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CHAPTIR 1

INTRODUCTION
_ As a result of & mx;lear' detonation in Operation CASTLE, eeveral
atolls in the Marshall Islends vere conteminated by radiocactive fall-out
%o such an ext.ent that evacuation of the inkabitants was necessary. Plants,
anitnls, vater end soil vere collected from tha islanls one month after the
fell-out occurred. The liva enimals vere sent to the USIRDL end redfochemical
enalysis was made of thair tissues to provide informtion on the internal
redistion hazards A report(] of this study hes been published.

175 a follow-up to the origin:l stuly a resurvey of the contaminated
F.arshall Islands wvag undertaken. Radiochezical ennlysis of food plants, fish,
vater, 0011, corel, algae and birds indicate the natura and extent of the
interval rediation hezard eréated by tha residual contaminatioa on the islands.
Buch data vers necessary to determine tha possibility of the rec-occupancy of
{hs con‘fw:.ina‘«_.ed islands. A gaz= dose rate survey vas coenducted to detemim
;:he external radiation hazerd. The present repcrt presents tha data Ode
tedned froa the resurvey of tha coutazicated islards ona year after Cparation
1.1 Objectives

Lz Atell Resurvey Prolect was entitled "Féllc-:-@ Deterzinntion of

the Itect of the Distridutiocn of Fall-out Cont&:imaﬁion on Reagelap and
Othar Atclls in the Marshall Groups” Its specific objectives wvered

(1) To provids data upon which a decisicn can be based es to vhether

and vlien ths evacuated ielands 6%3 /Se cafely re-occupled by thelr forzer

1. Stuly of the Intetgsgdioactive Contas~inatiocn of Fumn Beincs ard Anirnls
crd Conteximation of the Eaviron:ent Resulting froa Fall-out ia Operation
CASTLT Addendwa report, Project b.1 Opiration CASILE WI-335.
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(2) To provide information about distribution of the con‘taninatian

cn a lan? erea vhich hod beenm hesvily conteminated by fall-out. o
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CUAPTIR 2
GRCS3 ACTIVITY IN PLARTS, SOIL, CORAL, ALGAE AXD WATER

At the tire of their collectica in the field plent, soil, coral
end elgae sorples vere placed in individual plastie bags for shiprent to
USIRDL. Vater sa—ples vere collected in Y-liter polyeti:ylene bottles.

2.1 Frocedurcs at the Laboratery

The edible porticas of the fozd plants were separated froa the in-
cdible portions with every preczution being taken to ensure a lov probability
of cress-contemination. Welghed easples of the food wvere dried st 110°C
end then ashad in a ruffle furnace at SOOOC. The ash was transferred to
tared aluiinua planchets, veizhad and prepared for counting. Saples of
supporting pl=nt sysiteis ard grass wera prepared in the saz2 feshion.

Fresh wster sa-_les were acidified and the entire sasple evaporated
to dryness. The residue wos taten up in water end the slurry transferred to
a planchet for arying, weighinz ard counting. The ectivity was isolated
from ocean water sa-—ples Uy (a) tulfering vith IEhCl. t0o hold 1:xzrosiva In
solution, end (b) prezipitaticg the patural ealelun witheBiapCOze fite
resulting flock wog allowsd to cettle overaizht and the bulk of th2 suparnziint
vas rewoved by suctioa or decentotion. The remining slurry was trocosferrad
t5 lustreid tubes arld caatrifugelds The precipitzie wos washed ooce with
vater, transferrcd to ao elurinun plenchet end dried et 110%. Analyais
of the supernatants froa the nore active samples showed that reccveary of
activity by rrecipitation roa froa &0 to 50 per cexzt.

Soil end lagoon bottan 8ilt sarples wvere dried and mounted in

3710053
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pluninu planchets tor counting Coral and algas eazxplea vere dried over=
nicht at 110°C, ashed for ek hr at 500°¢, pulverized and mmtea in

eluminun plancheise. ' B SRR
After counting, ths samples vera counted -dth a gaa-flov proportional
counter at 25 per ceut gecaetry as detemi.ned vith alu 08 stamlsrd or with &
1.9 rzfsq c=, end-winiow, G-H tube ard Huclear Instnnnenta scaler at 1b per
cent geocmziry &5 deteminai with al 08 staniard, Abaorption c...zl scatteriqg

corrections were d,ntemined e:z.pirica.uy by coxmting vaxying velg,hts of
individunl sam:ples and extmpolating the epecifi¢ activities to 2er0 sanple
veight. FLrsorption curves on all sa;mplea sh:med neglizible mtmts of K0

