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ABSTRACT
-.

The radiological contamination of Rongelap and Ailinginae Atolls in the

eastern Marshall Islands has been evaluated from samples of material

collected and from surface readings. The results of expeditions sponsored

by the United States Atomic Energy Commission, Division of Biology and

Medicine, and carried out by the Applied Fisheries Laboratory, University

of Washington, between March 26, 1954 and June 30, 1955 are summarized

in UWFL-42. Additional observations and collections made during October-

November, 1955, are evaluated in this report.

The decline of the radioactivity was found to be -1.75, i. e., r * t-1“75

and steeper than the rate of decay for mixed fission products at a year and

one-half (-1. 55).

The radioactive content of most samples collected from the northern

part of Rongelap Atoll continues to be higher than similar samples from

the southern part of the atoll. The birds continue to be an exception to

this generalization.

Soil and lagoon bottom samples were collected extensively during Octo-

ber-November, 1955. These samples show great variability. Activity

levels in the top 3 inches of soil at Kabelle and Labaredj Islands varied

from 4.4 to 11.5 Me/kg. The highest value (20. 3 pc/kg) of any soil sample

of

of

the October -No vember collections, oddly, was found in the top 3 inches

soil from Rongelap Island. Other Rongehp Island values averaged’
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1.7 pc/kg for the top 3 inches of soil. Similar samples from Enibuk Island,
-.

Ailinginae Atoll, averaged 0.61 #c/kg.

The decline curves and the chemical separations show a great variability

in the materials contributing to the radioactivity y of the various samples. In

the samples separated chemically, Sr90 is virtually absent in the coconuts

and in the marine animals sampled, but constitutes 2 - S percent of the

total activity in other land plants and 50 percent of the skeletal salts of the

land crabs. Radiocesium was found in only small amounts in marine ani-

mals, but accounted for up to 100 percent of the activity in some of the

land plants. The marine animals contdned more Ce 144 than the land plants.
8

Fission products do not account for all of the activity in most samples.
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-RAX3iOBIOL0GICAL RESURVEY OF RONGELAP AND

AILINGINAE ATOLLS MARSHALL ISLANDS

OCTOBER-NOVEMBER 1955

Introduction

During the weapons testing progr- in the spring of 1954 (Operation

Castle), radioactive fallout on some of the atolls was of sufficient intensity

to make necessary the evacuation of the native peoples as a health protec-

tive me-ure 1* 2S3. The contamination from radioactive material falling

upon the islands was especially heavy in the northern portion of Rongela~

Atoll and much less at Ailinginae Atoll. The summary statement from the

Eighteenth Semiannual Report of the U. S. Atomic Energy Commission out-

lines the contaminant ion due to fallout as follows.

The highest radiation measurement outside of Bikini Atoll
indicated a dosage of 2300 roentgens for the same period
(the first 36 hours). This was in the northwestern part of
the Rongelap Atoll, about 100 miles from the point of detona-
tion. Additional measurements in Rongelap Atoll indicated
dosages, for the first 36-hour period, of 2000 roentgens at ,
110 miles, 1000 roentgens at 125 miles, and f~ther south,
oxily 150 roentgens at 115 miles from Bikini.

h addition to the ex~ ernal ra~ation problem, there is also interest in

thefate of radi~active materials adsorbed or absorbed by the biota and

‘heir possible inclusion into the food of the native people, should they be

returned to the area.

Numerous ~xPedition6 have been made to the atolls to study the problem;
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rsdiation rea~ngs have been taken, samples collected, and changes re-
-.

corded. The results of the expeditions sponsored by the U.S. Atomic

~nerm Commission Division of Biology and Medicine and carried out by

the Applied Fisheries Laboratory, University of Washington, between

March 26, 1954 and June 30, 1955 are summarized in UWFL-42 5. The

results Of the jointlY-sPonsored expedition Of the AEC and the U. S. Naval

Radiolo@cal Defense L~oratorY during J~uav 1955 =e summarized in

WSNRDL-454 6,

The need for further studies to bring the evaluations up to date was ex-

pressed by the AEC Division of Biolo~ ●and Medicine in a communication’

from Dr. Charles L, Dunham, Director, on September 19, 1955. Acting

on this request from Dr. Dunham, a field party from the Applied Fisheries

Laboratory composed of Allyn H. Seymour, Edward E. Held, Kelshaw Bon-

-, and Frank G. Lowman left Seattle on October 12, 1955 and returned

November 13, 1955. Collections of material for radiological contamina-

tion evaluation and survey meter readings of residual contamination were

Obtained by the field party on their visits of October 21-23 and November 7,

1$5S to Roiigelap and Ailinginae Atolls.

The fine support @ cooperation from ~1 the organizations concerned

‘ade it possible to conduct this program with the maximum of efficiency.

‘e we especially grateful for the support received from the Division of

‘iO1oflY and Medicine, the Eniwetok Field Office, Holmes and Narver, the

“‘o Naval Station, Kwajalein, and the units of the Department of Defense

{ ’,’”;.”,’Stationed at Etiwetok.
[-,;;=,.’.
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Radiation -fieadings on the Islmds of Rongelap and Ailinginae Atolls

A~umma,ry of the radiation readings obtained on the five study-coUect-

~ng trips in which the Applied Fisheries Laboratory participated from

March 26, 1954 to November7, 1955is given in Tablel.

On the October 21-23 survey, Mr. Robert Taft, Radiological Safety Offi-

cer of the AEC Resident Engineer’s staff, accompanied the field party and

made the survey readings *th a Beckm~ MX-5 meter. Allreadings were

obtained one inch dove ground and were recorded in millirepa per hour.

The highest readings were again obtained on the more northern islands

of Kabelle

the shield

~aP 181and

and Labaredj where maximum readings were 4 mrep/hr with

closed and 14 mrep/hr with the sMeld open. Readings at Ronge-

and Enibuk Island (Ailinginae Atoll) were much lower than the

northern islands, in some cases approaching the background range of the

instrument (O. 03 mrep /hr).

The individual readings for the October 21-23, 1955 visit, with the loca-

tions and terrain conditions, are recorded in Appendix A.

It was- learned titer the survey group of October 1955 had returned to

thCEniwetok Marine Eiolo@c~ Laboratory that the Division of BioIogy ~d

Medicine was in need of a comPlete survey of the is~~ds with readings at

the three-foot level in addition to those previously taken at the one-inch

level. on November 7, 1955, Seymour and Held were flown to Rongelap
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and Labaredj Islands by the U.S. Navy plane, PBM 612. Their extensive
-. —

survey readings are recorded in detail in Appen&x A.
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Procedures Used in Collecting and Processing Samples and Recording—- -—.
Radioactivity

The procedures used in collecting samples of biological material in the

Marshall Islands have evolved over a period

during each expedition to obtain as complete

adequate evaluation of the problems studied,

of years. An effort was made ,Z~_e,

a sample as necessary for an

without completely swamping

the Laboratory with samples.

To carry out the program of sampling, specific animals and plants with

wide distribution have been selected for study. From these selected samples

certain tissues are evaluated to deter~ine the distribution of radioactivity.
t

Collections made in the field were retained on ice or frozen until they

could be returned to the Division of Biology and Medicine field laboratory

at Parry Island. There the organisms were identified, selected tissues

were dissected, weighed and then dried. The packaged dried samples, to-

gether with the data c~ds, were sent by airmail to the Applied Fisheries

Laboratory, University of Washingto~ for further processing.

At the AppLied Fisheries Laboratory, the dried samples were ashed at
.-

temperatures up to 540”C, cooled, slurried, dried, and then counted in an ~

internal gas -flow counting chamber. The counts per plate were converted

to disintegrations per minute per gram (d/m/g) of wet tissue, as of the

date of collection, by correcting for sample weight, geometry, backscatter,

self-absorption, coincidence, and decay. For a more cGmplete discussion

of these procedures see WT-616 7.
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I.n preparing the summary tables as used in this report the radioactivity
-. —

expressed in disintegrations per minute per gram (d/m/g) was converted to

microcuries per kilogram in the following manner:

d/m/g
pcJkg =

(2. 2)(10)3

[-y., -.-,.,1.,>
[’..4.

,. .,(,

9.
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~~= & Decline of Radioactivity in Food Items
-.

~h rate of decline is the rate of chmge of activity in a group of organ-

isms and is the consequence of the interaction of physical decay, of biologi-

c~ -~take, and of biological decay.

= activity of the principal food items for the five dates of collection

is presented in Table 2 and Figure 2. The values were obtained by aver-

a~- sample counts from all areas. The individual counts from which the

val= for the October 1955 collection were determined can be found in

lippedix B. For the earlier dates the values are taken from UWFL- 42,

Tabk 1. Table 2 and Figure 2 give tie general picture of radioactivity’ of t

the SC- items and are useful to those who wish to calculate the health haz-

ard. T%e coefficient of variation (standard deviation + mean) for these

valaes averages about 60 percent, which indicates considerable variability.

Area and species differences and sampling error acc-ount for this variabil-

ity. In the sections on fish, invertebrates, plants, etc. , the samples are

~ in smaller divisions, with area and species differences eliminated.

FrcnxI Table 2 the absolute values of the food items can be obtained, and

f- Fi~re 2 the rate of decline can be directly calculated. These data

are C1-est to being points on a straight line when plotted on a log-log scale

With March 1, 1954 as the date of origin. For the purpose of making an
.

