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Introduction

On March 1, 1954, an experimental thermo-
nuclear device was exploded at the U. S.
Atomic Energy Commission’s Eniwetok Prov-
ing Grounds in the Marshall Islands. Following
the detonation, unexpected changes in the wind
structure deposited radioactive materials on
inhabited atolls and on ships of Joint Task
Force 7, which was conducting the tests.
Radiation surveys of the areas revealed radia-
tion levels above permissible levels; therefore,
evacuation was ordered, and was carried out
as quickly as possible with the facilities avail-
able to the Joint Task Force.

Although the calculated accumulated doses
to these people were believed to be below
levels that would produce serious injury or
any mortality, the Commander of the Task
Force requested the Department of Defense
and the U. S. Atomic Energy Commission to
organize a medical team to provide the best
possible care of the exposed persons and to
make a medical study of the exposures.

The medical surveys of the Marshallese
exposed to the fallout ~rom the March 1, 1954

nuclear test detonation at the Eniwetok
Proving Ground, have been published under
the editorship of Dr. Victor P. Bond,12 Dr.
Eugene P. Cronkite,’a who headed the first
two surveys, and Dr. Robert Conard,14 who
led the 2-year follow-up study. The present
report brings together the radiological data

developed by the Joint Task Force 7, Applied
F~heries Laboratory of the Univemity of
Washington, U. S. Naval Radiological Defense
Laboratory, Health and Safety Laboratory,
New York Operations Office of the Atomic
Energy Commission, and the Office of Naval
Research.

This report was undertaken by Dr. Gordon
M. Dunning at the request of the Atomic
Energy Commission. Dr. Dunning at the
time of the fallout was a representative of the
Division of Biology and Medicine, Atomic
Energy Commission to Joint Task Force 7

and participated in the early surveys and in
the evacuation of the natives of Rongelap and
Utirik Atolls to Kwajalein.

It is hoped that this document will provide
valuable information to those agencies and
persons responsible for planning protection
against radioactive fallout from whatever
source. It not only gives a picture of the
initial contamination, but in addition docu-
ments the radioactive decay as it has occurred
on the Rongelap Atoll over a 2j4-year period
and thus suggests the developing patterns of
the transfer of radioactive materials from the
soil and water into the food chain.

CHARLES L. DUNHAM, M. D., Director
Division of Biology and Medicine
U. S. Atomic Energy Commission
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I VI RAI)IOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

December 18, 1964 (U. S. N. PBM No. 2?471).

Applied Fisheries Laboratory, Dr. Lauren R.
Donaldson, Director, Dr. Edward E. Held, Mr.
Paul R. Olson, and Dr. Jared Davis, entomol-
ogist on loan to the Applied Fisheries Labom-
tory, from General Electric, Radiological
Sc&cesj Aquatic Biology Group, Richland,
Washington.-, t

Mr. Robert Rinehart and Mr. Paul Zigman,
NRDL, accompanied the expedition.

( January %5-30, 1955 (U. S. Navy O. G. “Rio
Grande”).

,
I U. S. Naval Radiological Defense Labora-
I tory: Robert W. Rinehart, Evan C. Evans
\ III, Joseph K. Gong, George M. Neuffer, Lt.
\ (jg) USNR, and William G. Murray. Applied
\ Fisheries Laboratory: Dr. Al@ H. Seymour
I and Dr. Frank G. Lowman.

October 21-23, 1966 (L. S. T. 664).

Applied Fisheries Laboratory, Dr. Allyn H.
Seymour, Dr. Edward E. Held, Dr. Kelshaw
Bonham and Dr. Frank G. Lmvrnan.

November 7, 1955 (U. S. Navy PBM 612).

Applied Fisheries Laboratory, Dr. Ally-n H.
Seymour and Dr. Edward E. Held.

February 7-14, 1966.

U. S. Naval Radiological Defense Labora-
tory: Dr. Edward R. Thompkins, Evan C.
Evans III, William T. Pfluegerj Capt. USA,
Joseph K. Gong, and Walter L. Milne. U. S.
Geological Survey, Department of Interior:
Dr. F. R. Fosberg.

Jtdy 23-24, 1956 (U. S. Navy Gruman Alba-
tTOSS) .

Applied FisheriesLaboratory: Dr. Lauren R.
Donaldson, Mr. Paul R. Olson and Dr. Arthur
D. Welander.

The processing of the material and analyses
of the data at the Applied Fisheries Laboratory
were shared by the following staff members:
Dr. Lauren R. Donaldson, Director, AUyn H.

Seymour, Mary Ash Baird, Ke]shaw Bo~am,
Grace C. Brewer, Simeon T. Cantril, Marion L.
Chase, Edward E. Held, Neal O. Hines, Frank
G. Lowman, Paul R. Olson, Ralph F. Palumbo,
Dorothy South and Arthur D. Welander.

At the U. S. Naval Radiological Defense
Laboratory: Mr. R. W. Rinehart, assisted by
Mr. John A. Seilerand Mr. William H. Shipman
were responsible for laboratory analysis of
samples and evaluation of data in 1955, and
were joined in this work in 1956 by Dr. Herbert
V. Weiss. In addition to his field participation,
Mr. Gong was responsible for preparation of
samples and evaluation of data in 1955 and was
joined in this work by Mr. Milne in 1956. Dr.
Minoru Honma, Maurice J. Brau, HN, USN,
and Phillip %mone, HM3, USN, assisted in
the 1956 analytical determinations. Mr. Wil-
liam Murray performed the photographic
services in 1955. During both years, Captain
Albert R. Behnke (MC) USN, served as
scientific advisor; Dr. Stanton H. Cohn as
senior investigator for planning of the field
trips and for analysis of biological data; Mr.
Paul E. Zigman, as senior investigator for
planning and analysis of chemical data. The
divers that assisted in the 1956 survey were Lt.
P. L. Schlegel, USNR, of Underwater Demo-
lition Team 11, and Q. D. Dennison, QM1,
USN, of Underwater Demolition Team 12,
both of U. S. Naval Amphibian Base, Coronado,
California.

The general concepts of Operation Troll were
discussed at an ad hoc meeting in Washlnglon,
D. C., on January 12, 1955. The following
were present: Dr. A. C. Vine, Woods Hole
Oceanographic Institute, Dr. J. Isaacs, Scripps
Institution of Oceanography, Dr. T. Folsom,
Scripps Institution of Oceanography, Mr. F.
Jennings, Scripps Institution of Oceanography,
Dr. J. Smith, Office of Naval Research, Mr. J.
Kane, OfEce of Naval Research and Mr. H. D.
LeVine, Health and Safety Laboratory, AEC.

The detailed planning was worked out among
Mr. J. Smith and Mr. J. Kane of the Office of
Naval Research, Dr. Warren S. Wooster of
Scripps Institution of Oceanography, Mr.
Howard Brown and Dr. Willis R. Boss of the
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Preface and Acknowledgments

Two to three days after the fallout on the
Marshall Islands in March 1954, 82 people
were evacuated from Rongelap and Ailiginae
Atolla and 154 from Utirik Island. In June of
1954, the 154 personnel were returned to Utirik,
and in the spring of 1957 the decision was made
to return the Rongelapese to their home island.
Siice March 1954 periodic surveys have been
made of these islands to invedgate the degree
of contamination.

Soils and biological collections were made on
and around the Marshall Islands by the Ap-
plied Fisheries Laboratory (AFL) of the Uni-
versity of Washington on March 26, 1954, July
16, 1954, December 8 and 18, 1954, January
25-30, 1955, October 21-23, 1955, November 7,
1955, and July 23-24, 1956; by the Naval
Radiological Defense Laboratory (NRDL) on
February 1955 and February 1956. Analyses
of the samples also were performed by AFL,
NRDL and by the Health and Safety Labora-
tory (HASL) of the Atomic Energy Commis-
sion. Surveys were also made of residual
activity in the Pacilic Ocean by Health and
Safety Laboratory of the ARC and Office of
Naval Research in February-May 1955; by
the Applied Fisheries Laboratory in June and
September 1956. In addition, teams of medical
experts from the United States examined and
cared for the Marshallese following their
exposure in March 1954, and returned to re-
examine the Rongelapese at about six months,
one year, and two years after exposure.

The purpose of this report is to abstract the
highlights of the data from these investigations.
In doing so there is the risk of unintentionally
quoting the original reports out of context. It
should be understood that the original author-s
are not responsible for any such violations and
if there be any question it is recommended that
reference be made to the basic documente (see
references).

The following personnel participated in the
field expeditions:

it4arch$6,1964 (US’S Nicholas, DDE 449).

Applied FisheriesLaboratory: Dr. Lauren R.
Donaldson, Director, Dr. Edward E. Held,
Dr. Ralph F. Palumbo, Mr. Paul R. Olson, and
Major Charles Barnes, USAF on assignment
from the Air Force Veterinary Corps to the
Applied Fisheries Laborato~.

In addition, Dr. Thomas $hipman, Dr.
Thomas N. White,* P. R. Schivone, and W. W.
Robbins accompanied the expedition to aid the
natives in capturing some of their animals on
Rongelap Ishmd and to make radiation read-
ings on some of the islands in the southern part
of the atoll.

April 13, 1954 (SA-16 Naval Aircraft).

U. S. Naval Radiological Defense Laboratory
and Naval Medical Research Institute: Dr.
Stanton Cohn, Lt. R. S. Farr, P. E. Thompson
HMC, J. C. Hendrie, HML, and J. Flanuigan,
NM1.

Ju.lY16, 1954. (U. S. Navy G%wnanAlbatross,
ASR-16, No. 902).

Applied FisheriesLaboratory: Dr. Lauren R.
Donaldson, Director, Dr. Frank G. Lowman,
Dr. Arthur D. We3ander and Lt. Commander
Clarence F. Pautzke, USNR Aquatic biologist
on active duty status for special training.

December 8, 1954 (U. S. N. PBM No. 2471).

Applied Fisheries Laboratory: Dr. Edward
E. Held, Mr. Paul R. Olson. AEC Division of
Biology and Medicine: Dr. Walter D. Claus,
AEC Radiological Safety Officers, Mr. Robert
Taylor and Mr. William Blakeman.
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PREFACE AND ACKNOWLEDGMENTS VII

Div5sion of Biology and Medicine, AEC and
Mr. Merril Eisenbud and Dr. John Harley of
the Health and Safety Laboratory, New York
Operations Office.

The senior personnel at sea were Dr. John
Harley as Project Leader, Dr. Wooster as
Oceanographer and Dr. Allyn H. Seymour of
the Applied Fisheries Laboratory, University
of Washington as marine biologist.

The chemical analyses at the Health and
Safety Laboratory were performed by Edward
Hardy, Gerald Hamada and William Collins
under the direction of Dr. John Harley.

The initial team from the United States that
examined and cared for the Marshallese who
had been evacuated to Kwajalein were: Doctors
E. P. Cronkite, R. A. Conard, N. R. Shulman,
and R. S. Farr from the Naval lMedical Re-
search Institute, Dr. V. P. Bond and Lt. Com-
mander L. J. Smith from the U. S. Naval
Radiological Defense Laboratory, Dr. C. L.
Dunham, AEC, and Dr. G. V. LeRoy, Con-
sultant to AEC, and Lt. Col. L. E. Browning,
M. C. from the &rned Forces Special Weapons

Project. Before the arrival of the team, pre-
liminary care and studies had been tiltiated by
the station medical officer, Commander W. S.
Hall. Doctors T. L. Shipman, Thomas.White,*
and Payne Harris of the Los Alamos Scientific
Laboratory performed the urinalyses.

The six months medical survey was conducted
by Dra. V. P. Bond, R. A. Conard, J. S. Robert-
son and E. A. Weden, Jr., and the twelve
months medical survey was conducted by Drs.
E. P. Cronkite, C. L. Dunham, David GrifEu
(USNRDL), S. D. McPherson (NMRI) and
Kent T. Woodward (Field Command, AFSWP).
The two year medical survey was performed by
Drs. R. A. Conard, Bradford Cannon, C. E.
Huggins (USNR), J. B. Richards (USNR), and
Austin Lowery (USA) with the technical as-
sistance of C. P. A. Strome, W. K. Border,
J. W. Hamby, L. D. Snow, W. G. Clutter,
and C. D. Severson (all USN).

Special appreciation is expressed to Violet
M. McCarthy for the secretarial work in
preparing this report.
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CHAPTER 1

External Gamma Radiation

GAMMA DOSE RATES WERE taken periodically on
several islands in the Pacific over a time ranging
from about two days to more than two years.
The attached map is an estimate of the gamma
dose rates at three feet above the ground at
D+l (one day after the detonation on March
1, 1954). A very rough approximation of the
degree of contamination maybe made by divid-
ing these readings by four to arrive at units of
gamma megacuries per square mile. (The beta
to gamma ratio varies with time but at one day
may be near unity, so these values may also be
thought of as beta activities.) However, the
gamma dose rates do indicate the rehztive de-
grees of contamination on the islands, there-
fore are useful in this respect when evaluating
the data in subsequent sections of this report.

Graph 1 shows the decay with time of gamma
dose rates on the Island of Rongelap. Similar
decay curves were found on other islands in the

.:. Ato~ and in nearby Atolls (Ailinginae and
Rongerik). The decay of activity of mixed..

... fission products is assumed to follow (tima)-l. 2
principle. This is intended to apply to disin-
tegrations of atoms. However, in eathnating
the reduction of gamma dose rates above a
plane with time there must be considered the
changing numbers and energy spectra of gamma
photons released per disintegration, and the
effects of weathering. When computing the in-
finity radiation doses from fallout that occurs
within a few hours after detonation, integmtion
of the (time)’12 curve gives a fair approxima-

{.-
..

tion since most of thw total dose is accumulated
during the early periods when this curve lies
near the theoretical gamma decay curve. How-
ever, in extrapolating by (time) ‘1-2 there may
be a significant dillerence in estimating dose
rata a year or more after detonation and in
estimating doses that might occur at these later
periods.

During the first two weeks after fallout there
was no rainfall and the winds were light. About
the end of the second week a tropical storm
occurred. For these reasons, a straight line
was drawn for the first two weeks followed by
a break in the curve. The readings are not to
be considered precise, due to the nature of such
measurements, but the curves suggest that
whatever was the reduction of gamma dose
rates by weathering, it occurred principally
with the fit heavy rainfails. Except for the
last data point on Graph 1 for the Island of
Rongelap, which may be somewhat high, the
actual and theoretical decay curves correspond
fairly well.

The theoretical curve of Graph 1 would flatten
out with time due to the dominance of Cesium-
137 with its 27 year half-life. The last survey
of Rongelap Island in late July 1956 indicates
a range of gamma dose rates at three feet above
the ground of 0.2—0.5 rnilliroentgens per hour
with an average of 0.4 mr/h.r. These values are
higher than suggested by Graph 1 and are due
to the small additional fallout resulting from
Operation Redwing (Spring and Summer 1956).

.
1

. .
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CHAPTER II

Gross Activity

.

.;. . .

A. Lund Plants

Graphs 2 and 3 indicate the general levels of
activity of edible plants (pandanus, papaya,
breadfruit, arrowroot), and coconut meat and
milk at Rongelap Atoll together with their
decline of activity with time.1-s

Tables 1 and 2 show the analyses made by
NRDL for their first survey in February 1955?
Table 2 is based on the February 1956 survey}

Tables 4, 5 and 6 show the analyses by
HNL?” 0

The high initial activity of the “edible plants”
(Graph 2) was probably due to surface contami-
nation caused by the direct fallout. The rise
in activity after a year after the fallout occurred
may be due to (a) sampling and counting vari-
ances, (b) the ability of some plants to con-
centrate CS*37(see Section Radlochemical An-
alysis), (c) the increased availability of the
radioactive fallout material to the plants, or (d) a
combination of these factors. Initially the ac-
tivity in the coconut milk and meat was less
than other edible plants, but the rate of decline
of activity has been less than for other edible
land plants due principally to the higher per-
centage uptake of this longer-lived CkY’.

Table l—Summaryof Gross Bets Activity in Miscellaneous Plant Samples*

A%’EE.AGEACTIVITY(pc/!sx 109 ● b

PLANT MATIUUL IeI.AND

Lmep Utirik Izon@ap Bnwh En!aetok LabaredJ Kmbelle Lnknen Oejeu LOmullal Bikar Enlwetak
— — — — — — — — — . — —

Gins&___...- . . . . ..__.. m 400 sixxl 4s0 2320 mm 1900 SIUJ mom 6eco lm 400
COeonat lest. . . . ------------ -------- 1100 ---------- -------- ---------- 760 lam 670 ---------- ---------- -------- . . . . . . . . . .
t%oouutfrond stem--------- -------- ---------- ---------- . . ------ ---------- ---------- ---------- la ---------- ---------- -------- ----------
Ooeonut shell . . ------------- -------- ---------- ---------- -------- ---------- ---------- 17 . . . . . . . ..-
COoonnthuak..._...__.- L7 L&

lr41 . . . . . . . ..- . ------- ----------
63 . ------- ---------- . . . . . . . . . . 78 ---------- 110 . . . . . . . . . . S.4 . . . . . . . ..-

C!OoOnutsprout------------- -------- ---------- % ...-... - . . . . . . . ..- . . . . . . . . . .
Spr0ut6dmeonut roots----- -.-.--.- ----------

110 ---------- ---------- ---------- -------- ----------
72 -------- ---------- . . . . . . ..- 740 ---------- ---------- . . . . . . . . . . ----. -../. . . . . . . . . .

Smevola leaf ___-. .__... -------- ---------- . --------- -------- . . . ------- . . . . . . . . . . 120 ---------- 100 m 6.7 60
Scaevola trunk sedtlon------ -------- ---------- ---------- -------- ---------- . --------- . . . . . . . . . . ---------- ---------- ---------- S3
Ai’I’OV?IOOtStBIO------ -------- ----------

----------
19 . ------- ---------- . . . . . . . ..- . . . . . . . . . . ---------- ---------- . . . . . . . . . . -------- ----------

ArrOwvoot leaf----------- -------- ----------
mph-------------------

61 -------- . . . . . . . . . . ---------- . . . . . . . . . . ---------- ---------- ---------- -------- . . . . . . . . . .
20 . . . . . . . ..- * -------- ---------- . . . . . . . . . . . . . . . . . . . . ---------- ---------- . . . . . . . ..- -------- . . . . . . . . . .

Lea---------------------- 20 .-----..-- ---------- . ------- . . . . . . . . . . . . . . . . . ..- . . . . . . . ..- . --------- ---------- ---------- -------- . . . . . . . . . .
*------------------------ l.1 ---------- ---------- -------- ---------- . . . . . . . . . . . . . . . . . . . . ---------- ---------- ---------- -------- ----------
Banana-__. __...-------- 4.6 . . . . . . . . . . . . . . . . . . . . -------- . --------- . . . . . . . . . . ---------- . --------- ---------- ---------- -------- ----------
Vha----------------------- -------- ---------- ---------- -------- ---------- . . . . . . . ..- --.--.---- ..--.-.--- 4P0 ---------- -------- Z40

● Wet weight.
b A# dotwnined on badn UIOOetandeirdsand emplriosl seattaring and absorption oonwtlone.
“Odkctlonsmade about February 1, 196S. Data reporwd m of March 1, KIM.

