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CHAPTIR 1

INTRODUCTION
_ As a result of a muclear detonation in Operation CASTLE, eeversl
atolls in the Marshall Islands vere conteminated by rodicactive fall-out
to such an ext.ent that evacuation of the inhabitants was necessary. Plants,
anirinlg, wvater and soil vers collected from the islanis one month after ths
fell-out occurred. The liva animalg vere sent to tha USIRDL end redfochemical
enalysis wvas rade of thalr tissues to provide informntion oa the internal
rediation bazard. A report(] of this study hes been published.

s a follgw-up to ths originz.l stuly a resurvey of tha contaminited
Farsball Islands vas undertaken. Radliocheaical ennlysis of food plants, fish,
vater, ooil, coral, algee and birds indlcate the natura and extent of the
interval radiation hezard ereated by tha residval contaminatioa on the islands.
Buch éata vers necessary to determine tha possibility of the re-occupancy of
{hs con*mina‘«_.ed 1slands.“lA gas=x dose rate survey vas conducted to detemim
;:he external radiation hazerds The present report presents tra dota odbe
toined froa the reswrvey of ths contazinated islands onz year after Cperation
1.1 Objectives

“Lez Atell Resurvey Projsct wes entitled "Fdllcw-up Deterzinntion of

the Intcut of the Distriduticn of Fall-out Cont&:imaﬁion on Ronzelap end
Otheor Atclls in the Marshall Group.” Its specific objectives weres

(1) 7o provids data upon vwhich a dzcision can be based es to vhethapr

and wien ths evacuated 181&0536%;”63 cafely re-occupied by thelr forzer

1. Stvdy of the Intez@’sgdioactive Conts=inatica of Rumn Beingcs and Anirnls
erd Coatexipation of the Eavironcest Resulting froam Fell-out in Operatica
CASTLE Addendum report, Project 4.1 Op:retion CASILE wWT-335.
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(2) To provide information about distribution of the eontatnntion
cn a land area vhich had teen hesvily conteminated by fall-out. R
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CUAPTIR 2
GRCS3 ACTIVITY I FLARTS, SOIL, CORAL, ALGAE AID VATER

At the tire of their collectica in the field plent, poil, coral
end elgae sorples were placed in individual plastie bags for ehiprent to
USIRDL. Vater sa—ples vere collecticd in Y-liter polyetizylene bottles.

2.1 FProcedurcs at thz Lobormatery

The edible porticzs of the fosd plants were secparated froa the in-
cdible portions with every preczution being taken to ensure a low probabllity
of cross-contemination. Welghed easples of the food were driel st 110°C
end then ashad in a mufile furnace at 50000. The esh w8 transferred to
tared aluminua planchets, veish2d and prepared for couanting. Saples of
supporting plent systens and grass wera prepared in the saz2 feshione.

Fresh wster 8a- les were acidified and the entiyre sasmple evaporated
to drymess. The resicdue wos talen up in wvater end the slurry transferred to
& planchet for drying, weighing ard countinze. The ectivity wes isslated
from ocean water sazples Ly (a) buffering vith IH,C1 to hold ragrosiv in
solution, anid (b) prezipitatirg the matural calciunm vith-TiopC03e  The
resulting flock wzs allowsd to cettle overanizht and the bulk of th2 suparnziunt
vas recoved by suction or decentatlioa. The remining slurry wos troznsferad
t5 lustreid tubes ard ceatrifuzeds The preciritate wos washed orce with
vater, transferrcd to oo elurinum plenchet end dried at 110%. Anxlyais
of the supernatants fron the nore active sa—ples sghoved that reccvery of
activity by precipitstion roa fron GO to 50 per cect.

Soll end lagoon bottoam 841t sarples vere dried and ounted in
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alyninmm plonchets for counting Coral and algas 3azsples vere dried overe

nicht at 110°C, ashed for 24 hr at 5oo°c pulverized B.nd mmtea in
eluminue planchetis. o o _“ i
After counting, ths samples vere counted 'dth a gas-nw pmportional
counter at 20 per cent geometry as detemined vith auy 08 stacdsrd or vith &
1.9 rzfoq c=, end-winiow, C-Y tube ard Ruclear Instnments scaler at 1b per
ceat geonziry &5 detemin'\i with aUl 08 staniard, A‘b.;orption c...fl scattering

corrections were dntemined e:n.pirica.uy by eoxmtin,g vaxying welghts ot
individual sazples and. extmpolatins the Bpecifi¢ activities to sero saqple
veight., FArsorption curves on all smzplea sb:r.-ed neglizible mtmts of K9
betes es comporsd to ths grosa contamination. ' ) o
.22 Results and DiscuSsion
2.2.1 Majcr Toxls e
The gross beta actiﬂtiés fou;mi 1n ths r:&.jor food 1tems are
swoarized in Tadble 2.1. "'ha data ave pres nted on tha ’o:‘cis of vet weiht
of saple. The prwaleme of soft beta ezzissicn in r:a.ny of tha fcod seczples
rnecessitates rather large eon\actioaa for &L«absorpnion but no 8ignificant
errors ere introduced tbm:@ the comction pmcedm o T
A moher of coconut sa:ples vere coll:acthd beauaa of tbeir i—oortance
os & food sourea. Three stages of g;ro'uﬂx are mpmsanuis ycmns green
coconuts tih2 r:ilk of vhich 1a chm_k, copra st&ue nuts prized for focd, and
sprouting ccoonuts vhich yleld highly ;alatalble Deat. In gen..ral,
activity corenrs to be higher in the pore z:atune COCOnutB. Wida variaticn

in levels eron; siples froa the same islc.ni can pro‘b..bly 'be aécozmt.ed for

in teros of the ae or mx!:, a2 of tba tree, hu:.xzs content a.nd Fd of the
s80il in \.h.{}\: ...A(hﬂe Lfows end a cber of lesser 1::;)ortant fac'oors such

