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Introduction

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

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

The medical surveys of the Marshallese
exposed to the fallout from the March 1, 1954
nuclear test detonation at the Eniwetok
Proving Ground, have been published under
the editorship of Dr. Victor P. Bond,”* Dr.
Eugene P. Cronkite,”® who headed the first
two surveys, and Dr. Robert Conard,’ 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
Utirik Atolls to Kwajalein.

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

CuarLes L. DuNuaM, M. D., Director
Division of Biology and Medicine
U. S. Atomic Energy Commission
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Preface and Acknowledgments

Two to three days after the fallout on the The following personnel participated in the
Marshall Islands in March 1954, 82 people field expeditions:
were evacuated from Rongelap and Ailiginae
Atolls and 154 from Utirik Island. In June of  March 26, 1964 (USS Nicholas, DDE 449).

1954, the 154 personnel were returned to Utirik, . Ll )
and in the spring of 1957 the decision was made D(ﬁ,iﬁ::nm%lﬁ::o?bﬁ?wﬁggﬁ' LEaurIeIt;lI;.
12 ) . . ’

to return the Rongelap_ese' to their home island. Dr. Ralph F. Palumbo, Mr. Paul R. Olson, and

Since March 1954 periodic surveys have been . .

made of these islands to investigate the degree Major Charles Barnes, USAF on assignment
from the Air Force Veterinary Corps to the

of contamination. . -
. . . . Applied Fisheries Laboratory.
Soils and biological collections were made on In addition, Dr. Thomas Shipman, Dr.

and around the Marshall Islands by the Ap- . .

plied Fisheries Laboratory (AFL) of the Uni- Thomas N. White,* P. R. Schivone, and W. W,
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 AJ;‘“L, Aprd 18, 1954 (SA-16 Naval Aircraf?).

NRDL and by the Health and Safety Labora- U. 8. Naval Radiological Defense Laboratory
tory (HASL) of the Atomic Energy Commis- and Naval Medical Research Institute: Dr.
sion. Surveys were also made of residual Stanton Cohn, Lt. R. S. Farr, P. E. Thompson
activity in the Pacific Ocean by Health and HMC, J. C. Hendrie, HML, and J. Flannigan,
Safety Laboratory of the AEC and Office of NM1.

Naval Research in February-May 1955; by

the Applied Fisheries Laboratory in June and  July 16, 1954. (U. S. Navy Gruman Albatross,
September 1956. In addition, teams of medical ASR-16, No. 502).

experts from the United States examined and . N .

cared for the Marshallese following their Applied Flsh.enes Laboratory: Dr. Leuren R.
. Donaldson, Director, Dr. Frank G. Lowman,

exposure in March 1954, and returned to re- Dr Arthux" D Wela;]der and Lt. Commander

examine the Rongelapese at about six months, Clt;.rence F. P;m tzke. USNR Aql.w.tic nbiologis ¢

one year, and two years after exposure. on active duty status for special trainin
The purpose of this report is to abstract the 3 P g

highlights of the dz.ata fron} these in.vestigfitions. December 8, 1954 (U. S. N. PBM No. 2471).
In doing so there is the risk of unintentionally

quoting the original reports out of context. It Applied Fisheries Laboratory: Dr. Edward
should be understood that the original authors  E. Held, Mr. P aul R. Olson. AEC Division of
are not responsible for any such violations and Biology and Medicine: Dr. Walter D. Claus,
if there be any question it is recommended that AEC Radiological Safety Officers, Mr. Robert
reference be made to the basic documents (see  Taylor and Mr. William Blakeman.

references). *Deceased. DOE ARCHXVES
v

Robbins accompanied the expedition to aid the
natives in capturing some of their animals on
Rongelap Island and to make radiation read-
ings on some of the islands in the southern part
of the atoll.
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December 18, 1964 (U. S. N. PBM No. 2471).

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

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

January 25-30, 1955 (U. S. Navy 0. G. “Rio
Grande”’).

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

October 21-23, 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, 1965 (U. S. Navy PBM 612).

Applied Fisheries Laboratory, Dr. Allyn H.
Sevmour 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. TU. S.
Geological Survey, Department of Interior:
Dr. F. R. Fosberg.

July 23-24, 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, Allym H.

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

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

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

The detailed planning was worked out among
Mr. J. Smith and Mr. J. Kane of the Office of
Naval Research, Dr. Warren S. Wooster of
Scripps Institution of Oceanography, Mr.
Howard Brown and Dr. Willis R. Boss of the
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Division of Biology and Medicine, AEC and
Mr. Merril Eisenbud and Dr. John Harley of
the Health and Safety Laboratory, New York
Operations Office.

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

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

The initial team from the United States that
examined and cared for the Marshallese who
had been evacuated to Kwajalein were: Doctors
E. P. Cronkite, R. A. Conard, N. R. Shulman,
and R. S. Farr from the Naval Medical 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 initiated by
the station medical officer, Commander W. S.
Hall. Doctors T. L. Shipman, Thomas White,*
and Payne Harris of the Los Alamos Scientific
Laboratory performed the urinalyses.

The six months medical survey was conducted
by Drs. V. P. Bond, R. A. Conard, J. S. Robert-
son and E. A. Weden, Jr.,, and the twelve
months medical survey was conducted by Drs.
E. P. Cronkite, C. L. Dunham, David Griffin
(USNRDL), S. D. McPherson (NMRI) and
Kent T. Woodward (Field Command, AFSWP).
The two vear 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 |

External Gamma Radiation

GAMMA DOSE RATES WERE taken periodically on
several islands in the Pacific over a time ranging
from about two days to more than two years.
The attached map is an estimate of the gamma
dose rates at three feet above the ground at
D+1 (one day after the detonation on March
1, 1954). A very rough approximation of the
degree of contamination may be 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 relative de-
grees of contamination on the islands, there-
fore are useful in this respect when evaluating
the data in subsequent sections of this report.
Graph 1 shows the decay with time of gamma
dose rates on the Island of Rongelap. Similar
decay curves were found on other islands in the
Atoll and in nearby Atolls (Ailinginae and
Rongerik). The decay of activity of mixed
fission products is assumed to follow (time)~!2
principle. This is intended to apply to disin-
tegrations of atoms. However, in estimating
the reduction of gamma dose rates above a
plane with time there must be considered the
cbanging numbers and energy spectra of gamma
photons released per disintegration, and the
effects of weathering. When computing the in-
finity radiation doses from fallout that occurs
within a few hours after detonation, integration
of the (time)~*? curve gives a fair approxima-

tion since most of this total dose is accumulated
during the early periods when this curve lies
near the theoretical gamma decay curve. How-
ever, in extrapolating by (time)~%? there may
be a significant difference 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 seccond week a tropical storm
occurred. For these reasons, a straight line
was drawn for the first two weeks followed by
a break in the curve. The readings are not to
be considered precise, due to the nature of such
measurements, but the curves suggest that
whatever was the reduction of gamma dose
rates by weathering, it occurred principally
with the first heavy rainfalls. Except for the
last data point on Graph 1 for the Island of
Rongelap, which may be somewhat high, the
actual and theoretical decay curves correspond
fairly well.

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

1
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CHAPTER 1l

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.!-?

Tables 1 and 2 show the analyses made by
NRDL for their first survey in February 1955.2
Table 3 is based on the February 1956 survey.*

Tables 4, 5 and 6 show the analyses by
HASL.S- ¢

The high initial activity of the ‘‘edible plants”
(Graph 2) was probably due to surface contami-
nation caused by the direct fallout. The rise
in activity after a year after the fallout occurred
may be due to (a) sampling and counting vari-
ances, (b) the ability of some plants to con-
centrate Cs® (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'¥.

Table 1—Summary of Gross Beta Activity in Miscellaneous Plant Samples*

AVERAGE ACTIVITY (uc/g x 108) = &

PLANT MATERIAL

I8LAND

Liktep | Utirik | Rongelap! Busch Enlaetok| Labared] | Kabelle | Luknen { Gejen | Lomuilal] Bikar |Enlwetak

s Wet weight.

» As determined on basis UsO1 standards and empirical scattering and absorption corrections.

*Collections made sbout February 1, 1885. Dats reported as of March I, 1955.
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Graph 2
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GROSS ACTIVITY 7

Graph 3
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Table 2—Summary of Gross Beta Activity in Major Plant Foods (NRDL)*

RADIOACTIVE CONTAMINA’I‘ION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

SoURCE AVERAGE ACTIVITY (uc/g X 100 or pcfoc X 105) s @
Coconut
Atoll 1sland Arrowroot | Breadfrult | Pandanus | Papeys
Meat Milk
2.5 8.0
23 26
9.8 8.6
80 11
12 12
13 13
16 13
18 16
72 25
19 30
5.0 &0
7.8 9.4
*» Wet weight.
b As determined on basis Ui0s standards and emplrical seattering and absorption oorrectlons,
*Collections made about February 1, 1955. Data reported as of March 1, 1855,
Table 3—Gross Beta Activity in Plant Samples * (NRDL)
PLANTS b (¢/m/kg 1 10-%)
Prawt PaRT
Gejen Eniwetak | Enisetok | Rongelap Bifo Utirik Likiep

Leaves, stalks
Tuber, roots with soil

19.2
4.5
0.57

s ANl counts were corrected for the courting efficlency of Sr#—Y»,
® Gross bets activity of plant samples was determined {n April 1956 and that of sol) and water in May 1056,
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Table 4—HASL Analyses (AFL Surplus)

VEQETATION
TOTAL ACTIVITY® Br-90 d/m/gram PRRCENT|
HASL 8Spxct- AREA CoLrzc- d/m/gram Ca
No, MEN ORGANISM Tissuz CoLLECcTED TION REMARES Bassp 8.1U.
No. (Island) Darx ON Wzt
Wet Dry Wet Dry WEIGHT
) b /. A 35-39 | Papaya.._... Pulp........ Rangelap._ .| 10-22-85 | & truits—village area, skinand | 58.2 & 0.6 | 418 & 4.3 0.434+0.02 | 3.07x 0.14 0.022 | 888 +41
seods removed: dried at
05° O,
b2y S A4042 | . do.____.. Pulpand | _.. . do...._.. 10-22-55 | Halves from 3 fruits, village | 108 4 1.0| 740 & 7 .0 1.2340.06 | 8.642 0.39 0.037 | 1511 474
soed. area: seeds removed: drled
at 95° C.
8170......... A38-30 |.__._ do____.. Bkin. ... ... do.......} 10-22-85 | Peeled from § fruits, village | 21.0 £ 0.5 | 146 & 1.5 0.88:+0.07 | 5.06% 0.48 0.070 | 550 +45
area: dried at 95° O,
3. A3s5-42 | . _do._..... Beeds___..._[..... do....... 10-22-55 | 8 fruits, village area: dried at | 63.9 - 1.0 | 345 + 5.4 0.32:£0.04 | 1.75+ 0.25 0.100 85,9411
95° O.
.3 S, A 62-64 | Morinda._..| Entlre. ___._|..._. do...__.. 10-22-58 | 8 fruits, village ares;: dried at | 33.8 + 1.9 278 & 7.5 1.1240.08 | 9.224 0.67 0.065 | 783 o= 56
95° O.
) s OSUUR A 67-T1 | Arrowroot...| Corn.._._...| ... do...... 10-22-55 | Peeled tubers, skin removed, | 102 =+ 1.1 ... _____.. 3.6140.33 | ... .. ... 0.030 | 5400 485
village area: ashed at 550° O.
3188, _______. A 143 | S8quash______ Leavesand |..... do.___.. 10-22-65 | Village area, plant in blossom | 24 =+ 1.0 | 307 & 13 8.7240.43 | TL.O 427 | | . ___..
flowers, but no fruit: dried at 95° O.
3213-3217....; A 45-49 | Pandanus...| Entlre___...} .. ._ do...._.. 10-22-55 | Part of 8 fruits from & trees, | 84.4 = 0.0 |._____________ 2.5740.07 | ... 0.126 | 850 +23
village area,
ALGAE
B184......... A100 | Rongelap.._| 10-22-55 | From cistern in village, species (0411 =60  [48440 425 9.7340.35 | 70.0 67, 3 | . ____.l...........
undefined: dried at 95° C.
31668......... A0 | do..__... 10-22-55 | From well in village (taken | 683 13 2140 = 72 0.00+2.14 | 87.7 k11, 7

from stdes below water level)
species undefined: dried at
95° O,

*Date of counting: February 1956,

ALIAILDV 880D
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Table 5—HASL Analyses (AFL Surplus)

