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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 Groundsin 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 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.

Caries L. Dunuam, M. D., Director
Division of Biology and Medicine
U.S. Atomic Energy Commission
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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 O. G@. “Rio
Grande’).

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

October 21-28, 1956 (L. S. T. 664).

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

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

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

February 7-14, 1956.

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

July 28-24, 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.

 ener ae

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. JohnA.Seiler and Mr. William H. Si ipman
were responsible for laboratory analyss of
samples and evaluation of data in 1955, aad
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. Isaacs, Scripps
Institution of Oceanography, Dr. T. Folsom,
Scripps Institution of Oceanography, Mr. F.
Jennings, Scripps Institution of Oceanography,
Dr. J. Smith, Office of Naval Research, Mr. J.
Kane, Office of Naval Research and Mr. H. D.
LeVine, Health and Safety Laboratory, AEC.
The detailed planning was worked out among

Mr. J. Smith and Mr. J. Kane of the Office of
Naval Research, Dr. Warren S. Wooster of
Scripps Institution of Oceanography, Mr.
Howard Brown and Dr. Willis R. Boss of the
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Preface and Acknowledgments

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

Soils and biological collections were made on
and around the Marshall Islands by the Ap-
plied Fisheries Laboratory (AFL) of the Uni-
versity of Washington on March 26, 1954, July
16, 1954, December 8 and 18, 1954, January
25-30, 1955, October 21-23, 1955, November7,
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 26, 1954 (USS Nicholas, DDE 449).

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

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

April 18, 1964 (SA-16 Naval Aircraft).

U.S. Naval Radiological Defense Laboratory
and Naval Medical Research Institute: Dr.
Stanton Cohn, Lt. R. 8S. Farr, P. E. Thompson
HMC, J. C. Hendrie, HML,and J. Flannigan,
NM1.

July 16,1954. (U.S. Navy Gruman Albatross,
ASR-16, No. 902).

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

December 8, 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.

* Deceased.
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PREFACE AND ACKNOWLEDGMENTS Vit

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 marinebiologist.
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
hed 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 beeninitiated 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 (NMRIJI) 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.

“*Deceased.
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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 mapis 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 otherislands in the
Atoll and in nearby Atolls (Ailinginae and
Rongerik). The decay of activity of mixed
fission products is assumed to follow (time)—'?
principle. This is intended to apply to disin-
tegrations of atoms. However, in estimating
the reduction of gamma dose rates above a
plane with time there must be considered the
changing numbers and energy spectra of gamma
photons released 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 curvelies
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 second week a tropical storm
occurred. For these reasons, a straight line
was drawn for the first two weeks followed by
a break in the curve. The readings are not to
be considered precise, due to the nature of such
measurements, but the curves suggest that
whatever was the reduction of gamma dose
rates by weathering, it occurred principally
with the first heavy 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 gammadose rates at three feet above
the ground of 0.2—0.5 milliroentgens per hour
with an average of 0.4 mrfhr. These values are
higher than suggested by Graph 1 and are due
to the small additional fallout resulting from
Operation Redwing (Spring and Summer1956).

1
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CHAPTER il

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
NRDLfortheir first survey in February 1955."
Table 3 is based on the February 1956 survey.‘

Tables 4, 5 and 6 show the analyses by
HASL§: &

The highinitial 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 wasless
than otheredible 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*

PLaNn? MateeaL

AVERAGE ACTIVITY (uc/g x 108) 6 5

ISLAND

 
Likiep Utirik Rongelap| Busch Enlaetok| Labaredj Kabelle Lukuen Gejen Lomuilal! Bikar Eniwetak

 
Gragg. ...-- 2222-2222222eee xn 400 8000 42

Coconutleaf....---....-----[------2. WOO fone.een fee eeeee fee

Coconutfrond stem.........[--.--..-}----2-----[---- eee [eeeeee]ee

Cooonutshell..........-.---|-..--.-2}---------- [eeeee feeee]

Coconuthusk............... L7 Ls 53 {..--- 22 .[-----e-

Coconut sprout. .-_.-------.|--22----|---- weet} few e eeeede ee

8prouted coconut mots

 

     
* Wet weight.

       

 

        
» As determined on basis Us0, standards and empirical scattering and absorption corrections.

*Collections made about February 1, 1955. Data reported as of March 1, 1955.
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4 Graph 2

JIC/AKG WET
y |

|

100 100
i
; FISH LIVER
. a

CRAB
. : MUSCLE ¢

- toe. f BIRD LIVERPn

10

¢

{

1

COCONUT Epis
MEAT PLANTS

0.1 0.1

COCONUT MILK

\
. ! ! es

nccciilectmass Blab cee Bot 25 100 600 25 100 600
eabctigCBeeakae DAYS AFTER MARCH 1, 1954

RATE OF DECLINE OF RADIOACTIVITY IN FOOD ITEMS FROM COLLECTIONS AT
RONGELAP ATOLL BETWEEN MARCH 26, 1954 AND OCTOBER 22-23, 1955. (AFL)
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| +t
10 25 135-330

Groph 3

JIC/KG WET

10,000 100

-Q— 1,000 10

— (SLAND SOILa

100 1

—

ALGAE
™,

10 0.1
6

rc BEACH
SAND

’ 0.01

1 J 1) to. 0.001
10 25 135 280 600

DAYS AFTER MARCH 1, 1954

RATE OF DECLINE OF RADIOACTIVITY IN ALGAE AND SOILS AND COCONUT MEAT
AND MILK AT RONGELAP ATOLL FROM MARCH 26, 1954 TO OCTOBER 23, 1955.
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| Table 2—Summary of Gross Beta Activity in Major Plant Foods (NRDL)*

' SOURCE AVERAGE ACTIVITY (ue/g x 10¢ or pcfoc x 104) sb

'

|
Coconut

Atoll Island Arrowroot Breadfruit Pandanus; Paspays

: Meat Milk

25 3

23 2

9.8 9.

3.0 n

12 12

13 13
- -- 16 12

‘ 18 16

72 25

19 a

5.9 6

7.8 9

‘

= Wet weight.

: > As determined on basis U:0; standards and empirical scattering and absorption corrections.
*Collections made about February 1, 1955. Data reported as of March 1, 1955.

Table 3—Gross Beta Activity in Plant Samples * (NRDL)

Piants > (c/m/kg x 10-!)
PLant Part

Gejen Eniwetak Enisetok Rongelap Bifo Utirik Likiep

3.05 1.26 [..--2--.--- 1.71

0. 32 0.25 U2

0. 69

Papasya-...-...-.------------

Ripe coconut.._...-...---.-.

Green coconut.....-....-----

geenMeee Sprouting coconut.-....-....

Coconut......-----2--------

Banans........-.-------------

TATO.--ee-----ennnescnnneees Tuber, roots with soll....--...

- ® All counts were corrected for the countingefficiency of Br™—Y®,
» Grosa beta activity of plant samples was determined in April 1956 and thatof soil and water in May 1956.
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Table 6—Results of Analyses Performed at HASL

LAND PLANTS

TOTAL ACTIVITY Ca Per- Per-
HASL|NRDL/| Samra Oncanise TrmsvE Bre Csist grams/ 8.UL« cent cent
No. No. Location d/m/gram d/m/gram gram Bre Con

C-Date*| d/m/gram

4-17-56 2640.7 0,22 +0,01

3437...- 521 Rongelap..| Coconut...

4-17-56 4341.7 0.11 +0. 10

4-17-56 7141.7 |....-.-.-.----

3438..... 523 |..---do_.....|--...do... 2. £17-86 2640.7 0.14 40.06

417-56 9842.2 0. 04720. 039

4-17-56 6641.7 0.70 +0. 04

3438_... $25 |-....do....-]--.--do....... 4-17-86 852%:0.7 0.08140. 071

. 4-17-56 8742.1 0.080+0.043
3513... 752 Utirik... ..|.----do.....-. 4-17-66 6142.0)/27 40.1

3534_... 803 Likiep....- 4-17-86 1040.7 0. 04620. 02

3441___. 535 Rongelap -_ 4-14-56 421.9 0,26 +0. 11
3442_...1 834 -....do 4-14-56 3041.5 $0.16
3447... 558 j.....)do._---. 4-14-56 lost lost
3456___. 856 Gegen... .- 4-14-56 300241) 3.6 40.15

3476_.. 580 Entwetok.. 4-14-56 18043.8 1.4 +0. 82

34092__.. 726 Entaetak... 4-14-56 672.1 0.20 40.06

3505... 674 Bifo........ 414-56 602:2.2 0.19 +0.03

3519._.. 766 Utirik... 414-56 2621.6 0.22 +0. 06

3541....| 907 Likiep._... 4-14-46 7.3411 $0.13    

 

      

 

  
 

*C~-Date: Date of counting.