WW~ ation of the general rate of decline, the slope of a Ieast-squ~es

k ~~rmined from the average values for all items on each collecting

-1.’75 (the decay rate** ~ calculated and found to be -1.7 ~, i. e. , r = t
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I00

DAYS AFTER MARCH 1, 1954

Figure 2. Rate of decline of radioactivity in food Items
from collections at Rongelap Atoll between March 26, 1954
and (lotober 22-2s, 1955; -
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for mixed fission products at a year and a half is less, being about -1. 55).

One- use of the de~line curve is to predict the level of activity of food

items at some future date. For example, if the value for a food item was

100 on November 1, 1955 it would be 85 on January

1956.

●

# 1956 and 56 on July 1,
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Evaluation of Radioactivity in the Biological Samples—
-. —

Fish

As part of the program to evaluate the residual radioactivity in the

food items of the Marshall Islands, reef fish and some lagoon fish were

collected from several areas in Rongelap and Ailinginae Atolls (Tables 3

and 4). The fish were collected by underwater detonations using Prima-

cord or by poisoning with derris root. Some specimens were caught in

the deeper waters of the lagoon with hook and line.

The species selected for analysis were those commonly found in the

Marshall Islands and included damse~ish, groupers, parrot fish, squi~rel- Q

fish, surgeonfish, goatfish, wrasse, snappers, mullet and tuna. The scien-

tific names of the species are given in the appendix of UWFL- 42.

The tissues used for analysis of radioactivity were skin, muscle, bone,

liver and other

as well as part

viscera. The latter included part of the

of the alimentary canal, in most cases.

stomach contents

From the October

1955 collections only the muscle, bone and liver were used, as these three

tissues represent, in the above order, the minimum, intermediate and

maximu-m amounts of radioactivity found in the tissues and serve as the

best examples of the trends. The itemized data for the October 1955 col-

lections of tissues and specimens of fish are listed in Appendix B.

The collections from Kabelle Island, which were taken over a longer

period than those from the other islands, offer the best data for determina-

tion of the decline of radioactivity in the fish. The collections from th.iS

[.:.,,;.,L:.’.’<.
L’:”!.:

k
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island were made in approximately the same area, a coral- fiUed channel
-.

open to the sea at high tide, lying near the north end of the island. The

data are summarized in Table 3 and Figures 3 and 4.

The radioactivity in Kabelle Island fish muscle tissue showed levels of

about 2.7 Me/kg on March 26, 1954. By October 1955 levels had dropped

to less than .030 uc/kg, which is less than (1 /2)6 that of the March 1954
b

samples and the liver samples ( 1/2)7 for the same period.

Decline and decay of radioactivity show differences in rate, the former

declining at a slower rate than decay the first 100 days after March 1, 1954,

and then at a greater rate thereafter; \hus the curves appear to be appr~xi-

mating each other at the present time. Differences in rate of decline and (

decay might be

March 1, 1954,

explained by the. postulate that in the

the radioactive materials existed in

first 100 days after

greater abundance than

could be utilized by the fish so that during this period the fish tissues were

more or less “saturated” with the materials. As the radioactivity decayed

and was dispersed with time, the tissues declined in radioactivity at an

increasing rate commensurate with the amounts available in the food chain

and in the surrounding water..-

Decline in amounts of radioactivity in omnivorous and carnivorous fish

indicates some differences in rate, at least for the first 100 days (Fig. 4).

These differences decreased with passage of time.

The grouper and damselfish in Table 3 represent rather common species

of carnivorous and omnivorous fish, respect ively, and are the best repre-

sented, of all the species, in the collections. Fcr the most part the a-ges

~-\,: ,.,.
~}’~j,

-<
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compare with_those of omnivores and carnivores generally.—.

In the data there appears to be a distinct pattern of relative amounts of

radioactivity in different organs which is maintained more or less con-

stantly, indicating that

mately the same rate.

Most of the decline

the activity in the various tissues declines at approxi-

curves and, at least the decay curve for muscle,

deviate from a straight line, and aithough the curves indicate some mixture

of isotopes, they do not apparently contain similar ratios of isotopes to

those found in the mixed product curve of Coryell and Sugarman (1951)8.

The distribution of radioactivity in ~he fish from various parts of Ro&ge -
t

lap and Ailinginae Atolls is summarized in Table 4. By October 1955 racUo-

activity averages of fish muscle tissue ranged from O. 009 pc/kg at Rongelap

Island to 0.033 ~c/kg at Labaredj Island. Liver tissues ranged from O. 20

pc/kg in Ailinginae lagoon to 1.6 pc/kg at Kabelle Island Cable 3). Extreme

range of the samples were, for muscle, O. 003 to O. 10 #c/kg and for liver,

O. 026 to 4.7 ~c/kg. In general, the activity was highest in the northern

islands of Rongelap Atoll. Enibuk Island, ( Ailinginae Atoll) and Rongelap

Island (Rongelap Atoll) appeared to be similar in activity.

The coefficient

Island fish, where

of variation for muscle tissue radioactivity in Kabelle

12 or more specimens were involved, varied from 46 to

143 percent. In liver tissue the coefficient of variation ranged from 64 to

119 percent. There appeared to be no decrease in variation with time.



,“-

-19-

Invertebrates
----

The invertebrates were assayed because of their potentiality as food

for humans and for animals that might serve as food. The giant clam,

longusta or spiny lobster, and coconut crab undoubtedly are eaten by the

natives. Corals and sea cucumbers are considered chiefly because of their

abundance and role in the ecology of the atolls.

Radioactivity in Rongelap invertebrates declined from about 102 - 104

pc/kg on March 26, 1954 to approximately 10-1 - 101 ~c/kg on October 21-

22, 1955, as shown in Tables 5 and 6 and Figures 5 - 10. Levels of radio-

activity in October 1955 at Kabelle, Labaredj, and Rongelap Islands and at

Enibuk Island

of wet tissue.

Appendix C.

9
(A.ilinginae Atoll) were, respectively, 3+, 6+, 2, and 1 #c/kg

Individual values for the October 1955 collections appear in

Liver of the spider snail (Fig. 8) averaged highest in radioactivity tlxough-

out the 1. 6-year period of study, being most closely approached early by the

hermit crab liver, which declined rapidly (Fig. 6) and at the end of the period,

by the slowly-declining coconut crab carapace (Fig. 5). The low level of

activity of the basic coral organisms (Fig. 10) is of special interest. Of the

tissues analyzed muscle had least activity, that of the giant clam in October

1955 being less than O. 1 #c#kg (Fig. 7).

The low level of activity in the giant clams, Tridacna and ~ppOpUS, pre-

sumably results from feeding upon plankton, which is also IOW. In contrast,

the spider sn~t, Pterocera, with activity about lo times that of the plankton-

~l;!;::.. ,, .,. ,
J >,-;,

2’
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COCONUT CRAB
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DAYS AFTER MARCH 1, 1954

~gures 5 (left) and 6 (right). Ecllne in r@~*ctlv~@
of’ tissues of coconut crab and hermit crab from the
northern Islands of Rongelap Atoll.
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GIANT CLAM
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H ‘1, 1954

figures T (left) and 8 (ri@t ). ~c~~xIe in ra~~ctlv~Q
of tissues of?gtant clam and spider snails from northern
Islands of Ron.gelap Atoll.
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SEA CUCUMBER

25 100
DAYS

10

I

o

CORAL

1
5 100 I

o
~TER MARCH 1, 1954

F@ures 9 (left) and 10 (right). Decline in radioactivity
of tissues of sea cuctier and of’ coral from northern
~alands of Rongelap Atoll.
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feeding C~amD feeds on bottom material, which is about 10 times that of

—

~~ankton.

me Iand-inhabiting hermit crab, Coenobita, and the coconut crab,

Z!E=’
were intermediate in their general

spider snail and giant clam.

As shown in Table 5 and Figures 8 and

evel of radioactivity between

6, rates of decline as expressed

on logarithmic paper varied from -0.9 for spider snail muscle to -2.8 for

hermit crab liver, and averaged -1.75.

Negative Slopes of Decline Rate ,of Invertebrates Logarithmically

Graphed in Figures 5-10, Based on First and Last Observations

Coconut Hermit Giant Spider Sea
Tissue Crab Crab Clam Snail Cucumber Coral

Muscle 1.3 2.0 1.7 0.9

Gut and
content 2.0

Integument 1.4 1.7 2.1

Liver 1.9 2.8 1.7 1.7

Kidney 1.3

Entire 2.0

.

Land tihants

Collections of both edible and non-edible plants were made at Rongelap

Atoll during the ~eri~d from March 26, 1954 tO October21-Z% 1955”ln

be lastSurvey, the emphasis was placed upon those plant parts important

inthe native diet. These food items included coconut meat and milk and
/./ ?.’5:-”!”’
‘z?ir?” ~

-d
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,.,

the edible portio~ of the papaya, arrowroot, Morinda and Pandanus pkmt~
-—

soil samples also were taken in tk vicinity of the plants in order to com-

pare the levels of residual contamination in these items and to determine

whether there had been any selective uptake of radionuclides from the soil.