betes es compared to ths gross contamination. ) L
2.2 Results and Discussiaa

2.2.1 lajcer Todxis

The gross beta activities fou.nd in tdao r:a.jor food 1tems are (2

suwonrized in Tedble 2.1. "’he data are presmted on tha b:‘cis of vet weight

of sacple, The pr‘walen..e of soft beta ezsission in r:a.ny af t.ha food sesples

necessitates rather large oorrectioas far &Labsor;mion but m significant

—— g

errcrs ere introdused t.b.rcv{;h the correction proceiure

A mober of coconut sa:ples vere collectﬂd bemuae of tbeir $—ortence
£s & food sourca. Three stages of g;rovth are mpresanuit ycmns green
coconuts th2 riilx of vhich 1a dru_k, copra Bt&ue nuts prized. for focd, end
sprouting cozonuts vhich yleld highly ;alata.ble Deat. In gen..ra.l,
aciivity zzrears to b hi.gher in the nore nat\ue coconuts. Wida variation
in levels eron; siples froa the same islc.ni can prob..bly 'be accmmwd for
1n teros of the 22 of t§ nut, age of the tree, hxz:us content a.nde of tha
soil in \.h.{}Y ...A(h"_t,)e grmu's erd a mrber of lesser 1r_-:;>ortant fac'oors such

[ = S N

) @m&z




Tadble 2.1 Summary of Gross Beta Activity in Major Plant Foods
Source Averase Activity in,c/g or cc x 106
Coconut

Atoll Islerm Arrovroot Breadfruit Pandanus Papaya ¥eat Hilk
Lixiep  Litiep h.0 9.1 5.7 3.6 2.5 3.0
Utirik Utirix 16 3. 5.0 9.0 2.3 2.6
Ronrelap Ronzelap 15 28 27 2.8 5.6
Roazelap Dusch 63 13 8.0 11
Fonzelap Cnizeiok 0 3% 12 12
Roncelep Labared) 36 13 13
Ronrelep Kabelle 40 130 16 12
Rongelap Lukuen 18 16
Roarelan CGelen 130 TR 25
Rongelep Lezuilal 180 19 30
Bikar Bitar 5.9 5.0
Rencerik  Zniwvetakx 7.8 9.4
os depth of 4slard profile, density end type of plant growth arovsd {he coconut

Cince ariowroot is in inmtirate coatact with the contaninated esoll, o3t of
tha fecters aflectint cocomut uptake hed little imiluence cn ke aTowTdot v
take, For this rezson the arrowroot sarples showed relstively little veoriation
batvoon ghccizens. Also, thz groving ceasoa of arrowrcot had eppsrently ended

avd only cature corrms could be cobtained thereby stratifying the developr.cnt

stace of this £aod aterial.
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Sirce pandamus and breadlruii trees ore very little fruit at the
time of the survey only shetchy sarpling wes possible. Both of these trees
terd to chinla out competing plants erd develep frult rether repidly. This
soil variaticn was the pnin factor causins differezces in upteln of activity
for samgdes fvoa tha s:’::,é arca. As cxoected less verintica vas found m the
paadenus aad breadfruit thon in coccmits but more thzn in srrowrost caoples.
Fepoyas vare fownd only nmear rative hobitations end appox rently vere culile
vated to a gmecter degree than th2 other major food pleatss This resulied
in & syslen exgTaratle to the pordonus ard breadfruit,

2.2.2 liscellanecus Plent Sarmles
A suwrary of the gross beta activities foumd in miscellencous plent

garsies is centained in Table 2.2, Dala in ihis tedble ere on the basis of

vat veipht.

ecs saiples are of roneral intersst because of their similarity
to tue forage crops ond cercal grains responsible for the major portion of
tue werléts fosd supply. 1dkies, Utirik ead Piker sampies indicate that
grass Ky act as & gensitive indicstor for astivity evailatle 10 ¢ 1ot Upe
take, The e£32 of the grass and e2il charzcleristics are provably reszousitle

for tle vide renge of activities observed fer szoples fron thz sooe 15iznd.

Flen fwmk gnd foliae sxTles indicoie a cacsideruble nove..eni of
activity into the plaat systes os vas forecxst by the presen 2 of ecliviyy

in coconut tres sap ran durins the coursz of the criginal stu"q(l). e
coconut fre2 cysien ig especielly intecrestic; sicce the total cctivity

rerresenied by the fr‘d,t a szall frootion of thot which is residesl o

the msir_ﬂga x‘h‘d \pﬁaw. -It is unfortunate that the survey wos mnde
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vhen coconut tree sep ("Jugaroo") was virtually unobtainabdle even by
native larshallese. Use of this caterial es food for infants akes it
rerit study fraz a contaxzination stendpoint.

