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#Mer8ity of lhahlngtors
$=~-s ~

,$ J
. m3scT L BauloStdf.,s d th9 Bffeot of X-rayeupon ?18h in mtrloua stagesof Davdopmant.

s:

w

SECTIOX I.
Chinook salmon aduZt 8, fetiviwand auibm,frzm QreenRiver. h CMObsr 1943 a tow of 21 fish
wera giwn nholsbo@ dmmo ef 25, 5U and MO r. 33 othersmad a8 controls.

~kura Uhsn h’adiatad.

- u9re quwnad Qotobsr31 to Howmber 5, 1943.

Gmera%killa
A totarof 55,(X ●ggsvmra obtatmd. X’heirdawolqmantis outlinsdin Seotion11.

Terdmation
The Irxwllatedapaunersdied batweanOototw 31 and Mwwdwr LL, 1943. Maledeathswwa
naturalbut famalm uexw saorifieed for qwning. *O SeotionII for mnaiderdiionof
Orfqwillg.

SECTION II.
Chinookaalnoneggs fkomS(mtlon1, totalling55,084. 9bs8mtion8 were atadOdurtngperiodsfrom:
Png to md wg *w* Q*e*r ~ to ~-~r % 1943; + egg ~tw to ha~h~ng~ ~*r
to Dwember 24, 1943; MxMq to f~~%
to liberation?et?ruaqyu to May 11, 1944.

i)ae~r 20, 1943 to February14, 1944; and feeding

.> ,.
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w-wineSpa.mmd~r 28, 1943 to Deoember5, 1943.

Tenaination
deathsfor themalesware naturalsthe femaleswere Satmiflcmd when

t&lllag 46,722,and W davalo~nt are ctxmidsred in %otian IV ef

SEc’rroffIT.

spawned. Tha eggs,
thisOhart.

—
iiookeyaSalBoneggsfbm tition 111. ?!ggoxmbering 46,722,spawnedon Hovaiber 28, 1943,~
on Jammry 4, 1944,hat&d Wweon l%bru~ 17 and Mmary 28, uxl startedto feed A@l 10.
23,655of the 25 and 50 r grmps wara llberatedSS fingerlingon ~ 31, I%. ~ -~
fingerlingof the uoxrtroland th@ ZOOr groups mre xarkedfrom october19 to 26, 1944and
plantedat OnltusLab, B. C., on February20 and 22, 19450 IAberatedcontrolstired 4139
and bore the mark adiposeand rightventralfin. Liberated100r- 100r fingerlingnumbered
2404 and had the adi~sa and lef% vmntral fins zwmvod.

Returns wem axpaotidin 1946,1947,and 19480

!WEQ!!
In Deoaaber194S tha statlstiaalanalyses of the mortalitiesof Sections111 and IV
were coanleted.but the remrt was net submittedbeoauseit seemedadvisableto wait until
possible-1946&nd 1947retka f ram CultusLakehad been recovered.
to revisathe an~i8 in the ll@t Of the c~ts of the ROuhaster
~ia Of 8MNiio~ I and II.

In the fallof 1946 and 1947 returningsockeyesalmonwera carefully
fins at Oultm IAm, bat no wked fishwaru observed.

Termination

It was then decided
Oroupon the statistical

examinedfor marked

_—— -—_
If no &ked fish retuxm in 1948, as now appaars Probable$resultswillbe restricted
to mortality patterns of the young fish.

WCTIOM V.
$laelheadtroutadults,IMales and roles,fromOolumbiaRiverc

Treatment
On Deoember1 to 6~ 1943flva fishwens t-ted [t-
1,000r) and ten retalnadM oontrola.

eaohto 250 and 500 r and one to

I‘1!
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Terdnation
ThesafishwaracaughtHova@er 24, 1943 a% Rock IsMd, and by the tins theywere

irradiatedtheywere ao weak ulth eopepod(SaMLnoolaadwdaii) infeetionand had
developedeuohextensivwfangusinfectionthatthey died betmwon Deeaaber5 and 15~
1943● “

SECTIOH VI.
Ohinookaalmoa

The ~bleM 00ntributaa Iittib of U- and the S8UWXI waa oamelledo

qad agp f’1’omQmen River.