<



Table 2.1 Sumary of Gross Beta Activity in Major Plant Foods
Source Averace Activity in,e/g or cc x 106
Coconut
Atoll Islernd Arrovroot Breadfruit Pandanus  Papaya - ¥eat Kilk
Likiep  Litiep 4.0 9.1 5.7 3.6 2.5 3.0
Utirik Utirix 16 3.4 5.0 9.0 2.3 2.6
Rongelap FRenzelap 15 28 27 2.8 5.6
Roarcelap Dusch 63 13 8.0 11
Fonzelap Cniaetok 0 3% 12 12
Ronselep Labared) 36 13 13
Roanrelsp Kabolle L0 13 16 12
Rongelap Luwruen 18 16
Roarelan CGelen 130 T2 25
Rongelep leczuilal 160 19 30
Bikor Bivar 5.9 5.0
Pencerik Znivetak | 7.8  9.%

s depth of is5lsrd profile, density end type of plant growth srovsd the cocomut

Cince ariowroot is in intirate coatact with the coataniipated so0il, 1235t of
tha fecters aflfecting cocomut uptalie had ilittle influence ¢cn tke saTowrd2h vpe
take., For this reasoa the arrowroot samples shoved relatively little variation
tatvaon epilizens. Also, thz groving seasoa of arrowrcot ha2d eppsrently ended

exd only cature corms could be obtained thoreby stratifyirg the devalop.cnt

stace of thisg 73cd 1aterial.

Sy



Sirce pandapus and breadlruit trees tore very little fruit at the
time of the swrvey conly shetchy sar»ling wves possible. Both of these trees
ternd to ehinla out campeting plants erd devele) frult rether ra2nidly. Thus
80il variaticn was the pnin factor causinsg differexces in wpteln of activity
fur szudes ooz tha s:’::,é erca. As coected less veristica vas found ’in the
ranienusd and breadfruit then in coccmats but rmore than in srrowvrost caoples,
Fepeyas vare Jownid only mezr rative hobitations end apporently were cultie
vated to a grecter degrece than th2 other rmajor food plentse This resuliled
in a sysien camaraoble to the porndeonus ard orea2dfruit.

2.2.,2 liscellznecus Plent Samles
A sumriary of the pross teta soiivities Tound in miscellencous plent

eximries is centnlined in Table 2.2, Daie in {his teble ere con the basis of

The rrecs saples are of rcoseral intersst bocause of their similarity

to the Yorage crops and cercal grains responsible for the major portlon of
tue woerlé's foad supply. liuien, Utirik exd Piker sampies indicate that
grass rzy act as & senzitive indiccior for astivity eveilable to plasi up-
take, Toe e£32 of the grass and eoil chorscileristics are probably roszousitle

fur il vide range of activities otzorved for sumples from th2 sooe isiznd.

Flant trmamk end foliase saxtTles Indlcnie a cacsideruble noveonont of
activity into the plazt sysites =s vas firecast by ths prescrnce of ectivaly

in coconut tres sap run curing v eoursz of the crizinal stu"q(l). e
coconut tre2 gysten is especiclly interestiss since the total ectivity
reresented bty the fru,: a exzll frociion of thoi vhich 1s residuzl in

2 3
the msir_ﬂl;a x‘h"‘) vlant. -It is unfertuncte that the survey wvos mnde
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vhen coconut tree scp ("Juczroo") vas virtunlly unobtainadle even by
native Ksrghallese. Use of this caterial es food for infants makes 1t
rerit study fraz a contaxzination stendpoint,

Arrovroot stecs end leaves show a considerable anount of activily
but the ratio of the ectivity in tha supporting system to that in the edible
rart 1s ruch less thon for coconutse. Guis is understandable tvhen tha relee
tive ecunts of fruit end supporting systez in both instances ard considared.
2.2.3 6oil

Exposed profile, tude coring and gross sarples werg collected to
describz the distribution of activity ia the isle+d profiles and espacially
in the arens of extensive food plant production.

A surnary of the Veta activity in gross samples of soil 1s given
in Tadle 2.3, Table 2,k presants data obteined froa exposed soil profiles.