B. Marine Organisms and Birds

Graph 2 indicates the general level of
activity in fish at Rongelap Atoll and the
decline of activity with time.*

* Sunshine Unit = 0.001 pe Sr/kg Ca,

Tables 7, 8, and 9 report the results of NRDL
analyses for the February 1955 survey.’ Tables
10, 11, and 12 are for the February 1956
survey. Tables 13 and 14 show the analyses
by HASL.®°

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

 

 

 

  

 

  
 

          
 

(NRDL)*

Radioactivity CONCENTRATION (yc/kg) (*)

LARGE YisH (>) SMALL FISH (*) CRABS AND CLAMS SNAILS
Locarion

No.of Activity No. of Activity No. of Activity No.of Activity
Bpeci- Bpeci- Speci- Speci-
mens mens mens mens

8 Y é ’ 6 Y 6 7

Rongelap Atoll:

North Lagoon. ._....-.-2-------- ean e neee 3) 0.22 1.2 2 49 1.58 4 1. 54 1% 2 19.5 56

Bouth Lagoon......_...2---------easeeee 3 054 0.33 z 14 0.94 3 0. 49 1.76 —(d) j.--.----}-----.2-

Rongerik Atoll:

Eniwetak._.....2.2-222 oo eeeeee 2! 02 0.26 2 2 21 fone nf eeneee nnnnew ef peeweenfoeeee eenne
Utirik Atoll:

Utirik -. 2.2.2... eeeeeeeeeeeeenceceeleceee fee nen ee| ee eeeeee 6 14 ( wee fee nn eens eneee|peeeenen[enwen ene
Likiep Atoll:

Likiep.-----.eeeeeeeeeeeeee eee 1! 0.02 0.01 3 05 01 1 0.12 0.35 oooeeeeeee peewee}
Bikar Atoll:

Bikar. .-- 222-022 -ee neweneeneceeeen [pee nen n [eee enen s [eee c owen cone wee neee ene [eee eens 2 0.390 0.19 [222-2 2e efep

(s) go are in terms of Co" equivalent. ©) >150g. (*) <150g. @) No data taken.

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



  

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

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 activits
birds and fowls.*. *

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

RaDIOacrrviry (ue x 10*/TissvK) ©)
 

 

 

   

 

 

 

 

Wer
ISLAND 4ND FISH Wricet Total Bxin Muscle Bone Gills Viso

& vy] @lvr]@ +) e@ 7} @}r| @

Rongelap AtoR, North

Gejen. flat Fish with Orange Spots *._.......-....-.------ 807 106} 714 25 24 18 86 1120) 1310 7 16 2%

2 Pelargic.._.-.-.-.-.- 563 & O}] 6 69 9 78 2 {271 3 16 37

North Iagoon.2oarssenenansccneesececesereenseeeneseee 301] 63] 5 4 [es 9 |o |35 jails 3 17 8

AVerAge......=2nneneeeneeeeeeeee’ 407 113 12 84 12 89 6: {208 4 [16 24
Percentage of total activity.....-...------.2- 222-22ne [eeeee fee eee e eee eee 10.6 9.24 10.6] 162) 640! 60.7/ 3.5) 27] 210

Rongelap Aioll, South

Grouper. .....2-------.-2---------nee eee 1,490} 112] 590;19 16 [14 03 41 [308 a |33 [34
Southeast lagoon. ;Lutinius._..... 2,170} 69] 513125 69 19 [210 $18 [121 6 bt 1

Red Snapper. ..-..---...-.-.----------- 1,980] 106 330/12 36 14 104 59 [122 8 |a 13

19 0 1% 4105 39 «1180 6 37 16

19.8 8.3 16.7 21.9 40.7 37.58] 63] 7.7] 16.7

Rongerik Atol

Parrot 1,450 272] 330] 1 39 48 “ 8 {106 8 10 [207

tntwotax{Fareooneeee cecece cece een ne cee enenecceee nee 201 @] 68] 8 13 3 15 7 18 1 & 48

AVOragO..2.22eeeeeeeeeee ee wenene 840 168 2041 5 2% % 30 8 62 5 7 «(126

Percentage of total activity...........--- 2... -neeeve--nnn ne eee ence en fee nen e none ee 3.0)1271185/147) 52) 804] 32) 3.4] 820             
 

®>150g. > ec are in terms of Co" equivalent. °* Name unknown.

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

fom cettee mre ct re mame remem 8 ee ene omeeee me=, aate oe
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Table 9—Summaryof the Gross Beta and GammaActivity in Birds and Fowl *

 

  

 

 

 

 

 

 

 

  

  

  

 

  

 

 

 

 

 

 

 

  

 

 

           
 

ACTIVITY (uc x Activity (uc x
No. or| Wer 104/tissue) © No.or| Wer 104/tissue)

IsLaND 4ND SPECIMEN Sreci- WEIGHT IsL4ND aND SPECIMEN Speci- WEIaut
MENS @) MENS C4)

8 Y & 7

Rongelap Ato Rongelap—Fooster—Continued
Heart...22-2...eewenneeneee [nee eeens 16 8 2

Gejen— Terns. .....---2--.2---eee 2 163 |.-...--.]....---- BAAN...oeeeeeeenee[eeeeee 157 16 18

Gut...nnneeenonenee eeeen neeee #6 us Lung. 2 2

Tibia. 10 10

Carcass. 197 200 7, 281 8479
Rongerik AtoB

253 415

Kabelle—Ternz.........-----.-.-00- 2 184 |..-...--]----..-- Eniwetak—Terns_.__--..---.------- 2 () |... 2..|--- eeeee
Gut 13 9 Gut... 10 9
TMMbia. 23 (> NDA Tibia_ 6| NDA
Muscle. 2 8 Muscle. 33 14

Carcass. ae 242 133 Carcass. .--2---eneneeeence en [eee ecene [eee eeeeene 126 204

300 148 176 87

Larbaredj—Terns ......--------..--- 2 146 |. o-oo] eee Bikar Atol
Gut. 114 37

Tibia... eeeeee 2 4 Bikar— Terns. .......-..------------ 2 126 |_.....--|----....
Gut. 9 3

143 41 Tibia. 6 1

Rongelap—Rooster. ........-----.--- 1 1,14 - Muscle 4 16

Skeleton...... wo] oseeenee 268 6,800 8, 270 Carcass... 14 1¢

Muscle... 2. nennen ceceenew neen-feeeneeee ce 260 120
Viscera. ie 166 61 6 a

Liver, 14 20 6

* pe are in terms of Co® equivalent.
b No detectable activity.

*« No data taken.

*Collections made about February 1, 1955. Data reported as of March 1, 1956,

sets
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Table 10—Distribution of Gross Beta and GammaActivity in Tissues of Fish (NRDL) *
 

Raptoactrviry (d/m/tissue x 10-*) =

 

 

 

 

  

Wer
ISLAND aND Fisa WEIGHT Total Skin Head Muscle Bone Gill Viscera

g,

& Y 8 7 6 Y 8 Y 8 7 & 7 8

Rongelap Atoll, South:
Rongelap—Goat....------... 218 3.8 15.5 0.2 2.4 0.45) 3.3 Li 2.1 1.5 2.7 0.6 2.2 4.9

Rongelap—Grouper-.-..----.. 452 5.2 6.7 0.4 0.3 0.8 0.7 0.4 0.6 L4 2.6 0.3 0.3 1.9

Average. .-.--.------------|----wee 7.0 10.6 0.3 13 0.63) 20 0.8 1.3 1.5 27 [05 13 34
Percent of total activity..)-.--...--. 100 100 4.2 12.1 8.8 18.7 111.2 12.1 21.0 25.2 17.0 312.1 47.7 1

Rongelap Atoll, North:

  

 

Gejen—Snapper._ - 1,164 26.3 87.0 1.0 11.8 6.6 24.7 6.4 16.8 6.5 15.7 1.7 2.1 6.1 1

Kabelle—Snapper - 735 12.3 18.6 10 [112 4.5 1.9 1.0 0.7 2.4 44 10.5 Li 2.9

et OT Kabelle—Parrot --...-------- 1,057 24.8 71.3 Li 8.9 85 20.8 24 6.6 7.0 2.4 08 2.7 5.0

Fs,a 21.1 58.8 1.0 10.6 6.5 15.8 29 8.0 60 [145 1.0 20 47 1
Percent of total activity-.|..-..-...- 100 100 4.8 17.3 30.8 25.9 13.7 13.1 23.7 2.7 48 3.3 22.3 1

Ailinginae Atoll:
Bifo—Snapper....---.-.---.-- 640 3.2 38.9 0.3 5.9 0.7 9.9 0.6 6.2 0.5 {10.6 0.1 2.7 0.9
Percent of tota) activity....|..---.---- 100 100 0.7 16.2 22.5 264 19.3 15.9 16.1 27.2 3.2 7.0 2.0

Rongerik Atoll:
Eniwetak—Squirrel_......... 387 0.41 20 0.02] 6.35) 023) 055) 0.04] 0.27) 0.06] 0.39) 0.02/ 0.08; 0.04
Percent of total activity....|..-.--.--- 100 100 49 [17.3 65 27.2 98 13.4 1146 [10.3 40 240 08 1

Otirik Atoll:
Utirik—Parrot.....-----.-.-- 425 0. 66 0.87 0 0.2%] 0 0.08} 0.15) 0.22) 0.13 0.13] 0 0.04] 0.38
Percent of total activity....|-.----.... 100 100 a 27.6 0 10.3 227 25.3 (19.7 1150 0 4.6 57.5 1

TAktep Atoll:

Likiep—Snapper..........- 453 11 22 10 0 0 0.02] O01 0.2 0 0 9 0 I

Percent of total activity..}.-.-..---- 100 100 0 0 0 9 9 ® 0 0 0 0 o1 9               
 

® As determined on basis of UsOs standards and empirical scattering and absorption corrections.

