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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 from the March 1, 1954

nuclear test detonation at the Eniwetok
Proving Ground, have been published under
the editorship of Dr. Victor P. Bond,’z Dr.
Eugene P. Cronkite,13 who headed the fist
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
Fisheries Laboratory of the University of
Washington, U. S. Naval Radiological Defense
Laboratory, Health and Safety Laboratory,
New York Operations Office of the Atomic
Energy Commission, and the Oflice of hTaval
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 2Z-year period
and thus suggests the developing patterns of
the transfer of radioactive materials from the
soil and water into the food chain.

CHARLESL. DUNHAM, M. I)., Director
Division of Biology and Medicine
U. S. Atomic Energy Commission
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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
Atolls 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.
Since March 1954 periodic surveys have been
made of these islands to investigate 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 Pacific Ocean by Health and
Safety Laboratory of the AEC 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 authors
are not responsible for any such violations and
if there be any question it is recommended that
reference be made to the basic documents [see
references).

The following personnel participated in the
field expeditions:

March %’6,1964 ( USS’ Nicholas, DDE 449).

Applied Fisheries Laboratory: 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 Laboratory.

In addition, Dr. Thomas Shipman, 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 Island and to make radiation read-
ings on some of the islands in the southern part
of the atoll.

April 13, 1954 (SA–16 Naval Aircrajt).

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. Flannigan,
NM1.

July 16, 1964. (U. S. Navy Gruman Albatross,
ASR-16, No. 902).

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

December 8, 1964 (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.

*Deceased.
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December 18, 1964 (U. S. N. PBM No. 2471].

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 Labora-
tory, from General Electric, Radiological
Sciences, Aquatic Biology Group, Richland,
Washington.

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

January 25-30, 1965 (U. S. NawJ 0. Q. “Rio
G$ande”).

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

October 21-29, 1955 (L. h’. T. 664).

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

November 7, 1955 (U. S. Nazy PB.Vl 61%’).

Applied Fisheries Laboratory, Dr. .411yn H.
Seymour and Dr. Edward E. Held.

February 7-14, 1956.

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

Ju@ 2’3-%’4, 1956 (U. il. iVam~ Gruman Alba-
tross).

Applied Fisheries Laboratory: 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, Allyn H.

Seymour, Mary Ash Baird, Kelshaw Bonham,
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. WeIander.

At the U. S. Naval Radiological Defense
Laboratory: Mr. R. W. Rinehart, assisted by
Mr. John A. Seiler and 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 Simone, 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, QMI,
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 Washington,
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, Office 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

1,.......
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Division 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. Aflyn 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 Institutej 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 Armed Forces Special Weapons

Project. Before the arrival of the team, pre-
liminary care and studies had been initiated by
the station medical officer, Commander ?7. S.
Hall. Doctors T. L. Shipman, Thomas White,*
a~d Payne Harris of the Los Alamos Scientific
Laboratory performed the urinalyses.

The six months medical survey was conducted
by Drs. V. P. Bond, R. A. Comwd, J. S. Robert-
son and E. A. Weden, Jr., and ~he twelve
months medical survey was conducted by Drs.
E. P. Cronkite, C. L. Dunham, David GrifFin
(USNRDL), S. D. McPherson (NMR1) 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 I

External Gamma Radiation

GAMMA DOSERATESWERE 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+ 1 (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 those values may also be
thought of as beta activities.) However, the
gamma dose rates do indicate the relative 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
Atoll and in nearby Atolls (Ailinginae and
Rongerik). The decay of activity of mixed
fission products is assumed to follow (time)-”
principle. This is intended to apply to disin-
tegrations of atoms. However, in estimating
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 pm disintegration, and the
effects of weathering. When computing the in-
finity radiation doses from fallout that occurs
within a few hours after detonation, integration
of the (time)’12 curye gives a fair approxima-

tion since most of this total dose is accumulated
during the early periods when this curve lies
near the theoretical gamma decay curve, How-
ever, in extrapolating by (time)’12 there may
be a significant difference in estimating dose
rates a year or more after detonation and in
es~imating 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 first heavy rainf ails. 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 O.2—0.5 milliroentgens per hour
with an average of O.4 mr/hr. 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. Land 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’ 2

Tables 1 and 2 show the analyses made by
NRDL for their first survey in February 1955S
Table 3 is based on the February 1956 survey.4

Tables 4, 5 and 6 show the analyses by
HASL.” e

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 CS137(see Section Radiochemical 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 CS’37.

Table I—Summary of Gross Beta Activity in Miscellaneous Plant Samples*

AVEMOE Ac’rIwYY @c/gx 109. b

PLANT MATEBIAL ISLAKD

Likiep Utfrlk Romgelap Busch En&+etokLabwedj Kabsue L&en (3ejen Lemuiw.1 Bikar Eniwetak
. — . . _ — —

Grin ----------------------- 20 400 m 4%) S&xl 63cKl lWC 2103 6a,Ooo
Coconut leaf. . -------------- . . . ..-._

5600 180 400
1100 . . . . . . . .._ . . . . . . . . . . . . . . . . . . ‘xc lscm 670 . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Coconutfrond stem. .. . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -..-. ____ --------- 140 . . . . . . . . . . . . . . . . . . . .- . . ..-. . . . . . . . . . .
Comnut shell ----------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .--------- 17 . . . . . . . . . . 16(j ---------- ..--i:i- :---------
Comnut husk--------------- 1.7

. . . . . . . .-
1.5 63 . . . . . . . . . . . . . . . . . . . . . . . . . .._ 73 . . . . . . . . . . 110 .. . . . . . . . .

Coconut sprOut------------- . . . . . . . . . . . . . . . . . . 29 .. . . . ..- . . . . . . . . . . . . . . . . . . . . 110 . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sproutedcomnut roots. . . . . . . . . .._. . . . . . . . . . . 72 . . . . . ..- . . . . . . . . . . . . . . . . . . 740 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .- . . . ..- . . . . . . . ..-
8caeVo18leaf---------------- -------- . . . . . . . . . . . . . . . . . . . . . . . . . . . _________ -------- Ml . . . . . . . . . . KKl 2%0 6.7 MJ
Scaevolatrunk section.. . . . . -.__... _ . . . . . . . . . . . . . . . . . . . ._._. --- ._. ------- --------- ----- ---------- -.__-. _. ---- . 23 ---------
Arrewrwt stem... . . . . . . . . . . -------- . . . . . . . . . . 19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...=.--. . . . . . . . . . . . . . . . . . . . . . . . . . . ----------
Arrowreot leaf-------------- .._ . . .._ . . . . . . . . . . 61 . . . . . . . . . . . . . . . .._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.. _. . ..___.. ----------
Purnpkln-. . ..- . . . . . -------- 20 . . . . . . . . . . 35 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ ._. _______ __.. .__-. . . . . . . -------- -..-------
Llmt?.K---.. ................ 20 . . . . . . . . . . . -------- . . . . . . . . . . . . . . . . . . . . . . ..__ -------- -_.----.-- --------- ___ ____ -------- ----------
Taco-..-- . . . . . . . . . . . . . . . . . . . 1.1 . . . . . . . . . . . . . . . . . . . . . ..__.. . . . . . . . . . . . . . . . . .._ _______ ---------- --------- ---------
B~..-. -----------------

. . . . . . . . .- . . ..- ---
46 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------- ------ ---------- ---------- -__-_.-->_ ---------- -------- ----------

vines . . . . . . . . . . . . . . . . . . . . . . . -------- ---------- . . . . . . . . . . . . . . . . . . .._. ----- ------- _________ _________ 493 .--..----- -------- 340

. Wet weight.
b As determined on basisU:OI standards and empiricel scattering and absorption corrections
“CWlectiom made abeut February 1, 19.53. I)ata reperted as of March 1,1955.

5
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Table 2—Summary of Gross Beta Activity in Major Plant Foods (NR.DL) *

SOURCE AVERAOEAcmn’rY @c/gx 100or W/CC x 106)mb

Atoll Island Arrowroot Breadfruit Psndanus

LIkiep.. . . . . . . . . . . . . . . . . . . . . . . . . . . . Likiep- . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.0 9.1 5.7
Utirik..-..- . . . . . . . . . . . . . . . . . . . . . . . . utirik.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 3.4 5.0
Rongelap-- . . . . . . . . . . . . . . . . . . . . . . . . Rongelap. . . . . . . . . . . .. . . . . . . . . . . . . . . 15 !29
Rongelap. . . . . . . . . . . . . . . . . . . . . . . . . . Busch... . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 13
Rongelap. . . . . . . . . . . . . . . . . . . . . . . . . Eniaetok.- . . . . . . . . . . . . . . . . . . . . . . . . . . 30 34
Rongelap. . . . . . . . . . . . . . . . . . . . . . . . . . Labaredj .. . . . . . . . . . . .. . . . . . . . . . . . . 36
Rongelap. . . . . . . . . . . . . . . . . . . . . . . . . . Kabelle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 130
ROngelsp-.. . . . . . . . . . . . . . . . . . . . . . . . Lnkuen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------------ -----------
Rongelsp-.. . . . . . . . . . . . . . . . . . . . . . . . Clejen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 . . . . . . . . . . . . . . . . . . . . . . .
Rongelap-- . . . ..--. .-- . . . . . . . . ----- LOmuflal.- . . . . . . . . . . . . . . . . . . . . . . . . . 130 . . . . . . . . . . . . . . . . . . . . . . .
Biker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Biker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ----------- ------------ ------------
Rongerfk..- . . . . . . . . . . . . . . . . . . . . . . . Eniwetak . . . . . . . . . . . . . . . . . . . . . . . . . . - ----------- ------------ - -----------

Coconut
Papays

Meat Milk

3.6 2,5 3.0
9.0 2.3 2.6

27 9.8 9.6
.. -. ..-. . . . . ao 11
.. . . ..- . . . . . 12 12
.. . . . . . . . . . 13 13
------- . . . . . 16 12
-------- . . . 18 16
------- .-. . 72 26
. . . . . . ..- . . 19 30
. . . . . . ..- 5.9 5.0
------- -.. . . 7.8 9.4

. Wet weight.
b ASdetermined on baafsUIOI standsrds and empirical scattering and absorption corrwtions.
“Collections made about Febrrmry 1,1955. Data reported as of March 1, 1955.

Table 3-Gross Beta Activity in Plant Samples 8 (NRDL)
,

PLANT I PAET I
Gejen Eniwetak

Portulaca -------------------- Whole plant . . . . . . . . . . . . . . . . . . 87.4 19.2

ArrOwmot.. . ..-.. .-.- . . . ..-.
[
Stem,leaves. . . . . . . . . . . . . . . . . . 11.0 4.5
Tubers . . . . . . . . . . . . . . . . . . . . . . . 2.32

[

0.57
Airroot . . . . . . . . . . . . . . . . . . . . . . . 2.87 0.17

Pandanus.-- . . . . ..-. -- . . . . . .
Leaves. . . . . . . . . . . . . . . . . . . . . . . . 2.64 1.02
Grem Keys . . . . . . . . . . . . . . . . . . . 1.27 0.37

(Rim Keys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

{

Ripe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Papaya ---------------------- Green. . . . . . . . . . . . . . . . . . . . . ------------ ------------

Leaves, trunk.. . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . .
[Milk . . . . . . . . . . . . . . . . . . . . . . . 287 . . . . . . . . . . .

Ripe coconut-------------- 1{Meat .. .. . . . . . . . . . . . . . . . . . . . . . 1.w 0.36
‘- SbeU. . . . . . . . . . . . . . . . . . . . . . . . . 4.98 0.33

l\Hnsk..-- . . . . . . . . . . . . . . . . . ...1 1.33 0.63
(Whole . . . . . . . . . . . . . . . . . . . . . . . 3.1 . . . . . . . . . . .

/

Mill. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.29

Grwwmnut..---------..-.
Mw.t.--- . . . . . . ..- . . . ----- . . . . . . . . . . . . . . . . 0.33
Shell. . . . . . . . . . . . . . . . . . . . . ---- . . . . . . . . . . . . -----------

IIHusk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shell, husk.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.11
(Milk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.61

II~proutbg wmnut ----------- Meat . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 0.38
Shell. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 0.20

[Husk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.73

{

Leave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15.4
coconut..- . . . . . . ------------ Frond ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0,64

Leaves, frond----------------- 1.48 . . . . . . . . . . .

{

Fmit. . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . ..- -----------
Banana. .. . . . . . . . . . . . . . . . . . . Bwk-. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .

Leaves. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -----------

Tam------ . . . . . . . . . . . . . . . l{Leaves, stalks.. . . . . . . . . . . . ..-. . . . . . . . . . . . . . . . . . . . . . . .
‘- ‘fhber,root swithsoil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

s All countswere corrected for the muntinz efficiencvof Sr~—Y~.

PLANTSb (c/m/kgx 16+)

Enisstok Rongelap Sifo

3.05 1.26 . . . . . . . . . . . .
0.32 0.2.5 0.21
0,69 0.55 0.03
1.05 0.32 0,so
5.20 0.2a 0.15
0.70 0.22 0.10
0.53 0.17 . . . . . . . . . . . .

0.12 . . . . . . . . . . .
0.25 . . . . . . . . . . .

. . . . . . . . . 0.64 . . . . . . . . . . .

. . . . . . 0.54 0.63
1.97 0.24 0.17
0.72 0.44 0.29
1.57 1.31 0.77

. . . ---- . . . . . . . . . . . . . . . .
0.11 0.05 0.13
0.25 . . . . . . . . . . . . 0.08
0.86 . . . . . . . . . . . 0,37
0.4s 0.12 0.11

-------- . . . . . . ---- . . . . .
0.76 0.79 0.71
0.40 0.12 0.w
0,41 0.35 0.18
1.57 0.88 0.69
0.86 . . . . . . . . . . . 0.64
0.51 . . . . . . . . . . . . 0.23

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

. . . . . . . . . . .

. . . . . . .

