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A historical account of earlier radioecological studies together 

vi.th a basic description of the Colu::ibia RiYer, its chemical and physical 

characteristics, and the extent of the drainage basin haYe been reported 

(3, 4). 

Changes modifying river conditions have ta.ken place since the studies 

conducted before 1956 and those of this report vhich vere conducted 

betveen February 1966 and September 1967. The number and location of the 

operating reactors have changed vi.th time (Fig. 1). As tla.D.Y as eig.~t 

reactors vere in operation during the studies prior to 1956. In late 

. 
. : 

f 
·: 

' ' 

;, 

• ' 
1964 and early 1965 three reactors closed, and a fourth vas shut dovn during ! 

the course of this investigation in 1967. The effect of the earlJ' reactor 

closures 011 the concentrations of radionuclides in the river biota has 

been reported (9), Six reactors vere operating during most of this 

study. One of these, 100-N, has a closed prima.rf cooling system vith 

river vater used as a secondary coolant. Effluent from this reactor nor:n.ally 

contains 110 radioactive ma.terials, but does introduce heat into the river , 

During this study the discharge of radionuclides into the river vas 

interrupted for more than 40 days in July and August of 1966 vhen all 

reactors vere shut dovn during a labor dispute. This vas the first time 

since the start of plant operation in 1944 that all reactors vere simul­

taneously out of operation. This disrupted the study of seasonal cycles 

of radionuclide concentrations in the river organisms, but provided a unique 

opportunity to observe the decline and subsequent accumulation of radio­

activity in the biota during reactor closure and resumption of operation 

(11, 

into 

12). 

1967 

This reactor closure necessitated an extension of this study 

to measure the "nor:nal" seasonal values during the su.:cer 



• I 

RADIOECOLOGICAL STUDI~S 

I:I THE 

COLUH3IA RIER 

INT;\ODUC:::'ION 

The use. of Colu:ibia River vater as a reactor coolant and the sub­

sequent discharge of this cooling vater into the River introduces a 

number of rad:oactive elements into the river environment. These radio­

nuclides are produced by the neutron activation of stable elements in 

solution in the cooling vater and the sloughing off of radioactive 

corrosion products fro~ the surfaces of the reactor cooling tubes. The 

relationships of these radioactive materials to river organisms have 

been studied since reactor operations began in 1944 (l-10). Radioa.nalyses 

in the earlier studies (3, 4), dealing mainly vith seasonal variations, 

species differences, and geographical distribution of radioisotopes by 

the river biota, vere confined to the measurement of total beta emitter 

activity and to the estimation of relative ar:iounts of phosphorus-32 

through decay curve analysis. 

The purpose of this study is (1) to define the interspecies and 

seasonal variations in the concentration of several of the more biolog­

ically important radionuclides, and (2 ) to update the findings of some 

of the earlier investigations. 
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period. 

~e es~ablisr...::ient of hydroelectric da::is upstrea.::i fro~ Ranford has 

~edified t~e river envircn=ent. 3et.een 1956 a.=id 1967 three lov~~ead 

d 0 ~s vere built at distances fro~ 20 to 147 k.:l upstrea::n from the rea.ctors. 

?:-iest ?.apids Dam, i.!!:nediately upstrea= ·fro~ the Hanford Rese::-,aticn, exerts 

t~e g:-e~test infl~ence on the local river conditions. River plankton 

species c0!4position a.r.d quantity have changed ~B..!'"kedly (13). Dominant 

species are lentic rather than lotic. The retention and release of va.ter 

average diurnal river elevation fluctc1.ations of 1.8 ~. vith maxi;:ru;:1 as 

high as 3.8 m immediately dovnstrea.::i (Fig. 2). Daily fluctuatious of 2 m 

vere comr::on near our sa.:ipling sites. 

Diurnal changes in river flcv vere correspondingly great, vi.th the 

maxi.;num often ~ore than double the minioum. A lov-head dam, such as that 

at Priest Rapids, exerts its g::-eatest influence during average or lov 

flcv periods (fall and vinter), and least during the freshet (spring and 

early sumner). 

These changes in hyd.rographic conditions have destroyed much of the 

littoral zone productivity. Near-shore production of benthic for:ns, 

particularly sessile algae, has been reduced due to restrictions in light 

penetration resulting from higher turbidity and greater mean vater depth 

bec~use of diurnal •.;ater level fluctuations. The stability of shoreline 

habita~ used as feeding and resti~g areas by iI:1!:lature fish is destroyed. 

The rapid variations in river elevation have nearly eliminated organisms 

sucj as cr~yfish and 1JB.ter boat=en (Corixidae) from littoral zone areas 

c~ for~er acunda..~ce. 
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All sa:::iples, except la:-ge fish, ~ere collected near 100-F area 

(Fig. 1), about 13.5 k.:n dovnstre!l.!l from the nea.:-est reactor ef~luent 

out~all. in a zone of nea.:-ly complete ef':"luent :i.:.xi:ig. The se.:npling site 

vas character i zed by a gently sloping botto::i, substrate ranging in si~e 

f'roa fine sedi.!:lent to r..ibble 4 d.::t in diameter ( average approxi::la.tely 1 dm), 

and vater depth fluctuating daily from 0.5 to more than 2 m. 

Samples vere obtained by •.ra.ding du:ing ~or~ing lO"'J vater periods. 

Plankton vas collected vi.th 70 u mesh nets suspended in the river currents, 

periphyton and invertebrates vere picked or scraped from stones f'rom 

the bottom, and s=i.all fish vere collected vi.th a hand seine in small 

inlets along shore. All sa.:nples vere usually processed and sub:iitted 

f'or radioactivity measurement vi.thin 2 hr after collection. 