Counts of all the land pl~t s~plea for the first five surveys are given

~ ~FL-42, Appendix Tables IV, V, and VI, and are summarized in Tables

7, g, and 9 of this report to include the values for the October 1955 collec -

tions. Values for these collections are given in detail in Appendix D.
)

1
(

Summary of Radioactivity in the Edible Portion of Land Plants and ‘ ,’

in the Island Soils Collected October 1955. Values Expressed in ‘f

pc/kg of Wet Tissue.

Rongelap Atoll

Coconut
Meat O. 038
Milk 0.045

Papaya
Meat O. 023
Seeds 0.079

Pandanus 0.074
Arrowroot 0.034
Morinda 0.013

Island Soil 9.2

.Soil: Plant Ratio - 190

Ailinginae Atoll

O. 008
0.011

0.017

0.005

0.007

1.2

I

!

,,. k October1955, the l~ve]s of radioactivity in all species of plantS W?re

higher at Ronge

In general, the
-i
,.”;,,

,’,
,,, ..,.

ap Atoll than at Ailinginae Atoll by a factor of two to seven.

evels in the plants were highest at the northern islands of

Melle and Labaredj. The only exception was the corm of the arrowroot
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~ble 8“ R_adioactivi@ of Edtble Plants Other Than Coconuts,
‘-~rch lg-54-@tober 1955

Values expressed In uc@g of wet tissue

Edible
~te and portion Seeds Skin Leaves m8c .

Island Name

Rongela Atoll
?3/26 W

~bared~ Morlnda

12/W54
ROngelaP squash

Wpaya
arrowrOOt
Florinda
h~s

1/29/55
~belle arroWrOOt

pandanus
-t
arroWrOOt
pandanus
~t

pg.ndantm
squash
spinach

lgQ@:(:5
arrowroot

LabaredJ pandanus
arrowroot

10m2/55
Rmgelap arrovmoOt

papaya
pandanu8

!%&li-
i da

Aillnglnae Atoll
10/2sfis
Enibuk Norinda

w~ti
~t

11.

;:;; .076
,068

●022
.028 .042
.027 .022

.030

.056 “

.007

.16

.080 .080
,050
.050 .061
.032
.034
.053 .013

.024

.W9

.020

.058

.023 .079

.071

.013

.007

.017

.005

490.

.032 .030

.044
.083

pulp
.024

;
.0 2
.0 7

#
.060

.086

.096

.017

.055 .010
flower

~- ‘l:’, ‘“,

[’4:’,.
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.3
~L~t in which the Rongelap island value was almost three times greater

~an for

toavoid

the dther collecting areas. The corms had been washed and peeled

contamination from the adhering soil. Since there is no evidence

to indicate that the rate of uptake of radioactive materials should be higher

at one island than another, and since the levels of activity in the soils at

Rongelap Island varied considerably in two neighboring locations (from 1.7

~c/kg to 20 #c/kg), it is probable that the arrowroot at Rongelap Island was

collected in relatively “hot” spots. In the early surveys it was found that

the meter readings were highest in soil depressions and in pits such as
;.

those usedby thenativesfor growingcrops,and this may account for the
● ?

values.

DuringOctober195Stheradioactivityinthesoilwas much higherthan

that in the plants, indicating a low rate of uptake. This seems to be corre-

lated with the loss from the soil of those isotopes which are readily taken

up by the plants. The ratio of soil/plant activity has increased from 8 to

190 in the period from March 1954 to october 1955. This would be true if

there was a selective uptake of short half-life fission products by the plants.

It was also borne out by the radiochernicd determinations, which showed

,fi. .r. :,,.:,, that in addition to the rare earth isotopes, Zr95 was the principa) source. .

of radioactivity in the soil in March 19545, whereas it was Ru 106 in July

1%56. Although RU106 comprised a relatively large fraction (23. 370) of

‘he activity in the soil, in most plants it was minor (7. 8’%). Much of the‘, .,
$:
>;:,

activity in the pl~ts - Up to 96 percent:. ““ - was due tO CS137, which CO~-

- 4..:. ,,:.
, +5, prised a very small p~t of the total activity in the soil (1. l~o)!-.,.....%t:.;’. ,;..;.“ T..,,.,.,,,., ,

;?
-,L>;:j .; ;

.....f?..



-32-

~theperi~dfr~ March 1954 tooctober 1955 the levels of radioactivity-.

~n the land plants were generally higher in the northern islands of the atoll,

which was in accord with the survey meter readings and the radioactivity in

the soik. The activity in the land plants, however, declined at a faster

rate than that in the soils for the period March 1!354 to January 1955, after

which the rate Of decline appeared tO be slqwer in the land plants. The rate

of decline at Kabe Ue and Labaredj Islands is presented in Figure 11 for is-

land soil and in Figure 1~ fOr cOconut meat and milk. The activity in the

coconuts does not appear to be declifing appreciably with time,

it is due mostly to CS 137, it does not pr&ent a health problem

.
“.

l,;

at this tim&’. .
ie

(The average level for coconuts in October 1955 was approximately 4.5 x
.,

io-5 #c/ g of wet tissue, which is less than 1 percent of the tolerance levelg),

Edible plants other than coconuts have been found to contain levels of

SrgO which are above the tolerance level as defined in the Radiological

Health Handbookg. Among these plants are Pandanus, papaya, Morinda,

squash, and possibly arrowroot. The level of Sr 90
in coconut meat and

milk is very low5~ 6. Thus it can be stated that certain plants are selec -

tively absorbing this isotope, while others are not.

Another indication of selective uptake of radioactive materials from the

SOil is shown by the d~ference in the decay slopes Of coconut meat md milk.

‘eY are not only different from one another, but also are different from

‘e ‘ecay slopes of other plants and soils, the average slope of which loga-

rithmically is about -1.25. The decay slopes for different samples of coco-



.—

- 32a -

4

i
r 1000

I00

*IO

0.1

—. —

10 25 135 260 600

10

I

0.01

F
0.00

DAYS AFTER MARCH

I I II I
10 25 !35 330 600

1,1954

.

Figures 11 (left) and 12 (right). Rate of deeltne or
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~ the following table.—.—

Log-log Slopes of Coconut Meat and Milk Taken from Rongelap

and Kabelle Islands in 1954.

Kabelle 3/~6/54 ~be~le 7/16/54 -belle 1~/8/54 Rongelap 12/18/54
Meat Milk Meat Milk Meat Milk Meat Milk

To 0.9 0.5 0.1 0.7 0.19 “1.1 0.2
0.8 0.8 0.15 0.8 0.3 1.4 0.1
0.8 1.0 0.8 0.2
0.7

These slopes indicate that coconut meat and milk select different radio-

active isotopes during their metabolic a~tivities and that the milk is defi~te -
t

Iy absorbing an isotope mixture containing, for the most part, long-lived

isotopes. From the chemical data, fission products yield and decay analy -

ses, it is believed that Cs 137
is the major contributor.

It has been shown that the level of radioactivity in the plants at the north-

ern islands of Rongelap Atoll iS higher than that at the southern islands, that

,, ~S activity is declining at the present time at a slow rate (Fig. 12), and

that there is a selective uptake of certain isotopes among which CS 137, Ce144,

~u106
, Zrg5, and SrgO are the most important.

:..

~ the Qtober 1!355 survey, samples of marine algae were taken from
,i,
‘<

‘he shallow ‘water of the lagoon near shore and by diving to the bottom in!,.M?,,, ~>~-,,:~’,~‘
.....
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the deeper waters of the lagoon. Fresh and brackish water algae were col-

lected from a weU and from a concrete cistern found near the village on

Rongelap Island. Samples of two species of algae, Halimeda and CauIerpa,——

were taken from all islands visited and other species were taken whenever

found. Samples of marine sand were taken near the algae collecting loca-

tions.

The radioactivity found in the algae for the first five collections is pre -

sented in detail in Appendix Table VII of UWFL-42. A summary of all the

collections is given in Table 10 of this report. The radioactivity found in

the algae collected in October

marized with the marine sand

1955 is. presented in Appendix E and is spm-

in the following table.

Summary of the Radioactivity in the Algae and in the Lagoon Sand

Collected in October 1955. Values Expressed in Me/kg of Wet
Tissue.

Rongelap Atoll

KabeUe Labaredj Ron clap
Shore 22 t# 49! Well Cistern

—— -— -.— .
Algae O, 18 0.31 0.089 0.066 0.048 0.50 6. 8—

Sand 2.6 -- 0.084 0.34 0.23 3.3** ‘-
Ratio 15 -- 1. 5.1 4.8 6.6 --

soil
Algae

Ailinginae Atoll

Enibuk

Shore 351
— ._—_ _. —.

Algae 0.033 0.064

Sand 0.039 0.13
Ratio 1.2

pl~-i ::~1. ‘“”
2.0-—. . —.. —-— ~-r;;.:f: ,: ‘

* Atbottomof lagoon in 22 feet of water; ** island 80il.

.-
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Table 10. Radioactivity of Lagoon Algae
Rarch l$@-October 1955—.

Values expressed in uc/kg of’ wet tissue

Island y/26/~4 7/16/z4 12/131 54 l/27-30/55 lo/21-23/55
Rongelap Atoll

-belle reef 830. 15. 1.9 0.20
“ deep water 1.8

Rongelap reef
deep water

.058
3.4 .067

Labared~ reef
● 31

Enlaetok “

(lejen It

1.4

1.8

●✌

.033’
0.052

,,

1

,.
,<

.. .

