throughA.3.

TheU-radiationdoseratefrom internalcontaminationis expressedas:

D~= 5.76x 10~E~n~U C0 jiGy Ii’ (1)

where
E~ is the photonenergyemittedduringtransitionfrom ahigherto alower energy

state(MeV) - -

n~ is the proportionof disintegrationsproducingaU-ray
U is the absorbedfractionfromFiguresA. 1 throughA.3 of energyE~(MeY)

(dimensionless)
C0 is the concentrationof the radionuclidein theorganism

(Bq kg’ wetweight) -

If aU-emitterproducesphotonsof differentenergylevels,the dosesfrom all major
U -emissionsshouldbe includedin the doseratecalculation.

It follows thatthe U-radiationdoserateto the organismfrom radionuclidesin water
awayfromthe sedimentis

D0= 5.76 x 10~E~n~(1-U)C~ ~tGyh’ (2)

where

C~ is the concentrationof the radionuclidein water(Bq L1)

The U -radiationdoserateto organismsatthe sediment-waterinterfacefrom a
uniformly contaminatedsedimentis

D0= 2.88x 10~E~n~(1-L)C~R -~Gyh’ (3)

where
C~ is the concentrationof theradionuclidein sediment(Bq kg-’ wetweight). A

genericvalueof 0.75 canbeusedfor convertingsedimentfrom dryweightto
wetweight.

R is the fractionof timethatthe organismspendsatthe
sediment-waterinterface.

Becauseof depositionandresuspensionof sediment,decayof the radioisotope,and
thevariability in therateatwhich aradionuclidemaybe releasedinto aaquaticsystem,
sedimentrarelypresentsa uniform, semi-infmitesourceof U-radiation. Therefore,in
mostcases,equation(3) will overestimatethedoseto biota at thesediment-surfacewater
interface. In thosecaseswheredetailedinformationis not available,0.5 timestheD~in
equation(3) canbeusedto accountfor theunequaldistributionof radionuclidesin the
sediment(IAEA 1976,Woodhead1984).
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TableA. 1 containsthe averageenergypertransformationforaselectedgroupof
gammaemitters. Thesevaluesweretakenfrom ICRPReport38 (1983)andcanbeused
in placeof E~andn~in theprecedingequationsto calculatethetotal U -radiationdoserate
in onestep. Examplesillustrating the calculationof U-radiationdoseratesaregiven in
AppendixB. -

4.2 U-radiation

Thepoint sourceU-dosefunction (NCRP 1991,Woodhead1979)was integratedover
the geometriesgivenin Table 1, assumingauniform distributionof the radionuclidein
the organism,to obtainthe doserateat thecenterof the organismas afractionof the
totalU-doserate. The resultsareshownin Fig. A.4 as afunctionofmaximumU-particle
energyforthethreesmall geometries.For largefish andturtles, the internalU-doserate
is independentof theU-particleenergy;therefore,

D~5.76x10.4U0n1jC0 ~iGyh’ (4) -

The internalU-radiationdoseratefor thethreesmallgeometriesis givenby the
following equation -

D~= 5.76x 10~U~n~U C0 jtGy h’ - (5)
where -

U ~ is the averageenergyof the U-particle(MeV)
nu is the proportionof transitionsproducingaU-particleof energyE~(MeV)

(dimensionless)
U is theabsorbedfractionfrom Fig. A.4
C0 is the concentrationof theradionuclidein the organism(Bq kg-’ wetweight)

It is assumedthatU-radiationfromwatercontributes-a negligible amountto the
internaldoserateof largefish andturtles. -The externalU-doseratefrom waterfor the
smallerorganismsdescribedin Table 1 is

= 5.76x l0~Uuna(1-U)C,, jiGyh’. - (6)
where

C,, is the concentrationof theradionuclidein water(Bq L’)

The externalU-doseratefrom sedimentfor organismsrepresentedby thethreesmall -

geometriesthatarein contactwith the sedimentsurfaceis

j2.88x10~Uunu(l-U)C.R jiGylr’. (7)
where

C~ is the concentrationof the radionuclidein sediment(Bqkg-’ wetweight). A
genericvalueof 0.75 canbeusedfor
convertingsedimentfromdry weight to wet weight.

R is the fractionof time thattheorganismspendsatthe
sediment-waterinterface. -
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Someaquaticorganismsmaybesurroundedby sedimentduringcertainlife stages
and,in suchcases,5.76 x 10~insteadof 2.88 x lO4wouldbe theappropriateunit
conversionfactor. -

Betaemittersthat decayby alternativetransitionsproducean energyspectrumfor
eachmodeof transition. The doseratesfrom the majorspectramustbe includedwhen
calculatingthetotalU-doserateto an organism.TableA. 1 containsa list ofthe
maximumandaverageenergiesof selectedU-emittersbasedon U-particles,conversion
electrons,andAugerradiations. ThesevalueswereobtainedfromICRP Report38
(1983). Examplesdemonstratingtheuseofthedatain TableA. 1 to calculateU-dose
ratesaregivenin AppendixB.

4.3 U -radiation

Fororganismsof the sizesrepresentedin -Table1, theinternaldoseratefrom
U -radiationcloselyapproachesthedoseratefrom an infinite sourcebecauseessentially
all the energyfrom U-particlesis absorbedwithin theorganism. The internaldoserate
from U -radiationis calculatedasfollows:

D0= 5.76x 10~Eunu C0 jiGy h’ (8) -

where
E~ is the energyof theU -particle(MeV)
n~ is theproportionof transitionsproducinganU -particleof energyE0(MeV)

(dimensionless)
C0 is the concentrationof the radionuclidein the organism

(Bqkg-’ wetweight)

If U-particlesof morethanoneenergylevel areproducedduringthe decayof a
radioisotope,the doseratefrom all transitionsaresummedto obtainthe totala-doserate.
It is assumedthatexternalU-radiationfrom waterandsedimentis insignificantfor
organismsof thesizesshownin Table 1. -

TableA.2 givesthe averageU-energiesfor selectedU-emittersincludingthosein
naturallyoccurringU-decaychains. Theaverageenergyof U- andU-emissionsproduced
by the- U-decayarealsogiven. Examplesillustratingthe calculationof doseratesfor
a-emittersarepresentedin AppendixB.

The doseratesin thisreportareexpressedin unitsof absorbeddose(~iGy);however,
differenttypesof radiationsdiffer in theirrelativebiologicaleffectivenessperunit of
absorbeddose. A quality factor,Q, is normallyusedto accountfor thedifferencein
biologicaleffectivenessofthe differentradiations(NCRP 1987). Quality factorshave
beenderivedfrom dataon humansandareintendedto be usedonly for low doses,not
high dosesthatmightresultfrom anuclearaccident. A quality factorof 1 is usedfor x-,
U-, andU-radiationand20 for U-radiation. Therefore,to equatetherelativebiological
effectivenessofthedoseratefrom U-radiationin jiGy to theratefrom U- andU-
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radiations,the U-doserateshouldbe multiplied by 20. In effect,theresultingdoserate
wouldbe equivalentto microsieverts(jtSv), thedoseequivalentunit usedfor humans.

