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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 deterranined two years
after their contamination by fallout f{rom 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 .

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-d=tonation).

Some samples of portulaca, coconut husks, pandanus keys, pandanus
air roots, a clam, and certain potable water contained levels &b °
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, v

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

DD form 613, of 6 October 1955,

The work was done jointly by the Chemical Te’chnology Division and
the Liological and Medical Sciences Division of this laboratory.
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B Iy
. 4 INTRODUCTION
.1 The object of this study was to determine the persistence and fate of
i radioactive material in (22 biolegical systems and in the physical en-
} vironment of those Mar::alil Islands contaminated by fallout from the
i 1 March 1954 nuclear <:ronation. For this purvose a resurvey of the
= islands was conducted ... Sebruary 1956 by a group of scientists from
bos the U.S. Naval Radiolcgical Defense Laboratory. Specimens of animals
P (l1and and marine) and %.:ds, and samples of plants, soil and water were
Tl collected for analysis. Hadio assays for gross beta and gamma activity
: were conducted and in 2ddition radiochemical d2termination of individual
- fission products and incduaced activities were made,
:
A few weeks after th= 1354 incident a survey ~as made of the contam-
inated atolls,! and scii, water, and bioleogical spccimens were collected
! from PRongelap and Utirik, Thess samples were analyzed and the re-
1 - sults were given in the Cperaticn CASTLE, Project 4.1 report.? Soil
P and witer samples .- vainad microcurie amonats of activity; barely
{ /- detectable quantitics were found in plants., Approximately one year
f following the nucle.r lctonation, a sucvey of ‘02 islands indicated that
: the activity was prz2sont in metabolic systerns and was still in tke en-
£ - . - - 3
[N .vironment at lower nut significant levels.” The present study, conducted
' two years post-drtonation, provides Jurtii:r data on the pz2rsistence and
: distribution of the fullaut activity, From these data an evaluation can
: be made of the potentizl azard from the ingesticn of centaminated
'] £
: materials,
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CHAPTER 2

GROSS ACTIVITY IN PLANTS, WATER AND SOIL

PROCEDURES

Plant specimens werz packaged and shipped in individual plastic bags,
soils in stainless steel uore tubes, and water samples in 1-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 scil 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 2 planchet and heated to dryness under an infrared

I

lamp prior to countity,

After the mocuntiny, the samples were beta-counted in a gas flow pro-
portional counter a: {..3 per ceut gecmelry a3 determined with a Sr¥%-y%
standard mouanted <11 lumirum, SGross gamm? me2asurements were
made in a well sciatilatica counter with a couanting eificiency of
43 per cent for a Co® standarad,

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

RESULTS AND DISCULSION

Plants

The gross beta ac:ivity of the pl.n. :pecimens analyzed is recorded
in Table 2.1 according to the island from which the sample was recovered.
The data were corrccted for the counting efficiency of Sr°° and presented
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1 TABLE 2.1 | :
i Dioioss @ ata Agetinreier i e e el Bl S e
! Gelen  Eniwetak Enfsctok Rongelap Sifo Utlrik Likiep
Plant Pant PLANTS®)  (c/m/kz x 10°5)
Portulaca Whole Flant 27.4 18.2 3.08 128 - 1.1 1.33
Stems, Leaves 11,0 4.5 0.32 0,25 0.21 - 0.03
ol drsewredt Tubers 2.32 0.57 069 055 008 014 0,03
Alr Root 287 017 105 032 0.2 0.08  0.02
o Leaves 264 102  5.28 0.38 015 021 0,03
' : Green Keys .27 037 0,70 022 010 0.9  0.03
| _ 4 Ripe Keys - - 0.53 0.17 - 0071 0.02
' Ripe - - - 0.12 - on -
| Papaya Green = = . 0.25 - 0.09 0.04
! Leaves, Trunk - - - 0,09 - 016 0.08
- o AT O O
ca 5 H : i . H . °
- Ripe Coconut shell 498 038 0,72 044 028 006 0,02
' Husk .83 0.5 157 131 077 021 0,09
Whole a1 - - - - - -
Milk - 0,29  0.11 005 013 - 0.05
Meat - 033 025 - 0.08 0,07 0,02
[Srcen, Coconm Shell - = 0.80 - 037 008 009
Husk - - 0.48 012 011 011 9,02
Shell, Hush - 0,11 - - - - -
S B B R
eat = . . . o o .
Sprauing Cooomk g0y - 029 041 035 018 004 0,02
Husk - 0,13  1.57 0.88 068 028 0,07
; Leaves - 154 0.88 - 084 4.1 138
Coconut Frond - 0.94 0,51 - 0.23 0.09 n.11
Leaves, Frond L48 - - - - -
Frult . . - = - 0.08
- Banana Bark - - - - - - 0,07
, Leaves - - - - - - 0.18
! Leaves, Stalls 8 - - - - . 0.08
: Taco Tuter, Reot
with Soil - - - - - - 0,19
(2) All counts were comect.s for b cuilng =fficlency of 513090,

(b) Gross beta activity of ploat ez 1svas ‘eermined in April 1956 and that of soil and water In
May 1958,
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- — —= ] ’ E
Ce ' Gejen Caiwetak Enizetok Rongelap Sifo Utlrik Likiep
;
1 Source WATER®)  (c/m/liter x 10-5) , ‘
: Clstern - - - 0.008 - NDA® -
. " Well’ _ - = NDA - - 01, NDA
| A 0.03,
' - NDA
Ocean NDA NDA 0,08 0.08 0.09 NDA 0,08
Lagoon NDA NDA NDA NDA 0,08 0.9 NDA
i
| Depth (in. ) son® (c/m/kg x 10-5) B
0-1 3470 34.8 6.43 7.00 4.91 443 NDA
12 a o o 0.70 = o o
18 0.80 = NDA - - - NDA
24 - NDA - - 0.04 0,51 -
g 33 1,33 = = NDA - - .
! 38 - S = - - - NDA
8 44-4% - - 0.07 - - - -
48 © NDA = = NDA = -
55-56 - - - - - 0,70 -
r @) All counts were corrected for the counting efficlency of 5c90.¢90,
3 (b) Gross beta activity of plant samples was determined in April 1956 and that of
3 soil and water in May 13586,
s ' (c) NDA indicates no detectable activity.
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most samples was so low as to prevent sucn evaluatmn with expediency,
Furthermore since the nuclide composition varied among 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 A1,
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 arrowrocot, and the coconut palm
where the beta activity v:.3 consistently slightly greater than the gamma
activity. Data presertcd in Chapter 3 show these exceptions are express-
ions of the nuclide comp:ition, :

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

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

Where possible the raeat, mil’:, shell, and husk of coconuts were
analyzed separately, " ithin the limits u" t:e analysis, the actxvxty appears
equally distributed zu1:ng these fractions.

The order of plan: activities relative to the izland from which they were
recovered was: Gejen > Zuiwetak , Eniastck > Rongelap > Sifo,
Utirik > Likiep, " hese results agree well with the activities of the res-
pective soils as shaown 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-absor;tion 2crractions weres aprlied in the previons survey,

It was, howevez‘, intora2iting to note th-t, although s such corrections were
not made, coconuts euhibited greater T =ta activity in the present study,
This finding, as will he discussed latev, suzgests that coconuts possess
an unusual capacity to concenirate a ':'.u conent 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

S et SO o 0 A LU UL T U 'w‘“",vry
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TABLE 2,2 S BT R B P
i Average Gamma Dose Rates from Previous and Current Surveys
—_— — ]

: . land 1! Months 23 Months Remaining Activity
3 is s (mr/hr) {mr/hr) . "~ (per cent)

; Likiep . 0,04 0,05 . ke o
! Utirik 0.14 005 . ' 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 23

Average: 26
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" Soil

in Table A.l, Appendxx. The activities were either imperceptible or of

K Ay \-\.n.r ol Tas 3‘-.4\‘\,.

To describe the downward movement 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 obvicusly 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.,

-8.
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NUCLIDE COMPGCSITION IN PLANTS, WATER AND SO:L

The long-lived isotopes of mixed fission products, which present the
greatest internal rzdiation hazard to human inhabitants of a cocntaminated
area, were analyzed in plant, soil and water samples.
were the total rare earths, Sr%, Cs!®?, and Ru'®® and comprised the
total detectable fission prucuct activity remaining 2 years after the

nuclear detonation,

Tkese isotopes.

Prior to nuclide analysis, samples of sufficient activity were sub-
mitted to gamma spectrus analysis in a single chanrnel analyzer to
establish whether some un: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,
for geometry, forescat::r, backscaiter, seif-absorption, and for window,
air and pliofilm absor::izn were cvuinated for Se*® by reference to data
procured from a Nationz! Bureau of Standards sclution,
ing efficiency coerrect - for Rai%, €357, and tte toral rare earths was
made by comparison wit'n a (304 standard. An estimated error of the

order of + 20 per cent i uy rescit {rom such ¢

Corrections

Glivpariscn,.

