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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 1, 1954
nuclear detonation of Operation CASTLE.

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

in the edible portion of plant specimens was contributed by
cesium-137 :

: The major radionuclides found in the tissues of fish was
‘ zinc-65, and that in clams, cobalt-60,

Residual soil contamination remained confined to the
surface. |
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SUMMARY

The Problem

To determine the amount and distribution of radioactive material re-
maining on sevaral atolls and incorporated into plants and animals two
years after their contamination by fallout from the 1 March 1954 nuclear
detonation of Cperation CASTLE.

Findings 4

Readily detectable amounts of radioactive contamination were found
in Marshall Island animals, plants, waler 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-d=tonation).

Some samples of portulaca, coconut husks, pandanus keys, pandanus
air roots, a clam, and certzin po'able water contained levels @&
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 migratipn of nuclides to deeper layers or their erosion
into the surrounding water., '

The activity in fish was 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 08.-001,
Technical Objective AW-7, as described in U.S, Naval Radiological
Defense Laboratory Annual Progress Report to the Bureau of Shlps,

DD form 613, of 6 October 1955,

The work was done jointly by the Chemical Téchnology Division and
the Eiological 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 (12 biological systems aad in the physical en-
vironment of those Mar:.:ail Islands contaminated by fallout from the
1 March 1954 nuclear <:ronation., For this purpose a resurvey of the
islands was conducted ... Sabruary 1956 by a group of scientists from
the U.S. Naval Radiolcgical Defense Laboratory. Specimens of animals
(land and marine) and ..“ds, and samples of plants, soil and water were
collected for analysis. Radio assays for gross beta and gamma activity
were conducted and in addition radiochemical dztermination of individual
fission products and incduaced activities were made,

A few weeks after the 1354 incident a survey ~as made of the contam-
inated atolls,! and scil, water, and biological spccimens were collected
from Rongelap and Utirik, Thes~ samples were analyzed and the re-
sults were given in the Operaticn CASTLE, Project 4.1 report, ? Soil

and water samples - :vainzd microcurie amonnts of activity; barely
detectable quantitics were found in placts. Aparoximately one year
following the nucless ictonation, a susvey of ‘2 islands indicatezd that

the activity was przsaont in metabolic :{StE”\.y and was still in tke en-
vironment at lower but significant levels.” The present study, conducted
two years post-d-tonation, provides Jurti:r daia on the pzrsistence and
distribution of the fallnut activity, From these data an evaluation can
be made of the potentizl tazard fromn the ingestion of contaminated
materials,
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‘! e . .
1: ; . GROSS ACTIVITY IN PLANTS, WATER AND SOIL
. .
PROCEDURES

i Plant specimens were nackaged and shipped in individual plastic bags,
soils in stainless stec! zore tubes, and water samples in l-liter poly-

ethylene bottles,

With the exception cf water samples, the samples were prepared for
analysis by the procec.ies described in the previous report? which con-
sisted of ashing biolozical samples and counting so0il samples as received.
Water specimens were reduced to the smallest possible volume con-
sistent with maintaining the salts in solution. An aliquot of the concen-
trate was placed on a planchet and heated to dryness under an infrared

lamp prior to countity,

- e g A i s
\ . .
.

After the mocuntiny, the samples were beta~counted in a gas flow pro-
portional counter a: [ ..3 per ceut geometry a3 determined with a Sr¥0-y9
standard moanted -1t lamirum., SGross gamm?2 m2asurements were
made in a well sciatilatica counter with a couanting eificiency of
43 per cent for a Co®’ standard.

Gamma dose rates cf the islands ai 2 fi above ground were determined
with AN/PDR 27C survey meter between ¥ebruary 7 and 14, 1956,

e

A . B T st AP o 1A+ Ak A L

e e e

RESULTS AND DISCULSION

Plants

)

t

¢ The gross beta activity of the pl.n. specimens analyzed is recorded
in Table 2.1 according to the island frem which the sample was recovered.
The data were corrccted for the counting efficiency of Sr?® and presented

i

-3




j TABLE 2,1
1 ,::C‘ R -: sta m\v‘.u.:.,;.-t-, tn :;~ N o = @ =d BRI Bt l'ﬂ‘tﬁ'{eg;“'j'j
1 Gejen Eniweiak Enlactokx Rongelap Sifo Utirik Liklep
Plant Pant PLANTS(Y)  (c/m/kz x 10°5)
‘ Poctulaca Whole Flant 274 19.2 3,05 1.26 - 1m 1.33
Stems, Leaves 11,0 4.5 0.32 0,25 0.21 - 0.03
e Arrowroot Tubers 2.32 057 059 055 008 014 003
Alr Root 287 017 1,05 032 098 008 002
Pandanus Leaves 2.64 102 5.28 0.38 0,15 021 0,03
‘ Green Keys .21 0.37 0,70 0.22 0.10 0.69  0.03
| ‘ Ripe Keys - - 0.53 0.11 - 0,07 0.02
' Ripe . - - 0.12 - o011 -
| Papaya Green = o o 0.25 - 0.09 0.04
: Leaves, Trunk - - - 0.09 - 0,16 0.08
R« R S R
’ cat o o . 5 . . .
- Ripe Coconut Shell 438 038 072 044 028 008 0.02
" Husk .83 0.5 1.57 131 071 021 0,09
Whole a1 - - - - - -
milk - 0.29 0.11 0.05 013 - 0.05
Meat - 0.33 0,25 - 0.08 0,07 0,02
o (e Shell - - 0.80 - 037 008 0.09
Husk - - 0.48 012 0,11 0)1f  3.02
Shell, Huth - 0,11 - - - - -
o E R an o
eat = » . . » . .
SR (S shell & 0.29 041 035 018 0.04 0.02
1 Husk - 0.73 1.57 0.88 068 0.28 0,07
Leaves - 15.4 0.88 0.84 4.1 1.58
: Coconut Frond - 0.94 0.51 - 0,23 0.09 0.11
Leaves, Frond 148 o - - - - -
o 2 A <
* Banana - - - - - - 8
i Leaves - - - - - - 9.18
I Lca}:.rc!, Rsmks - - - - - - 0.08
. o Tutber, Reows
s with Soil - - - - - - 0.19
(2) All counts were comect.s . for b outidng sfficteney of Srgo-Ygo.

(b) Gross beta activity of poat ex 2108 vas “erermined in April 1956 and that of soil and water In

o ——— .,

8 May 1958,
{
5
% ‘
a 9
. . !
o SRR AT S I RN e T RN T e b s rh e e
NEOFR LA ’, L RN .‘ R . I  OP S TR RRI I [ P L7 STy cegial



i A andh

PUVEE IS PRIV VR Y

ks, T

ot dan.

(RSSO S R

0. e W

"+ ——

Srogi T e

-

fm—e

t e 4

B o

ryan e

AN I AT Y TR LT

Gross 3eta Astivity in Fland,

=,

B e s et o s — —

TABLE 2.1 (continued)

{4
ner_ PR IS | f~.--~«'.»,,"‘)
el GG LUl :J\;-‘Astibué‘
——
—

e —— ] ’ i

©o " Gejen Ealwetak Eniaetok Rougelap Sifo Utlrik Liklep
Source WATIRD)  (c/m/liter x 10-5) 4 _
Clstern . - 0.008 - NDA® -
. " Well” - NDA - - 01, NDA
’ ’ 0,03,
- NDA
Ocean NDA 0,08 0.08 0.09 NDA 0,08
Lagoon NDA NDA NDA 0.08 0.09 NDA
Depth (in.) son®) (c/m/xg x 105
0-1 3470 6.43 7.00 4.97 443 NDA
12 - - 0,70 - - -
18 0,80 NDA - o o NDA
24 - - - 0.04 0,51 -
33 1.33 = NDA - - -
a8 - - - - - NDA
4-45 - 0.07 - S -
48 - - - NDA - -
55-56 . . - - om0 -

&) All counts were corrected for the counting efficlency of 5¢90.y90,
(b) Gross beta activity of plant samples was determined In April 1956 and that of

soil and water in May 13586,

(c) NDA indicates no detectable activity,
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most samples was so low as to prevent such evalua.tmn thh expediency,
Furthermore since the nuclide composition varied amoag plants and even

within differeat sections of the same plant, a blanket correction was im
possible,

The gross gamma activity of these samples is shown in Table A.l,
Appendix, The activities corrected for the couniing 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 v:.3 consistently slightly greater than the gamma
activity. Data presertcd in Chapter 3 show thbae exceptions are express-
ions of the nuclide comp:ition, :

Portulaca was many t.aes more active than other plant specimens
recovered from the sa:re island. Leaves of plants were generally more
active than their fruit counterpart, The fact that surfaces of leaves were
not decontaminated priar to analysis may account at least in part for
this difference, < i

Three stages of cocoauts - green, ripe, and sprouting nut - were
analyzed, Both green il ripe pandanus keys were examined, No dis-
tinct differences betwea:in thz stage of grovith and activity were discernible.

Where possible the raeat, millk, shell, and husk of coconuts were
analyzed separately, 7 ithin the limits nf tte analysis, the activity appears
equally distributed z.u1.ng these [ractions,

The order of plan: activities relative to th: izland from which they were
recovered was: Gejen > Euiwetak , Eniastck » Rongelap » Sifo,
Utirik > Likiep., ' hese resulis agree well 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 gelf-absor;tion "crractions were aprlied in the previons survey,

It was, however, inte-2iting to note th~t, although such corrections were
not made, coconuts €L‘-’.3“1‘lt”d greater T :-ta activity in tha presen! study,
This finding, as will he uzsgussed latev, suzgests that coconuts possess
an unusual capacity te concenirate a cornponent of the residaal 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

TABLE 2,2

LI

asantare

———

—

11 Months 23 Months Remaining Activity
ket (mr/hc)  (mr/hr) (per cent)

Likiep . 0.04 © 40,05 .
Utirik 0.14 0.05 35 '
Eniwetak 0.7 0.16 23
Rongelap 0.7 0.09 13
Eniaetok 2.4 0.28 12
Kabelle 4,2 0.96 23

Gejen 5.4 1.5 28

Average:
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in Table A.l, Appendxx. The activities were either imperceptible or of
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" Soil

To describe the downward mevement of the activity, profile soil sam-
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 1 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 gamma activity 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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S ' CHAPTER 3 - - o ot i s

NUCLIDE COMPGCSITION IN PLANTS, WATER AND SOIL

The long-lived isotopes of mixed fission products, which present the
greatest internal radiation hazard to human inhabitants of a contaminated
area, were analyzed in plent, soil and water samples. TLkese isotopes:
were the total rare earths, 5r%, Cs!??, and Ru'®® and comprised the
total detectable fission prucuct activity remaining 2 years after the
nuclear detonation,