5. DOSE RATE CALCULATIONS FOR FISH EGGS

The calculationof aradiationdoseto fish eggs/embryosexposedto radionuclidesin
the environmentis acomplexprocedurethatrequiresanswersto anumberof questions.
Thesequestionsinclude: Is theradionuclideinsidetheeggor is it adsorbedto theouter
shellor chorion? If the radionuclideis insidethe egg,is it uniformly distributed?What
is, the diameterof the egg?Whereis the developingembryolocated?Do the eggsfloat,
sink to the bottom,form clusters,adhereto, vegetationor otherobjects,etc.? How longis
thedevelopmentperiodanddoestheradionuclideconcentrationchangewith time? If
answersto thesequestionsareavailable,it is possibleto usemathematicalmodelsfor
differentgeometriesandphysicalconditionsto calculatethe radiationdoserateto fish
eggs/embryos(Adams1968,Woodhead1970,Ellett andHumes1971, IAEA 1979).
However,for mostpurposesaconservativeestimateofthe radiationdose-rate-is-
sufficient. The following discussionpresentsasimplified approachfor estimatingthe
doserateto fish eggs/embryosfrom radionuclidesin the environment.

U-radiation to Fish Eggs

Most fish eggsareonly a few millin~etersin diameter;therefore,the radiationdose
ratefrominternalU -emitterswouldbeinsignificant (Ellett andHumes1971,IAEA
1976). Theexternaldoserateto aneggfrom U-emittersin the surroundingwaterwould
be the averagedoseratein aneffectively infinite source(i.e.,the dimensionsof the
sourcearemuchgreaterthanthe attenuationlengthof theradiation). Theunit densityof -

thefish eggsandthe source(water)areassumedto be the same.The equationfor theU-
doseratefrom aninfmite sourceis

Dg(U)5.76x10~Eufl~C,, pQyh” (9) -

where -

E0 is thephotonenergyemittedduringtransitionfrom ahigherto alower energy
- state(MeV) -

n~ is the proportionof disintegrationsproducinga U-rayof energyE~(MeV)
(dimensionless)

C,, - is the concentrationof theradionuclidein water(Bq L’) - -

Becausethe activity of mostradionuclidesin wateris muchlower thanin biological
tissueandbecauseeggsof mostspeciesof freshwaterfish hatchin afew weeksor less,it
is unlikely thattheradiationdosefrom U -emittersin theenvironmentwouldhavea
deleteriouseffect on fish eggs/embryos.

FisheggsmayreceiveexternalU-radiationfrom othersourcessuchas sedimehtand
vegetationandanumberof geometricfactorswould affectthedoserate. For most
radionuclides,theactivity in thesedimentis muchhigher thanin thewater,so thatthe
doseratefrom the sedimentwill be higherthanfrom thewater. However,the doserate
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to fish eggswould dependuponthephotonenergyandtheir distancefrom thesediment
surface.Assumingthat thesedimentis auniformly contaminatedslabsourceof infmite
areaandtheeggsare lying on the sedimentsurface,the following equationcanbeused

to estimatetheU -doserateto the eggs.

D0 (U)= 2.88x 10~E0 n0 C, ~tGyh’ (10)

where - - -

E0 is thephotonenergyemittedduringtransitionfrom ahigherto alower energy-

state(MeV)
nu is theproportionof disintegrationsproducingaU -rayof energyE0 (MeY)

(dimensionless)
C, is theconcentrationofthe radionuclidein- sediment(Bqkg’ wetweight). A

genericvalueof 0.75 canbe usedfor convertingsedimentfrom dry weightto
wetweight.

U-radiationto FishEggs

Equationsfor calculatingthe doserateto fish eggsfrom internalU-emittersare
complexandbeyondthe scopeof thisreport. By assumingthat all the energyfrom
internalU-emittersis absorbedwithin theegg,thefollowing equationcanbeusedto
estimatethe dose. - -

Do5.76x10~’UunuC0 jtGylr’ (11)
where -

U0 is the averageenergyof the U-particle(Me\T)
n0 is theproportionof transitionsproducingaU-particleof energyU0 (MeV)

(dimensionless)
C0 is the concentrationof theradionuclidein theorganism-(Uq kg4wet-weight)

Resultsof equation(11) areapproximatelytruefor low-energyU-radiation;however,
as the U-particleenergyincreases,the extentof overestimationincreases.If the
estimateddoserateindicatesthatharmfuleffectsmightoccur,thenamoreaccuratedose
rateshouldbe detennined.Equationsfor calculatingdoseratesto fish eggsareavailable
in the literature(IAEA 1979,Adams 1968,andWoodhead1970).

If therangeof the U-radiationin thesurroundingwaterexceedsthe radiusof the
eggs,thenthe-doserateto theeggsfrom thewater-is - -

- Du5.76xl0~UunuC,, ~tGyh’ (12)

where - -

U0 is the averageenergyof the U-particle(MeV)
n0 is the proportionof transitionsproducingaU-particleof energy ~(MeV)

(dimensionless)
C,, is the concentrationof the radionuclidein water(Bq L’)
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Equation(12)canbeusedto estimatetheU-doseratefrom waterin instanceswhere
the rangeof the U-particleis lessthantheradiusof theeggbut thedoseratewill beover
estimated.As mentionedabove,if theestimateddoserateindicatesharmfuleffects
might occur,thenamoreaccurateestimateof the doserate shouldbe obtained. -

FisheggscanalsoreceiveU-radiationfrom contactwith surfacessuchas sedimentor
vegetation.The doseratewill dependuponthe thicknessanddensityof the materialas
well as the energyof the U-radiation. Thefollowing equationcanbe usedto estimateto
doseto eggsthatare in contactwith sedimentalthoughin mostsituationsit will over
estimatethe doserate. -

Do”2.88x10~UonuC,R ~iGyh’. (13) -

where - -

C, is the concentrationof theradionuclidein sediment(Bq kg-’ wet weight). A
genericvalue of 0.75 canbe usedfor convertingsedimentfrom dry weightto
wetweight

R is the fractionof timethat theorganismspendsatthe sediment-water
interface.

U-radiationto Fish Eggs

Assumingthatall theradiationfrom internalU-emittersremainswithin the eggand
thatall externalU-radiationis stoppedby the chorion,areasonableestimateof the dose
ratefrom U -emittersis givenby

Do=5.76x104EonuC0 - jiGyh’ (14)

where
E0 is the energyof theU-particle(MeV) -

n0 is the proportionof transitionsproducingan U-particleof energyE~(MeV)
- (dimensionless) - -

C0 is theconcentrationof the radionuclidein the organism-(Bq kg-’ wetweight)

6. DOSE CALCULATIONS AN]) EFFECTS

The previouslylistedequationscanbe usedto calculateadoserateto aquaticbiota
for mostsituations.Bioaccumulationfactorsfor freshwaterfish for selected
radioisotopesareincludedin TablesA. 1 andA~2.Thesefactorscanbe usedto estimate
the concentration-of aradioisotopein freshwaterfish from theconcentrationin the
surroundingwater.Informationon the decayschemesof additionalradioisotopescanbe
obtainedfrom ICRP 38 (ICRP 1983),Kocher(1981),andtheHealthPhysicsand
RadiologicalHealthHandbook(Shleienetal. 1984). Equationsfor calculatingdoserates
for otherbiota,suchas fish eggs,phytoplankton,andzooplankton,canbe foundin IAEA
TechnicalReports SeriesNo. 172 (1976)andSeriesNo. 190 (1979). After determining
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thedoserateto an organismfrom eachindividual radioisotopein theenvironment,the
total doserateto theorganismis determinedby summingthedoserates(in dose
equivalents)from all radioisotopes.Thetotal doseratecanthenbe comparedto
literaturevaluesfor radiationeffectson the sameor closelyrelatedorganisms.The most
appropriatevaluesfor comparisonarethosefrom chronicexposurestudiesconducted
overthelife cycle of an organism;however,it is oftennecessaryto extrapolatetheresults
of acuteexposuresto chronicexposures.