The beta counta

Self-absorp-

tion, air, window anc pl:ctilm absorptio.u were calculated from aluminum

absorption curves of tha rosnactive nuclides,

Absorption corrections

for the total rare ecrths wers calculate! Irem the aluminum absorption
curve derived from Ce't'.Fr ¥, DBota wazasdurements were made on

the first shelf of an end-wirdeow, 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 21so made with Geiger counters
with a geocrnetry of 23 auc 39 ser ¢ent, Timples were analyzed for

calcium by a flume phoiv.ueizic methsd "o report Sr* {n swishine units

(defined as 2.2 disinte raticns of stre:rt o w1=-%2 per minute per gram of
calcium)) The oreparatory procedurs -ivolved wet~ashing the samples
with fuming nitric and s2rchloric acids avil removing phosphates by

percolation of the diyect thiougs an w0i o @xonange coluran,

fae staandard

error in calcium determinations was .n ihe order cof 10 per cent,

* x 0,001 microcuries of strontium-$0 per Klcgram of calcium,
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Plants, Soil, arnd Water

TABLE

3.1

Relative Coinposition {per cent)
SO ‘ No- Of Total
Jource Samples Cs!? Rare Sr?®  Rul%
‘ Averaged Earths o -
Plant Part PLANTS i ‘
Portulaca Whole i 48,9 39,2 . 11.8 -
Papaya Fruit 1 79.8 17.8 2.5 -
' Husk 3 98.2 1.1 0.7 -
Meat 2 98.9 0.05 1.0 -
Coconut Shell 2 99.5 0.4 0.1 ‘-
Milk 1 99.6 0.2 0.2 -
leaves 2 8.3 86,5 0.4 5.1
Keys 2 92,6 2.2 5.5 -
Pandanus l.eaves 2 72.7 13.3 5.1 8.9
Air Root 2 88.9 10.3 0.8 -
A Root Tuber 1 75.4 16.8 1.0 6.8 -
rrow Koot jeaves 1 11,7 33.9 3.0 1.4
SOI1L
Depth. O'I in. 2 0.34 83.8 5.6 10.0
Source WATER
Cistern z - 64.4 35.6 -
Well 2 - 100 0 -
Lagoon 2 - 94,5 5.5 -
QOcean 2 - 100 0 -
-10-
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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 casecs 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.

The primary contaminating isotope in coconuts, papaya fruit, panda-
nus keys and arrowroot tubers was Cs!?, Significant quantities of the
rare earth components (16 to 18 per cent) were recovered from papaya
and arrowroot tubers and only a small fraction from coconuts and panda-
nus keys. The Sr? concentration in these specimens was uniformly low,

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!¥, These relationships account for
the observed gross beta-to-gamma ratio previously mentioned, Samples
containing a preponderance of the rare earth radioelements would be
expected to give a higher beta-to-gamma ratio than those composed

almost entirely of Cs13,

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 Cs1?, 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 sizea
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 2 sample of
cistern water which had a siznificant quantity of Sr??, the obscrved
activity was attributable to the rare earths,

With regard to soil, the _a._veré%f of two complete assays gave 84 per

cent rare earths, 10 per cent Ru!®, 5 per cent Sr® and less than 1 per

cent c3‘31o it
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Sunshine Units of Plaat, Water and Soil Samples

= RTINS —
FLANTS 90 _
Sampls Island SEoaple Calefum ,Sr Smf.‘,'.meﬂt;niu
Vieight Coatzat  (d/m/sample) (2.2 d/m i5°Y/g Ca)
§:4) (mg)

Portulaca Eniaetck 223 178 100004 100 2,53 x 10% + 250
Gejen 23 393 5280 # 106 6140 + 120
Papsya Rongelap 240 38 240+ 33 322 + 44
Coconut Husk Rongelap 200 162 340+ 28 850+ 18
Enlaetok 23 58 150+ o4 1200 + 190
~Gejen 350 47 420+ 24 4060 + 240
Coconut Meat Rengelsp 450 28 110 + 60 1801 + 960
Enfaetok 160 40 18+ 29 200 + 320
Gejen 190 20 28+ 23 + 635 + 520
Coconut Shell Enfaztok a0 18 25+ 18 7C8 + 500

Enlzetok 120 8 NCa(3) 0

Gejen 83 23 NDA 0
Coconut Milk Gejen 140 20 41+ 21 955 + 500
Coconut Leaves Eniweuk 35 29 6T+ 37 1333 + 250

Utirtk 33 153 h 0
Coconut, Whole Gejen b LY 13.5 157+ 22 3600 + 520
Arrowroot Tuber Enfaetok 30S 1140 258 + 96 193 19
sifo 230 383 73+ 18 86+ 19
Gejen 103 114 196 + 35 780 + 146

Armovroot Leaves' :

and Stzlks Gejen 18 385 290 + 44 340+ §2
Pandanus Keys Enfaetock 132 23 wio+ 6 5630 + 230
Enfaetok 215 3T R 1403 + 176
Pandarnus Leaves Enlaetok 10 85 150 + 41 3200 + 300

Gejea a2 43 NDA 0
Pandaaus Alr Root Eniaetok 43 23 204 33 390 + 650
Gejen 30 14 105 + 27 3360 + 840
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TABLE 3.2 {(Continued)
Suashins ot S f T T see cmd B0l Yaminles
| son.s | :
Sample Island Cslcium in kg of Sofl (g) s:90 Sunshire Unims }
- (d/imiten)  (2.2d/m8:3%/g Cay ;
Depth, (0-11n.) Renjelap . 318 33 x 104: 1,3 x 103 47+ 2 i
Gejen o341 526 x108 +5.2x103 7x1034+70 '
Enfaetok 352 2.1x10%+ 2.2 x 103 8+3 !
sifo 350 : L3 x 104 4+ 1.0 x 103 17+1 : f
Eniwetak 360 6.8 x10% + 2.3 x 103 3+3 :
Utirik 268 48x10%,3.0x103 92+86 i
WATER
Calclum in Liter (mg) 5199 d/m/1ter) b
Clstern Rongelap 48 . 1180+ 10 L1x10%4 230
Utirik 61 20 + 14 147 + 104 :
Well Utlrik g8 39+1 201+ 54
Utirik 80 NDA 0
. Eniaetok 2300 NDA 0
Ocean Rongelap 352 NDA 0
Utlrik 408 NDA 0
Eniwetak 402 'NDA 0
Lagoon Roagelap 48 190 + 68 188 + 68
Eniwetak 137 . NDA 0
Utirik 441 204 + 150 208 + 150
{a) NDA indicates no detectable acrivicty
13-
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The only sharp diiierence was the hxgher percentage of Ca”‘ 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 praovious one,
Interpretation of the nuclide data in coconuts and soils indicates that
this pheaomenon is concerned with the apparent capac.ity of coconuts to

concentrate cesium. Analyses reveal that the activily in coconuts was
137

contributed almost entirely by Cs'”’. 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 untenable since the
concentration of Cs!%7 in rela'icn to other nuclides in the upper surface
of the soil is essentially unchanged,

Further substantiation of he concentratmg cap acity of coconuts is
found when the quantity of C3'*? 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 top 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 r:corded in Table 3,2 for the plant, water and
soil samples analyzed. Th« table includes the d/m Sr*® for the sarnples

-and the standard error of m:zasurement, The standard error was large

in samples with less than 100 d/ra Sr?°, Twe instriuments were used in
counting the actlvu'y' a 3: flow proportionai counwcr \.nh a background
of about 40 ¢/m ard Gai;:x :ounters with Sackgy ons of 20 and 25 ¢/m,
Although the counting tine /as routinely 2€ min, 2 sizable statistical
error was involved in meagsurements of samples whose rate was only
one to several counts ai.ove background,

To improve the ccumtmg statistics, a number of aamples with low
activity was permitted to staend until Sr% and YV’ were in equilibrium,

Both radiations were counied, an appropriats correction was asplied for

self-absorption of Sr™, an? the "{W contr:?::*mn w5 mathematically
subtracted,

Of the plant samples examined, portulzci had the highest sunshine
units; valuss were 5140 .;..i ;..,,JOU for the two spzcumens analyzed, In
coconuls the activily ol ..ewity, Slciv and b 0 Wi wot statistically

significant, whereas the value for husks 1anged from 1200 to 4000, Pan-

danus keys and pandanus air root values @ 1,:-» fell within this range,
Arrowroot leaves, stalks and tubers were significantly 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 RADIOCACTIVE CONTAMINATION IN FISH, M.ARI'NE
INVERTEBRATES, RATS AND BIRDS

PROCEDURE

Fish and birds were collected from the following islands of the Rongelap
Atoll: Rongelap, Eniaztok, 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 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 gamma activity
determined in the monner previously described.’? The gamma activity 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 5r’ and Co® counted in an identical manner
with the samples a3 descrilzad in Chapter 2,

Radiochemical nalyscs were performed to determine the concentra«
tion of several prv . -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 descriucd 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
fe= = T 2= = e e S T L R 0y R TR 7 25
Fish Crabs Clams Snafls
nd o.of Activity Activity Acdviry No. of Actvity

Sam.ples (d/ra/kg x 10~

No.o
) samples (/m/Agx10°4) g (d/m/kg x 1074

sm.qu (d/m/kg x 1u74)

4 LY

Rongelap Atoll

North: Gejen 8 24.5 18.8 2 28 817 4 848 5.3
Kabelle 10 14.9 55.4 1 177 3.9
Central: Enizetok 5 19.3 45.1 .1 4.5 14,1 4.5 8.8
South: Rongelap 5 171 32 é 254 24.5 23 68 2 . a 61
Rongerik Atoll ‘
Eniwetak 8 2.2 7.8 1 2.8 18.3 ,
Allinpnae Atoll o
Sifo 8 4.6 22.7 3 21.9 14.5 64 16,0
Utirik Atol) .
Utrik 8 1.6 2.1 8 - L0086, 28
Likiep Atoll N
Likiep 8 2.6 1.3 )

 p—y



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 16556, The residual radioactive contamination’
expressed in terms of gross bzta 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. :

Considerable variation was observed in the concentration of activity
per unit weight of individual iish and rnarine 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 radioactivity and the eating habits of
the fish (carniveorous, herbivorous, omnivorous) could be ascertained,
Of course, currents and lccalized concertrations of radionuclides may
also play a role 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 considerably lower than that observed one year follewing
the detonation. This {finding suggests a redistribution of activity from
the higher concentrailon origiaally existing in the northern end of the
lagoon, Tkhe patterr 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 (i'able 4.1). This is in contrast to the largesr differences
noted between crabs and clains as compared to fish at one y2ar post*
detonation. :