Prior to nuclide analysis, samples of sufficient activity were sub-
mitted to gamma spectruy. analysis in a single charnel analyzer to
establish whether some uvn:xpected isotope was contributing to the acti-

vity. :
The nuclides were isolzted® from samples which exhibited the great-
est beta activity and wer» mounted on brass planchets, Corrections
for geometry, forescat::r, backscaiter, seif-absorption, and for window,
air and pliofilm absor;:izn were eviluated for St*® by reference to data
procured from a Naticna! Bureau of Standards solution. The beta count-
ing efficiency ccrrect «- ‘or Ra®%, Cs'%7, and tke toral rare earths was
made by comparison wit'n a 30y standard. An estimated error of the
order of + 20 per cent ix 4y resuit {rom such caniparisen, Self-absorp-
tion, air, window anc plicfilm absorptiou were calculated from aluminum
absorption curves of tha reospactive nuclides. Absorption corrections
for the total rare ezrths were calculate !l rcmn the aluminum absorption
curve derived frora Ce'"'-F:'¥, Deota mizasurements were made on
the first shelf of an ernd-wirdow, gas flow, proportional counter with a
geometry of 46 per cent for the U304 standard mounted on aluminum,
In the case of Sr°*?, measurements were 2lso made with Geiger counters
with a georaetry of 25 aac 3J per cent, Tamnples were analyzed for
calcium by a flame ghoto.uetzic methsd "o report Sr® {n susshine units
(defined as 2.2 disinte raticns of strest iv1-%2 per minute per gram of
calcium)) The preparatary procedurs avolved wet-ashing the samples
with fuming nitric and s2rchloric acids ar:l removing phosphates by
percolation of the diyect thiougt an noi 1 2xoneange coluran,  Tae staadard
error in calcium determinations was .u ihe order of 10 per cent,

® (x 0,001 miczocuries of stronitum-$0 per klcgrama of calcium,
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TABLE 3,1

Plants, Soil, and Water

Source

Relative Composition {(per cent)

No. of
Samples

Averaged

cslS'l

Total

Rar

e

Earths

Sr¥

Rulo‘

Plant

Portulaca

Part

Papaya Fruit

Husk
Meat

Coconut Shell
Milk
leaves
Keys

Pandanus J.eaves

Air Root

Arrow Root Tuber

Depth, 0-1 in,

Whole

Leaves

PLANTS

1}

NIV IV [l S TV

Pt ot

SOIL

0.34

39,2

[
:l\o
o]

(o]
.Q‘O.OOH
VIV o O e

ot s
w o~ .ONN
0 W W

[

83.8

W

11.8

N
L]
wn

*

O0.0'-'O
VR -XY

[)

o
(=N -} QQ r= 0

W
[ ]

5.6

10.0

R R S

Source WATER
Cistern 2 - 64.4 35,6 -
Well 2 - 100 0 -
Lagoon 2 - 94.5 5.5 -
Ocean 2 - 100 0 -
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RESULTS AND DISCUSSION

- " 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, Appeadix, In most cascs the
sum 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
gross beta activity was represented by the nuclides sought., Gamma-
emitters other than those anticipated were not in evidence, Unfortunately,
insufficient active samples precluded clarification of this discrepancy.

T T v e—— ] —

The primary contaminating isotope in coconuts, papaya fruit, panda-
nus keys and arrowroot tubers was Cs'?, Significant quantities of the
0 rare earth components (16 to 18 per cent) were recovered from papaya
;t and arrowroot tubers and only a small fraction from coconuts and panda-
nus keys. The Sr? concentration in these specimens was uniformly low,

ey v Py T —

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

and the arrowroot plant difiered markedly from the respective nut and

; tuber, These structures accumulated the rare earth isotopes in exceed-
ingly greater concentration than Cs!*’, These relationships account for
the observed gross beta-to-gamma ratio previously mentioned, Samples
containing a preponderance of the rare earth radicelements would be

! expected to give a higher beta-to-garmmma ratio than those composed

almost entirely of Cs!37,

Table 3.1 shows further that plant leaves contained varying percent-
ages of Rul® 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!?, 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
i are shown in Tables 3,1 and A.2. With the exception of 2 sample cf
cistern water which had a siznificant quantity of Sr??, the observed
activity was attributable to the rare earths,

With regard to soil, the _a._vera%e of two complete assays gave 84 per
cent rare earths, 10 per ceat Rul®, 5 per cent Sr? and less than 1 per
cent Cs'%, B o

i -11-
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Sunshine Units of Plaat, Water and Soil Samples

TETTIRANTE

PLANTS -
s::hpla Iland =gl Czlcfum ISrW smfliﬁ,xze};nlu
‘ Vieight Ceateat (d/rm/sample) (2.2 d/m 2° /g Ca)
(2 (mg)
Portulaca Eniaetck 223 178 100004100 2,53 x 10% £ 250
Gejen 23 393 5380 + 106 6140 + 120
Papsya Rongelap 240 a3s8 240+ 33 32+ 44
Coconut Husk Rongelap 200 162 340+ 28 850 + 18
Enlze:ok 23 58 150+ o4 1200 + 190
Gejen 350 41 420+ 24 4060 + 240
Coconut Meat Rongelsp 450 28 110+ 60 1801 + 960
Eniaetok 160 40 18+ 29 200 + 320
Gejen 190 20 28+ 23  635 1520
Coconut Shell BEnlaztok a0 18 26+ 18 7C8 + 500
Enlactok 120 8 NEa(?) )
Gejen 85 23 NDA 0
Coconut Milk Gejen 140 20 414+ 21 955 + 500
Coconut Leaves Eniweuk as 89 87+ 37 1333 + 250
Utirik KA 183 h 0
Coconut, Whole Gejen 179 15,8 157+ 23 3600 + 520
Arrowroot Tuber Enfaetok 305 1140 258 + 26 193 + 10
sifo 230 383 73+ 18 86+ 19
Gejen 103 114 198 + 35 780 + 146
Arrowroot Leaves’ ‘,
and Stalks Gejen 18 385 290 + 44 340+ §9
Pandanus Keys Enfaetok 135 °8 70+ 30 5670 + 279
gufaetok I3 ITe 4)_"; 74 140-3_; P
Pandars Leaves Enfaetok 10 35 750 % 41 3200 + 300
Gejen 32 43 DA 0
Pandaaus Alr Root Eniaetok 4 23 204 33 390 + 650
Gejen 30 u 105 + 27 3360 + 840
-12-
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TABLE 3.2 {Continued) !
SUA"..J‘\-L., ’.: ¢ 7 & \’”‘*‘l’ T e el T *--'\Wﬂffl?'ﬁ‘
_ ' i 1,,
S03.8 '
Sample Island Calcium in kg of Soil (g) 530 sunshire Unls i
: (d/imater)  (2.2d/m8:5%/g Cay :
) Depth, (0-11n.) Renjelap 318 3.3x 104 + 1,3 x 103 4742 }
Gejen o341 526x108+52x103 71x103+70 '
Enfaetok 352 2.1x 104+ 2,2 x 103 28+3 !
sifo 350 : L3x 104+ 1.0x 103 1741 - f
Eniwetak 380 5.8 x 10% + 2.3 x 103 173+3 :
Utirik 268 48x10%,3.0x103 92+8 '
WATER
Calcfum in Liter (mg) 519%d/m/tery g
Cistern Rongelap 48 1180410 1.1x 204 4 230
Utirik 61 20+ 14 147 5 104 :
Well Utdrik 88 39+10 201 + 54
Utirik 80 NDA ‘ 0
. Eniaetok 2300 NDA 0
Ocean Rongelap 352 NDA 0
Utlrik 4c8 NDA 0
Eniwetak 402 'NDA 0
Lagoon Roagelap 458 190 + 68 188+ 68
Eniwetak 1317 . NDA 0
Utirik 441 204 + 150 208 + 150
(2) NDA indleates no detectable acrivity
-13-
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ihe only sharp diiierence was the hxgher 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 pheaomenon is concerned with the apparent capacity of coconuls to
concentrate cesium, Analyses reveal that the activity in coconuts was
contributed almost cntxrely by Cs!7, The argument that this nuclide was
made available to the root system in greater concentration by preferen-
tial translocation durmg this cne year interval is uatenable since the
concentration of Cs!3 in rela‘'ion to other nuclides in the upper surface
of the soil is essentially unchanged.

Further substantiation of the concentratmg cap 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 which is
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 c
exceeded even that which was present in the surface soil,

The sunshine units are re:cocded in Table 3,2 for the plant, water and .
soil samples analyzed, Th=o table includes the d/m Sr? for the sarnples

-and the standard error of mzasurement, The standard error was large

b

in samples with less than 160 d/ra Sr?°, Twe instriunents were used in
counting the act1v1ty' a 3¢ flow proportionzi coun.er with a background
of about 40 ¢/m ard Gaij:: :ounters with Sackgr .onos <f 20 and 25 ¢/m.,
Although the counting tin:e vas routinely 2¢ min, 2 .nz.wle statistical
error was involved in measurements of samples whose rate was only
one to several counts alove background,

To improve the cc mtmg stotistics, a number of aamples with low
activity was permitted to stznd until Sr% and Y” were in equilibrium,
Both radiations were coun:ei an appropriits correction was anplied for
self-absorption of Sr*, an? the ¥9 contr*‘ tton wins mathematically
subtracted,

Of the plant samples eximined, portulacz had the highest sunshine
units; values were 6140 ard ;..,,JOV for the wn specumnens analyzed, In
coconuts the activity ol ..o, olcis and ot 0 was ol statisticaily

significant, whereas the value for Yusks ianrnnd from 1200 to 4000, Pan-
danus keys and pandanus air root values ‘I:m fell within this range,
Arrowroot leaves, stalks and tubers were sigaificantly lower, ranging
from 86 to 780 sunshine units,
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Strontium-90 was not detectable in most water samples; however
four samples showed some activity with sunshine units between 150 to
200. A sample of cistern water from Rongelap, tae 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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CHAPTER 4

RESIDUAL RADICACTIVE CONTAMINATION IN FISH, MARI'NE
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 Atoll; and
Likiep Island, Likiep Atoll, Marine specimens were collected in the
lagoons off the shores of the islands, -

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 small fisk were analyzed whole and the marine invertebrates
were analyzed either whnole or after removal from the shell, A number
of the large fish were separated into skeleton, muscle, head, gills, liver,
skin and v:scera for a study of the distribution of the internally deposited
radionuclides,

. The samples were dried, ashed and the gross beta and gamma activity
determined in the m~nner previously described.’? The gamma activity is
reported in d/m (Co" equivalent); the beta activity in d/m (Sr'® equiva-
lent). These "equivalznt units' were derived from a comparison with
the activity of standards of 5r” and Co® counted in an identical manner
with the samples a3 descrilzad in Chapter 2.