Utirik Likiep

1.71

0.14
0.0S
0.21
0.09
0.07
0,11
0.09
0.16
0.12
0.08
0.06
0.21

0.07
0.08
0.11

. . . . . . . . . .
0.11
0.07
0,04
0.x
04.i
o.%

1.S3
0.03
0.03
0.02
0.03
0.03
0.02

0.04
0.06
0.67
0.06
0.02
0.09

. . . . . . . . . . .
0.05
0.02
0.09
0.02

------- . . . . .
0.0s
0.00
0.02
0.07
1.66
0.11

. . . . . . . . . . .
0.06
0.07
0.18
0.00
0.19

b (?rossbetaactivityofplantsampleswas;etermfn;d inApril 1956andtbatofsoiland waterlnMay1956.

—.
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GROSS ACTIVITY

Table 6—Results of Analyses Performed at HASL

11

LAND PLANTS

C.qsl
d/m/grsm

s. u. ●

450+ 21

260+230
. . . ..-. . . . . .
480+210

2140+1806
375+ 21
245*216
136* 98
104* 4.7
67+ 2S

l180+51Xl
5730

—.
‘er-
Imt
w:

—.

44

SAMPLING
TOTALACTIVITY

ORGANISM TISSUE
IAWATION

7C-Date*

Per-
cent
Srw

Ca
grarm/
grsrn

0.03322

0.W120
O.00Q38
o.0Q013
o.CH)ool
o.0Q035
0.00015
0.00020
0.0096
0.00031
0.60310
0.im)olo

o.cm12
o.mm
0.000641
0.0026
0.cooo3
0.03370

H#~L

3437...

3438...

343!...

3513...
35s4...
3441...
3442...
3447...
3456...
2476...
3492...
2365...
3519...
3541...

NRDI
No.

521

623

525

762
302
535
52C
55E
85[
6s4
724
674
75(
m

f$@
d/m/gram

0.22 *O. 01

0.11 *o. 10
. . . . . . . . . . . . .
0.14 +0. 06
0.047+0.039
0.70 *o. 04
0.631+3.071
0,080+0.043
2.7 +0. 1
0.046+0.02
0.26 +0. 11

<0.16
lost

3.6 +0. 15
1.4 +0. 82
0.20 +0. 06
0.19 +0. 03
0.22 +0. 6+3

<0,13

l/m/grsm

{

Outer end in- 4-17-56
Rongelap. - Coeonnt. . . . ner shell.

Milk. . . . . . . . . . . 617-56

{

Outerhusk....- 4-17-56
--..do ... . . . . . ..-do ... .. . . Inuersheil ----- 4-17-56

Meat and rnilk- 4-17-56

{

Outer husk.. . .. 4-17-56
--._do ... ..- . ..-.do- .. . ..- Inuer shell_.-.. 4-17-56

Meat and milk. 4-17-66
Utirik... . . . . ..-do..-.-.. Entire --------- 4-17-56
Likiep.. -.. -..--do ....-. . . ..-do ....__ . . . . 4-17-56
Rongelap.. Pandanns. . . ..-do ...------- ~14-56
. ..-do . .. . . . . . ..-do ------- . . ..-do .. ..-- . . . 4-14-56
. . ..do ------ Arrowoot. . . . . do.. .. . . . . . . 4-14-56
Gegen--- -. . ..--do ... . . . . ..-.do .. . . . . . . . . 4-14-56
Eniwetok.- .. . ..do .. .. . . . . . . ..do ... . . . . . . . 4-1A56
Enisetak..- .. . ..do ... . . . . . ..-. do... . . . . . . . 4-14-56
Sift . . . . . . . . . . ..-do .-..-.. . . . ..do ... . . ----- 4-l&56
Utirik...-...- .-do ... . . . . . ..-.do ... . . . ..-. 4-1+56
Likiep . . . . . ..-..do . . . . ..do ... . . . .. . . 4-1+46

26+6.7

43+1.7
71+1.7
26+0.i’
98*2. 2
66*L 7
35+0.7
87+2.1
51+2.O
10+6,7
42%1.9
30+1.5

lost
300441
180+3.8
67&2.1
69+2.2
26+1.6

7.3*1.1

0.85

19 &2.7
. . . . . . . . . .

0.26

0.52
0.048
1.1
0.23
0,094
5,3
0.45
0.62

. . . . . .
1.2
0.77
0.30
0.31
0,84

..........

.--.......

16 +3.7 38

250 *5. 4
54 +1.6
17 +0.6
36 +1. O
17 +2,8
3.8*2.1

1370+ 57
105O+6XI
155+ 45
32+ 5.2

33OO*91O
<85

83
30
25
61
65
52

●C-Date: Date of counting. ● SunshineUnit = 0.031xc SrM&gCa.

B. Marine Organisms and Birds Tables 7,8, and 9 report the results of NRDL
analyses for the February 1955 survey.3 Tables

Graph 2 indicates the general level of 10, 11, and 12 are for the February 1956
activity in fish at Rongelap Atoll and the survey.4 Tables 13 and 14 show the analyses
decline of activity with time,’ by HASL.KI e

Table 7—Summarv of Beta and Gamma Activity Concentration in Fish and Marine Invertebrates.

—
(NkDL) *

RADIOACTIVITYCONCENTRATIONk@g) (S)

LAEQEFL9H(b) I SMALLFL9H~) C5ABS AND CLAMS I 8NAUS
NATION ——-1 , —_——- —

No. of
speci-
mens

Activity No. oi
speei-
mens

Activity No. of Activity No. Of
speci- _—— speei-
mens mene

6 Y 0 r
— .

Activity

d~-8 ‘Y
—— ——

0.22 1.2
.054 0.23

— . .

1.m 4 1.54
0.94 3 0,49

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

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

.01 1 0.12

2 0.29

Rongelap AtoiL
North Lagoon-.- . . . . . ---------------- . .
South Lagoon-------------------------

Rongerik Atoli:
Eniwetak_____________________________._

Utirik Atoil:
Utirik . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Likiep Atoli:
Likiep . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . _.

Bikar Atoii:
Biker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _.

3
3

22
7

.49

.14

.23

.14

.05

0.23I 0.262 2

6

31

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

0.02

I

0.01

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

(m) ~ we ~ m of C(pl eq~~~e~t. (b) >150 g. (e) <150 g. (d) No Ah taken.

‘Collections made about February 1, 1955. Data reported es of March 1,1955.
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The data show a significant higher concen- Tables 9 and 12 show the gross activity in
tration of gross activity in the livers of fish birds and fowls.s’ 4
and in the crustacean muscles.

Table 8—Distribution of Gross Beta and Gamma Activity in Tissues of Large Fishs (NRDL) *

WET
WEIQIIT TotalIsr&wr ANll l?rm skin Mnaele Bone

B -r’
—— —

20 310
20 Zll
36 313
— —

61 298
64.0 Eo.7

41 308
18 111
59 122
— .

39 180
40.7 37.5

8 106
7 18

— —

8 62
b.2 30.4

Gills Vfaeera
(8) —

It’
—

r

16
16
17
—

16
27

33
51
27

—
B

—

7
3
3
—

4
3.6

4
6
8
—

6
6.~

8
1

—

b
3.$

—

—
B

26
37
8

—

24
21.0

34
1

13
—

16
16.7

a37
46

—

1243
82.0

@

25
6
4

—

12
10.6

19
25
12

B

18
9
9

‘r
.

714
606
3YI

r
—

24
69
6S

Y

06
78
94

v

Ren@ap Atoll, North II
r2ejen. flat Fkb with Orange Spots. . . . . . . . . . . . . . . . . . .. . . . 697 196

Nerth fagoom
{

2 Pelargio.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M13 64
Snappy . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 391 33

208
M
60

— —
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407 113

Percentage of total activity .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ----
388

590
513
339

E4
9.2

16
69
36
—

40
8.3

39
13
—

26
12.7

—

12
10,6

14
19
14

16
16.7

48
3

89
15.1

‘X4
19
04
—

05
21.9

44
15
—

34
14,7

131
22.3

140
163
30

118
24.6

140
19

Rengelap AtoU, South I I
{

Grouper. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,490 112
%utheast lagoon. Lutiniua. . ..-.. .-- . . ..- . . . ..--. .-.. _.-.. 2,170 69

Red Snapper. . . . . . . . . . . . . . . . . . . . . . . . . . . 1,8s0 103
— —

Av~e ---------------------------------------------- 1,886 96
Percentage of total aetivlty .. . . ..-. ..-. -- . . . . . . . . ----- _____ . . . . . . . . . . . . . . .

481

339
68

.

204
. . . .

19
19.8

1
8

—

5
3.0

37
7.7

10
3

—

7
3.4

Rengerik AtoU

{
~dweti- Parrot .. .. . . ------------------------------ ----- 1,450 n2

Mullet ..- . . . ..-. -. . ..----. . . . . . . . . . . . . . . . . . . . . 230 64
— —

Average.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 846 168
Percentage of total activity .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ . . . . .

20
16.5

80
39.2

* >lMl g. b@am in terme of Cow equivalent. . Name unknown.
“Collection made about Februery 1,1965. Data reported asof March 1,1955.

!
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GROSS ACTIVITY

Table 9-%mmaty of the Gross Beta and Gamma Activity in Birds and Fowl *

11
ACTIVITY&c x

No. or WET
~ AND 6PECIW4?J

l@/tisue) ●

SF’ECI- WEIGHT _
XENS (K)

~1————— .—

RON@II Atoll

Gejen—Term ------------------- 2 108 --------
Gut----------------------------- -------- . . . . . . . . . 46
Tibh --------------------------- -------- ---------- 10
Car~------------------------- -------- ---------- 197

233
KaMU&Term --------------------- 2 184 --------

Qut----------------------------- --.----- . . . . . . . ..- 13
Tibh --------------------------- -------- ---------- 23
Male -------------------------- -------- . . . . . . . . . . 22
Owe------------------------- -------- ---------- 242

3co
kbre~—Tcm8------------------- 2 146 --------

Gut----------------------------- -------- ---------- 114
nbk--------------------------- -------- ---------- 29

RouehpRowt&------------------ 1
Skdetin ------------------------ -------
Mmde -------------------------- --------
Vim-------------------------- -------
Live --------------------------- -------

143
1,140 --------

28s 6,600
434 26a
04 100

144 26

*po8re4n tarnreof CO~equivalent.
bNo detectable aotivity.
●Nodatataken.

7

. -----
116
10

290

41s
. -----

9
NDA

6
133

146
. -----

87
4

41
.---- --

8,27a
lzt
51
t

ISLANDAND SPECIMEN

kor@8P-l&oder— COntSnuod
Hart ---------------------------
8b----------------------------
Lug----------------------------

RanuerikAtoU

Etiwe@k-Tam -------------------
Grit -----------------------------
Tibh ---------------------------
Mwcle --------------------------
Car--------------------------

Rikar Atoll

B~Term -----------------------
Gut-----------------------------
Tibh ---------------------------
Mmcle --------------------------
cue-------------------------

To. or
mm-
KENS

-------

-------

,. -----

2
------
-------
------
------

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

AmrVITY (#3X
WET i6Vtkx3ue)●

WEIGHT _
(3)

e

15 8
157 16

-------- .- 2

7,2s1

(*) -------
---------- 10
.------- -- 6
---------- 33
---------- 126

17.5

126 -------
---------- 9
---------- 6
---------- 46
.. . . . . . . . - 14

69

‘Y

2
18
2

&472

------
Q

NDA
14

294

317

,------
3
1

14
14

32

●Collections made about Februocyl,19S5. Data reported as of March 1, 1953.
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Table I&Distribution of Gross Beta and Gamma Activity in Tissues of Fish (NRDL) *

RADIOACTIVITY(d/m/tissuex KH) .
—

ViscsmMuscle GillTota2 Skin Head Done

d r

3.3
0.7

?$
——

4.9
1.9

3.4
47.7

6.1
2.9
5.0

4.7
22.3

0.9
26.0

0.04
9.8

0.3a
57.5

1
91

-i
—

2.8
1,4

—

2.1
19.6

15.9
6.3
8.8

10.3
16.9

3.6
9.4

0,4
18.8

0.2
17.2

2
90

—

o

1.5
1.4

T

15.5
5.7

10.6
100

87.0
18.5
71.3

7

2.4
0.3

r
——

2.1
0.5

r

2.7
2.6

‘7

Rongelap Atoll, South:
Rongelap-Goat ------------- 218
Rongela&Grouper .. . . . . . . . . 452

8.8
5.2

7.0
100

26.3
12.3
24.8

).2
D.4

0.45
0.8

3.6
D.3

2,2
D.3

L 3
2.1

2.1
1.1
2.7

2.0
3.3

2.7
7.0

0.08
4.0

0.04
4,6

0
0

Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Percent of total activity.. . . . . . . . . . .

Rangelap Atoll, North:
Gejen—Snappsr------------- 1,154
Kaballe-Snapper .. . . . . . . . . . . 735
KabeIle-Parrot. . . . . . . . . . . . . 1,957

Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Percent of total activity. . . . . . . . . . . .

AUir@nae AtoU:
Sifo-Snapwr ... . . . . . . . . . . . . . 640

Percent of total activity... . . . . . . . . . . .
RongerikAtof2:

Eniwehk—Squirrel . . . . . . . . . . 387
Percant of total activity .. .. . . . . . . . . .

Utirik At02i:
Utirik-Parrot . . . . . . . . . . . . . . . 425

Percent of total activity .. . . . . . . . . . . .
Likiep Atof2:

LikieFSnapper ... . . . . . . . . 453
Percent of total activity .. . . . . . . . . .

c1.3
4.2

1.0
1.0
1,1

L 3
L2.1

11.8
11.2
8.9

10.6
17.3

5.9
15.2

0.3f
17.3

0.24
27.6

0
0

0.63
8.8

6.6
4.6
8.6

6,5
30.8

0.7
22,5

0.23
55

0
0

0
0

2.0
18.7

24.7
1.9

20.9

15.8
26.9

9.9
25.4

0,5!
27.2

0.C6
10.3

0.lx
9

0.8
11.2

5.4
1.0
2.4

2.9
13.7

0.6
19.3

0.04
9.8

0,15
22.7

0,1
9

1.3
12.1

16.8
0.7
6.6

8.0
13.1

6.2
15.9

0.27
13.4

0.z
25.3

0.2
9

L 5
21.0

5.5
2.4
7.0

2.7
!5.2

.5.7
4.4
!3.4

D.5
i’.o

1.7
0.5
0.8

21.1
100

3.2
mo

0.41
100

0.66
100

1.1
100

5S.9
100

38.9
loo

2.0
100

0.87
169

2,2
164

1.0
4.8

0.3
9.7

0.02
4.9

0
0

0
0

5.0
23.7

0.5
16.1

0.06
14.6

0.13
19.7

0
0

[4.5
8.7

10,6
27.2

0.39
19.3

0.13
15.0

0
0

—

1.0
4.8

0.1
3.2

0.u
4.9

0
0

0
0

. As determtnodon baafsof UtOI standardsand empirical scatteriug and absorption corrections,
●Collectionsmade February 1956. Data reported as of April-May 19.%

Table 1 l—Summary of Beta and Gamma Activity in Fish and Marine Invertebrates (NRDL) *

I?ISII I CRABS I CLAMS I SNAIM

No. of
kmlples

Activity * Activity ~
d/rn/kgXIO-9

Activity ●

No. of (d/m/kgXl&t) No. of (d/m/lcgXIIN)
Samples—— Samples

I

P -f ~ r P r
— .

