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ABSTRACT

The amount and distribution of radioactive material re-
maining on several atolls and incorporated into plants and
animals of the Marshall Islands was deterrnined two years
after their contamination by fallout from the March l, 1954
nuclear detonation of Operation CASTLE.

, Readily detectable amounts of radioactive contamination
were found in animals, plants and soil. Most of the activity

cesium-137

in the edible portion of plant specimens was contributed by

The major radionuclides found in the tissues of fish was
zinc-65, and that in clams, cobalt- 60.
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| SUMMARY | 4

i .
i. The Problem i

To determine the amount and distribution of radioactive material re-
7 maining on several atolls and incorporated into plants and animals two

years after their contamination by fallout from the 1 March 1954 nuclear
detonation of Cperation CASTLE.

3 Findings . i"

i . Readily detectable amounts of radioactive contamination were found
in Marshall Island animals, plants, water and soil samples,

An increase was observed in the activity of coconuts, compared with
the results of a survey made one year ago (about one year post-detonation),e

e
e
e
e

; - Some samples of portulaca, coconut husks, pandanus keys, pandanus
air roots, a clam, and ce-tain potable water contained levels aé

strontium-90 which exceeded the maximum permissible concentration,

The gamma radiations over the atolls decreased by 80 per cent over
' the past year. This loss of activity was attributed to radioactive decay

, rather than the migration of nuclides to deeper layers or their erosion

into the surrounding water.

The activity in fish ‘vas almost 25 per cent of that determined at the
one-year post-detonation survey.
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ADMINISTRATIVE INFORMATION

This is the second report of the atoll Resurvey Project. The resurvey
was made under the joint sponsorship of the Bureau of Ships and the
Atomic Energy Commission, Bureau of Ships Project Number NS 082-001,
Technical Objective AW-7, as described in U.S. Naval Radiological
Defense Laboratory Annual Progress Report to the Bureau ofShips,
DD form 613, of 6 October 1955,

The work was done jointly by the Chemical Technology Division and
the Piological and Medical Sciences Division of this laboratory.
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CHAPTER 1

INTRODUCTION

The object of this study was to determine the persistence and fate of
radioactive material in ine biological systems and in the physicai en-
vironment of those Mar:.:ail Islands contaminated by fallout from the
1 March 1954 nuclear c2tonation. For this purvose a resurvey of the
islands was conductea .1 Sebruary 1956 by a group of scientists from
the U.S. Naval Radiolzgical Defense Laboratory. Specimens of animals
(land and marine) and %.rds, and samples of plants, soil and water were
collected for analysis. Nadio assays for gross beta and gammaactivity
were conducted and in addition radiochemical determination of individual
fission products and incuced activities were made. *

A few weeks after the 1954 incident a survey »as made of the contam-
inated atolls,! and sail, water, and biological specimens were collected
from Rongelap and Utirik, These samples were analyzed and the re-
sults were given in the Operation CASTLE, Project 4.1 report.’ Soil
and weter samples cf:ained micracurie amousts of activitys barely

  

 

detectable quantities «ere found in plants. Approximately one year
; following the nuclesr ictonation, a sucvey af she islands indicated that
: the activity was present in metabolic systems and was still in the en-
a s . . ge
K ‘vironment at lower 5ut significant levels.” The present study, conducted

\ two years post-detonation, provides Jurtiv:c data on the persistence and
t distribution of the fallout activity. rom these data an evaluation can
‘ be made of the potentisl 1azard from the ingestion of contaminated
4 *

; materials.
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Ce, | CHAPTER 2

GROSS ACTIVITY IN PLANTS, WATER AND SOIL

PROCEDURES

Plant specimens were packaged and shipped in individual plastic bags,
soils in stainless stee! ore tubes, and water samples in l-liter poly-
ethylene bottles.

With the exception cf water samples, the samples were prepared for
analysis by the procedures described in the previous report? which con-
sisted of ashing biolovzical samples and counting zoil samples as received.
Water specimens were reduced to the smallest possible volume con-
sistent with maintainicns the salts in solution. An aliquot of the concen-
trate was placed on 3 ,;ianchet and heated to dryness under an infrared
lamp prior to counti:.:,,

t
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After the mcuntiny, the samples were beta-counted ina gas flow pro-4

‘ portional counter a: 1..3 per ceat geometry a; deterrained witha Sr??-y%
‘ standard mounted «1 jumirnum, Gros: gaum? measurements were
: made ina well sciati.iatica counter with a counting efficiency of
| 43 per cent for a Co” standard.

} Gamma dose rates cf the islands a: 3 fi above ground were determined
with AN/PDR 27C survey meter between ebruary 7 and 14, 1956.

; -

i

RESULTS AND DISCUSSION

Plants
 

t

{ The gross beta activity of the plum. specimens analyzed is recorded
in Table 2.1 according to the island from which the Se was recovered,
The data were corrected for the counting efficiency of Sr?® and presented
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(b) Gross beta activity of pooats:

May 1956.
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TABLE 2.1

Cross Pata Actor’ ies ae ot Bai] Saranleat’?

Gejen Eniwetak Enfactox Rongelap Sifo Utirik Likiep

Plant Part PLANTS(D) —(e/m/kz x 1075)

Portulaca Whole Flant 27.4 19.2 3,05 1.26 - 1,71 1.33

Stems, Leaves 13,0 4.5 0.32 0,25 0.22 - 0.03
Arrowroot Tubers 2.32 0.87 0.69 0.55 0,08 0.14 0,03

Air Root 2.87 0.17 1,65 0,32 0.°6 0.08 0.02
Pandanus Leaves 2.64 1,62 5.28 0.38 0.15 0,21 0,03

Green Keys 1,27 0.37 0,70 0,22 0.10 0.69 0,03
Ripe Keys = - 0.53 0.17 - 0,0 0.02

Ripe - - - 0.12 - 0.12 :
Papaya Green = - = 0.25 - 0,09 0,04

Leaves, Trunk - - -- 0,09 ~ 0.16 0.06

yuh Boge aaycat ? i e s se es es

Ripe Coconut Shell 4.98 0,38 0,72 0:44 0.28 0.06 0.02
Husk 1.83 0.65 1,57 131 0.77 0,21 0,09

Whole 31 - - - - - -
Milk - 0.29 0.11 0,05 0,13 - 0,05
Meat - 0.33 0.25 - 0.08 0.07 6,02

ee Shell : = 0.80 - 037 0.08 0.09
Husk - - 0.43 0,12 0.11 0,12 2.02
Shell, Hesk a 0,11 ae 7 - - -

yas Seeeeeat - e ® . . . .

Sprouting Coconut Shell 5 0:29 0:41 0:95 0118 0504 0262
Husk - WI 1.57 6.88 0.68 0.26 0,07

Leaves - 154 0.88 - 084 4.7 1.96
Coconut Frond - 0,94 0.51 - 0.23 0.99 9.11

Leaves, Frond 1,48 - - - - -

Fruit - od - - - - 6,06
Banana Bark - - - - - - 0,07

Leaves o - - - - - 9.18

Leaves, Stalls - - - - - - 0.06
Taro Tuter, Reow

with, Sasi - - - - - 6,19

(a) All counts were comect:! for ho coucuny <fflctency of 5790.79,

“ol swas determined fn April 1956 and that of soil and warer Ia
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{  f ret enc TABLE 2.1 (continued) Botts

: ; oo. . oe aes . fx
r Gross Seta activity in Plant, Water and S2il Sampics' )

| a
oe ‘  GeJen Eniwetak Entaetok Rougelap Sifo Urlrik Liklep

;

; Source WATER) (c/m/liter_ x 1075)
—_——

of Clstern - - - 0.008 - NDA@ -
' . "Well > - NDA - - 1, NDA

! . § ; , 6.03,

: NDA
Ocean NDA NDA 0,08 0.06 0.09 NDA 0,08

Lagoon NDA NDA NDA NDA 0.08 0.09 NDA

i Pas . 4

} oa vor, . ea ot : . °

| Depth (in, ) son) (c/m/kg x 10-5) -
0-1 3470 34.8 6.43 7.00 4.97 4.43 NDA

. 12 - - - 0.70 - - -
18 0.80 2 NDA - - 2 NDA

24 ° NDA - - 0.04 0,51 -
bo. 33 ss - - NDA - -

36 - - - - - + NDA
44-45 2 > 0.07 - - : :
48 - NDA - - NDA - -
55-56 2 = - > - 0.70 -

: (2) All counts were corrected for the counting efficiency of $299.90,

| (b) Gross beta activity of plant samples was determined in April 1956 and that of

7 soil and water in May 1956,

7 P (c) NDAindicates no detectable activity,
;

a) :

CRTpny7
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29 corrected countea mtr mint mar Eitan ws es ofep soem eta  Brantptnct

eorrections for ce ihe ee sheeyumee ceeee yg lag a etoaiee af

most samples was so low as to prevent such evaluation wn arenieney
Furthermore since the nuclide composition varied among plants and even
within differeat sections of the same plant, a blanket correction was ime
possible,

The gross gammaactivity of these samples is shown in Table A.l,
Appendix, The activities corrected for the counting efficiency of Co?
are essentially the same as those calculated for the beta activity. The
exceptions are portulaca, the leaves of arrowroot, and the coconut palm
where the beta activity w:.3 consistently slightly greater than the gamma
activity. Data presertca in Chapter 3 show these exceptions are express-
ions of the nuclide comp»:ition,

Portulaca was manyt..:es more active than other plant specimens
recovered from the sa:v.c island. Leaves of plants were generally more
active than their fruit counterpart. The fact taat surfaces of leaves were
not decontaminated prisr to analysis may pene at least in part for
this difference,

iM ‘

Three stages of coconuts - green, ripe, and sprouting nut - were
analyzed. Both green cid ripe pandanus keys were examined. No dis-
tinct differences betwern the stage of grovth and activity were discernible.

Where possible the meat, mils, shell, and husk of coconuts were
analyzed separately, ~.“shin the limits of the analysis, the3 GENIAL appears
equally distributed 21 --g these fractions.

The order of plan: activities relative to th: igland from which they were
recovered was: Gejen > Sniwetak , Eniaetck > Rongelap > Sifo,
Utirik > Likiep. ‘i hese results agree weli with the activities of the res-
pective soils as shown in Table 2.1.

An accurate comparison of the gross beta activity of samples analyzed
in the current survey with the data secured one year ago was not possible
since self-absovztion torractions were aprlied in the previous survey,
It was, however, interaating to note th-t, although ssuch corrections were

not made, coconuts exhibited greater beta activity in the present study.

This finding, as wil! be discussed later, suggesis that coconuts possess
an unusual capacity to concentrate a ccrmponent of the residual activity.

