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_UMMARY

The objectiveof the Hanford EnvironmentalDose ReconstructionProject

(HEDR) is to estimate the potentialradiationdoses received by people living

within the sphereof influenceof the Hanford Site. A potentialcritical

pathway for human radiationexposure is throughthe consumptionof waterfowl

. " that frequentonsite waste-waterponds oi-through eating of fish, shellfish

and waterfowlthat reside in/on the Columbia River and its tributaries

downstreamof the reactors. This document summarizes informationon fish_

shellfish,and waterfowl radiationcontaminationfor samplescollected by

Hanford monitoringpersonnel and offsiteagencies for the period 1945 to 1972.

Specific informationincludes the types of organisms sampled,the kinds of

tissuesand organs analyzed,the sampling locations,and the radionuclides

reported. Some tissue concentrationsare also included. We anticipatethat

these yearly summarieswill be helpfulto individualsand organizations

interestedin evaluating aquaticpathway informationfor locationsimpacted

by Hanford operationsand will be useful for planning the directionof future

HEDR studies.
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I.0 !NTROOUCTI_

The primary objectiveof the multi-yearHanford Dose Reconstruction

(HEDR) Project is to determinethe doses that people living in the vicinity

of the Hanford Site could have received as a result of exposure to radioactive

emissions from Hanford'snuclear operations. Exposurepathways under conside-

ration include inhalationand/or ingestionof airbornegaseous and particulate

materials and exposure to liquid contaminantsdischarged to surface-water

habitats, includingthe Columbia River. This report summarizesradionuclide

informationfor fish, shellfish,and waterfowlcollected from the Columbia

River and Hanford Site surface-waterlocations. Informationis also included

for fish and shellfishorganismscollectedfrom the Pacific coasts of Oregon

and Washington,near the mouth of the Columbia River, and for fish obtained

from several Columbia River tributariesdownstreamof the Site. The primary

intentof this report is to provide a single concise summary of available

informationto assist those individualsand organizationsinterested in

locating aquaticpathway data for contaminantsoriginatingat Hanford and for

planning future HEDR studies.

This document contains annual summariesof radionuclidecontamination

informationfor fish, shellfish, and waterfowl for the years 1945 through

1972. Samples were collectedto determinethe impactsof operations at

Hanford on organismsliving on and near the Hanford Site or at distant loca-

tions where the potentialfor exposure to Hanfordeffluents existed. The

period 1945 to 1971 includes those years when some or all of the original

Hanford single-passreactorswere operatingand activelydischargingcontami-

nated effluents. Informationfor 1972 was includedto allow comparison to

data collected followingthe shutdown of all single-passreactors. Each

summary contains informationon the specificorganisms sampled, the kinds

of tissues and organs analyzed,the sampling locations,and the constituents

reported. Some concentrationdata are also included. These data are included

to give an indicationof the radionuclidelevels observed. However, the

, primary intent of this paper is not to provide concentrationdata but to

identify sources of informationthat may be useful.
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A large number of documentswere reviewed to obtain the informationin

this report, aridthese have been referenced at the end of each annual summary.

There may be other documentscontaining additionalinformationthat were not

located and included in this review. However, it is probablethat the mate-

rial summarized here is representativeof the informationreported during

these years.
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2.0 STUDY APPROACH

Over the years, environmentalstudies near Hanford were conductedby

. Oregon and WashingtonState institutions,by state and federalagencies, and

by Hanford environmental-monitoringpersonnel. Studiesduring this period by

offsite organizationswere limited in scope becauseof securityrequirements

at the Hanford Site and restrictedaccess to the Hanford Reach prior to 1978.

Therefore,much of the informationsummarizedhere was obtainedFrom published

Hanford periodic and specialenvironmentalreports. All the documents

referenced in this report are publiclyavailableand can be found in the DOE

Richland Field Office (RL) public readingroom or can be obtained from the

National Technical InformationService.

A large number of laboratorystudieswere also conductedat Hanford dur-

ing this time period. Much of this work focusedon determiningthe effectsof

reactor effluentson fish and other aquatic organismsand the uptake of radio-

nuclides by various animal species. Results of these laboratorystudieshave

not been included in these su_naries. However, a detailed history of aquatic

studies conductedat Hanford from 1944 to 1984 has recently been published

(Becker 1990).

R_FERENC_

Becker 1990 Becker, C.D. "AquaticBioenvironmentalStudies: The Hanford
Experience 1944-84." 1990. Studies in Environment_a_lScience.
Vol. 39. Elsevier,New York.
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3.0 SAMPLECOLLECT!_ON_S

The first fish sampleswere collectedfrom the Columbia River near the

. reactor outfalls (HW-3-2894DEL). When it became apparent that fish were

accumulatingsignificantquantitiesof Hanford-derivedradionuclides,collect-

ion soon was extended to Columbia River locationsboth upstream and downstream

of the Hanford Site and to locationson the Yakima, Snake, and Walla Walla

Rivers. By the late 1940s, fish were being collected from the Columbia as far

downstream as BonnevilleDam. In later years, sampleswere collectednear the

mouth of the Columbia River and at Pacificcoastal locationsin Washington,

Oregon, and Alaska.

River organismswere initiallycollectedat randomly selected locations

to define the extent of contaminationspread. Samples were also collected at

locationswhere impactsto aquaticlife were likely or where fish were easily

obtained. However, as the Hanford monitoringprogram matured, permanent sam-

pling stations,used for routinesampling,were established. The data from

these locationswere reported in periodic Hanfordenvironmentalreports. Many

sampleswere still collected at non-routinelocations,and the data were some-

times reported in special studies reports. The first non-Hanfordradiological

studies on Columbia River organismswere published in the early 1950s (Robeck

et al. 1954). Table 3.1 sunmarizesthe general sampling locations for'fish,

shellfish, and waterfowlcollectedduring the years 1945 through 1972 for

both Hanford and offsite studies. Specific sampling locationswithin these

areas varied from year to year and are identifiedin the individualannual

summaries.

3.1
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3.1

Fish were the first aquaticorganismscollectedfor radionuclideanalysis

followingthe startupof th_ reactors in 1945 (HW-3-2B94DEL). Results for

analyses of various Co],umbiaRiver fish _nd fish tissues'havebeen documented

in periodicHanford Site reportsalmost yearly since 1945. Sampleswere

collectedto determine'theextent of contaminationspread,the physical impact
"Mi :

on aquaticorganisms, the ide,ntit_esof the radi,onuclidesthat the organisms

were acc_m,ulating,and the actual doses to the organlsms. Over the years,

collectionsincludedmany Columbia River fish species and some Pacific coast

fish species. By 1948, sampleswere being collected at Bonneville and shipped

to Hanford f(jr:,ad_,oanalyslis(HW-.23093).By 195.0,it was apparent that

accumulation,s insame fish speciesposed _ larger threat to human health than

, accumulationsin others,,so the r,_.searchbecame more focused. Analyses

indicatedthat whitefishwer'ethe local food fish with the highest tissue

concentrations,so efforts to collectwhitefish increased. Other 'Foodfish

were also collected,but rad_Ionuclideconcentrationsin food fish that were

more popularwith ]oc.Blfishermen,like large-,and smallmouthbass, were

generallylower. By the mid-lgSOs,researchersrealized that importantadult

anadromousfish species, primarilysalmonids,accumulatedvery low levels of

radionuclidesbecauseof short residencetimes in the Columbia River and

because they do not eat during the spawningperiod. The Columbia River fish

speciesthat consistentlyhad the highest tissue concentrationswere those

speciesthat consumed algae and/or aquatic invertebrates. These included

adult suckers, shiners,peamouth,and whitefish. Concentrationsin juvenile

and small (generallyless than five grams) fish of all species (including

salm,on) collecteddownstreamof the reactor outfalls near the Site were also

usuallyelevated.

As mentioned, i,acificcoast fish were also collectedand analyzed.

Collectionsfor these fish occurredbetween 1956 and 1963 and were made both

; by Hanford personneland by other offsite organizations. Specimens for

analysiswere also collectedfrom Columbia River tributariesdownstream1of the

- Site, includingthe Yakima, Walla Walla, Snake, and WillametteRivers. Most

of these sampleswere obtained within a few miles of the river confluencesand
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were analyzed to determine if contaminatedfish from the Columbia were moving

into other waterways.

XntensiveColumbia River fish samplingcontinued throughthe period

covered ,bythis report, but most samplingconductednear Hanford after the 4.

mid-1950s was done 'bySite personnel.

#f,

3.2

Both freshwater aridmarine shellfishwere collectedand analyzed for

Hanford-derivedradioactivecontaminants. The first analyses for marine

shellfish samplescollected for the Hanford environmental-monitoringprogram

were reported in 1959 (HW-SA-2857;HW-63654 REV; HW-66550; HW-64371). Results

for marine samplescollected by offsiteorganizationsdid not appear until the

early 19601_and were reported throughthe mid-lg60s. Organismscollected

included primarilybivalvemollusks (clams,oysters, mussels),but many other

taxa, includingcrabs, shrimp,and octopi,,were also occasionallysampled.

Several times in the 1960s, sample.sof canned marine shellfishfrom regional

and worldwidelocationswere also purchasedand analyzed for comparison pur-

poses (HW-64371;HW-63824). Beginningin 1959-60,the Hanfordmonitoring

program began sampling Pacificcoast oystersfrom Willapa Bay, Washington,on

a routlne basis (HW-64371). The collectionof these samplescontinued into

1972. Followingthe closure of the last production reactor at Hanford in

]971, levels of Hanford-derivedradionuclidesin coastal organismsdropped

rapidly, and routineoyster samplingby Hanford personnelwas curtailed.

Some freshwatershellfishsampleswere also collected from the Columbia
o

= River between 1949 and 1955 and again in 1965 (Table 3.1).

3.3 WATEREOW3,.
J

The first data reported for waterfowlcollected both on and off the Site

appeared in 1946 (HW-7-5428;HW-7-5301). From 1947 to the early 1950s, many

of the ducks collected and analyzedwere from stocks plantedand maintained by

Hanford personnelat specific locations,on the Columbia River near the reactor

discharges and on onsite waste ponds. Between 1951 and 1959, wild birds were

usually obtained from onsite waste ponds or from the ColumbiaRiver within the
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boundaries of the HanfordSite. Collectionsincreaseddramaticallyin 1960

when the monitoring program at Hanford began supplementingonsite collections

by purchasing the heads of waterfowlharvestedby local area hunters. In 1961

approximately3400 bird heads were purchasedfor radionuclideanalysis

(HW-71999). Most of these birds were obtainednear the Hanford Site, but some

were collected at distant locations in Washington,Oregon, and California.

Bird-head purchasescontinuedthrough 1964, but the number of heads obtained

after 1961 decreaseddramatically. After 1964, sampling by Hanford personnel

continued, and many animalswere collectedon and near the Site and near

surroundingcommunities. During these years, specimenswere usually collected

during the establishedhunting season so that sampleswere representativeof

birds available for public consumption.

HW-63654 REV Foster,R.J. and R.L. Junkins. 1960. O_ff-ProjectExposure
from HanfordReactor Effluent. General Electric Company,
HanfordWorks, Richland,Washington.

HW-71999 Foster, R.F. (manager),and I.C. Nelson (editor). 1962.
Evaluation of R_adioloqic.B!Conditi__ the _V_cini___ty__o_Zf
Hanford For_X96]. General ElectricCompany, Hanford Works,
Richland, Washington.

HW-3-2894 DEL Healy, J.W. 1945. .SDecialStudiesBr'anchWe_ek__].vlReports for
the PerjodMay _0, _9.45to Oecember3!, _945. Hanford
EngineerWorks, Richland,Washington.

HW-64371 Junkins, R.L., E.C. Watson, I.C. Nelson, and R.C. Henle.
__tion of Radio]oqical__9_D_d.iti______on_sin the Vicinityo_f
Hanford for L_. General ElectricCompany, Hanford Works,
Richland,Washington.

HW-.23093 Olson, P.A., and R.F, Foster. 1952. Accumulationof
Radioac-tivi__tvin ColumbiaRiver Fish in the Vicinity of the
HanfordWorks. General ElectricCompany, Hanford Works,
Richland,Washington.

HW-7-5301 Parker,H.M. 1946. .HealthInstrumentSection Report for
October__L___. General ElectricCompany, Hanford Works,
Richland,Washington.

HW-7-5428 Parker,H.M. 1946. Health InstrumentSection Report for
_er. 1946. General ElectricCompany, Hanford Works,
Richland,Washington.
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HW-63824 Perkin,s, R.W. and J.M. Nielsen. 1960. Radioactivityin Foods
.R_.su]tingfrom Columbia Riv.erWater Radioiso.t.opes.......In;

0 'B.i_E!_son,J,M., Radio! q!_C._ChemistryOperati,on, Semi-Annual
EeDort, J.g!y-December,1959. General Electric Company,
Hanford Works, Richland,Washington.

Robeck, G.G., C. Henderson, and R.C. Palange. 1954. .W_
Ouality ___.d_i.eson_tb.c__.o.lumbiaRi.ve.r.GEH-21328, U.S. Dept.
of Health, Education,and Welfare, Public Health Service,
Washington.,D.C.

HW-65600 Watson, D.J., J.J. Davis, and W.C. Hanson. 1960. "Zinc-65 in
Marine MollusksNear the Mouth of the Columbia River." In:
Warner',D.E., editor,Hanford Bioloqy Research Annual Report
for_1959, pp. 183-187. General ElectricCompany, Hanford
Atomic ProductsOperation, Richland,Washington.

HW-SA-2857 Watson, D.G., J.J. Davis, and W,C. Hanson. 1962.
s.E_eciesQi_rences in Accumulationof Gamma Emitters by
__a___rganisms Near the Columbia River Mouth. General
Electric Company, HanfordWorks, Richland,Washington.
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4.0 _SAMPLINGLOCATION.S

Between 1945 and 1972, sampleswere collectedat many locationson and

near the Site and at numerous distant locations. The general or specific

locations for most of these samplingsites can still be identifiedbecause the

site names are similar, or the same, to those still used today. However, the
I

exact locationsof some of the historicalsampling sites mentioned in this

report are uncertainbecause site names have been changed, locationswere not

recorded, and/or historical knowledgehas been lost. Figures4.1 through 4.6

help the reader locate many of the sites mentioned in the following annual

summaries. These figures do not includethe specific location of every sample

collection site, but the locationsof some of those not illustratedare

described in the annual summaries.
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Trinidad
441

• Sampling Stations

J

Vantage
423

4

Beverly
412

403 J'_" ;.,

.J

Priest L'_ B-1 Hanford
Rapids 391_q 381 362

Dam ! r-m r-] ' :

396
Ringold

353

ad"- f_H nfor --,----q,,, 345
Site "_ ..,_,,,,_ 300Area Page
Boundary " 339

R-1
River View

Richland District

;CO

P-1
Prosser 331

Kennewick Finley Ice Harbour
Hover Dam

P-3319 Wallula
N

Walla Walla River

Mc-1
Mc-2B 293

" 285

McNary
Dam

_. Fish, Shellfish, and Waterfowl sampling Locations Near the
Hanford Site - Numbers preceded by letters represent sampling
sites; other numbers signify the distance (in river miles)
upstream from the mouth oF the Columbia River.
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5.0 SAMPLE ANALYSES

Between 1945 and 1955, analysis resultswere generallyreported as gross
,|

. beta, "beta activity, or just "activity"per unit mass of tissue. Concen-

trations of specific radionuclideswere sometimesprovided,but identifi-

cations were usually accomplishedthroughthe use of decay curves to determine
q

the activity half-life. Some alpha concentrationdata were also reported,

usually in units of disintegrations/minute/gram (d/m/g). In 1956 and 1957,

researchersbegan using gamma-rayspectroscopyto identifyspecific gamma-

emitting radionuclides. Most samplesanalyzed for gamma emitters in subse-

quent years were analyzed using this new procedure.

The radiationconcentrationand dose units used in this report are gener-

ally the same units reported in the original historicaldocuments. By current

standardssome of these units are outdated. Table 5.1 lists the historical

concentrationand dose units as originallyreported and the corresponding

units in use today.

Animals were either analyzedwhole or dissectedso that individual

tissues and organs could be examined. Small fish were usuallyanalyzed whole.

Sometimesseveral small fish were combined to generate a samplewith enough

mass for analysis. Most large fish were cut up. Concentrationdata for a

large variety of fish tissues and organs were reported in most years.

Both marine and freshwater shellfishwere usually separatedfrom their

shells prior to analysis. Data for most shellfish are for the soft tissues

only; however,radionuclidelevels in shells were occasionallymeasured.

Concentrationdata for a wide variety of waterfowl organs and tissues

were reportedduring the 1940s and 1950s. After 1960, most analyseswere done

only on heads and muscle tissue. Generally, heads and/ormuscle tissue were

analyzed from birds collectedon the Site, but only heads were obtained from

" local hunters for analysis (BNWL-90).
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.TABLE5.]_. Current and HistoricalUnits for Reporting Radionuclide
Concentrationsand RadiationDose

Radiation

Unit Symbol HistoricalUnits. Current Units

milli (10.3) m mCi mCi

micro (I0-B) _ pCi _Ci "

nano (10-9) n m_Ci nCi or I0-3_Ci

pico (10-12) p _pCi pCi

I0-B_Ci pCi

dis/min/kg 0.451 pCi/kg
or

4.51 x 10.4pCi/g

pCi/kg nCi/g

RadiationDose

mrep mrem

miIlirad mrad

rad rad

REFERENCE

BNWL-90 Foster,R.F. (manager),and R.H. Wilson (editor). 1965.
F_val.uationof Radio!o_.qicalConditions in the Vicinit_y__o_f
Hanf_____o.rdfor 1964. PacificNorthwest Laboratory,Richland,
Washington.
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6.0 IMPORTANTRADIONUCLIDES

Early decay studiesdeterminedthat differentorganisms and tissues

. accumulateddifferentquantitiesof specificradionuclides. This was later

confirmedwith gamma-rayspectroscopy. For fish, the primary radionuclideof

concernwas phosphorous-32(HW-36074;Robeck et al. 1954). Although the

concentrationof phosphorous-32in reactor effluentswas relatively small,

fish tended to accumulateelevated quantitiesrelative to normal Columbia

River levels because the concentrationof natural phosphorousin Columbia

River water was low (HW-25021)and the element is active in biological

systems. Other radionuclidesof importancein fish included sodium-24,

zinc-65, and manganese-25.

Shellfishtended to accumulatezinc-65 and phosphorous-32in their

tissues. These were the only two radionuclidesof Hanford origin beyond the

mouth of the Columbia River that were of radiolog'icalinterest (HW.-76526).

Pacific coast oysters were found to containmore zinc-65 than other common

seafoods (HW-80991).

Phosphorous-32was also the major contaminantin waterfowl samples.

However, other radionuclides,includingpotassium-40,zinc-65, strontium-90,

and cesium-137,were also identified.

The concentrationsof radionuclidesin the Hanford environmentwere

directly related to activitieson the Site. Table 6.1 outlines the operating

periods for the 8 once-through-coolingreactors that were on-line during the

period covered by these annual summal"ies.This informationmay assist the

reader in evaluating the concentrationdata that are provided in these annual

summaries. A small amount of additional informationon reactor operationsis

also included in some of the individualannual summaries.

z
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_._Lo Operating Periodsfor Hanford'sOnce-Througil-CoolingReactors

Reactor $tartu_Lpate_ _ement Date

IO0-B September1944 1968

IO0-D December 1944 June 1967

IO0-F February 1945 June 1965
w

IO0-H November 1945 April 1965

IO0-DR October 1950 December 1.964

I00-C November 1952 April 1969

tOO-KW January 1955 February 1970

IO0-KE April 1955 January 1971

REFERENCE

HW-36074 Davis, J.J., D.G. Watson, and C.C. Palmiter. 1956.
Radio!.@gic_lStqqliesin the .Co_!IumbiaRi_.ugh pecember_
]]__,_L_.GeneralElectric Company, HanfordWorks, Richland,
Washington.

HW-80991 Foster, R.F. (manager),and R.H. Wilson (editor). Evaluat..iQ.n.
of Radi.Q.!.o_icalConditions __c_initv of Hanfordfor
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7.0 OV_VIEW OF ANNUAL FISH, SHELLFISH,AND

]Bt_LT.ERFOWLSUMMARIES,1945 - 1972

The remainderof this document summarizesannual radionuclidecontami-

nation data for fish, shellfish,and waterfowl for the years 1945 to 1972.

Samples were collected by Hanfordmonitoring personneland by offsite

organizations,both government and private, from a large region surrounding

the Site. Each summary includesinformationon the media, sampling locations,

radionuclidesmeasured/reported,and references. For ease of reading and

reference,the data for each year are presented in separate sections.
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8.0 FISH,SHELLfiSH,AND WATERFOWL

pJ_DIONUCLID__TA_MINAI'IONSUMMARYFOR 1945

, B.1 MEDIASAMP_L.EQ

• The analysisof fishtissuesfor radiologicalcontaminationwas just

beginningat the HanfordSite in 1945. Sampleswere,therefore,few in number

and randomlyobtained.

Severalsuckerswerecollectedfromthe ColumbiaRiverand analyzedfor

radionuclidecontamination.Tissuesexaminedincludedmuscle,kidneys,liver,

vertebrae,and skinand scales(HW-3..3442;HW-3-2894DEL; HW-7-1228DEL). The

collectionof a numberof large(12-inch)ColumbiaRiversuckerswas discussed

(HW-3-2894DEL). The firstanalyseson laboratorynraisedfishweredone on

September14, 1945.

8.1.2

Therewas no informationobtainedfromrevieweddocumentsconcerning

shellfish, lt is probablethat therewereno shellfishcollectedfromthe

HanfordSite or vicinityfor radiologicalanalysesin 1945.

8.1.3 Waterfowl

Informationon waterfowlsamplingwas not locatedin the revieweddocu-

ments, lt is likelythatwaterfowlwere not collectedfromthe HanfordSite

and vicinityfor radiologicalanalysesduring1945.

8.2 SAMPLINGLOCATIONS

For geographicsitesand samplinglocations,see Figures4.1 to 4.6.

B.2.1

" Columbia River fish were collected from near the 1904 spillway in the

IO0-F Area (HW-3-2894DEL).

e_
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8.3 RADIONUCLIDESMEASURED/REPORTED

8.3.1

During 1945, very littlewas known about the effects of radiological t*

contaminationon aquatic organisms. Sampleswere collectedto determinedose

to the organism; to find out how much radioactivematerial, if any, was

depositing in the tissues; and to identifywhich radionuclidesthe organisms

were accumulating. Identificationsof specific radionuclideswere generally

accomplishedthrough the use of decay curves to determinethe half-lifeof the

activity.

Activitieswere reported in Ci/g, pCi/g, or pCi/kg for the various

tissues (HW-3-3442;HW-3-2894DEL; HW-7-1228).

Decay curves developedon the Columbia River fish indicatedthat the

activityhad a half-lifeof about 15 days, signifyingthat the radionuclide

was probably phosphorous-32(HW-3-2894DEL).

Most fish sampleswere ashed, then counted (HW-3-3442DEL).

For the Columbia River suckers analyzed,the maximum activity was seen

in the kidney (0.29 _Ci/kg), and the lowest was found in the vertebrae

(0.05 #Ci/kg). The skin and scales had an activityof 0.21 _Ci/kg, and the

liver had 0.19 pCi/kg. Activity in the muscle was 0.08 _Ci/kg (HW-3-3442;

HW-3-2894DEL; HW-7-1228 DEL). Initialdecay curves indicatedthat the half-

life of the activity was 10 to 30 days Later reportsnarrowed this down to

15 days. An absorptioncurve on a skin sampleyielded a 1.4 to 1.5 MeV beta

(HW-3-2894 DEL).

Initial studies indicatedthat a good dissectiontechniquewas important

to avoid contaminationof other tissues (HW-3-2894DEL).

Additional studiesexposing salmon, trout, and salmon eggs to reactor

effluentwere discussed; highest activitieswere seen in the liver (HW--3-2894

DEL; HW-3-3442) .
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9.0 _HELLFISH, .ANDWATERFOWL

RAD][ONUC_!DECONTAMINATIONSUMMARY FOR 19..46

. 9.1 MEDIA SAMPLED

9.1.1iZ3_Eb

" Fish from the Hanford Reach of the Columbia River and the lower Yakima

River were collectedand analyzed for radionuclidecontamination. Species

collected includedsquawfish (also called Oregon pike), bream (redside

shiner), whitefish,course-scaled(largescale)suckers, fine-scaled(bridge-

lip) suckers,mountain suckers,chiselmouth,sockeye salmon, smallmouthbass,

pumpkinseedsunfish,chub (peamouth),and carp (HW-3-5501;HW-3-3383).

Additional informationon unidentifiedfish was also available (HW-7-4699;

HW-11509;HW-7-4312). Small fish were analyzedwhole, while large fish were

dissected before being analyzed (HW-3-5501). Tissues analyzed includedliver,

kidneys, skin and scales,muscle, bone, and gills (HW-3-5501;HW-3-3383).

Laboratorystudieswere done throughoutthe year, exposing hatchery-

reared salmon fingerlingsand salmon eggs to various concentrationsof reactor

effluents. These studies are not discussed in this summary.

9.1.2 Shellfis_

There were no shellfishdata in the reviewed documents.

9.1.3 Waterfowl

Several ducks, teals, and coots were analyzed for radionuclidecontami-

nation. Tissues analyzed includedgizzard, liver, cecum, muscle, bone,

kidney, and blood (HW-7-5428;HW-7-5301;HW-7-4699; HW-3-3383;HW.-7-4474).

9.2 SA!!PLINGLOCATIONS

For geographicsites and samplinglocations,see Figures4.1 to 4.6.
i

9.2.1 Fish

, Columbia River fish-collectionareas includedsites 1.5 and 10 miles

above tOO-B, near 100-F, 6 miles downstreamfrom Hanford, and near the

300 Area (20 miles below 100-F) (HW-3-5501;HW-3-3383). Yakima River fish
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were collected at locations5 and 10 miles upstream from the mouth of the

rlver (below and above the dam [probablyHorn Rapids Dam], respectively)

(HW-3-3383;HW-3-5501;HW-7-4699).

9.2.2 W_terfow]

Waterfowlwere collectedprimarily from the 300 Area retention pond

(HW-7-5301;HW-7-5145;HW-7-469g;HW-3-3383). One bird was sampled from the

lower Yakima River (HW-7-5428).

g.3 RADIONUCLIDESMEASURED/_

9.3.1Fish

Dat_,for fish collectedfrom the Columbia and Yakima Rivers in 1946 were

reported in the routinely issuedweekly and monthly Hanford Site reports.

However, the informationin these reportswas often sketchy and incomplete.

A more complete summaryof the analytical informationobtained from these fish

was compiled in HW-3-3383. Additionaldetailed analytical informationfor

many of the fish and wildlife samples collectedcan be found in notebook

HEW-Sg4-T.

Fish samples were monitored for beta activity. Tabulated resultswere

generally reported in units of _Ci/kg (HW-7-4699;HW-3-3383)or mpCi/kg

(HW-3-5501).

Fish tissues were ashed and dissolvedwith severalapplicationsof

nitric acid on platinum (HW-3-3442)or stainlesssteel (HW-3-5501)plates,

then counted for five minutes to one hour, Results for platinum plates were

correctedfor 20% geometry (HW-3-3442). Geometrycorrectionsfor l-inch and

1.5-inchstainless steel plates were 20% and 15%, respectively. Analyses were

usually done within six hours of collection,but count delays ranged from 2 to

30 hours. Counts were not corrected for decay (HW-3-5501). Decay studies

were done on sampleswith the highest initialcounts. These studies indicated

that the radionuclidein greatest concentrationwas phosphorous-32(HW-3-3383;

HW-3-5501; HW-11509). Longer-livedmaterial appearedto be potassium-40

(HW-11509; HW-3-5501).
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Radioactivitylevels in fish tissues were highest in kidneys and livers.

The maximum activity,O.SpCi/kg,was found in the liver of a sucker from near

Hanford (HW-3-5501;HW-11509).

• River fish collected in 1946 showed similar activitylevels at IO0-F and

Hanford,while fish collectedat the 300 Area averaged about 75% the levels

detected at Hanford (HW-11509).

Fish tissues showed a significantincrease in activity from May to

August. This increase varied with radionuclideconcentrationsin the water

and inverselywith river flowo Elevatedwater temperaturemay also have

contributedto the increasedactivity. Muscle tissue showed the smallest

seasonalfluctuationsdue to its low rate of uptake and the presence of a

longer-livedmaterial (probablypotassium-40)(HW-3-5501).

Concentrationfactors (fish activity/wateractivity)for phosphorous-32

in fish approached100,000X (HW-11509;HW-3-5501). Concentrationfactorsfor

various fish and fish body parts were reported (HW-3-5501).

In HW-3-.5501,concentrationdata were tabulatedby collection location.

Concentrationsincreasedas summer progressedand highestlevels were seen in

August. Maximum activitiesfor each location are listed below:

1.5 miles above tOO-B: Maximum was <40 mpCi/kg in the gills of a
red-side shiner.

10 miles above tOO-B: Maximum was <40 m_Ci/kg in the gills of a
red-side shiner. Two salmon were collected
at this location. Maximum activitieswere
found in the kidney (-20 m_Ci/kg) and in the
muscle (-2mpCi/kg).

IO0-F Area in July: The maximum was 100 mpCi/kg in the skin of a
whitefish.The average for muscle for
several specieswas -10 m#Ci/kg.

IO0-F Area in August: The maximum was <1000 mpCi/kg in the kidney
. of a sunfish. The average for muscle for

several specieswas 14 mpCi/kg.

Near Hanford: A maximum activityof 500 mpCi/g was seen in
- the liver of a largescalesucker in August.

The average activity in muscle for several
speciesof fish in the month of August was
20 mpCi/kg.
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Near the 300 Area: Maximum activity (150 m_Ci/kg),was seen in
the bone and liver of a largescalesucker
and in the gills of a chiselmouth. The
averageactivity in muscle for several
speciesof fisilin the month of August was
17 mpCi/kg.

Yakima River: A sucker collectedbelow the dam on the
lower Yakima River had some activity in the
muscle (10 + 2 counts per minute). A carp
caught above the dam had no activity in its
body tissues.

"Fish may accumulateradioactivematerialsprincipallythrough ingestion

of smaller animals and plants which had previously accumulatedthese elements"

(HW-3-5501).

A shiner and a squawfishwere caught in early May about 1.5 miles above

IO0-B. Maximum activity in the squawfish(0.0018pCi/kg) was found in the

kidney. Little or no activitywas found in the shiner (HW-3-3383).