Th2 probability of cross-contoanmination in these samples was soall,

Teble 2.3  DSwimary of Eeta Actiivity in Croszs Sarples of Soil

Iuder B /cin/g

Islad of Saples 0 to 1 in, l1to 5 1in,
Likiep 1 0
Utirik 5 950 550
Roncelap 5 8,000 £
Erizetok 2 58,000 €40
Labared) 3 85,000 1,30
Kabelle 6 25,000 3,100
Gejen 1 348,020 12,400
Bixap 1 8,k00 90

N Y !‘ o ’?

o st 1 12,000 - 2%
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Table 2.8  EBeta Activity in Scil Sassles Taken from Exposed Profilca

p~/cinfg
?Ziu)l Rongelap Labaredy Kabelle Kcdelle Yabelle
0-1 12,500 130,000 72,000 93,000 97,020
1,500 330 6,800 2,900 440
6 110 950 1,700 500 130
9 140 70 130 2,300 2%0
12 KDA 160 Lo 530 1%0
18 70 120 70 70 0
-2 S Lo 100 70 CIDA
P | IDA
36 60
Lo Lo

Table 2.5 swrmarizes the data éorived from the tube coring s2.oles.
Cores vere anmalyzed in l-in. increnments snd while son3 rover2at of aztivity
along the wallg of the tube wes ipesczpable the results for the most part

ecreed rathkar well with thos2 obtalred ty tka other sarnling rrocedires.




Table 2.5 Beta Activity in Core 8crples of foil

- ”:xo. -of 8~/rin/g
Isle.nd Coren lin., 24n., 340, Lin., 53in. 6in. T in. 8 ip. 9 in.
Likiep g’ 1. %0 ko Lo KDA mA
Utirsk 3 1,250 L8 240 130 100 160 60 25
rom-elap_.b 6,600 2,100 570 L20 230 160 200 10 50
Busch 1 10,800 T,100 T,200 6,l00 6,600
Eniae{agk'; 1 57,000 2%,000 4,300 18,000 26,000 12,000 11,000
Labareu). 42,000 33,000 23,000 23,000 19,000
Knbella 3 43,000 30,000 10,000 3,600 2,000 2,300 160
Lc;ﬂmf&l:3 53,000 48,000 25,000 20,000 14,000 1,000
Gelen . 1 37,000 37,000 3,000 L4,000 L,L00 3,k00
Lukued ;@ 35,000 40,000 13,000 10,500 10,000 10,000 ;700
Birar 3 5,000 T 25 170 120 100 o7
r:zuwe;qk 2 1500 7,50 3,000 2,000 LE&O 1,00 160 100

....... . A cazparison of Tebles 2.3, 2.% and 2.5 irdicaies that th2 coring

te_chnique falls down sarewbhat at high levels of activity although th2 epparcat

rovement, of ectivity may be real and a fimction of the soil perticle size and
not a mechanical cress-contaninaticn.

N Tha ebova data showvery definitely that the residual ectivity cn the
iglm 13 ccotoined primarily in the top several inches of soil and that
mnt 18 occurringe. D=2%ta presented in a later section deal with the
nature of thz contezirsticn in the environocat and {frca these 1t can te

defuced that frocifomtlR takes place with cetprt®® ang Ru1P5ny10°

VLT
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t‘emung to' make up the bulk of the fixed contomtrations Tie rlut upicre
c:ver a lcng period of tire m,y be comidera’nle Bithce tha root gystems on
the 191&1313 ere unitnmly distributed tMWt the top 1!1 fa. of the
island@mfﬂzs acd are extremely dense. ‘Very few roots vere found b2lovw
14 1, and those that wvere nated arpear to be carrylng large czoants of
vater froam the fresh vater lens to tha muther plante The lexge azousis of
ectivity found {n the plant systess negates a.ny posA'bility thot direet
fall-out could dbe solel,y reSPcmsible for thes contaminatlon. The roture of

2 contantnation in b plants shove that elthouzh cot M1 ong £l
ere fimlg fixed 1n the soil they are readily available to the plunt Gystess.

.2.h Coral, Lagoon Bottoa snt and Alcee
The exient of contamiration in the atoll wuters edjacent to the

105

1slands vag evaluated {ron samples of cornl, snt and alge.e. Rucerous
cd.ible z:arine species exist in thig arca and their food chzin is depgerdeat
*er-ily on the algoe s.nd coral. "b.ag-oss»beta, sctivities in coral end
&tcaearegivenm%bleas |

- Alz:as appea: to con..entrate ectivity to a nmch greater ée~rcz thia
corals E:uch of the coral a.ctivity ray even bo due to algae which 1s lolgad
ms:all pczes\w‘hcreit camotbarmed Thn.seacucu:wer ard grozn
alcag arg m.ch more ef‘ielent at concentrating ectivit y than is tk2 hi:hly
calcareous Halfeda,

. Four sarples of legoon bottan silt from the northeaat cerner of
Rongslap Atoll gave B~/nin/g valuss rengiag from 8,000 to 12,000, Activity
was uniformly distributed to a dcpth of 6 to 7 in. lagoon depibs vere 1O,
55, 60 and 120 ft. L

3\160a3
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Table 2.6 - Cross Beta Activity ia Coral ond Algae

'/r’«in/s

&

Co Algre
Island ml , T »
Tm(a) Agtivity - ) .
Liviep CUONDA T s e T e : L
Ut izt DA e 120 ' ‘
n\m_;elap. 20
. ‘ ‘
Triactok 790 H T 4oQ Y
3,100 8¢ 3h,000
Loboyedd C 85 - ' mre
K:lolle - 300 ‘e 16,800 -
Gajen 1,300 H b6 ’
. 1’110 O :
3,260 . h
Ditar 2% G 3!5‘” ot )
(c) G= grc-eﬁ ) HJr-ljHal.’{.xfs&:la,~ | SC = Sea. Cch:ber