Water
 

The gross beta activity of well, cistern, ocean, and lagoon water is
shown in Table 2.1. Gamma measurements of these samples are recorded
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Average Gamma Dose Rates from Previous and Current Surveys
nas —

11 Months
(mr/hr)

 

Island

0.04
0.14
0.7
0.7
2.4
4,2
5.4

Likiep
Utirik

Eniwetak

Rongelap

Eniaetok

Kabelile

Gejen

23 Months

_(mr/hr)
£0.05

0.05

0.16

0.09

0.28

0.96

1.5

—

Remaining Activity

Averages;

(per cent)

35

23

13

12

23

28

26
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The activities were either imperceptible or ofin Table A.I, Appendix.
2 voy

ae davey wee Oa tae MPUtHGS »

Soil

To describe the downward movement of the activity, profile soil same
ples were obtained in increments to a depth of 56 in. As shown in
Table 2.1, the greater part of the beta activity appeared fixed to the upper
surface of the soil; the remaining part diminished sharply and progress-
ively at deeper levels, The bulk of the activity appeared to be firmly
absorbed to the soil since it resisted the downward migration of the heavy
rains to which these islands.are subject,

 

Table 2,2 lists the gamma dose rates found on the island survey; levels
observed | year before are included. The gamma activity was reduced
over the 12-month period by 74 + 8 per cent. Calculations based on the
Hunter-Ballou curves for beta decay of mixed fission products* predict
that 80 per cent of the gammaactivity is lost by radicactive decay over
this interval. This decay was obviously the significant factor in reduction
of the gamma field rather than the leaching of nuclides to deeper layers
and their eroding into the adjacent waters. .
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rn CHAPTER 3 Rte SR PS allie ee er ne oe mee et” 3

NUCLIDE COMPCSITION IN PLANTS, WATER AND SOIL

The long-lived isotopes of mixed fission products, which present the
greatest internal rzdiation hazard to human inhabitants of a contaminated
area, were analyzed in plent, soil and water samples. Theseisotopes:
were the total rare earths, Sr%, Cs'3?7, and Ru!®® and comprised the 7
total detectable fission pr«cuct activity remaining 2 years after the
nuclear detonation,

Prior to nuclide analysis, samples of sufficient activity were sub-
mitted to gamma spectrum analysis ina single channel analyzer to
establish whether some uncxpected isotope was contributing to the acti-

‘vity.
‘

=
eThe nuclides were isolzted’? from samples which exhibited the great-

est beta activity and wer: mounted on brass vlanchets, Corrections
for geometry, forescat::r, backs caiter, seif-absorption, and for window,
air and pliofilm absorz7icn were evuluated for Sr? by reference to data
procured from a Natioza! Bureau of Standards solution, The beta count-
ing efficiency correct « Sor Aul®*, Cal37, and the total rare earths was
made by comparison wita U30s standard. An estimated error of the
order of + 20 per cent i: ay resuit from such cuipuriseon. Self-absorp-
tion, aix, window anc pi.ctilm absorptiow were calculated from aluminum
absorption curves of tha resnactive nuclides. Absorption corrections
for the total rare earths were calculate! iron the aluminum absorption
curve derived frora Ce'.Fr“4, Beta ss2asurements were made on
the first shelf of an end-sindow, gas flow, croportional counter witha
geometry of 46 pes cent for the U30, standard mounted on aluminum,
In the case of Sr”, measurements were also made with Geiger counters
with a geornetry of 25 anc 30 per gent, Timples were analysed for
calcium by a flame phoiwnetzic niethtoo report Sr in surshine units
(defined as 2.2 cisinterations cf stront{.oiri-9) per minute per gram of
calcium)? The vorep:aratary procedur: lavelved weteashing the samples
with fuming nitric and perchloric acids acd removing phosphates by
percolation of the dizert theougt an ai a axcnenne coluran, Tue siaadard
error in calcium determinations was wn the orderof 10 per cent.

 

* Cx 0,001 micrecuries of stront{um-S0 per Klogra-a of calcium,
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TABLE 3.1

Plants, Soil, and Water
 

Source

 

No. of
Samples
Averaged

Relative Composition (per cent)

Cg i7
Total

Rare
Earths

Sr” Rules

 

Plant

 

Part
Portulaca

Papaya Fruit

Husk

Meat

Shell

Milk
Leaves

Coconut

Keys
Jueaves

Air Root

Pandanus

Arrow Root Tuber

Depth, 0-1 in.

Source

Cistern

Well
Lagoon
Ocean

Whole

Leaves

PLANTS

I

N
e
N

N
h
W
w

N
N
W

SOIL

2

 

WATER

N
N

f
y
t
h

48.9 ‘

79.8

98.2
98.9
99.5

0.34

e
t
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39.2

17.8
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e
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o
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W
w
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83.8

64.4
100
94.5
100

‘11.8
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RESULTS AND DISCUSSION

7“ "" In Table 3,1 the relative contribution of the nuclides recovered from

plant, soil and water are recorded, The data from which these values
were computed are shown in Table A.2, Appendix, In most cases the
surn of the separate nuclides exceeded the gross beta activity, a result
expected from the self-absorption of radiations which were uncorrected
in the gross beta determinations, The notable exceptions were the leaves
of arrowroot, pandanus and coconut, where only 57 to 85 per cent of the

ig} gross beta activity was represented by the nuclides sought. Gamma-
- a emitters other than those anticipated were not in evidence, Unfortunately,
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insufficient active samples precluded clarification of this discrepancy,

The primary contaminating isotope in coconuts, papaya fruit, panda

nus keys and arrowroot tubers was Cs37,_ Significant quantities of the
it rare earth components (16 to 18 per cent) were recovered from papaya
i! and arrowroot tubers and only a small fraction from coconuts and panda -

nus keys. The Sr?’ concentration in these specimens was uniformly low,

 
g The nuclide composition of the leafy structures in the coconut palm

and the arrowroot plant differed markedly from the respective nut and
: tuber, These structures accumulated the rare earth isotopes in exceed-

. ingly greater concentration than Cs'*?7, These relationships account for
the observed gross beta-to-gammaratio previously mentioned, Samples
containing a preponderance of the rare earth radicelements would be
expected to give a higher beta-to-gamma ratio than those composed
almost entirely of Cs1%7,

Table 3.1 shows further that plant leaves contained varying percent-
ages of Rules and that the concentration of this isotope’ represented only
a small fraction of the total activity.

In portulaca, a widely distributed plant, the nuclide composition was
49, 39 and 12 per cent Cs}3’, rare earths, and Sr?, respectively,

Despite the inactivity of the water samples, rare earth and Sr?
determinations were performed since self-absorption as well as the size
of aliquot used may have obscured the activity, Cs!? and Ru!"* were not
determined because self-absorption does not play an important role in
the detection of these gamma-emitters, The results of these analyses
are shown in Tables 3.1 and A.2 With the exception of a sample of
cistern water which had a significant quantity of Sr’, the observed
activity was attributable to the rare earths,

 
With regard to soil, the average of two Sate assays gave 84 per

cent rare earths, 10 per centRu! 5‘per cent Sr? and less than 1 per   cent C337, ae
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“ego

Sunshine Units of Plant, Water and Soil Sampies

Te SE beara > ST a

| PLANTS | |
Sample Island Semiple™ Calefum & SenshineUnits

* Vieight Conteat (d/ra/sample) (2,2 d/m ca’4/g Ca)

(g) (mg)

Portulaca Eniaetck 223 178 100¢0+ 190 2,52 x 1644250
, Gejen 23 393 5380 + 106 6140 + 120

Paptya Rongelap 249 338 20+ 33 $224 44

Coconut Husk Rongelap 200 162 340+ 28 950+ 78
Enize:ok 23 58 150+ 24 1200 + 190
Gejen 350 at 420+ 24 4060 + 240

Coconut Meat Rengelsp 450 23 110+ 60 1801+ 960

Entaetok 160 40 18+ 29 200 + 320
Gejen 196 20 28+ 23 ' 635+ 520

Coconut Shell  Enfaztok $0 16 25+ 18 708 + 500
Eniaetok 120 3 nat) 0
Gejen 8a 23 NDA 9

Coconut Milk Gejen L+40 29 414 21 955 + 500

Coconut Leaves Eniwetsk 3% a? iST+ 97 1353 + 250

Utirlk 33 183 0

Coconut, Whole Gejen 170 13.8 137+ 2: 3600 + 520

Arrowroot Tubes Enlaetok 303 1140 259 + 26 193 + 19

Sife 230 383 13+ 16 864 19
Gejen ing £14 196 + 35 720 + 146

Arrovwroot Leaves’
and Stzlks Gejen i$ 385 2904 44 340+ 59

Pandanus Keys Eniaetok 139 28 1270+ &¢ 5670 + 229

zafaetok 75 rt - VE an 1400 + 129

Pandarus Leaves Enlactok 10 3 1504 41 3200 + 300
Gejea a2 43 NDA 0

Pandaaus Alr Root Enjaetok 43 23 294 33 390 + 650
Gejen 30 14 105+ 27 3360 + 840
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3 TABLE 3.2 (Continued)

: Sunanine wreath. g % Whe - . ON nm oy ne amo Soi ~ rermlee

a. = ———
ie SOu8

; Sample Island Calcium in kg of Soil (3) $190 Sunshine Unis
4 - (after)(2.2 d/r$z39/g Ca}
a Depth, (0-Lin.) Rorzelap 316 3.3 x 1044 1,3 x 103 4142

We Gejen 34d 5.26 x 10045.2x103 7103470
1; Enfaetok 352 2,1 x 10442.2 x 103 243
s” Sifo 350 1,3 x 1044 1.0 x 103 1741

f Fniwetak 360 6.8 x 1044 2.3 x 103 13 +3
i Weirik 268 4.8 x 1044+ 3,0 x 103 9246
a a0

a WATER
Calcium fn Liter(mg) $19d/m/Hter)

Cistern Rongelap 43 _ 1180+ 10 1.1x 104+ 230
Utirik 61 204 14 147 + 104

Well Udirik 88 39410 201+ 54
Utirik 80 NDA 0

. Eniaetok 2300 NDA 0

Ocean Rongelap 352 NDA o
Utirik 408 NDA 0

Eniwetak 402 NDA 0

Lagoon Rongelap 456 190+ 68 188+ 68

Eniwetak 137 NDA 0
Utirtke 441 204 + 150 208 + 150

 

(a) NDA indicates no detectable activiry
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Where comvrariscns vere avaitohte, tha watatiaon hime senna aenlian g

in the current surverv wc wl Aeererb wae bot re poet tad,

the only sharp difference was the higher percentage of Cs*?‘ in the one
papaya analyzed in the present study,

In the previous chapter it was mentioned that coconuts exhibited
greater beta activity in the present survey than in the previous one,
Interpretation of the nuclide data in coconuts and soils indicates that
this phenomenon is concerned with the apparent capacity of coconuts to
concentrate cesium. Analyses reveal that the activily in coconuts was
contributed almost ererree by Cs7, The argument that this nuclide was
made available to the root system in greater concentration by preferen-
tial translocation during this cne year interval is untenable since the
concentration of Cs!57 in rela‘ien to other nuclides in the upper surface
of the soil is essentially unchanged,

Further substantiation of the concentrating caf acity of coconuts is
found when the quantity of Cs??? in the coconut is compared with that of
the soil. The soil concentraticn in the area of the root system whichis
situated well below the surface is lower than that of the tep inch of soil,
Yet, as shown in Table A,2, the Cs!37 concentration of coconuts often
exceeded even that which was present in the surface soil,

The sunshine units are rccorded in Table 3.2 for the plant, water and
soil samples analyzed. Ti: table includes the d/m Sr” for the sarnples
.and the stanclard error of mzasurement, The standard error was large
in samples with less than 200 d/ra Sr, Towinstruments were used in
counting the renee agai flow proportionai coun.cr with a background
of about 40 c/mand Geigos romuers with bach:renee ci 23 and 25 c/m,
Although the counting tin:e ./,as routinely 20 min, a sizable statistical
error was involved in rmeasurements of sampies whose rate was only
one to several counts ai.ove background,

To improve the ccunting statistics, a number af samples with low
activity was permitted to stznd until Sr” and Y*’ were in equilibrium,
Both radiations were counted, an appropriate correction was 2zoplied for
self-absorption of Sr®’, an” the 7 contr:‘totion was mathematically
subtracted.