AllinginaeAtoll
~ibuk reef

deep water

.-



-36-

In October 1955, the highest values in the marine algae were at Kabelle

and Lab-ar”ed~ Islands and the lowest in the shallow water of the lagoon at

Enibuk Island, Ailinginae Atoll. The highest of all were the fresh-water

and brackish water algae from Rongelap Island which were collected in

locations where fission product material would tend to accumulate. These

algae were collected from the bottom of a concrete cistern which was used

to collect rainwater and from the sides of a well which contained water ori-

ginating from the fresh water lens. In both of these locations the water

contained much more activity than the water in the lagoon (see Table 13).

Considering all the samples collected ●on this date,’ the ratio of the acti~i,ty in

the soil to that in the algae varied from 1 to 15, an indication that the level !

in the soil is not the primary factor in determining the level of activity in

the algae,

A comparison of the radioactivity in the algae collected in the shallow

water near the lagoon shore with that of those collected at the bottom of the

lagoon in deeper water shows that the latter were slightly more radioactive

at Enibuk Island and less radioactive at Rongelap Island.

The radioactivity in the algae at Rongelap Atoll is declining at a rapid rote.

This is illustrated in Figure 11, a log-log plot of radioactivity in the algae

at Kab”eIle Island from March 26, 1954 to October 21, 1955. The slope of

this line is -205, which is steeper than that for beach sand (-1. 5). It i6 also

Steeper th~ that for the land plants (-1. 25), which indicates ti different

fission products were being absorbed by the two types of plants. This differ-

ence in compmi~m of the radioactive material fS alao borne out by the faster

~::;~~,~:>;:.,
~:; ,!.’ {,. ~.,. ,

L./-1
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~ecay of individud s-pies of algae and by the radiochemicaA determina-

~On6 w~eh-sFowed that in January 1955 a large fraction of the total radio-

activity in the algae Caulerpa ati Halimeda was due to Ce 144 and that none

of it was due to CS137, which contributed most of the activity in land plants.

Birds
.
k
;

Birds were collected at four islands of Rongehp and A.ilinginae Atolls i

during the latter part of October 1955. , Terns were taken at Kabelle and, :
;

Labaredj Islands

and included three

( Anous stolidus),

were not available

i
in Rongelap Atoll and at Enibuk Island in Ailinginae Atoll i

species: the fairy tern ( Gygis alba), the noddy tern

and the black- naped tern (Sterna suxnatrana). Terns

at Rongelap Island but two species of shore birds were

collected at this site, including two ruddy turnstones (Arenaria interpr~s)

and a reef heron ( Demiaretta sacra sacra) ..- C? .—

Specimens

atoil birds and

taken at KabeUe and Labaredj were treated as northern

as one group. Those birds from the southern island of

ROllgelap ~ well as those from E~uk Isl~d ( Ailin@nae Atoll) were COn-

5@idered ‘to constitute a southern group .

The birds of the southern group were fur~er subdivided according to

‘heir feeding habits into (1) the terns, which forage in the area of a few

‘s~~ds within the atoll and feed principally on fish and (2) the shore birds,

‘Mch are migratory any one bird remaining in the area of an atoll for?
U:II}’J::? :’,:

~:~x:-. :,
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only a limited time,

9
L

and which feed for the most part on crustacea along
—-—

the beaches. The northern groupof birds consisted entirely of terns.

Because of their limited migrational tendencies, the terns provide a

more representative sample for the determination of continued uptake and ~“
,;

~e~~olism of radioactive materials at Rongelap Atoll than do the shore
;,
‘1

b~dss, although in some respects the two groups are similar.

IKIthe collections prior to October 1955 the following organs

cessed: skin, muscle, bone, lung, Uver,

the October collections only muscle, bone

to reduce the total number of samples. s

kidney, ileum,

and liver were

and thyroid. In

taken in an effort

The average specific activities of muscle, bone and liver of Rongelap %.’; ‘.’
w.

andA.ilinginae birds are given in Table 11. At the time of the October col-

lections the radioactivity levels in

terns were approaching a common

the three tissues of the north Rongelap

value, with the most radioactive tissue

(liver) having an activity only 2.45 times that of the least active tissue

(bone). In the Enibuk terns the ratio of highest radioactivity to lowest was

-1:3. 6?. The differences between the highest and lowest levels of activity -
.

ill the three tissues of the north Rongelap terns for any one collection date

have co~istently declined s~ce the first collections in March 1954. ‘The

dates and ratios are as follows:

March 26, 1954 - 1: 8.5p%J&. ~
~Uly 16, 1954 - 1:5.6

&@,
~ :3.,t. December 8, 1954 -1:5.4

,. ..’:,”, .
!$?”;.’ .’

January 28-30, 1955 - 1:3.1
.,. October 21, 1955 - 1: 2.5

.,. .7 ;.. .
.> 1. 1;/..”
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~ble_ll. Radioactivity of Birds and lkrn Eggs,..— March lg54-October 1955

Values expressed fn uc/kg of wet tissue

- Island IViwle ~p=.wcI@ Muscle Liver Bone

Ron&la Atoll
E

~$~re$~ and noddy and
4 4.8 23. 41.

36. 160.
fairy terns

curlew 1 -i ;(
——

nod@, fairy and
crested terns 6 0.64 3.6 0.75

1.0 1.71

4

0.18curlew

noddy and fairy
terns

12/v54
mbelle

@6-30\55
ROngelap

0.40 0.21 0.097

0.81 0.6;●5 0.26

0.044

0.050

fairy terns
turnstone and

plover
noddy and

fairy terns

, ..

0.23 0.18,. 2

6
(Wjen, Rhbelle

and Labaredj O.lfj 0.10

10/21-22/55
~baredj” and noddy and

:;; g Kabelle fairy terns
~,r, Rongelap reef heron and

turnstones

0.049 0.014

().41 0.12

0.020

().059

7

3 b

lon3/55 black-naped, ralrY_
0.0990.027

Tern Eggs

Yolk
rnber

Specimens I&g Shell Embr’yoWhite
toll

f!., ~belie 5 .65 ● 93 .026 .34
12/8/54~: ~~

. .
i.:’ Khbelie -3 .30 .13 .0091

1/29/55
~belle

~~/21/55
.020
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!
A8imilar decline occurs in ratios of radioactivity in the tissues of the

shore bir~- However,

active on any given date

~ ad~tion, the points in the decline of ratio with increasing time are

the ratio of the most active tissue to the least

is usually about twice that found for the terns.

I more variable in the shore birds than those found in the terns.

I
I

The rate of decline of radioactivity in muscle, liver, and bone of north

k Rongelap terns is of two general types, logarithmic and semilogarithmic.

A logarithmic decline as used here refers to a decline best described by a

straight line on log-log paper. A semilogarithmic decline is best described
k

by a straight Line on semi-log paper (Fig.

type of curve (r = t-2.49). ALSO th+ieday

on March 26 and July 16 is logarithmic (r

the decline is semilogarithmic with a half

13). Bone exhibits the former

curve for samples of bone taktm

= t-1. 65). In liver and muscle

life of approximately 40 days.

In the October collections the average radioactivity from 7 samples each

of muscle and liver suggested that the decline in activity was beginning to

assume a longer half Life than 40 days (Fig. 13). However, a straight line

(half life of 40 days) extended through the averages of the previous collec-

tions falls witfin the 95 percent confidence limits of the October values.

The deviations of the latter points from the decline curve derived from the
.-.,..’ ;.

Previous collections are therefore probably not significant.

The radioactive decay of three Liver samples from north Rongelap terns

takenon March 26, 1954 is logarithmic (r = t-1.33
).

Shore birds t~en at Rongelap Isl~d in october 1955 continued to con-

!.;-.

p? tain higher levels of activity than terns. Ratios of shore bird radioactivity
,+:

‘0 those Of northern Rongelap terns were as follows : muscle, 2. 9:1 ;
$$;,;
;+~-
$,;:
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.OOOEMLJ
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Figure 13. Decline in the radioactivity of bird liver, muscle,
-d bone
1954 and
activity

tissues collected at Rongelap Atoll between March 26,
October 22-23,” 1955, expressed as a ratio of the
of the March 26, 1954 collection.



-42-

bone, 8.7: 1; and liver, 8.4:1.

Th&4e&ine curve for shore bird bone is logarithmic and similar to

that of the tern bone (r s t-20 5). The variability in the muscle and ltver

samples from the shore birds precludes the drawing of decline curves for

these tissues.

In the January 26-30, 1955 collections, the northern Rongelap terns

from Gejen, Kabelle and Labaredj Islands were found to contain less radio-

active material per unit weight than did the terns from the southern island

of Rongelap. This finding was unexpected because of the fact that the aver-

age levels of radioactive contamination were higher in the northern than in
. #

the southern islands.