28 87 4 648 513
. . . . . . . . . . . . . 1 17.7 43.9

4.5 14.1 1 4.5 8.S ---------- ---------- --------
25.4 24.5 2 23 56 2 31 51

2.8 18.3 . . . . . . ..- . . . . . . . . . . . . ---- . . . . . . . . . . . . . . . . . . . . . . . . . . ..-

21.9 14.5 1 6.4 15.0 . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . 3 0.006 2.8

ISLAND Activity.
:d/m/kgXIO+)

B 7

24.6 78.8
14,9 55.4
19.3 45.1
17.7 32

2.2 7.8

4.5 22.7

1,6 2.1

2.6 I 1.3

—.

No. of
Samples

8
10
5
5

8

6

8

8

Rangelap Ata22:
North:

C4ejen..-. . . . . . . . . . . . . . . . . . .
Kabelle. . . . . . . . . . . . . . . . . . . .

Central: Eniaetok. . ..-. -- . . . . .
8outh: Rongelap. .. . . . . . . . -----

RongerfkAfOzz:

Eniwetak ----------------------
Ai2ingtnaeAto21:

Sift . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Utirik rltoU:

Utirik. - . . . . ..-. .---- . . . . . . . . . .
Likiep AtoU:

Likfep . . . . . . . . . . . . . . . . . . . . . . . .

2
. . . . . . . .

1
6

1

3

. . . . ..- .

. ------

I

I

.,.—,. . .,,

.......
l----------l--------l--------l----------l----------l--------

------

- As determined on beatset UsOI standardsand emptrioalsoattsringand abaerptioncorrections.
●Co12ectionamade February 1956. Data reported as of April-May 1956.
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Table 12—Summary of Gross Beta and Gamma Activity in Birds and Eggs *

ISLAND

Rongdap AfoU:
Rongelap.. . . . . . . . .

Gejen... . . . . . . . . . . .

Ksbelle..- . . . . . . . .

Aflinginac AtoU:
Sifo . . . . ---- . . . .._. .

RengertkAtOZJ;

Eniwetal . .. . . . . . . .

SAMPLE

Tern:
Egg shell. . . . . . . . . . . . .
Egg, soft tissue..__...

Tern . . . . . --------------
Viscera... . . ..-. -...-.
Muscle.._. -_. -..__ . . .
Tibia .. . ..- . . . . ------

Tern. . . . . . . . . . . . . . . . . . .
Muscle .. . . . . . . . ----
Tibia . . . -------------
Eggsbell . . . . . . . . . . . . .
Egg, aoft tissue... . . . .

Ten--------- . . . . . . . . .
Muscle----- . . . . . . . . .
Viscem....-. ..--.-...
Tibia . . . . . . . . . . . . . . . .
Egg shell-------------
Egg, soft tissue . . -----

Tern. ..-- . . . -----------
Muscle.. .. . . . . . . . . . .
Tibia . . . . . -----------
Viseem.... . ----------

No. OF
SAMF%ES

1
1

1
1
1
1
1
1
1
2
2

7
7
7
7
1
1

2
2
2
2

6
33
92

101
141

. . . . . .

145
16.9
0.9
5.3

22.8

116
11.7

0.31
6

33

92
19.7
.23

RADIOdmIVITY *

Beta
(d#sampleXlO+) (d/m/kgXlO+)

NDA o
0.26 7.9
0.93 10.1
0.38 3.8

NDA o
NDA o
1.1 7.8
0.1 6.9
0.07 79

NDA o
0.15 6.7

0.38 3.3
0.057 4.9
0.Oa —

NDA o
NDA o
0.28 7.9

1.9 21.0
0.04 2.3

NDA o
0.05 —

. As determined on baaiaof U$Ot standardsand empiricrdscatteringand absorptioncorrwtiom.
*Count@ fn Aprfl-May 1950.

Gamma
(d/m/simpleXlO+)(d/m/kgXlO+)

0.62 10.3
0.11 3.3
0.32 3.5
0.025 0.25
0.019 0.14
NDA o
1.7 12
0.13 i’. 7
0.027 30
0,13 26
0,3 L 3

1.7 14.7
0.43 36.7
0.14 —

NDA o
0.0+3 10
0,11 3.3

0.‘a 9.8
0.03 1.9

NDA o
0.m —



16. RADIOACTIVE CONTAMINATIONOF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

G L

.2 .!,

.



1“

H&L NIZ:L

— —

3336.-..
%337-. . .
3350. . . .
3351... -
3334.---
x369----
3374... -
3376----
3379. . . .
3330. . . .
33&... -
338 . . . .
338E... -
3387_ --
3346.. .
3357-. . .
3363.-. -
8381.-. -
3393... .
33s4.-. -
3326--- -
3327--- -
8wf--- -
3326--- -

1519
1512
1541
1542
1622
1635
1564
1559
1606
1615
1593
1574
1577
1672
1522
1635
1534
1617
16J31
15s9
1636
1637
1638
1639

GROSS ACTIVITY

Table 14—Results of Analyses Performed at HASL

17

MARINE ORGANISMS

8AHpm0
Oi::-r:

OEGANIZM TISSUE
LOCATION A;~-

1—–—, ,_
Rongehp. . . . . . . Surgeon.. . . . . . . . Entire. . . . + S%6
.--.do ... . . . . . . . . Damsel. . . . . ..-. . . . ..do...-. 4-0-.54
Kaballe. . . . . . . . . Butterfly . . . . . . . . . . ..do ... . . 4- S-56
.-.-do . .. . . . . . . . . Damsel. . . . . . . . . . . . ..do ....- 4-9-56
W3gen... . . . . . . . . Surgeon.. . . . . . . . .-.--do .. . .. 4-9-56
31fo. . . . . . . . . . . . . Butterfly . . . . . . ..-.. do..... & S-56
Eniwetak . . . . . . . Damsel. . . . . ..-. . . . ..do .. .. . 4- *M
.--do. . .. . . . . . . . Surgeon.. . . . . . . . . . . ..do .... . 4-9-56
L&@).. . . . . . . Butterfly .. . . . . . . . . . ..do .. .. . 4- S-56
.---do .. . . . . . . ..- Damsel. . . . . . . . . . . . ..do .. . .. 4-9-56
Utirik .. . . . . . . . Surgeon.. . . . . . . . ..-.. do....- 4-9-56
.. ..do . .. . . . . . . . . Damsel. . . . . . . . . .-.-. do..... 4- %56
.-.-do ... . . . . . . . . ..---do ... .. . . . . . . .-... do..... GM
.---do .. .. . . . . . . . Surgeon.. . . . . . . . . . . ..do ... . . 4S+
Rongehp .... . . . . Coral .. . . . . . . . . . . . . . . . . . . . ..- 4-1OW
Gee@ . . . . . . . . . . . . . ..do ... . . . . . . . . . . . . . . . . . . . - 4-lo-6f
Eniaetok.. ----- . . . . ..do .. .. . . . . . . . . . . . . . . . . . . . 4-lW
L!kiep . . . . . . . . . . ..-.. do.... . . . ..- . . . . . . . . . . . . - 416-M
Utlrii . .. . . . . . . . .--. -do... .. . ..-. . . . . . . . . . . . . . 4-10+
---do . .. . . . . . . . . . . . ..do ---------- . . . . . . . . . . . . . 4-16-M
Gejm.-. . ..-.-. . Spider SnaU... . . Entke... . 4-2-34
-...do . .. . . . . . . . . ..-.. do....-- . . . . . ---.. do.... - 4-234
. . ..do ... ..--... . ScOrpiOnSnafl. . . . ..do .. .. - 4-22-54
. ..-do .. . .. . . . . . . . . . ..do ... ..-..-. . . . . ..do ... .- 4-23-5(

TOTAL
ACTIVITY
I/m/gram

52+6.4
37*6. o

Im5t
125+8.O
235+3.9
95*5. 7
20+6.2
34+6.9
51+6.2
11+6.6
22+5.4
14+11
22*6. 7
18*6. o
35*I7

310+22
m5*2xl

<lb
<18

21*I6
52O*1O

2180+29
2.%31O+2W
9800+12f

Ca
S@o fJ#al gTam2/

ilm[gram d/m/gram gram

—----1 I
<(J,10 . . . . . . . . . . . . . . . . . . . . . ..-

. . . . . . . . . . . . ----------- ------------
Lest . . . . . . . . . ..- ------------

2.8+6.65 ------------ 0.631
.. . . . . ..- . . ------- ----- -------- ----

<0.81 ------------ .024
<0.15 . . . . . . . . . ..- .633

------- . ..- ------ .- . ..- .a33
. . . . . . . ---- --- . . ---- -. .022
0.37+0.23 ------------ .637
. . . . . . . . . . . . . . . . . . ----- .015
. . . . . . ..- .- . . . . . . ..- . . . .03s
. . . . . . . . . . - . . . . . . . . . . . . .63a
. . . . . . ..- - -------- . . . . .622
. . . . . . . . . . . . . . . . . . . . . . - ----------- .

<0.62 . . . . . . . . . . . - .31
3.1*O. 42 ------------ .35

<0.45 . . . . . . . . ..- - .30
<0.27 . . . . . . . . . . . - .26

0.43*O. 14 ----------- - .24
4.4*O. 39 13+0.48 .018
1.8+0.34 4.0+0.48 .6072
L 1*O. 44 3.4*I. 6 .0666
1.6+0.6$ 7.1*1.1 .0125

1 1

s. v. %F#

——

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

41*3. 1 2.3
------- ---- --------

<15 .-..-...
52.1 --------

------- .-. . --------
------- ---- --------
4.6+2.8 3.4

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

so. 91 --------
4.1*O. 53 1.6

so. 68 --------
<0.47 --------

0.91+0.27 2.3
110+9.8 .86
82+21 .661
57+24 .CQ46
66+21 .015

●C-Date: Dateofccmnting.

,:.-,



18 RADIOACTIVE CONTAMINATIONOF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

C. Soils Tables 19 and 20 show the analyses by

Graph 3 shows the general levels of activity HASL.6

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

Rongelap Atolls, as reported by AFL.2 of the activity is to be found in the top three

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- CelA–PrlM and Ru’Oe–Rh’06makeup much of the

ruary 1955 survey,3 and Table 18 for the Feb- fixed contamination in the soils at periods of one

ruary 1956 survey 4 by NRDL. year and more after the fallout occurred.

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

BETA ACTIVITY (&/mIn/g)

INc&..o:
ISLAND l-IN. INCEEMENTOP SOLLCOMNO

3d

40
240
570

7,260
4,300

29,Oim
10,OCQ
26,006
8,m

13,600
250

3,000

4th I 6th

NDA
100
230

6,SOI
26,(KM
19,Oco
2,Ooil

14,000
4,4cm

10,000
120

1,Sol

7th 8th 9th
— — .

. . . . . . .
60 25 . . . . . . . . .

2C0 150 60
. . . . . . . . . . . . . . . .
11,Ooil . . . . . . . . . . . . . . . . . ..-

. . . . . . . . .
186 .. . . . . . . . . . . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .
4,7111. . . . . . . . . . . . . . . . . . . .

27 . . . . . . . . . .
160 100 . . . . . . . . . .

1st 2d 6th

. . . . . . .
leo
160

. .. . . . . .
12,coo

2,306
1,000
3,4rM

10,000
100

1,ICC

1
3
4
1
1
1
3
3
1
2
3
2

140
1,Zm
6,600

10,8011
57,Oilo
42.cm
43,OfM
53,Ooc
37,000
35,m
4,m

16,@Xl

40
486

2,1011
7,100

24,OCO
33,OMl
30,000
46006
37,01X7
40,000

740
7,.50il

NDA (d

130
4m

6,400
18,OiXI
23,000
3,OXl

20,000
4,coo

10,50Q
170

2,OW

*Collections made about”February 1, 1955. Data reported asof March 1,1955.

Table 17—Beta Activitv in Soil Samdes TakenTable 16—Summary of Beta Activity in Gross
Samples of Soil (NRDL) * From Exposed Soil Profiles (N~DL) *

1
EIETA ACTIVITY (p+

&O~/g), DEF’IR OF

I BETA ACTIVITY(@-/ruin/g),ISLAND
DEPTH (IN.) _

IS7.AND NUMBER
OFSAMPLES Kabelle

97,Col
440
130
240
146
90

NDA
---------
-------- --
----------

Kabelle

63,m
2,603

Ml
2,300

.W1
70
70

NDA
m
40

Rongelap Labaredj K8belle

Oto1 in. 1to 5 hl.

w . . . . . . . . . . . .
wo 550

Sou
4% 646
w, OoIl 1,303
96,coo 3,100

348,Wo 12,403
8,4CQ 90

12,000 240

oto l . .. . . . . . . . . . . . 12,400 136,m
3.-. . . . . . . . . . . . . . . . 1,600 3S0
6. . . . . . . . . . . . . . . . . . 110 950
9. . . . . . . . . . . . . . . . . . 140 770
12. . . . . . . . . . . . . . . . . NDA(*) 160
18. . . . . . . . . . . . . . . . . 70 1%3
24.. . . . . . . . . . . . . . . . . . . ------- 40
w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
36. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

72,WO
6,&?il
1,m

130
40
70

100

Likiep ---------------------------
Utfrik..--.-- . . . . . . . . . . . . . . . . . . .
Rongelap.. . . . . . . . . . . . . . . . . . . . .
Enfaetok-----.. . . . . . . . . . . . . . . . . . .
Labaredj -------------------------
Kabelle---------------------------
Gejen----------------------------
Bti-----------------------------
E~we~------------------------

1
4
5
2
3
6
1
1
1

● No detectableactivity.
*Co13ectlonsmade about February 1,1955. Data reportedx of Mruch“Collections made about February 1,1966. Data reportedasof March

1,1956. 1,1955.
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Table 18-Gross Beta Activity in Water and Soil Samples “ (NRDL)

Sourw

Qejen Eniwetak Eniactok Rongelap SifO Utirik Likiep

WATRB b (c/m/literx 10V

0,008 . . . . . . . . . . . .