A numberof reviewson the effectsof radiationon aquaticorganismshavebeen
publishedoverthe lastthreedecades(Polikarpov1966,Templetonetal. 1971, Chipman
1972,IAEA 1976, BlaylockandTrabalka-1978,IAEA 1979,Egami1980,NRCC1983,

Woodhead 1984,AndersonandHarrison1986,NCRP 1991,andIAEA 1992). These
reviewsconsidereddatafrom field andlaboratorystudiesfrom bothmarineand
freshwaterenvironments.Moredatahavebeencollectedon marinethanon freshwater
species;however,wherereasonablecomparisonscanbe made,thereis no evidencethat
significancedifferencesin radiosensitivityexistsbetweenmarineandfreshwater
organisms.NCRPReportNo. 109 (NCRP1991) containssummarytablesoftheeffects

- of chronicirradiationon fish andinvertebrates.TablesA.3 throughA.6 are
modificationsoftheNCRPtables. For informationon specificorganismsnot contained
in thesetables,individual reviewscanbe consulted,for example,Woodhead(1984).

Methodsfor dosecalculationsfor phytoplanktonandzooplanktonarenot includedin
this documentbecausetheseorganismsarerelativelyresistantto irradiationexposure

(TableA.5) (Marshall 1962,1966). Fromreviewsof the literature(IAEA 1976;
BlaylockandTrabalka1978; Woodhead1984),detrimentaleffectson organismsof

higher trophic levelsshouldbe detectedbeforepopulationsof phytoplanktonand
zooplanktonareaffectedby exposureto radiation. Therefore,dosecalculationsfor
organismsof highertrophic levelsareemphasizedin this report. Themethodologyfor
calculatingdoseratesfor phytoplanktonandzooplanktonis availablein the IAEA
TechnicalReport172(1976).

The U.S. Departmentof Energy’s(DOE) guidelinefor radiationdoseratesfrom
environmentalsources,-whichrecommendslimiting the radiationdoseto aquaticbiota to
0.4mGy h-’ (1 rad day’), isbasedon results-ofpreviouslycitedreviewssummarizedin
NCRPReportNo. 109 (NCRP1991). The conclusionfrom thesereviewsis that at0.4
mGy h-’, thereis no evidencethatdeleteriouseffectshavebeenexpressedatthe
populationlevel for aquaticbiota. TablesA.3 throughA.5 containsummariesfrom the
literaturereviewedin NCRPReportNo. 109on reproductiveeffectsin fish exposedto

- chronicirradiation. In thesechronicirradiationstudies,effectswerenotdetectedunless
the doseratesweremuchgreaterthan0.4 mGy h-’. However,populationsmaybe atrisk

from otherfactors,suchas over exploitationor otherenvironmentalstresses,which
might in combinationwith radiationhavean undesirableimpact. Therefore,it is
desirableto conductacomprehensiveecologicalevaluationoftheradiationexposure
regimein combinationwith otherenvironmentalfactorsin order-to assessthe potential
for radiationcontributingto effectsatthepopulationlevel. It is recommended(NCRP

1991) thatwherethe resultsofradiologicalmodelsor dosimetricmeasurementsindicate
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a doserateof 0.1 mGy h-’ ormoreto aquaticbiota,amoredetailedevaluationof the
ecologicalconsequencesto theendemicbiotashouldbeconducted.

Accordingto theradiationeffectsliterature,themostradiosensitiveaquatic
organismsarethedevelopingeggsandyoungofsomespeciesofteleostfish. With few
exceptions,the developmentalperiodfor freshwaterfish eggsis relativelyshortbut it can
rangefrom 3 daysfor the commoncarpCyprinouscarpio to morethan70 daysfor some
salmonidaespecies.For thisreason,the accumulatedradiationdoseto fish eggsfrom -

- chronicenviromnentalradiationshouldbe relatively small. It is highly unlikely thatdose
ratesin naturalaquaticecosystemsthatreceive routinereleasesof radioactiveeffluents
wouldproduceeffectson developingeggsandyoungof fish thatwouldinfluencethe
successof the population.Exceptionsto thispremisecouldoccurasa resultof
accidentalreleasesof unacceptablelevelsof radioactiveeffluents-or inman-madewaste
disposalpondswherehigh concentrationsof radionucidesmaybe present.

In NCRPReportNo. 109 (NCRP1991),doseratesto aquaticorganismswere
calculatedfor threeDOE-operatedsitesandonesite in Canada:GableMountainPond,
HanfordPlant,Washington;White OakLake,OakRidgeNationalLaboratory,
Tennessee;SavannahRiverPlant, SouthCarolina;andBeaverlodgeUraniumMining
Area, Saskatchewan,Canada.Theestimatedwhole-bodydosesreceivedby aquatic
organismsat thesesitesweremorethantwo ordersofmagnitudebelow theproposed
standardof0.4mGy h’. However,a few doseratesapproached0.1 mGy h’, which
mightin combinationwith environmentalstresseshaveanundesirableimpact. The
highestdoseratesoccurredin man-madepondsassociatedwith wastemanagement
activitiesandthesepondshaveno direct connectionwith naturalbodiesof water.
Remedialactionshavebeenimplementedatthesesites. Therefore,it is highly unlikely
thatenvironmentalsituationswill be encounteredwhere-the-riskfrom radiationexposure
fromreleasesof radioactivewasteto the environmentwouldproducedetrimentaleffects
on aquaticorganismsatthe-populationlevel. -

The methodologyfor calculatingconservative(upper-limit) radiationdoserates
providedin this documentcanbeusedto estimatedoseratesto biota inhabitingaquatic
environmentscontaminatedwith radionuclides.If the doserateto aquaticorganismsis
lessthanthe DOE’s recommendedlevelof 0.4mGy h-’ (1 rad day’), thereshouldbe no
detrimentaleffectsfromradiationexposureatthepopulationlevel, i.e., thereshouldbe
no quantifiablerisk to the biota. If estimateddoseratesexceed0.1 mGy h-’, thenstudies
shouldbe implementedto determinewhethereffectscanbedetectedatthe individual
and/orpopulationlevel forbiota inhabitingthe environment.
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River Otter
Lontra canadensis (formerlyLutra canadensis)

DESCRIPTION

The river otter is a large, aquatically-adapted
member of the weasel family. This shy and
secretiveanimalis a strongandgracefulswimmer,
with an ability to dive to depths of about60 ft.
Like othermembersof its family,- the river otter
hasa long body,short legs,anda long neck. The
head is broad and flattened and its muscular,
taperingtail typically equalsaboutone third of its
totalbody length. Thepelageis darkbrownabove

-and lighter below. The lips cheeks,chin, and
throat also are a lighter brown (Whitaker and
Hamilton 1998).