La:ge fish vere collected near w'hite Bluffs in an area about 11 lc:l 

dovnstrea.:n from the nearest reactor vhere lov current velocities 

permitted the use of gill nets. They vere refrigerated until processed 

in the laboratory, usually on the day of collection. 

Sample processing vas as follovs: 

(1) Periphyton, sponge, caddisfly larvae - vashed in river vater, 

debris removed, excess moisture blotted vith paper tovels. 

(2) Plankton - .rater decant ed fro m settled sample, excess moisture 

blotted vi.th paper towels. 

(3) To standardize the removal of surface moisture, the acove 

samples vere placed in 20 ml plastic tubes vith a vater 
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and neptuniuo-239. Data transferred to punch ca.rds for computer 

analyses. 

(h) Initial computation of concentrations of garm:ia. e!l1itters ;;as 

-:::i.ade by use of the GE:X prcg:-a.=i (15); ~-1..~her analyses vere 

ma.de on output fro::i. a FO~'i program. 

Beta emitter analyses: 

(1) Total beta - a sing~e aliquot of 1 to 1.5 g vet vt spread evenly 

and dried on a l'' stainless steel planchett, counted vith a vide 

beta, thin vindov, gas flcv proportional analyzer. 

(2) Phosphorus-32 - measured by a differential absorber technique 

(14), on the saze sample and counting system used for total 

beta. A decay period of 7 to 10 days alloved before counting 

for phosphorus-32 for decay of interfering short-lived radio­

nuclides. 

(3) Results vere calculated on a special computer prog:-a.m. 

Standard veights: 

(1) One to five grams vet sample ta..~en on each series of samples, 

dried at 60 C and 15" of mercur,r vacuum for 24 hr for standard 

dry veight deter.nination. 

(2) Sample then ashed at 425 C for a minimum of 24 hr for deter.:rin­

ation of ash veight. 

(3) All sa.=iples cooled to room temperature in a dessicator before 

·,1e i ~hing. 
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reservoir in the bottom and centrifuged for 5 min; caddis fly 

la.rrae at 700 rpm, remainder at 2000 rpm. 

(4) Limpets - sediment and algae vashed f:"o~ shell, stea::ied over a 

( 5) 

(6) 

;.rater bath for about 3 i::iin, shell and soft parts se;,arated. 

Small fish - sur:'ace moisture blotted, gut contents removed, 

mas cerated to for::i a homogenate. 

Large fish (at least 6 individuals of each species s 8.!:!pled 

vhen available) - gut contents re!llCved, Sa!:iple ~rom anterior 

gut retained for radioana.lysis, fish separated into muscle 

and "carcass" (remainder) fractions, g:-ound to a homogenate. 

Gamma emitter analyses: 

(1) Plankton, periph:,rton, sponge, caddisfly la:-vae, limpets, small 

fish, and large fish gut contents - three aliquots of about 

4 ml equivalent volume placed in the bottom of 20 ml glass 

test tubes, 1 ml 10% for::ialin added to inhibit decay. 

(2) Large fish . muscle and "carcass" - a 125 to 500 ml equivalent 

volume of each tissue from each fish put in 500 ml polyethylene 

bottle. 

(3) Gamma measurement done vith either a 3" x 3", or 9" x 11" 

NaI vell crJstal vith readout on a 400 channel analyzer. 

Measurements ...-ere made for the folloving radionuclides: sodium-24, 

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

zinc-65, zirconium-niobiwn-95, rutheniUI:J-rhodiur.i-106, iodine-131, 

cesium-137, bariU!ll-140, lanthanum-140, cerium-praseodynit.U!l-144, 
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variations in vat er radioacti •ri ty a:e inversely related. to r::rer flov. 

This is appa:ent by cooparison of seasonal trends in Fig. 2 vith 

variations in river flo~ sho-.m in Fig. 3. 

Factors other than dilution r:18.Y also influence the radionuclides in 

solution in river vater. Zinc-65, nanganese-54, zirconium-niobium-95, 

iron-59, and scandium-46 are associated mainly vith particulates (17) 

and the concentrations of these isotopes in solution vould be reduced b7 

suspended silt in the River. These nuclides a:-e depleted ~ore rapidly 

vi.th transport dovnstream than is chromium-51, for instance, vhich 

re!!l8.ins mainly in solution. 

The concentrations of some radinnuclides in vater vere slightly 

higher in 1967 than previously reported measure~ents. In Septe~ber 1957, 

the zinc-65 and chromium-51 values vere 89 pCi/1 and 2000 pCi/1 , respec­

tively (7); in September 1967, they vere 200 pCi/1 and 4000 pCi/1, 

respectively. The 1957 measurements vere made on a single grab sample 

and may be less representative than the analyses of integrated samples 

in 1967. 