COCONTUTS

d/m/gram—wet TOTAL ACTIVITY®

d/m/gram—wet Sr-00

Percent Ca BAstp ON
Wxt WEKIGHT

Srrct- COLLECTION REMARKS

MEN DaTE (One Coconut From Each
of Five (5) Trees) Outer Inner Meat and Meat and Outer | Inner | Meat
Husk 8hell Milk Outer Husk | Inner Shell Milk Husk | 8hell ]:inl?k
A 30 10-2t-58 _____. R4, 04 3.3 | 15.84+0.7 54.54+2.3 1.2 £0.34 0. 6040 19 0.0640.33 [ |ccacei]eennnen .
Al 58.64 2.7 | 39.541.6 60.3+2.6 0.11:£60. 31 0.074£0.04 |(—0.24)20.18 |_______.} ... |ceee-e-
A 32 Varlous areas of the island___({ 66.34 2.9 | 12.74-1.1 37.1%£1.6 0. 09:£0. 06 |{—0.06)£0.08 0.03£0.14 { 0.038 | 0.058 0.013
A33 60.64 3.1 | 20.4% ,05 | 455+1.9 0.124:0.05 0.034£0.068 |(—0.07)£0.14 | | ool leeaaacas
A 34 127 & 5.5 | 32.0%L1.5 55.24+2. 4 0. 6640.25 0.1440.08 0.2840.28 | e aees
A 35 10-21-58_____._ 141 £ 6.0| 20.90.9 59.2:42.5 1.3 £0.14 0.2840. 11 {(—0.35)+0 32
A 30 10-21-55.. ... 318 13 26.1£1.1 177 7.1 4.8 +0.30 0.89+0. 16 0.1040. 34
A 37 10-21-55___....[)Northern end of island...._. 182 £ 7.6 31.1+1.3 61.3+2.6 1.3 +0.16 0.1740.07 0.1040.18
A 38 10-21-65.__.._. 20 +=9.21 4.2%1.7 63.142.7 1.0 £0.29 0.190.12 0.56+0. 22
A 39 10-21~86_...... 143 6.2 23.441.1 84.0+2.3 1.6 £0.14 0.3340.11 0. 32:0. 30
Ad 10-22-85_. __... 25 +11 48.3+1. 9 81.2+3.3 3.5 £0.24 0.5130.13 0.2240.20 | ofeeccmac]oconacan
A4t 10-22-58_ ... 49.44 22| 4.030.2 55.242.2 0.394:0.10 0.004+0.07 {(~0.07)£0.10 [ |ooooo]ioeeas
A 42 10-22-55_____._ Villagesarea . . ... .. . . 8744 3.9 | 34.641.4 24, 0£1.0 [(—0.19)+0.20 0.2140.09 0.44+0.21 0.053 | 0.078 0. 007
A 10-22-55_...._._ 73.24 3.3 8.5+0.5 33,3415 0. 700,21 0.3140.13 0.574+0.42 1§ | ]oeeeas ..
A 10-22-55_.__.._ 84,3+ 3.6 5.3+0.3 20.3+1.0 0.7540.17 0.071:0.10 0.090.23 |- oo |oeceeaa
COMMERCIAL COCONUTS

,,,,,,,, February 1856 | ... . ... ... oo looceoaool] 12402 5.14+1.0

.......... do....._.._ i fee oot BO£0.2 6.3+1.0

............ do_._..__.. e femmae ey LO20.2 §8.8+1.0

saAHOYY 304

*Date of counting: February 1956,
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Table 6—Results of Analyses Performed at HASL
LAND PLANTS

TOTAL AcTIVITY Ca Per- | Per-
BASBL |NRDL| SawPLING ORGANIEM Tmsvx 8re Camr? grams/ 8.T. s cent | cent
No. No. LOCATION d/m/gram | d/m/gram gram 8w | Caw
O-Date®*/d/m/gram
Outer and in- | 4-17-56 | 26+0.7 | 0.22 20.01 |.._..._..... 0.00022 | 450+ 21 0.8 | _....
3437.... 521 | Rongelap..| Coconut....|{ mner shell,
Mik ......... #17-56 | 43+1.7[0.11 2010 | 19 +27| 0.00020 | 260+230
Outer busk__... 4-17-86 | 7117 fooooooaiiaaioi] 0.00038 ). o.eeiiioo.
8438.._. 823 {..... do. ..o fooean do....... Inner shell._...| 4-17-86 | 26+0.7 480210
Mest and milk_| 4-17-66 | 98+2 2 . 21401800
Outer husk..__. 4-17-56 | 66£1.7[0.70 004 |...._...._.. 0.00085 | 875+ 21
8439....| 28 ... do.....|..oe do....... Inner shell. .. .. 4-17-56 | 85+0.7 [ 0.0812:0.071 |_____.._.._. 0.00015 | 2451215
Mest and milk.} 4-17-56 | 872.1 | 0.0800. 043 |. 186 08
8s13.._.| 782 17-56 | 51x20{27 0.1 M+ 47
8534....| 803 4-17-56 | 10+0.7 | 0.0462:0.02 67+ 29
4l._..| 538 4-14-56 | 42+1.910.26 2011 | 16 3.7 | 0.00010 | 1180500
8442, 838 4-14-66 | 8015 €0.16 focereemennn. 0.00010 0 R PO I
3M7....| 558 4-14-56 Jost Jost oo
3456....| 8%8 4-14-56 | 30041 [ 3.6 +0.15 | 250 54| 0.0012 | 1370& 57 1.2 83
3476....] 880 | Eniwetok.. 4-14-56 | 180+3.8 | 1.4 0.82 | 54 1.6 | 0.00060 | 1050620 0.77 %0
3492._.. 726 | Eniaetak. .. 4-14-56 | 6721020 0.06 | 17 =+0.6 | 0.00060 | 155+ 45 0.30 25
8505....] 674 |Bito....__.. 4-14-56 | 56:2.2 (0.0 003 | 36 =10 0.0026 2+ 62 | 0.31 61
8519....| 756 | Utirik...... 4-14-56 | 26:1.6 [ 0.22 2006 | 17 +£2.8| 0 00003 | 3300010 0.84 e
8541._..| 807 | Likep..... 4-1446 | 7.3+1.1 <0.13 | 88+21 | 000070 <85 |....... 82
*C-Date: Date of counting. s Sunshine Unit = 0.001 uc Sr®/kg Ca.
4
L] - »
B. Marine Organisms and Birds Tables 7, 8, and 9 report the results of NRDL i
analyses for the February 1955 survey.? Tables :
Graph 2 indicates the general level of 10, 11, and 12 are for the February 1956 t3
» . - 2y
activity in fish at Rongelap Atoll and the survey.* Tables 13 and 14 show the analyses ;
decline of activity with time.? by HASL.S ¢ 13
4
. . - - » - £ £
Table 7—Summary of Beta and Gamma Activity Concentration in Fish and Marine Invertebrates :
(NRDL)"‘
RADIOACTIVITY CONCENTRATION {(pc/kg)(s) N
LARGE FISE (b) ’ BMALL FISH (°) CRABS AND CLAMS SNADLS
LocaTION
No. of Activity No. of Activity No. of Activity No. of Activity .«
Speci- Speci- Specl- Epeci-
mens mens mens mens
8 v 8 v A v [} v
Rongelap Atoll: :
North LAgoon. -« onoemcceemeeeeens 3| 0.2 1.2 22 40 1.8 4] Ls| 125 2] 19.5 5.8 i
Bouth LAZOON .o _ - oo oo icineeeeeo. 3| .054| 033 7 14| 084 3} 049 176 —(d) |oooiofeoo.... ;
Rongerik Atoll: :
Eniwetak o oiiiaieoiioens 2] 0.3 0.26 2 .23 I3 I IS SN SR U IR :
Utirik Atoll: i
Ubirik . e L (] 14 04 oot
Likiep Atoll:
LRI o oo oo e e 1| 002 0.01 3 05 o 1 oz} o3s !l ..
Bikar Atoll
23170 UV RN USRI I SR I SR 2| o030f ool ...l L
B
£}
;3

(s) we are in terms of Co® equivalent. () >150 g. () <150 g. (@) No data taken. §

*Collections made about February 1, 1955. Data reported as of March 1, 1955. DOE ARCHIVES




12 RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

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

and in the crustacean muscles.

Tables 9 and 12 show the gross activity in
birds and fowls.* ¢

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

RADICACTIVITY (uc X 103/ T138TX) ()

Wer
IsLiND AND FsH W?c):u'r Total 8kin Muscle Bone Gills Visoera
g
8 ¥ [ k4 [ v [ v 8 L [ k4
Rongelap Atoll, North
Gejen. flat Fish with Orange Spotse..___..._...___..._._. 07| 108 Ti4 (25 (24 |18 |96 1120 [310 7 |16 |28 |268
2 PeIBIRIC .o oo e eans 603 | B4( 500| & |89 $ |78 |2 |m 38 |1 |37 68
North lagoon. {Snappen ................................... son| s3] s0) 4 les | 9 o4 [2s [as |3 {w &
47| 13 12 |64 (12 [ (61 (28 ¢ (16 |24 |13 ‘
...................... 10.6 | 9.2{10.6 (151540507 3.5} 27210 228 |
|
!
1400 | 112 6oo]10 [16 |14 (w8 [41 fs08 | 4 [38 [s¢ |10 !
2170 e s13i25 (e {19 {11 |18 (11 6 |5 1 |1es |
1,080 | 106 | 336 {12 (36 |14 (104 |8 122 8 |7 |13 80 h
1,880 | 96| 48110 40 |16 {105 |as [180 6 |37 |18 |18
...................... 10.8] 8311671219 40.7[37.5| 63| 7.7{16.7] 248
1,450 272 830 ) 1 |39 |48 |4 8 {108 8 |10 |27 {140
20| e4] 6] 8 |1 8 |15 7 |18 1 3 |4 19
840 | 168 5 |28 |26 {30 8 |6z 5 7 |128 80
______________________ 80{127(155 347 &2]30.4) 32| 34 ]820] 0.2

s >150¢. b uc are 1o terms of Co® equivalent. ® Name unknown.
*Collections made about February 1, 1955. Data reported as of March 1, 1955.