BODY SIZE -

River otters display sexualdimorphism in body
size, with adult malesreportedto be about 17%
heavier and significantly longer than adult
females. Average measurementsof four - adult
malesfrom Idaho (Whitaker andHamilton 1998)
were: total length 117.7 cm (range = 115.0 —

120.1,SE 1.05);tail 46.3cm (range= 44.5— 47.9,
SE0.77); andhind foot 13.3 cm (range = 12.8 —

13.7, SE0.19). Six adult femalesfrom the same
study area had the following average
measurements:total length 111.1 cm (range= 107
— 113.2, SE 0.91); tail length 43.7 cm (range =

42.4— 45.2, SE 0.37);andhind foot 12.7cm (11.9
— 13.4, SE .26)..

The adult malesin the Idaho study areahad an
averagebody weightof9.2 kg (range= 8.0— 11.0,
SE = 0.6), while thebodyweightof adult females
averaged7.9 kg (range = 7.5 — 8.0, SE = 0.2).
Thesemeasurementsfall within therangesofriver
otters from the eastern U.S. as reported by
WhitakerandHamilton (1998). Interestingly,the
weightof adult femalesmaydecreaseafter they
reachfour yearsof age(Stephenson1977 ascited
in MelquistandHornocker1983).

DISTRIBUTION

The current range of the river otter in North
Americais shownin Figure1 (from Whitakerand

Figure 1. Range of the river otter in North America

Hamilton 1998). Historically, the river otter
occurredthroughoutmuchofthe U.S. andCanada
excluding the drier Southwesternstatesand the
northerntundra of Alaska and Canada(Meiquist
and Hornocker 1983). Beginning in the l~’
century or earlier, river otter numbers and
distribution declinedsignificantly (Organ1989). A
1976 studysuggestedthatriver otterwerebelieved
to be present in 44 states and 11 Canadian
provincesandterritories(DeemsandPursley1978,
as - cited in Melquist and Hornocker 1983).
Whitakerand Hamilton (1998),however, indicate
that habitat loss, over-harvesting,and pollution
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havereducedthe otter’s rangeto a third of its
original distribution and causedits extirpation
from portionsof themid-Atlantic andcentralU.S.
Recentprotectionand re-introduction efforts in
Ohio, Illinois, Indiana, and Pennsylvaniahave
allowedthespeciesto makea comebackin those
areas. In 1977, the river otter was includedit
Appendix II of the Conventionon International
Trade in EndangeredSpeciesof Wild Faunaand
Flora (CITES),which limited tradeof otterpelts.
Somestateshaveprohibitedharvestingofthe river
otter to provide additional protection for this
species(MelquistandHomocker1983).

MIGRATION -

The river otter is non-migratory,but will travel
betweendifferent foraging locations throughout
the course of the year. In Idaho, conservative
estimatesof averagedaily distancetraveledby
offers (includingfamily groups)rangedfrom 0.4to
3.1 miles (MelquistandHornocker1983). During
dispersal and exploration of their home ranges,
river otterswill travelmuchgreaterdistancesin a
single day(i.e.,up to 26 miles).

HABITAT

River otters use both freshwaterand brackish
habitats. They occur in lacustrine(i.e., lake) and
riverine waterbodies,.as well as their associated
wetlandhabitats(Whitaker andHamilton 1998).
Prey availability appearsto be the primary factor
affecting habitat selection (Melquist and
Homocker 1983). Also of importance is the
presenceof adequateshelter and limited human
activity. Habitatusevaries during the courseof
the year based on accessibility and food
availability. For example, mudflats and open
marshes in Idaho were often used during the
summer,but rarely duringthe winter whensnow
andice limited accessibility. In Florida,-river otter
will move from temporarily flooded marshesto
cypressswamps that include permanentponds.
These swamps represent the little remaining
aquatichabitat for both the otterandfish, which
are the otter’sprimaryprey, duringthe driestpart
oftheyear(HumphreyandZinn 1982).

selectriverine andlacustrinesystems,but will also
use estuaries,salt marshes,and most palustrine
wetlands. They mayalsobepresentin avariety of
forest covertypesprovidedawaterbodyis nearby
(DeGraafandYamasaki2001). In coastalMaine,
river ottehi select habitat associatedwith beaver
flowages, which provided abundantfood, stable
water levels, escapecover, andrestingand dens
sites. Theseareasalso are relatively free from
humandisturbance. Habitatuseby river otter in
Maine is positivelycorrelatedwith thelengthofthe
streamandthe averageshorelinediversity(e.g., the
amountof shallowhabitatavailablefor foraging).
River otters in coastal Maine avoid watersheds
within mixed hardwood-softwoodcommunities,
which are typically less productive, headwater
streams(Dubuceta!. 1990).

In Massachusetts,river otters use a variety of
palustrine,riverine andlacustrinewetlandsystems
with no particular preference for any one
communitytype(NewmanandGriffin 1994). In
Idaho, river otters use a variety of habitats
throughout the course of the year, including
mudflats, open marshes,forest streams,swamps
andbackwatersloughs,largelakesandreservoirs,
and smaller ponds. Idaho river otters preferred
stream-associatedhabitatsto lakes,reservoirs,and
ponds(MelquistandHornocker1983). -

Within any given habitat, river otters select
locationsreferredto as latrines,wherethey leave
the water to defecate,urinate, scent mark, and
groom (Newman and (Jriffm 1994). Habitat
characteristicsspecifically associatedwith otter
latrines itclude the presenceof rock formations,
backwatersloughs,fallen logs, verticalbanks,large
conifers, points of land, beaverbank dens and
lodges, isthmuses,andthe mouths of permanent
streams(NewmanandGriffin 1994,Swimleyeta!.
1998).

River otters also havenumerousden and resting
siteswithin their homerangethattheyuseover the
courseof a year. Thesesitesprovideriver otters
with protectionas well as isolation(Melquist and
Homocker 1983). Den andresting sites maybe
locatedin logjams,riparian vegetation,snowor ice
cavities,rip-rap,talusrock,boulders,brushandlogIn New England,river otters will preferentially
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piles,undercutbanks,boatdocks,abandoneddam
spillways, anddens constructedby other animals
(e.g.,beaver,muskrat,woodchuck,fox, or coyote)
(Liers 1951, Melquist and Hornocker 1983).
Melquist and Hornocker (1983) found that river
ottersusedactiveandabandonedbeaverbankdens
and -lodges more often- than any other den or
restingsite,probablybecausetheyprovideshelter
aswell asunderwateregress.