In mid-May, a squawfishcaught from the river at IO0-F exhibited

activity in all tissues. The maximum activity was 0.05 _Ci/kg in the muscle

(HW-3-3383).

In late May and early June four suckersand a chiselmouthwere caught

0.75 miles northeastof the 300 Area. The maximum activity was 0.04 pCi/kg in

the liver of one sucker, Other activitiesranged from 0.003 to 0.03 pCi/kg

(HW-3.,3383)_

A sucker caught 5 miles up the Yakima River in the late May and early

June time period had low activities,with the muscle being the only tissue

above background (0,002pCi/kg) (HW-3-3383).

In mid-June,2 suckers, 2 shiners and a whitefish were caught 10 miles

upstream from IO0-B. Maximum activity (0.04 pCi/kg) was found in the gills of

a siliner.Other activities ranged from 0.01 to 0.001 _Ci/kg (HW-3-3383).

In late June/early July, four fish were caught near IO0-F. The maximum

activity (0.5_Ci/kg) was found in the kidney of a shiner. Other activities

ranged from less than 0.002 to 0.1 _Ci/kg. The maximum activityobserved in

five fish collectednear Hanford during the same time period was 0.15 j_Ci/kg
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in the bone of a sucker. Other activitiesin the fish from Hanford ranged

from 0.0027 to 0.12 _Ci/kg (HW-3-3383).

In mid-July, eight fish were caught near the 300 Area. A maximum

activity of 0.048 _Ci/kg was found in the liver of a whitefish. Eleven fish

were also collectednine r,lilesupstream from IO0-B during this time period.

Activities ranged from 0.001 _Ci/kg in the bone of a shiner to a maximum of6

o.g pCi/kg in the kidneys of a sunfish (HW-3-3383).

In late July and early August, six fish sampled nine miles above IO0-B

had activitiesranging from 0.002 to 0.02 pCi/kg. Five fish from IO0-F had

activities ranging from 0.01 to 0.47 pCi/kg (HW-3-3383).

In August, seven fish from Hanford showed activities from 0.004 to

0.5 pCi/kg in all organs. Six fish caught near the 300 Area had concentra-

tions ranging from 0.005 to 0.15 pCi/kg (HW-3-3383)o

9.3.2 Waterfowl

A single duck was collectedfrom the lower Yakima River in November.

Traces of alpha activitywere found in the gizzard and liver. A maximum beta

level of 10.2pCi/kg was found in the cecum (HW-7-5428).

Analyses of tissues from waterfowlcollectedfrom the 300 Area retention

pond indicatedthat about 90% of the measured alpha activity was uranium

(HW-7-5428).

Maximum concentrationsof alpha and beta seen in the cecum of waterfowl

collected from the 300 Area retention pond in Octoberwere 70,000 dis/min/kg

and 0.08 _Ci/kg, respectively. Alpha and beta activity in muscle and edible

tissueswere 5200 dis/min/kg and 0°028 _Ci/kg,respectively(HW-7-5301).

One coot sampled from the 300 Area pond in Septemberhad an alpha count

of 0.00013 dis/min/kg in the cecum (HW-7-5145).

, The gizzard from a teal collected from the 300 Area pond in August had

an alpha level of 3500 dis/min/kg. The leg bone of the teal had a maximum

beta activity of 0°066 _Ci/kg (HW-7-4699;HW-3-3383).

Liver, kidney, and bone samples from severalbirds collected from the

300 Area pond in July had alpha levels of about 500 dis/min/kg (HW-7-4474).
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Two coots and a duck were sampled from the 300 Area pond in July.

Maximum alpha counts (220,000dis/min/kg)were found in the contents of the

duck cecum. High alpha counts were seen in other body tissues also. Alpha

resultswere obtained using experimentalmethods. Beta levels ranged from

0.001 _Ci/l in the blood to 0.1 pCi/kg in tilececum of the duck. Beta

activity in coot breastswas on the order of 0.001 _Ci/kg (HW-3-3383).
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I0.0 FISH, SHELLFISH,AND WATERFOWL

RADIONUCLIDE.CONTAMINATIONSUMMARYFOR 1947

- 10. I MEDIA_SAMPLeD

1o.1.1

" Columbia River fish were collectedand analyzed for radionuclide

contamination. Species sampled includedfine-scaled (bridgelip)suckers,

course-scaled(largescale)suckers,chiselmouth,mountain suckers, squawfish,

shiners,whitefish, smallmouthbass, chub (peamouth),sockeyesalmon,

bullheads, and carp. Tissues analyzed includedliver, sperm, eggs, kidney,

gill, skin, bone, gonads, and muscle;gut contents and feces were also tested.

Analyses results were not reported for all fish collected.

Fish were apparentlycollectedweekly from April 2, 1947, to April 6,

1948 (HW-3-5160). Data were reportedfor fish collectedfrom July 1947

through October 1947. "Six or less fish were taken for assay each week. Game

fish were not caught in abundancebut were always sampledwhen available"

(HW-11344).

LaboratorystudiesexposingChinook Salmon and ChinookSalmon eggs to

reactoreffluent water were conductedthroughoutthe year. Summary informa-

tion was reported in biweekly fish lab reports (HW-7267;HW-7668; HW-7547;

HW-7432; HW-o8166;HW-8308; HW-8080; HW-7325; HW-7822; HW-7951; HW-7132;

HW-8421). Data for experimentsconducted throughOctober 20, 1947, were

described in greater detail in HW-8944. The data from these laboratory

exposures are not discussed in this summary.

10.1.2 S__helIfish

If any shellfishwere collectedand analyzedduring 1947, the data were

not discussedin the revieweddocuments.

" 10.1.3 Waterfowl.

Twenty-fourpekin ducks (a white, domestic breed) were placed on the

" Columbia River for monitoring purposes. Tissues analyzed includedthyroid,

pancreas,bone, liver, spleen,gonads, kidney,muscle, lung, blood, and brain;

feces, and, when available,eggs were also analyzed (HW-12079):
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10.2 _AM.PI_INGLOCATIONS

For geographic sites and sampling locations,see Figures4.1 to 4.6.

10.2.I F_.i_.b !

Fish were collected from the west bank of the Columbia River in the

"Hanfordvicinity" (HW-11344).

10.2.2 Waterfowl

Waterfowlwere collectedfrom a colony establishedon the Columbia River

at IO0-F (HW-1207g).

10.3 RADIONUCLIDESMEA..SUREDLREPORTED

10.3.1

"Tissueswere assayed for beta emittingmaterials" (HW-11344).

Results for various tissues sampled from fish caught during 1947 were

reported in a table in units of mpCi/kg. These fish were specifically

selected because of their high radioactivitylevels. Peak activitieswere

seen about October I, when river flows were average, The maximum activity

(1,1 _Ci/kg) was seen in the gut contents of a course-scaled(largescale)

sucker caught in early October. The maximum activity found in fish tissues

(0.85 _Ci/kg) was found in the bone of a fine-,scaled(bridgelip)sucker

collectedon Septemberg, 1947 (HW-11344).

Samples analyzed were from I to 5 grams. Ashed tissues were counted

between two and seven hours after being collected. A 15% geometry was used

to interpretresults. Experimentationindicatedthat as much as 60% of the

radioactivitywas lost during the ashing process. Consequently,reported

levels may have been low by a factor of 1.5 to 2.0.

Decay studiesand beta absorptionstudieswere done on some samples.

Results indicatedthat phosphorous-32was the primary constituent,and

sodiumo24represented10% of the total activity in about half of the tissues.

Concentrationsof potassium-40in several fish tissues also were discussed

(HW-11344).
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The average activity level for fine-scaled(bridgelip)suckers and

chiselmouthcaught from the Columbia River between July and October was

40 m_Ci/kg. The average for smallmouthbass and course-scaled(largescale)

. suckerswas 30 m_Ci/kg. Mountain suckers,whitefish, and squawfishhad an

average activitylevel of 20 mpCi/kg, and sockeyesalmon had an average

activityof 5 mpCi/kg (HW-11344).
8

"Musclewas consistentlylowest in activity,never being over

0.1 _Ci/kg" (HW-11344). The maximum activity found in the muscle of a sucker

was 0.1 _Ci/kg. Activities ranged from 0.02 to 0.1 _Ci/kg in six fish sampled

(HW-11344). The maximum activity found in the mu._cleof a bass was

0.03 pCi/kg, with activitiesranging from 0.01 to 0.03 _Ci/kg in three fish

(HW-11344). The maximum activity found in the muscle of whitefish was

0.04 _Ci/kg. Activities ranged from 0.02 to 0.04 pCi/kg in two fish sampled

(HW-11344). The maximum activity found in the muscle of sockeye salmon was

0.007 pCi/kg, with activitiesranging from 0.004 to 0.007 _Ci/kg in three fish

sampled (HW-11344).

In April up to 70% of the activity in fish was from sodium-24. In May

1947, fish were found to have lower sodium-24activities. A decrease in

sodium-24activitieswas seen in May 1946, also. The uptake of sodium-24

appeared to be seasonal,but the cause was unexplained (HW-7-6392).

The maximum activityfor twenty-fourfish caught in May from the

Columbiawas 0.16 _Ci/kg, in liver tissue (HW,7-6392).

10.3o2 Waterfowl

Thyroids containing iodine-131originatingfrom 200 Area stack effluents

had the highest activitiesof all tissues (HW-12079).

Decay studies indicatedthat phosphorous-32was the principalradio-

isotope present in waterfowl tissues, although a longer half-lived element

. presumed to be iron-59was occasionallypresent (HW-12079).

Results for various tissueswere presented in table form in units of

_Ci/kg (HW-12079).

A maximum concentrationof 1.3 _Ci/kg was found in the thyroid of"a duck

analyzed in October 1947 (HW-12079).
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The maximum activity found in the muscle tissues of ducks was

0.01 pCi/kg, sampled in Septemberand October (HW-12079).
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11.0 FISH, SHELLFISH,AND WATERFOWL

BLADIONUCLIDECONTAMINATIONSUMMARy FOR ._948

11.1 MEDIA SAMPLED

11.1.1Fish

•. Columbia River fish were analyzed for radionuclidecontamination.

Species sampled includedmountain suckers, fine-scaled(bridgelip)suckers,

course-scaled(largescale)suckers,chiselmouth,squawfish, shiners, chubs

(peamouth),Rocky Mountain whitefish, smallmouthbass, bullheads, silver trout

(kokanee),carp, white sturgeon,and sockeyesalmon (HW-11344;HW-23093).

B1ueback (sockeye)salmon were also collected (HW-I0714E). Small fish

(<5 grams) were analyzedwhole, sometimesusing more than one specimenof the

same species to achievethe desired mass of tissue. Large fish were dissected

so that individualtissues and organs could be analyzed. In additionto

feces, tissues routinelyexamined includedliver, kidney, ovary or testes,

bone, gills, skin, scales, and muscle. Other tissues includedblood, spleen,

intestine,gall bladder, stomach, heart, eye, brain, and fin (HW-11344;

HW-23093). Some informationon fish and fish tissueswas discussed in docu-

ments covering data collected between 1947 and 1952, but it was difficultto

determinewhich resultswere obtained from fish collected in 1948 (HW-23093;

HW-11344). Additional 1948 collectionsincludedsalmon fry (HW-12573)and

dead whitefish (HW-11861).

Laboratorystudiesexposing fish to variousconcentrationsof reactor

effluent were conductedthroughoutthe year and discussed in bi-monthlyfish

laboratory reports and Health InstrumentDivisionsmonthly reports. Labora-

tory studies are not discussed in this summary.

11oi.2 Shellfis_h

Shellfish samplingand analyseswere net addressed in the reviewed

douments°

11.1.3 ___

Waterfowlcollected and analyzed in 1948 includedpekin ducks (a white

domestic breed), which were maintained in colonies at several locationson the
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Site (HW-II499E; HW-I1226 E; HW-12079;HW-8859; HW-9191 K; HW-9595 K;

HW-I0714 E), as well as teals (HW-I0993 E). Samples examined included

thyroid, liver, pancreas,bone, muscle, brain, lung, spleen, kidney, ovaries

or testes,and blood (HW-11499E; HW-12079;HW-I0993 E; HW-11226 E). Soft

tissues,whole bone, bone shaft, spongy bone, and bone marrow were also

analyzed (HW-I0714E).

11.2 SAMPLING LOCATI(21_L_

For geographic sites and sampling locations,see Figures 4.1 to 4.6.

11.2.1 F.JLEb

Routine Columbia River fish collectionswere made from the west bank in

the "Hanford vicinity" (HW-11861;HW-12086 E; HW-11344). Dead whitefishwere

collectedfrom the west bank of the river between Priest Rapids and Richland,

Washington. (HW-11861). Some small fish and parts of large fish (frequently

sturgeon)were sent to Hanfordbi-weekly from Bonneville for analysis

(HW-23093).

11.2,2 Waterfowl

Ducks were periodically collected from colonies established on the Site

for monitoring purposes, t.ocations included IO0-F (HW-12079; HW-I1499 E;

HW-8859; HW-9595 K; HW-I0714 E), the 200-N Area, and the 300 Area pond

(HW-I1226 E; HW-I0993 E).

11.3

Ii .3. I

Fish were "assayed for beta-emittingmaterials." Decay studies and

beta-absorptionstudieswere done on some samples(HW-11344). During 1948,

few resultswere reported for specific fish or fish tissues. However, when

resultswere given, they were reported in units of _Ci/kg (HW-I1499E;

HW-12086 E; HW-I0714 E; HW-I0993 E; HW-I1226 E; HW-11861).

In July 1948, four blueback (sockeye) salmon were captured in a net at

Hanford as part of the routine biweekly collections. A very small amount of

radioactivity (0.005 _Ci/kg) was found in the tissues analyzed (HW-I0714 E).
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Phosphorus-32was the predominantradionuclidepresent in fish, with

small amounts of sodium-24present in some cases (HW-Z3093;HW-11344).

Fish tissue sampleswere ashed with acid and heat, then counted

(HW-23093). A 15% geometry was used to interpretresults. Experimentation

indicatedthat as much as 60% of the radioactivitywas lost during the ashing

, process (HW-11344).

During the first part of December 1948, a large number of dead or dying

whitefishwere found along the ColumbiaRiver shorelinebetween Priest Rapids

and Richland. Activity levels in these fish included 0.03 pCi/kg in gills,

liver, and testes; 0.01 _Ci/kg in muscle; and 0.02 _Ci/kg in bone. These

resultswere comparableto resultsfor whitefish sampled from this location in

previousmonths. The whitefish apparentlydied from an unknown kidney ailment

(HW-11861). lt is possible that this ailmentwas tuberculosis. Tuberculosis

affectsmany Columbia River whitefishand often causes discolorations,or

lesions, in the kidney (Lund and Abernathy, 1978).

A chiselmouthcollectedin August as part of routine samplinghad

0.5 _Ci/kg in the liver, kidney and bone (HW-IOg93E; HW-20277-RD).

Activities in fish caught at Richlandwere about two-thirdsof those

seen in fish caught at Hanford (HW-23093).

Fish feces samples collectedin Septemberhad concentrationsof

0.4 pCi/kg. A sucker showed similar activity in the eggs, bone, and liver

(HW-11226E).

The juvenile stages were more radioactivethan the adult stages

(HW-23093).

The IO0-B Area reactor was restartedin September, resultingin higher

activitiesin the water (HW-11226E).

The food chain is the most importantprocess by which radioactivityis

accumulated. The kinds of food, amount eaten, size, rate of growth, and

mcLabolismall contribute to the amount of radioactivitypresent (HW-23093).

A suckercollected in October showed activitiesof 0.4 _Ci/kg in the

liver and bone, and 0.3 _Ci/kg in the gill. A squawfishhad 0.4 _Ci/kg in the

gill (HW-I149gE).
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Seasonal variationsare relatedto metabolic rate rather than the

activity density o_ the water (HW-23093).

In the vicinity of Hanford, a sucker collectedduring winter had a

concentrationof about 0.15 _Ci/kg in the gills, liver, and bone, which is

comparably low and due to the colder weather (HW-12086E; HW-20277-RD).
mm

The calcareoustissue of the scales had the highest radionuclidecon-

centrations in virtuallyevery species. The liver had the highest of any

visceral organs and, with the exceptionof the eyes and fat, the activity of

the muscle was below that of the other tissues (HW-23093).

Increasesof radioactivityin fish from year to year were attributedto

changes in nuclear reactor operations,rather than to accumulationof long-

lived isotopes (HW-23093).

11.3.2 }__

Waterfowl monitoringstations (duck colonies)were set up at various

locationson the Site. However, becausethe birds were not free to change

locations, tissue concentrationsmay have been artificiallyhigh andnot

representativeof tissue activities in wild birds.

Phosphorus-32was the predominantradionuclidepresent in waterfowl,

although iron-S9was occasionallypresent (HW-12079).

Waterfowlthyroids containing iodine-131from 200 Area Stack gas

contaminationhad the highest activity of all waterfowl tissues. In 1948,

the average activity found in waterfowlthyroidswas 0.33 _Ci/kg,with a

maximum of 0.7 pCi/kg. Average activities in the liver and bone were

0.027 pCi/kg, with maximum activitiesof 0.06 and 0.15 _Ci/kg, respectively.

The averageactivity found in the muscle was 0.013 pCi/kg, and the maximum

activity was 0.03 pCi/kg (HW-12079).

In January 1948, a pekin duck from the ]O0-F area colony was analyzed

after it was killed by a predator.rThe highest activity was 0.2 pCi/kg in the

thyroid. The kidney and bone marrow contained0.01 _Ci/kg and 0.04 _Ci/kg,

respectively(HW-8859).

A female pekin duck from the monitoringprogram was analyzed in

February. The highest activitywas 0°6 pCi/kg in the thyroid. Activities
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for other tissues included0.12 pCi/kg in bone, 0.06 _Ci/kg in the pancreas,

0.046 #Ci/kg in the liver, 0.036 #Ci/kg in the kidney, 0.035 #Ci/kg in the

spleen,0.02 #Ci/kg in muscle, 0.013 _Ci/kg in blood, and 0.002 #Ci/kg in the

,_ lung (HW-9191K).

In March, a female duck from the colony on the river at IO0-F was

sacrificed. Activitieswere 30 to 60 percent less than those seen thee

previous month (HW-9595K).

Thyroid readings in July were twenty to thirty times less than readings

obtained 18 to 24 months previously,due to the increasedcooling time of

slugs (irradiatedfuel elements) (HW-I0714E).

In July, activitydensitiesfor a domestic duck collected from the

Columbia River at IO0-F were 0.2 pCi/kg for the thyroid and less than

0.02 #Ci/kg for all other tissues. A duck from R Ditch, in the 200-N Area,

had about 0.03 _Ci/kg in soft tissue, 0.2 _Ci/kg in whole bone, 0.3 _Ci/kg in

the bone shaft, and less than 0.04 _Ci/kg in the spongy bone and marrow.

Decay studies suggestedthat the radionuclidein the whole bone sample was

strontium-89(HW-I0714E).

In August 1948, a pekin duck from the 200-N area had activitiesof

0.38 pCi/kg in the thyroid, 0.047 _Ci/kg in the liver, 0.034 pCi/kg in the

pancreas,0.14 pCi/kg in the bone, and 0.014 pCi/kg in the muscle. A mature

pekin duck from the IO0-F Area had activitiesof 0.08 _Ci/kg in the thyroid,

0.016 _Ci/kg in the liver and bone, 0.026 _Ci/kg in the pancreas, and

0.011 pCi/kg in the muscle (HW-I0993E).

Two teals and a pekin duck from the 300 Area were analyzed in August.

The pekin duck had the highest thyroid activity (0.072 _Ci/kg) while levels in

the teal thyroids were 0.02 _Ci/kg and <0.04 _Ci/kg. The teals had higher

counts in the liver (0.01 pCi/kg and 0.007 pCi/kg) and bone (0.007pCi/kg and

0.005 pCi/kg) than the pekin duck (0.004_Ci/kg in the liver and <0.002 pCi/kg

in the bone) (HW-10993E).

Ducks maintained at the 200-N monitoring area were killed by coyotes in

September,terminatingthe study at that location (HW-11226E).
=_
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In September,maximum beta activity in thyroid and bone was 1.1 _Ci/kg

in ducks collected from 200-N area ponds. The maximum activity in muscle was

0.03 pCi/kg from a duck at IO0-F Area (HW-11226E).
h

In October, a duck that had been on the river at IO0-F for fourteen

months was sacrificed. The highest activity (0o12_Ci/kg) was found in the

thyroid. The feces had an activityof 0.1 _Ci/kg, and the bone, blood and

brain had an activity of 0.01 pCi/kg. The activity in the muscle, liver, and

kidney was 0.03 pCi/kg, and that of the spleen and gonads was O.04pCi/kg.

The lung had an activity densityof 0.02 pCi/kg and the pancreas had

0.05 pCi/kg. Results in the thyroidwere less than those from a year ago.

Activity levels in other tissueswere two to five times higher than those seen

the previous year (HW-11499E).
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12.0 FISH,.SHELLF!SH,AND WATERFOWL

R_AD!ONUCLIDECONTAMINATIONSUMMARY FOR 1949

12.1 ]_.EDIASAMPLED

12.1.1

Columbia River Fish were analyzed for radionuclidecontamination.

Species collected includedsquawfish,course-scaled(largescale)suckers,

shiners, shad, ammocoete (lampreylarva),stickleback,chiselmouth,whitefish,

dace, chinook salmon,sculpins,sunfish, smallmouthbass, fine-scaled

(bridgelip)suckers,mountain suckers, bullhead,silver trout (kokanee),carp,

sturgeon,and chub (peamouth)(HW-23093). Small fish (<5 g) were analyzed

whole, sometimesusing more than one specimenof the same species to obtain

the desired mass of tissue. Large fish (>5 g) were dissectedbefore being

analyzed. Tissues routinelyexamined includedscales,muscle, liver, bone,

gills; feces were also typically analyzed. Additionaltissues analyzed

included ovaries or testes, kidney, heart, stomach, intestine,spleen,blood,

fins, eyes, and brain; stomachcontentswere also tested (HW-23093). Not all

fish were analyzed for every constituent. Both juvenile and adult fish were

examined.

12.1.2 Shellfish

Freshwaterclams were collectedand analyzedfor radionuclide

contamination(HW-12573).

12.1.3 Waterfowl

Waterfowl examined for radionuclidecontaminationincluded Canada geese,

mallards, Americanwidgeons (baldpate),gadwalls,green-wingedtea]s, American

goldeneyes,coots, and pekin ducks (a white, domestic breed) (HW-18645). In

addition to feces, tissueswere also examined,includingbone, thyroid,

pancreas, liver, spleen, gonads, kidneys, muscle, lung, blood, and brain

(HW-18645).
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12.2 SAMPLING LOCATIONS

For geographic sites and sampling locations,see Figures 4.1 to 4.6,

12.2.1 _

Sampling locationsfor Columbia River fish included a station above

tOO-B, between IO0-B and IO0-D, between IO0-.Dand tOO-H, between ]O0-H and

tOO-F; below tOO-F; Hanford;the 300 Area (see Figures4oi and 4.2); Richland

and Pasco, Washington;McNary Dam; BonnevilleDam, and Biggs Junction,Oregon.

Large fish were collected from a small eddy area immediatelyupstream of the

Hanford Ferry Landing and from 'theBonnevilleDam area (HW-23093).

12.2.2 Shellfish

Clams were collectedfrom the Columbia River near BonnevilleDam

(HW-12573)o

12o2.3 W_terfowl

Waterfowlwere collectedfrom LaCrosse,Washington;Kennewick,

Washington (HW-15550E DEL; HW-18645);the 300 Area pond (HW-12937E); 200-N

Area; 300 Area; Hanford (HW-13793E); IO0-F Area (HW-14043E), near the

reactors;5 miles downstreamfrom the reactors; 15 miles downstream from the

reactors;20 miles downstream from the reactors (see Figures 4.1 and 4.2); the

200-E pond; Benton City, Prosser, and Richland,Washington (HW-18645).

12.3 RADIONUCLIDESMEASURED/REPORTED

12.3.1 Fis____bh

Fish were monitored for beta activity. Resultswere expressed in units

of _Ci/g wet or live weight (HW-23093). Results in monthly reports were

reported in units of _Ci/kg (HW-12937E; HW-14338 E).

In September 1949, activities in juvenile fish collected near McNary Dam

were found to be about one third of the activities in fish collected at

Hanford (HW--14596E).

During the month of March 1949, the scales from a sucker collected in

the vicinity of Hanford showed an activitydensity of 0.1 _Ci/kg (HW-12937E).
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Fish sampled during the month of July were found to be five to ten times

more radioactive than fish caught earlier. This increase was believed to be

due to the reduced flow of the river, warmer water, and the increased power

, level of the IO0-D reactor (HW-20277-RD; HW-14043 E).

Smallmouth and l argemouth bass are the most commongame fish taken from

, the Columbia River in the vicinity of Richland during the summer months and

are the least radioactive of all species. The maximumconcentration found in

bone was 6 x 10.4 _Ci/g (HW-23093).

During the month of July 1949, a concentration of 1.3 _Ci/kg was found

in the scales of a chiselmouth and was the highest yet recorded for a Columbia

River fish (HW-20277-RD).

Economically, salmon were of the greatest value. Trout, bass,

whitefish, and sturgeon were also of considerable value to sportsmen

(HW-23793).

The food chain is the most important process by which radioactivity is

accumulated. The kinds and amounts of food eaten, fish size, rate of growth,

and associated metabolism all contribute to the amount of radioactivity

present (HW-23093).

Samples of fish collected during July at Biggs Junction, Oregon,

150 miles downstream of Hanford, showed about one tenth as much activity as

the Hanford samples (HW-20277-RD).

Juvenile fish are more radioactive than adults (HW-23093).

Activity in the water during the month of August 1949 was fifty percent

greater than August 1948, and the activity of the aquatic organisms was two to

five times greater. An activity of 5.4 _Ci/kg found in the scales of a sucker

was about 3500 times that of the water. The flesh of a smallmouth bass from

Hanford was 0.06 pCi/kg (HW-14338 E; HW-20277-RD).

In most cases, the liver had the greatest radionuclide concentration of

any of the visceral organs. Scales were the most radioactiwe tissue, muscle

the least (HW-23093).
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The level of rad'ioactivitywas dependentupon geographic locationwithin

the river and ecologicalrelationships,includingfood habits, metabolic rate,

and life span (HW-23793).

Activities in fish during the months of November and December 1949

decreaseddue to the decline in water temperaturesand the subsequentslowing

of metabolic rates (HW-15267E; HW-15550 E DEL).

There was a gradual decrease in the amount of radioactivitypresent in

organismswith decreasingdistance below the reactor areas. This decrease can

be attributedto natural decay, dilution and dissipationof the radioactive

materials, and the removal by organisms (HW-12573).

Phosphorus-32accountedfor less than one percent of the activity in the

water, but over 90% of the activity in the fish. Some sodium-24was found to

be present in fish as well (HW-23793;HW-23093).

Suckers had the highest radionuclideconcentrationof all Columbia River

fish examined (HW-23093).

Increasesin the radioactivityin fish from one year to the next are

attributedto changes in nuclearreactor operations,rather than accumulation

of long-lived isotopes (HW-23093).

12.3.2

Clams collectedfrom BonncvilleDam were analyzed for radionuclide

contamination. Results reported in the revieweddocument were illegible

(HW-12573).

12.3.3 t__ii__@_r..Zgj_1

Phosphorus-32was the principalisotopepresent in contaminatedducks

(HW-18645).

A pekin duck that had been on the 300 Area pond for eight months had

11 _g of uranium per gram of bone (HW-12937E).

Three new monitoring stationswere establishedin June, 1949, by plant-
lq

ing pekin ducks at the 200-N Area and the 300 Area, and by planting pheasants,

Canada geese, and mallard ducks at Hanford (HW-13793E).

i
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A special study was conducted at the IO0-F Station in June to compare

the uptake rates for different aged pekin ducks. Younger birds had consider-

ably higher accumulationrates, due to more rapid phosphorus turnover. Bone

, from four- and six-week-oldducklings had a concentrationof 0.4 _Ci/kg, beta;

an eight-week-oldbird had 0.2 pCi/kg, beta; and a two-year-olddrake had less

than 0.01 _Ci/kg, beta (HW-13793E).

The three principal sourcesof radioactivecontaminationavailableto

waterfowl at Hanfordwere nuclear reactor coolingwater, waste-waterditches

and ponds, and volatile fissionwastes from stack gases (HW-18645).

A new high level of radioactivityin waterfowl (B _Ci/kg) was found in

August 1949, in the bone of a pekin duckling from the IO0-F Area. Other

tissues were also much higher than previouslyseen (HW-14338E; HW-18645).

Coots and ducks were sampled in October 1949. In general, the thyroids

of animals taken within 30 miles of the 200 Area stacks were radioactive.

Specimens taken at distancesgreater than 30 miles were not distinguishable

from background (HW-14916E).

The bones and thyroidsof waterfowl usually had the highest radionuclide

activitiesdue to the accumulationof phosphorous-32and iodine-131,respec-

tively, in those organs (HW-18645).

Mallard ducks from LaCrosse,Washington,and Kennewick,Washington,

sampled in December 1949, had less than 0.5 _Ci/kg in the thyroid

(HW-15550E DEL).

The age of the bird analyzed had no significanteffect on the activity

densities accumulated,except in the bone (HW-18645).

In December 1949, a new test was developedfor testing for iodine-131 in

thyroids. Maximum activity in a pekin duck thyroidwas 0.009 _Ci/g. The

maximum activity in duck thyroids collectednear the Hanford reservationwas

0.026 _Ci/g. This concentrationwas in excess of the chronic maximum per-

missible concentration(MPC) of iodine-131for human beings and was seen in a

mallard obtained in Benton City, Washington (HW-18645).D
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13.0 FISH, SHELLFISH,AND WATERFOWL_

__ RADIONUCLIDECQNTAMINATIONSUMMARYFOR I._5__Q0

- , 13.1 MEDIA SAMPLED

_c 13.1.1 .E.t_

* Columbia River fish were analyzed for radioactivecontamination•

Species collected included fine-scaled(bridgelip)suckers,course-scaled

(largescale)suckers,mountain suckers,shiners, squawfish,chubs (peamouth),

dace, sticklebacks,sculpins,chiselmouth,bluegi'lls,smallmouthbass, rainbow

_, trout, largemouthbass, carp, chinook salmon,whitefish, sturgeon,silver

= trout (kokanee),shad, and sunfish (HW-23093;HW-36074). Small fish (<5 g)

were analyzedwhole, sometimes using more than one specimenof the same-

- species to obtain the desired mass of tissue (HW-23093). Large fish (>5 g)
i

were dissected, then analyzed. Tissues routinely analyzed included scales,

muscle, liver, and bone. Additionaltissuestested includedgills, ovaries or

testes, kidney, heart, stomach, intestine,spleen, blood, fins, eyes, and

brain; feces and stomach contentswere also examined. Not all sampleswere
_

analyzed for every constituent. For many speciesboth adult and juvenile fish

were analyzed (HW-36074;HW-48523 DEL; HW-23093).-

--_- 13 1 2

- The viscera, gill, mantle, and soft parts of the d_D_o___QI__._clam were

analyzed for radionuclidecontamination(HW-36074). Freshwatermussels were

- also analyzed (HW-17971E).

