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SUMMARY

lhis report describesmethods used to estimatepotentialradiation

doses from consumptionof edible plants and wildlife,and includesexample

calculations.

Edibleplants on the publiclyaccessiblemargins of the shorelineof the

Hanford Site and wildlife that move offsiteare potentialsourcesof contami-

nated food for the generalpublic. Calculationsof potentialradiationdoses

from consumptionof agriculturalplants and farm animal productsare made

routinelyand reportedannuallyfor those producedoffsite,using information

about concentrationsof radionuclides,consumptionrates,and factors for

convertingradionuclideintake into dose. Dose calculationsfor onsite

plants and wildlife are made intermittentlywhen appropriatesamples become

availablefor analysisor when specialstudiesare conducted. Consumption

rates are inferredfrom the normal intakerates of similarfood types raised

offsiteand from the edible weight of the onsite productthat is actually

availablefor harvest.

Examplecalculationswere made of the dose from consumptionof asparagus

containinguraniumand 137Cs collectedalong the ColumbiaRiver near the

southernproject boundary in 1989 and an edible animal (duck)sampled from

the ColumbiaRiver in 1989. The potentialdose from consumptionof 10 kg of

such asparaguswas calculatedto be 0.05 mrem EDE. The potentialdose from

consumptionof 0.5 kg of the river duck with the highest137Cs concentration

measured during the period from 1977-1988was calculatedto be 1 mrem EDE.

These doses are a small fractionof the DOE guidanceof 100 mrem EDE per year

establishedfor protectionof the public.
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INTRODUCTION

The purposeof this report is to summarizethe assumptions,dose

factors,consumptionrates, and methodologyused to evaluate potentialradia-

tion doses to personswho may eat contaminatedwildlifeor contaminated

plants collectedfrom the HanfordSite.

This report includesI) a descriptionof the number and varietyof

wildlifeand edible plants on the HanfordSite, 2) methodsfor estimationof

the quantitiesof these items consumedand conversionof intakeof radio-

nuclidesto radiationdoses, and 3) examplecalculationsof radiationdoses

from consumptionof plants and wildlife.

Severaltypes of edible plants and wildlife occur on the U.S. Department

of Energy'sHanfordSite. Some edible plants are wild specieswhile others

are remnantsof domesticplants and crops from pre-1943 farms. Wildlife is

abundanton the HanfordSite, includingspeciesthat are sought by local

hunters. Althoughno hunting is allowedon the Site, mobile animalsthat

normally resideonsitecan move offsite,where they may be killed by hunters.

Potentialdoses from eating ColumbiaRiver fish (specificallypanfish)

are calculatedroutinelyand are includedin the total populationdoses

reportedannually in the Hanfordenvironmentalmonitoringreport(e.g.,

Jaquishand Bryce 1990). ColumbiaRiver fish are specificallyaddressed

becauseof the large amount harvested(currentlyestimatedat 15,000 kg/yr).

Samplesof other wildlife are routinelycollectedas a part of the

environmentalsurveillanceprogramat tl_eSite and edible plants are sampled

when specialneeds arise. Typically,radioactivematerialsfound in edible

plants andwildlife are those expectedfrom naturallyoccurringradionuclides

and worldwidefallout from nucleartesting. Occasionally,concentrationsof

radionuclidesdetected in plant or animal samplescollectednear operatingI
facilitiesor waste managementsites are higher than in samplesfrom offsite
locations.

On those occasionswhen levels in wildlife or in edible plants are high

enough to be of interest,a specialcalculationis performedto assess the

potentialradiationdose to a hypotheticalconsumer. Such specialcalcula-



calculationsare based on measuredconcentrationsof radionuclidesin

wildlife and edible plants and requireadditionaldata describingpotential

dietary and recreationalactivities,exposuretimes, and dosimetry.

The computercodes and associateddata librariescurrentlyused to

calculatepotentialdoses to members of the public from effluentsreleased

during routineoperationshave been published(Napieret al. 1988a,b,c). The

specificparametersused for dose calculationsin a given year are published

in the HanfordSite EnvironmentalReportfor that year (e.g.,Jaquish and

Bryce 19g0).