In the PrimaryStudyArea: - Riverottersignswere
observedat only three locations in the primary
studyarea during the 1998, 1999, and2000 field
surveys. Eachof theseobservationswas adjacent
to themainstemofthe HousatonicRiver. One in
the northern portion of the study area was an
apparentlatrine siteat a sectionof theriver bank
with a possible den site offering water access.
That site was locatedat the edgeof a floodplain
forest. The secondobservationwas in the central
portion of the study area, consistingof a scat
found at one of the study’s scentpost stations
within awet meadowatthe river edge. The third
observationwas also a scat, locatedin an open
shrub swamp near the river (refer to Figure 2
below). Table I contains a summary of the
literaturereviewandobservationaldataon theuse

by river otters of the natural community types

foundwithin theprimarystudyarea.

HIBERNATION

Riveroffers do not hibernate. They remainactive
throughoutthe yearandactuallyshowan hcrease
in activity level during the - winter. Although
activity levelsgenerallyincreaseduringthe winter,
travel maybe restrictedby snow and ice cover.
During muchof the yeairiver ottersareprimarily
nocturnal,withpeakactivity occurringaroundmid-
night andjust before dawn. During the winter,
-however, river otters appearto be more diurnal
(MeiquistandHomocker1983). -

HOME RANGEAND TERRITORIALITY

Homerangefor the riverotter is oftenexpressedin
linear measurementsbecausetheytypically occur
along rivers and lake shores. Melquist and
Hornocker(1983) reportedhomerangesfrom 5 —

50 linear miles for a population in Idaho. Area
home ranges have been estimated from 448 —

14,080 acres (0.7 — 22 sq. mi) (Melquist and
Dronkert 1987,as cited in DeGraafandYamasaki
2001). Male river otters typically occupy larger
homerangesthanfemales(DeGraafandYamasaki
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Table 1. Habitat use by river otter in the primary study area

Habitat Codes and Natural Community Classifications

ROW = Riverine Open Water

SHO = Shorelines
PFO = Palustrine Forested
PSS = Palustrine Scrub-Shrub
PEM = Palustrine Emergent
WM = WetMeadow

PAB = Palustrine Aquatic Bed

VP = Vernal Pool

SW = Softwood Forests
MW = Mixed Forests
HW = Hardwood Forests
OF =Open Fields
AGR = Agricultural Croplands

RES = Residential

Season of Use
B = Breeding

M = Migration
W = Wintering
Y = Year-round

Shading = observed in study area
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2001). River offer display a high degree of
individual and seasonalvariation in homerange
size. Home range size in Idaho wassomewhat
influencedby theage, sex,andsocialstatus(i.e.,
solitary versusfamily group), althoughno clear
associationwas evident. Adult female.swith pups
aregenerallyrestrictedto the areaaroundthenatal
densin the springwhile pupsareyoung.

Home ranges include activity centers,where a
river otterspendsatleast10% of its time duringa
given season.Activity centersarelocatedin areas
with both an abundantprey baseand sufficient
shelter(MelquistandHomocker1983). Activity
centersvary during the courseof the year with
changing prey availability, which may affect
seasonalhomerangesize. For example,Melquist
andHornocker(1983) foundthatindividual home
rangelengthstypically increasedduringthe winter
in their Idaho studyarea.

Other than family groups, otters are generally
solitary. They will, however, form temporary
associations that may consist of related or
unrelatedindividuals. Homerangesin thisspecies
have been shown to overlap extensively, with
someoffers sharingessentiallythe samehome
range. Separationappearsto occurat the activity
centers,with individuals or family groupsusing
differentactivity centerswithin the homerangeor
using the sameactivity centers,but at different
timesthroughoutthe day (MelquistandHornocker
1983). When a food source. is abundantand
concentrated,such as during a spawningrun of
fish, river ottersmayusethe sameactivity center
at the sametime. River ottersdo not appearto
defenda definedareawithin theirhomerangethat
would representa territory, but ratherwill defend
an area surrounding their immediate physical
location(MelquistandHornocker1983). Animals
using overlappinghomerangesor activity centers
preventconfrontationthroughmutualavoidance.

BREEDING

River otters are polygamous;males mate with
morethanone femaleduring a breedingseason.
Riverottersmateshortly-afterthe youngareborn.
Breedingin the northernpart of the rangeoccurs

betweenMarch and April with estrusbeginning
soon after parturition and lasting 42 to 46 days
(Hamilton and. Eadie 1964, Melquist and
Hornocker1983, DeGraafand Yamasaki2001).
Implantation in this - species is delayed for
approximately8 to 9.5 months. Implantationofthe
embryo occursapproximatelyin Februaryin New
York, earlierin the south(WhitakerandHamilton
1998). Gestationhasbeenestimatedto rangefrom
11 to 12 months, with actual embryonic
developmentlasting 61 to 63 days-(Hamilton and
Eadie 1964; Melquist and Hornocker 1983).
Typically theyoungarebornbetweenFebruaryand
April, although the timing of birth varies with
geographiclocatiort (range: November through
May). Litter sizesrangefrom 1 — 6 pups,with an
averageof 2 —3 pups(mean= 2.6basedon embryo
counts) (Hamilton and Eadie 1964, Chilelli et al.
1996). Studies in Georgia and Alabama have
shown a 50% pregnancy rate in some areas,
suggestingthatfemalesmaybreedonly everyother
yearthere(WhitakerandHamilton 1998).

GROWTHAND DEVELOPMENT

Pupsweighabout 275 g at birth. They are fully
furred, but their eyes are closed and they are
toothless.Theireyesopenwhenthepupsareabout
35 days old andpups are weanedat about five

months of age(Liers 1951,WhitakerandHamilton
1998). They foragewith the nDtheratabout 10 to
11 weeks.Pupsmayremainwith theirmotheruntil
theydisperseat 12 to 13 monthsof age,usuallyin
the fall or winter. Juvenilesdo not reachadult
lengthuntil they arethreeto four yearsof ageeven
thoughtheymaybreedat two years(Melquistand
Homocker1983,WhitakerandHamilton 1998).

FOOD HABITS AND DIET

The river otter is a carnivorousand piscivorous
feederthat occupiesan uppertrophic level. Fish
typically representthe primary prey item in the
diet, with crayfish, amphibians, insects, birds,
reptiles,andmammalsalsoconsumed(Sheldonand
Toll 1964,KnudsenandHale 1968,Toweill 1974,
Meiquist andHornocker1983). In two studies,fish
remainswere found in 92 — 100%of the analyzed
scat (Sheldon and Toil 1964, Meiquist and
Homocker 1983). One study in Massachusetts
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foundthat offers also consumeblueberrieswhen
- theyareavailable(SheldonandToll 1964).

The dietof the river otter variesduring the course
of the year with changingprey availability. For
example, in areas where spawning runs of fish
occur,river otterswill shifttheir huntingeffortsto
these coticentratedprey items when they are
available (Melquist and Hornocker 1983).
Because prey availability also varies with
geographiclocation, thediet oftheriver otterdoes
differ throughout its range. Crayfish form an
importantpart of the river otter’s diet in muchof
its range,but becausecrayfishdo not occur in the
upperPayeffeRiver drainagein Idaho,theywere
not present in the diet there (Melquist and
Homocker1983). Analysesof stomachcontents
indicatethatsomeinsectspresentin stomachwere
the result of direct consumptionby river otter,
whereasotherinsectsweremost likely the result
of secondary ingestion (i.e., insects initially
consumedby fish) (Toweill 1974, Melquist and
Hornocker1983).