Radiochemical :nalys<s were performed to determine the concentra-
tion of several pr.-sciecied rudionuclides and of others whose presence
was indicated by a single-channel gamma analyzer, Calcium was de-
termined with a ilame spectrophotometer, The radiochemical techniques
employed are descricd in an earlier report.® Cobalt-60 was determined

" by a method previousiy described? and Zn®® by the mercuric thiocyanate

procedure, :
-17-
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TABLE 4.1
Summary of Beta and Gamma Activity in Fish and Marine Invertebrates
R =~ IR . A
Fish Crabs Clams Snafls

No. of Activity f Actvity o Acuviry No. of Actvity
Dl Samples (d/10/kg x 1074) Samples (9/m/kg x 10°4) Samples (4/m/kg x 10°4) Samples (4/m/kg x 1.74)

B ¥ B X A X e

Rongelap Atoll

North: Gejea 8 24.5 18.8 2 28 87 4 848 513
Kabelle - 10 14.9 65.4 o1 119 £3.9
Central: Eniaetok 5 19.3 45.1 1 4.5 14.1 1 4.5 8.8
South: Roagelap 5 111 32 é 254 24.5 2 23 56 2 a 41

Rongerik Atoll ]
Eniwetak 8 2.3 7.8 1 2.8 18.3

Aflingnae Atoll <
sifo 6 4.5 227 3 219 145 1 64 150

Utirik Atoll )
Utdrik -8 1.6 2.1 ’ $ - .008. 28

Likiep Atoll . ‘
Likiep : 8 2.6 1.3 ' Do o
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RESULTS AND DISCUSSION

- Readily detectable levels of radicactivity in land and marine animals

of the Marshall Islands contaminated by the 1954 nuclear detonation

were detected in February 1556, The residual radioactive contamination’
expressed in terms3 of gross bata and gamma activity of the tissues of

85 fish and marine invertebrates is presented in Table 4.1. The complete
data appear in Table A.3, Appendix, :

Considerahle variation was observed in the concentration of activity
per unit weight of individual iish and marine invertebrates from the same
area as well as from different geographic locations. Part of this varia-
tion may be attributed to differences in feeding habits, However, no
correlation between the level of radiocactivity and the eating habits of
the fish {(carniverous, herbivorous, omnivorous) could be ascertained,
Of course, currents and lccalized concertrations of radionuclides may
also play a rcle in determining concentrations of residual activity in the
lagoon fish. In Table 4.1 an average value for the analysis of the fish in
each locality is reported. .

Fish ard invertebrates caught in the northern section of the Rongelap
Lagoon had the same level of beta activity but twice the gamma activity
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 coasiderably lower than that observed one year following
the detonation. This finding suggests a redistribution of activity from
the higher concentration originally existing in the northern end of the
lagoon. Tke pattern of the 1954 fallout was such that the activity on the
northernmost islands was tenfold higher than on Rongelap Island, at the
southern end of the atoll.

The internally deposited activity in the fish was only very roughly pro-
portional to the external radiation dose over that island,

Crabs and clams were found to have a residual concentration of beta-
emitting radionuclides of about the same level as fish from the corres-
ponding locality {T'able 4.1}. This is in contrast to the larger differences
noted between crabs and clams as compared to fish at one yzar post*®
detonation., :

Snails from C.jer had ccrsiderably higher concertrations of activity
than fish from rhe zarae lo:ality, as was noted in the one-year resuivey.
The higher level of ~ctivity of the snails may be related to their habit of
feeding on the notte.n ol the ligoon where higher concentrations of radio-
nuclides were found. 7Tne relatively lower values of activity in clams is

,,,,,
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TABLE 4,2
Distribution of Gross Beta and Gamma Activity in Tisaues of Fish
SRR AR — LTI = ———
Wet Radioactivity (d/m/true x 107%)
Island Fish wt Total Skin Head Muscle Cone Gin Vizcera
® B ¥ B8 ¥ B ¥ B ¥ B ¥ B ¥ L ¥
Roncelap Atoll, Souzh . :
Rongzlap Goat 218 88 155 02 24 045 3.3 1.1 21 1.5 27 08 22 4.5 2.8
Roagelap Grouper 452 5.2 5.7 04 0.3 0.8 0.7 04 0.5 14 28 0.3 0.3 lv 14
Average 7.0 10.6 0.3 1.3 L3 2.0 0.8 13 1.6 2.7 0.6 1.3 34 21
Per cent of towal activity 100 100 4.2 121 8.8 18,7 11,2 12,1 21,0 252 7.0 12,1 477 1.8
Rangelap Atoll, Noah v :
Ge{)ccn Snapper . 1154 26.3 87.0 1.0 118 6.6 24.17 5.4 16.8 5.5 15.7 1.7 2.1 8. 5.9
Kabelle Snapper 135 12,3 185 1.0 112 4.5 1.9 1,0 0,7 2.4 4.4 0.5 1.1 2.5 6,3
Kabelle Parrot 1957 248 713 11 8.9 8,5 20.9 2.4 6.8 7.0 234 0.8 2.7 8.0 3.8
Average 21.1” 588 1.0 10.8 656 15.8 2.8 &0 5.0 145 1.0 2.0 4,7 10,3
Per cent of total acdvity 100 . 100 4.8 173 80,8 25.9 13,7 131 23,7 23.7 " 48 3.3 223 18.9
Aflingoze Atoll o " _
Sifo Snapper 640 3.2 389 03 59 0,7 9.9 0,6 6.2 0.5 104&: 01 - 27 09 3.6
Por ccat of toul acdvity 100 100 9,7 182 225 254 193 169 1631 272 33 .0 20.0 94
Ronzerik Atoll _ K - ‘ |
Eniwetak Squimel 387 041 2,0 02 38 23 53 04 27T 08 39 0 02 08 . .u4 04
Pes centof toal activity 100 100 4.9 17.3 55° 202 0.8 IS4 146 193 49 40 9.3 188
Utisik Atoll : : N ' A '
utitk ¢ Parrox 425 066 0,87 O 24 0 L0815 .22 J3 I3 0 - 04 3% 03
. ' ' : M ¢
Per cent of total acdvity 100 100 0 278 0 10,3 22.7 268.3° 19.7_15.0‘ 0 - 468 875 173
Likiep Atoll e ' : . .
Lilkdep Snapper 453 11 22 o 0 0 02 01 02 "0 ¢ 0 ¢ i 2
Percentoftolacdvity 100 100 o0 ¢ o0 03 ® 9 0 0 6 o0 § 9
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have low levels of activity. : C e o

The beta-to-jzamma ratic {23 determined by the meth rcd used here) in
whole fish varied con.m:lexa.uly but was approximaiely 1:d in most of the

. specimens analyzed. Thiz 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-gamma activity of 2a%, the principal radioruclide found in fish,
Physical and radiochemic:zi analysis of a number of fizh indicated, as
previously noted,’ that the iigh gamma-to-beta ratio was accounted for by
the gamma from the induce?z activity, Zn*%,

The internal distribution 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 .. 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 ;amma activity. Muscle contained approximately
14 per cent of the total bzts and gamma activity, The activity of the viscera
and contents varied considerably but contained on the average about

33 per cent of the total Leta activity and 16 per cent of the total gamma
activity. The remainder of the activity wa2s found on the skin and gills, The
internal distribution of ac:ivity, pariicularly the muscle activity concentra-
tion, was very similar ° . that found in the fish coilected and analyzed at

one year post-detonaticn. .

The results of the rad' cchemical zralyszs for specific radionuclides are
presented in Table 4.5. l"w most important [irding is the very high per-
centage of the total acti- 1y ir fish wihich (s ¢co tribitad by Zn%5, The
manner in which this induced activity is coacentrated has not been deter-
mined, The Zn®® in fish is distributed fairly evenly among the various
tissues., This contrists witiu the IOLali‘.stiL_ 1 of 22 in the liver of mam-
mals following ingestion., The Zzn®®* was not found in clams, crabs or snails,

with the exception of cne helmet snail from Yabelle Island,

The rare earth group of fission products constituted a small percentage
of the total beta activity in clams and fisa, The rare earth elements as
a group do not appear to be selectively ircalized, The rare earth activity
of the crabs was high, 1n average of 21 ser cent of the total beta activity,
Snails concentrated the largest amounls of rare ¢arth elements,

The Sr? concentzalizn w1 vuvy lew, : cttop renerally a fraction
of 1 per cent of the totai beta act vN,r. " e > con tant is of particular
im ortance, since it is the radicnucliie of greatest petential lnuard The
Sr9° hazard derives principally from its long radioactive half-life (26 yr)
and also from its high {ission 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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- 3 Radiochemical Analysis of Biological Specimens from Rongelap Atoll
C i Sampl Wet _  Bews Activity Gamma Activity Nuclide Activity  Per Cent of ¥
.8 87 mpie Sample Tissue Wt : (d/m sample) (¢/m/ample  Nuclide (d/mysample Total §un .ine Unitda) &7
B L ® M8 1004 x 1074 ‘ x1074) Activity
S
T 3 Roagelap jslund
e 1202C  Gost Fih Bosc 29 860 18 217 RE®)  NDAlS) 0
' y s90 11.17 1.3 €7 .90,
2 2405 240 83 - ‘
i .
i Viscera 10 378 4.9 2.8 R.E. 0.68 0,14 :
o : s:90 NDA 0 "
o 65 ‘
¢ . Zn 250 €3,3
3 ™ ~
i &~ Skin 28 331 0.2 2.4 R.E. 2.5 12.5 ,
o 2 : sr90 0.34 + 0.28 1.7 .
i zfs 930 95,8
E ]
i Mucle 87 111 1.1 2,1 R.E, NDA 0
o s 0,46 40,78 04 318
1&3 b5 190 90,8 .‘
s {¢ . tioned)
S '
S (2) Sunshine Unit « 0,001 ye 8:¥0/kg Ca.
- () R.E. s Rare Earth Geoup
3 (c) NDA = No Detectable Activity .
z t; ~
<4 . -
1 v
;
-
5
. 3 * ¢ . .
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i TABLE 4.3 (Continued)

S T i
S g
o ; Radiochemical Analysis of Biological Specimens from Rongelap Atoll ’ i
'f j Samole Wet Beta Activity Gamma Activity Nuclide Activity  per Cent of !
o ’ :P Sample Tissue wi (d/m/sainple d/m/ample Nuclide d/mAample Total  Sui 2 e Unin !
P E o ® @8 x 1074) x 10-4) x 1074} Activiry :

il 1509 Kiler Clam  Soit Tissue 160 743 20 33 R.E.  NDA 0 :
" s 244069 0.12 1742
- o Cab0 2080 63.4
54 1513 Killer Clam  5of Tisue 882 1565 81 83 RE 71 25 |
o ' s 8384090 21 2% N
4 Cob0 7370 89
1520A  Langousas  ooft Tisue 79 330 1.3 2.1 RE 25 20
o . Crab 5%  kpa 0 0
N
% v 1520C  Red Eye Soft Timue 67 2343 0,16 3.8 R.E 37 49
';1 Ciab 5[90 0.13: 0.07 0.2 ". 1
= T 3
e 15200  Red Spotted  Soft Tisue 73 2900 0.75 0.43 R.E. 15 20
Crab 90 1,28 + 0,18 1.7 L3
Iy 16208 Coconut Soft Tissue 114 3.5 3.1 C137 28 1.4
. | Crab R.E. 0.58 18.5 3
A E 1538 Snapper Mucle 281 85 0.95 0.69 RE 4.1 4.2 : |
Fish s  NDA 0 0 !
d ! b 53 84.2 ;
- (! g
Y Skin 89 987 1 4.1 R.E. 24 24 :
S Y 8% 0534078 - 0.5 2444
3¢ : z% 380 82.7 )
: (Cor i nedl
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- TABLE 4.3 (Continued) L e !