*Coliections made February 1056. Data reported as of April-May 1956.

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

 

   
 

Fise Crass Cuamea Snails

IsLanD Activity * Activity» Activity * Activity ®
No. of (d/mfegxX10~) No. of (d/m/kgex<10-) No. of (d/m/kgxX10-9 No. of (d/m/kgi107

Sampies Samples Samples Samples

8 Y 8 Y 8 7 & 7

 

8 24.5 78.8

10 14.9 55.4

5 19.3 45.1  

 

Bouth: Rongelap............---- 5 17.7 32

-~ Rongerik Atoll:
Eniwetak......-.---.-..---..--- 8 2.2 7.3 1 2.8 18.3 |......----]--------|-------- fee ee eee]eee fee eee

Allinginae Atoll:

Silo. --.- 22.0.2. ---eee eeee eee 8 45 22.7 3 21.9 14.6 1 6.4 15.0 |------.--.]----.---.-|-----

Utirik Atoll:
Utirik. 222-22.eee eeeeee 8 1.6 D1 feuep een[eenn fee ee ne ne foe eee fee nen cee 3 0. 006

: Likiep Atoll:
Liktep ......----.------..--.--- 8 2.6 1.3            
 

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

*Collections made February 1956. Data reported as of April-May 1956.

eee ~~ . -~~ wees
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Table 12—Summary of Gross Beta and GammaActivity in Birds and Eggs *
 

RadDIOacrrviry *

 

 

 

No. oy AVERAGE
ISLAND BaMPLe SaMrLes WRIGHT

(g) Beta Gamma
(d/m/sampleX10-+)(d/m/keXi0-) (d/m/sampleX10-) (d/m/kgX10-

Rongelap Atoll:
Rongelap.._.......-- Tern:

Egg shell....----..-..- 1 6 NDA o 0. 62 10.3
Egg, soft tissue_...-.-- 1 33 0. 26 7.9 0.11 3.3

Gejen......---....... 1 92 0.93 10.1 0.32 3.5
1 101 @. 38 3.8 0. 025 0. 25
1 14. NDA 0 0.019 0.14
1 f.---2---.ee NDA 0 NDA 0

Kabelle._...-.. 2.2... 1 145 Li 7.8 17 12
1 16.9 0.1 59 0.13 7.7
1 0.8 0.07 7 0. 027 30

Egg shell...._-...-..--) 2 6.3 NDA 0 0.13 6

2 22.8 0.16 6.7 0.3 1.3
Aflingtnae Atoll:

Bifo....- 2.2. eeee 7 116 0. 38 3.3 1.7 14,7
7 11.7 0. 057 49 0.43 38.7
7 |------------ 0.08 _ 0.14 _
7 0.33 NDA 0 NDA 0
1 6 NDA 0 0, 06 10
1 3 0. 26 7.9 Ou 3.3

Rongerik Atoll:
Eniwetak............ 2 02 1.0 21.0 0.9 8

2 19.7 0.04 2.3 0. 03 1d

2 =] NDA 0 NDA 0
Z ----eee 6. 05 —_— 0. 00 _

 

     
 

* As determined on basis of Us01 standards and empirical scattering and absorption corrections.
“Counted in April-May 1956.

427792—87—_~-4
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Table 14—Results of Analyses Performed at HASL

MARINE ORGANISMS

17

 

 

 

 

 

 

 

a

O-DatE| Tora, Ca
HASL NRDL SAMPLING ORGANISM. Trsavk Torat Activity sre Csr grams/ 8.0. %Sr*
No. No. Locanion Acnry- d/m/gram d/m/gram d/m/gram gram

3336... Entire.._.| 4- 9-56 524-6. 4

3337.--. 4+ 0-56 3746.0

3350... + 056 Lost

B351.... £086 125480
3384... 4- 0-56 23548. 9

3369... 4 0-56 9546.7

3874... 4- 9-56 2046.2

3376... 4- 9-56 3446. 9

3379... 4+- 9-56 6146 2

3380... 4 0-56 12365

3383. _ 2. 4 9-66 224-5. 4

8384_... 4 056 i412

3385... 4- 9-56 2246.7

3387... 4 9-56 186.0

3346... 4-10-56 35417

3357__.. 4-10-56 3104-22

3383_..- 4-10-56 W520

3381. -.. 410-56 S15

8303_-.. 4-10-56 S18

3304__.. 4-10-56 21415

8326... Spider Snail_.._. 4-23-56 $2010

8327_-.-[ do...G0-.-...--4.. 4-23-66 2180429

3328... Scorpion Snail. . 233104200 . . .

3320... 98004120 1.60.58 Fiat} - 0125 55221 «018    

 

       
 

*O-Date: Date of counting.
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18 RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TEST.

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.

Tables 19 and 20 show the analyses b:
HASL.®
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 II]

Ce—Pr™ and Ru!-Rh’™ make up much of th

fixed contamination in thesoils at periods of on

year and more after the fallout occurred.

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

 

 

 

Brera Activiry (-/min/g)

No. or
IsLanD CorEs 1-IN. INCREMENT OF BOIL CORING

1st a 3d 4th bth 6th 7th 8th Oth

1 140 40 4 NDA! NDA {.-........|.---..---.|----------]---e eee ee
3 1, 250 430 240 130 100 160 ao 26 j.....--..

4 6, 600 2, 100 570 42 230 160 200 180 E

1 10, 800 7, 100 7, 200 6, 400 6,800 [oeeeeeee

1 57, 000 24, 000 4, 300 18, 000 26, 000 12, 000 11,000 |..-.---.2-J-.-.2.-.-

1 42, 000 33, 000 29, 000 23, 000 10,000 |...------.).--2. 22feeeeee [eee eee

3 43, 000 30, 000 10, 000 3, 600 2, 000 2, 300 180 |...----...|-.--.-.--

3 53, 000 48, 000 26, 000 20, 000 14, 000 1,000 |......----f-----22 eeeeee

1 37, 000 87, 000 8, 000 4,000 4, 400 3, 400 |.--2..2.--]---------- [eee e eee

2 35, 000 40, 000 13, 000 10, 500 10, 000 10, 000 4,700 |...-------]----.----

3 4,000 740 250 170 120 100 27 |.--- ee ee [eee ween
2 16, 000 7, 600 3, 000 2, 000 1, 800 1,100 160 100 |.-.---.-.

 

           
(s) No detectable activity.

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

Table 16—Summary of Beta Activity in Gross Table 17—Beta Activity in Soil Samples Take:
Samples of Soil (NRDL)* From Exposed Soil Profiles (NRDL)“
  

Beta Acriviry (6/ Beta Actrvirr (6-/min/g), Istanp
minjg), DEPTH OF Drrre (N.)

IsLanp NUMBER Som
OF SAMPLES Rongelap; Labaredj| Kabelle Kabelle Kabell

Otol in.

 

 
 

 

90
960

8, 900
48, 000
85, 000
96, 000

348, 000
8, 400

12, 000        e
e
A
W
e
h

    
 

® No detectable activity.

*Oollections made about February 1, 1955. Data reported as of March *Collections made about February 1, 1055. Data reported as of Marc

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

19

 

   

 

 

   

Gejen Eniwetak Enisetok Rongelap Sifo Utirik Likiep

Wares > (c/m/liter x 108)
Source

Cistern...2-20 eneen ene e enc econ cence cee ee eee te eeeeeeen feo eee ecw eeee emcee ee eenn [ennenoes 0.008 |....-.22--.- NDA (*) [.-2.eee
0.1, NDA

0.08, j-.---2---.-.

NDA [_.-.-.--.---

. . NDA 0.08
Lagoon... -- 2-2-2 n ee eee e ence e eeeeeeenee eeeeeneee NDA NDA NDA NDA 0. 08 0.08 NDA
 

Depth (in.}
 

 

 

        
All counts were corrected for the counting efficiency of Sr®-Y®.