= 13.1.3

Waterfowlanalyzed includedCanada geese, coots, common loons, pekin (a

white domestic breed) and mallard ducks, and American mergansers (HW-18221E;

HW-18473 E; HW-18740 E; HW-18645;HW-.19325E). In addition to feces, tissues

, analyzed includedbone, thyroid, liver, pancreas, spleen,gonads, kidney,

muscle, lung, blood, and brain (HW-18645;HW-19021 E; HW-IB740 E; HW-19325 E),

.I
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13.2 SAMPLING LO_ATION_

For geographic sites and sampling locations,see Figures 4.1 to 4.6.

13.2.1 _

Columbia River fish-samplinglocations includedPriest Rapids

(RM 387-396), Station B-I (RM 381), Station D-2 (RM 375), Station H-I t,

(RM 372), Station H-2 (RM 369), Station F-I (RM 367), Hanford (RM 362),

Station 300 (RM 345), Richland (RM 339), Station P-I (RM 331), Station P-2

(RM 329), Station P-3 (RM 319), Station McNary-1 (RM 298), McNary-2B (RM 285),

Bonneville (RM 145.5),and Biggs Junction, Oregon (HW-23093;HW-36074). (See

Figures4.1 to 4.4.) Specialwhitefish sampleswere collected from Hanford

(RM 362) (HW-48523DEL). A few samples of small fish were collected from a

small side channel on the shorelinebelow the IO0-H reactor (HW-18438).

13.2.2

Clams (_odonta) and mussels were collectedfrom the Columbia River at

Bonneville Dam (RM 145.5) (HW-36074;HW-17971E).

13.2.3 Waterfowl

Waterfowlwere collectednear the reactorsand five miles downstreamof

the reactors (HW-18645). A waterfowl colony was establishedon the river at

IO0-F (HW-18221E). Other birds were collectedin the 200 West area and above

IO0-F (HW-19325E; HW-18221 E). (See Figures 4.1 and 4.2.)

13.3 RADIONUCLIDES_EASURED/REPORTQ

13.3.1

Analytical resultswere reported as gross beta activity per gram of

tissue. Tables of data includedmonthly maximum and average values for fish

caught at each sampling station (HW-36074),as well as concentrationsin

individualtissues from individualfish (HW-48523DEL; HW-36074). Various

isotopeconcentrationswere also discussed, but reported results were based on

decay studies only.

Phosphorous-32was the predominantradionuclidein fish from the Hanford

vicinity (HW-23093;HW-36074).
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The IO0-DR reactor was startedup during October 1950 (HW-21699).

The food chain is the most importantprocessby which radioactivityis

accumulated. The kinds and amountsof food eaten, fish size, rate of growth,

and associatedmetabolism all contributeto the amountof radioactivity

present (HW-23093).

• The scales,bone, and liver were tilemost radioactivefish tissues,

muscle the least (HW_36074;HW-23093).

Whitefishpresentedthe greatest potential radiationhazard as a food

fish (HW-36074). At Hanford,during the fall, the concentrationof

phosphorous-32in whitefish flesh was 3600 times that in the river water

(HW-48523DEL).

Radionuclideactivitiesin Columbia River fish in 1950 reached a peak in

September. Values were two to four times those of 1949 (HW-21699REV).

One hundred and thirty-onetissue samples from large fish (many species)

were collectedat BonnevilleDam and analyzed. The mean activity density was

2.4 x I0-s#Ci/g; maximum was 3.2 x 10-4#Ci/g; and 53 samples were below the

reportablelevel of 5 x 10-6#Ci/g (HW-23093).

The concentrationin ColumbiaRiver fish collectedat Hanford in 1950

was 3.2 x 10.3#Ci/g in juvenile suckers (HW-36074).

Radionuclideconcentrationsin juvenile chinook salmon sampled from the

Columbia River in May 1950 ranged from 8 x 10-5pCi/g near Hanford to

5 x I0"s#Ci/g above McNary Dam, "aboutten times the concentrationof the

older and larger migrant fish" (HW-179/IE).

"The first sturgeon (about 10 Ibs) capturedwithin the boundaries of the

Reservationwas taken on May19, 1950. Radionuclideconcentrationsin its

tissueswere comparativelylow (muscle10.5pCi/g, testes 10.4_Ci/g, feces

3 x 10.4#Ci/g)" (HW-17971E).

The maximum concentration(beta) found in seven white sturgeon collected

at Bonnevillewas 2 x 10.4pCi/g. Thirty of the 39 samples analyzed from

these fish were below the reportablelimit of 5 x 10.6pCi/g.

].3.3
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Differencesin metabolic rates, food habits, life cycles,morphology,

and the chemicalcompositionof the tissues influencedthe activitydensities

of specific organisms (HW-36074).

Maximum radionuclideconcentrationsin Columbia River fish were seen in

the vicinity of RM 367 (Hanford)(HW-48523DEL). Sites upstreamwere

generally at backgroundlevels, and concentrationsdecreasedwith distance •

downstream. Variations in this patternresulted from migratory habits of

animals, short-termflucuations in reactoroperations,the shiftingof

effluent channels in the river, and changes in the sites of effluent discharge

(HW-36074).

The uptake of radionuclidesin fish was controlled primarilyby water

temperatureand the concentrationof effluents in the river (HW-48523DEL).

Suckers and chiselmouthwere the most radioactiveColumbia River fish

species; bass and squawfishwere the least (HW-23093).

During the first part of July 1950, high radionuclidelevels were found

in samples immediatelybelow the IO0-H area. These levels were up to 100

times those of the previous months. Some of the small fish containedas much

as 63 x 10.3_Ci/g. Small fish from other areas ranged from 10-5pCi/g above

the reactor areas to 1.4 x 10.3pCi/g at Hanford (HW-18473E). Large fish

were less radioactive. Food habits played a dominant role in the amount of

radioactivitydeposited in fish tissues. The maximum values for small fish

were found in dace, which had been feeding almost exclusivelyon midgefly

larvae. Small shiners, feeding largelyon adult midges, were about one-third

as radioactiveas the dace. Small suckers,feeding on midge larvae and bottom

algae, were intermediatein activity. Large fish collectedat the same time

were less radioactive. These high levelswere apparently related to the

effect of high river flows on effluentdischarges and mixing (HW-18438;

HW-216gg REV).

13.3.z

" The maximum radionuclideconcentrationsin an Anodonta clams collected
Q

from Bonneville (RM 145.5) were 8.6 x I0-s[_Ci/gin the viscera, 10.4_Ci/g in

the gill, 4.7 x i0-spCi/g in the mantle, and 4.1 x I0-__Ci/g in the soft

parts (HW-36074).
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Mussels were transplantedfrom BonnevilleDam to the Hanford Reach. As

a result, the activitydensity in the visceralorgans increasedto about

I0"4_Ci/g (HW-17971E).

• 13.3.3 W_terfowl

In June 1950, to serve as a monitoring index of the possible hazards to

• wild waterfowl, a mixed colony of mallard and pekin ducks was establishedon

the river at IO0-F reactor (HW-18221E).

The bones and thyroidsof waterfowl usually had the highest activity

densitiesdue to the accumulationof phosphorous-32and iodine-131,respec-

tively, in those organs (HW-18645).

Radionuclideconcentrationsin tissues from pekin ducks in the IO0-F

colony increased in the month of August to maximum values of g x 10-3_Ci/g in

bone and B x 10"_#Ci/g in the thyroid. These values exceeded the maximum

permissibleconcentration(MPC) for phosphorous-32and iodine-131by factors

of 7.5 and 2.0, respectively. Liver and pancreas samples also exceeded the

MPC (HW-18740E).

In September 1950, radionuclideconcentrationsin waterfowl from the

IO0-F colony were less than those seen in August, but bone samples still

exceeded the MPC for phosphorous-32by a factor of 2. Wild waterfowl showed a

gain in thyroid activity,with a maximum value of 0.007 #Ci/g, exceedingthe

MPC for iodine-131by about two times (HW-Ig021E).

Bone samples from four birds in the duck colony at IO0-F in October

1950 all had higher activity densitiesthan the MPC for phosphorous-32,with

mallards being higher than pekins. The maximum activity density detectedwas

0.004 _Ci/g (HW-Ig325E).

Phosphorus-32was the principal isotopepresent in waterfowl (HW-18645).

In October 1950 all waterfowl had thyroidactivities below the MPC for

: " iodine-131,except for a Canada goose from near tOO-F, which had a level of

0.05 _Ci/g in the thyroid, 12 times the MPC for i_!I(HW-19325E).

' The age of a bird had no significanteffect on activitydensities

accumulated,except in bone (HW-18645).
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14.0 F_IISH_SHELLFISH, ANDWATERFOWL

RADIONUCLIDECONTAMINATIONSUMMARYFOR 1951

, 14.1 MEDIA SAMPLED

14.1.! Fis.___b

' Fish from the Columbia, Snake, Yakima, and Walla Walla Rivers were

collected and analyzed for radioactive contamination. Species collected

included chinook salmon, mountain suckers, course-scaled (l argescal e) suckers ,

fine-scaled (bridgelip) stickers, shiners, squawfish, chubs (peamouth), dace,

sticklebacks, sculpins (prickly and smooth), chiselmouths, bluegills, carp,

smallmouth bass, largemouth bass, sockeye salmon, rainbow trout, Dolly Varden

trout, whitefish, crappie, and steelhead trout (HW-36074; Robeck et al. 1954).
i

Small fish were analyzed whole. Large fish were dissected, then analyzed.

Routinely analyzed tissues included scales, muscle, bone, and liver. Addi-

tional tissues analyzed included ovaries, testes, kidneys, spleens, hearts,

viscera, skin, and scales; feces and stomach and intestinal contents were also

analyzed. Not all samples were analyzed for every constituent. For many

species both juvenile and adult fish were analyzed (HW-36074; HW-48523; Robeck

et al. 1954).

14.1.2 Shellfish

The viscera, gill, mantle, and soft parts of the Anodonta clam were

analyzed for radionuclide contamination (HW-36074).

14.1.3 _slterfowl

Waterfowl analyzed included Canada geese and a variety of duck species.

Tissues examined included bone, thyroid, and muscle (HW-20438 E; HW-21802 E;

HW-23140 E; HW-25021). A special fecal study was performed on Canada geese

(HW-23140 E).
m

14.2 _G__°LOCATIONS

. For geographic sites and sampling locations, see Figures 4.1 to 4.6.
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14.2.1

Columbia River fish-samplinglocationsincluded Priest Rapids

(RM 387-400),above the Hanford Works (RM 385), above Coyote Rapids (RM 383),
v

Station B-I (RM 381), StationD-2 (RM 375), StationH-I (RM 372), Station H-2

(RM 369), Station F-I (RM 367), Hanford (RM 362), Station 300 (RM 345),

Richland (RM 339), Station P-I (RH 331), Station P-2 (RM 329, in the vicinity

of the Pasco water intake),above Kennewick (RM 330), below Pasco (RM 326),

Station P-3 (RM 319), above the mouth of the Walla Walla River (RM 316),

Juniper Canyon (RM 306), McNary-1 (RM 298, near Hat Rock, above the Dam),

McNary 2-B (RM 285), Patterson (RM 278), and Bonneville (RM 145.5) (HW-36074,

Robeck et al. 1954). (See Figures 4.1 to 4.4.)

Fish were also sampled from the Yakima River. Washington State collec-

tion sites included Kiona (RM 364), Enterprise(RH 343), and the Richland

Highway bridge (RM 339). Fish from the Snake River were collected from Page

(RM 342) and near the river mouth (RM 325). Walla Walla River sampleswere

collected at the old highwaycrossing (RM 322) (Robecket al. 1954). (See

Figures 4.1 to 4.4.)

14.2.2 Shellfish

Clams (_odonta) were collectedfrom the Columbia River at Station

Bonneville (RM 145.5) (HW-36074). (See Figure 4.3.)

14.2.3

Waterfowlwere collectedfrom the 200 East area, 200 North area, and the

Hanfordvicinity (HW-23140E; HW-21802 E). (See Figures4.1 and 4.2.)

14.3 RADIONUCLIDESMEASURED/REPORTED

14.3.1 F_i_b.

Analytical resultswere reported as gross beta activity per gram of

tissue. Tables of data includedmonthly maximum and average values for fish

caught at each sampling station (HW-36074),as well as concentrationsin

individualtissues from individualfish (HW-48523;Robeck et al. 1954;

HW-36074). Some radionuclideconcentrationswere discussed, but values were

determined from decay studiesonly.
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Phosphorus-32is the predominantradionuclidein fish from the Hanford

vicinity (HW-36074;Robeck et al. 1954; HW-25021).

Rocky Mountain whitefishwere the most importantfood/game fish caught

" in the Columbia River in the Hanford vicinity (HW-48523). In addition,

salmon, steelhead,bass, sturgeon,carp, and suckers were popular with fisher-

, men (HW-36074;Robeck et al. 1954).

Fish over ten grams were considered adults for counting purposes.

Analysis size was two grams. When fish were less than two grams, several

fish (up to six) were pooled for analysis (Robecket al. 1954).

Radioactivityfound in fish was predominantlyfrom phosphorous-32,

sodium-24,and traces of other longer-livedelements. "[heColumbia River has

naturally low concentrationsof phosphorus,an essentialelement. As a

result,fish showed concentrationsof this element 100,000to 200,000 times

that of the water. Although sodium is an essentialelement, it is readily

availablein the Columbia and sodium-24was not concentratedin amounts

proportionateto phosphorous-32. Also, since sodium-24has a short half-life,

it diminishesas it moves up the food chain (HW-25021).

Steelhead and salmon that spawn in the Columbia River generally con-

tained insignificantlevels of radioactivitybecause they feed very little

during the spawning period (HW-36074).

Maximum concentrationsof radioactivityin fish were found in scales,

bones, and livers. Muscle, fat, and skin containedthe least activity

(HW-36074,Robeck et al. 1954, HW-48523).

Suckers,which eat large quantitiesof algae and other plant material,

exhibiteda higher concentrationof radioisotopesin their muscle than did

whitefish,which are primarilyomnivorous (HW-48523).

Upstream of the Hanford Site_ backgroundlevels of less than I0-s_Ci/g

" (beta)occur in aquaticorganisms (HW-25021).

Maximum radioisotopeconcentrationswere seen in the vicinity of RM 367

" (Hanford)(HW-48523;HW-25021)and RM 362 (Hanford)(Robecket al. 1954).

Sites upstreamwere generally at backgroundlevels, and concentrations

decreasedwith distance downstream. Variations in this pattern resulted from
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migratory habits of animals, short-termfluctuationsin reactor operations,

the shifting of effluent channels in the river, and changes in the sites of

effluent discharge (HW-36074). Rapid decreases in the downstream activity

are also due to radioactivitydecay, dispersion,removal by sedimentation_

assimilationby living organisms, and dilution by tributary streams

(HW-25021).

Seasonal variations in radionuclideconcentrationsin river organisms

occurred due to fluctuationsin water temperatureand river levels (HW-25021,

Robeck et al. 1954).

Differences in metabolic rates and the chemical compositionof tissues

influencedradionuclideconcentrationsin specificorganisms as did food

habits, life cycles, and morphology (HW-25021;HW-36074).

Radionuclidesfound in Columbia River fish included phosphorous-32,

sodium-24, scandium-46,chromium-51,manganese-54,iron-5g, cobalt-60,

copper-64, zinc-65, arsenic-76,zirconium-niobium-g5,cesium-137,and

neptunium-239(HW-48523).

Radionuclideconcentrationsin tissues from dead or nearly dead spawned

out chinook salmon collected from the Columbia River shorelinewere less than

10-__Ci/g (HW-25021).

Zinc-65 was present in all whitefishtissues tested and greatly exceeded

the concentrationof phosphorous-32in the gut and parts of the eye

(HW-_B523).

Average radioactivityconcentrationsin chinook salmon fry were compar-

able to concentrationsin the young of other native fish species (HW-25021).

In January 1951 the IO0-F Pile 21-day shutdown,as well as colder river

water temperaturesand slightly increasedriver flows, resulted in a decline

in radionuclideactivities in Columbia River fish. The maximum activity found

in large fish in January was 7.8 x I0-B_Ci/g in the liver of a whitefishz

(HW-20161E).

In February 1951 the average activity level in Columbia River juvenile

fish (8 x I0-5#Ci/g) was about half of the January level (HW-20438E).

14.4
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Warmer water temperaturesand the end of the spring runoff in July 1951

resulted in higher radionuclideconcentrationsin fish tissues for the period.

Activities in small fish tripled to 10.3_Ci/g. In large fish a maximum

concentrationdensityof 1.9 x 10-3pCi/g was found in the liver of a sucker.

The concentrationin the flesh was 4 x 10-4_Ci/g (HW-21802E).

Colder temperaturesin December 1951 caused a lowering of fish metabolic

rates, resulting in lower radionuclideactivitiesin fish tissues. The

average value in small fish was 0.43 x 10-3pCi/g (HW-23140E).

The highest radionuclideactivitiesfor game fish flesh (2.7 x

10.4pCi/g) were found near Hanford, downstreamof the plant discharges

(HW-25021).

The maximum radionuclideconcentrationsin whitefish collectedat

Hanford (Station362) in August were 2200 x I0"B_Ci/g in scales,760 x

I0-B_Ci/g in bone, 660 x I0"B_Ci/g in the liver, and 140 x I0"B_Ci/g in

muscle (HW-48523).

The maximum radionuclideconcentrationin juvenile fish sampled from

Hanford Ferry Crossing (RM 362) was 9.05 x 10-_pCi/g in suckers (Robeck

et al. 1954).

14.3.2 Shellfish

The maximum activitylevels obtained from an Anodonta clam collected at

Station Bonneville (RM 145.5)were 14 x I0-BpCi/g, wet weight, for the

viscera; 130 x I0-B_Ci/g, wet weight, for the gills; 19 x I0-BpCi/g, wet

weight, for the mantle; and 370 x I0-B _Ci/g, wet weight, for the soft parts

(HW-36074).

14.3.3 Waterfowl

The bones of ducks exposed to river water containingradioactivewaste

materials from Hanford had 105 times the amount of radioactivityfound in the

water (HW-25021).

In February 1951 the maximum activitydensity in a waterfowl bone was

° 0.001 _Ci/g (HW-20438E).
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In July 1951 the maximum activity found in a duck from the 200 North

area was 0.08 pCi/g in the bone. The principal isotopewas strontium-S9

(HW-21802E).

A special onsite study was conductedto measure radioactivityin the

fecal material of Canada geese. In July, thirty-fivepercent of the samples

were found to be in the 200 to 300 d/m/g range. The maximum value obtained

was 790 d/n_/g(HW-23140E).

In December 1951 readings in the tissues of residentducks were as high

as 125 d/m/? (HW-23140E).

The maximum thyroidactivity density in ducks from the 200 East Area was

0.083 pCi/g in December, 1951 (HW-23140E).
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IS.O FISH, SHELLFISH.AND WATERFOWL

RADIONUCLIDECONTAMINATIONSUMMARY FO__g_J__.5._

- 1S.1 MEDIA SAMPL_

ls.l.1

' Fish from the Columbia,Yakima, Snake, and Walla Walla rivers were

analyzed for radioact|vecontamination. Species collected includedchinook

salmon, fine-scaled(bridgelip)suckers,course-scaled(largescale)suckers,

mountain suckers,shiners, squawfish,chubs (peamouth),dace, sticklebacks,

bluegills, sculpins (prickly and smooth), smallmouthbass, largemouthbass,

carp, sockeye salmon, rainbowtrout, whitefish, chiselmouth,sunfish, blueback

(sockeye)salmon,yellow perch, codfish,white crappie, and sturgeon

(HW-36074,Robeck et al. Ig54). Small fish were analyzedwhole. Large fish

were dissected,then analyzed. Routinelyanalyzed tissues included scales,

muscle, bone, and liver. Additionaltissues analyzed includedovaries,

testes, kidney,spleen, heart, viscera, skin and scales; feces aridstomach and

intestinalcontentswere also analyzed. Not all sampleswere analyzed for

every radionuclide. For many speciesb_th juvenile and adult fish were

analyzed (HW-36074;HW-48523;Robeck et al. 1954).

1B.I.2 Shellfi_]!

Several varietiesof freshwaterclams were analyzed for radionuclide

contamination. These includedpea clams, noA_.D_Q_d_9_D_t.._,and Sphaeridae (HW-36074;

Robeck et al. 1954). The viscera and soft parts of the _od _t.!clams were

analyzed (HW-36074).

Waterfowlanalyzed included puddleducks (mallards,pintails,teals,

etc.), Canada geese, and American coots (HW-27104). Tissues analyzed included

. muscle_ liver, bone; feces were also analyzed (HW-26720E; HW-27104).
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15.2 SAMPLING LOCATIONS

For geographic sites and sampling locations,see Figures 4.1 to 4.6.

15.2.1 _

Columbia River fish-samplinglocations includedPriest Rapids

(RM 387-400); above Hanford Works (RM 385); above Coyote Rapids (RM 383);

Station B-I (RM 381); StationD-I (RM 377, at Wahluke Ferry); Station D-2

(RM 375); Station H-I (PM 372); Station H-Z (PM 369); Station F-1 (RM 367);

Hanford (PM 362); Station 300 (RM 345); Richland,Washington (RM 339);

Station P-2 (RM 329, in the vicinity of Pasco, Washington,water intake);

above Kennewick, Washington (PM 330); below Pasco, Washington (RM 326);

Station P-3 (RM 319); above the mouth of the Walla Walla River (RM 316);

Juniper Canyon (RH 306); HcNary-1 (RH 298, near Hat Rock, above the Dam);

McNary 2-B (PM 285); Patterson,Washington (RM 278); Bonneville Dam (RM

145.5);below Corbett,Oregon (RM 125); and Astoria, Oregon (RM 13) (HW-36074;

Robeck et al. 1954). Further sampling was done at Beverly, Washington

(PM 412); River Mile 403; the Ringold area (Washington)(RM 353); Richland,

Washington (RM 340), and River Mile 293 (HW-48523).

Fish were also sampledfrom the Yakima River. Collection sites included

Enterprise,Washington (RM 343), and the RichlandHighway Bridge (RM 339).

Fish from the Snake River were collected from Page at RM 342 and near the

mouth of the Snake at RM 325. Walla Walla River sampleswere collectedat the

old highway crossing (RM 322) and at the US Highway395 bridge (RM 318)

(Robecket al. 1954).

Additional fish sampleswere collectedfrom Lake Roosevelt (behindGrand

Coulee Dam) and the BonnevilleReservoir. Collectionsites in the Bonneville

Reservoir included locationsabove The Dalles, Oregon (RM 191); above Lyle,

Washington (RM 182); below the White Salmon River (RM 167); above the Little

White Salmon River (RM 163); Collins, Washington (RM 158); and below

Stevenson,Washington (RM 150). All fish samplingdone at Lake Rooseveltwas

done at River Mile 694 (2 miles below the mouth of the Colville River) and

River Mile 597 (I mile above Grand Coulee Dam) (Robecket al. 1954).
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15.2.2 Shellfish

The Sphaeridaeclam was collectedfrom Patterson,Washington (RM 278)

(Robecket al. 1954). The Anodonta clam was collectedfrom Station Bonneville

(RM 145.5) and the pea clam from Station F-I (RM 367) (HW-36074).

15.2.3

Waterfowlwere sampledon the Site from Redox swamp and U swamp (pond)

(HW-27104).

15.3 RADIONUCLIDESMEASUREp/REPORT_D

15.3.i ELEb

Analytical resultswere reported as gross beta activityper gram of

tissue. Tables of data includedmonthlymaximum and average values for fish

caught at each sampling station (HW-36074),as well as concentrationsin

individualorgans from individualfish (HW-48523;Robeck et al. 1954;

HW-36074). Some radionuclideconcentrationswere discussed.

Phosphorus-32was the predominantradionuclidein fish from the Hanford

vicinity (HW-36074;Robeck et al. 1954).

Rocky Mountain whitefishwere the most importantfood/game fish caught

in the Columbia River in the Hanfordvicinity (HW-48523). In addition,

salmon, steelhead,bass, sturgeon,carp, and suckerswere popularwith

fishermen (HW-36074;HW-28636;Robeck et al. 1954).

Fish over ten grams were considered adults for counting purposes.

Analysis size was two grams. When fish were less than two grams, several fish

(up to six) were pooled (Robecket al. 1954).

Shinerscollected from the Hanford vicinity containedphosphorousu32,

sodium-24,copper-64, copper-67,arsenic-76,and elements from the rare earth

. group, zinc group, and calcium group (HW-36074).

Maximum radioisotopeconcentrationsin fish were seen in the vicinity of

RM 367 (Hanford)(HW-48523)and RM 362 (Hanford)(Robecket al. 1954). Sitesw_

upstreamwere generally at backgroundlevels and concentrationsdecreasedwith

distancedownstream. BetweenHanford and Richlandradionuclideconcentrations
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in fish decreasedrapidly; below Richlandthe rate of decrease was slower; and

below McNary Dam it became very gradual (HW-28636). Variations in this

pattern resulted from migratory habits of animals, short-termfluctuationsin

reactor operations,the shifting of effluent channels in the river, and

changes in the sites of effluent discharge(HW-36074). An amount higher than

background (I x I0"s#Ci/g) was found at the mouth of the river at Astoria,

Oregon (Robecket al. 1954).

In December 1952 the activityvalues for small fish collectedfrom the

Columbia River at the Hanford Station averaged 1.4 x 10_3pCi/g_ The maximum

activity level in large fish (4.7 x 10.3pCi/g) was seen in the scales of a

squawfish. This fish also contained7.5 x I0"spCi/g in the muscle tissue.

These values representeda decrease from November, probably due to a reduced

river water temperature (HW-26720E).

Radioactivitylevels in fish were dependentupon the fishes' rate of

metabolism and the activity levels in the organismson which they feed.

Maximum radionuclidelevels occurred during periods of low and high water

temperatures,usually in late summer and the fall months (Robecket al. 1954).

Maximum concentrationsof radioactivityin Columbia River fish were

Found in scales,bone, and liver. Muscle, fat, and skin had the least (Robeck

et al. 1954; HW-48523,HW-36074).

During the winter of 1952, approximatelyhalf of the whitefish sampled

from Priest Rapids exhibited radionuclideconcentrationsequal to or greater

than those occurring in fish caught immediatelybelow the reactor areas. A

concentrationof 2.2 x I0"3#Ci/g in the muscle of one specimenfrom Priest

Rapids was the maximum value found in an adult game fish sampledduring the

year (HW-2B636).

A special study of BonnevilleReservoirwas conducted betweenAugust 18

and 29, 1952. A maximum gross beta activityof 5200 x 10.7 _Ci/g was found b

in a course-scaledsucker'from RM 191 above The Dalles, Oregon (Robecket al.

1954).

Steelheadand salmon had insignificantlevels of radioactivityas adults

returningto spawn because they do not feed during this time (HW-36074).
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Suckers, which eat large quantities of algae and other plant material,

exhibiteda higher concentrationof radioisotopesin their muscle than did

whitefish, which are omnivorous (HW-48523).

In 1952 the maximum radionuclideconcentrationobserved in shiners

sampled at StationD-I was 8400 x I0"B_Ci/g, wet weight (HW-36074).

' Radionuclidesreported in Columbia River fish included phosphorous-32,

sodium-24, scandium-46,chromium-51,manganese-54,iron-59,cobalt-60,

copper-64, copper-64,zinc-65, arsenic-76,zirconium-niobium-g5,cesium-137,

and neptunium-239(HW-48523).

A special study of Lake Rooseveltwas conducted,and analyticalresults

were reported as alpha and beta activitiesin units of 10-7pCi/g. The

corrected counts for fish from Lake Rooseveltwere generally below the minimum

detectable limits as determined by 95% confidencelevels (Robecket al. 1954).

The maximum radionuclideconcentrationin whitefish scales from Hanford

was 700 x I0"spCi/g, wet weight. Maximumconcentrationin the muscle was

210 x I0"spCi/g, wet weight (HW-48523).

Gross beLa activitiesin fish from the Yakima River were higher at the
z

: Richland Highway Bridge (a maximum readingof B010 x I0"7_Ci/g from a

squawfish)than at Enterprise,Washington (maximumof 2640 x 10-7_Ci/g from

shiners). Snake River fish had higher activitydensities at the river's mouth

(14,120x 10.7_Ci/g from a sucker)than seventeenmiles upstream at Page,

Washington (25 x 10.7_Ci/g in shiners). Fish in the Walla Walla River had

higher activity densitiesat the old highwaycrossing (1110 x 10.7pCi/g from

a squawfish)than at the U.S. Highway 395 bridge (165 x 10-7pCi/g from a

sucker) (Robecket al. 1954).

The wide variationin concentrationsof radioactivematerials in

whitefish at any given stationwas producedby migration patterns,biological

- variation, and differencesin age and rate of food intake (HW-48523).

The maximum radionuclideconcentrationin whitefish scales from Priestv

. Rapids was obtained in December and was 4,400 x I0-Bl_Ci/g,wet weight. The

maximum concentrationin whitefish muscle from the same locationwas 360 x

i0"'BpCi/g, wet weight (HW-48523).
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The effects of cooking on radioisotopeconcentrationsin fish were dis-

cussed. In general, after cooking there was an increase in the concentration

. of radioisotopesin the scales and skin and a decrease in the muscle and bone

(HW-48523).

15.3.2 _j__e].]_f_i___

The maximumradionuclide concentration in the Anodonta clam was sampled

from Station Bonneville and was 300 x 10-8 _Ci/g, wet weight, in the viscera

(HW-36074).

A maximumconcentration of 4,700 x 10-7 _Ci/g was obtained in a clam

(Sphaeridae) sampled at Patterson, Washington (Robeck et al. 1954).