4 I ¢ !

5 . i
. Radiochemical Analysis of Biological Specimens from Rongelap Atoll ;

g ER. Wet - Beta Activity Gamma Activity Nuclide Activity  Per Cem of ‘

E Nop Sample Tisue Wt (m (d/mAample (d/mAample Nuclide  (d/mAzmple Total  Swn.khl.

¢ * ® B 1074 x 10°4) x 1074) Activity
4 Bme 141 183 2.4 “ RE 19 7.9 e

2 90 . |
~ 3 B 3.0 + 0,38 12 243 3
S zob5 &40 100 ;
) § Viscena 2413 2.1 6.3 R.E. 120 “ !
-3 i 590 7gseo4 . 20 147418 ;
4 . | Zn65 §30 . 842 {

T 1540 * Grouper  Whole 176 1630 0,76 6 R.E. NDA ‘ 0
' Fish 90 0794017 1.0 22+ 4
zaf5 580 1)
1544 Parrot Dous 449 1908 7.0 234 R.E. 5 0.7
Fish 59 137410 2 836 + 22
Za®S 1870 79.8
Gill 58 428 033 2. RE 3.9 4 |
- &0 0.55 + 0ubd 01 = 6546 j
, zaf6 150 6.3 %
Head 280 7920 8,8 g0 . R.E. 3.1 D o4 i . 3

¥ s 0874082 - . 01 . G - |

g za85 970 . 80 ;

R . ;
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Radiochemical Analysis of Biological Specimens from Rongelap Atoll

TABLE 4.3 (Continued)

. Bog o °8u0 _so go 0o0%
o B i R S L A B

o R?

L e

W S e R

.

e , s - —— -~ — — = - SRR =)
Wet ca oota Activity Gamma Activity Nuclide Actvity
Tiaue Wi m {4/ Az apie {d/m/sample Nuclide  (d/infample
) (mg) X 16 % 107 % 1074

viscers  £58 11450 5 8.3 R.E. NDA
s90 254138
285 ggp

Soft Tissue 271 224 4.8 11,9 R.E. 59
5190 1.36 + 0.34
Zn6% 1090
Gejen Island

Head 219 3250 6.6 24,1 R.E, NDA
s 1.65 + 2.4 z

Skin 73 1315 1.0 118 R.E. NDA
sr90 0.68 + 0.48

Bans 173 8270 5.5 18.7 RE . KNDA
s 15,044 %
zab8 g5

ticle 511 190 5.4 16.8 R.E. 3.5
5190 0.22 + 0.35
2165 1600

Viscera 87 6.1 15.9 R.E, 1

‘ $:90 1.2 + 0.29

zn% 1480

Cetes e
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TABLE 4.3 (Continued)
Radiochemical Analysis of Biological Specimens from Rongelap Atoll
wet Beta Activity Gamma Activity Nuclide Activity Per Centof |
Sa:'lple sample Tisue Wi (S) (d/mjssisiple (d/m/ample  Nuclide (d/m/sample Toul 5‘;;132;
2 @ VB x 10°4) x 1074, x 1074 Actvity
Gt 28 403 19 2.1 R.E. KDA o
zaf® 210 100
1630 CSaoupes Whole 169 2180 1.8 1.9 R.E. 13.3 4
Fia Cs? 174092 0.1 u.s18
Zf5 6230 80
1829 end ool Seft Tlaue 48 1050 13 2.3 R.E, 0.8 0.8 :
s 4724 0.59 2,0 o428
1637 Spider Soft Tisus 90 713 18.1 18 Rul0® 360 1.2
Susll ' R.E, 1210 6b © .+ 80
500 5.28 + 0.47 0.3
1638 Saider Soft Tisiue 56 176 102 68 R.E. 11900 116
' Saail V0 1,95 + 0.0 0.02 1 133
(a) Sunshinc Unit » 0,001 yic §:9%/kg Cao i
(b) R.E. = Rare Earta Group, ,
{c) NDA = No Deicciable Activity, ; .
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ancentrated and retained tha larcest amonunte

The skeletons i flsh conce
of Sr*?, as would So expizizd from the similarity of strontivm toeic
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).

™ s -

In general, snails had a high number of sunshine units (276 to 502).
A relatively high level of Rul% (19,2 per cent of beta activity) was also
found in a snail from Gejen, _

A high level of Cs!3? (with a 37-yr half-life) was found in a cocenut
crab, A similar finding was noted at one year ‘}Jostadetonation. In the
analyses from previous island resurveys, Cs1¥ was the major radio-
nuclide found in land food plants and also in the tissues of land animazala,
The coconuts, which had high levels of Cs!¥?, were undoubtedly the
source of the Cs!37 activity found in the coconut crab,

The presence of Co® in two samples of clams was noted 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 analysis, 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 in activity, The fish
from the Rongelap lagoon had approximately one fourth the activity of
those analyzed one year post-detonation., Based on radioactive decay
of Zn%, 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 Rengelap
Atoll was higher than that of terns collected on the southern island., The

terns collected on Rongerik, however, had a higher average concentracdan
of activity than those from Rongelap, in spite of the lower levels of radio-

active contamination of Rongerik and the fish in its lagoon.

The tibia of the terns, except for that of one tern from 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, Y. Welss,
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TABLE 4.4
Summary of Gross Beta and Gamma Activity in Birds and Eggs
: Average Radicactivity
Island Sample No. of Weight Beta Ganmuna
Samples @ (d/m/sample x 10"4)(d/m/kgx10-4) (d/m/sample Xx10-4)(d/m/kgx16"%)
Rongelap Atoll
Roagelap Tem ] » i
Egg shell 1 6 NDA 0 o 0,62 10.3
Egg, soft tssua 1 33 0.26 C1e - 0.i1 3.3
Gejea Tem "1 T2 093 101 ' 0.32 35 -
Viscera 1 1 038 . - -38 . . © 0,025 0.25
Muscle ) 141 NDA .. 0 “ ... - . 0,019 0.14 "
Tibia 1 ' NDA -V .0 - . NDA 0 -
' Kabelle Tern - s 11 18 o S & 12
>4 Muscle 1 16.9 0.1 5.9 T 013 7.1
: Tibia . B 0.9 0.07 90217 30
Egg shell 2 " 63 NDA S0 T . -3 28
Egg, soft tissue 2 22,8 | 0.15 87 ’ .03 1.3
Aflingnae Atoll _ a3 G o
sifo Tern ) 18 038 . 33 1.7 147 '
Muscle 1 11,7 0,057 . . 49 0.43 38,7
Viscera 1 0.08 - - 0.14 :
Tibla | 0,31 NDA S0 . NDA - 0
243 shell 1 (] NDA D0 ‘ 0.08 10 )
Egig, soft tssus 1. a3 : 0.28 oL 18 : 0.11 .33 ,
Rongerik Atold . . o ' o
Eniwerak Tern 2 92 1.9 . 21,0 0.9 9.8
Muscle 2 19.7 - 0.04 2.3 0,03 S X B
Tibla 2 .23 NDA 0 ~ NDA 0
Viscera 2 0.05 P 0.09 h
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*ha ahscluts zctivity was extremely low and therefore of daubiful statis-
tical significance. The muscle in the terns contzined levels of cotivity

- 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
7 x 10% to 8 x 10* d/m/kg, while the shells showed no detectable activity,

Radiocanalysis of a rogster caught on Rongelap Island indicated a
beta activity of 6,05 x 10% d/m and a gamma activity 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-gamma activity in the rooster was
1:2 at two years, as compared to 1:1 at on2 year post-detonation, About
86 per cent of the total activity in the bcdy was concentrated in the skecie-
ton. The distribution of residual activity within the skelaton is shown in
the autoradiograph of the rooster tibia (Fig. 1), The activity is diffusely
spread tbroughout 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. T7The activity is diffusely spread throughout the bone,
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oy Summary of Groes Beta and Gamma Activity in-
’ - g Rongelap Island Animals :
! ] * Radicnctivity
4 . No, of Average . Bet Gamins
Sample Samples Welght  (d/m/sample (d/m/%g (d/m/tample (d/m/xg
: @) x 1074) x 10-4) x 1074) x 10-4)
!
\ Rooster 1 2250 : S
! | Skeleton 580 52 93 101 181
8 Muscle 1050 5.1 4.9 - 8.9 8.8
Gastoisntestinal Tract 185 0.8 4.3 1.8 8.7
Liver 192 2.4 12.5 9.4 43.0
- Respiratory Tract _ 32 0.2 8.7 . 0.4 174
. Total Activity 60.5 Coues .
: Rau 4 62.9 < i
Skeleton 4.1 0.3 119, 0,15 35.5
Head 5.4 0.13 a3 0.1 18
Muscle 33 0,L3 1.3 0.04 10.2
Gastrolrtestinal Tract 19 0.52 11,9 0.27 21
Liver 3.8 0.08 11,7 0,08 15.8
Respiratary Tract 0.5 0,03 62.0 0,02 36.0
Total Activity 1.4 0.54
N
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Fig. 1 Autoradiograph of Tibla of Roagelap g‘f":( 2y
Rooster : 3
’t* |
i 5
1 J
. 5
f ;..; » ° ,
A v -
i ’ S S
: .t H :
i
- {
. x. i -
L, . X s °
4
' |+
’ , .
: { )
13 o
¥
? i rf ‘?
: i J"i G Fig. 2 Autoradiograph of Fermmus of Renge’ss
¢ C s Rats(1- Rat No. 1514; 2- No. 1615; 3- No. 1516;
i !\’ 4- No. 1517)
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SUMMARY