The ebove data indicats a considerable ;-eservoir 6: activity' :
cvailctle for contaninating m.rine fod'séeciés. Data p:eseuted 1n mpm
L eonfirz that this activity contariratés the food S’upplya
2.2.5 loter -

Water sacples were collected from clsterns, vells,_f_.ree"qoles, Yerrels,
exrozed rrotiles and ocean and lagoon Bidéé of the islaxxlsa ‘ m ocean ard
le-2la water saoples vers co]_.ecwd vithin 10 £t of the vater lim to
evoluate the novemendt of activity froa the islands into the sxu-rczmdi.ns
vaters. Inipoced profiles and well vater samples vere celected to describe

avioss | EESTEEERTIAE
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cny movenent of ectivity into the fresh water lens and the reminder of the
s:a::ples wvere collected to evaluate the hazard from drinking the water,

Gross beta activities on tha ebove sanles are presented in Tadble 2.7.
The scarcity of potable vater 13 demonstrated by the fev islands from vhich

cistern voter vas obtainstble,

Teble 2.7 Suwary of Grozs Beta Activity in Vater

B~/uinfliter

Oceen Vater Cistern

Lagoon Ocean . Fxposed
Island Side Sidz Top Estica Well Barrel Tree2 Bole Profile
Liriep KDA FDA 12 LDA
Utirik 50 EDA 20 1,350 28
Ronzelap &0 330 6,300 16,000 430 54,000
Tisch 36 I'DA 14,000
Eninctok ¢%) 260 23,00
lobared) 7,700 56 8,100
Knbelle 2,300 & 15,000
Loruilal 3% 170
Bikar 37 28
Eniwvetok 100 - 170

The occan water data i:zdi;:ate thet ectivity is Being weshed off of
tha islands, It will be noted slso that tha levels of activity correlale
with th2 garmas dosa rates of the islands, Such irresularities es do oceur
can be attributed to the ocezn curreat povesents around the islonds.
Lom1ilal, for exac—ple, is in on exposcd rosition end both lagoson and occan
gide of the island are swvept by strong currents. Toe gepnerally higher
levels of ectivity on the lasocon side of the islands cta be explained by

22 g3 recsoning.e Since th2 roiny czason had ended at the tina the sazple

£

vas collected the ectual mechonisa by vwhich the active raterial was being

moved v3s propebly 553’5;:{&3\:1 with tha2 chan~ing level of water lire due to
gy v

13




f}deé. The lover gaxra dose rates observed below the high tide mark would
support this hypothesis.

The water froa vells and exposed profiles represents the fresh vater
1éns wnderlying the islands and the ebove data show that they are contasine
atéﬂ;r These deta are of special interest esince thasze lenses ray be
Intercediate sgystexs for tronsferring varicrs nuelides from the soll to
pleats.
4A: Tha cistern water and other poteble water supplies of lescer
iggaffance ghovw varying degrces of contamination depending on such things
ag %he cleonliness of the reservolr, the watershed areas and the presence or
ebsonee of shiclding trees. The higher levels of activity found in the

ttons of cisterns are to be expected end these data arae irncluded only for

comparative purposes.
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CZAPITRA 3 S

IATURE 0F TIE RESIDUAL CONTAMIATICN T§ Pmrs, SR

EOIL, COTAL, LAGOON BOTINY SILT AMD x&\m RSN

Evoluation of th2 rasiduval ceatenination frem tbg fd.l-out ot the :;

toll islonds vas deterainsd by stuly of the long-1ived fis.aicn pmlu:ta. -2
252 loag-1ived nuclides preasent tha prea t,cst internal ra.i.aticn hnngrd ;}
to huna beinzs imiobiting the conterirated area,
Fadiochentenl ennlysis for 6169999, total yove eart..s (RE), Zr95, 7 :

Rul%%, 621 05137 vere porfor=d o9 these Fisaion profucts ¢ '"‘ise the bul.k E *
of tLz cotivity reminlng et T + 16 moatha. : - L el
3.1 FRosults end Discussicn . e - Sy :‘
In Table 3.1 tha relative coniributions of tha varicus ,;m;u_eafm -

shxa &8 parcentazes of the {otasl ectivity. E » - 2

Thy difference in camosition of coauiratim in tha edible coconut | 5_
fractions ard in the frozd is ¢o b2 moted end the siaﬂ,aritw c:t cocomt_‘an& .
pondeanus contonination £3 well as tha hich Cal37 coaccn%ra;io encomz,\:red o
in st fool plants, An ciditional poir. of interegh 13 t-.... e.;re"“t of tZ:a 7 =
601l eaponition with that predfeted frox ea enalyeis c«f Boagﬂlap co*l (.xn'in.s g » :
Project ka1, Rare ecarths end ruthoniia are cm*hat h!@ber ti:::: pr:._icted : Y«
inddfecating o vachout of tha othor rpuclide ) | .