6
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JJC/KG WET
II
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Graph 2
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Table 2—Summaryof Gross Beta Activity in Major Plant Foods (NRDL) *
(

Souxcx

Atdf

I

IeJand ArrowToot

LlkieP ----------------------------- LtkieP----------------------------- Lo

Vthti ------------------------------ Utik ------------------------------- 16

~ng~p -------------------------- RoWe&p --------------------------- 15

~ngtip -------------------------- B-------------------------------- 69
Rongelep_-- . . . .._-- . . . ..-.. ----- Enktik ---------------------------- a)

~ngebp -------------------------- bhedj ---------------------------- 36
&Wehp -------------------------- =&Ue ----------------------------- 40
tibp -------------------------- Ltim ----------------------------- ---. --ii.-.
Rongehp -------------------------- Geja -------------------------------
mngehp -------------------------- hmtil ---------------------------- mu
Bti------------------------------ B%------------------------------- ------------
muck --------------------------- Emwetik --------------------------- ------------

AVEEAOEACrIVITY (@g x W or PC/ccx 109’ *

I I I

I Oeconut
BraadhmJt Pandenus Papeya

II ] Meat I Milk

9.1 6.7 3.6
2.4 6.0 9.0

------------ 23 27
------------ 13 ------------
------------ 34 .--.---.-..-
------------ --------- .-. . . . . . . . ..- .-
------------ ml ------------
------------ . . . . . . . . . . . . ------------
.. . . . . . . ..- - ----------- . ------------
------------ . . . . . . . . . . .- ------------
.. . . . . . . . . . . ------------ ------------
----------- . ------------ ------------

25
23
0.8
&o

12
13
16
18
72
19
6.9
7.8

3
2
9.

11
ls
13
12
16
25
30
5
Q

● Wet weight.
b Ae determined on hash USOt standardsand empfrbl mattering and absmption corrections.
●Oolfectionsmade shut Feh~ L 1955. D@s mm M of Much L 1~.

Table 3-Gross Beta Activity in Plant Samples ‘ (NRDL)
1 I

PLAm PASbT

Oejen Entwetak

I
Po~@ ....-.--.. -.--. -..--l Whole pfant.-..-- . . . ..-. -.-..l 87.4 I 19.2

1{Stem,ham------------------ 11.0 4.5
. . . . . . .~mt... - - ------- fi~ -----------------------

232 0.57

I
Alrrat-----------------------2.87 0.17

Pmd~m .. . . . --------------
bow------------------------ 2.64 1.02
~rmn Keys. ___. -_ . . . .._- 1.37 0.37
Ripe Keys -------------------- . . . . . . . . . . . . ------------

{

Rim-------------------------- ------------ ------------
PWnW’a---------------------- Grwn ------------------------- ------------ ------------

Leaves, tnmk -------------- ------------ ------------
[MW-------------------------- Z 87 --------.- .-.

Ripe eooonnt. . . -------------

1

Mat-------------------------- 1.W 0.33
SheU-------------------------- 4.9S 0.33
Hmk------------------------- 1.S2 0.66

II“Whole------------------------ 3.1 . . . . . . . . . . . .
M~-------------------------- ------------ 0.29

(ireen mconnt---------------
1{

Mat-------------------------- ------------ 0.ii
SheU-------------------------- ..----. . . . . . . . . . . . . . .

IIH-k------------------------- ------------------------
Shell, bwk-------------------- . . . . . . . . . . . . 0.11

[Milk -------------------------- ------------ 1.61

IIMint -------------------------- ------------ 0.ii
‘Urouthg mwnut ----------- Shell-------------------------------------- 0.20

lHusk ------------------------- ------------ 0.;

1

Maw------------------------ ------------ 16.4
-nut. .-... -... ----------- Frond ------------------------- ------------ 0.94

Leaves, bond ----------------- 1.43 -----------

1

wit-------------------------- ------..--.- -----------
~---------------------- Bark-------------------------- ------------ . . . . . . . . . . .

hvffl ------------------------ ------------ -----------

w------------------------
Leaves, Stews----------------- ------------ -----------
Tuber, roots with mU-------- ------------ -----------

Px.Ameb (e/m/kgx 10+)

Enlaetok

a 06
0.32
0.69
1.05
6.26
0.70
0.53

. . . . . ..- -
----------
----------
----------

1.97
0.72
1.67

. . . . . . . . .
0.11
0.25
0.30
0.4s

----------
0.76
0.40
0.41
1.57
0.M
0.61

----------
------- . . .
--------- .
--------- .
--------- .
--------- .

ROngelap Sifo Utirlk

1.% ------------ 1.71
0.35 0.21 . . . . . . . . . . . .
0.65 0.0s 0.14
0.32 0.96 0.C@
0.3s 0.16 0.21
0..22 0.10 0.w
0.17 ------------ 0.07
0.12 ------------ 0.11
0.25 ------------ 0.09
0.09 ------------ 0.16
0.54 0.63 0.12
0.34 0.17 0.C4?
0.44 0.23 0.06
1.31 0.77 0.21

---------- - ------- ---- - --------- -..
0.05 0.13 ------------

---------- - 0.m 0,07
------- --- - 0.37 0.03

0.12 0.11 0.11
. ------- -- . -------- ..- . ---------- -.

0.70 0.n 0.11
0.12 0.30 0.07
0.33 0.18 0.04
0.es o.w 0.26

---------- - 0.34 04.7
----------- - 0.23 0.09
------ ---- ------------ ------ -------
.----.--.-- - ---------- . - ----------- .
--------- -- -------- --- - ------------
------- ---- -------- --- -- ----------- .
---------- ----------- -- ----------- .
---------- . ---------- -. ----------- -

● Allmunts were mrrected forthemuntfng edWeDcyofSfl-Yn.
b Grossbetaacttvity of pbint srimpleawes determined in Aprif 1!3543and thet of eofl and water in May 1956.

Llkiep

1.
0.
0.
0.
0.
0.
0.

--------
0.
0.
0.
0.
0.
0.

------- . .
0.
0.
0.
0.

.. . . . . . .
0.
0.
0.
0.
1.
0.

--------
0
0.
0.
0
0.
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Table 4—HASL Analyses (AFL Surplus)

VEGETATION

H;~L

a176___

a172__-..

3170--------

3172-.....-.

8177..__-.

a171..-.-...

am9.._..

3213-3217-..

Sr-00 dhnhmarn

-

~R4ZN!

B%tD
)N WET
WWJHT

—

Brm!r-
XEN
No.

A 36-39

A 40-42

A 36-20

A 85-42

A 62-64

A 67-71

A 143

A 4E-49

AREA
TamurE C:gmmu

—.

Pulp. .. . . . . . Rangelap-..

Pulp and .-.. -do... . . . .
med.

Skit. . . . . . . . . . ..-do. ... . .

Seeds. . . . ..- ..-. -do....-.

Entlm. . . . . ..---do ... .. .

Corn.. . . . . . . . . . ..do._._

Leeves and . . . ..do . . . . . .
ffowere.

I?ntlre. . . . . . . . . ..do..-...

COLUC.
TION
DATE

10-22-55

10-22-66

10-22-65

10-22-65

10-22-55

10-22-66

10-22-56

lo-22-5f

.i s. u.——
Wet

0,43+0.02

1.23+0.00

o.36+0.07

O.323+3.M

1.12453.W

3.61+0.32

&72&0.43

2.67+0.07

wet ~

6S.2 +0.6’

108 + 1.0

21.0 +0.5

33.9 +1.0

32.8*L9

102 * 1.1

34 + 1.0

34.4 +0.6

Dry

416* 4.3

740*7. O

140+ 1.6

345A 6.4

27s+ 7.5

------- . . . . .

307* 13

Dry

a.07+ 0.14

8.64+ 0.32

5.86+ 0.4s

1.76+ 0.25

9.22+ 0.67

. . . . . . . . . . . .

71.6*4.27

. . . . . . . . . . . .

0.022

0.037

0.070

0.102

0.006

0.03{

. . . ..-. .

0.13(

es +41

1511 +74

MO +46

85.0+11

7s3 *6O

MOO +436

------- . ----

362 *22

6fMit5-+@@ efen, skfo snd
emds removed: dr4ed at
96”0.

Halves from 8 frnfts, vtlbw
area seeds removed: Wed
at 96° Cl.

Peeled from 6 fruits, vftlage
arerx dried at 96°0.

8 frutt.%viIIage arm drfod at
96” c.

3 fmlte, viffage eretx dried at
95”0.

Peeled tubere, sk~nremoved,
vlflage era achedat 650”0.

Village area,pfant in blossom
but no fmlt: dried at 95”0.

Part of 6 frrdte from 6 treas.
vtflage rues.

Papaya . . . . .

. ..-do .. .. . . .

. . ..do ... .. . .

. ..-do ... . . . .

Mor!ndn. _

Arrowroot..

Squeslr.. . . . .

Pandmrus...

ALOAE

70.0 Mr. a . . . . . . . . . . ------------

37.7 *11. 7 . . . . . . . . . . ------------

3104-.. -_... A 102 . . . . . . . . . . . . . . . . . . . . . . . . . . . . Rongelnp---’

31OF.... . . . . . A 1!0 . .. . . . . . . . . . . . . . . . . . . . . . . . . . ..-..do ... .. . .

10-22-66

10-22-66

From cletmnInvtk+49,~~9
undethred:dried at 96”0.

Fmm well in VIILWI (Wren
from efdeebelowwstar level)
specleenndeffnod: dried at
96” c.

0411 AM

6S3 *13

43440&4!M

2140+ 72

9.73&9.36

6.20&2.14

●D8te of eonntlng: February 1956.

CD
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sPEcl-
MEN

— —

3123. . . . . . A26
3109. . . . . . A 31
321-m. . . . . A 32
3’201. . . . . . A33
3202. . . . . . A34

326 X..... A 36
320’.. .. ..- A 36
3205. . . ..- A 37
a2ct.----- A33
3m7. . . ..- A36

Wo8.....- A46
Wm..-..- A 41
3210. . . . . . A42
3211----- . A43
a212___ . A44

Table 5—HASL Analyses (APL Surplus)

OOOONUT8

d/m/gmm-wet TOFALACFIVIIT” d/m/gram-wet 8r-20

AREA Co;grm RmMAUK8
COLL!tMSD (One CoconutFrom Each

of FiQe(6) ‘lYee8) Outer
Husk

Kabelle I%.. 10-21-65.. . ..-.

I [
34.ua.3

...-do. _.. - 10-21-55------- 66.6+ 2.7

.-. -do... . ..- 10-21-55------- Variouesrezsof the Island. .. 66.3+ 20
.--do .. . . . . . 10-21-66.. . . . . . 69.6* 3.1
...-do..._.. 10-21-66. . . . . . 127 *6.6

LnbaredjIs. lo-21-ci6-------

} [

141 +6.0
.. ..do.._.. - 10-21-55.-...-. 318 +13
...-do_ .. . . 10-21-65..-.-.. Northrun end of lzbmd... . . . 182 *7.6
...-do...-... 10-21-56. . . . . . . 230 +9.2
.. ..do__... 10-21-55------- 142 +6.2

Rongelnp18. 10-23-35.. . . . . .

1 1
264*11

.. ..do ... . ..- 10-32-.55...-.. - 49.4* 2.2

.-. -do..._.. 10-22-53------. Viuage arm . . . . . . . . . . . . . . . . . 87.4* 3.9

.-. -do.. .. ..- 10-22-55. . ..-. . 73.2&3.3

...-do ....-. - lo-22-33. . . ..- - 84.3+ 3.6

pun

16.8+0. 7
22.5+1. 6
12.7+1.1
20.4A .96
32.0+1.6

‘m.9*O. 9
26.1+1.1
31.1*1.3
41.2*L7
22.4+1. 1

46.a*l.9
4.O*O.2

34.6+1. 4
9.3+0.5
5.a+o. 3

Meaayd
Outer Huzk

I
Inner Shell

COMMERCIAL COCONUTS

64.6+2. 3 1.2 +0.24 o.eo+o. 19
W 3+2.6 0.11+0.31 0.07+0.M
37.1+1.6 0.06+0.06 (-o.oo)a.m
46.6+1.9 0.12+0.06 o.O&to.06
66.2*2. 4 0.66+0.25 o.14*o.cB

m.2*2.5 1.3&o.14 o.23+0.11
177 *7.1 4.8 M. 30 0.89*O.10
61.3+2.6 1.3+0.16 0.17+0.07
63.I*2. 7 1.0 +0.23 o.19+6.12
64.6+2. 3 1.6 +0.14 o.22+6.11

81.2+3.3 3.6 +0. 24 0.61+6.13
66.2~2.2 .0. 39+0.10 0.OQ*O.07
24.6+1.0 (-0.19)+0.20 o.21*O.02
22.3+1. 5 0.70+0.21 o.31*O.13
Zo.a*l. o O.76+0.17 O.O7*O.1O

o.06+0.22
-0.24)+0.18

0.02+0.14
-0.07)+6.14

o.28+0.23

-o. 26)*O. 22
0.16+0.34
0.10+O.18
0.664C0.32
0.32+0.20

o.323+3.20
-O.O7)*O.1O

o.44*O.21
0.157+0.42
o.C9*0.32

PmC@CSBASED ON
WET W’W314T

1 [

Outer Innwr M#
Husk SbOII

Mflk
—1 —l—

------- -------- --------
.------ -------- ..------
0.639 0.068 0.ola

------- -------- --------
....... -------- --------

......

......
0.062
.-----

.....-

.-.-..
0.062
..--..
------

-------. ------ -.
-------- --------

0.019 0.011
.. ----- . . .. -----
.------- . . ------

-------- --------
-------- .... ----

0.078 0.007
------- . --------
-------- --------

x411.. ----- . . . . . . . . Puerto R!co. Febnuup 1956... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 1.2*O. 2

II I
&l*l.o . . . . . . . . . . . . . . . --------------- --------------- -------- ----------------

2312. . . ..- . . . . . . . . . . . ..do...-... . . . ..do .... . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 8.0+0.2 6.3+1. O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- -------- -------- --------

3313... . ..- -------- . . ..-do...-... . . ..-do .... . . . . . ---------------------------- . . . . . . . . . . . . ..- 1.9+6.2 A8*1.O . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------- . . . . . . . . . . . . . . . .

“Dsteofcormtlng: February 19M.
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.*.i, GROSS ACT-

‘L5
?& Table 6-Resu.ks of Analyses Performed at HASL

LAND PLANTS

I ITOTALACTIVTTY
H&SL N$lZL 8AWZlXV3 oltOANKim TISWB _

LOOAT30N
O-Date’

{

Outer aod in- +17-66
84s7..-. 521 Rimgelep.. Oommt---- ner nhell.

Milk ----------- 4-17-66

{

Outarhusk.. . . . t17-66
3433___ 822 . . ..-do..-..- .-...do ------- IoDarehell..-.. 4-1746

Meet and mflk. 4-17-66

{

Outerhusk... . . 4-17-66
8439.-.. 623 .._-do____ -..--do ------- IXMWmen----- 4+7+5

Meat andmilk. 4-17-66
3ti13___ 71S2 Utirfk--- -. ..-. -do------- Enti --------- 4-17-66
3634---- S33 Llklep----- .-.. -do----- -.-. -do---------- 4-17-66
3441---- 633 rte4?elap-- Paudanuu- - ---. -do---------- 4-14-66
3442-... 636 ._.-do____ __-do .._.-- .-... do---------- 4-14-60
3447---- 633 .-._do____ Arrowreot..- . . . . do---------- 4-14-60
M66...- 366 Oagao.-. -- .----do ... . . --.--do ---------- 4-14-66
3470---- 6s0 Etiwetok.- ..-..do-...-.. ---.. do---------- 4-14-36
3492... . 726 Enhetak_. --...do ------ ---- .do---------- 4-1+.56
6605___ 674 sifo.-.. .-.. --_-do _...-- .-.. -do... ------- 4-14-60
alw... 7M Utilik+ -----.-.--do ------- --...do -------- . 4-14-60
a64l--- So7 Likfep.-... . . ..-do._.-_ ----do -..-...-.. 4-14-46

vm-

26+0. 7

42*L 7
71*1. 7
S6+0.7
%8&22
66+1.7
35+0.7
87+2. 1
61*2 o
10+O.7
42*1. 9
s0+1. b

hat
300+4 1
1WE3.8
67&2.1
69*2 2
.2&l. 6

7.a+l.1

&+-

0.22 +0. 01

0.11 +0. 10
.. . . . . . . . ..- -.
0.14 a. 06
0.047M. 039
0.70404
0.031+0.071
0.030+0.043
27 34.1
0.M6+0. 02
0.26 s. 11

so. 16

low
3.6 +0. 15
1.4 M.sz
0.20+0.06
0.19 +3. 03
o.22ztfJ.06

so. la

..........- .

19 SL7
. .. ----- ----
----------- .
------------
. . . . . . . . ..- .
------------
----------- .
. . . . . . ..- . .
---------- .
16 *7

-----------
---------- .
250 +6. 4
64 *1.6
17 +0.6
36 +1. o
17 ti8
a8~l

Cs
W-81 s. u. ●

0.00022 450+ al

o.Oom !mo+2al
0.0003S --------------

0.alo13 440+210
0.00001 214cHmoo
o.CQo3s 876* 21
0.cwl15 24%M16
&o0020 136+ 93
0.C0J96 1* 47
0.00031 67* 2S
o.mlo 11S3+600
0.00010 5730

-------- - ------------- -
0.0012 I* 57
0.mow loaM=6m
0.00060 W&t 46
0.mm 32* 6.2
0.culoo3 3XO+91O
0.00070 ~m

Par.
yllt

a33

azd
.-----
0.62
0.04s
L1
0.22
0.094
& 3
0.43
0.62
. . ..-

1.2
0.77
0.30
a 31
0.84
.. ----

Pdr-
CaKlt
Ow

—-

-----

44
-----
-----
. ----
-----
-----
-----
.-..-
-----

3s
-----
-----

33
30
26
01
66
62

—

B. Marine Organisms and Birds Tables 7,8, and 9 report the results of NRDL
analyses for the Febmary 1955 survey.8 Tables

Graph 2 indicates the general level of 10, ’11, and 12 are for the Febri- 1956
activity in fih at Rongelap Atoll and the s&vey~4 Tables 13 and 14 show the analyses
decline of activity with time.z by HASLFCe

Table 7—Summary of Beta and Gamma Activity Concentration in Fish and Marine Invertebrates
(XWDL) *

I
●✌

✌✎

LocAmoN l—X.AEOEnax Q)

:~f
mem

Rongelap Atoll:
North Wren ---------------------------- 3
8outfI Lawn ----------------------------- 3

Ronserik Atoll:
Efiwemk --------------------------------- 2

Utirik Atolk
Utw------------------------------------ --------

LikiepAtoll:
LWeP ------------------------------------ 1

Biku Atoll:
Be------------------------------------- -------

Aetlvity

B -f
. —

0.22 1.2
.034 0.33

0.23 0.m

-------1 -------

0.02 I 0.01

-------- --------

RADIOACI’IV7TYCONCENTFWTIONG@@ (*)

SMALL?mE (q CBAB9ANDCLAW aNAILe

t
No.of Activity :;;: Activtty No. Of Activity
6peci- _.
men9

F r ‘em T ‘% .61.–. —

22 .49
7 .14

2 .!n

6 .14

8 .03

------- -------

-— — . . — — —

1.63 4 L 64 1.25 2 19.b rhfl
0.94 3 0.49 1.76 -(d) -------- --------

.21 -------- -------- -------- -------- -------- --------

.04 -------- -------- -------- -------- -------- --------

.01 1 0.12 0.35 . ------- -------- --------

------- 2 0.39 0.19 -------- -------- --------

(* x m fu m ofC& equivalent. W >160 u. (d <lKl g.

‘Collections made about Fekuusry 1,WM. Date reported aa of March 1, 1933.

\

,.%
-.r ..-
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12 IUDIOACTIVE CONTAMINATION OF AREAS IN TEE PACIFIC OCEAN FROM NUCLEAR lT

The data show a significant higher concen- Tables 9 and 12 show the gross activit~
,,. .’., tration of gross activity in the livers of fish birds and fowls?’ 4, .:”-’:,’.

and in the oruatacean muscles.