E= ------------== ‘-----------==

h“DA (E) . . . . . . . . . . . .

. . . . . . . . . . . . NDA ------------ ------------ 0.1, NDA

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

NDA NDA 0,00 0.06 0.09 NDA 0.08

NDA NDA NDA NDA 0.08 0.09 NDA

SOILb (c/m/kgx 10-$)

3470 34.8 6.43 7.00 4.97 4.43 NDA
0.70 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

0.80 .. ---------- NDA NDA

NDA 0.04 0.61 . . . . . . . . . . . .

1.33 .. . . . . . . . . . . . . . . . . . . . . . . NDA
NDA

0.07 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-

1------------ NDA NDA . . ---------- ------------
0.70 . . . . . . . . . . . .

I I I I I I I

All conntswere correctedfor the counting efficiency of Sr~o-Y~.
Grossbeta activity of plant sampleswas determined in April 1956and that of soil and water in May 1956. Collection date: February 1950.

NDA indicatesno detectable activity.
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I
A

3482.. . . . . . 665
3483.. . . . . . w
3481.. . . . . . 600
3549. . . . . . . 819
3548.. . . . . . 814
3494.----- 734
3493.-...-. 728
3463.-..-.. 847
3462. . . ..-. 842
3530. . . . . . . 768
352u. . ----- 762
3567. . . . . . . 682
2506. . . . ..- 676

GROSS ACTIVITY

Table 20—Results of Analyses Performed at HASL

SOIL

C-DATE*
SAMFLINOLOCATION TOTAL

ACTIWTY

M-56
&21-56
4-14-56
421-56
G21-56
4-21-56
4-14-56
4-21-5$
41656
4-21-56
4-14-56
421-56
614-56

21

TOTAL &00 (&q 187

ACTIVITY d/m/grem d/m/gmrn 70Sr Qo C%7
d/m/grem

— .

63*45 <0.42 ..----..---- ---..-.- --------
541 1.6+6.42 . . . . . . . . . ..- -------- --------

2s0346 20+0.8 . . ---------- 6.9 --------
<~ <0.47 ------------ .-_----- .----..-
~& 1.2+6.71 . . . . . . . . . ..- -------- --------
<61 <0.6$ . . . . . . . . . . . . -------- --------

3oiH)*93 Ml*l. 4 ------------ 27 --------
126*69 L 0+0.48 ------------ 0.84 --------

6s460+470 1646+3.4 1535*F41 2.4 2.2
<73 3.4+0.72 ------------ -------- --------

1660+%2 49*1. 3 ------------ 3.1 --------
<57 <0.55 --.-.------- . ------- --------

620+79 28*1. o . . . . . . . . . ..- 4.6 --------

●C-Date: Date ofeounting.

Seetable 34for estimatesof amilabk cslcium sud of SunshineUuits.

D. Water not represent all of the radioactive material
that fell on these surfaces. In fact, data from
other fallouts suggest a value of about 1O–2O$ZO

Table 21 suggests a relatively high ratio of solubilhy.
activity associated with the filtrate. However, Tables 18,421,2 and 222 show 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.6

Table 2 l—Radioactivity of Water Samples, July 1954-October 1955 (AFL)

(Values expressedin d/m/Mer+0,95counting error)

I LAGOONWATER \ ISLANDWATER

DATE AND ISLAND
Untreated

Rongelap Ateii:
7/16/54,KaMlle . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38iYkt3200
12/18/M.Rongelap. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._
l/26-30/56,Enisetok. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Kabeile .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 3260+27W
Leberedj.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 681XI+3666
Immrrilal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5fJXkt3J31M
Rongelap.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5oo&@06

10/21-22/65,KabeUe. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3560+1606
Laboredj . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6c&tlWo

Rongelap. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1660+1603

Ailiu@ee Atolf:
10/23/56,Enibuk.- . . . . . . . . . . . . . ..-- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16JXLE1400

FUTEEED
Treated UNrILTEBED

Filtrate Residue

41O*15O
450+160

60+120

80+130

.....-. ......... .............. ..............
3060*1W* 1800*18W . . . . . . . . . . . . . .

17000*22W## . . . . . . . . . . . . . . . . . . . . . . . . . . .
48rxMl*32m** . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2500Q*2200##. . . . . . . . . . . . . . . . . . . . . . . . . . .

42cQ*lSw . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.. ..........................................-

{

640+126 31O*1W 75*17#
63004=140 43CKI*2JI0 lm*34*
i3w+86 8.50+140 75*19*”*

11400+91 I 820+140 I 820+56##

●From cistern near schoolhouse; #from weil back of schoolhouse;“*groondwater; ##standingwater from can, drum, etc.; ●**from cistern with
collapsed raof. Date of analysis: November 18-20,1955.
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Table 22—Summary of Gross Beta Activity in Water (NRDL) *

BET.i ACTWITY&9-/min/liter)

50uRcEsor WATER

18LAND
Ocean Cistern

Exposed
Well Barren

L~d~ Ocey
Tree Bole Soif Profile

Top Bottom

— ——

Liklep.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NDA . NDA 12 . . . . . . . . . . . . NDA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Utiiik . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 NDA 290 1,350
Rongelap. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
80 336 6,3CQ I& Ooo 430 44,~ -----;;-&- -;----------Buzch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 NDA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .

Eniaetok-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 m 23,OcQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -.-J-.. . . . . . . . . . . . .
Labaredj... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7,700 ~~ ----------- ------------ . . . . . . . . . ..- ------------
Kabelle.-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8,100 . . . . . . . . . ..-
2,300 60 . . . . . . . . . .._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lomuil&l. -..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
15,000

MO 170 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . ------------
Bikar..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 28 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -----------
Eniwetak ... . . ..-.. -..- . . . . . ..--. ..--- . . . . . . . . . . . lwl 170 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------------

● No detectable activity.
“Collections made about February l,1955. Data reported azof March l,1955.

Table 23—Results ofAnalyses Performed atHASL

HASL
NUMBER

3467-------
34S0-------
3526... . . . .
3527..-..-.
3526.-----
3523..-..-.
3347.. . . . . .
345s.--. . . .
2469... . . . .
3478... . . . .
3497-------
3W2.--. . . .
3525... . . . .
3346... ..-.
3460-------
3461-----
3479... . . . .
3496... . . . .
3310-------
3624------
W’45.-.-...

NRDL
~17XB12B

543
660
7s3
787
7s6
757
eao

1003
1036
1007
102S
1023
1030
1032
1C02
1034
10$S
1027
1024
1029
1031

WATER

Ci:;ff *
SAMPLINGLOCATION TYPE

ACTIVITY

Rongdap ----------------- Wellorclstern. . . . . . . . . . . . . . 5- S-56
Eniaetok..-- . . . ----------- Lens.-.. . . . . . . . . . . . . . . . . . . . &- 6-56
Uthk --------------------- Well . . . . . . . . . . . . . . . . . . . . . . . SS-56
. ..-do--- . . . . . . . . . . . . . . . . . . . ..-do-. . . . . . . . . . . . . . . . . . . . 5- S-56
. ..-do . . . . . . . . . . . . . . . . . . . . cistern.. . . . . . . . . . . . . . . . . . . . 5- s-66
. ..-do.-. . . . . . . . . . . . . . . . . . Well . . . . . . . . . . . . . . . . . . . . . . . 5- S-56
Likiep. . . . . . . . . . . . . . . . . . . . -.... do.- . . . . . . . . . . . . . . . . . . . 5- S-56
Rongelap. --- . . . . . . . . . . . . . Lagoon. . . . . . . . . . . . . . . . . . . . . 5-11-56
Gejen.. . . . . . . . . . . . . . . . . . . . --.--do. - . . . . . . . . . . . . . . . . . . . 5-11-66
Eniaetok... . . . . . . . . . . . . . . . . . . ..do. -. . . . . . . . . . . . . . . . . . . . 5-11-56
Eniwetak . .. . . . . . . . . . . . . . . . . ..-do. . . . . . . . . . . . . . . . . . . . . . &lI-w
Sift. . . . . . . . . . . . . . . . . . . . . . . -.-. -do. -.-- . . ..-. .-... -.. -.. 5-11-56
Utirfk..- . . . . . . . . . . . . . . . . . . . . . ..do. -. . . . . . . . . . . . . . . . . . . . &ll-50
Likiep-. . . . . . . . . . . . . . . . . . . . . . ..do. . . . . . . . . . . . . . . . . . . . . . 5-11-56
Rongelap---------------- Ocean... . . . . . . . . . . . . . . . . . . . . 6-11-M
C?ejen. . . . . . . . . . . . . . . . . . . . . --.. -do. . . . . . . . . . . . . . . . . . . . . . &ll-56
Eniaetok.- . . . . . . . . . . . . . . . . -. . ..dm. . . . . . . . . . . . . . . . . . . 3-11-56
Enlwetak . . . . . . . . . . . . . . . . . ..-..do--- .. . . . . . . . . . . . . . . . . . 5-11-56
Sift. . . . . . . . . . . . . . . . . . . . . . . . . ..do. -. .. . . . . . . . . . . . . . . . . . 5-11-56
Utfrlk ... . . . . . . ..-- . . . . ..-. .-... do--- . . . . . . . . . . . . . . . . . . 5-11-56
Liktep. . . . . . . . . . . . . . . . . . . . -..-. do--- . . . . . . . . . . . . . . . . . . 5-11-56

d/m/l ,g~lo
TOTAL Ac’rmnm d/m/l

2.5WE32 1fW&32 590+21
‘5W*23 ..-. -...

37*15 >20 .-. . . . . .
34*15 519 -.. . . . . .

43+20 . ..--...
2s+20 . . . . . . .

18+16 >2Q . . . . . . .
S26 . . . . . . .
>21 --------
Sm . . . . . . . .
s 19 . . . . . . .
520 . . . . . . .
519 --------
>m . . . . . . . .

49+18 .-- . . . .
>18 .. . . . . .
523 . . . . . . .

25*19 . . . . . . . .
>19 . . . . . . .
521 . ..__...

45*19 .._.. _

31O+2I3
130+12
44*5. 2
35+16
49*18
27%4.6
34+13
35+5.4

22+16
32+5,4
24+10

31*1O
34*2. 2

39+2.2

. . . . . . .
41~2.2
43*3. o

,;

,“,

8

s

1

t

s

a

al

al
s.
t]
al
El
SI
of
Si,
tif
A}
ra

ar
m●C-Dst&. Data of counting.
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CHAPTER Ill

Radiochemical Analyses

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 and analyzed
by AFL no radiostrontium was found.

Tables 28 and 29 show the radiochemical
analyses made by NRDL for the February 1955
survey,a and Tables 30, 31, 32, and 33 for the
February 1956 survey.’ Table 34 shows addl-
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:
[(

. . . In muscle and viscera samples of the
animals from Rongelap, Uthik, and Rongerik,
S?g contributes approximately 0.5 percent of
the total beta activity. Srw is present in an
approximately 1:1 ratio with SP9. Since the
Hunter and Ballou calculations indicate that
SPg and Sr’O each contribute about 2 percent
of the total beta activity at one year after fis-
sion, there does not appear to be any fractiona-
tion of radiostrontium into the soft tissues.

1
As expected, most of the internally deposited

v

radioactivity was found in the skeleton.
“Tissues of a few marine specimen were

analyzed for Cs137(37-year half-life)* since this
nuclide was present in high concentrations in
water and coconut milk from thk area. The
tissues of the rooster and of the coconut crab
contain sigdlcant amounts of Csls7. A very
high fraction of CS’37 activity was noted in the

●Newest estimate3lndicatc 27.7-yefir half-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.
RulOe-RhlOOand Zrg5-Nb95contributed the largest
percentage of the total beta activity.”

The AFL reports:
1(

. . . The SrW values for food plants, except
coconuts, collected in October 1955 approxi-
mate the theoretical proportion of mixed fission
products activitylz at 1.7 years, 4 percent.
Coconuts contained 0.1 percent SrgOwith appro-
priate correction for time of collection. . . .

41
. . . In contrast to the strictly marine

forms, the coconut crab, which feeds principally
on land plants, had SrgOlevels 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
SrW-YW. . . .

il
. . . 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 Eniwet.ok and Bikini Atolls indicate that
non-fission-product radionuclides may account
for more than half of the total activity in some
fish. Znti contributes one-fourth or more of
the total activity in shark muscle as determined
by radiochemical analysis and confirmed by

following the decay.” (Zno5 is not a fission
product.)

The two-year survey by NRDL continues to

indicate the high percentage of Zn06 in fish.

●See Section IV.

23
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Unlike localization in the liver of mammals,
ZnW was found distributed fairly uniformly
among the tissues. The Cow found in clams

Table 24—Radiostrontium, Radiocesium and
Radiocerium-Praseodymium in Biological
Samples, December 1954-January 1955 (AFL)

ISLAND

Rongelap Atolk
Gejen. . . . . . . .
Ksbelle- . . . . .

Menu. . . ..-.

Rongelap..-..