Snails fro: C:icr had c:reiderably higher concentrations of activit
than fish from rl1ie sorne locality, as was noted in the one-year resuivey,.
The higzher level of sctivit of the snails may be related to their habit of
feeding on the otte.n o the lagoon where higher concentrations of radio-
nuclides were found, Tae relatively lower values of activity in clams is

-19-
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TABLE 4,2

Distribution of Gross Beta and Gamma Activity in Tisgues of Fish

AR AR SRECLNES " IR ———

Wet Radfoactivity (d/m/teue x 10°%)
Island Fish wt Total Skin Head Muscle Cone Gill Vicceta
@ B8 ¥ B8 ¥ B ¥ B ¥ B ¥ B ¥ L ¥
Roncelap Atoll, Sorzh ] .
Roagzlap Goat 218 8.8 155 0.2 2.4 0.45 3.3 L1 21 1.6 2.7 0.8 22 495 2.8
Roagelap Groupex 452 5.2 5.7 0.4 0.3 0.8 0.7 0.4 0.5 14 28 0.3 0.3 1. 14
Average 7.0 16 03 13 63 20 08 L3 16 27 06 13 34 21
Per cent of total actlvity 100 100 4.2 121 8.8 18,7 11,2 121 21,0 252 7.0 12,1 477 1.6
Rongelap Atoll, Noth )
Gejen Spapper . 1154 263 870 10 118 6.6 24.7 . 5.4 16.8 6.5 15,7 LT 2.1 6.! 159
Kabelle Snapper 735 12,3 1835 1.0 112 4.5 1.9 1.0 0,7 24 44 0.5 1.1 2.5 6.3
q Kabelle Parrat 1951 24,8 713 1.1 8.9 8.5 20,9 24 6.8 7,0 23.4 0.8 2.7 5.7 3.8
S Average 2L1 589 1.0 108 65 158 2.9 &0 50 145 L0 2.0 47 .03
] . . o
Per cent of toual acdvity 1000 100 48 17,3 80,8 25.8 13,7 18,1 23,7 23,7 48 3.3 223 18.9
Aflingnse Atoll . ’ ,
sifo Suapper 640 3.2 389 o3 "59 07 99 06 62 05 10h: 01 2.7 05 36
Per ceat of ol ncdvtry' 100 100 9.7 152 225 254 193 159 18.1 . 27.2 ) 32 10 200 84
T Ronzerik Atoll i : . ‘
,g? Eniwetak Squirrel 387 041 2,0 L2 85 .28 55 04 27 .08 39 0 02 08 . .ui 04

Per cent of total activity 100 100 49 113 5. 3272 98 134 146 193 ‘;4.9' - 40 '9.3 188

g Utirik Atoll . - ' . ' -

R Utistk Parrot 425 0686 087 0 24 0 W08 A6 .22 JA3 18 0 - 04 3% 03
o . ' R g

i Per cent of toulacdvity 100 100 0 276 0 10,3 227 283 197150 O 4.6 .75 113
% Likiep Atol} e _ ' . -

Likiep Snapper 453 11 2.2 0 0 0 02 01 02 0 0 0 0 P2
3 Percentof toulacdvity 100 1200 0 ¢ 0 08 8 9 6o 0o o o § 9
£ -
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protably related to toe Lol Lt clinag Sl i L, YLl s whnen
have low levels of activity. : o S

The beta-to-jamma ratic (2s determinecd by the method used here) in
whole fish varied conaldexduly but was approximately 1:2 in mcst of the

. specimens analyzed. Thiz 15 in contrast to the 1:4 ratm observed at one

year post-detonation. This ratio 1:2 is approximately the ratio of the
beta-to-gamma activity of Za%, the principal radioruclide found in fish,
Physical and radiochemiczi analysis of a number of fish indicated, a3
previously noted,? that the igh gamma-to-beta ratio was accounted for by
the gamma from the induce? activity, Zn*%,

The internal distributior of radiocactivity in the tissues of fish (primarily
carnivores) collected in tli2 various lagoons indicated that an average of
20 per cent of the total b::. and gamma activity was found in the skeleton

 (Table 4.2). The head coatained 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 b:ts and gamma activity, The activity of the viscera
and contents varied considcrably 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 was found on the skin and gills, The
internal distribution of ac:ivity, particularly the muscle activity concentra-
tion, was very similar . :hat found in the fish coilected and analyzed at

one year post-detonaticn, 29

The results of the r=.1'cchemical zralys2s for specific radlonuchdes are
presented in Table 4.3, l"w mMost s‘mporaan. Hiding is the very high per-
centage of the tctal acti i fish wiich 15 conteibiated by Zn%, The
manner in which this indacec activity is coaceantrated has not been deter-
mined. The Zn® in fisn is distributed fairly evenly among the various
tissues., This contrists with the localizaticn of Za®® in the liver of mam-
mals following ingestion, The Zn® was not found in clams, crabs or snails,
with the exception of cne helmet snail {rom labelle Island,

The rare earth group of fission products constituted a small percentage
of the total beta 2ctivity in clams and fish, The rare earth elements as
a group do not agpear to b2 selectively iccalized, The rare earth activity
of the crabs was high, 2 average of 21 ner cent of the total beta activity,
Snails concentrated the largest amounts of ragre earth elements,
sovery len, cratritetapg conerally & fraction

~

e

The Sr? concenizztiin «
of 1 per cent of the total beta act v1t_.r. Tae Ge'? content is of particular
mqportance. since it is the radicnucliie of greatest potential ln ard, "The

% hazard derives principally from 1ts long radioactive half-life (26 yr)
a.nd also from 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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TABLE 4.3
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Radiochemical Analysis of Biological Specimens from Rongelap Atoll

o et L NI i b Nt AL Bt ML 5

i ST
Tt A B L SR e i (R

bty o, bl v e 40, el AN AN A 582 cecd i

R A e s s e A A el

P— Wet Betwa Activity Gamma Activity Nuclide Activity  Per Cent of
. op Samipie Tisue Wi, (: (d/m sample) {(¢/m/ample  Nuclide  (d/nvsample Tol  &unli
’ & B " 1074y % 10°4) ‘ x 107%) Activity
Roagelap istind
1002C  Gost Fih Bose 29 860 1.5 217 R.E.®)  npalc) 0
5:90 117 7.3 £
206 240 89 - ‘
Viscera 10 3Ls 49 2.8 R.E. 0.68 0,14 :
: $:90 NDA 0 A
: 85 950 £3.3
[3¥3
A Skin 28 337 0.2 2.4 R.E. 2.5 12.5 _
- 90 0.34 + 0,28 1.1 S X
za8S 239 95,8
Mucle 87 111 1.1 2.1 R.E, NDA 0
s90 0,45 40,78 04 318
Zn85 190 90,8 .
{¢ . tinned)
() Sumshine Unit « 0,001 pe Sr¥0/kg Ca,
{) R.E, s Rare Earth Group
(c) NDA = No Detectable Activity
L
— — e, Do Sese St )
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TABLE 4.3 (Continued)

Radiochemical Analysis of Biological Specimens from Rongelap Atoll

Wet Bera Activity Gamma Activity Nuclide Activity  per Cent of ;
Sample Sample Tissue Wi, (d/m/samnple Jd/mfample Nuclide d/mAample Total $u: & e Unin ;;
Nov @ ™ x 10°4) x 10-4) x 1074) Activiry 3
1509 Killer Clam  Soit Tissue 1800 743 20 33 R.E. NDA 0
s0 2.4+ 0,69 0.12 1742
Cab0 2080 63.4
1513 Killer Clam 5of Tisiue 882 1565 31 83 R.E. 71 2.5 Z
' s 83.640.90 2.7 24N
Cob0 7370 89
1520A  Langouita Solt Tisue 179 330 1.3 ' 2.1 R.E. 28 20 .
: Crab : 5P kpa 0 °
N
Y 1520c  Red Eye Soft Timue 57 2343 0.15 3.8 R.E. 37 49
Crab §90 0,13 + 0,07 02 ., i 1
15200  Red Spotied  Soft Tissue 73 2900 0,75 0.43 R.E. 15 20
Crab s 1,2840,18 1.7 o3
s 15208 Coconut Soft Tlusue 114 8.5 1 Cs137 28 14
E Crab R.E. 0.58 16.5 |
- 1538 Snapper Mucle 281 85 0.95 0.69 R.E, 4.1 4.2 : |
Fish 4 ‘ o s xpa 0 0 |
i : : 58 84.2 |
sidn 89 987 1 4.1 R.E. 24 24 :
“ : . e S 890 0534078 0.5 26454
i za% 380 82,7 :
{Co: i med)
4
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i TABLE 4.3 (Continued) © . aey ¥ !
5 N |
- ‘ Radiochemical Analysis of Biological Specimens from Rongelap Atoll :
: Sample Wet . Beta Actviyy Gamma Activity Nuclide Activity  Per Cem of ; '
E Nop Sample Tisue Wi, (m (d/mAample (d/mAampls Nuclide  (d/mpzmple Total  Swn.kiiaUnft®)
; * ® B X104 x 10°4) x 10°4) Activity ts
2 Bms 141 1843 24 ‘A RE 19 7.9
3 59 304038 1.2 344 :
5 oS 40 100 ;
) f; Viscera 2413 2.1 63 R.E. 120 “ |
3 5190 785+ 0.9 . 20 147+ 18 |
-4 " 65 - " i
. . | Za 530 . 842
T 1540 " Grouper  Whole 176 1630 0,76 6 R.E. NDA _ 0
' Fish s 0794017 1.0 22+ 4 : .
zab5  ggo 1)
1544 Parrot Dons 449 1906 7.0 234 R.E. 5 0.7
Fish 90 137410 2 826 + 23
' 'Z 2083 1870 79,8
. 3 Gl 88 428 0.3 2.1 RE 39 a1 ;
%! C 8% os5.044 071 65446 :
. 2 , znb6 180 688 %
3 3 Head 280 17920 8.5 .- 209 . R.E 3.1 S 04 - |
o s190 0.97 + 0,62 - 01 . 613 - 1
2als 1870 .. 80 i
¥ ACo 1 aued)
i
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TABLE 4.3 (Continued)