.

Of the plant cane examined, portulec(4 had the highest sunshine
units; values were 0140 ard ee for the is: specimens analyzed, In
coconuts the activity «a. prank cnt be eA fake Wad vb statistically

Significant, whereas the value for husks :areed from 1200 to 4000. Pan-
danus keys and pandanus air root values «Jee fell within this range.
Arrowroot leaves, stalks and tubers were sigaificantly lower, ranging
from 86 to 780 sunshine units.
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fpothea Fry Via faver of cail on five islands wereryt, -*The sumelines vette
‘ * tt ae Bae ‘7 - ran oe ae , 0to G2; the crane sties to ten rit ya pe Ob Aad,

Strontium-90 was not detectable in most water samples; however
howed some activity with sunshine units between 150 to

200. A sample of cistern water from Rongelap, tne notable exception,
“had a value of 10,000,

Noteworthy is the fact that the activity in portulaca, coconut husks,
pandanus keys and air roots, as well as a sample of potable water,
exceeded the maximum tolerance level of Sr? (Ref, 6),
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CHAPTER4

~

RESIDUAL RADIOACTIVE CONTAMINATIONIN FISH, MARINE
INVERTEBRATES, RATS AND BIRDS

PROCEDURE

Fish and birds were collected from the following islands of the Rongelap
Atoll: Rongelap, Eniaetok, Gejen and Kabelle. In addition, four rats
and one rooster were collected on Rongelap Island. Fish and marine in-
vertebrates were also collected from Sifo Island in the Ailingnae Atoll:
Eniwetak Island in the Rongerik Atoll; Utirik Island, Utirik Atolls and
Likiep Island, Likiep Atoll, Marine specimens were collected in the
lagoons off the shores of the islands, 7

The fish were collected following the detonation of depth charges of
dynamite. The birds (terns) were shot. The rats were collected in
traps. All the specimens collected were placed in individual plastic
bags and immediately frozen with dry ice. The frozen samples were
transported to the USNRDL where they were analyzed for gross radio-
activity and for the presence of their specific radionuclide content.

The smali fish were analyzed whole and the marine invertebrates
were analyzed either whole or after removal from the shell. A number
of the large fish were separated into skeleton, muscle, head, gills, liver,
skin and viscera for a study of the distribution of the internally deposited
radionuclides,

The samples were dried, ashed and the gross beta and gammaactivity
determined in the m-nner previously described.*> The gammaactivity is
reported in d/m (Co” equivalent): the beta activity in d/m (Sr° equiva-
lent), These “equivalent units" were derived from a comparison with
the activity of standards of Sr’ and Co™ counted in an identical manner
with the samples as descrized in Chapter 2.

Radiochemical :nalyses were performed to determine the concentra.«
tion of several presiiesicd rudionuciides and of others whose presence
was indicated by a single-channel gamma analyzer. Calcium was de-
termined with a tlame ¢pectrophotometer., The radiochemical techniques
employed are descrited in an earlier report.> Cobalt-60 was determined

- by a method previousiy described? and Zn® by the mercuric thiocyanate
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TABLE 4,1

Summary of Beta and GammaActivity in Fish and Marine Invertebrates
=X ohedor LCS2.

é
=
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Fish Crabs Clams
0. of Activity No.of Activity Activity

No, o. “4
samples (4/ta/kg x 104) carpjes (d/m/kg x 10°4)  samptes (d/m/kg x 10 )

x

No. of
Samples

Island

Rongelap Atoll
North: Gejeao 8

Kabelle

Central; Eniaetok 5

South: Rongelap 5

24.5

14,9

19.3
17,17

18.8 2

55.4

45.1 1

32 6

28 8&7 4

~

4.5

254

14.1 1

24.5 — 2

4.5 8.8

Rongerik Atoll

Eniwetak 8 22 18 1 28 183

Ailingnae Atoll

Sifo 6 4.5 22,7 3 21.9 16.5 1 6.4 16,0

Utirik Atoll
Utirik 8 1.6 2.1 3

Likiep Atoll

Likiep 8 2.6 1.3

Snails

Acuvity

(d/m/kg x 2.74)
‘4
wt

648

17.7

513

43,9

 

31 ad

2006 . 2.8



  
RESULTS AND DISCUSSION

 

awit ye ore
Me Readily detectable levels of radioactivity in land and marine animals
el of the Marshall Islands contaminated by the 1954 nuclear detonation
rays were detected in February 1955, The residual radioactive contamination’
me expressed in terms of gross beta and gamma activity of the tissues of
ibe 85 fish and marine invertebrates is presented in Table 4.1. The complete

Te _ data appear in Table A.3, Appendix. |

\ a Considerable variation was observed in the concentration of activity
ea per unit weight of individual fish and marine invertebrates from the same

nay area as wellas from different geographic locations. Part of this varia-
ane, tion may be attributed to differences in feeding habits. However, no

fe correlation hetween the level of radioactivity and the eating habits of
En the fish (carnivorous, herbivorous, omnivorous) could be ascertained,
bea Of course, currents and Iccalized concertrations of radionuclides may
a also play a role in determining concentrations of residual activity in the
we | lagoon fish. In Table 4.1 an average value for the analysis of the fish in

each locality is reported. .

e
n

Fish ard invertebrates caught in the northern section of the Rongelap
Lagoon had the same level of beta activity but twice the gammaactivity
of fish from the southern section of the lagoon (Table 4.1). The ratio
of activity in marine invertebrates between the north and south ends of
the lagoon was considerably lower than that observed one yearfollowing
the detonation. This finding suggests a redistribution of activity from
the higher concentralion originally existing in the northern end of the
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mn lagoon. The pattern of the 1954 fallout was such that the activity on the
ve northernmost islands w2s tenfold higher than on Rongelap Island, at the
a southern end of the atoll.

i i The internally deposited activity in the fish was only very roughly pro-
1 portional to the external radiation dose over that island,
MT '
4 Crabs and clams were found to have a residual concentration of beta-
Ss ' emitting radionuclides of about the same levelas fish from the corres-
Bi \ ponding locality (iable 4.1}. This is in contrast to the larger differences

ae i noted between crabs and clams as compared to fish at one year post~
detonation,

Snails from Ceofer had ccrsiderably higher concestrations of activity
than fish from tie scarse jecality, as was noted in the one-year resuivey.

The higher levc! of activity of the snails may be related to their habit of
= feeding on the sottu.n o: the lugoon where higher concentrations of radio-
tpi nuclides were found, The relatively lower values of activity in clams is
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TABLE 4,2

Distribution of Gross Beta and Gamma Activity in Tissues of Fish
Ge a. mat os

Wet Radioactivity(d/m/tiue x 1074)
Island Fish wt Total Skin Head Muscle tone Gill Viccera

® A ¥ 6 %¢ 2s BX Bx BV AY
Roncelap Atoll, Soth . ,

Roncelap Goat 218 88 4155 02 24 045 3.3 211 212 216 27 06 22 4.9 28
Roagelap Grouper 452 1 (04 03 08 0.7 04 05 14 26 03 0.3 2s 14

Average 70 196 O38 13 63 20 O8 LS 16 27 O8 13 S¢ 22

Percent of total activity 100 100 4.2 121 88 418.7 11.2 121 21.0 252 7.0 122 47.7 19.6

Rongelap Atoll, Nomh |
Gejen Snapper. 1154 26.3 87.0 1,0 11.8 6.6 24.7 . 5.4 16.8 §.5 15,7 17 862.1 6,2 25.9
Kabelle Snapper 735 12:3 185 41.0 12:2 4.6 1.9 1.0 0.7 24 44 O58 dd 2S 6.3
Kabelle Parrot. «1957 24,8 713 «1 89) |S 20.9 «24 68 7,0 234 «(8 27S8

Average 21.1 589 1.0 106 65 158 29 4&0 50 145 LO 20 4.7 103

Per cent of total activity 100 100 4.8 17,3 80.8 26.9 13.7 191 23,7 23,7 4.8 3,3 223 169

Ailingnse Atoll | | ' .
Sifo Snapper 640 «3.2 38.9 03 °° 5.9 0.7 99 06 62 0.6 104> O1 2.7 0.9 3.6

Per ceat of toulactiviry 100 100 9,7 152 225 25.4 193 159 162.272. 32 7.0 29.9 0.4

Ronverik Atoll 7 a |

Eniwetak Squirel 987 O41 2,0 02 .35 .23 .55 04 .270629 02 .08vd O.4

Per cent of totalactivity 200 100 4.9 17.3 655: 27.2 98 194 146 199 49 -40 9.8 188

Utsrik * Parra 425——ti«i2GsC«CBTCOO 24 «0 00«61S 2sti‘«i‘dSSCS CCC's OO
, : Ss ¢

Per cent of total activity 100 100 oO 276 O 103 22.7 263° 19.7150 0 4.6 .87.5 17.2

Likiep Atol) , | .