~’ Table 8—Distribution of Gross Beta and Gamma Activity in Tissues of Large Fish’ (NRDL)

i

,,

. . . ,..,

.-. . ‘.. .., -,-..:; .; .:--

{

IaLANOANO FI”E W::l’

ROW&YP A.tdl, North

Oejen- net Fieb With orangesmti*---------------------- m

{

~m M- 2 Pmt---------------------------------- m
Smpm ----------------------------------- 321

A~---------------------------------------------- 427
Pero9ntageof bmwtitim --------------------------------- . . . . . . . . . .

Ren@op Atell, Seuth I
{

1,420~mw----------------------
. . . . . . . . . .

soatb- Moon Luttim -------------------------------- k 170
Red snp~-- . . . ..- . . . . . . . ------------ L2S0

A---------------------------------------------- I,3E0
Pwcantage of totaf @@@--------------------------------- ----------

hnucrtk A&n I
{

~*e* Pint-. _--...; ..-.. -..-- . . . . . ----------------- 1,4s)
Mtiet ----------------------------------------- m

Avme ---------------------------------------------- S40
Pan?entOgeof total titi@-------------------------------- ----------

Total

e Y
— —

193 714
34 606
63 650

113 bw
----- -----

112 m
69 613

lW 220
. —

w ‘w
----- -----

272 23$
64 e’

. —
16s 204

----- . ----

SHo

8 ?
. —

26 %
6 69
4 62

12 64
10.6 9.2

19 16
25 62
12 36
— —

19 40
N. 8 &3

1 30
s 13

. —

6 26
8.0 m T

18
9
9

12
10.6

14
19
14

16
16.7

48
a

‘M
16.6

. —
T # 7 e ‘1’ 8

— . . .

% 120 310 7 16 26 I

7s 29 271 3 16 87
24 56 313 3 17 8

— —

3.6 !27 21.0

111 6 61 1

— —

106 2.2 136 6 37 16

14.7 6.2 30.4 3.2 3.4 37..0

●>lflog. b@ are in terme of C@ equivalent. ● Name ontmown
“Collections made about February 1, 1966. Data reported es of March 1, 1065.

. .

..

.
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GROSS ACTMTY 13

Table 9-Summary of the Gross Beta and Gama Ad~@ in B~ds and FOW1*

‘,”

- .

.

No. or WET
140.ANDAND 6PEXZXXN 6PNcI-w&dT

MEN8

@j-h ----------------------- 2 103
Gut----------------------------- -------- ----------
Tlbh --------------------------- -------- ----------
o~------------------------- -------- ----------

GMem------.--..-..-.-.... 2 184
out----------------------------- . ------- ----------
~bh--------------------------- . ------- . . . . . . . . . .
Mae-------------------------- -------- ----------
o~------------------------- -------- ----------

M~Tm-...-...-.. -- . . . . . . 2 146
Gut----------------------------- -------- ----------
Tick --------------------------- -------- ----------

Rontiv~-......-...-----.. 1 1,140
Skdebn ------------------------ . ------- 208
Mtie ------------------------- .-.---.- 4a4
vim------------------------- -------- e4
Llvw--..w --------------------- -------- 144

817. —

-------- -------.
46 116
10 10

197 200
. —

2s21 as
-------- ........

12 9
22 bNDA

22 6
242 122

8001 148
-------- --------

114 57
29 4

— —

142 u
------- --------
$800 %270

2s0 120
lea 61
29 6

H&--------------------------
Sh---------------------------
Lm----------------------------

Rorwrik AM

Edweti-Tm -------------------
Gut-----------------------------
Tlbk ---------------------------
Made --------------------------
C=x. ..-.. .-- . . ..-. --... -...

B4karAil

S-T------------------------
Gut-----------------------------
Tlbb ---------------------------
Mmcle --------------------------
Ohm-------------------------

●wrmeintems ofC@euuivalent.
b No detectable aotlvitg.
●Nod8tatakrm.
“~UwtiomtieabutFe-l,19M. DatareportedasofMaroh 1,1965.

------- 15 s
------- 157 16
------- ---------- 2

7,281

2 (“) --------
------- ---------- 10
..-.--- ---------- 6
------- ---------- 8S
.. ----- . . . . . . . . . . 120

175

2 lzs --------
------- ---------- 9
------- ---------- 6
.------ ---------- 40
.. . . . . . ---------- 14

@

2
18
2

&419

-------
9

NDA
14

294

817

-------
8
1

14
14

82

—- .—7 —
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14 RADIOACTIVE CONTAMINATION OF AREAS IN TEE PACIFIC OCEAN FROM NUCLEAR TES

Table 10--Distribution of Gross Beta and Gamma Activity in Tissues of Fish (NRDL) *
,..,. ’,:.’

t
xsrANDA?mPRIE W%%T Total

RADIOACWITY (d/m/tkwe x 16+) s

Skkn Head Muscle Bene mu W3eera

I

(e) —

8 Y -v Y

—
7 8

1.6
1.4

-v

—
u

—

0.6
0.3

‘r

1

1

1
1

1

1

9

B

*9
1.9

Ro?w?J3PAtoU,Soo&h:
RmekpGmt ------------- 218 8.8
RmebPGroumr...----.-- 452 6.2

Avwm.---.-...-------... ---------- 7.0
Percent of totaf activity-. . . . . . . . ..- 100

~dap Ato31,North:
mja—smp~------.----.- 1,164 7S.3
=Wll*Smp~..-.---....- ZN 12.3
KmhUePmot--.----...--- 1,957 24.8

AvWe-------.-.---.,-..- ---------- 21.1
Perc8nt of total activity.. ---------- 100

Akl{nffnaeAtOk
Suesmpm ---------------- 640 3.2

Pement of total activity ---- ---------- 100
RongerkkAM:

Enkwetalr-Sqr.drmL ______ 337 0.41
PerCmt of Wa3 aetkvity .. . ---------- lCO

WtirkkAteU:
utfrfk-Parrot.. _.___ . . 426 0.e5

Permnt of totaf aotivkty.. . . ---------- 100
LkkkepA.@:

Lkklep-Snapper _______ 4ti 1.1
Pement of total aetkvtty-. ---------- 100

15.5
6.7

0.2
0.4
—

0.3
4.2

1.0
1.0
L 1

2.4
0.3

0.45
0.8

3.3
0.7

1.1
0,4

21
0.6

2.7
2.6

2.2
0.3

10.6
100

87.0
18.b
n.3

1.3
12.1

11.8
11.2
8.9

0.32
S 8

6.6
4.6
8.6

2.0
18.7

24.7
1.Q

20.9

0.8
11.2

6.4
Lo
24

1.3

12.1

16.8
0.7
6.6

1.5
21.0

6.6
2.4
7.0

6.0
23.7

0.5
16.1

0.66
14.6

0.13
19.7

0
0

2.7
25.2

15.7
4.4

23.4

0.5
7.0

1.7
0.6
0.B

1.3
12.1

2.1
1.1
2.7

3.4

47.7

6.1

2.0
S.o

-,.

.-’. ,:; ;:.. -

6s.9
100

3s,9
100

20
ml

0.87
100

2.2
100

1.0
4.8

0.3
Q.7

0.62
4.0

0
0

0
0

—

10.6
17.3

5.9
16,2

0,35
17.3

0.24
27.6

0
0

6.6
30.8

0.7
22.6

0.23
66

0
0

0
0

15.8

23.9

9.9
2&4

0.65
27.2

0.69
10.3

0.02
9

29
13.7

0.6
19.3

0,04
9.8

0.16
zi.7

0.1
9

s.o
13.1

6.2
15.9

0.27
13.4

0.22
2-5.3

0.2
9

14.5
23.7

10.6
27.2

0.39
19.2

0.13
16.0

0
0

1.0
4.t?

0.1
3.2

0.02
4.9

0
0

0
0

20
3.3

2.7
7.0

0.03
Lo

0.04
46

0
0

4.7
22.3

0.9
m. o

0.04
41.8

0.3s
67.6

1
91

● As detarmfnal on baskzof UaOLstandards and emp!rloal smttariug and absorption corrections
●Oof3ectionzmade February 19E8. Data m.portedse of AprS-May 1956.

Table I l—Summary of Beta and Gamma Activity in Fish and Marine Invertebrates (NRDL) *

SNALL9

t

Fx2E CRABS cum

Activfty ●

‘WMWxlo+)
IELAND Activity ●

:dhdlwxlo+)
Activity .

No. of (d/m/kgXlfi
lamplw

!9
— —

4 fn.s
1 17.7

.. . . . . . . . --------- .
2 31

.. . . . . . . . . . . . . . . . . .

.. . . . . . . . . . . . . . ..- -

3 0.006

------- -- ------.- . .

No. of
samples

No. of
3arnple9

Y P
— —

------- -. -------
-------- . -------

1 4.6
2 23

.. . . . . . . . --------

1 6.4

.. ----- .- -------

. . . . . . . . . -------

Y

S7
.- .-.
14.1
24.6

1s 3

14.6

.. ---.,

-------

7

Ron@lapAtoll:
North:

Gejm -----------------------
W&Ue-----.-----.-.----..,

Central: Enkaetak.-..---... _-,
South: Ron@p ----------------

RongerkkAM:
Etiweti ----------------------

AUinginac AioU:
Sifo .. . . ..- --------- -------- . ..-

VtirikAfeU:
Utkik -------------------------

L4k3q Ato33:
L4ktep . . . . . . . . . . . . . . . . . . . . . . . .

8
10
6
6

8

6

8

s

246
14.9
19.3
17.7

22

4.5

1.6

26

7S.8
65.4
45.1
32

7.s

22.7

21

1.a

2
--------

1
6

1

3

.. -- . . . .

--------

29
.-----

4.6
25.4

2.8

S1.9

------

------

61
4

.. . .
6

.. . .

.. . .

----

—

------
------

8.8
66

. . . . . .

15.0

------

.-- . . .

● As detannknedon bazkzof U~Otstand.srdzand empirical soatmrkngand abzorptlon oorreotkons.
●CoUection8made February 19&3. Data reporteds of Apfi-b’f8y 1956.
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Table 12—Summary of Gross Beta and Gamma Activity in Birds and Eggs ●

IeLueD

Rongdoy) Atdt

Bongelap.. . ..--_..

GeJen---------

Kabelle .. .._-.. ___

Aa4ng$m AM:
sub..--------------

Rmgcr4k Aiolk

Etiwetak_._._-..

No. or
SAHPIZ SAXTIJM

Tern:
Egg sell. .__.. ___
Egg, soft tissue------

Tin--------------------
vi6eerfb...- . . ..-_. ___
Moscle__________
Tibh ------------------

T~.---.--...------...-
Muscle.. _-.-. __._;
Tick -----------------
Egg rbelL ________
Egg, sotttiesne------

Tin--------------------
Moede-----------
Viscera----- -. .--.-
Tibb -----------------
EKKsheIL -----------
Egg, soft t4sme...__-

Tm--------------------
Muscle..- . . .._._ ___
Tibk..--------------.
viseem ...________

1
1
1
1
1
1
1
1
1
2
2

7
7
7
7
1
1

2
2
2
2

6
22

92
101
141

.. . . . . ..-.
145
I&I
o.i
5.:

!22.[

116
11.i

o.al
6

88

92
19.i

.Z

------- ---

tiIOAOllVRY 9

Beta
[d/m/9ampleX10+)(d/@rgXIO-9

NDA o
0.28 7.9
0.63 10.1
0.2s 8.8

NDA o
NDA o
1.1 7.8
0.1 ho
0.07 79

NDA o
0.15 6.7

0.38 8.8
0.057 4.9
o.@ —

NDA o
NDA o
0.28 7.9

1.9 21.0
0.04 za

NDA o
0.05 —

* An de~m!ned on basis of U:OS atidarda and emplrioal scatteringand absorption oorrectlone.
“Counted in April-May 1956.

mmma
(d/m/mmpleXl@) (d/m/k2X10+)

0.62 10.8
0.11 8.8
0..22 .8.6
0.025 0.2J
0.019 0.14
NDA o
L 7 12
0.la 7.7
0.027 20
0.13 %
0.3 1.8

1.7 14.7
0.42 20.7
0.14 —

NDA o
0.00 10
0.11 8.8

0.9 it.8
0.03 1.9

NDA o
0,w —

_L

427792-574

. .
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8s86. . . .
3887..-
3260---
8s61----
3364----
S369.-..
2374----
8276----
2279---
83s0----
8288----
8384----
23s5----
8887___
S346----
8367----
8888
38s1::::
8392----
3804----
m----
3227----

----
3829----

1519
Islz
1641
1642

16s6
1664

1574
1677
1672
L5.22

1s34
1617

1626
1637
16Ss

GROSS ACTIVIn

Table 14-Resufts of Analyses Performed at HASL
MARINE ORGANISMS

cm;::
SAMPLING 0EOAW24M TIEWE
LocA’rloll AICT#-

Ronge18p--- mlr2eon--------- Ent~---- 4-~
.--do ----------- Dam8el.------ . . . ..do--- 4-9-66
Kabelle. _____ Butterfly ------- ..--.do .. .. . 4-9-66
.. ..-do._-.._..- Damsel-.. -- . . . .--. -do---- 4-0-66

------------ 8m=--------- -----do ----- 4--
Slfo. . ..-.. -- . . Buttardy ------- .-.--do ----- 4-9-66
Erdwetak..._.- Dnmsel--------- .-.--do ----- 4- 9-M
,__do .._.. ---- Surgwm..-.-.. .-.--do ----- 4-9-66
~p______ B@t8rdg_____-._.do----- 4-9-60
--.-do----------- Damsel--------- _._d? . . ..- 4-9-66
Utmk ----------- .9ur2eon--------- -----dO----- 4--
.._.do.._.-.-..- IMnwl --------- -. . ..do ----- 4--
._..do --------- -... Ao----------- -.-. -do----- 4-W
.-...do ----------- Burgeon--------- . . ..-do ----- 4--
ROngolsp____ cord. ._.-. . . . . . ------------ 4-10-56
GejeJL ---------- -.-. -do----------- ------------ 4-1~
En18etak.._._. ---.-do ----------- ------------ 4-10-66
LfkieP ______ -..-.do ---------- ------------ 4-10-66
Vtirlk.-.---.-- -- -.-..do ----------- ------------ 4-10-86
.__do.._._._. . . . . . do.__ ----- ----------- - 4-10-s6
Gejen----------- Splder &ail-... . Entfre. -. -4-23-60

._..do _______ --.--do ----------. .__do___ - 4--

._..do_.__ . . ScorpionBrdl-- . . ..-do...- - 4-22-66

._--do..__..._ ._.-do ---------- . . . ..-do---- - 4--

TOTAL
ACTIVITY
fwdlv=

62* 4
874A o

Loet
EM*& o
236349
964A!.?
20#. ‘a
%6. 9
bkta 2
11*5 6
22*5. 4
1*11
22&&7
l&t6. O
a17

81ckt22
2W4s241

~lb
<18

21+1.3
620M0

218&K29
22210490
9s@3s20

g), 10 . -- . . . . . . . . . . . . . . . . . . ..-
----------- . . . . . . . . . ..- ------------

1.a5t ------------ ------------
2.&to.66 . . . . . . . . . ..- a 021
----------- . . . . . . . . . . . . . . . . . . . . . . . .

<0.81 . . . . . . . . . . . . .024
so. 16 ------------ .@38

.. . . . . . . . . . ------------ .033
----------- . . . . . . . . . ..- .023
D.37+0.23 ------------ .027
----------- . ----------- .015
.. . . . . . . . . . ------------ .030
.. . . . . . . . . . . . . . . . . . . . . . .03a
.. . . . . . . ..- ------------ .022
. . . . . . . . . . . . . ---------- ------------

so. 62 ------------ .81
3.1*O. 42 ------------ .85

<0,46 ------------ .30
<0.27 . . . . . . . . . . . . .20

0.48s. 14 ------------ .24
4.44).39 IH. 4s .018
1.3+0.34 4.0+0. 4s .0072
L 1+0.44 a 449. b .01m6
1.6+0. Ss 7.1*1.1 .Olzs

s, u.

-----------
.........-.
..---------

41*S. 1
-----------

glb
~% 1

----------
. . . . . . . . . . .
4&E2.8

-----------
. . . . . . . . . . .
----------
----------
. . . . . . . . . .

~o, 91

L 144. 6s
SO.@
~(1.47

0.0143.27
11W9. B
S2til
67ti4
W1

17

.------
,---.---
,---.-.-
2,a

,-------
--------
,--..---
.-.--.--
--------

a4
.-- . . . .
,-------
.. . -----
--------
--------
--------

L 6
--------
.. . . . . . .

28
.s6
.061
.004s
.016

i

I

I

●o-Dati Dataofcolmtfnc.

—. . . . .-
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18 RADIOACTIVE CONTAMINATION OF AREAS IN ~ PACIFIC OCEAN FROM NUCLEAR TEST

Cm Soils Tables 19 and 20 show the analyses b

Graph 3 shows the general levels of activity ET.ASL:

in the soils of Kabelle and Labaredj Islands of The data clearly indicate the major portio]

Rongelap Atolla, as reported by AFL: of the activity is to be found in the top thre

Tables 15, 16 and 17 report the activity in inches of the soil. As suggested in chapter III

different soils at different depths for the Feb- Celu–prl” and Rul’J-Rhl~ make Up much of th

ruary 1955 survey,s and Table 18 for the Feb- ilxed contamination in the soils at periods of on
ruary 1956 SUIT’EIY 4 by NRDL. year and more after the fallout occurred.

Table 15—Beta Activity in Core Samples of SoiI (NRDL) *

.

raIAN-o
Nag

Lfkiep ______ . . . . . . . . . . . . . . . . ------- ----- 1
Vtiti -------------------------------------- 8
mwlBp ----------------------------------- 4
Be-------------------------------------- 1
Edmtok ---------------------------------- 1

1Ubma ----------------------- .-------- . .
mwe------------------------------------ a
bawd ----------------------------------- s
mom-------------------------------------- 1
Ltim ------------------------------------ 2
Bow-------------------------------------- a
Eniwctak. -.__. _.- . . . . . . . .._. ._-..._. 2

(d NO dek@bl~ ~ti~ty,

M

140

:=
10,arm
67,000
‘2. Cm
43,Oca
63,000
87,oco
25,Wo
4,0CQ

16,000

2d ad 4th
. — .

40 40 NDA {~)
240 160

%: 570 420
7,100 7,200 1$’oo

I& 060
2E 2E 23,m
36,m 10,000 a,eoo
‘b m 26,Om 2), Ooo
a7,ooa qcmo 4,c!C0
40,000 la, om 10,500

740 250 170
?,500 a,000 ~ooo

“Collections mede nbout-February 1,195s. Data reported as of March 1, 1955.

Table 16-Summary of Bera Activity in Gross
Samples of Soil (NRDL) *

BETA AcnvmY @-/

IsL4ND NUHBEE
~g), DEYIH OF

or 6MIPLES

Otolln. lt05in.

I I I
~ep----------------------------
Utik ----------------------------
Romtip -------------------------
Exbk -------------------------
hb~-------------------------
=MUe ---------------------------
mom----------------------------
Be-----------------------------
Etiweti ------------------------

1
4
6
2
3
6
1
1
1

90 ------------
w 650

SW4% 640
85,Ouo 1,am

3,100
GE 12,400

&’oo al
12,000 240

“CMlectlona made about Febroary 1,1955. Data reportedenof Marc3
1, IIW%.

btb

NDA
100
220

4=
19,coo
2,000

14000
%400

10,CWl
lm

1,SW

6th 7th Stb C’th
. — . .

