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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
i.
Y inhabited atolls and on ships of Joint Task

$ Force 7, which was conducting the tests.

‘1!
Radiation surveys of the areas revealed radia-

.“3 tion levels above permissible levels; therefore,

i

,... 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

‘f

,;,-,
to these people were believed to be below
levels that would produce serious injury or
any mortality, the Commander of the Task

,.
r Force requested the Department of Defense
,.:

and the U. S. Atomic Energy Commission to
.1 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,** Dr.
Eugene P. Cronkite,’s who headed the first
two surveys, and Dr. Robert Conard,14 who
led the 2-year follow-up study. The present
report brings together the radiological data

developed by the Joint Task Force 7, Applied
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 Office of Naval
Research.

This report was undertaken by Dr. Gordon
M. Dunning at the request of the Atomic
Energy Commission. Dr. Dunning at the
time of the fallout was a representative of the
Division of Biology and Medicine, Atomic
Energy Commission to Joint Task Force 7
and participated in the early surveys and in
the evacuation of the natives of Rongelap and
Uth=i.k AtolIs 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 2%-year period
and thus suggests the developing patterns of
the transfer of radioactive materials from the
soil and water into the food chain.

CHARLES L. DUNHAM, M. D., Director
Division of Biology and Medicine
U. S. Atomic Energy Commission
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~ RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NIJCLEX .~LsTS

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

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

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

Januay $?6-30, 1956 (U. S. Nay O. G “Rio
Grande”).

U. S. Naval Radiological Defense Labora-
tory: Robert W. Rinehart, E-ran C. Evans
III, Joseph K. Gong, George M. Neuffer, Lt.
(jg) USNR, and William G. Murray. Applied
Fisheries Laboratory: Dr. A.1.lyn H. Seymour
and Dr. Frank G. Lowman.

October 21-%9, 1956 (L. S. 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. Navy PBM 612).

Applied Fisheries Laboratory, Dr. Allyn H.
Sevymour 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. R. Fosberg.

Ju~y %?-24, 1956 (U. S. Navy 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 Bofiam,
Grace C. Brewer, Simeon T. Cantril, Marion L.
Chase, Edward E. Held, Neal O. Hines, Frank
G. Lowman, Paul R. Olson,, Ralph F. Palumbo,
Dorothy South and Arthur D. Welander.

At the U. S. N’aval Radiological Defe&e
Laboratory: Mr. R. W. Rinehart, assisted by
Mr. John A. Seder and Mr. WiIliam H. bi ipman
were responsible for laboratory analysis of
samples and evaluation of data in 1955, a.ad
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 d~ta 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, UShy, assisted in
the 1956 analytical determinations. Mr. Wil-
liam Murray performed the photographic
services in 1955. During both years, Captain
Albert R. Behnke (MC) USIS, served as
scientific advisor; Dr. Stanton H. Cohn as
senior investigator for planning of the field
trips and for analysis of biological data; Mr.
Paul E. Zigman, as senior investigator for
planning and analysis of chemical data. The
divers that assisted in the 1956 survey were Lt.
P. L. Schlegel, USNR, of Underwater Demo-
lition Team 11, and Q. D. Dennison, QM1,
USN, of Underwater Demolition Team 12,
both of U. S. Naval Amphibian Base, Coronado,
California.

The general concepts of Operation Troll were
discussed at an ad boc meeting in Washington,
D. C., on January 12, 1955. The folloting
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, hh. J.
Kane, OfEce of Naval Research and Mr. H. D.
LeVine, Health and Safety Laboratory, AEC.

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



Preface and Acknowledgments

Two to three daya 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 dectilon 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 wllections were made on
and around the Mamhall 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 fi6, 1964 (USS Ni.chola8, DDE 449).

Applied Fisheries Laboratory: Dr. Lauren R.
Donaldson, Director, Dr. Edward E. Held,
Dr. Ralph F. Palurnbo, Mr. Paul R. Olson, and
Major Charles Barnea, 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. Sch.ivone, and W. W.
Robbins acwmpanied 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, 1964 (SA-16 Natnd 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. Flan.nigan,
NM1.

July 16, 1954. (U, S. Navy &uman kbaho88,
ASR-16, NO. 90g).

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

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

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. Al&n H. Seymour of
the Applied F~heries 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. FarT from the Naval lMedical Re-
search Institute, Dr. V. P. Bond and Lt. Com-
mander L. J. Smith from the U. S. Naval
Radiological Defense Laboratory, Dr. C. L.
Dunham, AEC, and Dr. G. V. LeRoy, Con-
sultant to AEC, and Lt. Col. L. E. Browning,
M. C. from the Armed Forces Special Weapons

Project. Before the arrival of the team, pre-
liminary care and studies had been initia~ed by
the station medical oi%cer, Commander W. S.
Hall. Doctors T. L, Shipman, ThomasWhite,*
and 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. Conard, J. S. Rober&
son and E. A. Weden, Jr., and the twelve
months medical survey was conducted by Drs.
E. P. Cronkite, C. L. Dunham, David Grifiin
(’USNRDL), S. D. McPherson (NMRI) and
Kent T. Woodward (Field Command, AFSWP).
The two year medical survey was performed by
Drs. R. A. Conard, Bradford Cannon, C. E.
Huggins (USNR), J. B. Richards (USNR), and
Austin Lowery (USA) with the technical as-
sistance of C. P. A. Strome, W. K. Border,
J. W. Hamby, L. D. Snow, W. G, Clutter,
and C. D. Severson (all USN).

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

External Gamma Radiation

GAMMA DOSE RATES WERE taken periodically on
several islands in the Paci.tlc 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 tbe 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 these values may also be
thought of as beta activities.) However, the
gamma dose rates do indicate the relutive de-
grees of contamination on the islands, there-
fore are useful in thk 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 (tima)-ls

principle. This is intended to apply to disin-
tegrations of atoms. HoFever, 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 per disintegration, and the
effects of weathering. When computing the in-
finity radiation &se& from fallout that occurs
within a few hours after detonation, integration
of the (time) -l: curve gives a fair approxima-

tion since most of this total dose is accumulated
during the early periods when this curve Ike
near the theoretical gamma decay curve. How-
ever, in extrapolating by (time)’12 there may
be a significant diilerence in estimating dose
rates a year or more after detonation and in
estimating doses that might occur at these later
periods.

During the first two weeks after fallout there
was no rainfall and the winds were light. About
the end of the second week a tropical storm
occurred. For these reasons, a straight line
was drawn for the &-st two weeks followed b-y
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 rainfalls. Except for the
last data point on Graph 1 for the Island of
Rongelrip, which may be somewhat high, the
actual and theoretical decay curves correspond
fairly well.

The theoretical curve of Graph 1 would flatten
out with time due to the dominance of Cesium-
137 with its 27 year half-life. The last survey
of Rongelap Island in late July 1956 indicates
a range of gamma dose rates at three feet above
the ground of 0.2 —0.5 milliroentgens per hour
with an average of 0.4 rnr/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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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.]’2

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

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 CSI*7 (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 l—Summary of Gross Beta Activity in Miscellaneous Plant Samples*
I

I

AvmuGE AcrrvmT Qc/gx KW)c b

Pum MATIWAL I Immm

I
Llklep Utillk Rmlgelap Bnscb Enlaetok Labaredj Ksbelle Luknen Oejen Lamullal Bikar Enlwetak

. — . — — — — — . .

Gin----------------------- so 400 soOo 4SOSXXI m 1930 Zloo lwcw 5600 180 m
COmnut led---------------- . . . . ..-. 1ml ---------- . . . . . . . . . . . . . . . . . . 7s0
Ocwmt frond stem. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. J?-

670
140

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

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

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

CemnutshelL.....-._- -------- .......... .......... ........ .......... .......... 17 ----------
COmnnt imsk.-.. ..--- . . . . L7

Kc . . . . . . . . . . . . . . ..-. ----------
1.6 63 . . . . . . . . . . . . . . . . . . . . . . . . . . . . Z3 . . -------- 110 . . . . . . . . . . 8.4 . . . . . . . . . .

COcOnntspent ----------- . . . . . . . . . . . . . . . ..- Zi .--. . . . . . . . . . . . . . . . . . . . . . . . . 110 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------ . ---------
Sproutd mmnnt motx---- -------- ---------- 7a ------------------ . . . . . . . . . 74a ---------- ---------- . . . . . . . . . . .------- . ---------
Scaevobl lmL------------- ..-..--- ---------- . . .. .. ... . .. .... . . ... . ... . .. ....... .. . 1s3 .. .. .. .. .. ml al 8.7 @
Sc9evolatrunk metkm-.---. . ..-.-.. ---------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- ---------- . . . . . . . ..- 23 ----------
Arrowrootstem.:2.- . . ----- -------- . --------- 19 . . ---------------- . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- -------- ----------
ArrOm’uot leaf. . . . . . . . . . . . . . -------- . . . . . . . . . . cl e------ -..-.----- ---------- . . . . . . . . . . . . . ------- ---------- ---------- --------
-pm-------------------

. ------- --
20 . . . . . . . . . . u . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . ..- -------- ----------

Lti~. - . . ..--- . . ..- . . . . ---- 20 ---------- . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . ---------- -------- ----------
k------------------------ L1 ---------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . ---------- ---------- ---------- -------- ----------
B~--.-..----...-.-.--.- *6 ---------- ---------- ------------------ . . . . . . . . . . . . . . . . . ..- ---------- ---- .-ire- ;:-------- --------
Vow----------------------- -------- ---------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-------- . .
-------- -------- S40

● wet Weight.
* As determined on hula UJOi tindanis snd empb’kal ~tming and sbsmption corrections.
●Cdkt&ni made aboat Feb- 1, 1966. Data reported aaof March 1, 1055.
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Table 2—Summary of Gross Beta Activity in Major Plant Foods (NRDL) ●

.,. .!

SOU2CE

AtQll bland kromt

AVEBAOBAmm’m @/g x lW orPC/ccx 1O$)● b

Breadfruit Pand8nns Papeya

Meat I hulk
— —

25 a
23 2
9.8 9.
&o 11

u 12
13 13
16 12
18 16
72 25
19 30
6.9 6
7.8 9

9.1 b.7 .?.6
3.4 &o 9.0

. . . . . . . . . . . 2s 27

. . . . . . . . ..- 13 . . . . . . . . . . .

. . . . . . . ..-. 34 . . . . . . . . . . .
---------- - . . . . . . . . . . . . -----------
---------- - 120 . . . . . . . . . . .
--------- -. -. . . . ..- ---- -----------
. -------- -. --------- . . . .--------- -.
----------- . . ------ ---- ------.--- -,
.--------- -. --------- --- --------- -.
.--------- . . . . . . . . . . . --- --.-.------

LlkieP_..._._ . . . . . . . . .._. _-...LIkfeP ------------------------------ 4.0
Vthk ------------------------------ Utik ------------------------------- 16
Rongelap -------------------------- ROWebp --------------------------- 15
%ngebp -------------------------- Bti------------------------------- 6s
~ngebp -------------------------- Enktok ---------------------------- xl
Wwehp -------------------------- kkdj ---------------------------- 28
~ehp -------------------------- =bUe ----------------------------- 40
~ehp -------------------------- Ltim ----------------------------- ------------
Rmgebp -------------------------- Geja ------------------------------- 130
Wngebp -------------------------- hmtil ---------------------------- 1s0
Bti------------------------------ Bti------------------------------- ------------
~ng~---------------------------- Etiwe*k --------------------------- ------------

.,.,-,. --

. Wet weight.
b Ae determined on bids U:O i stsndnrdsand empirlmd scattexins mid absorption mrrectione.
‘CMlectlone made about February 1, 1935. Data mxtortedae of March 1, 1933.

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

I I

Pwne b (chmkg x 10+)
PLArm PAET

1 I
slfo Utirlk

.. . . . . . . ..- 1.n
0.21 . . . . . . . . ..-
0.0s 0.14
0.90 0.0s
0,16 0.21
0.10 0.09

------- ---- 0.07
------- . . . . 0.11
.. . . . . . . . . . 0.09
---------- . 0.16

0.63 0.12
0.17 0.m
o.m 0.06
0.77 0.21

.--------- . . . . . . . . . . . .
0.13 -----------
0.03 0.07
0.37 0.0s
0.11 0.11

. . .. ---- .-. . . ----- . . . .
0.n 0.11
0.30 0.07
0.18 0.04
0.68 0.26
0.34 04.7
0.22 0.09

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

O@en Enlwetak Enhetok

I I I

Ifangelap

1.26
0.25
0.65
0.32
0.38
0.22
0.17
0.12
0.25
0,09
0.64
0.24
0,u
1.31

.. . . . . ..- . . .
0.06

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

0.12
------- . . . . .

0.70
0.12
0.35
0.55

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

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

LMep

PO~...-. --------------- Whole pat------------------

{

87.4 19.2 &06
8tem, kvs------------------ 11.0 4.6 0.32

‘-t””--”-----”-”-”---- Tubers ----------------------- 232 0.67 0.69

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

. -------
0.
0.
0.
a
o.
0.

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

------- -
0.
0.
0
0.
1.
0.

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

llAkrmt.---..--. ----. ----. ---.l 2871 0,17 \ 1.05

Pmtiu...-- . . . . ----------
1{

hva------------------------ 2.04 1.02 b.26
Green Keys ------------------- 1.27 0.37 0.70

(Ripe Keys -------------------- . . . . . . . . . . . . ------------

{

0.63
Raw-------------------------- ------------ ------------ -----------

Pawn ..-------------------- Orwn ------------------------- ------------ . . . . . . . . . ..- -----------
L.?aves, tnmk ----------------- ------------ ------------ -----------

IMP-------------------------- 287 . ----------- . . . . . . . . . . .