Gross beta activity of plant samples was determined in Apri! 1956 and thatof soil and water in May 1956. Collection date:

NDAindicates no detectable activity,

February 1956.
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Table 20—Results of Analyses Performed at HASL

BOIL ,

 

Sampiine Location
C-DaTE*| Torat sr Cg 17 %
TotaL Activity d/m/gram @/m/gram |%8r®| Cg ir

Actrviry d/m/gram

 
 

 

 

 

 

 

 

  

  

  

  

 

 

 

 

 

 

 

4-21-66 6545 S0. 42 |.
+21-56 sau 1. Bk. 42
414-56 200-40 200.8 6.9
4-21-56 S53 S0. 47 |W.
4-21-56 S65 1.20.71

734 Eniwetak......-..-.--.--2------ econ eee eens 21-36 S61 S0. 58
728 |...dO....n ners 4-14-56 3000 +03 B01. 4 27
847 Gegen_...-.--_-- cece 4-21-56 120468 1.040.498 «| 0.84
g42 |... do. ences eccecnetenee wees] 4-14-56 604002470 164042. 4 1835460 2.4 2.2
708 Utirik.. 22... eee nee 4-21-56 S73 3.40.72 |.. -
762 do. +14-56 1600202 4941.3 |... BL je.eee
| ae 4-21-56 S87 SO. 55
676 do ---} 414-86 6204.79 2841.0 45

  

 

        
 *C-Date: Date of counting.

See table 34 for estimates of available calcium and of Sunshine Units.

D. Water

Table 21 suggests a relatively high ratio of
activity associated with thefiltrate. 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,? 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/liter2-0.95 counting error)

 
Lagoon WATER IstaNnp WaTER

 

Date anv Istanp FILTERED
Treated UNFILTERED
 

Untreated

Filtrate Residue

 
Rongelap Atol:

7/16/54, Kabelle.... 2-22-22eeeeneeeennecence etenee

12/18/54, Rongelap..--. -

1/26-30/55, Eniaetok. .
  

Rongelap..-_. wee cence eee eeeeeeere

Rongelap_ ....- 2-2-2 -e eeneee ne eeeeeeeee eee e ee eee e ee

Aliinginae Atoll:
10/23/55, Enibuk....---. 0-22. ----- eee nee neeeee en ence eee ee  

  

$104190 WANA

4300200 12004:34*°

8504140 reb19°"*

16001400 804136 14004:91 8202140 B2056H    
 

“From cistern near schoolhouse; #from weil back of schoolhouse; **ground water; #standing water from can, drum, etc.; *** from cistern with

collapsed roof. Date of analysis: November 18-20, 1055.

e
e
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Table 22—Summary of Gross Beta Activity in Water (NRDL)*

Beta Activity (8-/min/liter)

SOURCES OF WATER

{sLaND
Ocean. Cistern E

Well Barrell Tree Bole SoilProfi
Lagoon Ocean Top Bottom
Side Side

NDA® NDA

60 NDA

80 330

36 NDA

460 260

7, 700 56

2, 300 bot]

330 170

37 2B

100 170

  

        
 

= No detectable activity,

*Collections made about February 1, 1955. Data reported as of March 1, 1055.

Table 23—Results of Analyses Performed at HASL

 

 

WATER

HASL NRDL C-Date® dm Sre Csi
NuUMBEE NUMBER Bamriine Location TYPE Ano Total ACTIVITY d/m/fl} d/mfl % Sr#i% Cs

CTIVITY

Well or cistern_.......-....- 6 8-56 2500+32

a7tIS vee
Bt15 |..-----]..-

18416 wee

+ ve, wee THEEneta te
waiteeea T

e

 

           
 

*O-Date: Date of counting.
Ny
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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
samplescollected in late July 1956 and analyzed
by AFL no radiostrontium was found.

Tables 28 and 29 show the radiochemical
analyses made by NRDLfor the February 1955
survey,’ and Tables 30, 31, 32, and 33 for the
February 1956 survey. Table 34 shows addi-
tional] analysis of soils from the February 1956
survey including data on exchangeable calcium.
Tables 4, 5, 6, 13, 14, 19, 20, 23, and 35 show

analyses by HASL.

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

. In muscle and viscera samples of the
animals 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 afterfis-
sion, there does not appear to be any fractiona-
tion of radiostrontium into the soft tissues.
As expected, most of the internally deposited
radioactivitywas 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 balf-life.

muscle of the rooster (40 percent of the total
beta).* Further radioanalyses of marine speci-
mens indicated that the rare earth group con-
stituted a few percent of the total beta activity.
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, bad 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
Sr®-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 NRDLcontinues to
indicate the high percentage of Zn® in fish.

"Bee Section IV.

23
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Unlike localization in the liver of mammals,

Zn® was found distributed fairly uniformly
among the tissues. The Co” found in clams

Table 24—Radiostrontium, Radiocesium and
Radiocerium-Praseodymium in Biological

 

 

 
 

    

     

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

Table 25—Sr™ in Biological and Lagoon Bottom
Samples from Rongelap Atoll, October 1955

 

 

   
  

  

 

   
  

Samples, December 1954-January 1955 (AFL) (AFL)

Tota, Br,
PERCENTAGE OF TOTAL IsuaND SAMPLE Activity PeRcent

ACTIVITY d/m/g* or Totan
IsLaND ORGANISM ACTIVITY

Sr® Sr Csi8? Celis
pri«

Rongelap... 110 0
180 21

Sept., July, a 46
June-July Oct. Aug. Labaredj._.. 40 a2

Rongelap Atoll: 1965° 195° 1955" Kabelle....- 440 2.0
Gejen.......-- 31 coconut milk. .... <0.1|<0.1] 81. 0.0 Coconut crab liver__...--......- 1, 200 2
Kabelle....... 37 Caulerpa....---.-)------|------ 0.0 1. Coconut crab salts of carapace...!.........--. 50.0

30 coconut milk. 72, 0.0 Coconut crab cuticle of carapace.|......--..-- 2.0

38 Halimeda.._..--..|-.----]------ 0.0 2B. Labaredj...| Giant clam mantle and muscle.. 1,700 a
39 coconut crab 0.8] 48 67. 1.0 Giant clam kidney.......-..---- 5, 200 0

muscle, Do....- Bonito muscle._. - 150 a

41 mullet muscle..._| 0.6 0.0 0.0 L6 Bonito liver... - 1, 700 0

Labaredj...._- 29 coconut milk..... <0.5 1<0.5 76. 0.0 Bonito bone... . 300 <0.6
42 tern bone.....--.-| 0.0 0.0 0.0 2. Kabelle.__.. Grouper muscle. . 31 0
43 tern bone.-....--.] 0.0 0.0 0.0 2%. Grouperliver..- - 5, 500 o

Mellu_...--.-- 40 dogtooth tuna 0.0 0.0 4.8 0.6 Goatfish muscle. - 42 0

muscle. Labaredj...| Tern muscle_.-....-.-.--------- 61 Qo
Rongelap....-- 27 coconut meat.....| 0.0 0.0 2. <0.4 Kabelle..... Lagoon bottom,

28 coconut milk..... 0.0 0.0 78. <0.2 depth of water 6’,

32 pandanus fruit...\>0.1}; 13} 110. 0.7 fraction containing mer neh papees oa
34 papaya mest.._.. >0.2; 25) 68. 3.7 particles >0.074 = , .
33 squash meat..__.. >01] LS §1. 1.0 mm diameter.

*Dates of analysis. *Wet weight basis except lagoon bottom which is on adry weight basis.

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

Counted September 4, 1956 (AFL)

 

 

 

  

 

Tota. Sr Catcrum “SUNSHINE
PLANT TIssvE ISLAND f# actrvrry d/m/g wet g/g wet Units” Sr:Sree

d/m/g wet

Breadfruit._.......-.-.------- Pulp...-..---------------- Rongelap-_-__....-----.--- 42.0 0.820. 03

Morinda... - 80.4} 3.10.1

Pandanus... - 70.7 2.240.6
Arrowroot.. - 108 2. 50.6

Coconut... - 262 Q

Do... - 646 0

Do... - 36.9 0

Do...ineeee ence eee nee 148 0

 

  

  

      

wes - wre pe aee oe.
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Radioactivity as of Counting Date, September 10, 1956
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Table 27—Radiostrontium in Land Hermit Crabs (Cenobita sp.) Collected at Rongelap Atoll July

 

 

 

  

 

     

TortaL Sr Catctum “SUNSHINE
SPEcMEN NUMBER TISSUE IstanD & actryiry d/m/g wet g/g wet Untrs’’ Sr™:Sre

da/m/g wet

Liver -_.2.-....--.----.--- Kabelle. ...---.--------.-- 243 4242 0. 00304 6250-231 1.6 40.3

Musele..._....--------.--- oss 62422 0.00320 8890-3110} 006
Skeleton. _..---.-----.--- 6,410 2400-49 0. 206 5310-419 0. 24-40. 02