River oriranis:::is 

Some of the 15 radionuclides for vhich analyses vere made in the 

river biota vere not present consistently and in sufficient amounts to 

be use~ul in demonstrating seasonal trends. Concentrations of phosphorus-32, i 

zinc-65, chromium-51, manganese-54, iron-59, zirconium-niobium-95, and, 

in sc:::ie insta.,ces, sca..,diUI::-46 ~ere ~easureable in most or5a.~is~s 

thro~g.~out the year. ~o pe:-::iit comparison vith results of ee:J..ier 

I 
t 

t 
l 

i 
t 
f 
' 
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Stable element analyses: 

Measured by flame spectroscopy (Na, K), colori.:netric (P), a.nd atomic 

abso?"?tion (Ca, Mg, Cu, Zn, Fe, Mn, Cr, and Co) tec::mia_ues: 

RESULTS A.i'ffi DISCUSSION 

A number of rad.ionuclides are introduced into the river in the 

reactor effluents but only a fev are of biological significance. Some 

vith short half-lives are quietly lost from the ecosyste~ through radio­

active decay, vhile others are not accumulated to any extent by the river 

biota. Zinc-65 and phosphorus-32 are the radionuclides of greatest bio­

logical importance and chromium-51 is the most abundant. At Richland, 

about 45 km dovnstream from the reactors, chromium-51 accounts for 

approximately 50% of the total radioactivity in the vater, and zinc-65 

and phosphorus-32 contribute 2% and 1%, respectively (16). 

The concentrations of chromium-51, zinc-65, and phosphorus-32 in 

vater, collected vith a continuous sampler near the organism sampling 

sites, are given in Fig. 2. The 1967 values for July through September 

replace the measurements for the same period in 1966 vhen the nor.n.al 

seasonal patterns vere disrupted by the previously mentioned reactor 

closures. This replacement of one year's values for those of another 

is made vith the reali=ation that the precise pattern and quantity of radio­

nuclides in the vater may vary in consecutive years, but this approach 

is considered reasonable for the general illustration of seasonal 

trends. The effluent discharge rate is relatively constant so seasonal 
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studies (3, h), analyses vere also :::ade for total beta activity ~hici 

vill be discussed later. Sodit.U:1-24 -.ras present in most biological 

ma-:e:-ials, but its relati·rely short half-li:"e (15 hrs), the lapse of 

seve:-al days bet~een collection and lab processing and subsequent 

radioactivity counting, and the associated unce=--:a.inty of decay corrections, 

made the analytical results for this isotope questionable. Consequently 

they a.re not discussed in this report. The mean values of radionuclide 

concentrations in all sa;n-ples are presented in Appendices A and B. 

The seasonal variations in concentrations of phosphorus-32, zinc-65, 

ch=o::ti.w:i-51, m.e.nganese-54, iron-59, and zirconiu:n-niobiu::i-95 in repre­

sentative riYer organis:ns a.re shovn in Figs. 4 to 21. Si:nila.r to the 

treat:nent of the -.rater data, the 1967 July thro~ September biota 

values are substituted for the same values in 1966 vhen the reactor 

shutdovn altered normal seasonal pattens. Values plotted on the graphs 

are the means of replicate analyses, vhen available. Values less than 

t~ice the associated counting and computation error vere rejected and 

treated as zero in the calculation of the mean values. This tended to 

produce nany zero values, shovn as baseline points in the Figures, during 

seasons of the year vhen concentrations of certain radionuclides 

fluctuated around this cut-off point. This is particularl:, evident for 

the manganese-54 and zirconiw:i-niobiu:n-95 levels in net plankton (Figs. 

5 and 6). 

Variation in riYer flov, •.mich produces cha.~ges in the dilution of 

the reactor effluen~s, and river te:nperature, vhich affects metabolic 

rate, are t~o of the ~ost influential factors in the control of radio-

nuclide content o:" t:--.e r::rer biota. Cooparison of river :'lov and 
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FIGURE 6. CONCENTRATIONS OF IRON-59 AND ZIRCONIUM-NIOBIUM-: 
IN NET PLANKTON 
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FIGURE 7. CONCENTRATIONS OF PHOSPHORUS-32 AND ZI NC-65 IN 
PERIPHYTON 
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FIGURE 4. CONCENTRATIONS OF PHORPHORUS-32 AND ZINC-65 IN 
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FIGURE 10. CONCENTRATIONS OF PHOSPHORUS-32 AND ZINC-65 IN 
CADDISFLY LARVAE, HYDROPSYCHIDAE 
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FIGURE 8. CONCENTRATIONS OF CHROMIUM-51 AND MANGANESE-5 4 IN 

PERIPHYTON 
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FIG URE 9. CONCENTRATIONS OF IRO N-59 AND ZIRCONIU~1-NIOBI U~-95 
IN PERIPHYTON 
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FIGURE 14. CONCENTRATIONS OF CHROMIUM-51 AND MANGANESE-54 
IN LIMPET SOFT PARTS AND SHELL, Fisherola nuttalli 
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FIGURE 15. CONCENTRATIO~;;: OF I~ON-59 AND ZIRCONIUM-NIOBIUM-95 
I~ LIMPET SOF~ PARTS AND SHELL, Fisherola nuttalli 
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FIGURE 12. CONCE NTRATIONS OF IRON-59 AND ZIRCONIUM-NIOBIUM-95 
IN CADDISFLY LARVAE, HYDROPSYCHIDAE 
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FIGURE 13. CONCENTRATIONS OF PHOSPHORUS-32 AND ZI:1C-65 I:1 
LI~PST SOFT PARTS AND SHELL, Fisherola nuttalli 
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FIGURE 18. CONCENTRATIONS OF PHOSPHORUS-32, ZINC-65, 
CHROMIUM-51, AND MANGANESE-54 IN LARGESCALE 
SUCKER CARCASS, Catostomus macrocheilus 
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FIGURE 19. CONCENTRATIONS OF PHOSPHORUS-32, ZINC-65, AND 
CHROMIUM-51 I N NORTHERN SQUAWFISH CARCASS, 
Ptychocheilus oregonensis 
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te!!lperature (Fig. 3) vith the seasonal fluctuation in radionuclide 

burden in the organis~s shovs this relationship. In general, mini~w:i 

levels for most radionuclides in both plant and ani::ial for:is occurred 

du.ring the late spring and early su.::i:ner, a:id vere prioarily the result 

of maxim:u::i dilution of reactor effluents by the annual freshet. High 

tu.rbidit7, vhich limits autotrophic :etabolis: throug:i the restriction 

of light, and increased quantity of suspended sedi.::lents of~ering ::iore 

sites for isotope adsorption also contribute to the lover concentrations 

of rad.ionuclides during periods of high flO'W'. 