The residual radiocactive contamination on the Marshall Islands and
in the surrounding water v'as evaluated two years after the nuclear
detonation of Operation CA3TLE by an examination of plants, soil,
water, fish, marine invertebrates, birds and land animals and by game-
ma survey of the islande,

In plants, readily dcic:table levels of gross activity were found, The
activity of portulaca exceeded that of other plants, In general, leafy
structures were more 2<i:ve than their fruit counterpart in the coconut
palm, pandanus and ar:nwroot. 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 composition in these plants vas similar to that of
a year ago. Coconuts wvere more radicactive in the current survey than
in the previous one, I:terpretation of the data indicated that this fruit
possessed an unusuai capacity to concentrate cesium-137,

The actxvxtv in logon, ocear, cistern end vwell water was either of a
low order of magnitu’» or imperceptible. In soil, the activity remained
firmly affixed to thz «urface, Garama dose incasuierments indicatad
that the reduction ia tie gamma field aver wie past year was attributable
to radioactive decay rather than to leachking or eroding of the nuclides
from the soil,

Expression o Sr% '*sca,'s in terms of sunshire units showed that
portulaca, cocoaut husks, pandanus keys and air roots,and certain pot-
able water exceed the maximum permissitle concentration,

ad animals although marine
rnaily deposited rac‘xo—
fa
t

(..
{

[
3
)..4

Significant levels of activitly reraali:
life contained the aighest councantra=iins of 1
nuclides of the a.ﬁim.lls analyzed, '}.".ue ‘evel
approximately ~ne fon-th of those deicvmined a
However, the tissue disirivuslon 2¢ Tonwicr nod rot aliered ai%;‘if;..'_llh'..‘j.
The rare earth group censtitted a swnll 1r‘.\.t‘on of the total activity

in fish and a larger propoxtion in riarine invertebrates, Strontium-30
s prop

ctivity in fish were
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contributed less than one per cent of the total beta activity in all marine
BP2elmMens CRUupL Ore Lo
The most striking fact was that about 90 per cent of the total activity
in fish was contributed by the induced activity, Zn®, Another induced
activity, Co®, was found in high concentration in the soft tissues of
clams,
R
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APPENDIX S -

GROSS BETA, GROSS CAMMA, AND NUCLIDE ANALYSES OF

SPECIMENS RECOVERED FROM THZ MARSHALL ISLANDS
TWO YEARS AFTER OPERATION CASTLE FALLOUT
«37~
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TABLE A,l -
S~ Gross Gonuna Aahvviry in Tt Viate - i ee
Source Gejen Enfwetak Enfzetok Fengelap Sifo Udrik Likiep
Plant Part FANTS®) (e /m/xg x 1075y
4
£ Portilaca Whole Plant  54.3 6.33 3.97 1.25 - 128 .89
: Stems, Leaves 531 2,68 .28 23 4 - .02
t’! TR Tubers 267 .88 1 3 49 az a3
i Afr Root 2.82 20 .99 32 .59 .03 .01
Leaves 2,58 12 48 28 15 .19 02
ST Creen Keys 178 48 : 22 2 el
l Ripe Keys - o 83 20 = <4 o0
i Ripe - - A2 - A2 -
| Papaya Green - - - 48 - .01 <03
! Leaves, Trunk - - .05 - A7 .08
Meas 539 9 1.38 SR T S !
eat - L3 - . . [ ]
- Ripe Coconut Shell 530 .33 1,03 %3 .30 o4 .
Husk 5.68 1,25 3.18 1,38 .89 .10 07 .
Yrhole 4,17 - - - - - -
z{mk - %g .11 L3 .§g -08 R
eat o o2 2 - ath o . .
Green Coconut shell . - 1.04 - 32 .03 .04
Husk - - .79 12 o 08 .02
Shell, Husk - .32 - - - . 5
{.ﬁlk - 1.43 .80 A0 .7’{ .3% .gg
Meat - ol ot 48 B o .
Spoutlng Coconut & 'y . 93 4 119 02 .02
Husk - 1.22 2.49 147 .82 .11 .08
Leaves - 10.8 oD - S0 2.20 1,09
Coconut Frond - 1M 52 33 05 .
Leaves, Frond 1.5 - - - - -
Fruit - - - .10
Bam B:L'k - - - - - - '02
Leaves - - - - - 05
Leaves, Sialk - - - - - - .08
Taro Tuber, Fuuis
with Sciz - - - - - - 03
U (a) ARl eccinis vere comrzeted for ot oo stmo S leler o ,',?::’:').
(b) Grois gamma activity of plant zamples was deterrin. d St 4pril 1953 and that of sofl and vater (o
et
!
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Source Gejen Eniwetak Entactok Rongsisp SHo Utirlx Likiep
wATERD)  (c/m/lrer x 1075
Clstern - . - 005 - o8 -
Weil - - .05 - - 008, 0§
.03,
: .08
Ocean 22 NoA®  wpa 24 .2 NDA .09
Lagoon .03  NDA NDA 008 13 23 .10
Depth (in.) soiL®)  (c/m/kg x 16°5)
0-1 719 Al 4.23 346 2.2 .13 NDA
12 - - - A1 - - -
18 NDA - .28 - .- = .19
2% - 40 - - 23 NDPA -
33 NDA - - 38 - - -
38 - - - - - - .23
44-45 - - £5 - - . -
483 - .13 - - 30 - -
§5-58 - - - - - NDA -

(a) All counts were ccrect:? ¢t

(b) Gress gamma activity ¢f plo.t
May 1956.

samples was deztmized

e corntlog e™ictency of Cob9,
42011 1858 and that of sofl and water In

{c) NDA (ndicates no detrctable actlvity,
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-~ Nuclide Analyses of Plant, Soil and Water Samplesid/ ~ e
Cidategaticns (@/m/ ke or 8/n1/iter)
Bland Sample éf:;‘s(%‘)" &0 Gl Ruloe ()
Gejen Sofl (0-1 in.) 175 x 108 5.3 x10°  3.49x109 3,23 x 107
Portulaca 4.2 x138 23x109 1,00 x1c8
Coconut, Whole 5.3 x 102 9.2x102  1.3x105
Coconut Mitk 6.0 x 102 8.0 x 102 2,7 x 108
Coccnut Shell 15 x 103 NpA(©) 8.4 x 105
Coccinut Meat 2.2 x 102 1.5x10%2 2.1x105
Coconut Husk 1.3 x 103 1.2x108  51x108 :
Anovirootl Leaves £.3x 109 1.9 x 104 T X 104 8.66 x 103 ‘
Arrowrcot Tubcrs 4.1 x 104 19x103 Lix108 1.3x10* :
Pandanus Leaves 4.4 x 104 3.5x103 1.9x108 9.9 x 103 ;
Pandanus Alr Root 4.3 x 104 NDA 2.6 x 108 ;
Enlaectok  Soil (0-1 {n.) 3.7 x 105 2.1x10% 6.1x103 -
Portulaca 1.5 x 108 45x10% 191105 )
Coconut Husk s.2x 103 .7x10%  53x 108
Coconut Shell 2.4 x 102 2.8 x16% 1,04 105
Coconut Meat NDA 1.1x13° 5,3 x 104 .
Coconut Shell NDA NDA 3.2 x 10%
Arrovitoot Tubers 5.2 % 103 8.2 x 162 5.1 x 104 o
Paodanus Kays 1.7z 199 5.8x100  e3x:iod _,
Pandznul Keys 1.6z 198 2.0+ 163 T x ok '
Pandanus Leaver 5.5 x 104 4,6 ¢ 10t 2.3 x 108 5.12 x 10%
Pandanus Air Foot 5.5 x 109 43x102  3.9x10%
Water, Well 1.3 a 167 NUA
Rongelap  Sofl (0-1 !1.) 7.2 x 108 33x015%  17x 108
Papaya 7.1 x 108 9.9 x10¢ 3,2 x 109
Coconut Huk 3.1 x 103 1.7 x 103 2.1 x 109
Coccaur isat MDA 2.5 ¥ 102 1.9 x 104
Water, Cisizm 7.8 % 102 1o 108
Water, Ocean 1.3 1163 YT
Water, Lagcoa 1.3 x 1¢3 191
Eniwetak  Sofl (0-1 iz.) 2.5 5 128 W58 A o ® 2.1 % 108
Covonut Leaves 8.7 x 1063 5.6 x 109 7.3 x 104 6.07 x ict
Water, Lagooa 6.7 x 16° NLA
Water, Ocean 4.5 x 102 KDA
-40- )
o , S e SRR SRR ep gy,
: 3 M -+ e praibb i m\'h«iwﬂr ¥
' !
PP AT TR I VTR Ty . o i B AT R bRt L s ™ achiii o Tig




[

S

ey %

i e

o e

—— s g ¢

B i Bicaiis LTINS WA

T -

e

o o8 T - sy 4 4 ot Sty e

TABIL® A 2 IS antinned)

iNuclide analyses i iiant, o1l and Water Samplesia) -

-4l

Ritintagratdons (1/m/ kg or d/m/1iter)

Island Sample 'E:}ll:gj)e 590 Cs137(b) g, 106 (b)
stfo Sofl (6-1 In. ) 2.1 x 105 1.3x10%  3.6x103 7.2 x 108
Atroviroot Tubers 1.3 x 103 2.6 x102 2.8 x 104 :
Utirik Soil (0-1 ine) 4.1 x 105 48x10% 33x103 8.7 x 10%
Coconut Leaves 3.2 x 105 NDA 2.4 x 104 9.9 x 108
Water, Well 2.5 x 162 39
Water, Vell 70 NDA
Water, Cistern 1.8 x 102 20
Water, Ocean 5.9 x 102 NDA
Water, Lagoon 1.5 x 102 204

(a) Rare earth, Cs137, and Rul08 :nalyses of plants were performed fn May 1956 and those of

water and <oil in June 19386,

Samples were analyzed for Sr
(b) Beta counting efficiency for Rul%, Cs137, and total rare earths was compared with U50g