Arroroot eeples ehoved rather vice veristica in ccmgositicz; which”
k23 not bean expected froo consideraticn of the mria‘nlea irzvolve&; * ;

Fare carth nuclidss and D 105 e ) tha bulk of the acti‘dt‘y 'ghich :
roning ©ixed to coral isiasl a3l under the inflmnﬂ ot troz)ic-al min:a
o] water e2d lagomon vater volues vors siniler to thf"sa of tbs aoﬂ..

gv 0003
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Table 3.1 Radiochenical Caposition of Rasidwnl
Conteniration on Marghall Yolands Atolls

Percentac? of Total Activity Observed(s)

te o

!'71)':‘ s ; e

A~

e ‘ TR
Material - 559 g0 crowp

Coccnut Frond
R
Cocomrt hﬂk
Groon
Corsd

Cistern Water
szbm:lil-tater
Iazoon Valer

1.3
1A
1.2
1TA
A
1.3
0.5
1.6

3.2

0.8
1.1

2.9
0.8

0.9

5.9

6.3
5.0
DA
DA
4.6
2.4

7.3

14

2,2
5.0

8.6
2.5
!I»-O

(a) valizs as of 15 July 1555

3.0
50
30
1.2
0.9
T4
1.2

37
67

73
g2

X
59
76

0.5
19
h.2
I
A
6.4
0.2

31

10

0.1
0.2

2k
20

9.7

7.8
I
6.7
YDA
A
5.8
0.6

(20)
(16)
7.0

295(b)  RlOS(v) 23T T

€o

(v) Pend B0 ray be caleulated fram the reported parest values.
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Iazoon bottom 811t gives very nearly tha sand nuclide distribution as 5011

azd 1t vould eppeor that eolwdility ray be & better criterta of nulida

transfer thaa eeplex formation with mtrlx ccponzats.

the high wtzke of Cs237 by tho cdible portions of plmt roods
prouebly the result of potassiwm Ceficiency in tha coil ani the utuiz:xticu
of cesius to reploca pcoedzd potasain

elditle coconut frecticas 1llustrates thatr sclectivity far 1nﬂividz.n1.nuclid_e$o

e ) 'l
\_}b\
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A caparison of the co*o:z'zt fro:x:l sml.
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Chapter &

INTERTAYL, COUTAMIINTION (F FISH, FARINS SPECIMELS AlLD BIADS

Fich end birdsg were collected froa the following {elends of the
Foncelnp Atells Pongeles, Gelen, Kedbelle and leterdy.e In eddition, other
_anir::la wcre ccllected {rom Pilar, Likiep and Utirik Atolls end Enjwetak
Island of thoe Ronzerik Atcll, The majority of tha porinz gpecicong were
collected in th= lazoons off the shores of the islands, Th3 larger Jish
vere ceuzht in the niddle of the lezoon.

I'cet of tha fich were collected after they vwere polscasd Uy a
Botenone solution disperssd in tha shellow vater. Tha terns were shot vith
a rifle. Fech speciron wes placed In a plestic btag end frozea, The t:rozen
sxmles weore transportced to the LE:K.’DL.I
h,1 lsboratory Proccdures

A nuzter of the large fish were completely scparated into skeleton,
nuscle, gillse, liver and vigccera. %he reaining £ish and carine invertse
bretes vore enlyrzcd whole,

M1 sazples vere Gried st 200°C for 48 hr end eshed for 48 br et
550°c. The ash vos digsolved in 27 EC1 and mode 1 to velimse Lo gans
activity was counted in a decp well sodfuzr fodide crystel garsa seintillatien
coumbter; tha btata estivity vos commbted vedar s thin end vindos teta countar.
The beta sctivity in each cose sas eorrectied for counter elficiency and
rass ebsorption. The poa and bets ectivity is recorded in "o (\,o equl-
valeat)®, Tais it vas derived frea camaricea with a co®? standard
counted uler idomtictd conditicns 63 (k2 coonleoc,.

; Rndiochemical analysts were parlommed to C2tormind the coacentratlion
of scverel ra.:licn clidf =rhar of th2 gpecinmzas. The redicchazical

;‘.u‘v ‘\ e s s
i i [EAD s TIENY

TERSSNATy
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L] ( ( ;
iechniq_m erployed will te doscriled in a fortheoning publieation.

h.a Regults end Discussion N
S Significant mmts of beta anl grra ectl nty vere found 1n the

tiasuea of 65 Yarshell) Inland £ish end mrine invertebrotes couectcd 0na
y&r after exposure to the mll-out fren Operation CASTLE L2 (Tables b. 1, 4.2,
and h.3) "'h.a distribution of redfcactivity in tha tiscucs of the large
fish (>15o g) collscted fn tha Rongelsp end Rongerik legoons (Teble %.2)
'in&.icated that &pproxi:ately Lo per cent of the ectivity was fcnmd in tha
saeleton. ) t'.x.scle conta_nﬂd approximately 15 per ceat and tha vlSCem coz-
tai.ned e.pprmdmtely 20 pw ceat of the total internal ectivity. Cna
exceptm vas 8 parrot fish fron EniwveteX which had an *Mua_uy higt
activity in t!ka viscara, provably ecsociated with recent ingestion of a
highly ccnt&._ir.ated food sources The recsinder of the ectivity vas found
cu the a.-d.n und gills. The beta to gwrm rutio vas epproxirately lzh in
L::.»t of t!le tissms aaalyzed. Faysicel cnd chendeal enxlysis oi’ G2 fish
mﬂicatcd tLat tha high g to beta ratio wes largely accounted for by
the rduted eativity of 253 end FeP” F-capture enitters. Purther vork on
fish is Ln progress to sce if this sitwatica is a wnique or een;mlird
finding. ) . .
o ma total ectivity fomd in the terzs callected oa tho various etolls
(”ablakl)va.s leea by & feetor of ten or more than thot of tha corress
pomﬂ.ng fish pogulatio..ﬁ ‘”’ne activity of tha tarns coll&cteﬂ {roa tta
Pca_,eleg Atoll w2g hig!;.r than that of the terns frem Reagerik Atell ard
WMMﬁMJM@JtJHmtmmﬁmubE&JMd_

| m rodicanalysts of & rosster froz Poazelep Island ("‘a’ole !; h)

