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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 wea 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 &s 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 Marsh&se 
exposed to the fallout from the March 1, 1954 
nuclear test detonation at the Eniwetok 
Proviug Ground, have been published under 
the editorship of Dr. Victor P. Bond,” Dr. 
Eugene P. Cronkite,” who headed the fbxt 
two surveys, and Dr. Robert Conard,14 who 
led the Z-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 tho 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 Kwajaloin. 

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 Rougelap Atoll over a 2X-year period 
and thus suggests the developing patterns of 
the transfer of radioactive materials from the 
soil and water into the food chain. 

C!rrara~s L. Duiiua~, M. D., Director 
DzK&n of Biology and Medicine 
U. S. Atmnic Energy Commission 



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 
At& and 154 from Utirik Island. In June of 
1954, the 154 personnel were returned to Utirik, 
and in the spring of 1957 the decision was made 
to return the Rongelapese to their home island. 
Since March 1954 periodic surveys have been 
made of these islands to investigate the degree 
of contamination. 

Soils and biological collections were made on 
and around the Manhall Islands by the Ap- 
plied Fisheries Laboratory (AFL) of the Uni- 
versity of Washington on March 26, 1954, July 
16, 1954, December 8 and 18, 1954, January 
25-30,1955, October 21-23,1955, November 7, 
1955, and July 23-24, 1956; by the Naval 
Radiological Defense Laboratory (NRDL) on 
February 1955 and February 1956. Analyses 
of the samples &lso 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 Pa&c Ocean by Health and 
Safety Labor&ory 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 Marsh&se 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 
highlighta 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 fsee 
references). 

The following personnel participated in the 
field expeditions: 

March 26,1964 (USS Nicholas, DDE 449). 

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

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

April 1$,1964 (SA-16 Nat& Aircraft). 

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

July 16,1964. (U. S. Navy Gtwnan 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. Psutzke, USNR Aquatic biologist 
on active duty status for special training. 

December 8, 1964 (.?I S. N. PBM No. 2470. 

Applied Fisheries Laboratory: Dr. Edward 
E. Held, Mr. Paul R. Olson. AEC Division of 
Biology and Medicine: Dr. Walter D. Claus, 
AEC Radiological Safety 05cers, Mr. Robert 
Taylor and Mr. William Blakeman. 



December 18, 1964 (U. 5. N. PBM No. 8471). 

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. 

Janwzy 96-30, 1966 (U. 5. Navy 0. G. “Rio 
Gmnde”) . 

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

October 91-23, 1966 (L. 5. T. 664). 

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

November Y, 1966 (U. 5. Navy PBM 61.9). 

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

February Y-14, 1966. 

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

Jvly 2i%+?4, 1966 (U. 5. Navy thman Alba- 
tress) . 

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 Labdratory 
were shared by the following staff members: 
Dr. Lauren R. Donaldson, Director, Allyn II. 

Seymour, Mary Ash Baird, Kelshaw Bonham, 
Grace C. Brewer, Simeon T. Cantril, Marion 1~. 
Chase, Edward E. Held, Neal 0. Hines, Frank 
G. Lowman, Paul R. Olson, Ralph F. Palumbo, 
Dorothy Sout,h and Art.lrur D. Welander. 

At the U. S. Naval Radiological Defense 
Laboratory: Mr. R. W. Rinehart, assist4 by 
Mr. John A. Seiler and hlr. Wiiliam H. Shipman 
wore responsible for laborat.ory nnalysis 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 wns rrsponsiblc 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 Simono, HM3, USN, assisted in 
the 1956 analytical determinations. Mr. Wil- 
liam Murray pcrfonnod the photographic 
services in 1955. During both years, Captain 
Albert R. Behuko (MC) USN, served as 
scientific advisor; Dr. Stanton H. Cohn as 
senior investigator for planning of the field 
trips and for analy+ 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. Schlegol, USNR, of Underwater Demo- 
lition Team 11, and Q. D. Dennison, QMl, 
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 mooting in Washingt,on, 
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. Wan-en S. Wooster of 
Scripps Institution of Oceanography, Mr. 
Howard Brown and Dr. Willii R. Boss of the 

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 penonnel 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 Waehington 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 Marsl~allesc who 
had been evacuated to Kwajalein were: Doct,on 
E. P. Cronkite, R. A. Canard, N. R. Shulman, 
and R. S. Farr from the Naval Medical Ro- 
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. Beforc the arrival of the t,eam, pre- 
liminary oare and studios had been initiated by 
the station medical officer, Commander W. S. 
Hall. Doctors T. L. Shipman, Thomas White,* 
aud Payne Harris of the Los Alnmos Scientific 
Laboratory performed the urinalyses. 