EDIBLE PLANTSAND WILDLIFEON THE HANFORDSITE

A number of plant speciesgrow on the HanfordSite that have the

potentialto be harvestedand eaten by people. Table I lists examplesof

edibleplants and their known distributionon the HanfordSite. The most

avidly sought plant is wild asparagus,which grows along the ColumbiaRiver

and elsewhereonsite. Some wild fruits are also abundantenough to be har-

vested, includingmulberry,squawberry,andchokecherry. Cattailsand water-

. cress grow in areas where springsflow into the Columbia River and are also

availableto be harvested.

The quantitiesof edibleplants collectedeach year from the Site are

unknown. Collectionof significantquantitiesof plants from the area

downstreamof the VernitaBridgeto the wooden powerlinecrossing at Ringold

is unlikelysince access to the shore on the HanfordSite is not permitted.

Downstreamof those towersaccess is permittedfrom the water up to the high

water line. Some harvestingof plants, especiallywild asparagus, is known to

occur in these latter shorelineareas.

A number of mammals and game birds forageon the Hanford Site and then

may wander offsitewhere they could be hunted. Ediblemammals and gamebirds

found on the HanfordSite are listed in Tables2 and 3. Live body weightsand

estimatedhunter kill data for the countiesadjacentto the Hanford Site

(Benton,Franklin,and Grant) are also given in Tables 2 and 3.

The largestand most desirableanimal for hunting is the elk. Elk found

onsite currentlyreside on i,heArid Land Ecology (ALE) reserve,but animals

occasionallyleave the Site, where they may be legallyhunted. During the

1989 hunting season,12 elk were harvestedoffsite.

The next largestanimal is the mule deer which ranges across the Hanford

Site, includingthe islands locatedin the ColumbiaRiver. Researchon the

Hanforddeer populationhas found that the animalscan move offsite. One

study found that 17 of 346 deer tagged onsitewere shot offsite by hunters

(Eberhardtet al. 1979). Most of the deer shot offsitewere taken from

islandsin the Columbia River downstreamfrom the HanfordTownsite.



TABLE I. Examplesof Edible Plantsof the Hanford Site and Their General
Distribution

CommonName/Species . Edible Pmrtm Oistribut,ion

Asparagus (exotic) Very young mh_ts Found sost,ly en abandonedcultivated fields at the Hanford and
Asparagusofficinalis White Bluffs t_sit_, n_r the _ Ares, and mt scattered

Iocat,i_u along the ColumbiaRiver shorel ins

Apricot (exotic) Fruit Only a few tree at,Hanford andWhite Bluffs to.haStes
Prunu__._.mssRE

.Black walnut, (exotic) Nuts Only | few t,re4m st Hanford a_ndWhite Bluffs to,smites
_n_.

Hulberry (exotic) Fruit Ilany tre_ scattered along the ColumbiaRiver shorel ine
Idor,s alba

Chokecherry (native) Fruit, k fn bush_ scat,tered along t,heColumbia River and near
Prunu_.._.Jvirainiane springs in the Rat,t,lesnakeHimle

Servicsberry (nat,ire) Fruit A few bushes scattered seer springs in the Rattlesnake Hills
• Amelanchier alnifol is

Elderberry (native) Fruit, A few bushes scat,tered near springs in t,he Ratt,lunaks Hills
SHbucumcerulee

Squawberry (native) Fruit, A few bush_ scat,tared along the Columbia River and near
Rites aureum springs in the Rat,t,lunake Hills

li ld rose (nat,ire) Fruit A few _ _cat,tered along 'the Columbia River and near
Ros_asRE springs in the Rat,t.lunake Hills

Willow (nat,irs) Bark and Scattered along the shoreline of "..hsColumbiaRiver and
Sal i.._.._xsRE fol lags nearsprings in the Rat,t,losneksHi Ilo