974 ●gg8 ilaol’1=- x“r&ed*- Two MM eaoh”uare ~sed to 25, 50 and 100 r of X-x
and *O mm Ulmd as Ooxtrols. Hatohing*January22* 1944* Absorptionof yolks

Termination
?hi# lwo’tionUaa

SEZTNM VII.
Ohlnooksalmonoysd●ggs

XMMM@lon, June2, 1941.

~ b7 the additionof SeotionVII.

fxwmQre8nRiver.

Traatm9nt
BetweenJanuary25, and 28, 1944 a totalof 4,065eggs in 13 l@s avwraglng315 eggs
per lotwere X-rqed. BxPOaaresnre 250s !WJ$lP~F 2DW$ 5$~ ~ lo~~ r~
with 2 Xota raserredf@r uontrols. kch axposureuaa administeredto two lots exoept
10,OOOr axpoeura*i* Waa ghen

Treatmentto hatdttnu.~ 25
l%bruary

germination

‘Studies

14 *O Apru-lo. I’aekg

rusaahtngaftersampling

the

to O* OXM lot.

to February19, 1944. Hatahingto absorptionof yolk,
%6 uberation, April6 to Juna2, 1944.

- liberatedulthoutbeingmarked.

cotining the resultsof SectionsVI and VII, nwubaredWFL-2 and entitled
of theMfeats of RoentgenRaYs on the Grouthand DevalomIMM of &a Embmos

ai&$%%!$&sw$’E=e:%?.?:5..and Lam@ of t b (lhinook%lmon-(Onoo-
WrfW Of 1%6. thiS rayn’tinolu
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wel,ght~ lamgthtcell cwuntsin heaopoietiotissues,kidney,ata.,with a cptl.1.tative
~s on othm ti8sue8.

The work cwpleted in Seothns VI and TII was sumariaed in a finalreport WWFL-@,
entttled‘The Effeotsof RoentgenRays on the Eahryosand Larvaeofthe C&k !%lmon.w
ThisreportInoladedstatisticalobservationson gonadsand the tissuesthatwere not con-
sideredIn tbc firstrmort. ReportMot WllW8 was forutied to theAtomic lhmrgy
OOadSeiOB in De~ i947 for oharanoe and anthi~ted

SEC2’IOI!JVnx.,;. ,
.,, : ;,,. ,. January18 to 2t3,1944 * UJ.lvar
,.:.
,*_

Traataunxt
one tiahWa# Wsd Xor aaoh

aalam uwre uxpoaedto 25, 50,

exposuraand twowore retained

100,250, 500,

as ooxtrol.e.

?eminatim
M h di8 ad bekoen January20 and Fabmati 3, 1944. heathswere natural.

and 1,000 r.

AnimalsWex%l
uead fbr study of effmt-on skinand certainothertissues,suchas intestine.

- s ewztlonwaa re~d on Bovernber14, 1946underthe title,‘Histological$ffeot
of X-rayson AdultW SilverSalmon,Oncor

*&%%?:&G%$g: %.=”The reportWn81sts Shloflyof photograp
Of 4mrmdlatlon00uM mt bo datootod.

SWTIOMIx,
In February194412 minboR troutadultfldb fromthe llnlversi~of Washingtonwere treatedto
5)0, 1,ooo, and 2,500 r.

Trea&ent
Thereuuw 4 flab for●aoh axpoaureand numerouscontrols.

- n February12 and H M, 1944 them fiehuere spamned.

Generation
The ~gs developedto eyed stagebetueenFebmary 12
frm eyed stagete hatohtngbetweenMaroh20 and May

and April8, 1944,and developed
10, 1944.

‘) ,.
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Termination
Deathof achltfish oooiirredLlarch17 to May 5, 1944becauseof infectionwith fungus
and copepodsbroughtin by the eteelhmd troutin Section5. Sectiondisoarded.

SECTION X.
A total of 5,400chinookaahaonfingerlingfrom Omen Riverwere treatedMay 22 to 25, 1944.

Treatment
DosageUas 100,250, 500$ 7N9 l$o~$ 1,250, 2,500 and 5,5W r for -~ of e@ht
lotswith one lot retainedas control. Therewar- 600 fishIn eaohlot.

Tersdnation
~miving fingerlingswere liberatedAugust 19, 1944and the preservedmaterial

used for histologicalstudy.