The season of maxi~um radionuclide burden va.s different in plant 

and animal for::is. Highest levels in animals usually occurred in late 

summer and early fall vhen river flo-.rs vere decreasing and vater te:::I?er-

atures vere at the yearly max.i~um. The slig:it increase in radionuclide 

concentrations accompanying the spring rise in river temperatures vas 

reversed by dilution of the annual runoff. Concentrations in the auto­

trophic organisms, plankton and periphyton, shoved maximums i~ late fall 

and vinter vhen both flov and temperature vere at a minimum, and radio­

nuclide concentrations in the vater at a maximum. 

Phosphorus-32 vas generally the most abundant nuclide in the biota 

and shoved a relatively large seasonal variation. Differences betveen 

the annual minimums and maxi.:nwns ranged from 10 to 100 fold, and greatest 

seasonal changes occurred in large fish tissues. Concentrations of 

200,000 pCi phosphorus-32/g drJ vt vere oose!"Ved in periphyton and there 

va.s a general decrease in concentration vith progressively higher trophic 

levels. The cooparatively hig:i le•tels o:' phosphorus-32 in r i •1er organis:ns 

are due to the lov conce~trations o:' stable phosphor~s in the r i v~r ~at er 
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I 
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FIGURE 21 . CO~!CENTR.rlTIONS OF CHROMIUM-51, MANGrl,.NE SE-54, 
AND SCANDI UM - 46 IN LARGESCALE SUCKER GUT CONTE~TS, 
Cato stomu s ~acro cheil u s 
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in trophic l evel, vi.th very little seasonal fluctuation evident in fish. 

This is pa:tly due to the long ef:'ecti·re hal:"-li!"e of t::iis element in 

fish. !n rainbov trout, a half-life of 134 days has been reported 

(19), and is probably si~ilar in other fishes. 

Ch!-oniun-51 vas the nest abundant radionuclide in plankton and 

periphyton, vas nea!"ly as plentiful as phosphcr'.!S-32 and zinc-65 in 

the invertebrates, but .ras absent or infre~uently observed in fish 

muscle. It vas consistently found in fish "ca.rcass," the portion that 

included the outer surface of the ani::.s.ls. P.ad:!.oc~ro~i....:= i3 of little 

biological importance as a metabolite, but because of its relative 

abund~ce in the va.ter (Fig. 2), much is adsorbed on the outer surfaces 

of river organi sns. Its seasonal variation is much less than that of 

phosphorus-32 vi.th the :naxi.mum concentration usually less than 20 ti~es 

the minim.un . The gut contents of the invertebrates, caddisfly larvae 

and l:!..:iipets, are composed largely of algae and detritus, and contribute 

sig!'.li:"icantly to the chrcmiu::i-51 burden in these ani;:ials. 

The seasonal pattern of concentrations of m.anganese-54, iron-59, 

and zirconium-niobium-95 vere similar vi.th the maximum usually less 

than 20 times the mini~u:i. Both iron-59 and manganese-54 shoved little 

seasonal change in fish and zirconiu:::i-niobium-95 vas not found often 

enough to she~ seasonal trends. 

Total 3e t a Corn~a:is ons 

T:.e usef:uness of total beta activity neasurements is of limited 

value teca~s ~ of t:1 e ·ra:-; i:ig i:if::!.ue~ce o f contributing radionuclid.es. 
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(ca 0.01 ppm Po 4) and to its high biological conce:itraticn (13), thus 

enhancing the relative a:::ounts of radioactive ;~csphor~s. 

Zinc-65 vas gene~a.lly t~e second ~est a~uniar.t ~ai:oele=e~t ir. 

biota. Its concentrations and seasonal variations vere al::lcst identi::a: 

to those of phosphor~s-32 in - net plar.kton. Its ccnce:1tra~icns i~ 

lover than that of phosphorus-32. The net plar.kto~. pr~=.r:ly ph~--to-

plankton, is deri ·red to a large extent from the river upstrea.= fro::i. the 

reactor outfalls, although the sloug.~ing of radioactive periphyton do;.'!1-

strea..:n from the reactors contributes to the radionuclide bll1'den of tte 

plankton that vas collected in this study. The expcs~re of the plar~tc.:: 

to the reactor effluents is relatively brief a.~d equ~: tc the fev tcu:-s 

necessa::-1 for the rive::- to t:-avel from the poi:its of e::'flt:ent discha:-ge 

to the collection site. Plankton exposure to :-adionuclides is confined 

to those contained in the ;.'8.ter mass in ·.rhich it is t::-a·re2.ir:; and t'.-lere-

fore reflects short ter::i fluctuations in the radioacti·:ity cf t::ie va.ter . 

Much of its radioactivity is adsorbed to the outer sll1'face and net 

assi::i.ilated by the algal cells. Although both the pla.~~ton and periphyton 

have large surface to volume ratios making surface adsor;ition an i~po:-ta.~t 

route of uptake. the periphyton, because of its f .:..::ed pos i: :.en acts as 

an integrater and reflects a smoother seasonal patter:: of acc~ulatior.. 