II
Rlpemmnnt . . . . . ----------- ‘ret”--------------” ----------

1.W 0.30 1.97
Shell-------------------------- ksa o.3s 0.72

IEwk ------------------------- 1.33 0.66 1.67

[

Whole ------------------------ 3.1 ------------ ---.----..-
MW-------------------------- ------------ 0.29 0.11

(3am moonut._ . . . . . . .._.-
Mmt-------------------------- . . . . . . . . . . . . 0.23 0.25
Shell-------------------------- . . . . . . . . . ..- ------------ 0.al
Hmk------------------------- . . . . . . . . . . . . ------------ 0.4s
Shell, hmk--.--.-.--..-.-.-.-- . ----------- 0.11 . . . . . . . . ..-

.-
(Mw-------------------------- ------------ 1.61 0.76

4 ... Tyi,..,,...4Jw!a!?m....IA ** Sprouting coconut . . . . . . . . . IM-t-------------------------- . ----------- 0,33
Shell. . .._-. ._ . . ------------- ------------ 0.29
Hwk------------------------- . . . . -------- 0.73

0.40
0.41
1.67
0,36
0.61

{

‘Maw ------------------------ ------------ 16.4
C.Omnut..._.-.. . . . . . . . . . . Frond------------------------- ------------ 0.94

haves, kind ----------------- 1.4s ------------

{

hit-------------------------- ------------ ------------
~---------------------- Bark.. . . . . . . ------------------ ------------ . . . . . . . . . . .

Maw------------------------ ------------ ------------

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

m------------------------
1[

Leave%stalks. .. . .... .. ... .. . . ------------ ------------ -----------
Tubw,rootswlth MU-------- ------------- . . . . . . . . . . . . . . . . . . . . . . .

c Allmuntsweremrreeted forthemuntingef3ciencyof6fi-Yn.
b 0r06ntW8nctlvltyofplantmmple$wmdetermlnedlnAprll KM6andthatofsollmdwatarln MaY1956.
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Per- Par-
Oe.nt em
8+ Cfl

— —.

0.85 .. . . . .

azo 44
------- ------
0.62 .. . . . .
0.049 .-..-.
L1 . . . . . .
0.23 . . . ..-
0.094 ------
6.3 . . . . . .
a45 .. ....
0.62 33

------- ------
.... . . ------
1.2 K4
0.77 30
0.m 25
a 81 41
0.M 65

. . . . . . . 62

GROSS ACTIVITY

Table 6-Resufts of AnaIyses Performed at HASL

LAND PLANTS

Ce
C*13Y

w- =’I TOTALAcmw’rY
oBmNILnc TmaYR dl$+sm

o.n.+0. 01

0.11 +0. 10
-------- ------
0.14 +0.06
0.047453.039
0.70+0.04
o.0s1+0.ml
0.0$09.043
27 +0.1
0.046+0.02
a2644.11

<0.16
lost

3.6 M. 1s
1.4 4S3.s2
0.20+0.06
0.19 +0. 03
a22+o.06

q la

SAM-13
LQCATION

mw-

....-do..-.

....JIO..-

Utlelk-.. .
Liklep . . . .
Rmgelap .
...-.do----
.--do. . .. .
-----
En&etok.
Enhefak..
81fo--. . . . .
utiYtk_-..
IAHep.. ..

C-Date ml-

2&to. 7

43*1. 7
71*1. 7
36#1.7
08rkZ2
*X. 7
33+0.7
m*z 1
61+20
10+O.7
42*L 9
SO*1.5

loot
loos 1
.8W3.8
67&2.1
69*Z z
26+1.6
r.3+1. 1

3437.-. 521

343s---- 623

.........-. aooozz

19 +.27 o.0cQ20
----------- 0.Ooo3s
----------- - 0.00013
--..---..-- a oooo1
---------- . 0.0om5
---------- . 0.mo15
. . . . . . . ---- a 0o020
---------- . 0.003d
-.------- . . 0.OoWl
18 *3.7 0.00010

--------- -- 0.00010
--------- -- ---------
250 *s. 4 0.0012
64 +1.6 o.Ooum
17 +).6 0.00060
36 *1. o 0.w
17 *8 o.Woo3
3.s41 0.00070

{

0ut4r md iN- t17-s6
Coconut. . . . ner shetl.

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

(

Outar?mJak----- 4-17-66
..-..do ... ...- Imler Shen----- 4+7-66

Meat and ndlk. 4-17-56

[

Outarhuek..- 4-17-36
._-do..._.- InneY@hell----- 4-17-66

Meat and mllk- 4-17-56
.. . ..do. _...- Entire-------- 4-17-66
.._-do ._._. . . -..do.._-..-.- 4-17-66
Pandamm- . . . ..do ---------- 4-14-56
.. . ..do.._-.. . ..-.do ...-. ----- 4-14-50
Arrowroot-. . ..- do.- . . ..-. 4-14-60
..--.do ..----- .---. do---------- 4-14-66
...--do ------- .-.. -do. -... ----- 4-14-66
,.._do._._. -... do... . . . ---- t14-d6
.._.do_ .---- .-.-. do.__ . . . . &14-66
.. ...do..-..-. --.--do ... . . . . . . 4-14+3
.. . ..do. ._..- .-AO ... . . . . . . . 4-14+6

MM ZI

!28tktm
.. . . . . . . . . . . .

4W+21O
2140M8M
375* 21
24%E215
1s6+ m
104+ 4.7
67* 29

1180+5W
<~

------------ .
1370+57
10W+3ZJ
M&k 4d
a2* 6.2

-910
<~

.’

.Tr
.

L4439+ 62.5

36i3_..
3534.-..
34u----
344z.---
3447..-
3456---
3476.-.
3492.-.
WM....
s6l9----
S541.-..

752
So3
333
636
63s
356
630
726
674
?lw
m?

,,

●C-DSta: Date OfWWlt@.
i ● SmmhfneUnft -0.001 PCS*/kg Cs.
.<

.. ;
B. Marine Organisms and Birds Tables 7,8, and 9 report the results of NRDL

~
,: analyses for the February 1955 survey.a Tables

Graph 2 indicates the generaI level of 10, 11, and 12 are for the February 1956
activity in fish at Rongelap Atoll and the sw.rvey.4 Tables 13 and 14 show the analyses
decline of activity with tirne.2 by HASL.s’ e

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

I RADIOA~Y CONCENTRATION(t@g) (*)

~ATION I
lAME TL5i (b) SMAU rleE (.) I C2AB9ANDct.AMe sNAn9

.—

:0.0! Actfvity

mens d-’–

l—
Actl?lty y-o!

d7 ‘em

ActlvJty

:

8 7
——

1.64 1.!2.5
0.49 1.76

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

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

0.12 0.35

0.39 0.19

spd- _
mene

b
— .

Rongelap Atoll: .
North tiwn ---------------------------- 3 0.22
South Lagwn ----------------------------- 3 .054

Rongerik Atoll:
EdweWk --------------------------------- 2 0.23

Utfrik Atoll:
Utm------------------------------------ .------- --------

Likiep Atoll:
Lkiep . ----------------------------------- 1 0.02

Blkar Atoll:
Be------------------------------------- -------- --------

Y I-—

22
7

2

6

8

. --------

—.— —

19.b
-(d; -------- -.-.. !.!

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

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

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

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

.49 L 63
,14 0.M

4
3

1.2
0.33

0.26 .23 .21 ...--...

.14 .04 --------

.05 .01 1

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

.....-

0.01

......

(d ~mhbofC@eqd*@. (b) >130 e. (*) <MOg. (d)NOda ~~,

●CoWctions made about February 1,19S5. Data reported M of March 1, 1955.

. . —
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12 RADIOACTIVE CONTAMINATION OF AREAS

The data show a significant higher concen-
tration of gross activity in the livers of fish
and in the crustacean muscles.

IN THE PACIFIC OCEAN FROM NUCLEAR ‘IT

Tables 9 and 12 show the gross activit!
birds and fowls.se 4.,. . . .

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

RADIOAIXIVITY@c x MVlhsaux) ~J

Total Vlso
Wm

Wmgm

697
tm
891

I.eum m FmE skin Made Bone

u ‘?
— —

ml 310
29 271
S6 313

i

.

.,

...”.---’

# 7
— —

196 714
34 MO
62 m

8
—

26
6
4

8
—

1s
9
9

8 Y PY
—

24
69
6s

Ron@aPA.M. North

Oeje.n tit Flab wltb Orange SW@*- ... . . . . . ------------

{

~ti W- 2 Pwc---------------------------------
mp~---------------------------------

7
3
3
—

4
3.s

4
6
8

16
16
17

26
87
8

—
61 26s
6L0 M. 7

41 2ca
1s 111
69 122

Am---------------------------------------------
Permntage of btitiltim --------------------------------

497
.. . . . . ..-

1,4al
& 170
q9so

113 b%
.---- . . . . . .

112 6W
69 513

106 239

12
10.6

19
23
12

M
9.2

16
69
36

12
10.6

14
19
14

w
lh 1

a
.19
04

16
27

22
61
27

24
21.a

M
1

13

Rengelq Ahll, Eeut&

{

Qmnp -------------------------------
Sod&ant bgoen Lntmw -------------------------------

14edsmp~--------------------------I

Avuage__ . . ..-_. -.__. ..___ . . . . . . . . . . . . .
Pementaaeof total actfvlty .. . .. ..- . . ..-- . . . . . -------------

1,3s0
.. . . . . . . .

1,4s4
m

w 431
.. ..- .-- . .

272 33Q
04 6s

. —

16s m4
. . . . . . . . . .

19
19.8

1
8

40
&3

39
13

06
21.9

44
15

se 1s0
40.7 37.b

8 K@
7 18

— —

8 62
6.2 30.4

6
6.3

8
1

27
7.7

10
8

16
16.7

07
46

Rwedk AteR

{

~me= Puma _-.- . . ..-. _-_ . . . . . . . . .._.. --._ . . . .
Mdet ----------------------------------------

Avm ---------------------------------------------
Pem.ntdge of total Wti@-------------------------------

S40
------- . .

6
3.0

26
12.7

%
16.s

30
14.7

6
3.2

7
3.4

2)
320

—
● >160 g. bx are In ti of C@ equivalent. ● Name unknown
“Ooflwtlons made about Febmmy 1, 1966. Data reported es of March 1,1965.
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GROS6 ACTIV~y

Table g-hmnary of the Gross Beta and Gamma Activity in Birds and Fowl *

13
‘6 ‘

n
mTlwTY (Jox
loytl.wue) ●

4CTIVITY(#c x
lW/tk5sue)● No. or WET

WAND urn SPECtMEN 6PECT- w&iT
MENB

No. or WET
ISLANDAND6PECIMXN 6FE13.WEl#T

MEN8 78
—

.....
46
10

197

Y l—l—. —

Ron@op At@ RongehhRoOd&-ConthM
Ha--------------------------- -------- 15

skin ------------ ---------------- -------- 167

LuLL ....- . . . . . . --------------- ..-- . . . . ---------

2
18
2

& 479

. . . . . . .
Q

NDA
14

294

@jm------------------------- 2 132

Grit. ..---. ..- . . . . . . . . . -------- -. . . . . ---- ----------

Tlbke-..._-_...- . . . . . . . . . . . . . . .-- . . . . . ----------

oPma69-........................ ....---- ..........

.. -----
11s
10

290 7,2$1

.. ..-.
10
6

32
123

Ran@rfk Atoll I I
252

. ..-.
13
22
22

242

m
.......

!2
bNDA

6
132

Etiweti-T~. .- . . . . ------------ 2 (*)

Out...-... ---------------------- -------- . --------

~bk--------------------------- -.....-. . . . . . . . . .

Made -------------------------- -- . . . . . . . --------
Cms ------------------------- ..------ ---------

=MeTm --------------------- 2 134

Gab----------------------------- -------- . . . . . . . . . .

Tibia. - . . . -- . . . . . . . . . . . . . . . . . . . . -------- ----------

Mnrele-------------------------- -------- ---------
ofuC.aS3--------------------------------- ---------

817

. . . . . . .
3
1

14
14

176

. . ..-.
9
1?

44
14

300
. . . . .

114
29

143
-------

37
4

BkkarAtoll
II~~Tm-..--.-.-..--..---. 2 143

Qua----------------------------- -------- ---------
Tlbh --------------------------- -------- --------- B~T~----------------------- 2 la

QUA---------------------- ------ -------- . . . . . . . . .

Tlbb ------------------- . ------- -------- ---------

IKu9cle_. ----------------------- -------- ---------

CAM-------------------- ----- ..-- . . . . --------

a
------- .

&27(
lx
51
(

142
..----
qfl%

23(
MI
x

RongekepRclUte7------------------ 1 1,140

Skdeton----------------------- -------- 239

Mmiole----------------------- -------- 434

Vk?em-............. ........... ....---- 64
Liver . . . . . . . . . . . . . . . . . ..- ------- -------- 1446

●ICPmkn- ofC@e@v81mt.
bNo detectableactivItY.
*Nodat8takerI.
●Collectionsmade akmntFebrnaryl,196& Datam@w of M~h 1,19*

2

.-

. .—— ——.—— -

...-=
97-).’