BQLQU\S
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Table b.3

Sumnery of the Gross Beta and Garma Activity in S:all Fish ( < 150 e)
:  and Marine Inverte'bratea of the }'a.rslmll Iclonds . _

st (a)
IS Eo. Of . 5'730 Height He x 103
syectams . Bpoctoens (a) Pota Gorca
Roné:elapAtou h 0 - o -
1. on&elap - * _L. - «"_ ..-:_ ._ = . Ty A i" R
Crad 2 50 12 0.
. Cla::(b) )} 200 010 150 -
2, GEJeu . .
- Fish 8- 59 27 105
Crad 1 ) m . 13 ha
3., Larbard) _ - | E
Crad 1 3 33 105:
) * Fish , 33 - 19 o
Crab)Cmcaut(b).-' RS L 16h 155 -
nonm-n; Atoll . ' : \
Eni\fet&k o o T
S R 2 55 i
Biker Atoll g
Bikap
Li.iep Aton oL
Lixicp S » .
Fish) ¥ . 198 5 1 -
clea(® . R S 230 - 27 &
Utirik Atoll © ; o
Utirik 3 - .
Fish _ b & 2.1 3.9

2:’.;- ‘;nc are in terns of CoP e&uivalé#t. .

b) Withcut s‘c‘=§ .
10"83 O gEmEmmnr R

-
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Teble L.b

Su':zn.ry of tha Cross Beta and Garma Activity in Birds and Fovl

of the lMarshall Islands

Island
and Fo. of Yot VWelcht

Specinen Specizens  (g)
Fongelap Atoll

Gejen
Terns 2 163
cut
Tivin
Corcnas
Kabelle
Terns 2 184
GCut
Tibla
Huscle
Carcess

Larbard} -
Teras ) 2 146
Gut
Tidvise
Rongelep Island
Rocster 1l 11L0
Skeleton 259
Fuscle 43h4
Viscera 64
Liver 1Ly
Fea 15
Bxin 157
Lung

Rongerik Atoll
Enivatak
Terns 2
Gut
Tibia
¥usecle
Corcass

Dilar Atcll
Bikar
Terns 2 126
Gut
Tibia
- 0

nusclii‘; i,(}{}gazg'
Czreasd | .

(2) pc are in tercs of co® equivalent

23

pe x 10%/7485us(2)

Beta

10
197

253

13
23

~
4

. 300

114

6520
250
156

16

7231

19
6

Garm




indlcated relatively hich bsta and gama ectivity (0.7 pc/thIQ anir.al)a ’
The ra.io of bteta to garma epctivity wvos approxirmately cne Tbe rooster
roazning frecly on the Island derived his activity froa contimxoua hx,estiou
ot contaninated wvater and foodstuffs which hod incorporated_figaiog pro?

dncta. In coparison, chickeas collected at one month post-dctcmtio'n?

\ . .
P B

end remwved from the contauipated erea continued to show internally
@simd activity in detectadble erpuats for a period of cnly’ ehout 6
ronths. In the reoster ovor 90 per cent of tha toteld e.ctivity vaé fcmnﬁ .
in tb.e si:cleicn, 3.5 por ceat in the puscle and 2,3 per cent in tha o
*dscém. Only very s—all anounts of activity vere fourd on La asin aad
feafhﬁrs end even less in thz2 lungs. o ~ -
‘ . Considerable variastiocn exists in the conc e-l‘ration of ectivit[ per
veight of irdividual tissues s a function of tha geoaraphic location of -
the anirals,. In th2 Rengelep Atoll, for cusomle, fish snd irtw’rtc‘bmtee
cansht in the portharn part of the lazoon comtaipmed on ea aw.r:,{,e 3 ta 3} :
tires the ecount of interaally depcsited fission products as t:mt found in

fish from the southern legoon. This i3 consistent with the f“e-«t that tha
northem lazoon vos exposed to higher concentratiorns of i‘e.ll-o:zt x:.tcrialo
Average external parma readings of the northera and southerm 'h:.;ﬂlsq:

Islards were 5.8 and 0.7 or/hr respectively. Tha fish cought orf ..u.ih"’t&k
Island (0.7 cr/hr extersal gom=) and Utirik Island 0.1k m-/hr external

sax'a) cortained the saw averase concentration of internal act&vity a.s '

the fish of the southern Ronzslep lagoon. Likiep fich (0% ::.-/Iu- extemél
&ema on islend) contalred Jover but still datectsble amounts of mternal
radioactive ccntmaination. The total ectivity in the s::...ller fieh ( < 150 a)