-------- -------- -- ---------- -------- .
lW al 23 ---------
160 m 160 f

--------- ---------- --------- - ---------
13 coo 11,m . . . . . . . . . . . . . . . . . . .

------- . . --------- . ------- -.. ------- . .
2,aoo 1s0 ---------- ------- -.
1,m . . . . . . . . . . ---------- . . . . . . . . .
3,400 -.-.----.- ---------. . . . . . . . . .

10,000 4,7(0 . . . . . . . . . . . . . . . . . . .
100 27 ---------- . . . . . . . . .

1,lW 160 100 . . . . . . . . .

Table 17—Beta Activity in Soil Samples Take:
From Exposed Soil Proiiles (NRDL) *

BETA AcrrvrTY f#-/min/g),h.LND
DmTEI (rN.)

otOl..-.-. ._-... - M,400
a.__._ . . . . . ..- 1,&Xl
6------------ 110
9.-. _.-_ -------- 140
12--------------- NDA(.)
lo___________ 70
24____________ ----------
20------------- ----------
36.___________ .-----...,
40--------------- ----------

No, OMl 72,000 92,000
3s0 6s00 2,900
9XI 1,700 400
770 124 2,300
160 40 6s0
MO 70 70
40 100 70

---------- -. . ..- ---- NDA
.--.----- -------. . . m
. . . . . . ..- . . . . . . . . . . 40

I I

97,a
4
1:
2
1’
{

NDA
.. ------
.... ----
........

● No detw$Qbleactiviw.
●Coflectioogmade about February 1,1955. Data re~rtad M of Marc

1,1965.



-p-’

GROSS ACTIVITT 19

Table It?-Gross Beta Accivity in Water and Soil Samples s (NRDL)

Qejen Eniwetak Eniactok Rongefap Mfo Utirik Likiep

LsOurlx
WATIUi b (c/rMiter x 10_J)

cbm------------------------------------------------------- ------------ ----...----- _-NDi---

{

0.008 ------------ NDA (*) ------------
------- .-. . ------------ --------- .-. ------------ 0.1, NDA

WeU--------------------------------------------------------- ---------- - ------------ ---------- -- -------- ---- -------- ---- 0.03, ------------
. . . . . . . ..- - ------------ ---------- -. ---------- .- ---------- -. NDA ------------

om-------------------------------------------------------- NDA NDA 0.00 am o.C9 NDA 008
Lagm ------------------------------------------------------- NDA NDA NDA NDA o.C6 o.C9 NDA

Depfh (in.)
601Lb (c/In/kgX107

e1----------------------------------------------------------- 8470 34.8 6.42 7.’00 4.97 4.43 NDA

l2------------------------------------------------------------ ------------ ------------ ------------ 0.70 ------------ ------------ ------------
l8------------------------------------------------------------ 0.80 ------------ NDA ------------ ------------ ------------ NDA
M------------------------------------------------------------ ------------ NDA ------------ ------------ 0.04 0.51 ------------
w------------------------------------------------------------ 1.33 ------------ ------------ NDA ---------- ------------ ------------
w------------------------------------------------------------ ------------ ------------ ------------ ------------ ------------ ------------ ADA
w--------------------------------------------------------- ------------ . ----------- 0.07 ------------ . ----------- ------------ ------------
a------------------------------------------------------------ ------------ NDA ------------ ------------ NDA ------------ ------------
&M--------------------------------------------------------- ------------ ------------ ------------ ------------ ------------ 0.70 ------------

AUoountswerecorrected forthemuntingelficiemy ofSr~Yw.
GroSh@actitiW ofplmt~pl~ w~de_ed hAprfl19W mdtitofwil andwaWrh Mayl9M. Collection date: February 1956.
NDA indicat.cono detectable activity,
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Table I&HASL Analyses (AFL Surplus)
o
0

&-W d/rn/gmrn ‘
i

——
!?

wet Dry
—— — E

o
666*4.7 643+5.1 z

SOIL

COLLRC
TION
DATE

10-21-63

10-21-ss

10-21-66
10-21-63
10-21-6’5

10-21-65

10-21-66
10-21-66
10-21-66
10-22-66
1O-22-66

10-22-65

BECKUAXMX-6 RItADINO TO$TA,CmmY ●

AREA COL-
LECTED (Iskmd; DEXIUPTION DEPTI

0-3”

3+,

0-3”
2-6”
0-3”

.&&

o-3”
2-6”
0-2”
3-6”
o-w

2-6”

Dry

16200H44

663+ 96

79&O*1&z
329*113

6’JBO*161

673* 97

9490*l@4
39.5* 73

423O*1O4
64U 72

12300+149

141O+IO1

ElrrrfwO 3“ below

8.6/12 . . . . . . . . . . .

3.6/12 . . . . . . . . . . .

2/8 . . . . . . . . . . .
2/8 . . . . . . . . . . .
2/8 . . . . . . . . . . .

2/8 . . . . . . . . . . .

0.(W. o 0.3/1.0
o.6/7.o 0.3/1.o
0.8/0.9 o.06m.3
0.3/0.9 o.06/0.3
o.3/1.o 0.vo. 6

0.8/1.o 0.1/0.6

6“ Mow

0.2/0.9

o.2/0.9

0,2/0.6
o.2/0.6

o.0S/0.6

0.0s/0.6

0.07m.6
0.07/0.6
o.66/0.2
O.06/0.2
o.1/0.4

o.1/0.4

Wet

lWlfkV226

617* 90

6020+162
302*1O4

6470+147

623+ 3s

74s0+120
366* 70

3000* 74
406+ 64

6700+ 69

104W 75

. —

31.?$.. ----- A1 Ksbelle.-.... -.

-.. -do. . . . . . . . .

. ..-do . . . . . . . . .

.-. -do. . . . . . . . .
Lebaredj .. . . . . .

. . ..do . . . . . . . . .

. ..-do- . . . . . . . .

. ..-do. . . . . . . . .
Rongelap. . . . . .
. . ..do- . . . . . . . .
. . ..do_ .. . . . . . .

. . ..do . . . . . . . . .

Open area.+fml yards from lagoon near
mldlsland.

OLMnnme-2JxI yards from legoon near
mldlsland.

Grasseren-20 feat fromA 1and A 2.. . . . .
Gr~ am-~ feet from A 1and A 2... -.
Open erea-lm yards from lagoon (high

tide mnrk in SW pert of fsland).
Open ere+I--lW yards from lagoon (high

tide mark In SW part of tshmd).
Under a tree 16bet from A 6 and A 6. . . .
Under a trea 16feet from A 6 and A 6. . . .
f3ressnearwell (10fe8tW of well). .. . . . . .
Grew nearwell (10feet W of well) . .. .. . . .
Papaya cbrster (near schoolbouze) rocky

Boll.
I%p.syri cluster (near scboolhoum) rocky

80U,

24.2*2. 831?3. . . . ..- A 2 22.7+s2.6

3134.. . . . . A3
3185.. ----- A4
31311. . . . . . A6

.
*3. .3
4.744.67
138*3.4

240+4.o
6.19.73
ZJ6+3.7

!’

3187. . . . . . . A6 6.7+0.99 7.3*1.1

3133------- A7
318C. . . . . . . A8
31eo. . ----- A9
3191. .. . ..- A 10
3102------- A 11

26M4. 6
4.9MA 47
187+2.6
11.8+0.63
212+3.3

334+6.7
6.43s).52
264*3. 7

16.3+0. 91
45757.1

,:

9192------- A 12 12.3+1. o 43.6+1. 4

“Date of eountlnr February 19E8.
E& table 34for estlnmtesof aodlablecalcium rmdof 13unshlneUnka.

:
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Table 20-Restdts of Analyses Performed at HASL
6orL

TOTAL
Acmvr’mBAMPLINOLOCAmON

3482. . . . . . .
34s3.-. . ..-
34sl.-...-
3549-------
2648-------
3494.-----
2493... __
2463.-----
2402.-----
8630..._.-
s629. . .._-
8507-..... -
3600.-----

t?a .tik . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
m -..-.do.. . .------------------------------------------- --------
600 . . . ..do ___ ------------------------------------------ :--------
819 Likiep . . . .._.._. . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . ------------
814 . ..--do -------------------------------------------------------
724 Enfwetak ______ ------------------------------------------
728 ..--.do ....-.. -..-..------------------------------------------
847 m-------------------------------------------------------
842 -..--da -------------------------------------------------------
703 utim -------------------------------------------------------
762 --.--do ----------------------------- --------------------------
632 Sifo------ --------------------------------------- -----------
676 . . . ..do -------------------------------------------------------

4-21-66
4-21-66
4-14-50
4-21-66
421-66
4-21-66
4-14-56
4-21-56
t14-66
4-21-66
4-14-56
4-21-d6
4-14-56

, ,
●C-Date: Date of Ooontiog.

See table 34for eatimati of woilobk mloimn and of fhmablne Units.

21

gr $0 c~ In
Wdm dlmlmm %ffrm c%

r<0.42 ------------ ----------------
1.6+0.42 ------------ ----------------
20+0.8 .--------.-- C 9 --------

<0.47 ------------ ----------------
I. 2+0. n . . . . . . . . . . . . ----------------

<0.68 ------------ ----------------
&l. 4 ------------ 27 --------

1.0+0.43 .. . . . . . . . . . . 0.84 --------
1640+2.4 1626S0 2.4 2.2
3.444.72 ------------ ----------------
49*1. 8 . . . . . . . . . . . . 3.1 --------

<&65 ------------ ---. . . . . . . . . . . . .
28*1. o ------------ k6 .-..----

D. Water not represent all of the radioactive material
that fell on these surfaces. In fact, data from
other fallouts suggest avalueof about 10-20%

Table21 suggests a relatively high ratio of volubility.
activity associated with the filtrate. However, Tables 18,421,2and 22 zshow additional data
it is probable that much of the insoluble ma- on gross activity found in water sources. Table
terial had settled out, therefore, the values do 23 gives the analyses by HASL.8

Table 21—Radioactivity of Water Samples, July lgS4-October 1955 (APL)

(ValuP8expressedin d/@ Ler~.95 mnntfng error)

DATE ANDIaurm

RongelspAtoll:
7/16/54,Knk~e ------------------------------------------------------
12/18/54,ROWO]aP---------------------------------------------------
l/26-30/f&,Eniaetok. ------------------------------------------------

KaNe ------------------------------------------------------------
Labw~----------------------------------------------------------
~mdd ----------------------------------------------------------
Rongelap--------- - ------------------------------- --------------

10/21-22/65,=hUe --------------------------------------------------
Labmdj ----------------------------------------------------------

Rongelap. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .

Allirxinae Atoll:
10/23/55,Etibuk ----------------------------------------------------

LAOOONW’ATEB IBLANDWATEB

ItLTEmD
lJntreWed Treated UN~TE=D

Ffltmte Rasldne

2800*22C0 -------------- ---------------- -------------- --------------
--------- ------ . . . . . . ..- ---- 30MJ*1W* 1800*18c# . . . . . . . . . . . ..-
------- . . . . . . . . ------ . . . ---- . 17rWH200# . ------ ------ --------------

3300*270U -------------- 4ecoo*3m.1*” -------------- --------------
0800*30&l . . . . . . . . . . . . . . 25mu*2mo# . . . . . . . . . . . ..- . . . . . . . . . . . . . .
~*m -------------- . . . . . . . . . . . . . . . . -------------- -------- .- ..-.
Moo+xno . . . . . . . . . . . . . . 42CO*1W)* . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2500*MO0 410*150 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............-
603*1600 450*160 . . . . . . . . . . . . . . . -------------- --------------

{

640+120 31O*19O 76+17#
1900*16C0 flckklm b200*140 43cQ&m 12WJ*24”

13m*8J3 85W140 76*19*”*

1600+1400 80+130 14c0*91 I32J3*140IS20*5+W
●From cistern near seboolbouae; #from well back of aeboolbooae;““ground water; #stending water from can, drum, etc.; ●“”from oietem with

collapaed rwf. Date o! ADalssis:November 1S-20,1955.
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Table 22—SLunmary of Gross Beta Activity in Water (NRDL) *

BETA Acrmw @-/n@U@r)

SO-ES Or WATEB

reLAND
Oeeml aistarn

well Barren Tree Bole S:U%2
La#~n o~~ ToP Rottom

Likiep_ ---------------------------------------- NDA ● NDA 12 . . . . . . . . . . . . NDA . . . . . . . . . . . . . . . --------- . . . . . . . . . .
Utik ------------------------------------------- 50 NDA 1,SW 28 ------------ . . . . . . . . . . . . ----------
Rongek+p. -------------------------------------- w 330 I&’ 1$ W
Bmti ------------------------------------------- 36

Mooo ------------ ----------
NDA . . . . . . . . . ..- ...--.----.- ___.-?. . . . . . . . . .. . . 1* Ooo ----------

Etitik ---------------------------------------- 460 260 23,OfM . . . . . . . . . . . . ------------ ------------ ------------ . . . . . . . . . .
LabaredJ--- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 66 . ----------- . . . . . . . . . . . . . . . . . . ..- . . . ---------- -. & 100 . . . . . . . . . .
=belie... . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . :E 60 ------------ . . ---------- ------------ ------------ . . . . . . . . . . . 16,(
hti---------------------------------------- Sso 170 . . . . . . . . . . . . ------------ . . . . . . . . . ..- ------------ . . . --------- . . . . . . . . . .
Bikar._ ---------------------------------------- 87 2s ------------ ------------ . . . . . . . . . . . . . . ---------- ------------ . . . . . . . . . .
Edwe*---------------------------------------- 100 170 . . . . . . . . . . . . ------------ ------------ . . ---------- ------------ . . . . . . . . . .

.Nodetactable aotIvity.
●CollectkmemedeaboutFebrnaryl,195S. DatareportedaeofMsreb1,1D36.

TabIe23—Results ofAnalyses Performed atHASL

THASL NRDL
NUMBEB NUXBKLB

——

s4&’.._...
S4m..-...
s626---
s327-----
s62s------
33xL.. . ..-
s647._...-
S438-------
s46e__ .-.
847s-------
S4m.-.. . .
S609.-----
s325._--..
SLU6------
S460.-..-.
3461------
6479-------
s496------
S610-------
s624...-..-
864b-----

343
699
7s3

787
7ss
767
S30

1002
1036
1W7
102s
1023
lmo
10s2
1002
1034
10C6
1027
1024
1029
1031

—

Remap ----------------- WeUorti ------------- 6-s-56
Enieetok--_._.. _____ kn8------------------------ 3- S-56
Utm...---- . . . . . ..-..--.. WeU------------------------ 5-S-33
-...do -------------------- ..-. -do---------------------- 6- S-56
.-...do -------------------- Cam--------------------- 6-s-56
.-..do -------------------- Wd-.---..---..-----.---.-. 6- S-56
LlkieP. ------------------- -.---do ---------------------- 6- S-M
Ro~18P.--.----....----. hymn --------------------- 6-11-66
oejen_ . . . ..__ . . . . .._-. .-.--do ---------------------- 6-11-66
Enhtok ----------------- ..---do ---------------------- 6-11-66
Eniwetak . .. . . . . . . . . . . . . . .-.. -do---------------------- 6-11-56
sift -._.. _.-. -- . . . . . . . . . . . . ..-do ---------------------- *11-66
Utw--------------------- .-.--do ---------------------- 6-11-M
LNep -------------------- -..-. do---------------------- *11-56
Rongehp ----------------- em----------------------- 6-II-M
Gejen..--.-----...--.---.- .-. --do ---------------------- 6-11-66
Eniaetok---------------- ---. -do---------------------- 6-11-56
Erdwetek---.. . . . . . . . . . . ---. -do---------------------- 5-11-56
Sue----------------------- --...do ---------------------- 6-11-66
Utkk ... . .---------------- --.. -do---------------------- 6-11-66
LWIW.-----------..----.. . . ..-do ---------------------- 6-11-56

. — — —

25@&22 1630&2 6KIMI 81M!ZI 24
6WE23 . ------- 130*12 . ------- . . . . .

87*16 S20 -------- 44&6.2 -------- -----
34*I6 519 . ...-.-. 33+16 . ------- . ..-.

43M0 . ------- 49*8 . ------- -----
2S*20 .. . ----- 27+4.6 . . . . . . . . . . . . .

lS4d6 >20 -------- 34*I3 . . . . . . . . . . . . .
526 -------- 65*6. 4 . . ..-.-. . . . . .
Ssi -------- . . . . . . . . . . -- . . . . . . -----
Sal -------- 22346 .-- . . . . . -----
>19 -------- 22*6. 4 -------- -----
SZ3 . ..--... 2440 .-- . . . . . -----
519 -------- ---------- -------- -----
5ZI -------- 81440 -------- . . . . .

49448 . ------- a4+2.2 . . . . . . . . -----
>18 -------- . . . . . . . . . . -------- . ..-.
523 . .------ 69+2.2 . ..--... -----

26+19 . . . . ..-. . . . . . . . . . . . ------- . . ..-
S 19 .------- . . . . . . . . . . . ..-.-.. .-.--
Y21 -------- 41+2.2 -------- . ..-.

45*19 . . . . ..-. 43*3. o -------- . . . . .

“0-DBta DWaofoormtlng,

5?3
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I

Tables 24 and 25 show the radiochemical
analyses made by AFL for the 1954-55 sur-
veys,z and Tables 26 and 27 for the July 1956
survey.’ In two pools of 15 and 19 fish muscle
samples collected in late July 1956 axialanalyzed
by AFL no ra&ostrontium was found.

Tables 28 and 29 show the radiochemical
analyses made by NRDL for the February 1955
survey,* and Tables 30, 31, 32, and 33 for the
February 1956 survey.’ Table 34 shows addi-
tional analysis of soils from the February 1956
survey including data on exchangeable calcium.

Tables 4, 5, 6, 13, 14, 19,20,23, and 35 show
analyses by HASL.

In terms of a potential biological hazard the
strontium-90 activity is of most interest. At
one year post detonation NRDL reports:
64. . . In muscle and viscera samples of the
animals from Rongelap, Utirik, and Rongerik,
S# contributes approximately 0.5 percent of
the total beta activity. SrWis present in an
approximately 1:1 ratio with S#’. Since the
Hunter and Ballou calculations indicate that
S#’ and S@ each contribute about 2 percent
of the total beta activity at one year after fis-
sion, there doea not appear to be any fractiona-
tion of radiostrontium into the soft tissues.
As expected, most of the internally deposited
radioactivity was found in the skeleton.

“Tissues of a few marine specimen were
analyzed for CS’S7(37-year half-life)* since this
nuclide was present in high concentrations in
water and coconut milk from this area. The
tissues of the rooster and of the coconut crab
contain significant amounts of CS’37. A very
high fraction of CS’37activity was noted in the

“Newest estimates indicate27.7-yearhalf-life.

muscle of the rooster (40 percent of the total
beta). * Further radioanalyses of marine speci-
mens indicated that the rare earth group con-
stituted a few percent of the total beta activity.
Rul~-Rhl~ and &’-Nb” contributed the hrgeat
percentage of the total beta activity.”

The AFL reports:
tl. . . The SW values for food plants, except

coconuts, collected in October 1955 approxi-
mate the theoretical proportion of mixed fission
products activity12 at 1.7 years, 4 percent.
Coconuts contained 0.1 percent S# with appro-
priate correction for time of collection. . . .

(4. . . In contrast to the strictly marine
forms, the coconut crab, which feeds principally
on land plants, had SrWlevels of 3 percent in
the muscle and 12 percent in the hepato-
pancreas or liver, where calcium salts are stored.
The radioisotopes in salts leached from the
carapace were found to consist entirely of
SP-F. . . .