s en S

Radiochemical Analysis of Biological Specimens from Rongelap Atoll

z e e e e e e e = =~ o e e = e e o ) e = = st w1~ A — -~ -~ ——1
Soa Activity Gamma Activit : £ 2
SAmpie ‘W'e( - 3 » ' y Nu.clfde Actvity Per Ceat of + . dne
N Sample Tiaue WL . {d/mfz aple {4/mysample Nuclide  (d/infsample Total A
o ) (mg) X 16 %107 4) X 1074 Activity e
viscers 258 1145C 5 8.3 R.E. RKDA (]
s u54138 03 15+ 8
85 ggp 23
131 Heiniet Soft Tissue 271 224 4.8 119 R.E 59 12.3
Snaii 5190 1.35 + 0,34 0.3 20.. 39
Zn65 1080 61.8
Gejen Istand
1621 Snzpper  Head 219 3250 8.6 24,7 R.E. NDA 0
Fish s 1.65 + 2.4 0.2 T .3
Siin 73 1315 1.0 1.8 R.E. NDA 0
- 590 0.68 + 0.48 0.7 2 6
Bans 173 8270 5.5 15,7 RE . KDA 0
s 154044 03 <
zn85 54 92
Mucle 511 180 5.4 16.8 R.E. 3.5 0.7
sr90 0.22 + 0,35 0.04 6 -8
Zn65 1600 95
Viscera 87 6.1 15.9 R.E, 11 1.8
: s:00 1.2+ 0,29 0.2
za% 1480 93
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TABLE 4.3 {(Continued)
Radiochemical Analysis of Biological Specimens from Rongelap Atoll
Wet Beta Activity Gamma Actlvity Nuclide Activity Per Centof _ &l
&:‘:}‘ Sample Tissue Wt (,S;) (d/mpauiple (d/m/sample Nuclide (d/m/sample Toul “;1 (8
(8 x 1074) x 1074) x 1074) Actvity
Gii 28 403 17 2.1 R.E. NDA 0
za® 210 100
1636 P Whole 169 2180 1.8 7.9 R.E. 13.3 T4
Fin s 174092 0.1 5418
Zof% 6230 80
L
1829 uctni Col Soft Tisvue 48 1080 1.3 2.3 R.E. 0.8 0.3
s 4124089 2.0 1o.428
1637 Spider Soft Tistuse 90 713 18.1 18 Rul08 350 1.2
Suai) ' R.E. 1210 6b + 80
590 5.28 + 0.47 0.3
1638 szider Soft Tisue 868 175 102 68 R.E. 11900 118
' Suail 5190 1,96 + 0.60 0.02 + 334
(2) Sunshine Unit s 0,001 uc §19%/kg Ca. .
{b) R.E. = Rure Earth Group, .
{c) NDA « No Deciccuable Activity, . )
= o e e e - ey
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The skeletons =i fsh 2o
of 5r%?, as would 52 expucizd froam the simils rity of strontivm o2ic -
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).

P

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

A high level of Cs'’? (with a 37-yr half-life) was found in a cocenut
crab, A similar finding was noted at one year Fost-detonation. In the
analyses from previous island resurveys, Cs!3? was the major radio-
nuclide found in land food plants and also in the tissues of land animala,
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 concentradan
of activity than those from Rongelap, in spite of the lower levels ol rzdio-
active contamination of Rongerik and the fish in its lagoon,

The tidbia 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 observarfons, J.K. Gong, W, Shipman, S.H, Cohn, and H,Y. Welss,
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L E TABLE 4.4
: Summary of Gross Beta and Gamma Activity in Birds and Eggs
[ L ~ ' Average Radicactivity
S Island sample  No-of yopon Beta Gamma |
T Samples oy (d/m/sample x 10-4)(d/m/kgx10~%) (d/m/sample X10°4)(d/m/kgx16"4%)
: Rongelap Atoll
& e Rougelap Tem . _ _ _
Egg shell 1 [ NDA 0 o 0.62 10,3
b Egg, soft ussua 1 33 0.26 e i 0.i1 3.3
Gejen Tem 1 © 92 093 ; -101 032 a5
% Viscera 1 10 0.38 .~ - 3.8 0.025 0.25
" Mauscle 1. 141 NDA 0 7 . 0,019 14
Tibia 1 ' NDA . 0 ~ NDA o -
: Kabelle Tera 1 145 1.1 1.8 C-1a 12
& Muscle 1 16.9 0.1 5.9 : 0.13 7.7
' Tibia - S S 0.9 0.07 19 » 027 30
Egg shell 2 .63 NDA o . 013 28
Egg soft tissue 2 22.8 0.15 87 . .03 13
Allingnae Atall o
sifo Tern 7 116 038 .+ 83 1.7 147
Muscle 1 1.7 0.057 . . 4.9 0.43 33,7
Viscera 1 0,08 - 0.14 .
Tibla 1 0,31 NDA 0 NDA - 0
Lgq shell 1 6 NDA 0 0.08 10
Egg, soft tissue 1. a3 0.26 - 19 ' 0.11 3.3
Rongerik Atoll o .
Enjwerak Tern 2 92 1.9 21,0 0.9 9.8
Muscle 2 19.7 - 0,04 23 0.03 .9 -
Tibla 2 .23 NDA 0 NDA 0
Viscera 2 0.05 i 0.09
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*ha ahsclute zotivity wasg extremely low and therefore of danbiful gtatis-
tical significance. 7The muscle in the terns conizined 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
7 x 10% to 8 x 10* d/m/kg, while the shells showed no detectable activity.

Radicanalysis of a rooster 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 2 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 bedy was concentrated in the skeie.
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., T7The activity is diffusely spread throughout the bone,
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: TABLE 4.5 -
: Summary of Groes Beta and Gamma Activity in -
* Rongelap Island Animals :
* } Radicnetivity
! ' No, of Average " Bew Gamyna
Sample Samples Welght  (d/m/rample (d/m/%g (d/m/tample (d/m/xg
: @) x 1074) x 10-%) x 1074) x 10-4)
!
| Rooster 1 2250 : :
i Skeleton 580 52 93 101 181
g Muscle 1050 5.1 4.9 - 6.9 8.6
Gasuolatestinal Tract 185 0.8 4.3 1.6 8.7
Liver 192 2.4 12.5 9.4 43,0
- Respiratory Tract _ 32 0.2 8.7 A 0.4 174 )
Total Actlvity , 60.5 s,
Raus 4 62.9 . )
Skeleton 4.1 0.73 179, 0,15 35.5
Head 5.4 0.13 a8 0.1 18
Muscle 33 0,L3 1.3 0,04 15.2
Gasurolrtestinal Tract 10 0.02 30,0 2.27 21
Liver 3.8 0.02 1.7 0,08 15.8
Respiratary Tract 0.5 0,03 62,0 0,02 36.0
Total Actvity L4 0.64
é
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SUMMARY

The residual radicactive contamination on the Marshall Islands and
in the surrounding water vas evaluated two years after the nuclear
detonation of Operation C.43TLE by an examination of plants, soil,
water, fish, marine invertebrates, birds and land animals and by gam-
ma survey of the islands, '

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 zci:ve than their fruit counterpart in the coconut
palm, paadanus 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 was similar to that of
a year 2ago. Coconuts wwere more radicactive in the current survey than
in the previous one, I:terpretation of the data indicated that this fruit
possessed an unusual capacity to concentrate cesium-137,

The aictivity in 1250 :a, ocear, cistern end well water was either of a
low order of magnitu’: or imperceptible, In soil, the activity remained
firmly affixed to thz curface, Garama dose mcasurements indicats
that the reduction ia the gamma field wver 112 pas! year was attributable
to radioactive decay rather than to leaching or eroding of the nuclides
from the soil,

Expression ». 5r® 2ssays in terms of sunshire units showed that
portulaca, cocvaut husks, pandanus keys and air roots,and certain pot-
able water exceed the maximum permissible concentration.