‘.rr."\

vzg 1in gﬂnar%..-sw*h‘"ég.nr per unit boly wveicht thaa thst of the larse '

2k 3




fish,’ Creba, clamy and especimy ana.ils vers found to incorporats .', :
radimlideatoamxchgmaterextentpermtbodymigktﬁmnd.&tha

~. ?..' -

ﬁsh 1n tha correspondins loc&litiel (Table k.3). RN ;_-_7_. f; '

-1

A mnber ot tiasue sa::plea or ua.rms specicens end of the rooster-y :‘,:

In xmscle and viscera mlﬂs of tha ani.nls fronm Reagelap, Utirik end
Ronserik, 8#89 contributes epnra:imtely 0.5 per cent of the tolal beta .
activity. 8% 1 prosent in en Approximately 1:1 ratio with sc, S1nca

tlm er end Ballou calculatiom(a) indicate that Sr9 end Y cach
ecntribute ebout 2 per cent of the total teta activity at one yeen' a-fter
ﬁssion, there does not appee.r to 50 axw frectionation of radiostmnti\n
into tho soft tlssucs. As exPected, xnost of the interaally d.posited

mdioactivityuasfomdinthsskeleton : : RPN x "

| Tissues of a fov mrims specinens vere analyzed for 05137 (37M

L:lf-life) since thia mxclid.e was present in high conventratio.‘s is %mter
_a..ica:o atmlkf‘mthiaareS. Thetis uz2s oftl;eroosterara&ofths
coconut crab ccatain si@.iﬁcant azaomts of cs13T, A very nich ’raction of
05137 ae’civity was wt.ed 3.n the mscle of tbe rooster (L0 per cent cf ths
'toubeta . ?\rmerradioanalysis ofnarim specirens indicavedth.-t tbé
rare earth group constituted a fev per cent of the total beta activity.
Ru*°5 and Zx”-::b” contributed ‘the largest percentage of tha vauSl :
betaactivity. - S

' Ccz.gk.risaa of the fish ard clan collected at one yecr post detoution
vith thoss collected at one rosth post datonation and enslyzed k x,snths )

2. Funter, H.P. and H.B. Bauau, Fission Product Decay Rates, !mc.leonics,

Vol. 9, m;icﬁggto c-T, Hw- 1551 CEn T

-

25:

vare analyzed far tha conceutratiom ot irdividual radionuclides (mble ’# 5).
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post detcnution reveal the following differences. In the group collected

ot one ronth the concentration of internally deposited fszion vroducts vas

5 to 10 tizes that of the fish collected at ore year. The residual activity
in the {18l onnlyzed at b ronths post detonntidn overagel 2.5 pec bela |
activity (0060 equivalent) ard 4he beta to garma ratfo was 1:2. In the
current analyses, fish of conaredble size hal a bets activity of approximmtely
Q.1 pc £nd a beta to paxa ratio of l:h. The largest fraction of the gross
teta activity in fish collected at ozz zonth was contributed by material in
tie viscern end liver, Smller but equal sosunts of activity vere found in
the muscle and skeleton in these fishe In the fish collected at oze year
post detonziion, in contrast to the group collected earlier, sbout 50 per

cent of the activity was incorporated into the skeleton with only about 10

per cent foxnd in muscle.
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CHAPTER 5
GAITA DOSE RATES

Gorma dose rates et 3 £t above ground were determired with
L5/PTR 27 C's.

Cpecific locntions which bad beena ponitored on ezrlier surveys vare
reswveyed vienover they could be located, Ceucral surveys vere run ca al}
fslenls, A lincarlty calibration vas carrled out on the fnstzients with
e ©3.53 nz Fa source vhich vas mde evailadble to us by the AZC Fadiclogical
fafety Gecticn in the PP3. low intensity cel3T atontards vere carried in
the field in order to maintain & continual check oa the behavior of the
Irstrmeats,

5.1 Results and Discussion
5.1,1 Generel Surveys
Table 5.1 contains tha gamema dose rates found ca tha falands

surveyed. %hera dota are reported &3 of 11 months pest-detonation.

Table 5.1 Aversge Gz Dose Rates on Islands

Atall islarmd re/hr at 3 Tt
Likicp Likiep 0.04%
Utirik Utirik 0.1%
Ther Biker c.27
nenzerix Enivotok 0.7 .
Torgelap Rangeiep 0.7 .

» ¢h 008

" Enicetok 2.4

" Labaredy 3.0

" Eadbelle k.2

" Lukusn 4.8

" Gajen 5.4

" Lazuilal) 5.8




{

fbotodosimtr,v dots {courtesy of !r. R, L, Taylor, AEC Fadiolo:zieal

Safety Represcatative) on Rongelepy and Fabells islands are in good
'-ggree:cnt vith the valucs reported herein. In general, it vas fomd
that gcrn dosa rates vere wiform over sny individesl island. Euch
va.riations as occurred eppearad to be efscciated vith distinet features
rt:o:f ths islandBguch =3 living erces with 1ittle orgonie covering, vida
‘roeds, shifting sand dimeoa, end tidal wnshes,

5.5..2 Surveys at Spheeific Locationsg

: =Bl 5.2 presents readincs takea at various eoceific locaticns
“oa the islenis.