A defi:iite sa...::ier d.ec::-ease in zinc-65 in pe::-iph:rton •.:a:; o·c se::-·:ec. i:: l ?c ~-

6i. ( 1 0 ; , b~: is 

hig.:: vater pe::-icd ::~ t:ie :;,r-esent s:t.:.c.:;- . 

. .......... --.... - .. -
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FIGURE 22. COMPARISON OF TOTAL BETA CO NCE NTRATION 
IN RIVER ORGANISMS FOR THE YEARS 1952, 
1955, AND 1966-67 
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Total beta analyses do offer a basis, hovever, for co~aring ~easureoents 

obtained prior to 1956 -~th those o~ this study. 'I':le dire=t coa:pe:ison 

of t~e e.=:ounts of beta radioactivity found in the present stud,:, vith that 

of ea:-lier investi~ations is ha.::ipered by (1) the nll!:lber of operating 

reactors, and hence effluent output, changed vi.th ti=e, (2) codifications 

in cc~:ir.g va.ter trea-:=ent that altered the c~aracter cf the effluent in 

te!":lS of a::ounts ~c relati,~ prO!Jortions of certain radionuclides, and 

(3) changes and refineoent of beta measure~ent in the biological materials. 

?i~.!!"e 22 ~resents the seasonal concentrations of total beta activity 

in . four organisms during 1952, 1955, and 1966-67. 

In general, seasonal fluctuations and levels vere similar for the 

pla:1k~on, caddisfly la:-vae, and largescale sucker muscle. This is especially 

re=?..rka~le \/hen c~e considers the changes ~hich occurred in the River 

during t~is period as =entioned in the Introduction. 

~let pla.~kton concentrations vere generally higher in 1952 and the 

ti~e of t~e lovest concentrations vas in June, a month earlier than in 

1955 and 1966-67. Data for caddisfly larrae and largescale sucker are 

not complete enough for comparison of seasonal trends. Sioilar patterns, 

hovever, and levels of activity are evident \/here comparison is possible. 

Trends in the concentrations of total beta activity in the reds±de 

shiners, ho~ever, appea!"ed to be different during the January to June 

?eriod of the three years, but si=ilar in late su:::::ier and fall. Seasonal 
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sentati•re ai'pecies at four seasons for the yea.rs 1955 and 1966-67. 

Differences bet~een species is greatest dU!"icg the first quarter 

of the year vhen vater te~peratu:-e and flov are near the mini~UI:1; 

least differences occ'.lr during the seccnd and third quarters of the 

ye9: vhen higher te~peratures enhance t~e metabolise of many of the 

a.n::..=-a.l species, a.~d river flovs a.re declining and approaching the amiual 

A decrease in activity vith prog=ession up the trophic 

levels is very apparent in the first half of the year. This relation­

shiF chacges in the third quarter vhen the activities in many of the 

~i::.a.ls approach or exceed the concentrations in net plankton. 

r~ spite of the changes in reactor operation and sample analyses 

that li.::lit the direct comparison of quantities of beta activity found 

i~ th i s study vith that of earlier investigations, one vould e~ect a 

greater change vith ti~e than is indicated in Fig. 23. With most 

organis=s and at all seasons of the yea:-, the concentrations of beta 

acti •:i ty in 1966-67 are much the same as that of 1955. In 1955, 

e i ?ht re~ctors were operating, and only five in 1966-67. This vould 

see~ to indicate that the accu:nulation of radioactive materials by 

the r i •rer biota is not directly related to the number of operating 

reactors, but to the total radioactivity in the effluents. 

,.. ,.. . 
u ~ ~o::mar1sor.s 

,.:._-:::.:.. .:----: i ~ al c~:='at.:. .:.it:: 1:c; :'or :::ieasu.ring concentrations of ga.::ima 

::-:?.ci icr: ·~ -: 2. :. : ~s h:-. ·; e bee~ ~r.:-:'ec:ed since results of many of the early 
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9 2 7 7 ~ 9 

TABLE 1. Comparison of Concentrations of Gamma Emitting Radionuclides in Columbia 
River Organisms 195 -67 

ECi/5 vet vei~ht 
Sessile Limpet 

Green Caddiafly Soft Limpet 
Plankton Al5ae SEon5e Larvae Parts Shell Minnm.rs 

116 1957(l) 1730 94.1 10.6 ~-706(3) Sc 
1967( 2 ) 5690 3020 2130 968 87 475 

51Cr 1957 7900 4580 6000 372 
196l1 (Ii) 59500 43400 10200 3590 19l10 .1080 
1965( 11 ) 28400 32900 16000 l1890 2260 1350 

1~~6( 3) 1967 12600 10160 5060 3030 696 1060 
I 
w 

5l1t.\n 1957 1030 79.1 
0 
I 

1967 791 1080 603 l1117 136 359 0 ( 3) 

59Fe 1957 16l10 
20~ 11 ( 3) 1967 1250 1360 860 537 260 27li 

6oco 1957 155 11.6 1.72 ( 3) 
1967 41 1156 0 1 80 31 0 

65zn 1957 12300 1l160 1980 762 
196l1 14000 8870 3070 1970 2820 658 
1965 1910 3250 2500 1770 1360 3l16 

2;? 3) 1967 4580 2050 1910 1790 1560 435 
95zr-Nb 1957 1790 66.3 

1967 953 380 553 156 109 13 0 

11,0 
1957 901 li2.2 Ba 0--(3) 
1967 1910 l159 510 367 96 117 
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are a,ailable prior to 1960. Analysis of these early data are also 

subject to the sa.!!le qualifications mentioned in the previous section 

com~aring total beta activity. 