1-
PEBCENTAOE OF TOTAL

ACTITTTY
OBGANLW

Jun(
1.$

31coconutmflk- . . . . <0.1
37 Caulerpa-.. . . . . . . ._._..
36eoeormtmilk ----- ..-__.
3SHalim&a.- . . ..-_. . . .._.
39 coconutcrab 0.86

muscle.
41mrdfet muscle. -.. 0,0
29coconutmilk . . . . . <0.5
42tern bone... . . . . . . 0.0
43tern bone... . . . . . . 0,0
40dogtooth tuna 0.0

muscle.
27coconutmat . . . . . 0.0
2Scocouutmifk . . . . . 0.0
32 Paudrmusfruit -.. >0, 1
34papaya meat. --.. >0.1
33squwh meat.. . . . . >0.1

WV
;*

:0.1

4.8

0.0
:0.5
0.0
0,0
0,0

0.0
0.0
1.3
2.5
1,5

Q#al

Sept.,
Orf.

1966-
SS.
0.0

72.
0.0

67.

0,0
76.
0.0
0.0
4.8

26.
78.

110.
6’3.
51.

Celu
p~lu

July,
Aug.
1966”

0.0
71.
0.0

2s.
1.0

1.5
0.0
2s.
26.
0.6

<0.4
<0.2

0.7
3.7
1.0

IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

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

Table 25—SrW in Biological and Lagoon Bottom
Samples from Rongelap Atoll, October 1955
(AFL’I.,

Isr.ANn

Rongelsp..

Labaredj -.
Kabefle.-..

Labaredj- .

Do.. -.

KabeHe. .. .

Labaredj-.
Kabefle.. ..

TOTAL
SAMPLE ACTIVITY

d/m/g*

Coconut mea. .. . . . . . . . . . . . . . . . . 110
Pandarms fmft..--. . . . . . . . . . . . . . 180
Morinda fruit. . . . . . . . . . . . . . . . . . . 47
Arrowroot corm.-... --.-. . . . . . . . 40
Cooonut crab muscle-.-- . . . . . . . . 440
Coconut omb liver -------------- 1,m
Coconut uab salts of carapace... . . . . . . . . . . .
Cooonutcrab cuticleof carapace. . . . . . . . . . . .
Giaut clam mantle and muscle.. 1,766
CHautclmnkiduey.. -... -.- . . . . . 5,200
Bouitomuscle .. . . . . . . . . . . . . . . . . . 150
Bonftoliver .. . . . . . . . . . . . . . . . . . . . 1,700
Bonito bone. ... . . . . . . . . . . . . . . . . . 3W
Clroupermuscle. . . . . . . . . . . . . . . . . 31
(lroups rliver ------------------- 5,foo
Goatf&h mnscle.. . . . . . . . . . . . . . . . 42
Tern muscls-------------------- m
Lagoon bottom, )

1
depth of water 6’,

}
fraction o.rdainiug ~ ~~::

40,Oco

Particle9>0.074
25,606

1“
mm diameter. J

i

—

PES+%NT
OY TOTAL
AorrvrTY

o
21
4.6
3.2
2.9

12
50.0
29.0

0
0
0
0

<0.6
0
0
0
0

0.73
0.71

●Dates of analysis. “Wet weight bask exceptlagoonbottom which fe on adry wefght basis.

Table 2G-Radiostrontium in Plants ColIected at Rongelap Atoll July 23-24, 1956

Counted September ~, 1966 (AFL)

PLANT
TOTAL

TISSUE
CALCIUM “sJIN&yNE

hAND $ ACTIVITY d/m~~wet gjg wet “
d/m/gwet

——

Brmtit -------------------- Pulp.. . . . . . . . . . . . . . . . . . . . . Rongelap. . . . . . . . . . . . . . . . . 42.0 0.82zt0.03
Mortida --------------------- Pulp and seed. .. . . . . . . . . . . .-.--do ... .-----------------

o. 60C62S 591*7O
so.4 3.1*O. 1

Pmdmw-----.--.-......--.- Seed. ..-. -- . . . ..--- . . . . . .. -. . ..do ---------------------
O.IX1136 684+0

79.7 2.2+0.6
howwt -------------------- Pulp andskfn ... . . . . . . . . .. ..-.. do....--. -..-. . . . . . . . . .

0.00466 156*44
10s 2,5+0.6

Coconut---------------------- Milk. . . . . . . . . . . . . . . . . . . . .. .-... do.. ..-- . . ..-. ..--- . . . .
0.00333 294+39

262 0
Do----------------------- Meat .. ..-. -.. -.- . . . . . . . . . . . ..-do ....-. -.-. --.. . . . . . . . 64.6 0 ------------
Do----------------------- Milk ---------------------- ~be~e..-.--..----.-..---

. . . ---- . . . .
36.9 0 ------------ . . . . . . . . . . .

Do----------------------- Meat .. ..-- . . . . . . . . . . . . . . .. .--.. do--------------------- 148 0 . . . . . . . . . . . . ------- . ..-.

L 77*O.10
3 Ik?+o.22
0.76+0.06
1.4s+0.05

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

1

—.
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Table 27—Radiostrontium in Land Hermit Crabs (Cetdv%z sp.) Collected at Rongelap Atoll July
23-24, 1956 (AFL)

Radioactivity as oj Counting Date, ~eptember 10, 1956

TOTAL f+~w
SPECIMEN NUMBER TISSUE ISLAND B ACTIVITY d[m[g wet

d/m/gwet
I

I II
1-49.. . . . . . . . . . . . . . . . . . . . . . . . . Liver . . . . . . . . . . . . . . . . . . . . . Kabelle . . . . . . . . . . . . . . . . . . .

‘0---”---”- . . . . . . . . . . . . .
-- . . . . . . . . . . . . Muscle.. .. ..- . . . . . . . . . . . . . . . ..do ... . . . . . . . . . . . . . . . . . .

Do---------- Skeleton. . . . . . . . . . . . . . . . . .-. --do. ... . . . . . . . . . . . . . . . . .
I-W-------------------------- Live . . . . . . . . ------------ .-... do... . . . . . . . . . . . . . . . . . .

Do--. . . . . . . . . . . . . . . . . . . . . Muscle.. .. . . . . . . . . . . . . . . . . . . ..do .... . . . . . . . . . . . . . . . . .
Do--- . . . . . . . . . . . . . . . . . . . . Skeleton. . . . . . . . . . . . . . . . . . .-... do.. .. . . . . . . . . . . . . . . . . .

141-------------------------- Muscle. .. . . . . . . . . . . . . . . . . . .-... do... . . . . . . . . . . . . . . . . . .
Do.--. -- . . . . . . . . . . . . . . . . . Skeleton. . . . . . . . . . . . . . . . . . . . . ..do .... . . . . . . . . . . . . . . . .

1-52. .. . . . . . . . . . . . . . . . . . . . . . . . . . . ..do ... . . . . . .. . . . . . . . . . . . Rongelap. . . . . . . . . . . . . . . . .

243 42*2
434 62+22

5,410 24$3*9
633 47*14

24*6
4% 131O*3

444 w+%
5,w 2130+130
3,m 131O*5

I I I I

CAIJJU?A “sUUWNSI:~E
g{g wet SrWSrw

.—

0.00304 62363431 1.6 *O. 3
0,033!24)8S3+W311O 0.0
0.20+5 5310*19 O.24+0.02
0.00718 311O*946 3.6 +1. 6
0.00223 491O*I17O 2.4 +6.7.5
0.202 2WJ&7 O.68+0.16
0.00919 51ZOH82 o.71+6.05
0.189 4440+158 O.323s6.04
0.177 335Q*14 0.48+6.14

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

1P EECENTAGE or TOTAL ACTIVITY OBSERVED s

Arrowroot. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Breadfruit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Coeomrt frond. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Coconut meat.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Coconut milk .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
&ass. . . . . . . . . . . . . . . . . -----------------------
Pandanm .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Coral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Soil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lagoon bottom. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cistern watch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grormd water . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .
Lagoon water. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

L 3
. NDA

1.2
NDA
NDA

1.3
0.5
1.6
3.2
0.8
1,1
2.9
0.8
0.9

RADIONIJCIJDES

se

s.9
6.3
6.0

NDA
NDA

4.6
2.4
7.3

14
2.2
6.0
8.6
2.5
4.0

Rare
Earths

3.0
50
80
1.2
0.9

74
L 2

37
67
73
82
41
49
76

z@ b

0.6
19
4.2

NDA
NDA

6.4
0.2

31
10
0.1
0.2

24
20
9,7

RulCd b

7.8
NDA

6.7
NDA
NDA

4.8
0.6

12
4.5

23.3
13
20
16
7.0

80
24
1.6

95
96
8.4

95
11
1.1
1.1

NDA
13
9.2
0.8

. Values acof 15July 1955(16mosrifter the nuclear detonation). bNb*l and Rhloomaybe calculated
from tbe reported parent values. * No detectable activity.

●Collectionsmade about Febrauryl, 1955.
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Table 29—Radiochemical Analysis of Fish and Chicken (NRDL)*

ISLAND FISH

Rongelap AtoU

i

Pclargic. . . . . . . . . . . . . . . . . . .
Snapper-------------------

Rongelap Lagaon
Flat fish....--. ..- . . . . . ----

Coconut crab--------------

{

Spider snail---------------------------
Gejen . . ..do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Redeyemb ....-.. -. . ..-. -. . . . . . . . . . .
Labaredj KiZZerclam. -.__ . . . ..__ . . . .._.. ___

Rongelap Rooster. . . . . . . . . . . . . . . . . . . . . . . . . .

Utirlk AtoU

{
~t~ik Eel.. --- . . . . .._-- . . . . . . . . . . . . . . . . . . . . .

Butterfly fib. .. . . . . . . . . . . . . . . . . . . . . . .

Rongerik AtoU

Enfwetok MuZZet.-..--.- . . ..-. _... -.... ____

TOTAL
%&HT BETA

TISSUE ACTIVITY
(d/mx lH;

!—

{

Viscera..._-...
503 CM-----------

Muaml... . . . . .

{
Muscle.. . . . . . .

597 Viscaa. .. .. . . .

{
‘Muscle. ..__ . . .

1M8 Vkcera.. . . .. . .
26 Total btiy .. ..
11 . . . ..do ... .-----
30 . . . ..do ...------

230 . . . ..do. --------

[

Muscle.__.__..
Visr-tra--------

1140 Liver . . . . . . . . .
Skin. . . . . . . . . .
Tibb_ . . . . . . . .

24 Total bady ... .
185 --..do ... .. . . . . .

1{no Muscle... . . . . .
Viscera. .. . . . . .

82
3

20
40

385
175
225

120-4
432
29
60
11
23
7

12
101

7
100

PERCENTAGE or TOTAL BETA ACTIVITY

@9

—

1.2
0.4
0.2
0.6
0.1
0.2
0.7
0.1
0.1
1.1
0.2

------
0.6
2,0
1.3
0.2

1,1
. . . ..- .

0.8
0.2

.—
&DO

——

1,0
0.3
0.2
0.5
0,1
0.2
0.6
0.1

bNDA
0.8
0.2

0.5
L 6
L o
0.2

0.9

0.2

Rare
Earths

3.2
3.2

(“)
5.6

18
1.3
1.9
7.8
1.9
1,6
2.6
2

14
4

51
1.4

0.07

......

.......
2.1

L o
.. ....-

40

... ...
1.0

11 . . . . . . . . .

8.2 . . . . . . . . .
39 0.04

* No data takan. b No detectable activity,
●Collectionsmade about February 1, 1955. Data reported as of Aprif 1955.
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Isrmm, SAMPLENo., w SAMPLE

IW@ap 181and:

16020, C30at~h. . . . . . . . . . . . . . . . . . . .

1509,Kfflerclan ----------------

1513,Killer dam-------------------

1620A,Langousta lobster.. . . . . . . . . .

15200,Red eye crab ---------------

1520D,Red spatted mab.--.---.--.

1620B,Coconut mab--------------

Xabelle 181and:

TISSUE

—

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

Vkeer%..- . . . . . ..-.

Skin --------------

Muscle-----------

Soft tissue---------

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

Table 30-Radiochemical Analysis of Biological Specimens from Rongelap Atoll mL)

GAM14A

T

NUCLIDE PEBCENT sIIN-

F:ip OA (mg) A&% AcmvI’rY ACTIVITY

(d/m/sam- (d/m/=- d/m/sam- Tg~AL %%s

1ex 10+ Ac’rrm’m>! ~~ 16+ pl ex16+
——. — — —

26 860 1.5 217

10 37.5 4.9

28 337 0.2

87 111 1.1

1w 743 211

892 1563 31

.-. -ado... . . . . . . . . . .

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

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

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

I
1638,Snapper fib------------------- Muscle-----------

I

1540,Grouper M-------------------

1644,Parrot m---------------------

737,Helmet -fl....-.----..---.--.

I
kin...------.----l

I
lone.. ----------.. --l

I
Thmm....--.. ------l---

Whole----..--------

Bone------------
I

all---------------

Head----------------

Wseera--------------
I

soft tissue----------

79 330

57 2343

1.3

0.76

1173 2900 0.75

114 . . . . . . . . . . 3.5

281

89

141

-------

176

449

60

m

238

271

86

9s7

1842

2413

16.30

1s03

428

7020

11430

224

I

0.9!

1

2.4

2.7

0.5

7.(

o.}

8.

5

4.

2.8

2.4

2.1

38

83

2.1

3.8

0.4

3.1

0.I

4.

4.

6.