Significant levels of wciivity reraalzed in land animals although marine
life contained the aighest concantracions of intzrnaily deposited radio-
nuclides of the animals analyzed, Wie levels of activity in fish were
approximately ~ne fousth of those delsvmined at one year post-~detonaticn,
However, the tissue distrivuion of Zonivisr nod pot aliered signilicantly,
The rare earth group censtitmted a syl Iraction of the total activity
in fish and a larger proportion in mzrine invertebrates, Strontium-3%0
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‘ contributed less than one per cent of the total beta activity in all marine
BP2ClMEns CRUUPL OLe Lxw,

- 5

; 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 conceniration in the soft tissues of
clams,

f : ' _:;. . %o . _.‘.‘. . R o o . ,
o ‘ . : Approved by:

1
J; '  P.C. TOMPKINS
) o A 5 e o Scientific Director
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’ GROSS BETA, GROSS CAMMA, AND NUCLIDE ANALYSES OF
1 SPECIMENS RECOVERED FROM THEZ MARSHALL ISLANDS
: TWO YEARS AFTER OPERATION CASTLE FALLOUT
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TABLE A,l .
Gross Gonuna Aahyvies an Tiaer, Vit - ¢
Source Gejen Enfwetak Enizetok FRengelap Sifo Tdrik Liktep
Plant Part BLANTS®? (e /m/xg x 10°5)
Portulaca Whole Mant 54.3 6.23 3.91 1.25 - 1.28 .B8
Stems, Leaves 5.31 2.68 .28 23 14 - 02
Arrowroot Tubers 2.67 .88 41 a3 49 a3 63
Aflr Root 2.82 290 .99 32 59 .03 .01
Leaves 2.58 2 48 A28 .15 .19 02
Pandanus Creen Kevs 1,78 48 99 he 12 L4 L2
Ripe Keys - - .83 20 = L4 02
Ripe - - - A2 - .12 -
Papaya Green - - - A8 - 01 03
Leaves, Trunk - - - .05 - 117 .08
¥ 23 B 1.38 3 39 4 0 :
eat 1 g . . J c
LA (S Shell 530 .38 1,03 %3 .30 o4 .02
Husk 5.68 1.25 3.18 1.3% . 10 017
Vhole 4,17 - - - - - -
v = 37 i 8 s 0%
eat o o o < PP . . .
A SR Shell : : 1.0 - 32 03 .04
Hus - - 19 A2 5 K .02
Shell, Huk - .32 - - - . -
Milk - 1,42 80 R-14 1M .é% .32
Meat - i Wi 88 B d o
Sprouting Coconut o 1y - 93 oy 19 02 .02
Husk - 1,22 2.49 147 .82 A1 .08
Leaves - 10.6 0% - S0 2,80 1,09
Coconut Frond - . .82 - .33 .0 .10
Leaves, Frond 1.87 - - - = o
Fmit - - - - - llo
Banana Bark - - - - - - 02
Leaves - - - - = = .05
Leaves, Stalk - - - - - - .08
Taro Tuber, Fudis
with Scli - - - - - - 08

(a) AN cornzg vere coirzetcd for sty oo e cfileter 0T,
(b) Gross gamma sctivity of plant ramples wat datenrin. d 1 £prl 1883 and that of soil and water In
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TABLE A.l (continued)

-~y

Utirlk  Likiep

Clstern
Weil

WO e PO TS

Ocesn
Lagoon

NERTTT IO

! ) Depth (in.)
' 0-1
12
- . 18
2%

wATEXD)

(c/r /e x 10'5)

!* s - -05

02  NDAY DA
.03  NDA NDA

soiL®)  (c/m/kg x 16°5)

4.23

24 22 NDA .09
008 8 &) 23 .10

] as NDA - - R 1 - - o
. 3 - - - = - - .23
44-45 - - £8 o - o -
43 o .19 - - .30 - o
55-38 - - - - - NDA -
() All counts were carect 2 © © the corntl g e ctene r ef Cu59,
(d) Gross gamma activiry ¢f plo . samples was derermized n 42001 1856 and that of sofl and water in
May 1958,
{c) NDA (ndicates no detrctable actlviry,
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mAnYT T I
-~ Nuclide Analyses of Plant, Soil and Water Samplesid} i
Cidategations (&/m/ ks or d/m1/i{t2r)
Lland Sample T 570 BT Rulo8 (M)
Gejen Sofl {0-1 tn.) 1.75 x 198 5.3x10°  3.49x13°  3.23x10°
Portulaca 4.2 x 138 2.3 x10% 1,00 x1¢8
Coconut, Whole 5.3 x 102 9.2x102  1.3x10%
Coconut Mitk 6.0 x 102 6.0 x 102 2,7 x 105
Coccnut Shell 1.5 x 103 npal®) 4 x 108
Coccnut Meat 2.2 x 102 1.5x102 2,1 x108
Coconut Husk 1.3x 103 1.2x108  51x10% ;
Anoviroot Leaves  ©.3 x 105 1.9x10%  Tax10f 8.8 x10° ;
Arrowrcot Tubcrs 5.1 x 104 1.9x108 14x108 1.3 x 10% :
Pandanus Leaves 4.4 x 104 3.5x108  1.9x108 9.9 x 103 ;
Pandanus Alr Reot 4.3 x 104 NDA 2.6 x 108 ;
Enlactok  Sofl (0-1 {n.) 3.7 x 105 2.1x10%  6.1x103
Portulaca 1.5 x 105 45x10%  1.9x108
Coconut Husk s.2x 103 e1x108 57x 108
Coccnut Shell 2.4 x 102 2.8x16% 1,04 105
Cocoaut Meat NDA 1.1x12% 8.3 x 104 .
Coconut Shell NDA NDA 2.2 x 10%
Arrovitroot Tubers 5.2 x 103 8.2 x 102 5.1 x 104
Paodarus Keys 1.7 x 139 5.8x10%  e.ax:od
Pandanus Keys 1.5 199 2.60 103 Tt xaad
Pandanus Loaver 5.5 x 10% 46 ¢10t  2.3x109 5.72 x 10%
Pandanus Afr Foot 55 x 109 4.3 x202  3.9x104
Water, Well 1.3 & 16% NDA
Rongelap  Sofl (0-1 !} 7.2 x 109 33«15 17x 104
Papaya 7.1 x 103 9.9 x10¢ 3,2 x 109
Coconut sk 3.1 x 103 1.7x103  2,1x109
Cocoaut JMaat MDA 25x102  1,9x 104
Water, Clwicrn 7.8 % 102 10108
Water, Ccenn 1.3 169 botak!
Water, Lagcoa 1.8 x 163 oK
Eniwetak  Sofl (0-1 fc.) 2.5 5 128 St zoa108 2,1 2 10°
Covonut Leaves 8.7 x 16% 56 108 7.3 x 104 6.07 x ic%
Water, Lagooa 6.7 x 16° LA
Water, Ocean 4,5 x 102 EDA
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Nuciide Analyses oi ilani, ool and Water Samplesi¢)

Island

Disintzorations (1/m/ ¥ g or d/m/ter)

——

a4 i S g g oy 4
P A g 1 g £ e —n  + e

';:ﬂllﬁ)ﬂ 90 Cs137(b) R, 106 (b)
Sifo Soll (0-1 in.) 2.1 x 1098 1.3x10%  3.6x103 7.2 x 103
Arroviroot Tubers 1.3 x 103 26 x102 2.8x 104 .
Utlrik Soil {0-1 iny) 4.1 x 105 48x10% 3.3x103 8.7 x 104
Coconut Leaves 3.2 x 105 NDA 2.4 x 104 9.9 x 103
Water, Well 2.5 x 162 39
Water, Viell 70 NDA
Water, Clstern 1.8x 102 20
Water, Ocean 5.9 x 102 NDA
Wa.ter, 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 1936,

Samples were analyzed for 5:%0 in July 1958,

(b) Eewa counting efficiency for Rul%, 5137, and total rare earths was compared with Uq0g
standard, Absorpzion corrections were computed from Al curves for Rul0 and cs137,
corrections for total rare eartas, from A} absacption of Cel#4,

(c) NDA indicates no detectable actviry.
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} ’ S Gross Beta and Gamma Activity of Animal Specimens .
t : e - e ——— e o -
} Wet Greo Beta Gross Gamma
Sar;nple Sample Tlssue wt {d/m/sarmple  (d/m/kg (d/m/sample (d/m/fkg
0 ' @ x 10-4) x 104) x10-4)  x10-%)
E RONGELAP ATOLL
o Rongelap Island .
i
P Fish _ .
f 15624 Mullet Whele 182 1.8 8.9 43 26
! 1505 Groupet Whole 10 0.2 20 0.07 1.0
: 1512 Surgeon Vihole 40 0.3 1.5 S % 43
¢ 1502C Goat ¥hole 218 8.8 40 15.8 T
;5 Muscle 87 1.1 12 ' 2.1 %
: Bone 29 1.5 52 2.1 95
) Viscera 10 4.9 490 2.8 280
- Gills 12 0.8 52 2.2 190 -
} Head 28 0.45 17 - 3.3 130
i Skin 28 0.2 5.1 2.4 200
1507C  Grouper Whole 453 5.2 12 5.7 13,0
Muscle 172 0.4 2.3 0.5 2.9
: Bone 13 1.4 19 2.6 38 .
: Viscera 50 1.9 21 14 15
Gills o 0.3 33 - 0,28 28
- Head 36 0.8 22 0,7 20
! Skin 38 0.4 11 0.28 6.8
j
% Cla
; 1509 Killes Soft 1809 20 11 a 18
‘ tissue
E 1513 Killer Soft 882 3 35 83 o4
tissue
Seaih
1522 Snafl Soft 37 0.c8 1.3 0,07 .1
thse e
1530 Snatl Soft i13 8.3 60 12 100
tisice
(Continued)
|
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TASLE A.3 Coat'd

Gross Beta and Gamma Activity of Animal Spe‘c"imens

{ s 1 ’ Wet Gross Beta 7ross Garams
N leP € Sample Tlssue Wt (d/a/sample  (d/m/kg {d/m/sample (d/mskg
Dl % ® x 1074 x 10°%) x 1074 x107%)
N Ei RONGELAP ATOLL
f :’ Rongelag island
i
} :: Crabs
P 15028 Coconut Saft 114 3.5 31 3.1 1
i’ tissue
1 1520A Langousta Soft 79 1.3 16 2.1 2.1
[ tissue
1520C  Red eye Whole 57 0.75 13 3.8 61
} o 1520C ! Reef Whole 61 0.25 4.1 0.99 16
i 1520D Red Spouwted  Whole 13 0.75 10 0,43 5.8
. 1529  Grapsus (2)  Whole 94 0.88 9.3 3.8 41
1533  Hermit Whole 88 8.9 100 1.3 15
Eel
; 15028 Moray Whole 136 1.3 9.2 8.4 62
; o
: Birds
_ 1020  Noddy tera  Fgg shell 6.0 NDA ) NDA 0.62 103
Egg, soft 33 0.28 1 0.11 3.2
tissue ;
! 150  Rooster Whole 2250 :
I G.1. tract 185 0.80 4.3 1.6 8.7
b Muscle 1050 51 4.9 8.9 6.8
. Liver 192 2.4 12.5 9.4 49,0
;| Respiratory 23 : 0.20 8.1 0.4 17.4
} : system
t Skeleten 560 52 93 101 131