Watercress (exot,ic) Fol lags Semi-aquae,lcplant, found near mpa along ",,heshorel ins of the
nasturt.iua- Columbia River and near springs in the Rat,t,lesnake Hills

aquaeiCUre

Cart,all (native) Foliage, pollen, Semi-aquae,lcplant, found along the shoreline of the Columbia
T_oha latifol is and roots River and near springs in the Ratt,lasnuke Hi I Is

Chicory (exotic) Fol lags and roots Scattered along the shoreline of the Columbia River and
C.ichorius ),t, ybus near springs in the Rat,t,lesnaks Hills

Dogbane(nat,iva) Bark Scattered along the _._horelineof the ColumbiaRiver; also
sibiricum knownas 'Indiant.m.'

Yarrow {nat,irs) Fol lags Scat,tered over the Hanford Site and along t,he shorel ins of
Achilles millefol ius eh4 Columbia River

Salsify (exotic) Fol lags and .gets iiast,ly in abandonedcult,ivated fields near the Ihits Bluffs
Truo_.C._]g_dig_dubius and Hanford t_wneites and in t,he Ratt,leamakeHills

Dandelion (oxot,ic) Fol lags Scarce along the shoreline of the Columbia River
Taraxacumofficinale

li ld carrots (native) Rc)ota Scat,tered over the Hanford Site in terrestrial habit,ata
Least iun s_Ep.:.

Bitt, erroo_, (nat,ive) Rages Foundonly at, high elevations in the Rat,+,lunake Hills
L_ewi.__ss_rediviva

ii ld onions (native) Leaves and bulbs Scattered over the Hanford Site and along the shorel ins of
AI laue s_Ep.=, the ColumbiaRiver

Dock (native) Leaves and stems Scat,tared along the shoreline of the ColumbiaRiver
Rume.__xxsal icifol ius
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In 1989, a total of 98 deer were harvestedfrom the three counties

adjacentto the Hanford Site; some of those animalsmay have spent some time

on the Site.

Unlike deer and elk, smallergame mammals are not expectedto travel

offsite. However,a few cottontailrabbitscould be shot along the shoreline

of the ColumbiaRiverwhere hunting is a11owedon land betweenthe high water

line and the currentwater line. Beaver,raccoon,and muskrat are edible and

could be hunted for food, but it is more likelythey would be trapped for

their fur. Table 2 shows the numbersof beavers,raccoons,and muskrats

taken in the three countiesadjacentto the HanfordSite during the 1989-1990

huntingseason.

Table 3 lists importantgame birds found on the HanfordSite, their

averagebody weights,estimatedhunter kill for 1989, and distributionon the

Site. The most abundantgame bird that breeds onsite is the mourning dove.

The dove is a migratingspeciesand most individualsleave the Site in early

fall after the hunting season.

Anotherabundantgame bird is the chukar. The largestonsiteconcentra-

tion of chukarsoccurs in the RattlesnakeHills where the gray partridgecan

also be found. These birds generallydo not migrateor move aboutrextens-

ively. However,there may be some movementoffsite and a few could be

harvestedby hunterson land adjacentto the Site.

Ring-neckedpheasantsand californiaquail are found along the shoreline

and on islandsin the Columbia River and along spring streamsin the

RattlesnakeHills. The numbersof pheasantsand quail shot by hunters in

these areas is unknown,but huntingactivityalong the HanfordSite has

recentlyincreased,as huntingon islandsin the HanfordReach has increased

in popularity. Estimatedhunter kill in adjacentcounties during the 1989

huntingseason is shown in Table 3.

Severalspeciesof waterfowluse areas of open water locatedwithin the

HanfordSite. The B-3 ditch (withinthe 200 East Area) and B pond (east of

the 200 East Area) are disposalsites for industrialwaste (cooling)water.

The disposaltrenchnorth of the 300 Area also receivescoolingwater, but it

has recentlybeen coveredwith wire mesh to excludewildlife.