14 RADIOACTIVE CONTAMINATION OF AREAS IN TEE PACIFIC OCEAN FROM NUCLEAR TIW.

Table 10-Distribution of Gross Beta and Gamma Activity in Tissues of Fish (NR.DL) *

Wrm
IsLANo Arm PmE WEIGHT Total

(0 —

RADIOACT~V (dlmltlsue x 10+ ●

Muscle Bone cm Vkera
}

Skbl Head

u

—
r r

3.3
0.7

2.0
1s.7

247
1.9

20.9

15.8
26.9

9.‘J
25.4

0.65
27.2

0.09
10.3

0.02
9

1

1

1
1

1

1

9

8

1.1
0.4

8

1.5
1.4

1.5
21.0

&5
2.4
7.0

6.0
23.7

0..5
16.1

0.06
14.6

0.13
19.7

0
0

6
—

0.6
0.3
—

O.b
7.0

1.7
0.5
0.8
—

L o
4.8

0.1
3.2

0.02
4.0

0
0

0
0

B

40
1.Q

3.4
47.7

6.1
2!3
6.0

4.7
22.3

0.9
m. o

0.04
9.8

0.83
67.6

1
91

7 7

21
0.6

1.3
12.1

18.8
0.7
6.6

&o
13.1

6.2
15.9

0.27
13.4

0,22
2s.3

0.2
Q

Y

2.7
2.6

2.7
25.2

15.7
44

23.4

14.6
22.7

10.6
27.2

0.29
19.3

0.13
16.0

0
0

r

RmvrlaPAtoU,&ruth:
Rengelap-Goat . . . . . . . . . . . . . 218 8.3
Rongelap-f3rouper .-------- 452 6.2

Avwm ------------------- ---------- 7.0
Peroent of total activity_ ---------- lCQ

RowelaPAto12,North:
Gejm—Smp~------------- 1,164 26.3
Kflbell*Bnapper ...-. -.- . . . . 735 12.3
mbu+Pmot ------------- 1,057 24.3

Avwe.. ---... ---..., ---- . --------- 21.1
Permnt of total activity.. . . . . . . . . . . 100

AklkotrlnoeAleU2
Su-smpw . ...-- . . . ..-.-.. 040 3.2

Pereent of total activity. -.. ---------- 100
Roovr4kAteU:

Eniwetak-8@rreL. ..._--. 837 0.41
P-t of total aetivim---- ---------- lW

Utirik AM.’
utm-Pmt --------------- 423 0.66

Percent of total activity. -.. ---------- 100
L4ktepAIetl:

Likiep-Snapper_ . . . . . . . . 462 1.1
Pweent of total aetivitY.- ---------- 100

15.5
6.7

0.2
0.4

2.4
0.3

0.46
0.s

22
0.3
—

L 3
2.1

2.1
L 1
2.7
—

20
3.3

2.7
7.0

0.(la
4.0

0.04
&6

o
0

~
4 - .- - .~=-,-.-... 10.6

100

87.0
18.5
n. 3

0.3
4.2

1.0
1.0
1.1

L 3
12.1

11.8
11.2
8.9

0.63
8.8

6.6
4.6
8.6

—

6.6
30.8

0.7
22.‘5

0.23
65

0
0

0
0

0.8
11,2

&4
1.0
24

—

29
13.7

0.6
19,3

0.04
9.8

0.16
227

0.1
9

... ----

10.6
17.3

6.Q
16.2

0.25
17.3

0.24
27.6

0
0

63.9
100

83.9
100

20
100

0.87
100

22
100

1.0
4.8

0.3
9.7

0.02
4.Q

o
0

0
0

- AS detarmlned on bds of U:OI standardsand empkioal soattariugmudabsorption earrectlore.
‘Collections made February lQ5d. Data reported as of Aprkl-May 1930.

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

CRABS I CLAMS I 8NAIM
-

Activtty *
(d/m/kgx 10+) No. of

3amplea

15LND
No. Or

samples

Activity 9
d/m/kgXIO+) No. of

Samples

Activity ●

(d/mJkgXlV9 No. of
sampla9

u 7
— — —

.. . . . . . . . . . . . . . 4
------- . . . . . . . . 1

4.6 8.8 . . . . . . . . .
z 66 2

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

6.4 15.0 . . . . . . ..-

. . . ..-. . . . . ---- 3

Activity c
(d/m/kgXICF

P 78 7

IRmm?lagAA&
North:

Ge]m ----------------------- 8
Knbelle--------------------- 10

Central: Enlaetok-------------- s
South: Rongelap._..__..__. 6

-- RongerkkAMI:
Eniwetak--. . . . . . . . . . . . . . . . . . . 8

AiJing:naeA&eII:
Sift . . . . ..-.. ------------------- 6

CMrikAfo2k
Utirik . . . . . . . . . . ---------------- 8

Lfkkj! AM.’
Llktep ------------------------- 8

643 61
17.7 4

. . . . . . . . - -----
31 6

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

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

0.m

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

23 87
.. ----- . .. -----

46 14.1
26.4 24.s

24.5
14.9
19.3
17.7

22

4.6

1.a

26

78.8
65.4
46.1
82

7.8

22.7

21

1.3

2
------- .

1
6

1

8

------- -.

------- -.

......- .

.------.
1
2

2.8 18.3 .......-

21.9 14.6 1

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

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

● As determined on basisof UIOI Wmdar@ and empbical scattering nnd nbaorptioncorrwtions.
●CoUeetion8made February 19&3. Data reported M of April-May 1956.



Lsule’n

RonvclaPAM:
Ronge18p...._

Oejen. .. . . . . . .

Xabelle..- . . . .

Afliw4w Atoll:
8ifo_ .. . . . . . . .

Ikn@fk AM.’
Eniwemk._-..

GROSS ACTIV1’TY 15

Table I z—Summary of Gross Beta and Gamma Activity in Birds and Eggs ●

Tern:
Egg shell..._. -...._.
Egg, mft timue------

Tm--------------------
Vi,?mra.-.. -----------
Muscle._ . . . ..-.._ -..
Tibh ------------------

To--------------------
MoEde___________
Tibh -----------------
Egg abell--------------
Egg, soft timue--------

To--------------------
Suede __________
vi80m’a.._.. --------
Tick -----------------
Egg shell --------------
Egg, soft Wsue.-..-.

T---------------------
Muaele..__._.-_.-.
Tibh..--.----------..
vieeera._--. ..__ . .

—

No. 0?
anm

1
1
1
1
1
1
1
1
1
2
2

7
7
7
7
1
1

2
2
2
2

6
22
92

101
141

----------
145
16.9
0.9
6.3

22.s

116
11.7

. . . . . . . . -
0..31
6

88

02
19.7
.23

. ----- . . .

RAD1oAcnvlTT ●

Beta
(d/m/sampleXl@) (d/m/kaXIO+)

NDA o
0.26 7.0
0.92 10.1
0.28 a.8

NDA o
NDA o
L 1 7.a
0.1 6.9
0.07 79

NDA o
0.16 6.7

0.8s a.a
0.067 4.0
0.08 —

NDA o
NDA o
0.26 7.0

1.9 a. o
0.04 2.8

NDA o
0.05 —

● As detamind onhealsof VaOI standardsand empirical ecattaringand abmrption Oorrectiom
“COUOtedtn April-Msy 1966.

Cmllnla
(q/@ampleXl(r9 (dluVkgXl~

0.$2
0.11
0.82
0.026
0.019
NDA
1,7
0.la
0.027
0.la
0.8

1.7
0.4a
0.14

NDA
0.06
0.11

0.0
0.w

NDA
O.OD

10.s
8.a
a.6
0.26
0.14
0

12
7.7

80
26
1.8

14.7
86.7
—

o
10
a.a

0.8
1.0
0

—

.-

427792-S74

—.—-
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sail . . . .
3a27. . . .
6350-. . .
3951----
2364. . . .
3369----
3374----
3376----
3279-. . .
3a80----
SK3. -..
3364----
32s5. . . .
a337----
3346... -
3367----
SW----
a3sl----
S3QK---
33W-.
3320----
3327-.. .
3323-.. .
22W.-. .

1519
MU?
M41
1642
1622
1666
lW
M6Q
la
1615
1593
1674
1577
1672
1522
1636
1634
1617
Ilx)l
lbse
1636
1637
163s
M39

—

GROSS ACTIVITY

Table 14-Results of Analyses Performed at HASL
MARINE 0RGANfSM6

CHM.T;
8AUPLW0 Oaumu TK.8VE
hXAfiON A,c#-

Bon,qdoP------- 6ummn--------- En~---- 4--
_..do. .-.. .-... - Damsd.. ------- .-.--do ... . . 4-9-4%
Kab@e. ..-_._ Buttdy ------- -----do .. .. 4-%60
.-..do .. .-------- Damsel . . . . . . . . ---.. do----- 4-9+6

------------ s~n--------- -----~o ----- 4--
Sno-. . . . . . . . . . . . Butterfly ------- -.-. -do...-. 4-P-66
Enlwetak ------- IMunuOl--------- -.-.. ~o----- 4-9-64
_.-do ----------- EWr2ean--------- -----~0----- 4--
LMOp ---------- ButiY -------- -----dO ----- 4--
-.--do ----------- DanuEJ--------- ..-. -do----- 4-M!6
Utirik...-. -.-... 811r2wL------- -----do----- 4-W
_-do. .-.. ----- DalOsel--------- .-... do----- 4-9-60
_-do . ...-. ----- . . . ..do ---------- -----do. w...4- P-50
_..do ---------- 8orgeon--------- .--. -do.-.. - 4-9-66

wP-------- oO~------------ ----------- - 4+M
hJOn.._- . . .._ .._.do..._.. ___----------- - 4-l-
ihia.3t0k-------- --.--do ----------- ----------- . 4-10-W
L4k16p______ .-.-. do-------- ------------ . 4-10-M
Utlrlk...---... -----do... _._.- ------------ - 4-10-60
.-.-do .....-..-. ------ do.-. .._.-. ------------ - 4-10-66,

GeJeJl---------- - 8p~d=8~---- - En~--- --,
.-..do .. . .----- -- -_-do . .. . . . . . . - .-.--do---- - 4-22-60
.. ..do ---------- - Scombn SdJ- - _---do...- - 4-22-M
.-..do ...------- - --.--do .... . . ..-. - .-.--do---- - 4--

TOTAL
ACIWMT
w-

52zte.4
37* o

Lo8t
12L%a o
ma 9
96+.5.7
20s. 2
34+6.9
6144L2
11*K b
22+6.4
14&l
22447
1*6. O
35s7

310+22
205+20

~ls
<18

21S6
5’MHJO

21M%E29
K421O*
9300*120

dh%rrr

so.10
-----------

Imst
2.89. M

.. . . . . . . . . .
<t). .91
<0,16

. . . . . . . . . . .
---------- .
0.27A. 22
-----------
-----------
. . . . . . . ..-.
-------- ----

g. m

2.14.42
so. 4.5
so. 27

0.4s+0. 14
444),30
1.%to. 34
1.1A. 44
1.HA. bs

c~ln

(t/m/gram

-----------

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

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

13+0.48
4.o#.4s
a 4+1.5
7.1*1.1

Ca
gm.LM/

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

l-i021
.. . . . . . . . . .

.024

.023

.022

.022

.037

.015

.029

.033

.022
.. . . . . . . . . .

.81

.3s

.30

.26

.24

.01s

.0072

.OIW

.OU.5

-

17

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

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

........... --------
41A 1 23

. . . . . . . . . . . --------
<115 --------
~z 1 . . . . . . . .

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

46428 ti4
,----------- -------
.. . . . . . . . . . . --------
.. . . . . ..- . . . . . . . ..-.
.. . . . . . . . . . . --------
---------- - --------

So. 91 --------
4,1+0.55 1.b

<a Cs --------
go. 47 . -------

0.914. n 2a
110+9.s .s6
a-l .061
67M4 .0046
66+21 .016

(
I

i
I

I

I

.

W-lhte: Dataofcountmc.
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18 RADIOACTI~ CONTAMINATION OF AREAS IN THE PACIFIC OCEMS FROM NUCLEAR TEST

. . .,’
C. Soils

Graph 3 shows the general levels of activity
in the soils of Kabelle and Labaredj Islands of
Rongelap Atolls, aa reported by AFL.*

Tables 15, 16 and 17 report the activity in
different soils at dMerent depths for the Feb-
ruary 1955 survey,s and Table 18 for the Feb-
ruary 1956 survey 4 by NRDL.

Tables 19 and 20 show the analyses b:
HASL.6

The data clearly indicate the major portio]
of the activity is to be found in the top thre
inches of the soil. As suggested in chapter 111

Ce’A-Pr’u and Ru’W-Rh’@ make up much of th
fixed contamination in the soils&t periods of on
year and more after the fallout occurred.

.. ,”---- Table 1S—Beta Activity in Core Samples of Soil (NRDL) *

BX?A AcrrfrrY @-w@

Novo
Is-

4tb

NDA {0)
1s0

&z
I&Mm
23,coo
3,600

m, Olm
4,mo

10,SW
170

Zooo

btb

NDA
100

q%
Za,mo
19,Olm
2,O(I’J

1$CIYJ
&4m

10,000
la)

1,@Xl

Lst Sd Srl ml 7th
. —

Stb Oth
. —

Llkiep. _... _.________ . . . . . . . . . . . . .
Uufi --------------------------------------
Wwlap -----------------------------------
Busch.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ed=tik. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Labored .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
K8belle .- . . .._ . . . ..--. -... -- . . . . . . . . . . . . . .
L0mui181.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Oejen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lukuen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Blear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Eniwetak. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1
a
4
1
1
1
a
s
1
2
a
2

140
1,m
&boo

10,.sco
hi’,(CQ
Uom
43,000
Ix,flm
37,Om
3.5,000
Am

16,603

40

J%
7,lW

24,owl
33,000
30,000
4s,Ooo
87,000
40,000

740
7,600

40
240
b7U

g%
29,OcQ
10,000
mom
&coo

13,Om
w

3,000

--------- .. -. .-. ..
160 60
lW 200

. .. . . . . . . . . . . . . . . .
12,000 11,000

-.------ ..1---------
24 . . . . . . . . .

160 t
........- . ....... ..
.......... .........

.........
2,2W

;:
10,Om

100
1,100

......
1s0

...........

.........-,-----
------ ...........
-------
4,700

27
160

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

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

.......... .------ ..
100 . . . . . . . . .

[d NOde,~~b]~ @i~~.
“Cctlectiom made about February 1,195b. Data reported 82of March 1,1955.

Table 16-Summary of Beta Activity in Gross
Samples of Soil (NRDL) ●

Table 17—Beta Activity in Soil Samples Take]
From Exposed Soil Profiles (NRDL) *

BETA AmrvITT (IS+
f@#, DEPTH Or I

BETA Acrrvrrr f#+mlo/g), ISLAWD
DEPTE (m.)

Knbeue

92,O(KI
2,300

4(XJ
2,300

WI
70
70

NDA
60
40

Kabelb

97,c1
4’
1:
2’
1.
I

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

reLArrD NOMBEB
or SAMPIJM Rm@aP MM@ Ksbelle

— ——
Otolln. ltosln.

. . . . . ..- .-
&a
Wo
640

1,300
2,100

12,40U
90

240

0to1--------------
a--------------
6... _--_ -..._ . . .
o---------------
Lo-----------------
lo----------------
24.. . . . . . . . . . . . . . . .

lz, 400 130,m
1,WI m

110 950
140 770

NDA(*) led
70 lzo

. . . . . . . . . . 40

72,000
6,s00
1,700

130
40
70

100

‘-LMep ----------------------------
U**----------------------------
BoM*P -------------------------
Etibk -------------------------
L8baredj-- . . . . . . . ..-___ . . . . ..-
WMue ---------------------------
mom----------------------------
Bti-----------------------------
E~we@------------------------

1
4
6
2
3
6
1
1
1

w

a%J
4s,cmo
65,000
mom

.34s,Cm
S,400

u Coo

w.-------- .....---l ..........l-..--.---.l .........
36------------------------- . . . . . . . . . . . . . . . . . . .
40--------------------------- --.. . . . . . . . . . . . . . . .