DOE ARCHIVES
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Table 9—Summary of the Gross Beta and Gamma Activity in Birds and Fowl *

AcCTIVITY (fc x AcTiviTY (uo x
No.or| Wrxr 104/tissue) » No.or| Wer 10%/tissue) »
ISLAND AND Srxzcruxw SPECl- | WRIGHT ISLAND AND BPRECIMEN 8rxcl- | WEIGHT
MENS ® MINA [73)
[ k4 8 ¥
Rongelap—Rooster—Continned
D = €71 o U U 15 8 2
Bkin....... - 157 16 18
) %) . Y S R 2 2
7,281 8 479
Rongerik Atol}

5
g
F3
g
2
2
&

® pc are In terms of Co® equivalent.
& No detectable activity.
® No data taken. _

*Collections made about February 1, 1055. Data reported as of March 1, 1958,
pDOE ARCHIV ES




14 RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

Table 10—Distribution of Gross Beta and Gamma Activity in Tissues of Fish (NRDL) *

RaDIOACTIVITY (d/m/tissue x 10-4) »

WreT
IsLaND AND Fiam qu):m Taotal 8kin Hesd Muscle Bone au Viscers
(4
8 L4 4 ¥ 8 v 8 v 8 v 8 ‘ v 8 v
Rongelap Atold, South:
Rongelap—Goat_ ... ....... 218 8.8 1

.5 (0.2 2.4 0.45| 3.3 1.1 21 1.5 27 |08 2.2 4.9 2.8
7104 0.3 0.8 0.7 0.4 0.5 1.4 2.6 (0.3 0.3 19 1.4

Rongelap—Grouper

Average__ ... ...
Percent of total activity..
Rongelap Atoll, North:

] 27 (05 1.3 3.4 2.1
L0 1252 | 7.0 | 120 | 477 19.6

Gejen—Snapper_ . _____...__. 1,154 26.3 87.0 j 1.0 11.8 6.6 | 24.7 5.4 16.8 5.5 | 15.7 1.7 2.1 6.1 16.9
Kabelle—Snapper 735 12.3 18.5 .0 112 4.5 1.9 1.0 0.7 2.4 4.4 0.5 1.1 2.9 6.3
Kabelle—Parrot_ . _____..__._. 1,957 2.8 71.3 11 8.9 8.5 | 20.9 2.4 6.6 7.0 | 3.4 [ 0.8 2.7 5.0 8.8
Average. ... ___.._. 21.1 38.8 1.0 $10.6 6.5 {158 2.9 8.0 5.0 | 14.5 1.0 2.0 4.7 10.3
Percent of total activity. f.... ... 100 100 4.8 17.3 | 30.8 | 25.9 |13.7 13.1 23.7 1 3.7 48 3.3 2.3 16.9
Aflinginse Atoll:
Sifo—Snapper - 640 3.2 38.9 |03 5.8 Q.7 0.9 0.6 6.2 0.5 10.6 | 0.1 2.7 0.9 8.8
Percent of total sctivity_ . | ... 100 100 9.7 15.2 225 | 25.4 19.3 15.9 16.1 | 27.2 | 3.2 7.0 | 20.0 0.4
Rongerik Atoll:

Eniwetak—Squirrel

. 387 0.41 20 {002 035 023| 05| 0.04| 0.27| 0063 039|002 0.05| 0.04 0.4
4.9

Peroent of total activity .. |.ooao... 100 100 4.9 17.3 5% 27.2 8.8 13.4 146 }19.3 4.0 9.8 18.8
Utirik Atoll:
Utirik—Parrot.. ... _..... 425 0.66 0.87}0 024 0 008| 015 0.2 0.13| 0.13} 0 0.04 | 0.38 0.2
Percent of total setivity... {cccenao.. 100 100 0 27.6 0 103 227 | 25.3 19.7 150 {0 4.6 57.5 17.2
Likiep Atoll:
Likiep—Snapper._.__.__.._ 453 1.1 22 10 0 0 0.02} 0.1 0.2 0 0 0 [} 1 2
Percent of total setivity..\.......... 100 100 0 0 0 2 '} g 1] [ 1] 0 21 20

= As determined on basis of UsOs standards and emplrical scatteriug and absorption corrections.
*Collections made February 1956, Data reported as of April-May 1956.

Table 11—Summary of Beta and Gamma Activity in Fish and Marine Invertebrates (NRDL) *

Fon CraBs CLaws SNALLS
ISLAND Activity s Activity s Activity » Activity e
No. of | (d/m/kgX104) | No. of | (d/m/kgX104) No. of | (a/m/kgX10-9 { No. of (d/m/kg X104
8amples Samples 8amples Bamples
B vy 8 b4 8 r [ y
Rongelap Atoll:
North:
Gejen ..o 8 2U.5 78.8 2 28 87 o] 4] 048 513 -
Kabelle. oo ocumaeoocnanas 10 149 3,50 S PRI DU SIS O ERISRIPRI RO 1 1.7 43.9
5 10.3 45.1 1 4.5 14.1 1 4.5 |38 - T PR SO PP
Soutb: Rongelap._...___.._._ ... 5 17.7 32 6 25.4 4.5 2 =3 56 2 31 51
Rongerik Atoll: .
Eniwetak . . ... ... 8 22 7.8 1 2.8 ) £: 3 S (RN SUUPDIPUIO PSS PP SR, P
Aflinginae Atoll:
Bifo. et [ 45 2.7 3 21.9 145 1 8.4 150 oo el
Utirik Atoll:
Ttirik . s 8 1.6 25 U IR S AU AU N SO 3 0. 006 28
Likiep Atoll:
LAkKlep . ool 8 2.6 ) V- 70 DEURRURR U [N AN NSRS SRR U IR RS

s Ag determined on basis of U404 standards and emplrical scattering and absorption corrections.
*Collections made February 1956. Data reported as of April-May 1956. Dnﬂ ARCHIVES
A Aad
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Table 12~—Summary of Gross Beta and Gamma Activity in Birds and Eggs *

! RADIOACTIVITY &
No. or AVERAGE
1sLAND Sawurix BaMFLES | WRIGET
@ Beta Gamma
(d/m/sampleX10—)(d/m/kg X100 | (d/m/sarnpleX104)(d/m/kgX10-¥)
Rongelap Atoll:
Rongelap........... Tern:
Eggshell ... __.__. 1 [ NDA 1} 0.62 10.8
Egg, soft tissue.....__. 1 83 0.28 7.9 0.11 3.3
1 92 0.93 10.1 0.32 3.5
1 101 0.38 3.8 0. 025 0.25
1 141 NDA 0 0. 019 0.14
) N PN NDA 0 NDA 0
1 145 L1 7.8 1.7 12
1 189 0.1 59 0.13 7.7
1 0.9 0.07 kel 0.027 30
2 5.3 NDA 0 0.13 28
2 2.8 0.15 8.7 0.3 1.3
7 116 0.38 3.3 1.7 147
7 1.7 0.057 1.9 0.43 3.7
[ PR 0.08 —— 0.14 _—
7 0.31 NDA 0 NDA 0
Eggshell .. ...__.._. 1 [ NDA 0 0.06 10
Egg, soft tissue......__ 1 33 0.28 7.9 o1 3.3 ¢
Rongerik Atol: L
Enjwetak_____..__... 2 62 1.9 21.0 0.9 9.8 ;
2 10.7 0.04 2.3 0.03 1.9 :
2 .3 NDA 0 NDA 0
2 0.05 —_ 0.09 —_— ¥
3¢
i
s As determined on basls of U304 standards and emplrical scattering and absorption corrections. z
*Counted in April-May 1956. ; i
H
i
;_"1
ARCHIVES
4
3
1
3
%
. !
I
h
£
427792—57——4 ;
H
:
, :
: j
: :
§ ;
{ ;




T‘!a%&i}.l. R e B L E R scnvinas, iy Eetihed,

H
k
5 @
o
m m
(6]
=4 O
4
= ‘9g61 L1sruqe :3ujunod Jo 818, m
B i
24 (@)
m pus y v sajdwes o} § %08~QoIYA jo [a)
] ‘o(dwes pejood uy 1ySjom j04 sW3 0T~
3] *ge-$2-01 ‘pusis] dujeduoy Jog 'y pus
o] ¥ V pus igg-1Z-01 ‘PUN(S] OI2q¥H DO
[&) ¢ v pue g v o[dweg—1ay—m o0 98
BT LRIFLLT | 68°0FOLD uFew | 01FIey | o serdures Bmaowes e porood ‘g v | ‘1501 | "dejeRuoy-ailaqe)y |7 Ty | 818
‘, 3)
¥ X NOLANVId
1;
; m .......... WoFRY | groFmo0 | LuFoe8 | 8IFLIE T O +96 38 DOLID :4sy ¢ JO o[dWss ed | §9-T2-01 |~ ~Puss] dejpduoy |Treeniy |7t qEgvep | eU-E Y T 6918
) +3ujjroq 1038 18Q3 5] UsAP JyBjem
: Z 08t | 00 IF(e20—)| 06 0F(82°0~)| L8F60Z | WFLEE | 39pA IUOW GAOUIAI 0} POIO] BUCQOVE | §E-TZ-OL \"TT op==| T euog |~ op T wv | w91e
£ 0 £9 0680 0 11°0F610°0 8 Y F09Z 0 1Fgey |“cvoTTTTTTTTTTTTTY O 96 9 DOJJP WS T | 99-12-01 |~ PUe[s] [poruqe] |~ TTOESNIN |TTTTTTTT ojjuoyg wy [ yLig
4 ﬂ $¥00 0 L eFE80 13 '0F¥01 0 0ZFE8Yl | 9 TFOST  1TTTM JO N WHA PAISUS— D o96 18 PO 9e-13-01 [~TTTTTTTTTTT opTTTTTTTTT AT T oq T Wy |77 1918
i = ‘sieq ¢ 0juj peoufd sa[dwes OOAN
H m L1000 81°0F(90°0—)] #0 0F (10°0-)| S F¥FIIL OTFFIE | :M JO 0 WA POISUS—D 56 18 PO | 99~I5-01 77777 (4 SRS | TTTTTTTT oq~T""" ') G "2 R aLIg
\ “onss}) [V 0Aowed 0} ojqissod
: [ 10N °ONSS]} 9A]100UTOO OWI08 $OPNLIUY
] Q auog ‘sql ¥ :Judjom [sj03, -uood
M z ] dupeduoy uj Spusis] (peteqw] ‘euny
N m g 0z 0FeY 0 W FLo g6F08 gFIL puv o[jequ) TEem3eq Lea-jeq Jq3u8) | 9¢-12-00 |~ fpeasqeT-oroqey |*777 euog yi003-3oq WYy [T aL1g
B
il 4] Liq ®M Liq M
] LHOIE M wva
7 m 1AM NO SXYVAIY NOW | QaloA1T0) VIHY | AQSELL REINVOUO ‘ON “ON
1y asy +ALIALLDY 0311100 NImnadg | ISYH
- m %0 06~4g uredd/w/p V10,1, Wmuad/w/p
i Q —
o HSIL
4 g (snjdang TgV) seskeoy TSVH—E1 2[qEL
«
=]
w
o
-




GROB8 ACTIVITY

Table 14—Results of Analyses Performed at HASL
MARINE ORGANISMS

17

C-Dare| ToraL Ca
HABL | NRD SAMPLING ORGANISM TissvR Toral | AcTIvITY Brw Cpir grama/ B.U. LAY o]
No. No. LOCATION Acrr.v- d/m/gram | d/m/gram | d/m/gram gram
124
3336 .. 6246 4 L5010 [ 2 SR R ASRURI .
8337. ...
8350. . ..
a351.._. 125480 2.B£0.66 |........._.. 0.031 41+8.1 2.3
3354 ___ 235+8.9
3360. ... 054-5.7
3. ... 20-4+-6.2
8376. ... 3469
37 .. 51:46.2
3380. ... 11485
3383_... 2245 4
3384 ___ 14311
3385. .. 2246.7
3387_._. 18+6.0 |...
3346 ... 35417
8357 ... 31022
3363. ... 205420
3381 <is
3393. ... <18
83304 __. 21415
5326 ... 520£10
3327, 2180429
3328.... 23310290
8320 9800120 | 1.5+0.58 | 7.1x1.1 0125 85+21 018

*0O-Date: Dale of counting.
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C. Soils

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

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

RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

Tables 19 and 20 show the analyses by
HASL.®

The data clearly indicate the major portion
of the activity is to be found in the top three
inches of the soil. As suggested in chapter 111,
Ce™-Pr'** and Ru'®-Rh'*® make up much of the
fixed contamination in the soils at periods of one
year and more after the fallout occurred.