633 47414 0.00718 3110+946 3.6 41.6

273 2446 0.00223 491041170 2.4 +0. 75

4,100 131043 0. 202 2060+7 0. 5840. 16

444 90-6 0.00929 5120-382 0. 71=£0. 05

5,800 2130+130 Q. 189 4440+158 0. 3240. 04

3,000 13105 0.177 3360414 Q. 480. 14

 

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

PERCENTAGE oF ToTaL ACTIVITY OBSERVED *
 

 

 

  

  

   

  

MatTERIAL RaDIONUcLIDES

sre Sr Rare Zrvt b Ru!% b Css?
Earths

AITOWTOOL. 2.22eeeeee eee eee eee 1.3 6.9 3.0 0.6 7.8 80

Breadfruit...-. 6.3 50 19 NDA “a

Coconut frond_ 5.0 80 4.2 6.7 1.6

NDA 1.2 NDA NDa 95
NDA 0.9 NDA NDA 96
46 74 6.4 4.8 8.4

2.4 1.2 0.2 0.6 95

7.3 37 31 12 ll

14 67 10 4.5 11
2.2 73 0.1 23.3 1.1

Lagoon bottom. 5.0 82 0.2 13 NDA

Cistern water... 8.6 41 24 20 3

Ground wuter.. . 2.5 49 20 16 9.2

Lagoon water... 2-22-22. - eee eeeeen ee 0.9 4.0 7 0.7 7.0 0.8

® Values as of 15 July 1955 (16 mos after the nuclear detonation).

  
from the reported parent values. °* No detectable activity.

“Collections made about Febraury 1, 1055.

    
b Nband Rhitt may be calculated

 

    



26 RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TE

Table 29—Radiochemical Analysis of Fish and Chicken (NRDL)*
 

 

 

     
 

 

         
 

TorTaL PERCENTAGE OF TOTAL BETA ACTIVITY
Wricet Beta

Isuanp Fis (g) TIssur ACTIVITY
(d/m x 10) Srv Srv Rare Caur Rue. 4

Earths Rhiee

Rongelap Atoll

Pel Coo 8&2 1.2 1.0

Snai 3 0.4 0.3

PROPn=-onan onan nanan 20 0.2 0.2
Bongelap Lagoon! 40 0.6 0.5

Plat fish.-een-none---2e> 885 0.1 0.1
175 0.2 0.2

Ceconat crab_....-.----.--- 05 07 06

Spider snail......--------.-eee 1204 0.1 0.1
Gojeny....do_..-...------22eeeneneeee 432 01) PENDA

Red eye crab._._ - 29 Li 0.8

Laberedj Killer clam......----..------------ 60 0.2 0.2

woo. ae Il [eleef.eee

B 0.6 0.5

Rongelap Rooster... _..-..---..2--------20-+ 7 20 1.6
12 1.3 1.0

101 0.2 0.2

Utirik Atol?

. |) 2 Total body..._ 1 Li 0.9 Wo eee.eeee feeeee awn

EiriScagSh.seeeeeeeeeeeeenone 185 |...do....-. F |ceeceeeefeceeeercee|eeeeeeeceeecserereoefeasereeeeefoooe-

Rongerik Atoh

Mascle........ 7 08 Jie

Enjwetak Mullet..-.--.----200----ee--neo- 230 oevoceeeee 100 0.2 0.2

* No date taken. & No detectable activity.
*Collections made about February 1, 1955. Data reported as of April 1955,

“3 : a tee

Ne - - - bee pee my meee ee tae
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Table 30--Radiochemical Analysis of Biological Specimens from Rongelap Atoll (NRDL)
 

Istanp, 8aMPLE No., aND SAMPLE TissvE
Wer

Wricet
(g)

Oa (mg)
Beta

ACTIVITY
(d/m/sam-
glex 104)

Gama
ACTIVITY
(d/m/sam-
plex 10~)

NvcLDOE
NUCLDDE
ACTIVITY
{d/m/sam-
plex 10-*)

PERcENT| SUN-
or SHINE

Totat Unrrs®
ACTIVITY
 

Rongelep Ieland:

1802C, Goat fish. _-....--.-

1609, Killer clam ..._....-..

1813, Killer clam

15204, Langousta lobster............

16200, Red eye crab. -....._.-......

1520D, Red spotted crab..._-......-

1520B, Coconut erab.............---

Kabelle Island:

Bone...-.--.--..--.-

Visoera....--....-.--

8kin........--------

Musele._.......eecee

Soft tissue. .._.......

 1688, Snapper fish

1640, Grouper fish.....--222-8

1544, Parrot fish

737, Helmet amail............

Visoera.......-..-...

Whole-_......22...

Bone.

Gil.._......-.------

Head....--..-.------ 

10

1800

87

114

281

176

449

271 

ill

73

1865

1842

2413

1630

1905

11450

224  

1.5

49

0.2

11

1.3

0.75

0.75

3.5

0, 05

2.4

2.7

7.0

0. 83

as

48  

217

28

2.4

2.1

21

38

0. 43

3.1

0. 68

41

a4

63

8.8

Ld  
   

      

R.E.b

Znu

R.E.
Bre

Zn

Zn

NDA ¢_..

1121.7... ..

 

§.-.--- --

13.741.0...   
 

7.8 58700

1894-313

1464-42

   

7348

1474218

t 22k

2 3264.22

0.7 684-46

a3 1045   
0,8 2764-69 



  

eth e *

Asitienbses ccna
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Table 30—Radiochemical Analysis of Biological Specimens from Rongelap Atoll (NRDL)—Con

RADIOACTIVE CONTAMINATION OF AREAS IN THE PACIFIC OCEAN FROM NUCLEAR TESTE£

 

 

          
Date of collection: February 1056. Date of counting: April-May 1956,

Table 31—Average Relative Composition of Nuclides in Plants, Soil, and
Water (NRDL)
 

 

 

  

REtaTIVE CoMPositION (percent)
No. or

SOURCE Past SaMPLEs
AVERAGED Total

Osu? Rare Sr Ru™
Earths

1 48.9 30.2
1 79.8 17.8

3/' 982 11
2 99 0. 08

2 99.5 0.4

1 99.6 0.2

2 &3 $6.5
2 92.6 22

2 72.7 13.3

2 8&9 10.3

1 75.4 16.8

1 11.7 83.9

2 0. 4 83.8 5.6 10.0

2 64.4 35.6 |-..-....

2 100 0 |--...--.

2 94.5 8.5 Jo... lee

2 |---.------ 100 Cs 
 

    
 

Date of collection: February 1956. Date of counting: April-May 1056.
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Wer Beta GawMa Nucupx PEecENT| SuUn-
Isuanvd, SAMPLE NO., sND SAMPLE TIssUE Weaar Ca (mg) ActrvirY! Actrvity \NucLIDE| Activity or SHINE

(g) ( gam -| ( sarn- (dfm/sam- Totar Uniras
Plex 10~)} plex 10-4) plex 10-2) Actrvrry

Gejen Island:

1021, Snapper fish....-.-.------0--- Head......-.--eeo--. 219 8250 a6 247 { Re leona] oka } 23:83
R.E. NDA..... 0

Skin-....-...------ 73 1315 1.0 11.8 | sre 0.68-40.48.. 07 } 24416

R.E. NDA..... 0
Bons..........------ 173 3270 5.6 16.7 sre 1.540.44__ 0.3 2146

zn 1540.22... 98

R.E 3.6....-..- 0.7

Muscle............-- 611 190 5.4 16.8 Sr 0.22+0.35. 0.04 634-88

Zn 1600..--.2. 95

R.E. Me... L8

Viscera_....-..------ 87 |.-----ee 61 15.9 sr” 1.20.29... 0.2 0

Zn® 1480.....-- 33

R.E. NDA..... 0
QW_....-2.-2-.--6. 28 403 1.7 21 | Zn 210... 100 } 0

R.E. 13.3....._. 7.4

1630, Grouper fish.........-.-......- Whole. --...-...--.- 160 2100 1.8 77.9 sre 1,740.92... 01 3418

Zn 6230....-.. 80
R.E. 0.8.-....-- 0.6

1620, Sand orab. ........-.--.-.--..- Soft tissue_.......... & 1090 Lg 2.3 | gre 4.724.050. 20 \ 196:25

Rus 360. ....... 19.2

1637, Spider snail..........--....-.--|-----do..-.-.-..-.---- 90 13 187 18 R.E 1210...-.-. 65 3364-80
sre 5.28+0.47.. 0.3

R.E. 11900...... 116
1638, Spider snall..........-.--....--|--.--do.....-.------.- 56 175 102 68 | gre 1,950.60. 0.02 } 624331

® Sunshine Unit=0.001 xc Sr/kg Ca. %&R.E.=Rare Earth Group. *NDA#=No Detectable Activity.
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RADIOCHEMICAL ANALYSES

Table 32—Sunshine Units of Plant Samples
 

 

SaMPLE Calcium Sr SUNSHINE Units
BaMPLE IstaNnD Wericat |Conrent| (d/m/sample)|(2.2d/m Sr®/g Ca)