. No detectableactivity.
“Colktioos made about February 1,lSb5. Data reported M of MaK

L Iosb.
‘Oollectlona mndeabout February 1,lllbb. Data reported es of March

1,WM.

. . ... . . .. ... . . . . . .. ,.>,----- .,- .... . .. ...-.’ ,.. .
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GROSS ACTIVITY

Beta Activity in Water and Soil Samples ● (NRDL)

19

Gejen Eniwetak Enlaetok ROI@SP Sifo Utirik Likiep

I WATERb (o/m/lit.ax 10T
SoUru

ckm .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------------ ------------ . .. NDA...

{

0.Oos ------------ NDA (*) ------------
------- . . . . --------- . . . ------- ----- . . . . . . ..- . . . 0.1, NDA

WeU--------------------------------------------------------- ----------- ------------ ------------ ------------ ------------ 0.q ------------
--------- .- --------- --- -------- ---- ------- ----- .. ----- . . . . . ND A ------------

O~n-------------------------------------------------------- NDA NDA O.M 0.06 0.09 NDA Q@
Lag~------------------------------------------------------- NDA NDA NDA NDA 0.0s o.Ou IJDA

XkfXh(in.)
SOILb (c/rnJkgx 10-9

&l----------------------------------------------------------- a470 34.8 6.43 7:00 4.97 4.42 NDA
12. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.70 ------------ ------------ ------------
18. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 0.w . . . . . . . . . . . . NDA . . . . . . . . . . . . . . . . . . . . . ..- ------------ ADA
%------------------------------------------------------------ . . . . . . . . . . . . NDA .. . . . . . . . . . . ------------ 0.04 0.51 ------------
s------------------------------------------------------------ 1.23 .. . . . . . . . . . . . . . . . . . . . . . . NDA ---------- ------------ ------------
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------------ ------------ ------------ ------------ ------------ ------------ NDA
M5--------------------------------------------------------- . . . . . . . . . . . . ------------ 0.07 . . . . . . . . . . . . . . . . . . . . . ..- ------------ ------------
@------------------------------------------------------------ -.-..---.-.- NDA . . . . . . . . . ..- ------------ NDA ------------ ------------
&m--------------------------------------------------------- . ----------- ------------ ------------ ------------ ------------ 0.m -----.-.-..-

AUcormtsweremrrectad forthemwMnge5cienW of6r~Y@.
Qro~&~titlti~ ofplmt~plm wxdetied hApfl19W andtiat ofwiland wa&rh Mayl9%. Colieotiondam: Fehuary1956.
NDA Indicatesno detectable activity.
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T
6432. . . . . . . tm5
24s3. . ..-. Ins
34al.-.... - 600
2549------- 819
364a.-._.. 814
2494. . . ..-. m
34132. ..__ 72s
64W-. . . . . . M?
3462-.- . . . . S42
also. .--... 76s
Sb29------ 762
ml.. ----- 662
3W6. . . ---- 676

GROSS ACTIVM’Y 21

Table 20-Results of AnaIyses Performed at HASL
sorL

c+h~”
8AXPUN0LOCATION

ACRVITT

E~tik ---------------------------------------------------- 4-21+s6
.---.do ------------------------------------------------------- 4-2146
.---do-------------------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-14-66

Wep . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 4-21-s6
-..-& ------------------------------------------------------- 4-21-M
E@weti --------------------------------------------------- 4-21-66
. . ..do .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-14-s6
-------------------------------------------------------- ~~
. . ..do ... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
uMk . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- +2121
. . ..do ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8uo--------------------------------------------------------- 4-21-56

..--do ------------------------------------------------------- 4-14-66

●C-Date: Dateofcormtlng.

Mtable34foreetJmate4 ofamilabkcdctnm endofSnnaMneUnlti.

,

‘ I
:%%TY dl%ln dt%%%Srm c%
d/m/gmm

— .

q. 42 ------------ . . . . . . . . . . . . . . . .
<~ 1.&M. 42 .. . . . . . . . ..- ----------------

20448 . . . . . . . . . . . . e+9 --------
<i2 <1).47 ------------ --.-. . . . . . . . . . . .
<~ 1.2+0.71 ------------ -------- --------
<61 <(J.a ------------ . . . . . . . . . . . . . . . .

afoo *92 WM. 4 . . . . . . . . . . . . 27 --------
1.cbkO.43------------ 0.s4 --------

69400#70164&lz24 163.%MI 2.4 2.2
<~ 3.4+0.72...... . .. ..- ----------------

IImkM2 49+1.8 ------------ 2.1 --------
<57 Sa 65 . . . . . . . . . . . . ----------------

628+7’9 2S*1. o . . . . . . . . . ..- Ld . . . . . . . .

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-2O7O

Table 21 suggests a relatively high ratio of volubility.
activity associated tith the filtrate. Eowever, Tables 18$21,2 and 22 * 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 EASL.6

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

(values expressedtn d/n@terM.95 counting error)

LAOOONW’ATES IELANDWATE’B

DATE ANOISLAND 1%.TE=D
Untreated TreAted UN+TEEEO

FIltre.te Rwldue

Ron@p Atoll:
7/16/54,KnWe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~*~ . . . . . . . . . . . . . . . ..G*iG---- ---;~;;- - -----------. . . . ..- -------
12/18/64,Rongelw --------------------------------------------------- ---------------- -------------
1/26-20/65,Esdeetok. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------------- 17mo*!2XDl# . . . . . . . ------ --------------

KaWe ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 3300*270U . . . . . . . . . . . . . . 4SWO*32W3**. . . . . . . . . . . . . . . . . . . . . . . . . ..-
Lab~ed .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6eoI*2000 . . . . . . . . . . . . . . 25000*z.mo## . . . . . . . . . . . . . . . . . . . . . . . . ..-

hmti . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 511?2*XW3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rom@aP.-.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56W*W30 . . . . . . . . . . . . . . 42JM*19CO” -------- . . . . . . .-- . . . . . . . . . . .

10/21-22/55,GWe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a501*lfmo 40+150 ---------------- -------------- . . . . . . . . . . . ..-
bb.dj . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6GO*16W 456*166 . . . . . . . . . . . . . .. . -------------- --------------

{

S40*120 alo+m3 76*17#
Rongelap. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . 19m*leJm 60+lm &300*140 43W*200 lmo*34”

IWO*36 350440 7649”””

AUlnSinm Atoll:
10/23/56,Etibuk . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1W3*14JY3 so*KtO 1400+91 sz)*140 a20*66#

“~om cista-nnear schoolhouse; #from well back of mbmmo-, . ““ground water; #standing water frommn, dmm, etc.; ●“Ofmm Ckt-emWth
mllaps%droof. Date o! armlysls: h’ovember 1S-20,1’J55.

I

I

\
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Table 22—Summq of Gross Beta Activity in Water (NRDL) *

I

I BETA AcrrvrTY OWmUUllter)

Ir3um

Idkier).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
UMk-------------------------------------------
Rongelep. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bti-------------------------------------------
E*tik ----------------------------------------
hbaredj... ------------------------------------
Ksbdle... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

tiw----------------------------------------

Bikar._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Etiweti ----------------------------------------

NDA *
60
so
36

460
7,700
%300

S!!Cl
87

WI

NDA
NDA

330
NDA

200
66
60

170
2s

Im

I I

.Nodetactable aetivIty.

Cistern

I

Well B8rrelI Tree Bole
ToP Bottom

12 . . . . . . . . . . . . NDA ------------ -----------
1,350 2s .. . . . . . . . . . . . . . . . . . . ..-

6% It Ooo 430 44?OO0. . . . . . . . ..-
. . . . . . . . . .- . . . . . . . . . . . . . . . . . . ..- --- . . . . . . . . .. . . 14coo

23,000 ------------ ------------ . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . ..- -- -------- ---- . . . . . . . . . . . . . . . . . . ..- . . . s, 100
--------- -- ---------- . . . . . . . . . . . ..- --------- --- . . . . . . . . . . .
. . . . . . . ---- ------------ ------------ . . . . . . . . . . . . . . . . . . . . . . .
--------- -- . . . . . . . . . . . . ---------- . . . . . . . . . ..- . . --------- . .
. . . . . . . . . . . ------------ . . . . . . . . . . . . ---------- . . ------------

‘Mwtimm~eaboutFe_l,19U. DatamPortadMofMarcbl,1956.

Table 23—Results of Analyses Performed at HASL

TEA8L NRDL
NUMBIB NUMBER

—.

SW..-.-.

s4so-----
s526...-..-
s527-------
S.ms-------
Swo..--..
3547.. . . . . .
MM.--.. . .
s4m._ . . . .
SOS..-----
S427------
St@------
S5m..-...
2.M6.-. --.
S4w.- .. . .
2461-----
8479.-- . .
3496.-----
S510._...-
s624.._..-
s545-__-

643
629
7s5
787
7ss
767
S30

1W3
lca6
1007

1022
1030

KM

1027
1024
1029
1031

WATER

I

C6-4..:”
6AWUN0 LOCATION TTPB

ACTIYITY

R04DP ----------------- Well orcist4rn ------------- 6-s-66
Enhetok------------- hna. . . . . . . . . . . . . . . . . . . . . . . . 6-s-66
Utm--------------------- Well.. . . . . . . . . . . . . . . . . . . . . . . S-S-36
-.. -do-------------------- ..-. -do-. . . . . . . . . . . . . . . . . . . . . b S-54
.--. -do . . . . . . . . . . . . . . . . . . . . clmrn..... . . ..- . . ..--. -... 6-s-56
. ..-do -------------------- Weu. . ... . . . . .-------------- 6- S-54
LikieP . . . . . . . . . . . . . . . . . . . . ..do. --- . . . . ..-. ..-. -.-... *S-56
Ro@ap ----------------- LOgrmn--------------------- 3-11+6
~hn..-.-----.-...----... -----do .---. . . . . . . . . . . . . . . . . . 6-11-66
Enbtik- .. . . . . . ---------- .--. -do---------------------- 6-11-s6
Eniwetsk ----------------- . . ..-do ---------------------- -11+
Sue----------------------- . . . ..do ---------------------- 3-11-66
Utlrik._ .. . --------------- . . ..-do ---------------------- 6-11-M
LWOD-------------------- -... -do. --- . . . . ..- . . ..-. ----- 5-11-66
Ronmhp. .-.-- . . . . ..--... ocean... . . . . ..-. -... -------- 6+-56
hen--------------------- . ..--do. --- . . . . . . ..- . . . ..-.-. 6-11*
Enhtok ------------------ .--. -do---------------------- 6-11-66
Eniwetak . . . . . ------------ ---. -do-. .-. . . . . . . . . . . . . . . . . . 6-11-66
Sue----------------------- ---.. do.. .-. . . . . . . . . . . . . . . . . . 6-11-66
Utlrlk.-.. .-- . . . . . . . . . . . . . .--..do. ..-- . . . -------------- 5-11-66
Lam-------------------- .----do . . . . . . . . . . . . . . . . . . . . . . 6-11-66

.9%*5

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

16,(
---------
----------
.. . . . . . . . .

k3a3+s2

37*15
M*M

18*6

lb%t32 S!30+21 81U!AI 24
660+22 .. . . ---- 130+12 -------- -----

520 . . . . . . . . 44*5. 2 . . ..--.. -----
SIQ ..-.-... 35+16 . . ..-..- . . ..-

43m . .. . . . . . 49+18 . . . . . . . . -----
2S*20 . . . . . ..- 27+4.6 -------- -----

>m . . . . . . . . 34*13 . . ..-.. - -----
.926 . .. . . . . . 36*6. 4 . . . . . . . . . . . . .
~n . . . . ..-. . . . . . . . . . . -------- . . ..-
Sm . .. . . . . . 22+16 -------- . . . . .
>19 . ..-..-. 32&6.4 -------- . . ..-
52) . . . . . . . . 24*O -------- . . ..-
519 -------- . . . . . . . . . . -------- -----
523 . . . . . . . . 81*O -------- -----

49*18 .. . . . . . . 34322 -------- -----
>18 . . . . . . . . . . . . . . . . . . -------- . . . . .
523 .. . . . . . . 394s2.2 . . . . . . . . . . . . .

2.5*IO . . . . . ..- . . . . . . . . . . . ------- . . . . .
519 . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.
Fn .-- . . . . . 41+2.2 . . . . . . . . . . . . .

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

●GDste: DIItaofoonntlo&
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CHAPTER Ill

Radiochemical Analyses

,)
+
7.i

/-= ,-. Tables 24 and 25 show the radiochemical
,- .. analyses made by AFL for the 1954–55 sur-

-!,. veys,2 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 radiochem.hd
analyses made by NRDL for the February 1955
survey,8 and Tables 30, 31, 32, and 33 for the
February 1956 survey? Table 34 shows ~di-.
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 tams of a potential biological hazard the
strontium-90 activity is of most interest. At
one year post detonation NRDL reports:
16

. . . In muscle and viscera samples of the
animals from Rongelap, Utirik, and Rongerik,
SP contributes approximately 0.5 percent of
the total beta activity. Sr% iS present b an
approximately 1:1 ratio with SPe. Since the
Hunter and Ballou calculations indicate that
S#’ and S+ each contribute about 2 percent
of the total beta activity at one year after fis-
sion, there does not appear to be any fractiona-
tion of radiostrontiu.m into the soft tissues.
As expected, most of the internally deposited
radioactivity- was found in the skeleton.

“Tissues of a few marine specimen were
analyzed for CS137(37-year half-life)* since this
nuclide was present in high concentrations in
water and coconut milk from this area. The

tissues of the rooster and of the coconut crab
contain signi&ant amounts of Cs’s7. A very

high fraction of CS’37activity was noted in the

“Newest estinmtes2ndicateZ7.7-year 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 n few percent of the total beta activity.
Rul~-Rhl~ and ZrQB-Nb” contributed the brg@

percentage of the total beta activity.”

The AFL reports:
(1

. . . The S# values for food plants, except
wwnuts, collected in October 1955 approxi-
mate the theoretical proportion of mixed fission
products activity’2 at 1.7 y+=% 4 percent.
Coconuts contained 0.1 percent Sfl with appro-
priate correction for time of collection. . . .