TABLE 2. Mammals of the HanfordSite, Body Weights, Estimated
Hunter Kill on Adjacent Land, and Onsite Distribution

_imaf, od Hunf,or KilICa)
Bodyloigh_, From Adjlconb Number/ From Hmnford

.CommonName/S_x:iel kaCb) Coun_iu _ Si_ Distribution

Elk
Cervus o!aphus 320 t,o460 Cmmlo) 0 0.11 12 ALEReservo

• Jle deer
Odocoileus hemionus SS t,o 180 (mmlo) 98 0.26 ? Sit411ide

Black-Tailed Hare
(Jackrabbit)
Le__e2_cl.!ifornicus 1.4 t,o 3 1480 0.47 ? Sit,hide

Co_ton_ail
S.vlvilaou8 nu_hallii 0.7 t,o 1.4 3090 3.6 ? Sitawido

Raccoon
IrO_O._.._f 8t*O 24 40 0.17 ? Columbia River Shoreline

.Beaver
Casto..__.._rcanadensis 14 _ 27 332 ? , ? Columbia River Shoreline

Muskra_
Onda_razibe_hicus 1 t_ 1.8 1610 ? _ Columbia River Shoreline

Ca) W_ (l_Oa, b, mhdc),
Cb) Bur_ a_ Orouenheider (1976).

West Lake is a naturalpond locatednear the center of the Site that is

used occasionallyby waterfowl. A study conductedin the lgTOs showed that

waterfowlpreferredthe largeropen bodies of water to the smallerpondsand

trenches (Priceand Fitzner 1979). Dabblingducks were the most prevalent

ducks, accountingfor gT_ of the total number. Mallards and other dabbling

ducks are sought by hunters. For example, in 1988 the mallard, northern

pintail,green-wingedteal, americanwidgeonand northern shovelercollec-

tively comprisedover g2_ of the total waterfowlharvest in Washington

State (Bartonek1989). Only a few of the edible waterfowlspeciesbreed on

the HanfordSite; the islandsin the Columbia River are preferrednesting

sites for a residentpopulationof Canada oeese. Most of the waterfowlshot

along the shorelineand on the islandsof the ColumbiaRiver are probably

migrants on their way south for the winter and have spent littletime forag-

ing on the HanfordSite.

r



TABLE 3o Game Birds of the HanfordSite, Body Weights, EstimatedHunter Kill
on Adjacent Land, and Onsite Distribution

Emti-,at,edHunter Kill
_xly |eight, in _J.!cen5 Count,iu(a)

CommonHaH/Sneciu _ (kg) 1989 Tot,al Sirdsllkm/Yr Dist,ribut,i_m on Hanford Site

Chukar (exotic)
Alect,oris chukar 0.5 5o 1 5,310 3.1 Tartest,rail habiSa_, in 5he Rat,t,leanake

Halle und Gable Mount,ain
Qray part,ridge (exotic)

Perdi_.__xx 0.5 ),480 1.0 Terrest,rial habit,at_ in the Rat,t,lesnake
Rut,t, lesnake Hills and (_abte llount,ain

_urning dove (native)
Zenaida -,acrourl (0.5 3O,gOO 10.8 Sit,e-wide

Ring-necked pheasant,(exot,ic)
Phasianuscolchicus 1 t,o 1.4 51,100 3.4 Shoreline of t,he Colusbia River and near

ht, t, Junake Spr irigs

California quail (exot,ic)
Callipepl_ _cal_l_i_fornicue (0.5 17,600 3.6 Shoreline of the ColumbiaRiver and near

I_t,t, Ieeflake Spr,i floe

kiellard (nat,iva)
Ana...._msplat,yrhyncoe 1 5o 1.4 64,100 3.7 ColumbiaRiver_ goat, lake, O Pond, and

_00 Area Trench

Or,her edible dabbler
ducksCb) 0.5 to 1.4 36,600 0.3 ColumbiaRiver, |at, Lake,O Pond, and

300 Area Trench

Canadagoose(nat,!va)
Orant,a ¢anadens,e 2.3 5o 6.4 15,600 1 ColumbiaRiver and rarely oneit,e ponds

and t,renchu

(a) Oart,onek(1989); Bar+,onek(lggO); |1_1 (19gOb).
(b) Edible dabbler ducks include ",,heOreen-wingedt,eal _Anascrecca), mrican wigeon (Anu aNricane), nort,hern

pint,all _Anal !cut,a), and nort,hern shoveler (Anu clypeat,a)...