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

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

*oscaased. 
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CHAPTER I 

External Gamma Radiation 

GAMMA DUE RATEB WERE taken periodically on 
several islenda in the Pa&c over a time ranging 
from about two days to more than two years. 
The attached map is an estimate of the germna. 
dose rates at three foot above the ground at 
D+l (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 tc arrive at unite of 
gamms megacuries per square mile. (The beta 
to gamma. ratio varies with time but at one day 
may be near unity, ec these values may also be 
thought of es beta activities.) However, the 
gamma dose rates do indicate the relative de- 
grees of contamination on the islands, there- 
fore are useful in this respect when evaluating 
the data in subsequent sections of this report. 

Graph 1 shows the decay with time of gamma 
dose rates on the Island of Rongelap. Similar 
decay curves were found on other islands in the 
Atoll and in nearby Atolls (Ailinginae and 
Rongerik) . The decay of activity of mixed 
fission products is assumed to follow (time)-‘,’ 
principle. This is intended to apply to disin- 
tegrations of atoms. However, in estimating 
the reduction of gamma dose rates above a 
plane with lime there must be considered t,he 
changing numbers and energy spectra of gamms 
photons released per disintegration, and the 
effects of weathering. When computing the in- 
finity radiation doses from fallout that occura 
within a few hours after detonation, intrgrntion 
of the (time)-‘.’ curve gives IL fair rpproxima 

ticn since most of this t,otal dose is accumulated 
during the curly periods when this curve lies 
near the theoretical gemma decay curve. How- 
ever, in extrapolating by (time)-‘.’ there m&y 
be e significant difference in estimating dose 
rates a year or mere after detonation and in 
estimating doses that might cccur 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 reascn~, a straight line 
was drawn for the first two weeks followed by 
a break in the curve. The readings are not t,o 
be considered precise, due to the nature of such 
measurements, but the curves suggest that 
whatever was the reduction of granma dose 
rates by weathering, it occurred principally 
with the first heavy rainfalls. Except for t,he 
last data point on Graph 1 for the Island of 
Rongelsp, which mrty be somewhat high, t,he 
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 lest 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 milliioentgens 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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A. Land Plants 

CHAPTER II 

Gross Activity 

Grapha 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.‘. a 

Tables 1 and 2 show the analyses made by 
NRDL for their tint survey in February 1955.8 
Table 3 is based on the February 1956 survey.’ 

Tablea 4, 5 and 6 show the analyses by 
HASL.6.a 

The high initial activity of the “edible plants” 
(Graph 2) was probably due to surface contami- 

nation cwsed by the direct fallout. The rise 
in activity after a year after the fallout occurred 
may be due to (a) sampling and counting vari- 
rtnces, (b) the ability of some plants to con- 
centrate War (see Section Radiochemical An- 
alysis), (c) the increased availability of the 
radioactive fallout material to the plants, or(d) 8 
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 CP. 

Table l-Summary of Gross Beta Activity in Miscellaneous Plant Samples* 

AIWOl AcnvJIr l&g I 101, . b 
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12 RADIo*crIvE CONTAMrN*TION OF AREXB IN THE P_uxFI[C OCEAN FROM NUCLEAR TE8Ta 

The data show II significant higher concen- Tables 9 and 12 show the gross activity in 
tration of gross activity in the livers of fish bids and fowls.‘* ’ 
and in the orustacerm muscles. 

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

Avenge .............................................. 
P_~ nf total actI** ................................. ......... 
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Table +-Summary of the Gross Beta and Gamma Activity in Birds and Fowl * 
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Table 14-Results of Analyses Performed at HASL 
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C. Soils Tables 19 and 20 show the analyses by 

Graph 3 shows the general levels of activity HAE3L.O 

in the soils of Kabelle and Labaredj I&ode of The data clearly indicate the major portion 

Ron&p Atolls, es reported by AFL? of the activity is to be found in the top three 

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

diEwent soils at dierent depths for the Feb- Ce”‘-Pr“’ and R@-Rh’O’ make up much of the 

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

nary 1956 survey ’ by NRDL. year and more after the fallout occurred. 
‘h 

Table 1 S-Beta Activity in Core Samples of Soil (NRDL) * * 

Table’lbSummary of Beta Activity in Gross 
Samples of Soil (NRDL) l 

Table 17-Beta Activity in Soil Samples Taken 
From Exposed Soil Profiles (NRDL) l 
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Table 22-Summary of Gross Ben Activity in Water (NRDL) * 

BBTl *mmn (b-,mmnnltet 

LIODBCES or %vlT%eR 

CHAPTER III 

Radioc hemical 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 w&s found. 