Arrovroot stecs end leaves shov a considerable anount of activity
but the ratio of the ectivity in tha supporting sys‘em to that in the edible
yart is rwuch less thoan for coconuts. Tiis is understapdable vhea tha relee
tive aounts of fruit end supporting systexs in both instarnces ara considared,
2.2.3 6oi1l

Exposed profile, tude coring ani gross sarples vere collected to
describz the distribution of activity in the isla-d profiles and especially
in the areas of extensive food plant production.

A sutoary of the beta ectivity in gross samples of soil is given
in Tadle 2.3, Table 2.% prescots data obteined froa exposed soil profiles,

The probaebility of cross-contenination in these samples was small,

Teble 2.3  Swmary of Eeta Activity in Gross Sarples of Soil

Iuder 8™ /cin/g

Island of Sarpoles O to 1 in. 1 to 5 in.
Likiep 1 0

Utirik 5 950 50
Ponsalnp 5 8,000 &N
Erizetok 2 58,000 3%
Labared) 3 85,000 1,300
Kabelle 6 25,000 3,100
Gejen 1 348,050 12,400
Bikap 1 8,k00 o0

w v O o ’?
z%}z-—%t_gyu-‘_ 1 12,000 - 2%

- o any

' e SR
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meble 2.5 Deta Activity in Soil Saszples Taken from Exposcd Profilcs

Pepth p~/cin/g
(1in.) Rongelap Labared) Kabclle Kebelle Yabelle
0-1 12,400 130,000 72,000 93,000 97,020
1,500 330 6,800 2,900 440
6 110 950 1,700 500 130
9 1ko 770 130 2,300 2%
12 KDA 160 ko 580 10
18 70 120 T0 70 20
2 ko 100 70 T1DA
» | IDA
36 60
Lo Lo

Table 2.5 swimrlzes the data Gerived from the tube coring sz.ples.
Cores vere amalyzed in l-in. increnents snd while sonz rovem2at of cativity
along the wallg of the tubz wes inesczpable the results for the post part

ecreed ratkar well with those obtaired bty the other s ling rrocelired.
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Table 2.5 Beta Activity in Core Szcples of Soll

"Tﬁo.-or 8°/rin/g
Isle.ud Corel Y 4in. 214n. 34n., L in., 54n., 6in. T in. 8ip. 9 in
Likiep 1’ 1. 10 Lo Lo KDA rDA
Utirtk ."_3 1,250 4% 2 1 10 10 6 25
Ponrelap I 6,600 2,100 570 k0 23 10 209 10 0
Busch 1 10,600 7,100 T,200 6,k00 6,60
Pufastok |1 57,000 25,000 ,300 18,00 25,000 12,000 11,000
Le.bareda). 12,000 33,000 2,000 23,000 19,000
Knbello 3 143,000 30,000 10,000 3,600 2,000 2,30 180
Lc‘:uilnl“.3 53,000 48,000 25,000 20,000 14,000 1,000
Ceen. - 1 37,000 37,000 38,000 4,000 b,L00 3,k00
Luluen a 35,000 50,000 13,000 10,500 10,000 10,000 %,700
Firap 3 5,000 T 2% 170 120 100 27
&uwet,oxa 16,000 7,500 3,000 2,000 1,800 1,100 160 100

A cczparison of Tebles 2.3, 2.k and 2.5 irdicates that th2 corirng

technique £alls down scarewhat at high levels of activity although th2 epparcat

uove:znt of activity may de real erd a fumction of the scil perticle size and

not a mechanical cross-contazminaticn,

Tha ebove data shorvery definitely that the residual ectivity ca the

3slands 13 ccntoined prinarily in the top several inches of soil end that

ovezent 18 cccurring.

Da*a presented in a later section deal with the

pature of the contemiration in the environoent and froa these it con te
105 .m.OS

deduced that n;ac‘qicm’cl
Qv

@ takes place with Ce

10 .