Likiep Snapper 453° 1. 22 0 0 0 02 401 02 '6 0 0 6 i 2

100 «1002«Ci8ti iit ett Citi ttitsCéDD
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have low levels of activity. . es ke

The beta-to-j;;amma ratio (a3 determined by the meth16d used here) in
whole fish varied considerably but was approximately 1:2 in most of the

. Specimens analyzed. This is in contrast to the 1:4 ratio observed at one
year post-detonation. This ratio 1:2 is approximately the ratio of the
beta-to-gammaactivity of 20%, the principal radionuclide found in fish,
Physical and radiochemicz: analysis of a number of fish indicated, as
previously noted,’ that the high gamma-to-beta ratio was accounted for by
the gamma from the induce?=activity, zn,

The internal distributior of radioactivity in the tissues of fish (primarily
carnivores) collected in th: various lagoons indicated that an average of
20 per cent of the total 5::. and gamma activity was found in the skeleton
(Table 4.2), The head contained an average of 30 per cent of the total
beta and 21 per cent of the gamma activity. Muscle contained approximately
14 per cent of the total b:ts and gammaactivity, The activity of the viscera
and contents varied considerably but contained on the average about 7
33 per cent of the total beta activity and 16 per cent of the total gamma
activity. The remainder of the activity was found on the skin and gills, The
internal distribution of activity, particularly the muscle activity concentra-
tion, was very similar *. :hat found in the fish coilected and analyzed at
one year post-detonaticn,. ns ;

The results of the rad'schemical analys?s for specific radionuclides are az
presented in Tabte ood Pre most important finding is theary high per- ‘
centage of the tctal acti ‘ty in fish which is cortvibuted by Zn®5, The
manner in which this incuceé activity is concentrated has not been deter-
mined. The Zn®* in fisa is distributed fairly evenly among the various
tissues. This contrists witthe 0eae1 of 2n°? in the Hver of mam-
mals following ingestion, The Zn®* was not found in clams, crabs or snails,
with the exception of cne helmet snail from Vabelle Island,

The rare earth group of fission products constituted a small percentage
of the total beta activity in clams and fish, The rare earth elements as
a group do not azpear to be selectively iccalized, The rare earth activity
of the crabs was high, in average of 2!) er cent of the total beta activity.
Snails concentrated tne largest amounty of race earth elements,

B
o
e

w
e

l
g

myo tfinowtr very le ttriiectfag conerally a fractionThe Sr” concent=:! , vetbritettag
of ! per cent of the totai beta activity, ‘fae Sr’eeene particular
ardpanes Since itis the radicnuctice of greatest potential Tene The

° hazard derives principaily frorica long radioactive half-life (26 yr)
ond also ore its high fission yield and its availability to biological organ-
isms, Sr’ activity and sunshine units are reported for a number of sam-

ples in Table 4.3.
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Radiochemical! Analysis of Biological Specimens from Rongelap Atoll

 

~ a s _ - , ae
2 ak vet ae ele Teche Auawus la

a ”

a vr a teetiisin. o a
OER yeeROOikeeennve . .1 we eeeeoe, Soelasbemmmtneramen eeee

on re NRTEENTLTFRElerotIE PENTersO

TABLE 4,3

  

 

 

 

ae Wetss Bet Activity Gamma Activity Nuclide Activity Per Cent of
No Sateie Tissue Wr. han (d/m saraple) {d/m/ample  Nuclide (d/ri/s ample Total Seni

° {g) (mg) x 1074) x 1074 x 1074) Activity

Roagelap islind |

1508C Gost Fish Boose -29«80 1S | 217 r.B.0)  wpatc) 0

s90 1s LT TS ET
za®5 240 g9-

Viscera 10 37.45 4,9 2.8 R.E. 0.68 O14 >
. 190 NDA a ‘

' zn65 950 69.3
tN ; i

™ Skin 28 337 0.2 . 2.4 R.E. 2.5 125 | .
190 0,34 + 0,26 1,7 2) ht
zaS-—— 30 95,8

Muscle 87 111 1.1 2.1 RE, NDA 0 .
: S99 0,48 + 0,78 0.4 7 818

zn65 190 90,6
{¢ a»: tinned)

(a) Sunshine Unit « 0,001 pe Sr¥O/kg Ca,
tb) RE, « Rare Earth Group
(c) NDA » No Detectable Activity

- t
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TABLE 4.3 (Continued)

 

Radiochemical Analysis of Biological Specimens from Rongelap Atoll

YTETwRsz

t 4
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Wet Beta Activity Gamma Activity Nuclide Activity per Cent of

Sample Sample Tissue We “* (d/m/sainpie é/mAample Nuclide d/mAample Total $urfin

No. (gy (m2) x 1074) x 10-4) x 1074, Activity

1509 Killer Clam Soft Tissue 1800 743 20 33 R.E. NDA 0
sr79 2.4 + 0,69 012 1 i-
co60 2089 63.4

1513 Killer Clam Gof Tissue «882 1565_ 31 83 R.E. 17 2.5
sr°9 83.8 + 0,90 2.270 2h
C060 1370 89

1520A Langousia cont Tissue 79 330 1.3 2.1 R.E. 26 20

Crab gy90 NDA 0 6

15820C Red Eye Soft Tissue 67 2343 0.75 3.8 R.E, 37 49

Crab $190 0,13 + 0,07 0,2 ~ ait

1520D Red Spotted Soft Tissue 73 2900 0,15 0.43 RE. 15 20
Crab s°9 1,28+ 0,18 17 Loa

1520B Coconut Soft Tissue 114 3.5 3.1 C1137 38 1A
Crab RE. 0.58 16.5

Kabelle Island .

1538 Snapper Muscle 281 85 0.95 0.69 R.E. 4.1 4.2 .
Fish $199 NDA 0 0

z®5g8 84.2

Skin 89 987 1 4.1 RE. 2.4 24 :

° zn65 380 62.7 ‘
. (Co;."iined)
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. TABLE 4.3 (Continued) |
“4 ;
43 .
a Radiochemical Analysis of Biological Specimens from Rongelap Atoll )

= anSET
: sample Wet Beta Activity Gamma Activity Nuclide Activity Per Cent of
D oe Sample Tissue Wt. (mg) (d/mAample (4/mAample Nuclide (d/mAsmple Total Sunt:
: ° (g) x 10-4 x 10*4 x 10°4) Activity

3 Fons dl 162 4A RE 19 19
23 6190 3,0 + 0,36 1.2 1343
4 zn6 40 200 |
a4
4 Viscera 2413 2.7 6.3 R.E, 120 44

4 S20 7.854094 20 (i+ 18 |
: $

r z 65 ‘ !

tw | A 530 | 84,2

1540 ' Grouper Whole 176 ~=—-1630 «(0,76 6 RE NDA. 0
| Fish $89 0,79 4 0,17 1.0 2+ 4

zn®5 580 | 97

1544 Parrot Bons 449 1906 7.0 234 RE, & 0.7
Fish $90 13,7+ 1,0 2 826 + 24

zn 1870 19,8

Gill 88 428 0.83 2.1 R.E. 3.9 4
"190 0.554 0.44 0.7 65446

| zn65 180 66.8 !

Head 280 7920 8,5 20.9. * RE 3.7 Does 04 -°: _
° $190 0.074052 - O12 - G43" :
5 zo ato, 80 |
;

19 +. ued)
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. |Radiochemical Analysis of Biological Specimens from Rongelap Atoll I
is 4

a panme xansea ae == —_ SSE.SEE ie

= . Pt + sat
Wet wela Activity Gamma Activity Nuclide Activity Per Cent of re

Sample - vs Ca va ; f.. dae | Sry
No Sample Tia WI. mg) (4/mi/se aple {4/rasample Nuclide (d/infample Toral f*) ie

. tz ( x1o.; x igh 4y x 10-4) Activity ° re

; -—— 198
Wiscets 658 11456 5 8.3 R.E. NDA 6 fii

$90 2.5 + 1,38 0.3 1i+§
zn85— g20 93

137 Helmet Soft Tissue 271 224 4.8 41.9 R. E. 59 12.3
Snaui $190 1.35 + 0.34 0.3 2°. 59

zn55 1080 $1.6

Gejen Istand

1621 Snapper Head 219 93250 8.6 24,7 R.E. NDA 0
Fish si? 1,65 + 2.4 0,2 £8

Sidn 13 1315 1.0 31,8 R.E. NDA 0
- sr90 0.68 + 0.48 0.7 2 6

Bone 173-8270 5.5 15.7 RE... NDA 0
S99 1.5 + 0,44 0.3 ¢
zn85 154i 98

fuscle 511 190 5.4 16,8 | RE. 3.5 0.7
$190 0.22 + 0,35 0.04 6 = -8
zn95 1600 95

Viscera 87 6.1 15.9 RE. 11 1.8
: $190 1.2 + 0,29 0.2

zn®5 1.480 93
{Co . wed)
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TABLE 4.3 (Continued)

Radiochemical Analysis of Biological Specimens from Rongelap Atoll

Wet Beta Activity Gamma Actlvity Nuclide Activity Per Cent of
see Sample Tissue Wt. a (d/m/raniple (d/m/sample  Nuclide (d/m/Aample Total aes

(g) x 1074) x 10°74) x 1074) Activity ~*

Gill 28 403 147 2.1 - R.E. NDA o
zn 2210 100

1634 . Upes Whole 169 2190 1.8 171.9 RE. 13.3 TA
Fid $199 1,7 + 0,92 0.1 v4 18

Zn®5 «6230 80
ae

1629 tig ted ©: Soit Tissue 48 1090 i3 2.3 R.E,. 0.8 0.3

S90 4,72 + 0.58 2.0 Le. 4 25

1637 Spider Soft Tissua 90 119 18.7 18 Rul06 360 19,2
Suail RE. 1210 6b + 30

sr90 5.28 + 0.47 0.3

1638 Srider Soft Tistue 66 115 102 68 R.E. 11900 136

: Snail gr0 1,95 + 0.60 0,02 + 331

(a) Sunshine Unit « 0,002 pic $199/xg Ca,
(b) RE. = Rare Earth Group,
(c) NDA « No Deiectable Activity. \
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entrated and retained the larcest amounteThe Sate tons ai £25 ‘

of Sr*’, as would Sc expcried from the simileriny of atroniium icaicuy-
lism to caicium metabolism, The skeleton of a fish from Rongelap nad
587 sunshine units, the highest cbserved in any fish. The highest num-
ber of sunshine units in any of the samples analyzed appeared in a clam
from Rongelap (2.43 x 10° units).

an

In general, snails had a high numberof sunshine units (276 to $02),

A relatively high level of Rui (19.2 per cent of beta activity) was alse
found in a snail from Gejen,

Ahigh level of Cs!3" (with a 37-yr half-life) was found in a coconut
crab, A similar finding was noted at one yeareedeecae In the
analyses from previous island resurveys, was the major radio-
nuclide found in land food plants and also inthe tissues of land aniznala,
The coconuts, which had high levels of Cs??’, were undoubtedly the
source of the Cs!¥7 activity found in the coconut crab,

The presence of Co in two samples of clams was more for the first
time in the two-year period since the detonation, The Co™ accounted
for the major fraction of the total activity in these samples. The Co”
was detected by gamma spectral ails and confirmed by chemical
separation and absorption measurements.’ The ability of clams to
concentrate Co™ selectively was verified in laboratory experiments
using clams obtained locally.®

Comparison of the fish and marine specimens collected immediately
after detonation and one year later with those studied in the present
report (two years after detonation) indicate a drep inactivity. The fish
from the Rongelap lagoon had approximately one fourth the activity of
thosePas one year post-detonation. Based on radioactive decay
of Zn®5, the change in level is about what would be expected.