<(. . . Radionuclides of Sr, Cs, Ce and their
daughters did not account for the total activity
in most (fish) samples analyzed. Complete
fission product analyses of samples collected
at Eniwetok and Bikini Atolls indicate that
non-fission-product radionuclides may account
for more than half of the total activity in some
fish. Znm contributes one-fourth or more of
the total activity in shark muscle as determined
by radiochemical analysis and confirmed by
following the decay.” (Zn& is not a fission
product.)

The two-year survey by NRDL continues to
indicate the high percentage of Zn~ in fish.

●&e Section IV.

!23
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accounted for the major portion of the activity.
(The ability of clams to concentrate COWselec-
tively was verified by laboratory experiments.)

------ :
Unlike localization in the liver of mammals,
Zn” was found distributed fairly uniformly
among the tissues. The COWfound in clams

Table 24-Radiostrontium, Radiocesium and
Radiocerium-Praseodymium in Biolo ical

XFSamples, December 1954-January 1955 ( L)

Table 25—Srw in Biological and Lagoon Bottom
Samples from Rongelap Atoll, October 1955
(AFL)

14LAN0
W .- .-. ..... s

PE.BCENTAGSor TOTAL

OBGANUW

TOTAL
SAMPLS A-Y

WK*
pEs%k”f
O?ny

o
2.1
4.6
&2
2.fl

la
60.0
22.0

0
0
0

<0.:
0
0
0
0

0. 7s
0.71

ACYIVITY
ISLAND

s~m &!O

Juru.Julv
le66*

. . . .
&117

Se@.,
Od
1966”

81.
0.0

7Z
0.0

67.

0.0
76.
0.0
0.0
4.8

26.
78.

110.
68.
51.

(j#
pylu.- ;:;. RonKehP-. Coconut mat------------------- 110

PaLrd8nusfruit--------------- 186
Morinda Mt-------------------47
Arrowroot corm----------------- 40
Cooonut orabmrucle_-_-_ . . .
Coconut crab liver ------------ lg
Cooonut orab saltaof carapace-.. ------------
Cowmxt orabcutfoleof carapace. ------------
Gfant clam mantle and muscle.- 1,706
GtitdmH&ey-----.------.. 5,m
Bonito retie ------------------- 160
BoxdtcI~VW-...-----....-.----.. 1,700
BmltG bme--------------------- 220
Grouper male ----------------- 81
Grouper User------------------- &506
Goatdsb mucle ----------------- 42
Tern mmcle.----.-.--------.-.- 61
Lamen bottom, \

.rUlu,

Labamdj. .
Kabelle_..Ron2e18PAtoll:

Oejen. . . ..-.
Kabelle.._-.

1966”
0.0

71.
0.0

28.
Lo

l.s
0.0
m.
2%.
0.6

<0.4
<0.2

0.7
3.7
1.0

31wconut milk-.._
27 CbJsrpO----.-.
Wmconut milk-----
38Holirnf.da.. . . . ..-.
22meonnt cmb

muscle.
41mullet mnsele.. _
22eGoGnutInllk-----
42tam bone--------
43tern bone._.-. -..
40dogtooth tuna

muscle.
Z7mconnt m@._..
28eoconutmflk -----
32mdanns fruit.-.
24~p8yrb meat-----
23squashmeat... _.

<0.1
-----
------
-----
0.86

0.0
<0.5
0.0
0.0
0.0

0.0
0.0
>0.1
xl. 1
>0.1

:0.1
-----
----,
-----
48

0.0
:0.5
0.0
0.0
0.0

0.0
0.0
1.a
Z5
I-6

L8baradj .-

Do----

Laaredj-..
Kabefle...-

Malh. . . . . . .

Rongelap...-.
Labaredj..
Kabelle .. . .

Idepth of water 6’, Top ~ti-- ~m
f.metioncontaining Tm ~ch-- ~’ ~
Particles >0.074
mm dhmeter. J

I

‘Wet weight bask exesptlagoonbottom which k on adry weight bds.

Table 26-Radiostrontium in Plants Collected at Rongelap Atoll July 23-24, 1956

Counted September ~, 1956 (AFL)

PLAriT Tre.mm
TOTAL

ISLAND @ACKVY?Y
d/m/gwet

c;g.cm&r%uNr4mNE
UMTS” SrIr:s@

0.660628 591*7O 1.77+6.10
0.06136 W&o a 69M. 22
0.00450 MO*44 o.7&ko.06
0.03333 294*32 1.4W6. M

. . . . . . . . . . . ------------ ------------
----------- ------------ . . . . . . . . . ..-
-------.-.- ------------ . . . . . . . . . . . .
. . . . . . . . ..- . . . . . . . . . ..- ------------

B~tit----.-.---..------.- rep---------------------- Rongelap-_- . . ..__ . . ..-
Morhda --------------------- pulp and aced._________ -..--do ---------------------
Pmdmm--.---.--.--.....--. Sad---------------------- -.--. do---------------------
komwt -------------------- Ptip and skin. ._..___. ..---do ---------------------
Cmut....---.------..---.-- M~ .. ..-__ . . ..__ . . ..-.--. -do---------------------

Do----------------------- Mat---------------------- --.--do ---------------------
Do_ . . . . . . . . ..__ ------ Mti---------------------- KabeUe. __.. -_. . .._._
Do----------------------- Mint ---------------------- . . ..-do ---------------------

42.0
80.4
72.7

It%
262
646
36.9

148

0.82+6.02

3.1+6.1
2.2+0.6
2.5+0,6
o
0
0
0

. .

——.’- . . . . . . ..-4.. . “-’”’~fi.= ---...,.-,__. ..-.-,
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Collected at Rongelap Atoll July

RADIOCHEMICA.L ANALYSES

in Land Hermit Crabs (CknobitaSP.)Table 27—Radiostrontium
23-24, 1956 (AFL) --

Radioactivit~ a~ of Counii~ Date, September 10, 1966
,
I

I I TOTAL
SPECJMEN NU~BEB T18WJE xELANn # AcllvITY

d/migwet

‘mrNBEIm~mv,d&~wet

42+2
62+!22

2466+9
47*14
2k6

131W3
Sckk6

213&lal
131cEt6

c$g.LT#l

0.00304
0.Owm
0.233
0.00718
0.0022a
0.202
0.M1’Jlfl
0.1s9
o.m

149-------------------------- Liver --------------------- Knblle -------------------
Do----------------------- Mmcle-------------------- --... do---------------------
Do----------------------- Skeleton---------------- --.--do ---------------------

Ia-------------------------- Live --------------------- . ..--do --------------------
m----------------------- Mtie...----------...--.- .---. do---------------------
Do----------------------- Skeleton------------------ .--. -do---------------------

1+1---. . . . . . . . . . . . . . . . . . . . . . . Male -------------------- -..-. do--------------------
Do__ . . . . . . . . . . . .._...- skeleton.--.. ._... ------ -.---do .-.. -----------------

I-62. -. . . . . . . . . . . . . . . . . . . . . ..- -----do --------------------- Rongelsp -----------------

62s0+231
SS9O*311O
631OM9
311OM46
49104170
2966*7
612MZW
4440MSS
3366444

1.6 +0.3
0.0
0.24+6.62
&6 A1.6
Z4 +6.76
O.6S+0.16
0.71+0.05
o.32+6.04
o.4s+6. 14I

I I I
1

Table 28—Radiochemical Composition of Residual
Contamination (NRDL)*

,
PEECENTACXor TOTALAcmvmY0B9EBVED.

RADIOmCL6DESMATERIAL

s@ BUIM b @67

so
24
1.6

95
96
8.4

95
11
L 1
1.1

NDA
13
9.2
0.8

Anowrmt -----------------------------------
Breadfmit. --------------------------------
Coconut frond-------------------------------
Coconut meat--------------------------------
Coconut tic--------------------------------
Grass.- . . . --------------------------------
Pmhm ------------------------------------
Papain --------------------------------------
cod----------------------------------------
Sofi------------------------------------------
Lagoon htmm ------------------------------
Cistern wamr--------------------------------
Ground water --------------------------------
Lagoon wa~r --------------------------------

La
● NDA

1.2
NDA
NDA

1.3
0.6
1.6
3.2
0.s
1.I
2.9
0.8
0.9

6.9
6.3
6.0

NDA
NDA

46

2.4

7.3

14
2.2

5.0
8,6
2.5
4.0

3.0
60
80
1.2
0.9

74
1.2

37
67
73
S2
41
49
76

0.6
19
4.2

NDA
NDA

6.4
0.2

31
10
0.1
0.2

24
20
9.7

7.8
NDA

6.7
NDA
NDA

4.8
0.6

12
4.5

22.3
13
20
16
7.0

“‘1

“ {
I
I

!

~Values as of 15July 1955(16mos after thenuekar detonation). bNW~and RhlOtmey be calculated
from the reported parent values. ● h’o detscteble activity.

●Collections mede about Febraury 1, 1955.

rl
;1
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Table 2g-Radiochemical Analysis of Fish and Chicken (NRIX) *

M.&No FImI

RoNgelaP &Ou

[

Pe~c -------------------
8mp~...-------.-----.--

RongelspLagoon
FM tlelI----------------

Coconut exnb_________

{

Spidw Mel-. -----. --.--. ------. --.-.-,
C4ejex!---do-. -------------. -. . . -------------

Red eye ~b---------------------------
Labwedj Killer clam.. -.-----------------..,

Rongelsp ~m---------------------------

UtirikAteU

{
~w w]------------------------------------

Buttmliy w--------------------------

Rongerik AM

Exdwrdak Meet ----------------------------

, 1

py’
WEZ

Tmom ACTIVITY
(d/mx 10+

r 1

{

viwern______
602 ml-----------

MoweL -----

{

~7 Muscle__-..
visoer8_____

{

~m Mosde -------
viscela..__..

26 Total bOdy.._
11 -.-..do..._--..
20 ..--. do._..._-

2s0 -_-.do --------

1

MumJe._-.-..
vieeera -------

1140 Liver ---------
Skin---------
Tibia . . -------

24 Total bOdy___
1s5 _.-do _______

{

* Mmele_.-.._
viscem _____

52
a

20
40

&95
175
225

Im
422
29
SO
11
a
7

la
101

1
7

7
106

● No data takerL b No detectable activity.
‘Collections made shout Fe- 1, 19&5. Data repwted as of Apdl 1966.

. .

PXBCENFAOEor TOTALBXTAMrrvITY

&el

1.2
0.4
0.2
0.6
0.1
0.2
0.7
0.1
0.1
1.1
0.2

---------
0.6
20
1.a
0.2

1.1
---------

0.8
0.2

&w

1.0
0.3
0.2
0.6
0.1
0.2
0.6
0,1

bNDA
0.8
0.2

---------
0.5
L 6
1.0
0.2

0.0
.........

---------
0.2

ERtimm

8.2
a.2

(“)
6.6

18
1.a
1.9
7.8
1.9
L 6
2.6
2

14
4

51
1.4

11
---------

&z
S9

cam R“lM. ~
RblM

. — .

am’ ---.------ ---
-------- - ------- -.. ----
-------- - ---------- ..-.
. . . . . . ..- . . . . . . . . . . -..
--------- 14.2
--------- ---------- -.. .

21 ---------- ..-.
-------- . .-----.--- . ..-

--------- - h?
1.0 ---------- ----

---------- --------- . ----
40 --------- - ----

--------- . --------- - .-. .
--------- . . -------- . . -..
---------- ---------- -----

1.0 . ---------- ----

-------- - . . . . . . . . . . . -.. .
------- --- --------- . -.. .

--------- ---------- . . ..-
0.04 -. . . . . . . . . .----
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Table 30-RadiochemicaI Analysis of Biological Specimens from Rongelap AtolI (NRDL)

-, SAMPLENo., m !3Am

-P Mad

M020,Gcat dash._... _... _.._.

1602,Kfk 02am__________

1s13,Kf22era7aol___________

llWA, Lmsonsfa 10tm&. ____-,

16200,Red eye mob. -__.. _._-,

1620D,Red s~tted aab______

1620B,Coconut aab_________

KlbeJ2eMOmk

163$,Snappel fish. _.._. ____-,

M40,&lxlpa &dl___________

1644,Parrot a..-..--.-.. -..-----,
I

737,Edmet Mel__ ..__. .__..

WET
Tlaau2 WE$E3

Babe__________ I

vfeoer&._._ -..._

8k2n.-_.-__ .._.

Mueo2e_._._.._.-

8oft Ussne----------

.---do ---------------

...-do..._...___-

._AO.. .._.. __...

--..do ---------------

----do ---------------

Muao2e . ..-_.__.-

s2dn-._________

Bone_________

29

10

28

37

4$2

70

67

76

114

281

80

142

vfscara_________.---...--

WhOle________ 176

Bono_________ 440

c2iU__________ 66

E@sd..___.._.._ 29)

vfscem_________ 2-5s

loft tissue_______ 371

OA (IUE

S60

87.t

627

111

74a

1663

834

2a43

2900

--------

36

687

1842

2413

1830

1SU5

42a

m

11450

224

BETA
ACTIVIT
~s#l
,.

1.s

49

0.2

1.1

20

81

1.8

0.76

0.76

a.5

0.96

1

2.4

2.7

0.76

7.0

0.82

8.6

6

4.8

GAMMA
MTIYr’r!
jle&4.&

217

28

2.4

2.1

33

83

2.1

as

0.43

3.1

0.69

4.1

44

68

6

2a4

2.7

.20.9

8.8

11.9

lml

R.E.b

B@
Z@i

R.E.
s@O
Znu

R.E.
w
ZnU

R.E.
w
Znu

R.E.
S*
~w

R.E.
Sw
w
R.E.
Sfl

R.E.
Sfl

R.E.
s*m
c@

R.E.

12.E.
B*
Znw

R.E,
Sm
z~u

R.E.
s~w
Znu

R.E.
fj@
z@

R.E.
SP
Z@

R.E.
al=
z@

R.E.
Sfl
z~w

R.E.
,gp
z~u

R.E.
SP
Z*W

R.E.
Be

NDA ●__
11*1.7, -_
240.__...
0.s8.-- . . . .
NDA-._.
350. . . .._-
2.6______
).24Sco.26.-
z30.._..-.
NDA___
).4&k0.76_
190_ -._..
NDA- . . . .
2.4+o.W.-
2os0-._..-
27..__..-
23.8+o.al.-
r370_._..
26-__-...
NDA-._.
17... __..
).13+ o.07_
15_____
1.!WHO.18..
26______
o.58.-----

4.1_____
NDA-.._
58_____
2.4_____
0.5344.76..
3K1_____
19______
3.0+0.36...
440._.._.
120____
7.86+o.94.-
530_____
NDA- ----
o.7Q+o.17_
580..____
6______
13.7*1.o._
la70._._.
3.9______
0.55+0.44..
18Q_____
3.7______
hU7+0.62.-
1670____
NDA. _..
2.6+1.26..-
2?o_____
59_____
1.26+o.64..
KJ90..__.

0
7.8

82
al
o

89.3
u. 6
1.7

46.8
0
a4

90.6
0
O.z

624
26
2.7

89
20
0

40
0.2

20
1.7
7.4

la 6

4.2
0

842
2.4
0.5

92.7
7.9
l.z

100
44
2.9

842
0
Lo

97
0.7
2

7Q.8
47
0.7

66.8
0.4
0.1

82
0
aa

93
l!z8
o,a

91,6

6s7@o

0

45+64

w+wa

146+42

!K36+81

0

6+1

!WJJ

0

0

24+s4

?6+8

147+18

2244

22&Ha?

6s+46

6+s

10+5

276+@

..—
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28 RADIOACTIVE CONTAMINATION OF AREAS IN TEE PACIFIC OCEAN FROM NUCLEAR TESTE

Table 30-Radiochemical Analysis of Biological Specimens from Rongela~ AtoIl (NRDL

DA (mg

3250

1315

W70

190

.. . . . . .

402

2190

Iwo

713

175

WET
TmeuE wE&T INUCIJOEPncmT

ACTIVITY
(dhrdsmn- T%AL
PI ex K@) ACTTVIT!

GAMMA

ii!%~LAND, SAMPLENo., AND SAMTU

Gejtn Idmd

I&l, 8Mp~ Ilsh . . . . . . . . . . . . . . . . .

UCUDE

R.E.
s@

R.E.
8rN

R.E.
8fl
~M

R.E.
@e
Znu

R.E.
s@
z@l

R.E.
Znu

R.E.
SF
z~a

R.E.
Sfl

RUIW

R.E.
s~w

R.E.
S@

NDA-._. o
l.a&t2 .4--- 0.2
NDA___ 0
0.68s53.49.- 0.7
NDA----- 0
1.6+0.44... 0.3
1540----- %
3.6------ 0.7
0.22+0.35.. 0.04
1600. . . . . . . 95
IL-------- L s
1.2*o.29._ 0.2
14S3------- 93
NDA----- o
210-------- 100
12a. ----- 7.4
1.7+o.92._ 0.1
6230____ m
o.s. ._-.-. 0.6
4.72*OS9.. 20
s60_. . .._ 19.2
1210------ u
6.2&ko.47.- o.a
llW3____ 116
1.9544.60-. 0.02

Heed.. __________

sklI1-..._-._-..._

Bone... . . . . . . . . . . .

Muscle.._.. .__...

vl.wsra.... .. .._._.

GIL.-.__-__ . . . .

219

73

173

611

s?

29

lea

46

w

66

—

6.6

L o

b.6

5.4

61

L 7

L s

1.8

la 7

102

247

11.a

16.7

16.S

15.9

2.1

77.9

2.3

Is

Cs

2s+s3

24+16

21+6

5&K3s

o

0

S&18

1W+25

8W+W

602+s31

-.

.,.

Wso, Groupsr dsh... . . . . . . . . . . . . . ..- whale--._ . . ..-__

1(W, Sand m’sb. ._.. _ . . .._._ . . . Soft tie.. ___...

NW, spider Qslf._ . . . ..__ . . . .._. .__do ._ . . ..__.-_

16S8,Spider snfdL_..- . . . . . . . . . . . ..- .__do . ... . . . . . . . . .

● SrmsldneUnit-O.ool P Sr$@~gCa. b R. E.. Rare Esrth Group. ● NDA -No DetachableActhlt y.
Dab of mhotion: Febroary 1956. Data of oountlng: April-Msy 1056.

Table 3 l—Average Relative Composition of Nuclides in Plants, Soil, and
Water (NRDL)

- RELATIVECOMPOSITION (percent)
No. OP

SOUEOE PART SAMPLES
AWEAOEI ‘lJ&d

Earths

m. 2
17.s
1.1
0.05
0.4
0.2

86.6
‘2.2

13.3
10,3
16.8
82.9

83.s

64.4
100
94.5

100

fJ#N

4s.9
79.s
922
9s.9
m. 5
99.6
&3

926
72.7
35.9
76.4
11.7

0.34

-. . . . . . .
------- .,
. . . . . . . -.
. . . . . . . .

PUNTB
Portldem.............- Whole------------------ ---
Pltpaya--------------- Mt-----------------------

[

Hu$k-- --------------------
Meat. - . . . . ..__. -.. __.-.

Cmnut. .-.. ----------- SheU------------------------
Milk. . . . . . . . . . . . . . . . . . . . . . .
L.cave.9._. . . . . . . . . . . . . . . . .

I

Kegs. .._- . . .._-- .-.. .-. -..
Pandrmus..- . . . . . . . ----- Leav09. --------------------

Afrmot . . . . . . . . . . . . . . . . . . . .