Coo~arison of the concentr~tions cf ga:::i=ia e~itting radionuclides ce 

given in Table 1. All data presented in this table vere collected dll!"ing 

approx;~ately the same ti~e of year (August-October) and from the sa.::ie 

general a:-ea of t~e river ~.....,ed.::.ately ~cvnstream from 100-F area. 

Similar to the total beta measu:-ements, no consistent ti~e related 

trends in the concentrations of specific radionuclides is apparent. 

Effects of Reactor Shutdovn 

The shutdo;m of the reactors in July and August of 1966 produced 

::iarked results in the concentrations of radionuclides in the biota. 

Concentrations of radionuclides decreased rapidly to varying levels. 

ChromiU.I:1-51 and phosphorus-32 decreased t~o to three orders of magnitude 

in the lover trophic levels; phosphorus-32 levels vere not measurable 

vithin a.bout seven days after shutdovn and chromium-51 levels vere belov 

detection limits after about five veeks. The declines in concentrations 

of zinc-65, manganese-54, and iron-59 vere much less and measurable amounts 

rer:iained present at all times. Decreases of an order of • agnitude, 

hovever, vere colllI!lon in most organisms. In fish, phosphorus-32 va.s 

lost rapidly and zinc-65 more slO\lly. 

The fact that some ele• ents re~..s.ined present in measU!"able quantities 

suggests that quantities of these isotopes vere still being contributed 



-32-

,...: ... o_ . - . -· . sot:.!"ces contributed radicnuclides to the vater during 

c:;'--i11~,.: ,...._ • ( ~ I -··•\,~a..,.... _ , a s:::all a.::iount of certain nuclides from vater pur:iped through 

and (2) release of radionuclides sorbed to 

:.:1e ;:-::re::- sed.:.::1ents. :::sti::.a.tes of t:ie percentage de-::::-ease of several 

r?.d.ic:.-..:c2.id.es fr:::= !-!c~a.:-J Reservoir sedi::lents due to leac:::iing and scouring 

c:.::-i::..; t::e s:::.:::cio· .. -:: pe:-icd have bee:1 t:1easured ( 20). These range free. 

20~ fc:- c::rc=iu..~-51 a.~ci scandiu=i-46 to 50% ~or zinc-65 and 75% for 

=-=-~ga~ese-5~ a.1l~ cc~alt-60. C-1cli:1g of these ele~ents probably provided 

tte ra1icn~cliies ~-:1ich vere present in the biota during shutdO'll!l. 

All cr~a::.is=s rapid2.,y accUI:1ulated the radionuclides folloving resumption 

o: =-~~~t~:- cperaticn and near equilibrium concentrations in most organisc.s 

~~:~ ~;?=-~ac::ed. ~it~i::. tvo or three vee~s. Figures 24 and 25 present t:,pical 

c 1..i:--,es s::c.i::.g the i:1fluence of the reactor shutdovn on radionuclide 

c:::nce::.traticns in net pla.~kton and shiners. A fuller description has 

cee:: -o::':llished ( 11). 

'::":e chan~es in zinc-65 concentration, due to reactor shutdovn, vere 

~eazi..;:ed :~ estuarine juvenile star::-1 flounders (Platichthys stellatu.s) 

ne:...:.- t::e r.1c·.1t:: of the Colu::ibia River ( 21). After correction of about 19 

::.a.:.-::; r c:- :-i ver flo·.r tuie bet·.reen Hanford and the river mouth, a lapse of 

~~s..r-~y ~ ~on~h occ'..U"red before a significant decline in zinc-65 con­

ce::.t:-:!.-:: .. 0:1 ·.:a:; noted in t::i.e star::-1 fcunde!". This is comparable to the 

~ ..; -·-· --··· ·c:e:-~ :-'! ::i. ::.a:-:-:.ec:. reduction in zinc-65 was evident in shine!"s 

-:-::1.:.. --'- :" :---: -: ~ : ·_:: --... -:- ~:-.e re~:>:..:::r., ( :i;. 25). After the reactors resumed 

-- ·:-c: :-. :: >?:!: ri.;:::;: :-oac::e:: a ''nor...al" zinc-65 concentration 

• ... -:: -. - - . 



TABLE 1. (continued) 

--- pCi[g wet weight 
Sessile Limpet 

Green Caddisfly Soft Limpet 
Plankton __Al~ Sponge Larvae Parts Shell Minnm1S --- - ----

l l10 
Ln 1957 3270 1230 3117 

19(;!1 5900 1610 950 223 73 113 
1965 2010 1760 1330 322 107 1o·r 0--(3) 
1967 li630 21ioo 21ioo 656 333 379 

ni:, llp 1957 2690 1101 311 0--(3) 
19()7 3010 1750 1080 38li 79 173 

~ -') '-p 1957 66000 Ii 1160 211300 2!1000 I 
w 

1~){,(, 3270 6560 3790 908 '{110 t-' 
I 

l Slo7 12800 15100 28200 19000 2310 

l l ) Davis, J. J.' et al. 1958, Ref. 1. 

( '-' ) Present study September 1967 data. 