Reports
M October29, 1946a report,numberedWFL-3, entitled,“S@ction10 of Seriesof
Mperiments Irrvolvingthe Effectof X+ay onlttshes: FingerlingChinookSalmon

:-ew*bau”)”’ wasm=tted” ‘higmw* im’ud’d’’atistica’the e cotsupon mortality,weight,length,cell countsin ciroulating bloocl,
ml hemopoieticcellcountsin the ~dney~ Materialwas preservsdattha timeof the
experimentfor furtherhistologicals%udiesbut presentplansdo not inoludeits utilisation.

Publication
A declassifiedcondensationof thisreportnwuberedUWL-3a entitled@The Effectsof X-ray
on Mortality,Weight,Length,ati Countsof Erytbrooytesand !?ematopoieticOellsin Finger-
ling ChinookSalmon,Qnaorhynchustschawytshalhlb~, has been submittedto Growth
for publication.

SEOTI~N XI.
Rainbowtrout~arlings, faaahs and males,fromUniversityof Washingtonstock.

Treatment
The fishwere exposedto 50, 100, 500,750$ 1,000, 1,500and 2,500r. A totalof M8
yearlings(nearlytwo years old)were irradiatedin January,1945. 20 fishwere used in

each groupexwpt the 19500 r Iot whichhad 16 d the 2S~ r lot w~ch had ~. An
ad-litional20 fishwereused as controls.

Feedingto Sexualkiaturit~
Studieson mortality,growth,and pathologicalconditionsare to be reportedupon at a
latertime.
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=trout when apuwnodfor tho first%i= In the s~ng Of 1945 ~~ucad the WW USed
for SeotionXE-A. Theseeggsmm rearedandtha adul%aspawnedto yodnoe eggs of
SectionXT-BMoh ~ aatoreandwere spawnad5.nthe springof 1947,prodnoingthe
F2 generationof the Uriginaltreatedgroup.

The troutof $MMon XI were spawnedforthe siauond ti?na in the springof 1946and the
off~ng (Seotbtonxx-c) ware ‘iawedo

Termination
~~ntflahlr8re@!Snted in(kwen Lake$.nthe8umerof 1946*

XI-A
Rainbow eggs - Seotion XX.

mea.ngtosexualwiaarit
1945)to~l~ ~5g@~ efwo ~~ eggs=~ --d

’72La& A-tividad into 134 lots. The sumessiva stagesof dmwlogaaent
fingerling,and adultawere studiedwith data on mortality,rataof growth,
tie. obtained.

Qmarations

frm 67 of’the
of eggs,fry,
Zualformatiolls,

Tlwaet-t ~d In ths springof 1947 and the reproductionis summarisedin SeationXI-B.

Ternd.natioll
The adult fish(?l of Smtlon XI) wmre releaaedin June1947as fbrtherstudyon tlmuwas
not thoughtto b advisable.

. SB&fIO??XI-B
Theeerainboweggs f’i’omSectionXX-A are the mood genm’ation offspringof the adultfishX-rayed
and spawnedin 1945.

Dats has beencolleoteden tha
report.

Termination
The MKofaplkoa-

dsvelqmnt of these egtyuand will be summarisedin a forthooncing

it naoeeeauy to zwduoe these offspring(Fe)Periodhallyb KOmver,

-i,

in each irradiation group ● aertalnnumberwww retainedand are%elng observedfor possiblo
?3 generationstudies.

v
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SECTIOHXI-C.
The fish in this sectionrmresent offmrlm of SectionXI. The 9ectlonXI irradiatedfishwere
spawnedfor ths secondtime-la the 8p&g o? 1946. lkmtalltyand abnormalitydatawas oolleeted
fromtim of qmning throughaywdegg,hatchingandf8edingstage.

Temhation
The fry wers plantedby StateOameDepartmmtIn the ~r of 1946. ~sw* of the fl*
wasnaooauitdadby-o fspaoo. Thadata hasnotbeena-yaod asmh

SECTXOM XII.
Ohimok aalmm adulta,famalm and malee,fromColumbiaRiver.