Because the Rongelap natives usually collect birds at Ailinginae Atoll,

seven and one-half nautical miles to the southwest of Rongelap Atoll, and

in view of the observation that the southern Rongelap terns were more

radioactive than the northern Rongelap birds, collections of terns were made

at AiLinginae Atoll on October 23, 1955. The ratios of Ailinginae Atoll tern

tissues to north Rongelap Atoll tern tissues are as follows: muscle, 1.9:1, O;

bone, 1.9:1. O; liver, 2.0:1.0, Thus the Ailinginae terns contain, on the

average, about twice as much radioactivity as the terns from th northern

islands of Rongelap Atoll, although the general level of contamination at

Ailinginae is much lower than in the north end of Rongelap. Inasmuch as

these birds are predominantly fish eaters, the higher levels of radioactivity

in the tissues of the southe& birds suggest the av~labi~ty Of a SUpply Of

foti fish with a higher average radioactive content in the southern area com-

~., .,.
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pared with that of northern Rongelap. The fish utilized for food by the

—. —
terns are small (one to two inches in length) and travel in schools in the

open waters of the lagoon. A satisfactory method of obtaining samples of

these animals has not been found, other than that of taking them from the

gastrointestinal tract of the birds.

Tern eggswere collected in October 1955 at Labaredj and Kabelle Is-

lands. Previous collections had been made at Kabelle on July 16, Decem-

ber 8, 1954, and January 29, 19555. The levels of radioactivity in both

the shells and yolks of eggs of the last collection were low, approximat-

ing those found in the bones of terns from the same area. In contrast }0

the logarithmic decline and decay curves observed for tern bones, radio-

activity in the egg shelis declin~semilogarith.mically with an 80-day half-

life; the decay curves also exhibit semilogarithrnic decrease with time

but contain two components, one with a 50-day half life and the other with

a 300-day half life.

The rate and type of decline for the egg yolks cannot be determined

because of the great variability in the average values for the various

collecting dates.

Plankton

The equipment and methods for obtaining the October 1955 plankton

samples were the same as for the previous Rongelap collections, except
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1
i that the nets were of nylon rather than sl~k and the mesh was slightly more

I open in the “fine’’net. (For the “fine” net, mesh size was 157 per inch

I
as compared to 174 per inch when silk was used. )

The radioactivity of the plankton samples from the six collections since

March 1954 i s Summarized in Table 12. It will be noted that the present

level of activity in Rongelap lagoon is less than O. 5 of a microcurie per

kilogram of wet sample, that the radioactivity of the plankton off Rongelap

Island continues to be less than that of the sample off Kabelle Island, and

that the

greater

ficantly

radioactivity of the plankton in Ailinginae lagoon was somewhat

than the radioactivity of the plankton in Rongelap iagoon. The signi
● ?

greater activity of the Ailinginae plankton was unexpected. t

This greater value may be within the error that is typical of plankton

samples; another explanation is the possibility that the exchange of ocean

water and lagoon water is slower at Ailinginae than at Rongelap. The shape

of the atolls would suggest this although the relative rates of exchange are

not known. Rongelap is roughly circular in shape with wide, deep passes in

both the northeast and south while A.ilinginae is rectangular in shape with its

largest pass, in the southern part of the atoll, shallower than the Rongelap

passes (Fig. L). The wind-driven ocean currents are from the north-north-

east.

do not

niques

Water samples from off Rongelap Island and from Ailinginae lagoon

indicate differences in activity, possibly because the counting tech-

of the Laboratory are insensitive to very low counts.

The rate of decline of radioacti”~ity of Rongelap lagoon plankton was de-

termined from the data in Table 12 by averaging all the values for any one



-45-

TaTble -12. Radioactivity of Plankton Samples
March lgb~+etober 1955

Values expressedIn uc/’kg of wet sample

~te Off Lukuen Off’ Kabelle Off Labaredj Off Rongelap

Rongela Atoll
73/26 54 140.

7/16/54 2.4

12B/54 8.4

1/26-30/55 3.0 3*9 0.66 0.75

10/21-22/55 0.19 0.045
● #

Off Mo@l
Alli.nginae Atoll

10/23-24/s5 0.70

.
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date regardless of area collected and by plotting the logarithm of these
——

values against the logarithm of the collecting date, expressed as the num-

ber Qf days after March 1, 1954. The slope of the least squares regres-

-1.80sion line computed from these data is -1.80, i. e. , r = t .

Counting of the Rongelap lagoon plankton samples, the decay rates of

which were reported in UWFL - 42, was continued and the decay rates were

found to be practically the same as determined earlier. For the March

1954 Labaredj sample, the July 1954 KabeUe sample, and the December

1954 Kabelle sample, the decay rates were -1.27, -1.38 and -1.35 respec-

tively, ● $

t

Water

Both lagoon and island water samples were taken and processed in the

same manner as previously but in addition new refinements to the technique

were also tried. Results of the water analyses are presented in Table 13.

(It is to be noted that the values in this table are in d/m and not #/c. )

With. salt water

the amount used is

samples that are prepared for counting by drying only,

limited by the quantity of salt remaining on the counting

plate. For the October 1955 samples, 10 cc per plate were used. me

values for the dried s~ples are listed in the column headed “untreated” in

Table 13. F or the samples in the c~~umn headed “treated”, about 5 CC Of

.,
. .

. .. >
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saturated sodium carbonate uev added to 100 CC of sampk, the sample

~en filtered-through millipore filter paper, and the precipitate ashed and

COuted. The purpose of the sodium carbonate was to remove Mtur~lY

40 (approximately 540 d/m/liter) from the precipitate.occurring K Tests

performed by the Health and Safety Laboratory, New York Operat.ioM -e,

on this tec~que indicate t~t potassium d~a not co-precipitate and that

from spikes using 18-month-old mixed fission products ,

the activity escaped precipitation 10. The counting error

only 23 percent of

per unit weight is

considerablylessinthe“treated”columnbecauseof larger sample size arid

a smaller correction for self-absorption.
● #

Values in the “untreated” column for the October collection indicate

some radioactivity in the Kabelle sample, but a questionable amount of

activity in the three other samples. However, the values in the “treated”

column definitely indicate activity in both the Kabelle and

The best estimate of the maximum value of mixed fission

b Rongelap lagoon water is O. 0006 AC per liter.

The island water samples were prepared for counting

Labaredj samples.

product activity

by drying both an

udiltered and filtered sample. The filtered sample was passed through a

~llipore filter and both the filtrate ad the residue were counted. me

hundreckc samples were used without difficulty as there was very little

r@sidue remaining on the plates after drying. However, the well sample

from Rongel~ Island had some
;,:*: , .; ..
;“<.

l+.:,,,“ “ ‘~ estimated that 8 percent of
%’
,.*1.

$?:.’.., ‘“ The well water on Rongelap.,
??<~‘+: “
F

.,:
‘ .,’ :,:,.$’. .

k

-. .., .-.,.. ..,, -.:.,
.-.

salts and from the weight of the salts it

the sample was sea water.

Island was less radioactive thm dstern tier.

~’l,f:{’:, :
[--”,;;”,
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;

~i~ was also true of the December collection. Thema.ximum value for
“. ——

~igtern water was 5300 d/m/liter (O. 0024 ~c/liter).

,.. ., The Ailinginae water sample was taken from a hakfull 55-gallon met~

drum s~-diw Own beneath a palm. The value for this sample was 1300

d/m/liter (O. 0006 ~c/liter) which is the same order of magnitude as Ronge-

Iap Island cistern water.

.“

.

.-

..

.“:

.$,

. .

1-

!:. .

t

i

t
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~@luation of Radioactivity in the Soils
———

SOiI samples for tie October 21-23, 1955 Collections were taken from

the islands proper. Sand specimens were collected at the low tide line and

from the lagoon bottom. One sample was taken from the bottom of the well

at RongelaP village.

The sampfing me~od for soi~ differed from that of the previous Ronge-

kp collection. In the earlier collections single samples of the top inch of

8oil were taken. In the October collections two samples were taken at each

soil station, one to a depth of 3 ~ches and another directly below to a dept,h
.

of 6 inches. Since, on the average, 65 percent of the activity of the top 3

inches of soil is located in the top inch*, direct comparisons between sam-

ples from the previous collections and the October collections may be made

if the latter values for the top 3 inches are multiplied by two,

Profile samples from the lagoon bottom were taken by a diver driving a

12-inch lon& 1 1/2-inch diameter aluminum tube into the sand and corking

the top and bottom of the tube... The core was removed from the tube at the

“, Eniwetok laboratory and divided into 1-inch increments.
.-

,:.%,::,.:. Levels of radioacti~ty in the sand ~d soil of Rongelap and Ailinginae

Atol~ On October 21-24, 1955 are shown in Appendix G. Activity levels in

‘he top 3 inches of soil at Kabelle and Labaredj varied from 4.4 to 11.5
.,-.

,..
‘c/kg* The highest value for any soil sample collected during the above-

;.
‘. .,

>+’4 ‘!
‘entioned time was found in a sample from Rongelap Island which contained... .’%.’;W.. !’

...~

r
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~eneraI level of radioactivity at Rongelap Island, but does illustrate the

—. —

problem introduced by sample variation when too few samples are taken,

‘i’he other soil ‘ample ‘rem RongelaP Island contained 1.7 PC/kg of top 3

inches Of soil and awees ‘adorably with that expected from a consideration

of the values obtained in Previous collections when radioactivity decline iS

taken into consideration.