. . The total activity found in the terns, whose diet is primarily fish,

was low. The level of activity in the terns collected from the various
atolls varied considerably, but was generally less than half per unit
weight of the activity in fish from the same locality (Table 4.4), The
activity of the terns collected from the northern islands of the Rongelap
Atoll was higher than that of terns collected on the southern island, The
terns collected on Rongerik, however, hada higher average concentracdon

of activity than those from Rongelap, in spite of the lower levels of ridio-

active contamination of Rongerik and the fish in its lagoon.

The tibia of the terns, except for that of one tern frorn Kabelle, coa-
tained no detectable activity at this time, Although the activity in the
tibia of the Kabelle tern had a high value when measured per kilogram

® Unpublished observations, J.K. Gong, W. Shipman, S.H. Cohn, and H.V. Welss,
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TABLE 4.4

Summary of Gross Beta and GammaActivity in Birds and Ergs
 

 

 

 

 

Average Radioactivity e
Island Sample No. of Weight Beta Gamma ‘

Samples (2) (d/m/sample x 10°4)(¢/m/kgx1074) (d/m/sample x 10°4)(d/m/kgx 1674) os ‘
eee jet

Rongelap Atoll

Rougelap Tem .
Egg shell 1 6 NDA sisi 0.62 10,3
Egg, soft tissue 1 33 0.26 1.9. : G.i1 3.3

Gejea Ter mt a 093 / -101  . 0.32 3.5
Viscera 1 wi - 0.38 “> ° 38 7 0,025 0.25
Muscle 1. 141 NDA 7. ° 0 7% «|... 0,029 0.14 .
Tibia 1 | NDA = ' - 0 7 >: | NDA 0 -

Kabelle Tem a MS lls. eT 12
Muscle 1 16.9 0.1 5.9 7 § O43 7.7
Tibia . 1 0.9 0,07 “M9 027 30
Egg shell 2°. | 63 NDA 8 88
Egg, sofeissue 2. 22 0.15 i OS 1.3

Aflingnae Atoll a
Sifo Tern 1 160 0.38 + 33 ° | Lt 1407

Muscle 7 11.7 0.057 ..: 4.9 " 0.43 38.7.
Viscera 1 0,08 - Wot 0.14
Tibla 4 0,31 NDA a) NDA. O. .%. '
fya shell 1. 6 NDA : 0 0.08 10 _
Es:p, soft tissue 1. 33 . 0,28 1 0.11 . 33 ,

Rongerik Atali . oo,

Eniwetak Tern 2 92 1.9 21.0 0.9 9.8
Muscle 2 19.7 - 0.04 2.3 0,03 . eo”
iba 2 23 | NDA oO | NDA 0

Viscera 2 0.05 p 0.09
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‘ha absolute activity was extremely low and therefore of donbiful statice.

teal significance, Vhe muscle in the terns contained levels of activity

--varying from 2.3 x 10* to 5.9 x10* d/m/kg, depending on the island oa
which the birds were collected, The soft tissue of tern eggs had
7x 10*to 8x 104 d/m/kg, while the shells showed no detectable activity.

Radioanalysis of a rooster caught on Rongelap Island indicated a
beta activity of 6.05 x 10° d/m and a gammaactivity of 1.19 x 10° d/m
(Table 4.5). The level of beta activity of this rooster was 40 per cent
of that of a rooster from the same locality analyzed at one year post-
detonation.! The ratio of beta-to-gammaactivity in the rooster was
1:2 at two years, as compared to 1:1 at one year post-detonation. About
86 per cent of the total activity in the bedy was concentrated in the skele-~
ton. The distribution of residual activity within the skeleton is shown in
the autoradiograph of the rooster tibia (Fig.1), The activity is diffusely
spread throughout the diaphysis. The concentration of activity in the
diaphysis and its absence in the ends of the bone indicates that the pri-
mary deposition occurred soon after the detonation while the chickens
were young and growing, The radiation dose to the skeleton from the
internal emitter is obviously considerably higher than that to any other
tissue, The muscle contained 8 per cent of the beta activity, and the

liver, 4 per cent, The gastrointestinal tract had 1.3 per cent of the
beta activity, and about one fourth of this was found in the respiratory

tract. The relatively higher levels of activity in the gastrointestinal
tract as compared with the respiratory tract suggest that ingestion was
the primary route of current entry of the fallout material into the body,

The average activity for individual tissues of four rats collected on
Rongelap are presented in Table 4,5. The rats had a beta activity of
0.095 pc/kg body weight. This is very close to the activity of the rooster,
0.12 pc/kg body weight. The distribution of activity in the tissues of the
rat differed from that in the rooster in that the skeleton and head together
contained 65 per cent of the total beta activity, while the gastrointestinal
tract had 24 per cent. The distribution of residual activity in the rat
skeleton is illustrated in the autoradiograph of the femurs of the four
rats, Fig.2, The activity is diffusely spread throughout the bone,
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TABLE 4,5 -

: Summary of Grees Beta and Gamma Activity in.
Rongelap Island Animals

| Radioactivity
: ‘ No, of Average | Beta Gams

Sample Samples Welght  (d/m/sample (d/m/kg (d/m/rample (d/m/xg
i (2) x 10°4) x 1074) x 1974) x 1074)

t

| Rooster 1 ' 2258 —

i Skeleton 580 52 93 101 181
Muscle 1050 5.1 4.9 © 6.9 6.6

i Gascolstestinal Tract 185 0.8 4.3 1,6 8.7

Liver 192 2.4 12.5 9.4 49.0.

)- Respiratory Tract | 32 0.2 8.7 Od 114
. Total Actlyity 60.5 es,

} Rats 4 62.9 . "
Skeleton 4.1 . 73 Lt. 0,15 35.5

Head 5.4 0,15 36 0.1 18

Muscle 33 0,03 Td 0.04 10.2

Gastroictestinal Tract 19 0.98 379 9,27 2t

Liver 3.2 0.08 tT 0,06 15,8
Respiratory Tract 0.5 0,03 62.0 0,02 36.0

Total Activity Ld 0.64

{

‘
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Fig. 1 Autoradiograph of Tibla of Ronge’sp , -

Rooster 
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SUMMARY

The residual radioactive contamination on the Marshall Isiands and
in the eae water vas evaluated two years after the nuclear
detonation of Operation C.’5TLE by an examination of plants, soil,
water, fish, marine invertebrates, birds and land animals ard by gam-

ma survey of the islands,

In plants, readiiy deiectable levels of gross activity were found, The
activity of portulaca exceeded that of other plants. In general, leafy
structures were more 2t:ve than their fruit counterpart in the coconut

: palm, pandanus and arsnwroot, The primary contaminating isotope in
coconuts, pandanus keys and arrowroot tubers was cesium-137,. On the
other hand, structural parts accumulated the rare earth radioelements.
The relative nuclide camposition in these plants was similar to that of
a year 220. Cocoruts vere more radicactive in the current survey than
in the previous one, ‘J:terpretation of the data indicated that this fruit
possessed an unusuai cuipacity to concentrate cesium-137.
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The activity in lngcca, ocear, cistern and well water was either of a
low order of magnitu’: or imperceptible, in soil, the activity remained
firmly affixed to the surface, Garama dose uivastiements indicated
that the reduction ia the gamma field aver tic past year was attributable
to radioactive decay rather than te leaching or eroding of the nuclides
from the soil.

Expression of Sr* assays in terms of sunshine units showed that
portulaca, cocoaut hu3ks, pandanus keys and air roots,and certain pot-
able water exceed the maximum permissidle concentration.

i tSignificant levels of activity remaaiced in land animals although marine
'. . life contained the hisshest cuncantrat:.ns of internally deposited radio-

nuclides of the animals analyzed, oe sevels of activity in fish were
approximataly one foust> of those ¢eiermined at one year post-cctonaticn,
However, the tissue distrisuc.an ot tonwiey nad rot alvered oi2iclicaitlye
The rare earth group constioited a srm.il fraction of the total activity
in fish and a larger proportion in riarine invertebrates, Strontium-930
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contributed less than one per cent of the total beta activity in all marine
gspecameas ¢CALLE Ohi ia ares tag

The most striking fact was that about 90 per ee of the total activity
in fish was contributed by the induced activity, Zn®5, Another induced
activity, Co, was found in hizh concentration in the soft tissues of
clams,
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i 4 SPECIMENS RECOVERED FROM THe MARSHALL ISLANDS
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TABLE A.!

Gross Gamma wveivecr sa Tote iat pees

 

  

Source Gejen Entwetak Enfaetok Pengelap Sifo Utirik Ltktep
 

PLANTS)Plant Part (c/m/kg x 107%)

 
 

Portulaca Whole Plant 54.3 6.33 3.97 1.25 - 1,26 89

Stems, Leaves §.31 2.68 .28 .23 14 - .02
Arrowroot Tubers 2.67 ‘88 “41 ‘13.00 «lag ‘03

Air Root 2,82 .20 .99 «32 59 3 .O1
Leaves 2,58 .72 48 28 15 +19 202

Pandanus Green Keys 1,78 48 . 22 al 4 62
Ripe Keys - - +83 20 a 04 20

Ripe ° - - 12 - 12 °

Papaya Green - - - A8 - 201 203
Leaves, Trunk - - - 05 - 17 08

vere 309189 1.38 OBB co “baeat . e s a e e

TS SET: Shell 330 13g 1503 ma. 1300 loa iS
Husk 5.68 1,25 3.18 1,39 89 10 07

Whole 4,17 - . ” - - -

er - 37 OF 8los “008eat - ad of * as e e

ESE) ESET: Shell : - Lot . 32.03 04
Husk - - 19 12 18 . 02
Shell, He - 2 * © - * -

ee - 1.49 80 220 a a a
a feat - ay . #3 wd ne e e

Sprouting Cocennt Shel! - 93 41 ‘511902 02
Husk - 1,22 2.44 1.47 82 il 20S

Leaves - 10.6 oo - 0 836.2, 89 1,¢3
Coconut Frond - 1 52 - ead 05 ld

Leaves, Frond 1.57 - - - = 2 -

Fruit - - - - - - 10

Banana Bark * - * - - - ,02

Leaves - - - - - - 05

Leaves, Stalk - - = - - - 08

Taro Tubor, Rusts
with Sob. - - - - - - 03

(a) All comnts were comseted fee he cer Meg Plea67 mF,

(b) Gross gamma activity of picnt sampics wat determin. d or Aprsk 2865 and that of soil and water tn

May 1956,
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TABLE A.]1 (continued)

 

 

 

Grossinesas fa

Source Gejen Eniwetak Entfaetok Rengeisp Sifo Utitlxk Likfep

WATERY) (c/re/liter x 1079)

Cistern - - - 005 - =a -
Weill - <05 - - 098, OS

.03,

.06
Ocean 2  wNDAM NDA 24 22 NDA .09
Lagoon 03 NDA NDA 20081323 .10

Depth (in.) SOL) (c/m/kg x 1075)