Treatment
~;~aere traated,four to 25 r, 7 to 50 r and 4 to lW-r, in September1944with 7

-ii#ember 21 to Sqtamber 30,1944.

termination
Thirty-threefishwore ob$alnedfrm SpringCreek,a tributaryto the ColumbiaRiver,and
were hauled270 milesby truck. This greatlyredmed the vitalityof the adultsand
theirprogoq, Thi.rt@ihroa per uentof the mortalitywas due to transfer,haulingand
accident. The other6’7par oont died naturally, duringor after ~ng. For further
informationraf’erto SectionXXII.

$SGTXOH HII.
Chinooksalmon●gga f= 90@ion XIX. A totalof 54,347eggs

Spawningto eyed 8tage,September21 to Wtober u, 1944#

was F oduoed.

eyed stageto hatching, Ootober 5, b
Noveelber9, 1944; hatohangto feeding,Nomnber 9; %944 to Deoelibir12, 1944; ‘feediu to -
llberationjWxibor 12, 1944 to June-29,19456 “

.

Termination
Mortality, growth ad weight data were eolleoted. Controls●s well as Irradiatedgroups
snffered high mmrtality,so thatdeathsmay be attributedto traumaratherthan to
Irradiation.The flabworo liberatadJbne29, 1945in Xay Creak,a tributq to the
~a Rivwl’.

.>,
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SECTION XIV.
Chinooksalmn fingerling,fema3sad male, (1/2of Section XIII).

Treatwmt
Expoaureaof 25, 50 and 100 r ware ad=inistaed.

Tersd.nation
TMs aectlonma mmodled dtimto laokof uaablaas for xigration8tudies*

sEcmoIfxv.
Staelheadtroutadulta,f-as and males,fromColumbiaRiwr (Leavomorth)

Treatauenk
~ah -s treated,four eaohto 25 and 50

oontrols.

%.ere spawnedWxy M to June2,1944 and

Termination
%he pm- m the aub$eutOf ~dion XVI.

r and eightto

died naturally

100 r, in ~ 1944with eight

betweenMay 14 and June 5, W-44.

SROTIOHm.
Steelheadtrout

spawningto
hatdlislgto

eggsfrm S8etien xv* A botalof 50,107eggswara obtained.

r Identifioa%lon
umre rnsrkedby W removalof the adipme and leftventml fiW.
uwre markadby the xnoval of the adipoaeand rightventralfins.

The 25 and 50 r ~ouP iotau’a?enot ~od b9BfOre rel!malngo

.;,

Liberation

u.uwarkad flabmm plantedin the Leawmworthliatohe~September1944. Theseflab
fi~hwere froiuthe 25 r and 50 r expoeuredparentsand surpluscontrols. The markedfish
were transferredto =nuorth and liberatedti the WC 3 h~~~ng PO~ ~ Icie~e~reek~
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Returne

~ fishuera reooveredin the eownerolalfisheryof the ColumbiaRiverduringthe Ml of
1946,one in Rumdan River,Californiain the summerof 1947 and 12 fbh wore remmerod
In fallof 1947 in the OolnmbiaRiver. Spawningtakesplaoein the Ool@ia Riverin the
Sprizlgof 1948*

Termination.
An ●ttemptWln ●?JOM@@ to

SEOTIOHXVII.
$mlho&d trout ?lng8rllrtg,fUule

Traalmlurt

Termination
This aeationw oanoolledduo to tickef usabletia~

$EOTIOHXVIII
fbmalesUxi malaa,

Treatment

~ah wuw upooed to 25, 50, 100,250, 500,750, 1,000,1,250,2,500-d aoatml (sise1*)
and 1,000,1,250,2,5W & md Coatrol(dse Y-4* )-

Thesefishware treatedin Dommber 1944with75 in eaohlot of tlm smallgroupsexoept
the 1,250r lot dhlohhud 67 and 2,500r lot whlahhad 66. The largerfishhad 21 fish in
the X,000r lets19 X’%* h tho X,250r groap~ 20 #oh in the2,930r lot and the controllot.

1,100fishmm purohasodbwt q ware lostdue to parasitm beforetreatment. The fldbmm
rweivod in OotoborW but mwo not treateduntilDeoember1944 ~ whichMm the paras$tio
infeetl.onM been bmaght under eontrd. Tiaauo waaromved for sectioning(weekly). Morta-
lity ourms and kodaohrew utudiegwere made. The ourreaahewthe mortalityto 105 d8y8
when 0u90~was Imdmrtexxtly-d to the Citywater 6txPP4.