The rate of decline of radioactive contamination in the combined soil

samples from Kabelle and Lab=edj Islands between the dates, March 26,

1954 and October 23, 1955 is best represented by a straight line on log-log

coordinates with a slope of approximately -1.6. The decay curve for a ,

Labaredj Island soil sample extending through the sane period of time 5

is expressed by the formula r= t- 1“ 31. In both curves March 1, 1954 is

the date of origin.

Enibuk Island (Ailinginae Atoll) soil contained 1.2 ~c/kg of top inch of

soil or an average of O. 61 ~c/kg of top 3 inches of soil on October 23, 1955.

Thus the soil at Enibuk was about 1/3 as radioactive as was soil from

Rongelap Island, a relationship which was reflected in the radioactivity

levels of land plants from the same islands. The sand at low tide line at.

Embuk also contained about 1/3 as much radioactive contamination as did a

Like sample from Rongelap. At both Enibuk and Rongelap the radioactivity

level in the low tide line sand was about 1/18 that found in the island soil

(top 3 inches),

The levels of radioactivity in the top 6 inches of sand profiles taken on

‘he lagoon bottom off Kabelle Island varied from 1/ 3 to 1/ 1 that for the

~’:;n .,
r..

‘i
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top 6 inches of soil on the island proper. A similar comparison for Ronge-
._. -

Iap Island gives values ‘or lagoon sand of 2111 to 2 i 5 that of the land soil.

At Efibuk the ‘oil and lagoon sand were eSsent~allYequal inlevels of radio-

activity.

w sand profiles taken at Kabelle and Rongelap Islands the radioactivity

levels of samples taken in water depths of less than 25 feet were approti-

mately 1 1/2 times those found in samples from 50 to 60 feet of water. Bot-

tom samples obtained from the anchor chain in 150 feet of water off Rongelap

Island and Mogiri Island (A.ilinginae Atoll) contained from O. 7 to 1.2 times

as much radioactive contamination as was found on the islands proper. $

Comparisons of the distribution of radioactivity in the

soil and lagoon sand were made and are as follows.

Percent of
Percent of radioactivity
radioactivity in3t06

Ia land in top 3 inches inches depth

top 6 inches of

Kabelle soil
Lagoon bottom

Kabelle
Labaredj soil
Rongelap soil
Lagoon bottom

-Rongelap
Lagoon bottom

Enibuk

97 3
off

57 43
97 3
89 11

off
55 45

off
42 58

ThUS on land mo8t of the activity is concentrated in the top 3 inches whereas
.

‘tier water it is distributed throughout the top 6 inches (Fig. 14 A).

Sand profiles from the lagoon off Kabelle Island under 6 and 60 feet of

‘ater~ from off Rongelap Island under 22 feet of water, and from the Enibuk

low tide he were fractionated according to particle size as follows: greater

~~’, :.,.,.
\-t., . }A:
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ILFIFTH SIXTH ❑SEVENT EIGHTH

INCH INCH INCH INCH
THIRO7SECONO 1FOURTH

INCH

pc/KG
I

L

TOP
[ INCH
5 0

IEJ Is_
SANO PROFILE INCREMENTS

~~e 14 A. Radioactivity in eight increments or a sand profile

taken in RoW3elap lagoon off Kabelle island under s~x feet of water.

(

20

I

pC/KG

i

10

I

.

r
I I-+

?lgure 14 B. Specific rad~oactivlty in five different particle
st~e fract~ons for each of the SOI1 profile Increments shown in
Figure 14 A. The highest radloactlvitY levels are in the smallest
Xtlcle size fraction In each increment.

-..-!
m -3.*. -,-.,-.~.,.

. ‘

1
,.,

4’ I

>

b-lscs
cc)*b
LQ-Q

&t-a
a)ur-
U)-o

‘.. PARTICLE SIZE IN MM.

The.percent of the total radioactivity In each incre-

~e percent contributed by the two finer fractions
ltlcre~ae~ ~~h depth dom to the eighth ~nch~
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~h~ 1.651 mm, 0.589 - 1.651 mm, O. 147 - 0.589 mm, O. 074- 0.147 mm,
—.

and less than O. 074 mm. In the Enibuk low tide-line samples the two small-

~r particle size fractions did not account for more than O. 3 percent of anY

of the increments.

Although there was a tendency for a smaller average part

increased dePth Of WatIIWin the Woon there was no detectable

cle size with

change of

pattern regarding ~art~cle size in the increments of individual profiles.

The smaller particles tend to have higher specific radioactivities than

do thelargerparticles(Fig.14 B), and thepercent of total activity contr,

buted by thesmallerparticlesizegroupstendsto increase with increase

depth within the soil profile (Fig. 14 C) down to 6 or 8 inches.

$n

.

I

Radiostrontium analyses were made on the top inch and the seventh inch

of the lagoon bottom profile taken under 6 feet of water off Kabelle. In both

samples Srg O accounted for O. 7 percent of the activity (maximum and mini-

mum in 4 samples: O. 64 70 and 0.78%).

‘l’he sand profile in 49 feet of water off Rongelap Island had the lowest

level of radioactivity of the lagoon bottom profiles taken in October 1955.

The average radioactivity level for the top 8 inches of sand in this sample

was O. 19 ~c/kg. Using this value as the average of the radioactive contam-

ination on the bottom of Rongelap lagoon and a SrgO content of O. 7 percent,

a total of 380 curies of Sr 90 for the top 8 inches of lagoon bottom is obtained.

This is probably a minimum value.

.
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of some of the samples coUected at Rongelap

AtOll have been completed and the data are partially reported to show the

trends of distribution. Detailed chemical studies on the samples collected

shouldbe forthcomingfrom thesamples senttotheNew York Operations

~fice* and from other samples being studied in detail at the Applied Fish-

eries Laboratory.
7:-<
W

The proceduresusedforthestrontiumand cerium determinationswere
g

9
the same as those described in UWFL-42. Analysis for ceshxm followed

z

the method outlined in the LOS Alamos report LA- 156611.
i’.?

#
.<

Data for the analyses are given in Appendix Hand are summarized in *
..

text Tables 14 and 15.

Radiostrontium (Tables 14 and 15). The SrgO** values for food plants,

exceptcoconuts, collected in October 1955 approximate the theoretical pro-

12portion of mixed fission products activity at 1.7 years, 4 percent. Coco-

nuts contained O. 1 percent Sr 90 with appropriate correction for time of

collection. This is roughly in agreement with values reported in UWFL-42

~d US~L-454, assuming that Table 3. 1, page 14, in the latter report

includes radioactivity from YgO with SrgO.

No SrgO was found in the soft tissues of pelagic or reef fish or clams.

AmIYaiS of ~ single s~ple of bonito bone yielded a maximum SrgO level Of

* Letters of C)ctober 26 and November 9, 1955 from Allyn H. Sey’mour,
Applied Fisheries Laboratory, to Merrill Eisenbud, New York Operations.

S ‘0 values given in text and tables do not include radioactivity due to the5
Y 0 daughter.

? \,:T,

L.’,:’,.’.’.
,
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-Radiostrontium, Radlocesium and Radiocerium-
PrUeodymium In Biological Samples,
Dec=mber 1954-January 1955 - -

Percentageof Total Activity

sr8gSrgo ~~137 ~ew=lw
Island Organlsm

llongelap Atoll
*jen #31 coconut milk <0.1 to.1
~belle #37 Cauler a

#30 &Mlk
#38 Halineda
#39 coconut crab

muscle
#l mullet muscle

Ld=edj #29 coconut tilk
#42 tern bone
#43 tern bone

Menu ~ dogtooth tuna
muscle

Rongelap #27 coconutmeat
#28 coconutmilk

$
32 pandanus fruit
‘34,papaya meat
#33 squashmeat

0.86
0.0

0.0
0.0
0.0

<().1
<O*1

<0.1

4.8
0.0

(0.5
0.0
0.0

0.0
0.0
0.0
1.3
2.5
1.5

Dates of analysis We-wly 1955

81.
0.0

72.
0.0

0.0
71.
0.0
28.

67.
0.0

76.
0.0
0.0

4.8
26.
78.

110.
68.
51.

1.0
1.5

0.0
28.
26. +

O.“6
40.4
<0.2

--

Sept. July
Aug●

?% 1955

.-

,-
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lhble.15- Sr
90

from
in Biological and Lagoon Bottom Samples
Rongelap Atoll, October 1$355

&o

!lbtal PerceAt
Activity of Total

Island sample d/in/@ Activity
Rongelap

Labaredj

Kabelle

LabaredJ

Labaredj

Kabelle

Labaredj

Kabelle

coconut meat
pandanus fruit
morlnda “
arrowroot corm

coconut crab muscleIt l! “liver”’
!1 aalte of,,carapace
II cuticle It

gl~t cl~ mantle and muscle
kidney

.
bonito muscle

II liver
II bone

gro}per muscle
liver

goatflsh musc~e

tern muscle

lagoon bottom, depth
of water 61, fraction
containingparticles
<06(374 ~ diameter.

top inch
Tth tnch

110
180
47
40

440
1,200

1,700
5,200

150
1,700

390
-31

5#5g

61

40,000
25,000

* Wet we@ht basis except lagoon bottom which Is on a
weight basis,

2.9
12.
50●

29.
0
0

0

0:73
0.71

dry

,-,-

,
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1 0.6 percent of the total activity. ‘Ilvo fish muscle samples collected in
——

January 19S5 were reported in USNRDL-454 (Table 4.5) tohave Srg0

I levels of o. zpercent of the total beta activity. The muscle and bone of

~ terns, which feed on fish, contained noSrgO

~
In contrast to the strictly marine forms, the coconut crab, which feeds

principally on land plants, hadSr90 levels of 3percent inthe muscle and

12 percent in the hepato-pancreas or liver, where calcium salts are stored.