RADIATIONDOSE CALCULATIONS

Potentialradiationdoses from consumptionof wildlife and edible plants

from the HanfordSite can be estimatedfrom measuredconcentrationsof radio-

nuclides in the foods, quantitiesconsumed,and standarddose conversion

factors.

CONCENTRATIONSIM EDIBLESPECIES

Concentrationsof radionuclidesin game animals,game birds and fish

from the HanfordSite have been measuredroutinelyfor over three decades.

Resultsobtainedfrom samplescollectedduring the period from 1971 through

1988 have been summarized (Eberhardtet al. 1989). Radionuclidesidentified

in these samples includedthose expectedfrom falloutof nuclearweapons

testingdebris (gOSr, 1311 and 137Cs),naturaloccurringradionuclides(40K

and uraniumwith decay products)and those of Hanfordorigin (32p, 60Co,

65Zn, 1311, and 137Cs). Eberhardtet al. (1989)stated that, "Differentiat-

ing betweenradionuclidecontaminationfrom worldwidefalloutand that

resultingfrom Hanfordactivitieswas difficult,especiallyfor wildlife

samples,which were obtained almostentirelyonsite. However,waterfowlwere

an exceptionto this observation,in that most birds collectedfrom ponds and

trenchesonsite frequentlyhad markedlyhigher concentrationsof 137Cs in

muscle tissue than birds obtainedfrom the nearby ColumbiaRiver."

When calculatingradiationdoses, no credit is taken for r_ductionof

radionuclideconcentrationsin foods during preparationor cooking. Although

such losseshave been measuredfor a few specificradionuclidesin specific

foods,the availabledata are incompleteand the reductions_easured ranged

from I0_ to 50_ (Soldatand Harr 1971). Reductionsof concentrationsmight

be made for radioactivedecay of the shorter-livedradionuclides32p and

1311, when there is evidence of delayedconsumption,such as preservationof

. ColumbiaRiver whitefishby smoking.

CONSUMPTIONRATES

The consumptionof edibleplants harvestedfrom the HanfordSite is

limitedby the amount availablefor harvest in areas accessibleto the



general public. Plant growthwill vary from year to year dependingon

weather conditions;the actual amount harvestedper person is difficultto

estimate. Therefore,dosu calculationsoften are based on conservative

estimatesof the maximum amount potentiallyconsumedby an individualis the

course of a growingseason. An exampleis the assumptionthat someonecould

harvest enough asparagusfrom the HanfordSite to provideall of the aspar-

agus that a maximumconsumerwould eat in one year.

Consumptionof meat is estimatedby consideringthe weight of the edible

fractionof the harvestedanimalsand the frequencyof consumptionby a

maximum consumer (Jaquishand Bryce 1990). The typical "usable"weight from

the hunter'sbag is commonlyestimatedto be two-thirdsof the body weight

(see Tables 2 and 3 for body weights). Ediblemeat wo_l_ be the usable

weight mim,s skin, t,_t,and bone. Some game birds, such as chukar,par-

tridge,dove, or quail are small and provideonly a single meal, or part of

a meal, for one person. Althoughthe ediblemeat may be shared with other

familymembers, the conservativeassumptionis that each game bird is con-

sumed by one person. Larger game animals,even when shared by severalfamily

members and friends,could providemore than one meal per person.