(a) NDA - Nodetecrable activity (Continued)
e}

. N -

! -
mm""‘?"‘“ﬁw e LT
[P, ~t . o

R i S | BRE by B TR g 0

mewimey prn:




§ i T D s s e |
i3
i .
¥
{
,,g i D
. oo ed boE e =
~4
B Gross Beta and Gamma Activity of Animal Specimens
g ey r—— =3 = ey
z G ’ Wet Gross Beta Geoss Garmnma
& No, Sample Tissue We (d/m/rample (d/m/kg {d/m/2mpe  (¢/m/kg
i - ! ® x 107%) x 1074) x 107% x 10%)
# ’1 : RONGELAP ATOLL
g ¢ q l Rongelap Island
T . 1
‘; 5
A Mammals
& ‘ 1514  Rat Whole 48.5
: G.I. tact 1.65 0,38 13.8 0.25 32.7
‘8 ) Skeleton 3.1 0.58 187.0 0.15 48.3
% | skin, 30,0 0,39 13,0 045 15.0
1; ’ muscle
é’i Head 4.2 0.14 33.3 .086 20,5
meo Liver 2.86 .063 221 052 18.2
] i Resplratory 39 029 4.3 015 385
ii tract
A 1515 Rat Whole 85
5! G.1 tract 10,5 K1Y 32.3 26 24,7
é Skeleton 4,2 0.74 175.0 0.51 121.0
! skin, 40,2 0.1 n1.8 073 1.8
3.,;,? mus.je .
Head 5.6 19 4.5 .085 15.2
i Liver 3.1 071 19.2 .061 16.5
A Respiratory 0,52 L1 73,0 023 42,3
“5 r2ce
i 1516  Rat “Whole 91
: G.1, tract 14.4 0,20 14.3 025 1.7
8 Skeletoa 5.8 74 127.4 A3 3.0
] Head 7.8 A5 19,3 .08 10,2
9 skin, muscle  57.0 .28 8.4 .13 2.3
¢ Liver 5.2 . .09 1.3 061 11.9
Respiratoty 2,713 .02 274 022 30.1
3 tract
4
1511 Rat Whele 27
b : G.l uasz 7.4 03 43.8 34 43.0
a i Sketeton 2.7 47 369.0 .30 111.0
4 : skin, muicle 29,4 A3 282,0 0,14 43.8
W Head 4.1 3.3 31.8 0.14 34,1
, | Liver 2,1 068 32.6 049 18.1
g Resplratory 0,38 038 95 011 23
N l tract
i , (Continued)
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{ 1 f TABLE A.3 Cont'd
o 4 ? Grosa Lo and Gelia:a o 10y Ui oisisids wpeCiilicad
s e ——
i E Sample _ Wet Gicss Beta Gross Gamma
z i No?‘ Sample Tissue . - Wi (d/m/sample (d/m/kg (d/m/sample (d/m/kg
: sr Al , ® x 1079 X 107%) x 1074 x 1074
I [ RONGELAP ATOLL
| ‘ » Enlaetak sland
B B
S
: ; ‘ Fish '
4 _, 1523 Angel Whole 48 0.98 20,5 2,78 57.4
: t 60  Mullet Whole 80 2.38 29.7 1.08 13,2
! 1525C  Pamot Whole 55 1.38 25.1 2.0 38.7
. { 1 1525A  Parrot Whole 1140 18.8 16.5 3.9 2.4
e . Head 135 045 333 1.0 52
} : ‘ ‘Gill 56 0.55 9.9 4.1 13.2
" _f : Viscera 164 15.9 91.2 11.5 70
b T Bone 210 0.76 3.6 7.1 33.8
el i Muscle 338 0.67 1.99 4,1 12.1
5 0 : Skia 131 0.46 3.417 3.07 23.4
l . 15258  Goat Whole 87 0.39 4.5 1.5 56
{ y Clam ,
l i 1527  Kilier Soft tissue 136 3.3 4.5 6.5 8.8
T cub_
i 1524  Grapsus Soft tissue 82 .37 4.8 1.2 4.1
H Bird
) 1004 Plover Whole 281 1,25 44 5.3 18,2
Gejen Island
Fih
1620 Snappet Whole 1.7 5.3
1630 Gtouper Whole 169 1.8 10.4 9.6 87
1623 Squirrel Whole 218 1.3 5.8 7.1 52.8
: 16234  Squirrel Whoeie .89 3.6 19,2 12,3 24,9
16233  Squlerel Wikle 113 2.5 21.2 10,3 81,1
1624 Butterfly Wisle 118 1.1 62 21,2 185
(Continued)
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! TABLE A.3 Cont'd
i
i Gross Dola aud Ganunag cact.viy of Anloral Spevlhinens
Sample Wet Gross Beta ) Gross Gamma
No. Sample Tissue Wt (d/m/t_-‘imple {~5/'m£l~:3 (d/m/c:imple {d/m/ky
; S @ x107% x 104) x 107%) x107%
i * RONGELAP ATOLL
’g ) 1 Gejen Island
: ; Fish (cont'd ]
e Eish (cont’d) .
? 1625 Surgeon Whole 138 3.9 28.5 7.2 53
B 1521 Snapper Whole 1154 26.3 23.0 81 75
| _ , Head 219 6.8 30,1 24,1 113
. Gill 28 1.7 58,9 2.1 14.2
i Viscera 81 6.1 70,1 15.9 184
3 Muscle 511 5.4 105 16,8 32.8
A Bone 113 5.5 31,8 15.1 907
: - Skin 3 1 13,7 11.8 161
' Crabs
i 1629  Sand Whole 48 1.3 23,3 2.3 39,1
! f 1632 Red eye Whole 32 0.88 21.3 43 134
3 B
‘! Snafl
i 1636  Spidet Soft tissue 91,5 11,3 . i24 6.5 N4
: \ 1637  Spider Soft tissue 90 18.1 207 18 201
; | 1638  Spider Soft tissue” 56 - 102 1820 68 1210
' ‘5 1639  Scorplon Soft tlssue 39,5 1.1 440 23 580
1
v Birds
1035 Fairy tern Whole 92 0,93 10,1 0,32 3.5
W1035  Falryten  Viscera 101 .38 0.38 025 0.25
Muscle 141 NDA oo 019 0.13
Tibla . . NDA NDA
Kabelle Island
Fish A . . o o
! 1540  Grouper Whole 176 - 0.7 13.4 6 107
; {Continued)
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f i TABLE A.3 Cont'd
i
N Gross Azt e 59 @i oer o R 5 oL 2838550
. S ER N -
i ! * . Wet Gress Bata Gross Gamna
LR ; Sample : . ) 471m /b : ;
i . No, Sampla Tissue Wt (d/in/sample {d/in/kg (d/misampie (d/m/kg
: ® x10-4)  x104) x10°4) 21074
by :
dioe -
Al " RONGELAP ATOLL 3
Y e
* Kabelle Island
| E——
“i» ‘1? Fish ‘cont'd)
1 : 1538  Red snapper  Whole 135 12.8 11.0 18.5 25.0
_ ] skin 89 1.0 11,2 4.1 45,1
¥ i Muscle 281 0,95 34 0.69 2.4
M 7 Bone 141 2.4 16.8 4.4 31.3
| i Gill 24 0.45 18.7 11 “
%;. | Head 60 4.5 - © 19 32
vg ;' f Viscera 140 2.9 29 6.3 64
9; P 1544  Parot Whole 1357 24.8 129 . 7.3 36.5
o i Viscera 258 5 19.4 8.8 .3
L ‘; Muscle 691 2.4 3.5 6.8 9.5
! Lo Head 280 : 8.5 30.4 20,9 4.8
I Skin 223 1.1 5.0 8.9 39,9
ii Gills . 58 _ 0,83 14,1 2.1 49
i | Bone 449 ) 25.8 23.4 86
. 1541 Bunerfly Whoie kE 0,023 9,1 1.9 53.6
; 1543  Damsel (§)  Wa.le 63 1.5 21, 3.8 54.9
% Snail
: 737 Helmet Soft tissne 4T 4.8 117 11.9 43,9
P {
. Birds
; , 1010  Fairytern  Muscls 1.8 0,033 4.3 012 1.8
7 ¢ Tibla 0.3 NDA NDA
! 1011  Fairytem  Muscle 1.2 ).c28 2.5 045 4.0
: Tibia 0,23 DA NDA
1012 Noddy ten  Whole 145 1.1 1.8 1.1 12
; 1013 Noddytern  Muscle 16.9 1,10 5.9 0,13 1.1
i Tibla 208 2,0 1.5 0,027 20,2
‘ ! 1014 Noddy tern £y Shell 3 “iDA NDA 0,13 213
. ; Eig, solt 21 .08 3 0.03 1.4
N t tisss
} {Continued)
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: TABLE A.3 Cont'd
H .
)‘ ("!‘F‘,““i “1"‘9"’ ’7'\"‘”» P PEIETR ) S I T L PO ”--‘{‘j’«v.- e
:’ Sam 1; _ Wet Gic's Beta " Gres Gamma
; N P Sample Tissue Wi (/mmfeample (3/mfg {I/m/iample (d/m/kg
i o ) x 10-4) x 10-4) x 1074) x 10-4)
! :
v L
' ! RONGELAP ATOLL
; ¥ Kabelle Island
v
; % Birds (cont'd)
‘ ! 1017  Noddy tern  Egg shell 4.5 NDA NDA 0,13 28.4
; . g Egg, soft 24.5 0,24 9.5 0,03 1.4
' g : tissue ‘
¢ '
! 1 E
. RONGERIK ATOLL
} Eniwetak Island i
¥ .
(o Flsh = -
b 15598 Surgeon Whole 105 0,41 *9 0.69 8.7
: 1561 Half-beik 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 44 0.24 2.1
o 1565  Squirrel Whote 102 0.15 1.4 1.2 11.8
P 1560  Squirret—  Whole 387 0.41 1.1 2.0 5.2
i | Head 64 0.23 3.8 0.55 8.8
. Muscle 113 0.04 .38 0.27 2.3
Gill 13 0,02 1.2 0,08 6.5
: Yiscera a8 0,04 1.1 0,38 9.9
> Rone &5 0.08 0.96 0,39 6.0
; Skio 76 0,02 0.19 0.35 4.5
: :
f - o
. Crad
j 10256  Red eye Whole 60 0.17 2.8 1.1 18.3
Birds
) 10253  HModdy tern ATARAY) eg 3,1 31 1.9 208
; 10250 Falry tem Wone a3 0,78 8,3 NDA
i 1025A Faly tem whle 3 :
fuicle 12.4 0,033 2.1 0,028 2,22
Tibla NDA NDA
Yiscera 0,075 0.12
: ) (Continued)
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TABLE A.3 Cont'd