b A% 4 Ru
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tending to make up the bulk of the fixed conta:nination. Tue rlant uptal
c:ver a lcng period of time rey be coneidera’nle nirhce tha root gystems on
the iale.nds ere unifomly distributed throuc,h.mt the top 1b 12, of the
ialand@:ofﬂk& and are cxtmmly dense. Very few roots vere found balov
1% 1n, and thoae that wvere nated arpear to be carrying large czuants of
vater froa ths fresh vater lens to the muther plants The lexge azsuuis of
ectivity fourd {n the plant systess negatea a.ny posd'bility thot direct
fall-out could dBo solel,y reSPcnsihle for tha coata:ninatlon. The roture of
ha contanination in tbe plants shova that a.lthou;h ColMp ¥ g 1,106 o1
are fimlg fixed 1n the soil they are rcadily mrailabla to the plunt systess,
.2.1; Coral, Lagoon Bottom snt and Alcre
The extent of ¢ontaniration in the atoll wnters edjacent to ihe
1slands wag evalvated froa samples of coral, sut and algne. Kuserous
cd.ible z:arine species exist in thia area and their food ¢hein is deperdeat
*er-ily on the algpe s.nd coral. The gross beta ectivitles in coral end
&15&8 ere givea in Table 2.6, |
- Alz:aa appea: to con..entra.,e ectivity to a mch greater ¢erre2 thin
coral, E:uch of the coral activity ray even e due ta elgae which 1s lolged
Mmllm:esvbcnitcamotharmed Tha seacucm.}erav:le:m_n
algze are Duch more ef‘ielent at concantrating ectivit y than §s tk2 hi-Mly
calcaresua Halireda,
| Four sarples of legoon bottom silt from the nort.heaat ccrier of
Rongelap Atoll gave p~/nin/g values ranziang from 8, 000 to 12,000, Activity
wvad uniformly distributed to a depth of 6 to 7 ia, Ls.goon dspiis vere LO,
55, 60 and 120 ft, ’
35 LGGGS
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Table 2,6 - Cross Beta Activity in Coral ond Algae

‘/r'«in/s

&

Coral Algre
Izland o . St ,
Tm(a) Activity - . .
Liviep B0 '+ QKL A P S S h -
Utirik DA G 120 B ‘
n\mr_;elap. 20
.. “ ‘ é
Triactok 790 H R AR
3,100 . 8¢ 3%,000
Loboyedd =< R ) e
K:lelle 30 0 @ 6,80
Gajen : 1,300' H %,160 i’l e
.1’11’0 i, L Y W,
3,260 . h
Ditar 2% G 3,500” ol )
.'2-_]'0 .- ": -.\ DR o
(¢) G=green Ha Haliveds  5C = Eea Cucuwbor
The cbove data indicate a considersble reservols 6: activity' :
cvzilcble for contaninating m.rine food s,ecies. Data pmseuted 1n mpm
L confirs that this activity contarirates the food Suraply‘ '
2.2.5 lzoter o o
toter sacpled were collected from clsterus, vells,_f_.ree"qoles, berrels,
exrosed rrotiles and ocean and lagoon Bidés of the islandsa ‘ The ocean ard
le-zia waler scawples vers co]_.ecwd vithin 10 £t of the water lim to
evaluvate the rovement of activity froa the islands into the surrozmdi.ns
vators., Inposed profiles and well water sarples vere oelected to describe
CavLGOSS | EEXEAEERTLAY
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eny movenent of ectivity into thz freosh water lens and the reminder of the
s:a::ples were collected to evaluate the hazard froa drinking the water.

Gross beta activities on tha ebove sxmles are presented in Table 2.7.
The scarcity of potadble water 13 demoanstrated by the fev islends from vhich

cistern voter vas obtainzble,

Teble 2,7 Suwiary of Grozs Deta Activity in Vater

B~ /uin/liter

Ocean Water Cistern

Lagoon Ocearn ' Fxposed
Isl=and Side Siaz Top Eottoa Well Darrel Trez Bole Profile
Liriep KDA DA 12 DA
Utirik 50 EDA 20 1,350 28
Ronzelup &0 330 6,300 16,000 430  kk,000
Lisch 36 IDA 14,000
Eninetok L50 260 23,000
cbkaredy 7,700 56 8,100
Knbelle 2,300 & 15,000
Loiilal 3% 170
Bikar 37 28
Eniwatok 100 - 170

The occan water data i:zdi;:ate thot esctivity 4s teing weshed off of
tha islands. It will be noted also that th2 levels of activity correlale
with the gorme dos2 rates of the islsnds, Such irresularities es do occur
ca2n be attributed to the ocean curreat povezents around the islonds.
Lom1ilal, for exa—ple, is in an exposczd rosition end both lagoon and occan
gide of the island are swvept by strong currents. Toe generally higher

lezvels of ectivity on the lascon side of the islands cen be explaincd by

2
W

Booa zsoninge Since th2 rainy cz2ason had en?ed at the ti-e the saple
ves collecied the ectual mechonisna by vhich the active rateriasl wvas being

roved vas propebly £s483¢2athd with the chanzing level of water lire due to
E¥ A

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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FATURZ OF TIE RSSIDUAL CONTAMTIATION TN Pmm‘s, e R
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Eviltation of th2 rosidual contemination ﬁ‘ca tbn fd.l-out o the