\ j J Present study Septemher 1966 data 

( ~) Cus hing, c. E. 1rnd 0. G. Watson, 1966, Ref. 9. 
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Concentration Factors 

The concentration factor (C?) is an ex?ression used to esti!:lB.te the 

degree to wbic~ a:: org2.1:is~ concentrates a particular radionuclide or 

· ele~ent froo t~e e~nient vater. It is calc~lated by dividing the pCi/g 

vet veigit of the orgar:.is~ by the pCi/~l of the sa:::e racionuclide in the 

vater . There has been a good deal of discussion as to the validity of 

this measurement and a disc~ssion of its present status has been 

published. ( 22). 

Figure 26 presents the seasonal variations in the concentration 

factors of zinc-65, c:iromiu.:::,.-51, a.'1d phosphorus-32 in net plankton, 

periphyton, caddisfly la.rrae, and redside shiner. 

Analysis by Species 

Zinc-65 and phosphorus-32 vere concentrated to a higher degree by 

net plankton than c:u-ooium-51. Zinc-65 CFs ranged from 3500 to 40,000 

vith lov values occurring in SUII:!!ler and high values in vinter. Phosphorus-

32 values ranged from 9000 to 68,000, and chromium-51 from 440 to 9400. 

Zinc-65 and phosphorus-32 CFs ranging from 300 to 19,000 and from 5000 

to 118,000, respectively, have been reported for net plankton in the 

Columbia River in 1963-64 (23), These values include those of the 

present st~dy for phosphorus-32, but are lover for zinc-65. 

The seasonal variations obse:::-ved in t:ie pla.'1ktcn ·,;ere also apparent 

in the other organisms sa.::ipled. It is probably related more to the seasonal 

dilution of rad. ionuc l i des in the vater by ~is~ s1.l!:r.ler fl~~s t::a.'1 to 

seasonal c::a::ges in :::.e t acol::.c acti Yi ty. ':"he latte:- ·~ou..ld. ::e ex-::;ecte d. 
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Analysis by Radionuclide 

Zinc-65 CFs vere highest in the autotrophic plani<ton a.nd periphyton 

and decrea.sed through the caddisfly la.""Vae and shiners. 

Phosphorus-32 CFs vere higher in caddisfly la.-va.e, though only slightly 

lover in net plankton; lovest values vere found in the shiners. No values 

a.re available for periphyton since it vas unavailable during the period 

for vhich ve have phosphorus-32 vater data. 

Concentration factors for chrcmium-51, a biologically unbporta.nt 

element, vere of a si::lila.r order of magnitude for net plankton, periphyton, 

and caddisfly larvae; levels vere not measurable in shiners. Lover 

va.lues vould be expected for this adsorbed element by caddisfly la.rva.e 

because of their smaller surface to volume ratio as compared to those of 

the a.lgae. 

These data conflict somevhat vith the usually obserred increase 

in CFs as one moves up the trophic level, i.e., from autotrophs to 

herbivores. 

Comparison vith Total Beta CFs (1955) 

Comparison of CFs for total beta, the only data available from the 

earlier report (4), vith those of phosphorus-32 from the present study 

a.re tenuous because of the unknovn contribution of other beta emitters 

to the earlier data. Nevertheless, t he majority of t he activity •.ras 

probably due to phosphor~s-32, so compa.rative data a.re given in Table 2. 
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to p:-od'.lce h:ghe:- C?s duri:lg ·.;a:-::i veathe:- in suz:u::.e::- and. lov CFs in 

colie::- :::ionths. 'TT\-. 
•.• 15 oe:-tains to that radioactivity which is incor-

pcrated oy metabolic n::-ocesses governed by te:::ipe::-ature and not to tiat 

:-ad:.cacti vi t:r which is adso:-:)ed and is a :'unction of sU!'":'ace to voltl::le 

:-atics. C:irc~:u::i-51, for instacce, is not b:ologically i~po::-tant and 

is ac~'..l::lulatei by adsorption. Zinc-65 is acctL~ulated mainly by 

acso~tion by pl~~cn and ~:::-iphyton but by food-chain absorption 

by cadd.isflies. 

Zinc-65 CFs in pe::-iphyton we::-e a0ain higher than those of chromiu::i-51. 

Values for zinc-65 ranged froo 5000 to 24,000; for chrc:::ii~~-51 from 

500 to 4300, approxi::.a.tely an order of magnitude difference. 

Phosphorus-32 CFs in P.ydropsychidae ~ere about an orde::- of magnit~de 

highe::- than those for zinc-65, which, in turn, \lere an order of mag:1itude 

highe::- than CFs for chromiu.:n-51. Values ranged f::-om 8400 to 100,000 for 

phosphorus-32, 22, 000 to 97,000 for zinc-65, and from 800 to 9900 for 

ct::-omiu::i-51. Concentration factors of 100,000 for phosphorus, 2,000 for 

chromicllll, and 40, 000 for zinc have been reported for fresh water 

invertebrates (24). These are within agreement with the present results. 

Concentration factors for both zinc-65 and phosphorus-32 were 

considerab l y lower in shiners than in the net plankton, periphyton, or 

caddisfly larvae. Concentration factors for zinc-65 ranged from 900 to 

2200 ; :c::- phosphcr~s-3 2 from 1900 to 42SO. Concent:-ation :actors of 

_ QQ , •J OO : o:::- p:1csphcr~s, 200 :or circ=iu::i, a:1d 1000 : or ::inc have been 

repor:.e d for f ::-eshwate:::- fish (24 ). Zinc-65 CFs for t he sh i ners agree with 
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pa:::-~icularly ~a and K, have provided questionable results, so that the 

values i~ Table 3 should be regarded as approxi=ations. 