Teble 5.2 Caza Dos2 Rates et £p2cific Locaticns on Isglends

, : nr/hr at
Islend Iocntion 3 £t

Utirik Stake 100 ft in westvard dirvection froa X 0.2
) corner of chwwch (in coccaut grove)

Rangelap Vood enslogure 30 yd inland froa cemetery 0.6
¥Weat sida of flarpole, center of H villags 0.5
Central cistern, 200 yA W of flagoole O.

xS Roof, southara eigtern, 350 yd W of flacpole O.z
- Forthern cistarn, oppogite flespole 0.

Cistern 150 ¥4 B of flapole 0.7

Botthorz=sost cistezrn of H villege 0.5

Cistera 100 ¥d S of bturnad chuxeh, Food kFarkar XV 0.4

Busch Stake 50 yd froa bezch, ceater of psth in 0.8
T coconaut grove

Enlastok ™o stekes at 100 yd fran beach just porth of 1.8
wost paainsuls

Kabclle Stake painted yolles, at hich tids lins, 3.1
R vast chore
Lukusn Stale painted yellcr, et hich tid: lire, SW 4.8

cornar of 1siznl

<t !‘Q\"B .
a‘ FRVAVE 4 .
: ’ zmwﬁm
29 RTIEEA XY
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Teble 5.2 Garma Doso Rabtes at Specific Locationa on Islenls (Con't)

or/nr at
Islend Location 3 £t
Cejen Cicke painted yellow,at high tide lirse, 3.6
naar wesy coconut trees o
Lozuilal Elake peinicd yellow, at hich tide line 5.8
S end of island
Dnivetox Living ercn, ucss hall dnterior 0.25
Liviyg &rca, hospital interior 0.3
ILiving exrea, wvalk fron kospital to pess 0.5
Living erea, store roaa (behind reocs) 0.3
Living arez, exterior store room tent 0.3
Living area, genersl srea exterior 0.%
Vicather station, exterior arees, local 0.5
Weathsr stabion, interior all tents 0.5
Veather station, interior all buildings R
Ansy site, gencial area 0.4
My site, interior tents 0.:
0.

Army aite, edjacent to trailer pasltion
In gencrol, most of the spacific locaticns had been set wp in living
areas by carlier swrvey iemis end the levels are loder thaa thocs

eacownterced over the cajor portion of the island.

. . r\’)
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Crapter 6 = ;
sy
. Signifit:ant a.munts of bota am! gm::a ectivity vere fcund _'m the

tissues of !‘.‘a.rshall Isla.nd £ish end rarins mv~rtebra.tvs collecwd 6ne yea:l'
follwlog exposure to the fall-out froa Opemtion CSTLR, The hsamst cons ?
centmtioaa of mbernally deposited activity wvos found in ,arins sxcimsns
‘be.’s.en fro:a the northerh Ro:@.lsp 1acoon; lover cc'\.cbrrtraticms of :.nternal
activity vers found in specir:»na frcn the southern lagoon fﬂ*e C.u—bsg cl&.: :
en.i smils couteined considera‘nly bigmer cmcent:atiozls of ro.diomclides than
vere foxmdinthefiehfmattasaznatpa.;nost of tbe actiﬁtwinthe |
r.arine specimen.s v&s contributed 'by Zr95 L‘bg, and Ru 3.05 3.05. 'I’h*x‘a ve.a Y_ .
ro. ﬁ‘actiomtion ot 5,89_51.90 in the tissue.* of thae fish e.ml.fzedq g 4 .
Radioactivity vs foud 1n all tood plants on tha ccnunmm o

.,
ERITR %+ »'.",‘»wi,ﬂ:.'a‘-‘:‘s’v"u R PRI

' 1sla.nds upporting plant systens elso contain»d a Iar"e reservoir of S
activity avaﬂable for future imcrporatmn {nto tke ylam.s. - ?» - . «

Peeidual soil conta-aination vas primrily cmma-:—a in th: top exver u.
3.nchea of soil with mezent dowvn to the lens wnter indicated- ; ‘Ihe activity v ;
iabeing slovl.y le&chedefrtbeialsaﬂabyo&an tides. mm,{or r:ﬁic~~ ; “
mzclice fomdinthela:.\dfoodpl_atsandintha tissu.aoflande.air.,ls
wvas €137, gua 1oo00n enviromaeat coateinsd pnn:iya.uy rare earth grm:p
ele.::ents, Fu106.r108, apa 2:95.1193, '. -;' o "

The amount of ectivity in the specinans e_.alyzed 'sre.s gez:erally )
promrtionaltotheexternalga::areadinginebchoftt-ear&.s._’ -
62 Corments on Future Hork el L “ R _'7

' Ina} L&Q&g future vork 4o carried out along tba uma mitia 1



‘during this projecet the following sugesticn roy be helpful,. ‘I R
Sapling of coconut tree pap, pandanus apnd dreadfruit vould bo :

greatly exredited by scheduling the mjor survey during the end of thq rainy
sggsozm, zraferubly in Kovesber. This would clso allow a better suuc\y of thc
éﬁ’éet of raoinfall oa the leacning of ectivily froa the soil iato the;gnl
vater end from there into tha la~oon or ocesns

. "Studies on the movercnt of activily into the supporting plant syateui
mlght bte brocdensd to forecast the trarsfer of pore hazardous nmlides into

reproduct*ve fractions of the plents.
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