The radioisotopes in salts leached from the carapace were foundto consist

entirely ofSrgO +Y90. The levels relative to total activity would beeqect-

ed to remain constant in the salts of the carapace, to increase inmuscle~

as SrgO makes up a greater proportion of the total activity with the passage

of time, and to be variable in the liver depending on the physiological state

of each crab with respect to molting. Sr90 levels in the liver would be ex-

pected to be at a peak immediately pre- and post molt.

In the lagoon bottom samples collected in October 1955, 0.7 percent of

the activity was Sr 90- Estimates of total

lagoon are discussed in

Radio cesium (Table

the soils section.

14). The highest

radios trontium content of Rongelap

CS 137 levels were found in the land

plants and the coconut crab, 26 percent- 100 percent. Cs 137 in marine algae,

fish muscle and fish-feeding birds was absent or present in only small amOUW8

(maximum 4.8 percent).

Radiocerium

birds and algae,

(Table 14). The levels for Ce144 were highest in marine

26 percent -71 percent. In tuna muscle, however, Ce144

accounted for only (). 6 percent of the total activity. There Was nOne in

.fi.”[’,
‘1
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COconuta and less than 4 percent in pandanus, squash and papaya fruit. Val-

.-
<.
,,
,,,

:..
,.

,.<,.:.,,
..
.......

r,.

.*.:

$?;
,’>

.:.>,
‘w

.,

,$

‘t

.,.

.~>:.,r.

r,T>:.. ,

—.

ues for rare ‘arths given ‘n ‘SNRDL-454 a@ee closely, with the exception

of papaya for which their value is higher by a factor of ten.

Non- fission~ roduct radionuclides. Radionuclides of Sr, Cs, Ce and

their daughters did not aCCOUIIt for the total activity in most samples analy -

zeal. Complete fission product analyses of samples collected at Eniwetok

and Bikifi Atolls indicate that non-fission-product radionuclides may account

for more than half of the total activity in some fish; zn65 contributes one-

fourthor more of the total activity in shark muscle as determined by radio-

chemicalanalysisand confirmedbysfollowingthedecay. #

c

.
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~~ysical DecW of Samples

Extensions into December 19550f the nine decay curves of Figures 11,

12 and 13, UWFL-4Z show little change in direction. Gastric mill of a

crab began to decay with semi-log linearity and changed between 200 and

soo days post shot to the log-log linearity now apparent in Figure 15.

~fu9cle of a sea cucumber changed similarly. The other decay curves tabu-

lated in Appendix Table XII of UWFL-42 have not yet been extended,but

approximatelystraight-linelog logcurvesmay be expected.

The more rapid rate of decline (-1. ?5) thanofdecay (-1.43) noted ,.

earlier (UWFL-42:28) has persisted and is encouraging.

It is understandable that decline should exceed decay in an area of high

activity because of dilution by rain and sea. In an area of relatively low

activity decay would exceed decline because of additions from the surround-

ings.

..

.-

fl :)-~..,

L?.”’“;’ “

71
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DAYS AFTER MARCH 1, 1954 (LOGA:JJHMIC)
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-fx &
Survey Meter Readings, October 21-23, 1955llable:.”.-

Values expressedin millirems’perhour~

Rongelap Atoll

{
30/21 55 W to E transect across middle of island

at 1 inch Closed Open
~bel e

above high tide
open area soil sample #l
grassy area soil sample #3

●

Mbaredj

10/22/55
Rongelap

- .’

2*
3.5
20
2.5
2.
2.5
2.
3.5
4.
2.5

6.
12.
8.
8.
8.5
9.
8.

12.
14 ●

10.

In Scaevola litter
in 3! litter,
oceanstde, intertidal

SW part of island, 100-200 yards from lagoon
at 1 Inch Closed

open, soil sample #5
T2. ●n

under trees, soil smple # 0.6 791.2 10.
3. 11*
0.7 7*

At northern village
at 1 inch Closed Open

above high tide line 0.1 y

grass near well 0.5
00i1 sample *

0.3 ::9
soil sample #11

0.3 ●

.-

:1.,

?

1

Ailin Inae Atoll
f10 23/’55 - At 1 Inch

**(.,, Enlbuk west end In brush
., soil under trees

Closed Open

O.o’j 0.5
0.1 0.6

●
With a Beckman MX-5..:

!.,

r,..
f.
; “,,},

1,--.:’

1‘
..””’

.’”.,,

-.,,,

[ “’<”f.
,,
.,*

-.
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‘>,..,. Ap~~~ &
,:~. ~?)le 2. Survey 19eter Readings at Ron@lap Atoll
b. November 7Y 1955

---—

~~elap Xsland

Area

~nding in front of village

interti@l area
Landing in front of village

above high tide line

.04

.06

@-pees from lagoon to cistern :~~

Schoolhouse - hospital area

Schoolhouse - paPaya cluster
(soil sample A-II & 12)

.09
,—.

well beMnd schoolhouse, grassy
area (soil smple A-9 & 10)

.14

*

(Heading south alo~ path near
lagoon side of island. General
direction N - S.)

Village center - concreteposts .07
grass

Vtllage”center - concreteWsts .07
gravel

. Village plus 100 paces grass

Village plus 100 paces gravel .11
And plus 75 Paces? at Chwch
grass .06

gravel
Plus 70 paces, inside hut

0.4
inside hut, pandanus mat
Inside hut, roof
outside of hut, noof

, Plus another 200 paces,
gnus grove

0.4

Plus another 350 paces, mostly,,
gras8 0.4

Schoolhouse, inside 0.09
Schoolhouse, table
Hospital, inside 0.11
Hospital mattress

.04

.10
0.3
0.3

0.5

0.8

0.3

0.15

0.6

.25

3.0

3.5

3.0

0.7

0.9

1“ above ground $.
closed open r~

.04

.08

.08

.10

0.4

0.10

0.09
0.15
0 .l@

.06

.W

1.0
0.5
1.2

0.9

0.6

0.05*
0.2
0.12
0.06

.04

.13

0.4
.25

1.2

0.6

q

w
.>
II ,.,
.,

0.4
0.9
0.4*

I .0
.0

8.o

2.@

0.4*
1.2
0.9
0.5

● values rechecked because they were less a~ L
Ubuaksu. a -

,.,
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~ble 2..~c~ntinued)

R= =18P Island

3 I above ground

Area closed open
-

(path from lagoon to ocean
side 8tarting from lagoon
side. @eneral direction
E- W.)

plus 100 yces, Open grass 0.3
And plus 110 paces, Slda

bushes 0.3

plUS another 110 paces, open
grass 0.4 ,

Plus 100 paces, grass and
sand under coconut 0.4

Plus 100 paces, under
(luettarda,dead leaves 0.15

PIUS 55 paces ocean stale,
above high tide line,
leaves and sand 0.12

ocean side - intertidal area,
sand and beach pavement 0.03

Labaredj Island

Area

Boat landing, south end,
intertidal - sand 0.04

=t landing, south end,
above high tide, pavement 0.7

~ hundred paces N of boat
~~:;~, lagoon side, dead

me hundred paces ~ of boat
landing, lagoon side, ~aVel 1.1

Plus 1.75paces, lagoon side * ~
gravel .

0.4

2.0

3.0

3.0

3.0

1.5

1.0

0.03

0.06

5.0

8.0

4.0

1“ above ground
closed open

0.06
0.5

0.9

1.2

0.7

0.4

0.3

0.03

0.06

1.3

3*5 ‘:.

5.0

6.0
t

1.0

3.0

0.03

0.10

8.0

4.() off scale

3.0 15.0

1.4 7.0
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(continued)
———

1“
~.fi,...“

.+ .~baredj Island ‘
:,.,
? .-. Area
,..’,
. . ~~ lagoon high tide line,

t 40 pacee east, under
~ndanus trees

?lus 35 Wces east, gravel
own area

n~●%a M naces east, under

,

p~~other 50 paces east,
open sand

Plus 50 paces east, hiE#Itide
line, ocean side, sand and
gravel

And plus 40 paces east, in-
tertidal,ocean side, sand

Plus another 10 paces east,
ocean side, beach pavement

Northern tip of Island -
intertitil area

U~nthe~ tiD Of ~s~and -
g.~ - above high tide

Coconut grove near north.end
under coconut tree - dead
fronds

~d beneath the dead fronds

COConut grove near north end
wng arrowroot plants

,1 “.

.:

—

.

2.5

0.9

1.0

0.9

0.6 .

0.09

0.03

0.05

0.6

1.0

1 ●1

Cocmut grove near north end
bottom of Rhinehart %ole”
about 12 Inches

Southwest part of Island, under
tree, dead leaves, at site ~
8otl sample A-T & 8 0.9,.

And 10 XCeS WCWt, open> stte * ~
L
I of’ soil sample A-5 & o .