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

BETA ACTIVITY (8-/min/g)
No. or
IsLaxp CORES 1-IN. INCREMENT OF S80IL CORING
1st 2d ad 4th sth 6th 7th 8th 9tb

Liklep . o 1 140 40 40 | NDA ! NDA [ oo e ol
Utirik. ... 3 1,250 480 240 130
Rongelap. 4 6, 600 2, 100 570 420
Busch..__. 1 10, 800 7,100 7,200 8§, 400
Eunlaetok 1 57, 000 24, 000 4,300 18, 0001
Labaredj. 1 42,000 33, 000 29, 000 23, 000

3 43, 000 30, 000 10, 000 3. 600

3 53, 000 48, 00U 26, 000 20, 000

1 37,000 37,000 8, 000 4. 000

2 35, 000 40, 000 13,000 10, 500

3 4, 000 740 250 170

2 16, 000 7, 500 3, 000G 2, 000

(s) No detectable activity,

*Collections made about February 1, 1855.

Data reported as of March 1, 1855,

Table 16—~Summary of Beta Activity in Gross
Samples of Soil (NRDL)*

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

BeE1a AcmiviTy  (8-f
min’g), DEPIH oOF
IsLAND NUMRER Soin
OF SAMPLES
0tolip. | 1to&in.
1 9 s
4 960 550
5 8, 900 800
2 48, 000 640
3 85, 000 1, 300
6 96, 000 3,100
1 348, 000 12, 400
1 8§, 400 9o
1 12, 000 240

*Collections made about February 1, 1955, Data reported as of March

1, 1955,

BETA AcTivIiTY (8-/mmin/g), IsLaND
Depta (IN.)

Rongelapl Labared}| Eabelle | Kabelle | Kabelle
12.400 | 130,000 72,000 §3, 000 7, 000
1, 500 380 6, BOO 2,900 440
110 950 1,700 400 130
140 770 130 2,300 240
580 140
70 90

70 NDA
NDA |........
60 |oonooon
40 j_. ..

» No detectable activity.
*Collections made about February 1, 1855.
1, 1955.

Dats reported as of March

DOE ARCHIVES




GROSS ACTIVITY 19

Table 18—Gross Beta Activity in Water and Soil Samples + (NRDL)

Gejen Eniwetak | Enisetok Rongelap Bifo Ttirik Likiep

WaTER b (¢/m/liter x 1074)

NDA (%
0.1,
0.03,

NDA

NDA
0.09

All counts were corrected for the counting efficiency of Srk-Y %,
Gross beta activity of plant samples was determined in April 1956 and that of soil and water in Masy 1956, Collection date: February 1956.
NDaA Indicates no detectable activity.
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Table 19—HASL Analyses (AFL Surplus)

801IL
——— B —
BECEMAN MX-5 READING TOTAL ACTIVITY? * 8r-90 d/m/gram
HASL 8rec. CoOLLEC- AREA CoOL- d/m/gram
No. No. SON LECTED (Island) DESCRIPTION Deerth
ATE
Burface 3" below | 6" below Wet Dry Wet Dry
3182 ... At 10-21-58 { Kabelle.. .. ._.| Open area-200 yards from lagoon near 0-3" 352 | 0.20.9 | 150001225 | 16300-£244 | 500+4.7 B548+-5.1
midisland,
3183 . .. A2 10-21-58 }...__ do..... Open area—200 yards from lagoon near 3-8 3.512 P 0.2/0.9 617+ 90 6584 96 | 22.742.6 WH.2+2.8
midisland,
31Re_ A3 10-21-55 |__... do...... Grassarea—20 feet fromAland A2 . 0-3" 28 |- 0.2/0.6 | 6A20£152 | 7950182 ( 2004+3.3 240440
3185 - A4 10-21-55 |._.__do.._. _| Grass area—20 feet from Aland A 2. ... 3-6" 28 | 0.2/0.5 3024104 3294113 ) 4.740.67 5.140.73
388 ... AS 10-21-56 { Labared) .| Open area—100 yards from lagoon (high 0-3" 28 | ... .. 0.080.6 | 5470147 | 5990161 | 1884-3.4 2063, 7
tide mark in 8W part of Island).
3187 ... AS 10-21-55 oo Open area—100 yards from lagoon (high 36" 2/8 0.08/0.5 623+ 88 6878+ 97 | 6.7+0.99 7.3+1.1
tide mark In 8W part of Island).
3IRR ... AT 10~21~85 _do.... . Under atree 16feet from A fand A 8. .. . | 03" 0.6/7.0 0.3/1.0 0.07/0.5 | 74804129 | 94904164 | 263+4.5 33445.7
R A8 10-21-55 do._. .. Under a tree 15 feet from A 5and A 6. _. .. 3-6" 0.6/7.0 0.3/1.0 0.07/0.5 356+ 70 3054 78 | 4.94:0.47 5.440. 52
3N AS 10-21-85 | Rongelap Grass near wel) (10 feat W of well)...__ . 3" 0.3/0.9 0.05/0.3 0.05/0.2{ 3000k 74| 4230104 | 187426 26443, 7
30 ..o A0 10-22-55 ool (rass near well (10 feet W of well) ... . 3-8 0.3/0.8 0.05/0.3 0.05/0.2 4064- M 543+ 72 | 11.84:0.68 | 15.824-0.01
3192 ... Al 10-22-85 _do__. _| Papaya cluster (near schoolhouse) rocky 0-3” 0.8/1.0 0.1/0.5 0.1/0.4 | 57004 69 | 12300-£149 | 21243.3 457+7.1
sotl.
3103 ... A2 10~22-85 do___.. .| Papayn cluster (near schooihouse) rocky 3-8 0.3/1.0 0.1/0.5 0.1/0.4 [ 1040 75| 1410101 | 32.3+1.0 43.6+1. 4
rofl.

*Date of counting: February 1956.
See table 34 for estimates of arailable calelum and of Bunshine Units.
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Table 20—Results of Analyses Performed at HASL

80OIL
HAS NRDL C-Dat®| Toral Sr» Ca ¥ %
No. No. 8aMPLING LOCATION ToTaL | AcTiviTY | d/m/gram | d/m/gram | %, Brw| Csur
AcCTIviTY | 4/m/gram
4-21-56 6545 <o0.42
421-56 <41 1.6+0.42
+14-56 | 20040 20+0.8
4-21-56 <53 <¢.47
4-21-56 <85 | 1.240.71
4-21-56 <81 <o0.58
4-14-56 | 3000 03 80+1.4
4-21-56 | 12060 1.04+0.48
4-14-66 | 60400470 | 164012 4
4-21-56 <73 3.4:0.72
4-14-56 | 160092 40+1.8
4-21-56 <57 <0.55
4-14-56 | 62079 2841.0

*C-Date: Date of counting.
Bee table 34 for estimates of arailalie calelum and of Sunshine Units.

D. Water

Table 21 suggests a relatively high ratio of
activity associated with the filtrate. However,
it is probable that much of the insoluble ma-
terial had settled out, therefore, the values do

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

Tables 18,* 21,7 and 22 ? show additional data
on gross activity found in water sources. Table
23 gives the analyses by HASL.®

Table 21—Radioactivity of Water Samples, July 1954-October 1955 (AFL)

(Values expressed in d/m/liter40.95 counting error)

DATE AND ISLAND

LaGoOoN WaTER IsLaND WaTER

FILTERED

Untreated Treated UNYILTERED

Filtrate Residue

Rongelap Atoll:

RODBe . et e e e m e

Allinginsc Atoll:
10/23/55, Bodbuk . eiaeas

85001600 4200150 (oo el

8001500 450160 | ... e
540120 3106190 75178
10001600 804120 3300140 4300200 1200-+:34*
130086 850140 75£19%%*
160031400 804:130 1400:£91 820140 820568

*From cistern near schoolhouse; #Mrom well back of schoolbouse; **ground water; ##standing water from can, drum, ete.; ***from cistern with

eollapsed roof. Date of analysis: November 18-20, 1955,
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Table 22—Summary of Gross Beta Activity in Water (NRDL)*

e v b

BETs ACTIVITY (8-/min/liter)

SOURCEKS OF WATER

I8LAND
Ocean Cistern
Exposed
Well Barrell Tree Bole | Soil Profile
Lagoon Ocean Top Bottom
8ide Bide

) 71 o [ T U NDA s NDA t
L0531 v | RO IR RSSO &0 NDA "
RoODgelaD. e 80 330 n
h - 11171 PPN REP RS PP 86 NDA 1
Enisetok .o iiieaas 460 260
LADAred). - cnomooceeee e e e eameanan 7,700 56
Kabelle .. ccoi e e 2, 300 80
Lomuilal . . e 380 170
BIEAr . e cieeeccas 37 B
Eniwet8k. oo i 100 170

s No detectable activity.

*Collections made about February 1, 1955. Data reported ss of March 1, 1955,

Table 23—Results of Analyses Performed at HASL

WATER
HASL | NRDL C-Datg*® a/mN 8rn Cs?
NUMBER | NUMBER SAMPLING LOCATION TYFE A’Ir;%?l;y TOTAL ACTIVITY d/m/1 d/mfjt oy, S |9, Csin

543 5 8-66 | 2500132

590 &5 8-56

785 5~ 8-5€ 37418

787 5~ 8-56 315

788 5- 8-56

757 5 8-56

830 & 8-56 1818

1003 5-11-58

1036 5-11-56

1007 5-11-56

1028 5-11-56

1023 5-11-56

1038 5-11-56

1032 5-11-38

1002 5-11-68

1034 5-11-56

1008 5-11-58
1027 5-11-56

1024 5-11-56 \
1029 5-11-56
1031 5-11-56 ‘

*C-Dste: Date of counting.
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CHAPTER llI

Radiochemical Analyses

Tables 24 and 25 show the radiochemical
analyses made by AFL for the 1954-55 sur-
veys,? and Tables 26 and 27 for the July 1956
survey.” In two pools of 15 and 19 fish muscle
samples collected in late July 1956 and analyzed
by AFL no radiostrontium was found.

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

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

In terms of a potential biological hazard the
strontium-90 activity is of most interest. At
one year post detonation NRDL reports:

. In muscle and viscera samples of the
ammals from Rongelap, Utirik, and Rongerik,
Sr® contributes approximately 0.5 percent of
the total beta activity. Sr® is present in an
approximately 1:1 ratio with Sr*®. Since the
Hunter and Ballou calculations indicate that
Sr® and Sr* each contribute about 2 percent
of the total beta activity at one year after fis-
sion, there does not appear to be any fractiona-
tion of radiostrontium into the soft tissues.
As expected, most of the internally deposited
radioactivity was found in the skeleton.

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

*Newest estimates indicate 27.7-year half-lifc,

muscle of the rooster (40 percent of the total
beta).* Further radioanalyses of marine speci-
mens indicated that the rare earth group con-
stituted a few percent of the total beta activity.
Ru'®-Rh!® and Zr*-Nb® contributed the largest
percentage of the total beta activity.”

The AFL reports:

“. . . The Sr* values for food plants, except
coconuts, collected in October 1955 approxi-
mate the theoretical proportion of mixed fission
products activity'? at 1.7 years, 4 percent.
Coconuts contained 0.1 percent Sr* with appro-
priate correction for time of collection. . . .

“. . .In contrast to the strictly marine
forms, the coconut crab, which feeds principally
on land plants, had Sr* 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
Sre-Y®, | ..