1
1
3
2
2
1
2
2
2
2

u s .-... -..
25 --------
0.7 --------
1.0 .-... -..
0.1 . . . . . ..-
0.2 .-------
0.4 6.1
6.5 ...--...
5.1 &9
o.s . -------
1.0 6.s
20 1.4

~owrmt-.. ~-------- ‘ink -----------------------II 1
Leaves---------------------- 1

son
Depth, Gain -.-.. . . . . . ------------------------------ z

WATER
Ciat8m. -..___ . ..--.. ----- . . . . . . . . . . . . . . . . . . . . . . . . 2
well . . .._ . . ..__.. ___. . . . . . . . . . . . . . . . . . . . . . . . . . . ..- s
Lagoon. ..-. _._... ___------------------------------ $
Oeeml--- . . . . . . . . . . . . . . ------------------------------ s

& 6 10.0

S5.6 . . . . . . . .
0 --------
6.5 ..-.-...
0 --------

D8te of collection: Febnmry 19W, Date of mnn~ Aprft-May 1966.
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Table 32—Sunshine Units of Plant Samples

29

I SAMPLN
SAMPLE IeLAwD ws&rIT

I l—

Papain ---------------------- RowefsP ---------------

[

RmKelaP ---------------
Oooonutbruk. . . . . ..-. -..-.. E~~tik.---.--.....----

@*-------------------

{

RwelaP ---------------
OIXOnntmeet. . . . . . . . . . . . . . . Enhetok----------------

mom-------------------

I

Erdsetok... -------------
Coconut sheaf.. .. . . . . . . . . . . . . .--.* ------------------

&lm-------------------
Oeeonut rnnk-------------- .@jm-------------------

{
Erdwetek ---------------

CaOOnmtleavm.-._._.._.- ~ti-- -------- -----.. .
Oomnut, whole. . . . . . . . . . . . . . Gem-------------------

I

En48etok..-.. ..-----..-
ArrowroottnlM.......------Sifo--------------------

him-------------------
AlTowTootleavesand WAlk.%..@jen -------------------

{
PAudanOsken- . . . . . . . . . ..-. yo~::-:-:::::--::::: -.

{
.-.-do- .-:-: ------------

PAlldanne leav04._ . . .._.._ ~jm------------------

{
Parldanusafrroot . . . . . . . . . . E&::y:::::::;:; ;:::::

,

sAnPLe

.22
240
m
23

Date of mlhetion: February 1966. Data of mont4n4?Apri4-M8Y 1956.

048tmL-__..

wall --------

Ocean.- . . ..-.

~-------

460
160
190
96

120
36

140
26
36

170
305
2s0
103
15

130
216
10
22
46
&l

mxrwkr
ONTEN1
(U)

178
303
323
162
63
47
23
40
20
16
8

23
20
69

163
19.5
1140
333
114
38s
36

134
6.5
42
23
14

Table 33—Sunshine Units of Water Samples

Ron@aP _____ 49
utfrik _______ 61
__.do. -..._ ..- S3
.. . ..do-. _____ Su
En4aetok_._... Zllo
Ronge4J3p____ 352
Uttrik---------- 4a9
En4wetak.__.. 402
RongelaP-__.. 466
En4wetak..__-. 137
ut4rik...__ . . . . . 441

‘?@(
14ter

1130+10
20+14
39+10
NDA
NDA
NDA
NDA
NDA

190+63
NDA

204+15

Llxlok+230
147*1M
201+ 64

0
0
0
0
0

1S9* b9
o

208*160

NDA 4nd4cat60no detectable mtivfty.
Data of mlkction: February WM. Date of oonnt@ APfl-MsY 1~.

i/m~Gple)

IOWJ)M(UI
633WI06
246*33
Mod4%
15&k24
4ZM24
110+66
1H2B
23*23
25*18
NDA
NDA

41*21
107*37

NDA
167*22
2603S23
73+16

196*26
2W+44

1060+60
4!W44
40ul

NDA
!xl#2

Ios*n

luN51rNEUm?s
!.2dlm SrfQlg08)

2.63x lokH.50
6140*lm
322*44
S6W76

1200+190
4oWt240
1301*960
!210*320
635*L520
71M+500

o
0

956s00
1300+230

o
34wJ*5m
103*IO
36+19

7s0+140
340+60

14WM60

o
Wlkt660

3360+340

Table 34-Sunshine Units of Marshall Island
Soils (NRDL)

Utfrlk----Small mnd-fike
particle.%

Oc@L.... Large mmlpar-
tiek

Likiep..._ LQ8my.-... -----
Eniwetok.- SmrJl eand-flke

partioles nnd
loam.

RonRe18D.. Lo8nrY._._._.

3+1. 6

1WO+20

11*
62+2

Sffo-~.___-l SmW- mnd-lJke I 26+3
fmrtides.

En4aetok.. .-...do ---------- 40kMl

L 9

1.4

11.3
46

12.7
.8

.9

Suwamrm Umra

660&20

&2xlokk& 8XIW

430+60
& lXIWWO

3.4X16+150
1.8XIO%1. 7XIW

1.9X1O%6.4xlcY
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HASL NUMBrB UWAFI
Nukrnm

,,

Invertabratew
4042------------ I-9
404. ----------- 1-10
404 L. . . . . . . . . . . 1-11
4045. . . . . . . . . . . . 1-12
4046. . . . . . . . . . . . 1-13
4047. . . . . . . . . . . . 1-498
464 .. . . . . . . . . . . I-49b
4ot9._.. . . . . . . 149C
do%---------- 1-506
4051------------ I-rob
4052. . . . . . . . . . . . I-WC
40E3.. . . . . . . . . . . I-52
4054. . . . . . . . . . . . 1-51

Fish:
4c@5-. . . . . . . ..-. F-26&I
4036------------ F-266b
4C37...-. ..-.-.. F-266e
4023. . . . . . . . . . . . F-3148
4639.----------- F-314b
4040.. . . . . . . . . . . F-314c
4041------------ F-314d

Land Plants:
4024-.-- . . . . . . . RO-1
4025..- . . . ..--.. Ito-2
4026.. . . . . . . . . . . RO-2
4027-_- . . . . . . . . RO-6
402s------------ RO-7

41B4.--.. . . . . . . . RO-8
402il. . . . . . . . . . . . RO-12
4020.----------- RO-16
4031----------- RO-20
4022..----_.--- RO-21
4m3----------- RO-23

HAFJLNuMBmt

Tab1e3S-UWAFL Post Redwing Marshall Island Survey Samples

ormAr418M
8&MA~; 00LLEO

Tra9rlz moN
ISLAND DATE

Holothrmdntnr
.-._do.--.-----
-...do. ______
Tridaermgigm.
. . ..do ---------
Ccnoblt8... . ..-
.. . ..do . . . ------
-..-do ---------
..---do ---------
..-.. do---------
.-. --do ---------
..--. do. -...... -
.-..do. -..... -.

Reef flab. . . . . . . .
.--.do. -- . . . . . . .
-.-.do ----------
..-.do. -- . . . ..-.
-.-.do ----------
.-..do- . . . . . . . . .
--.-do . . . . . . . . . .

Breadfruit------
Papaye ---------
. . ..do. . . . . . . . . .
Coconut. . . . . . . .
---do----------

Morlndn-------
Arrowroot -----
Pandanus...-..
Coconut. . . . . . .
.--_do. .-- . . . . .
Papaya --------

Gonad. . . . . . . . . . Rongelap. -- 7-23-33
Gnt and content. . ..-.do ------ 7-Z3+3
Integument. . . . . ..--. do------ 7-23-56
Mantle--- . . . . . . K8belle----- 7-34-53
Mu.wle--------- .-. -ado. ----- 7-24-56

.-_.do ---------- ._-.do. ----- 7-24-M
skeleton.-. -.._ -----do -- . . . 7-24-63
Liver----------- .__do ------ 7-24-56
.9kr4eton...-._ - .---.do ------ 7-24-56
Idver----------- ..-. -do...... 7-24-56
Muscle. ..--- . . . . .-. -ado. . . . . . 7-24-M
Skeleton.-. . . . . . Rongelsp... 7-2%56

.-. ado---------- Knbeile..-.. 7-24-M

Mrx+cle.. . . . . . . . Ronge]ap--- 7-23-56
Bone.. . . . . . . . . . . .-... do...... 7-%$9
Liver.--. . . . . . . . . . ..do . . . . . . 7-23-56
Muscle . . . . . . . . Knbelle. . . . . 7-24-56

.-. -ado. . . . . . . . . .-.-. do.-.... 7-24-S6
Bone.. . . . . . . . . . . .-... do.-.... 7-24-56
Liver. . . . . . . . . . . ..---do. . . . . . 7-24-56

Meat----------- Rongelap. -. 7-22-M
Seeds.-. -..- . . . . ..-..do. ----- 7-23-M

-.-_do. .-.. ----- .-.-. do.--... 7-!ZH6
Meat. . . . . . . . . . . .---. do------ 7-23-56
Milk. -_.. -- . . . . . ..-.do. ----- 7-23-56

Puiprmdecack.. . ..-.do. ----- 7-23-66
corn...---...... .-. -ado. . . . . . 7-23-56
Fruit ----------- . . . ..do. . . . . . 7-2?-56
Meat -.- . . . . . ..- Kabeiie..-.. 7-24-M
Milk. .- . . . ..--.. . ..-.do. ----- 7-24-M
Fmit. . . . . . . . . . . Ronuelap. -. 7-23-M

8%

-------
.......
-------
.-.----
-------
.......
.......
-------
--.-..-
---.-.-
---.---
-------
.......

10
19
19
16
15
15
15

-------
-------
-------
. . . . . . .
. . . . ..-

-------
-------
. . . . ..-
. . . . ..-
. . . ----
. . . ----

hB.

1, hC.
1, Inc.
I, hlC.
I, Inc.
1, Inc.
NSE
NsE
NSE
NSE
NSE
NSE
NSE
NSE

NEIE
N8E
N8E
1, Ino.
I, Inc.
1, ho.
I, hlC.

NSE
1, Inc.
N8E
I, he.
NSE

NSE
I, Inc.
N8E
1, INc.
NsE
I, Inc.

I

TT?B IaLArm LOCATION S-DATE ABSA

TOTALAmvrTY (8)
—.
O-Date d
—.

1o-1o-66
1o-1o-56
1O-10-E4I
1O-10-M
10-10-54
. . . . . . ..-
. . . . . . . . .
. . . . . . . . .
. . . . . . . . .
..--------
. . . . . . . . .
--------.
---------

. . . . . . ..-

. . . . . . . . .

. . . . . . . . .
1*1O-53
10-10-66
lo-lo%i
1O-RI-55

. . . . . . . . .
10-11-56
------- -.
1o-1o-56
. . . . . . . . .

---------
10-10-56
-------- -
1o-1o-56
------- . .
lo-m-56

—

LAB

Water:
31114.. . . . . . . . . .. . . . . . . . . . cistern--. -- . . . . . . ..-. RongelaP. . . ..-.. ___ 7-27-M Viilrage------------ 1, WO.
S61s...................... Weir. . . . . . . . . . . . . . . . . . Rongebp----------- 7-23-56 vuM---------------- 1, ho.

[/m/g-wet

46
31
10
2.6
1.6

310
Zmo
700

1s66
700
230

1964
m

12
31

230
29
0.30
0.&l
7.2

al
o.M

23
0.36

(wn?mi)
46
0.16

m
0,M

145
0.40

Sf*
d/m/g—wet

27 *0.14
1.2 +0.03
0.27 +0.lln
o.626+0.016

+0. 046
16 +0. 63

1550 +69
34 ●1.6

910 +31
25 *I. o
9.5 +0.45

750 *35
14&l *5O

0.036+0.003
1.9 +0.032
0.053+0.026
o.027+0.004
0.401+6.601
0.106+0.014
0.061+0.041

0.23 +0. Ofx
0.33 +0.01
0.3s *0. W
o.K3&ko.662
0.024+0.cm

tfml)
1.4 M.04$
0.27 M.004
1.2 +0.041
0.16*0.IN2
1.9 +0.078
o.37*o.a)f

Cs
gins/g-wet

o.005e8
0.156

>0. M101
>0. 0Q23il

o.Ootlm
0.0016
0.169
0.0034
0.133
0.0W6
0.0016
0.1%
0.182

0.0oas09
0.0711
0.0o09m
0.60125
0.cmlot
0.0744

>0. Wt35

0.000441
>0. Ooms

0.00237
>0.000370

&z
o.0m359
o.mo642
o.rmio6

>0. OoomC
0.000474
0.0ms2t

8. U.

Zlo *1 I
3.4 440s

+150
56
>5. s

4W0 +306
3940 *176
4606 +300
2190 *3O
2620 +130
2360 +lm
2200 +120
3600 *MO

20 +1.9
12 +0. s
27 *18
9.s *L6
4.4 +1. 4
0.Ho. 09

26

360 +10
536

74 *4
241

59 *7

1000 *MI
190 *3
630 *2O

Z27’2
1720 +110
235ti

TOTAL ACTTVrTT(L?)

81,m(sti 51@* Mm)-------------------- 15W4
23,000(after flitering Wire) -------------------- 80+3
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CHAPTER IV

Internal Contamination of Animals

At the time of the fallout on Rongelap
Island there were a variety of animals present.
These were left w live on the island, and rep-
resentative numbers were collected on the 8th,
25th, 33rd, and 51sti53rd days and then
sacrificed. Tables 36, 37, and 38 show the
relevant data concerning external doses to the
animals while living on the island, and an
analysis of their internal Contamination.E

Over 90 percent of the activity in the body
of animals was in the skeleton. At 82 days
past detonation, 62 percent of the skeletal
beta activity of the pigs was due to S#g,
7 percent Bala, and 10 percent rare earth
group. However, it was reported that
{(. . . In the 6 months period post detona-
tion neither significant gross changes nor

pathological changes which could be definitely
ascribed to radiation were detected in any of
the anima.ls.f~8

Table 39 shows the activity of a rooster and
rats collected 2 years post detonation.4 The
gross activity in this rooster was 40 percent
of that of a rooster from the same locality at
1 year post detonation.

Since these animals represented interesting
cases of living continuously in a heavily con-
taminated environment, a strontium-90 anal-
ysis was made later of some rats and a rooster
collected at the 2-year period. (Table 40).0
Additional analysis was made by AFL of a
single rat bone specimen (Table 40). These
data are extensive but do indicate the rela-
tively low body burden of strontium-90.

=

. :$
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Table 36-Mortality and External Radiation Dose of Animals From the Living Areas of Rongelap and Utirik
~

I
—--a8EU1ESA Ehw.meB 6EINE9 O SERIES D

I
TOTAL

Dead

8

1

Q
. . . . . ..-

,--------

------ . .

18

EXTERNAL Dosrr (“”DAI
or COLLKKYKON) ANKMAL

Total
,ecelved

37

4

9
4

11

1

St?

21Mr(DAY 8) I 220r (DAY 26)
I ~ (DAY 23) I 860r (DAY 51-62)

Dead Sao’d Total
Recelvec

. — _

1 1 . . . . . . . . .
Day 23 Day 23

------- -- . . . . . . . . . . .- . . . . . . .

.. . . . . ..- ..----.--- . . . . . . ..-
------- -- -------- .- -------- -

.. . . . . . . . 1 7
Dny 4s

.. . . . . . . . -. . . . . . . . . . --------

——
Dead Sac’d Total

Recalved

--------- . . . . . . . . . . . . 20

--------- . . . . . . ..- . . . 2

------- -- . . . . . . . ----- 9
.. . . . . . . . --------- --- 4

--------- 4. ..-------
DaY

23sow
67M
82#24
82#26

-------- --. . . ..- . ..-. ------- . .

Dead %c’d Total
Receive(

— .

2 2 11
Day 42 Day 44
Day 43

1 ---------- 1
D8y 49

9 ---------- ---------
--------- 1 . . . . . . . . .

D8Y 53
.. . . . . . . . . . -------- a“

------- . . . .------ --- --------

8ac’d

Dead I Sac’d
Total

Recelvet

(

I

------- .
------- .

1

1

Hem... ..- . . . . . . . . --------
——

86 --------.
Day

67#3s
74429
92#25
29?7
la #24

.. . ..-. ---- . . ------ .
Rub-. -. . . . . ..- . . ..-.. -.

.........
Oblcb..-.---..----------..
Duck --------------------- ----------- --------.

--------.. . --------. z!

3
---------

1“

Pi@ .... --------------------

,.,

i

E----------. ........-

---------. -------- -
I
1

est . . . . . .._-___ .. . . . .
........-

9

“Anhmde from Uttrlk; allothernfromRongrdop(GroupIV orm anlttwlarerfd22 r externaldew).
““DaY Post Deton8t10n

—
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Table 37—Radiochemical Analysis of Tissues and Urine of Pigs From Rongelap on 82nd Day Post-
Detonation

BETA ACTIWTY-D/M/TOTAL SAMPLE

SAMPLE

Pis f24 (25.8km):
Skeleton(total). . . . . . ------------ 8890
Liver------------------------------- 31
Colonrmdmntenti.-.--.--.-----.-- 12
Lung (alveoh)-------------------- 1.6
8to=&--------------------------- 1.2
Intestine(s*)------------------- 23
~tiey ---------------------------- 3.3
Remainfngthem ------------------ 690

Toti ----------------------------- 9030
Urine sample,24 hr-------------- 13

Pig@ (22.7kgrn):
Skeleton (bti).-....---------.-.-- Moo
Liver ------------------------------- 27
Colon sod mntin ------------------ 16,
Long (dveok)-------------------- 1.1
Stanch --------------------------- 20
Intestine (smaU)_____________ 26
=tiey ---------------------------- & 1
Remaining t~um-.-.---.--..-.---. !3m

Toti ----------------------------- 8870
Urirmmmple, 24hre. ..._.. ------- 6.2

5660
0.40
5.0
0.22
0.22
0.62
0.21

--------- .

6667
8.7

5100
0.53
5.0
0.26
0.29
0.83
0.14

.. . . . . ..- -.

5107
4.4

B@

(x 10+)

660
0.23
2.4
0.20
1.1
0.50
0.42

.. . . . . . . . . .

665
1.2

630
0.m
3.2
0.B
0.13
0.58
0.19

.--------- .

E34
0.40

~AT;:

EAETEI
(x1O-J)

1010
6.4
a.2
0.8
I. a
0.61
0.74

.. . . . . ..- .-

1020
1.6

690
5.6
4.9
0.33
0.30
0.88
0.62

.----------

702
O.M

SUMMAEY

QRoee BETA ACTIVITY SKEUCTQN T&4; uIUNE
(24HM.)

BRW------------------------------------------------ 62.0 59.0 69.0
BE1*------------------------------------------------ 6,8 6,5 7.9
Rare Ehh----------------------------------------- 9.7 9.0 10.5

78.5 73.5 87.4

All values mrrectd for decay.

..
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36 RADIOACTIVE CONTAMINATION OF AREAB IN TBE PACIFIC OCEAN FROM NUCLEAR TESTS

Table 38—Beta and Gamma Activiry of Chickens From Rongelap (Pc x 10’)

HEN #1 HEN #2

Dsyof dwth””------------------- Day 22 Day 23

Dsyanrdymd””----------------- Day 24 Dr+y24

Tizme Beta Grruna Betao-a

Tlbk ----------------------------- 7600 8350 8130 4610
Skelebn -------------------------- 11030 65s00 moo 66EW0
Mver ----------------------------- 119 21 362 271
Grid -------------------------- ---------------- ----------------
Qiezrud(mtint)---------------- ---------------- ---------------
orop__.__...-.-.- -------- ---- -------. -------- ------- ------- -.
Intz+zttne(L) and mn~--------- ---------------- ---------------
Intesthe (S) and contank=------ ---------------- ---------------
Parlo7eaa----------------------- ---------------- ---------------
Spew --------------------------- ---------------- ---------------
~tiey --------------------------- lW 46 ----------------
Lrmm (MveoU)------------------ 17 23 020
T~w-------------------------- ---------------- . . . . . . . . . . . . . . .
firbtiti ----------------------- ---------------- . . . . . . . . . . . . . . .