‘>

Termination
tid Deoe@b8r1944to ~ 1945at uhiah ti~ the expexdxmxtterminated.The date●coumu-

mmuised ti ● reportand published.
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PROJEOT II. BasioStudiesof the Effeatof X-Raysupon FlanktonlcForms.

Theseexperimentswereundertakento provideinformationon the sensitivityof marinemicro-
planlctonto singlemass dosagesof X-rays.

Oulturesof fourorganisms,Ohlorellasp.,Nitzachiaolosteriuma carteriid,and another
mastigophoran(unidentified;b~~ subjectedtoc@J3’~1,000r, 10,000r, 25,000r,
50,000r, or 100,000r of X-rV. Two similaroulturesof eaoh organismwere usad as controls.

Ntuibersof orgaml.sms perunit volumeof oulturewere countedusingruledbleedcountingchambers.
Xmmedlatehmobillzationof the brownmastigophoranwas 50% effectiveat 50,000r, and 100$at 100,000r.
Countsfor an organiamware comparableonlywith othercountsfor differentirradiationsamplesof the
sameorganismon the mum date. Ouuntsovera periodof 4 monthswere most nearlyas mightbe expected
In the case of Ohlorellawhere the concentrationof individualsremainedinversely proportionalto the
amountof irradlationfor practicallythe entiretime,exceptin the we of the 1000r samplewhich
emeeded one of the two controls. Mtmhia countsin the higherirradiationsdecreasedearlierand more
drasticallythandid thosebf Chlor66t laterthesemore heavilyirradiatedsamplesgavehigher
countsthan the lowerdosages.-of the two ?kstigophorawere arrangederratiaallgwith onlya
generaltendencyfor countto be inverselyrelatedto exposure. In no casedid a samplecountdrop
to and remainat mro. .

The resultsof this ini.tl.alstu~ were summarizedintoreportUWFL-5,@IathalEffectof X-Rays
upon Four Urine Mwo-Plankton organlsms~.

‘I& datawre furtherreducedand publishedin Soienee.

Bonhsm,Kelshaw,@ H. Seymour,LaurenR. Donaldson,
and ArthurD. Welander.

1947
Lethaleffectof X-rayson Four MarineMLcro-PlanktonOrganisms
SoienceVol. 106, NO. 2750,September12, 1947

PROJEOT III. BikiniExperimentsof 1946.

Membersof tho App3iedFisheriesLaboratorywere presentduringthe two Atotic Bmb testsat
BikiniAtollduringthe sununerof 1946. Duringthe test they ~oinedthe staffof the Divisionof
Radiobiologyof the RadiologlealSafetySectionof operationsCrossroads.



A melimhary reportof the observationsand findings-s PIWWed -~ ~Wtted~th the
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report;of ths -ologioal Safety$eoWn.

A vast amount of materialmm eollmted and re.maineto be workedup. This Inoludesan extmsire
fishaolleetlon,tlmuo8 fromanlm8tsbefma end afterthe tests,radioautographs,eto.

TM Applled?lSherieeLaboratoryoparatingunderContraotMoo W-28-094-eng-33
EnergyOomtsaion aaaumad8 4or rom in the BikiniSo@Mf’io llesumsyof 1947*

Studiesmm dixwted ~ the deternimtlonof~(1JThe presenceor ●beenoe

with theAtmicz

of radiationin the
variousaarineorganbmej (2] & distributionof radloaotive-subetames b the p-s and animals
ffcmdifferentgeographicallooatienswithinml neartb atoXl;and (3)the eAitity of fission
produ43ts in Oertaill tiaa?lea and a“~o

The data oollected mm ~sed in a prelidnary reportjUW’L-7 WadiobiologicalResurvey
of Bi.klnlAtoll Dnr3ng the ~ of 1947.*

Additional-ports are in preparationon variousPhasesof this projeot. A vast amountof naterisl
and data needsto be
expmlment.

moJKm v. Absorption
..

Worked~ to betterlMd81?StlL@tdM problemsde+lo~d by thisvery uomphx

and M Chain$tudles.

. It was beltevedthatlaboratorycontrolledexperbmts tightbrl.ngabouta fullerundcstending
“> of the Bikiniproblmseand thalrInt8rrolakbnlihipe.