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

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

*See Bectlon IV.
=
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b 24 RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS i

Unlike localization in the liver of mammals, accounted for the major portion of the activity.
Zn® was found distributed fairly uniformly  (The ability of clams to concentrate Co® selec- '
among the tissues. The Co® found in clams tively was verified by laboratory experiments.)

Table 24—Radiostrontium, Radiocesium and  Table 25—Sr® in Biological and Lagoon Bottom
Radiocerium-Praseodymium in Biological Samples from Rongelap Atoll, October 1955

Samples, December 1954-January 1955 (AFL) (AFL)
ToTAL 8re,
PERCENTAGE OF TOTAL IsLAND BAMPLE ACTIVITY | PERRCENT
ACTIVITY d/m/g* | or ToTdL
IsLaND ORGANISM ActIviTY
8r# | Brw | Csw | Cel
Priv
Rongelap...| Coconut meat....ccoocommaveaan 110 0
Pandanus fruit. ..... .- 180 21
Sept., | July, Morinds frut_..._ -- 1y (]
June-July | Oct. Aug, Labared)...| Arrowroot corm......_ - 40 32
Rangelap Atoll: 1955* 1955% | 1956° Ksbelle_.... Coconut crab muscle.......... 440 19
Gejen..veceoan 81 coconut midk. ____ <0.1 [<0.1 81, 0.0 Coconut crab liver. . ooooeeeeees 1, 200 12
Kabelle...._.. 37 Caulerp@. oo |t 0.0 7L Coconut crab salts of CArapace...|.....c.c.o.- 50.0
30 coconue mik. . .. ... 72 0.0 Coconut crab cuticle of carapace. . ... 2.0
38 Halimeds . _._._..}..._.. 0.0 2. Labared]...| Giant clam mantle and muscle. . 1,700 0
30 coconut crab 0.86 €7, 1.0 Giant clam kidney. ............ 5, 200 0
muscle. Do..... Bonito musele....... . 150 [
41 mullet muscle.._.| 0.0 0.0 0.0 L6 Bonito fver. ... _._...___. R 1, 700 0
Labared]. ..... 29 coconut milk. .. . <0.5 |<0.5 78. 0.0 Bonito bone......__...._. R 300 <o.6
42tern bone.._...._. 0.0 0.0 0.0 2. Kabelle_.__. Grouper muscle. ... .. . 31 0
43tern bone_....___. 0.0 0.0 0.0 26. Grouper liver_ ... . 5, 500 0
Mello_........ 40 dogtooth tuns 0.0 0.0 4.8 0.8 Goatfish muscle.._. R 42 0
mauscle. Labared)...| Ternmuscle.. .. ...ooooooaeeee. 61 0
Rongelap...... 27 coconut meat.___. 0.0 0.0 2. <p. 4 Kabelle._._. Lagoon bottom,
28 coconut milk. .. .. 0.0 0.0 78. <0.2 depth of water ¢,
32 pandanus frult___{>0.1 1.3 110. 0.7 fraction contalning 7TL11)1D EZE" ;g'g g;f
34 papaya meat.._.. >0.1| 25| 68 3.7 particles >0.074 o ' )
33 squash mesat..____ >0.1 LS 51. 1.0 mm diasmeter.
*Dates of aualysis. *Wet weight basis except lagoon bottom which is on 8 dry welght basis.

Table 26—Radiostrontium in Plants Collected at Rongelap Atoll July 23-24, 1956
Counted September 4, 1956 (AFL)

ToTaL Sre CALCIOM | “'SBUNSHINE
PLANT TI1SSUR IsLaND B acTIVITY | d/m/g wet g/g wet UNITs”’ Bréi; Srw
d/m/fg wet

DOE ARCHIVES
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23-24, 1956 (AFL)
Radioactivity as of Counting Date, September 10, 1956

25

Table 27—Radiostrontium in Land Hermit Crabs (Cenobita sp.) Collected at Rongelap Atoll July

¢ Values as of 15 July 1955 (16 mos after the nuclear detonation).
® No detectable activity.

from the reported parent values.
*Coliections made about Febraury 1, 1955,

b Nbl and Rhi® may be calculsted

DOE ARCHIVES

TotaL Brw CALOIUN | “BTNBEINE
BPECIMEN NUMBER Tissvx ISLAND B activiry | d/m/g wet g/g wet UNirs” Sre.Brw
d/m/g wet
243 42+2 0.00304 | 8250+231 1.6 2038
434 62+22 0.00320 | 8890+3110 | 0.0
5,410 | 24009 0.208 531019 0.2440.02
633 47114 0.00718 | 3110:+846 3.6 +1.6
273 2446 0.00223 | 4810£1170 | 2.4 +0.75
4,100 13103 0.202 20607 0.58+0.18
444 906 0.00919 | 5120382 0.71+0.05
5,600 | 2130+130 0.189 44404158 0.32+0.04
3, 900 13105 0.177 336014 0. 48+-0. 14
Table 28—Radiochemical Composition of Residual
Contamination (NRDL)*
PERCENTAGE OF TOTAL ACTIVITY OBSERVED &
MATERIAL RADIONUCLIDRS
Bre 8 Zres b Rue b Caw»
Earths
Arrowroot. ... 1.3 5.9 3.0 0.5 7.8 B0
Breadfruit. . . el 8.3 50 19 NDA nu
Coconut frond. 5.0 80 42 8.7 1.6
Coconut mest. ... ... _.._......... NDA 1.2 NDA NDA 05
Coconut milk. ... ..o NDA 0.9 NDA NDA 9
. 46 74 6.4 4.8 8.4
0.5 2.4 1.2 0.2 o6 95
Pupays . il 1.8 7.3 37 31 12 1
Coral.. 3.2 14 67 10 4.5 1.1
£ 0.8 2.2 73 0.1 2.3 1.1
Lagoon bOttom. ... ooeoee ... 1.1 5.0 82 0.2 13 NDA
Cistern water. 2.9 8.6 41 2| 20 13
Ground water 0.8 2.5 49 20 16 9.2
Lagoon wWater. oo .. .. .ii...... 0.8 4.0 76 9.7 7.0 0.8
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Table 29—Radiochemical Analysis of Fish and Chicken (NRDL)*

ToTAL PERCENTAGE OF TOTAL BRTA ACTIVITY
WrionT BrTa
Istanp  Fisg ® TissUE ACTIVITY
(d/m 1 10-%)| Br# Brw Rare Csis? | Ruls Zre
Earths Rhie
Rongelap Atold
82 1.2 1.0
603 8 0.4 0.3
20 0.2 0.2
40 0.6 0.5
&7 585 0.1 0.1
175 0.2 0.2
1008 225 0.7 0.6
26 1204 0.1 0.1
11 432 0.1 b NDA
30 26 1.1 0.8
230 60 0.2 0.2
D § IR PEPURP PRI
3 0.6 0.5
Rongelsp Rooster. ... . .. oiiieiiiaos 1140 7 2.0 1.6
12 1.3 1.0
101 0.2 0.2
Utirik Atoll
Be). e 24 1 1.1 0.9 ) I RIS BONDRI g
U“’“‘{Bummy fish 185 P IS IS A AR U
Rongerik Atoll
Muscle........ 7 0.B {-cceeaeos
Eaiwetak Malletoo..oooooececemememeceeces 0 [ osele- - I

* No dsta taken. b No detectable activity.

*Collections made about February 1, 1955. Data reported as of April 1855,
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Table 30—Radiochemical Analysis of Biological Specimens from Rongelap Atoll (NRDL)

Wit BETA GasMa Nucumz || PRRCENT| BUN-
IstiND, BaMPLE NO., AND BiMPLE Tssvx WEeicHT | Ca (mg) | ACTIVITY | ACTiVITY | NUCLIDE | ACTIVITY or BHINE
® (d/m/sam-\(d/m/sam- (d/m/sam- || Torar | UNits »
slex 104 plex 104) plex 10-3) ACTIVITY
Rongelap Island:
J R.E¥ (]
15020, Goat fish . _ . _ooiimiaiiaaaas Bone ......ccooene- 29 860 15 217 Bre 7.8 68700
Znu 8%
R.E 0.14
Viscera__...___.__... 10 87.6 i9 2.8 Sr® 1] 0
Zp4 89.3
R.E. 12.5
5] o} D, 28 337 0.2 2.4 Brw 1.7 45434
Zn4 95.8
R.E. 0
Musecle ...ooooeeenn 87 111 1.1 2.1 Bre 0.4 1891313
Zn# 00.6
R.E 0
1500, Killerclam .o oroooceoo e Boft tissne.._..._.... 1800 743 20 33 Srwe 0.12 146442
Cot 63. 4
R.E 2.5
1513, Efller €lam. coecmecenoacmcnmann]omann [« 1/ T 882 1565 31 83 Srw 2.7 172436431
Co% 89
1520A, Langousta lobster. ......._._.l..... Q0umeeeaees | 30 13 2.1 { P * } 0
R.E 49
15200, Red eye crBb .« ccvecccacaeoaoaennn [ 1, 57 2343 0.75 3.8 { Sro 0.2 } 3+1
1520D, Red spotted rab .. o.nnmmw.|.coes 40 7| 2000 075 043 i BE 2. } 203
Csw? 7.4
15208, Coconut erab. ..o il [ 1 S, 114 e ee 3.6 3.1 { RE 185 } 0
Kaobelle Intand:
R.E. 42 }
1538, Snapper fish_ ... .- Musele. . ococecaeoean 281 85 0.95 0.69 Sree ] 0
Zns 84.2
R.E. 2.4
Skin. . ooooeooo. 80 987 1 41 Srw 0.5 24434
Zn4 2.7
R.E. 7.9
BODO. e occacceenan 141 1842 2.4 4.4 Sr® 1.2 738
Znw 100
R.E. “
VIScera. . ocoocmoccl]ocacomacas 2413 2.7 63 Brw 2.9 147418
Znu 842
R.E 0
1540, Grouper fAish_ ..o oo_.cae. Whole. ocrvmcrnncen 176 1630 0.75 6 sre 1.0 2244
Zpw o7
R.E. 0.7
1644, Parrot fish_ ... . ........._. Bone....coceeeecennn 449 1005 7.0 23.4 8rw 2 326+22
Zn 70.8
R.E 47
[¢ 31| S 56 428 0.83 2.7 Sre 0.55-0.44.. 0.7 58146
Zn% 180 . oae 66.8
R.E. 37 s 0.4
p: . I 280 | 7920 85 | 209 |{ s |ogzes2.| o1 |} 63
Zn# 1670 ... 80
R.E. NDA_.... ]
Viscers....ooocncnoae 258 | 11450 5 8.8 8re 2.5+1.38... 63 10+5
Zo# 820........ «Q
RE. |580.._..... 12,3
737, Helmet snafl .. .. ceieaeaas Soft tissue. .. ...... 271 224 48 11.9 sre 1.364+034.. 0,3 276160
Zuw 1000_...... 91,6
DOE ARCHIVES
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Table 30—Radiochemical Analysis of Biological Specimens from Rongelap Atoll (NRDL)—Con.