(R}
e

atsll islonds vas deternined by stuly of the long-1ived fis.aicn pz\:xlu:ta. S

=,

3

252 loas-lived nuclides prasent the preatest internal ra.i.aticn hf"’ar& £
to buman bzing3 inhiobhiting the conteriratcd cres, R ‘ - 2
Fadtoshentcal anclysis for 659290, total yove earths (RE), z:95, I

Rulos, and 05137 were porformed es these fission products ca:;:rise_ the bul.k R

of tls ectivity reminlng et T ¢ 16 moaths. s
3.1 GRosults end Discussicn S L - S 1‘

In Table 3.1 the relative contributions of thy various z{ﬁc;iq.eafm g
gl 88 percentazes of the total ectivity. - . ~‘

Thy difference in camosition of co..@nstinﬁ in tha ed.ihle eoconut ::_ i

fractions and 4n the frond is to bs noted end the siaﬂmity of coconub and.
<1
pondanns contonination o3 well es the hich Cal37 co:v:cn%racio..:l encomwred ‘ ’

in nost fool plants, An clditional poir. of interest 13 t-.... e.;re""*t Of tZ:a 7 =2
goll caponition with that predieted frox ea enalysis c«f Boagnlap co*l wrin.s . ~
Projest Bal. Rare carths and ruthonfiza ora ca:zs'-*ha’s h!@ber ti:::: pn,_icted T
{nitezting o vachowt of the other puclids ) | '

Arromroot cemles choved rather vide veristica in compositica vhich i
k23 nst bozn expeeted froa considzraticn of the varia‘nlea irzvol?e&. % :

Fare carth nuclidss and M 105 o D tha bulk of the acti‘dty Uhich "

roning {ixed to coral isianl £2il under the iInflusned ot troyica.l min.zt

rownd water e2d lapaea vaker values were siniler to thr*sa of tbs aoﬂ..

n;fi'\’)B
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Material

Coccaut Frood
ot it
Cocomt il

Gross~

- - u, |
Popaya
gl -
Tagoon Bottan
Cistern Water
szomdii-tater
Iazoon Valep

Table 3.1 Radiochenical Caposition of Residwnl
Contenination on Marchall Yelands Atolls

Porcentace of Total Activity Observea(s)

589

1.3
1A
1.2
1A
A
1.3
0.5
1.6

3.2

0.8
1.1

2.9
0.8

0.9

x990

5.9

6.3
5.0
A
1A
%.6
2.4

7.3

1%

2.2
5.0

8.6
2.5
h-o

(2) Valuizs as of 15 July 1955

EB
Crop

3.0
50
30

1.2

0.9
T4

1.2

37
67

73
g2

by
k9
76

zr97(b)

0.5
19
b2
I
A
6.4
0.2

1

10

0.1
0.2

24
20
9.7

RutOS(v)

7.8
FDA
6.7
DA

13

(20)
(16)
7.0

€o

(v) WPBeod Fal00 1oy be caleulated from 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 &

INTERTAL COUTAMIINTION F F1S8H, FARINZ SPECIMELS AlLD BIAD3

Fich end birdg were collected from the follewing {elends of the
Ronzelnp Atoll: Fonzeles, Gelen, Kebelle and letzrdje In eddition, other
p.nir::ls wvere ccllected from Piksr, Likiep and Utirik Atolls end Enjwetak
Island of tho Ronserik Atcdl, The majority of tha porine specirong were
collected in th= lazoons off the sghores of the iglands, Th3 larger Jish
vere cauzht in the niddle of the lezoon.

Most of tha fich were collected after they were polscasd Uy a
Rotenons solution dispzrsed in tha gh=llow vater. Tha terns were shot with
a rifle. Faoch speciren wos placed in a plestic bag eand frozcea., Th2 t:rozen
sxmles were transportcd to the LK:»II.’DL.I
h,1 lsboratory Proccdures

A nutter of the large fish verce ccopletely scparated into eckeletos,
nuscle, gills, liver end viccera. The resaining £ish and carinz inverts-
bretes vore enalyrcd vhole,

M1 sazples were dried at 100°C for 48 hr end eshod for b8 br et
550°C. The ash vag digeolved in &7 EC1 ard r=de 1p Lo velimae TL2 gaoos
activity was cownted in a deop well sodfum fodide crystel gasa scintillatiea
counter; tha bats ectivity vos commbted under a thin ezl vinlow Leta counlar.
Tha bota ectivity in each cose sos corrected for couwnter elficiency end
rass ebsorpticon, The (Ao and beta ectivity is recarded in Tpc (\,o equl-
valent)”. Tais it vos dorived frea cagmarisea with a o standard
cournted voiler idontictl conditicns pg the cooploco,.