6

2-2

2

m

&

11

lcmE

LE.b
s@
z*66

R.E.
Srw
Znu

R.E.
fjrol
Znu

R.E.
Fw
z~6$
R.E.
Srw
(jOeo

R.E.
&90
C060

R.E.
Sr*o

R. Ii.
Srw

R.E.
p,r90
&131
R.E.

lSDA .. . . . ;3 1
11+l.7...-
Z40. . . ----- w
O.m... . . . . 0.14 ‘

NDA----- 0
23(. . . . . . . 89.3

2.5. . . ..-. - 12.5

0.34+0.26. 1.7
230. . . . . . . - 95.8

NDA..-. . 0
0.46+0.76. 0.4

190. . . ---- - W 6

NDA..- -.0
2.4+0.69. - 0.12

208Q. . ..- -- 63.4

77. . . . . . . -- 2.b

83.8+0.90.. 2.7
7370. . . . . . - 89
26._.. -.. . . 20
ND A..- -. 0
37. . . . . . . -- 49
0.13+0.07.. 0.2

15..-.. ---- 20
1.28+0.18.. 1.7

26.. -... --- 7.4

O.W.... --- 16.6

..E. 4.1...-.-.. 4.2

Wo NDA----- 0
:nd~ 38--------- 34.2
~.E. 2.4-------- 2.4

Wo 0.53+0.76.. 0.5
jnr,! 230------- - Q2.7

Z.E. 19-------- - 7.9
Sroo 3.0+0.36..- 1.2
zn65 440------- - mu
i.E. 120------- .44
&w 7.s5+0.94.. 2.9
z~66 320------- - 84.2

R.E. NDA--- -- 0
Srw 0.79+0.17-- 1.0
zn66 3so----- -- 97
R.E. 5.------- -- 0.7
Sroo 13.7+1.0.-- 2
Znu 1870------- 79.8
R.E. 3.9. . ---- -- 4.7
Sroo 0.33+0.4’4.- 0.7
Znu lso---- --- 06.8
R.E. 3.7----- --- 0.4
S*W 0.97+0.52.. 0.1
Znu 1670------- 30
R.E. NDA-. --- 0
Spl 2.5+1.86... 0.:
z~ts 820-------- 93
R.E. 69---.- ---- 12,i
s~’ao 1.36+0.34-- 0,:
z~6s 1090-..---- 91,I

440

*24

‘+313

*42

3+31

1

3*1

20+3

o

0

?4*34

73*8

47+18

22*4

MHS22

63+46

6+3

10+5

276M’J
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Table 30-Radiochemical Analysis of Biological Specimens from R

ISLAND, SAMPLE No., AND SAMPLE

Qejen Island:

lom,snspperf lsh. .. . . . . . . . . . . . . . . .

1630,Grouper r%h..-.-.. . . . . . . . . . . .

1629,SrmdOral . . . . . . . . . . . . . . . . . . .

1637,$pidermail.. .. . . . . . . . . . . . . . . .

1633,Spider snail . . . . . . . . . . . . . . . . . .

WET
Tmsu E WEIOET

(K)

. —

Head.. . . . . . . . . . . . . . .

Skin . . . . . . . . . . . . . . .

I
Bone... . . . . . . . . . ..-.

Muscle . . . . . ..-. -----

Viscmr. .. . . . . . . . . . .

Gal... . . . . . . . . . . . . . .

whole -- . . . . . . . . . . .

Soft tissue... . . . . . . .

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

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

219

73

173

511

87

2E

169

46

Sf

5t

—

-

]A (mg)

3250

1315

3270

190

403

218il

1090

713

175

6,6

L o

5.5

5,4

6.1

1.7

1.8

1.3

18.7

102

24.7

11.8

15.7

16.8

15.9

2.1

77.9

2.3

18

6.s

gelap Atoll (NRDL)-Con.

UCLIDEI

.—

R.E.
s~w

R.E.
$~w

R.E.
$~w
Znu

R.E.
$~w
z~s

R.E.
&90
Znu

R.E.
Z=BJ

R.E.
sr~
z~a

R.E.
$~w

Rulc4

R.E.
@r

R.E.
s~w

NUCLIDE PERCENT suN-
ACTIVITY SEINE
(d)m@n- T%AL Utirm .
P1ex 10+,) ACTIVITY

l—-—l———
NDA . . . . .
1.6552.4-..
NDA.. -..
0.6S+0.4%
NDA . . . . .
1.6+0,44..
1540-. . . . . .
3.5-. . . . . . .
0.22*0.35..
1600. . . . . . .
IL--------
1.2*0,29...
1480.. . . . . .
NDA . . . . .
210. . . . . . . .
13.3-- . . . . .
1.7*0.W...
6230-. . . . . .
0.8. . . . . . . .
4.72+0.59..
31XL. . -----
1210--. . . . .
5.28+0,47..
Iltwt -...-.
1.95+0.61..

0
0.2 1

23443

0
0.7 1

24+16

o
0.3

}
21*6

98
0.7
0.04

I
S3+33

95
1.8
0.2

1

0
92
0

I&l }
o

7.4

}

0.1 ~35+18
80
0.6

12.0 1=
19.2
65

1
@o&o

0.3
116

0.02 }
.%2+331

I I

. Sonehine Unft=0.col pe SrW/kg08. b R, E. = Rare Earth Group. RNDA=No Detectable Activity.
I18te of collection February 1950. Date of cwrnthrg: April-May 1950.

Table 3 l—Average Relative Composition of Nuclides in Plants. Soil, and
Wa{er (NRDL)

,

No. OP
SOllECE PART SAMPLES

AYEZ.AOED

—.

kANT9

Portulaca . . . . . . . . . . . . . . Whole . . . . . . . . . . . . . . . . . . . . 1
Papaya . . . . . . . . . . . . . . . Fruit . . . . . . . . . . . . . . . . . . . . . . .

[

1
Husk.. . . . . . . . . . . . . . . . . . . . . 3
Meat . . . . . . . . . . . . . . . . . . . . . . . 2

Coconut . . . . . . . . . . . . . . . . Shell. . . . . . . . . . . . . . . . . . . . . . . . 2
Milk . . . . . . . . . . . . . . . . . . . . . . 1
Leaves. . . . ..-- . . . . ..-. ..-. _. 2

1

Keys .. . . . . . . . . . . . . . . . . . . . . . . 2
Paodenus... . . . . . . . . . . . . Le8ves. . . . . . . . . . . . . . . . . . . . . 2

Afrroot . . . . . . . . . . . . . . . . . . . . 2
Amowroot-, --------- ‘Tuber. . . . . . . . . . . . . . . . . . . . . . .1{ 1

1.e8ve9.. . . . . . . . . . . . . . . . . ..-. 1
Son

Depth, O-l in.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
WAJTEB

Cfstem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
We~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Lsgaan. . . . . . . . . . . . . . . . . ..__. ___ . . . . . . . . . . . . . . . . . . . . . 2
ocean.-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 2

RELATIVE COMPOSITION(pereent)

48.9
79.8
98.2
93.9
99.6
99.6
8.3

92.6
72.7
83.9
76.4
11.7

0.34

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

Date of mllection: February 19M3, Date of monting: April-May 19.%.

T&ta;

Earths

S%2
17.8
1.1
0.05
0.4
0.2

t%.5
2.2

13.3
10,3
16.S
S3.9

83.8

64.4
100
94.5

10+I

SW

.—

11.8
2.5
0.7
1.0
0,1
0.2
0.4
5.5
5.1
0.8
1.0
3.0

5.6

35.6
0
5.5
0

Ru106

-—

.. . . . . .

. . . . . .

5.1

8.9

6.8
1.4

10.0

.. . . . . .

.. -----

.. . . ..-

,

—

Ofti

we

w

u

—
r
1



ESTS

con.
_
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23*33

!4&16

!1+6

,3*8S

o

0

5+18

&2.5

L&36

!*231
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TabIe 32—Sunshine Units of Plant Samples

SAMPLE ISLAND

—1

[
Portulsm . .. . . . . .. .. .. . . . . . ::::;;;;;;;;;;::;;;,

Papaya .. . . . . . . . . . . . . . . . . . . . . Rongelap. . . . . . . . . . . . . . .

{

Rongelap. . . . . . . . . . . . . . .
Coconut husk.. -.. .. . . . . . . . . Euisetok... . . . . . . . . . . . . .

(lejem . . . . . . . . . . . . . . . . . .

1
Rougelap.--------------

COcOnutmsut.._. . ........ Erdsetok..- . . . . . . . . . . . . .
(Gejen......... . . . . . . . . . .

/
Enisetok.. . ... . . . . . . . . . . .

Coconut shell.----- . . . . . . . . . . . ..&_. . . . . . . . . . . . . . . .
(Gejen.................

Coconut milk . . . . . . . . . . . . . . . Gejen. . . . . . . . . . . . . . . . . . .

{
Cmnutleavw.--.. . . . . . . .

:?;;::::.;:::::.::;::
Cocouut, whole. . . . . . . . . . . . . . flejen . . . . . . . . . . . . . . . . . .

{

Eniaetok... . . . . . . . . . . . .
Arrowroot tuber. . . . . . . . . . . . . Sifcr-- . . . . . . . . . . . . . . . .

Gejen. . . . . . . . . . . . . . . . . . .
Arrowroot leaves audstalks.. Gejen. . . . . . . . . . . . . . . . . . .

{
Pandauus keys. . . . . . . . . . . . . . y-boy::;:;;;;;::;::::

Pandauusleaveg-. . .. . . . . . . .
{
. . ..do. . . . . . . . . . . . . . . . . .
Qejen. . . . . . . . . . . . . . . . . . .

_

~AMPLE
i$%&T

222
23

240
203
23

360
4SQ
160
190
90

120
35

140
36
36

170
305
280
103
15

180
215
10
32
46
30

—
)ALcIUM
ONI’ENT
(mg)

178

398

338

162

58

47

26

40

20

16

s

23

20

69

163

19.5

1140

383

114

385

86

134

65

43

22

14

Date of collection: Febrnsry 19343.Date of eormting: April-May 1956.

&w
d/m/semple)

lrmo&oo
5386+106
240433
340+23
130+24
420+24
110*W
18&6
28+23
25s48
NDA
NDA

41&21
197*37

NDA
157&22
256*26
73+16

196+45
296*44

lof&t50
420*44
403*41

NDA
20+33

105*27

WNsmm Ums
L2d/m Srw/gCa)

2.68 X 10%2KI
6140LWZI
322*4$
936*76

1203+163
4060+240
1361*666
m*320
633*526
70&Mao

o
0

W&MOO
1300+250

o
3tWJ*520
103*1O
&3*19

7e4*Mo
340+50

6W3*mo
1400+160
3200ZMO0

o
390+650

23604S6

Table 33—Sunshine Units of Water Samples Table 34—Sunshine Units of Marshall Island
. Soils (NRDL)

SAMPLE ISLANO +~ ‘r%%m’ ~~:;~~a)

— .

{
~h*e-------- Wl@13p_____ 48 mwklo 1.1X1O%23O

uttrik -----------

{

al 20+14 147*104
-.-. -do ---------- as 39*1O 201+ 54

wslL--..-----.- -----do ---------- 80 NDA 0
Eniaetok-------- g3co

{

NDA 0
RongelaP------- S32 NDA 0

oa3Sn-.__...- uttri?-.._._._. 46s NDA 0
Enlwetak ------- 402

{

NDA 0
Rengelsp ------- 466 196+66 1s8+ 68

Lagoou--------- Eniwetak -------- 137 NDA 0
utirik ------------ 441 204+160 W&ml

NDA iudicatesno detectable activity.
Date of collection: February 1956. Dato of counting: April-May 1956.

ISLANO Sou TYPE &@:~ml

1 l—
Utirik----- Small ssnd-Uke 3*1. <

psrtlcles.
Gejem------ Large cord par. la6&20

tide.
~~p----- ~y ---------- 114+2
Eniwetok.- s3mall srmd-like 62+2

particles nud
loam.

Rongelsp-. IA8my ---------- 234+4
suO--..---- Smsll sand-llke 25*3

psrtiek.
Eniaetak-- --.--do ---------- 400+11

_
Ex-

KANGE
ABLE

!ALCIUM
;Oti=g

1.9

1.4

11.3
4.6

12.7
.8

.9

SUNSEINEUmm3

666+230

&2x1Ma axl~

430+60
6.1X16%186

8.4X1O%16O
1.3X1(Y*1. 7X1O$

L 9X1OJ*6.4)(1(P
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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 to live on the island, and rep-
resentative numbers were collected on the 8th,
25thJ 33rd, and 51st-53rd 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.8

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 Sfle,
7 percent Ba140, and 10 percent rare earth
group. However, it was reported that
tc. . . In the 6 months period post detona-
tion neither significant gross changes nor

patho~ogical changes which could be definitely
ascribed to radiation were detected in any of
the animals.” 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) .’
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.

33
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INTERNAL CONTAMINATION OF ANIMALS 35

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

BETA ACTIVITY—D/M/TOTAL SAMPLE

GROSS
SAMPLE ACTIVITY

(x 10+)

I

Pig #24(25.8kgm):
Skeleton (total) . . . . . . . . . . . . . . . . . . . . 8890
Liver .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Colon andcontcnts ... . . . . . . . . . . . . . . 12
Lung (alveolar) . . . . . . . . . . . . . . . . . . . . 1.5
Stomach. . . . ..-. --.. -- . . . . . ..-- . . . . 1.2
Intestine (small) . . . . . . . . . . . . . . . . . . . 2.3
Kidney . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.3
Remainhrg tissues. .. . . . . . . . . . . . . . . 690

Total.. .. . . . . . . . . . . . . . . . . . . . . . . . - 9630
Urine samp1e,24hr.. ._.. .--. . . . . . . 13

Pig #25(22.7kgm):
flkeleton (total) . . . . . . . . . . . . . . . . . . . 8600
Liver .. . . . ..-. ..-. ..-. -... --.. . . . . . 27
Colon and content. .. . .. . . . . . . . . . -- 16
Lung (alveohu. . . . . . . . . . . . . . . . . . . . 1.1
Stomach . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.0
Intestine (small) . . . . . . . . . . . . . . . . . . . 2.6
Kidney. . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.1
Remaining tissues.. . . . . . . . . . . . . . . -. 220

Total . . .. . . . . . . . . . . . . . . . . . . . . . . 8670
L’rinc sample, 24has... . . . . . . . . . . . . . 6.2

SUMMARY

TOTAL
s~w Ba140 RARE

[x liY$) (x lo+) EAETII
(x 10+)

1 I

5660 660
0.40 0.33
5.0 2.4
0.22 0.20
0.22 1.1
0.62 0.50
0.21 0.42

—

1010
6.4
3.2
0.8
1.3
0.51
0.74

5067 665 1020
8.7 1.2 L 6

510U 5.30 690
0.&3 0.20 5.5
5.0 3.2 4.9
0.xi 0.23 0.33
0.29 0.13 0.30
0.83 0.88 0,88
0.14 0.19 0.52

. . . . . . . . . . .

5107 534 702
4.4 0.40 0.54

!

~E099 BETA AC’IIVIZY SKELETON ~o;A; URINE
(24 HES.)