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

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

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

The two-year survey by NRDL continues to

indicate the high percentage of Zna in fish.

“See Section IV.

!23
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24 RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

accounted for the major portion of the activity.
(The ability of clams to concentrate Coa sele~
tively was verified by laboratory experiments.)

Table z 5—Srw in Biological and Lagoon Bottom
Samples from Rongelap Atoll, October 1955

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

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

hSamples, December 1954-January 1955 ( L) (Al?E)
—

TOTAL
SAMYLE Aw?arPzacmmATAo; TOTAL

IsLLrm

r&144

pylu

.lrd#,
Aw.
1066”

0.0
71.
0.0

!2s.
L o

Lb
0.0
%
26.
0.6

<0.4
<0.2

0.7
3.7
1.0

Sr. S@

Jrme-Julu

c.+

Coconutmeat------------------- 110
Pandanus fruit ------------------ 1s0
Mortnda tit------------------- 47
Arrowroot corm.---. . . . . . . . . . . . . 40
Cooonut emb muaele---------- 440
Cowmut orab Uver-------------- I,am
Coconut crab .qah of eampaee..- . . . . . . . . . . .
Coeanutmab cuticleof mmpnce. ------------
Qiaot clam mantle and mosele.. 1,700
(Heat darn Honey------------ l!,200
Bonito muscle.. ---------------- Ml
Bonito ~ver --------------------- 1,700
Bonito bme--.-.-..--..------.-. 300
Qronper muscle----------------- 31
Cirouperllver ------------------- 6,660
0mtf3sb made ----------------- 42
Tern m~cle -------------------- 01
Lemon bottom. )

o
21
46
5.2
20

M.
30.0
29.0

0
0
0

<0.:
0
0
0
0

. .. Rongelap...

LabnredJ.. .
Kabelle-----

Lubaredj. . .

Do . . . . .

KabeUe.._.

LabaredL. .
Eabelle___

ML
Oct.

1s66”
81.
0.0

72
0.0

67.

0.0
76.
0.0
0.0
4.s

26.
7s.

no.
6s.
51.

Rongelep Atoll:
oejen . . . .._-
Kabdle. . . . . .

14
<0.1
. . . . .
. . . . .
. . . . .
0.S6

0.0
<0.5
0,0
0.0
0.0

0.0
0.0
>0.1
M. 1
>0.1

;.
:0.1
-----
-----
. ..-.
4s

0.0
:0.5
0.0
0.0
0.0

0.0
0.0
La
25
LS

31eoconntmilk-----
87Clitderpo-.. . . . . . .
33eoeonutmilk-----
3SHdirrwdo.. . . . . . . .
39oxonut crab

mrrwle.
41mullet mtuele-...
2Dme0nntmilk. -..
42te.rnbone._....-.
43tern bone.-... -..
40do~oth tans

mnscle.
27meonnt mmt.-...
23cmmnntmilk. -..
32Pandannz fruit-..
34~paya meat. . . . .
32squti meat.-----

Ldaredj.....

Meek. . . . . . .

Raogelsp...-

“}
{epth of water 6’, Top ~ch- - q Ooo

‘on ‘w 7th inch.. %, m
particles>0.074
mmdiameter.

0.73
0.71

●DWS of analysls. ●Wet weight bxiz exceptlagoonbottom which IZon adry weight bzslz.

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

Counted September 4, 1968 (AFL)

TO?AL CALHUM
PUNY

WNWNVB
TrL90s ISLAND @ACYWllY dl~~wet g/gwet .

dlmlg wet
sree:&a

%&!?&i’.

BreadfnM ....--. . . . . . . . . . . . . . Ma---------------------- Rongekp -----------------
Mor~da --------------------- PtdP and seed------------- ..---do ---------------------
Pand’+us -------------------- Sd---------------------- -----do ---------------------
ko-t -------------------- PtiP and SkiU.-.. . . ..-..-. .--.. do---------------------
Comnut ---------------------- Mm---------------------- ---. -do---------------------

Do----------------------- Mat---------------------- -----do ---------------------
Do----------------------- Mil!.. --._. __.. ------- =Mue. ..-. --------------
Do_. -._. -. . . . ..-- . . . ..- Mint ---------------------- ----do ---------------------

420
m. 4
79.7

109
262
646
2&9

149

0.32+3.03
3.1+0.1
2.2+0.6
2.5+0.6
o
0
0
0

0.imcms .5wkm
0.00136 694+0
o.Onm 130+44
o.W323 294*3U

1.77+0.10
a6s4A22
0.7&to.06
1.4s+0.0s

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

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

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

— -#. - -.. ------- -------- -, . ..-. ._,., .—.



RADIOCHEMICAL ANALYSES 25

Table 27—Radiostrontiurn in Land Hermit Crabs (Ceno&t~ s#.) Collected at Rongelap Atoll July
23-24, 1956 (AFL)

Radioactivit~ aa of Couttii~ Date, September 10, 1966

I

I I

TOTAL
SPZCIMZN NUMBER TISSUE L+L&m g?Acrlv’rrr

d/nUgwet

1+9 . . . . . . ------------------- Liver --------------------- Kablle -------------------
Do----------------------- Muscle.. .--------------- .--.. do---------------------
Do----------------------- 6ke1e@n------------------ -. . ..do ---------------------

1+-------------------------- Llvw --------------------- ---.. do--------------------
Do . . . . ..- . . . ..-- . . ..-..-. Made -------------------- ---.. do---------------------
Do._ . . ..- . . ------------- Skelebn ------------------ .-.--do ---------------------

1+1-------------------------- Mmda -------------------- . . . ..do --------------------
Do----------------------- Skdeton ------------------ . . . ..do ---------------------

1+2-------------------------- . . ..-do .. .. . . .._--. ._--... Rongelap -----------------

242
4s4

6,Uo
633

~%
444

5,W
a,900

42+2
62+22

2466+9
47*14
24+6

131O*3
So+6

2120+13)
1310+5

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

c;gAm&l “suNBEEiE
UNITS” S#:&to

0.00804 6256H31
0.00226 S%U*311O
0.200 5316+19
O.Ci?718 3116s46
o.m!z?a 491O+117O
0.202 2WU+7
0.00919 5W882
0.189 4446+168
0.177 22W+14

I

I PZXENTAGE or TOTAL ACTIVITYOBSEX’~D~

MATERIAL

&tr
I

Arrowroot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,a
Breadfruit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ● NDA
Crnmmtfrond. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . L 2
COcunutmeat.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NDA
Coconut milk. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NDA
Clrass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . L 3
Pandanus... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o. s
pODaYO. . . . . . . . . ..- . . .._. .-. __ . . . . . . . . . . . 1.6
coral . . . . . . . . . . . . . . . . . . . . ..-.. -- . . ..-.. .-- . . . . 3.2
60ti. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.8
Lagoon bottom. . . . . . . . . . . . . . . . . . . . . . . . . . ----- 1.1
C,stem water. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.9
Ground utter .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.8
Lagoon wuter- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.9

.-

b.9
6.3
5.0

KDA
NDA

46
2.4
7.3

14
2.2
6.0
8.6
2.5
4.0

RADIormcfaDrr8

3.0
30
80
1.2
0.9

74
1.2

37
67
73
82
41
49
76

0.6
19
4.2

NDA
NDA

6.4
0.2

31
10
0.1
0.2

24
20
9.7

Ru100b

7.8
NDA

6.7
NDA
NDA

4.8
0.6

12
4.5

22.3
13
20
16
7.a

80
24
1.6

95
96
8.4

95
11
1.1
1.1

NDA
13
‘$.2
0.8

●Values as of 15Jrdy 1955(16mos after the nucleardetonation). bNWJand Rhlo$may recalculated
from the reported parent values. ● h’o detectable activity.

1.6ML3
ao
o.24+0.02
36 +1.6
2.4 M. 76
0.6S4KL16
0.71*.05
o.S2+o.04
0.4s+6. 14

“t
1
1

“Collectlone rnsde about Febraury 1, 1955.

1-.
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Table 29-Radiochemical Analysis of Fish and Chicken (NRDL) ●

.,. , ,., .

LmAND FISH

~
r. ..-

.

.. ;”-----

RowdaP AM

IPe18rgic-_.- . . . . . . . . . . . . . .
ape-------------------

Bongelap Lagoon
{
Flat ah.. _..-. -----------

(Cmnatmb ... .. . . . .

{

Spider ~fl---------------------------
Of@ . . ..do --------------------------------

Red eye we--------------------------
Latmredj Killer dam . . ..-- . . . . . ------------

RongelOp Roosted. . . . ..- . . ..-_ -. . . . . . -----

Vtirik Aloli

{
ml------------------------------------

‘w Butterfly ti...--..-.-...---.. --.----,

ROnaeritA!oll

Enkwetak M~et ----------------------------

ygf
WIJET

TrSaut ACTIVITY
(d/mx 10+

t I

{

viscem.._-...
Ea2 roll...--------

Musoel------

{
Muscle--------

“ vk?ner8-------

I~m Muscle.. . . . . . .
viscera.. . .. . . .

B Total ik%iy .. .
11 . . . ..do ... . . . . . .
30 . ...-do ... . . ..-.

220 ..-.. do..-------

[

Muscle. ..--...
vi5cem.._-...

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

M Total bOdy.._
Mb ._-do ..--------

{

~
vksoem..__..
Muscle.._..-.

52
a

m
40

bss
175
225

1204
432
29
60
11
23
7

12
101

1
7

7
lW

PXIWENTAGEor TOTALBETAACaTVITY

1.:
0.4
0.:
0.f
0.1
0.:
0.i
0.1
0.1
L 1
0.2

. . ---- -
0.6
20
1.3
0.2

1.1
..---.-

a8
0.2

1.0
0.3
0.2
0.6
0.1
0.2
0.6
0.1

bNDA
0.8
0.2

.. . . . . . . .
0,5
L 6
1.0
0.2

0.9

a.:
a.:

(’)
b. t

18
L 2
1.c
7.f
1.9
1.f
2!
2

14
4

bl
1.4

11
--------- ---------

......... &2
0.2 so

@J7

--i

Ru1& ~
Rhl@

—

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

-.....l-----ii-P”-
---.----.
------------------ -----

2 x . . . . . . . . ------
-------.. ........- . ----
--------- ~a

Lo ..--..---- ----
--------- ---------- ----

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

1.0 ---------- -----

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

--------- ---------- -----
0.04 ---------- ----

. No data taken. b No detectableactivity.
●CoWetlons made abont Fetwoary 1, 19b3. Data I’4Po?W as of Armil KM&

—.. .. . .. ..- . . . . . . . - ., -.. . . . . . . .--. ..,. . ..—~---. . ..... . . ... ..., . . . .. . .
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Table 30-Radiochemical AnaIysis of Biological Specimens from Rongelap Atoll (NRDL)

I.u.nm, 8AMPLENo., m 8AMTLE
Wlw

WXIGE!
(.@

TIMVE

-~
.i-
.,

,

-.

,,

RmgdqI Idmd

1602C,Goat dab-. ._.. __.-.. _..
NDA ●...-
11*1.7.._
240______
0.68.-...”..
NDA . .. . .
230_... _-
2.5--------
0.34+0.26..
m--------
NDA . . . . .
D.46+3.7e..
190-------
NDA.._-
2.4#.6e...
2090-. . . . . .
77___ .
B2.s+o.w.-
7270.. . . . .
26---------
ND A-----
27---------
0.12+0.07..
15---------
1.2S+0,18..
26.--------
Osa------

4.1-------
NDA----
ba..-.--...
2.4--------
0.53+3.76..
390--------
19.. . . . . . . .
3.cHAl.26...
440-------
Uo-------
7.%0.94..
330--------
NDA-----
o.7&a17_
5s0--------
b______
13.7+1.0...
1870-. . ..-.
3.9--------
0.35+0.44..
lao-------
3,7-- . . .._
0.87S.52..
1670_._..
ND A.._.
2.6+lm_-
820--------
se---------
L.3Ma84..
moo-------

0
7.8

SB
0.14
0

S9.3
IZ.6
L 7

96.8
0
0.4

90.6
0
au

6a.4
26
2.7

ml
20
0

49
0.2

so
L 7
7.4

lt 6

42
0

54.2
2.4
0.5

92.7
7.9
L2

la)
44
2.9

S4.2
o
L o

97
a7
2

7Q.8
4.7
0.7

68
0.4
0.1

so
o
aa

92
lZ8
0,8

91,6

Bane_._. . . . . . . . . 2s S60

37./

837

m

74s

1666

320

224a

2900

.. .. ----

86

w

1s42

2U8

1680

K103

42s

mm

11430

224

L b

4.9

0.2

L 1

20

al

L a

a 76

0.7b

8.6

0.96

1

2.4

2.7

0.n

7.0

0.aa

&b

‘5

4..s

217

2.9

2.4

21

23

S2

2.1

X8

0.43

3.1

am

4.1

4.4

aa

6

23.4

2.7

20.9

&8

IL 9

.5S74411

o

43+84

mwma

14642

M38+41

o

?&I

26+8

o

0

24444

72*B

14748

22+4

~

6s4$3

W8

16+5

276448

1[

2f

S7

vkOmm.._._ . . ..-

] skin ----------

Muscle .- . . .._..-

‘1

1603,mm h -------------------- soft tf8sne. . .._.-- Mlm

m

79

b7

76

114

-,

1613,Killer okn- --.-.--.-.---.--.-- .__do ____ . . . . . .

MHJA,Lan@xta lobsti _.___ ..--.--. do.. --.. -...--..,

16WC,Red eye 66b__________ -...-do.- . .. . ---------

lbzoD, W spotted aab_______ .--..do--..-------..-.

M26B, Ooamnt rob_. _..__ . . --.--do ---------------

Ka6elltL4an&

1538,SMppa llab_.._.._..___- Muscle._.- . . . . .._. 2s1

Sn

lU

8H11.-.-.. _...-..

Bone----------------

viscarn.-._.____.

Whole -- . . .._..-_.

Bone--------------

(OR----------------

Head___________

vi9cam_________

soft tisme.... . . . . . . .

I
.-------

176

44

66

184a,Qroupu nab-. ____ . . .._-.

1644,Pnmlt m--------------------

m

25a

271727,H&met QalL_ .. . . . . ..___..