() (mg)

223 178 10000100 2. 58 x 104250

Portulaca......--..-- —----- 23} aes 53804106 61404120
Papaya.....-.--.---.-------- 240 338 W433 322444

200 162 340.28 950476
Coconut husk._.....-..--... 23 38 150+24 12002190

360 47 4200+ 4060240

450 2B 110+60 18014960

Coconut mest.............-. 160 4 18220 2002820
190 20 284-23 6352520

90 16 26418 7062600

Coconut shell. .._....--..-.-- 120 8 NDA 0
85 23 NDA 0

Coconut milk... ....-.----.. 140 2 41421 955600
35 @ 1972387 1300250

Coconutleaves.___.....----- 36 163 NDA 0

Coconat, whole........---.-- 170 19.5 157422 36004520
305 1140 260+26 10310

Arrowroot tuber.......-...-. 280 383 T3£16 86+19

103 114 106+35 7804140

Arrowrootleaves and stalks... 15 385 20044 340250
180 86 1060250 5600280

Pandanus keys.....-.......- 25! 134 420-k44 1400-4180
10 65 4603-41 32002300

Pandanns leaves._...-....--- 32 3 NDA 0

46 23 20433 300650

Pandanus air root.....-..--- x M4 108-427 3360-4840 

 

    
 

Date of collection: February 1956. Date of counting: April-May 1056.

Table 33—Sunshine Units of Water Samples
 

 

Catcrom [Sr ( SUNSHINE
S8aMPLE IsLanpD IN LitER| liter, Units (2.2

(mg) d/m Sr%/g Ca)

48 |1180410 |1.110230
Cistern........- 61 20414 147-4104

88 3010 201+ 54

Well. ........... 80 NDA 0
2300 NDA 0

352 NDA 0

Ocean. ......... 408 NDA 0

a2} NDA 0
456 190468 1883: 68

Legoon......-.. 137 NDA 0

441 2044150 208150

 

    
 

NDA indicates no detectable activity.

Date of collection: February 1956. Date of counting: April-May 1956.

29

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

 

Ex-
CHANGE-

IsLaNnD 80m TyPr Se"d/m/g| sBLE SUNSHINE Units
Bom |CaLcrum

mng/e
Sor

Utirik.....] Small sand-like 341.5 1.9 660-330
particles.

Gejen.....- Large coral par- 1886:20 14) 62X106+6.3xI0
ticles.

Likiep..... Loamy._..-.---- 1+2 11.3 430-60

Eniwetok..| Small sand-like 6242 46) 6.1X10!+180
Particles and

loam.

Rongelap..| Loamy..-...-... 234-4 12.7 8. 4X10-+150

Sifo...----. Small sand-like 26+3 8 1.3X1041. 7X10
particles

Enlaetok --|.-.--do.-.....--- MOe11 9] LOx10RES. 4x10    
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CHAPTER IV

Internal Contamination of Animals

At the time of the fallout on Rongelap
Island there were & 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 Ba, 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 a heavily con-
taminated environment, a strontium-90 anal-
ysis was madelater of some rats and 4 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.

38
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Detonation

BETA ACTIVITY—D/M/TOTAL SAMPLE

Gross ToTaL
SaMPL_e ACTIVITY Srt Bae Rake

(x 10-4) (x 10-8) (x 10-4) EaRtTa
« 10-3)

Pig #24 (25.8 kgm):
Skeleton (total)._..--..-----..----- 8890 5860 660 1010

31 0. 40 0.33 6.4
Colon and contents.......-.-------- 12 5.0 2.4 3.2
Lung (alveolar) .......------------- 16 0. 22 Q. 20 0.8

Stomach... ......-.-...--.-..------- 12 0. 22 Lt 1.3

Intestine (small) . = 2.3 0.62 0. 50 0. 61

Kidney ---.--.-.. -- 3.3 0. 21 0. 42 0. 74

Remaining tissues. .....--..---.---- B00 -.--eeeeee|eee

Total......---.--2222------------- 9630 5667 665 1020
Urine sample, 24 br 13 8.7 1.2 1.6

Pig"#25 (22.7 kgm):
Skeleton (total). .....-...-.---.---- 8600 5100 630 690

Liver_....-..-.-.----------------+-- 7 Q. 53 0. 20 5.6

Colon and contents__....-..---..--- 16 6.0 3.2 4.9

Lung (alveolar)..._-.....-.-------- Li 0.2% 0.23 0.33

Stomach... ...-2....----.--- eee 20 0. 29 0.13 G. 30

Intestine (small) __._.-...---..----- 2.6 0. 83 0.88 0. 8&8

Kidney_.....-....----..----------- 3.1 0.14 0.19 0. 62

Remaining tissues_._....---..-.---- 2200 [eeeee|eeeeee] eeeeee

Total. ..-. 2.neeeeeee 8870 5107 534 702

Urine sample, 24 hrs 6.2 44 0.40 0. 4

SUMMARY

Gross Beta ACTIVITY SEELETON TorTaL URINE
Bopy (24 Has.)

SRe_. 62.0 58.0 69.0
Ba®,_____. 6.8 6.5 7.9

Rare Earth 9.7 9.0 10.5

78.5 73.5 87.4  
 

All values corrected for decay.

35

Table 37—Radiochemical Analysis of Tissues and Urine of Pigs From Rongelap on 82nd Day Post-
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Table 38—Beta and GammaActivity of Chickens From Rongelap (pc x 10°)
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Hen #1 Hex #2 HEN #89 Hen BE Hen #5 HEN #7 HEN #24

Dayof desth**_........--...----- Day 23 Day 23 Day 74 Day 97 Day121 Day 138 Day159

Day analyzed**...2-2-2. Day 24 Day 24 Day 79 Day 107 Day 122 Day 140 Day 159

Tissue Beta Gamma| Beta Gamma| Beta Gamma} Beta Gamma} Beta Gamma! Beta Gamma} Beta Gamms

Tibdig...-----.----2--- eeeee eee 7600 8850 8180 4610 133 695 253 215.5 6&8 41.3 81.3 32 «81

Skeleton....-..--.------.--------- 11030 &5800 11900 66900 1930 8600 *3670 3120 -°350 600 #454 437) 9117.5

Liver...... 119 21 352 271 12 72 ue 32 33 172.7 13.5 10.7 1.8

Giezard...--..-. 41 17 7.0 8.5 7.6 -10.3 7.9 3.6 860.6

Girzard (content).....---....-.-- 0. 93 _ - 14 _ 7.8 12 o 0.3

Crop...-----.--------------- eee 04 860 20 7.9 - 122 03 45 G

Intestine (L) and contents... 0.63 10.0 3.0 6.3 _ 140 10.7 &9 0.2%

Intestine (8) and contents. 16 40 3.0 _- 84 6.4 fine.

0.16 - _ _ _- _ - 0.75 0

- - 1.0 - - - - 0. 26 ~
117 9.0 9.0 4.2 =«10.0 1449 124 0.72 0%

0. 57 40 20 14 4.8 5.6 43 16.8 0.8

0.2% 20 10 10.7 3.7 0.9 0.2 - _

3. 87 19 2 15.3 «(7.6 _ - _

 

      
 

*Calculated using ratio of gammaactivity skeleton/tibia. **Day post detonation.

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

 

 

 

 

   

 

   

 

 

 

 

RaDIOactivity*

AVERAGE
BaMPLE No. or WEIGHT Bera Gamma

SaMPLES (g}

(d/m/sample; (d/m/kg (d/m/sample| (d/m/kg
x10-4) x10) x10) x10

2,250 eee eee eee feene eeeee [ne ee ee eee fon ee eeeene

560 52 93 101 181
1,050 6.1 49 6.9 66

Gastrointestinal tract.......--. 185 0.8 4.3 1.6 &7

Liver... ...---22--------- eee 192 2.4 12.5 04 49.0

Respiratory tract......------- 32 0.2 8.7 0.4 17.4

Total activity.....--..---..-|------------|-.------ ee 60.5 |-----...2---.- 119.3 |.-.-----.-----

Rats... .---2-2-.. 2-2-2eee 4 62.0 |...ennnfoeeeen fee eeeee fee eeeeee eee
Skeleton. 41 0. 73 179 0.15 35.5

5.4 0.15 36 0.1 18

Musele.... ..------. 39 0. 03 7.6 0.04 10.2

Gastrointestinal tract 10 0. 32 32.0 0. 27 7
Liver. .......----------eee 3.6 Q. 08 21.7 0.06 15.6

Respiratory tract..........---|-.---------- 0.5 0.03 62.0 Q, 02 36.0

Total activity........--...--|--------|eeee 1.34 [.-2-2---- eee. 0. 64 |..-.-----2..--      
 

® As determined on basis of Us0« standards and empirical scattering and absorption correction.