'::A3~E 3. Spec::.!'ic Acti •;i ties, uCi/g 

p ~a K Zn ?e Mn Cr Co 

· Net pla."1..ltto::i 6 .03 2.24 24 .6 0.624 3.28 1830 

Pe:::-iphyton 4.93 20.3 0.764 4.85 1570 

Sponge 1.17 14.5 o.417 2.44 972 

Caddis larvae 2.76 0.185 13.3 0.701 3.35 459 

Li::ipet 

sbell 1.47 0.0969 a.so 1.59 2.53 35.7 

soft pariSG 0.757 o.84o 18.s 0.107 3.28 137 5.90 

Shiner 0.810 0.162 16.8 4.56 > 48.3 

c.s. sucker 

muscle 0.134 0.130 0.00158 5.75 0.827 > 0.340 

carcass 0.107 0.176 0.00307 6.71 0.624 60 0.375 

Gut cont. 2.96 11.1 0.0872 1.83 520 2.10 

Table 4 lists SO!lle speci!ic activities reported in the literature for 

ccoparison vith those in Table 3. 

· TABLE 4. Specific Activities 

Zn p Mn Refe:-ence 

c, o.., --, so:'t :::a:-ts 250 25 26 

Cla=, sc:~: ::a::. s 3000 27 

F~sh, w:,01~ 0 . 5 8 

~,.__;._......,...,c _ ;.,. .:.a.:-·,~e !.; 3 
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TABS~ 2. Concentration ?actors - ~otal Eeta (1955), 
P~osphorJs-32 (1966-67) 

Total Beta P:ios-::horJs-32 

Avera.:.e '.1.e.xi::iu::i Range ----
je: plan:,ton 1600 2600 9000 - 68,ooo 

Caddisfly 1300 3000 8400 - 108,000 

Sh:.ners 470 900 1900 - 420c 

In all cases, data from this study shoved marked increases over 

results from the earlier studies. This ::iay be partially related to 

i::iproved radioanalytical techniques. 

Soecific Activitv 

The specific activity of an element in an organism (ratio of radio­

active to stable atoms) is perhaps the best neasurement of the ecological 

demand for that element, assllI:ling that certain limitations are met (25). 

Use of specific activities allo~s one to predict expected contamination 

levels in organisms i~ the stable concentrations are kno·.m for the 

organism and the media and also the expected environmental levels of 

conta.::iine.tion. 

Table 3 nresents the speci~ic ac:ivi:ies for eight e l e:ents in 

represe:-itative Columbia Ri·1e:- biota sa.::;,led in NoYe~be:- and Dece!!lber 

1966. Si nce ::-:e stable ele:::ent a.'lal:,rses :'c:- t:-iese data ·.;e:-e ::.cr.e, ·.:e :-:a·re 

beco=e a~are that the techniques used :'c:- a~aly=ing certain ele:ents, 
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viev of the environmental and technological changes vhich have 

occurred, this vas quite unexpected. 

4. No consistent ti~e related trends vere apparent in the gamoa activity 

measurements bet.een the present data and ttat . collected prior to 

1956. 

5. The shutdovn of all reactors for several veeks dU!"ing this study 

produced JI:Arked c~anges in the radionuclide concentrations in the 

biota. Levels of most nuclides dropped several orders of magnitude 

and many vere undetectable. Measurable a..:::iounts of certain i sotopes 

vere present from radioactivity recycled fro~ t~e sedi~ents or small 

amounts coming from the reactor effluents. After the reactors 

resumed operation, lrrels increased rapidly to pre-shutdovn levels 

or higher. 

6. Concentration factors vere highest for the biologically i~portant 

radionuclides phosphorus-32 and zinc-65 and vere highest in the 

primary producers, net planXton and periphyton, a.nd decreased in 

higher trophic levels. 

Selected specific activities are presented and compared vith values 

from the literature. 

We vould like to express our appreciation to the folloving people for 

their assistance in the various aspects o~ this study: G. Johnson a~d ~- Steele 

for their help in the field and laboratory; D. ~ade for her help in laboratory 

processing and data cc~pilation; R. Olsen for s:a:istical assistance; A Case 

and G. Povers ror sa=ple analyses, an~~- Corley for providing data on vater 

chemistr-J. 



The closest agree~ent is bet~een the specific activities for 

phosphor~s in the chironomid larvae (4) and that for the caddis la::-vae 

(2.76). For comparison, the speci~ic activity of Columbia River vater 

in January 1964, vas 3.8 for phosphorus and 225 for zinc. 

CJlCLUSIONS 

A study o~ radionuclide concentration levels in Colu:nbia River biota 

vas undertaken to (1) define the interspecies and seasonal variations 

in the concentration of several of the more biologically i:::tporta.nt 

radionuclides, and (2) update the findings of some of the earlier 

investigations. 

1. Concentrations of radionuclides in·the ColU!:lbia River vater are 

generally inversely proportional to flov levels, vith highest values 

in vinter and lovest in summer. This is related to dilution by 

seasonal runoff. 

2. Concentrations of most radionuclides in the biota folloved a pattern 

of high levels in vinter folloved by lov concentrations in su=er. 

There vere often indications of an increase in concentration just 

after levels started to decline in spring. This may be attributed 

to improved light and temperature regimes vhich favored meta.colic 

uptake; this increase, hovever, vas soon over-Jhelmed by the dilution 

of radionuclices by the spring r:..tnof~. 

3. A re::.arkable si~ilari~y in total beta concentration vas obserred 

bet~een the present data and that collected prior to 1956. In 
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