The maximumconcentration of radioisotopes from a pea clam collected

from Station F°I was 440 x 10"B #Ci/g (HW-36074).

15.3.3 Waterfowl

Canada geese, which occupied the Redox swamp approximately50% of the

year, had a maximum beta activity level of 700 d/m/g in muscle, 64,700 d/m/g

in the feces, 4700 d/m/g in the bone, and 900 d/m/g in the liver (HW-27104).

One chronicallyexposed pintail (injuredand confined to Redox swamp)

had total beta activity levels of 5,000,000d/m/g in feces, 87,900 d/m/g in

bone, 42,000 d/m/g in the liver, and 17,200 d/m/g in the muscle (HW-27104;

HW-26720E).

Alpha contaminationin birds collectedat Redox swamp was low. The

maximum value was 480 d/m total alpha/g in the feces of the injured pintail

duck. Ninety per cent of this amount was due to plutonium-239(HW-27104).

Ten waterfowl utilizingRedox swamp part-timecontained a mean beta

contaminationof 200 d/m/g. Thirty other w_terfowlcollected both on and off

the Site had no appreciableamounts of radioectivity(HW-26720E).

Waterfowl chronicallyand periodicallyexposed to Redox swamp contained

sufficientamounts of beta radioactivityto deliver whole-body irradiation

rates of 100 to 250 mrep/hour (HW-27104).
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16.0 EISH, SHELLFISH,.A.NDWATERFOWL

RADIONUCLIDECONTAMINATIONSUMMARY FOR 1953

,. 16.1 MEDIA SAMPLED

16.1.1

" Columbia River fish were analyzed for radioactivecontamination.

Species collected includedcourse-scaled(largescale)suckers, squawfish,

shiners,prickly sculpins,chinook salmon,sticklebacks,smooth sculpins

(C. beldinqU), chub (peamouth),chiselmouth,sunfish, smallmouthbass, dace,

whitefish, carp, fine-scaled (bridgelip)suckers,sturgeon,and flounder

(Robecket al. 1954). Other fish examined includedrainbow trout, yellow

perch, sockeyesalmon,mountain suckers,crappie, largemouthbass, and

blueback (sockeye)salmon (HW-36074). Small fish were analyzedwhole. Larger

fish were dissected,then analyzed. Tissuesexamined includedmuscle, liver,

scales,bone, skin, ovaries, testes, kidney; stomach and intestinalcontents

were also analyzed (Robecket al. 1954). Additionaltissues analyzed included

the heart, spleen,and viscera (HW-36074;HW-48523).

16.1.2

There was no informationon shellfishcollection and analyses in the

reviewed documents.

16.1.3_Laterfow_l

There was no informationabout waterfowl collectionsin the reviewed

documents.

16.2 _G LOCATIONS

For geographic sites and samplinglocations, see Figures 4.1 to 4.6.

16.2.1

Columbia River sampling locationsincludedsites above Trinidad

(RM 445), above Vantage (RM 424), Beverly (RM 414), Priest Rapids (RM 400),

above Coyote Rapids (RM 383), Hanford Ferry Crossing (RM 362), Richland

(RM 339), below Pasco (RM 326), above McNary Dam (RM 297), and Patterson,

Washington (RM 278); below Corbett (RM 125), and Astoria, Oregon (RH 13)
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(Robecket al. 1954). Other Columbia River sampling locationsincluded a

control station at Priest Rapids Dam (RM 387 and RM 396); Station B-I (RM

381); Station D-I (RM 377, Wahluke Ferry); StationH-I (RM 372); Station H-2

(RM 369); Station F-1 (RM 367); Hanford (RM 362); the Ringold area

(Washington)(RM 354); ths 300 Area (RM 345); Richland,Washington (RM 339);

Station P-3 (RM 319); McNary-1 (RM 29B, near Hat Rock, above the Dam);

McNary-2B (RM 285, below the Dam); Umatilla,Oregon (RM 291); near Alder

Creek, Washington (RM 258); Biggs, Oregon (RM 208); Lyle Ferry (RM 181, Rowena

Point, Oregon); BonnevilleDam (RM 145.5);Puget Island,Washington (RM 45, in

the Cathlamet Channel);and Cape Disappointment,Washington (RM O) (HW-36074;

HW-48523).

16.3 RADIONUCLIDESMEASURED/REPORTED

Analytical results were reported as gross beta activity per gram of

tissue, wet weight. Tables of data includedmonthlymaximum and average

values for fish caught at each sampling station (HW-36074),as well as

concentrationsin individualorgans from individualfish (HW-36074;HW-48523;

Robeck et al. 1954). Some isotopeconcentrationswere discussed.

Fish over ten grams were consideredadults for counting purposes.

Analysis size was two grams. When fish were less than two grams, several fish

(up to six) were pooled (Robecket al. 1954),

Half of the whitefishcaught at Priest Rapids during November and

December had activity levels greater than, or equal to, levels in fish caught

below the reactor areas (HW-30437).

Rocky Mountain whitefishwere the most importantfood/gamefish caught

in the Columbia River in the Hanford vicinity (HW-48523). In addition,

salmon, steelhead,bass, sturgeon,carp, and suckerswere popular with

fishermen (HW-36074;Robeck et al. 1954).

Maximum radioisotopeconcentrationsin Columbia River fish were seen in

the vicinity of RR 367 (Hanford) (HW-48523;HW-33366), and RM 362 (Hanford

Ferry Crossing) (Robecket al. 1954). Concentrationsin fish collected

upstream of the Site were generally at backgroundlevels and concentrations

below the Site decreasedwith distance downstream. Variations in this pattern
z
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resulted from migratoryhabits of animals, short-termfluctuationsin reactor

operations,the shiftingof effluentchannels in the river, and changes in the

sites of effluent discharge (HW-36074). A measurable amount.wasfound at the

mouth of the river at Astoria,Oregon (Robecket al. 195411.

Radionuclidelevels in spawning steelheadand salmon were insignificant

becausethese fish, when spawning,generallydo not eat (HW-36074).

The effects of cooking on radionuclideconcentrationswere discussed.

In general, after cooking there was an increasein the concentrationof

radionuclidein the scales and skin, and a decrease in the muscle and bone

(HW-48523).

Maximum activities in whitefishfrom Priest Rapids during the first half

of 1953 were found in a specimencaught in May. Resultswere 1.2 x 10.2_Ci/g

for scales and 5.3 x 10.4_Ci/g for muscle (HW-30437).

Radionuclidesfound in Columbia River fish includedphosphorous-32,

copper-64,chromium-51,sodium-24,manganese-56,arsenic-76,zinc-65, iron-57,

cobalt-60, scandium-46,zirconium-niobium-95,cesium-137,and neptunium-239

(HW-36074;HW-48523).

Radiophosphorousuptake was elevated because naturallevels of stable

phosphorusin the Columbia River are low (HW-33366).

The maximum radionuclideconcentrationin juvenile fish (shiners)col-

lected at the ilanfordFerry Crossingwas 9000 x I0"B_Ci/g; average activity

was 1300 x 10°B_Ci/g. Maximum values for adult fish (suckers)were 5000 x

I0-BpCi/g for bone and 1100 x 10"BpCi/g for muscle. Average values for adult

fish were 1200 x I0"B pCi/g for bone and 300 x I0-B_Ci/g for muscle (Robeck

et al. 1954).

The maximum concentrationsof phosphorous-32in adult whitefishwere

found in the scales and liver. The maximum concentrationsin juvenileswere

- found in the scales and bone (HW-48523).

Radionuclidedensity in fish is dependentupon their rate of metabolism

and the radioactivity in the organisms on which they feed. Maximum activity

density levels occurred during low water stages and high water temperatures,

usually in late summer and fall (Robeck et al. 1954).
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Phosphorus-32 was the predominant radionuclide in fish in the Hanford

vicinity (HW-36074; HW-33366; Robeck et al. 1954).

The maximum radionuclideconcentrationin whitefish scales from Priest

Rapids was obtained in December and was 456 x I0"B_Ci/g, wet weight. The 4

maximum concentrationin whitefishmuscle from the same locationwas obtained

in October and was 63 x I0"B_Ci/g, wet weight (HW-48523).

Radioactive.materialswere concentratedin all parts of the body of

fish. However, the activity levels were about ten times higher in scales,

bone; and internalorgans than in the edible parts such as the muscle or skin

(Robecket al. 1954).

Suckers, which eat large quantitiesof algae and other plant material,

exhibiteda higher concentrationof radionuclidesin their muscle than did

whitefish,which are primarilyomnivorous (HW-48523).

The maximumradionuclideconcentrationfor shiners (minnows)sampled

near Hanford in 1953 was 9 x 10-3_Ci/g, wet weight. Maximum values for the

course-scaledsuckerwere 4 x 10.3pCi/g, 0.7 x 10.3#Ci/g, 3 x I0-3 _Ci/g, and

2.5 x 10-3pCi/g, wet weight for scales,muscle, liver, and bone, respectively

(HW-33366).
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17.0 _FISH,SHELLFISH,AND WATERFQW.L

_ NO_CLIDE CONTAMINATIONSUMMARY FOR 195_

, 17.I _;D.IASAMPLF;D

17.1.1

° Columbia River fish were analyzed for radioactivecontamination.

Species collected includedchinook salmon,shiners, squawfish,bluegill,dace,

fine-scaled(bridgelip)suckers, course-scaled(largescale)suckers,mountain

suckers, sculpins,carp, chiselmouth,chubs (peamouth),sticklebacks,

l_rgemouthbass, rainbowtrout, sturgeon,cutthroattrout, sockeye salmon,

whitefish, smallmouthbass, and steelheadtrout (HW-36074). Small fish were

analyzedwhole. Larger fish were dissected,then analyzed. Tissues routinely

examined includedmuscle, liver, scales and bone. Other tissues sampled

occasionallyincludedovaries, testes, kidney,spleen, heart, viscera, skin,

and scales;feces were also examined (HW-3G074;HW-48523).

17.1.2 .shellfish

Clams were analyzedfor radioisotopecontamination. Only soft parts

were examined,as their shells con'ainedpracticallyno radioactivematerial

(HW-3G074).

17.1,3 Waterfowl_

Waterfowlwere collectedand analyzedfor the Hanford environmental

monitoring program. Individualspecieswere not identified (HW-35917).

17.2 __L_LG_ LOCATIO_L_

For geographic sites and sampling locations,see Figures4.1 to 4.6.

17.2.1 F_is....bh

, Columbia River fish were collectedat two locationsnear Hanford, at

Richland and Priest Rapids, and in the vicinityof McNary Dam (HW-35917).

Further samplingwas conducted at Priest Rapids (RM 387 and RM 396); Sta-

" tion B-I (RM 381); StationD-I (RM 377); Station D-2 (RM 375); StationH-I

(RM 372); Station H-2 (RM 369); Station F-I (RM 367); Hanford,Washington

(RIi362); the Ringold area (Washington)(RM 354); 300 Area (RM 345); Richland,

!7.!
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Washington (RM 339); McNary-I (PM 298, near Hat Rock, above the dam); and

McNary 2-B (PM 285, below the dam) (HW-36074). River Mile 293 was also

sampled, as well as Priest Rapids at RM 391, Ringold (RM 353), and Richland,

Washington (PM 340) (HW-48523). 4

17.2.2  tlZLL b

Clams were sampled from McNary-1 (RK 298, above McNary) (HW-36074). °

17.2.3

Waterfowlwere collectedfrom the 200 West Area's "U" swamp (pond)

(HW-34147-E).

17.3 J)=ADIONUCL_I.DESMEASURED/REPORTED

17,3.1

Phosphorus-32 uptake was elevated because natural levels of stable

phosphorous in the Columbia River are low (HW-33366).

Phosphorous-32 is considered to be responsible for 70% to 95% of the

radioactivity in all river organisms, except plankton and sponge, in the

vicinity of Hanford (HW-36074; HW-33366). The maximumconcentration of

phosphorous-32 in adu'lt whitefish was found in the scales and liver. The

maximum concentrationin juvenileswas found in the scales and bone

(HW-48523).

Radionuclidesfound in C_lunlbiaRiver fish includedphosphorous-32,

copper-64,chromium-51,sodium-24,manganese-56,arsenic-76,zinc-65, iron-59,

cobalt-60, scandium-46,zirconium-niobium-.95,cesium-137,and neptunium-239

(HW-36074;HW-48523).

• Copper-64was responsiblefor I% to 7.5% of the total beta emitters from

shiners (HW-36074;HW-35917).

• Sodium-.24made up 3 to 14% of the total radionuclideactivity in samples

analyzed at Hanford (HW-35917).

While the exposed surfacesof aquaticorganismsabsorb or adsorb

significantamounts of radionuclides,grea.teraccumulationoccurs through
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metabolic processesthat concentratethe radioisotopes. Fish were found to

obtain most of their radioactivityfrom their food sources, rather than

directly from the water (HW-33366).

The concentrationsof radionuclides'infish varied due to food habits;

life cycles; and differences in metabolicrates, chemical compositionof

tissues, and morphology (HW-36074)_q

Calcareoustissues such as scales and bone were usually the most radio-

active. Muscle and nervous tissue were least active (HW-33366).

The averagedose rate received by shiners at Hanford in 1954 was

39.7 millira(_s/day,with a maximum of 117 millirads/dayin the month of August

(HW-36074).

Suckers,which eat large quantitiesof algae and other plant material,

exhibited a higher concentrationof radionuclidesin their muscle than did

whitefish,which are primarily omnivorous(HW-48523).

Rocky Mountain whitefishwere the most importantfood/gamefish caught

in the Columbia River in the Hanford vicinity (HW-48523). In addition,

steelhead,bass, salmon, sturgeon,carp, and suckerswere popularwith

fishermen (HW-36074).

Analyticalresults were reported as gross beta in units of pCi/g, wet

weight. Tables of data includedmonthlymaximum and average values for fish

caught at each sampling station (HW-36074),as we'llas concentrationsin

organs from individualfish (HW-36074;HW.-48523).Some isotopeconcentrations

were discussed,but values were determinedfrom decay studiesonly.

Only trace amo,mts of radionuclideswith half-.livesless than 14 days

were found in fish more than 20 miles downstreamof the reactors (HW-35917).

Maximum radionuclideconcentrationswere seen in the vicinity of RM 367

(Hanford) (HW-48523;HW-33366). Sites upstream were generally at background

levels,and concentrationsdecreasedwith distance downstream. Variations in

this pattern resulted from migratoryhabits of animals, short-termfluctua-

tions in reactoroperations,the shiftingof effluent channels in the river,

and changes in the sites of effluent:discharge (HW-36074).
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Steelhead and salmon had insignificantlevels of radioactivityas adults

returningto spawn, because they do not feed during this time {HW-36074).

The effects of cookingon radionuclideconcentrationswere discussed.

In general, after cooking there was an increase in the concentrationof *

radionuclidesin the scales and skin, and a decrease in the muscle and bone

(HW-,48523).

Forty-one percentof the whitefish caught at Priest Rapids between

November 1953 and October 1954 had activitiesabove background levels

(HW-35917).

17.3.2 Shellfish.

The soft parts of clams were analyzed for radionuclidecontamination.

Results were reported as average and maximum concentrationsof gross beta in

units of I0"spCi/g, wet weight (HW-36074).

Maximum radionuclidecontaminationvalues for clams were obtained in

December,when the monthly maximum was 150 x I0"spCi/g, wet weight

(HW-36074).

17.3.3 Waterfow!.

The major contaminantfound in waterfowl collectedfrom the 200-W "U"

swamp (pond) in December 1954 was cesium (HW-34147-E).
z

The average radionuclideconcentrationsin waterfowl from "U" swamp

(pond) for the month of December were 2 x I0"z_Ci/g in muscle tissue and

= I x I0-2_Ci/g in liver tissue (HW-34147.-E).
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18.0 F_ISH,SHELLFISH.AND WATERFOWL

_DIONUC_IQ{ CONTAMINATIONSUMMARY FOR !955

18.1 ]__ L_U_

/

_olumbia River fish were analyzedfor radionuclidecontamination.

Species collected included shiners,mountain suckers, fine-scaled(bridgelip)

suckers, course-scaled(largescale)suckers, squawfish,chubs (peamouth),

sticklebacks,dace, sculpins,chinooksalmon, smallmouthbass, rainbow trout,

carp, chiselmouth,sturgeon,whitefish,l_rgemouth bass, crappie, and steel-

head trout (HW-36074). Small fish were analyzed whole. Larger fish were

separatedinto various tissues, then analyzed. Tissues routinelyexamined

includedmuscle, liver, scales,and bones. Other tissues sampledoccasionally

included ovaries,testes, kidney,spleen, heart, viscera, and skin; feces were

also examined (HW-36074;HW-48523 DEL).

18.1.2 Shellfish

Columbia River clams were analyzedfor radionuclidecontamination. Only

soft parts were examined, becausethe shells contained practicallyno radio-

active material (HW-36074).

18.1.3

Waterfowlexamined for radionuclidecontaminationincludedmergansers,

puddle ducks, and coots. Concentrationsof phosphorous-32in the bones of

mergansersand puddle ducks were compared for seasonal fluctuations. Tissues

examined in coots included bone, muscle, kidney, liver, egg yolk and albumin,

and egg shell (HW-41500).

18.2 _ LOCATIONS

For geographicsites and sampling iocations, see Figures4.1 to 4.6.

18.2.1 Ej___h.

" Locationsof Columbia River fish sampling stations includedcontrol

stations at Priest Rapids (RM 387 and RM 396); Station B-I (RM 381);

Station D-I (RM 377); StationD-2 (RM 375); Station H-I (RM 372); Station H-2
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(RM 369); Station F-I (RM 367); Hanford (RH 362); the Ringold area

(Washington)(RM 354); Richland, Washington(RM 339); McNary-1 (RM 298, above

McNary); and McNary 2-B (RM 285) (HW-36074). River Mile 293 was also sampled,

as well as Priest Rapids at RM 391, Ringold at RM 353, and Richland at RH 340

(HW-48523).

Most fish-samplingareas on the river included fast-waterareas with ._

cobblestonebottoms. However, a few slow-waterareas were included for

comparison (HW-36074).

18.2.2 _ish

Columbia River clams were sampled at McNary-1 (RH 298, above McNary)

(HW-36074).

18.2.3 WaterfQ_l

Waterfowlwere collected along the ColumbiaRiver within the Hanford

reservationboundaries(HW-41500).

18.3 RADIONUCLIDESMEASURED/REPORTED

18.3.I

Two new reactors,I05-KW and I05-KE,were placed into operation in early

1955 (HW-43529;HW-41500).

In the ColumbiaRiver near Hanford, phosphorous-32was consideredto be

responsiblefor 70% to 95% of the radioactivityin all river organismsexcept

plankton and sponge. The radionuclidesresponsiblefor activitiesin plankton

and sponge were not identified (HW-36074).

The maximum concentrationof phosphorous-32in adult Columbia River

whitefish was found in the scales and liver. The maximum concentrationin

juveniles was found in the scales and bone (HW-48523).

Radionuclidesfound in Columbia River fish included phosphorous-32,

copper-64,chromium-51,sodium-24,manganese-56,arsenic-76,zinc-65, iron-59,

cobalt-60, scandium-46,zirconium-niobium-g5,cesium-137,and neptunium-239 .

(HW-36074;HW-48523).
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Copper-64 is responsiblefor I% to 7.5% of the total beta emitters in

Columbia River shiners (HW-36074).

The concentrationsof radioisotopesin fish vary due to foodhabits;

• life cycles; and differencesin metabolic rates, chemical compositionof

tissues, and morphology (HW-36074).

Analytical results for Columbia River fish were reported as gross beta

in units of pCi/g, wet weight. Tables of data includedmonthly maximum and

averagevalues for fish caught at each samplingstation (HW-36074)as well as

concentrationsin individualorgans from individualfish (HW-36074;HW-48523).

Some radionuclideconcentrationswere discussed,but values were determined

from decay studies only.

Rocky Mountainwhitefishwere the most importantfood/game fish caught

in the Columbia River in the Hanford vicinity (HW-48523). In addition,

steelhead,bass, salmon,sturgeon,carp, and suckerswere popular with

fishermen (HW-36074).

Suckers, which eat large quantitiesof algae and other plant material,

exhibited a higher concentrationof radionuclidesin their muscle _han did

whitefish,which are primarilyomnivorous (HW-48523).

The averagedosage rate received by shiners at Hanford in 1955 was

37.4 millirads/day,with a maximum of 137 millirads/dayduring the month of

August (HW-36074).

The effects of cookingon radionuclideconcentrationsin fish were

discussed. In general, after a fish was cooked,there was an increasein the

concentrationof radionuclidesin the scales and skin, and a decrease in the

muscle and bone (HW-48523).

In 1955, during the period when radionuclidecontaminationlevels were

highest (October-December),the concentrationof radionuclidesin the flesh of

, whitefish caught at sport-fishingareas near Priest Rapids and Ringold

averaged 2 x 10.4_Ci/g and 3 x I0-4#Ci/g, respectively. Maximum contamina-

, tion levels were 7 x 10-4_Ci/g and 8 x 10-4#Ci/g, respectively. Within the

boundariesof Hanford, an average of 4 x 10.4_Ci/g of flesh was seen in fish

collected near RM 367 during the same time period (HW-36074).
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Maximum radioisotopeconcentrationsin fish were found in the vicinity

of RM 367 (Hanford) (HW-48523). Sites upstream were generallyat background

levels,and concentrationsdecreasedwith distance downstream. Variations in

this pattern resulted from migratory habits of animals, short-termfluctua-

tions in reactor operations,the shiftingof effluent channels in the river,

and changes in the sites of effluent discharge (HW-36074).

At Hanford, during the fall, the concentrationof phosphorous-32in

whitefishwas 3600 times that of Colun,Jia River water (HW-48523).

The maximum concentrationof phosphorous-32in shinerswas about 160,000

times that of Columbia River water. During August through October, the

concentrationof beta emitters in shiners from Hanford averaged 470 times that

of the water (HW-36074).

Zinc-65was present in all whitefishtissues but greatly exceeded the

phosphorous-32concentrationsin the gut and parts of th_-;eye (HW-48523).

Steelheadand sa]mon have insignificantlevels of radioactivityas

adults returningto spawn, as they do not feed during the spawning period

(HW-36074).

18.3.2 _;hel lllfish

The soft parts of clams were analyzed for radionuclidecontamination.

Resultswere reported as average and maximum concentrationsof gross beta in

units of I0-B_Ci/g, wet weight (HW-36074).

Maximum radionuclidecontaminationvalues were obtained in September,

when the monthly maximum was 200 x I0-B_Ci/g, wet weight (HW-36074).

18.3.3

Waterfowlwithin the Hanfordreservationexhibiteda seasonal pattern of

: phosphorous-32in bone, with peak periods in May and September. Soft tissues

often contained cencentrationssimilarto those found in bone (HW-41500). ,

Maximum radionuclidecontaminationwas usually found in birds whose

diets included _.quaticinsects (HW-.41500).

=
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Coots and other waterfowl inhabitingonsite waste ponds containedan

average concentrationof 0.6 pCi/g of total beta activity in all edible muscle

and 1.7 /_Ci/gin the skeleton (HW-41500).
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19.0 FISH, SHELLFISH,AND WATERFOWL

RADIONUCLIDECONTAMINATIONSUMMARY FOR 19_5.6

, 19.1 MED_IASAMPLED

19.1.1F_LEb

- Species collectedas part of the routineHanford environmentalsampling

program included Rocky Mountain whitefish,minnows (shiners),and suckers

(HW-48523;HW-45999;HW-46451;HW-47091;HW-47740). Large fish were either

analyzedwhole or dissected, then analyzed. Tissues routinelyexamined

included bone, liver, scales, and muscle. Other tissues occasionallytested

included kidney, ovaries,testes, heart, spleen,and skin; feces were also

occasionallyexamined (HW-48523).

19.1.2

No informationis availableat this time.

19.1.3

Coots, diving ducks, and puddle ducks were collected as part of the

routine Hanford waterfowl samplingprogram. Tissues analyzed includedbone

and soft tissue {HW-45999;HW-46451;HW-47091;HW-47740). Diving ducks, river

ducks, mergansers,and coots were examined in a special study to determine the

effects of differentfood habits on radionuclidecontamination(HW-47500).

19.2 _AMPL!NG LOCATIONS

For geographic sites and samplinglocations,see Figures 4.1 to 4.6.

19.2, I EJ__J!

Routine Columbia River fish collectionlocationsincludedHanford,

tOO-H, Priest Rapids,McNary, Ringold, and Richland,Washington. Not all

, stationswere sampledeach month (HW-45999;HW-46451;HW-47091;HW-47740).

Sampling locations in other studiesincluded Priest Rapids (RM 391 and

RM 396); Station F-I (RM 367); Hanford (RM 362); Ringold (RM 354); Trinidad

(RM 441); Vantage (RM 423); Beverly (RM 412); River Mile 403, McNary Dam

(RM 285 and 295), and Richland (all Washington)(RM 340) (HW-48523)o
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Additionally,approximately1200 sampleswere collectedalong the Washington

and Oregon coasts and from the Atlantic coast near Cape Cod.

19.2.2 Waterfowl

Waterfowlwere collectedfrom the 221-U swamp, 200-East waste swamp, and

the Columbia River in the vicinity of Hanford (HW-45999;HW-46451; HW-47091;

HW,47740;HW-47500).

18.3 RADIONUCLIDESMEASURED/R_PQRTED

18.3.1

Fish collectionswere reported monthly beginningin Septemberwhen the

BiologyDepartment started issuingmonthly reports.

Rocky Mountain whitefishwas the most importantfood/gamefish caught in

the Columbia River in the Hanfordvicinity (HW-48523).

The upstream migrationof whitefish resulted in a ten-fold increase in

contaminationlevels in whitefish sampled from Priest Rapids in November

(HW-47091).

Phosphorus-32is responsiblefor 60% to 90% of the total concentration

of radionuclidesin ColumbiaRiver fish and invertebrates(HW-48523).

The contaminationlevels of Columbia River fish in September 1956 were

twice that of September 1955 (HW-45999).

Because of the inclusionof bony tissues and gut contents in the

analyzedsamples, shiners,which were analyzedwhole, had a higher concentra-

tion of radionuclidesthan both whitefish and sucker flesh (HW-48523).

During November 1956 the concentrationof radioisotopesin Columbia

River fish collectednear Hanfordwas three times that of November 1955

(HW-47091).

New gamma ray spectrometricanalyses showed the presence of substantial

quantitiesof zinc-65, chromium-51,manganese-56,iron-59, sodium-24,

scandium-46,cobalt-60,and copper-64 in whitefish sampled at Hanford

(HW-48523).
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In Septemberand December 1956 concentrationsof radionuclidesin small

fish were twice what they were in 1955 during the same months (HW-45999,

HW-47740).

, The average fall values for whitefishmuscle in 1956 were 5 x

I0"4pCi/g for Ringold and 6 x 10.4_Ci/g for areas within the Hanford

reservation(HW-48523).

Suckers, which eat large quantitiesof algae and other plant material,

exhibiteda higher concentrationof radionuclidesin their muscle than did
r

whitefish,which are primarilyomnivorous (HW-48523).

The effectsof cooking on radionuclideconcentrationsin Columbia River

fish were discussed. In general, after cooking there was an increase in the

concentrationof radionuclidesin the scales and skin, and a decrease in the

muscle and bone (HW-48523).

At Hanford,during the fall, the concentrationof phosphorous-32in

whitefishwas 3600 times that of the Columbia River water (HW-48523).

The maximum concentrationof phosphorous-32in adult whitefish was found

in the scales and liver. The maximum concentrationin juvenileswas found in

scales and bone (HW-48523).

Elevated activitieswere seen in fish caught up to thirty miles upstream

of IO0-B (HW-48523).

Zinc-65was present in all whitefishtissues but greatly exceeded

phosphorous-32concentrationsin the gut and in parts of the eye (HW-48523).

Results for samplescollectedas part of the routine Hanford monitoring

program were reported as average and maximum pCi of radionuclideper gram of

: tissue (HW-47091;HW-47740;HW-46451;HW-45999). Other analyticalresults

were reported as gross beta in units of pCi/g, wet weight, and tables of data

were presented (HW-48523).

Contaminationlevels for waterfowl from the 221-U swamp in October were

[] one-third the levels for 1955. The October values for puddle ducks from the

Columbia River area were fifteentimes those oF 1955 (HW-46451).

_
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During the June to August period,merganserfood preference shifted from

large to small fish, resulting in an increase in phosphorous-32concentration

(HW-47500).

Results for waterfowl samplescollected from the 221-U swamp as part of *

the routine Hanford sampling programwere reported as average and maximum pCi

of fission products per gram of tissue (HW-47091;HW-47740;HW-46451;

HW-45999).

Diving ducks consumedmore insectsthan coots or river ducks and

exhibited a greater uptake of strontium-g0,cesium-137,and ruthenium-106

(HW-47500).

Waterfowl collectedfrom the 222-U swamp in December 1956 contained

radionuclideconcentrationssimilarto those seen in December 1955 (HW-47740).

Radionuclidelevels in puddle ducks collectedfrom 200-East Area waste

swamp in November 1956 were about one-thirdthat of similar samples collected

from the 221-U swamp during the same month (HW-47091).

During the final quarter of 1956, when the bird populationsutilizing

the waste ponds stabilized,the tissue concentrationsof fission products in

diving ducks were six times those of coots and five times those of river ducks

(HW-47500).

REFERENCES

HW-45999 Kornberg,H.A. 1956. BioloQyMonthly Report, SeDtember..IgS_6.
General Electric Company, HanfordAtomic Products Operation,
Richland,Washington.

HW-46451 Kornberg, H.A. 1956. BjioloqyMonthlyReport, October 1956.
General ElectricCompany, Hanford Atomic Products Operation,
Richland,Washington.

HW-47091 Kornberg,H.A. 1956. BioloqyMonthly Report, November !95_.
General ElectricCompany, Hanford Atomic ProductsOperation,
Richland,Washington.

HW-47740 Kornberg,H.A. 1957. Bjoloqy Monthly Report,Decenlber1956.
General Electric Company, HanfordAtomic ProductsOperation,
Richland,Washington.

19.4



HW-47500 Kornberg,H.A, 1957. "'Roleof Food Habits in Wildlife
Contaminationat Hanford,_' BiQ]oqy Research_Annua!R_.__e_Qg___+_
/.9__._.General ElectricCompany, HanfordAtomic Products
Operation, Richland,Washington.