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

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

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

. . . In muscle and viscera samples of the 
animals from Rcngelap, Utirik, and Rongerik, 
SrsO contributes approximately 0.5 percent of 
the total beta activity. S190 is present in an 
approximately 1:l ratio with W”. Since the 
Hunter and Ballcu calculations indicate that 
SldD and Srw 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 internaRy 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 ccncentraticns in 
water and coconut milk from this area. The 
tissues of the rooster and of the coconut crab 
contain signiicant amounts of CsLs’. A very 
high fraction of War activity w&s noted in the 

wawe8t 6Mmates ,ndlc& 9l.i.,ar bawIC. 

muscle of the rooster (40 percent of the total 
beta).* Further radioanalyses of marine ape& 
mens indicated that the rare earth group ccn- 
stituted a few percent of the total beta activity. 
R+“-Rh’” and Z+Nb” contributed the largest 
percentage of the total beta activity.” 

The AFL reports: 
‘I . . . The Srw values for food plants, except 

coconuts, collected in October 1955 apprcxi- 
mate the theoretical proportion of mixed fission 
products activity’* at 1.7 yews, 4 percent. 
Coconuts contained 0.1 percent Srw with apprc- 
priate correction for time of collection. . . . “ . . . In contrast to the strictly marine 
forms, the coconut crab, which feeds principally 
on land plants, had Sroo levels of 3 percent in 
the muscle and 12 percent in the hepatc- 
pancreas CIP liver, where calcblm salts are stored. 
The radioisotopes in salts leached from the 
carapace were found to consist entirely of 
SCM-yoo. . . . 

‘I . . . Radicnuclides 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 ecllected 
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 conllrmed by 
following the decay.” (Zn* is not a fission 
product.) 

The two-year survey by NRDL ccntinues to 
indicate the high percentage of Znw in fish. 

*see sectlo” I”. 
23 



Unlike lomlization in the liver of mammala, 
ZnM w&8 found distributed fairly uniformly 
among the tissues. The Cow found in C1tLIllS 

Table 24-Radiostrontium, Radiocesium and 
Radiocerium-Praseodymium in Biolo ical 
Samples, December 195~Ianuary 1955 ( B L) 

accounted for the major portion of the activity. 
(The ability of clams to concentrate Co@’ selec- 
tively was ver&d by laboratory experiments.) 

Table 25--S@’ in Biological and Lagoon Bottom 
Samples from Roogelap Atoll, October 1955 
(APL) 

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

Counted Se~lemba 4,1966 (AFL) 

RADIOCHEMICAL ANALY8E8 25 

Table 27-Radiostrontium in Land Hermit Crabs (Cenobi~ sp.) Collected at Rongelap Atoll July 
23-24, 1956 (AFL) 
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Table 29--Radiochemical Analysis of Fish and Chicken (NRDL)* 

RADIOCHEMICAL ANALYSES 27 

Table SO-Radiochemical Analysis of Biological Specimens from Rongelap Atoll (NRDL) 
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Table 30-Radiochemical Analysis of Biological Specimens from Ron&ap Atoll (NRDI 
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Table 32-Sunshine Units of Plant Samples 
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Table 34-Sunshine Units of MarshaRlIsland 
soils (NRDL) 



-I-I-I&I-I-,-- 



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 Sth, 
25th, 33rd, and 51str53rd days and then 
sacrificed. Tables 36, 37, and 38 show the 
relevant data concerning external doses to the 
animals wbie 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 SP, 
7 percent Balm, and 10 percent rare earth 
group. However, it was reported that 
u . . . In the 6 months period post detons- 
tion neither signi6csnt gross changes nor 

pathological changes which could be definitely 
ascribed to radiation were detected in my of 
the animals.” 8 

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

Since these snimals represented interesting 
cases of living continuously in a heavily con- 
tsminated 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 me extensive but do indicate the rela- 
tively low body burden of strontium-90. 
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INTERNAL CONTAMINATION OR ANIMALS 35 

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

,E 
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Table 38-Beta and Gamma Activity of Chickens From Rongelap (pc x 10’) 

_ 
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Table 40-Aoalysis of Rats and a Rooster Collected on Island of Rongelap 
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Table 3P_Summq of Gross Beta and Gamma Activity in Rongelap Island Animals (NRDL)* 
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CHAPTER VI 

Return of Rongelapese 

One of the major consequences of the heavy 
fallout on soms 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 pw- 
missible. The discussion below su&arises the 
factors that led to this decision.* 

A. Medical Status of Rongekapese 

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 am summaries of the findings 
over a two-year period. 