._.——

SR#~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62.0 58.0 69.0
BaI~.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.8 6.5 7.9
Rare Eartl]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.7 9.0 10.5

78.5 73.5 87.4

All values correctedfor decay.
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Table 38—Beta and Gamma Activity of Chickens From Rongelap (MCx 10’)-+.

HEN#l HEX #2 HEN #39
—

Day of death*.. . . . . . . . . . . . . . . . . . . Day 23 Day 23 Day 74

Dayanalyzad**.. . . . . . . . . . . . . . . . . Day 24 Day 24 Day 79

Tissue Beta Gamma Beta Gamma Beta Gomma

Tibia . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 7600 3850 8180 4610 133 695
Skeleton... .. . . . . . . . . . . . . . . . . . . . . . 11030 558043 11900 60800 1930 Se410
Liver .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 21 352 271 12 72
Gizzard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.1 17
Gizzard (content) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.93 —
crop. ---.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0,43 b.O
InteatIne (L) and ccmtent&... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.63 10,0
fnteatfne (S) and contanti.. . . . ..- . . . . . . . . . . . . . . . . . . . .-- . . . ______ 1.6 4.0
Pancreas-.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0,16 —
Spleen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --- . . . . . . . . . . . . ——
Kidney. . .. . .. . . . . . . . . . . . . . . . . . . . 198 46 . . . . . . . . . . . . . . . . 1.17 9.0
Lnnga (Ahroll)------------------ 17 2% 026 0.57 4.0
Trsehea.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . &24 2.0
Turbfnates-...- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.87 19

HEN #36

Day 97

Day 107

!eta Gamm8

253
“3670

34
7.0
—

2,0
3.0
3.0
—

1.0
9.0
2.0
1.0

22

HEN #35

Day 121

Day 122

Beta Gamma

215.5 59
3120 %50

32 33
8.5 7.6
1,4 —
7.9 —
6.3 —

—
— —
—.

142 10.0
1.4 4.5

10.7 3.7
15.3 7.6

HEN #7

Day 138

Day 140

Beta Gamma

41.3 31.3
600 ●454
17.7 13.5
10.3 7.9
7.5 1.2

12.2 9.3
14,0 10,7
8.4 6.4
——
— —

1’4.9 124
5.6 4.3
0.9 0.2
——

HEN #24

Day 159

Day 159

9eta Gamma

33.2 al
437 “117.6
10.7 1.8
3.6 0.6
0 0.3
45 0
8.9 0,29

--------- . . . ..-
0.75 0
0.243 —
0.79 0.23
16.8 0.S3

—.
——

●CalculatedneIng ratio of gamma octivity skeleton/tibia. ●“Day post detonation.

Table 39—Summary of Gross Beta and Gamma Activity in Rongelap Island Animals (NRDL) *
i-

RADIOACTIVITY.

I IAVERAGE
SAMYLE No. Or WEIGHT

1

BETA
SAMPLES (!3) _ —

——_

Rooster. . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2,250
Skeleton. . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . 560
Muscle. . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . 1,050
Ck4strofntestirmltract. . . . . . . . . . . . . . . . . . . 185
Liver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192
Respiratory tract . . . . . . . . . . . . . . . . . . . . . . . . . 32

—.— .

Total activity .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
—

Rats. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 62.9
Skeleton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.1
Head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.4
Muscle. -.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Gastrointaatiualtract . . . . . . . . . . . .. . . . . . . . 10
Liver --- . . . . . . . ..- . . . . . . . ----- . . . . . . . . . . . . 3.6
Respiratory tract . . . . . . . . . ---- . . . . . . .. . . . 0.5

I

Total activity ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

I I

I

............. . .... ........
52 93
5.1 4.9
0.8 4.3
2.4 12.5
0.2 8.7

60.5 . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .._ . . . . . . .
0.73 179
0.15 36
0.03 7.b
0.32 32.0
0.08 21.7
0.03 62.0
. ——

1.34 . . . . . . . . . . . . . .

GAMMA
——

——

101 181
6,9 6.6
1.6 8.7
9.4 49.0
0.4 17.4

119.3 . . . . . . . . . . . . . .

............. ..............
0.15 35.5
0.1 18
0.04 10.2
0.27 27
0.06 15,6
0.02 36.0

0.64 .. . . . . . . . . . . . .

s As detmmined on basisof UtOt standardsand empiricaf scatteringand absorptioncorrection.
●Date of collection: February 1956. Date of conntiug: Apr-May 1956.



INTERNAL CONTAMINATION OF ANIMALS

Table 40-Analysis of Rats and a Rooster Collected on Island of Rongelap

37

Februar~1966 “

SPECIMEN WET
WEIGHT

—.

Rat: I
1615Carcassb. . . . . . . . . . . . . . . . . . . . . . 44.7
1516CCarcass. . . . . . . . . . . . . . . . . . . . . . 62.b
1617CCarcass. . . . . . . ..-. .--- . . . . . . . 32.3

Rooster:
1510Femur... .. . . . . . . . . . . . . . . . . . . . .26.0
1510Tibia .. . . . . . . . . . . . . . . . . . . . . . .. . 41.0

I

d~mmSrf/

642+26
315zt62
367dc21

1,210%39
5,702+11~

JulY 1966 d

3a/sample
(.gm)

——

0.633
0.315
0.353

6.19
0.66

s. TJ.

—.

545*19
453*W
470*27

d
105*3
272&5

SPECIMEN s~w CAICIUJI s. u.
—. .—— —

Rat:
Bone... . . . . . . . . . . . . . . . . . . . . . 24.%%d/m/gJwet-. . . . . 171+9rng/gwet . . . . . . . 644

. NRDL. b Doesnot includehead, femurs,tibia@and viscm’a. o Dry wc]gbt of
2femnr halves. d AFL.



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 Pacific, 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.’o Tables
42 and 43 show representative data for marine
life.l”

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 Paciiic Ocean. Water activity ranged
from 0–570 d/rein/liter and

3–140 d/rein/g wet weight.
plankton from

2. There is some
activity in the main

concentration of the
current streams, such

as the North Equatorial Current. The
highest activity was off the coast of Luzon,
averaging 190 d/rein/liter 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.11

“Bs.wd cm1/10m,p.o. of that for atomic energy workers.

39

“,

——.
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RESIDUAL ACTIVITY IN PACIFIC OCEAN

Table 4 l—Water Samples at Stations
—

3A;L2

3
4,
51

6
7
8
9

10
11
12
13
14

18
19
20
21
22
23
24
25
26
27
2s
29

34
35
36
37
38
39
40
41
42
42
44
45

49
m
51
52
53
54
.5!
x
57

6!
5$

M

—

DEPTB, M

o

8

24
43
64
8s

129
169
250
340
437
552

0
9

25
44
63
85

11%
155
222
296
370
464

0
9

28
55
‘n

llC
164

Pretripped
32:
42f
.534
64(

(
$

2!
5’
7
9[

13(
1s
27!
3Z
4n
59

MIN/LITEE STATIONS

— .— —

24 5- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.

WI
—

.42
—

96
—

30
—

90
.

3 6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
—

6
-

120

110

9

120
.

60 7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

cm

— II
42
—

(– 15)

.57

84

36 8---------------------------- -----
lx
87
18
24

160
27
0
0

45
36

100

—

SAMPLE
No.

t%
67
M
69
70
71
72
73
74
75
76
77

81
!32
83
84
85
86
87
8$
89
90
91
92

96
97
98
99

100
101
102
103
104
10$
llx
loi

11:
lE
114
11!
11<
11!
11>
llf
m
12
12
lZ

I

DEPTH. M

o

9
26
52
73
98

142
190
%6
369
4ss
67%

loubtful @3St
—
—
—
—
—
—
—

—
—
—

o
9

27
64
76

108
134
205
202
203
404
519

c
s

2i
w
z

10!
Lx
19
2S
35!
44
m

41

—
D/MIN/
LITER

51
210
120
45

160
96

(-3:)
110

87

72
110

66
72
78

(–66)
48
72

(3)
57
60
84
72

66
0

10+2
120

(-1:)
6

42
27

130
200

0

64
140

9
S+3

(::)
21

100
18

100
99
99
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Table 42—Radioactivity by Tissues of Yellowfin Tuna and Shark from the “TROLL” and Other
Areas. Values in Disintegrations per Minute per Gram Wet Weight

AREA I DATE

Ydiowiln Tuna:
Off Morotai . . . . . . . . . . . . 4-1-E-5

Do. . . . . . . . . . . . . . . . . 4-1-65
Do . . . . . . . . . . . . . . . . . 4-1-.55

Average.. . . . . . . . . . . . . . . . . . . . . . . .
Eniwetok . . . . . . . . . . . . . . Z12-55
Ponape..-.- . . . . . . . . . . . . 12-l&64

Shark:
StatiOn4. . . . . . . . . . . . . . . 2-14-55
Station 9A . . . . . . . . . . . . . 3-13-55
Station 9A. . . . . . . . . . . . . 3-18-55
StatiOn10.. . . . . . . . . . . . . 3-1s-55
StatiOn151. . . . . . . . . . . . . 3-24-55
Station N . . . . . . . . . . . . . . 4-1-55
Average.. . . . . . . . . . . . . . . . . . . . . . . .
Bik3n...- . . . . . . . . . . . . . . 12-3-54
Rongelap. ... . . . . . . . . . . . 1-29-55

IMriwetok. . . . . . . . . . . . . . 12-1-54

‘?w~~rf .$KIN LIGHT
fiIUSCLE

— —

. . . . . . . 0 19,16

3 4,9

a 10,21

3 2 13

1 7s5 70

6 . . . . . . . . 79

20 22

11 10

15 32

0 18

171 13
44 11

6 44 18
. . . 142

1 687 125

1 1320, 173

_
DARK

~VSCLE

10,10

12,8
8,8

9
603

.. . . . . . .

15
11
19
19
30

26

20

IONE RIB-
VERT.

4,24
0,0

9,22
10

2%5
101

Cartilage)

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

. . . . . . . . . .
191

728

LIYEB

0,4

13,16
10,22

11
2820
742

19
13
28
40
4

66
27

671
267o

169cc

c1.1.
TRACT

5
9
0
5

272

. . . . . . .

490

583

GONAD

17
7
6

10
90

. . . . . . .

(Kidney)

8
9

. . . . . . .
9

62
39
23

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

. . . . . . .

mu

10.
6.

13.
10.

Carcharhinrrs.
mentsorrah.

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

Carcharhtrma
metanopterrm

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
Squirrel

48,16,45,29,33.
12,14,16,12,11-.
10,32,39,42,0..
70,58,58,52,LX.
33,23,31,10,18.

~UAM:

Skin. . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 18, 24 . . ..-.

Muscle . . . . . . . . . . . . . . . . . . . . . . . . . 14, 12, 12.. . . . . .

Bone . . . . . . . . . . . . . . . . . . . . . . . . . . . 28,45,13 . . . . . . .

Liver . . . . . . . . . . . . . . . . . . . . . . . . . . . 126, 27,51 . . ----

Q. I. tract . . . . . . . . . . . . . . . . . . . . . . 105, 82 .. . . . . . . . .

Entire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

PARECE VELA: I

Damael I UrOuper I Surgeon
I I I

I I
Blermv

I
Wnwse

I
Siganid Snapper

I I

21,37... . . . . . . . .. 13,22. . . . 23
17,19.. .. . . . . . . . . 17,11-... 17
66,43.... . . . . . . . . 5,33-. . . . 14
116,6S--- . . . . . . . . 36,51...- 19
74,633... . . . . . . . . 387,239.. 340

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

I
Brotulid

I I

Buttcrfl# Fi.!h I “<CatjiahPp
I I Cardinal I I

6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . 13,17,16,0,5 ..-. . . . . . . . . . . . . . . . . . . . .
13. . . . . . . . . . . . . . . 14,15.----------- . . . . . . . . . . . . . . . . . 21,5,12,6,10. . . . . . . . . . . . . . . . . . . . . . . .
0. . . . . . . . . . . . . . . 10,14.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . 32,0,12,18, 2!... . . . . . . . . . . . . . . . . . . . .
19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . 0,0,0,19,31 . . . . . . . . . . . . . . . . . . . . . . . . .
X... . . . . . . . . . . . . . 8,21.. .. . . . . . . ..- . . . . . . . . . . . . . . . . . . 32,25,44,12,7.. - . . . . . . . . . . . . . . . . . . . .

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

T

------ -— .L,..&.-fl ‘ ,:.,,.,,
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Table 44-Average Value of Gross Fission products for All Stations for Plankton, Residue From
Water, and Filtered Water (Less KM) as of Date of Collection (June 12-21), 1956. (AFL)

Depth in meters, &.WM. Plankton d/m/g (wet] ?’1000.

RESIDUE FROMWATER

I d/m/1 Pe{y~a\ of

o. . . .. . . . . . . . . . . . . . . . . . . . . 6900 .5a
%.- . . . . . . . ..- . . . . ..--- . . . . 280 4
m.-. . . . . . . . . . . . . . . . . . . . . . 1s00 19
75. . . . . . . . . . . . . . . . .. . . . . . . . 1200 19
Id. . . . . . . . . . . . . . . . . . . . . . . . 1030 20

FILTERED WA’CEE

d/m/f

42ao
6M0
7600
5500
m

?e~y;a~of

42
96
81
81
74

—

TOTAL
d/m/l

lcooo
e430+3
9600
6600
m



CHAPTER VI

Return of Rongelapese

One of the major consequences of the heavy
fallout on some of the Marshall Islands in March
1954 was the evacuation of their inhabitants.
The 154 personnel from Uthik 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, as 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 decision. *

A. Medical Status oj Rongekzpese

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

Of the Rongelapese exposed, 64 received
about 175 roentgens, 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

“The Rongelapew wew returnedto theirhome island onJune 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 islands 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 Marshallese exposed to 175
roentgens) and Table 46 the estimated body
burdens The major findings on internal con-
tamination were as follows:

(L. . . The total amount of radioactive ma-
terial in the G. I. tract at one day post detona-
tion was estimated to be 3 mc in people from
Rongelap. This activity was contributed chiefly
by isotopes of short radiological and biological
half-life and ltilted 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 thyroid from 1131
and other short-lived iodine isotopes was 100
to 150 rep for the Rongelapese. Iodine is prob-
ably the most hazardous internal radloemitter 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 1131used in the treatment of hyper-
thyroidism or carcinoma.” 8

At one day post detonation, the concentra-
tion of SP9 was 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 45-Gross Beta Activity in Urine of Group 1 on 46th Day Post Detonation

l! OTAr.
CASENo. VOLTME

24hrs (ml)

I——

Mean. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

120
160
155
40

200
60

455

165

I

— ——

255
550
65C
255
19(
Zsf
65(
45(
11(
44(
98(

Meam---. . . . . . . . . . . . . . . . . . . . . . . . . . . . 439

BETA
ACTIVITY

d/m/24 hrs

712
894
313
222

0
3a3
301

404

1$0(
[

103:
(

23(
11C4
170(
67<
5W

{
llM

75

Values correctedfor decay.