*Date of collection: February 1056. Date of counting: Apr-May 1956.
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Table 40—Analysis of Rats and a Rooster Collected on Island of Rongelap

February 1956 *
 

 

 

     
 

 

SPECIMEN Wer d/m Sr®/ Ca/sample 5.0.
Wricat ssinple (gm)

Rat:

1815 Careass >...ne “4.7 642423 0. 833 545410

1516C Carcass... 62.5 3162-62 0, 315 453-90

15170 Carcass...--..--.--0------ one 22.3 367421 0. 333 47027

Rooster:

1510 Femur.-...-----22 2-2-5 e eee *26.0 1,210+39 5.10 105+3

1510 Tibla_......--...--------- eee 41.0 5, 7024119 9. 50 272465

July 1956 4

= SPECIMEN Sk” Calcrom 8. U.

1 Bat:
Bone._...-..---.--------5-- 2455 d/m/gswet.._.-- 17149 mg/g wet.....-. 644    

®NRDL. » Does not include head, femurs, tibiae and viscera. © Dry weight of

2femor halves. «AFL,
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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 watersample.’° 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 someof the data.”

*Based on 1/10 m.p.c. of that for atomic energy workers.
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RESIDUAL ACTIVITY IN PACIFIC OCEAN

Table 41—Water Samples at Stations

41

 

 

Stations SAMPLE DeEpra, M D/MIN/LITER Sranions BaMPLe Derti, u D/MIN/
No. No. LITER

Lowen eee eeeeee eeeee eeeeee 3 0 24 Boececeeeeeeeeneee 66 0 51

4 8 _ 67 9 210

§ 24 60 68 6 120

6 a ad 69 52 45

7 64 42 70 3 160

8 88 _ 7 98 96

9 128 96 72 142 36

10 169 _ 73 190 {—320)

11 250 30 74 280 110
12 40 _- 75 369 7

13 437 90 76 468 72

4 552 _ 7 579 110

Booneeeeeeeeee 18 0 3 6... 2 eeneeeeeeeeeee 81 Doubtful cast 6

19 9 _- 82 - 72

20 25 6 $8 - 78

21 “4 - 84 - (-—66)

22 63 120 85 - 48

ZB 85 ~ 86 - 72

24 119 110 87 _ 96

25 155 - 88 - {-9)

yi] 22 9 89 - sv

a 26 _ 90 - 60

B 370 120 et - &

2 468 - 92 - T2

Bus.ececeeneene eeeweeen eee x 0 60 Vonen wennnewn nnn en eneeence ewenn 96 0 66

35 9 ~ 97 9 0

36 2 60 08 P24 100

37 55 - ww 5A 120

338 v,') 42 100 76 3

39 110 - 101 108 (-140)

40 164 (-15) “102 154 6
41 Pretripped ~ 103 205 42

42 325 57 104 202 a

483 426 - 105 293 130

44 534 4 106 404 260

45 646 - 107 619 0

banner cecwncccseen ese mm eee none 49 8 36 8.22neceeeeweeneeeewenewees oe 2 0 66

50 9 66 113 9 140

5: 25 87 14 27 g

52 §1 18 115 54 6

33 71 4 116 7 30

54 98 160 117 100 {—9)

55 136 a 118 183 21

5% 184 0 119 197 100

87 279 0 120 21 18

58 373 45 121 357 100

7 A) 478 36 122 449 ”

60 500 100 13 $52 bu]        
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Table 42—Radioactivity by Tissues of Yellowfin Tuna and Shark from the “TROLL” and Other
Areas. Values in Disintegrations per Minute per Gram Wet Weight

 

 

  
   

  

  

  

 

  

AREA Date |No.or| 8XIN Licat Dazx Bone Rim-| Liver G.I. Gonap Gnu
Fisu Moscie Musc_e Vert. TRACT

Yellowfin Tuna:
Off Morotal -..-......- 41-56 joo... 0 19,16 10,10 4,24 0,4 10.

Do_.....-- 3 4,9 12,8 0,0 13,16 6.
Do._-.-.----------- 2 10, 21 . &8 9,22 10, 22 13.

Average....--........2-].-----.--- 3 2 13 9 10 YW 10.

Enlwetok......--...... 2-12-85 1 785 70 608 236 2820
Ponape.......-------..- 12-16-54 6 |... ee. 78 {eee 101 742

(Cartilage)
grt Shark:

Station 4........-.--... 2 1B jeweleee 19 Carcharhinus,

Station @A...-.... 10 11 0 13 menisorrah.

Station OA.....--. 82 19 4 BB feeeeeeeeee

Btation 10__....... 18 19 0 40

Station 151.....--....-- 13 30 9 4

Station 29....-.....-.-. H 26 8 56
18 2 4 7

142 20. eee ene eeeeee 671

12§ |..-.------ 191 2670 Carcharhinus
melanopterus.

Eniwetok....---.-...-- 12-1-54 1 1820 178 |.-.-..---- 728 18900 883 |.-..---...--          
 

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

 

Squirrel Surgeon

29, 0, 10, 35, 0._.

16, 12, 14,10, 7...

27, 56, 36, 0.-----
36, 5, 72, 15, 307...
76, 47, 47, 57, 65..

48, 16, 45, 29, 38...
12,14, 16,12, 11...
10, 32, 30, 42, 0...
70, 58, 68, 52, 53.
33, 28, 31, 10, 18..   

Blenny Wraase Siganid Snapper

   

-} 13,22... 23

17, 11...-

  

   

  

anne e eee eee ee ee 194,1

a

 

60, 144, 184,

seneeeeeceeeeceees 18, 18, 0, 14, 18...|..2-2.2- ee eee cece [eee eee ee eee ecceefeeeeee eee entree nee
15, 15, 9, 12, 14.2.2). .2----eeseee ones |eeeene cere neeeetee|eeeeeceess[aeneenece

cages Tt, - . | 38, 30, 27, 0, 172..1...--. .
posaneaea . - 138, tl...

    

 

  

 

    Toecceseeceeeees 20, 18.-220.22 - fee eee eee fee eee eee

Cardinal

13,17, 15, 0, 6...

-| 21, 5,12, 6,10....

32,0, 12, 18, 30...

0,0, 0,18, 31.....

10, 18... - -| 82, 25, 44,12, 7...

wee eee e eee e nee e eee 18, 0, 12...--22-|..--eeeeneneeee         
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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 meters, 0-200. Plankton d/m/g (wet) 71000.

 

 

 

RESIDUE FYROM WATER FILTERED WaTER
ToTaL

djmf P t of d/m/t Percent of aimma erent 0 ‘Ta, 6! °
Total Total

5900 58 4200 42 10000

280 4 6500 06 6800

1800 19 7800 81 9600

1800 19 5500 81 6800

1000 x 2000 74 3900
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CHAPTER VI

Return of Rongelapese

One of the major consequences of the heavy
fallout on someof 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 homeisland 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 anerexia, vomiting and diarrhea
which subsided without treatment within 2
days. The same individuals slowly developed
granulocytopenia and thrombocytopenia unas-
sociated with secondary complications. The
only other manifestations of radiation exposure
observed were skin lesions and epilation, . .
The incidence of infectious and noninfectious
disease in the more severely exposed groups was
no greater than that in the least exposed
group... .”8

*The 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—nolesions

35 individuals—somedegree of epilation
As the Marshallese continued to live on the

contaminated islands for the two days before
evacuation some radioactive materials were
taken internally by inhalation and ingestion.
Table 45 shows the results of urinalysis of
Group I (the 64 Marshallese exposed to 175
roentgens) and Table 46 the estimated body
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 [!*!
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
 

  

 

 

  

TorTaL Beta TotaL Beta
Cask No. VOLUME ActrviTy Casxr No. VOLUME ACTIVITY

24 brs (ml) d/m/24 hrs 24 brs (mi) d/m/24 brs

Age <i yre Age > 16 yre

Boooeeeeenneeeeeee eee 120 712 4-202eeeeeene 455 6x

8.22.2eeeneeeeeeee 150 BOE 72-2 - 2-2eeeeeeeeeeeeeeeeee 810 1700

[a 185 813 9. ~~~ --- 2. eee eee eee eeeeeeenee eens 355 201

Bonnnennneneeneeeeee 40 223 10-....--.-------eeeeeeeee 980 549
BB. 28.enoneeeneeeeeeee 260 O We.eeneeeeeneee 450 1583
BAL woonenneeneeeenene ee eeenee 80 385 13.2... 2-22-22e eeeeeeeeee 340 1677
69.eeneneeeeeeeeens 455 B01 14.2222 -2--eeeeeeeee 730 2460

455 1670

Mead... 2.22.22seeeeeeeeeee 165 44 4? 7

960 438
750 370

480 72
550 1450
330 495
425 0

ro] Q
320 1080
700 3220
550 1005

Age 6-15 yrs 750 2170

285 1900 810 580
850 0 980 1988
650 1032 635 2260
285 0 855 175

190 236 300 2010

280 1100 290 1450
650 1705 230 0
450 674 965 52
no 507 465 2038
440 e 40 1353
980 1180 670 2140

439 768 581 1208

 

  

 

  
 

Valaes 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.