Of the Rongelapese exposed, 64 received 
about 175 roentgsns, and 18 people about 69 
roentgena whole body external gamma radii- 
tion. Theclinicalfindiigsshowed, “. . . 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 wars skii 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. . . “0 

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

13 individuals-deep lesions 
6 individuals-no lesions 

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

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

‘I . . . The total amount of radioactive ma- 
terial in the G. I. tract at one day post detona- 
tion was estimated to be 3 mo in people from 
Rongelap. Tbii 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 wers 
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. Iodiis 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 dosss of I”’ used in the treatment of hypsr- 
thyroidiim or carcinoma.” o 

At one day post detonation, the coneentra- 
tion of SP was calculated to be near the maxi- 
mum permissible level for this n&ids. At 
later times following exposure, this longer-lived 
fission product presents the greatest potential 
internal hazard. 

46 
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Table 45-Grass Beta Activity in Urine of Group I on 46th Day Post Detonation 

“Am+& 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 bssis bf the 
estimated body burden of the radio-elements. 
In view of the short half-life of the most abun- 
dant 6ssion products iu the situation, the possi- 
bility that chronic irradiation effects will occur 
is quits small. . . . “8 

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

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

The report stated, “‘-The total white count 
iucreasss during the first dor more days and then 
decreases below normal levels. -The count 
becomes stabilized during the 7th or 8th week 
at low levels, and miuiium counts probably 
occur at tbis time. A definite trend upward is 
apparent in the 9th or 10th week; however 
complete recovery may require several months 
or more. 

“The neutrophile count parallels the total 
white blood cell count. Complete return to 
normal values does not occur for several mouths 
or more. The initial rise in total white count 
is due to a nsutrophilic leukooytosis. 
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“The drop in lymphocytes is early and pro- At one year later the Marshalless were re- 
found. Little or no evidence of recovery may examined with the following conclusions: 
be apparent several months after exposure, and “-In general, the Marshalless have recov- 
return to normal levels may not occur for ered satisfactorily from the radiation injury 
months or years. received during March 1954. Visible residual 

“The platelet count, unlike the fluctuating effects are limited to a few areas of depigmeu- 
total leukocyte count, faUs in a regular fashion t&ion and two small, distinct scam from radi- 
and reaches a low on the 30th day. Some stion burns, one of which will possibly require 
recovery is evident early; however, as with the plastic repair. 
other elements, recovery may not be complete “Neutrophii values have returned to the 
several mouths after exposure. . .“* normal range of the control population. All 

Table 46-Mean Body Burden of the Rongelap Group 

other members of the leukocyte population 
and the platelets remain below the levels for 
the control population; however, levels am 
higher than at 6 months and, presumably, will 
soou be in the normal ranga.“18 

At two gem the examination showed that, 
“In general, the people of both exposed and 
control group: 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 6nclmgs can best be 
expltined on the basis of a cerebrovascular 
accident.“” Au ll-year old boy was ha- 
pitalised with acute rheumatic fever and 
cardiac decompensation. “The diagnosis of 
rheumatic heart disease with mitral stenosis 
and iusu5cisucy was substantiated and at the 
time of the examination, the boy was fuUy 
active without evidence of decompensation.” “ 
A (B-year old man died on May 13, 1956, of 
heart failure. It was concluded that, “With 

the exception of the residual of skin lesions, 
none of the clinical &digs iu the exposed 
group could be attributed to the effects of 
irradiation.” Is 

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

Urinalysis was made about two years after 
the March 1954 detonation, for people living 
on Utirii and Likiep Islands, for the Rongel- 
apese living on Majuro Island and for personnel 
at HASL (Table 47).& I’ It is recognized that 
these are limited data, but the values for the 
HASL group show the general world-wide dis- 
Gibution of the fallout debris, and indicates 
that the Srm activities foung in the Pacific 
group are probably more the result of living in 
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Table 48 indicates that the average concen- data on land crabs shown in Table 48 we from 
tration of strontium-90 in the total food supply the Island of K&belle which is more heavily 
might be less than 360 Sunshine U,Gts. (The contaminated than the Island of Rongelsp).* 

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

RETURN OF 

of SP 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 Srw per gram of calcium. Liiie 
ing the intake of pandsnus would further reduce 
the estimated SF’ intake. By means of the 
continuing medical examinations described be- 
low it would be possible to note any tendency 
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of untoward accumulation of strontium-90 with 
time, and appropriate action could be taken 
before excessive levels were reached. 

Plans are currently being developed for B 
continuing and long-range progrwn for radio- 
log,ical resurveys on and around the Marshall 
Islands. The principal objective will be to 
monitor the environmental contamination espe- 
cially for strontium-90. 