0-1 719 Al 4.23 346 2,02 13 NDA
12 - - - Al - - -
18 NDA - 28 - - - 19
% : 40 - - 23S NDA -
33 NDA - - 38 - - -
36 ~ - - - - - «aa

44-45 - - £8 - - - -
48 - 19 - - -30 - -
55-56 - - - - - NDA -

(a) All counts were ccirect :2

(b) Gross gamma activiry ¢f pls.
May 1956,

of 6

SiMiples was dar

me coring ei clene: ef Co69,

{c) NDA Indicates no dewctable activity,
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{ ‘+ Nuclide Analyses of Plant, Soil and Water Samplesi#/ © - +--+

Cisintegations (2/m/keor d/rr/Uter)

" bland Sample ety gr90 cs870) nul 08 0)

[| Gejes Soll (0-1 in.) 1,75 x 108 5.3x100  3.49x12° 3,23x 10°
i. Portulaca “i x 198 235x109 1,59 169
woe! Coconut, Whole 5.9 x 102 92x10 13x 105

Coconut Milk a2 x 102 6.0x10" 2,7 x 105
| Coccnut Shell 15x 103 xDale) 6.4.x 109

Coccnut Meat 2.9 x 102 15x107 2,1 x 105
Coconut Husk 1.3.x 103 142x108 51x 109

{ Arroviroct Leaves £32105 1.9 x 104 Te x tof 8.66 x 109

Arrowrcet Tubers $2 x 104 1.9x103 144x105 1.3 x 104
Pandanus Leaves 4.4 x 104 3.5x103 1,9x105 9.9 x 103
Pandanus Air Root 4.3 x 104 NDA 2.6 x 105

- Enfaetok Soil (0-1 {n.) 3.7 x 105 21x04 6.1x103 :
Portulaca 1.5 x 10° 45x10 1.92105 ©
Coconut Husk 2.2 x 103 6.7% 193 5.9 x 195

| Cocenut Shell 2.4 x 102 2.8 x 10% 1,0 4 105
; Coconut Meat NDA 11x 1i5° 8,3 x 104 ©

Coconut Shell NDA NDA 3.2 x 10%
| Arrowroot Tuber: 5.2 x 103 8,2 x 107 5.1.x 104

Pandanus Keys lixis 5.61210 6.3.x 20%

Pandcnus Keys Lex 19% a.o.108 tt x tof
Pandanus Leaver 3.3 x 104 4,6 < 194 2.3% 109 5.12 x 104

Pandanus Alt Foot 5.6 x 109 4,9%102 3.92104
Water, Well 1.3 x 16% NDA

Rongelap Soil (0-1 !1.) 7.2 x 105 3.3104 1,7 104
Papaya 1.1 x 103 9.9 x 104 3.2 x 105

| Coconut Hisk 3.1 x 103 1.7%103 2,1x 10°

! Cocornt Maat MDA 2.5 x 104 1.9 x 104

Water, Cistera 7.6 "102 Lax 104

Water, Ccean 1.32163 | m4
Water, Lagcoa 1.3 x 164 2B.

. Eniwetak Soll (0-1 tc.) nx 128 es 203208 212 10%
! Coconut Leaves 6.x 108 5.6010? 7,3x 104 6.07 x ict
i Water, Lagsoa 6.7 x 10% WEA

Water, Ocean 4.5% 192 BIA
f
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TABLT A ? (Rantinyzed

Nuciide Aualyses oi iriant, coil and Water Sampiles\¢) |
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ee Dinintecrations (1/m/¢g or d/m/Uter)

Island Sample Total Rzre 90 137 (b 106
Farths() Sr C3137 (b) RylO6 (b)

Sifo Soll (0-1 In.) 2.1 x 105 13x10 3.6 x 103 1.2 x 103
Atrowroot Tubers 1.3 x 103 2.6x102 2.8 x 104

Utirik Soil {0-1 ing) 4.1 x 105 48x10 3,3 x 103 6.7 x 104
Coconut Leaves 3.2 x 105 NDA 2.4 x 104 9.9 x 109
Water, Well 2.5 x 162 39 :
Water, Vell 70 NDA

Water, Cistern 1.8 x 102 20

Water, Oceana 5.9 x 10° NDA

Water, Lagoon 1.5 x 102 204

 

(a) Rare earth, Cs!37, and Rul06 znalyses of plants were performed in May 1956 and those of
water and soil in June 1956, Samples were analyzed for sr? in July 1958,

(b) Eeta counting efficiency for Rul S, C137, and total rare earths was compared with U,0g

standard, Absorption corrections were computed from Al curves for Ru16 and C5137,
corrections for total rare eartas, from Al absorption of Cel44,

(c) NDA indicates no detectable activity.
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4 Gross Beta and Gamma Activity of Animal Specimens | |
__ _ _. _ ___. i

: — — —. a $

{ , Wet GrorsBeta toss Gamma

hin Sample Tissue Wt (d/m/sarple (d/m/kg (d/m/sample (d/m/kg
“ °. | (g) x14) x 10°4) x 10-4) x 10-4)

: RONGELAP ATOLL
if Rongelap Island - |if

| Fish -
1502A Mullet Whole 182 1,6 8.9 49 26
1505 Grouper Whole 10 0.2 20 0.07 7.0

; 1512 Surgeon Whole 40 0.3 7.5 1.7 43 i

1502C Goat Whole 218 8.8 40 15.5 Th i
| Muscle 87 11 12 2.1 24

Bone 29 1.5 52 2.1 95
Viscera 10 4.9 490 2.8 280 f

7 Gills 12 0.6 52 2.2 190 . on
i Head 26 0.45 17 3.3 130
i Skia 28 0,2 5.1 2.4 200

1$07C Grouper Whole 452 §.2 12 5.7 13,0 .

Muscle 172 0.4 2.3 0.5 2.9

t Bone 73 1.4 19 2.6 36

: Viscera $0 1.9 21 1.4 15
Gills 9 0.3 33 0.25 28

Head 36 0.3 22 0,7 20

| Skin 38 0.4 ll 0,28 6.6

te Cia

1509 Killer Soft 1809 20 iM 33 18
{ tissue

, 1513 Killer Sof 882 31 35 83 ee

thsve

Scaihb

1522 Snail Soft a 0,¢3 1,3 0,07 At

tlie

1530 Snatl Soft -bo 6.3 60 12 106

tly3ue

- / (Continued)
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L TABLE Al3 Coattd

Gross Beta and Gamma Activity of Animal Specimens

,

| ; Wet zoss Beta Gross Garama

wf vie Sample Thisue wt (d/m/sample (d/m/kg {d/m/szmple (d/m/kg
; Ms () x 1074) x 104) x 1074) x 1074)

4 RONGELAP ATOLL
; 4 Rongelap Island
4 4

; Crabs

i 1502B Coconut Saft 114 3.5 31 3.1 et
i | tissue

tt 1520A Langousta Soft 79 1,3 16 2.1 2.1
' | tissue

| 1520C Red eye Whole 37 0.75 13 3.8 67

i. . 1520C ! Reef Whole 61 0.25 4.1 0,99 16

1520D Red Spotted Whole 13 0,75 10 0,43 5.6

|. 1529 Grapsus(2) Whole 94 0.88 9.3 3.8 41

| 1533 Hermit Whole 88 8.9 100 1.3 1s

| | acl
15028 Moray Whole 136 1,3 9,2 8.4 62

i ,

Birds

| 1020 Noddy tern —Egg shell 6.0 npa @) NDA 0.62 103
Egg, soft 33 0,26 8 0,11 3,2
tissue .

Po 1510 Rooster Whole 2250
ty G1, tract «185 0.80 4.3 1,6 8,7
roy Muscle 1050 51 4.9 6.9 6.8

if Liver 192 2.4 12,5 9.4 49.9
i! Respiratory 23 0,20 8.1 0.4 17,4
ios system

7G Skeleten 569 52 93 102 124

; (a) NDA -No detectable activity (Continued!
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“4 } Gross Beta and GammaActivity of Animal Specimens
ze | ae i reeane =

3 Sample | Wer Gross Beta Grots Gamma

aa No, Sample Tissue Wes (d/m/samiple (d/m/kg (a/m/aampie (d/m/yg
4 - (g) x 1074) x 1074) x 1074) x 104)
a . 4

fob | RONGELAP ATOLL

j ‘ ‘ | Rongelap Island
Ml PY

if : ‘

4 Mammals

HY 1514 Rat Whole 48.5
a4 G.I, mact 1,65 0,38 43,8 0.25 32.7
4 Skeleton 3.1 0.58 187.0 0,15 48,3
4 | Skin, 30.0 0,39 13.0 .045 15.0
f , muscle
i Head 4.2 0.14 33.3 .086 20.5
on Liver 2.86 .063 22.4 * .052 18.2
| | Respiratory 39 029 14.3 015 38.5. -

‘i tract

Y 1515 Rat Whole 65
4 G.I, tract 10,5 Ot 32.3 28 A.1

Skeleton 4,2 0.7 175.0 0.51 121.0
i] Skin, A0,2 0,U% “18 .073 1,8

Fi muscle

4 Head 5.6 19 C45 .085 15.2
z Liver 3.7 O71 19.2 .061 16.5
a Respiratory 0.89 O41 79,0 .023 42,3
i tract

4° 1516s Rat Whole 91
] G.I, tract 144 0,20 14.3 .025 1,7
4 Skeletca 5.8 14 127.4 43 14.0
apt Head 7.8 AS 49,3 .08 10,2
4 Skin, musele 57.0 38 6.4 13 2.3
4 Liver 5.2 09 11.3 061 11.9

i Respiratory 9,73 o2 27,4 .022 30,1
7 tract
4
\ 1517 Rat Wheie 47

“ G1, wet 74 53 43.8 34 43.0
qa {i Skeleton 2,7 OT 389.0 a) 111.0
4 Skin, muscle 29,4 83 222.0 0,14 48.8
a Head 4.1 3,13 31.8 0.14 34.1

| | Liver 2.1 csg 32.6 2049 18,2
Respiratory 0.38 36 85 011 23

= | tract

: | (Continued}

i ~44-

i fas *herpoOEE:sieny

EEAgeremrgemagmee oemreraneyeRemermemmenemrparnsMean2mRaDTae BEMENB LAREN ote Pb AamRTESS



B
i
a
w
e
e
®

00
M
O

M
e
t
e
r
e

l
e

i
‘, i

bo of bo gy,
i end
f f |

| TABLE A.3 Cont'd

rc ' f: ood Gross bei aa Mica dacat ech pean sey Ua Ohibsseicks Speciilic Ud

! oF. a Z =z =
5

Sample Wet Gross Beta Gross Gamma

i, Ne. Sample Tissue - . We (d/im/sample (d/m/kg (d/m/sample (d/m/kg
to} i Oe (3) x 1074 x 1074) x 1074) x 1074)