Rrdiochemical enalysts vere parformed to ¢2tormind the coacentration

of scverel ra.:licn clidf ~har of tha gpecineas. The rodiochalical

a\Luvd
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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

-



Tetle b.b

Su':zn.ry of tha Cross Beta and Garza Activity in Birds and Fovl
of the larshall Islands

I:m Fo. of  ¥et Welgnt _Me X 10 fris5uc(e)
Specinen Specizens  (g) Fota -
Rongelap Atoll
Gejen . %
Terns 3
Cut ¥ 115
Tibvin . 10 10
Corciias 197 230
' 253 his
Kabells
Terns 2 18!‘
Gut 13 9
Tibia 23 g
Huscle 53
Carcess 2l 1_;2
200 148
Larbard} o
Terns ; 2 146
Gut 114 37
Tivie 29 4
Rongelep Island
Rocster 1 1140
Sxeleton 552 6520 £270
Yousele 3 250 120
Visgcera 64 156 51
Liver 1Ly 2% é
Fez 15 2
lurng P p
7231 E479
Roncerik Atoll
Enivetak
TerT.s )
Gut 10
Tibia 6 o
Muscle ng 2}}:
Carcass S
175 317
Dilar Atcll
Likar
TeIms 2 126
Gut
7ivia
& N
r-tuscl@\. 188,\8 :
Careasd | .

(2) pc ere in terss of co® equivalent
23




indicated relatively hich bsta and gama ectivity (0.7 pc/vhole anir.al)a ’
‘Zhe"ra.io of bteta to carma ectivity wvas spproximately cne Tbe rooster

roaznim; frecly on the Island derived his activity from contimxmm hx,eatiou

ot_ contaninated vater and foodstuffs which hed Sncorporated ﬁcuion proo 3
ézl\cta. In cooparison, chickens collected at one month post-dctcmtion -
end rewved from the contadnated arca continued to show intcimlly
@simd activity in detectadble exouats for a period of cnlyb ehout 6
x:c;nths. In th.e reoster ovor 90 per cent of the toted activity vaé fcnmﬁ .
in tb.e sieleton, 3.5 por ceat in the ruscle and 2,3 per cent in tha o
ﬂscem. Only very srall arounts of activity were fourd on 'La 85111 and
feathﬁrs end even less in th=2 lurgs,
‘ . Coasiderable variation exists in the conc e'l‘ration of ectivity per
weisht of irdividual tissues e3 & function of tha geoaraphic location of -
the enirnls, In th2 Rengelep Atoll, for cumomle, fish enxd iw”rtc‘bmtee
cahght in the portharn part of the lagoon comtained on en avw’{,s 3 tc 3& :
tireg the enount of internally deposited fission products as t?;..t found in

fish fron the gouthern legoon. This i3 consistent with the f“wt that the
northem lazoon wos exposed to higher concentrations of i‘e.ll-o:zt x:.tcri,alo
Averz’ge external garza readinss of the northera and southern 'h:.:;ﬂq

Islards were 5.8 and 0.7 mr/br respectively. The fish caught olf Inivetek
Island (0.7 tr/hr extersal gomsu) and Utirik Island 0.1k m-/hr external

sa:m) contained the saw2 average concentration of internnl act.{vity a.s .

the fish of the southern Ronc2lzep lasnon. Likiep fich (0% zr/lu' extemél
gama on isleni) contalred lover but still dstectsble amounts of mternal
radioactive ccnteaination. The totel ectivity in the s:a..ller fieh ( < 150 g)

".rr.“\

vog in gﬂnar%..-sw*h"‘f}gber per unit boly veicht thin that of tha larse

2k 3




fish, Craba, clany and especia.uy anan.s vera found to mcorpomta .'o; :
radionucudeatoamchgmaterextentpermtbodywigktmd.dtm

- ?..' -

-1

,

vere analyzed for the concentrations’ ot individual radicauclides (mm !; 5)e
In xmscle and viscera s..:rplf-s of tha ani.nls from Reagelap, Utirik epd
Ronserik, 8#89 contributes epnrrximatel,y 0.5 per cant of the total bota _
activity. ar9° is present inen &ppmximtely 1:1 ratio with 51:89 Since
tlm . er end Ballou calculatiom(a) indicate that 8¢ end 5:90 cach
ecntribute ebout 2 per ccnt of tha total teta activiiy at one 7ear after
'fission, there does not appee.r to e axw frectionation of radiostmnti\n

into tha soft tissucs. As eXpected, mst of the interaally d.po_sited,

mdioactivityuasfomdinthsskeleton : : RENPERE n

| Tissues of & few mrims specinens vere analyzed for 05137 (37 y&:
L:lf-life) since thia nuclide vas Present 1n high concentrations ia 'u':ster
_a_.icoco atzdlkf‘mmthieares. Thetisa uss oftheroosterazz!ofths
coconut creb eoutain si@.iﬁcant aaounts of c513T, A very hich ’raction ot
05137 ae’civity wag wt.ed 3.n the uuscle of the rooster (1O per cent cf ths
'toubeta . ?\n‘therradicanalysia ofnarim specimens indicated th.-t tbé
rare earth group constituted a fev per cent of the total beta activity.