,4
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Table sO-RadiOAemiml Analysis of Biological Specimens from Ronzela~ Atoll ~L)--Con—

WET
Tuwm WBX13ET

(3)

—

CA (mgl

mso

1315

3270

120

-------- -

402

Zlm

Km)

‘7x3

175

-. .

BETA

k=

66

1.0

6.b

6.4

6.1

1.7

1.8

1.a

la 7

102

INUCLIOE PE8CEN
ACTIVITY
(M@am- T~;AL
P1ex 10+ AcmvrT
—.

suN-
mnm
7mra ●

ISLAND,8AX?LENo,, ANDSAMPLE

Q@n Idand

1621,Smpper fish.. . . . ..---. ..-_..

fuaml

I I
I

R.E.
B@

R.E.
se

R.E.
s~w
z~u

R.E.
s~m
Znel

R.E.
s~m
z~u

R.E.
z~el

R.E.
S*
Z=u

R.E.
se

RUIW

R.E.
s~le

R.E.
8rN

NDA----
1.65+2.4...
NDA..._
0.6854.4s..
NDA-----
1.5+6.44...
M40...---
3.6-------
0.22+6.25..
lm-------
ll--------
1244.22...
1480-. . .._
NDA . . ..-
210--------
13.3-------
1.7+3.s2...
Ww-------
0.8. . . .._-
4.72+6.59..
260-------
KIO. . . . . . .
5.2s+6.47-.
l12w. . . ..-
1.95+6.KL.

0
0.2
0
0.7
0
0.3

m
0.7
0.04

25
L 8
0.2

92
0

m
7.4
0.1

20
0.e
2.0

19.2
65
0.3

116
0.02

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

skin --------------

219

72

172

611

87

2s

Me

46

w

56

—

247

11.s

M.7

16.8

15.9

2.1

77.9

2.3

18

63

2s42

2446

21+6

*23

o

0

2&k18

Ns+3s

B@+w

212*821

.!

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

Mude -------------.’; ---,.

viscer&.._-- . . . ..-.

mfl----------------

Whole -_._. __...

Saft t15srle_... -----

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

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

1620,fhuper fish... . .._.. .__-..

1629,Sand aab . . . . . . . . . . . . .._.._

1627,Spidar mail _ .. . . .._.. ___

1628,Spider unnail._._ . . . . . .._._.
II

~SlmshkleUnit-o.ml * arqlg c& bR. E.. Rare Earth @Ollp.
Dab of dhetlon: February 1956. Data of muntlug: April-May 1266.

● NDA = NO Detectable Aetivit y.

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

RELATIVECOimcm’rxoN(perc=mt)

sounc~
No. 0?

PAW SAMPLES
AVEB,AOKD

Bfl R~lM
T&J

Earths

82.2
17.8
1.I
0.05
0.4
0.2

W.6
22

13.3
10.3
16,8
82.9

82.s

64.4
100
94.5

Wo

c#N

4s.9
72.8
2a2
28.9
w. 6
W.6
8.3

026
727
8a9
76.4
11,7

0.24

. . . . . . . .

.. . . ..- . .

.-- . . . . . .

PLANTE
Porblfam . . . . . . . . . . . . . . Whole . . . . . . . . . . . . . . . . . . . . . 1
Pnpsy8 . . . . . . . ..-_... - Mt . . ..-- . . . . . ..--- . . . ..-.

[

1
Hmk-. . . . . . . . . . . . . . . . . . . . . 8
Meat. .-. -_ . . . ..-. .-_..._ 2

C@nut. ..-- . . . . ..-.. -. Shell. . . . . . . . . . . . . . . . . . . . . . . 2
Mifk . . . . . . . . . . . . . . . . . . . . . . I
1.e8ves. . . . . . . . .. . . . . . . . . . . . 2

I

Keys. -.- . . . . ..--. . . . . . . . . . . . 2
Pfmdamu._._ .. . . . ..-. Leaves. . . . . . . . . . . . . . . . . . . . . 2

Airmot . . . . . . . . . . . . . . . . . . . . 2

11.s . . . . . . . .
26 ..... . . .
0.7 . . . . . . . .
1.0 . . ------
0,1 . . . . . . . .
0,2 . . . . . . . .
0.4 6.1
& 6 . . . . ..-.
5.1 8.9
0.8 . . . . . ..-
1.0 6.8
2.0 1.4

5.6 10.0

25.6 . . ..-.-.
0 . . ----- .
& 6 . . . . . . . .
0 . . . . ----

.-

11
‘Tok. ..................... i

‘iowrmt”------””----- 1.4aves--. . . . . . . . . . . . . . . . .. 1
Som

Deptb, o-l fn. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
WATER

Cist4m. -..--. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Wl?l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
L0200n. . .._- . . . ..-...- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Ooeml--- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 2

Data of collection: February 1S66. Date of oom~ Aprfl-M8~ 1956,

-... ., .-,,. .. . . -. . -r,-- — .-
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Table 32—Sunshine Units of Plant Samples

SAMPLE IBLAND

1{Pertaka .... . . . . .. . . –..--. :::y;:::::::::::::::

Papsm ---------------------- RonselaP ---------------

{

Rongel.sp.-._. _...._.
f%crmat hack--------------- Enlaetok..- . . . . . . . . -----

&*-------------------

{

Rangelap. . -------------
CaeOnatme8t-._ . . . ______ Eniaetok----------------

@jm . . ..- . . ..-- . . . -----

{

Eaiaetak . . . . . . . . . . . . . . . .

Cocoaat rdrelf--------------- ..-.do. . . . . . . . . . . . . . . . . .
Gejea. . . . . . . . . . . . . . . . .

Occanat milk . . ..- . . -------- Oejen. . . . . . . . . . . . . . . . . . .

II
Eniwetak .-.. .-.. -.. -...

-ntl*vm . . . ..-. -..-... ~me.-------- - ----- ..-
Coconat, whole. .._. -------- -Gejea....- . . . -----------

[

Erdset.ok...-. . . . . . . . . . .
&rowrwt taber_ . . . . . . ----- Blfo-. . . . . . . . . . . . . .. . . . .

&jm-------------------
&rm-rOOt leavw nlldstalks_ @jet -------------------

1{
PAlldaaaskeya_. . .._ .. ---- :~o~::-:-::::;; -:::::..-

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

PW*M1*VW..-- . . . . . ---- ~jm-------------------

{

Enlaetok..- . . . . . . . . .._.
Paadaauaafrroot . ..-...-_. ~jm ------e-----~-b--.

3AW’LE
Ah&i?

223
22

240
m
23

260
460
lea
llxl
90

120
S6

140
56
66

Im
205
2s0
102
M

1s0
215
10
32
46
so

!ALIXUM
ONTENI
(W)

17s
29s
3ss
162
5s
47
2s
40
m
16
8

22
20
69

163
19.5
1140
283
114
2s6
S6

124
66
42
23
14

DMeofaMectioa: Febru8ry10bS. Dataofmuatiag AprU-MaylU56.

Table 33—Sunshine Units ofWater Samples

I

CAUXVM
SAHPLX Lm.AND IN Lmm

(mg)

{1mtaa------ R’-&y’------”-........-

{

..-do--. . . . . . . .
wen.__ . .. . ..- .._-do--_._...

Enieetak_ . . .._

{

Roagelep -------
Omarl-. . . . . . . . . utirik_ .. .._.._

E~wetak.-_...

{

Roagehp.. -...
LBgwn -------- Eaiwetak----

utirik...--------

4s
a
a!
a)

2.3m
252
w
4CQ
466
137
441

—

‘%?’

11G1O
26+14
S9+10
NDA
NDA
NDA
NDA
NDA

lm+l?41
NDA

2414+lfd

sm~
uNrre (2.2
/mslWg C8)

1.1XIO%230
147*104
201* 64

0
0
0
0
0

1ss+ 68
0

m*15Q

NDA indicatesno detectableactivity.
Datmof mllection: February 1966. Date of cormting: April-M8y 1954.

NfKO+loo
62s04a06
240s6
340*ZJ
160+24
4X)*M
11O*
1s+29
25*22
26*18
NDA
NDA

41*21
197*27

NDA
167*22
2b&k2d
73*16

lfl&t2.5
2W+44

1*60
4!aM4
460+41

NDA
!al+S2

m+n

29

d

luNamNEUlerre
12d/mS+lg C8)

2.6s x lokk250
6140+133
222*4t
960+76

1200+190
4of&t240
lsol+eso
2oo*2m
S35*520
7cd+K!o

o
0

966*600
lam*260

o
s600*5m
loa*lo
S6#9

7S0+140
MO*L?4

6SO04Z2S0
1400M60
Sxo*a@l

o
s90+a50

23SWS40

Table 34-Sunshine Units of Marshall Island

ImAND

utmk -----

oeJen...-

Lik.lep. . . . .
Eniwetok..

Rongelsp-.
sifO--------

Eaiaetok..

Soils (NRDL)

SorLTYPE SsW&

Small emd-like 8*L !
parttck

L6rgee0rdpar. 1ss6+!40
tides.

Lo8my .. .._._- 11+2
Small eand-like 6244

mi01e9 and
lmsm.

L.Omny... ..__- 234+4
8mali sand-like 25+3

partichs.
.. ..do ---------- 4caU=ll

Ex-
:EANOE-
ABL.E sPNemNBUmm

:AIAXOM
y!

L 9 66&t320

1.4 I32X1OYA8XW

U. 3 420+60
46 a IXU314K3

12.7 .9.4XW*150
.8 1.9XW*L 7XU%

.9 1.9X1*K.4XW
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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,
25th, 33rd, and 51st-53rd days and then
sacficed. 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 SPQ,
7 percent BaL4, and 10 percent rare earth
group. However, it was reported that
11. . . In the 6 months period post detona-
tion neither significant gross changes nor

pathological changes which could be definitely
ascribed to radiation were detected in any of
the animals.” 6

Table 39 shows the activity of a rooster and
rats collected 2 years post detonation.’ 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.

-.

I
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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 ACTIVfTY-D/M/TOTAL SAMPLE

SAMPLE

PiK #24(25.8kmn):
Skeleton (tori) -------------------- SS90
Liver . . . . . . . . . . . . ------------------- 31
Colon and wntenti ----------------- 12
Lung (alveok)-------------------- 1.5
Stoniach --------------------------- 1.2
Intestine (ski) ------------------- Z3
Kidney ---------------------------- 3.3
Re!nainhls tfiuw ------------------ 690

Toti ----------------------------- S630
Urine sample, 24ha--------------- 13

Pis;#Z5(22.7ktmn):
Skeleton (@M) -------------------- SMlo
Live .. . . . . . . . ---------------------- 27
Colon and con&nts._..--- . . . . . . . . . 16
LU (dvmh).-------..-.----...- 1.1
Sm=ch --------------------------- 20
fnt-estine(-)------------------- Z6
~tiey ---------------------------- 3.1
Remakningtow------------------ Z2rl

Total . . . . . ---------------------- SS70
Urine mmple, 24hY9._ .-._ -....._ 6.2

SVMMAB7

&n
(x 10-$)

6W
0.40
5.0
0.22
0.22
0.62
0.21

3667
8.7

5100
0.33
5.0
0.26
0.29
0.S3
0.14

. . . . . . . . . .

6107
44

w
0.33
2.4
0.m
1.1
0.50
0.42

.. . . . . . . . . .

665
1.2

630
0.20
3.2
0.m
0.13
0.Ss
0.19

.. . . . . . . . .

&34
0.40

QBOSSBETA ACTITITY 6KELBTQN ‘&A.yL

SRU. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62.0 65.0
~ala ------------------------------------------------ 6.8 6,5
I&re Etih. .-.. .-. ---. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.7 9.0

70.5 ‘n. 5

All values corrected for deesy.

TJIAT;;

EABTH
(x lo+)

1010
6.4
3.2
0.8
1.3
0.61
0.74

. . . . . . . . . .

ma)
1.6

6s0
5.5
4.9
0,33
0.30
0.S9
0.62

-----------

702
0.M

UBmii
(24HES.)

69.0
7.0

10.5

87.4

——.—_
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36 RMMOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

Table 38—Beta and Gamma Activity of Chickens From Rongelap (pc x 10~)

HEN #l H~?.r& HEN #39

Day of death”” ------------------- Day 22 Day 23 Day 74

Day tiymd”-.-- . . . . . . ..-- . . ..- DIAY24 Day 24 Day 79

Tieme Beta Gamma Beta Gamma Beta Oamma

Tibia ..._-. . . . . . . . . . . . . . . . . . . . . . . 7Wo 8854 SIBO 4610 X42 695
Skeleton-..-. -..-. -- . . . . . . . . . . 1103065800 11’soil 66900 Iwo Wo
User ----------------------------- 119 21 352 271 12 72
Guard ._.. --------------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 17
Glazard (ermtent)...--. ..--. . . . . . . . . . . . ------ ---------------- 0.93 —
orop. -..._ ..- ------------------- ---------------- ---------------- 0.42 6.0
Int#.fne (L) andoont.ds-------- ---------------- ---------------- 0.63 10.0
Intestine (8) anrJcontents-------- ---------------- ---------------- Lo 40
Prom ------------------------- ---------------- ---------------- 0,16 —
aplm --------------------------- ---------------- ---------------- ––
may --------------------------- lea 46 ---------------- L 17 9.0
Lunge (Alveoli) . . . . . . . . . . . . . . . . . 17 28 026 0.57 4.0
Trachea.. _...- . . . . . . . . . . . . . . . . . . ------------- --- ------------- --- 0.24 20
Turblnatee--.---- . . . . . . . . . . . . ..-. ---------------- ---------------- 387 19

I

HZN #36

Day 97

Day 107

Beta Qnrnme

253
%70

34
‘7.o
—

20
a.o
3.0

1.0
9.0
20
L o

m

HEN #35

Day 121

Day 122

Beta @Arnrna

215.6 69
3120 %50

32 33
8.5 7.6
1.4 —
7.0 —
6.3 —

—
—.
——

142 10.0
L4 4.6

10.7 3.7
15.3 7.6

HEN#7 ] HEN#24

Day 133 Day 159

Day 140 Day 159

Beta Gamma Beta Oamma

41.3 31.3 2a2 &1
m “454 427 ●117.6
17.7 13.5 10.7 1..s

10.3 7.9 3.6 0.6
7.5 L2 o 0.3

122 e.3 46 0
14.0 10.7 8.9 0.a
8.4 64 . . . . . . . . . . . . . . . .
—— 0.75 0
-— 0.26 –

14.9 124 0.79 0.23
5.6 43 16.8 0.33
0.9 0.2 ——
—— _—

●cakulated osirw ratioofgamma activityskeletonltibla ‘“Day poet detonation.