1
| RONGELAP ATOLL

2 A { Enlaetak Island

Poof
; | Fish .

t : 1523 Angel Whole 48 0.98 20.5 2,76 51.4
60 Mullet Whole 80 2.38 29.7 1,05 13,2

1525C Parrot Whole 55 1.38 25,1 2.0 36.7
3 | : 1525A Parrot Whole 1140 18.8 16.5 36.9 32.4

: Head 135 0.45 3.33 7.0 52
} ; Gill 56 0.55 9.9 4,1 13.2

. Viscera 164 15.9 91.2 11,5 70
bof fF Bone 210 0.76 3.6 7.1 33.8
( i Muscle 338 0.67 1,99 4,1 12.2
i ' Ski 131 0.46 3.47 3.07 23.4

| . 1525 Goat Whole 87 0.39 4.5 1.5 &6
: { | Clam |

{
' | 1527 Killer Soft tissue 136 3.3 4.5 6.5 8.8

: 4 Crab
i i | 1524 Grapsus Soft tissue $2 37 4.5 1,2 14.1
L |

Bird

. 1004 Plover Whole 281 1,25 4.4 5.3 18,2

; Gejen Island

Fish
1620 Snapper Whole 1,7 5.3

1630 Grouper Whole 169 1.8 10.4 9.6 57

1623

=

Squirre} Whole ut8 1.3 5.8 7.1 52.8

: 1623A Squirrel Whiie 189 3.6 19,2 12,3 4.9

16233 Squirrel Whale 113 2.5 21.2 10.3 87,7

1624 Butterfly Wile 115 1,1 62 21,2 1&5

(Continued)
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Gross Dela and Gane cictuviry of Anial Soeviimens

Sample Wet Gross Beta Gross Gamma

No, Sample Tissue Wr SURES (/m/kg (d/in/szmple (d/m/kz

a (g) x 1074) x1d4y x 1074) x 1074)

RONGELAP ATOLL

i Gejen Island

. Fish (cont'd) .

1625 Surgeon Whole 136 3,9 28.5 1.2 53

: 1621 Snapper Whole 1154 26,3 23.0 87 78
Head 219 6.6 30,1 24.7 14g

! Gill 28 4,7 58.9 2.1 14,2

| Viscera 87 6,1 10,1 15.9 184
Muscle. 11 5.4 10.5 16,8 32.9

: Bone 173 5.5 31,8 15.7 907

- Skin 3. 1 13,7 11.8 161

Crabs

1629 Sand Whole 46 1.3 28.3 2.3 39,1

1632 Redeye Whole 32 0.88 27.3 4.3 134

! Snail

i 1636 Spidet Soft tissue 91,5 11,3 , 124 6.5 71.4

1637 Spider Soft tissue 90 18.7 201 18 201
1638 Spider Softtisue 56 102 1820 68 1210
1639 Scorpion Soft tissue 39.5 17,7 440 23 580

, J

‘ Birds

1035 Fairy tern Whole 92 0,93 10,1 0,32 3.5

wW1035 Falryterm Viscera tol .38 0,38 .025 0.25
Muscle 141 NDA oo .019 0,13
Tibla . . NDA NDA

: Kabelle Island

Fish | Se . -
1

1840 Grouper Whole 176 ' 0.78 13.4 6 107

(Continued)
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i TABLE A.3 Cont'd
a,

Gross i2ta . wivSatay ty Ge a ree

' . Wet Gress Bata Gross Gamme
Sample . " ae °

., No Sampls Tissue We (d/in/sample (d/in/ig (d/in/sampie (d/m/kg

i . (g) x 1074) x lo4) x 10-4) x 104)

i, RONGELAP ATOLL 3

Kabelle Island

Fish ‘cont'd)

: 15338 Red snapper Whole 135 12.3 17.0 18.5 25,0

} Skia 89 1,0 11.2 4,1 48,7
4 Muscle 281 0,95 3.4 0,69 2.4
‘ Bone 141 2.4 16.8 44 31,3
i Gill 24 C45 18.1 1.1 44
ik Head 60 4.5 15 1.9 32

i Viscera 140 2,9 29 6.9 64

tO 1544 Parrot Whole 1951 24.8 12.7 71,3 36.5
' Viscera 258 5 19,4 8.8 4.3

; Muscle 691 2.4 3.5 6.8 9.5

a Head 230 8.5 30,4 20,9 14.8
Skin 223 1,1 5.0 8.9 39,9
Gills , 58 9,33 14,1 2.1 49
Bone 449 ? 25.6 23.4 86

1541 ‘Butterfly Whoie 33 6.085 94 1.9 $3.6
1843. Damsel (6) Wave 63 1,5 1207 3.8 54.9

Snail

. 137 Helmet Sof tissue 27% 4,8 17.7 11.9 43.9
i

Birds
i

1010 Fairy tern Muse! 1,6 0,033 4.3 012 1.6
| Tibta 0.3 NDA NDA

1011 Fairy tem Afusclg 11,2 1.028 2.5 045 4.0
Tinta 0,23 NDA NDA

i 1012 Noddytern Whole 145 14 7,8 1,1 12

1013 Noddy tern Muscle 16.9 0,10 5.9 0,13 11
Tibla ae 2,07 1.5 0,¢27 20,2

1014 Noddy tern Egg Shell 3 IDA NDA 0,13 2h3
fig, sole 21 08 3 0.03 1.4

thsus

(Continued)
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TABLE A.3 Cont'd

Mrodn Mata and Morne ftTt ta eT ate

— 7 Wet Gio's Beta Grots Gamma
Noe Sample Tissue Wr (/infsample /m/hg (i/mfsample (d/m/kg

. (3) x i074) x 1074) x 1074) x 10-4

RONGELAP ATOLL

Kabelle Island

Birds (cont'd)

1017 Noddy tern Egg shell 4.5 NDA NDA 0.13 28.4

ce Egg, soft 24.5 0,24 9.5 0,03 1.4

tissue

RONGERIK ATOLL

Eniwetak Island

Fish .
1559B Surgeon Whole 105 6,41 29 0,69 6.7

1561 Half-beak Whole 30 0,03 1,0 0,46 15.3

1563 Butterfly whole 28 0,03 1,2 0.16 §.9

1564 Damsel (3) Whole 50 0,11 44 0.24 24

1565 Squirrel. Whole 102 0,15 1.4 1,2 11.8

1560 Squirret= Whole 389 0,41 1,1 2,0 5.2

Head 64 0.23 3.6 0.55 3.6

Muscle 113 0,04 368 0,27 2.3

Gill 13 0,02 1,2 6,08 6.5

Viscera 38 0,04 1,1 0,38 9.9

Bone 65 0.06 0,96 0,39 6.0

Skia 16 0,02 0.19 0.35 4.5

Crab

1026 Red eye Whole 60 0,17 2,8 1,1 18,3

Birds

10253 Noddytera W*o'r ee 3.1 3k 1,9 20,8

10250 Falry tern Wade a3 0,75 8.3 NDA

1GZ5A Falrytern Wh le ~03
Muzcle 12.4 6,033 2.7 0,028 2.22

Tidls NDA ‘NDA

Viscera 9,075 0,12

(Continued)
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TABLE A.3 Cont'd

3
Greors Treta and Teseme Setivity of Animal Goecimons

Sample Wet Gross Beta Gros Gatamse _.

New Sample Tissue wre (d/m/sample (d/m/kg (d/m/iample (afin /vg
i . (g) ‘x 1074) x 1074) x 1074) x 1974)
cf

| RONGERIK ATOLL

4 i Eniwet2k Island

iY
" { Birds (cont'd)

1025C Noddy tem Whole 212
i Muscle 27 0,05 1,9 0,038 1,45

| Tibla 0,23 NDA NDA
’ { Viscera 0.03 0.05

AILINGNAE ATOLL

i . Island

i Pu
1: 1551D Surgeon Whole 45 0,37 8.2 0.55 12,2

( 1551D! Damsel Whole 25 0,18 1.1 0.42 16,7
t 1552 Angell Whole 203 0.68 3.4 5.0 24.1

1555 Butterfly Whole 134 0,32 24 1.6 12,3

1551A  Redsnapper Whole 640 3.2 5.0 38,9 €1

Head 115 0,73 6.3 9,9 £6.2
Gills 18 0,12 6,7 2.1 153
Viscera 24 0.92 38,2 3.6 151
Muscle 283 0.60 2.1 6.2 21,1
Bone 110 0.53 4.8 10.6 96,7
Skin 15 0,31 4,1 5.9 78.7

1551C Squirrel Whole 373 0,28 0.75 3.5 34
Head 57 0,035 0.61 0,96 16,9
Gill 12 0,012 1,0 0.19 15.0
Viscera 36 0,667 1,86 0.41 11,5

| Muscle 107 0,061 57 0,41 3,8
Bone 53 0,052 .98 0,72 13,6

! Skin - 84 0,051 62 0,83 9.9
fof

CrabCras .
670 Hermit Whole 52 2,1 40,2 0.86 16,5

672 Coconut Soft tissue 150 1,2 1,9 1.5 10

. 1021 Reef Whole 121 0,30 2.5 1,17 14.4

10211 Hermit Whole 35 0.81 23.2 0,44 12,6

(Continued)
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TABLE A.3 Cont'd

Gross eta and Gariarna Activity of Apiinal §svecimens
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Samol Wet Cross Beta Gross Gamma

a No * Sample Tissue Wr G/m/sampie (/mikg @/m/ample Gia.kg
4 . (z) x 1074) x 1074) x 1074) x 1074)

a AILINGNAE ATOLL

; | Sifo Island
3 i

“ Clam .
nS
it 1549 Killer Soft tissue 1104 71 6.4 17,1 15,3

h

_¢ ; Birds

4 | 1018 Fairy tern Carcass 99 1,0 10,1 0,17 1,77
4 Muscle 16 0,078 4.9 0.46 28.9
j Viscera 0,05 04
wf - Tibia 297 NDA NDA

i |
oe 1019A Noddy tern Carcass 96 038 3.9 3,3 33.9
if Viscera 0,072 0,20
lt Muscle 10,7 0.05 4.68 0.56 $.3
| Tibia 0.265 NDA NDA
ot 10198 Fairy tern Whole 163 ,

4 Viscera NDA 0.14
y Muscle 1.9 0,05 €.3 0.016 2.1
it Tibia 0,34 NDA NDA
tt 1019G Noddy ter Whole 185 0,16 0,86 0,025 3.37
oe 1022. Noddytem Whole 94
a Viscera 0.24 0,175

:2 Muscle 10 0,04 4.2 0,44 44.

i Tibia (2) 0.72 NDA NDA

| 1020 Noddytern Egg 39
Eggshell 6 NDA 0,06 19.3

Egg, soft 33 0,26 1.9 0,11 3.2
tissue

(Continued)
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|
7 Gross Bets oi. Ceoimtaga Motieity : az Sb