River otters consume a wide range of fish
including: Cyprinidae (minnows, carp, northern
squawfish),Centrarchidae(smallmouthbass and
sunfish), Percidae (yellow perch, darters),
Cyperinodontidae(killifish), Catostomidae(e.g.,
white sucker, largescale sucker), Ictaluridae
(bullheads, catfish), Salmonidae(salmon, trout,
whitefish, Arctic graying), Petromyzontidae
(lampreys),Gadidae(burbot), Cottidae(sculpins),
Gasterosteidae (sticklebacks), Umbridae
(mudminnows),and Esocidae(northernpike and
pickerel) (Hamilton 1961, Sheldonand Toll 1964,
Knudsen and Hale 1968, Toweill 1974, Gilbert
and Nancekivell 1982, Melquist -and Homockér
1983). -

Prey selection by river offers seems to be
dependentupon the speciesmost vulnerableto
predation, a -function of the -prey - species’
abundance,size,- andswimming ability (Melquist
and Hornocker 1983). In general, river offers
preferentially - prey upon slower-moving and
schooling speciesof fish, whih are easier to
catch, and focus their effort upon the more
prevalentand less agile species(Ryder 1955 as
cited in Toweill 1974, Whitakerand Hamilton

1998). SheldonandToll (1964)alsoreportedthat
habitat selection, time of day, fish spawning

periods, and environmentalconditionssuchas ice
cover and water temperaturemay affect prey
selectionby river otter. River ottersconsumefish
rangingin size from 2.0 — 50.0 cm. The lengthof
the threepredominantprey speciesin an Idaho
study being greaterthan 30 cm long (Hamilton
1961,MelquistandHomocker1983).

Other componentsof the river otter’s diet include:
crustaceans(crayfish, crabs, shrimp, pillbugs),
mollusks(clams,periwinldes,freshwatermussels),
amphibians(adult and larval frogs, salamanders,

- newts), reptiles (turtles, snakes), insects
(Coleoptera, Plecoptera, Diptera, Neuroptera,
Tricoptera, Odonata), mammals (Sorexfumeus,
Microtus pennsylvanicus,Clethrionomysgapperi, -

Peromyscus maniculatis, Thoñonys talpoides,
Tamiasciurus hudsonicus, Ondatra zibethicus,
Castor canadensis,Synaptomysborealis, Lepus
americanus,Odocoileus sp., Zapus sp., Mustela
vison), and birds (Gaviformes, Anseriformes,
Ciconiformes, Gruiformes, Passeriformes, and
Charadiformes) (Liers 1951, Hamilton 196-I,
Gilbert and Nancekivell 1982, Melquist and
Hornocker1983).

ENERGETICSAND METABOLISM

Sampleand Suter(1999) report the estimatedfood
ingestionratefor river ottersto be 0.9 kg!d (fresh
weight of fish or aquatic prey) and the water
ingestionrateto be 0.64L/d.

POPULATIONS AND DEMOGRAPHY

Population Densities: Population densities have
been reported from 1 offer per 2.3 miles of
waterway to 1-otterper 6 — 11 milesof waterway
(Melquist and Homocker 1983, Melquist and
Dronkert 1987 ascited in DeGraafandYamasaki
2001).

Age at Maturity and Life Span: Both males and
femalesreachsexual maturityby two yearsof age
although malesmay not successfullybreeduntil
they are much older (Liers 1951,.Meiquist and
Hornocker 1983). Some studies indicate that
females actuallymaybreedduring their first year
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basedon the presenceof corporaluteawithin the
ovaries. Once reachingsexual maturity, females
are capableof producingonelitter per yearand
litter size may increasesignificantly with the age
ofthe female(Docktoretal. 1987). Theliterature
provides little information on the life expectancy
of river otter in the wild, althoughMelquist and
Hornocker (1983) did report onefemale thatwas
10yearsold.

Mortality: Trapping hashistorically beenone of
the primarycausesof mortality for the river otter.
Direct trappingof river ottersstill occursin some
states,and somemay be incidentally caughtin
beaver traps (Melquist and Homocker 1983,

Chilelli et al. 1996). In addition,-river ottersmay
be killed by huntersandin collisionswith vehicles

and watercrafl (Melquist andHornocker 1983).
Becauseof their upperposition in the food chain

- - andtheir aquatichabits,river otteraresusceptible
to environmentalcontaminants,including dioxin,
mercury, and polychiorinatedbiphenyls (PCBs)
thatarepresentin thelakesandrivers (Foley eta!.
1988, SloanandBrown 1988,Organ1989, Sample
andSuter1999). Thoughrelativelylittle is known
aboutthespecificeffectsof PCB contaminationon

river otter, PCBs have been found to impair
reproductionandcausedeathin theclosely-related
mink (PlatonowandKarstad1973). - -

Organ - (1989) compared PCB and mercury
residues in river otters from 20 different
Massachusettswatersheds.While variability was -

high in all watersheds,individuals from the
HousatonicRiver watershedhadthe highestmean
PCB residues. He also found a correlation
betweenmercuryresiduesin river ottersandthose
in whole-bodyfish from the samewatershed,and
suggestedthatriver otterscould beusedto assess
the general backgroundlevels on a watershed
basis. Mercury levels in adultswerehigher than
thosein juveniles,implying bioaccumuiationover
the animal’s lifetime. Studies in Europe also
report high levels of PCBs in river otters and
suggestthat populationdeclinestherearedueto
PCBaccumulationsin this species(Leonardsetal.
1991,Trans et a!. 2001). One studyof Eurasian
otters(Kruuk andConroy 1996),however,found
no evidencethat PCBsaccumulatedin otterswith
age.

Enemies:Humansareprobablythemostimportant
enemy of the river otter, affecting this species
throughdirect (i.e., trapping) andindirect (habitat

• alteration,pollution) means. Thereappearsto be
-very little publishedinformationonnaturalenemies
of the river otter, althoughthereare reports of
predationby coyotes(Canis latrans)anddomestic
dogs(MelquistandHomocker1983). -

STATUS -

General: In- New England, the river otter is
consideredto beuncommonbasedon sightingsand
trappingdata,but maybe more commonthanthis
information suggests (DeGraaf and Yamasaki
2001). In somepartsof Massachusetts,river otter
populations have increased to nuisance levels
(WhitakerandHamilton 1998). - -

In The Primary Study Area: Despite thousands of
person-hoursof field surveys in the studyarea in
all seasonsfrom 1998 to 2000, river otter signs
(i.e., scat and tracks) were seenon only four
occasionsin threelocationswithin the study area
(Figure 2). - Interestingly, offer signs and a few
individualswereobservedin nearbyreferenceareas
on manyoccasions,often with very little effort.
Reasonsfor the river otter’s conspicuousabsence
fromthe primarystudyareaareunknown.
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River Otter - -

Scientific nameLutra canadensis

Description

At 35-53 inchesfrom tip to tip, theriver
- - otter is Illinois’ largestmemberofthe

weaselfamily. A stouttail makesup
about30-40%ofits total bodylength.An
ottersusesits tail like arudderwhile
swimming.Adults weigh 10-25pounds;
malesareaboutonethird largerthan -

females.Ottershaveabroad,slightly
flattenedhead,largenosepad,stiff, bristly
whiskers,smallblackeyes,and~mall
roundedears.Theirbodiesaremuscu’ar
andtorpedo-shaped,allowing themto
moveeasilythroughwater.Thelegsare
shortandhavefive fully-webbedtoeson
eachfoot. Thefur is darkbrown or
reddishbrownon thebackandlight

- brown, tan, orsilveron thethroatand -

- belly.