A seriesof experimentsuuhg Bikini‘IBRCPas a muroe of fissionIwoduotsIs underway. This
mrk usingavailablemrlne fbnm and holdingthss in Q saltwateraquartawill enableus to study
the ~bhme of absorptionad mmentration ofaotim materials au they pass throughthe food chain
of these animals.

Pi&&m? VI. Ekpoaure @f MarineZmwtlebratesto Xaays.

Studieswere startad~ ~5 ard 16, 1948when SIX groupscontaining20f amphipodseaohwere
exposedto X-rays. Ilm six doses~re 150 r, 900 r, 6,4oor, 16,(MMr, 32,000r and 82,000r. six

ainilarlots were mead 88 emtrols.

‘i.



biologyhad made it na@e#aaryfor as to institute
uarryiq$On the work.

~@lEWltS have beenwurkedOut batueenthe
ApplledFisheriesLaboratory,and in MUM qeoial
Jew trailllngof graduatalltlldenta.

a trahimg programto mop peraonnaleapahleof

Wniwereityof Washington,Oraduate%hool and the
08888the Mod ~ Works,for ‘on the

This programhaa alremdyreeultedin the mrardingof ma Dootorof PMloeopm Degree. Threemen
are at presentwmklng for their F& i). arid other=am in tho 88r~ training#awe.

-EC? YXIL COOWrative?iooH with the -Oti ~ Ucmhb

The studies In this field u9 deulgned to follow@hange8$xittmOoluuMa Mmr as a resmltof the
. dlsohargeof effluentfrostthePMMS lmtothe rlmr.

Fine cooperationhas existedbetweenthe Atoiu@Ener~ Comimion, lbmeralBleotricCmnpauy,
and the Unlveraltyof UAshlngton,ApplAedFiaherlesLaboratoryin the exohangeof matariaXsand
infbrmatioxl.



14

INDEXW REPORTSPiWPAREDAT TRE APPLIEDFIMERIES LABORAKMX, URIVERSITXOF WASHIMITON,SEATTLE

Reportlb. Title

URFL-1 ~P&$& mxl Prooedme$ used in * Studyof tho Effeetsef Irradist$onef Fish

stmilesof the Wfeots of Roentgen- on the Grouthand Developmentof the
--~@f*~-n (Ozlo@rhynohm t80h#@ Soha)●

UWFL-3 Seotiun10 of Seriesof ExperimentsInvolvlngthe Effaetof X-raycm BYshea:
lmlger2ixqOhllloOkSaMon (~hws ts- Soha uitbawR)

uwFL-3a TM ~hot of X-rax on Mc@ality, Weight,X#ngth,and Countsof Rrythrocfies

URFL-6

and HomAtopoi*tia Gals in Fin.gd.ing
Walbatlm

Ristdeglod Effeot of X-rayon Adult
Walbalm.

C&k S@wn, OnoorhynChus tSChaUytmm

MaleSilmr Sulmm, OnoOrhymhus kiautch

LoW Effootof x-~ on Four Marl- Mloro-PlanktonOrganls=s.

LethalXffootof X-Reywen Four MarLnolliaro+lanktonOrganls=s.
EaanusoriptW8s

Seotim I and XI of seriesof Experimentsfnvolvingthe Efleotof

(~ page 15,
published)

X-RaYon
Fishes; ChinookSalmon(Onoorh thus tseha

---&!6m hy&&%%%,=2:%KG;concerningX-my l!M’feet8upon
observedthrenghmre than one Oesmratien.

Radioblolo@xl ~ of BikSnlAtolldaringthe Sumer of 1947.

?ho Mfoota of Roentgenr~s on the Bakqm and Larraoof the Ghimok Salmon.

Pro$xt ChronologyChartand Sumnaryof the AppliedM#herles !aiboratory,University
of WmMngton, 38att18,W8sMn@m0 Rmised M=ch lL 194f3

‘>
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PIE3LESHEDREPORTS OY THE A?PIJBDFISHERIESIJ@ORA~, UHIVERSXTIOF EASIUNG1’Obi,SEATTLE

sonh8nl, Kelshaw,AIQllH. Seymour,bnzrenR.
Donaldsonand ArthuFD. IWexubr

1947

LethalEffeetof X-*8 on Four MiarhoHi.Oro-

Plelnkton orgmlsmY.

Wienue Vol.106, Ho. 2750,S@pt=hr M* 1947
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