HEN #39

lhy 74

Day 79

Beta Wumna

133 695
1926 S60il

12 72
4.1 17
0.93 —
0.43 & o
0.63 10.0
L6 4.0
0.16 —

——

1.17 9.0
0.57 4.0
0.24 20
2.s7 19

HICN#36

Day 97

Day 107

Beta Oarnma

253
92070

34
7.0

20
8.0
3.0

Lo
9.0
20
L o

W#

●Caicuiatadusing ratio of kwnunaactivity skaleton/tibia. “*Day peat detonation.

HEN#25

Day 121

Day 122

Beta r3amma

215.tJ 69
8120 %56

32 23
8.6 7.6
1.4 —
7.0 —
6.3 —

—
——
——

142 10.0
L4 4.5

10.7 3.7
15.3 7.6

HEN #7

Day 133

Day 140

Beta C@nrna

41.3 31.3
600 ●454
17.7 13.6
10.3 7.9
7.6 L2

12 ‘2 9.3
14.0 10.7
3.4 6.4
——
—-

14.9 124
5.6 43
0.9 0.2
——

HItN#24

Day 159

DaY 159

Eteta Gamma

322 3.1
437 ●117.6
10.7 1.s
3.6 0.6
0 0.8
45 0
&o 0.2B

.. . . . . ..- ------
0.76 0
0.23 –
0.79 0.23
16.8 asa

——
-—

Table 3g-Summary of Gross Beta and Gamma Ativiq in Rongelap Island An~als -L) *
, ,

Ill RADIOA-TY*

I Awvy,
SAMPLE No. OF BETA

8AM~S
GAMACA

f&9

Rooster. . . . . . . . . . . . . . . . . . . . . . . . . . 1 2,230 . . . . . . . . . . . . . . . . ------ -- . . . . . .. ---- .. ----- . . . . . . . -------
Skeleton- . . . ..- . . ..- . . . ------- . . . . . . . . . . . . 600 52 93 101 181
Mrzacie...-_ . . . . . . . . . . ------- . . . . . . . . . . . . 1,030 b.1 4.9 6.9 66
Gastrointewfnaltraft --------- ------------ 135 0.8 4.3 1.6 a?
Mver ------------------------- . . . . . . . . . . . . 192 2.4 12.5 9.4 49.0
mpiratorytract..- . . . ..-. -. ------------ 32 0.2 3.7 0.4 17.4

Total activity. . . . . -------- . . . . . . . . . . . . . . . . . . . . . . . . 30.6 -------------- 119.3 . . . . . . . . . . . . . .

-k------------------------------ 4 029 -------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------------
Skeleton.-...- . . . . . . . . . . . . . . . ------------ 4.1 0.73 179 0.M 35.6
HA------------------------- ------------ 6.4 0.15 26 0.1 18
Mnacle---- ------------------ ------------ 39 0.03 7.6 0.04 10.2
c+astrointastinaltract--------- . . .. . . . . . . . . 10 0.32 220 0.27 27
Liver------------------------- ------------ 3.6 0.08 21.7 0.06 15.6
Respiratmytrace..--. .._... - . . . . . . . . . . . . 0.5 0.02 62.0 0.02 3&o

Total activity ..._. .._- . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.34 . ------------- 0.34 . .. . . . . . . . . . . .

● As detwmined on br@s of UJOI standardsand empiriral scattering and absorption correction.
‘Date of collection: February 1956. Date of wmnting: Apr-May 1956.
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Table 40-Analysis of Rats

CONTAMINATION OF ANIMALS

and a Rooster Collected on Island of Rongelap

February 1956 ●

I
WET

WEIGHT

Rnt:
161SCarcassb---------------------- 44.7
L516CCw----------------------- dZ6
1617CC~.------...-...--....-- as

RooetOr:
1610F-m------------------------- .%.0
1610~bh-------------------------- 4L0

JtdI/ 1966 d

d~~/ Calgple

— —

W%2a 0.622
816H2 o.als
se7+c21 0.252

1,21O*6U A 19
6,702A119 a 60

8.u.

646*19
462*9O
470+47

106+3
272*6

SPF.CIMEN I g#e I mum. I S.U.

Rx:
Bme----------------------- 246*5 d/nU2fwet------ 17M4 M2/gwet. -.-... 644

~NRDL. b DeM not fneludehead, femurs, tib4aeand vismra. e Dry wmgbt of
2femur hafves. a AFL.

37
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CHAPTER V

Residual Activity in

Pacific Ocean

During February-May 1955, a survey was
made by the Health and Safety Laboratory of
the U. S. Atomic Energy Commission and the
Office of Naval Research (Operation Troll) of
the Pacific Ocean extending from the Marshall
Islands westward across the Pacif3c, northward
to Japan, then east to SanFrancisco.

The chart, on page 40 represents data on
activity found in sea water and plankton.
Table 41 shows some representative data on
activity versus depth of water sample.l” Tables
42 and 43 show representative data for marine
~e.lo

Below is a summary of some of their con-
clusions:

1. Sea water and plankton samples show
the existence of wide-spread low-level activity
in the Pacific Ocean. Water activity ranged
from 0-570 d/rein/liter and plankton from
3–140 d/rein/g wet weight.

2. There is some concentration of the
activity in the main current streams, such
as the North Equatorial Current. The
highest activity was off the coast of Luzon,
averaging 190 d/rninfliter down to 600 m
(April 1, 1955).

3. Analyses of fish indicate no activity
approaching the maximum permissible level
for foods. The highest activity in tuna fish
was 3.5 d/rein/g ash, less than 1 percent of
the permissible level. *

4. Measurements of plankton activity offer
a sensitive indication of activity in the ocean,
On June 11–21, 1956 another survey of radio-

activity in the sea was conducted near Bikini
and Eniwetok Atolls by the AFL. Since this
survey was conducted during the Spring 1956
test series of detonations, temporarily relatively
higher activities might be expected. Table 44

summarizes some of the data.l]

“Baaedon 1/10m.p.c. of thst for atomic energyworkers.

89
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RESIDUAL ACTIVITY IN PACIFIC OCEAN

Table 41—Water Samples at Stations

41

8A;o-

—— .

3
4
5
6
7
8
9

10
11
12
13
14

18
19
20
21
22
23
24
26
26
27
m
29

34
35
36
37
3s
29
40
41
42

43
44
45

49
m
51
52
.52
54
35
56
57
3s
54
60

DEPTH,II

o
8

24
43
64
Ss

Im
lW
250
340
437
532

01
9

26
44
63
S5

119
153
z
2W
370
46s

o
9

2s
55
7Q

110
164

Pretripped
323
426
5s4
646

0
9

25
51
71
9s

136
1s4
m
3zi
47s
SW

——

24
.

50
—

42
—

96
—

30
—

w
—

3
—

6

1Z3

110

Q

120

60

50

42

(–15)

57

S4

se
66
87
18
2A

150
27
0
0

45
26

100

8TAm0N8

5--------------------------------

5--------------------------------

7--------------------------------

8-------------------------------

66
67
6s
59
70
71
72
73
74
75
76
77

81
32
S3
&4
S5
S6
S7
SE
SO
w
91
92

96
97
9s
w

100
101
102
103
164
105
105
107

112
113
114
115
116
117
118
119
lm
121
122
123

DIWTE, M

o
9

26
52
73
98

142
lW
2s0
869
468
579

)oubtfulcas

o
Q

27
54
76

108
154
W5
m
293
404
519

0
9

27
&
77

109
153
197
2s1
357
449
552

D/KIN/
UTEB

51
210
1s0
45

160
96

(-3:)
110
.s7
72

110

6
72

(-:)
48
72

(-v)
57

,60
S4
72

66
0

100
120

(G
6

42
27

130
250

0

66
140

9
95

(-%)
21

100
18

1(HI
9e
w

I L,
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42 RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

Table 4Z—Radioactivity by Tissues of Yellowfin Tuna and Shark from the “TROLL” and Other
Areas. Values in Disintegrations per Minute per Gram Wet Weight

.:’

QULSKIN DAItK
MuscLK

~ONAO

17
7
6

10
96

.. . . . . ..- -.

(Kidne#)

8
9

--------- . .
9

52
39
Za

---------- .
. . . ..-. . . . .

. . . . . . . ..-

Yeuowih Tunx
Off Morotai. . . . . . . . . . .

Do-----------------
Do.- . . . ..--. . . . . . . .

Avmaw ----------------
Edwetok --------------
Ponape_ ....-- . . . . . . . .

19,16
4,9

10,a
13
70
79

22
10
22
18
13
11
1s

142
123

173

10,10
12 B
&8

9
Ws

.. . . . . . . .

16
11
19
19
80
20
20

. ------ .
------.-

---------

*24
Go

9,22
10

2s6
101

:Cartihge)

.. . . . . . . . . .
0
4
0
9
8
4

----------
191

0,4 b
la, 16 9
10,!zl o

U 6
2s20 272

10.
6.

13.
10.

4-1-35 . . . -----
4-1-65 . . . -----
4-1-6s . .. . . . . .

------- .- 8
2-12-65 1

12-16-64 6

:
2
2

735
.. . -----

20
11
15
0

In
u
44

.. . ..-. .
W7

18al

742 ----------

a14-65 . . . . . . .

3-13-65 ..-.. -..
3-13-35 . .. . ..-.
3-le-55 . . . . ..-.
3-*35 --------
4-1-55 . . . . ..-.

.. . . . . . . . 6
12-6-54 --------
1-20-6s 1

12-I-M 1

Shark
Watlon4. . . . . . ..__-..
i3tation9A. .__ . . -----
Stetion 9A-------------
Etetion 10.- . . . . . . . . . .
StetiOn161- . . . . --------
Mati0n29... . . . . . . . . . .
Average .- . . . . ..-- . . ..-.
BWti. -.. ..-.. .-.-...-.
Ronge]ap. ..-- . . . . . . . . . .

Enlwetok. .___. . . .

C8rcharhlnrz&
menisorrah.

19 ----------
1a ----------
% ----------
40 . . . . . . . . .
4 . . . . . . . . .

66 ----------
27 .--...--.,

671 . . . . . . . . .
2670 490

---------........- .....

Cerohsrhinns
melenoptfms.

729
I

n900 6’s2

Table 43-Observed Values of the Radioactivity of Tissues of Reef Fishes by Area and Species from
the “TROLL” Collections. Values in Disintegrations per Minute per Gram Wet Weight

I

......... --------- .

SgrLfml Darned QrOuper surgeon
TRUE

Skin--------------------------- 43,16,46,29,23.. AL. . . . . . ..-.. -.. 43--------------- 59,0, 10,35,0.-.
Muscle_-.. .-_. . . . . . . . . . . . . . . 12,14,16,12,IL.. 4. . . . . . . . . . . . . . . . 9.--- . . . . . . . . . . . 16,lZ 14,10,7----
Bone_-- . . . . . . . . ..-- . . . ..-- . . . . 10,32,29,42,0.. . 25.-. . . . . . . . ----- 55--------------- 27,36,36,0------
Liver .. . . . . . . . . . . . . . . . . . . . . . . . . 70,58,58,62,U3.. 30.-- . . . . . . . . ..-. 323.. . . . . . . . . . . . . 35,b, Z% 15,307..
G. I.tmct ... . . . . . . . . . . . . . . . . . . . 33,23,31,10,18.. 49.. . . . . . . . . . . . . 10--. . . . . . . . . . . . 76,47,47,67,65..

--------------...
---------........
....... .........
--------- ........
.-------- ........

.-------- ........- .

........- ..........

......... ........- -

......... .........-

Skrardd SrwPP@
I I I

Blenrw Wrame
ffUAM:

skin -.-. . . . . . . . . . . . . . . . . . . . . . .
Male -------------------------
Bone. .--. ..- . . . . ..--. ._ . . .._.
Liver ...- . . ..-.. ----------------
G. I.*a ----------------------
Entire .. .. . . . . . . . . . . . . . . . . . . . . . .

10,18,24.. -- . . 71--------------- 44-. . . . . . . . . . . . . ------------------
14,12,12-. . . . . . . 17--------------- m--------------- ------------------
28,45,13-------- do-------------- 44--------------- ------------------
128,27,51-- . . . . . Ka-------------- 310-------------- ------------------
105,m.- . . . ..-. 2344. . . . . . . . . . . . M_. -.. . . . . . . . . . ------------------

. . . . . . . . . . . . . . . . . . 194.160,144,134,. . . . . . . . . . . . . . . . . . 116,337.72&321..

21,37--.. . . . . . .
17,19 ----------
60,42.-----------
116,SS.. . . . . . . . . .
74,623.- . . . ..--..

132---- 23
17,11---- 17
&33---- 14
S6,hl---- 19
as7,289.. 340
-------- . . . . . . . . . . ..------- .........

I I
&.”’”

I

........- ... .......

......... ----------

......... ..........

...-----. .. ------..
--------. -------.-.

BmWUd
PARECEVrM.A:

Skin. --.. -.-. . . . . . . . . . . . . . . . . . . 4,6. _________ ------------------ 13,13,0,14, la._ . . . . . . . . . . . . . . . . . .
Muscle..__. . . . . . . . . . . . . . . . 8,13------------- . . . . . . . . . . . . . . . . . . 16,16,9,1214.-.. ------------------
Bone. . . ..-. ..-. -... -----------7,9-------------- . . . . . . . . . . . . . . . . . . 33,30,17,0, lm.. ------------------
Liver._ . . . --------------------- 12,0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36,65,93,133,81. ------------------
0. I. tract.. . . . . . . . . . . . . . . . . . . . . 6,33... . . . . . . . . . . . . . . . . . . . . . . . . . . . 10,12,9,7$132.. ------------------
Entire .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SOL. . . . . . . . . . . . . ------------------ 225-. . . . . . . . . . . .

........- ........

.................
-------.........
-...............
.-.....- .....-. .
20,1s------------

BrLUcrllUlMh
I

‘.*@. t
I

Cardinal
OKINAWA:

Skin. . . . . . . . . . . . . . . . . . . . . . . . . . .
Mule ---. . . . . . . . . . . . . . . . . . . . . .
Bone---------------------------
Live ---------------------------
13.I.treet_. -------------------
Entti .. . . . . --------------------

6--. . . . . . . ------ ------------------ ------------------
lo_ . . . . . . . . . . . . . 14,lo-__ . . . . . . ------------------
0---------------- 10,14-... . . . . . . . . ------------------
19. . . ..-. -------- ------------------ ------------------
20-. . . . . . . . . . . . . . 8,21------------- ------------------

------- -------- --- . . . . . . ..- -------- . 18,0, 12. . -------

17,0.... . . . . . . .
13,9... ..--- . . . . .
o,o_. _..-. -----
12,0. . . . . . . . . . . . .
10,16------------

13,17,16,0,6..-.
21,5,12,6,10..-.
32,0,12, IS, 20...
0,0,0,19,31 -----
82,25,44,12,7...

--------- .........
........- .........-
--------- .........-
-------.. -.------- .
--------- --------- -
--------- -------- --.. -------------- . ...........------

, (

---- . .. . -1., . . . . . ...&..

56

..... ..
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Table 44-Average~Value of Gross Fission Products for All Stations for Plankton, Residue From
Water, and Filtered Water (Less Kw) as of Date of Collection @ne 12-21), 1956. (AFL)

Depth in meters, (P.900. Plunkton cl/mlg (wet) 71000.
<

RESIDUEFBOMWATEB FILTEREDWATEB
T’c&t

Wd PeT~J of dJm/1 Pe;Wi&of

0-------------------------- 6900 m 4m 42 1000O
%------------------------- 2s0 4 Moo 96 asoo
m------------------------- l#o l’a 7800 S1 Ooful
76------------------------- 1s00 19 6600 81 Woo
Ire ------------------------ 1000 S8 m 74 SKlo
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CHAPTER VI

Return of Rongelapese

One of the major consequences of the heavy
falIout on some of the MarshalIIslands in March
1954 was the evacuation of their inhabitants.
The 154 personnel from Utirik were returned to
their island in June 1954. However, the con-
tamination of the Rongelap Atoll was appre-
ciably greater than at Utirik, therefore it
was not advisable to return the Rongelapese at
that time. Since then the contamination has
decreased, aa shown by the data from the fore-
going surveys, to a level where return was per-
missible. The discussion below summarizes the
factors that led to this dectilon. *

A. Medical Status of Rongekzpese

Relevant to the considerations for the return
of the Rongelapese to their home island was the
body insult they previously suffered from radia-
tion following the fallout of March 1, 1954 and
their present body burden of radioactive iso-
topes. Below are summaties of the findings
over a two-year period.

Of the Rongelapese exposed, 64 received
about 175 roentgensj and 18 people about 69
roentgens whole body external gamma radia-
tion. The clinical findings showed, “. . . The
more seriously irradiated individuals had initial
symptoms of anorexia, vomiting and diarrhea
which subsided without treatment within 2
days. The same individuals slowly developed
granulocytopenia and thrombocytopenia unas-
sociated with secondary complications. The
only other manifestations of radiation exposure
observed were skin lesions and epilation, . . .
The incidence .of infectious and noninfectious
disease in the more severely exposed groups was
no greater than that in the least exposed
group. . . .“8

“TheEonaelapwe were returned to their home talsndonJnne 29,1957

The skin damage observed was as follows:
45 individuals-superficial lesions

13 individuals-deep lesions
6 individuals-no lesions

35 individuals-some degree of epilation
As the Marshallese continued to live on the

contaminated ielande for the two days before
evacuation some radioactive materials were
taken internally by inhalation and ingestion.
Table 45 shows the results of urinalysis of
Group I (the 64 Mamhallese exposed to 175
roentgens) and Table 46 the estimated body
burdens The major findings on internal con-
tamination were as follows:

t(. . . The total amount of radioactive ma-
teriaI in the G. I. tract at one day post detona-
tion was estimated tQ be 3 mc in people from
Rongelap. This activity was contributed chiefly
by isotopes of short radiological and biological
half-life and limited volubility, and thus the
levels of activity in the tissues of the body were
relatively low. The concentration of radio-
isotopes at 6 months post detonation was barely
detectable in the urine of most of the exposed
individuals.

“The estimated dose to the thwyroidfrom I’a’
and other shortAived iodine isotopes was 100
to 150 rep for the Rongelapese. Iodine is prob-
ably the most hazardous internal radioemitter at
early times after exposure. The dose to the
thyroid, although greater than tolerance, was
low compared to the partially or totally ablat-
ing doses of I1al used in the treatment of hyper-
thyroidism or carcinoma.” 8

At one day post detonation, the concentra-
tion of SPBwas calculated to be near the maxi-
mum permissible level for this nuclide. At
later times following exposure, this longer-lived
fission product presents the greatest potential
internal hazard.