Grosa Deta and Cormmo Aotivity af Animal Sneoaineory

Sample Wet Gros Beta Gross Garams
Nop - Sample Tissue Wt (d/m/sample (d/m/kg (d/m/iample (1/im/vg
. (1) x 1074 x 1074 x 1074 x15°Y
Lt RONGERIK ATOLL
i Eniwetak Island
o b -
' 1025C Noddy tem  Whole 211
. YMuscle 27 0.05 1,9 0,038 1.45
t Tibla 0,23 NDA NDA
) Viscera 0.03 0.0S
I
' AILINGNAE ATOLL
B - Sifo Island
Fish .
{ 1551D  Surgeon Whole 45 0,37 8.2 0.55 12,2
i 15511 Damsel Whole 25 0,18 1.1 0.42 16.7
! 1552 Angel Whole 203 0.68 3.4 5.0 24,1
1555 Butterfly Whole 134 0,32 2.4 18 12,3
1551A  Red snapper  Whole 640 3.2 5.0 38.9 £1
Head 115 0.73 6.3 9.9 £6.1
Gills 18 0,12 6.1 2.1 153
Viscera 24 0.93 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 4,1 5.9 78,7
1551C  Squirrel Whole 373 0,28 0.75 3.5 9.4
. Head 57 0,035 0.61 0,96 8.9
Gill 12 0,012 1.0 0,19 15.0
: Viscera 38 0.6617 1.86 0.41 115
; Muscle 107 0.061 .57 0.41 3.8
Bone 53 0,052 .93 0,72 13,6
§ Skin 84 0,051 .61 0,83 9.9
[ '
E ; Crab
: ‘ 670  Hermlt Whole 52 2.1 40,2 0,86 18,5
\ 672 Coconut Soft tissue 150 1.2 1.9 1.5 10
’ 1021  Reef Whole 121 0,30 2.5 1.1 14.4
10211 Hermit Whole 3s 0.81 23,2 0.44 12.8
! (Continued)
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TABLE A.3 Cont'd
; Grose Seta and Ganma Activity of Aviinal Sveclmens
i
i — Wet Cross Beta Gross Gamma
H N“;P ° Sample Tissue wt {(d/m/sample {d/m/kg {d/m/sample  (3/10.%kg
é . ® x10%) x107% x107Y)  x107Y)
Al i‘,
{‘ ‘. AILINGNAE ATOLL
b sifo Island
. }
! d
i Clam N
l 1549  Killer Soft thsue 1104 7.1 64 17.1 15,0
{ |
E ; Birds
; Ll
! 1018  Falry tern Carcass 99 1.0 10,1 0,17 .17
Muscle 16 0,078 4.9 0.46 28.9
Viscera 0.05 04
i - Tibia 297 NDA NDA
b .
=
; 1019A Noddy tem Carcass 96 .038 3.9 3.3 33.8
i Viscera 0,072 0.20
§ Muscle 10,7 0.05 468 0.56 5.3
; Tibia 0.265 NDA NDA
¢ 10198 Fairy tern Whole 163 ‘ ,
-; Viscera NDA 0.14
i Muscle 7.9 0.05 €.3 0,016 2.1
! Tibla 0.34 NDA NDA
! 1019C Noddy tem Whole 185 0.18 0.86 0,025 3.37
e 1022  Noddytera  Whole Y
{ d Viscera 0.24 0,175
: Muscle 10 0.04 4.2 0.44 44.
) Tibia (2) 0.72 NDA NDA
1020  Noddy tern 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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N Gross Betln oo Qo puileaty x S 3
Wet Gtoss Beta Gross Gamma
Sample - e 7
' No Sample Tiisue Wi (Hm/sample (d/m kg (#/misimple (d/m/kg
| e @) x 167%) x 1674} x 10°4) x 1074)
5
| UTIRIK ATOLL
Vi Utlrik Island
; Fish
1573 Squirrel Whole 23 NDA 0,12 5.4
1576 Angel Whole 44 NDA 0,07 18
1581 Goat Whole 48 0.2 8.5 0.14 2.9
| 1583 Damsel Whols 48 NDA NDA
i 1584 Butterfly Whele 68 NDA NDA
' 1596 Mauioi Wholz 129 0.88 8.8 0.58 4.5
1597 Half-beak Whole 13 NDA NDA
] ’ 1580  Gray parrot  Whele 425 0.68 1.5 0,87 2.1
Head 32 NDA - 0.09 2.8
GilL 10 NDA 0.04 4.1
- Viscera 82 3,38 4.6 0,15 1.8
Bors 65 0,13 1,9 0.13 1.9
Muscte 172 0,15 0.87 0.22 1.3
Skin 47 NDA 0.24 5.1
1
; Snail
! -
: 1550 Ghost Safr tisue 19 ND4 0.075 3.3
{ 1591  Reef Soft tissue 185 NDA 1 4.6
i 1585  Spider $07 tissue 9.613 NDA
{ .Mammai
§ 1571 Rat T!hz2 (2) NDA NDA
!
] (Continued)
)
}
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' ! TABLE A.3 Cont'd
L
~ Qross beid 3iid udaalsid J'J.'m.ﬂli\..;‘ VE diideaiinie ..;R,m.-..-.“s,u..i
{ Sample ) Wet Seazs Beta — . Grois ©r rm.:m
No, Sample Tisue Wt @/m/rample (d/m/kz (d/m/sample (d/m/kg
' { ) x 10-4) x 10-4) x 10-4) x 10-4)
; LIKIEP ATOLL
'-r '? . Likiep Island
, Fish .
; 1605 Butterfly Whole 119 0,25 2.3 0.31 2.8
1607 Parrot Whole 249 NDA 0,38 1.1
; 1611 Damsel (3) Whcle 61 0.38 6.2 0.13 2.1
g 1612 Surgeon Whole 51 NDA 0,02 0.39
1613 Grouper Whole 18 0.38 4.9 012 .18
B 1609  Gray smapper Whole 453 1.1 2.4 2.2 4.9
Head 38 NDA 0.021 5.5
Gill 14 NDA NDA
Viscera 18 1 12.8 2 25.1
} Muscle 144 0.1 0,7 0.21 1.5
8 Bone 89 NDA NDA
Skin 63 NDA NDA
]
i
¢
¢
{
t
i
1
i
!
¥
.
:
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15 CO, Chemical f;lorps Board

16 Chief, Arme: “orces Special Weapons Project

17 AFSWP, SW7'(C, Saadia Fase

18 AFSWP, Fisld JJcmmand, Sandia Pase

19 Assistant Suc: ary of Celiase (Re:, wnd Dav.)

20-40 USNRDL, Tecinical Information BPivision

Date Issued: 28 August 1956
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xaval Radiological Defense Laboratory,
USNRDL-45%5

| 'NIMALS, SOIL, AND /.
£ ULANDS TWO YEZAKS FOLLe T

AT RLLIOUT, MLV, Woelss,
L3 Aug el gy, L dehh
. ) alg G leve:
A .m.i amma!s Of l)u,-. | SRR
Vaned (WO years fter thear Conia . aislizg

{ by fallout from the March 1, 1954

| .uciear detonation of Operation CASTLE,
{over)

RESIDUAL CON'FAI\HNA'X'IO‘i G PLANTS
FiK 37 THE MARSHALL
CUERATION

Seit. Cohn and

:» CONFIDENTIAL
f ’ srmoentand distriburicn of iddivactive mate-
SV erotts and (nconporaed into
niards was deter-

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

3. Soil - Rad. cff.

4. Water - Rad, eff.

§. Fallout - Radiation from
I. H.V. Weisn

II. S.H. Coha

1. 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
CASTLE FALLOUT, H.V. Welss, S.H. Cchn and
others. 15 Aug. 195G, iv. E3p.rables CORFIDENTIAL

The amount and disttibution of radicaciive material

tcinaining on several atolls and incorparated into
plant and anunals of the Marshall Islands was deter-
inined two years after thelr contamination
by fallout from the March 1, 104

nuclear detonation of Cperation CASTLE.

(vver)

1, Plarn:3 - Radiationefiecu
2, Ani. i~ Rad, eff,

3, Soil - ad, eff.