' HW-48523 Watson, D.G,.,and J.J. Davis. 1957. Concen_.Q3__Q._
B._lioi_sotope.L_i_rL_._,_l_mbia_ver Whitefish in the.Vi_in.ityof
t_.b_9._nfordAtomic,ProductsOperation. General Electric
Company, HanfordAtomic Products Operation,Richland,
Washington.

19.5



20.0 F__L_H,SH__A.N. D _RFOWL

RADIONUCLIDE CONTAMINATIONSU.MMARy_FOR____I_9_57_

. 20.1 MEDIA SAMPLED

2o,i.i

" Several speciesof Columbia River fish were analyzed for radionuclide

contamination. These includedwhitefish (HW-63654REV; HW-48741 D; Davis

et al. 1958; Davis 1958), suckers (Davis et al. 1958; HW-63654),minnows

(HW-48741D; Davis et al. 1958), shiners,salmon and sculpins (Davis 1958),

squawfish,and sturgeon (Davis et al. 1958). Tissues analyzed in the suckers

included bone, scales,spleen, liver, kidney,gut, heart, ovaries,retina,

blood, Drain, muscle, skin, fat, and lens. All tissues were analyzed for

zinc-65 and phosphorous-32. Most were analyzedfor copper-64_ sodium-24,and

Chromium-B1. Bone and scale tissue was analyzed for strontium-89-90. Gut

tissue was analyzedfor iron-5g, and cesium-137concentrationsin muscle

tissue were monitored (Davis et al. 1958).

20.1.2 _he!Ifi_s_h.

No informationwas located.

2o.I.3Waterfwo_ _tl

Ducks and geese sampled from the Hanford region during the fall hunting

season included the Barrow goldeneyeduck (Daviset al. 1958), coots, diving

ducks, puddle ducks, and mergansers (HW-48741D). Tissues examined included

bone, pancreas, liver, spleen, testes, flesh, kidney, heart, gut, lungs,

blood, fat, and feathers (Davis et al. 1958).

20.2 S_A_N_G_G_AT IONS

For geographic sites and samplinglocations, see Figures 4.1 to 4.6.

20.2.1

Columbia River fish-collectionsites includedHanford, Priest Rapids,

Ringo'Id(HW-63654;HW-48741 D), and Dot IslandStation (a locationnear the

reactors) (Daviset al. 1958). (See Figures4.1 and 4o2.)
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20.2.2 Shellfish.

No informationwas located.

20.2.3 Waterfowl_

Waterfowl were collectedfrom 221-U Swamp (HW-48741D) and along the

Columbia River within the Hanford reservation(HW-63654REV; Healy et al.

1958). The Barrow goldeneyewas collectedat Dot Island in November (Davis

et al. 1958).

20.3 RADIONVC.L!DE__MEASURED/REPORT_]_

2o.3.1Ei_Eb

Radionuclidesfound in Columbia River large-scalesuckers included,in

order of diminishingabundance,phosphorous-32,sodium-24,zinc-65,

manganese-56,arsenic-76,copper-64, strontium-80,and cesium-137. Over 90%

of the radionuclidecontaminationwas phosphorous.-32,which deposited

principallyin hard tissues (bone, scales),but was also present in visceral

organs and muscle (HW-63654REV). Radioactivephosphorusin bone sampleswas

4.64 x 10_2_Ci/g (wet weight), while zinc-65 concentrationswere highest in

the retina and iris (2.81 x 103_Ci/g, wet weight,inthe retina). Lowest

phosphorous-32concentrationswere in the fat and muscle (Daviset al. 1958).

Suckers were the most radioactivespeciesof large fish in the Columbia

River (Davis et al. 1958).

The peak period for radioactivecontaminationin fish was during August,

September,and October, when water temperatureand metabolic rates were at

their highest. Lowest concentrationswere iriwinter (Davis et al. 1958,

HW-63654 REV).

"No detrimental effectshave been indicatedon fish or other aquatic

organisms due to the radioactive materials in the river, despite reconcen-

tration by factors of 10s in certain biota in the food chain" (HW-54243 REV).

Levels of phosphorous-.32 in whitefish in 1957 were equivalent to levels

seen in 1956. Concentrations of phosphorous-.32 in small fish in 1957 were

three times greater than levels found in 1955 (HW-48741 D).
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The differencesin radionuclidecompositionof differentspecies could

have been attributedto the position in the food web, life cycles, intra-

specific differencesin metabolism,chemical compositionof tissues, and

, morphology (Davis et al. 1958).

The calculateddose rate of radioactivityto shinersduring the fall was

about 0.7 rad per day, which is "in the order of ten per cent of the safe

level for fish" (HW-54243REV).

In the Hanford Reach, Columbia River plankton were about three times

more radioactivethan the fish, but 50 miles downstream and beyond, the fish

were more radioactive (Daviset al. 1958).

Whitefishwere considered to be the fish speciescontributingthe most

to human exposure because of their relatively high accumulationof radio-

nuclides,and because they were easily caught in the fall when the tissue

content of radioactivematerialswas highest (HW-63654).

Ringold was t,_eclosest public fishing area downriverfr'omthe reactors

(HW-63654REV).

Concentrationsof phosphorous-32in shiners from near Hanford were

165,000 times that of the water (Daviset al. 1953),

The concentrationof phosphorous-32in the flesh of whitefish collected

near Hanford in August ].957was I x 10-3_Ci/g, wet weight (HW-63654REV).

As salmon pass through the H_nfordregion on their spawningmigration,

they do not feed, because of their life-cycle stage. Consequently,they do

not accumulatesignificantamountsof radioactivematerial. Salmon fry and

shinerscollected in Richland in the spring of 1957 had an average beta

a,ctivityof 4 x 10.4_Ci/g. A young salmon caught 360 miles downstream from

Hanford at the rive;-mouth in September 1956 had an averageconcentrationof

] x 10.4,Ci/g in the muscle (wet weight) (Davis 1958).
Q

Concentrationsof zinc-65 in white'Fishduring late summer 1957 were

about 1/20 of the observed levels for phu:;phorous-5?,while the maximum

permissibleirltakerate for zinc-65was five times greater. Therefore,

zinc-65 only contributeda small fraction of the exposure received by people

from the consumptionof fish (HW-63654REV).
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Whitefish flesh containedconcentrationsof phosphorous-32high enough

to result in recommendationsfor restrictionson certain process operations,

especially during the fall months when river flow was low and fish metabolism

was high (HW-54243REV).

Data were tabulatedfor whitefish flesh caught in public fishing areas

above and below the reactors. Maximum values reported for fish below the

reactorswas 1.5 x 10.3#Ci/g in November and October. Maximum values for

fish above the reactorswas 3.3 x 10.4#Ci/g in October (Healy et alo 1958).

20.3.2 _.helIfish

Zinc-65 is the radionuclidewhich has been detected in the greatest

amounts in marine organisms, particularlyoysters, at considerabledistances

from the river mouth (HW-63654REV).

20.3.3 Waterfow!

Tissues examined from the Barrow goldeneyewere all analyzed for

phosphorous-32. Most were examined for zinc-65_ and some tissueswere

analyzed for scandium-46,chromium-51,cobalt-60,and copper-64 (Daviset al.

1958).

The concentrationof phosphorous_32in the muscle of some ducks, which

were killed along the Columbia River withiF_the Hanford reservation,was

similar to that in fish (HW-63654REV).

A waterfowlcollected in the vicinityof Hanford "may have accumu ated _

concentrationof phosphorous-32in the muscle to 75,000 times its concentra-

tion in the river water" (Davis et a). 1958).

Ducks from the Hanford reservationswampswere analyzed for fission

products, and values were reported in _Ci of fission products/gtissue. Maxi-

mum concentrationswere seen in bone (2-5 x 10-3 _Ci of Fission products/g).

Contaminationof bone in February 1957 was one tenth that of February 1956.

Soft tissue contaminationwas one--thirdof 1956 values (HW-48741D).

Ducks and geese banded in the Hanfordregion were sighted in areas

extending from Alberta and British Columbiato California and Oklahoma (Davis

1958).
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The radionuclidecontent in waterfowl from the Columbia River area below

the reactors depends on the food habits of the birds and the geographic areas

of the river in which they feed (Davis et al. 1958).

, The greatest concentrationof phosphorous-32in juvenile waterfowl

occurred in the pancreas and skeleton,but in the adult birds the greatest

concentrationoccurred in the muscle (Daviset al. 1958).

The Barrow goldeneyeduck usually contains higher contaminationlevels

in their tissues than other species,due to the fact that this group feeds

almost entirely on aquatic insect larvae and other invertebratesfrom the

river bottom (Davis et al. 1958)_

Monthly values were reported for edible flesh from ducks caught on the

Hanford reservation. Maximumvalues were seen in September (5 x 10.3 _Ci/g)

(Healyet al. 1958).

Flesh from ducks collected along the ColumbiaRiver within the Hanford

reservationwas analyzed. Maximum values were Found in diving ducks

(4 x 10-3pCi/g). Bone values,while about three times higher than flesh

values,were not reported (HW-48741D).

R
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21.0 FISH,.SHELLFISH,AND WATERFOWL

_O.LO.B_UCLIDECONTAMINATIONSUMMARYF_Q_R_g_!______

There were no fish, shellfish,or waterfowldata discussedin the

reviewed documents, lt appears as though these organismswere not collected

by Hanford environmental-monitoringpersonnelduring 1958.
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22.0 F!SH_ SHELLF!SH,AND WATERFOWL

.RADIONUCLIDECONTAMINATIONSUMMARY FOR 1959

22.1 MEDIA SAMPLED

22.1.1 F__LEh_

Fish sampled from the Columbia River includedminnows (usually shiners

but also juvenile cyprinids)and adult whitefish (muscletissue) (HW-64371;

HW-65500). The redside shiner was consideredthe biological indicatorof

radiation cont_minationin Columbia River biota during 1959. Whitefishwere

the representativegame fish (HW-65500).

Marine speciesfrom near the mouth of the Columbia River were collected

and analyzed. Species included starry flounder,octopi, smelt, white perch,

and chinook salmon (HW-SA-2857;HW-63654 REV; HW-65500;HW-64371).

22.1.2 Shellfis_h

Marine shellfishcollected includedoysters (fresh and canned), burrow-

ing clams, razor clams, crabs, steamer clams, mixed clams, and bay mussels

(HW-64371;HW-65500;HW-63654 REV).

Dungenesscrabs, bay mussels, Pacificoysters, razor clams, and Japanese

littleneckclams were collectednear the month of the Columbia River. Both

the shell and the soft tissues were analyzed (HW--SA-2857).

22.I.3 W__.Efowl

Ducks collectedfrom the Columbia River includeddiving ducks and river

ducks (HW-65500). More specific identificationswere not provided.

22.2 SAMPLING LOCATIONS

For geographic sites and sampling locations,see Figures 4.1 to 4.6.

' 22.2.1 Fish

Samples of minnowswere collectednear the reactors (10 fish in January

" and 10 in December), from the Priest Rapids area (10 in February and 2 in

October) and from the Ringold area (10 in February,11 in March, 24,in April,
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16 in May, 10 in June, 10 in July_ 19 in August, and 10 in October)

(HW-64371).

Whitefishwere collectedfrom the Priest Rapids area (3 fish in

February, 13 in October, and 5 in December); from near the reactors (3 in

February, 12 in November, and 14 in December);and from the Ringold area (I in

October and 4 in December). A single whitefish samplewas also collectednear

the mouth of the Yakima River (HW-65500).

In April, ocean fish were collected from Kalaloch,Washington (smelt)

and Ilwaco,Washington (chinooksalmon, starry flounder)(HW-64371).

22.2.2 Shellfish

Samples of oysters (locallypurchased)were obtained from Washington

State growers in November and December (HW-64371).

Additional sampleswere also purchasedlocally. Points of origin for

these samples included Japan, New Jersey, Mississippi,Louisiana, and several

Washington state locations (HW-64371).

Pacific Ocean shellfishwere collected in April from both the Washington

and Oregon coasts, and soft tissues were analyzed for zinc-65. Sampling

locations(and specific organisms) includedCoos Bay, Oregon (burrowing

clams); Lewis State Park, Oregon (razorclams); Long Beach, Washington (razor

clams); Kalaloch,Washington (razorclams); Willapa Bay, Washington (oysters

and steamer clams); Sequim,Washington (mixedclams, oysters, and crabs); and

llwaco,Washington (crabs) (HW-64371;HW-63654 REV).

Mussels (Mytilus)were collectedfrom various coastal locations in

April. Organisms were collectedfrom Coos Bay, Boiler Bay, and Seaside,

Oregon; llwaco,Willapa Bay, Kalaloch and Dungeness,Washington; and Juneau

and Kachemak Bay, Alaska (HW-69500).

22.2.3 Waterfowl
b

Ducks were collectedfrom the Columbia River near Pasco, Washington (I

duck in January), near the reactors (1 bird in January) and from the Ringold

area (8 birds in January and 9 in October) (HW-64371).
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22.3 RADI.ONUCI.IDES.MEASURED/REPORTED

22.3.1 Fish

The dominant radionuclideaccumulatedby Columbia River fish was

phosphorous-32(HW-65500).

Total beta was measured in whitefishcollectedfrom the Columbia River
p

during the last quarter of the year. The maximum monthly mean for whitefish

flesh collectedwithin the boundariesof the Hanford site was 0.001 j_Ci/g.

The maximummonthly mean for whitefishcollected at the public fishing area

just below Priest Rapids Dam was seen in October (0.0007_Ci/g) (HW-65500).

Total beta was measured in a single whitefishsampled from near the

mouth of the Yakima River. The estimatedmean concentrationin flesh, based

on levels in scales,was on the order of 0.0006 pCi/g. This indicatedthat

whitefish from the Columbia River were moving into the lower reaches of the

Yakima River (HW-65500).

Reportedmaximum concentrationsof phosphorous-32in whitefish ranged

from 0.0039 _Ci/g (wet weight) near the reactors in November to 0.00012nCi/g

(wet weight) near the reactors in February (HW-64371).

Minnows (shiners)were collectedand analyzed for phosphorous-32. The

maximum concentrationsof phosphorous-32in whole Fish ranged from 0.021 _Ci/g

(wet weight) in October at Ringoldto 0.000026 pCi/g (wetweight) in February

at Priest Rapids (HW-64371).

Flesh from fish collectedfrom Kalaloch,Washington,and llwaco,

Washington,was checked for zinc-65 levels. The highest concentrationwas

seen in smelt collectedat Kalaloch (0.000014i_Ci/g). Other concentrations

ranged From 0.000013 _Ci/g in the flounderto 0.0000012_Ci/g in one of the

salmon (HW-.64371).

Concentrationsof gross beta, chromium-51,and zinc-65 (_Ci/g) in salmonQ

and flounder collectedat the mouth of the Columbia River were tabulated

(HW-63654REV).

The species of fish most popularwith sportsmen in the Hanford vicinity

included steelheadtrout, bass, Rocky Mountain whitefish, salmon,crappie, and

sturgeon (HW-63654REV).
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22.3.2 _he!lfish

Concentrationsof various radionuclideswere measured in locally

purchasedoysters. Analyses were done primarilyon soft tissues, but the

shells from one location were also sampled. The specific radionuclides

analyzed for includedstrontium-S9,strontium-89,scandium-46,potassium-40,

zinc-65, zirconium-niobium-95,cesium-137,ruthenium-t03+106,iodine-131,

chromium-51,and cerium 141+144. Many of the results were below the reporting

limit, includingstrontium-89and strontium-gO. Highest resultswere for

zinc-65 and ranged from 0.000039 to 0.000067_Ci/g (HW-64371).

The soft tissues 'fromanother group of locally purchasedoysterswere

analyzed for zinc-65 only. Sampleswere either canned or fresh and originated

from locations in both the western and eastern United States and in Japan.

The concentrationsin Washington state samples ranged from 0.0000041to

0.000063_Ci/g_ 'Theconcentrationrange for the other sampleswas 0.00000003

to <0°00000014pCi/g (HW-64371).

Concentrationsof zinc-65 in the soft tissues of the Washington and

Oregon coast shellfishcollectedin April ranged from 0.000046pCi/g in

Willapa Bay, Washington,oysters to 0.00000045pCi/g in Coos Bay, Oregon,

burrowingclams (HW-64371).

Gamma emitterswere measured in the soft tissues of mussels collected

from various coastallocations in April. Tissueswere analyzed for

cerium-141+144,chromium-51,ruthenium-103+106,manganese-54,cesium-137,

zinc_.65,and zirconium--niobium-95.All but chromium-51occur in both world

wide fallout and in Hanford effluents. Chromium-51is not found in fallout.

In almost all cases, the highest constituentconcentrationswere seen at

llwaco,Washington (HW-69500).

Representativeconcentrationsof radioisotopesin Pacific coast

shellfishand crabs are given in HW-63654 REV. Tissueswere analyzed for

gross beta, chromium-51,and zinc-65.

22.3.3 Waterfowl
¥

An aerial survey of the waterfowl population in the Hanford area was

conducted in 1958. This survey determined that there were about 200 resident
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ducks on the Hanford site during the summer months. By November,duck

popul,ationshad increasedto around 150,000. Similar numbers of ducks were

seen in Ig5g (HW-65500).

" Phosphorus-32was the predominantradionuclidefound in duck flesh

althoughmeasurableamounts of sodium.-24,zlnc-65, and strontium-gOwerealso

, found (HW-65500).

Flesh from ducks collectedalong the ColumbiaRiver near Pasco, Ringold,

and the Hanford reactorswas analyzed for phosphorous-32. The maximum

concr.ntratlonwas seen in a diving di_ckcollectedat Ringold in January

(0.L}029_Cl/g wet weight). Maximum concentrationsfor all birds sampled

ranged from O.O00056_Ci/g at both Ringold and Pasco to 0.0029 pCi/g at

Ri_igold(HW-64371).
= =

L
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23.0 FISH, SHELLFISH,AND WATERFOWL
,

RADIONUCLIDECgNTAMINATION_UM_MARYFOR 1960

23.1 MED_ SAMPLED

23.1.1

Muscle tissue was sampled from large Columbia River fish, while small

fish were analyzed whole. Speciescollected as part of the routine Hanford

environmentalsamplingprogram includedwhitefish, shiners, carp, chiselmouth,

squawfish,course-scale(largescale)suckers,yellow perch, fine-scale

. (bridgelip)suckers, chub (peamouth),sturgeon,minnows (whole fish, usually

shiners but also small cyprinids),salmon (adult and juvenile), largemouth

bass, smallmouthbass, black catfish, channel catfish, and pumpkinseed

(HW-68435).

Levels of zinc-6Swere measured in samplesof tuna, salmon, sardines,

anchovies,codfish, herring, and halibutobtained from local markets

(HW-63824).

23.1.2 _he!Ifi_h

Oysters from Willapa Bay, Washington,were collected for the Hanford

environmentalmonitoring program (HW-68435).

Marine organisms sampled includedPacificoysters, bay mussels, razor

clams, and Japanese littleneckclams. Both shell and soft parts were

analyzed. Dungenesscrabs were also sampled (HW-SA-2857).

Levels of zinc-6Swere measured in samples of oysters, crabs, clams, and

shrimp obtained from local markets. Some oyster sampleswere fresh, and some

were canned. In one case oysterswere obtained from canned stew (HW-63824).

23.1.3

Samples from approximately600 ducks and geese were obtained during the

1960 waterfowl hunting season from local hunters and scannedfor radio-

nuclides. Species collected includedmallard, green-wingedteal, American

shoveler,northern American coot, American common merganser,surf scooter,

bufflehead,barrow goldeneye,American common goldeneye,lesser Canada goose,

American pintail, and northern ruddy (HW-68435).
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23.2 SAMPL_G LOCATIONS

For geographicsites and samplinglocations,see Figures 4.1 to 4.6.

23.2.1 _

RoutineColumbia River fish-collectionlocations includedRingold,

Hanford, Richland,near Priest Rapids, near the reactors,Burbank (all

Washington),and McNary Dam area (HW-68435,Hw-6gso0).

23.2.2 _helIfis__

Shellfishwere collectednear the shorelinefrom Willapa Bay, Washington

(36 miles north of the Columbia River mouth) (HW-6gSO0,HW-SA-2857);llwaco,

Washington (at the river mouth) (HW-6BSO0,HW-SA-2857);Long Beach, Washington

(6 miles north of the river mouth) (HW-SA-2857);Seaside, Oregon (HW-SA-2857);

Coos Bay, Oregon;Juneau, Alaska; and KachemakBay, Alaska (HW-69500).

The origins of the fresh and canned oysters obtained from local markets

includedWillapa Bay, Washington; South Bend, Washington;Seattle,Washington;

the Gulf of Mexico,New Orleans, Louisiana;Biloxi Mississippi;Port Norris,

New Jersey; Japan; and the West Coast (HW-63824).

23.2.3 Waterfo__wl.

Waterfowlwere sampled from Hanford;Burbank, Washington;the Separa-

tions Plant swamp; and the river near the reactors (HW-69500).

23.3 _R_AD!ONUCLIDESMEASURED/REPORTED

23.3.1

Radionuclidesfound in Columbia River fish, in order of diminishing

importance,includedphosphorous-32,sodium-24,zinc-65, manganese-56,

arsenic-76,copper-64,strontium-90,and cesium-137. Over 90% of the

radioactivematerial found was phosphorous-32,which deposits in the bones,

scales, and visceral organs. Muscle was found to be one of the least

contaminatedbody parts (HW-63654REV). Not all sampleswere analyzed for

every constituent.

Concentrationsof phosphorous-32were reported in units of 10.3_c/g, wet

weight (HW-68435).
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The species of fish most popular with sportsmenin the vicinity of the

Hanford project includedsteelheadtrout, bass, Rocky Mountain whitefish,

salmon,crappie, and sturgeon (HW-63654REV).

Minnows (shiners)serve as indicatororganismsand were collected at

monthly intervalsat Hanford (HW-69500).

There were eight productionreactors operatingduring this time period

(HW-68435).

The seasonalmaximum average concentrationof phosphorous-32in

whitefishmuscle sampledat Ringoldwas 3 x 10-3_Ci/gand was seen during the

fall months (HW-68435).

Except for suckers,whitefish usually have the highest concentrationof

radionuclidesin fish (HW-68435).

Radionuclideaccumulationis dependent on the feeding habits of Fish.

Seasonal variance occurs due to the rate of feeding,which is related to

temperature(HW-63654REV). Whitefish, suckers,and chiselmouthhave the

highest concentrationsof total beta emitters (HW.-69500).

Radionuclideconcentrationsin minnows this year were 2.5 times greater

than in 1959 and 2 times greaterthan in 1958o Whitefish activity was also

greater this year. Fish caught near Richland had beta concentrationssimilar

to _ish caught at Hanford_ and some fish collectednear Priest Rapids had high

activity levels, indicatingsome upstream movement (HW-69500).

Whitefish were consideredto contribute the most to human exposure

because they are known to accumulateradionuclidesreleased from the Site, and

they were easily caught during the fall when tissue concentrationsof radio-

active materials were highest (HW-63654REV).

"From the observed seasonaltrends in the concentrationof

phosphorous-32during 1960 it is estimatedthat a consumptionof 10 Ibs of

fresh whitefish over a twelvemonth period would result in an intake of about

5 _Ci of phosphorous-32"(HW-68435).
i
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23.3.2

Willapa Bay, Washington,was the closest commercialoyster-producing

area north of the Columbia River mouth (HW-63654REV).
w

"Approximatelyone-half of the oystersproduced on the West Coast are

grown at Willapa Bay, Washington"(HW-63824).

The average concentrationof zinc-65 in six samplesof Willapa Bay

oysters was about 50 pCi/g of soft tissue (HW-68435).

Zinc-65 was the radionuclideof greatest biologicalimportance in

PacificOcean shellfishdue to its abundancein the soft tissues (HW-SA-2857).

The source of zinc-65 in marine shellfishwas probably Hanford.

Deposits of ruthenium and zirconiumwere probably from fallout. The source of

cerium and manganesecontaminationwas uncertain (HW-SA-2857).

Concentrationsof zinc-65 in West Coast oysterswas higher than those

from other locations in the world that have been measured (HW-63824).

"Althoughthe BSZn [zinc-65]concentrationin oysters from Willapa Bay is

relativelyhigh compared with those from other locations, it represents a very

small portionof the allowableconcentration"(HW-63824).

Cobalt-60was detected in oyster samples from Willapa Bay (HW-63824).

The gamma emitters chromium-51,neptunium-239,zinc-65,manganese-54,

zirconium-niobium-95,ruthenium-t03+106,and cerium-141+144have been measured

in brown algae, mussels, and oysters collectednear the moutI,'of the Columbia

River (HW-SA_-2857).

23.3.3 W_terfowl

A new rapid-scanningmethod developedfor the analysis of waterfowl

determined that 40% to 45% of the waterfowl measuredwere above background

levels and contained radionuclidescommon to the reactoreffluents in the

Columbia River but not occurring in worldwide fallout (HW-69500).

Concentrationsof total beta emitters, predominantlyphosphorous-32,in

the flesh of waterfowl during November 1960 were six to eight times greater

than observed in 1959 (HW-69500).
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The maximum average concentrationof phosphorous-32in waterfowlwas

4.6 x 10"3_Ci/gand was found in a green winged teal sampledfrom the Columbia

River in the vicinityof the Hanford Site in December (HW-68435).
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24.0 FISH, SHELLFISH,ANDWAT_RFOW_

RAD.!.ONUCL!DECONTAMINATIONSUMM}_RYFOR 1961

, 24.1 MEDIA SAMPLED

24.1.1 Fish

Large and small fish were collectedfrom the Columbia River for

radionuclideanalyses. Muscle tissue was removedfrom larger fish for

analyseswhile smallerfish were usually analyzedwhole. Species collectedas

part of the routineHanford environmentalsamplingprogram includedwhitefish,

course-scaled(largescale)suckers, fine-scale(bridgelip)suckers, shiners,

squawfish,crappie, perch, chub (peamouth),chiselmouth,carp, smallmouth

bass, brown trout, sturgeon,salmon, rainbowtrout, steelhead,channel

catfish, and bluegill. Shinerswere generallyanalyzedwhole, as were some

squawfisharJ perch (HW-71999).

Starry flounder,rock greenling, buffalo sculpin, Pacifictomcod,

blackcod,blacktailsnailfish,Dover sole, English sole, filamentedrattail,

perch, rex sole, rock fish, sand sole, river and surf smelt, and staghorn

sculpinwere collectedfrom the North Head (northjetty at the river mouth) of

the Columbia River and other Washington and Oregon coastal locationsbetween

Cape Flattery and Coos Bay, Or=gon. Whole fish were analyzed for radionuclide

content. Collectionstook place between 1961 and 1963 in both coastal and

offshore waters (UWFL-86).

24.1.2 Shellfish

Marine organisms sampled included Willapa Bay oysters (HW-71999) and

soft-shelled clams (Toombs and Culter 1968).

Between 1961 and 1963, University of Washington personnel collected

shellfish along the coasts of Washington and Oregon and analyzed them for

, radionuclidecontent. Species collectedincludedempire clams, mud clams,

razor clams, variouscrabs, mussels, limpets,snails, and shrimp,as well as

other invertebrates(UWFL-86).
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24.1.3

During the 1961 waterfowlhunting season,the Hanford environmental-

samplingprogram obtained approximately3400 waterfowlfrom local hunters for
S

radionuclideanalysis. Additionalbirds were collectedby Hanford monitoring

personnelat locationsonsite. Collected species includedmallard, teal,

shoveler,scaup_ ruddy duck, pintail, old squaw, widgeon,wood duck, American

golden eye, Barrow golden eye, gadwall, bufflehead,canvasback,merganser,

ring neck, white wine scooter,coot, lesser Canada geese, white-frontedgeese,

cacklinggeese, basin Canada geese, lesser snow geese, snow geese and Ross'

geese. Waterfowl heads were analyzed from offsite birds, while both head and

muscle were analyzed from onsite birds (HW-71999).

A special study was performedto investigatewaterfowldispersion. Six

hundred and one waterfowlwere collectedfrom local hunters during the 1960-61

hunting season within a 50 mile radius of Hanford. Analyses were performedon

6 species of river or pond ducks, 4 species of diving ducks, 1 species of

merganser,and three varietiesof geese. Two thirds of the birds analyzed

were mallards (HW-72500).

24.2 SAMPLING LOCATIONS

For geographic sites and sampling locations,see Figures 4.1 to 4.6.

24.2.1 Fish.

Routine Columbia River fish-collectionlocations includedHanford,

Richland,near Priest Rapids, Ringold,Burbank, and McNary Dam, Washington

(HW-71999).

Sampling locationsfor the University of Washington study included the

Washingtonlocations of Cape Flattery,Hoh Head, Kalaloch,Copalis Rocks,

Ocean Shores, Grays Harbor,Westport,Grayland Beach, Willapa Bay, Long Beach,

and North Head. Oregon locationsincluded Iredale,Seaside, Cannon Beach,

Barview, Tillamook Bay, Agate Beach, Yaquina Bay, and Coos Bay. lt was not

clear if fish were obtainedfrom all of these locatioi,s(UWFL-86).
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24.2.2 Shellfish

Universityof Washington shellfishsampling locationsare described

above.
|

Oyster samples_ere collectedfrom Willapa Bay, Washington (HW-71999).

Soft-shellclams were collectedfrom TillamookBay, Oregon (Toombsand
t

Culter Ig68).

24.2.3 Waterfowl

Waterfowlfor the Hanford environmentalsampling programwere obtained

from local hunters in WashingtonState (BentonCity, Bepo North Pond, Burbank

area, Byron Pond, Connell, Eureka area, Finley,Horse Heaven area, Ice Harbor,

Kahlotus,Kennewick,Kiona, Mabton,McNary, Mesa, Othello, Page, Pasco,

Patterson,Pot Holes area, Prosser, Richland,Richland "Y," Ringold, Roza,

Scootney area, Toppenish,Touchet, Twin Bridges,Twin Lakes, Walla Walla,

Wallula, West Richland,and Yakima),Oregon (Sauvie Island,Summer Lake),

Idaho (Boise),and California (Fresno,SacramentoValley, and Tule Lake).

Or,site locationsincluded the 200-E and 200-W swamps,the lower Columbia River

area from Hanford FerrY downstreamto the project boundary,and the upper

Columbia River area from Hanford Ferry to the project boundary (HW-71999).

24.3 RADIONUCLIDESMEASURED/REPORTE_D

24.3.1 Fish

Fish collected as part of the Hanford environmental sampling program

were analyzed for total beta, phosphorous-32, zinc-65, scandium-46,

neptunium-239, arsenic-76, and chromium-51, Concentrations were reported

in units of ppCi/g. Not all samples were analyzed for all constituents

(HW-71999).