45
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Table 4s-Gross Beta A&vity in Urine of Group I on 46th Day Post Detonation

CASE No.
TOTAL

VOLUME
24hra (ml)

Age <6 $m
2. . . ---------------------------------------- m
8------------------------------------------- 1s0
s------------------------------------------ 16s
23. . . . . . . . . --------------------- . . . . . . . . . ..- 40
s------------------------------------------ 2ao
ti------------------------------------------ So
w------------------------------------------ 456

Ma-------------------------------- 105

I
Age S-16VT*

m. . . . . . ..- ----------- . . . . . . . . . . . . . . . . . ----- !m5
N------------------------------------------ 550
%------------------------------------------ 650
a------------------------------------------ 265
%------------------------------------------ 190
m------------------------------------------ 2s0
47------------------------------------------ MO
67------------------------------------------ 450
72------------------------------------------ 110
76------------------------------------------ 440
70------------------------------------------ 0s0

M~-------------------------------- 4s9

BETA
ACTmfTY

d/m/24hra

712
394
813
!2!B

o
3s5
801

404

1900
0

las2
o

230
1100
lma
d74
607

0
11s0

768

OAEE No.
TOTAL

VOLUME
24 hla (ml)

Aue >16 we

4------------------------------------------- 455

7------------------------------------------- 810
9------------------------------------------- 235
10------------------------------------------ 9s0
11------------------------------------------ 460
M------------------------------------------ 340
14------------------------------------------ 7s0
18------------------------------------------ 46.5
m------------------------------------------ 47
w------------------------------------------ Odo
w------------------------------------------ 750
37------------------------------------------ 4s0
m------------------------------------------ 550
M------------------------------------------ Wo
49------------------------------------------ 425
52------------------------------------------ m
w------------------------------------------ am
M------------------------------------------ 700
57------------------------------------------ 3s0
m------------------------------------------ 750
m------------------------------------------ Slo
62------------------------------------------ 4s0
a------------------------------------------ d35
%------------------------------------------ 355
w----------------------------------------- - 200
71----------------------------------------- - 290
n----------------------------------------- - 220
m----------------------------------------- - 90s
79----------------------------------------- - 485
m----------------------------------------- - b40
82----------------------------------------- - 670

Mu------------------------------- - ml

BETA
ACTIVITY

d/n.V24hrs

624
17W
201
640

15s3
1677
2400
1670

n
43s
5m
792

1450
495

0
0

Mso
S2ao
1095
~m
6s0

1935
22ao
1715
2010
1450

0
52

m2a
ls53
2140

Ve.hwamrmoted fOrd~y.

“Analysisofthe internal contamination indi- trations are based on the concept that these
cates that the dose to the tissue of the body
wasnear, but, with exception ofthe doseto the
thyroid, did not exceed the maximum permia-
aible dose levels. The activity fixed in the
body decreased rapidly as a function of time.
The contribution of the effects of internal con-
tamination to the total radiation response ob-
served appears to be small on the basis of the
estimated body burden of the radio-elements.
In view of the short half-life of the most abun-
dant fission products in the situation, the possi-
bility that chronic irradiation effects will occur
is quite small. . . . “s

These data suggest a low relative hazard
from internally deposited radioisotopes since
the values for maximum permissible concen-

levels will be maintained indefini’’ely.
The report stated, “-The total white count

increasesduring the first2 or more days and then
decreases below normal levels. —The count
becomes stabilized during the 7th or 8th week
at low levels, and minimum counts probably
occur at this time. A definite trend upward is
apparent in the 9th or 10th week; however
complete recovery may require several months
or more.

“The neutrophile count parallels the total
white blood cell count. Complete return to
normal values does not occur for several months
or more. The initial rise in total white count
is due to a neutrophilic leukocytosis.
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“The drop in lymphocytes is early and pro-
found. Little or no evidence of recovery may
be apparent several months after exposure, and
return to normal levels may not occur for
months or years.

“The platelet count, unlike the fluctuating
total leukocyte count, falls in a regular fashion
and reaches a low on the 30th day. Some
recovery is evident early; however, as with the
other elements, recovery may not be complete
several months after exposure. . . .“ *

At one year later the Marshallese were re-
examined with the following conclusions:

“-In general, the Marshallese have recov-
ered satisfactorily from the radiation injury
received during March 1954. Visible residual
effects are limited to a few areas of depigmen-
tation and two small, distinct scars from radi-
ation burns, one of which will possibly require
plastic repair.

“Neutrophil values have returned to the
normal range of the control population. All

Table 46—Mean Body Burden of the Rongelap Group

Acmvrm AT A1m&?yy :T A1yyyw$T
BADIOISOTQPLI 82 DAYS@

(USNRDL) (USNRfiL) (LASL)

8f19------------------------------------------- 0.19 1.6
Ba14#------------------------------------------ 0.021 2.7
Rare Earth Qrmp ---------------------------- 0.03 1.2
1131(~ th~oid)------------------------------- o 6.4
Rush------------------- ---- —--- --------- ---- . . . . . . ..- . . . . . ------- ------
~a,,m----------------------------------------- o 0
Fiasile~tid ------------------------------- o 0

.2.2
0.34

-------- .. ----
11.2
0.013
0.019
0.016(umn)

‘Extrapolated from 82dday.

other members of the leukocyte population
and the platelets remain below the levels for
the control population; however, levels are
higher than at 6 months and, presumably, will
soon be in the normal range.” 13

At two years the examination showed that,
“In general, the people of both exposed and
control groups appear to be in good health and
nutritional status.” 14

A 77-year old man showed a history of paresis
of the lower extremities. The symptoms sug-
gested that, “These findings can best be
explained on the basis of a cerebrovascular
accident.” ~’ An 1l-year old boy was hos-
pitalized with acute rheumatic fever and
cardiac decompensation. “The diagnosis of
rheumatic heart disease with mitral stenosis
and insufficiency was substantiated and at the
time of the examination, the boy was fully
active without evidence of decompensation.” 14
A 46-year old man died on May 13, 1956, of
heart failure. It was concluded that, “With

the exception of the residual of skin lesions,
none of the clinical findings in the exposed
group could be attributed to the effects of
irradiation.” 13

In regard to skin lesions it was reported,
“Some residual lesions are present in the
Rongelap people. . . . The majority of all
show improvement. Almost all of the early
superficial lesions are completely healed at this
time without any apparent residual changes.
. . . There appears to be no evidence of any
change which would suggest malignancy, ” ‘4

Urinalysis was made about two years after
the March 1954 detonation, for people living
on Utirik and Likiep Islands, for the Rongel-
apese living on Majuro Island and for personnel
at HASL (Table 47) .dI14 It is recognized that
these are liited data, but the values for the
HASL group show the general world-wide dis-
tribution of the fallotit debris, and indicates
that the SrW activities found in the Pacific
group are probably more the result of living in
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Table 47—NRDL Marshall Island Resurvey— 1956 Results of Analyses of Human Urine Perform

—l-
S2w. . . . . . .
3400. . . . . . .
Mol.-----
3402-------
s-402-------
a404.-----
2405. . . . . . .
s406._._.
s407--.._.
S@-------
3409-------
3410------
2411-...._
3412--.._.
3413.-...-.
3414-------
3416. . .._.
2416-------
3417--.._.
34M-------
3419-------
3420------
3421-------
3422.-.-...

— —

8
1
4
9

10
7
2
a
a

11
4
1
8
9
6
a
2
7

10
9

40
86
26
76

at HASL

TOTAL
6AWWNQ coLm:o!?
hCAT70N

VOLUME
NAME AGE REp;ED

— .

utMk------- 2-n-66..-.-A- --------------------- 4
-...do . ....-. 2-11-56------ B --------------------- 2
_..do ...._- 2-11-56----- C--------------------- 12
_..do ------- 2-n-56..---D- --------------------- 27
_-.do ...---- 2-ll-56____ E --------------------- 22
--..do .__.- 2-11-56------ F--------------------- 6
---do ------- 2-11-56.-.... G--------------------- 16
__do ... . . . . 2-11-56------ H_.--. ---. . . . . . . . . . . . 6
_..do ..-.._ .2-11-56.----- 1---------------------- 16
_-do ... .._ 2-11-56------ POOLED ------------ ------
LlkicP.. __ 2-ll-56----- J---------------------- ------
.-.do .... . . . 2-11-56------ K--------------------- 3
-.-.do .. .._. 2-11-66------ L--------------------- 8
.._do .._.. - 2-11-56------ M--------------------- 1
..-.do .....- 2-11-56. . ---- N--------------------- 26
_..do ... . . . . 2-11-56------ 0--------------------- 13
_-do.. ___ 2-11-56------ P . . ------------------- 35
._.do ...---- 2-11-58____ Q--------------------- 46
.--.do .... ..- 2-11-66-...-. POOLED-- ---------- ------
Majwo”**-- 2-2Q-36------ R--------------------- 24
.._do .. .. . . . 2-29-s6------ S---------------------- 31
..-.do .... ..- 2-2’J-66------ T--------------------- 8
__do ... .._ 2-20-56..__ u--------------------- 13
.--.do .----- 2-29-6d____ V--------------------- 11

190
230
570
440
135
1s0
2s5
310
340
620
260
3M
lea
225
235
410
660
190
9B0
Ssll
9W

1,Imo
e30
Sso

Control. ---- 3-26-56. . ---- Pooled sample oo1- ------ 1,000
lectad at HASL.

. . ..do..__. June 1956___-. . ..do ----------------- ------ 5,000

. . ..do. .. . . . June lW&_. .-. ado.. .-.-__ . .._.- ------ 5,m
--..do ...._- June 1956...- ----. do----------------- ------ 5,000
.--.do ... ..-. June 1956..-. ---. -do----------------- ,_...- 2,cm

“Direct Platlng. ““Carbonate precipitation. “** Rongelap natives.

an enviro~ent of continual intake and excre-

tion rather than the results of body elimination

of previously deposited Srw.

B. Medical Surveillance

When the Rongelapese were returned to their
home island, it was planned to inaugurate a pro-
gram of continuing medical inspections. The
Rongelapese would be examined once a month
by a Marshallese practitioner and complete med-
ical examination performed once a year by an
kerican physician. Arrangements would be
made for urine collections and analyses every
three months for the first year and afterward
on a yearly basis unless the findings indicate

7-DkTE
TOTAL
~C1’IVITY

2-25-56
3-25-54
3-2s56
3-2s36
3-25-56
3-2-5-56
3-’2.s-56
3-25-56
3-25-.54
3-25-56
2-23-56
2-2+36
3-25-56
3-25-34
2-2$36
2-2S-56
2-2>56
2-25-56
S-2f-56
6-25-56
3-23-56
2-25-56
3-25-55
3-25-56

------ .

--------
--------
--------
..----.

4SCO*240----------
360Q+2S0----------
23m*320 ----------
2320*300 --.---.-.-

!

7306+240 ---------- .kto.3
4460+2s0 ----------
s2cWt360 170+100
22W*320 ----------
3480+240 -.--.---.-
7&xl&2u <l@J ~ 8+-1.4

44cn*320 . ---------
4400*321 ----------
4scO+32u ----------

‘*2N ‘--------- ,5.3M. 3
4SOO*220----------
s&41Ado *l@
2920&so <]00

ssoo*320 . . . . . . . ..- >
S200Aw0 ~loo 4.7*O. 7
261x&240. . . . . . . ..-
2*24O ----------

I

Il@t2C0 ---------- .4+6.2
220&t240 . . . . . . . . . .
13Wk2so -.-.---.--

4250493 <1oo 1.~. 4

-.--..----- ---------- 1.*O. 2
. . . . . . . . ..- ---------- 1.9+0.2
. . . . . . . . . . . ---------- 1.0+0.2
----------- . . . . . . . . . . ---------

m.

2540

14s7

2s62

22

2

.--.-
-----
. . . . .

30

the necessity for more frequent analyses.
radio would-be provided on Rongelap for co
munication with the Trust Territories Office
Ebeye (Kwajalein Atoll) where a plane WO1
be available at all times for any emergeru
A fully equipped dispensary would be provid
on Rongelap and an experienced health ti
(a Marahallese) would be present at all tim
Before their return, the Marshallese would
given a complete medical examination, a
immunized against smallpox, typhoid a
tetanus.

C. Environmental Contamination

The degree of contamination on the ho]
islands of the Rongelapese was conside
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according to the cmternalgamma dose rate and
the amount of i3trontium-90.

1. EXTERNAL GAMMA DOSE RATES ON
RONGELAPATOLL

The external gamma dose rates at three feet
above the ground on the Island of Rongelap
are shown in Graph I. It would be expected
that this curve would flatten out with time
due ta the dominance of the cesium-137 with
its half-life of 27 years. The latest survey of
the Rongelap Island at the end of July 1956
showed a range of values from 0.2-0 ..5 rnilli-
roentgen per hour, with an average of 0.4
mr/hr. However, the graph suggests an antici-
pated dose rate at the July 1956 survey of
about 0.1 mr/hr. The higher value found is
undoubtedly due to the small additional fallout
that occurred during Operation Redwing.
Since thk was relatively fresh radioactive
material, the decay should be more rapid so
that the dose rates on Rongelap Island at the
time of repatriation should be less than 30
milliroentgensjweek.

The maximum permissible external gamma
exposure ta adult workers recommended by
the National (U. S.) Committee on Radiation
Protection is 0.3 reins/week with an added
restriction that the mtium permissible
accumulated dose in reins, at any age is equal
to five times the number of yeara beyond age
18, provided no annual increment exceeds 15
rem. (This applies to all critical organs except
the skin, for which the value is double.) The
mtium permissible exposure for the popula-
tion as a whole from all sources of radiation,
including medical and other man-made sources,
and background shall not exceed 14 million
rem per million of population over the period
from conception up to age 30, and one-third that
amount in each decade thereafter.

It is diflicult to extrapolate precisely far into
the future, but the data suggest that the gamma
doses on Rongelap Island would not greatly
exceed (if at all) 0.5 roentgens for the first year
of reoccupancy, with lesser doses in subsequent
years, plus some additional whole body dose

from internally deposited cesium-137.* The
gamma dose rates on other island of Rongelap
Atoll have not been followed as closely as on
Rongelap but the data suggest the relativedose
rates now are the same as measured in the flrat

part of March 1954; i. e., the h%hest activity
on any island is about a factor of 12 higher than
Rongelap, The Rongelapese go on fishing ex-
peditions to other islands, including those show-
ing both higher and lower activity. However,
these Rongelapese spend an appreciable part of
their time in boats overwater where the external
gamma activity is near background values.
Thus, the yearly average for these probably
would not differ greatly from those on Ronge-
lap Island.

2. STRONTIUM-90

a. Food Supply

The basic data on the normal food supply of
the Rongelapese are contained in Table 48.
There are wide variances in the data so that
estimated average values are used. This is not
an unreasonable approach since it would be
expected that the food actually consumed would
be about as variable as the individual samples
collected for analysis. As will be seen below,
these estimates could be in error by a factor of
several without changing the conclusion.

The isotope of principal concern in the food
chain is strontium-90. For an ad~t worker
the maintained maximum permtilble body bur-
den is 1,000 Sunshine Units (1,000 micromicro-
curies of SrWper gram of calcium). Values for
maximum permissible exposures to the general
population are 1/10 that for adult workers, or
100 Sunshine Units, maintained level in the
body. The National (U. S,) Academy of
Sciences report stated, “. . . There seems nO
reason to hesitate to allow a universal human
strontium—burden of 1/10 of the permissible

“ for adult workers. This corresponds. . .
to the 100 Sunshine Units.

“Gamm8dose mtes at thma feet above the ground on the Iskmd of
ROngelapin June 1957were 8s fOUO=:

Highest reading 0.13mdhr
Lowest reading 0.01mr/hr
Average rtmding0.03IUr/hr
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Table 48 indkates that the average concen- data on land crabs ahown in Table 48 are from

tration of strontium-90 in the total food supply the Island of Kabelle which is more heavily

might be less than 360 Sunshine U:lits. (The contaminated than the Island of Rongelap). ●

Table 48—Estimates of Contamination of the Normal Food Supply of Rongelapese

A

DArLY
INTAKE
P0U&3/

PER90N

FM----------------------------------------------------------
Pabw -----------------------------------------------------
cw--------------------------------------------------------
tiommt ----------------------------------------------------
Wild birds (mnsole)-----------------------------------------
Land mabs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Coconut meat aod tic--------------------------------------
Brmdftit ---------------------------------------------------
rrnported:

Rim------------------------------------------------------
now. -..---.. -.--------. ----. -.. -.-... -..-. -or-----------
Csmred hf----------------------------------------------

Mflk ------------------------------------------------------
Swdfies --------------------------------------------------
show ----------------------------------------------------
coflw ----------------------------------------------------
T= .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1.22
0.S6
0.1
0.09
0.09
.0.03
0.02
0.01

0.1

B

CAUXVX
CONTENT

(gmS Cak’m
wet weight)

0.001
0.001
0.004

J 0.0)06
o.ml
0.004
0.m
0.0006

-0.0001

c

DASLY IN-
~AKEOF CA

(S@

0.66
0.16
0.018
0.025
0.004
0.055
0.004
0.002

4.045

D

FBACTION
or TOTAL
CA INTAKK

0.645
0.1s4
0.021
0.029
0.W6
o.O&l
0.0046
0.CQ34

-Q.046

E

yorLJmT9

(s.U.)*

12
$600

6
250
200

b .(l~
40
260

Few

7.72
*D2.O

0.11
7.26

* .1.ss
(252.o)

0.02
0.58

small

.Average values,
~Theaedstaare from island of Kabelle (nodste from islaod of Ronmlau for Jnly 195dsurvev). Gmeml oorrtsmfnationof island of Ronsekmk

dxmtone-fUththa tofKsbelle. Lwmnwatir momdtiM idm~donot howxmwt adffemnwbatiivity.
. .

●Tberesrelrmd msbs from islsndof Knbelle. The strontiuru-90eoneerrtrstionis higher than from earlier surveys, whieb Iscontrsry to the plant
activity aswelfasto the soil, mrdmarlne life drtta. (It tiknwt@tod that ahntone.thhd Ofthe~tike Of~bmwt kfiom_mbSwhjCh
Imve very little strontinm-90content.)

~ Estimatad.
cAn unknown psrt of this intake msy be seaersbs (which contain considersblylem S@) butts a.wumedhere to bean land crsbs.

However, if crabs were eliminated from the diet,
the intake might average about 107 Sunshine
Units. Further, elimination orrestriction of the
consumption of pandanus would reduce the
strontium–90 intake to well under 100 Sunshine
Units.

b. Estimated Future Body Burden of Strontium-
90

Three principal factors are operative in esti-

●There is same donbt mnoerrrtngtbe correct strorrtfum430activfty frs
the land crsbs, afnce tbe values am higher than for Previous surveys
which fs centrary to all other dsta. AddlWonsl surveys should clarffy
t.hh point. In any event the Lurd crsbs tegted are from the fsland of
Kslmlle. (Them were no mllectlorrs of land crabs msde on Rcargelap
Island during the bt mrvey.) The gmetal contaminationon Rongelsp
ts about one-5fth that of Kabelle. The difference fn stronttnm-90mn-
tent may not be x great as ttds, but sincethere are land crabs it would
b expected thoseon Rongelap Iskmd to be lower thanon Ksbelle Jslsnd.

mating the future body burden of strontium-90
of the Rongelapese:

(1) Although precise values have not been
established, there may be a discriminatory
factor of several between Sr/Ca ra~io in the
food supply and that found in the bones.15

(2) If the Rongelapese were returned to
their home island, their diet would be supple-
mented by imported (relatively uncon Wni-
nated) foods, especially rice. Also, the
cisterns would be cleaned out and refled
with fresh water as well as having new
cisterns built.

(3) Despite the wide variances in the data,
analysis of the results from all of the surveys
on the Pacific Islands shows a general decline

.—---— . -. -——. –-
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of SrW with time in the food chain (except
the land crabs)..
Although there is obviously a certain degree

of uncertainty, the above data and estimates
indicate that if land crabs are eliminated from
their diet, the estimated future body burden
of the Rongelapese would be substantially less
than 100 ppc of SrWper gram of calcium. Limib

ing the intake of pandanus would further reduce
the estimated SrW intake. By means of the
continuing medical examinations described be-
low it would be possible to note any tendency

of untoward accumulation of strontiurn-90 with
time, and appropriate action could be taken
before excessive levels were reached.

c. Rcdwlogica.fResurveys

Plans are currently being developed for a
continuing and long-range program for radio-
logical resurveys on and around the Marehall
Islands. The principal objective will be to
monitor the environmental wntamination espe-
cially for strontium-90.

.-
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