“Analysis of the internal contamination indi-
cates that the dose to the tissue of the body
was near, but, with exception of the dose to the
thyroid, did not exceed the maximum permis-
sible 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. . . . “ 8

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

TOTAL
CASE No. VOLUME

24 hrs (ml)

BETA
ACTIVITY

djmJ24 hrs

634

1700

201

549

15s3

1677

2460

1670

77

43s

570

792

1450

49s

o

0

Iosc

32al

1095

2170

5t?a

19s6

2260

1715

201O

1430

0

52

m3s

1333

2140

120s

trations are based on the concept that these
levels will be maintained indefinitely.

The report stated, “-The total white munt
increases during the first 2 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 thk 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. Llt tle 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. . .‘) 8
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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 r
normal range of the control :

Table 46—Mean Body Burden of the Rongelap Group

RADIOISOTOPE
ACTIVITY AT
82 DAYS PC

(USNRDL)

Sr8U...... . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 0.19
Ba140.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.021
Rare Earth Group. . ..__ . . . . . . . .._. ___________ 0.03
11$1(in thyroid) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o

~a,&--w----------------------------------------
Ru@.. .____.._. ..-. ..-. _.. -.. -. . . ..-. --. . . . . . . .. . . . . . . . . . . .

0
FissiIematerial... . . . . . . . . . . . . . . . . . . . . . . . . . . . o

●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.” 14 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

iCTIVITY AT ACTIVITY AT
1 DAY* AC 1 DAY” LIC
USNRDL) (LASL)

1-
1.6 2.2
2.7 0.34
1.2 . . . . . . . .
6.4 11.2

. . . . . . . . . . . . 0.013
0 0.019
0 0.016(ugm)

the exception of the residua
none of the clinical iindings

‘eturned to the
population. All

of skin lesions,
in the exposed

group could be attributed-to the effe~ts 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 bc no evidence of any
change which would suggest malignancy.” 14

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 Maj uro Island and for personnel
at HASL (Table 47) .6”4 It is recognized that
these are limited data, but the values for the
HASL group show the general world-wide dis-
tribution of the fallout 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 Resurvev— 1956 Results of Analvses of Human Urine Performed
‘ at HASL

I I I I

I I I
— .——— ——

3.? M......

34X.. . . . . .

3401. . . . . . .

Z4m. -----

34w . . .._-
34@. . .._-
3N5-------
Z40f. . . . . . .
3407. -.... -
346L- . . . ..-
346r-------

6 Utirik.. . . . . 2-11-56--. . . . A . . . . . . . . . . . . . . . . . . . 4
1 ..-.. do......- 2–11-56. . ..-. B. .. . . . . . . . . . . . . . . . . . . 2
4 .--.. do....... 2-11-56....-. c- .. . . . . . . . . . . . . . . . . . . 12
9 . . . ..do. . .. . . . 2-11-56.....- D- . . . . . ..--. . . . . . . . . . . 27

1(I . . . ..do .... . . . 2-11–M. . ..-. E- . . . . . . . . . . . . . . . . . . . 22
7 . . . ..do ... . . . . 2-11-56...... F- . . . . . . . . . . . . . . . . . . . . 5
a . . . ..do ... . . . . 2-11-56...... a ..--- . . . . . . . . . . . . . . . . 16
3 . . . ..do ... . . . . 2-11-56.....- H... ---. . . . . . . . . . . . . . . 6
6 . . . ..do ... . . . . 2-11-56-....- 1... . . . . . . . . . . . . . . . . . . . 16

11 . . . ..do.-.-... 2-11-56...-.- E’OOLF.D. ..-. -..... - . . . . .
4 Liklep . . . . . . 2-11-56....-- J.. . . . . . . . . . . . . . . . . . . . . . . . . .

3410._-... - 1 .--.. do....... 2-11-56...... K-- . . . . . . . . . . . . . . . . . . .
3411------- 8 . . . ..do .. .. . . . 2-11-.54-. . . . . L. . . . . . . . . . . . . . . . . . . .
3412------- 9 . . . ..do.. . . . . . 2-11-56-..... M ... . . . . . . . . . . . . . . . .
3413------- 5 . . . ..do. ... . . . 2-11-56.----- N . .. . . . . . . . . . . . . . . . . . .
3414------- 3 . . . ..do. .. . . . . 2-11-56-. . . . . 0- . . . . . . . . . . . . . . . . . . .
3415------- Z . ..-.do ... . ..- 2-11-56...... P. . . . . . . . . . . . . . . . . . . .
2416------- 7 . . . ..do .. .. . . . 2-11-56....-. Q. . . . . . . . . . . . . . . . . . . .
3417------- 10 . . . ..do...-... 2-n-56...--P- OOLED . . . . . . . . . . . .
3418. . . . . . . 9 Majuro””.. 2-2*56- . . . . . R... -.-. .--. . . . . . . . . . .
3419------- 46 --... do....... 2-20-56-. . . . . s.. . . . . . . . . . . . . . . . . . . .
3420------- 36 . . . ..do .. .. . . . 2-29-56. . . ..- T. . . . . . . . . . . . . . . . . . . .
3421.. . . . . . 26 . . . ..do. .. . . . . 2–2$P56.----- U. . . . . . . . . . . . . . . . . . . .
342!------- 76 . . . ..do. . .. . . . 2-2>56. -... v. . . . . . . . . . . . . . . . . . . .

. —

3
8
1

26
13
35
45

24
31
8

13
11

—

Control . . . . . 2-26-56. _._.. Pooled sample co]. . . . . .

loctediat HASL.

--... do.-_...- Jnne 1956. . . . . .._ do . . . . . . . . . . . . . . . . . ..__..

. ..-.do ------- June 1956---- ..- do . . . . . . . . . . . . . . . . . . . . . .

. . . ..do. .-... - June 1956. . . . _... do. . . . . . . . . . . . . . . . . . . . . .

--... do....... Jnne 1956. . . . . . . . do.. .. . . . . . . . . . . . . . . . . . .

●Direct plating. **Carbonate precipitation. **” Rongclap nstives

an environment of continual intake tmd exc~e-

tion rather than the results ofbody elimination

of previously deposited SrW.

B. MedicalSurveillance

When the Rongelapese werereturnedto their
homeisland, itwas phmnedtoinaugurate apro-
gram of continuing medical inspections. The
Rongelapese would reexamined once a month
byaMarshallese practitionerand completemed-
ical examination performed once a year by an
American 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

TOTAL
VOLUME
%ECEIYED

(ml)

100

250
570
440
135
180
28s
310
340
630
2UI
364
162
225
235
410
m
l!XI
090
9s0
SW

1,CQ6
930
w

1,oJo

5,@Jo
5,w
5,006
2,m

4

—

Z-DATE
TOTAL
iCTrVITY

3-2>56
3-25-56I
>2S56
>25-56
3-25-56
3-2.5-56
>25-56
.325-54
.325-56
>25-56
>2.5-56
>25-56
>25-56
>25-56
3-25-56
3-2>56
>25-56
>25-56
>25-56
3-2*56
>25-56
%25-50
3-2556
%25-56

. . . . . . . . .

. .. ---- . .

TOTAL ACTIVITY
d/m/l s EM

dim/l
I

“1””1———— l—

48WJA240. . . . . . . . . . ~
3WJ+280 . . . . . . . . . .
3360+320 ----------
3326+300 . . . . . . . . . .
7606+240 . . . . . . . . . . }3.4+0.3
4400+2s0 . . . . . . . ..-
8266*WQ 176+100
2zoJ+3zo . . . . . . . . . .
34S0+240 . . . . . . . . . . /
ZYJM320 <106 6.8+1.4
4460+320 . . . . . . . . . .
4406+320 . . . . . . . . . .
48ao*320 . . . . . . . . . . 1

II
4W*2Q ‘“”------” 5.3+0.3
4800%326. . . . . . . . . .
0806*360 WWAoo
2WO*2SQ <166

WJ6*32a . . . . . . . . . . I
9200+360 5106 4.7+0.7
zW3+240 . . . . . . . . . .
2403+240 . . . . . . . . . .11IEZEH2CQ . . . . . . . . . . z. 4+0.2

22CWk240 . . . . . . . . . .

1360+260 . . . . . . . . . .

—l——l——
4z50A256 <109 1.6+0.4

........... ------- ... L 4+0.2

1. 9+0.2

.- . . . . . . . . . . . . . . . . . . . 1. 0+0.2

...................... .... ......
—.—

c@
d/mfl

7ZO+15

2540+63

1487543

2862+45

33+8

29*8

. . . . . . . . .

. . ----- . .

. . . . . . . . .

36+8

the necessity for more frea uent analyses. A.
radio would be provided on Rongelap for com-
munication with the Trust Territories Office on
Ebeye (Kwajalein Atoll) where a plane would
be available at all times for any emergency.
A fully equipped dispensary would be provided
on Rongelap and an experienced health aide
(a Marshallese) would be present at all times.
Before their return, the Marshdlese would be
given a complete medical examination, and
immunized against smallpox, typhoid and
tetanus.

C. Environmental Contamination

The degree of contamination on the home
islands of the Rongelapese was considered

L.....:,,
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according to the external gamma dose rate and
the amount of strontium–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 to 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 milli-
roentgen per hour, with an average of 0.4
mr/hr. However, the graph suggests an antici-
pated dose rate at the Jul~T 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 this 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
milliroentgens/week.

The maximum permissible external gamma
exposure to adult workers recommended by
the National (U. S.) Committee on Radiation
Protection is 0.3 reins/week with an added
restriction that the maximum permissible
accumulated dose in reins, at any age is equal
to five times the number of years 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
maximum 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 relative dose
rates now are the same as measured in the first
part of March 1954; i. e., the highest 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 over water 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. Thk 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 adult worker
the maintained maximum permissible 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.

“Gamma dose ratesat three feet above the groundon the Island of
Ronge!apin June19.57were as follows:

Highest reading 0.13mr/hr
Lowest reading 0.01mr/hr
Average rcadlng O.O3mr/br
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Table 48 indicates that the average concen- data on land crabs shown 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 ~its. (The contaminated than the Island of Rongelap). *

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

B

CALC1U14
CONTENT

:gms c8/gm
wet weight)

0.001
0.001
0.004

JO.0W6
0.0001
0.004
0.OCS34
o.m

-o.Ccol

c

DAILY IN-
‘AKE OF fJA

(gmS)

—-

0.56
0.16
0.018
0.025
0.004
0.055
0.0Q4
o.m

-0.045

D

FRACTION
or TOTAL
2A INTAKE

0.645

0. 1s4

0.021

0.029

0,0046

0. O&3

0.0046

0,0034

@. 040

E

!TEONTIUM-il
C&_+~~aT

. .

12

*500

5

250

30+3
i a (4r@Q

40

260

Few

7.73
~92.0

0. n
7.23

~ .1.34
(252. O)

0.02
0.8s

Small

~These data are from island of Kabelle (no date from islandof Rongelapfor July 1956 survey). Ckueral contamination of island of Rongelap ic
about one-fifth that of Kabelle. Lagoon water around these islands do not show as great a difference iu activity.

e Those are land crabs from island of Katnl le. The strontium.90 conmntrstion is Idgher than from ewlier SwVeYS, which is COIItmry to the plant
activity as welf as to the soil, and marine life d~ta. (It has been estimated that about one.thkd of the ~t&e of mab ~mt is fiIJIUOC&WI~bs which
have very little strontium-90 content,)

~ Estimated.
s An nnknown part of this intake may be sea crabs (which contain considerably less Srw) but is assumed here to be all land crabs,

However, if crabs were eliminated from the diet,
the intake might average about 107 Sunshine
Units. Further, elimination or restriction of the
consumption of pandanus would reduce the
strontium–90 intake to well under 100 Sunshine
Units.

b. Estimated Future Body Burden OJStrontium–
90

Three principal factors are operative in esti-

*There ts some doubt concerufng the correct strontium-go activity in
the laud crabs, since the values are higher than for previous surveys
which IS contrary to rdf other data. Additional surveys shorrfd clarify
thfs point. In anY event the lend crabs tewed are from the tsiaud of
KabeUe. (There were no collections of land crabs made on Rongelap
Ielsad duriug the last survey.) The general contambwtion on Ron&lap
is about one-fifth that of Kabelle. The difference fn strontium-9fJ con-
tent may not be m gvmt os this, but since these are land crabs it would
b-s expected those on Rongelap Island to be lower than on Kabelle Island.

mating the future body burden of strontium–90
of the Rongelapese:

(1) Although precise values have not been
established, there may be a dkcriminatory
factor of several between Sr/Ca ratio in the
food supply and that found in the bones.ls

(2) If the Rongelapese were returned to
their home island, their &let would be supple-
mented by imported (relatively uncon tami-
nated) foods, especially rice. Also, the
cisterns would be cleaned out and refilled
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

1
.. .. . .. -..

their diet, the estunated future body burden
of the Rongelapese would be substantially less
than 100 wc of SrWper gram of calcium. Lmit-
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 strontium–90 with
time, and appropriate action could be taken
before excessive levels were reached.

c. Radiological Resurveys

Plans are currently being developed for a
continuing and long-range program for radio-
logical resurveys on and around the Marshall
Islands. The principal objective will be to
monitor the environmental contamination espe-
cially for strontium–90.
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