The concentration of phosphorous-32 in whitefish varied with the seasons

and reached a maximum in late fall (HW-70552).

Except for suckers, whitefish usually had the greatest concentration of
m

radioactive materials. The bulk of this material was phosphorous-32, which

deposits primarily in the bone but also in the flesh (HW-71999).
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The average seasonalconcentrationsof phosphorous-32and zinc-65 found

in whitefishmuscle collectedbetween Ringold and Richland were 8 x 10..4pCi/g

and 8 x I0"SpCi/g, respectively(HW-71999).
|

Ringoldwas the closest fishing area availableto the public downstream

from the reactors (HW-71999).

Zinc-65 levels in muscle samples of PacificOcean fish decreasedwith

distance from the mouth of the Columbia River. The rate of decreasewas

greater to the south than to the north (UWFL_86).

24.3.2 ShelIf.i.sh

Willapa Bay oysterswere analyzed for scandium-46,potassium-40,

zinc-65, zirconium-niobium-95,cesium-137,ruthenium-t03+106,iodine-131,

chromium-51,cerium-141+144,and phosphorous_32(HW-71999).

Zinc-65was the only radionuclideoriginatingfrom Hanford reactor

effluents that was found in sufficientabundancebeyond the mouth of the

Columbia River to be of radiologicalinterest (HW-71ggg).

Oysters fromWillapa Bny were sampledregularly and analyzed for

zinc-65. The averageconcentrationof zinc-65 in 17 samples involving

34 pints of oysters was 8 x 10-S_Ci/g(HW-71999).

Soft-shellclams were monitored for zinc-65 (0.4 pCi/g drained weight)

(Toombsand Culter 1968).

24.3.3 W__terfowl

Waterfowl collectedas part of tileHanfordenvironmental-sampling

program were analyzed for beta and phosphorous-32. Concentrationswere

reported in units of iO-spCi/g(HW-71999).

Waterfowl collectedas part of the specialdispersion study were first

scanned for gross gamma, principallydue to zinc-65, and those containingmore

than 25 cpm were then chemicallyprocessed and analyzed for phosphorous-32

(HW-72500).

The maximum concentrationof phospherous-32found in a sample obtained

through the Hanford environmentalsampling programwas 2.6 x 103_Ci/g

(HW-71999).
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25.0 F_j_SH,SHELLFISH,AND WAT_

RADIONUCLIDECONTAMINATIONSUMMARY FOR 1962

, 25.1 MEDIA SAMPLED_

25.1.1 Fish

Muscle sampleswere collectedfrom large Columbia River fish. Species

collected includedwhitefish, bass, carp, chiselmouth,squawfish,course-

scaled (largescale)suckers, fine-scaled(bridgelip)suckers, sturgeon,

steelhead,chub (peamouth),perch, trout, salmon,crappie, channel cat,

catfish, bullhead,brown trout, bluegill,and rainbow trout (HW-76526;Toombs

and Culter 1968). A reasonableeffort was made to collect five fish for each

sample (HW-76526;HW-75076). Samplesof steelhead,sturgeon,trout and salmon

were analyzedwhen caught.There was no specialeffort to sample these fish on

a routine basis (HW-76526;HW-75076).

Starry flounder,rock greenling,buffalo sculpin, Pacifictomcod,

blackcod,blacktailsnailfish,Dover sole, English sole, filamented rattail,

perch, Rex sole, rock fish, sand sole, river and surf smelt and staghorn

sculpinwere collectedfrom the North Head (northjetty at the river mouth) of

the Columbia River and other Washingtonand Oregon coastal locationsbetween

Cape Flattery,Washington,and Coos Bay, Oregon. Whole fish were analyzed for

radionuclidecontent. Collectionstook place between 1961 and 1963 in both

coastal and offshore waters (UWFL-86).

25.1.2 Shellfish

Marine organisms sampled by the state of Oregon includedWillapa Bay

oysters (HW-76526),soft-shelledclams, razor clams, Dungenesscrabs, mussels,

oysters, and snails. Many of the shellfishsampleswere purchasedfrom

commercialgrowers (Toombsand Culter 1968). Early in 1962, monitoring

personnelat Hanford made arrangementsto have two pounds of oysters shipped
e

to Hanford from Willapa Bay every two weeks for analyses (HW-75076).

Between 1961 and 1963, Universityof Washington personnelcollected

shellfishalong the coasts of Washingtonand Oregon and analyzed them for

radionuclidecontent. Species collectedincludedempire clams, mud clams,
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razor clams, various crabs, mussels, limpets, snails,and shrimp, as well as

other invertebrates(UWFL-86).

25.1.3 Waterfow_l

During the 1962 waterfowlhunting ,_eason,about 102 ducks were shot by

hunters in Washington and Oregon and submittedto Hanford for radionuclide

analyses. An additional 88 birds were collected froni the swamps and ponds

onsite. Species collected included mallard, golden eye, pintail, teal, brant,

gadwall, widgeon, shoveler, old'squaw, coot, Canada goose, merganser, ruddy

duck and bufflehead. Both the heads and muscle tissues from birds collected

onsite were analyzed but the tissues analyzed from offsite birds were not

specifically identified (HW--76526).

25.2 SAMPLING._OCAT!QN$

For geographicsites and samplinglocations, see Figures 4.1 to 4.6.

25.2.1

Routine Columbia River fish-sampling locations for the Hanford monitor-

ing program in 1962 included Priest Rapids, Coyote Rapids, Hanford, Ringold,

Richland, Burbank, and McNary Dam (all Washington) (HW-76526).

Sampling locations for the University of Washington study included the

Washington locations of Cape Flattery, Hoh Head, Kalaloch, Copalis Rocks,

Ocean Shores, Grays Harbor, Westport, Grayland Beach, Willapa Bay, Long Beach,

and North Head. Oregon locations includedIredale, Seaside,Cannon Beach,

Barview, TillamookBay, Agate Beach, Yaquina Bay, and Coos Bay. lt was not

clear if fish were obtained from all of these locations (UWFL-86)o

25°2.2 Shellfish

Universityof Washington shellfishsampling locationsare described

above.

The Hanford environmental-monitoringprogram collectedshellfish from

Willipa Bay, Washington (HW-76526).
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Collectionsites for the State of Oregon included:

Willapa Bay, Washington: oysters
TillamoekBay, Oregon: oy._ters,soft-shelledclams, Dungeness

crabs
" Seaside Beach, Oregon: razor clams

Astoria, Oregon: Dungenesscrabs
Yaquina Bay, Oregon: Dungenesscrabs
Cannon Beach, Oregon: mussels
The Nehalem River Jetty, Oregon: mussels, snails
Yaquina Bay/AgateBeach, Oregon: mussels, oysters
(Toombsand Culter 1968)

25.2.3 Waterfgw_]

Waterfowl contributedby offsite hunterswere collectedat Dayton, Mesa,

Prosser, Sunnyside,and Patterson Ferry,Washington. Several b,irds were also

harvestedat Umapine, Oregon. Samples collectedby Hanfordmor_itoring

personnelwere obtainedat Hanford, Richland,the lower Columbia River, the

upper Columbia River, Gable swamp (pond),Redox swamp, and U-Plant swamp

(pond) (HW-76526). The upper Columbia River extends from IO0-B to Hanford,

and the lower ColumbiaRiver extends from Hanfordto Richland {HW-75076).

25.3 BZ__MEASURED/REPORTED

25.3.1 _b

There were eight production reactorsoperating in 1962.

Many samplesof fish were collectedand analyzed during 1962 for both

onsite and offsite studies.

Except for suckers,whitefishgenerallyhad the highest 'radionuclide

concentrations(HW-76526).

The frequencyof samplingwhitefish in the Ringold to Richland area was

changed from monthly to twice monthly in January (HW-73366).

. On any given day, the range in phosphorous-32concentrationsin

whitefish muscle frequentlyextended over one or two orders of magnitude

(HW-SA-268B).
B

The annual average concentrationsof phosphorous-32and zinc-65 in

whitefish caught between Ringold and Richlandwas 0.00035 _Ci/g and
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0.00006 #Ci/g, respectively. Most phosphorous-32 deposited in the bone, but

somewas also found irl muscle tissues (HW-76526).

The muscle tissues from most fish caught as part of the 1962 Hanford

environmentalmonitoring programwere analyzed for phosphorous-32,cobalt-60,

potassium-40,zinc-65, cobalt-58,cesium-137,and total beta (HW-76526).

Results for 1207 fish samples analyzed in 1962 as part of the Hanford

environmentalprogramwere reported in tables (HW-76526).

Highest phosphorous-32concentration'inbass muscle in 1962 (1600 pCi/g)

was seen at Ringold in September (HW-76526).

The concentrationof phosphorous-32in the muscle of a channel catfish

caught at McNary in August was 2200 pCi/g HW-76526).

Zinc-65 levels in muscle samples of PacificOcean fish decreasedwith

distance from the mouth of the Columbia River. The rate of decrease was

greater to the south than to the north (UWFL-86).

25.3.2 Shellflsh

Willapa Bay Oysters collectedfor the Hanford monitoring programwere

monitoredfor potassium-40,zinc-65, zirconium-niobium-g5,cesium-137,

ruthenium-103+106,cerium-praseodymium-144,phosphorous-32,cobalt-58, and

cobalt-60 (HW-_'6526).Not all sampleswere analyzed for every constituent.

Results (pCi/g)for the 27 oyster samples (totaling54 Ibs) analyzed in

1962 as part of the Hanfordenvironmentalprogramwere tabulated. The average

concentrationsof zinc-65 and phosphorous-32were 0.000094 _Ci/g and

2.9 x I0"BpCi/g, respectively. These were the only two radionuclidesfound

in enough quantity to be of interest (HW-76526).

Soft-shelledclams, razor clams, Dungenesscrabs, mussels, oysters and

snails were monitored for potassium.-40,zinc-65, zirconium-niobium-95,

ruthenium-t03+106,and chromium-51_ Tab'Jesof resultswere given and included

collectiondates, sample 'locations,organisms,and nuclide concentrations.

Additional informationprovided included summarytables listing maximum,

minimum, and average values (Toombsand Culter 1968).

25.4

'_> ,_l_lrl,, 'pllrl I '1I'r II,III 'HIIIII'I'I q II 'llrn_l>' '_1 _'l ' 'lI IlllllI' I IfIlrI' ' 'Pl _ll....... v_nhlllltll I, fill, Ill_l ,_lr_,l_ tlfllll , '' , Pll,nllllll_V,_l_ _,l_ll,n If_l_l H lR'' "'' '111_1_11furl' I1'111 " I ' I IlrlllV _ II,l_l'l,_rlLl"nr_ I'_



Zinc-65 and phosphorous-32were the only radionuclidesof Hanford origin

abundant enough beyond the mouth of the Columbia River to be of interest

radiologically. Oysters were found to containmore zinc-65 than other common

. seafood organisms (HW-76526).

The highest concentrationsof zinc-65 and chromium.-51in the soft

, tissues of mussels collected at North Head by the Universityof Washington

were 140 pCi/g, wet weight, and 47 pCi/g wet weight, respectively(UWFL-86).

25.3.3 W_rfow!

Total beta and phosphorous-32data were reported. One out of every

17 birds analyzed containedphosphorous-32concentrationsgreater than the

detectionlimit of 5 x I0"s#Ci/g (wet wt). The highestphosphorous-32

concentration(11 x 10.5_Ci/g) was seen at Mesa, Washington,where a total of

25 waterfowlwere collected. Other sample locations and bird totals included

Dayton, Washington (3 birds); PattersonFerry (I bird); Prosser,Washington

(Z2 birds);Sunnyside,Washington (47 birds); and Umapine,Oregon (4 birds)

(HW-76526).

One-third of the waterfowl sampledonsite containedconcentrationsof

phosphorous-3'2.greaterthan the detectionlimit. The highestphosphorous-32

concentrationseen in muscle tissue onsite (1.8 x 10.3_Ci/g) was found in a

golden eye collected from the lower river in December. A total of 48 water-

fowl were sampled from the lower river in 1962. Other onsite sampling sites

and collection totals includedHanford (9 birds), Richland (I bird), upper

river (17 birds), Gable swamp (6 birds),Redox Swamp (2 birds), and U Plant

swamp (5 birds) (HW-76526).
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26.0 FISH, SHELLFISH,AND WATERFOWL

R__ADIONUCLID_CONTAMINATIONSUMMARY FOR 1963

. 26.1 I_]_DIASAMPLED

26.1.1 Fis___.hh

J Muscle tissueswere collectedfrom Columbia River fish as a part of the

routine Hanford environmental-samplingprogram_ Species sampled included

whitefish, suckers, squawfish,chiselmouth,steelhead,carp, sturgeon,bass,

bullhead,crappie, perch, ling, catfish, bluegill,and salmon (HW_80991).

Chinook salmon were analyzed as part of the Oregon State Board of Health

EnvironmentalRadiologicalSurvey (Toombsand Culter 1968).

Starry flounder,rock greenling,buffalo sculpin, Pacific tomcod,

blackcod,blacktail snailfish,Dover sole, Englishsole, filamentedrattail,

perch, Rex sole, rock fish, sand sole, river and surf smelt, and staghorn

sculpinwere collectedfrom the North Head (north jetty at the river mouth) of

the Columbia River and other Washington and Oregon coastal locationsbetween

Cape Flattery,Washington,and Coos Bay, Oregon. Whole fish were analyzed for

radionuclidecontent. Collectionstook place between 1961 and 1963 in both

coastal and offshorewaters (UWFL-86).

26.1.2 Shellfish

Twenty-sixoyster samplesfrom Willapa Bay, Washington,were analyzed as

part of the Hanford environmental-samplingprogram (HW-80991).

Marine organisms sampledas part of the Oregon RadiologicalSurvey

included soft-shellclams, razor clams, Dungenesscrabs, mussels, oysters,

and snails (Toombsand Culter 1968).

Between 1961 and 1963, University of Washingtonpersonnelcollected

shellfishalong the coasts of Washington and Oregon and analyzed them for

radionuclidecontent. Species collected includedempire clams, mud clams,

razor clams, various crabs, mussels, limpets, snails,and shrimp, as well as

" other invertebrates(UWFL-86).
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26.1.3 _Laterfow!

Ducks and geese were collectedfrom local huntersduring the 1963

waterfowlhunting season as part of the routine environmentalsampling

program. Muscle tissue and bird heads were analyzed for radionuclide

contamination. Waterfowl species includedmallard, teal, shoveler,widgeon,

golden eye, Canada geese, pintail,ruddy duck, coot, merganser,Asian geese,

lesser geese, scaup, Pacific loon, blue teal, gadwall, and a cackler

(HW-B0991).

Waterfowl sampled as part of the Oregon environmentalradiological

survey included ruddy and mallardducks (Toombsand Culter 1968).

26.2 SAMPLING LQCAT!ONS

For geographic sites and sampling locations,see Figures 4.1 to 4.6.

26.1.1

RoutineColumbia River fish collectionlocations includedPriest Rapids,

Hanford, Ringold, Burbank, Richland,McNary, and Coyote Rapids, Washington

(HW-80991). Chinook salmon were sampled at Woody Island,below The Dalles,

Oregon (Toombsand Culter 1968).

Sampling locationsfor the Universityof Washington study included the

Washington locationsof Cape Flattery,Hoh Head, Kalaloch,Copalis Rocks,

Ocean Shores, Grays Harbor,Westport,Grayland Beach, Willapa Bay, Long Beach,

and North Head. Oregon locationsincluded Iredale,Seaside, Cannon Beach,

Barview, Tillamook Bay, Agate Beach, Yaquina Bay, and Coos Bay. lt was not

clear if fish were obtained from all of these locations (UWFL-86).

26.2.2 _]3_j]fish

Oysters were collected from Willapa Bay, Washington,as part of the

Hanford environmentalsampling program (HW-80991).

Universityof Washington shellfishsampling locationsare described

above.

Dungenesscrabs were collectedfrom TillamookBay, Astoria, and Yaquina

Bay, Oregon. Sites for oyster collection includedCoos Bay and Tillamook Bay,
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Oregon. Musselswere sampled from YaquinaBay, Cannon Beach, and Nehalem

River Jetty, Oregon. Soft-shellclams and horse clams were collected from

Tillamook Bay, Oregon. Razor clams were collected from Seaside Beach, Oregon,

. and snails were obtained at Nehalem River Jetty, Oregon (Toombsand Culter

1968).

26.2.3 Waterfowl

Waterfowlwere collected from both onsite and offsite locations. Many

of the offsite sampleswere ebtained from local area huntersduring the

hunting season. Two hundred and ninety-ninewaterfowlwere harvested from

offsite locations, includingBenton City, Chandler,Connell, Gibbon, Mesa,

Ringold, Othello, Prosser, Richland,Scootney Reservoir,Yakima, and the

Potholes,Washington. Additional sampleswere collectedfrom the Yakima and

Columbia Rivers. One hundred eighty-sixwaterfowl were sampled from onsite

locations, includingEast Swamp, West Swamp, Hanford, and the Upper and Lower

Columbia River. (HW-80991). The upper Columbia River extends from IO0-B to

Hanford, and the lower Columbia River extends from Hanford to Richland

(HW-75076).

Waterfowlfor the Oregon EnvironmentalRadiologicalSurvey were obtained

at Tillamook Bay, Oregon (Toombsand Culter 1968).

26.3 _RADIONUCLIDESMEASURED/REPORTED

26.3.1F__LEb

Fish collectedas part of the Site environmentalprogramwere analyzed

for total beta, phosphorous-32,cobalt-60,potassium-40,zinc-65, cobalt-58,

and cesium-137. Concentrationswere tabulatedand reported in units of pCi/g.

(HW-8Oggl).

Chinook salmon collected from the Columbia River below The Dalles,

._ Oregon, were monitored for potassium-40,zinc-6S, zirconium-niobium..95,

ruthenium-103+106,and chromium-51 Concentrationswere reported in pCi/g

drained weight. Tables of data were provided and includedcollectiondate,
v

sample location,organism, and nuclide concentrations. Additional information

included summary tables listing maximum,minimum, and averageconcentration
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values. Not all sampleswere analyzed for every constituent (Toombsand

Culter 1968).

There were eight productionreactors operatingduring 1963 (HW-80991).

Seasonal variations in the concentrationsof radionuclidesin fish were

affected by the amount of material released from the reactors,water

temperature,feeding habits, and metabolismof the various fish species, and

the flow rate of the river (dilutionfactor) (HW-80991).

The average phosphorous-32concentrationfound in whitefish sampled

downstream from the reactorswas 420 pCi/g. The maximum concentrationfound

was 2800 pCi/g (HW-80991).

The average zinc-65 concentrationfound in whitefish sampleddownstream

from the reactorswas 38 pCi/g. The maximum activity found was 120 pCi/g

obtained in a sample from Ringold (HW-80991).

Zinc-65 levels in muscle samples of PacificOcean fish decreasedwith

distance from the mouth of the ColumbiaRiver. The rate of decreasewas

greater to the south than to the north (UWFL-86).

26.3.2 Shellfish

Oysters obtained from Willapa Bay were analyzed for potassium-40,

zinc-65, cesium-137,phosphorous-32,cobalt-58,and cobalt-60o Concentrations

were reported in units of pCi/g (HW-80991).

Shellfishcollectedfor the Oregon EnvironmentalRadiologicalSurvey

were analyzed for potassium-40,zinc-65,zirconium-niobium-95,

ruthenium-103+106,and chromium-51. Concentrationswere reported in units of

pCi/g, drained weight (Toombs and Culter 1968).

' Oysters generallycontain higher concentrationsof zinc-65 than other

marine organisms. Average phosphorous-32and zinc-65 activities for the

26 soft-tissuesamplescollectedas part of the Hanford environmentalsampling

program were 4 pCi/g and 80 pCi/g, respectively(HW-80991).

The maximum zinc-65 activity found in oysters from Tillamook Bay in 1963

was 27.9 pCi/g (Toombsand Culter 1968),

=
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The highest concentrationof zinc-65 found in soft-shellclams in 1963

was 2.9 pCi/g. The maximum readingobtained in 1963 for razor clams was

15.3 pCi/g (Toombsand Culter 1968).

Dungeness crabs sampledduring 1963 from Astoria, Oregon, had a maximum

zinc-65concentrationof 27.2 pCi/g. The maximum concentrationof zinc-65

b found in mussels from the Nehalem River Jetty, Oregon,was 31.7 pCi/g (Toombs

and Culter 1968).

Many of the Dungenesscrab and oyster sampleswere obtained from

commercialgrowers (Toombsand Culter 1968).

26°3.3 _erfowl

Waterfowlcollectedfor the Oregon EnvironmentalRadiologicalSurvey

were analyzed for potassium-40,zinc-65, zirconium-niobium-g5,

ruthenium-t03+106,and chromium-51. Concentrationswere reported in units

of pCi/g, drained weight (Toombsand Culter 1968).

Both muscle and head sampleswere obtained from waterfowl collected

within the Hanford reservation. Head specimensonly were analyzed from

offsite birds. Beta readings and phosphorous-32concentrationswere obtained

and reported in units of pCi/g (HW-80991).

Less than 10% of offsitewaterfowl containedconcentrationsof

phosphorous-32greater than the detectablelevel of 50 pCi/g of flesh wet

weight, and only one samplewas greater than 500 pCi/g (540 pCi/g). Approxi-

mately one-half of the birds sampled onsite containeddetectable quantitiesof

phosphorous-32,and thirty-sevenof these birds containedmore than 500 pCi/go

The maximum concentrationfound was 4800 pCi/g (HW-80991).

HW-80991 Foster, R.F. (manager), and R.H. Wilson (editor). Evaluation
,. of Radiological Conditions in the Vicinit._ of Hanford for

1963. General Electric Company, Hanford Atomic Products
Operation, Richland, Washington.

o Toombs, G.L., and P.B. Culter. 1968. Lower Columbia River
Environmental Radioloqical Survey in Oreqon. Comprehensive
Final Rep_or_t__]l.961-1967. Oregon State Board of Health,
Portland, Oregon.
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27.0 FISH, SHELLFISH,AND WATERFOWL

RADIONUCLIDECONTAMINAT!ON_SUMMARYFOR 1964

27.1 MEDIA SAMPLED.

27.1.1

Muscle tissues from Columbia River fish were analyzed as part of the

routine Hanford environmentalsampling program. Species collected included

whitefish, bass, bullheads,catfish, crappie,perch, suckers, sturgeon,trout,

carp, steelhead,bluegill,and king (chinook)salmon (BNWL-90). Liver, gills,

and viscerawere analyzed from chinook salmoncollected from the lower

Columbia River as parL of the Oregon EnvironmentalRadiologicalSurvey (Toombs

and Culter 1968).

27.1.2 Shellfish

Marine samples includedthe soft tissuesof Willapa Bay oysters

(BNWL-90),soft-shellclams, razor clams, Dungeness crabs, mussels, oysters,

and snails (Toombsand Culter 1968).

27.1.3 JE.a___rfowl

During the 1964 waterfowl hunting season,samples from approximately

71 ducks were obtained from local hunters for radionuclideanalyses as part of

the Hanford environmentalsampling program. One hundred and forty-seven

samples were obtainedwithin Hanford boundariesfor use in the study.

Waterfowl species includedmallard, teal, widgeon, pintail, gadwall,golden

eye, Canada geese, merganser, lesser geese, coot, 'lesserscaup, green wing

teal, scaup, ruddy duck, and shoveler. Waterfowl heads were analyzed from

offsite birds, while both head and muscle were analyzed from onsite birds

(BNWL-gO).

27.2 SAMPI,ING LOCATIONS

For geographic sites and sampling locations, see Figures 4.1 to 4.6.

p ,,'
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27.2.1F_LEb

Routine Columbia River fish-collectionlocationsincluded Priest Rapids,

Coyote Rapids, Hanford, Ringold, Richland,Burbank, Island View (a station

locatednear the confluenceof the Yakima and Columbia Rivers), and McNary Dam *

(BNWL-gO). In addition,chinook salmon sampleswere collected below The

Dalles,Oregon, at Woody Island, as part of the Oregon EnvironmentalRadio- ,

logicalSurvey (Toombsand Culter 1968).

27.2.2 S_.b._]Ifish

Pacific oysterswere collectedat Willapa Bay, Washington,as part of

the Hanford environmentalsampling program (BNWL-gO).

Dungeness crabs were collectedfrom Tillamook Bay and Astoria, Oregon.

Musselswere collectedfrom Cannon Beach, Nehalem River Jetty, and Yaquina

Bay/AgateBeach, Oregon. Sites for oyster collectionincluded TillamookBay

and Yaquina Bay/AgateBeach, Oregon. Soft.-shellclams were collected at

Tillamook,Oregon; razor clams were collectedat Sunnyside Beach, Oregon; and

snails were collectedat Nehalem River Jetty, Oregon (Toombs and Culter 1968).

27.2.3 Waterfowl

Waterfowl were sampledon the Hanford reservationfrom Gable swamp

(pond),B swamp (pond),S swamp, U swamp (pond),Redox swamp, 300 Area pond

and the upper and lower Columbia river. The upper Columbia River extends from

IO0-B to Hanford and the lower Columbia River extends from Hanford to Richland

(HW-75076). Offsite birds were obtained from local hunters and were harvested

from Othello, Benton City, Bailies Ranch (betweenMesa and Othello), and the

Yakima River (all Washington) (BNWL-90).

27.3 RADIONUCLIDESMEASURED/REPORTED

27.3.1 Fish
G

Fish collected as part of the Site environmentalprogram were analyzed

for total beta, phosphorous-32,cobalt-60,potassium-40,zinc-65, cobalt-58,

and cesium-137. Concentrationswere reported in units of pCi/g. Tables of

resultswere provided. Not all sampleswere analyzed for all constituents

(BNWL-90).
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High radionuclideconcentrationsin whitefishnormally occurred in fall

months. However, below._,clv'malriver flow rates during spring 1964 and below-

normalriver temperaturesduring fall 1964 resulted in peak concentrations

during the first half of the year (BNWL-90).

Sport fish caught by local fishermenwere the most significantsource of

, Hanford-producedradionuclidesto people (HW-80649).

Previous radionuclideexposureestimateswere based on whitefish

consumption. Surveys indicatedthat bass and crappiewere eaten in larger

quantities than whitefish (HW-80649).

N-Reactor and eight productionreactors were operatingthis year.

Reactor I05-DR was shut down permanentlyon December 30, 1964 (BNWL-90).

The potential intake of phosphorous-32may have been reduced in

whitefish samplesthat were smoked,because of the storage time before

consumption (BNWL-gO).

Annual average radionuclideconcentrationsin Columbia River whitefish

during 1964 were 470 pCi/g and 37 pCi/g for phosphorous-32and zinc-65,

respectiveIy (BNWL-90).

Chinooksalmon were monitored for potassium-40,zinc-65,

zirconium-niobium-g5,ruthenium-t03+106,and chromium-51as part of the Oregon

EnvironmentalRadiologicalSurvey. Resultswere reported in units of pCi/g

drainedweight. Tables of data were provided° Includedwere collection

dates, sample locations, organisms,and radionuclideconcentrations. Addi-

tional informationwas provided in the form of data summarytables listing

maximum,minimum, and averagevalues for all organismsanalyzed (Toombsand

Culter 1968).

In an effort to determinethe distributionof zinc-65 in the chinook

salmon;the viscera, the meat posteriorto the gills, the liver, and the gills

_, were analyzed separately using gammaspectrometry. Results indicate the

highest concentrations of zinc-65 were associated with the viscera (27.6

pCi/g)(Toombsand Culter 1968).
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27.3.2 __llfish

Willapa Bay oysters were analyzedfor potassium-40,zinc-65, cesium-137,

phosphorous-32,cobalt-58, and cobalt-60. Concentrationswere reported in

units of pCi/g (BNWL-90).

Shellfishcollectedfor the Oregon EnvironmentalRadiologicalSurvey
N

we_e analyzed for potassium-40,zinc-65, zirconium-niobium-g5,

ruthenium-103+106,and chromium-51. Concentrationswere reported in units of

pCi/g drained weight (Toombsand Culter 1968),

Oysters generallycontainedhigher concentrationsof zinc-65than other

common seafood organisms. Average phsophorous-32and zinc-65 activities for

the 24 samples collectedas part of the Site environmentalsamplingprogram

were 4 pCi/g and 56 pCi/g, respectively. Maximum concentrationswere 16 pCi/g

and 86 pCi/g, respectively(BNWL-90).

"Althoughthere is consideredto be a 85Zn[zinc-65]residual in the

oceans of the world as the result of falloutfrom nuclearweapons testing, the

concentrationsin crab samples collectedfrom the southern coastal area of

Alaska were below the detectionlimit of 0,2 pCi/g for BBZn. lhis indicates

that most of the observed BSZnactivity in the Oregon coastal environment

originates from the Hanford reactors" (Toombsand Culter 1968).

Concentrationsof zinc-65 in Willapa Bay oysters were relativelystable

for 1963 and 1964 at approximately100 pCi/g. However, the level of

phosphorous-32fluctuated by more than a factor of ten during the course of a

year, with the maximum occurring in the late spring and early summer and the

minimum in the fall. This cycle was comparableto both the oceanographicdata

on the transportof Columbia River water to Willapa Bay and the metabolic rate

as affectedby temperature(HW-80649).

The maximum zinc-65 activity found in oysters from Tillamook Bay was

23.4 pCi/g (Toombsand Culter 1968).

The highest concentrationof zinc-65 Found in soft-shellclams was

2.1 pCi/g. The maximum reading obtained for razor clams was 23.8 pCi/g

(Toombsand Culter 1968).
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Dungeness crabs had a maximumzinc-65 concentration of 20.7 pCi/g, and

mussels had a maximumconcentration of 20.2 pCi/g (Toombs and Culter 1968).

27.3.3 Waterfowl

Waterfowl collected as part of the Hanford environmental sampling

program were analyzed for phosphorous-32, zinc-65, potassium-40, and
# cesium-137. Concentrations were reported in pCt/g. Both muscle and head

samples were evaluated from birds collected within the Hanford reservation.

Only head specimens were analyzed from offstte birds (BNWL-90).

Less than 10%of the waterfowl contributed by hunters offsite contained

levels of phosphorous-32 greater than the detectable level of 50 pCi/g of

_lesh (wet weight). The highest concentration found for offsite birds was

650 pCl/g (BNWL-90).

Approximately one-third of the waterfowl specimens collected in the

Hanford environs contained detectable levels of phosphorous-32, and about one

in ten contained 500 pCi/g or more. The maximumconcentration for onsite

specimens was 1700 pCi/g of flesh (BNWL-90).