Distribution & Abundance -

RiverotterswerecommonandfoundthroughoutIllinois duringearlyEuropeansettlement.
Unregulatedharvestandhabitatloss causedtheirnumbersto declineduringthemid-l800s,
andsightingswererareby theearlyI 900s.Thetrappingseasonwasclosedbeginningin 1929,
but this didn’t helpmuch.Pollution wasamajorproblemuntil the l970s,whenmanylaws
wereenactedto improvewaterquality in ourstreamsandrivers.

Riverotterswerelistedasastatethreatenedspeciesin 1977. Theirstatuswasdowngradedto
stateendangeredin 1989. It’s likely thatfewer than100ottersexistedin Illinois at this time.
Thelargestconcentrationlived alongtheMississippiRiver andits backwatersin northwestern
Illinois. A smallerpopulationoccurredalongthe CacheRiver in thesoutherntip of thestate.

TheDepartmentof NaturalResourcesstartedworkingon arecoveryplanin theearly 1990s.
The chancesof successseemedprettyhighbecausehabitatandwater-qualityweresuitablein
manypartsof thestate.Also, thestate’sbeaverpopulationwasatnear-recordnumbers(beaver

- damscreateexcellentotterhabitat)andthestatewasengagingin somemajorefforts to
conservewetlandsandwoodedareasalongstreamsandrivers.From 1994 through1997,346

-- offerswerecapturedin Louisianausingsmall leghold trapsandreleasedin southeastern-and
centralIllinois. -

Today,otterscanbefoundnearlyanywherein Illinois. Theirnumbersarestill fairly low in
manyplaces,butthey’veincreasedenoughthat thestatehasupgradedtheir statusfromstate
endangeredto statethreatened.Like all endangeredandthreatenedspecies,ottersare
protectedby closedhuntingandtrappingseasons.

Habitat

Rivers,streamsandlakesarekeyhabitats.Thosewith wooded
shorelinesandnearbywetlandsarebest.Waterquality isn’t a
majorconcernunlessit’s so badthatfish arescarce.Sometypes

http://www.inhs.uiuc.edu/dnr/fur/species/otter.html 12/7/2004
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Newbornsarehelplessbut developquickly. Theireyesopenat about-35 daysof age.Brief
trips outsidethedenbeginat 10-12weeks.Femalesdo mostof thework whenit comesto
raisingthepups,butmaleshelpoccasionallyoncethepupsleavethenest.Theyoungotters
arecoaxedinto thewaterfor the first timeat about14 weeksof age.They’reweanedby 4
monthsofage,butoftenremainwith theirmotheruntil thefollowing spring.Young females
canbreedat oneyearof age,butmanywait until they’re two.

Conservation -

Conservingwetlandsandwoodedareasalongstreamsandrivers are top priorities.Reducing
soil erosionandpreventingfertilizersandpesticidesfrom washinginto streamsare important
measures,evenwhereoffersaren’t likely to visit. Forexample,soilparticleswashedinto a
streamcansettlewhentheyreachslow-movingwater,coveringtherock,sand,or gravelthat
somefish needto lay their eggsandraiseyoung.Fewerfish meanslessfood for otters.

Otterslike to usedensandwetlandscreatedby beavers.Protectingthelong-termhealthof the
beaverpopulationis aninvestmentin theriver otter’sfuture. Trappingis highly regulatedin
Illinois. Licensedtrapperscanharvestbeaversonly at certaintimesof theyearandusingonly
thosemethodsallowedby law. Thiskeepsbeaversfrombecomingscarcewhilehelping to
controlsomeof damagetheycancause:

- - - - - ~
T f’-. ~ Tracks & Sign ~ References ~ Main Menu ~ &O~a1Y J

- ~- - - - ~ k-~~-~

http://www.inhs.uiuc.edu/dnr/fur/species/otter.html 12/7/2004
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Quick Facts

Class: Mammalia (Mammals)
Order: Carnivora
Family: Mustelidae
Genus: 6 genera
Species: 13 species
Length: largest—giant otter
Pteronura brasiliensis, up to
7.8 feet (2.4 meters);
smallest—Asian small-
clawed otter Amblonyx
cinereus, up to 3 feet (0.9
meters)
Weight: largest—sea otter
Enhydra lutris, males up to
95 pounds (43 kilograms);
smallest—Asian small-
clawed otter, up to 11 pounds
(5 kilograms)
Life span: 15 to 20 years
Gestation: from 2 months for
smaller species to 5 months
for sea otters
Number of young at birth: 1
to 5, usually 2
Size at birth: 4.5 ounces
(128 grams) for smaller
species to 5 pounds (2.3
kilograms) for sea otters
Age of maturity: 2 to 5 years
Co tiseryation
stat~js.;.four
species,

Range: Africa, Asia, and parts of North, Central, and Souti
Habitat: sea otters are found in the Pacific Ocean and alor
coastline, but most otter species live in rivers, lakes, and rr

Champion Swimmers
Otters are the only serious swimmers in the weasel family.
They spend most of their lives in the water, and they are
made for it! Their sleek, streamlined bodies are perfect for
diving and swimming. Otters also have long, slightly
flattened tails that move sideways to propel them through
the waterwhile their back feet act like rudders to steer.

Almost all otters have webbed feet, some more webbed
than others, and they can close off their ears and noses as
they swim underwater. They can stay submerged for about
five minutes, because their heart rate slows and they use
less oxygen. They’re also good at floating on the water’s
surface, because air trapped in their fur makes them more
buoyant. Have you ever noticed that when an otter comes out of the water, its c
sticks together in wet spikes, while the underneath still seems dry? That’s beca’
have two layers of fur: a dense undercoat that traps air; and a topcoat of long, V
guard hairs. Keeping their fur in good condition is important, so otters spend a I
grooming. In fact, if their fur becomes matted with something like oil, it can dam
ability to hunt for food and stay warm.

Party Animals
Otters are very energetic and playful. You might say
to party! They are intelligent and curious, and they ar
busy hunting, investigating, or playing with somethint
to throw and bounce things, wrestle, twirl, and chase
They also play games of “tag” and chase each other,

the water and on the ground. River otters seem to lik
down mud banks or in the snow—they’ll do it over and over again! Otters also n
of different sounds, from whistles, growls, and screams to barks, chirps, and co
activity is part of the otters’ courtship, social bonding, and communication, and
pups need practice, they tend to be even more playful than the adults.

Life as-a Pup
Most otters are born in a den, helpless and with their eyes closed. The mother
of them, often chasing the father away after their birth, although in some specie
may come back after a couple of weeks to help raise them. The babies, called
their eyes and start exploring the den at about one month, start swimming at tw
and stay with their mother and siblings until they are about one year old, when I
off on their own.