Wer Brra | GaMMa Nucuipr |PERCENT| BCUN-
IsLAND, BAMPLE NO., AND BAMPLE TIS8UE WEigET | Ca (mg) { ACTIVITY | ACTIVITY | NUCLIDE Y ACTIVITY or BHINE
® (d{mlwn- (d/m/sam-| (d/m/sam- | ToraL | UniTs »
plex 10-4)| plex 104 plex10-%) | AcmiviTy
Gejen Island:
RE. [ NDA_ . __ 0
1621, S8napper Ash...ooconniiieen o b 2 (:Y:V, I 2190 3250 66 U7 { Sree 165624, 02 } 23438
R.E. NDA..... 0
Bkin. . .coeoirmnnnnan 73 1315 1.0 11.8 { [ 0.68+0.48 0.7 } 24416
R.E. NDA..... 0
Bone. ..o 173 8270 5.5 18.7 8w 1.540.44. 0.3 [ 2146
Zns 1540 . ... o8
R.E. 35 ... 0.7
Muscle.ccevmnanne- 511 190 5.4 16.8 8r 0.224+0.35.. 0.04 53488
Znw 1600._..... 95
R.E b § U, 1.8
VISCOrs. .ovucceeacn.. 7 P, 6.1 15.9 8rw 1.240.29 6.2 (]
ZnM 480 ... 93
RE NDA..... 0
(1) D, 28 403 - 1.7 21 { Zos 20, 100 } ]
R.E. 133 ... 7.4
1630, Grouper fish ... ... ... Whole____.......... 169 2190 1.8 7.9 Brw 1.7x0.02. .. 01 35418
Zn% 6230. . ..-.. 80
R.E. 08 . ..... 0.6
1620, Banderab. ... .. .. Boft tissue_.._....... 46| 1090 1.3 2.3 { Som | 472.00.69.. 2.0 } 106425
Rui® | 360........ 10.2
1037, 8plder smafl ...l do. i 20 713 18.7 18 R.E. 1210 ... ... 85 836430
Sre 5.28:0.47_ 0.3
- R.E 11800 ..... 118
1638, Bpider snall ... ... foo 40 ccccane 58 175 102 68 { S | 1.9540.60.. 0.0 } 5024332

s Sunshine Unit=0.001 uc Sr¥/kg Ca. P R.E.=~Rare Earth Group. « NDA=No Detectable Activity.
Date of collection: February 1858. Date of counting: April-May 1958,

Table 31—Average Relative Composition of Nuclides in Plants, Soil, and

Water (NRDL)
RELATIVE COMPOSITION (percent)
No. or
SOURCE PiRT BAMPLES
AVERAGED Tota)
Csw¥ Rare Br¥ Rui
« Earths
PrLaNTS
1 48 9 39.2 1.8 ...
1 79.8 17.8 28 ...
8 98 2 L1 0.7 ...
2 98.9 0.05 1.0 ..o
2 9.5 0.4 01 . _.....
1 99.6 0.2 0.2 |........
2 83 86. 6 0.4 5.1
2 926 22 55 ...
2 727 13.3 51 89
2 8.9 10.3 0.8 . ......
1 75. 4 16.8 1.0 6.8
1 1.7 3.8 3.0 1.4
8o
Depth, 0-110. oo s 2 0.3 8.8 5.8 10.0
WATER
2| 644 3561 ...
2. 100 [ N D,
2 e s 5.8 |.o..o.
2 e 100 0 |-

Date of collection. February 1958. Date of counting: April-May 1056.
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Table 32—Sunshine Units of Plant Samples

BawrLe { CaLcrUM l 8ree BUNSHINE UNITS
BamrLx IsLaND WxicET [CoNTRNT|{d/m/sample) |(2.2 d/m Br¥/g Ca)
® (mg)
178 10000100 2. 58 1 104250
Portulacs............ - 808 8380106 6140:120
Papeya._...o....o..o....... 838 240-+33 322144
162 34028 950+76
Coconut husk._............_. 58 150424 1200190
47 420424 4060240
28 110260 1801960
Coconut meat. .o ........... 40 1829 200+ 320
20 28423 6354520
18 25+18 706+ 500
Coconutahell ..._......_..._ 3 NDA 1]
23 NDA 0
Coconut milk._..._.......... 20 41:+21 9554500
Coconut leaves. . ............ [ 197.137 1300250
183 NDA 0
Coconut, whole.............. 19.5 157422 3600+520
1140 25026 103+19
Arrowroot tuber. 383 73+16 8618
114 196+35 7804-140
Arrowroot leaves and stalks__ 385 200144 340450
86 106050 8600280
Pandanus keys.............. 134 42044 1400-£160
65 460441 3200300
Pandanus leaves a NDA o
23 20-+33 3001650
Pandanus alr root 14 10627 23006840

Date of collection: February 1856, Date of counting: April-May 1858,

Table 33—Sunshine Units of Water Samples

CalcIoM |Sr¥ (d/m/| BUNSHINE

IsLaND N LiteR uter§ Units (2.2
(mng) d/m Sr%/g Ca)
48 | 1180£10 | 1.1X104+230
681 20-+-14 147-£104
83 39410 201+ 54
80 NDa 0
2300 NDA 0
852 NDA 0
Ocean__._.__... 408 NDA ]
402 NDA 0
Rongelap. . ..... 458 | 10068 188+ €8
Eniwetak. . 137 NDA 0
(8211 ¢) SO 1§ 204150 208-+150

NDA indicates no detectable activity.
Date of collection: February 1956, Date of counting: April-May 1958.

Soils (NRDL)

29

Table 34—Sunshine Units of MarshallIsland

R

o pr s

———

SUTTPRURE PPN

Ex-
CRANGE-
IsLAND 8o Tyre Er¥d/m/g| sBLE | BUnSEINE UNITS
Son [Carcium
mg'g
BoiL
Utirik_.._.{ Bmall sand-like 3+1.5 1.9 00604+-330
particles.
Gejen._..... Large coral par- | 1886-+20 1.4 €. 2X1004-6. 3X108
ticles.
Likiep..... Loamy. . ceoo... 142 1.3 £30--60
Erclwetok..] Small sand-like 6242 4.8 6 1X10°:180
particles and
Joam.
Rongelap. .| Loamy___...__._ 23444 12.7 B 4X103+150
Btfo__...... Bmusll sand-ltke 2543 1 3X100£1. 7X108
particles.
Enisetok ..} ... do. ... 40611 1.9X108£:5. 4108
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TOTAL ACTIVITY (8)
HABL NuMBER UWAFL SAMPLING L.oCA- | COLLEC- DerPTR AREA Lan 8re Qrm Srwe
NUMRER TION TION (inch) d/mfgin—wet d/m/fts S
Darx C-Date |[d/m/gm—wet
Boll:
8802, ool .. No sample Kabelle.....___._. 7-24-56 1 0-2.....__.._.. (Firstset) ......_._... HASL 8~ 4-56 1080480 | 150 43.7 5.5 X108 0.07
numbers I, Inc. 8-20-56 1820 155 4.1 5.7 X108
assigned.
BRO3.. i do. ... -2-56 | 24 | do. .. HASL 8- 456 406145
1, Inc. 8-20-56 4N 40 2041 1.3 X100
WA A0 oo, 7-24-56 | 46 ... | TR HABL | 8 4% <40 E
1, Inc. 8-29-56 106 1.5 £0.07 [ 0.084)10% <]
8807 ..ol do.___.._. | Tou-sA |02 . (Second set). ....._._. HASL 8- 4-56 62104110 | 250 -+4.9 9.3 X108 o1 5
1, Inc. 8-30-56 5040 265 +1.2 9.8 XI10¢ A
k2T I [ S do ._....._... 7-24-56 | 24.. . e eedoo L. HASL 8- 4-50 3300£102 | 58 2.9 2.2 X108 0.0 H
LIne. | 8-30-56| 1735 % +1.7 | 36 xio E
8805, ... | | do_ .. ....__. T-24-56 | 46 ____f._.. do_.._...._....... HASL R~ 4-56 1160462 | 54 2.8 1.8 X100 0.8 2
I, Inc. 8-30-56 641 30 4£0.57( L0 XI1o¢ g
3808, ieieaa.. Rongelap......... 7-23-86 {O-2.____ . 100’ fr. lagoon village | HASL 8- 4-56 266452 -
| areq, I, Inc, 8-30-56 152 10 40.40 0.48 X100
OO e 40 e TT58 | 2o ol Q0o . HASL | 8 45 <n &
| 1, Inc. 8-30-56 .2 4.6 40.1 0.21 X100 I~
810 oo 7-23-56 | 4-6.... . .| ... do oo HASL 8 4-56 <45 =
: LIno. | &-30-r 4.9 L4 £0.06 | 0.064x100 =3
‘ 33 [ [ T 7-23-56 | 0-2...... ... Mid island_____ ... .. HABL 8- 4-56 1220458 | 68 42,8 2.3 X1t 0.06
3 I, Inc. | 8305 a3 3 2021 L0 X0 w
; BRI2. . oL 2380 24| do ... ... . HABL 8~ 4-50 134461
| 1, Inc. $-30-56 106 4.0 402 0.16 X104
| ;141 § oo Looll| T-23-56 [ 46 | ____ do..... ... ... | HASL 8~ 4-50 <37
1 1, Inc. 8-30-56 54.9 0.98:+£0.03 |  0.040X10%
i BRIS . e Parry_ ... . ... 7-25-56 | Burfaco_......_ Shore.............. .. HASL B~ 4-56 | 17900203 | 7.6 £2.0 {.. ... ... 8.7
1 27 U U I N, do. ... 7-25-56 | Sub-surfaco. . _|..... [ HABL 8- 4-56 103439

) *As of September 20, 1950,

| 1, Inc.—Isotopes, Incorporated, Westwood, N. J, N.SE,—Nuclear Scicnce and Engineering, Pittsburgh, Pa.
| Date of counting: September-October 1956,

L Bee Table 34 for estimates of aeailable calelum and of sunshine units for soils.
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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
sacrificed. Tables 36, 37, and 38 show the
relevant data concerning external doses to the
animals while living on the island, and an
analysis of their internal contamination.®

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 Sr%,
7 percent BaM® and 10 percent rare earth
group. However, it was reported that
“. .. In the 6 months period post detona-
tion neither significant gross changes nor

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

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 & 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.
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Table 36—Mortality and External Radiation Dose of Animals From the Living Areas of Rongelap and Utirik 3
<t
BERIES A SERIES B SeRriEs C SERiES D TOTAL §
(=]
FxTERNAL DosE (**DAY 280r (DAY 8) 330r (DAY 25) 340r (DAY 33) 30T (DAY 51-53) 2,
or COLLECTION) ANIMALS Total Dead Sac’d -3
Recetved
Total Dead Sac'd Total Dead Bac'd Total Dead Sac'd Total Dead Sac'd
. Recelved Received Received Reoceived E
" <
HONS. .oecvecmrmnrcsammmnae= [ 1 ) U U DS PRSI RERTS S P 20 2 2 11 I 3 PR, 14 8 3 -
Day23 | Day23 Day 42 | Day 44 Day: g
‘ Day 43 67 #1368
) Q
8 ] ’
) E :
4 ) I PR > !
®
9 |+ N P, '
[ 3 PO 1 E i
k
i PIZS - eeemmeamemnmecamnnes S 1 1Y A 5 |
. Day 45 Day: L
38 Sow ’:g -
4 8 E
E 82 25 = 't
ORbe eeeemeeemmaemmameean SR SO AT NSO ML SR S e B s A S I A, 2 1
Q i
66 18 v 8 i
o * Aplraals from Utirlk; all others from Rongelsp (Group IV area animals rec'd 33 r external dose),  **Day Post Detonation
m o
o
-
(@] 2,
= 8
3 ?
. m '
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i INTERNAL CONTAMINATION OF ANIMALS 35 "
{  ;
§ Table 37—Radiochemical Analysis of Tissues and Urine of Pigs From Rongelap on 82nd Day Post- !
! Detonation d
1
t BETA ACTIVITY—D/M/TOTAL BAMPLE g
GRross ToTAL ,‘E
SAMPLE AcCTIvVITY Br Baw RaRE v
(x103) (1079 (x 10-%) EARTH &3
(x 10-%) f
%
Pig #24 (2.8 kgm): §
Bkeleton (total.__.___.._. . ___... 8890 5660 660 1010 f
Liver. e, 31 0.40 0.33 6.4 ;
Colon and contents.. ... ___.._. 12 5.0 2.4 3.2 b4
Lung (alveolar). _._._.........._... 1.5 022 0.20 0.8 b
Stomaeh_ ... 1.2 0.22 1.1 1.3 !
2.3 0.62 0. 50 0.51 i
3.3 0.21 0. 42 0.74 :
60 | ;
9630 5667 665 1020 :
13 8.7 1.2 1.6 1
i
8600 5100 530 690 H
27 0.53 0.20 58 !
16 5.0 3.2 49
1.1 0.26 0.23 0.33 :
8tomach_______. - 20 024 0.13 0.30 }
Intestine (small) ... ............._.. 2.6 0.83 0.88 0.88 1
Kidney. oo ... 3.1 0.14 0.18 Q.52 'i
Remaining tissues_._............._. 711 S Y S S i
o
Total...__. 8870 6107 534 702 kg
Trine ssmple, 6.2 4.4 0.40 0.54 i
b
SUMMARY t
E
GROSs BETA ACTIVITY SEELETON | TOTAL URINE 19
Bopy (24 HRrs.) o
L
BRM. e 62.0 58.0 69.0
Bal 6.8 6.8 7.0
Rare Earth. ... e 9.7 9.0 10.5
78. 8 73.8 87.4