BNWL-90 Foster,R.F. (manager),and R.H. Wilson (editor). 1965.
_.yjl]_luationof Ra.dio]ogicalConditiQns in the Vicini!;JL_KLI[
Hanfo_. Pacific NorthwestLaboratory,Richland,
Washington.

HW-80649 Foster,FI.F.,editor. 1964. Report.t__Q_.t.tt_Workingm_C_g__mj_tt___e__
for_ColumbiaRiv_r.___i__on Progress._;incesep/_embor1962
for Pro.iects_ried O_ut..bvthe General Electric Company at
):LLaIL,Zg__._.General ElectricCompany, HanfordAtomic Products
Operation, Richland,Washington.

Toombs,G.L., and P_B. Culter. 1968. ow_olumbia_River
_j]N.t,ronmentalRadioloqica.,1Surve.Yin Oregon. Compreh_n@_i_y_e_
F_'_t_____Q]_c_1._. Oregon State Board of Health,

, Portland, Oregon.

HW-75076 Wilson,R.H. 1962. Z_hLe__C_jCol.um'biaRive.__nviroDmenta!
_M_inq ProcIr.am.GeneralElectric Company, Hanford Atomic

* ProductsOperation, Richland,Washington.
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28.0 FISH. SHELLFISH.AND]_IJF,BF_9__U_

RADIONUCLIDECONTAMINATIONSUMMARYFOR 1965

2B.I MEDIA SAMPLED_

28.1.1

Several speciesof Columbia River fish were sampledand analyzed for

radionuclidecontamination. Speciescollected includedmountain whitefish,

bass, steelhead, salmon,carp, trout, suckers,sturgeon,catfish, crappie,

perch, blue gill, shad, squawfish,and chiselmouth(BNWL-316APP). Chinook

salmon were sampled also (Toombsand Culter 1968). Fish tissues analyzed

includedmuscle (BNWL-316APP), viscera, and muscle posterior to the gills

(Toombsand Culter 1968).

28.I.2 Shellfish

Marine organisms sampled includedoysters,mussels, Dungeness crabs,

snails, razor clams, and soft-shellclams (Toombsand Culter Ig68). In

addition,Pacific coast oysterswere sampled as part of the routine Hanford

environmentalsampling program (BNWL-316APP).

Clams were collectedfrom the Columbia River below the reactors

(BNWL-SA-623).

28.1.3 Waterfowl

Waterfowl sampled for radionuclidecontaminationincludedgolden eye,

coot, ruddy duck, bufflehead,mallard, green-wingteal, Canada geese, and

lesser geese (BNWL-316APP; BNWL-CC-g13). Muscle tissue and heads were

analyzed.

28.2 SAMP_I.H_G._._OCAT!ON_

For geographic sites and sampling locations,see Figures4.1 to 4.6.
¢

28.2.1

Routine Columbia River fish collectionlocationsincluded Priest Rapids,

Hanford, Ringold, Richland,Burbank, McNary, and Coyote Rapids (all

Washington) (BNWL-316APP). Lower Columbia River fish were sampled at Woody
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Island,and a few fish were sampledfrom the Willamette River at Sauvies

Island and Oregon City, Oregon (Toombsand Culter 1968)_

28.2.2 __

Oysterswere collected from Willapa Bay, Washington,as part of the

routine Hanford environmental-samplingprogram (BNWL-316APP). Oysters,
k

Dungenesscrabs, and soft-shellclams were collectedfrom Ti'llamookBay,

Oregon (62 miles south of the Columbia River). Razor clams were sampled at

Seaside Beach, Oregon, 28 miles south of the river mouth. Dungeness crabs

were collectedfrom Astoria, Oregon, 13.7 miles from the mouth o'fthe Columbia

River. Musselswere collectedfrom Nehalem River Jetty (50 miles south of the

mouth of the river), Cannon Beach (35 miles south), and Yaquina Bay-Agate

Beach, Oregon (140 miles south of the river mouth). Oysterswere also

collected at Yaquina Bay-AgateBeach, Oregon (Toombsand Culter 1968).

28.2°3 Waterfowl

Waterfowlwere collectedfrom Redox swamp, U swamp (pond),B swamp

(pond),Gable swamp (pond),Ringold,the upper river (the area within the

plant boundary from Vernita Bridge to Hanford), and the lower river (the area

within the plant boundary from Hanfordto the 300 Area) (BNWL-316APP;

BNWL-CC-913).

28.3 RADIONUCLIDESMEASURED/REPORTEQ

28_3.1

Fish sampled as part of the routine samplingprogram were analyzed for

phosphorous-32,cobalt-60, potassium-40,zinc-65, cobalt-58,and cesium-]37.

Resultswere reported in units of pCi/g and given in table form (BNWL-316

APP).

H and F reactorswere shut down permanentlyon April 27, 1965, and

June 25, 1965, respectively(BNWL-316).

Fish acquired all of the radionuclidespresent in the Columbia River
e

water, but phosphorous-32and zinc.-65accumulatedthe most significantamounts

in the flesh. For radionuclidesto accumulate,fish must feed for several

weeks on organismsthat have concentratedthe nuclides (BNSA-53).
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The concentrationsof the two principalradionuclidespresent in fish,

phosphorous-32and zinc-6S, vary dependingon the species and the season of

the year (BNWL-165).

Whitefish is the sportfishthat usuallycontains the greatest

concentrationof phosphorous-32(BNWL-316,BNWL-165).

Marine and anadromousspecies such as salmon have relativelylow

radionuclideconcentrationsbecausethey feed mainly in the ocean and only

return to the Columbia River to spawn (BNSA-53).

The most importantradionuclideswere zinc-65, phosphorous-32,and

chromium-Sl. Of these, zinc-65was the most widely distributeddue to its

long half-lifeand the ability of organismsto concentrateit (Toombsand

Culter 1968).

There was a pronounceddecrease in zinc-65 concentrationsin fish

tissues during the summer due to the greaterdilution of reactor effluentsby

increasedriver flow during the freshetperiod of late spring and early summer

(BNWL-SA-623).

In 1965, the highest concentrationof zinc-65 found in a chinook salmon

collected by Toombs and Culter (1968)was found in the viscera of a fish

samplea from the Columbia River at Woody Island (13.6 pCi/g).

In largescalesuckers, northern squawfish,and chiselmouth,concentra-

tions of zinc-6Swere greater in eye tissuesthan in the gastrointestinal

(G.I.) tract. However, carp had greater zinc-6S concentrationsin the G.I.

tract, and in whitefishthe eye and the G.I. tract had nearly equal amounts

(BNWL-SA-623).

The averageconcentrationsof phosphorous-32and zinc-65 in whitefish

sampleddownstream from the reactorsduring 1965 were 200 pCi/g and 27 pCi/g

of flesh, respectively(BNWL-316).

Levels of phosphorous-32measured during the first half of 1965 were

lower than observed in 1964 or 1963 (BNWL-165).

Samples from approximately100 whitefishwere collected 18 km upstream

from the reactors in January and December 1965. In January, 70% contained

measurable amountsof zinc-65; in December,60%. The averageconcentrations
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of zinc-65 in the eye and G.I. tract in Januarywere 780 and 1100 pCi/g wet

weight, respectively. In December the concentrationswere 1060 and

1400 pCi/g, wet weight, respectively(BNWL-SA-623).

28.3.2 Shellfish

Oysters containedhigher concentrationsof zinc-65 than other seafood

organisms (BNWL-316,BNWL-165,Toombs and Culter 1968). 4,

Zinc.,65and phosphorous-32were the only two radionuclidesoriginating

from Hanford that were found in significantabundancebeyond the mouth of the

Columbia River (BNWL-316;BNWL-165).

Shellfish collectedfor the environmentalsampling program were analyzed

for phosphorous-32,sodium-24,chromium-Sl,manganese-56,copper-64, zinc-65,

and lanthanum-140(BNWL-SA-623).

Marine shellfishcollectedfor the Oregon.EnvironmentalRadiological

Survey were analyzed for potassium-40,zinc-fS, zirconium-niobium-95,

ruthenium-t03+106,and chromium-51. Resultswere reported as pCi/g drained

weight (Toombsand Culter 1968).

Clams were collected from the Columbia River below the reactors. The

soft parts and shells were analyzed for radiologicalcontaminants. From 1964

to 1965 the sodium-24concentrationsdecreased,while lanthanum-140

concentrationsincreased. Zinc-65 levels decreased in the shell and increased

in the soft parts. Chromium-51concentrationsdecreased in the soft parts and

increasedin the shell (BNWL-SA-623).

Concentrationsof zinc-65 in crab samplescollected from the southern

coastal area of Alaska were below the detectionlimit of 0.2 pCi/g, indicating

that radioactivityfrom samplesobtained from the Oregon coast was due to

Hanford reactors and not fallout from nuclearweapons testing (Toombs and

Culter 1968).

The annual averageconcentrationof zinc-fS in oyster samplescaught at

Willapa Bay, Washington,decreased since 1963, while potassium-32

concentrationsremained at the same level. Average phosphorous-32and zinc-65

concentrationsfound in oysters in 1965 were 4 and 40 pCi/g, respectively

(BNWL-316).
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Fissionproduct radionuclides,primarilyruthenium-t03and

ruthenium-t06,zirconium-niobium-g5,and, occasionally,cerium-141 and

cerium-144were observed, due to worldwide atmosphericfallout, and found to

be highest in soft-shellclams (Toombsand Culter 1968).

Twenty-sixoyster sampleswere collectedat Willapa Bay, Washington,

_, during 1965. Maximum zinc-65and phosphorous-32concentrationswere 110 pCi/g

and 9.2 pCi/g, respectively(BNWL-316APP).

Many of the Pacific coast shellfishsampleswere purchased from

commercialgrowers (Toombsand Culter 1968).

28.3.3 W_rfow!

Radionuclidesanalyzed in waterfowl includedphosphorous-32,zinc-65,

and cesium-137 (BNWL-CC-g13),as well as potassium-40(BNWL-316APP).

Not all organismswere analyzedfor every radionuclide.

Ninety-eightwaterfowlwere analyzedduring 1965. Seventy-fivebirds

had flesh concentrationsof phosphorous-32amountingto less than 50 pCi/g,

wet weight. Twenty samples were greater than 50 but less than 500 pCi/g, and

3 sampleswere greater than 500 pCi/g. The maximum concentrationof

phosphorous-32in birds collectedfrom the Columbia River was 950 pCi/g

(BNWL-316).

For the 27 waterfowl collectedonsite during 1965, the maximum

phosphorous-32concentrationobserved in muscle was 300 pCi/go This was found

in a ruddy duck collected from U swamp in February. The maximum concentration

of zinc-65 found in waterfowlmuscle collectedonsite (12 pCi/g) was obtained

from a golden eye duck from Gable swamp in March. The maximum cesium-137

concentrationin muscle (310 pC/g) was obtained from a coot sampled From Gable

swamp in March. The maximum phosphorous-32concentrationin waterfowl heads

(1000 pCi/g) was seen in a mallardduck obtained from Gable swamp in February

' (BNWL-CC-g13).

Waterfowl,as a potentialsource of radionuclidecontamination,are of

" less significancethan fish becausethey cannot be harvestedin such large

numbers by individualsand becauseof the "dilution"factor by large flights

of migrating birds (BNWL-316).
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29.0 FISH, SHEI,LFISH, ANl)WATERFOWL

RAOIONUCLII)ECONTAMINATIONSUMMARY FOR 1966

29.1 MEDIA SAMPLED

29.1.1

' Muscle tissue was sampledfrom ColumbiaRiver fish. Fish sampled for

the Hanford environmentalprogram (and analyticaltotals) includedwhitefish

(479), trout (17),white sturgeon (30), carp (79), bass (25), catfish (88),

perch (90), steelhead(14), crappie (26), bluegill (3), suckers, and shad (7)

(BNWL-439APP).

Many fish were collectedand analyzedfor another Hanford study

addressingthe radioecologyof the Columbia River. Muscle tissues,gut

contents and carcassesof large fish were analyzed. Ocassionally,an entire

large fish was also analyzed. Small fish were analyzed whole, without their

gut contents. Speciescollected includedsturgeon,chinook salmon,coho

salmon, steelhead,whitefish, largescalesuckers,carp, redside shiners,

squawfish,chiselmouth,peamouth,dace, yellow perch, smalImouthbass,

sculpin, threespinestickleback,shad, and burbot (BNWL-1377,Part II).

Fish collectedfrom the lower ColumbiaRiver by Oregon researchers

included sturgeon,chinook salmon, and salmon (Toombsand Culter 1968).

29.1.2 Shellfish

Willapa Bay oysterswere collectedas part of the Hanford Environmental

Monitoring Program (BNWL-439APP). Other marine organismssampled included

soft-shellclams, cockle clams, butter clams, razor clams, Dungenesscrabs,

mussels, oysters, and snails (Toombsand Culter 1968).

Crayfish were also collected and analyzed (BNWL-1377,Part II).

29.1.3 Waterfowl

Waterfowl were collectedroutinelyby Hanford environmentalmonitoring

personnelat both onsite and offsite locations. Heads and muscle tissue were
m

analyzed for birds collectedonsite. Only the heads of birds collected

offsite were evaluated. Species collectedinuludedmallard, golden eye,

29.1



merganser,widgeon, gadwall,green-wingedteal, coot, Canada geese, and lesser

Canada geese (BNWL-439APP).

29.2 SAMPLING LOCATIONS

For geographic sites and samplinglocations, see Figures 4.1 to 4.6.

29.2.1 _

Fish were collectedfrom the Columbia River at Priest Rapids, Coyote

Rapids,Hanford, Ringold, Richland, IslandView, Burbank, and McNary Dam (all

Washington)(BNWL-439APP)o Additionalcollectionswere made from the lower

Columbia at Bonneville;Corbett,Oregon; and Woody Island (Toombs and Culter

1968).

Samples of large fish collected for the radioecologystudy were gill-

netted at White Bluffs. All other samples for this study were collectednear

the IO0-F Area, about 13.5 miles downstream of the nearest reactor effluent

outfall (BNWL-1377,Part I).

29.2.2 Shellfish

Oysters were collectedat Willapa Bay, Washington (BNWL-439APP). Other

marine sampling locationsincludedthe following:

TillamookBay, Oregon: soft-shelledclams, cockle clams,
Dungenesscrab, oysters

Coos Bay, Oregon: butter clams, cockle clams
Seaside Beach, Oregon: razor clams
Astoria, Oregon: Dungenesscrab
Cannon Beach, Oregon: mussels
Nehalem River Jetty, Oregon: mussels, snails
Yaquina Bay/Agate Beach, Oregon: mussels, oysters
(Toombsand Culter 1968)

29.2.3 _Waterfowl

Waterfowlwere collectedfrom the upper river (IO0-Bto Hanford), lower

river (Hanford to Richland),Burbank,McNary, Mesa, Othello, Eltopia,Wallula,

IslandView, and Patterson (BNWL-439APP).
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29.3 RADIONUCLIDESMEASURED/REpORTED

29.3.1

Fish were also collectedthroughoutthe year, and tables of results
J

(pCi/g)were given for all of the species sampled at each location.

Approximately860 samples of fish tissuewere analyzed this year as part of

-_ the Hanford EnvironmentalStudies (BNWL-439APP).

There was an abnormal releaseof radioiodineto the Columbia River on

February 11, 1966 (BNWL-439).

Fish sampledas part of the HanfordEnvironmentalProgramwere analyzed

for phosphorous-32,cobalt-60, potassium-40,zinc-65, cobalt-58,and

cesium-137. Results were reported in pCi/g. Results for each radionuclide

were not reported for every fish sampled (BNWL-439APP).

Marine fish from the lower Columbiaand Willamette Rivers were monitored

for potassium-40,zinc-65, zirconium-niobium-g5,ruthenium-lO3+106,and

chromium-51. Tables of resultswere reported For all organismscollected

(pCi/g,drainedweight) (Toombsand Culter 1968).

Fish collected for the Hanford radioecologystudy were analyzed for

pilosphorous-32,cesium-137,cerium-praseodymium-144,scandium-46,cobalt-60,

chromium-51,manganese-54,iron-59,zinc-65, neptunium-239,ruthenium-t06

rhodium, zirconium-_liobium-95,barium-lanthanum-140,barium-140,and

lanthanum-140. Resultswere reported in pCi/g for wet weights, dry weights,

and ash weights (BNWL-1377,Part II).

Of the more significantradionuclidesin the Columbia River at Richland,

Washington,the relative proportionswere as follows" chromium-51constituted

nearly half; copper-64, neptunium-239,and arsenic-76made up most of the

remainder; and minor amounts includedabout I% phosphorous-32,2% zinc-65, and

< I% iodine-131(BNWL-SA-601).

Because of a labor strike, all reactors were shut down from early July

to late August. Consequently,phosphorous-32concentrationsin fish during

• the fall months were lower than in 1965. Levels of zinc-65,however, remained

about the same. The reason for this was probably the recyclingof materials

from the river bottom. Average phosphorous-32and zinc-65concentrationsin
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Columbia River fish caught downstreamof the reactors during 1966 were

110 pCi/g and 23 pCi/g, respectively(BNWL-439)o

"Those individualswho probably ingest the largest amounts of 32p
k

[phosphorous-32]are fishermenwho claim to eat bass, crappie, and perch as

often as 3 to 5 times per week" (BNWL_439).

The average concentrationof phosphorous-32in whitefish during the _

first six months of 1966 was 100 pCi/g (BNWL-391).

Whitefishwere the gamefish that usuallycontainedthe highestcon-

centrationof phosphorous-32. They also could be caught during winter months

when other game fish were difficult to collect. "Therefore,data from

whitefish are used as trend indicators,even though whitefish are not the most

- significantsource of radionuclidesfor the local population" (BNWL-391).

29.3°2 Shellfish

Willapa Bay oysterswere collected in all months. Sampleswere analyzed

for potassium-40,zinc-65,cesium-137,and phosphorous-32. Results for

26 samples are available(pCi/g) (BNWL-439APP).

Other marine shellfishfrom the lower Columbia and WillametteRivers

were monitored for potassium-40,zinc-65,zirconium-niobium-95,

ruthenium-t03+106,and chromium-51. Tables of resultswere reported (pCi/g,

drained weight) (Toombsand Culter 1968).

"Oystershave been found to contain higher concentrationsof BSZn

[zinc-65]than any other common seafoods" (BNWL-391).

"Phosphorous-32and BSZn [zinc-65]are the only two radionuclidesof

Hanford origin that are found in sufficientquantity beyond the mouth of the

Columbia to be of radiologicalinterest"(BNWL-391).

The shutdown of the reactors due to the labor strike in August had very

little effect on Willapa Bay oysters. Annual average concentrationsof

zinc-65 had been decreasingover the previous 3 years while phosphorous-32

levels had remained about the same. Average concentrationsfor the year were
o

28 pCi/g of zinc-65 and 2.9 pCi/g of phosphorous-32(BNWL-439).
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29.3_3 Waterfowl

Waterfowlmuscle and/or head sampleswere analyzedfor phosphorous-32,

potassium-40,zinc-65, and cesium-137. Resultswere reported in pCi/g

(BNWL-439APP).

"One hundred twenty-fourwaterfowl samples collectedin the Hanford

" environsduring 1966 had concentrationsof phosphorous-32less than 50 pCi/g

of flesh (wet weight), 51 sampleswere above 50 pCi/g but less than 500 pCi/g,

and the remaining 10 sampleswere greater than 500 pCi/g. The maximum

concentrationwas 2900 pCi/g of 32p [phosphorous-32]"(BNWL-439).
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30.0 FISH, SHELLFISH,AND WATERFOWL

RADIO.N,.UCLIDECONTAMINATIONSUMMARY FOR _967

30.1 MEDIA SAMPLED

3o.i.i

" Muscle tissue, gut contents,and carcassesof Columbia River fish were

analyzed for radionuclidecontent in several studiesconductedby both Hanford

environmentalmonitoring personnel and offsite laboratories. A wide variety
of fish were collected for the onsite studies. These includedwhitefish,

bass, catfish,crappie, perch, carp, bluegill, squawfish,suckers, bullhead,

sturgeon,shad, steelhead,and salmon (BNWL-gB3-APP;BNWL-1377). Redside

shiners, chiselmouth,and burbot were also collected as part of the Hanford

studies (BNWL-1377). Salmon and sturgeonwere collectedby offsite

laboratories(Toombs and Culter 1968).

3o.1.2

Wtllapa Bay oysters were collected for the Hanford environmental-

monitoring program (BNWL-1377). ShellFish collected and analyzed by Toombs

and Culter included Pacific coast razor clams; oysters; mussels; dungeness

crab; soft-shell,butter, and cockle clams; and snails. Analyses were done on

soft tissues.

30.1.3 .Wa_terfowl

Ducks and geese were collectedon and around the HanfordSite by

environmentalmonitoring personnel. Radionuclideconcentrationsin bird heads

and muscle were reported (BNWL-665,BNWL-CC 1197-6). Speciescollected at

various surface-waterlocationson and near the site includedmallards (101

birds),merganser (5 birds),widgeon (9 birds),coot (24 birds), lesser scaup

(3 birds), green-wingteal (2 birds),gadwall (I bird), golden eye (5 birds),

j shoveler (I bird), teal (2 birds), goose (I bird), lesser Canada Geese

(2 birds), and Canada geese (4 birds) (BNWL-983-APP; BNWL-665).

a,
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30,2 SAMPlinGLOCATIONS

For geographic sites and samplinglocations,see Figures 4.1 to 4.6.

30.2.1 Z..LEb

Routinecollectionsof Columbia River fish were made at Priest Rapids,

Coyote Rapids, Ringold, Burbank, Island View (near the confluenceof the ¥

Yakima and Columbia Rivers) and Hover-Finley(all Wasilington)(BNWL-g83-APP).

Other Columbia River collection sites includednear IO0-F, near White Bluffs

(BNWL-1377),and Woody Island (Toombsand Culter 1968). Additional fish were

collectedfrom the Willamette River at Oregon City and at Sauvies Island,

Oregon (Toombsand Culter1968).

30.2.2 Shellf_.

Oysters collectedfor the Hanfordmonitoring programwere obtained at

Willapa Bay, Washington (BNWL-g83-APP).

Toombs and Culter collected Pacificcoast organisms at the following

locations:

TillamookBay, Oregon" soft-shellclams, cockle clams, Dungeness
crabs, oysters

Seaside Beach, Oregon" razor clams
Astoria, Oregon" Dungenesscrabs
Cannon Beach, Oregon" mussels, snails
Nehalem River Jetty, Oregon" mussels, snails
Yaquina Bay/AgateBeach, Oregon" mussels, oysters

30.2.3 Waterfowl

Hanford environmentalpersonnelcollectedwaterfowl from upper and lower

Columbia River areas (relativeto Hanfordreactor discharges);Othello,

Washington; Burbank,Washington;U-Swamp (pond),Gable Swamp (pond),B Swamp

(pond),and Redox Swamp (BNWL-983-APP;BNWL-665).

30.3 RAPlONUCLIDESMEASURED/REPORTED

30.3.1 Fis___bh

Five or six Hanford reactors were operating during most of this study.

One of these was tOO-N, which had a closed primary cooling loop (BNWL-1377).
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D reactor was shut down in June and "the Redox separations plant was also

retired from routine operation" in 1967 (BNWI.-983).

Analytical results reported for fish collected as part of the routine

' Hanford sampling program included phosphorous-32, potassium-40, cobalt-58,

cobalt,-60, zinc-65, and cesium-137. Results were reported in units of pCi/g

(BNWL-g83-APP). Fish tissues collected for other itanford studies were

analyzed for cerium-praseodymium-144, scandium-46, chromium-51, manganese-54,

iron-59, neptunium-239, ruthenium-rhodium-lO6, zirconium-niobium-95,

barium-lanthanum-140, barium-140, and lanthanum-140 (BNWL-1377).

Fish samples collected by Toombsand Culter were analyzed for

potassium-40, zinc-65, zirconium-niobium-95, ruthenium-lO3+106, and

chromium-51. Results were reported in units of pCi/g, drained weight.

"Data accumulated'fromwhitefish samplingare used as trend indicators,

even though whitefishare not the most significantsource of radionuclides

for the total population"(BNWL-665).

The average concentrationof phosphorous-32in whitefish during the

first six months of 1967 was 100 pCi/g (BNWL-665).

The average concentrationof phosphorous-32in Columbia River whitefish

collecteddownstream of the reactor areas during 1967 was 260 pCi/g

(BNWL-983).

30.3.2 Shellfish

"Zinc-65 and _Zp [phosphorous-32]are the only radionuclidesin the

reactor effluent that are found in significantabundance in food organisms

beyond the mouth of the Columbia River to be of radiologicalinterest.

Oysters have been found to contain higher concentrationsof zinc..65than other

common seafoods"(BNWL-983).

The annual average concentrationsof zinc-65 and phosphorous-32in
i

Willapa Bay oysterswere 30 pCi/g and 3.3 pCi/g, respectively. Other results

reported includedpotassium-40and cesium-137 (BNWL-983).
o,

Results reported For the Pacificcoas.tshellfishcollectedby Toombs

and Culter includedpotassium-40,zinc-65,zirconium-niobium.-95,

30.3
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ruthenium-lO3+106,and chromium-51. Resultswere reported in units of pCi/g,

drained weight.

30.3.3 Waterfo_.!.

"The averageconcentrationof 3Zp [phosphorous-32]in the muscle of

waterfowlcollected at the Hanford site during 1967 was about 160 pCi/g. The
,#

maximumconcentrationwas 2800 pCi/g, the highest concentrationfound in local

ducks since 1963" (BNWL-983).

'About 30/,of the game bird meals consumedby local hunters were

reported to be birds shot within about 5 km of the Columbia River between

Ringold and McNary Dam. Analyses showed that birds collected beyond this

distance contained little if any radioactivityof Hanford origin" (BNWL-983).

Results reported for head and muscle samplescollected as part of the

Hanfordenvironmental-monitoringprogram includedphosphorous-32,

potassium-40,cesium-137,and zinc-65. Resultswere reported in units of

pCi/g (BNWL-983-APP).
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31.0 FISH. SHELLFISH.AND WATERFOWL

RAPIONUC.LIDECONTAH!NATIONSUMMARY FOR Ig6_8

, 31.1 MEDIA SAMPLED

" Muscle sampleswere removed from Columbia River fish. Species collected

as part of the routine Hanfordenvironmentalsampling program included

whitefish (168 samples),bass (50 samples),catfish (170 samples),crappie

(135 samples),carp (168 samples),and perch (157 samples) (BNWL-1341APP).

31.1.2 Shellfish

The Hanford environmental-monitoringprogram routinelycollectedoysters

from Willapa Bay, Washington (BNWL-1341).

31.1.3 WaterfQwl

Head and muscle sampleswere obtained from ducks and geese collected in

and around the Hanford site. Birds analyzed as part of the routine Hanford

environmentalsurveillanceprogramincludedmallards (54 birds), golden eyes

(4 birds),mergansers (I bird), green-wingedteals (3 birds), lesser Canada

geese (15 birds), and Canada geese (4 birds) (BNWL-1341APP).

31.2 SAMPLING LOCATIONS

For geographic sites and sampling'locations,see Figures4.1 to 4.6.

31.2.1

Whitefishwere collected at Priest Rapids, Ringold, Island View (near

the confluenceof the Yakima and Columbia Rivers), and Burbank (all

Washington). Other fish speciescollected for the routineHanford monitoring

programwere obtained at IslandView, Burbank, and Hover-Finley,Washington

, (BNWL-1341 APP).

31.2.2 Shellfish

Oysterswere collected at Willapa Bay, Washington (BNWL-1341).
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31.2.3

Waterfowlwere collected from an onsite pond and from the Columbia River

near the site. Specific locations includedHanford, Savage Island,White

Bluffs, and Gable swamp (pond) (all Washington)(BNWL-1341APP; BNWL-CC-2026).

31.3 RADIONUCLIDESMEASURED/REPORTED

31.3.I ELs

Columbia River fish samples collectedfor the Hanford environmental-

sampling programwere analyzed for phosphorous-32,potassium-40,cobalt-58,

cobalt-60, zinc-65, and cesium-137. Resultsfor each constituentwere not

reported for every fish. Concentrationswere reported in units of pCi/g, wet

weight (BNWL-1341APP).

The Columbia River fish eaten most frequentlywere crappie, perch, and

bass BNWL-706). The maximum estimate of consumptionof these fish by

fishermenwas 200 meals per year. "The average percentageof the maximum

catch by specieswas 73% crappie, 16% bass, and 11% perch." The maximum

individual'sestimated intakes of radionuclidesfrom eating these panfish

during 1968 were 1.0 _Ci phosphorous-32and 0.4 _Ci zinc-65 (BNWL-1341).

31.3.2 _hellfish

"Zinc-65and 32p [phosphorous-32]are the only radionuclidesin the

reactor effluent that are found in sufficientabundance in food organisms

beyond the mouth of the Columbia River to be of radiologicalinterest.

Oysters have been found to contain higherconcentrationsof BSZn[zinc-65]

than other common seafuods" (BNWL-1341).

Analytical resultswere reportedfor phosphorous-32,potassium-40,

zinc-65, and cesium-137. Resultswere reported in pCi/g, wet weight

(BNWL-CC-2026).
i

The annual average concentrationsof zinc-65 and phosphorous-32in

Willapa Bay oysters in 1968 were 25 pCi/g and 3°3 pCi/g, respectively

(BNWL-1341).
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31.3.3 Waterfo_!

Results reported for waterfowl heads and muscle tissue included

phosphorous-32,potassium-40,zinc-65, and cesium-137. Concentrationswere

• reported in units of pCi/g, wet weight (BNWL-1341;BNWL-CC-2026).

"The average concentrationof 32p [phosphorous-32]in muscle of waterfowl

" collectedat the Hanford site for the environmental-monitoringprogram during

1968 was about 53 pCi/g for ducks and 1.4 pCi/g for geese. The maximum

concentrationin waterfowlduring 1968 was 450 pCi/g" (BNWL-1341).

There were 137 waterfowlcollected from the Columbia River in 1968. The

highest river bird concentrationof cesium-137 (8.5 pCi/g) was seen in a bird

caught from Savage Island. Maximum concentrationsof phosphorous-32and

zinc-65 in game birds collectedfrom locationsadjacentto the Columbia River

during December were 490 pCi/g and 12 pCi/g, respectively. Maximum concen-

trations in ducks collectedat Gable swamp were 130 pCi phosphorous-32/g,

2.9 pCi zinc-65/g,and 500 pCi cesium-137/g(BNWL-CC-2026).