F“ Wnamed island just south of

i

~t~~eedj (1OO yards) at yellow
open beach, above M@

tldel’ine,sand & Wavel 0.9
.

16.0

6.0

5.0

8.0

3.0

0.4

0.07

0.15

4.0

5.0

8.o

6.o

6.o

6.0

1“ above ground
closed open

5.0

3.0

1.5

3.0

0.9

0.14

0.04

0.07

0.8

0.8
2.0

3.0

0.5

1.5

3.5

1.1

ii

off scale 1

1,

Orf scale
‘,

4.0 ,
c

0.6

0.15

9.4

b .0
11 ●o

12.0

3*5

12.0

18. +

6.0

4
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Radiw3ctlvltY in fish from Rongelap Atoll, ‘
Kabelle Island

Values expressedin thousandsof d/m/g of wet tissue

----
.c48

Common
Name Wcle- wala?l~

10/21/5~ bleyw 0.046
.048

‘.

-mlysi~?uovember 14 - 15

..

!?

w

damselfish
11

goa~lfIsh

?1

11

!1

groy=

!1

I!
II

hal$beak

17

II

11

jackflsh
par~ot

%
sur eonfish

.&-., . ..
,. ;. Date of a

Liver Bone

:034
.034
.063
$3;

.984

.062

.042

.031,

.035

.030

.035

.031

.031

.073

.056

.065

;;t

.0d

.073

.052

.066

.037

.050

.052

.028

.078

.046

.07
0.053

; .;;5

2:00
1.09
1.41
4.95
3.91
3.38
0.730
2.78
6.32 0.431
1.16 ?
5.12
1.26
1.38

10.3
5.16 .170
2.28
8.11
5.25

4.81
3.13
2.46
4.43
0.713
3.810
1.80 0.194
2.08
6.94
0.308
; .;:

5:59
1.04

, 1955

1.
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~ble.1: . Radioactivityin Fish
Labaredj Island

~lues expressed in thousandsof

i’rorn Rongelap Atoll)

d~/g of wet tissue

~te and Common
Island N~e Nuscle Liver

10/21/55 blyw
~baredj l?

n
11

bonito
dam?,elfish

Wo:wr
!?
II
!1

hal$beak

!!

().049
.030
.089
.050
.W4 I
.102
.225
.097 1
.069
.046
.055
.016
.050 I
.091
.119
.027

1.66
.573

1.02

2.17
3.12

5*99

2,19

1.58
.792
.gol

3 liver samples pooled

2 “ *I 11

4 “

1.07

1.29
1.100

tuna .040
wmsse .028f: .073m 0.065 1

Mte of analysis November 15 -

4.30
1.74 2 “

22, 1955

II II

!.

1

.,
L

5?
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Rad~03ct~”rity in F1.sh from Rongelap Atoll,
~ongelap Island

VaIUeS expressed in thousands of d~/g of wet tissue

~te and commn

island Name Muscle

10/22/35 dams~,lfish 0.009
ROnge~aP 11

.

tl

11

11

flatfish
goat;ish

grou~r

1!

I*

n

Jackflsh

squlrrelflsh
n

It

II

n

surgeonfi.sh
II

wrasseII
~!
11

.012

.014

.016

.015

.013

.014

.037

.02

.013

.021

.023

.333

.020
●03Q
.020
.017
.024
.026
.017
.007
.028
●023
.026
.037
.015
.022
.019
.025
.020
.011
.028

0.012

,

Liver
0.810
.522
.664

1.25
.962
.057
.165

2.94
.257
.470
.309
.235

10.20
;.3J

:684
3.03
I.gg
.489

.285

.116

.302

.770

.470
3.24
.459
.293

2.25
1.51

0.066

Bone

0.188

0.116

~te of’ analy3j.s:Novernber 16 - 22, 195’5
.

ii i’11
,!,,

i’

I



Common
Name

“5 butterflyIT

-71-

Radioactlvityin Fish from Alllnginae Atoll~ble 1“ _——

Values ewressed in thousandsof dfi/g of wet tissue

!
i needlefish

suzzgeonfish
11

rf

1.

P

1!

1’

!“

11

1!

k 11

If

?1

lo/23/55 gr~,yshy,rk
Moglri . II *)

10/24/5$.— grouper
Moglrl pass ~clcere~

snapper

Iquscle Liver Bone

0.020
.02s

.017

.034

.022

.027

.030

.025

.039

.018

.058

.044

.055

.041

.022

.028

.033

.019

.021
:019
.01P

.021

.071

.043

.036

.025

.058

.017

.032

.017

.022

.019

.014

.015

.020

0 ● 021

~te of analysis: November 21 - 23, 1955

0.939
.646
.336
.32

2.30
.288
.521
.297
.149
.100
.269

3
.1 3

1.0 0
m:

1.000
1.280

.803

.313

.940

.318
2.380
1x;:

.163

.156

.263

.215

.284

.055

.210
2;Z

.667

.516
0.482

0.051

.132 #

I

.053

.024

0.169

“42
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~ble 1 (continued)
P*2 ____

Values expressedin thousandsof dfi~g of wet weight

~te and
.

Island Hallmeda Caulerpa Mlcrodictyon

Allinginae Atoll
lo/23/55
~ibuk
lagoon shore

lagoon
in 35 feet of
water

0.059
.066
.062
.149
.024

.092

.106
0.076

0.065
.0 6
.010
.068

0.074

Date of analysis: November 25-26, i955

.-

0,187 $ ,,

,, ..

i:

,
,:

?’,’<.~
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f’ ‘“’- nble 1- Radioactivityof Birds and Bird Eggs
I —.—

values f=pre=ed in thousafi~of d/m/g Or wet tissue

I)8::l:;:
Species* Muscle Liver Bone

Rongelap Atoll
10/21/’55 fal,ryte~ 0.046 0.14
-belle .025 0.092

noddy tern .041 0.17
Ubared,j fa+ry tern .031 0.044II .098 0.09711 II .039 0.17II n .028 0.045
10/22/55 ruddy turnstone .034 0.020
Rongelap 11 11

reef heron

Ailtn inae Atoll
f10 23/55 black-naped

Enlbuk 19 11

fairy tern
1! 1!
n 11

VT n

noddy tern!; tl

.10 1.0

.17 1.6

●

t~rn .10 0.30
.18 0.47
.076 0.18
.046 0.2
.054 30.0 3
.068 0.25
.10 0.19

0.051 0.046

,
W Egg contents
Shell yolk + white)

Rongelap Atoll

(
10 21/55
Ka elle fa+,rytern 0.028 0.052
Labaredj M 0.028 0.013

0 XE&
.019
.013
.03
.038
.036
● of2

z:4

.077

.110

.063
● 039
.009
.075
.093

0.009

. ●

l?oddytern, ~ous stolidus; fairy tern, (3ygisalba; black-
naped tern, Sterna sumatrana; ruddy turnstone, A~rla Interpres
morinella; r~ron, A)emigretta sacra aacra.——
~te of analysis: November 17-18, 1955

.
,.:.

.-,- .

1“’,.
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~p~lx Q

Radioactivity of Unfractionated Sand Profiles~ble 2“ -—.

49 feet
water,
lagoon

Alll inae Atoll
Y10 23/55 35 feet

water$
lagoon

val’~es expressed in thou=nds of d/m/g

Total

$lon@lap Atoll top inch 0.1810/22/55 low tide
line, lagoon 2nd 0.14

ROngelaP
side

?
rd “ 0.21 ●-

11 0.28
5:; : 0.2
6th 0.13
7th “ 0.0

top i~ch 0.51
2nd 0.58
3rd ;; 0.53
4th 0.58
5th ;:. 0.18
6th : ●:~2

&
th “
th “ 0:14

0.28
: .:g2

1:2
1.3

z
o. 0
0. 2
0.18

I

I
II

I

\
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‘, ~ppENDIx ~

mile 3. Radioactivity of SOUS and sand
—.

Values expressedin thomands of d~/g

Total
~te and
Island Area sample Depth Activity

?WWelap Atoll
loo:& soil - 200 yards top 3 inc~ea

from lagoon near
mid-island,open

3-6

area

soil near above top 3 lnckfs

sample, level 3-6
grassy area

lagoon sand from
6 feet of water

Labaredj

10/22/55
Rongelap

soil - SW part of top 3 lnc;es
island 100 yards ● 3-6
in from lagoon,
open area

near above sample
under a tree

10 feet west of
well, near vil-
lage, level grassy
area

under papaya trees
near schoolhouse
rocky soil

sand from anchor
chain, 2 miles off
Ron&lap Island,
in lagoon at depth
Of 150 feet

sand from bottom
of well, water
depth 16 Inches

3 %.
A$lin nae Atoll,,,

FlQ 23/55 soil
“.:;. Enlbuk..;-,., Moglrl sand from anchor
., . off Mogiri Island,
3 In lagoon at depth

Of 1s0 feet4<,’
,,,.-, .,,
:,.

l’%””.. .:

tOp 3 inches
3-6

top 3 incQes
3-6

tOp s inc~es
3-6

15.8
0.762

23.0
0.416

1.83

9*59
0.554

25.3
0.231

3.67
0.808

44.6
1.46

1.64

7.346

2.54

0.739

P
1’

t

i
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