4. Wai r - Rad. eff.

5, Fal' st -~ Radiation from

Naval Radiological Defensc Labaratory,
USNRDL-455
RESIDUAL CONTAMINATION OF 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. 1955, tv, 52p. tables CONFIDENTIAL

The amount and distribution of radicactive material

remaining on several atolls and fncorperated {nto
plants and animals of the Marshall Islands was dster-
mined two years after their contamination

by fallout from the March 1, 1954

nuclicar detonation of Operation CASTLE,

I HoV. oelss

fI. §.1 . <ohn

m. Ti

. C ;.8 Rk
V. N§ 5. -001

1. PL: :: - Radiation effects
2. An « s - Rad. eff,

3. So.. - ad, eff.

4. W: - Rad, eff,

S. Fa: ¢: . - Radiadoa from
I. H.' . eiss

II. & 1. Zohn

m. 7.3

. C... LE

V. N ¢ i=001

mrmw}

(over)
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Readily detectable amounts of radioactive conta mination were {2 in animals,

- plann and soil, Most of the activity in the edible partion of plag: < (imens was
contributed by cesium-137.
Tue major radionuclides found in e thisucs of fish was zinc-66 < 4 that Ig
clams, cobalt-80,
Re:idual soil contamination remiained confined to the iurface,
i" R LIy
i ) s A d?ﬁi" r*gig‘
' ] ot 4 3
#eadily detectable amounts of radioactive contamination were found in animals, Readily detectable amounts of radicactive contamination were i « i {n aninals,

# oo and sofl, Most of the activity in the edible portion of plant specimens was plants and soll. Most of the activity in the edible portion of plan: :  -{ment was

cLnouted by cesfum-1317,

[

Ao
i

. +dual soll contamination remained confined to the surface.

* major radlonuclides found in the tistucs of fish was zinc-65, and that In

caohalt-60,

contributed by cesium-~1317,

The major radfonuclides found in the tissues of fish was zinc-8&. . . that in
clams, cobalt-60.

Residual sofl contamination remained coafined to the suiface,

e
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Naval Radiological Defense Laboratary,

USNRDL-455

RESIDUAL CONTAMINATION OF PLANTS
ANIMALS, SOIL, AND WATER OF THE MARSHALL
iI3LANDS TWO YEARS FOLLOWING OPERATION
j CASTLE FALLOUT, H.V. Weiss, S.1i, Cohn and
15 Aug. 1926, jv. 53p.tables CONFIDENTIAL

Tae amount and disuibution of radivactive mate-
i::l eriaining on several atolis and incorporated into
pieats sad snimals of the Marshall Llafds was deter~
tiiined two years after their contaminazion
by faliout from the March 1, 1954
nuciear detonation of Operation CASTLE,
(over)

i LT,

I

. Plants-Radlation effects
2. Animals- Rad. eff,

3. Soil - Rad, eff,

4. Water - Rad. eff,

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

If. S.H. Cohn

III. Title

1V, CASTLE

V. NS 081-001

Naval Radiological Defense Laboratory.

USNRDL-458

RESIDUAL CONTAMINATION OF PLANTS
ANIMALS, SOIL, AND WATER OF THE MARSHALL
ISLANDS TWO YEARS FOLLOWING CPERATION
CASTLE FALLOUT, H,V. Welss, §.H, Coui and
others. 15 Aug. 1956, v, 53p.tables CONFIDENTIAL

The amount and distribution of radfcacive material
remaining on several atolls and incerporated into
plantss and animals of the Marshall Islands was deter~
mincd two years after thelr conwmination
by fallout from the March 1, 1554
nuclear detonation of Ope:zation CASTLE,

1, Plants - kadlationeffects
2, Animais - Rad. eff,

3. Sotl = .aq, eff.

4, Water - 7.d, eff,

5. Fallou: - ..adiation from
I. H.V, Vii.s

. s.H., {ea

. Title
V. CAST &
V., NS 08:-{:11

Naval Radiological Defense Laboratory.

USNRDL-455

kESIDUAL CONTAMINATION OF PLANTS
ANIMALS, SOIL, AND WATER CF THE MARSHALL
(SLANDS TWO YEARS FOLLOWING OPERATION
ZASTLE FALLOUT, H.V. Weiss, S.H. Cchn and
oi.ess, 15 Aug. 19586, v, 53p.tables CONFIDENTIAL

The amount and distribution of sadioactve material
remaining on several atolls and incorporated into
~ixnls and animals of the Marshall Islands was deter-
mreed two years after their conuambnation
sy tallout from the March 1, 1954
suclear detonation of Operation CASTLE.

t
'

i e i

<

i

(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

I S.H. Cohn

1. Title

IV. CASTLE

V. NS 081-001

(over)
4
Naval Radiological Defense Laboratory, 1. Plants - Nl.diaton effects
USNRDL-455 2. Anima:s - Rad, eff.
RESIDUAL CONTAMINATION OF PLANTS 3. Soil = ©3d. eff,
ANIMALS, SOIL, AND WATER CF THE MARSHALWL 14, water - R:d. eff.
ISLANDS TWO YEARS FOLLOWING OFERATION 5. Fallout ~ _adiation fiom

CASTLE FALLOUT, H.V. Weliss, §.H. Cohln and
others, 15 Aug. 1955, iv. 50p, tables CONFIDENTIAL

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

{over)

I. H.V. V.ol
I1. S.H. (aln
1. Title

IV. CAST:E
V. NS 081-¢Cl
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Readily detectable armounis of radicactive contamination were found in animals,

nts and sofl, Most of tlie &cuivity In the edible portion of plant specimens was
voatnoated by cesium~137,

T - rejar radionuelides found in the ussucs of fish was zine-65, and that in

m., ¢obali-60.

nas o) ol conwwmipation remaiuca coafined o the surface,

weadily detectable amounts of radioactive contamication were found in animals,
»lants and sotl, Most of the activity in the edible portion of plant specimens was
zuvatributed by cesium-137,

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

iesidual soil contaminavion remained corfined to the surface,

e I e i

Readily detectable amounts of radivactive contamination we.. {.und in animals,
plants and sofl, Most of the activity in the edible portion of pi ot 1pecimens was
contributed by cesium-137,

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

Residual soll contamination remained confined 1o the surface.

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

The major radionuclides found in the tissues of fish was zinc- <0, and that in
clams, cobalt-60.

Residual sofl contamination remained confined to the surface.
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taval Radiological Defense Labaratory, 1, Plants-Radiation effecs | Naval Radiological Defense Labaratory, 1. Planu - a.lfation effecu
2, Animals- Rad. eff, USNRDL-455 2. Animals - [.ad, eff,

_+§|  USNRDL-455

-} RESIDUAL CONTAMINATION OF PLANTS

' INIMALS, SOIL, AND WATER OF THE MARSHALL
304 NS TWO YEARS FOLLOWING OPi:RATION
{A$TLE FALLOUT, H.V. Welss, S.H.Cohn and
i cthers, 15 Aug. 1956, {v, 53p.tables CONFIDENTIAL
' Tiw aimount and distribution of radicactive mate-
riai remmaining on several atolls and {ncorporated {nco
;lais and animals of the Marshall Islafds was deiet-
inined vwvo years after their contamination
by fallout fram the March 1, 1954
suclear detonation of Operation CASTLE.
(over)

LT R O R

3. Soil - Rad, eff,

4. Water - Rad, eff,

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

II, S.H. Cohn

III, Title

IV. CASTLE

V. NS 081-001

}CASTI.E FALLOUT, H.V. Weiss, S.H. Cohn and
‘otherz. 15 Aug. 1956, iv. 53p.tables CONFIDENTIAL

RESIDUAL CONTAMINATION OF PLANTS
ANIMALS, SOIL, AND WATER OF THE MARSHALL
ISLANDS TWO YEARS FOLLOWING OPERATION

The amount and distributicn of radicactive material
remaining on several atolls and incorperated into
plant 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)

3. Soil - R.d. eff,

4. Warter - 222, eff.

5, Fallout - i..dlation from
I. R, V. Wois

0. S.H. Cu:hn

I, Title

IV. CASTLE

V. NS 081- Gl
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! by fallout from the March 1, 1954

Naval Radiological Defense Laboratory.

USNRDL-455

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

The amount and distributfon of radicactive material

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

nuclear detonation of Opciation CASTLE,

1, Plants - R.diation effects
2. Animals - Rad. eff.

3. Sofl - pad. eff,

4, Water - £, eff,

5. Failout - ladiatlon from
1. HUV. Vel

II. S.H. (oia

1. Title

V. CAST.E

V. NS 08:-03L,

(over)

v ————

———— . N i M———



a

b v i ol e s

i

sl

s akildeh

B

o o
Lplr B N
TE PRI R

[

PRV W I

5 e

o£3

. oot v
rAAree KWL b e d

[N

R A SERCIE TSNS PP VRN e Tt T e

]

Lo o

[ e g

a8 S

R:adily detectable amounts of radic.ictive contamination wera fooud in antimals,

- oants and sofl. Most of the activity .. e edible partion of plant specinm.s was

~oainbuted by cesium-137.

The major radionuclides found In th: tiasues of fish was zlec-85, and tha: (n
lains, cobali-60, .

Residual soil contamination remained conficzd o the surface.

|
i

Readily detectable amounts of radicactive contamination wer: fcund in animals,

planis and soil, Most of the activity in the edible portion of pL.ai :pecimens was ~

contributed by cesium-~1317,

The major radioauclides found in the tissues of fish was zine-°5, and that in
clims, cobalt-60. i

Residiial soll contamination remained coafined to the surface.

Readily detectable amounts of radioactive contaminaticn wer i ad ln aaimals,
plants and sofl.  Most of the aciivity in the edible pariion of ple 4eimens was
contributed by cesium-137, .

The major radionuclides found In the tissues of fizh wae zine~« .. .pd that in
clams, cobalt-80.

Residual sofl contamination remained confingd 10 the surface.
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