0 in July 1958,

standard, Absorption corrections were computed from Al curves for Rul08 and cs137;

corrections for total rare eartas, from Al absorption of Cel#4,

(c) NDA indicates no detectable acdviry,
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} ’ T Gross Beta and Gamma Activity of Animal Specimens -
' ' p— — — X — ==
?x : : Wet Greoy Beta Gross Gamma
Sa};nple Sample Tissue - wt (d/m/sample  (d/m/skg (d/m/sample (d/m/kg
o ' ® x10-4)  x 10%) x107%)  x107%)
E RONGELAP ATOLL
.f Rongelap Island , B . ; R
i
‘ i E—Lh B toe LI
? 1592A Mullet ‘Whele 182 1.8 . 8.9 4.7 26
‘ 1505 Grouper Whole 10 0.2 20 0,07 7.0
g 1512 Surgeon Vihole 40 0.3 1.5 DS % & 43
i 1502C Goat ¥ hole 218 8.8 40 15,8 (1
;f Muscle 817 1.1 12 ' 2.1 24
: Bone 29 1.5 52 2.1 95
} Viscera 10 4.9 490 2.8 280
4 Gills 12 0.8 52 2.2 190 - ..
| Head 26 0.45 11 - 338 130
i Skin 28 0.2 5.1 2.4 200
1507C  Grouper Whole 452 5.2 12 5.1 13,0 .
Muscle 172 0.4 2.3 0.5 2.9
: . Bone 173 14 19 2.6 38
] Viscera 50 1.9 21 1.4 15
‘ Gills f 0.3 a3 0.28 28
Head 38 0.8 22 0.7 20
! Skin 39 0.4 11 0,28 6.8
i
g Clams
; 1509 Killer Soft 1809 20 11 a 13
3 tissue
! 1513 Killer Soft 882 3 35 83 94
tissue
Scaih
1522 Snafl Scht 31 0.c8 1.3 0,07 L 38 §
thise 2
1530 Snafl Soft %) 8.3 60 12 100
tisive
(Continued)
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1ADLE A.3 Coat'd
Gross Beta and Gamma Activity of Animal Specimens
s ) Wet Gross Beta Gtoss Garamas
lep € Sample Tlssue wt (d/m/sample (d/m/kg {d/m/s2mple (d/m/kg
<3 ® x 1074 x 10°4) x 1074 x107%
RONGELAP ATOLL
Rongelap Istand
* Crabs
15028 Coconut Saft 114 3.5 31 3.1 €1
tissue
1520A Langousta Soft 79 13 16 2.1 2,17
tissue
1520C  Red eye Whole 57 0.75 13 3.3 67
1520C 1 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 is
Eet
15028  Moray Whole 136 13 9.2 8.4 62
Birds
1020 Noddy tern Egg shell 6.0 NDA ) NDA 0.62 103
Egg, soft 33 0,28 8 0.11 3.2
tissue ;
1510 Rooster Whole 2250
G,1, tract 185 0.80 4.3 1.8 8.7
Muscle 1050 51 4.9 8.9 6.8
Liver 192 2.4 12,8 9.4 49,9
Respiratory 23 0,20 8.1 0.4 17,4
system
Skeleten 569 52 93 101 13
(3) NDA =~ Nodetecrable activity (Continued)
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Gross Beta and Garmma Activity of Animal Specimens

r— =3 ———————,
Sample Wet Gross Beta Grots Garmnma
No, Sample Tissue Wt (d/m/:ample {d/m/kg {d/m/v mple (d/m/‘zg
® x107h x 10"4) x 10°%) x 10°%)
RONGELAP ATOLL
Rongelap Island
Mammals
1514 Rat Whole 48,8
G.1, tact 1.68 0,38 43.8 0.25 32.7
Skeleton 3.1 0,58 187.0 0.15 48.3
Skin, 30.0 0,38 13,0 0458 15,0
muscle
Head 4.2 0,14 33.3 0868 20,5
Liver 2.86 .063 221 R } 052 18.2
Resplratory .39 .029 14.3 015 38.5 .
tract
1515 Rat Whole 83
G.1, tacs 10,5 g1 32.3 26 24.7 )
Skeleton 4.2 0,74 175.0 0.51 121,0
Skin, 40,2 9.1 T1.8 073 1.8
muscle :
Head 3.6 19 4.0 085 15.2
Liver 3.1 071 19,2 061 16.5
Respiratory 0,62 J041 73,0 023 42.3
trast
1516 Rat “Whole N1
G. 1, tract 4.4 2,20 14.3 025 1.7
Skeletoca 5.8 74 127.4 A3 4.0
Head 1.8 Bt 19,3 .08 10,2
Skin, muscle  57.0 .28 8.¢ .13 2.3
Liver 5.2 . .09 11.3 061 11,8
Respiratory 3,713 Ko 27.4 022 30.1
frace
1511 Rat Whele 47
G.1, uact 7.4 o 43.8 34 43.0
Skeleton 2.7 47 3690,0 30 1110
Skin, muscle 29,4 A3 222,90 0,14 48.8
Head 4.1 2,13 31.8 0.14 34.1
Liver 2.7 LE8 32.6 049 18,1
Resplratory 0,38 038 95 011 23
tract
(Continued)
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TABLE A.3 Cont'd
Gross Leid aind Geliag e civ 10y Ui oisindas opeciilidag
. =
Sample Wet Gross Beta Gross Gamma
No;-,' Sample Tissue . - Wt (d/m/sample (d/m/kg (d/m/sample (d/m/kg
0 ) x 1079 x 1074 x 1074 x 1074
RONGELAP ATOLL
Enlaetak Island
‘ Eish
1523 Angel Whole 48 0.98 20.5 2,78 57.4
60 Mullet Whole 80 2.38 29.7 1,08 13,2
1525C Pamot Whole 55 1.38 25.1 2.0 38.7
1525A  Parrot Whole 1140 18.8 16.5 36.9 32.4
Head 135 0.45 3.33 1.0 52
'Gill 56 0.55 9.9 4.1 13.2
Viscera 164 15.9 91.2 11,5 70
© Bone 210 0.76 3.6 7.1 33.8
Muscle 338 0.67 1.99 4.1 12.1
Skia 131 0.46 3.417 3.07 23.4
. 15258 Goat Whole 87 0.39 4.5 1.5 86
Clam ; ‘
1527 Kilier Soft tissue 136 3.3 4.5 6.5 8.8
Crab_
1524  Grapsus Soft tissue 82 .37 4.5 1.2 14.1
Bird
1004 Ploves Whole 281 1,25 4.4 5.3 18,3
Gejen Island
Fh
1620 Snappet Whole 1.1 5.3
1630 Grouper Whiole 189 1.8 104 9.8 57
1623 Squirrel Whole 218 1.3 5.8 1.1 52.8
1623A  Squirrel Whoele .88 3.6 19,2 12.3 4,9
16238  Squitrel Wiale 113 2.5 21.2 10,3 81,1
1624 Butzerfly Wiale 115 7.1 682 21.2 1835
(Continued)
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TABLE A.3 Cont'd

» cactiviey of Anbonal Speciiaens

o T A g T St 4 I e emi e T . e e e eairotaees e o

Gross Bara ) Cross Gamma

(d¢/m/sample (d/m/kg (@/m/s2mple  (d/mskz
x 1074 x 164) x 1074 x 1074
RONGELAP ATOLL
Gejen Island
Fish (cont'd) .
1625 Surgeon Whole 138 3.9 28.5 1.2 53
1621  Snapper Whole 1154 26.3 23.0 81 (]
Head 219 6.8 30.1 24.1 113
Gill 28 L7 58.9 2.1 4.2
Viscera 87 6,1 70.1 15.9 184
Muscle 511 S.4 10.5 16.8 32.9
Bone 113 5.8 31.8 151 $07
Skin 3 . 1 13.7 11.8 161
Crabs
1629 Sand Whole 48 1.3 28.3 2.3 39,1
1632  Red eye Whole 32 0.88 21.3 4.3 134
Snail
1636 Spidet Soft tissue 91,8 113 . 124 6.5 1.4
1637 Spider Soft tissue 90 18.7 207 18 201
1638 Spider Soft tissue” §6 s 102 1820 68 1210
1€39 Scorpion Soft tissue 39.5 111 440 23 580
Birds
1035 Fairy tem Whole 92 0.93 101 0,32 3.5
W1035  Falrytem  Viscera 101 .38 0.38 .025 0.25
Muscle 141 NDA ‘ 018 0.13
Tibla . . NDA NDA
Kabelle Island
Fish . ) -
1540 Grouper Whole 176 - 018 134 6 107
[(Continued)
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Al ;- TABLE A.3 Cont'd
At H
N~ Gross Szt o -0 Dracna Aot OL w3t o i
' Samole ] Wet Gress Bata Gross GCamma
. Nop Sampls Tissue Wt (d/in/sample (d/in/kg (d/misample (d/m/kg
z ¢ (=) x 10-4) x 1¢4) x 13-4 x 1074
i RONGELAP ATOLL 2
‘ Kabelle Island
' {s Fish ‘cont'd)
’ 15338 Red snapper  Whole 138 12,3 17.0 18,8 25.0
; skia 89 1.0 11.2 41 45.1
, 4 Muscle 281 0.95 3.4 0.69 2.4
1 f Bone 141 2.4 16.8 4.4 31.3
! } Gill 24 0.45 18.1 11 44
;; : Head 60 " 4.5 % ' 1.9 32
’3 i’ Viscera 140 2.9 29 6.3 64
£l L 1544  Parot Whole 1351 24.8 127 7.3 36.5
L Viscera 258 5 194 8.8 4.3
L ‘ Muscle 691 2.4 3.5 6.8 9.5
2! vt Head 280 : 8.5 30,4 20,9 4.8
i Skin 223 1.1 5.0 8.9 39,9
Gills . 58 _ 0.83 14,1 2.1 49
E , Bone 443 ! 25.8 23.4 86
1541  Butterfly Whois 33 0,935 9,7 19 53.6
.
; 1543  Damsel {§) Wha.le 63 1.5 21,1 3.8 54.9
§ ‘ Snail
737 Helmet Soft titsze 4T 4,8 117 119 43,9
« " {
. Birds
; 1010  Fairy tern Musc!ls 1.8 - 0,033 4.3 .012 1.8
oo f Tibla 0.3 NDA NDA
! ' 1011  Falrytem  Muscle 11,2 1.028 2.5 045 4.0
) Tidla 6,23 DA MDA
1012 Noddy tern Whole 145 18 § 1.2 11 12
, 1013 Noddytern  Muscle 16.9 0,10 5.9 0,13 1.1
i Tibla 308 2,07 1.5 0,027 30,2
: i 1014  Noddytern  Eqg shelt 3 -IDA NDA 0.13 21.3
. ; Eig, solt o .08 3 0.03 14
. ! tisses
) {Continued)
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f: TABLZ A.3 Coat'd
v Croan Mats amd (T ormmeg 20T et T T T g
:' Sam 1; , Wet Gic's Beta Gress Gamma
Nop Sample Tlisue W (/m/feample (d/mfz {({/m/iample (d/m/kg
¢ . ) x 10-%) x 10-4) x 10-4) x 10-4)
H .
b L
: ! RONGELAP ATOLL
,‘ & Kabelle Island
-
i % Birds (cont'd)
t ' 1017  Noddy tern  Egg shell 4.5 NDA NDA 0,13 28.4
¢ | d Egg, soft 24.5 0,24 9.5 0,03 1.4
' S‘ . tissue .
t :
: i ;
il RONGERIK ATOLL
} Eniwetak Island v
¥ .
P Fla A
. 15598 Surgeon Whole 105 0,41 9 0,69 8.7
1561  Half-bexk  Whole 30 0.03 1.0 0.46 15.3
! 1563  Butterfly Whole 28 0.03 1.2 0.18 5.9
? 1564 Damsel (3)  Whole 50 0.11 4.4 0.24 2.1
S 1565  Squirrel Whole 102 0.15 1.4 1.2 11.8
P 1560  Squirer~  Whale 387 0.41 11 2.0 5.2
i f Head 64 0.23 3.8 0.5 8,8
. Muscle 113 0.04 .38 0,27 23
, Gill 13 0,02 1.2 0.08 6.5
5 ' Viscera g 0,04 11 0.38 9.9
N Boae 65 0,08 0.96 0.39 6.0
; Skin 6 0,02 0.19 0.35 4.5
£
i ,
. Crad
1026  Red eye Whole 0 0.17 2.8 1,1 18.3
Birds
) 10253 Moddy tera W' 'w oe 3,1 31 1.9 20.%
; 10250  Falry tern W e 33 0,79 8.3 NDA
| 1025A Faly tem Wi le 103
Muicle 12,4 0,033 2.7 0,026 2,22
Tibla NDA 'NDA
Viscera 0,075 0.12
: ) (Continued)
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TABLE A.3 Cont'd