Thereport stated, “—Thetotal white count
increases duringthe 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

norma! values does not occur for several months

or more. Theinitial 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 monthsafter exposure, and
return to normal levels may not occur for
months or years.

“The platelet count, unlike the fluctuating
total leukocyte count, falls in a regular fashion
and reaches a low on the 30th day. Some
recovery is evident early; however, as with the
other elements, recovery may not be complete
several months after exposure. . . .””8

At one year later the Marshallese were re-
examined with the following conclusions:
“In general, the Marshallese have recov-

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

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

Table 46—-Mean Body Burden of the Rongelap Group
 

 

 

  

 

Activity at ACTIVITY at ACTIVITY aT
RaDIOIOTOPE 82 Daysuc 1 Day* xe 1 Dar* pe

(USNRDL) (USNRDL) (LA8L)

Srl.cenceee eeeeeeeeeeeee 0.19 16) 2.2
Bae.oieeeeeeeeeeee 0. 021 277 0.34

Rare Earth Group..-_..------- 0.03 1.2 |e. l-eee

Dm(in thyroid) 0 6.4 11.2
Ruie__ee fee ne nee eee ee fee ee eee ee en eee 0. 013

Cate... - oO 0 0.019

Fissile material. ..-.-.....------.-...-------- 0 Q 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
contro! 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 a cerebrovascular
accident.” '* An ll-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 May13, 1956, of
heart failure. It was concluded that, ‘With

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

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

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 moretheresult of living in
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Table 47—NRDL Marshall Island Resurvey—1956 Results of Analyses of Human Urine Perform

 

 

 

  

  
     

 

        
 

at HASL

| TOTAL ToTaL ACTIVITY
HasL NRD SamMPLinG COLLECTION VOLUME C-DatE d/m/i SEe Cs
No. No. LOCATION Date NaMwE AGE Recervep TotaL dm az

(al) ACTIVITY
° os

3300. ..2... 2-11-56. -.... 4 100 3-25-56

3400. ...-.- 2-11-56.-.... 2 250 3-25-56

3401.-.-... 2-11-56. ._... 12 570 3-25-56

$402...-... 2-11-56....-- 27 440 3-25-56

3403. -..-.- 2-11-56....-.- 2 135 3-25-56 \. 440.3 720

404. -2.2. 2-11-56..._-- 5 180 3-25-56

3405-_....- 2-11-56. ..... 16 285 3-25-56

3406. ...... 2-11-56._.-.. 6 310 3-25-56

3407. ...-.- 2-11-56... -.- 16 340 3-25-56

3408. 2.2. 2-11-56.._...] lel. 620 3-25-56 6. 821.4} 2540

3409-_...-. 2-11-56_22202] eee eee 260 3-25-56

3410. _.._.. 2-11-56_....- 3 360 3-25-56

S411. 2... 2-11-66. ..-.- 8 160 3-25-56

$412. _..... 2-11-56... ..- 1 225 3-25-56 -
HIB... 2-11-66... 26 235 3-25-56 5. Bak0. 3 1487
8414.22.22. 2-11-56_..-.. 13 410 3-25-56

BALE. 2... 2-11-56_..-.. 35 600 3-25-56

SAIB. 1... 2-11-56. ..... 45 190 3-25-56

B4l7_ 22. 2-11-86......) 2/2222... 900 3-25-56 4.740.7 2862

3418.22... @ Majuro***..| 2-20-56. __.-- 24 980 3-25-56

3430-21222. 4 |.....do....... 2-20-56...... 31 900 3-25-56

3420. 2-2... 36 |--..-d0....... 2-20-66. _.... 8 1,000 3-25-56 Y2. cit. 2 3

3421. 2222. 26 |...--do....... 2-20-56. ....- 13 930 3-25-56

3422.22. 76 |..--.do....2.. 2-20-56.---.- tl 900 325-56

Contro}._... 3-26-56...... Pooled sample coj- |... 1,000 |-.....--.. 1,640.4 2

lected at HASL.

weneedo.......| Jume 1056_...|----.do_._2--.2 222.eee fee eee §, 000 |...lee 1,440.2 |..-2--

o--e- do.......] June 1956_... 5,000 |-..-2222.- 1.940.2 |.....-

weendo.......| June 1956_... 6,000 |-...-...-- 1.00.2 |......

weeee do....---} Jume 1056....).-2..do_.---2.eeeel eeeee 2,000 |... eee woweceeeee 30

{

*Direct plating. **Carbonate precipitation. ***Rongelup 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
homeisland, 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.
radio would be provided on Rongelap for co
munication with the Trust Territories Office
Ebeye (Kwajalein Atoll) where a plane wot
be available at all times for any emergen
A fully equipped dispensary would be provid
on Rongelap and an experienced health a:
(a Marshallese) would be present at all tim
Before their return, the Marshallese would
given a complete medical examination, a
immunized against smallpox, typhoid a
tetanus.

C. Environmental Contamination

The degree of contamination on the ho:
islands of the Rongelapese was consider
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according to the external gamma dose rate and
the amountof strontium-90.

1, Exrernat Gamma Dost RatveEs on

RonGELaP 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 years. The latest survey of
the Rongelap Island at the end of July 1956
showed a range of values from 0.2-0.5 milli-
roentgen per hour, with an average of 0.4
mrfhr. However, the graph suggests an antici-
pated dose rate at the July 1956 survey of
about 0.1 mr/hr. The higher value found is
undoubtedly due to the small additional fallout
that occurred during Operation Redwing.
Since 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 appliesto 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-madesources,
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 thefirst
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-
peditionsto otherislands, including those show-
ing both higher and lower activity. However,
these Rongelapese spend an appreciable part of
their time in boats over water where the external
gamma activity is near background values.
Thus, the yearly average for these probably
would not differ greatly from those on Ronge-
lap Island.

2. Srrontium—-90

a. Food Supply

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

chain is strontium-90. For an 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.

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

Rongelap tn June 1957 were as follows:
Highest reading 0.13 mr/hr

Lowest reading 0.01 mr/br

Average reading 0.03 mr/hr
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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 Units. (The

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—Estimates of Contamination of the Normal Food Supply of Rongelapese
 

 

   

 

  

   

  

A B Cc D E F

ConTRIBU-
Daty Calcium tion TO
INTAKE CONTENT Dany In- Fraction |StRontruM-00 See
Pounps/ Ca/gm raKE oF Ca{ oF ToTaL ContTENtT INTAKE
Day/ wet weight) (gms) Ca INTAKE (S. Ue 8. U.)

PERSON Sow
X E)

Fish |...2-222 o neeeeneeneeeeee ee eee e een eee L2 0.001 0. 0. 645 12 7.73

Pandanus.. 0.36 0. 001 0.16 0. 184 * 500 492.0
Clams...._. 0.1 0. 004 0.018 0.021 5 0.11

Arrowroot....--------- 0. 09 4 0.0006 0. 025 0. 029 250 7.

‘Wild birds (muscle). .....--.----. 0, 09 0. 0001 0. 004 0. 0046 300 661.38
Land erabs.._...--..--------.----- #0.03 0.004 0,055 0.063 » © (4000) (252. 0)
Coconut meat and milk.. 0. 02 0. 0004 0. 004 0. 0046 40 0.02
Bread fruit... ---222-2222eeeeeeeeeeeenn eee 9.01 0. 0008 0. 003 0. 0034 260 0. 88

Imported:

Rilo...oneeneeeeneeeeenee ene nee eee eeeene

Flour. ....---. -

Canned beef. _ -
Milk....---... ~ 0.1 ~0. 0001 ~~. 045 ~D. 046 Few Small

Sardines. -......--.-------------- -

Shoyu_...---.-...----- -

Coffee. .....--.-------- -
TOBQ. 2 eeeeeeeeeeeeeeeeee ee eeeneces        
* 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. Lagoon water around these islands do not showas great a difference in activity.
« These are land crabs from island of Kabelle. The strontium-90 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 has been estimated that about one-third of the intake of crab meat is from ocean crabs which
have very Little strontium-90 content.)

* Estimated.

¢ An unknown partof this intake may be sea crabs (which contain considerably less Sr) but is assumed here to be all land crabs.

However, if crabs were eliminated from thediet,
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 Strontvum-
90

Three principal factors are operative in esti-

*There ts some doubt concerning the correct strontium-00 activity in

the land crabs, since the values are higher than for previous surveys

which is contrary to all other data. Additional surveys should clarify

this point. In any event the land crabs tested are from the island of
Kabelle. (There were no collections of land crabs made on Rongelap
Island during the last survey.) The geners! contamination on Rongelap

is about one-fifth that of Kabelle. The difference in strontium-00 con-
tent may not be as great as this, but since these are Jand 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 homeisland, 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 puc 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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