SAN D~EGO2XX1ørg

OTTER

ri Photo Bytes
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Cs435 ~ -. Sediment ~Both 5.5+02 4.5+04 Riparian Animal
Cs-1 37 - Water - Sediment ••~th 4,5+01 3,5+03 Riparian Animal
Co-GO %M,ter - Sediment ‘~ 4,5+03 1,5+03 Aquatic Animal
Eu 154 Water Sediment Both 2 5404 3 5+03 quatlc Animai

~ Water - - Sediment -.‘ Both 3.5+05 3.5+04 quatic Animai
H-S £‘ Water -~ Sediment ;. Bout 3.5+08 4.5+05 Riparian Animal

i-129 - Water -- - Sediment -‘Bot 4.5+04 3.5+04 Riparian Animal
(‘Water VSedimentWBot 1.5+04 5,5403 Riparian Animal
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Ra-228 -‘ Water ‘‘aediiaent~’Both 3.5+00 1.715+00 5,15-01 9.5+01 1205.01 1.375-03 5.075-01 Riparian Animal

Sb-128 ‘ Water ~‘ Sediment Both 4.5+05 - 7.5+03 Aquatic Animal
Sr 90 Water Sediment Both 3 5+02 6 5+02 Riparlan Animal

Tc-99 C’ Water ~‘ Sediment 6’ Both 7.5+08 4.5+04 Riparian Animai
Th-232 ‘ Water’’ Sediment 3.5+02 1.5+03 Aquatic Animal
U.233 ~‘ Water ‘ Sediment ‘ Both 2.5+02 5.5+03 quatic Animal

U.234 ‘ ~er~SedlnienttBoth 2.5+02 5.5+03 quatic Animal
Water Sedin~ent(~Bet 2.5+02 4.5+03 quatic Animal

U-236 - Water t Sediment Both 2.5+02 2 5+03 quetic Animal
Zn-SB ‘ Water “Sediment I’ Both 1.5+01 1.5+03 Riparian Animal
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responsible
ailing Dose
Source ofCalculation Sediment Source ofCalculation

11A ()af~eiltDiV Riparian Animal P4-lumped, Default
11A Dof-ailt DIV Riparian Animal PA.l.wii

1
ted, Do-tee/f

R4-.Lamped, Default Riparian Animal FM-Lumped, Default
lM.Lump2d, Default Rlparlan Animal PA-Lumped, Default
114 Default El/V Riparian Animal R4.Lumped~Default
44 Default DIV Riper-ian Animal M-Ltimped Default
44-Default DIV Ripâriafl Anirnel PA-Lumpedk Default
PA-Lumped, Default Riparian Animal lM-Lumpe~.Default
PA-Lumped, Default Riper-tan Animal R.4-Lurapèd,.Dafault
PA-Lwuped. Default Riparian Animal PA-Lumped, Default
44 Default DIV Riparian Animal -RA~Lumped,Default
PA-Lumped, Default Riparian Animal P4-Lumped, Default
PA-Lumped, ~efault. Riper-ian Animal RA~Lurnpad,Default
1111 Default DiV Rlpàrian~Anlmei- PA-Lumped, Default
PA-l.rimped,Default Rl~arianAnimal PA-Lumped, Default
P4-Lumped, DCfeult Ripaiian Animal PA-Lumped, Default
44 DefaultDiV Riper-ian Animal P.4-Lumped, Default
All Default DIV Riper-lan Animal RA-I,L’mped, Default
AllDefault DIV Riper-lan Animal RA-Luhiped, DefaUlt
All Default 13/V Rlparlan Animal RA,Lumped, Default
1111 Default DIV Riper-lan Animal RA4umped, Default
PA-Lumped, Default Riper-lan Animal PA-Lumped, Default
1111 Default DIV Riparlan Animal RA-Lumpad, Default

if you do not pass this screening evaluation,
you may examine which organisms are limiting
for these pathways~and the perameter values

used in their derivation. If ya’u~havesite
specific data, you may adjustinpüt parameters
following the instructIons In the DOE -Technical

Water Love/s Sot to Pass General Screening
- Aquatic System Data Entrj /B~GWorksheet

Water, pCilL Sediment, pCilg
Source Source

Partial of Partial - of
Nuclide Fraction calculation - Fraction Calculation

Am-241 - -/

Ce-144
Cs-135
Cs-I 37
Co-60
Eu-154
Eu-155
H-3
1-129
1-131
Pu-239
Ra-226 4.9E-0I RA-Lumped, Default I.38E~3 RA-Lumped. Default
Ra-228 5.15-01 RA-Lumped, Default I.37E-03 RA-Lumpcd, Default
Sb-I 25
Sr-90
Tc-99
Th-232
U-233
U-234
U-235
U-238
Zn-S5
Zr-95

Partial fractions 1.OE+OO 2.755-03
Total sum of fractions (water and sedimenU: 9.995-01
Result: You have passed the site screen
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I, Albert F. Ettinger,certify that on December8, 2004,I filed theattachedPOST-HEARING
COMMENTS OF THE SIERRA CLUB AND ENVIRONMENTAL LAW AND POLICY
CENTER.An original and9 copieswasfiled, on recycledpaper,with the Illinois Pollution
Control Board,JamesR. ThompsonCenter, 100WestRandolph,Suite 11-500,Chicago,IL
60601, andcopieswereservedviaUnitedStatesMail to thoseindividualson the included
service list.

DATED: December 8, 2004

EnvironmentalLaw & Policy Center
35 EastWackerDrive, Suite 1300
Chicago, IL 60601
312-795-3707

Albert F. Ettinger(Reg.No. 3125045)
Counsel for Environmental Law & Policy
Center and Sierra Club
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Illinois EnvironmentalProtectionAgency
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Chicago,IL 60606
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Champaign,IL 61820
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Office of theAttorneyGeneralPetitioner
188 W. Randolph,

20
th Floor

Chicago,IL 60601

MatthewJ. Dunn,Division Chief
Office of theAttorney GeneralPetitioner
188W. Randolph,
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th Floor

Chicago,IL 60601

DorothyM. Gunn,Clerk of theBoard
Illinois Pollution Control Board
100 W. RandolphSt,Suite 11-500
Chicago,IL 60601

Amy Antoniolli, Hearing Officer
Illinois PollutionControlBoard
100W. RandolphSt,Suite11-500
Chicago,IL 60601

ClaireA. Manning
Posegate& Denes
111 N. Sixth St.
Springfield,IL 62701

StanleyYonkauski,Acting GeneralCounsel
Illinois DNR
OneNaturalResourcesWay
Springfield, IL 62702 -

LisaFrede
CICI
2250E. DevonAve., Suite239
DesPlaines,IL 60018

William Seith
Total EnvironmentalSolutions
631 F. ButterfieldRd, Suite315
Lombard, IL 60148

Abdul Kahlique
MetropolitanReclamationDistrict -

6001W. PershingRoad
Cicero, IL 60804

RichardLanyon
MetropolitanReclamationDistrict
6001 W. PershingRoad
Cicero,IL 60804

DennisDuffield
DirectorofPublic Works andUtilities
City of Joliet
921 F. WashingtonStreet
Joliet, IL 60431