Rul06.221% o z:95 m:95 cantributed the largest percentage of th fmsl |
betaactivity. ST T T - Deer
Ccz.gk.risoa of the fish ard clon collected at ons seor post detoution

\rlth thosa collected at one renth wst dstonation and enslyzed # Lmths

2. Hunter, H.P. and. H.B. Ballau, ?ission Product Decay Rates, !mc.leonics, :

e

25:

| Vol. 9, maiC’ég £ c<7y Fave 3951 Y :

ﬁsh 1n tha corresponding 1oca11t£e: (Table k.3). SRR ".'-T.' f; '
: A mnber ot tiasue saaplea or ua.rms specirens end of the rooster-g .__-_;

bt 2 'w’ T
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post detcautioa reveal the following differences. In the group collected

ot cne ronth the concentration of intermally dzposited fiszion products was

5 to 10 tires that of the fish collected at ore year. The residual activity
in the Tish annlyzed at b ronths post detonntion overaged 2.5 pe bela |
aclivity (0060 equivalent) ard the bete to gama ratso wvas 1:2. In the
current analyses, fish of coareble size kel a beta activity of approximtely
0.1 pc end a beta to paxa retifo of l:k. The largest frection of the gross
tota activity in fish collected at onz ronth was contributed by roterisal in
the viscern end liver, Srmller but ecual aosunts of activity vere found in
the muscle and skeleton in thase fich. In the fish collected at one year
post detouation, in conirast to the group collected earlier, sbout 50 per
cent of the activity was incorporated into the skeleton with only about 10

per cent fourd ia muscle,
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CHAPTER 5
GAIA DOSE RATES

Gorra dose rated &t 3 £t above ground were determired with
L:[PTR 271 C'8.

Specific locations which kad been ponitored on ezrlier surveys vare
resurveved whenover they could be located, GCeacral surveys vere ra ca all
tslonis. A linzarity calidbration was carried out ca the fnstrmnents wvith
e 93.53 nz Fa source wbich vas mde evailable to us by the AZC fediclogical
Cafety Gecticn in the PRG. Low intezsity Col3T atoniards wers carricd in
the field in order to maintsin & continual check on the behavior of the
Instmumzats,.

5.1 Results and Diecussion
5.1,1 Generel Swcrveys
Table 5.1 contains tha gamra dogse rates found ca tha jalands

surveyed. Thesa dota are reported £s of 11 months pest-datonation,.

able 5.1 Aversge Cezzz2 Dose Rates on Islands

Atcll Islaml rr/hr at 3 It
Likicp Likiep 0.0%
vtirik Utirik 0.1%
nencerik Eaivotak 0.7 .
Tonoelep Rangeiep 0.7 -

" ¢h 0.8

" Enjcetok 2.4

" Labaredy 3.0

" Fabelle k.2

" LuXuen 4.8

" Celen 5.4

" Iaouilel 5.8

o, ' r‘, ’
gravys 28
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Wsimtrj data {courtesy of I're Re Lo Taylor, AEC Frdfolerieal
éarety Represcatative) on Rongelep and Fabelle islands arce in good
egree:ient vith the valuss reported herein. In general, it vas fold
t!nt cara dosa ratea vere wiforn over B sndtvidval islani. Euch
va.riations as ocourred sopearad to be essociated vith distinst features
"ot the 1slanBisuch es Living erces with 1ittle orgeale covering, vids
‘yoeds, shifting sand dimes, end tidal woshiede

5.i.2 Surveys at Speeific Locaticns

) Zeble 5.2 prescats resdings taken et varicus epceific Locations
“on the 1slanis.