All values corrected for decay.
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36 RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

Table 38—Beta and Gamma Activity of Chickens From Roagelap (uc x 10¢)

-

Hxx 1 Hxx#2 HzxN #39 HxN 138 HEN 35 Hex 7 HEN 124
Dayofdeath® . . .. ..o Day 23 Day 33 Day 74 Day 97 Day 121 Day 138 Day 159
Day analyzed®® ... .. ..ooooo Day 24 Day 24 Day 79 Day 107 Day 122 Day 140 Day 158
Tissue Bete Qamms| Beta Gamma| Bets OGamma | Beta Gamma| Beta Gamms|Beta Gemma|Beta Gamma
7600 3850 8180 4610 133 665 253 215.8 89 41.3 3.3 3.2 81
11030 55800 11900 66800 | 1930 8600 *3670 8120 *850 600 454 437 *0.8
119 21 852 71 12 72 84 32 a3 17,7 135 10.7 1.8
41 17 7.0 8.6 7.6 10.3 7.9 3.8 a6
0.93 - - 1.4 — 7.8 12 0 0.3
0.43 5.0 20 7.9 — 122 9.3 45 0
Intestine (L) and contents. 0.63 10.0 3.0 6.3 —_ 140 107 8.9 0.2
Intestine (8) and contents. 1.6 40 3.0 _ 8.4 8.4 )
0.16 - — —_ — - - 0.7 0
—_ - 1.0 - —_ - —_ 0.26 -
17 9.0 9.0 142 100 149 124 070 028
0.57 40 20 14 4.6 5.6 4.3 18.8 0.83
0.24 20 1.0 10.7 3.7 0.9 0.2 — -
3.87 19 n 16.3 7.6 - - - -

*Calculated using ratio of gamma activity skelelon/tibia. **Day post detonation,

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

RADIGACTIVITY®
AVERAGE |
HAMPLE No. oy WEIGHT BETA ‘ GaMMA

BAMPLES ® P,

{d/m/sample (d/m/kg {d/m/fsample (d/m/xg

X107 X109 X109 X107

PX7.7 T D IORUIPU SRS PGSR )

560 52 93 101 181
1,050 5.1 49 6.9 %]
185 0.8 43 1.6 87
192 24 12.5 9.4 49.0
82 0.2 87 0.4 17.4
............ 80.8 [.-coeooooanos 1ed |-
[ K X (AU SOV IORNDIN PP FPUp U )
41 G.73 179 0.15% 85.6

5.4 0.1% 36 0.1 18
a8 0.03 .5 0.04 10.2

10 0 32 320 0.27 n
3.6 0.08 2.7 .08 15.8
0.5 0.03 62.0 0.02 3.0
............ 1.34 . 0.64 [ ooomaen-

s As determined on basis of TyOs standards and empirical scattering and absorption correction.
*Date of coliection: February 1958, Date of counting: Apr-Masy 1958.
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Table 40—Analysis of Rats and a Rooster Collected on Island of Rongelap

8PECIMEN WEeT d/m 8r%;/ [ Ca/sample 8. U.
WEIGHT sample (gm)

Rat;

1515 Carcass b 4“7 642423 0. 533 545410

1516C Careass 62.5 815162 0. 816 45390

1517C Carcass 82.3 86721 0.353 47027
Roostor:

1630 Femur. . oo e 428.0 3 1,21039 5.19 10543

1500 Tibda oo oo 41.0 | 5, 702119 9. 50 27245

July 1956 4
SPECIMEN [3:1] CaLciox 8. U.

Rat:

BoDe . ..ol 24545 d/m/g/wet. .. ... 1719 mg/g wet. ... 044

s NRDL. b Does not {nclude head, femurs, tibiae and viscera,

2 femur balves, 4 AFL.

¢ Dry weight of
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CHAPTER V

Residual Activity in
Pacific Ocean

During February—May 1955, a survey was
made by the Health and Safety Laboratory of
the U. S. Atomic Energy Commission and the
Office of Naval Research (Operation Troll) of
the Pacific Ocean extending from the Marshall
Islands westward across the 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.l® Tables
42 and 43 show representative data for marine
life.’

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/min/liter and plankton from
3-140 d/min/g wet weight.

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

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

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

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

*Based on 1/10 m.p.c. of that for atomic energy workers.
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69/58 78/40 ) 3 93/23
93/16
132/20 \ 2 o
63/ s faa2/32 §36/17 60/43
84/16 3
n69/58 v 48/17
42/46 93/16
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+
Table 41—Water Samples at Stations
! s
é B8TATIONS 8amPL DrprH, M | D/MIN/LITER BraTIONS BAMPLE DzprH, M D/MIN/
: No. No. LITER g
U 3 0 b I SN 66 0 51
4 8 — 87 ] 210
5 2% 60 68 2% 120
8 43 — 60 52 £
7 64 42 0 73 160
8 B8 — 7 [ 9
9 128 9% 72 142 3
10 160 — 73 190 (—320)
11 250 k"] T4 280 110 b
12 340 — 75 389 7
13 a7 20 ‘ 76 468 T2 ‘?
T 552 — ‘i 77 579 110 h‘n
|
2P 18 0 T S 81 | Doubtful cast 66 1
19 ] — 82 - 72
20 25 6 Il 83 - i
21 44 - 84 - (—68)
n 63 120 ‘ 85 - 48
<] 85 - H 86 - T2
24 119 10 ) 87 - 9
25 155 - 88 - -9
26 222 9 89 - 57
27 296 - 90 - 60
2 370 120 91 - 84
20 468 - 92 - 72
TR s 34 0 60 1 7o %6 0 66
35 9 - 97 ] 0 |
36 28 60 % 7 100 :
37 55 - 90 54 120
38 7 42 100 76 3
3 110 - 101 108 (~—140)
0] 164 (—15) 102 154 6
41 | Pretripped - 103 205 4@
42 325 57 104 202 b1d
43 42 - 105 203 130
“ 534 84 106 404 260
45 646 - 107 519 0
Qe ieee 49 0 36 | B 12 0 66
50 9 66 13 ] 140
51 25 87 114 27 9
52 51 18 115 54 96
53 71 24 116 7 30
54 % 160 117 100 (-9
35 136 27 118 163 21
56 184 0 19 197 100
57 79 0 120 281 18
58 373 5 121 357 100 !
% 478 % 122 449 ] i}
60 500 100 || 13 B52 w .

i
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i 42 RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS
Table 42—Radioactivity by Tissues of Yellowfin Tuna and Shark from the “TROLL” and Other
Areas. Values in Disintegrations per Minute per Gram Wet Weight
i ——
X : ABEA Datx {No.or| BEIN Ligat | Dakx |BoNERIB-| LivR a. 1. GoNap G
] Fisg MuyuscLE | MUsCLE | VERT. TraCT
Yellowfin Tuna:
o} 19,16 10,10 4% 0.4 5 17 | 10.
3 4,9 12,8 o0 1316 0 70 6
2{ 102 88 22| 10,2 ) 613
2 13 9 10 1 5 10 | 10.
785 70 o8 26 2820 m %
Ponape...cco..oc.......| 12-16-54 [ . ™ 101 M2 e
{Cartilage)
Bbark:
Btation 4. ....___...... 3-14-55 |........ 20 2 ) 1. 75 R Carcharhinas.
Statton BA -....oo..... 31885 ... 1 10 1 0 mentsorrah.
Statlon 9A ... ___...._.| 3-18-85 15 7] 10 S T A AU
3-18-55 0 18 10 0
3-24-85 1 13 30 9
185 | “ 1 2 | 8
e 8 u | 18 20 | "
. 12-554 | 120 e
1-29-55 1 687 126 (... 101 Carcbarhinus
melanopterus.
12-1-54 1 1320 173 oo 78 | 18900 583 |ooones
& Table 43—Observed Values of the Radioactivity of Tissues of Reef Fishes by Area and Species from
e the “TROLL” Collections. Values in Disintegrations per Minute per Gram Wet Weight
é‘ Squirrel Damsel Crouper Surgeon
o TRUK:
K BRI oo 48,16, 45, 20, 38 20,0,10,85,0 . { oo e eeaes
12,14,16,12,11_ 18.12,24,10, T - beeeoeeee e o e
. 10,32, 39, 42,0_ .
70, 68, 58, 62, 53._ -
33,28, 31,10, 18 76,47,47,57,85. el
Blenny Wrasse Siganid | Snaepper
GuaM
BRI, e 10,18, %o oo Theeooeoe o M 2,8 13,2.... 3
......................... 14,12,12.. ... B FUURUORNS ST 2N T MU T 25§ T V7
... 68,43 ... 533, 14
.................. 1668|868 ®
.................. 74,633, .| 387,280 340
118,837, 728, 321 |- oo e e e e e

13,13,0,14,13...
15,15,9,12 14.. ..
38,30, 17,0,172.

36, 65, 98, 138, 81.
10,12,9, 79, 132

13,17,16,0,6.. _.f ..o |eeeeae
21,5,12,6,10.. .| .. .. feli..o-
32,0,12,18,80. .. ... ] ...
0,0,0,19,31..__.
32,25, 44,12,7 .. ...l
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RESIDUAL ACTIVITY IN PACIFIC OCEAN 43

Table 44—Averal§e 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 tn meters, 0-200. Plankton d/m/g (wet) 71000.

RESIDUE FROX WATER FILTERED WATER
ToTaAL
a/m/1
d/mAl Percent of d/m/1 Percent of
Total Total
O s 5900 58 4200 42 10000
b T 280 4 6500 90 8300
B0, e 1800 19 7800 Bl 9600
(- T, 1300 19 5500 81 6800
100 .. 1000 2% 2000 74 3900
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CHAPTER VI

Return of Ronge|apese

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 Utirik were returned to
their island in June 1954. However, the con-
tamination of the Rongelap Atoll was appre-
ciably greater than at Utirik, therefore it
was not advisable to return the Rongelapese at
that time. Since then the contamination has
decreased, as shown by the data from the fore-
going surveys, to a level where return was per-
missible. The discussion below summarizes the
factors that led to this decision.*

A. Medical Status of Rongelapese

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 summaries of the findings
over a two-year period.