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

SAM- No. OF
BAMPLE9

Rooster. . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Skeleton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Muscle. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ga5trointeatinaltract. . . . . . . . . . . . . . . . . . . .
Liver . . ..-----. . . . . . . . . . . . . . . . . . . . . . . . . . .
Respiratory tract . . . . . . . . . . . . . . . . . . . . . . . .

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Skeleton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Head. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Muscle ---- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gastrointestinaltract . . . . . ---- . . . . . . . . . . .
Lever. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Re@ratorytract..- . . . . . . . . . . . . . . . . . . . . .

Totdactivity .. ..-.-+ . . . . . . .. . .

I RADIOACTIVITY*

(a) I -— 11—

2,250 . . . . . . . . . . . ..- -------------- . ------------- . . . -----------
6m 52 93 101 181

1,030 5.1 4.9 6.9 &6
185 0.8 4.3 1.6 a7
192 2.4 12.5 9.4 49.0
32 0.2 8.7 0.4 17.4

. . . . . . . . . . ea.6 . . . . . . . . . . . . . . 119.3 .. . . . . . . . . . . . .
—

62.9 -------------- -------------- -------------- --------------
41 0.73 17U 0.15 35.5
& 4 0.lb 36 0.1 18

39 0.02 7.6 0.04 10.2
10 0.32 320 0.27 27
3.6 0.08 21,7 0.06 15.6
0.5 0.03 62.0 0,02 3&o

1.34 . . . . . . . . . . . . . . 0.64 .. . . . . . . . . . ..-

● ALIdetermined on baalsof U1OOstandwds and empirical scatteringand absorption 00rrectlou
‘Date of collection: February 1956. Date of eormtlng: Apr-Mey l@56.
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Table 40-Analysis of Rats and a Rooster Collected on Island of Rongelap

February 1966 ●

8PEUMXN I WET
WEIGHT

I&t:
1616Cercassb---------------------- 44.7
1516CCw-.----.-..--...-.----.. ea6
1S17CCam---------------------- S23

RoostOr
1610From ------------------------- ●!m.o
1510~bh-------------------------- 4L0

642+23
316S2
367+21

1,21O*S9
5,7V2*119

Da/sample
m)

0.633
0.a15
o.2s3

h 10
a .50

s. u.

646*19
4b3*Llo
470+27

105*3
272*6

July 1966 d

Ilat:
Ba----------------------- 245*6 dJmlglwet..._. 171*Qroslg wet------- eu

37

● NRDL. b Doesnot lndude head, femme, tibiae and vlemra. 9m Weight of
2 femnr halvm. ● AFL.

.
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racltlc Ucean

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.’” Tables
42 and 43 show representative data for marine
Me.’”

Below is a summary of some of their con-

clusions:

1. Sea water and plankton samples show
the existence of wide-spread low-level activity
in the Pacific Ocean. - Water activity ranged
from 0-570 d/minJliter and

3-140 d]min]g wet weight.

.-

plankton from

2. There is some
activity in the main

concentration of the
current streams, such

as th~ North Equatorial Current.’ The
highest activity was off the coast of Luzon,
averaging 190 d@in/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 djmin[g ash, less than 1 percent of
the permissible level. *

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

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

*BM on 1/10m.p.c. of that for atomic energy workers.

89
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STATIOIW

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

2.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

8’. . . . . . . . . . . . . . . . . . . . . . . . ------

k..--. . . . . . . . . . . . . . . . . . . . . . . . . .

.-

RESIDVAL ACTIVITY IN PACIFIC OCEAN

Table 4 I—Water Samples at Stations
—

1
4

/

(

E
s

1[
11
12
Is

14

M
Is
2(
21
z
22
24
z
m
27
a
m

34
35
36
37
39
se
40
41
42

42
u
45

49
50
61
32
53
M
35
36
67
59
a
60

DEPTH,M

c
a

24

43

64

se
la

lEa
SW
340
427
b32

a
‘a

24

u
02
a

119
13s
2?2
!M
370
46s

o
9

m
bb
79

110
164

Pretripped
325
4m
S34
646

0
9

25
sl
71
SS

1s6
184
279
372
47s
S40

—

)/mN/LITm

24
—

60
—

42
—

96
—

30
—

90
—

3
—

6

120

110

9

Im

60

60

42

(-15)

b7

S4

b6
66

87
18
24

160
27
0
0

45
Sb

NM

STATIONB

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

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

7_.. -____ . . . . .._ . . . . ..-. ___

L .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

66

67
6s
69
70
71
72
73
74
75
76
77

81
S2
S2
S4
S3
S6
S7
Ss
w
90
‘al
Q2

96
97
08
w

100
101
102
11X4
104
105
106
107

112
113
114
116
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Table 42—Radioactivity by Tissues of Yellowiin Tuna arid Shark from the ‘TROLL” and Other
Areas. Values in Disintegrations per Minute per Gram Wet Weight

LIVEB I TQ&l&

—

GONADAXEA IDATE N= SKIN LKIIiT DAZIt
MuecLK MvecLK

mu,

l—l— l— —l—

Ydlowth Tune+:
Off Morotal . . . . . . . . . . . 4-1-66 . . . . . . . . 0

Do.. -. . . . . ..--. -... 4-1-63 . . . . . . . . a
Do . . . . . . . . . . . . . . . . . 4-1-66 .- . . . ..- 2

AverkE&. . . . . . . . . . . . . . . . . . . . . . . . . a 2
Eniwetok . . . . . . -------- 2-12-66 1 735
POnape._._ . . . . . . ----- 12-16-64 6 . . . . . . . . . .

0,4 b

13,16 9
19,16 10,10

4,Q l% s
10,n &s

13 9
70 603
79 . . . . . . ..-

17
7
6

10
96

. . . . . ..- . . .

(Kidr@

8
9

------- . . . . .
Q

62
29
23

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

10.
6.

13.
10.

4,24

qo

9,22
10

2s6
101

(Cartilaw)

,-------- -..
0
4

0
9

8
4

-----------
191

10,22 0
11 6

mm 272

~ *. .,..-.

742 . . . . . . . . .

Shark:
Station 4. . . . . . . . . . . . . . . 2-14-65 . ..-. -.. m
Smtlon9A . . . . . . . . . ..-. 3-13-65 -------- 11
Station 9A. . . . . . . . . . . . . 3-18+5 -------- 16

.. ,”..
Carcharhimm.

menismmh.
. . . . . . . . . . . . . . . . . . . . . . .

z! 1s

10 11
32 19
18 19
13 30
11 26
18 w

142 . . . . . . . . .
125 . . . . . . . . .

19 . . . . . . . . .
13 . . . . . . ..-
23 . . . . . . . . .
40 . . . . . . ..-
4 . . . . . . ..-

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

67i .. . . . . . . .
2670 490

8tation 10. . . . . . . . . . . . . 3-13-bb . . . . . ..- 0
Stntion lsl . . . . . . . . . ..-. 3-24-55 . . . ----- ln
Btation29. . . . . . . . . . . . . . +1-65 . . . . . . . . 44
Average.. . . . . . . . . . . . . . . . . . . . . . . . . 6 44
Bikini .. . . . . . . . . . . . . . . . 12-6-54 .. . . . . . . . . . . . . . . .
Rongelap.- .. . . . . . . . ..-. 1-M 1 687 Csrcharhinrle

melaooptarus.
........- ...

....--------172 --------- 728 1390) 683Eniwetok. . . . . . . . . . . . . . 12-1-S4 1 lsal

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

Swwon

I IDarrwl I ChtLpersquirrel

43,16,4.5,29,23.
12,14,16,12,11-.
10,32,2%42,0..
70,~, 68,b2, 63.

23,23,31,10,15.

TBUK:
Skin. . . . . . . . . . . . . . . . . . . . . . . . . . .
Muscle.. . . . . . . . . . . . . . . . . . . . . . . .
Bone. .. . . . . . . . . . . . . . . . . . . . . . . . .
Liver . . .. . . . . . . . . . . . . . . . . . . . . . .
Q. I.trmt ... . . . . . . . . . . . . . . . . . . .

2!3, o, 10,25,0.. - ------------------ . --------- ----------
16,12,14,10,7. . . . ------------------ ---------- ----------
27,56,36,0. ----- ------------------ . . . . . . . ..- ----------
36,b,72,15,307.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
70,47,47,67, O&. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Bkrw
I

Wraede
I

S@an{d Snapper

Al_. . . . . . . . . . . . . 44. . . . . . . . . . . . . . . .... ............. n, 37... . . . . . . . . 13z2---- 23
.. . . . . . . . . . . . . . . . 17,lo_. . . . . . . . . 17,11---- 17
.. . . . . . . . . . . . . . . . 66,42._ . . . . . . . . b,32_ .-. 14
.. . . . . . . . . . . . . . . . 116,6S--. . . . . . . . . 36,bl---- 19
.. . . . . . . . . . . . . . . . 74,632.. . . . . . . . . . 287,m’a.. 240
llb,337,728,221... . . . . . . . . . . . . . . . . . . --------- ----------

10,18,24..-- . . .
14,12,12.. -----
m,45,13. . . . . . .
K26,27,bl-. . . . . .
m5,w._. . . . . . . .
. . . . . . . . . . . . . . . .

Skin. . . . . . . . . . . . . . . . . . . . . . . . . .
Muscle . . . . . . . . . . . . . . . . . . . . . . . .

Bone.. . . . . . . . . . . . . . . . . . . . . . . . . .
Llvw. .. .. . . . . . . . . . . . . . . . . . . . . . .
o. I.trmt.................. -...’
Entire... -. . . . . . . . . . . . . . ..-.....’

‘ S&.. . . . . . . . . . . .
44-. . ..-- . . . . . . . .
310.. . . . . . . . . ..-.
64-. . . . . . . . ------

,7-. . . . . . . . . . ..-.
do_. . . . . . . . . . . . .
w.... . . . . . . . . . .
w-... . . . . . . . . .
194,la), lU, 134,

m.
......... .........

PARZCE VXLA: I
................ 13,13,0, 14,13.-.
--------- . . . . . . . . lb, 16,9,1214.. . .
. . . . . . . . . . . . . . . . 33,20,17,0,172..
. . . . . . . . . . . . . . . . 36,63,’43,138,81-

10,12,9,79,122..

Skin. . . . . . . . . . . . . . . . . . . . . . . . . ..-
Mus.cle. .--. . . . . . . . . . . . . . . . . .

Bone . . . . . . . . . . . . . . . . . . . . . . . . . . .
Liver . . . . . . . . . . . . . . . . . . . . . . . . . . .
0. I. tract . . . . . . . . . . . . . . . . . . . . . .
Entire... - . . . . . . . . . . . . . . . . . . . . ..i

1,5--------------

1,13. . . . . . . . . . . . .
f,9. .. . . . . . . . . . .
12,0... .. . . . . . . .
),33... . . . . . . . . . .
. . . . . . . . . . . . . . . . lb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Br@r/7u FM 4,~@n Cardinal

. . . . . . . . . . . . . . . . . 13,17,15,0, b.. - . . . . . . . . . . . . . . . . . ..-

. . . . . . . . . . . . . . . . . 21,b,12, e,lo .. . . . . . . . . . . . . . . . . . . . ..-

. . . . . . . . . . . . . . . . . a2,o, 12,18,30. . . ---------- . . . . . . . ..-

. . . . . . . . . . . . . . . 0,0,0 ,19,31. . . . . ---------- ----------

. . . . . . . . . . . . . . . . . 82,25,44,12,7. . . . . . . . . . . . . ----------
18,0, 12.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ----------

OKINAWA:

skin . . . . . . . . . . . . . . . . . . . . . . . . ...’
Muscle. . . . . . . . . . . . . . . . . . . . . . . .
Bone . . . . . . . . . . . . . . . . . . . . . . . . . . .
Liver .. . . . . . . . . . . . . . . . . . . . . . . . .
O. I.trnct... . . . . . . .. . . . . . . . . . . .
Entire .. .. . . . . . . . . . . . . . . . . . . . . . .

17,0... . . . . . . . . . .
[3,9..- . . . . . . . . .
),0.. . . . . . . . . . . . .
[2,0. . . . . . . . . . . . .
Lo,15.... . . . -----
. . . . . . . . . . . . . . . .

L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

13-. . . . . . . . . . . . . . 14,15... . . . . . . . . .
). . . . . . . . . . . . . . . . 10,14.. .. . . . . . . . .
19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

m.... . . . . . . . . . . 8,21... .. . . . . . . . .
..----- . . . .. . . . . . . . ----- . . . . . . . . . . .

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

Depth in W1.e~er8,O-.WO. Plunkton d~mjg (wet) 71OOO.

REEIDVEr~on WATEX FRTXEED WATEB
TOTAL

d/m/i
dl~

PeT~~ of dJmp WY: of

0.- . . . . . . . . . . . . . . . . . . . . . . . . Moo Ss 4SJ0 42 lm
z. . . . . . . . . . . . . . . . . . . . . . . . . 2s0 4 6aM 96 Saoo
so------------------------- 1s00 Ml m 81 S8c0
76------------------------- W30 19 6600 81 Moo
Id------------------------ 1000 a6 m 74 S900

.-

—.



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 Uti.rik 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 dectilon. ●

A. Medical Shs~us oj Rongelupese

Relevant to the considerations for the return
of the Rongelapese to their home island was the
body insult they previously suffered from radia-
tion following the fallout of March 1, 1954 and
their present body burden of radioactive iso-
topes. Below are summari es 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 urtm-
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 Eongelap were returned to theh home island on Jnne 29, 1957

The skin damage observed was aa follows:
45 individuals-eupeficial lesions

13 individuals-deep lesions
6 individuals-no lesions

35 individualseme 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 Marahallese exposed to 175
roentgens) and Table 46 the estimated body
burden.* The major tidings on internal con-
tamination were as follows:

((. . . 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 limited volubility, and thus the
levels of activity in the tissues of the body were
relatively low. The concentration of radio-
isotopes at 6 months post detonation was barely
detectable in the urine of most of the exposed
individuals.