. Wet Gross Beta | Gross Gamma
Sample ~] 13s W ’ awn pee at ae 3 en fea neNo, Sample Tissue Vt (i/in/sampie (d, mike (¢/sn/simple (d/m/xg

(3) x 16-4) x 1074) x 16-4) x 1074)

i | UTIRIK ATOLL

‘ Utirik Island

{! Fish

1573 Squirrel Whole 23 NDA 0,12 5.4

1576 Angel Whole 44 NDA 0,07 1.6

1581 Goat Whole 46 0,3 6.5 0,14 2.9

( 1533 Dameel Whoels 48 NDA NDA

{ 1584 Butterfly Whele 68 NDA NDA

1596 Manini Whol 129 0.88 6.8 0.58 4.5

1597 Half-beak Whate 13 NDA NDA

4 ° 1580 Gray parrot Whole 425 0.66 1,5 0,87 2.1
Head 32 NDA 7 9,09 . 2.8

Gill 10 NDA 0.04 4.1

s Viscera 82 0,38 4.6 0.18 1.8

Bors 65 0,13 1.9 0.13 1,3

Musets 172 0.15 0.87 0,22 1,3

| Skin 417 NDA 0,24 §.1
t

; Snail
}

i 1590 Ghost Soft tissue 19 ND 4 0,07§ 3,9

| 1591 Reef Soft tissue 195 NDA 1 4.6
| 1585 Spider Sot ussye 0.038 NDA

i Mammai

1571 Rat Tibia &) NDA NDA

i

(Continued)
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Sample Wet sass Beta . Grois CF mine

No Sample Tissue we (d/rn/sample (d/m/kyz (d/m/simzle (d/m/kg
fo} x 10-4) x 19-4) x 10-4) x 1074)

LIKIE? ATOLL

{ _ Likiep Island

Fish
; 1605 Butterfly Whole 119 0,25 2.1 0.31 2.6

1607 Parrot Whole o49 NDA 0,38 1,1

1611 Damsel (3) Whole 61 0.38 6.2 0.13 2.1

‘ 1612 Surgeon Whole §1 NDA 0,02 0,39

1613 Grouper Whole 16 0.38 4.9 012 16

. 1609 Gray snapper Whole 453 11 2.4 2.2 4.9

Head 38 NDA 0.021 5.5

Gill 14 NDA NDA

Viscera 38 1 12,3 2 25,1

Muscle 144 0,1 0,7 0.21 1,5

Bone 993 NDA NDA

Skia 63 NDA NDA

1
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Naval Radiological Defense Laboratory,
USNRDL-455

RESIDUAL CONTAMINATION OF PLANTS

‘NIMALS, SOIL, AND WATIR G2
wLANDS TWO YEARS FOLLETTGPERATION

voM,

whl!

Lo Aug bd, :AWAD 1beads

THE MARSHALL

YO EYLpOUs, HV. Waobs, S.H.Cohn and

ts CONFIDENTIAL

cepaenar and disuiburica of tadiuscuve Mmate-

iienal gS Gh fevess! trotte anwadla

and animals of the Masons}

@ (NCOoraced inte

tajaicds Wak deler-

riineal (Wo years after (nent conta wielint

by fallout from the March |, 1954

uciess detonation of Operation CASTLE.

(over)

 

«

1, Plants-Radiation effects

2. Animals- Rad. eff,

3. Soil - Rad. eff.

4. Water - Rad, eff,

5. Fallout + Radiation from

I. H.V. Weiss

Ir, SH. Cohan

WI. Title

IV. CASTLE

V. NS 081-001

 

 

 
Plano and anunals of the Marshall Islands was deter-

inined two years after thedr contamination

by fallouc from the March 1, 1954

nuclear detonation of Operation CASTLE.

(over) g
 

Naval Radiological Defense Laboratory,

USNRDL-455

RESIDUAL CONTAMINATION OF PLANTS

ANIMALS, SOIL, AND WATER OF THE MARSHALL

ISLANDS TWO YEARS FOLLOWING OPERATION

CASTLE FALLOUT, H.V. Weiss, S.H. Cohn and

others, 15 Aug. 1955, ty, Sap, tables CONFIDENTIAL

The amount and distribution of radioactive material

remaining on several atolls and incocperated into
plants and animals of the Marshall Islands was deter-
mined two years after their contamination

by fallout from the March 1, 1954

nucicar detonation of Operation CASTLE.   (over)

1, Pl: i: » Radiation effects

2. An i: is Rad. eff,

3. So:.- ad, eff.

4. Wr - Rad. eff.

5. Fa: c. . + Radiation from

I, KH.’ . “iss

IL &. +. Zoha

TW. T.3:.

IV. C.. LE
V. Nf i-001

et eeEs

OrrentahAeeace ee o -

\ -~ _ ~ meee eeeetet Plameame ne

wae tne
nn __. _ A ERODEOperme.

2 e * e

™ “wr

Naval Radiological Defense Laboratory. 1, Plan's - Radiation efiecu
USNRDL-455 2, Anio.s:s = Rad, eff,

RESIDUAL CONTAMINATION OF PLANTS 3, Soi} - ad, eff,

ANIMALS, SOIL, AND WATER CF THE MARSHALL 4, Wair- Rad. eff.

ISLANDS TWO YEARS FOLLOWING OPERATION 5, Fal’ ut ~ Radiation from

CASTLE FALLOUT, H.V. Weiss, S.H. Cohn and I H.V. \ iss

othe. 15 Aug. 1956, iv. S3ptables CONFIDENTIAL [f1. S.1. ‘coho

The amount and distribution of radioactive material) TM. Ti

scTnaining on several atolls and tncarpaated into IV. G2. kB *

V. NS «..-001
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ivadily detectable amount of radioactive contamination were found in animals,

po.csy and sail, Most of the activity in the edible portion of plant specimens was

con:buted by cesium-137,

i major radlonuclides found in the tissucs of fish was zinc-65, and that in

t «ic, cobalt-60,

.. .duazl soll contamination remained confined to the surface.
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Readily detectable amounts of radioactive conta m/nation were {:. urd in animals,

planu and soil, Most of the activity in the edible porsion of plaat «-.-imens was

contributed by cesium-137.

Tue major radionuclides found in dhe tisuca of fish was zinc-65.,

clams, cobalt-60,

Residual soil contamination remained confined to the surface,

 

Readily detectable amounts of radioactive contamination were i

plants and soil. Most of the activity in the edible portion of plan

contributed by cesjum-137,

The major radionuclides found in the tissues offish was rinc-6&.
clams, cobalr-60,

Residual soil contamination remained confined to the surface,
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Naval Radiological Defense Laboratory,
USNRDL-455

RESIDUAL CONTAMINATION OF PLANTS

ANIMALS, SOIL, AND WATER OF THE MARSHALL

isLANDS TWO YEARS FOLLOWING OPERATION

CASTLE FALLOUT, H.V. Weiss, S.3i, Cohn and

cucit, 15 Aug, 1986, iv, 53p.tables CONFIDENTIAL
‘at amount and diswibuuioa of radioacuve mate-

vial meniaining on several atolis and incorporated into

pidats aad snimals of the Marshall bilahds was deter-

tiined two years after their contamination

by faliout from the March 1, 1954

nuciear detonation of Operation CASTLE,

(over)

a

1, Plants-Radiation effects

2. Animals- Rad, eff.

3. Soil - Rad, eff,

4. Water - Rad, eff,

5. Fallout - Radiation from
I. H.V. Weiss

If. $.H. Cohn

WI. Title

IV, CASTLE

V. NS 081-001

 

Naval Radiological Defense Laboratory,
USNRDL-455

RESIDUAL CONTAMINATION OF PLANTS

ANIMALS, SOIL, AND WATER OF THE MARSHALL

ISLANDS TWO YEARS FOLLOWING CPERATION
CASTLE FALLOUT, H.V. Weiss, S.H. Cota and

others. 15 Aug. 1956, iv, S3p.tables CONFIDENTIAL
The amount and distribution of radicactive material

Temaining on several atolls and inccrporated into

plants and animals of the Marshall Islands was deter-

mined two years after hel contamination

by fallout from the March 1, 1954

nuclear detonation of Operation CASTLE,

(over)

1, Plants - kadlation effects

2, Animais ~ Rad. eff.

3. Sotl- icc. eff.

4, Water - 7d, eff.

5, Fallou: - .adiation from

IL HV, Vii.

O. S.H. Ce.a

Il. Title

IV. CAS? Us

V. NS 08:-( 71
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Naval Radiological Defense Laboratory.

USNRDL-455

nESLDUAL CONTAMINATION OF PLANTS

ANIMALS, SOIL, AND WATER CF THE MARSHALL

ISLANDS TWO YEARS FOLLOWING OPERATION

FALLOUT, H.V. Weiss, S.H. Cohn and

ores. 15 Aug, 1956, iv, S3patables CONFIDENTIAL

‘she amount and distribution of radioactive material

seriaining on several atolls and incorporated into

oils and animals of the Marshall Islands was deter-

Tioed two years after their contammation

oy lallout from ure March 1, 1954

vucleat detonation of Operation CASTLE.

(over)

waerie

1, Plants - Radiation effects

2. Animals - Rad. eff,
3. Soil - Rad. eff,

4, Water - Rad, eff,

5. Fallout - Radiation from

I. H.V. Weiss

rr §.H. Cohn

IQ. Title

IV. CASTLE

V. NS 081-001
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Naval Radiological Defense Laboratory,

USNRDL-455

RESIDUAL CONTAMINATION OF PLANTS

ANIMALS, SOIL, AND WATER CF THE MARSHALL
ISLANDS TWO YEARS FOLLOWING OPERATION

CASTLE FALLOUT, H.V. Welss, $§.H. Cohn and

Others, 15 Aug. 1055, iy. 53p, tables CONFIDENTIAL

The amount and distribution of radioactive material
remaining on several atolls and incotpaated into

plants and animals of the Marshall Islands was deter-

mined two years after their contamination

by fallout from the March 1, 1954

nuclear detonation of Operation CASTLE.
(over)

1, Planes - f.diation effects

2. Animais - Rad. eff.

3. Soil + Sad. eff,

4, Water - 2:4, eff,

5. Fallout - /.adiation from

IL H.V. Web

Il. S.H. Cons

IT. Title

IV. CASTi£

V. NS 081-601
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Readily detectable amounts of radioactive contamination were found in animals,

nts and soil, Most of tie aciiviry In the edible portion of plant specimens was

. vthuted by cesium-+137,
we

fo-orcjor radionuclides found in the ussucs of fish was zine-65, and that in

m,, cobah-60,

na. 2D esl] contimigacton remsalied coafined to the surface,

 

aeadily detectable amounts of radioactive contamization were found in animals,

ats and soil, Most of the activiry in the edible portion of plant specimens was

vatnibuted by cesium-137,

‘che majer radlonuclides found in the tissues of {ish was zinc-65, and that in

& om, cobale-60,
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