DOSE CONVERSIONFACTORS

Factorsfor conversionof the quantityof a specific radionuclide

ingestedto radiationdose are those given in DOE EH-O071 (DOE 1988),which

in turn were derivedfrom the dosimetrydata in the severalparts of the

InternationalCommissionon RadiologicalProtectionPublication30 (ICRP

197g-1982)and ICRP Publication48 (ICRP 1986). These dose factorsare based

on the 50-yearcommittedinternalradiationdose receivedby the organs of

the ReferenceMan (ICRP 1975) from a unit intakeof a radionuclide. Dose

factorsare given for the 50-year committeddose equivalentto individual

body organs, and for the 50-yearcommittedeffectivedose equivalent(EDE).

The latter is a risk-basedvalue calculatedas a weighted sum of the dose

equivalentsreceivedby the individualorgans.

10



EXAMPLEDOSE CALCULATIONS

The followingexamplecalculationsillustratethe methodologyused to

calculatepotentialradiationdoses from consumptionof wild asparaguscol-

lectedfrom the HanfordSite and consumptionof meat from a duck obtained

from the ColumbiaRiver.

EDIBLE PLANTS

A pertinentexampleof the calculationof the potentialradiationdose

from consumptionof an edible plant harvestedfrom the H_nford Site involves

wild asparagusgrowing in the vicinityof the 300 Area near the southern

boundaryof the Site. The asparagusis in an area that is accessibleto the

public and therehave been indicationsthat some has been harvested (WHC

1990). Asparagussamplestaken in 1989 were found to contain low levels

137Cs and uranium. The137Cs was presentat concentrationslow enough (maxi-

mum 0.018 pCi/g dry weight)to be the result of falloutfrom past weapons

tests. The concentrationsof uraniumfound in the asparagus (maximum

0.026 _g/g dry weight)were _ighsr than the backgroundconcentrationsof

uranium(0.008#g/g dry weight)naturallyoccurringin southeastern

Washington.

The highest calculatedpotentialradiationdose was found for the

samplesof asparaguscontainingthe second highestconcentrationof 137Cs

(0.011pCi/g dry weight) and the highestconcentrationof uranium (0.026#g/g

dry weight). The isotopiccompositionof the uraniumwas not available;but,

the conservativeassumptionwas made that the uraniumcompositionmatched

that for uraniumenrichedto 3_ in 235U. Other isotopespresent in such

uraniumare 234U at 0.03_ and 238U at 97_.

The measured ratio of wet to dry weight for the samplesvaried fro_ 3 to

3.5; a value of 3 6s used in the dose calculationsfor conservatism. The

• dose factorsused in the calculationare the 50-yearcommittedEDE per unit

intake of the radionuclide(DOE 1908). The dose calculationsare illustrated

in Table 4. The total potentialEDE dose from consumptionof 10 kg of

asparagusgrown in 19B9 i_ 0.05 mrem.

11



TABLE4. Example Calculation of Effective Dose Equivalent (EDE)
from Consumption of 10 kg of Asparagus

Co¢<entrmtion, DoseFmctor, EDE,
Radionuclida aCil¢l let, hiaht mrmlpCi Intake mrla

ZSTCm S.7S-a S,OE-6 z.eS-_

284U 1.6 E-| 2. e E-4 4.2 E,-2

286U 6.1; ['-4 2.5 E-4 1.4 E-S

2-u 2.e_-a 2.a E-4 s.sS-a
Total 1.9 E-2 8.il E-2

EDIBLE ANIMALS

The calculationchosen for this example is based on the consumptionof .

0.5 kg of edible meat from a duck collectedfrom the ColumbiaRiver in 1981.

The concentrationof 137Cs was 44.5 pCi/g (Eberhardtet al, 1989). This was

the highestconcentrationmeasured in any of the waterfowlsamplescollected

from the Columbia River during the period 1977 through 1988. No other

radionuclideswere detected in the edible meat of this duck. The dose factor

for 137Cs is 5.0 E-5 mrem per pCi ingested (DOE 1988).

The potentialradiationdose from consumptionof the duck is simply the

productof the weight consumed,the concentrationof 137Cs,and thedose

factor:

Dose : (500 g) • (44.5 pCi/g)• (5.0 E-5 mrem/pCi)= 1 mrem EDE

12
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