Table 5.2 Cassa Dos2 Fates st £p2cific Locations on Islends

, ‘ nr/hr at
Islend Tocotion 3 £t
Utirik Steke 100 ft in westvard dirsctioa froa a2 0.2

) corner of church (in coccot grove)
‘Rongelsp Vood ensloaure 30 yd irland froa cemetery 0.6
West oida of flarpole, center of B villapa 0.5
Contral cistern, 200 yd W of flagpole 05
S oEs Roof, southern cigterd, 350 vd W of flacpole O.Z
- Forthern cistern, opposite flespole 0.
Cistern 150 yd B of flapole 0.7
Botithermsost cistern of H village 0.5
. Cistera 100 yd 8 of twrnad church, Food barzsr sV 0.b
‘Busch Steke 50 yd frca beach, ceater of psth in 0.8
T coconut grove
Ealsctck oo stokes at 100 yd fraa beach Just north of 1.8
ogt peaninsuls
Eabclla Stake painted yolles, at hich tide lins, | 3.1
: wast ghore
Tukusn Stalke painted yellcy, eb hich t1d3 l4re, S4 4.8
’ corner of islani
: <t £ N0
a \. LUV U\B . ‘ . - §
i g TR
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Teble 5.2 Gauma Dose Rates at Upecific Locatiozs on Islenls (Cen't)

or/hr at
Islen? Iocation 3t
Cejen Siore peinted yellow,at high tide lire, 3.6
nasr west coconut trees o
Lozuilal Eiake painicd yellow, at high tide line 5.8
S end of island
Dnivetox Living ercp, wess hall dnterior 0.25
Livixg sarca, hospital interior 0.3
Iiving sres, walk fron hospital to ross 0.5
Living erea, store roma (behind ress) 0.3
Living arez, exterior store room tent 0.3
Living area, generel area exterior 0.4
Veather station, exterior aress, local 0.5
Wweather stabion, interior all tents 0.%
Veather station, interior all buildings R
Ansy site, genzial area 0.4
Arcy site, intericr teats 0.:
.

Lroy site, edjaceat to trailer pasltion
In gen:rol, most of the sp2cific locaticns had been set wp in living
areas by esrlier survey tesmas and the levels are loder than thocs

encountered over the rmajor portion of the island.
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6.1 Conclunio'al : RS
e | Signiﬁt:ant amounts of’beta e.nde'm activity vcre fo\:nd mtho
tissues of !S.a.rshall Isl.and £ish exd rarine mV"rtebratvs collected 6ne yea.r
follwing exposure to the fall-cut frcn Gpemtion C/STLBe i’be hi{;h.st con- ‘

centmtioaa of inbernally deposited activity vas found in _arins sxcinens
te.‘s.en frtn tbe northe/rh Rongg.lsp 1acoon; lover cc'xc_:rtrations of :.nternal
a.ctivity vers found in speci!:»na frcn tha southern lagoou Tbe Ca.vb’, cLs...:
e.n.i smils coutained cmsiderably b.tgher cmcent:atic:zs of mdiorw:udes than
vers found .’m tbe fieh froa the saz;e a.rga. kiost of tbe actiﬁtw in the
r.arine specimen.a vas contribu’wd 'by Zr95 ,_m,95 ard Rulos Rhlosg ’I’h*re '-rea Y_
ro ﬁ‘actiomtion of 5289-51.90 in the tissue.* of tha fish e.m.l.fzed. T
Radioactivity vas found in all tood plants on tba ccnunimt»ed f '
' island_x upporting plant syawm also ccntain:l a 1ar"e reservoir cf o
activity avaﬂable for future iaccrporatmn {nto tre ylam.s. :
Peeidual soil contauination vas primrily ccmtained in th: top c.'.‘anl
inchea of soil with mezent dovn to the lens water indic&ted- ; 'ﬂza activity
isbeir;g slovlyleachedcfrthe isla.nﬂsbyo&an tides. ﬁbem.iorr:ﬁic-~
mzclice fomdht@lanﬂfoodphteandintha tissmsotlande.:ﬁ:m
vas Cs}3T. Tho lagoca coviromeat coateinsd Pr-Lu’-‘iyalli rare earth grm:p
ele.::ents, RulDGBhlos and 21951093, '. -;‘ IR '
The anount of activity 4n the specinmens e_.alyzed was ge“erally

provortionaltot.heextemalga:mreadingineuchof tt-ea.rec.s._’
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‘durinc this project the {ollowing sugsesiion Ty be helpful. ‘I .
Sapling of coconut tree sap, pandanus and breadfruit would bo

greatly e:redited by scheduliny the major survey during the end of t.ho rainy
seasow, wrafercbly in Noveumber. This would clso allov a better va'ofsm
eﬁ’ect of rainfall oa the leacning of ectivity from the soil into the lenl
water end {roz there into tha lazoom or oceld.
-g+udles oa the movercnt of activity into the supporiing plant syate:.as
ml.sht be brocdened to foreccst the trarnsfer of pore hazardous nue lid.es into

:eproductive {ractions of the plants.
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