fetivitr af Animal Sazcimrory

i = e i - A A m o 2% S A s

Sample Wet Gross Beta Gross Garams
P Sample Tissue Wt (d/m/sample (d/m/kg (d/m/nmpxe (1/im /%
No, kS
@) x 1074 x 1074 x 107%) x 107
RONGERIK ATOLL
Entwetak Island
Birds (conz'g
1025C Noddy tem  Whole 211
Muscle 27 0.05 1,9 0,038 1.45
Tibia 0,23 NDA NDA
Viscera 0,03 0,05
AILINGNAE ATOLL
Sifo Island
Fish
15510  Surgeon Whole 45 0,317 8.2 0.5% 12,2
155101 Damsel Whole 25 0,18 7.1 0.42 16.7
1552 Angel Whole 203 0.68 34 5.0 24,1
1555 Butterfly Whole 134 0,32 24 1.8 12,3
1551A Red snapper  Whole 640 3.2 5.0 38.9 €1
Head 11§ 0,73 8.3 9.9 86,1
Gills 18 . 0,12 8.7 2.1 153
Viscera 24 0.92 38,2 3.6 151
Muscle 283 0,60 2.1 6.2 21,7
Bone 110 0.53 4,8 10.6 98,7
Skin 15 0,31 41 5.9 8.7
1551C  Squirrel Whole 3173 0,28 0,78 3.5 9.4
Head 57 0,035 0,61 0,96 ig.9
Gill 12 0,012 1,0 0,19 15.0
Viscera 38 0,061 1,86 0.41 11.8
Muscle 107 0,061 57 0,41 3.8
Bone 53 0,052 .98 0,72 13,8
Skin 84 0,051 .61 0,83 9.9
Crab
670 Hermlt Whole 52 2.1 40,2 0,86 18,5
6172 Coconut Soft tissue 150 1.2 1.9 1.5 10
1021 Reef Whole 121 0,30 2.5 1.7 14,4
10211 Hermit Whole 38 0.81 23.2 0,44 12,8
(Continued)
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TABLE A.3 Contfd
Grose Heta and Ganrma Activity of Aninal Sveclmens
’i. l
3 Sample Wet Cross Beta Gross Gamma
4 Nop Sample Tissue wt (d/m/s:;mple {d/m/kg {d/m/ample (4/10.%g
{ . ® x 10°%) x 107% x 1074 x 10°4)
e ie
-f- { t AILINGNAE ATOLL
‘; ! ‘ Sifo Island
i
4 ! Clam
! !\ ‘ ’
i 1549 Killer Soft tissue 1104 1.1 6.4 17.1 15,0
t i .
. E Birds
Pt .
4 ‘ 1018  Falrytern  Carcass 99 1.0 10.1 0,17 L71
4 Muscle 18 0.078 4.9 0.48 28,9
i b Viscera 0.05 04
- Tibla 297 NDA NDA
1’i \l,:“
i 1019A Noddy tern  Carcass s6 .038 3.9 3.3 33.8
i Viscera 0,072 0.20
i 4 Muscle 10,7 0.05 468 0.56 5.3
i { Tibia 0.265 NDA NDA
o 10188 Fairy tern Whole 163 : .
PN Viscera NDA 0.14
- Muscle 7.9 0.05 &3 0.016 2.1
i Tibia 0.34 NDA NDA
T 1019C Noddy tem  Whole 185 0.18 0.86 0,025 3.37
i 1022  Noddytem  Whole 94
“ ’ Viscera 0.24 0,175
5 9 Muscle 10 0.04 42 0.44 4.
o Tibia (2) 0.72 NDA NDA
- 1020  Noddytera  Egg 39
Eggshell 6 NDA 0.08 10.3
Egg, soft 33 0,26 7.9 0.11 3.2
tissue
{Continued)
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Gross Betn oo Qommman fonioea “ 3
Wet Gross Beta Gross Gamma
Sample . ) a Oea 43 /
No Sample Tiisue Wi {:/m/sample (d/mikg {¢/m/s2mple (d/m/kg
‘ ®) x 1674) x 1674 % 10°%) x 1074)
UTIRIK ATOLL
Utirik Island
Fish
1573 Squirrel Whole 23 NDA 0,12 S.4
1576 Angel Whole 4“4 NDA 0,07 18
1581 Goat Whole 48 0.3 8.5 0.14 2.9
1583 Damzsel Whels 48 NDA NDA
1584 Butterfly Whele 68 NDA NDA
1596 Maunini Whol: 129 0,88 6.8 0.58 4.5
1597 Half-beak Whole 13 NDA NDA
1580 Gray parrot Whole 425 0.68 15 0.87 2.1
Head 32 NDA ) 0,09 - 2.8
Gil} 10 NDA 0,04 4.1
Viscera 82 0,38 4.6 0.15 1.8
Bons 65 0,13 1.9 0,13 1.8
Muscte 172 0.15 0.87 0.22 1.3
Skin 47 NDA 0.24 5.1
Snail
1590 Ghost Sofr "imae 19 NDA 0,075 3.3
1591 Reef Soft tissue 188 NDA 1 4.8
1585 Spider Sok tssue 3.61.3 NDA
Mammai
1571 Rat Tihia {2) NDA NDA
(Continued)
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' : TABLE A.3 Gont'd
| N
- Gro 88 Deid i Wdadilsid faCeay ;b.'j 'ul: dridawniind & ";k" e L hAAN adad
Sample ) Wet Giozs Beia , . Giois Cr .'!".l?‘.l
No Sample Tissue wt | (d/m/sample (d/m/kgz (d/m/sample (&/m/kg
: * ' ) x 10-4) x 10-4) x 10-4) x 10-4)
i, LIKIEP ATOLL
4 ", . Likiep Island
Fish ,
g 1605 Butterfly Whole 119 0,25 2.1 0,31 2.8
1607 Parrot Whole 249 NDA 0.38 1.1
; 1611  Damsel (3) Whole 61 0.38 6.2 0.13 2.1
- 1612  Surgecn Whole 51 ' NDA _ 0.02 0.39
1613 Grouper Whole 16 0.38 4.9 012 .18
. 1609 Gray snapper Whole 453 1.1 2.4 2.2 4.9
s Head ] NDA 0.021 5.5
Gill 14 NDA NDA
Viscera 8 1 12,8 2 25.1
E Muscle 144 03 0.7 0.21 15
& Boune 89 NDA NDA
Skin 63 NDA NDA
|
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Naval Radjological Defense Laboratory,

USNRDL-455

RESIDUAL CONTAMINATION OF PLANTS
'NINMALS, SOML, AND WATIR 7 THE MARSHALL
SLANDS TWO YEARS FOLLO™T 0 GUPERATION
CALVIITALIOULN, M.V, Weiss, S.ii.Cohnoand

Dl R Aup. Hd, v, LD Esbens COMFIDENTIAL
srmoenrand distriburica of ixdiviciive mate-

Vit f
2o and amma!x of the Mionuil
Caned (wo yeals after their Conian Gielisn

by fallout from the March 1, 1854
sucicar detonaton of Operation CASTLE,
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Naval Radiological Defense Laboratory.

USNRDL-456

RESIDUAL CONTAMINATION OF PLANTS
ANIMALS, SOIL, AND WATER OF THE MARSHALL
ISLANDS TWO YEARS FOLLOWING OPERATION
CASTLE FALLOUT, H.V. Welss, 8.H. Cchn and
others. 15 Aug. 185G, iv, &3p.tables COFIDENTIAL

The amount and disttibutioa of radicaciive materfal
remaining on several atolls and tncorprated into
plant and animals of the Marshall I:lands was deter-
inined two years after thedr contamination
by fallout from the March 1, 104
nuclear detonation of Operation CASTLE.
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| Naval Radiological Defensc Laboratory,

USNRDL-435

RESIDUAL CONTAMINATION GF PLANTS
ANIMALS, SOIL, AND WATER OF THE MARSHALL
ISLANDS TWO YEARS FOLLOWING OPERATION
CASTLE FALLOUT, H.V. Welss, S.H. Cohn and
others, 15 Aug. 1956, {v, 52p. tables CONFIDENTIAL

The amount and distribution of radicactive material
remaining on several atolls and incorperated into
plants and animals of the Marshall Islands was dster-
mined two years after their contamination
by fallout from the March 1, 1954
nuclear detonation of Operation CASTLE.
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. Readily detectable amounts of radicactive contamination were {..:- 1 ln animals,
o plants and soil, Most of the activity in the edible pastion of plan: <~ cimens was
contributed by cesium-137,
Tue major radionuclides found in the thisues of fish was zinc-65, < 4 that i f
clams, cobalt-80, !
zuidnal sofl contamination reniained confined to the surface, ‘
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#vadily detectable amounts of radioactive contamination were found in animals, Readily detectable amounts of radioactive contamination were [ .. i in aninals, {
£ oo and sotl, Most of the activity in the edible portion of plant specimens was plants and soil. Most of the activity in the edible portion of plan: : :imens was ;
¢t buted by cesium-1317, contributed by cesium-~137, '
2 major radionuclides found in the tissucs of fish was zinc-85, and that ln The major radionuclides found in the tissues of fish was zinc-6¢. . .l that (n i
¢ .z, cobalt-60. clams, cobalt-60. E
. wdual soll conuamination remained confined 0 the surface. Residual soil contamination remained confined to the surface, .
4 i S e
-4 R
. * . ] (] !
!
H




e ek v

‘s babgdos

: i i

o 2 2 b

T L vad mtat Bl

A

o mk s -ia - Sy e PIREETAUERIPE . 4 S EERURINTPEPTE S Oup IS | TR T PR 4 Fr iU R vl vyt Vb
B mh it - WVt e 5 o e T Yo
- - o v ——— Fa PR el N e 30 0 o
o i A & —— e v ’ > mm*‘;.&
\
. » e [

Naval Radiological Defense Laboratary,

USNRDL-488

KESIDUAL CONTAMINATION OF PLANTS
ANIMALS, SOIL, AND WATER OF THE MARSHALL
iSLANDS TWO YEARS FOLLOWING OPERATION
i CASTLE FALLOUT, H.V. Weiss, S.1i.Cohn and
i it 15 Aug. 1986, jv. 53p.table« CONFIDENTIAL
: Tue amount and disuibuica of radivactive mate-
1241 retnaining on several atolis and incorporated into
pleaw and snimals of the Marshall Lilaids was deter-
tiiined two years after their contaminazion’
by faliout from the March 1, 1854
nuciear detonation of Operation CASTLE,

(over)

Planu-Radiation effects
Animals- Rad, eff.