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

*The Rongelapese were returned to their home island on June 29, 1957

The skin damage observed was as follows:
45 individuals—superficial lesions
13 individuals—deep lesions
6 individuals—no lesions
35 individuals—some degree of epilation

As the Marshallese continued to live on the
contaminated slands for the two days before
evacuation some radioactive materials were
taken internally by inhalation and ingestion.
Table 45 shows the results of urinalysis of
Group I (the 64 Marshallese exposed to 175
roentgens) and Table 46 the estimated body
burden.! The major findings 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 solubility, 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 I'*

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 I'* used in the treatment of hyper-
thyroidism or carcinoma.” ®

At one day post detonation, the concentra-
tion of Sr* 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

Toral BrTaA ToraL Bxta
Casx No. VoLuME ACTIVITY Casx No. VoLuME Acrivrry
24 brs (ml) | d/m/24 brs 2 hrs (ml) | 4/m/24 brs
Age < 5yrs Ape > 18 yra

120 712 455 63¢
150 804 810 1700
156 313 838 !
40 23 980 549
280 0 450 1583
80 385 340 1677
455 801 780 2480
485 1870
185 47 ™
960 438
750 570
480 792
550 1450
— 330 165
425 [}
780 o
320 1080
700 3220
850 1085
Age 6-15 yrs 750 2170
b 1 NI, 265 1900 810 580
Mo emmeae 550 0 080 1985
2., e mmsmeececee————— 650 1032 1| 83. e icreicicceeimeeeeiacean 635 2260
B e e 255 [ I RSP, 855 1715
- PP 100 238 [} B8, .o oeiciemeiieamcemmemeaeaoaan 300 2010
. AU RSP 280 1100 |5 71 oe e e e i ccccmmccmmm e neeeaan 290 1450
L USSRy U 850 1708 {1 73 oo —cecno—meaa 0 0
L. PR 450 O74 [l T8 e 965 52
K & 2RO 110 L5701 TR PPREPON 463 2038
/- TP PP 440 O 1 80, .. e eiemeeiiemaae 540 1353
b ( J U Y 980 1180 || 82 e meereeaiiene 870 2140
b5 0N R, 439 758 DY (7 | D, 581 1208

Values corrected for decay.

“Analysis of the internal contamination indi-
cates that the dose to the tissue of the body
was near, but, with exception of the dose to the
thyroid, did not exceed the maximum permis-
..sible dose levels. The activity fixed in the
‘body decreased rapidly as a function of time.
The contribution of the effects of internal con-
tamination to the total radiation response ob-
served appears to be small on the basis of the
estimated body burden of the radio-elements.
In view of the short half-life of the most abun-
dant fission products in the situation, the possi-
bility that chronic irradiation effects will occur
is quite small. . . . "8

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

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

The report stated, “—The total white count
increases during the first 2 or more days and then
decreases below normal levels. —The count
becomes stabilized during the 7th or 8th week
at low levels, and minimum counts probably
occur at 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
pormal values does not occur for several months
or more. The initial rise in total white count
is due to a neutrophilic leukocytosis.
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““The drop in lymphocytes is early and pro-
found. Little or no evidence of recovery may
be apparent several months after exposure, and
return to normal levels may not occur for
months or years.

“The platelet count, unlike the fluctuating
total leukocyte count, falls in a regular fashion
and reaches a low on the 30th day. Some
recovery is evident early; however, as with the
other elements, recovery may not be complete
several months after exposure. . . .”’3

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

“—In general, the Marshallese have recov-
ered satisfactorily from the radiation injury
received during March 1954. Visible residual
effects are limited to & 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

RADIOISOTOPE

ACTIVITY AT | ACTIVITY AT | ACTIVITY AT
82 DAYR ue 1 DAY® uc 1 DaY® uc
(USNRDL) | (USNRDL) (LASL)

Rare Earth Group ...

0.19 16 2.2

0.021 27| 0.34

0.03 1.2 ...

0 6.4 112
............................ 0.013

0 0 0.019

0 0 0.016 (ugm)

*Extrapolated from 82d day.

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.” '

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.”’!

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

the exception of the residual of skin lesions,
none of the clinicel findings in the exposed
group could be attributed to the effects of
irradiation.” 1

In regard to skin lesions it was reported,
“Some residual lesions are present in the
Rongelap people. . . . The majority of all
show improvement. Almost all of the early
superficial lesions are completely healed at this

time without any apparent residual change;’

There appears to be no evidence of an
change which would suggest malignancy.” "
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).%* 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 Sr* activities found in the Pacific
group are probably more the result of living in
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Table 47—NRDL Marshall Island Resurvey—1956 Results of Analyses of Human Urine Performed

at HASL
ToTaL TorTAL ACTIVITY
HASL NRDL SAMPLING | COLLECTION VOLUME | C-DaTE ! N Sgw Cain
No. No. 1,OCATION Darte Naug AGE | RECEIVED | TOTAL f | dmfl d/m/1
(m) | AcTiviTy
| I ’ .-
| |
8| Utirtk...._.. 2-11-56._.... 190
1j....do .....12-11-56.__... 250
4 570 :
9 440 .
10 135 / A8 403 720215
7 180 | i
2 285 . ; k
3 310 . 325560 | 22002320 } __________ |
8| 3401 32556 | 3480240 T !
11 620 | 3-25-56 Y0320 <100 5 8.8 4 2540463
|

4 | Likiep
11 ... do.
8 [-... do
9

36 .. .. do
260 do.. ...,
76 ... do.......;

260 . 3-25-56 , 4400320 .. ... ..

360 | 32556 ; 84002320 |.

160 | 32556 | 4M00£320 .

225 | 3-25-56 | 4000240 |... .
235 4 3—25—56‘ 4R00=:320 | 5303 | 8N
410 | 3-27-56 ! 6%00-£ 360 |

600 | 3-25-56 ; 20202280 !

100, 3-25-56 | B800=320 | ...

990 3-25—50] 9200-+ 360 TH0.7 | 2862445
osor 3-25-56 | 26002240 |____.._... !

990 | }2;;5»'1 2400240 |. .. ‘
1,000 | 3-25-56 , 1160200 ... 2 4x02 3348
930 | 3-25-56 | 22004240 ... !

00 13602280 oo :

lected at HASL.

I

!

3-26-56.__... Pooled sample col-

*Direct plating. **Curbonate precipltation. *** Rongelap natives.

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

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
American physician. Arrangements would be
made for urine collections and analyses every
three months for the first year and afterward
on a yearly basis unless the findings indicate

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

C. Environmental Contamination

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

1. ExTErNAL GamMa Dose RaTes oN
RonGgELAP ATOLL

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 vears. The latest survey of
the Rongelap Island at the end of July 1956
showed a range of values from 0.2-0.5 milli-
roentgen per hour, with an average of 0.4
mr/hr. Howerver, the graph suggests an antici-
pated dose rate at the July 1956 survey of
about 0.1 mr/hr. The higher value found is
undoubtedly due to the small additional fallout
that occurred during Operation Redwing.
Since this was relatively fresh radioactive
material, the decay should be more rapid so
that the dose rates on Rongelap Island at the
time of repatriation should be less than 30
milliroentgens/week.

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

It is 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 yvear
of reoccupancy, with lesser doses in subsequent
years, plus some additional whole body dose

from internally deposited cesium-137.* The
gamma dose rates on other island of Rongelap
Atoll have not been followed as closely as on
Rongelap but the data suggest the relative dose
rates now are the same as measured in the first
part of March 1954; i. e., the highest activity
on any island is about a factor of 12 higher than
Rongelap. The Rongelapese go on fishing ex-
peditions to other islands, including those show-
ing both higher and lower activity. However,
these Rongelapese spend an appreciable part of
their time in boats over water where the external
gamma activity is near background values.
Thus, the vearly average for these probably
would not differ greatly from those on Ronge-
lap Island.

2. STrRONTIUM—00
a. Food Supply

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

The isotope of principal concern in the food
chain is strontium-90. For an adult worker
the maintained maximum permissible body bur-
den is 1,000 Sunshine Units (1,000 micromicro-
curies of Sr® per gram of calcium). Values for
maximum permissible exposures to the general
population are 1/10 that for adult workers, or
100 Sunshine Units, maintained level in the
body. The National (U. S.) Academy of
Sciences report stated, . There seems no
reason to hesitate to allow a universal human
strontium—burden of 1/10 of the permissible
. .” for adult workers. This corresponds
to the 100 Sunshine Units.

*Gamms dose rates at three feet above the ground on the Island of

Rongelap in June 1957 were as follows:
Highest reading 0.13 mr/hr
Lowest reading 0.0! mr/br
Average reading 0.03 mr/hr

DOE ARCHIVES




50 RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTS

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

Table 48 indicates that the average concen-
tration of strontium-90 in the total food supply
might be less than 360 Sunshine Uxits. (The

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

A B o} D E F
CONTRIRU-
Dany CarcroM 7108 To
INTAKE CONTENT DanLy IN- FractioN [BTRONTIUM-90 Sg¥®
Pouxns/ (gms Csa/ TAKE Or Ca| or ToraL CONTENT INTARE
Day/ wet weight) (gms) Ca INTAKE (8. U.)e (8. U.)
PERsON gowun
X E)
1.2 0. 001 0.5 0. 645 12 .73
0.38 0. 001 0.16 0.184 s 500 4620
0.1 0.004 0.018 0. 021 5 0.11
0.08 4 0. 0006 0.025 0. 029 250 7.2
0.08 0. 0001 0. 004 0. 0046 300 1,38
*0.03 0.004 0.055 0.063 ¢ (4000) (252.0)
Q.02 0. 0004 0. 004 0. 0045 40 0.02
0.01 0. 0006 0. 003 0. 0034 260 0.88
0.1 ~0. 0001 ~. 045 ~0. 048 Foew Small

e Average values.

* These data are from island of Kabelle (no date from island of Rongelap for July 1956 survey). General contamination of island of Rongelap is
about one-fifth that of Kabelle. Lsgoon water around these islands do not show as great s difference In activity.

¢ These are land crabs from island of Ksbelle. The strontjium-80 concentration is higher than from earlier surveys, which is contrary to the plant
activity as well as to the soil, and marine life data. (It bas been estimated that about one-third of the intake of erab meat is from ocean crabs which
have very little strontium-98Q content.)

¢ Estimated.

¢ An unknown part of this intake may be sea crabs (which contain considerably Jess Sr*) but 1s assumed here to be all land crabs.

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

b. Estimated Future Body Burden of Strontium-
90

Three principal factors are operative in esti-

*There is some doubt concerning the correct strontium-90 activity I
the land crabs, since the values are higher than for previous surveys
which Is contrary to all other data. Additional surveys should clarlfy
this point. In any event the land crabs tested are from the tsland of
Kabelle. (There were no collections of land crabs made on Rongelap
Island during the last survey.) The general contamination on Rongelap
is sbout one-ffth that of Ksbelle, The difference in strontium-90 con.
tent may not be as great as this, but since these are land crabs it would
be expected those on Rongelap Island to be lower than on Kabelle Island.

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

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

(2) If the Rongelapese were returned to
their home island, their diet would be supple-
mented by imported (relatively uncontami-
nated) foods, especially rice. Also, the
cisterns would be cleaned out and refilled
with fresh water as well as having new
cisterns built,

(3) Despite the wide variances in the data,
analysis of the results from all of the surveys
on the Pacific Islands shows a general decline
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of Sr® with time in the food chain (except

the land crabs).

Although there is obviously a certain degree
of uncertainty, the above data and estimates
indicate that if land crabs are eliminated from
their diet, the estimated future body burden
of the Rongelapese would be substantially less
than 100 ppc of Sr* per gram of calcium. Limit-
ing the intake of pandanus would further reduce
the estimated Sr®* 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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