"About 30% of the game bird meals consumed by local hunterswere

reported to be birds shot within about 5 km of the Columbia River between

Ringold and McNary Dam" (BNWL-1341).

The eastern side of the Columbia River, north of Ringold, is open to

hunters during hunting season. During 1968 this area was visited by 1537

hunters (BNWL-1341).
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32.0 FISH,_SHELLFISH,AND WAT_ERFOWL

RADIONUCI_IDECONTAMINATIONSUMMARYFOR 196_9

, 32.1 MEDIA SAMPLED

32.1.1

Muscle tissue was sampled from ColumbiaRiver fish. Species (and

approximatecollectiontotals) collectedas part of the routineHanford

environmentalsamplingprogram includedwhitefish (125), bass (52), catfish

(194), crappie (133), perch (236), and carp (136) (BNWL-1505). Bass (4),

sturgeon (I), and perch (4) were collectedas part of a special study con-

ducted in October (BNWL-CC-2363). Some composite sampleswere also analyzed.

Equal weights of muscle tissue from five fish of the same specieswere

composited (BNWL-1505 APP).

32.1.2 Shellfish_

The Hanford environmental-samplingprogram collectedoysters at Willapa

Bay, Washington. The soft tissueswere monitored for radionuclidecontamina-

tion (BNWL-1505).

32.1.3 Waterfowl

Ducks and geese were collected from various locationsin and around the

Hanford site during the hunting season. Muscle tissue and bird heads were

analyzed for radionuclidecontamination. Animals analyzed includedmallards

(12 heads, 34 muscle), mergansers (I head, 7 muscle), goldeneyes (2 heads,

2 muscle), ruddy ducks (2 heads, 3 muscle), buffleheads (3 heads, 3 muscle),

green winged teals (2 heads, 4 muscle), lesser Canada geese (10 heads,

11 muscle), other geese (i muscle), mallard cross (I head, 2 muscle), and a

Canada goose (I muscle) (BNWL-1505APP).

32.2 SA__MLPLINGLOCATIONS

For geographicsites and samplinglocations, see Figures 4.1 to 4.6.
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32.2.1

Routine Columbia River fish-collectionlocations included Ringold,

Island View, Burbank, and Hover, Washington. The most popular fishing

locationswere at Burbank, Hover, and IslandView, Washington (BNWL-1505;

BNWL-1505APP). Fish taken for the specialstudy in October were obtained

from Hanford slough (BNWL-CC-2363). _

32.2.2 Shellfish

All oyster sampleswere from Willapa Bay, Washington.

32.2.3 Waterfowl

Waterfowl were sampledon or near the Site from the IO0-K Trench,White

Bluffs, Hanford, Redox swamp, Gable Mountain swamp (pond), Savage Island,300

Area, Ringold, and IO0-D.

32.3 RADIONUCLIDESMEASURED/REPORTED

32.3.1

Fish collected as part of the Site environmentalprogram were analyzed

for various radionuclides. Results for sodium-24,phosphorous-32,

potassium-40,cobalt-58,cobalt-60,zinc-65, and cesium-137were reported,

but not all sampleswere analyzed for all constituents. Concentrations

were reported in units of pCi/g, wet weight. Sampleswere collectedin all

months, but all specieswere not caught at each sampling location each month

(BNWL-1505APP). The fish collected as part of the special study in October

were analyzed for many of the same radionuclides(BNWL-CC-2363).

The Columbia River fish eaten most frequentlywere crappie, perch, and

bass (BNWL-I019).

"From the standpointof exposure dose resultingfrom eating Columbia

River fish, the radionuclide of greatest significance is 32p [phosphorous-32]"

(BNSA-45).

"Zinc-65 does not significantly contribute to the exposure dose from ,._

eating Columbia River fish" (BNSA-45).
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"The concentrationof a radionuclidein severalsamples from a selected

speciesof fish taken from a given sampling locationon any given date will

display a wide variance about their mean" (BNSA-4S).

_ Whitefish are the sports fish that containedthe highest levels of

radionuclidesand could be collectedduring winter months when other sports

. fish were difficultto sample (BNWL-1505).

Factors influencingradionuclideconcentrationsin fish included season,

river flows, water temperature,reactoroperatingconditions,catch location

and fish species (BNSA-45).

32.3.2

During 1969, 21 oyster sampleswere collectedfrom Willapa Bay,

Washington. Soft tissueswere analyzed for phosphorous-32,potassium-40,

zinc-65, cesium-137,and concentrationswere reported in units of pCi/g,wet

weight. Sampleswere collectedevery month during the year (BNWL-1505APP).

"Zinc-65 and 32p [phosphorous-32]were the only radionuclidesin the

reactor effluent that are found in sufficientabundancein food organisms

beyond the.mouth of the Columbia River to be of radiologicalinterest.

Oysters have been found to containhigher concentrationsof B5Zn[zinc-65]

than other common seafoods." The annual average concentrationsin oysters in

1969 were 19 pCi zinc-65/gand 2.8 pCi phosphorous-32/g(BNWL-1505).

32.3.3 Waterfowl

Waterfowl collectedon or near the Hanford site by site personnelwere

monitoredfor concentrationsof phosphorous-32,potassium-40,cobalt-58,

cobalt-60, zinc-65, cesium-134,and cesium-137. Some of the ducks from the

IO0-K trench were also analyzed for sodium-24,scandium-46,chromium-51,

cerium-praseodymium-144,and zirconium-95(BNWL-1505APP).

"The average of the monthly averageconcentrationsof 32p

[phosphorous-32] in the muscle of waterfowl collected on the river within the

Hanford project for the environmental monitoring program during hunting

seasons in 1969 was 72 pCi/g for 46 ducks and 3.6 pCi/g for 12 geese. The

maximum concentrationin such waterfowl during 1969 was 510 pCi 32p
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[phosphorous-3Z]/g,which is not significantlydifferentfrom the maximum

observed in 1968 for birds collectedin the same area" (BNWL-1505).

"In addition to the birds collectedon the river, nine waterfowlwere

sampled from swamps and a trench within the plant boundaries. Seven of the

sampleswere collected from swamps receivinglow-levelliquid wastes near the

chemical separationsareas, "Themuscle of these birds containedon the

average 34 pCi 3Zp [phosphorous-32]/gand <1 pCi BSZn[zinc-65]/g. The

predominantradionuclidein birds utilizingthese swamps, :37Cs[cesium-137],

was detected in concentrationsrangingfrom 70 to 420 pCi/g and averaging

300 pCi/g" (BNWL-1505).

The concentrationof phosphorous-32in a bird collectedat the IO0-K

trench in December was about 110,000pCi/g (BNWL-IOIg).
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33.0 FISH, SHELLFISH,AND WATI_RFOWL

.RADIONUCLIDECONTAM!NATI.ONSUMMARY FOR !970

, 33.1 MEDIA SAMPLED

33.1.1ZJ b

" Various tissueswere sampled from Columbia River fish. Most samples

were analyzed individually,but sometimesequal-sizedmuscle samplesfrom

5 different fish were composited for analyses. Species collectedas part

of the routine Hanford environmental-samplingprogram includedwhitefish

(125 individualand 5 composite samples),bass (29 individualand 8 composite

samples),catfish (127 individualand 13 compositesamples),crappie (91 indi-

vidual and 17 compositesamples),perch (69 individualand 12 composite

samples),carp (8 individualand 2 compositesamples), and suckers (4 indi-

vidual and I compositesamples) (BNWL-166gADD).

Concentrationdata for juvenile redside shiners, largescalesuckers,

chiselmouth,and squawfishwere reported graphicallyin anotherHanford study.

Sampleswere primarilywhole fish (shiners)or muscle tissue, but squawfish

and sucker carcassesand sucker gut contentswere also examined (BNWL-1377).

A limited study of whitefish was conductedfrom May to November

(BNWL-B-71).

33.1.2 Jz J_tf_i _b

The Hanford environmental-samplingprogram collectedoysters at Willapa

Bay, Washington. The soft tissueswere monitoredfor radionuclide

contamination(BNWL-1669ADD).

Clams, crabs, oysters, and shrimp were collected at llwaco,Washington,

in October (BNWL-SA-4206).

33.1.3 Waterfowl

Ducks and geese were collectedfrom various locations in and around the

Hanford site during the 1970 huntingseason. Muscle tissue was analyzed for
lm

radionuclidecontamination. Birds analyzedas part of the routine Hanford

surveillanceprogramduring 1970 includedMallards (71 birds),Green Winged

teals (2 birds),mergansers (4 birds), ruddy duck (I bird), goldeneye
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(I bird), lesser Canada geese (4 birds), and Canada honkers (14 birds)

(BNWL-.166g ADD).

Between December 29, 1969, and April 20, 1970, fourteen ducks were

collected at onsite trenches. Birds collected includedgadwalls,mallard-

gadwall crosses, widgeons,mallards,coots, and goldeneyes. Waterfowl

collected at other onsite surfacewater locationsincluded, in addition to the

birds listed above, buffleheads,ruddy ducks, a green-wingedTeal, a wood

duck, and a mallard duckling (BNWL-C-96).

33.2 SAMPLING LOCATIONS

For geographic sites ar,d sampling locations,see Figures4.1 to 4.6.

33.2.1

Routine Columbia River whitefish sampling areas included Ringold, White

Bluffs to Ringold, White Bluffs to IO0-K, White Bluffs, and Hanford,

Washington. Bass, catfish,crappie, and perch were taken at Island View,

Burbank, and Hover, Washington. Suckers were collected at Hover, Washington,

and carp were obtained at Island View, Washington (BNWL-1669ADD).

Additional Hanford fish samples were obtained near IO0-F (small fish)

and 11 km downstreamof the nearest reactor (largefish) (BNWL-.1377).

Whitefish collectedfor the limited study between May and November were

obtained from the river between IO0-K and White Bluffs, between White Bluffs

and Ringold, and betweenRingold and Richland (BNWL-B-71).

33.2.2 Shellfish

Oysters were obtained from Willapa Bay, Washington (BNWL-1669ADD).

Other Pacific coast organismswere collected at llwaco,Washington

(BNWL-SA-4206).

33.2.3 Wat.erfowl

Routine duck and geese sampleswere collectedat Hanford, Savage Island,

tOO-D, the river at IO0-.N,and White Bluffs,Washington (BNWL-1669ADD).

Throughout the year, other birds were taken on or near the Site at IO0-K
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' trench, IO0-N trench, 100-F trench,B swamp (pond),Gable swamp (pond),Redox

swamp, T swamp, U swamp (pond),and the 300 Area pond (BNWL-C-96).

, 33.3 RADIONUCLIDESMEASURED/REPORTED

33.3.1

Analytical results reported for fish collected as part of the routine

Hanford sampling program included sodium-24,phosphorous-32,potassium-40,

cobalt-60,cobalt-58,zinc-65, and cesium-137. Not all sampleswere analyzed

for all constituents. Concentrationswere reported in units of I0-B_Ci/g,

wet weight {BNWL-1669ADD). Other fish were also monitoredfor chromium-51,

manganese-54,iron-S9, zirconium-niobium-g5,and scandium-46. Results for

these fish were reported (graphically)in units of mean pCi/g, dry weight

(BNWL-1377).

A comparisonwith past data showed that concentrationsin fish collected

near the reactors in 1970 constituteda smaller source of exposure than fish

sampledbelow Ringold in previousyears. The averageconcentrationof

phosphorous-32and iron-65 in whitefishtaken between IO0-K and White Bluffs

during this study were 24 and 6 pCi/g, respectively(BNWL-B-71).

The Columbia River fish eaten most frequentlywere crappie, perch, and

bass (BNWL-I019).

"The average percentageof the maximum annual consumptionby specieswas

73% crappie, 16% bass and 11% perch." The average concentrationof

phosphorous-32in such a mixture of pan fisi_was about 5 X I0-B_Ci/g. The

zinc-65concentrationaveraged 2 X I0-BpCi/g (BNWL-1699).

33.3.2 s_.b.e_]lfish

Willapa Bay oysterswere analyzed for phosphorous-32,potassium-40,

zinc-65, and cesium-137. Sampleswere collectedmonthly (BNWL-1669ADD).

, Samplescollected at llwaco,Washington,were analyzedfor zinc-65

(BNWL-SA-4206).

" "Zinc-65 and 32p [phosphorous-32]are the only radionuclidesfrom Hanford

reactoreffluents that have been found in sufficientabundance in seafoods

collectedbeyond the mouth of the Columbia River to be of significanceto
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human radiationexposure. Oysters have been found to contain higher concen-

trations of 65Zn [zinc-65]than other common seafoods" (BNWL-1699).

The annual average concentrationsof zinc-65 and phosphorous-32in

oysters for 1970 were 1.3 x 10.5and 0.6 x 10.7_Ci/g, respectively

(BNWL-1699).

33,3.3 _

Waterfowlcollectedduring routine samplingwere analyzed for

phosphorous-32,sodium-24, potassium-40,cobalt-58,cobalt-60,zinc-65,

and cesium-137. Concentrationswere reported in units of 10-6_Ci/g, wet

weight (BNWL-1@69ADD). Other birds collectedonsite were analyzed for

scandium-46,chromium-51,manganese-54,iron-59,strontium-90,ruthenium-t03,

ruthenium-t06,and cerium-praseodymium-144(BNWL-C-96). Results for every

constituentwere not reported for all birds.

Spring and fall waterfowlmigrationscan result in a large (200,000)

temporary influx of birds to the area. Some birds remain in the area year

round (BNWL-1699).

Of the 15 waterfowl collectedat the IO0-K and IO0.-Ntrenches between

December 29, 1969, and April 20, 1970, seven containedphosphorous-32concen-

trations in muscle greater than 5 times the maximum concentrationfound in any

other birds collectedduring 1968 or 1969 (maximumof 140,000pCi/g, wet

weight) (BNWL-C-96). The K and N trencheswere coveredwith screen in the

spring of 1970 to prevent further access by waterfowl (BNWL-B-71).

Concentrationsof phosphorous-32and zinc-65 in ducks were lower in 1970

than in earlier years. The averageconcentrationsof zinc-65 and

phosphorous-32in duck muscle were about 1.2 and 9.6 pCi/g, respectively.

Seventy-nineducks were collected. Lower concentrationswere probably the

result of the shutdownof the KW reactoron February I, 1970, and the extended

shutdownsof the KE reactor during the year (BNWL-B-71,Part 2). There were _-

only two reactorsoperating during 1970: N-Reactor and IO0-KE (BNWL-SA-3455).

The maximum phosphorous-32concentrationseen in duck muscle was 1.7 x

10.4_Ci/g (BNWL-1699).
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The average concentrations of phosphorous-32 and ztnc-65 in goose muscle

in 1970 were 14 and 5.3 pCi/g, respectively. Seventeen geese were sampled

(BNWL-B-71).

#
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34.0 [ISH, SHELLFISH,AND WATERFOWL

_DIONUCLIDE CONTAMINATIONSUMMARYFOR 197]

34.1 MEDIA SAMPLEDC

34.1.1

" Muscle tissue was sampled from a few ColumbiaRiver fish during 1971.

Fewer fish were collectedthis year than in 1970 because the last of the

Hanford reactorswith once-throughcooling (KE reactor)was permanentlyshut

down in January 1971. Hanford environmentalpersonnelroutinely collected

muscle tissue from whitefish (34 samples, 20% of which were composites),

crappie (5 individualfish, 2 composite)and perch (7 individualfish).

Compositesamples consistedof equal weights of muscle from five fish

(BNWL-1683 ADD; BNWL-1683).

34.1.2 _I__

Washington coast oysters were collected for the routine Hanford environ-

mental sampling program (BNWL.-1683).Tissues from Pacific coast clams, crabs,

oysters, and shrimp were also analyzed (BNWL-SA-4206).

34.1.3 _L_jLej_f.Q_W.I.

Routine Hanford waterfowlcollectionsprimarilyincluded ducks and

geese. The livers of some birds collectedon site were monitored for

radionuclidecontamination,but most sampleswere of muscle tissue. Most

sampleswere analyzed individually,but sometimesequal-sizedmuscle samples

from five different birds were composited for analysis. Species routinely

collected (and approximatecollectiontotals) includedmallards (95 individual

samplesand 6 compositesamples),green-wingedteal (6 birds), golden eye

(3 birds), ruddy duck (3 birds),widgeon (I bird), pintail (I bird), redhead

(I bird), scaup (I bird), gadwall (2 birds), coots (3 birds), and I blue-

winged teal. A total of 14 individualand 3 compositegeese sampleswere also-}
analyzed. Sixteenof the sampleswere Canada geese and one was a lesser

Canada goose (BNWL-1683ADD).
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34.2 SAMPLING LOCATIONS

For geographic sites and samplinglocations, see Figures 4.1 to 4.6.

34.2.1 _

RoutineColumbia River fish-samplinglocations included Island View,

Burbank, and Hover, Washington. Whitefishwere also collectedfrom the

Columbia downstreamof the reactors (BNWL-1683-ADD).

34.2.2 Shellfish

Oysters obtained for the Hanfordenvironmentalsamplingprogram were

collectedat Willapa Bay, Washington (BNWL-16B3). Other Pacific coast organ-

isms were collected at llwaco,Washington (BNWL-SA-4206).

34.2.3

Waterfowlwere obtained from onsite and offsite surface-waterlocations.

Onsite locations includedU-swamp, Redox swamp, Gable swamp, B-swamp, 300 Area

pond, 100-F trench, and from the 100 Areas (BNWL-B-22B,BNWl.-1683ADD).

Columbia River sampling locationsfor ducks included Ringold,White Bluffs,

tOO-D, Savage Island,Hanford and 100-F. Geese were collectedfrom the

Columbia River, at 100-F, tOO-D,Hanford, White Bluffs, Savage Island, and

IO0-N (all Washington locations) (BNWL-1683ADD; BNWL-B-228).

34.3 ____III.O.NUCLIDESME_SURED]_JIP_

34.3.1 Zj_s_h

Analyticalresults reportedfor Columbia River whitefishcollected

downstreamof the reactors included sodium-24,phosphorous-32,potassium-40,

cobalt-SB,cobalt-60, zinc-65, and cesium-137. Both crappie and perch were

analyzed for phosphorous-32,potassium-40,zinc-65, and cesium-137, but

results for perch also includedcobalt-58and cobalt-60. Results were

tabulated and reported in units of 10-B_Ci/g, wet weight (BNWL-1683ADD). f

")!istorically,whitefishwere the fish species caught and consumed

locally that usually containedthe greatest concentrationsof radioactive

material, although pan fish specieswere of greater significanceas a source

of human exposure due to the difference in quantitiesconsumed" (BNWL-1683).
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"Phosphorous-32concentrationsin whitefishdropped to less than the

analyticallimit of 10.6_Ci/g within a month after shutdownof the KE

reactor" (BNWL-1683).

i Average concentrationsof phosphorous-32and zinc-65 in Columbia River

whitefish collectedfrom May throughNovember between IO0-K and White Bluffs

were 24 and 6 pCi/g, respectively. Concentrationsin fish samplednear the

reactorswere equivalent to concentrationsin fish collecteddownstream of the

reactor areas (BNWL-B-71,PAR'[I).

34.3.2

"Zinc-65 and 3Zp [phosphorous-32] are the only radionuclides from Hanford

reactor effluentsthat have been found in sufficient abundancein food

organisms beyond the mouth of the ColumbiaRiver to be of significanceto

human radiationexposure" (BNWL-1683).

"For 1971, the concentrationof 3Zp [phosphorous-32]was so low that

negligible quantitiesof 3Zpwere found in Willapa Bay oysters" (BNWL-1683).

Normally,because of changes in ocean currents,the seasonalminimum

concentrationof phosphorous-32in Willapa Bay oysters occurred in late summer

(BNWL-1683).

Concentrationsof zinc-65 in llwaco,Washington, shellfishwere as

follows: clams (1.5 pCi/g), crabs (3.7pCi/g), oysters (10.7 pCi/g), and

shrimp (0.48 pCi/g) (BNWL-SA-4206).

Resultswere reported for 12 Willapa oyster samples. Phosphorous-32

concentrationswere reported for three samples. Results for potassium-40,

zinc-65, and cesium-137were reportedfor all samples. Data were tabulated

and reported in units of pCi/g, wet weight (BNWL-1683ADD).

34.3.3 _aterf_g__!l

"About 30% of the game bird meals consumed by local hunters were

reported to be birds shot within about 5 km of the Columbia River between

Ringold and McNary Dam" (BNWL-1683).

"About 30% of all gamebirds taken locally were ducks and geese"

(BNWL-1683).
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"The average 137Cs[cesium-137] concentration was much lower in the river

waterfowl (89 birds) than the swamp and pond waterfowl (20 birds) indicating

that the river waterfowldo not frequent the 200 area swamps and ponds"

(BNWL-B-228).

Analytical results reported for routinelycollectedwaterfowlmuscle

samples included sodium-24,phosphorous-32,cobalt-58,cobalt-60,

potassium-40,zinc-65, strontium-g0,and cesium-137. Results were reported in

units of I0"6_Ci/g, wet weight. Livers from ducks captured onsite were also

analyzed for uranium, plutonium-239,and americium-241. Plutonium-239results

were reported for all liver samples, but uraniumand americium-241were only

reported for one locationeach (BNWL-B-228;BNWL.-1683ADD).

Fish samples were analyzed for sodium-24,phosphorous-32,potassium-40,

cobalt-58,cobalt-60, zinc-65,and cesium-137, Oysters were monitored for

phosphorous-32,potassium-40,zinc-65, and cesium-137. Not all fish samples

were analyzed for every constituent. Results for all organismswere reported

in tables in units of pCi/g, wet weight (BNWL-1683-ADD).
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35.0 FISH, SHELLFISH,AND WATERFOWL

RADIONUCLIDECONTAMINATIONSUMMARY FOR 1972

35.1 MEDIA SAMPLEP

35.i.1

Muscle samples were taken from Columbia River fish. Fish species

collectedincludedwhitefish,bass, sturgeon,catfish, steelhead, and bluegill

(BNWL-1727 ADD).

35.1.2 _Lb.e_U_f_i_,__b

Soft tissueswere taken from Willapa Bay oysters (BNWL-1727).

35.1.3 W_aterfow.1

Over 100 waterfowl were collectedfrom ponds and trenches on the Hanford

Site and from the Columbia River within the Hanford boundary (BNWL-1727).

Speciescollected includedmallards,blue-wingedteals, green-wingedteals,

mergansers,golden eyes, shovelers,I old squaw, coots, Canada geese, and

lesser Canada geese (BNWL-1727ADD).

35.2 _G LOCAT!QNS

For geographic sites and sampling locations,see Figures 4.1 to 4.6.

35.2.1

Columbia River fish were collected at Ringold, Burbank, Richland, and

Coyote Rapids, Washington (BNWL-1727ADD).

35.2.2 _.

Pacific oysters were obtained from Willapa Bay, Washington (BNWL-1727).

35.2.3 .W____.C_fow.__!l

Sampling locations for waterfowlcollected from the Columbia River

included IO0-F, 300 Area, tOO-H, Hanford,White Bluffs,and IO0-K. Onsite

, pond and trench locationsincludedT-swamp, the 300 Area pond, B-swamp (pond),

IO0-F trench, Honey Hill pond (probablyWestlake), Redox pond, Gable pond, and

U-swamp (pond) (BNWL-1727 ADD).
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34.3 LRADIONUCLIDESM_ASURED/REPORTED

34.3.1 Zm_Etr

Columbia River fish samples were analyzed for sodium-24, phosphorous-32,

potassium-40, cobalt-58, cobalt-60, zinc-65, strontium-gO, and cesium-137.

Results were reported in units of _Ci/g, wet weight (BNWL-1727).

Whitefish were collected monthly at Ringold in 1972. The remainder of

the fish samples were sampled in July and September (BNWL-1727).

Average zinc-65 and phosphorous-32 concentrations in 21 whitefish

sampled "in 1972 were 0.4 pCi/g and 0.62 pCi/g, respectively. Maximums were

1.8 pCi/g for phosphorous-32 and 0.92 pCi/g for zinc-65 (BNWL-1727).

"Historically, whitefish were the fish species caught and consumed

locally that usually contained the greatestconcentrationsof radioactive

material, althoughpan fish specieswere of greater significanceas a source

of human exposure due to the difference in quantitiesconsumed" (BNWL-1727).

35.3.2 Shellfish

Routinely sampledoysters were collectedin all months except March,

October, November, and December (BNWL-1727ADD).

Willapa Bay oysters were monitoredfor potassium-40,zinc-65, and

cesium-137 (BNWL-1727ADD). Some yearly maximum and minimum values for oysters

were reported in units of pCi/g (BNWL-1727;BNWL-1727ADD).

"Zinc-65 and _2p [phosphorous-32]are the only radionuclidesfrom Hanford

reactoreffluentsthat have been found in sufficient abundancein seafoods

collectedbeyond the mouth of the ColumbiaRiver to be of significanceto

human radiationexposure" (BNWL-1727).

Routine analysis for phosphorous-32in Willapa Bay oysterswas discon-

tinued followingthe shutdown of KE reactor. Zinc-65 levels for nine oyster

samples averaged 1.7 pCi/g in 1972 (BNWL-1727). t
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35.3°3 Waterfowl

On average,radionuclideconcentrationswere similar in ducks and geese.

Zinc-,6Sand cobalt-60averaged less than 0.1 x I0"BpCi/g and 0.15 x

I0"B_Ci/g, respectively. Phosphorous-32was not routinelymeasured

(BNWL-1727).

Uranium and plutoniumwere measured in livers of ducks collectedfrom

onsite ponds. Data were reported in units of pCi/g, wet weight (BNWL-1727

ADD).

Cesium-137 levelswere much lower in river waterfowl than in waterfowl

collected from the onsite ponds and trenches (BNWL-B-278).

REFERENCES

BNWL-1727 Bramson, P.E., and J.P. Corley. 1973. Environmental
Surveillanceat H_nfQrd.for CY-I__7__.Pacific Northwest
Laboratory,Richland,Washington.

BNWL-1727ADD Bramson, P.E., and J.P. Corley. 1973. Environmental
Surveillanceat Hanfordfor CY-1972, Data ADDendix. Pacific
NorthwestLaboratory,Richland,Washington.

BNWL-B-278 Bramson, P.E., J.P. Corley, and W.L. Nees. 1973. Environ-
mental Status of the Hanford R_s_rvationfor cY-1977. Pacific
NorthwestLaboratory,Richland,Washington.

35.3



PNWD-1986 HEDR
UC-707

DISTRIBUTION

No. of No. of
C_opies Copies

OFFSITE K. Jo Kopecky
( Fred Hutchinson Cancer

T_chnical Steerinq_P_ne! Research Center
1124 Columbia Street

! D.S. Barth Seattle,WA 98104
Universityof Nevada
4505 Maryland Parkway P.D. McGavran
Las Vegas, NV 89154 Dept. of Health and Welfare

450 W. State Street, 4th Floor
W. A. Bishop Boise, ID 83720-5450
2503 WedgewoodCourt S.E.
Olympia, WA 98501 R.L. Morrill

Dept. of Geography, DP-IO
M. L. Blazek Universityof Washington
Oregon Department of Energy Seattle,WA 98195
625 Marion Street N.E.
Salem, OR 97310 A.H. Murphy

Dept. of AtmosphericSciences
G. G. Caldwell Oregon State University
_irector Corvallis,OR 97331-2209
Tulsa City-CountyHealth Dept.
4616 East 1Sth Street D.W. Price
Tulsa, OK 74112 AgriculturalEconomics

HulbertHall Room 211
S. N. Davis WashingtonState University
Dept. of Hydrologyand Pullman,WA 99164-6210
Water Resources

Building 11 M.A. Robkin
Universityof Arizona RadiologicalSciences,SB-75
Tucson, AZ 85721 Universityof Washington

Seattle,WA 98195
N. J. Germond
224 Iron Mountain Blvd. G.S. Roessler
Lake Oswego, OR 97034 Route I Box 139H

Elysian,MN 56028
P. C. Klingeman
Civil EngineeringDept. B. Shleien
Appejin Hall 202 2421 HomesteadDrive
Oregon State University Silver Springs, MD 20902

| Corvallis, OR 97331-2302

Distr.1



PNWD-1986 HEDR
UC 707

No. of No. of
Copies Copies

A. P. Slickpoo, Sr. '
809 Nez Perce Lane
P.O. Box 331 6 DOE Richland Field Office
Kamiah, ID 83536

R. F. Brich, TSD A5-55
J. E. Till Public Reading Room (5) AI-65
Route 2 Box 122
Neeses, SC 29107 29 P_cifi(_Northwest Labor_tor.y

D. E. Walker, Jr. J.M. Daer (5) KI-25
P.O. Box 4147 D.H. Denham K6-15
Boulder, CO 80306 J.P. Duncan K6-09

R. L. Dirkes K6-13
OTHER W.T. Farris K3-54

M. D. Freshley K6-77
2 DOE Office of Scientificand R.O. Gilbert K7-34

Technical Information W.A. Glass K4-13
Technical InformationCenter D° J. Hanley K3-53
P.O. Box 62 R° W. Hanf K6-13
Oak Ridge, TN 37830 G.L. Harvey KI-77

C. M° Heeb K6-42
B. Go Brooks, EH-421 T° Ao Ikenberry K3-54
Room J-112 A.H. McMakin KI-25
Departmentof Energy B.A. Napier K3-54
Germantown,MD 20545 J. V° Ramsdell K6-03

D. L. Stewart K6-91
18 K. CharLee W. L° Templeton KI-30

Office of Nuclear Waste Mgmt. M.E. Thiede K6-13
Departmentof Ecology W.H. Walters K6-09
719 SleaterKinney Road, S.E. G.L. Wilfert K6-54
Suite 200 PublishingCoordination KI-06
Olympia, WA 98504 RecordsCenter K3-70

TechnicalLibrary (2) P8-55
L. E. Sewall
Centers for Disease Control
1600 Clifton Road
Atlanta, GA 30333

J. Thomas
HEAL
1720 N. Ash
Spokane,WA 99205 i

Distr.2





_l _,,,i,p_n"' ,t _'"_P......... rJJr",_l i_ %,,r ',llt_ ,,I Ill,I, ,,,,,, p,,,lll_",u q_l,'_l_,er'V:........ ,v,, lr'u,vpq, ,,_..... ,r, 'Jk_q,',,'l_,'r','rJil"P' ql.... t_,'....... wr,, _, _,' ,_l.... Ir,qN1iqlqrl'1i......... fl ..... rl ,_l'a,rdlJ,_........ i_e,r,, ,,', r_qrrrl"l_iPieTI,qkl ' _n%lr__,',' Pl,_*_l