“The estimated dose to the thyroid from 113’
and other short-lived iodine isotopes was 100
to 150 rep for the Rongelapese. Iodine is prob-
ably the most hazardous internal radioemitter at
early times after exposure. The dose to the
thyroid, although greater than tolerance, was
low compared to the partially or totally ablat-
ing doses of 1’3’ used in the treatment of hyper-
thyroidism or carcinoma.” 8

At one day post detonation, the concentra-
tion of SP” 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 I on 46th Day post Detonation

CASE No.

ALU <6 vr8
2------------------------------------------
8.-- . . . ..-. --------------------------------
6------------------------------------------
z-----------------------------------------
33-. . . . ..-----. . . . . . . . . . . . . . . . . . . . . . . . . . . .
54-----------------------------------------
6v----------------------------------------

Ma-------------------------------

Age I?-16vr8
z3--...-.-...- . . . . . . . . . . . . . . . . . . . . . . . . . . . .
%.-. -... -.---- . . ---------------------------
=... -.--.. ---.. -.---... -.- . . . --------------
33... -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
66... -.- . . ..--. -... -.- . . . ..--. ..-- . . . . ..-.-.
3v. . . .._ . . ---------------------------------
47-...--..---- . . ----------------------------
67... -..- . . ---------------------------------
72.-... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
76. . . . . . . . . ..--- . ..--- . . . . . . . . . . . . . . . . . . . . . .
76. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Mere. - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

TOTAL
VOLVMJI

24hla (ml)

120
lbo
165
40

260
so

435

163

265
550
634
mb
lVO
mo
650
MO
llo
440
Oso

42V

~Z’TA
ACTIVITY

d/1424b

712
S94
813
223

0
385
301

404

lmo
o

1022
0

mb
1100
rm41
674
507

0
11s0

7ba

TOTAL
CA8Z No. vOLUME

xlm (d)

ACC> /6Vrc
4... _ . . . . . --------------------------------
7. . . . . . . . . . . . . -----------------------------
9-------------------------------------------
lo-----------------------------------------
11------------------------------------------
13------------------------------------------
14--. . . . . . . ..-. -.-. -.-. . . . . . . . . . . . . . . . . . . . . .
18------------------------------------------
n------------------------------------------
m------------------------------------------
3------------------------------------------
37.-.-. -- . . .._ . . . -------------------------
4------------------------------------------
~------------------------------------------
49------------------------------------------
62------------------------------------------
~------------------------------------------
m--. ..-- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
b7------------------------------------------
m------------------------------------------
w------------------------------------------
62.. -. . ..-- . . . . . . ------------------------
M------------------------------------------
M------------------------------------------
w------------------------------------------
71------------------------------------------
n------------------------------------------
7s-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
79------------------------------------------
m.. -. . ..- . . . -------------------------------
82------------------------------------------

455
810
335
w
4bo
340
7s0
455
47

966
7s0
4s0
bbo
mo
423
m
Sm
mo
bbo
7s
Slo
Vso
IM5
Sss
mo
2m
230
Vm
466
540
670

BETA
AcmvmY

d/m/24bn

684
lm
201
me

lb32
1677
2460
1670

n
@a
b70
7V2

1450
495

0
0

1060
m
109s
2xm
5s0

KM
2260
I?lb
mlo
14m

o
62

203s
w
2140

Mm . . . . . --------------------------- 5s1 lZM

Vakwscomected fordecay.

“Analysisofthe internal contami.nation indi-
cates that the dose to the tissue of the body
wasnear, but, with exception of thedose 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 effectsof internal con-
tamination to the total radiation response ob-
served appeara 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-
dantfission 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-

trations are based on the concept that these
levelawill be maintained indetitely.

The report stated, “-Thetotal white wunt
increases during the fi.rat$ ormore days and then
decreases below normal levels. —The count
becomes stabilized during the 7th or 8th week
at low levels, and minimum counts probably
occur at this time. A definite trend upward is
apparent in the 9th or 10th week; however
complete recovery may require several months
or more.

“The neutrophile count parallels the total

white blood cell count. Complete return to

normal values does not occur for several months

or more. The initial rise in total white count

is due to a neutrophilic leukocytosis.
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“The drop in lymphocytes is early and pro- At one year
found. Little or no evidence of recovery may examined with

47

later the Marshallese were re-
the following conclusions:

be apparent several months after expos~e, 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. . . .“s

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

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

Table 46—Mean Body Burden of the Rongelap Group
t

ACTIVITYAT AcmvlTY AT ACYTVIYYAT
RADIOISOTOPE 82 DAYS NC 1 DAr” IIC 1 DAY” tic

(USNRDL) (USNRDL) (LASL)

S*------------------------------------------- 0.19 1.6 2.2
BalU_ . . . . . . . . . . . . ..- . . . . . . . . . . --------------- o.cm 2.7 0,34
Rare Earth Group. . . . . . . . . . . . . . . . . . . . . . . . . . . . 0,03 1.2 . . . . . . . . . . . . . .
11:1(in th~oid)------------------------------- o 6.4 11.2
Rul@---------------------------------------- . . . . . . . . . . . . . . . . . . . . . . . . . ..- 0.013
ca4J------------------------------------------ o 0 0.019
Fissile material-------- --------- ------------ . . 0 0 0.016(-)

“ExtY8polatedfrom 82ddsy.

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 lindings 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 insticiency was substantiated and at the
time of the examination, the boy was fully
active without evidence of decompensation. ” ‘4
A 46-year old man died on May 13, 1956, of
heart failure, It was concluded that, “VFitb

the exception of the residual of skin lesions,
none of the clinical findings in the exposed
group could be attributed to the effects of
irradiation. ” ‘3

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
supeficiaI lesions are completely healed at this
time without an-y apparent residual changes.
. . . There appears to be 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 Majuro 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 iivin~ in
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Table 47—NRDL Marshall IsIand Resurvey— 1956 Results of Analyses of Human Urine Perform
at HASL

H#:,L ‘ N;FLL sAmPuNo COLLE~ON
WAmON NAME AGE

S2w-. .. . . . 6 utMk------- 2-11-66.....- A --------------------- 4
3400.----- 1 ---.. do....-.. 2-11-56.. . . . . B--------------------- 2
2401. . . ..-. 4 . ..-.do. ----- 2-ll-s6 . . ---- C --------------------- 12
8402------- 9 .--.. do...-_- 2-Il-56------ D.. ------------------- 27
2403.-- . . . 10 _--do ..._-. 2-11+6------ E --------------------- 22
3404------- 7 --. -ado.----- 2-11-56------ F--------------------- b
2405.. . . . . . 2 .-... do.....-- 2-ll+&----- 0--------------------- 16
2406.-- . . . . 8 --... do------- 2-n-5a ------ H--------------------- 6
2407------ 8 .--.. do......- 2-11-56------ 1---------------------- 16
840s------- 11 . ..-.do .... ..- 2-11-56------ POOLED . . .-------- ------
24m. . .._- 4 Liklep . . . . . . 2-11-66----- J---------------------- -.... -
8410------- 1 -..-. do......- 2-11-56------ K--------------------- 3
2411------ 8 .--do . .. . . . . 2-11-66------ L--------------------- 8
Mlz. -.-... 9 ._..do .._.. - 2-11-66.--... M .. ..-. -.. -._ . . ..-_. 1
2418. . . ---- 6 .---. do...-_- 2-11-66. . . . . . N--------------------- 26
3414...--.. a .--.. do....--. 2-11* . .---- 0 . . . . ----------------- 13
3416. . ..-. 2 .--.. do...-..- 2-11-66...-.- P . . ------------------- 23
2418. . ----- 7 ..-.. do...-... >11-56..__ Q --------------------- 46
2417..___ 10 _.-.do .... . . . %11-34L----- POOLED . . .-------- ------
2418. . . . . . . 9 Majuro”*” -- 2-29-66.. . . . . R--------------------- 24
2419.-.-... 40 --... do....... 2-ss0. ----- s .. ...-. -.-. . . . . . . . . . . . 31
342Q------- 26 .---.do .... ..- 2-29-66. . . ..- T--------------------- 8
8421------- 26 .-. -ado... . ..- 2-23-56. . . . . . u--------------------- 13
2422------- 76 -.. -ado... ..-. 2-2Q-3a...-. - V--------------------- 11

. —

Control ----- 3=26-36------ Pooled sample col- ------
lectadat HASL.

-_-do . ..--.. June 1930... . . . . ..do ----------------- ------
.---. do.....-. June 1954L.. ..--. do----------------- ------
-.. -ado... . ..- June 1956... . .---.60 .. .. ------------- ..--..
--... do.....-- June 1956... . .--..do ... . . . . . . -------- ------

TOTAL
VOLUME

R 8;:; ED

I’m
250
670
440
125
189
23.3
210
240
620
260
3ta
160
225
225
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S30
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&Ooo
6,m
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2,000
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7600+320
44W+320
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s200+260
26ao+240
24@J+240
lllw+axl
2mo+240
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17c&lou
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------- . .
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---------
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W&loo

<pJ)
-------- . .
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. . . . . . ..-
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4+6.3
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.4#.2
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720

2M0

1487

2862
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—

2
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“Direct platlng. “*Carbormte precipitnt~on. “**Rongeiap natives.

an environment of continual intake and excre-
tion rather than the results of body elimination
of previously deposited Srw.

B. Medical Surveillance

When the Rongelapese were returned to their
home island, it was planned to inaugurate a pro-
gram of continuing medical inspections, The
Rongelapese would be examined once a month
by a Marshallese practitioner and complete med-
ical examination performed once a year by an
hencan 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

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

C. Environmental Gmtamhath

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

1. EXTERNAL GAMMA DOSE RATES ON
RON-GELAPATOLL

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 milh-
roentgen per hour, with an average of 0.4
mr/hr. However, the graph suggests an antici-
pated dose rate at the July 1956 survey of
about 0.1 mr/h.r. 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
milli.roentgens/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 rn~dical 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 difficult 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 overwater where the external
gamma activity is near background values.
Thus, the yearly average for these probably.-
would not differ greatly from those
lap Island.

2. STRONTIUM-90

a. Food Supply

on Ronge-

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

The isotope of principal concern in the food
chain is strontiurn-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 L’nits, maintained level in the
body. The N’ational (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.

“Oemmu doee mtes at three fwt above the ground on the Ieland of
Rongelep in June 1957 were as follows

Hlgbest resdlng 0.13 mr/hr
Lowest reading 0.01 mr/hr
Average rtadlng 0.03mrlhr
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Table 48 indicates that the average concen-
tration of strontium-90 in the total food supply
might be less than 360 Sunshine U ~its. (The

IN THE PACIFIC OCEAN EROM NUCLEAR TESTS

data on land crabs shown in Table 48 are from
the Island of Kabelle which ia more heavily
contaminated than the Island of Rongelap). ●

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

I A

DATLY
INTAKE

I%&@

Pm90N

I

F~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pmkm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
cw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
mommt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
WUdbkds (mwle) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
~dwsbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Coconut meat andmflk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Br@ftit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Imported:

Rim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-
mow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
canned beef. -... - . . ..-. --... _-- . . . . . . . . . . . . . . . . . . . . . . . .
Mflk .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-
Swdhes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
shm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
coffe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tm .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1.22
0.S6
0.1
0.09
0.C@

.O.w
0.02
0.01

0.1

B

CAWTUN
CONTENT

fgrn5ca/grn
wet weight)

0.001
0.(m
0.004

*0,0W6
o.Cu)ol
0.004
0.0004
0.mo6

4. Ofull

c

DAILY IN-
*AKEO? CA

(s’m)

0.66
0.16
0.018
0.025
0.004
0.05.5
0.004
0.m

.+). 045

D

FXACTION
or TOTAL
GA INTAKE

0.645
0.1s4
0.021
0.029
0.0M6
0.063
0.0046
0.0W4

4.046

E

lrEoNTruM-a
~&YKp

. .

12
$Mo

5
250
Soo

~ ● (400f$
40

m

Few

7.72
~oz.o

0.11
7.26

*~l. ss
(252.o)

0.02
0.w

Srrudt

●Average values,
$Th@-dsts rarefrom fclsndof Ka&lIe (no date from islsndof Rongelap for July ls~survey). Qeneral contamination of Island of Rongelsp is

about nne-dftb that of Ksbelle. Lagoonwater around these idmds do not show IASgreat a dii?erence kn activity.
● These are land crsbs from isfsnd of Kshdle. The strontium-W mnoemtrstion is higher tbsn from earlier surveys, which s contrsry to the plsnt

activity as well ac to the soil, and msrine life date. (It bss been estirnatod tbst about one.third of the intake Ofcrsb mmt is from ~ crebs which
hare very Uttle strontium-QO content,)

* Est imat%d.
c An unknown pert of this intake may be c-m crsb$ (which contain wnsidembly k.. EN) but k sssumed here to be sfl lsnd 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. Estimatd Future Body Burden of Strontium–
90

Three principal factors are operative in esti-

●There kssome doubt conmrokng the correct strontlum46 activtty III
the lsnd cmbs, nkow the vslues rue higher than for previous curveyw
which b contrary to all other dsta Addltlonsl surveys should clw+fy
this pcdnt. In sny event the land crabs te~ted are from the fslsnd of
K8tmlle. (There wers no collections of lsnd crabs msde on Rongelap
Ialnnd durkng the kt mrrvey.) The geneml contaudnatlon on Rongekap
h abo+M rmefiftb that of Ksbelle. The dlffemnce In stronttnm$o eon-
tant msy not be M great ss tbks, but afnca these am lsnd cmbs itwould
be exrmted t.boss on Rongelap ldsnd to be lower tbsn on Ksbelle Islsnd.

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

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

(2) If the Rongelapese were returned to
their home island, theh &let would be supple-
men ted by imported (relatively uncon tami-
nated) foods, especially rice. Aso, 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

.—- —.- .- —- -.



of Srw with time
the land crabs).
Although there is
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in the food chain (except

obviously a certain degree
of uncert~inty, the above data and estimates
indicate that if lrmd crabs are eliminated from
their diet, the estimated future body burden
of the Rongelapese would be substantially less
than 100 PPCof SrWper gram of cakium. Limit-
ing the intake of pandanus would further reduce
the estimated W 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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