Soil - Rad. eff,

Water - Rad. eff.

5. Fallout - Radlation from
I. H. V., Weiss

I§. S.H. Cohn

II. Tiile
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V. NS 081-001
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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 CPERATION
CASTLE FALLOUT, H.V. Weiss, S.H. Coti and
others. 15 Aug. 1856, iv, 53p.tables CONFIDENTIAL

The amount and distribution of radicactive material
remaining on several atolls and incerporated fato
plants and animals of the Marshall Islands was deter~
mined two years after thelr contamination
by fallout from the March 1, 1954
nuclear detonation of Operation CASTLE.
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Naval Radiological Defense Laboratory.

USNRDL-455

RESIDUAL CONTAMINATION OF PLANTS
ANIMALS, SOIL, AND WATER OF THE MARSHALL
SLANDS TWO YEARS FOLLOWING OPERATION
CASTLE FALLOUT, H.V. Weiss, S.H. Cchn and
oties. 15 Aug. 1956, jv, §3paables CONFIDENTIAL

The amount and distribution of radicacuve material
remaining on several atolls and incorporated into
cisats and animals of the Marshall Islands was deter-
nieed two years after their contamnation
!y tallout from the March 1, 1954
wuclear detonation of Operation CASTLE,

(over)

b o i e

1, Plants - Radfation effects
2. Animals - Rad. eff,

3. Soil - Rad. eff.

4. Water - Rad, eff,

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

I" §.H. Cohn

1. Title

IV. CASTLE

V. NS 081-001

(over)
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Naval Radiological Defense Labaratory, 1. Plang - n.diaton effects
USNRDL-455 2. Animas - Rad, eff,
RESIDUAL CONTAMINATION OF PLANTS 3. Soil - wad. eff,
ANIMALS, SOIL, AND WATER CF THE MARSHALL 14, wWzter - R.d. eff.
ISLANDS TWO YEARS FOLLOWING OPERATION §. Fallout - [adiation from

CASTLE FALLOUT, H.V. Welss, §.H. Coln and
others, 15 Aug. 1855, fv, 53p, tables CONFIDENTIAL

The amount and distributfon of radicactive material
remaining on several atolls and incorporated into
plants and animals of the Marshall Islands was deter-
mined two years after their contamination
by fallout from the Macch 1, 1954
nuclear detonation of Operation CASTLE.

{over)
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Readily detectable amounis of radicactive contamination were found in animals,
nts and sofl. Most of tie aciivity In the edible portion of plant specimens was
voatnoated by cesium-~137,
T rejor radionuelides found in the ussues of fish was zine-65, and that in
m., ¢obali-68,

nas 1Y rall conemipation remaiued coalined o the surface,

weadily detectable amounts of radioaciive contamination were found in animals,
»lant and sofl, Most of the activity in the edible portion of plant specimens was
zuvatributed by cesjum-137,

The majcr radionuclides found {n the tissues of fish was zinc-65, and that in
oo, cobalt-60,

wesidual soil contamination remained corfined to the surface.
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Readily detectable amounts of radivactive contamination we.. {.und in animals,
piants and soil. Most of the activity in the edible portion of p. .ot 1pecimens was
contributed by cesium-137,

The major radicauclides found in the tissues of flih was zinc- 52, and that in
clams, cobali-60, .

Residual sofl contamination remained confined 1o the surface.

Readily detectable amounts of radioactive contamination we. - : .und in animals,
plants and sofl, Most of the activity In the edible portion of pi i :pecimens was
contributed by cesium-1317.

The major radionuclides found in the tissues of fish was zinc- <. and that ia
clams, cobalt-60.

Residual sofl contamination remained confined to the surface.
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1i3val Radiological Defense Laboratory.
USNRDL-458
RESIDUAL CONTAMINATION OF PLANTS
SNIMALS, SOIL, AND WATER OF THE MARSHALL
1304 N3 TWO YEARS FOLLOWING OP:RATION

“.w

CASTLE FALLOUT, H.V,. Welss, S.H, Cohn and
cthers, 15 Aug. 1856, {v, 53p.tables CONFIDENTIAL
Tie amount and distribution of radicactive mate~
riai reinaining on several atolls and {ncorposated {nto
,lants aid animals of the Marstall Islahds was deter-
inined two years after their contamination

by fallout from the March 1, 1954

1. Plants-Radiation effects
2. Animals- Rad. eff,

3. Soil - Rad, eff.

4, Water - Rad. eff.

5. Fallout - Radiation from
I. H.V, Welss

1I. S.H. Cohan

III, 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 OPERATION
[CASTLZ FALLOUT, H.V. Weiss, S.H. Cohn and
“others, 15 Aug. 1956, iv. 53p.iables CONFIDENTIAL
The amount and distribution of radioactive material

remaining on several atolls and incorparated into
planr 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.

1. Planus - &a.!iation effects
2. Animal: - iad. eff,

3. Soil - R.d, eff,

4, Water - 21!, efl,

5. Fallout - i..diation from
I. H. V. Wois

I. S.H. Cuim
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suclear detonation of Operation CASTLE, e ZERT g
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Naval Radiological Defense Labaratory.

USNRDL-455

RESIDUAL CONTAMINATION OF PLANTS
ANIMALS, SOIL, AND WATER OF T1{8 MARSHALL
ISLANDS TWO YEARS FOLLOWING OPERATION
CASTLE FALLOUT, H.V. Welss, S.H. Cohn and
others. 15 Aug. 1953, fv, 53p. tables CONFIDENTIAL

The amount and distribution of radicactive material

remaining on sevcral atolls and Incorporated into
plants and animals of the Marhall Islands was deter-
mined two years after thelr contamination
by fallout from the March 1, 194
nuclear detonatfon of Opciration CASTLE,

1. Planw - R.distion effects
2. Animals - Rad. eff.

3. Soil - pad. eff,

4, Water - i, eff,

5. Fallout - “adiation from
1. H.V. Veiss
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| Readily detectable amounts of radioactive contamination werc fcund in animals,
N ! planis and soil, Most of the activity in the edible partion of pl.at :pecimens was
contributed by cesium-137,
The major radionuclides found in the tissues of fish was zine- 5, and that lo
clims, cobali-60.
kesidual soll conteamination remained confined to the susface.
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R:adily detectable amounts of radi: zctive contamigation war2 found in antinals,

- slents and sofl. Most of the activity in tie edible partion of plant specinms was

~oainbuted by cesium-137.

The major radionuclides found in th: tiasues of fish was z{nc-65, and that (n
<lains, cobalt-60. .

Residual s0il contamination remained confizad to the surface.

Readily detectable amounts of radloactive contaminaticn wer ¢ ad (o aalmals,
plants and sofl, Most of the aciivity in the edible pation of ple £cimens was
contributed by ceslum-137, .

The major radionuclides found in the tissues of fish war zinc-« .. .pd that in
clams, cobalt-80.

Residual sofl contamination remained confinzd 10 the sudace.

e .
o P .
g S b 3 7 AL A
.
f":
o
8
e [T
. 5 {i
- - )
Y &5
i py
S~
Lo
Loe SN
-
- . - [ ) . L]
. —— . U — S . . o o o caxpm
< Do e S e e @ o o L S b s G GG T SR en T . e8] © = com mCose 0o 8o b B = o et



i SR
f P
\t““"/ L I P
’ WY ) -
T
i i fj
(ORI
o Hoo ca
X % |
: b
- gt
t e ;r“
Y
i
: ( !
Y
ﬂ .
d
»‘{‘.. e ©
o

O Ly ger 0SB e AP gy o o e
3

/'/

N AR B
ST 1,
5 3 Ge =

T e

This document i3 th2 property of th
ratlca of the contrect arnd choll be returnsd wirca £3 lo2e
addrocs: Armed Dervieos Tochalcal
7nott Sullding, Dayton 2, Ohio.

to tha followirng
Documont Corvico Coataor,

3 Unitad E£:ntos Government, It i3 furaishzd for tie :‘*;
a-ap regquired, or upqg,.rec:.ll by poiin
Information Aganci,

UOTIT WIS GOVEIMTIINT U
LT DO PO AT BUDRSOS
e ety o o] EOHNEA
MO RLSEGICIPTLICY, 102 &
COVEDITLUT 1IAY DAVE I
S4ID BRAWRICT, OIo0ITIOATE

+ g - v » -~ ¢ . prw e o Lot i) AN
MPLICATION CO CTORRWISE AS R &

ES

LR
- .y

UEEEE SN U P T

| armwn

- -
EL‘.- bt o i, o

Y, 0 e - g oy sy
FANTSH OR CONRoRAWION, €L GV L

s.0m o g R Py _ i ;
 SEOTON S CELL L0 7 PARLLTLD JIR L

PREIRIRY UV

‘AT enmAITIOATIONS O GRUUT
DT OO lin e i0N VISl A DIFATL

e giomen gr sy g S=Emmvmmye e ey OVETTRTIANY Y
y brbodie 19, 3. L L iSatdveiailii o] F B a0 &
oo gy owr s ey ATt s

Keamm e ETL TN e P Y . X e .
A wes J i !v.b; AL-..) L iies Al b F RN

P S
dat Geec g

), G IN ANY VVAY SULLLE -
ATATIIINT TO RT RECATDED D
1200 LIS 173G TS IeLnIn ot L
LIThy CR O FSRIIEIION T TTAL AT

77 2 AT WAY ES DLZLATIED

R R

AT LR
e BLEIAA aadea il

o P N . . G - -

A - \\ , 7 £ \ \

5 \ S el N e ); : L R
N . T « o .

N i 2




